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Attention: Mr. C. E. MacDonald, Chief .
** *

Transportation Certification Branch;
,

o
.

Dear Sir: ; [] *

USubject: Application Amendment T-21 to t
,

' NRC Certificate of Compliance USA /9019/AF ',7=:c
AWith reference to the subject Certificate for theiBU 7 t1Mnsport

package, General Electric Company hereby applies for the @nevision
of this Certificate as follows: *-

o To add back in the net weights for uranium oxide powder contents
at various enrichments of uranium in U-235 as previously
specified in Revision 2 of this Certificate for an H/U atomic
ratio of 0.45 or less.

o To clw.ge t he net weights of contents for uranium oxide pellets
at various enrichments of uranium in U-235 also specified in
Revision 2 of the Certificate.

o To change the maximum gross weight of the package to 370
pounds as required to accommodate the added larger content
weights and as demonstrated to pass the drop and other package
tests described in the 7/25/80 consolidated package application.

Due to the crucial nature of the General Electric shipping schedule
for July, August and September 1981, we need the requested revised
NRC Certificate of Compliance issued as soon as possible, but in
no case later than July 6, 1981. General Electric will be willing
to work with you to support this schedule.

r
For your reference, the following attachments are enclosed:

#1 - A copy of the present Certificate (Revision 6) for the BU-7
package.

#2 - A copy of Revision 2 for the package in *vhich the higher
net weights for uranium oxide powders were specified for
an H/U atomic ratio of 0.45 or less.

#3 - Proposed revisions to the Certificate to add the previously
authorized contants for H/U rat 10 of 0.45 or less.

19250
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.#4 - An' updated. consolidated application-for the BU-7-package
Certificate. This application contains. applicable sections
to demonstrate package safety for both the current and the
proposed contents authorizations.

Also,.since the application for revisions to this Certificate has
-again been consolidated, we.are requesting.that the expiration-

date for this ' Certificate be changed to 'five years from the .date
of issue of the next revision.

-Pursuant"to 10 CFR 170.J1, a General Electric check for $350 is
enclosed for processing this request.

If you have any questions related to this matter, please contact
me.

Very truly yours,

GENERAL ELECTRIC COMPANY

dw swy/&
Charles M. Vaughan, Acting Manager
Licensing & Compliance Audits
M/C J26

CMV:bmw
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,

CURR12fr NRC CERTIFICATE OF COMPLIANCE

-USA /9019/AF,' REVISION 6,
BU-7 TRANSPORT PACKAGE! _
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b85EU L /g- NUCLEAR REGULATORY COMMISSION ''

3 ;p WASHINGTON. D. C. 20555

(-) g,.....,/ dCT 151980
UCT 3 0 gog

'

A.L. KAPLAN
FCTC: RHO
71-9019

.
.

.

.

. General Electric Company '

ATTN: .Mr. Arthur L. Kaplan ,

P- O. - Box 780,

W.Imington, NC' 28401

Gentiemen:
j .---

Enclosed is Certificate of Compliance No. 9019, Revision No. 6, for the Model - (f.Q
W^s ,.., :

..

* 'M ,)'MNo. BU-7 shipping package. This certificate supersedes, in its entirety,
Certificate of Compliance No. 9019, Revision No. 5, dated May 19, 1980..

Changes made to the enclosed certificate are indicated by vertical lines in
the margin.

- General Electric Company, Babcock & Wilcox Company, Westinghouse Electric
Corporation, and United Nuclear Corporation have been registered as users of
this package under the general license provisions of 10 CFR 571.12(b) or
49 CFR gl73.393a.

q
W This approval constitutes authority to use this package for shipment of

radioactive material and for the package to be shipped in accordance with
the provisions of 49 CFR gl73.393a.

Sincerely,

Charles E. MacDonald, Chief
Transportation Certification Branch ,. g, . -

.
*

Division of Fuel Cycle 'and 'M. sri
Material Safety -

Enclosure: As stated

cc: -See next page
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General Electric Company 2

'

,

cc: w/ enc 1..-

'Mr. Richard R. Rawl
- - ' Department of Transportation "

'

Babcock & Wilcox Company
t.TTN: Mr.~D. W. Zeff ,

.

P.O.~ Box 800
Lynchburg, VA 24505

. United Nuclear Corporation
ATTN: Mr. R. A. Nelson,

g.,y . 'WoodRiverJunction,RI.02894jg,.-ir , , r.f ,jj. ,
' *

'9, - ]' ', ,, .

>.. -

.
, ,.
_

Westinghouse Electric Corporation
ATTN: Mr. Ronald P. DiPiazza
P.O. Box 355
Pittsburgh, PA 15230

9
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/O Form NRC418 U.S. NUCLEAR RF.'lLAToRY CoMMISStoN"
10 C R n CERTIFICATE OF COMPLIANCE

For Radioactive Materials Packages

1.lal Certificate Number 1.(b) Revision No. 1.(c) Packsoe Identificar'on No. 1.(d) Pages No. 1.(e) Total No. Pages9019 6 USA /9019 'AF 1 3

2. PREAM8t.E
-

*.

2.fal This cert.ficate is issued to satisfy Sections 173.393a.173.394,173.395 and 173.396 of the Department of Transportation Hazardous.
.

Materia;s Regulations (49 CFR 170189 and 14 CFR 103) and Sections 146-19-10a and 1 A 1-19-100 of the Department of
Transportation Dangerous Cargoes Regulations (46 CFR 146-149), as amended.

2.(b) The packaging and contents described in item s below, meets the safety standards set forth in Subpart C of Title 10. Code of
Federal Regulations, Part 71 **Packagirig of Radioactive Materials for Transport and Transportation of Radioactive Material Under
Certain Conditions.-

2.fcl This certificate does not relieve the consignor from compliance with any ree.sirement of the regulations of the U.S. Department of
Transoortation or other acolicable regulatory. agencies. including the govers. ment of any countef through or into which the package
will be transported.

3. '.his certificate is issued on the basis of & !sfety analysis report of the package design or aNication- *

3.lal Prepared by (Name and address): 3.(b) Title and identification of report or application:

General Electric camnanv General Electric Company application aated
. P.O. Box 780 July 25, 1980, as supplemented.

|
'

Wilr:.ington, NL
.

3.fcl oocket No. 7] g0]g
4. CONDITIONS

b This certWeate is conditional upon the fulfitting of the reavirements of Subpart D of '10 CFR 71, as applicable, and the conditions specified
in item s bAow.

U-

5. Description r i Packaaing and Authorized Contents. Model Numcer. Fiss.le Class, other Conditions, and Referency

(a) Packaging .

(1) Model No.: .BU-7.

(2) Description *

.

The packaging consists of either two, 5 gallon or three 2.5 gallon,s

ll.25-inch ID, minimum 24 gauge steel pails contained in a 13.75-inch y4'E
diameter by 27-inch long inner container constructed of minimum 18 gauge
steel, with bolted and gasketed top flange closure. The inner container
is centered and s.upported in a 22.5-inch ID, 18 gauge steel 55 gallon
capacity DOT Specification 17H, or equivalent, steel drum by solid.

insulating material composed of fire retardant phenolic foam. The maximum
weight of.the package is 320 pounds.

(3) Drawing
.

The container is constructed in accordance with General Electric Company
Drawing No. 112D1592, Revision 1. '

'b
.

%
}; * Y!V'*! .

. . f ,:
1

-
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'. Pag 2 2 - Certif.icate No.-9019 - Revision No. 6 - Dscket No. 71-9019

h . . i '

EI 5. - .(b) <Centents

(1)|Typeandformofmaterial

|(i) Uranium ~ oxide powder with'a maximum bulk density not greater than- '
*

- 4.5 grams /cc. Uranium may be enriched to not more than 4.0 w/o in
- the U-235 isotope. .The maximum H/U atomic ratio considering all -

sources of the. hydrogenous material within the inner container shall
not exceed'l.6.

lii) Uranium oxide as ' pellets with a maximum bulk density'of 10.96 grams /cc.
Uranium may be enriched to a maximum 4.0 w/o in the U-235 isotope.

-(2) Maximum quantity' of material per package - . vu , -; .A. '
.

w. .r -

(i) For the contents describ'ed in 5(b)(1)(i):

The maximum cc,ntents of uranium oxide powder per package and pail -

shall be limited to 70 kgs and 35 kgs, respectively. !'

(ii) For.the contents described in 5(b)(1)(ii): -,

The maximum contents per pa' kage and pail for the maximum U-235
~

c

enrichment shall be limited in accordance with the following table:

h i
'

Maximum U-235 Naximum U0 - - Maximum UO2 2enrichment, per pail, per package,
w/o kas kgs

2.7 35.0 70.0
2.8 . 35.0 70.0
2. 9 35.0 70.0
3.0 35.0 70.0
3.2 34.1 68.2
3.4 31.0 62.0 , , -
3.6 28.5 57.0 .M,*$1..,

3.8 26.4 52.8 ' *4"
4.0 * 24.7 49.4

(c) Fissile Class I

'6. For mixtures o'f contents (powders and pellets) described in 5(b)(1), the maximum
quantity of material per package shall be limited to the quantity given in

-5(b)(2)(ii).
- 7. For mixtures of contents as described in 5(b)(1)(i), ammonium oxalate and/or ammonium

bicarbonate additives are permitted in the U02 powder to the extent that the C/U
ratio does not exceed 1.27.

p8. The four, 1/4-inch diameter holes located near the top of the outer 00T Speci-
gi ' -fication 17H steel drum shall be covered with weatherproof tape to preclude the

: entry.of. water.
t

.

r- - - a += -- +r-e- u.y---re,e -sy*---w- = c- p- w -e s+--mn,-%, - + - , - - w e ry , c.- se.,vp--,,w-e ase .r -w-- - , , e v--m-- + --
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- Paga 3 - Certificata No. 9019 ~- Revision No. 6 - Docket No. 71-9019

9. The package authorized by this certificate is hereby approved for use under the
general license provisions of 10 CFR 971.12(b). j

~

:10. Espiration date: ' July 31, 1984.

REFERENCES -

.

.

"

G:neral Electric Company application dated July 25, 1980.

Supplement dated: October 6, 1980.
-

'

FOR THE U.S. NUCLEAR REGULATORY COMMISSION ..y
-

2. fig.

Charles MacDonald, Chief.

Transportation '.ertification Branch
Divis. ion of Fuel Cycle and

Material Safety.
-

Date: ng71 7939 '

.

.|
|
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-ATTACHMENT 2
.

- PREVIOUS NRC CERTIFICATE OF COMPLIANCE

--USA / 9019/B()F , > REVISION. 2,

FOR THE BU-7-TRANSPORT PACKAGE-

.

.

'

s

:

4

- C. M. Vaughan
:hmw

2

P
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- (b Form NRC 618 ' U.S. NUCLEAR REGULATORY CoMMISslON *

V I3I,j - CERTIFICATE OF COMPLIANCEg
-

For Radioactive Materials Packages -

.

^

.1.la) Certificate Number 1.(b) Revision Noc 1.(c) Package Identifvation No. 1.(d) Pages No. 1.(e) Total No. Pages,

. 9019 2- USA /9019/b'-)F 1 ~3

2. PREAM8LE
,

2.la) . This certificate is issued to satisfy Sections 173.393a.173.394,173.395, and 173.396 of the Department of Transportation Hazardous
Materials Regs.lations %d CFR 170189 and 14 CFR 103) and Sections 146-19-10a and 146-19-100 of the Department of
Transportation D>..gerous Cargoes Regulations (46 CFR 146-149), as amended.

2.(b) The packaging and contents described in item 5 below, meets the safety standards set forth in Subpart C of Title 10. Code of
Federal Regulations, Part 71. " Packs;;ng of Radioactive Materials for Transport and Transportation of Radioactive Material Under
Certain Conditions."

2.fc) This certificate does not triieve the consignor from compliance with any requiremen't of the regulations of the U.S. Department of
Transportation or other applicable regulatory agencies. indudir.g the government of any country through or into which the package

-

will be transported. ~

,

3. This certificate is issued on the basis of a safety analysis report of the package design or application-
3.la) - Prepared by (Name and address):, 3.(b) Title and identification of report or application:

General Electric Company. General' Electric Company application dated
P.O. Box 780

'

May 24, 1974.
Wilmington, NC 28401

3.(c) Docket No.. 71-9019
- 4. CONDITIONS . .

.. This certificate is conditional upon the fulfilling of the requirements of Subpart D of to CFR 71. as applicable, and the conditions specified
; ~.p - in item 5 below..

5. Description of Packaging and Authorized Contents, Model Number. Fissile Class. Other Conditions. and References:

. (a) Packaging
.

(1) . Model No.: BU-7.

(2)L Description

The packaging consists of either two, 5-gallon or three, 2.5-gallon,*-

*

-

11.25-inch ID, minimum 24-gauge steel pails contained in a 13.75-inch.

!
~

diameter by 27-inch long inner o ntainer constructed of minimum 18-.

g3uge steel, with bolted and gasketed top flange closure. The inner
container is centered and supported in a 22.5-inch ID,18-gauge steel
55-gallon capacity DOT Specification 17H drum by solid insulating
matvial composed of fire-retardant phenolic foam. The maximum,

w?ight of the package is 350 pounds.
i.

(3) Drawing

The container is constructed in accordance with Fig.1.8.1, Appendix
D,'of General Electric Company's applica tion dated May 24, 1974.

.(b) Con tents

M. (, (1) Type and fos ef material *

- Q) (i) Uranium oxide powder with a maximum bulk density not greater,

|(')b'o'yp than 2.3 grams /cc. Uranium c.ay be enriched to not more than ~.0
- M w/o in the U-235 isotope. - The maximum H/U-235 atomic ratio

.

i> MIN considering 011 sources of the hydrogenous material within the
J i ., . e n e , i n n.- oa 11 - ovecos nu .

o ' P\ >
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Page 2-'- Certificate.No. 9019 - Revision No. 2 - Docket No. 71-9019
-

,

b)
~(b) Contents ,(continued)

-

(ii) Uranium oxide as pellets with a maximun. lk d'..isity of 10.96 s

' grams /cc. . Uranium may be enriched to a maximim 4.0 w/o in the
10-?35 isotope. -

-
.

.

(2) Maximum quantity of material per package

(i) ,For the contents described in 5(b)(1)(i): .

The I aximum contents per package and pail for the maximum
U-235 enrichment shall be limited in accordance with the
following table:

Maximum U-235 Maximum U0 Maximum UO2 2enrichment, per pail, per package,
w/o kee kqs

3.0 44.5 89.0'

3.2 38.9 77.8
3.4 34.6 '69.2
3.6 31.1 62.2
3.8 28.3 56.6g 4.0 25.7 51 .4

(ii) For .the contents described in 5(b)(1)(ii):4

The' maximum contents per package and pail for the maximum
U-235 enrichment shall be limited in accordance with the
following table:

Maximum U-235 Maximum UO Maximum U02 2enrichment, per pail, per package,
__

w/o kgs kas
- 2.7 45.0 90.0

2.8 42.9 85.6
2.9 40.1 80.2
3.0 38.1 76.2
3.2 34.1 68.2
3.4 31.0 62.0,

3.6 28.5 57.0
3.8 26.4 52.8 ~4.0 24.7 49.4

<
>

& *-

.

.

.
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Page 3 :- Certificate No. 9019 - Revision No. 2 - Docket No. 71-9019
.

.h -

(c) Fissile. Class- I

6. For mixtures of contents (powders and pellets) described in 5(b)(1), the
'

maximum quantity of material per package shall be limited to the quantity given'

in 5(b)(2)(ii)..
.-

7.- The density. of the package insulation shall not be less than 9 lbs/cu ft for
.

the side and bottom and 20 lbs/cu .ft for the top.

8. . The four,1/4-inch diamater holes located near the top of the outer DOT.Speci-
fication 17H drum as shown in Fig.1.8.1 shall be covered with weatherproof
tape to precludv the entry of water.

9. ' The package authorized by this certificate is hereby approved for use under the
general license provisions of 10 CFR 571.12(b).

i0. $xpiration date: . July'31., 1984. I

9

REFERENCE

. . General Electric Company application dated May 24, 1974.-

FOR THE U.S. NUCLEAR REGULATORY COMMISSION

$0
Charles E. MacDonald, Chief

.. Transportation Certification Branch
Division of Fuel Cycle and

Material Safety
JUL 121979'Da te:

.
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*ATTACHMENT'3

PROPOSED REVISIONS

TO'NRC CERTIFICATE OF COMPLIANCE.

h USA /9019/AF,

BU-7 TRANSPORT PACKAGE

i

.

4

A

~ , .C. M. Vaughan.

:bmw

,

j
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Director - ONMSS'-

June 3,f1981
Attachment 3 - Page 1-

; ..
.

.1.(a)CirtificateNumber.

9019

.

(a): Packaging

(1) Model No.: BU-7

(2) Description

The packaging consists of either two, 5-gallon or three, 2.5-gallon,
11.25-inch ID, minimum 24-gauge steel pails contained in a 13.75-inch

~ diameter by 27-inch long inner container constructed of minimum 18-gauge
steel, with bolted and gasketed top flange closure. The inner container
is centered and supported in a 22.5-inch ID,18-gauge steel 55-gallon
capacity D0T Specification 17H, or equivalent, steel drum by solid
insulating material composed of fire-retardant phenolic foam. The maximum
weight of' the package is 370 pounds. ,

(.3) Drawing
,

The container is constructed in accordance with General Electric Company
Drawing No. 112D1592, Revision 1.
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Juna 3,~1981
Attaciunent-3 - Page 2

'

Page-2 - Certificate No. 9019 - Revision No. 7 - Docket No. 71-9019

5. (b) Contents

,(1) Type e d' form of material'
-

'(i) Uranium oxide powder with a maximum bulk density not greater
than 4.5 grams /cc. Uranium may be enriched to not more than
4.0 w/o in the U-235. isotope. The maximum H/U atomic . ratio -
considering all sources of.the hydrogenous material within
the inner container shall not exceed 0.45.

*
'(ii) Uranium oxide powder with a maximum bulk density not greater

than 4.5 grams /cc. Uranium may be enriched to not more than
4.0 w/o in the U-235 isotope. The maximum H/U atomic ratio
considering all sources of the hydrogenous material within
the inner container shall not exceed 1.6.

(iii) Uranium oxide as pellets with a maximum bulk density of 10.96
grams /cc. Uranium may be enriched to a maximum 4.0 w/o in
the U-235_ isotope.

'(2) Maximum quantity of material per package

(i) Forthecontentsdescribed'in5(b)(1)(i):
The maximum contents per package and pail for the maximum
U-235 enrichment shall be limited in accordance with the
following table:

Maximum U-235 Maximum U02 Maximum UO2
enrichment, per pail, per package,
w/o kgs kgs

3.0 44.5 89.0
3.E 38.9 77.8

*
3.4 35.0 70.0
3.6 35.0 70.0
3.8 35.0 70.0
4.0 35.0 70.0

(ii) For the contents described in 5(b)(1)(ii):
The maximum contents per package and pail for the maximum
U-235 enrichment shall be limited in accordance with the

i following table:

,

f

/

''

_
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,Page 3 :- Certificate No. 9019 - Revision No. 7 - Docket No. 71-S019-

.

Maximum U-235- Maximum U0 Maximum U02
enrichment, ' per pail , ', per package,

-w/o kgs kgs

:2.7- 35.0- 70.0
;2.8 35.0 70.0 ,

2.9 35.0 70.0
3.0- 35.0- 70.0

- 3. 2 - .34.1- 68.2
-3.4~ :31.0 62.0
3.6 28.5: 57.0-
3.8 '26.4 52.8
4.0- 24.7- 49.4

(iii)- For the-contents described in 5(b)(1)(iii)-

The maximum contents per package and pail for the maximum
U-235 enrichment shall be _ limited in accordance with the
following table:

Maximum U-235 Maximum U0 Maximum UO2
. enrichment, per pail, 2 per package,
Q/o kgs

.

kgs
''

2.7- 45.0. 90.0 ,
. 2.8 42.9 85.8-
'

-2.9 40.1 80.2
3.0- 38.1 76.2
'3.2 34.1 68.2
3.4 31.0 62.0
3.6 28.5 57.0
3.8 26.4 52.8-

-4.0 24.7 49.4

- (_c) Fissile Class I

6. For mixtures of contents (powders and pellets) described in 5(b)(1), the
maximum quantity of material per package shall be limited to the quantity
given in 5(b)(2)( ii). *

7. For mixtures of contents as described in 5(b)(1)(ii), annonium oxalate and/or +

ammonium bicarbonate additives are permitted in the U02 powder to the extent
that the C/U. ratio does not exceed 1.27.

'

8. The four,1/4-inch diameter holes located near the top af the outer DOT
Specification 17H steel drum shall be covered with weatherproof tape to
preclude the entry of water.

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



Director - ONMSS . .

- Juna 3, 1981 '

~ Attachment 3 - Page 4

Page 4 - Certificate'No. 9019 - Revision No.' 7 . Docket No. 71-9019

9. The package authorized by this certificate is hereby approved for use under
~

the general license provisions of 10 CFR 571.12(b).
*' 10.' ' Expiration Date: June 30, 1985 .

REFERENCES

Genera.'. Electric Company application dated June 3,1981. *

FOR THE U.S. HUCLEAR REGULATORY COMMISSION

xxx

Charles E. MacDonald, Chief
Transportation Certification Branch
Division of Fuel Cycle and
Material Safety

*Date:

C. M. Vaughan
:bmw

.
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1) .1.0 INTRODUCTION

The BU-7 package, as described in General Electric's
consolidated application to the NRC for a Certificate

of Compliance, is currently authorized by NRC Certificate
oof Compliance' USA /9019/B()F, Revision 5, as .a Fissile
Class _I container for the transport.of fissile radio-

active material ~in the form of uranium dioxide and-

_ pellets.

A complete series of tests were recently conducted on
the BU-7 package constructed with an outer container
different from that specified in the Certificate, to

verif y_ conformance of the package with the requirements
of 10 CFR-71. Also, - a criticality saf ety analysis was

recently completed to verify that the BU-7 package still

(h meets the Fissile Class I- requirements of 10 CFR 71 with -

2f an increase in the H/U atomic ratio allowed for the
package contents from 0.45 to 1.6 and with a maximum *

C/U atomic ratio of 1.27.
.

This application amendment contains a consolidation of

all applications and package test results previously

submitted in Docket 70-754 (for NRC License SNM-960),

Docket 70-1007 (for NRC License SNM-54), and Docket

71-9019 for license and certificate amen &nents pursuant

to 10 CFR 71 related to the General Electric BU-7

package, as well as supporting information for the

requested change in allowed H/U ratio for package

contents.

_g
License No. SNM-1097 Docket No. 71-9019 S,,ec t . No. 1.0 Page

Amandment No. T-21 Date G/3/81 Amends Sect. 1.0 1-1

!

: C:rtificate No. 9019
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2.0 PACKAGE DESCRIPTION
dh, - - '

-x.8 ,

2.1 General '

Inner containment-is a nominal.16-gallon drum c1' sedo

by a gasketed, bolted lid, centered and supported

within an outer 55-gallon drum by solid insulating

media, and containing two or more steel pails which

contain UO2 (See Drawing 112D1592, Revision 1, in

Section 6.)
.

.

2.2 Gross' Weight

370 pounds, maximum ,

2.3 Uranium Oxide Powder Container

One or more closed containers, 11.25" inside diameter
:

fabricated of minimum 24-gauge steel, vertically stacked

-in each BU-7 unit.,

g

2.4' BU-7' Inner Containment

A nominal 16-gallon, Uniform Freight Classification

Rule 40 drum constructed of 18 gauge steel, modified by

the welded attachment of a closure flange to accept a

3/16" thick steel lid which is gasketed for resistance-

to high temperature as shown in Drawing 112D1592,

Revision 1, and attached by twelve 5/16" minimum steel

bolts. The inside dimensions of the inner containment

-drum are I3 5/8" diameter by 26 5/8" high. The

maximum hydrogen to uranium atomic ratio in the UO2

fuel mixtures within the inner containment is 1.577

taking into account all sources of hydrogeneous material

mixed in with the UO2-

DLicense No. SNM-1097 Docket No. 71-9019 Sect. No. 2.4 Page

. Am ndment No. 31 Date G/3'/81 _ Amenac Sect. 2.2 2-1

C:rtificate No. 9019
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2.5 BU-7 Outer Container

A nominal-55-gallon,1 Uniform Freight Classification

Rule 40 18-gauge steel drum with - nominal outer

; dimensions 22 1/2" diameter by 34" high;

~2.6 Insulating Material

The inner cont'ainment drum is centrally held within
the outer container by, and the space between the

inner and the outer containers is completely, filled

with, solid' insulating media composed of fire-retardant

phenolic foam as specified in Drawing 112D1592. Four

1/4" diameter holes near the top of the outer container,

covered with waterproof tape, would permit steam to

escape in the event free moisture in the insulating -

material were exposed to the heat from an accidental

fire during transport.

2.7 Package Description - Contents

2.7.1 Type and Form of Material

Uranium oxides enriched to not more than 4% in U-235;

and of density not greater than 4.5 grams per cc for

. powder and not greater than 10.96 grams per cc for

pellets. These may contain ammonium oxalate and/or

! ammonium bicarbonate additives.

.

'2.7.2 Maximum Quantities

2.7.2.1 Uranium-Oxide Powder - H/U Ratio 10.45

For uranium oxide powder with L maximum H/U atomic ratio

of 0.45 considering all sources of hydrogenous material

within the inner container, the maximum contents of

,

License No. SNM-1097 Docket No. 71-9019 $.e,. No. 2.7.2.1 p. ,
!

6/3/8k 2.7.2 2-2h and.No. T-21 p.,, hends Sect.(s)
l Certificate No. 9019



?
.

, ,

,

.

uranium oxide powder per package and pail shall be

limited to-the following:

Maximum U-235 Maximum UO2 Maximum UO2
enrichment, per pail, per package,
w/o kgs kgs

3.0 44.5 89.0
3.2 38.9 77.3

'

3.4 -35.0 70.0
3.6 35.0 70.0
3.8 35.0- 70.0
4.0 35.0 70.0

2.7.2.2 Uranium Oxide powders - H/U Ratio 11.6 & C/U Ratio c1.27

For uranium oAide powder with a maximum H/U atomic ratio

of 1.6 and with a maximum C/U atomic ratio of 1.27,

considering-all sources of hydrogenous material and

carbon additives to the uranium oxide powder within the

inner container, -the maximum contents of uranium oxide

powder per package and pail shall be limited to the ,

following:

Maximum U-235 Maximum UO2 Maximum UO2
enrichment, per pail, per package,
w/o kgs kgs

2.7 35.0 70.0
. 2.8 35.0 70.0

2.9 _ 35.0 70.0
3.0 35.0 70.0
3.2 34.1 68.2
3.4 31.0 62.0
3.6 28.5 57.0,

3.8 26.4 52.8
4.0 24.7 49.4

2.7.2.3 Uranium Oxide pellets

~

The maximum contents per package and pail for uranium

oxide pellets with a maximum bulk density of 10.90 grams

per cc, shall be limited to the following:

Licon e. No. SNM-1097 Docket No. 71-9019 het. No. 2.7.2.3 Pog.
,

Amend. No. T-21 p.,, 6/3/81 Amends het.(s) 2.7.2 2-3

Certificate No. 9019
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Maximum U-235 Maximum UO2 Maximum UO2enrichment, -per pail, per' package,
i w/o kgs- kgs.

' 2 . '7 45.0 90.0
2.8 42.9 85.8
2.9 40.1 80.2
~3.0 38.1 76.2
3.2 34.1 68.2
3.4 31.0 62.0
3.6 28.5 57.0

*
'

H3. 8 -26.4 52.8
4.0 24.7 49.4

-:2.7.2.4 Mixtures of' Uranium O'ide Powder & Pelletsx
.

The maximum contents per package and pail for mixtures

of uranium oxide powder and pellets sh'll be limited toa

the' amounts shown in the table in Section 2.7.2.2.
.

A

!'

.

.

Lic.nn. W . SNM-1097 Docket No. 71-9019 bet. No. 2.7.2.4 p. ,

hand. W. T-21 6/3/81 2.7.2 21Det. g,,g , g,,,g ,)
Certificate No. 9019
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. 3.0 PACKAGE EVALUATION
.

- 3.1 General
,

There are no components of .the packaging or its contents
~

which'are subject to chemical or galvanic reaction
~

during normal transportation.

'

3- The package cannot-be opened inadvertently, uses no

coolant and has no lifting or tiedown attachments. .
'

.

3.2 Single Package - Normal Transport Conditions

Between March 20 and Apr'il 2, 1980, a series of tests

were performed on the BU-7 transport package. These

tests are described in a report dated April 25, 1980,

. which is included in Enclosure 1A to this application.

Included in these tests were some simulated normal-

~(]h
transport conditions. Not all such conditions were

tested because the package requirements for some of

these conditions could be demonstrated to be satisf actory

by other means.

Two BU-7 packages were loaded with two 5-gallon steel

paile, each pail being filled with 45 kgs of UO2 powder

containing natural uranium, for a total of 90 kgs of UO2

powder.per package. These packages were used for the

tests simulating hy,pothetical accident conditions, as

described in the test report (Enclosure lA).

One BU-7 package was loaded with two 5-gallon steel

pails containing a total of 93 kgs of lead shot. This

package was subjected to tests simulating normal transport

conditions.

_{
A summary of this information is given in Table 1.

License No. SNM-1097 Docket No. _71-9019 Sect. No. 3.2 Page

Am:ndment No. T-16 Date 7/25/80 Amends Sect. New 3-1

C:rtificate No. 9019
)
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5 I E TABLE 1*.X g .

jy SINGLE BU-7 TRANSPORT PACKAGE - NORMAL 1 TRANSPORT CONDITIONS'a n

_ O z .

z .

,o g Requirements * Tests' Conducted: Eesults,

a =
s i

0 F isNo' tests required. Temperature of 130e H '-' i . u, , . nii<,i n.ais. .i . .mi. a.

S O. O
it.ng... .. s i 3o* t . .ias . . within normal operatinge

* " range for materials of
construction.*

No tests required. Temperature of -400 F Lis2. n,u a. .mo.< i .. m pe n. i o. , on
g g -w i . m uai . .na ,n.a.. within normal; operating
E E range for materials of

% construction.

.E 3. r,,uu,< .u m..ph nc p,,m . ..r o. s Package was submerged o No water leakage into
nmo u.aa..a .imo,pw.ny p. w ... in water to a prersure ' inner' containers.after.

;; ,7
of 1.50 kg/cm2 (50 feet 8 hours of submergence,

m o of water), then
]; S pressurized and checked o No leakage of air from
o o for leakage in four inner containers when

increments: pressurized and held at
each pressure increment

o 0.75 kg/cm2 for 3 hrs> m
f r 3 hours.

5 E o 1.0 kg/cm2 for 3 hrs
E o 1.25 kg/cm2 for 3 hrs"

.

z o 1.5 kg/cm2 for 3 hrs"

.O
M
C

S 4. no,,w.-vi,n.m ., uv i..ua< i No tests reluired. Packages of this type
j

*
'""*"'r""- have withstood several

e years of transport with
$ E no occurrences cf-
8 significant damage dueg

to normal vibration.

s w ,u sy, 3- 4 ..i<, sg, , . iin ..uii, Package was exposed to There were no signs of

)'.2.[." ..',,'[p'$n',Icoil,',IYoa76no$ir I<;
'' ' auursyn nUkieb nMr daye M tM

i

a n.,, . p, 6eo or 3a inmoi,,. ly heavy to keep all package.
exposed surface except-

the bottom wet for a .

Y2 period of 30 minutes. |

"$ |
:

* Pursuant to Appendices A and B of 10 CFR 71. r
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g u, Requirements Tests Conducted Results j2

.O ,

r,

O Z i
o . *

E I*

m .. r,,, ump . u.i u. : in . J 2 ii2 .The package, loaded with There was a slight
* g hoon. .nu in, . .:., .. r ih,

. .. .r".,J 93 kgs of test weight, was deformation of the outer ?.
r

d ichi, a r,.e J,op sh,uush it.e J si.u e syv.n

i i i h,w ..nw . n.i m,.u u, .my.eum, no., dropped 4 feet with the container closure ring- ;
g yo ,. . ui ... ro e. uni 6 . n ..o .. , = . 9-=''~a closure ring impacting that did not impair its '

io. wh h m.um.,n a.m ,, 6. .. pm i,J.,, e onto a flat reinforced function. There was no io 4 e xtt eatt nisimet concrete pad. The test damage to the inner r,

#" ','',',,'','[" ",'"","; ' was conducted 2 hours container seal or the 5- ]
'

after the water spray gallon pails, and there ,o'
Less ihan io.ooo - - - - - - - - - + - 4

3 test, was r.o separation of thej e e io.ooo io zo.ooo - - - . - - . - - - - -

S, R zo.oco no 3o. coo -- ------ --- 2 closure ring from the lid -

sh . ih.a 3o. coo -- - -- -- ' -- - 'o y of G o o M er w & er. -

,,

y t co. , ome: n ., No tests were required. The package gross weight
ici .pph , o.ay io p.< 6 4.-, wh'* '''-

exceeds 110 poup's.sunmiso leJ psam.s.ly oi w.h.J or f aisssbo.rJ.
4 4 and J.s noi e kseeJ i s o pounds grosh w.. hi.

D 'i' a ren,i,rio -impai r.h,h..n ph,w.i The package was penetration There was a slight
u e ,nJ oi . . n m.a uui c> h Ja n . i n .h.. ia tested by impacting the indentation where the 13% O .h.in,is t anJ weishuis i 3 6=,unJ., J,npp.J
co s ,,,,m , h,,,hi or 4o io.h, oui., ih, e.co.a hemispherical end of a pound bar struck the
O S *aerae or ih, p.m.t. whkh a apuna io t - vertical steel cylinder container. It did not

#""'
",',*',n$,$oI.','' *o"'i[. 1 1/4" in diameter and penetrate the' package.

2"cU.I'".,"ce,*.h.
'

i p ,.

p.. k... s.,r weighing 13 pounds, and> m
S dropped from a height of*

E. ." 40" into the top of the
" container where it is2

", most susceptible to a.

projectile penetration.,

[ Weight equal to more than No damage to the package9. co p,, ism,. - i o, pas 6.,,, ...

c- neuam, io.ooo poo a. in w, ,,h i . . <. .. - 5 times the weight of the due to compressive load-
Z 6*d ps,swee to.J . 6u.i i * .sh v 5 inn,s tie, woeshi
e o .,: o,, p. 6. ,, o, 2 poo,,J, y,, ,,,..,, m.h package was applied to ing was found., .

8 en-iiiriwd 6> ihe ai.=im== h='uani e .r-s. the top of the package fory
"'0''''"""'*"h'h""' ' " " ' -

'","""no.J sh.u t,e .polwJ Ja,'u . p.,'i ,"J : 2 4 a perlod of 24 hours. The
ih

i.om. .r.., na , .. 4..a n.. ...p . J a.,n... , test weight used was
'h* P**'*** 'a 'h' r * * ''"'' 'a "h-h ih* 2,440 pounds.1

' p e k.ge woulJ nusm.lly be it.nsp.,si,J

.

.

, u
*

,

,
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,, . The tests and assessments set forth in Table 1 provide

(_) 1 assurance that the powder or. pellet contents are
,-

contained in the pails during' normal transport and

- there is no reduction in effectiveness of the package

system.

l - It has been demonstrated, moreover, that there would

be no. water inleakage to the product during normal

transport conditions.

3.3 Single package - Accident Evaluation

Between March 20 and April 2, 1980, a series of tests

wer e performed on the BU-7 transport package. These
tests are described in a renort dated April 25, 1980,

which is included in Enclosure 1A to this application.

Included in these tests were some done sequentially

simulating hypothetical acciuent conditions during

- transport. ' A summary of these tests is given in Table

2.
.

Upon completion of the four hypothetical accident

condition tests, conducted the sequence prescribed in

10 CFR 71, the package subjected to c11 these tests,

was opened and inspected. There was no damage to the

inner containment sealing features; the original computer

weigh cards were with the 5-gallon pails; they were not

wet and there was no moisture in the innur container.

The top insulation' disc vias badly charred and the out-
side of the bolted cover had some blistered paint,

-but there was no structural damage, breach of containment,

or loss of shielding.
.

k
License Nc. SNM-1097 Docket No. 71-9019 Sect. No. 3.3 Page

Amendment-No. T-16 Date 7/25/80 Amends Sect. New 3-4
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L_
_



x

yg ' Q) 'i'
sa

n u n
n n- a

' | -TABLE 2 ,

h
"

,E ' SINGLE BU-7 TRANSPORT PACKAGE - ACCIDENT CONDITIONS[
E m

*

3 Requirements * Tests Conducted .Results+
g

T* ._-,
eu s
g c) o i . , ,o 4 3,..,. 4 u- a. .., o.. .i. . a+ Each of 2 packages was Both packages impacted at

','"'I. ',I. .Y,osi 7tl.'. Uil.7IiIII r'". raised by a crane to a. pre-determined angles.* "
i
. g.m i . e.., . a.< m . . ;.... a.m ..;. a. 30-ft height at approx- Areas at points of. impact

o m i<a- imately a 450 angle. The. of both units were without
height was determined.by fracture. Beyond this,

y g a measured, weighed cord the only significant
.g g hanging from the damage was a slight'6 pen-

g containers. A quick ing of the cover where the
release mechanism was closure ring of one

,E used to drop the package was deformed. The
packages, which fell at bottom corner free-fall
approximately a 450 angle, . test of the other package-y y

'- H landing on the corners of caused somewhat more
$ b the package. crushing of the container
3s S than was experienced in'
O O the top drop. There was

no evidence of fractures
or separation of the> w

! $ $ package side from the
E bottom; therefore, the

"
.

*
z package with the slight

E opening due to the top-

S drop was deemed to have
*

suffered the maximum
j damage.
c,

7 Post-test inspectionz
o showed NO damage to the
" "

sealing features of the
inner containers or to'

the 5-gallon pails.

.

2 * pursuant to Appendices A and B of 10 CFR 71.w g .
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a o Requirements fests Conducted iResults. -

.* " ? ?, -
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? 'Both' packages.were free- Both packages were2 t sw . . ., . A s... a.op 6,o h . ai. ..
0 g .a aou h,..u.k g. .po.a.. t ,whah dropped through a distance slightly indented about

m. . ..u a.m... . . p . u d. iu, iop ,.J ..r . -of 40"8 striking the topi 1/4". There was-nog g
g s.si I ,y hnJnt ! no4J mi,,8 U.s m..uns,J s.n

L ~ .. . . mii, u.. ia g he,6,o .i .u i r.< ,. end of a vertical steel- puncture of'either .*e
o c) c> H~ h.. a..a h,h m h ,ui.h.m ,. ..i.ih,- bar mounted on a re- package. '

H O i.,p ho,uuni.I ...J ein Jg, s uunJ,J s.. a s.Jsus
e 9 .., .,... .,, ii. . .. . . . .. . h . . .a u s h inforeed concrete pad.

. 6,pgih .. su ..us, .n.iime.n J m g, io ih, -The bar -uns fabricated
. p .k.g . Lui mui k u ih.ra E intl.,s song the per the-requirements ofl.a.g .s.. I ih, b r sh.tl i., y,s p uJwul., io

ih, un , iao.g ho,.,oni.i sur r.... 10 CFR 71, Appendix B. ,

e o
4 O 2

E 4 A vertical drop. with the_
'

% container impacting on
= the 18 gauge cover near
? the outer edge was

considered the most
d d vulnerable orientation to
y g puncture,
s o

y 3. 4,.....e - i . po,ur, i.. . ih.,m.i i..i in A thermal test of one of- Inspecth a of the innera
wi.x h eh, h... .. pvi i it. p 6 4,

ui s,"r the packages (the one container after all the
ih.n ih., whk h woulJ s,buli rn,m ..p nui, o

in, .h..i,p .k.,,io ..a..o..n ,.n. ..... that sustained the most tests showed no damage.
g m . . . i .4 w s . so, 3o mmi.u. .uh .. . ..eu, damage from the free-drop to the inner container,
E S '"U6 gN.I.' Ia*.C.'."~iI.'i .. r'I",,''.7.Ns'. through 30 feet) followed its sealing features or"' '"*

p
ih, r. L g. a..n n... i,, . .ia ..n uu, the 30 foot free-drop to the 5-gallon pailsg- -

= u..ia 3i. ...n.,ih,i.a p,..J ..i,,,a ... and puncture tests. The that would yield eitherm o im a ... u .i ih, ump .. .. ih, m,a, ur
thermal test conducted of them ineffective.2 nu p 6%, u.. i gun is. i.u 6 i,,. ih. 3

*

required exposure to an The paint was slightly." h-~*

j environment of 14750 blistered in a small
E minimum for a period of area at the top end of

z c 30 minutes. Since an the inner container, but
j actual gasoline fire with no indication of this onw

open flames provides the either of the 5-gallon
most realistic means of paile containing UO2
satisfying the require- powder.

-

ments of 10 CFR 70 thermal
test, this method was
chosen for the BU-7 test.

u e
i b
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the. Following immersion as
.

-

z - 4: w. ,,, t . ,, , o..ui. . . . ' . After the fire test,** g . p. 6..o on i, > - i . .. . i.i w i , i . ' ' * - package was allowed,to described,.the package.

n..i .ii o.. . r oi,p 6 i de- i. . . . . .

f 'i- io .a < . a<< .i i<ni a rui ..t i< ro, . cool down for.the 'was opened and inspected.
co a s is a or .i io. n . s h. ... prescribed. period of time,- The innericontainer was

8 and then placed in the dry, the-silicone-rubberS 2

W 4 water' immersion tank under gasket was not damaged,
3 1/2, feet of water. 120 and. analysis of the UO2
pounds'of weights were powder showed there was
attached to.the unit to no significant: increase, ,

9. O insure that it.would sink. in the moisture content..
E f It remained' submerged for

10 hours.a
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3.4 Acceptance Criteria

S' Acceptance criteria for meeting the requirements of

10 CFR 71, paragraphs 71.35 and 71.36, are as follows:

o No water-in+rusion to the contents,

o No rupture of.the productfcontainers or inner
container.

o No damage.to the inner containment sealing features
that would - yield them inef f ective,

o No significant deformation to the outer container
that would affect criticality safety considerations.

We have concluded, as a result of these tests described

above, that all tests required by 10 CFR 71, have been

conducted, witnessed by Quality Control Engineering,

and have passed the acceptance criteria. Test

completion check sheets and compliance certificates

are included in Enclosure 1A to this application.

.

l''.R

4W
License No. 'SNM-1097 Docket No. 71-9019 Sect. No. __. 3.4 Page

. Am:ndment' No. T-16 Date 7/25/80 Amend s S ec t . ' New 3-8

I
Ccrtificate-No. -9019



.

. .

.

4.0 CRITICALITY SAFETY EVALUATION

4.1 Uranium Oxides in Powder Form - H/U Ratio 50.45

For the contents described in Sections 2.7.1 and 2.7.2.1

-(uranium oxide powder with H/U ratio s0.45), the

criticality safety of the BU-7 package is described in

Enclosure 1C to this application, GE Document NEDO-11277,
,

"The General Electric _Kodel BU-7 Uranium Shipping

Container - Criticality Safety Analysis." These analysis

results demonstrate that for these contents,'the BU-7
.

package can be transported as Fissile Class I, pursuant

to the applicable sections et 10 CFR 71.

4.2 Uranium Oxides in Powder Form - H/U Ratio s1.C & C/U
Ratio cl.27

For the contents described in Sections 2.7.1 and 2.7.2.2

(uranium oxide powder with H/U ratio 11.6 and C/U ratio

s1.27),-the criticality safety of the BU-7 package is
*d9 scribed in Enclosure 1B to this application. These

analyses results demonstrate that the BU-7 package can

be transported as Fissile Class I, pursuant to the

applicable sections of 10 CFR 71, for these contents.

- 4.3 Uranium Oxides in Pellet Form

For the contents described in Sections 2.7.1 and 2.7.2.3

(uranium oxide pellets), the criticality safety of the
,

BU-7 package is described in Enclosure 1C to this

application, GE Document NEDO-11277, "The General Electric

Model BU-7 Uranium Shipping Container - Criticality

Safety Analysis." These analysis results demonstrate

t h'at for these contents, the BU-7 package can be

transported as Fissile Class I, pursuant to the applicable

sections of 10 CFR 71.

Lic n No. SNM-1097 Docket No. 71-9019 Sect. No. 4.3 p. ,

Amend. No. T-21 6/3/81 4*1-4.3 4-1Det. de W.N -

Certificate No. 9019

. . ,, _ __ _ ._.
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5.0 PROCEDURAL CONTROLSc.x _
'.?)~

'New con't'ainers are inspected prior to first use and
.

used packages are inspected prior to each re-use., ir

compliance with 10 CFR 71 (71.24 and Appendix E) and

with the quality assurance' plan submitted to the NRC

and' approved by the NRC on July 6 1979, in Quality

~ Assurance Program Approval for Radioactive Material

Packages Approval Number 0254, to assure that each of

these packages meets the specifications. delineated in

theLapplicable NRC Certificate of Compliance and in

the supporting documents referenced in this Certificate.

prior to shipment, limits for package loading and

.

' proper closure of package are verified.

' Appropriate procedures and instructions have been

prepared to accomplish these actions.

.

.

?

License ho. -SNM-1097 Docket No. 71-9019 Sect. No. 5.0 Page

I 'Am:ndment No. T-18 Date 7/25/80 Amends Sect. New 5-1

-Ccrtificat'e No. 9019

|
.
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'l

6.0- -BU "iTRANSPORT PACKAGE DRAWING

h-v

Specifications for the BU-7 transport package are

shown on General Electric Drawing 112D1592, Revision' ,

.1,

.

([

.

,

r

i,

,

.

(k$'
; License:No. SNM-1097 Docket No. 71-9019 Sect. No. 6.0 Page
' Modification 1 to

- Am rdment No. T-16 Date 10/6/8Q Amends Sect. 6.0 6-1
.

'

Cartificate No. 9019

_ -- _, - . _ _ _ _ _ , _ . . - , - . . - _ _ _ . _ . _ . , _ - . . _ . . _ . , . - - - _ - _ . _ . . _ _ _ _ _ . _ - . - - _ . . _ . _ . _- -.-
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.NRC' CERTIFICATE OF COMPLIANCE USA /9019/B()F 1

-FOR THE BU-7 TRANSPORT PACKAGE I
_
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ENCLOSURE 1A

REPORT OF PACKAGE EVALUATION TESTS
,

FOR THE BU-7 BULK URANIUM TRANSPORT PACKAGE
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}'.{h 1.0 INTRODUCTION

. .=.q
l?Q l .1 TEST DESCRIPTION
:d
.2 Normal and Hypothetical accident condition tests were conducted.

g1- on Gen:ral Electric Model BU-7, Bulk Uranium Shipping Containers
in accordance with 10CFR71, " Packaging of Radioactive Materials
for Transport and Transportation of Radioactive Material Under-.

1 Certain Cor.ditions." The tests were conducted at the Wilmington
Mj Manufacturing Department facility on March 20th and 21st 1980,
ja and April 1st and 2nd 1980.
. h 'b

3 The BU-7 Container is intended to be a fissile class I shipping
.gj container for shipment of enriched uranium powder.
::s:a
.fj l.2 PACKAGING DESCRIPTION
'n.

@ Inner containment is a nominal 16-gallon drum closed by a gasketed-
ty bolted lid, centered anJ supported within an outer 55-gallon drum

@ by a solid insulating media, and containing two steel pails which9
d contain U02 (See Drawing ll2D5231A and Figure 1.)
=:
2- 1. 2.1. Outer container

A nominal 55-gallon, Uniform Freight Classification Rule
40,18 gauge steel drum with nominal outside dimensions
of 22.82" diameter by 36.5" high. Fourl/4" holes near

N the top of the container are provided for venting and are
covered with waterproof tape. The cover is flat 18 gauge'

s teel . The closure ring is 12 gauge steel with 5/8" bolt
; j meeting DOT Specification 17H.
!

; 1.2.2. Inner Container
i'

A nominal 16-gallon drum constructed of 18 gauge steel,-

modified by welding a closure flange to accept a 3/16"-

thick steel lid. The lid is gasketed for resistance to'

high temperature and attached with twelve 5/16" steel
bolts. The inside dimensions are 13.75" diameter by 27"
high.

1.2.3. Insulation

The 16-gallon inner containment drum is centrally held

{* within the outer container by, and t.he space between the
, two drums is completely filled with, solid fire-retardant;

j phenolic foam per, USAEC Specification SP-9.

| f

3
.

d
. .. _ - . .
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__ _ __ _ _ _
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(*
j 1.2.4. Product Container
2. .

Two closed 5-gallon containers fabricated of 24 gaugej.. 4

j;;
- steel, vertically stacked in each BU-7 container.

N 1.2.5. Test Weight
d
$" Each 5-gallon pail contained 45 kgs (99 pounds) of
i natural UO2 powde.. Total test weight including weight

n
I " of the 5-gallon pails is 209 pounds. Gross weight of

.

the BU-7 is between 365 and 375 pounds, depending on
variations in weights of BU-7 container populations.C

Actual gross weight of the two 5-gallon pails as recorded'

( on the computer weigh sheets was 94.81 kgs (209 pounds)
.Sr container S/N K0174, and 95.29 kgs (210 pounds) for
container S/N k1878)..

' ' 2.0 TESTING

& 2.1 TEST SUMMARY
,,

k The test program consisted of a combination of normal and hypothetical
d accident condition tests as described in 10CFR71 Appendix A and B.
4 Three BU-7 containers were utilized in the tests. They were taken

from the G.E. inventory of containers at Wilmington and are built to-

1 same specifications as all model BU-7 Containers. Serial numbers
j and tests they were subjected to is as follows:

h ' CONTAINER SERIAL
' TEST CONDITION 11 UMBER TESTED

$
3 WATER SPRAY TEST K0319

DROP TEST 4 FT. K0319
Normal Cond.
tests PENETRATION TEST K0319

'd COMPRESSION TEST K0319

30 FEET FREE DROP K0174 Kl878
Hypothetical-

Accident PUNCTURE TEST K0174 Kl878

fet THERMAL TEST K1878"
|

WATER IMMERSION TEST K1878.

, .

:,

- Container No. K0319 was used only for the normal test conditions.
K0174 was drop tested 30 feet impacting on the bottom seam, then
puncture tested. Container S/N Kl878 was drop tested 30 feet
impacting on the closure ring, then subjected to all remaining
hypothetical accident conditions, that were appl *ed sequentially

|
in the order indicated in 10CFR71 Appendix B, to determine their

! cumulative effect on the package. All tests were monitored by
General Electric Fuel Quality Control Engineering, and certified

{ there co:apletion per test check sheets in the Appendix.
,

$

a
.
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LOADING

2.2.1 Hypothetical Accident Loading Q
'i Containers K0174 and K1878 were loaded with approximately

:4 - -45 kilograms (99 pounds) of natural U02 powder, in the !

i

.i - Fuel Mancfacturing Operation (FM0) powder pack facility, "'

using e corrputer controlled loading and accountability1

.$ system, see figures ( 2 and 3) the computer punch cards-

rerrained with the 5 gallon pails of powder during the~

tests. (Loading Record Sheets and Request Sheet are in the
Appendix).--

2.2.2 Normal Condition Loading ,

.

N Container Serial No. K0319 was loaded with lead shot
3. weighing 93 Kg's (205 pounds) gross weight.

1

.f,'. , 2.2.3 Moisture Content
I

-Moisture content analysis of the natural uranium powder
|;f

i was made before and af ter the Hypothetical accident tests.

Y |.
'

% 2.3 NORMAL CONDITION TESTS NOT CONDUCTED
^l

9 The following normal conditions tests were not. conducted because

d y<- their requirements have been satisfied for the following reason: .(?
j

j * Heat: Temperature of 130*F is within normal
.

operating range for materials of construction.3
1-4

: - * Col d: Temperature of -40*F is within normal
-

operating range for materials of construction.

* Reduced' Pressure: Successfully passed this requirement in prior
tests. (See GE Packaging Engineering test report
dated 2/10/78 locluded as Appendix 3.)

,

IM

1 * Vibration: Centainers of this type have withstcod years
of transport with no occurences of significant

<j
damage due to normal vibration.

7

' Corner Drop: Not required since package weight exceeds 110*

pounds..y
.

*

Ojd .

1_
~

'2 .
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3.6 TEST RESULTSLj e

d 3.1 Normal Condition Tests. (container S/N 0319)
.] h 3.1.1 Water Spray Test gs

:g

3 Container was exposed to a water spray sufficiently
J heavy to keep all exposed surface except the . bottom
j wet for a period of 30 minutes. (See Fig. 4). -

.j?
.

RESULT
q

There were no signs of water damage to the package.

3.1. 2 Four Foot ' Drop Test

The container, loaded with 205 pounds of test weight'

~j was dropped fotr feet with the closure ring impacting
d onto a flat reinforced concrete pad. Test was conducted
;{ 2 hours after water spray test. (See Fig. 5). ,

.1

i RESULT

fJ

Ej
There was a slight deformation of the outer containerE
closure ring that did not impair its function. No.

@ damage to the inner container seal or the 5 gallon
g pails.
3
-i 3.1. 3 Penetration ~ Test
a

h Container was penetration tested by impacting the h
j.f hemispherical end of a vertical steel cylinder 1-1/4

. inches in diameter and weighing 13 pounds and dropped7
4 from a height of 40 inches into the top of the container

where it is most susceptible to a projectile penetration.
.

] (See Fig. 6).

RESULT

l' There was a slight indentation where the 13 pound bar
|yj struck the con'tainer. It did not penetrate the package.

f 3.1.4 Compression Test'

f Weight equal to more than 5 times the weight of the package
!

4 be applied to top of the containers for a period of 24
f hours. (Minimum weight for BU-7 is 5 times 375 pounds, or

|
; 1,875 pounds). Test weight used was 2,440 pounds (See&

: Fig. 6) .i

,

RESULTj,

No damage due to compression loading.;

!

-

.

2
.

*
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3.2 Hypothetical Accident Condition Tests
:

$ 6 The hypothetical accident condition tests were conducted
.; krj in the sequence specified in Appendix B to 10CFR71, to (@"i evaluate the ability of the package to with:;tand cumulative
l damage of the four tests. To establish the drop orientation
j that covers the most severe damage, two containers (S/N

Kl878 and K0174 were selected at random, then one (k1878..

was dropped on its top closure ring and the other (Serial-

j No. K0174), impacted on the bottom seam as these are the ones
1 most likely to create a breach; impact angle of both tests was

approximately 45*. After completion of the drop test, both.

i containers were puncture tested, then container S/N K1878 was
g subjected to the thermal and water . immersion tests.

3.2.1 Free Drop

i The packages were raised by a crane to a 30 foot
i height at approximately a 45' angle as shown in figure
3 7. The height was determined by a measured, weighted
.~ cord hanging from the containers. A quick release

2 mechanism was used to drop the packages, which fell

of the containers (See Fig. 8 and 9)g on the corners
at approximately a 45 angl e, landinlj.j .

RESULT
a

Both containers impacted at the pre-determined angles.v
5. (i) Areas at points of impact cf both units were without bTh9 fracture. Beyond this, the only significant damage was
j a slight opening of the cover where the closure ring of

I

j container No. K-1878 was deformed, as shown in Figures
10 thru 14. The bottom corner free fall test of container
K0174 caused somewhat more crushing of the container
than was experienced in the top drop. There was no
evidence of fractures or separation of the containers,j side from the bottom, (See Fig.15 and 16) therefore the,

container with the slight opening due to the top drop
I was deemed to have suffered the maximum damage,

a, -

i Past test inspection showed N0 damage to the sealing
i features of the inner container or to the 5 gallon
1, pail s.

[ 3.3.2 PUNCTURE TEST

Containers K-1878 and K-0174 were free dropped through
,

'

' a distance of 40 inches, striking the top end of a
vertical steel bar mounted on a reinforced concrete,

pad. The bar was fabricated per the requirements of,

' 10CFR71, Appendix B (See Fig.17).

- A vertical drop vith the container impacting on the 18
b gauge cover near the outer edge was considered the most g=;

i- vulnerable orientation to puncture.

3

d
a
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{ 3.3.2 PUNCTURE TEST (cont.)

RESlg g
j Bcth packages were slightly' indented about 1/4 inch, there
1 was no puncture of either container. (See Figures 18 and 19).
b

I
l 3.2.3 THERMAL TEST
1
f A Thermal Test of container No. K-1878 followed the 30 foot3

. free drop and puncture tests. The thermal test conducted
! required exposure to an env'ronment of 1475* minimum for a

_M period of 30 minutes. Since an actual gasoline fire with
open flames provides the most realistic means of satisfying*

the require..ents of 10CFR70 thermal test, this method wasf chosen for the BU-7 test.
. A.
: Test set up as shown in Fig. 20 was used. The gasoline and'
; water supplies were located 100 feet from the fire pan.

.j A thermocouple mounted on the closure ring adjacent to the
a slight opening of the container lid was monitored using
.? a Honeywell Model R7353A Dial-0-Troll, Serial No. 7812-3849,
1,! which was calibrated using a West millivolt pot that has
j traceability to the National Bureau of Standards.
r
.-i The eight foot square fire kit with container mounted 3 feet
4 above the surface allowed "for approximately 2 feet of flames%

1- TO around all sides of the container. By using the open gasoline g@
7 fire, the emissivity and absorbtion coefficients were in
j accordance with those specified in 10CFR71. Appendix B.
A
fj 3.2.3.1 Test Procedure

Approximately 200 gallons of water were fed into. y. the pit resulting in a water level of 5 inches.
: Approximately 50 gallons of gasoline were then~ fed
! into the steel fire pit to form a. layer of fuel
|1 about one inch deep on top of the water surface.

"
.

|
*

| 4
1 - After ignition, (See Fig. 21) the fuel and water

i supplies were turned on and manually controlled to
1 one gallon per minute of water and 5.8 GPM of fuel

' * to maintain a fire that completely enveloped the
| | BU-7 Container. Figures 22 thru 31 are random
'

photographs taken during the test. The temperature
measured on the surface of the test container

| increased rapidly to 1475* F. (See Figs. 32 and 33)
| and exceeded that throughout the test with a maximum
~ temperature of 2000 F. being reached. The full

G fire test continued for 42 minutes burning 300 ('
i .j gallons of fuel during that period. -

1 -

~
-

u
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3.2.3.1 -Test Procedura (cont.).' '
.

'
RESULTS

4

3 Inspection of the inner container after
] g all the tests showed no damage to the

-{~.

1 inner container, its sealing features or
j- to the 5 gallrr als that would yield

-3 either of them .n fective. The paint was
1 slightly blistered in a small area at the
'

top end of the inner container, but no
;. indication of this on either of the 5
? gallon pails containing 002 powder.
g

3.2.4 Water Imersion Test

After the fire test, container No. K-1878 was allowed to cool-

J down for the prescribed period of time, and then placed in
j the water immersion tank (See Fig. 34) under 31/2 feet of
; water. One hundred and twenty pounds of weights were attached

to the unit to insure that .it would sink; it remained submerged
for 10 hours.

,

.) RESULTS
.ij Following immersion as described, container No. K-1878 was
3 opened and inspected. The inner c:entainer was dry, the
j silicone rubber gasket was not den. aged, and analysis of the

UO2 powder showed there was no significant increase ir. the :;

.3,
g moisture content. ~

:
- 3.2.5_ Post Test Inspection

'

5 Upon completion of the four hypothetical accident condition
'

tests, conducted the sequence prescribed in 10CFR71, container
Serial No. Kl878 was opened and inspected. As previously

N mentioned, there was no damage to the inner containment
sealing features; the computer weight cards were with the 5"

'3 gallon pails; they were not wet and there was no moisture in
g the inner container. (See Figures 35 thru 38). The topt

7 insulatfor, disc was badly charred (See Fig. 39) and the out-
7 side of the bolted cover had some blistered paint, but there

was no structural damage, breach of containment or loss of.

shiel fing. Post Test condition cf all three containers tested
; 'is shown on Figure 40.
'

3.3 Acceptance Criteria

Acceptance Criteria for meeting the requirements of 10CFR71( paragraphs
71.35 and 71.36 was as follows:
* No water intrusion to the contents.

L No rupture of the product containers or inner container, (
*

,

y -

. .] - No damage to the inner containment sealing features that would*

j yield them ineffective.'

W .

E
1.
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..j 3.3 Acceptance Criteria (cont.)

No significant deformation to the outer container that would h'' *

affect criticality safety considerations.:
,

4
?

I,I 3.4 Conclusion
'

1

i All tests required by 10CFR71, have been conducted, witnessed by
4 Quality Control Engineering and have passed the acceptance criteria.
1 Test completion check sheets and compliance certificates are

included in the Appendix.i

2

9

q'9

:f
4
s
'}-

~.$ '

i @ @
4

fj
r

N

-a
.

:4
,

:;
k
i

,-; ..

. . ,

i1 i-

I'k
?
Y

.

L -



LIST OF FIGURES
'.' .

j 1. BU-7 CONTAINERe

j 2. WEIGHTING U02 POWDER

3. LOADING 5 GAL. PAILS INTO BU-7 .,.,

2 4. NORMAL CONDITION WATER SPRAY TEST -
'

j 5. NORMAL CONDITION 4 FOOT DROP TEST
*

6. NORMAL CONDITION PENETRATION AND COMPRESSION TESTS

l 7. 30 FOOT DROP TEST

] 8. CONTAINER NO. K0174 IMPACTING ON THE BOTTOM CORNER

j 9. CONTAINER NO. Kl878 IMPACTING ON THE CLOSURE RING

a 10. SERIAL NO. K-1878 AFTER IMPACT

11. SERIAL NO. K-1878 AFTER IMPACT

.j '12. SERIAL NO. K-1878 AFTER IMPACT

j 13. SERIAL NO. K-1878 AFTER IMPACT
^

14. SERIAL NO. X-1878 AFTER IMPACT

j 15. CONTAINER NO. K0174 AFTER 30 FOOT DROP

:? 16. CONTAINER NO. K0174 AFTER 30 FOOT DROP
4
} 17. CONTAINERS K-1878 AND K-0174 DURING PUNCTURE TEST

j 18. CONTAINER NO. K-0174 AFTER PUNCTURE TEST

] 19. - CONTAINERS NO. K-1878 AFTER PUNCTURE TEST

] g 20. g4THERMAL TEST SETUP

:j 21. IGNITION OF FIRE TEST

j 22. THERMAL TEST

i 23. THERMAL TEST'

3
24. THSt%L TEST

25. THERMAL TESTq
26. THERMAL TEST, .

5 27. THERMAL TEST
4
} 28. THERMAL TEST

j 29. THERMAL TEST,

} 30. THERMAL TESTi

'i 31. THERMAL TEST

32. HONEYWELL DIAL-0 TROLL SHOUING TEMPERATURE READING DURING THERMAL

[ 33. HONEYWELL DIAL-0 TROLL SHOWING TEMPERATURE REAFING DURING THERMAL,

. 34. WATER IMMERSION TEST
I 35. POST TEST INSPECTION'

| 36. POST TEST INSPECTION
37. POST TEST INSFECTION

'
.

,

1 -i # 38. POST TEST INSPECTION k-

39. CHARRED INSULATION DISC .

40. CONTAINEFS AFTER COMPLETION -

t .

.

.



w.;*~ 5/16" ST. BOLTS (QUANTITY Or s.

. .

3/16" THK. STL. ' 70
. ,

.,
*

:.1

[ GASKET PHEfl0LIC FOAtt INST'LATION
f HIGH TEMP.

FIRE RET. F0AM PER USAEC
-

RESISTANCE-j /.3 - SPEC. SP-9 - 9.5 LB/CU.FT. 4
-

.

..; gg ,

''

i ! 16 fiAL 18 GA STL. DRUtt
13.75 DIA^

,

i -

' ? -

vi

3
-

fg ,

. ,

-g*

.- .

- --

..- .

'5 27
-j N /.._

j ( I

h. k. -u.~ , ~- ,

a .

.I\{.,gg

-$ x%.

..

%nd [ap '*
<= a

A
j S+' PLUG-PHENOLIC FOAM

A FIRE RET. FOA!! PER USAEC
'~

~ SPEC. SP-9- 20 LB/CU. FT. 5 GAL STEEL PAIL

}
~ 2 PAILS PER DRUM

CONTAIN 002
L COVER - FLAT 18 GA. STL.

55 GAL 18 GA. STL. DRUM
CLOSURE RING 22.82" DIA. X 36.5" HIGH

.
12 GA. STL llITH 5/8 BOLTS

! MEETIllG 00T SPEC.17H
-'

,

'

;

$
'
. FIGURE 1

BU-7 CONTAINER-

.

;,
. w

I *
. .

..

=
.

- - < -- , n..,- - , ~ -- - -,--,,w-- ,,--a w -ca- ,- -----,- - v-.. - , ,-



.* f ,*
e -

4 . ...

) -

a $. Na f* *.
r,ms

|

. h cw.'

.,

,1 # JiEEEERML*f#a$)'s'

At 2 .-

i *%. ,m adC/'] / Q,a ,7c _

gg' ,

, fj.|.' c.

1 ..,g- m-

I* y

'

,y 5, m*3
e s. -m. _.

. .-
4im.'Qi ' '

"

,,Q j3 g-cju \ . . -

D3-:t p4w .s'f
,

d . l. k , %,g, s *
.i M

'\' V g; Af f~ h <
-

< .t

! :i
guessumme====-:3 Wi g.;:-su2%-1f

* \' nw ~ 2
g,p -' ,] t

tI< {,L ,.w: pan 3n wt
--

.', .x - =-'

..

3) . 7t 6
-

vg \ ,@2:g/g ~4 _;,R'?h
: -. uv-.

>

,

'' '
'

.

ex g.....n. mew ev -r. 8 .;
c

-
1 ,..

i -

2 -g 'y .

.? ~M. ~i.

= a
a

C, ; I' %
i;.

63s * 'u__ _Q , _
< .,

s
i : ,_,

.

f-
S e.J Z' h""|

4

..__''. _ m m.-[fb
4, ,* LU, f-i

__ c _. m ?Ed. l' * ,C e'. . 1{ - "M ' g tE
,

_s .m ,

' ._
-,gg7, --

.

M .,a ' h, ?' y$'
.. . .~ .,

_ si
|%).. ..ju .,7

_

*J
e, M.h|C

.

"
A r- ,i - .....s, .y,

W. e:ii.y ?,;,.a:, lil - W~ *

r to-

I >
- - Mw .' t ,;!- ;; ,)

d.W,j, <a; ) _4 5;s. i .. . . .

4 _ _ ;3
. , '

(.D

~* -,
-v, ,

wg . '

,f ,I (
.

, e'

' ,

; i,+ n y- -
.

i .t ,c h mu .
.-

.

( i 7 ' *
.

||
^- F y . . , ,

^~ :;
! .,

.

; c f y. ' , .L , ,

i f b.ky . . t ** v''
[ #'$ AT' ' ' *

,{j >
e\ _ - 2! _t' * '

,- _

y.fM,

ig i' ? y , ,e

(4'|

au q?u %jpres.*Q.ad. M .

.f h s*e.
a %,yO %q r%a

'

k %, peggLg ;;@z.ggggg u W
-

L-,

, ? ~~ - .ynn
7

5 .

'

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



. % toutesuget .} . ; o
_ , . - - .

.V , . ,

\ .g-- ,-

S =====

. q}f d ~

. .

\ .
"

',i :f
-'

*"*'"""* St.
.y .i

.

t~
~ , ,

h'j
:

..hgw L
. o

\
' . .

'

:
.. 4 r., ** !(

; 1p,.,esn q . .. [.'. O *y. t
,

uv .wf .;

v<
e -D ., : .\ :: s

4- Oi. . .

y '- - - e 4-
. :j. . 6 rip'i ' m & .,-'"

'

,Q i f &$g e.

,g
.

m .dr M. d,$ eM k, s

.u My- .g
. - h. , .ga 3 c... a2% n.Qf

3 .
'

3 .ggji1T--<# n
; .', W '='. / ALE. %p\

'. . .
- p

; U j'
f -. . p ,.,_ -

U T T ). 3 ;a9 y hj)r;g$5W$
g isWh,

' .' %.

6':
.

' .

'#p ON y |
~

,g [$ #
3

'

h. 4 . m w w g @;'g(f[, ( f D -
', ,

.

, .%x%
. .-

.

vy.~-. a. ,wwu =
RW < g{k ',: .

# ,f, ' / _ I' #.. -
.

,

s

} '

. ., n ,>

.k
-

'^yd[ .
-

; . ~_ ,9: .

:. py a ,+ ..

.:

f . gy 3.pge*,,esS.c:.,
*

a
.i f ' w.. .

,

;.o -

4
_

,m,_ *SQg
.c -'

}@ . g[,m.h
L-.

C,w :g;,_.,tg
; -

- [( , .;;

^
.g , g;gh 4- ,

, G ; , %.L. . g.gg),N[. ;f
,

w '

,h, %. ,V u\
.

..;

M 1
. ,

.

* '

' .

. ~~. w ,

,

TINN6iN.c.ufy}$$gi . :
c,

. g
e -

$pe . dhi: .

3

. s.ch e _l
.

!
'

^ 57 ,
,

*b .

D .

g! . .

$ha .
. - u

.y||Nhli.$0$ $h "S4$fkM$fdf[./
#

Y -i y
. gi,ijjs|!,i *

_ a

"I OI'

, ' 4

i
' ,c

:. ,n .c ,.& .ye ns n . . .. ,y,

%.- (
: F I G O.R E 3
(
1 LOADIUG S G A l' oA1LS I g g g _7

|1 .

_ _ _. _ . . _ _ . . _ . . _ _ _ _ _ . . _ _ _ _ . _ _ _ . . . _ _ . _ . .



'

.
' '

. .

.
'

i .

.1

:

.,f . ..

;,;
. Ja

..

~i
,s

,

i
'?
-~
,

.j
.. 4

, .

4 . _ . . . - . -
-

(q. .p:. ~. . %-

.

.}-w
S,

a ? l.
:

s
~ - - .n, F 7 y7( ) 7~", C 14-i 1" h.,T " g, C. U.) 'E

.

r w m.. v

Yh. {$h h h

, , r .,

y.g . gk4
- y

4)2
. -

I- h)
3 ,- ~ -

b h $
d FW[hd.O@MM ~ t d MF;c.- - 'f Jf f

*-

I1 d
*

@w Ud drd ida
9 )@?

~ = gtw.a w w ~ w m a g m -wn., .n
.. g. m-...g m ,.:...m... ,,yMy@ M

4' %*i t rJ @4 *W W r?
,, . r.4g;., . t._,ea ,13+ .

m
? $m

.

r- " *'

( 6 --
'

'rh. "41:!.4 {j i- t>&'1d MI6 $ 0

u] i [ ~. g .3 . ,

;} !, (, $ 1. . ~W$ . N.t d.1E '.i lb.,@b.3 .%dih4d'
N

$ ln' 4._ ], #a
"

i,
,

~.
. n r;. ,.

e e l . 3 nt

i

.t E L, . 3!

~t
i 4 :T :'sv. j!ggi gdW .,,)g "h.. c 4wr m ~r u na .

,

#
I [ ;k . ,f.

- - -
-

1

.,j
,j . . . . s- - P

~<,.
-

4 >, . -w . r,.
,

-

, e t .. 4. ).. mt .a -
.

m ,

,I thA_ p*t ,ppgw, .__ __
.. . s ,.. s . 2m- * - -- Wrm

- U@Ti'
,

t ^

7@tj[pP,'Y_. HEN...-
-

.

".4 /' :V . ._ T -agp r-]irii g F~g ,! <

i . '' ' ' :. ] L: E. MDi W. 3 g3,

'
. -

- -

. .. . , . . . . . . M-
-

'

-3 :e h - ; . .. . .- , .- ~ .. : c. ,- -,1-:L'+: - / . "! * - ' n:e . . :.- u. .- :. A u y ;si
. . . - - - - .

-

. -

$ ,'
.

.. ,-..,y ;,.e - p M ,.T.: | . - . . . .
~ * '

. -. Q .'*
. . . , &' ~ :. . .

.

- ~ + -

'
.

V :.7.-.de . C. y :eet. ..e;- : w.JL,*,$1Lt.::{.CD:. w; .' ' "~ ' ' . '_ . : .~ - 3'' * ' .' ' ';? .P ; c..

..-L
- . ; .c ::. ~.:-

....2-. t
-

.
~

': *
.

i i
- :3 ;.z, . ,:.n. ;;C. g;;;;.., .:.-

... .
. .

- ~-
- .-

| i.
' mi
l .)
1

1, F I G ll P E 4
>

,
-

N 0 R f1 A L C O N D I T 1 0 |1 WATER SD PAY TESTi

: 6- L
'

..

.-3
-

: -
h
k

2
- . _ . .. .._. -. .-- . - _ . - ,, _-.



- -
. .

-

, .,
.

-
.

-i

I@ G-

: j | g r p p r- . , . . ,m.

~|
- *

. og ; ;e *L.4
'

g'} w. . v ,as
'-

j xs.,

; ;:-
.,

-

I ; ., 3- . . , , . . .
- ~ , . - ..

! '. ! Qf Y +. ! .1' *

1-

h t n. / ..,.
. 7 1-

.|
.'e <,s ,

jr
.f$f :J5y[ I},|

.

u,' f j
'

9 ,2j s! u '

i .

; . .;1 .w, c -

,
-

Q,
-

af Q; s.
\

sh -|^ f~ f(bi:
:nyn

W k t g.o.

'=. %.. m~~ b k3.- '.. .. .z , s .

,L% tn | 'dv
g~ s i .)(1?9 . .

. th .J . 1 g b ,j,w-
y

3: - -

. a g
:n v a- - yI m | ,$ pt- e

m. p%,
f ,.f3 (ff" ." ~ :.. ,LE (g' j ,!

h:} fj!,3 -= -- JI ._ .

!

-

5 pi gpg. ''
__ .

4u t.x
; ,

s--~-

4@
.. . -

i o s; y

r[< +, (t#
---

, -g i l e. -:3 g - -

yy-
. . . -, .,

N [} di &?hf
~

)\qg

). .

'-

.,

,1
'

!

| _ .. .-

i!
' :
|

FIGVRE 5cy
e L-;

: i fl 0 R M A L C 0 fl D I T I O N 11 F00T DROo TEST

,

13 .

._ . - . . - . - . - . . . . .. - . . _ .-. -. --. . . . - - - _. -



. . ;c.7L.: , , , p x .m. -- p. - _ . .

--- =.= L .;y.:..;: . ,: g eng.A. g .; n. -._ .
-

.

*v)
ipv .,-

w,.
Q -p{l.4+gn ..u:A.

. h, r. e ==- vs

. =. .=. .:=a.~<h.w=ugE.a. . .

! ' %y &.,.n,N, l
,--

< g w w
Q

-

e6
.- y

.
. L:.

. o
@4

., .(*:y:rq'q;'
i, n ~~ / ' y.,

y, == . - - u ?*i...HH.f..f., i
,y

s. . .s s. . , ,. - i < ..C.. - d QCJ :9
.

.

,.s,, t .._s
br 9 ..

,

_, - - 1" p.

'T.4pMg W:m ,p,.,
. 4' ,

,.'.'ie . as p
~ .

(

[
I d$Ms9ih' M. AIM 4"[d5MiM N"8$ps;an%

-
' .g ,.

"-

;
5 $se p,M N

N9. f :-
3

. g 's A a.* b r,a. r s,,"t m. 4 .f.. m .f cm
y M m

m- d %wnW I p .v.- VN4,-.~ tMDmC'W gg%;D ]Fg

gg3p. um(RM*@'s.utr3

qV ,%u$p'M1:
~ v)we

41 @ s.' y, 'Mi@ M M % ,. y @n . % p% g%s.<iag.. @;
P- .a.

6XMp:- - pen "'

tv -- gy. --A.
; . - e ys ..w.m.v...m u !.

At ., Ir = .
A. ;<bycspp;Oh; % ka

a. .e wmt',4 r wA
N?? vrGr;-Q- '

p... i - 4r m
.

C.-

-
. :. y .7. e Q/./I . . / m., .ui D, .b/

>r..vh
- fpcEMI!|";*M. ...-v,;

b-) a7 ...WtiFigt.NMN
. . . +

. n.cly. 3.,,.m4 * M' '. E* . k~a !E 1[ 0 . %'";. i h i @[,_ %. ..y?W EN w - 3. n'
| 'Esd.

b
-a

~

% w.a.i.):Ls- Q ; &.: .Yjs';g..,D,[% p n. p[ h '7h: 3 4-s*. _ ,, L... ,/. rx . ,, y u
.w * I ' is %

.-

rpC7 *,}:'l Y .

,TVV ,*- & . ., .

gI \
,

~ , 7 %. -wen ().p :::.n
~

.'L,'.?,".. ..: w . .
^ ~ . .d;. b 1

.. . u. '--A3q ,_-

f( ,, " ,'" , *'
' >"

, '-I, .4V.X.M/- | ! ;PG < NN'CC.%q, '@ '

- -; -
- | -'s'.'.* - 1

'i

_.:. ; . | 'p<;_MC,- %. '%. .%. .-6.<-W@dx.: 4f. .~a
-

. < '.
.!

. '..i ,
:.- ;e

* ' ' '. ,~ p|e
-

]
'

..... . 1
a'. . .I '.. / .,* / ,, ,.~. ~ , y. . :y

y
. y ,,, . ' . . . ~~~

'

'

i p..--. e +5,m o. , w ' % 3d.
e; , ** *

-- a
~?;~_ w '^.~sa.n,)* 1n_

-
.M . - me1

q; 1
o zg,, ,

h'
- 1 a . : . < , , ,.. . g r,.' W.CQ - .

_

. II)

*.

.z.... e-* . ... .- - - .- ~* ,Q,

I z.'. pc :uJ ;. *.: --
,

i . . . - * '

.a f:~.~ N . /fr.. q?.$NI
f" f.n. ..

.s

. i. . - ?.I
$. o,f;., ;qit::.;'| b

r
- ,ms : m

i. -.i r. - => <='..

''
-

k:.
. ;;* . 9,3*r 't*.C., e of~0v n [-:,' p*,., r - - . .... i

,'j!,6 h.***'?$$*Q|I id
M$.

'

, &
M;., p. r.;,,..

. a . ,d W'
*-*

W-
'

. '
a.i . . .

. ; sy, u- w..

r,: e A.. |'. . . .s.f; , - * p
,

_ . _ .;;u.nwy,:. ; a,. }.; -

J'' * . . '' , f f
.

. p ***.m 4...,(.,1
Y, k*,2 ^

* * * uj
. - * . t, e : fr.i' "

('t k,9 k |j
,

. ,l'''. ? ', -i.t ; 9.h'ff f .' . l'"* .

e ' '3 Oa .t

f, Vfs,n%..' ]%,,q.. . .Ad *.M&,; > ?.ew.-
.

ra

~,.] p y "..!.:; ..,-c k .. WAA f L.v,;jh*.

,. *.c.

, " ' .z y5 ;' ' . ic G'a-n +.':,wr.+ t. M,~msn-! ,m.,,.
.

,-
s.*|

;,f g *ss , s . . f ..~ 1:] t ,,> ,. g'|9 3, i g 'p' * *s.d - 0..''m+ *. .D '
=. ..*

A'-| 9'ah , . .4, *
i

\,>s* n t. '

* &$~|p -+ ss'.hh,,~.V'. !{} .!ikN[!
S.|tN* "k &, .

7 '

9 ,

* *
L a -

,

!. 4W'A Nd,

' {)|4' .e v-

%ji&n$M
Lg? A$ , ) hjsf.|I.~ ,

O,

. h. f
- * %''' .R' .

t gg. kihp .e; . ,,.
~~~b

%nkMs.f,d8;>qp.q.pg.jgMm$EY$fh,v
> v . . : .: .

4 i f
. .m.,

, rnA
M. M +
n'

h M $
~

| W,. '1 & wm;n.a ae-}e.;
y'ge%m,ys)Mg., af

p.a m e- -

;

r)
- a

--__Q" ; g- - i*f.q...

, Ng
}q . j m ' '

u-. ,, . ,..

| g p ' P. |_
1 -

! ** ''' .. .. .w-
%,'.4:-. "''l .j'M. i f , .. w:gd'p/ay 's

's ,
't

. . .m. L
',

x
t-~+MbgMgswg w _

1; ;.|T* r-

e . g Q s p>.a 3. .
;

f[ f. ~
ymmum,y,;f'W- .-m

.

- .w J
f m1

*"
y d f3 d Qpg.M M cc

= .GQ-- 5|ki)W8$
,.c.

a...g. p.?!%
\ Vs e o

im.; n.
.. 7

w =.s--- --.=. w . -
- ._.h _



-

'd
, .

.5
I

'

*' * ~ ----.~e.
.

,.;}*; . ; ~ ~^ q --.
, , - --.

.a -, - a. 3
-

,.+ !.
. w.y '., i.'.}-

. , ,.. .

.,.L
..

''e. * | $Rt. ,
' y,.|.,|up.,t yz.- p.
;

..( %.

* -e.,

s. <* . * *,*g ~
*

' ~ } ; r.n. c. r. . . + . . . . . .

. ' ,g' . . , J (y. , v *i & * :.1( f,mn.. . . .

w . :. <

. V %s. .
.

'
, *3 ..* g . (- | . . .

.

& .g -'.
* - j, v +

y S.,, ' 9.g;, ,n, ;: -, p , . ;, e .3 .

m
. : . f.T ^* ;(k 5[ 'h

-
. h.* h-[ * * e #, '- . -I'' *j,, ,k

. f .,'ds c|,. c {,
-

s'.*

. -(

gg . .c 4: s *.yh .
;

y .w. - ,. ; .; . t; .' p e,7 gi , , .LL'' . , -
.

....,;..qgmm%.f.,as[e
.

.j
.

p . pf * $ % *.- o, . . , . , .- y , ce . s . m;. < ;.. , ,,, p,, 3 .,. .

$| ' 'h ',*.
- .. ; -{ { ;, *..Q ~ > ?i f =,:} } 1^f *,,b' ; " ' 4 % :.

' !': ''''
' '*

*
. ;.

' "'

,.
,.,

.'ef || K 'fr % x mi ' t .% ; ,
,4-

i h.)*p . f * '* :}G
. ' ' -

.**..*j'' * 4 ' .: $*f ,- ;sb ? ,, ? f' q
s .':'* '#.sg ..

.

%* " - ,=
i y.g . i, *

, m Q . 't..?Q|.t4.Q;!.||L::f%',.Q-Q. g4.-g'*. g y-
. },g.. f ;' / .f. . r. ? 4 . ? Yi 4

'

c.

.?
'

p.. n, j - , .,, ,
+ . .,- --

. r;.i m"UL ;
e -

;,
'

.

'. h' H ;; a M. .a. Q,:.:,n~Q ,Q %,.3 ,' ' '

'Q , !, ; ~ ~ 2
.p~. ,

'

.' <~; s .6, g. t *+:) :s: :^ L1 y*

E $ .",1;,6 P ,< C '. [f '. " .g ' ''(',M .1,# v W ..f * i 't .s .*
.

'i,*"'' f ,- ,,

- . -s .$ y\ $ * . -t" ..A
* - .. i .

, ~ . , 6.j,
. Mr +'? ~d t ''g,

, M,:. a . . ' ^ '',;. i. < ',j.Q%,. Vb -!,
_

-\| , -.f.*t. .u..;M; . r ...> ..,

--

, .*:~...; ^. . . . . . . - - . ' - * y* * ,,4 , ; y. .y,, j-
|'t ; 4 x q Q);3(., , ' ' '

.s ,

) \
': lj . ,''[ ** :

.. ..
.'.'f. .*/ Y.'; z.' < P

*-h
'*'

u .

'Q1 **:d ,' *
. < '

,
., . . y,

' . . , . .. f, .*c-f, ?? 'N , f,a h i
.

? A .| ,' .Y. .> ';\ *.{ .{.
" t

- s . -g . .

'.k [ , 4 - ., * k h,~. "*| | .

'

-
.

,

. :! s
.. c. .. \.t js. ~ ; Qt - J ' t:?.y ,. 3 . ,

* *

: ,:v -
G ?. . - >s

,

.

-

- ' p n .* -h m. ~ |
'

-
'

. .,.

..3 ' *. '
, ,

.$ { * *' '*

'- . ;.- ;, V-';, ,

:- < u. ~ , . ' , b9;.'r s
,

h '+ -

.{.
, f

.
.

-) ', f,-a. ; 4 sr .
" * '7

W * ' 2}.;. ,+ ,~ t. . . ..
'

. .

3 e

J{ .
' ' ' , i

, .
-

f.] '.'J., '
-

'>* . ,,,

h :?.

.

g.~~ ..'Y~. -

! ,' , h,?.1
I! ,s. ~~." /, i- + ;Z'O t

_d. ;
~ .: .; . -

,)
.. ,g:+.

, . . . .,.. . -. n.

.
-

:i. y . n.. .J.. . ..
,.y. f,..

:.s ~;, ' ; --;. A y, .'

. ~: ; ;.:: r,
a

I ._ . . , --. ,

3,;. 7.+c e.., .a c
,

1 g= i.%3'.2.'s ,.,' j
'.)~'.k >$'yN,;4 :

.

M i# '

;
.

I / \e i;

{ h.};

:4; M .q,V '< - '. !g *r

W4W; n. c' . i

Y
' Q' t -' .

_ _ _ _ _ _ _ _ _ _ _ _ * _ .
e, _. - % _ ,/|8

'. t b, }%j- t' W. '"

. .f--
6 , , jp_ d_ 4 : ."."_'''',''~ 3^ %. . _ _, ___,,s
,

".,g'
'

| W!J . __ TsC
~

t . m
3 3 . .., . . s ., -. ~ ~ ~ e

-
.

.i -A.. . m
t

.( _ 5r1 ..d. - 5 u~ I $ .q(

t ':*.%, >.y' "Ah w,4':. .b '
g ,2

s !. a |, ~
* <

I"-.^ .s.: y --e : a g':'5 MIdj 'N,*: W "'" * #
. ,

|' - ny
- g g. g

** ' -%1W L -
- + i

- Ash
, ..~%

. [ b dQ
'

. w w A a s . m. isI f
'

,. ..

k
h $ -h.:

.
\,. .,.A.

-
.? a..

, . t .g-
wF|EU p%y"

-. - .d*e. M. w.w' * ': . ,;.:
3 2 ". a '

i' .: ;u

3n.s===.=_====--- fg; yl ,.. ' .

y ( .
,.A'p.. y:

,, ..Nik),Idh, 7_
i . _...,

f $, j hM'GM ' '.:j

L. &. w.1., f ^ - %., $ g4
, . _._x %.

%C45!!iy -

. . _

& n''*;' .v-:d!'" &g;'s5 ,
- - -

~~ .wsie.u .

.y &.ds-TSW.. . "&, g*)
.

t.w d a& ''&i
-:. (~

- Q 3: 1 - - m u h m,er.5Mg.y...r .

1
e
; FIGURE 7,

s
30 F00T .n P O P TEST.

e

v m,e - . iy .%a.g -+aw--e.-- -w- . - - - - -w-, -=w ---w-------wa- < - - -



. .. s.

\ ..

a. - . .

..: .

il
:

| & Q,''>

.2
m
M
: :

. . ..

j2 . i.

k 1.-: '

-n ,,

.4 .
.,

;
.3

*
.

.\

47
.

9 , ..

k.>

)4 |-
d,$. J,i5 |-

'

'

: !
\. ,s- -

,.

[. -*g

'g.-4
|' t..;

. .t ; -

a ;
'

,' (.d (
''

6

.) ' ? -i.. -

k
~ ; . w; -'s
}.i, i , ,i* i

a
,m ; ,.s ,

d . . . ', g. /:, . ~ -
,

z;. ,r..a v - .,

j @ l~?]$P.)
- ,f

,

_ _ E$y

_ _g Q(: ,k.H* g.:%,r.r.j
e fL--. C'

_-.

# -

qn .f g &q- ,kh il.'
,' 2iL

V;m@t

j g .,
. . . . > L. . .p-

.
. . - .

; +mW -|-
..

.
v.s e .%:Q' :. '

4'4 cc,- ]Mp
. ..2 < \

hJ.

@hkhr
tdcs 7. v 7, .4 i .: -:

h.$, t ' Jibb 1 h4

h)5'h$$bkh[,kN3h!AN.Jb
.$ \L r;

$[EdkU.!1
*

b $ h- . kh..vgy.v$ pi ~htj *:?i --b ;y. -
... < . . . . - , .. . wI.

? p p.A v eg y; & npg.fy:-
a.* -~ p.+ gw. +

.

.: 4 s
m.7 fAQ$7b$

-

..

u:7i.- - ELLY h_.f NN

*"'y.&| . - = A.;.A.c,, 5
|

~

3 ~" :ww:
.r. . - .#. %gz . = z.,.,n.. . .,.1af = - r s W, w.,.,-

. v%. . . s. ,
..-

-

v4ikpMh. cXve,:%~ -.3&a,n. g+w.sK.-yr.;M.9' W&}
m, e ,4i .ce

-...
.s

- . .

'CM #% h ym a .
;

;

3;. s . n%m V.c <,, w~+h .. -eatp.y%m. ny ~ . . .m%~
. e a "r g..,g g Figjg'.$ 4j.g :ysq%'| M<f,x.,.:.,~.u;kN$iN$$hil$$g

--
,

. = . . .. ..
,.,n 4L

.

-so..? -*. > -- .

..j?.-

h. A,.,! :Y$^^'Y
,f9A. ,Qy*.6., 7

'

r -

q :
i

", u. -> v. . .. : %(;y$,,. y
,,'-.e4. , g- ,y , - .. ,. .g... .-

|}}. .,es: .:% n%etw ''ae'g'
s

< L.,S .g git: b .. ;. W C'-y n'n
. L~

*

,.

. . . .ie.:n.c a.c.-

~~v . w ~} .w.4, .

. , ., ..-- < "s e A ,R - 14.;;',3. i.m.n.u ''/l. p:,:.:.yv.x. ;1n, .r. ,;..q%; f me;..,3,2-

.u -,

h'1*. FIGURE 8|u|
-

f C0NTAINER N O. K0174 IMPACTING
#

J

ON THE B0TTOM C0R4FRr
. . . - - .. _ -. . . . _-.



3 k J. _-
.

..

. .

3 9M|%R $ f :' *

'
'

.

. ~ z.,:n.u w p m,
.

.n . ~.. w sy.. -m .

c:naru .
.-

i;
..

..;aag$i
:%

?'Q.V 84 $.?f W&%!.m
D.,.

*

],
@

~

.-
M

' '

,

:~.

' # n :.9''b'
?.. .<'

i. . .-|ce. . p:. ,,
-

.,
1..

1,
. u.

. . . - ,

. s~.a-- .. .1 ^< . '
.. ..: n .s j se

4
l~

.y. ..r
-t ,

q | 3 n #' .
.

n
, .g - '

, . .
.

Ja t . ;.; , j .

,a [w -

,
, . . . -

,

w- ...
., ...., , ..

t..: . >i
.. c..-,

A
.

?,-

{ ',. ;
.n . 7.-

. . ,i . ... .-

.. ; ... .c .ac.

, .
i

_l
-

. 4 =

f
,

.. vn
~ .. ,- . n. ,1

*
- fa,

3 # ;t ,
,

.

,

n.*-.y . -{tg g
;9 .;|( ' } - .,. . . a .
,

. .
^ ,

- )- .
w.';b ' ~ ' -

i a p. '\ -
*

A w
-= +
.f fg ; - -

/ . ?1 ', . . . .

: .

,w , s., ! ,o: ,... ,
-

.pg , ;_ e - ..

N
- a

..

I ^ j, . y' b
. . -

I. @ A}N(!,[ .'. C s k
,

' "u
-c _ 'T.th.bdn:

'; wg7 , "; q_
., -

1*,_._tfC .#

" '&ed_ &} g g' f.? ? i S S,wp&A
#

il y
.

p(%p:,3
'y

4 i A ia J
,.

_
i.__*""je .'N@r$Wj"Q. eg4(sAW

n => > g t

A(*j gg%Wp p! ~

!k
h?p![

5 :

. .m cSICMAE~~Mp
.

,

.
..

$ hW@bSt ....w dhyif5%i5Ei5.j
__- - - -

"~

[1ec-
,4 ggg,;w ~ _. _. w . . , i

. .
.,

k k.1 A h, 7(egwgigg@ff
.

*
.

-

,, c.r+.. w .cs: m,,

,
- m._ my,' nn .~~ ._,w www

. '
- - --- -

:, _ _. }y ;< , . 6% n *' ' ,. . . ++ Q c;--Y--
- ..

. , . c,-
w. f

-

1 :.r W .,- C7 Q'-

, g
.. [

'
,. .

,.
;

-

Ee . M. . >q
q .

4.,m p-r.,s , %. "a ,
' 1p

.s~
i - 5

. ~ e.
% ha :; . 2 *8._ bM - e. AdVg'j,,a, .1@ M. .

; ; b v. r

F I G 11 R E 9
'

.a

C 0 !! T A I Il E R N 0. K 187P. IMPACTlNG.

ON THE CLOSURE RING;

*
.d

e

. . . . . . . , _ _ _ , _ . - . - , , - , _ , . . , e.--..- , _ . - - . _ . . _ . . _ - . _ _ _ _ -



M

Ve
'. e .

.

b
eT

i

* R' f h 'L hW. Y * ^] * f * .), *{i- ~ ~ ' G =y Q|* - '' I j N + ;
'

..~*.9.* 5 . . * fe'% ,)'* '

V''..* *

bbh,6.hs
,

,

50f.M'?!YhWW,1:>e"N Nh?',;uh,fN'h,WNf.QG.h
'

;

%%.' :c'+.# a ;;/.e u/ 4 % ..')n'Q% .en ,u.nW.- e... .v m 1. . , ;

,.e.p%?%
.

-

([.;.h.(k',hh,W15.;Mh
..

.qV.:.?}}'G:
h b f,I @4'h *k , n,h_[k*IhNIhm .,n...[. m,J.t[..hkI*

.

.

Ii; f\ j s IY. .'*
''

. .

eqi qms. ?g.w. %sc
;

.

.

#gww%es
q w [ ~W 9 . a:,. ,q.g . 4..,A s.p &n.J.
.m e a-,

A m h p.y:% a n s
~f, Id h

''' '

LC$m,%>.,
'

\ i 4 4 @ y e e k a[ k $ p p ( d u,,,M6
,

jh8M(
ha rp%aaw.~

M. fh. .h,.M,NE 9(,5[su$h-Q$$f@c M'

Ih' h . bk4! hd4") I
'

'

# ,q 3. ,u a,|A L Mp'FfT b9'@h6pi
. . .

] /, .}A $T!
"

f- %d3 6 u;g1&pM%p& ks_ p
"

M.M& y ~y i sc p,y!? 'l t W
iv.*; in . g @.2f s,r.. ,m- ; m 21 b:,,t , .

- afra ,Jp; n.,,n p .''

' I f ,} ~ h f. s ,[I
';

6 ) M -

f,g p. :

' ''

-go. /dpm .Jba
,

rf.e .g :t-q
nJe~.wH.\ . Q.. > :

2
, ,

% -cwm % nq m n vI. h
n. s v.e! 4y w a w w,s.i'* W mA yp. b.-f

vo s e v -

;

-\
m .e t .ampe4

6m
pq%pp,w.jibyb

..

Whm.:1 ^ w%;e.:. w 4 um 3 v3 m
d

y lb;,. M.. p - ~. u p p e g h & g g, $j .:
g _,

:=: . : 'L ex y 9 .pg, ,

'\
L, M .9 4wg- w

a :..

o .ag y fpW,A2. r:h.d,,.d. .n. n.YN.Y M.a..uad..egyazy.Mgo,gb
s 3 -r,. w,[->

\
g '

- .
' >

g ; u u w {g?toI gv:- :. t- c-rm m u. :

|
.\ f - >h +$Niff|$$W $NbkNcM&m$w$hfEW.1 wI*ymme gwa

w< g))p\\b:ggvpw@h@WCMik9pBW
-

: -

=m.- :gh W MMgrMB % '

gen gr M $$93 ?.'

wNk+%w.yj=f,j&q:y gz.pa.m%s
o

..mns ang.';.
Q';Q 5.:;k:|:p.9 a . a .

- u
.

.

,..f'.i -

'\ {<'' \

-

Sh 4. ,.t=,'$Qgpp%q%%p.ifygJf ;5 1'

)-y 44b. .C
- g'.

x |H! ."
.n cu$ W kt'UShih,8WQ&p'$$Y,YA,x-r

.

,

p :.t :s u WR&.: km%m 7$ Mt> o
\

.

i4 .! , @ $ ??~ $,. ,, ,a.
n m %.a , h >. w p; w .q .s an\ . wu .- ..

I
h. D *I''A

.

m'Ejt. .e s. c . w. , .,.m

ism :fE-t.|q:.W+EQ[YRNWEU%,'%rx,.h~wegg~1
\ hE- Qt.j J
\ .p; g c.efge4e pr

h1 Yk
x. n$:.. ' n. w.m['.',Cm.:4.g%v,

.r . -. .

.e.n-
w,E[.,

.,+{ **.hj[.@.vpMg,hkf[DN E I
. .

.m.- xUm j ~~ ). l',?,I a

h3fh.Mkkf$$ $f v.w cn

*h w'' D7,2h :( h
._ .e..

. w . -
.. .

M\ '

j. s s, .g.,. ,p n n

h .

n. . 'h.&)M.. @~'/, ],Egh.q##....,u.s.7. h,m$G..a$$.d'.),~% ., Eg4,4
'

y, . Y$$ 'I ' dk,ampn - + ue
M. b3.E.n, 4.(O2,,6 6

'

s
.9-

.-

4
# . - r:p $NMM:-MMw.rv$ba%y,,g/ R $ $5d & &g% v.-4

.

N'. '.
'''' *-

-,

r. *4 A N- t %. . ''Np'

, _'?k. h,:h.. . ,.g.Y..,i [5$...$.h.. ?h.h,khk b. .....f,?b. .Y...h..f, . ~\ _.
|

'

.o .m
.es. - -- .

.
-



F.-e

b
i e

- km
t. -,

F:-

W ri&4@w+MM. h dY [NMMMWsW;hMNb
u s r

. a n$. U M N $ $, N h I $. b
hhh'Nihh- $ ' :

MO EM o$$J
A r

m,p. . w. J .=s .. w w. m.3. m..;.t% 4,, m.. a p. w y m. n. w% .,: ,.,. mw m w.. 4w
.

.. .

[j
.

b '.# ?- 1, ' >

.mpwwswwgnu.n'm' a' $p&.%.
a

5 ,,
. .~

. $ %rWAh. &.;..k & Q &n$.n b:ff.f Q %w w$ u.%ik $ |).f...|v &w m|%:;N.'i..+cW. mp]i?)$ fN~~h,R% !M,f.hW%;Wk~$c?:?;)Q'|''.E.:st@A
E

.m n. :.,

N Y%'6$Aij;6
& Vd@#,b$b

'_

,#n . M>*.*.,A %a :.si.t, e ... w M- n p s.if ,es., @ p . s..,&, &> , < M.% d, ,s e e c y;;
we

.)p: -
E m .

w
hj'.5'f'?';.N*r$.~.

..s.
. >,i.f$&. s'

L;.Ak!;u
,~.s., u. m -

z, - ., r ~ . . .
y . a. q e u.<

spw$, :.Q'c k;.:89hd*'O
. r . ..A

h',.*[,,j;.?q* ?,y\':g:+f,TT.&Q: ;0DsVfiz 3, 5 ;
..

~ '

h.
4..,, ' ,'a. ..ys. . . m''''m',.w:w;,-s.. .a

*

w c ,p. .%. +e;.tc / ,.p . . An.., t. v%s..
-

#. .'. Aw..
.~.s . . . . . 1--..

- M ;V,g e* , .. 4ng,;h,L,&sp| m.m.u d r'Tre' Lyg d] .3%c~:. nce *.O
.ik@h;.h[h'.f$h

.

P 0b,$}p:''*\f,Z:>y
, . - -. ..u. u. ,

= f;. .s- r . ' G, ;;|.}';.;y paQi .

r . W .f.

Y?; E N if b Y.;*ic<,'i; }. g s % :'#:.NfAk}$bhb/
y,F :e&*T.d Ve

.;'f
. n m,uldtM M.dc *h c) -

/@r
Nhkhf$h[hhN h3khN$,

s
< "

WCmyMW*i.Wy9.pnMQ}%# t MRf;|

' i'(@NW@$(m$$p@h:un.m%d$,ifkMM;fWu&;&.%[d>, $y%%,8%ggf
a.

: !$ N6 h235@fMM l!#Fi; @%
a: im.

ez;4.c W.9. a.c nsm.ms&|$hiYhj&....uk.:. .N!"m. m,
r

.0]$ :5
~

E$ $.ksNk
y'* ? . afrc.gce'$ M T @,%*,... &-Q.'&. f.ng$pp:g;y@f h. j. :'4; 3 ~a p. p : i*g.)~./.,..&..

y
.A .. c ... ? .. wH G..G. Q.

. - .v.
. . o: .J .,.Q'.';9}?:gggy., .gg g. ;

eW M,hh,pn?M;@yh?gf'I,y);;4
.

3 'yu .,

p4:;. q;S i1
,p.;.gQ';., g

atkq. i:YSf .'h!.f

T% mM* W@$mtMG@.?t.MM%mq@)sh%@g$:.g%gg$gg@ue:e|
hhf5$|hh,YYkhh]'.W:

w
p%4emh -

,~chkwn 4Wath -

D.y m 9
Y> % % 'W W 0 5Y L.

h % ( W.t.? % jj h| W.; $ g @! W @ild }}d g gg d N Q $ g % g{$ $gjw
.

'

,7 W y gcs

m. ;cy5;gg:ymmg,ar:h .sx w
c.,et.y,.w.s.gg;g qrmf. y,a.m.'y is.s ,,,,,;;,. . .&. W;y *~ m,

. m.r rs.
.: n.y j; w . w n; ,e u

.

. ay,. _

s3 com. , m.~:a. . . . .?+ v- r w.,s

h# Y '

. , , . MI .I,M. .(.:.p. ..S. ~sy~q. h.., .n/ 4. . .,I
.

f
.

'" - c.;* '

M. e d, n.d N. ,% .,.. - W -
. xc -a .

/, . "** ;$M iff[,* IEd
.

-
.~ '%

.

c'; * ;. ,' . '{ m',,Q ;e
f.*h.dN.h. P.h c*h *,J< ' * w c;;"%b g. p*t . ... [.

h-- -[V ,,, Pen,g .- :%

.

4 '' ^ u,_- . , ,, ,a r 7,,,
3 .

"
. h .,

' '
i':'"- ,' e' ' =,

NM$$$M di
'

m. y#p%..a
-

,e* i -.;
. #~4 .. py .

M 2Rt , r''-)-.' i,.
<

w .ght.' 1

*--*

0I11
f

V! M M % f,b b f 6
x .

NMhMfhb\l i"
-

s s
y' @un a. , s +.,
r

- p
;

M fI ,@. Kwh ,. I.
eMm $p$yi

e%s.,
'

;
.

% 4 W.s :

MSE8ff C I

N$M@R@2f_?Mh,h%% . r, b..
'

P_MM_'M._ V |
.

..t m .,...

.



*

=
-

. . . . . ,
'

-
-

.

=,.a -g s.u . 7 3,.

d
'

h$.,3ff N". i 5
, ,

dsk+i . ,p;j -)r
4 y~

e.

5-kyg. . L..

(fI!M,7' .
.

3 YU,- [$ g '''#$ f ' ,
r .

. ..

g ;- ; ;.. ?' - U 4| .

MM4FN;,T'.I Y._I_kjffi... , ,

'

& iEf4
-

i
.

8
dlWi;pf,1g,:....'..(

.

, . ,
- :

e

g# ;. s'

i .- n= .;

,i }{* 1%h;.ews.- |''*Y g "h
~

Y
~

?,
. _

y! ,,

[,| - p.. '[: T
"~~ . . . . .. ~

. .

t ww? $jg%p;g;MQr ; .J : .
-

,
[a-4?j' 46 GP

a.:- - -

. .
' p.'i c

;R&$g q:p: .,::. .q .a; .,::'@s,b7|F,., ~'
' o ,

: -
,

.
. w-

y
.

c
.p;; _zst.-n g:s:. ' '
;+ .

-
a

(i
,,

- ?.
.

..
: ; g

- --- : . :. . .:s;;;. .' ~ gO . yr. , ,, . c q . ~ ;a, ''
c y .

. u_
.

-, - m.'.._ s. .

. ''e -. .1 <
I g(c , a.; - . m . ::. . : ' .. , y'

g ;-p ung - +
,

.

Jjgp: fm w' .
,-

a w-
j %g

,

47 *t : 3[
"

kEtp$iti,mi%p:g)$@~WMd" .'

s
b!
Jh[

'.
.

TDif , 1 u_- .

.fi :.' ? #i4 =-
, m r en.-

N U. *3D 1' 4.( - .v._ ., _ ,

,

b
-- .w --w , - e. --

-

.

-:-= n2 _, -

.)4%g
-

Ea , . . ,

<m

n;f
.

rqr. .i .

' -

d,y
.

:

9 .

r ... k., 1. .
* -

; ;
: n, mma ~ . -

h s, 1 E
-

, g

|
_,

"k Cr i -
'

,#
,s > .. germs g .;

,

p/M 1 , k.C:Uii * 1($,, | |

. .

.

,3
'

- u): cc. , 5
i , . . .r; .,::,

-

:
|::.

.. L. > .[ g '{ gs .

4 .a . L 'd*
.

w _ _ _ _ - _ _ . _ _ _ _ _ . _ _ . _ . _ _ _ _ _ _ _ _ _



a - -

-. .
, ,

-

R.

, ,

'
n'

'" - ' ' ' 'g si'
~

_

g. aw _- ., , ,,.. .

.

.FM,h ,.k'' ,f,;f..''p' y,g.; - p- '*

:- ;.
-

1 ,

a$** **f N .,

,-;;r =
__ 'pj

* *

u ...

~
'

hh';kQ* f'. -

. . . , , . .

~'
'

3 _

f th $I,

, ,
- _-

.

,Q | | | Il*

_

!"_'h. - w_N " . . 4 s e
t E. _ H

3;. . .

m
Ih5 I

|N:,,'sas '
L L b. )II'.(k!; @

'

''

$ lqI'i :. E r y ^fi a
AW l! N.[. }- |

bQ & z
!. L \

p?:( ~ ; .@
1

! E
;-

<
_ _

'

.

h $ b# "
, ,

~| -M= ;y. p 9 .

? a t.855%? i t<

h>
.

m

2 :gig . , # > a ~ T * ... - .. ?*.. -

},, _ .me .
c- -

,, _ .

.
+m. - m .

.gp
| . , . .i

, .
.

' ? .

J o
' k b2'; . - .

f- y'

; > y
.

. , ,
,- r
: <,

1 % - . -

,
. . .

" ~

t- 9 xe
_

i
- , - r w i
Ys 'O; ,

,

k'r
'e,

. - *' . E' .

T*. r
'

|| -

.

i_, -

~ '
'.-

-
,

L
-_,. - .. . . - , . - . - . - . - - . . - . . . - - . - - . - - - . .



1

E"
- .

. .

i;
*

. .,.

s.
,m

I# [

! 99y;4,.*-) c..
c ''.

, . 7 ;|aa , t[I@;ig''t:a?p,b..
- [Yn, a3

4 ' ' *

.,;y,e+a:.eP
.h

,e. A

~ h. -( i , w : * k:.,,...o. ':..:.. :., e . .... ,.,q.. ,~ * .Gr
. , > - -

.

MWyc
-

. -

. . . . a -.g;; 5. .y

.

,

1. .

h ? h+N k'
.

[[# a.f;..[a,w7 .

.

_
. .

g y. q;g
_

o -

' 'm. .. ,-

,, .
' .

7,
. $~ ;., .

.
V

Y>

M k.!t '
' ,

t
'

q *

-
. '4 i.e ,.

A r-% __ . h
4 I E

[ [.--
,,

}I U
s. .m - _. _

\ '"Y, f. ?X& "' [* j..
'

.
'"'

M s1 ?- y "; ;~- - a =, -
. .. .

e s. y , w q w .

h. .

--
, ; e -

. .

p.Th A
tu @} [

*a er.g a
Y .

:- - ,
.

.
; A

'' - -

Ey .
. 9 .

Y -
~

' , .
'

[.~y% .

<

g ,, .. ~ . ,,,

.

.3.gw

j g 4,
- .-q- r

Egfe,. . . .

-

,

;.g, . - - .

$b, f

3 , ?%; m4.Q;(|$?hu. p h y;9,we *j

d6 - [*
q g- g'

~ r
fa % ik~ t..'.'..- W^8

1

g w_ ,g a
gy& ^ :.. . .

.N"Wr=%%| o:
4: w ._ - -4

m' y J- -
~: u

}w'
d p

... A : m} ? Y h h w u , z w'' I ::, d,\ . ;
Z G P W G . ;;.g$D"' c; i

~

y gw .y . = >

wEgW%
..

O w. a,,y
-. . u .eetga .me. ,.,.. w.. . , ., , : . ~. . ;.

. ..
-

.i e.

4)' f( w

Q . .}.%,i. . ' ~.., '.
.

e4;. , ,ppf ' f ,, ~4 1| ,; :.
~ '' - '

.. , :...

s -

-, o.,
_ .s-

, ;_
..

.l' (/)
-'

4 *

e nA m g* ls +s p.ip q a .s.s 1, ,- :
,

4y . p.p .t .,s ..
'

'

r i .4 ]s +; . g
N. ' ;'QM . ;; .

'
e '

PW . ^ - V ,'- *

g$ . . 49
.

...Y ,
. .

-

,

=> sSi 1 1
~

,,,
.

_



I
.

E
-

. .
. .

*
.

.

.

* ~
hr;g, --

.
" g, - w em

": '

' . --A 'D>,''.4' ' ' #

* fu n w ' . p )).1{h}. $b [.
- '

;
-

,.y . .
,,

,

;O f iNj' ^

,

q.9. .aw .

,, b -;-v).4
-

.
.

, . .: ;- -8
-

f } ~* ~*?
, -y *[

*

j. -f m.pyy r p
s., -

.

7,

,y ;-
,

3. ' 8 'y , ' Tg,

| ,. { g: * '
*

4u...,
,, ..

f k$... '

' " ,
<

..<u r _ < . ,

-< c. . . := -,

.

\ 6. .hN 'tn.' a".efh[e.1<*mi j'( '**f
p * ' '

'

b,.
., f ,e 'l

N $,q..wm av : n. m
; :yE R $ ' y(

.

*
|| ~-

i . ~ . _ * ' d M N-3 - D}; f 'f. f - ,

j e @)

p*f;'. T .;|h,mr
g c, ,

. . . w.

&- - . w?~
... gy.n> ,.

(f
~.

- w w:

Qy, . A er(~- V~, .9 e u_<

I d .
.

,

1yt
5 ,' M T*

. iNa
.X ' Ti ;.;M.44%., .. o m , h$s .

_.
- ,) < -w

|t
a , e

I Wi.%
. 's ~k. 'f,*.. ''t

r< A .j 3 3
.. ' Sg *% /t

a'

% G
-

~

| api. M t ,'|*" g Af" s . g,'? af ;;g- tt a
Jy -

'
; ;-' 3 ++ - s,% i

'

5' W .* ..
; i ; M$ e

; KQ <;e 5' . ,s

'

flQ ' %*s '{~
^

, m
, * * ' ,w' , . - ,5 p,,

Nye
. ,, ..

.il?fr .y/_
,

hE!$fh?''.p [y{hfff g (e,
's a r ' .. ~' - ' |. , t

1/3 .4 ? 3. h
" *

~4 p.?' r g_ ),;- L.

.

.

p? *
"

p
.

.
.,

||' f5,,.;- | [
'

i
- -

z.-

.=at xw >(t y/
. v . -

,

.

- -.
.. -. w 6. .

d '' '" <@. t,, *,,.i
,

*),
[~N ,gg,(''i.,K H*

'
$

*
*

,/ . ,., o .
.

' '
'' *.

, .

' ' *

s . ' * ~~ ' :,
|

~ ~

_ ,

f in E t'... V > J's. *.
,

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



1

. .

'
.9 w. .v g .oo

.

L'.,, ,ssa-.

3 @-
.-. ,..

g% *e. ~3 >o

._,
. 4r, 49, nf_.

.
, ,

:.~ s. -. - -o-
, . ,

. %,
.. .

-
A f 14 , 3...

- fL'

~

! p+ A , .N
1, ..\

, ,..

- .
*

%,,.#.
^

- /,:. ,.45iy~i
.J

'* -

.L :,. . . ., ...
. s a ,, f, '. [ T/,,S..k M5+. .

.

p' *,; .' * 8 - :
a m

'

s ,,-' ' j,.
,, ..+# y.[ g (9 %+.ityp~4,eir?K* -
. . r;3. - 0 it, ,

i+ .~,"y."-i., g
'ij&an.wjff. Ky W.|f fm " *

.,, .

.- -

.% j*E p!&,;j'l.Q'j'. *'.*/ ' ,ji 5d' i. _ _., 5|Q'#M&g 9 *. ? o p.
Y y *' *? ,.a

'Mh.,:
w .:.,11- y p .f* <2 , - . :y/< NU 's /O arr- - - , G. , * .

. . , , ,

..:. f ,.4 h .{,' E.5 :$ NA
~

., _ gg q : w ,agp.|l; WA g: f. y%fWi?q
,

,,
'

B ~

~ --.
.

y/gg w
. , m -

2 e.; .
__

7N$%s$
1 2 i

. M! 4 a,A W.l$#Jf 6M 2 . 4 2.: "c ;
..

. M--

m%y.u ggwg4;w-a n --

fgMsrar s .i. t p;fa c w.p>4 y

# q/ :.y @jYh': b m .,:
- .m:-m ; xy

') m ;
_

.s ,y,m ,
O |h ' N ''} .

y - [i.. '
Wb. :6 ,, ~

;# ($9 m jgge*~'

i %~ i %1 e a pyw ym

p ., . _ _ _ . . s, s s.
d. .N. . n.Q.,

w,,q -
Ifi M !

~ L-

. , Q ,t
O a. . g f-aci. ,h: Y

"
ep . s, i

L,
~ # " mg) g

.

-

4- ..
. .O . .

s . x+.

. .
.

4 y . . , . . . m,.,~,e.n

'

34 '-

,
,

- . - . ..

' *D .' ,s -= ' '' *

s 4p

s *'?.
.

' ,;Lp.'.*''

.

f*' y: $h . ,;,.. +.gt |c
*

, w gJh%.
.

,
,,

: .,. m .5., .. . . g. . ,e ..

. . .r( ,<.a., .

'
.

' bi.' ' '

't ' gg{$''.h. A('..
7

'

$gCp,
~

*

&f . N*', @f . 'a .Yi
~

h
;T$,*Mugr 35,, 4

. - &. %|$ % ,.% y. : $ z \y. %..'
.m..,;.. ...x, . . v.; -e

-
,

-. .

. .

t~
'

t -
.

QN. . '\ hS..'&m .yWM .f* '

'

4 ;

1 1. _ _ _ ..

n .

t
-

:

d
. . . . . . . . . -.- - - _ - - _ . - . . .. . ._.



r r E.-

, .i', ,
,.

!

i g
' .1

-

r-
' fg fy_:-;

~ ~ ~ -
#- @.,

-- . ***..~.J. '

~))%=
--

_-Q.K'y
i..a, ,.

.,__..,..;---.u '

p ~ )|-- s ~ n.q?_7,7 % .py* *|

, 8: - *4 G A t t (I N

i
_. -

h, L
1 ;g z

; . '] . - q

[$$E 1 +
'

|
.

.

,. b \ . sg?.rNM
.g _ g- --- ,= , & \I

IEj
.

- - - _ , , _ _
..

;,

=_ - - '

-

Pr., TWfd_ ,_ _

' ;. .

.

--

l
_ - ^ W* -

-- dre
%.gf e- - ,k- - *w - - 5Qreg w

" L.
_

s,.Mieiiti
~

~~
.

, -
, .

31 g- . y
'

9. . . .

g z

,
. L.

.

~ **

.~ ~ u.m..c . G:yy,2t= * ?
*-

| ;. n. , , . .,;

__ f' '.
.

- ''

" cui- 4i
.hT- -

.. :

;o' .

' . .| . h
.N

~
..a... !*

. . , ,

un? W.jb"m-{ ~.....i fi h;.''
s. .'?

-

e

Y ;

ge.w%e-
,

c..

.a .

< , -
b $~ ', >- -

h- IE$T A3d. . a . - :w . [;g % n _z
;~y.-

'

.
~

.f k.h'. ? @ M i %
,

W

ed a,~ L - Ikh u % Q.g6 9i~
.g ..

"i~
'

'wS ieg-\v. m *Y h
.- _ r-.=.;..

R S ., NE!? ~~ EEEEEaM .,p

W- _A'!

{-&
_

| .- ;

.~
' { .

~~

-- .
;

' x= a--V@.gdhW --

.

!k. - CJ f
I

.
.

.... , -
,

[

FIGURE 17
C0flTA lllE RS K-1878 A TI D K-0174 DURiflG PUtlCTURE TEST

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



E
'' e *6 ,

3
-

.

,

a
*

e 1 , g-

1
, mv, w :>.... y. -.

t4.- .,,

| e',* '[
*

.f,i,,.Jj'kN,*h.,e|,':*. f *:/l ,. {
a< _ ' . , ' . ?

,,

t, .
''. -

( -' *

. ifIJ .Yt y;_f.9. U. - q. , y| . .

.c

?y,yn;
' '

j l'' :.' ?
~X: ,y

- }{!
'

\.y)'h>gg L
~

-
, - . .

,
.

| - U',
( j - . A . %c- .

., 3y o
*

g,m . . . . j... ''
-w %m - m_ ?

gw.
,

; e ,.~ .

||Q Y h: f-j .. < t . a.. ,

,Ie . A.4 ;,,s4
-

,. s
'

E
" N - u-

.
, , s

R ~ ', $z
'

i~... , , , .

... . -vA J f- "F4 i-- -# o
mb\ s o_

I "j f p up
'

g _. .W' '

%, yQ _ }...

N# l,i fw
0- w

g .. m y r. w . 3 ,s .- x%g Wj$ o. ; ~
.. . .. ~

F.. ?.:u. .x a . e. . . . -

m r. .
, , u

.

.

g.e
,

1
.,

,. ,
.

,~ < n. n -

,[N
., . -] .

i M
., ., --

If f I:
_
''

.,*bn'ub
rw=1-

u- -,

y .a .. w 7 ~

.-6\., 2 %e.m. . ,w~ g@r e ' . A, .)y .# 8,
.

i >

' -sJ . -z i-..
-y

' 3,
*

". ,. v** -

-,4
- **

y. su.e}s'' . 2
- . f/J ' ;~ g ;

f . . , . v. - *
.,.sy , ca r

7. w g, ..., y^g, 7. - ..

'' ' I: f N.$h
' '# Z) /,,-- i, W ', w JW;.'

nm. [i .:c,;\\+.a Q|M&g- &p
-em- cy m e.

. , N'. .- ?*-

s . ,' x
.. a,) m"'h.'<.')..?b'%

w ryy - .wy ..-
.

."[. . ?$KS "w" ' 'Q ' 4

%-f.r?,h{i.$_.
'' - z

|
' '

\. .L
z

-,y .s . ''
du

-

i c

]CM. .e[%gt#F ,', g \. [ :'

.

.

.
.. . .. .,- .. =

. ' Q,, , y~ ' ~ ~ , g_s w&& ^ 'D**''

It u4c - > EMh' ~fMMD Yrg i&

-
.

*
.

__

P

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



%
*

. . , .

*,,
<

*

-

. .

y . QW ; .' p''

,C< /- H - W . a !s - 1..,

-
N .-

. ..

4 ; p. , .s s .

y e v p~ G;ly'54s ,

'' l. . . 4;' prr... .r. . ./

7.--
g i4 jtg I?$$ d- =i 7?~.dQ[f.f: /.i' bN. '''

.cgy__

4gp>g.*|V:.,jU.,.
f i

. .}
f.,

s., , ,GL . . %. .

'- ..
<

..
. .' . .= r%,~'2?.WQ? tar : .

. . . .

,

' 'g - re

,.- ; g. f..g h'e
,,

# 'Xig.,, .(,.7 g ,. . , ,_

*771.- et,
, ,

.,.j - n.3,, ;- , j. , . ,,..

( ~Q;(,. 7.
*

_' . " ' y 't='.,Q,pt.y _

' en

pr,g; ?
-- r-= 2- r

$p w,

~

. w,w. ? 'l
~

6 .16% -

-"-- s. x<3i 3

(g/ WF.c. .'.
, g

' '

L. ' 'x ?j . . .

r1, #y'' . .; ,

JE H
'

{ %p is
9(i

. 1

__

., .cs -

- - - - - - 9gg,, ; R
17-

.. i ze '.7
- ,,u...-

- ti -i - =..

3
.As 3 .

. rg y -<

a. :-, . .
.. .

., -
.

{.
,]~ . r.. iu e .J 6,

I n -- ; j . ~ o_ t.
'-

h M $ w E) b
,

'
i t. I l w; . s s ._.

h3 !L- I|
g ]gp , m m . = -

C2*

, - -a_| pq _,m.,

m. - ; <<w .

-h h -
.' ..

$.4 !.| ~ s: .e.>,
,N . ,y-

x :, ..
;

: k,.
,_,

ki n,. .,3 i.i!A ,! *'' *
? u.,

s . ~
. c. n. w ,

([a
s

\rq' 0 1.h.N.n. q - <.s
| .

t.oy e e a ''-

, f-: .h4M,$. f*,"; -

1

|
"'

.

h!~J5'NNMIb c3 :
'

R$% =$ .$y'%.%TE ?:i%
*'

r 1

' ,2. 6..~%-7:
~.

no:6mi._k. . : %
3g'YAMMdN$5.$k 'O.s .

.,

<> n s .

p''

.'t
'

.
c --

NUNEW[*]f$f)'?g.a " % Q *tn b h
- = = = w A **$,

..

b
'

L''
,

| 1.& == [
%[N...

. ?4+;b:r ..
& $j% Q yikEsb Mei6;e .Y4- - 7

@. *-

(h. . ) *G|~~ir%
-

Lt -
.

k . ,
.,

A + ,. . gc7 b ?. 4 '.
.

-

4 ,

.:--. :

| * h F G P ,q
t . ?.5..t. ,.g,.k ,g..G. .uQ |p: p.. ~ . . ,.

9 ,-

n . .M. A. y .3 3 t J.' n :. % "' '
- ~

r -

Y 1% - , $ N.b5.e .'.'$? h N 'f '

- _ . .__ . _ _ _ _ _ _ . _ _ _ _ .. _ . _ _ - _ . . _ . _ _ _ - - _ . _ _ _



_ _ - _ _ _ _ - _ _ _ _ _ - _ - _ _ _ _ _ _ _ - - _ _ _ - - - _ _ - _ _ - - _ _ _ -

GAS 0LINd FUEL SOURCh- _ _
7 q

WATER. IMMERSION
.

,

.

*

-
. ADJUSTABLE TEST TANK - ,

SHUT OFF VALVE
fU N . FOR BU-7 CrNTAINER

-

,

300 .

' a'
GAL. -

?- ,m <

.

(,AR LINE ,

WATER SUPPLY. LOU FEET
(GRAVITY FLOW) ! INE - 100 cEST Il )

*

GRAVITY FLOW)THERM 0 COUPLE j CON NER
'

TENT BU-7
SUPPORT N

\ W
j h

_ mr

k ,,

. MATER TANK SUPPLY
'

.

THERMOCOUPLE WIRE / \ '

THERMOCOUPLE .

/ *

fUNDERWATERLEVEL)
-WAY VALVE

STEEL BURN TANK
8FT. X 8FT. 1 FT. DEEP

.

.

FIGURE 20
.

THERMAL TEST SETUP
'

-

.

.

e

I .
.

. . . . . _ . . . . . . . . , . , . . . . , , , , , , . _ , , , , , , . , . . , . . . , , . . . . . , . . , .
. . . . _ . _ . . , . . . . . . .

- -



r
-

-.

'-
. . . .

'

s'
,

$

' 70.: :".p%Z. A.T \:. 5RT.?P-7:f. :t ; '
U. I . '; .

Y. , , f,$N
. , :..

Lw:+
W .. " ', Vf.'"I' '"f f;:' . .

,

l *-

..f'iyp[.1.U.1fp'l..,,,1~1%):'iT '!;}MisWy;w.:w ', ..y
-

.s..
f'':;i '- ~l

: -., -

MD 'J
'..'!.r:.t3.)js3,3@.,y
. i

/.i,.,.9%. h. ..i 'h, , @, !
.. P.

d'0
. .s , .

1

.,it..'N, h.. ![:h , . ': '. ,i. ,/(d / * .,i.h,N. }0:,, . . . ,. 'i . ,. | ' d. ,
1 %'

. . . ... ..

$4.$.7c)I4L.w',id .9

..

S- U;'; ' : |'
'

,

.

IN ; r.; f '

z.

- : .. .

? ''

.:

. w :,c. A .l l,u ,n..;k . .. i . y .:', .I. . , ., , . ) .
-

-

.,. . . . r ? r-
-

e J. a, e
.w, . .p

, V? . >.u.Q. -. % ~ r.) 7 ... .. 3. , .
s-

,

3 y, , u . .d; ., , y. . . ,, . . :. ; ,. : ,-
.

. ..
.- 9 a

Q' 1 9 fd .vf L'.W& AyyW Vi:.p";,;: d[.
,. .

.

''

5.e p ,1.;'/G' M,4. w $ o..a " Krl f :! D R 1. d| r'. V|.#9 J '- t I
.

. ..

RDJ.'jE.A :::.1!,.1e''.Ng b i:M .

y e @A : :y. W. ;.W,,

-

$ga.m%p,t ..
.

2:T;.I,.%;#h~'i.d L
.,

fi j Is. r. L ,
i f '

..d;q, , ;t _
. . .

1.:~ A d s. :
. w.----

. 3q g .

? T ,l h,. * C- ) 'f 2
' ',1 p'i' h ' '
. ..

$| N A $ f 3:
.R hQ. / , m T ' Y ''

b piili|W fA:U'1N h
.:

' .i $
.

-

- .l!R4h$$ {\' .\\k, $:.
w

i

$ k,, 8 5 f }Y'.h kh'., ';|.' :..-6. i. y
~-

$ $$$ h . 0 f ?? Y , hkg .\
,

h.
' "*

=

p o g. , .I. b. ''
.

' Wdsp ^ n

.4 grAgP j,f,W|&!,#,\ ':, ',i . , . 4:, ,,' (; ,
3pi' .

p f f..i': W a
.'..g''o ti!. h ... '

70,9 ifySt * P g c .. D 4 %p
'

es tM 1 M..:.y.q: qf + -
' '.

. .,. . t
. =:: m,%. .e m ,,. .

@4
.= e. e. o ha . . . - 1 t4w w: W. ,W ,.

gdqg;%,'Ny&(; ,([.
, ,. .. . ' ,c.- =

;y.3),ym gy.m - .f.. . ,n..fy &:%
c c ,

=

> ;..

u ,m,.:,.,e.
: ! .. , . ; :.

....
G >*;"1 o<. a .,,.,:,

... e. s. ., a n.. n .., o , m. ,; u. ,
.

u :.s . .

.,.
._.c . . . ., .. .

'R N G p=\ . 4:m: *4 w@q.;, , ..Q .,: y v s.pm.Lm%
.

s y .':'s . , , , . .
. L. ..,(:.. 3.y .' * . V. '.. ;.:.t. .

, ~.
: ,

. ..I,n p- s -

. -

.y.') 1.!,:i s >g .';..
O.,...

. . .. . .,

. . ,. .n.
v|.q

... e .t a.
,. .,e a.

3g. . . .
. ,1 v " . , .~ . .

ny. . .. %.p.,%m.u.' ,:;; |

- v
%q;w m. ' ' p;:i. b'.4. d..

-

. =..ct 3.,f - ..

>
. ': :. . c,

. i.
1 e..

G,n. v. e s pi. J. p . t. L). . .n
. . . . .

.

.d. . t , ,9.oy . .%- ' y4 -;. . . . ,
... . . .,

1 m
.

.)thi.f,',e
. . . .

.

$ l N;\h . . o',' ?' \ | .:,.
1.,.< p; r... < . . -

.h.]f.*:d,' O. |? ,h |;,.g. ,,
.

*E h..<.c. f $N[2 t,!.1',,yi h.. Id

,

V'' ' . ' ' ?
,'

V *

:i) W, Mp..' . ''j . [ [;W"|i k.'.}|,\'E ' ; h. .' o

i:- % g'''- p
s ~

. .f Ji
'

a . s. N -
.

-

$.@.j 'h(i
'

!
9- w '

. M,.6; ' 1
,1

,

i :. n?'.).*f,, D I, Y. I K. ' s \ - | ; 's' .:
. ..s p .. ", -

a .o % -_ _;.y~ 9.ff.d .y;
. i e3 -

'',

J.n.. .1.$.w...diQY'.q..,p/'r,',
= r.

,I1
. @ U"'.

-

. .I; . rf f,e , rJ. ; b> $'' . s n:A .* . ; g ..;
.

i \. t.: )a i-
r..

.s:. :. , %,,
v 7 c.?x"W."3 - ,

-9 u. ;. , . ...

(

t .k1.k d c./
j i ' k, l u

@ 8.~. f ,' i, !
- T. , h,t. m,h , es.q,,~N h (c

' -'

., -,)
'~N,h*

. /. . |
' *- '. .

g": :e l,1\. ,'s t . - '

..t >> i.

:
I

L
_. . . - , - _ _ -_ -- _ _ _ __



_ _ _ _ _ _ _ , - , - - - - - - , . - -- - - - - - - - - , - s.iam .s - .2m _. - -- A._ .,

'. '
. .

, ,

I'f,! i. '>';j '. P ( [' f - h.-

i t'. ' g- W .

d. l
e =an i > -

i''

. ')' ' ' .* 8--

I 'I , %g4 1 re< >

..

I i Er. ;!,l' "(a,' -') . ,

. i i a'

t e. t.;

r ,,, .l'* -
-

-.
' tWs .i ,

' .a , -.

f
'

y$ J,4f,j . I :/- -,y
A s.t-f~ .. ..

. f h,h,
. m, ,.,s

*
'

' . ,
,

:w. .

p:i;
x, -

.

)f L
'

" -

y '. j.
.v i1 , i, t , '

. . .
' 'L |,9 g

,' '} .i . . I.
*, e

a . .

i.* g ,

*$.1 o
(d 1 *j t,,

-

t. , f..t t* a - + *

| , j .

* '*
l .

.w.. -..

.Q .- - e j '.
'

1 ; 3. a
* <s ~. : . .

-
-

jj , .i ...
f, * ' ' | t-- '.'

| .
1 .. ''i g .y (' '-

$
.

z g p yy ;, . 1. - " .; .. - h;s_f.7,r . .,

- -
.

. 3 . 'i . . tn'_\ -r u. ., . ,

p g fyq(:M. -s t 9, w ;
1 g

' '*

5 *$p. g*}. . .x., > .~ . ,;. '. ; .. :; ::&;'.::
~~:

\- :u
! . f ., . v. .: w:.3 4 . _ , y , ; t--,

1:J, f f, . .f. .'. ~ ; T 'M ~ . -f , j ; g ,, (' '84 -

y, 4, f*.Q. . . 3
hg:f | . y|}n -

,
g .Q ; }x.[+ ' 7, | :.

u....- .: y 3a-
., ,.

t&a<- ?. 'n . , [ ; : L :;; ''Q ;,&5 1 LhN ;)[u
'
' -

;.,. .

F .

eg |Tp.g;g ,.y g .>79
c

.
. . ..

|~ w&- xm 4.s h.:.
.,

. . .
.

. f ," q y q,x , .
.

, . , ,. ,p
,

|,
;

j. . .
.. , . .

'

g, -J:q y \,.;,
.

/ . . - . . . . r. . ; ,.. . ,. .. ..;
.

.. 7
. . .

,

1 c,
-

,
-

.

.-. N . 1. yx ,; .. .'.* N.~, *1- * . , . z,,
-

.

. p p.
.

'
.

.-
.. :.,..w,. .

, .s,an.
.

. .'
~ ..e. - ., .;;........,,.

|'),.; . .; 77 : : f p { {. ' .

'

x
-

- . N
;

_
. . gqqy:yy 4. y . \. .. . .. , . 9

-

.

yg. -
, mg;. q( ,p" .

.. .. . . m. -

'- . .Jx.:G- M:.4c ~ x.. S. i:' t .
'

gA \ ..e g. ,

g..; .,4 { ., ,
.

,,. ,

. ;. m u 8.r .. u -
,-

..

'
. *' ,

c[,, , . '3 .(\D
- .m.-

- c.;.c.j-Mg ( . 4 0.:g3, t [ ' I,;'
</ ~'}-

1 ; 'y p-

T ./ .; % 4 7: . t.. tj F. -

. .,s.,%, - y.I
.',

*
- - D_--[ ik($ J,.Y $c i 'c l'ip ..O * E

' J |u_
,

,r ,:
'

' ' ..( .
. ,

. --
-

, '

- J .1 , [.. ),a [-
'

);! ,' a n .. h. ,. W M, O..di.;f....M. *' i [
'

;s. 1. m ~. .

, g.

4 . gm.n 48 y/ y. -
. +

||. ye. pMW m ; M, ts;. . 7.q / p, jig. b (..
.

s.

1

.' g. . ,. ..
. . .. .

. , .
.

""
. ,

% '4 [ h. 7 k '# ''^''O \ * '
'

es
+

. .s*'.e'- 6' Y {'.*

. . .< m, fh.g ,j ~. 3: .;2 r; ; y,h,' , h , ..; $;4 ( t|

,

'

f
.,

:-
1

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



E
- ' .

. .

.
. :,2y ,p;y?gif h,

. ;

, . h. c

\ bn - a 'f g ,*C'a,[
' .

, .

.

?

y;
'

,

# .: ., '
c

..

s ; (. .
;

.

. .

43 1
--

,
7.

: 1 ..

5
.

,

f
.

-

N'

u ~:

tal

y
.

\

O
O. er4

~

\ &
\ w

w.

&- w

$}[.
. \

- 0\
.

T.g. -

gs 1-
1,,; ,

\

yy,(D,)'
e(

-

<;
,

'
-_ _



9 .

g .

# *

I[ish!{<dq%|h[lthj$$@ijffjff
(I

,
1'

*
, f'p * ) l '** $ {

i;d %f !!

;j !~[e],f, .Jh@?W
** f' i fy

'I)n,e!(|yggj
,

,. ,

f4 w se m-.

'
s% aq, +..[,fNkgfkih[$|.f _ ~

'[ ). , . q.) | 1 iI |
~'~

- meme.

a
.m"x;.2;.gy~4Af'K,h,

a ipj ,n

$akyI,L lif
< ~

i i i./N',9>i|4
'

'h..m| .,
- t - .n' i|

.
. T. Mu

IN. \ , ${.$ ?'4][k@s.[.Thf$9,'<;f.0..MMWMd.|w}"i!|lM
. ~ **

~

"'*'] 'T.4 ,
;

N
'

[j } g|6% n1 ; .

q{$an@gy$Rgg#4%gj jh
17 1 0

.J$sy
J e* y_ . v

i Rs H
.

p WW9)9 %,,j g,4 gg4 4
s ;'

| . " - 5 ;g,, %s ,.4 sgg .w - 9; m

mt#%ggg -.g u g,-..
._ .. ..;

3 stgpim

_ sW @
3

-

.

3 'M WWBU
@e$j-hffi

2 '
- ,

1 a_. w an.- ,.. .

hi [Ndkikkkk!bg|M5w x w g.n ppef~ .

m

"

f_. m
a s

* '

E Ae$M 8g# @ a$~9
..

,

a
1,

p g6 wiA
$+T T @id$rng[..,a ..i'M.3 p, *N Ujh e + *.Ie$a-. @e %epo!p:

,
- -n .,

;.; =gp qqg-

. .

d d- Mk M
.

'
- .-.

ypw .

i', [{h f .,f -

(h[g. {${,,o.c wh ! e
.' s, - .

I..y t
,

. . <.... 77, y (11%z 0il0.bM 1, d r
-

,

do y5 $|$?i55~
.

t. i
- ..d n . 4 -

pSpiynntg,S;cnq-^Id.h $, 57;g M.?;, b .0 01[5Na$i'.$hYds
.e

I

%.M g h e @g =4 j{y; qv.u p}bpp
fk !'' 4

a
' w.oti m;garr 4

.

Mg upsae.2 w- m. ,

utyuu,lifr%fh?|:!j
;q

. 3uo$ge!!cre , hp' 'Ibb9hf<.
.

..,

il 39 iw&g
#

j% 8 14
m:2w. a,a .

2
- . - - - - _ . _ _ _ . - _ _



- -__

\
- ., ~

, , . .+, %$*p .;

. .

w 4. .
!Q. .'.M. ,,w. :,, .. .; .: .

..

# e-

. ,T . .....aadz .. :...
., '

.

+
3

. .

',, .f'- .t .- .

''
. , , h *".q

, % .m
. '* ._.

,
* '_ ' + .d -
. , s
: ,!

N
I g. .. _ . . . .

. 4 '. il" ; * s* {. ' .: . .b f-.
a .,

,

O'

j1;$i0* l.s.
. [$

'' ~ ~
.

x [. . h.s' ... ..: . .'
4;

O%[x. 7.Wj , ..5~

"C~

W 9~ 1. = --,. .

[ . - _ .--- = . w y
' -.

-~

@- _;_
-

'

.

. ?g'[f"C '' 3 'm.2
m

*

: **n . <- ~v%' ".-c*C,.5,".sfQ.3.S ?,,.A . g.%,
,

-

g,

.
m.

} , as _..Jv m '1,. e. -g' * . : ~ % , ,~ .. ......

_''' -:; .
f ';h. OQ'c''.M ' s

:-

.'' c$ ~7 ' .%|~*-%, f~ i'C.t -
- - ^

':.*. % - - -

" "'- l . . , -y '~
' -

~ . '
-"' ':,j --

.] #.';;4CQ.. amy ,'.gy.: . . m . --, .

. '

. . . . - . . = u. y . . . . ., . ..- ,

G Q [] - ' ' * * ~ ~ '
*

.. . - -
- aan-

'
-

.:
1

-

j h?wDM ' .-

* eww
4, . ; j?

y,f'..
.

.

Wp r~;o ~ weg g-p.,;

-

.,..
-

'

.- ei .-

., , r-. gj {| .|| g. * . .
.

,
- i n a.

p -

<c ,u' ' , ,W -

g.,' q . .< - _

.

'4 .. >
.W s t 4*L,- . ,u -

.m
, = _ . . __en .

.
,

f SC: T3 ,
-

2 -

g Udm
W' g..,

.

'9 , _ _
. ' 'r_ -. '

~^g._... '

f jA h.. . ,,-

' ~*y'_...,._
' g- , . , -L

-

m %.;r =;-[W&d W . jr..Q +.

(Q ~? :'* WI

'

f} *T" CfdpGep7 gf'': A"y! '' - _.-. . '

''* s
.-

- .- . g

k...m.$$e.z&,m-(r~.1..-(I *'4 w" <*?c...q a.
e 64k. * m .: . &.j , . - . ,. . . . .

. '-
-

.

.
a.u a O.

.
., ~

-n. j.w
-

A . 4. . ..-
.-.~

.e.~ - g -s -
., s=:.3 +. ., - ~ : ~-'-

';-.* m% 4;s %. 4** ~. ~ * ;A ,srN4 y~= e +.
-

C." F..,
~

o,.r

- a .

* t, :~. y x,, . Q -g '%.. ,

. ,, ,Q *$p ms. s.~

4 s -) a. . _, _ .,._. ga y''yy._N . w ....w- . p
.. ,*. < ** * ~~, * g ~ a: p . . ..-

-s, * , * . J. %_, **5. -m ' ~ ~ ~ - .r* n .*
. ..=--

ri e, n n r. y c. T eI g- n n, 3 ,T r- rs 7

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



. L. - ';
, , ' . +-

_;r. :..
, .

-

-

,
. _ .__ i . ...

=.a .
.. . R, ,' , . i.'-

'.' -
. .

-

.. ;;

.- j j .- . . ' . . ..t
- ,y _

,

3
', 3s| j i

A . _' 't

c . . . '1,

' ;j i. l :
^'' ' di

, .

. f,q i.
< s

- ,

. ..,

. . ,5 . - . ,f ,. ,-a
**

,

L , f.Q | '#. ~ ;, [ . . . h 4 '}s ,. '-.. - . . , , ,h,$,% ~ T, .
-.:{ ^Y ** | ,,:,.,,.,;,, f- 6 4..

. ' 'd, j '. . ,s
'

'q %;
.f.,. .

g e, f .. ._ . . . .v ~ f.%,.'', ' ' - ',;. . y. y. _

:: r ..r a

.-%> : . . g xpr p,,-
^-, ~s s*.

-- .

,s' "
.4 . ,.' . . = . ~

. . ,

z.

3 ;

A : s Q," . .' ' ' 4 e.M ) .' T'
. **

2'j ' Ib 'f'
g.e. ,

'
'% F**I fa*E W b s '

,

' '

.-
/4*-

r- >-

g4 . m.%. . -
_

, ' .Qf''.W[.., ( ?NPS*$NQ2WN''~''^^^ ~, f .i :.e..w s'., v ? .-
, . ,

~

s . s '. ,
~~----..i.-

'

. ; . . .
s1 -. .

.
, ?*. .. .-f. ,

. , s. . . ", ; . . ~ -r <
-4r-. -t. .

} '?,- f: :] . - ~:.* tjQgEg"* f f.-, f,. ;g --- .,.

'
~~ *

*
, , , _ ,

1. i-= | ~. * *,'W~W''''*

c.Nat &':~.:. % ; 5[ N T-R G-? %.-:.W'~ W~ ~;.a
*~ ~ ' ' ...f*1-''c''=.- '~' *C .T~C2ht'.*b.*Q '.,~, : .n.JQ'."- . >

=:~ 'y
.a > --

.a
-

.
,

.3 . . - _ _

=.;

|
y .

.- -
. -, -

');
~

* ~*-~ * ~
. .-, r,e+~~~g,,s ,*

~ . - -.
., .

..
.-

k W '' +-.~~~ @ .<-... ....,, . ' ';. .
.

- .
-

- .- .. s .. _ _ .y .

-1
.2
0- f t.o y,

' - ; . O, . i.8
.>,

,

Ih
'

:
'l

.

e

. . _ _ _ - 3

w.e, ..
-

. . .
' -*\ '

,

, y n J -

,

wwn w .

, en.-

.(}- . ,

---

a. c.ws,<~ w%As_m=
'

s.3 .'

vs- 'm . .,u ~. . .%=% w- g. .

- -

--.

Y* "' A ,A V ****
. .

p ~ S Y- -* .:~^
-

- _n .- .w

. ;.: . . . :;.y r.w.c . *- W-' : . - : . y:- ; _- ~ - .rWy;g, S?.p, y7-y pe p n.^ pv.5.~:;.,=.,.; % -e .' o- Q; - M..w .. .u .,,,2. . ~:-
. h ,,* ?:.L - - - - *-

'

4
.

..

.

.e.
. . .. .R m- .,,'~ s % 3,'*.L%. r, .. ... ; . . . - . - - ~; .,. .' w -t 4 ~ . , . .s. '-

. . ~ * -,,,

.
* ,) y.* ." g ',' a ~ * **-- e* *Ts, " . . . ,. .-

, ,;- -. .*4_, q ,
.4

. C.. - - - [_ . . . _ ' .
-

. .. .- -.-: ,. , . . .. .-

'4 -._ ... . .
,

~ - . .

3 **
. . :sts .

y ,- :. -

rd
FIGURE 26 T H E P. P A L TEST'

:s
- . _ _ . _ . - . . _ . . . . _ ___ _ ___ ____. _ _ _ . . _ - _ _ _ _ . , _ _ . . . _ _ . . . _ . . _



'
. . s

*I.. i
*

%.

.i .-

| b. @ . - -

I '~5 i/|2 'h9 * *
.. .

f en : . t.
*

'.
-

.,u *
a

i,
;. __ _c -

.1 .

-

.;
__ .I'. I , . _ -

r- --+ t;
- ,, , . ___

. . - ~ -- - U . ~ ^5 -- %*
-- ,-

._.: ~L[,|
_

,,
,;.'- ,, ,...[w[. T - . a :-n .v. ~ ~z. .y ..e. . . . :.

. .- ' _ . -'M.
- Q '. . 1 --~.'.'L.... , . ; . . .. . .. v;' . .

~ 1 ----* 1. p ..--. m;.:.:: %
.e v.ow w _.;.

.
4 . -

. . ,

\ " ,L;. .:
'

w. - -. ..

... c,

,.

. y. ,f..7 7 - O , , , .
' ' , '

; 4. p- d .'i- - - . , , ,c ,.M...*e./.o. %'* wihu f ; , - ---
3- _

u -

;, _ _ ,. ,, ... .,.

'

,

a
.'

'$ g u'f'{.y..
^*' '~

,

<p , . ~.s,..
. .

: .. ..

. .

|~ r ..N. '';>.."o .
. ,,

. J. [g ., *

2 s

/.e .

'
"

[ q...
~ L-

!

|
',k. a b - {k'

'

.|
,n W*e-r

| % 'h i:.h. ! . *h' . ..

y',,. '{ Q3 ^-

p ..

l
'

,, , agr- [ 4 _p_ ' m - 8 4 E * ..
'N

~

~;m t 1, ,n. .MGT *""~ "
'

\ . .~ .a..a .::.i.W.. ..,

!-

- m,: .. m . . . . .
-

' -

us. -

,a y - x - % ::-..a_
_ _

-rft -y% ~JM5HOwy_ ., .__a

w om m $ a $m s 5-s.w_.. q6fE39?1-
;

- 4,- -__Ii 5* ,?W:
... %. . N a

.

w.w.. p.. . .+ ._.. e.e ~ %-- . .w
-- ~~.w

~

%._- g pR,rf;Q;-QQ:?~- W ! :..g. W :J = -
~- r. . ; .

-.
.

.

.

~_Qcn e. v.2.g. e . .

, ,.
-

- .- . . , -

b.;bg.$ r.e ,:''%., .~T3' fg. ~2.%. . v* . . .-. * '- *

....

c g.. ,. ,: . ~ .. . . .w -.
:-- -

~ . . . .

. .f. .
t]>=.:/-**g..

..

-; a . . :. .* - ,
.

-=,

. ,f.~q., .z.f. :: . - ; . :. : .
; . ..y a . .' -* ''~~, **'.

-
. . ~-

.

. r .-q .-. -
.

.

e -
. . .-

- F I G U R E 27 T H E P. M A L TEST3
2

.

'
_ . . .



_ __

,.

. .

. .

'

. .

i. .
4

' . . .

3 'S c .;

; -- y;u. q .; y ,, <

;,,,

* t . ,s ;^.

1, .. .. v,
.'

*
t** *

;j 't
.*

,

i E f

4 f[ h
.,- 1.

Vn. >

:, ?% -

4 20.,-
2 E,.

:
-

i .. M
''

| j
. , 6. 4 e ,

-

~

.

[ e|
,

! = i i ,'
t --4
, e* t,t .

|f g-~, (. ' E*

|.]
:,

i $ '
. j.

j _ -- 1x=. $[._
~ pa

G:
.

.:-~ ~ ~ ^ *

Q< ?Y(S :.-;..:;.: :~ :; -- %-^~?-$b= 1" "~~ ~ ^'' '( ,$ -A

h,-y . -
-

u.9: X-2- p Y ZZ s.,.CT-;:. 7 _ ~ ~J % ;.L.;
-

. + . . . . .

= -

. _ .
-,,

b.' h~' ~ '

r .m ,&%
eas.k-4,.~. <. , r .

--e. ;,..
., "

~

et & _','(-C @ g '.* ca6~-*
- . . , .m .e . .. . , , ~ . . . ~ .n -

_

-

.
-

y.:?-:q< .< , s.
,a

.<;*E:c3nu _~ ~ ..7 ""+$*. r w : ,';.
.

9--

' WiR. , . i ., . ;. ..%2 .''i...' f '.,s.3. MT,g;5:
,:, . .- , ,

. ' .f . g Se .
W, - ,

. . :.?: j E-- * ''.' <* y . Q *1
1,..w ). C.31

*

a.r, -
- . . - .- -2, + - s

\ r.K
, : ~ % g .f. g % .- Q..'. i,',*. '' .'*,. S.

;
.

, ' , , '" C g . .5
,, 1 , . J , ,, . g ,. ,e*" );^ # 'g#- =% , Q,r g, , , s.

FIGURE 28

THERMAL TEST

- b
, .

,

:) -

l.,
*

,

s

. . . _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ . . . _ _ _ _ . _ . . _ . _ _ _ _ . _ _ _ _ . _ _ . _ . _ . _ . . _ . _ _ .



-_ _-

. .

' 'j - a ya . .s s . o. yp . .. . , 4.; . . . q ,y y.
s

~ ~ ~ ~ ' ~ "

# :

, . , ps.,

3 , [ ' . ... . ; p y V[.;.:3 ,. ..., _. 9 ..r. .n

. ; , i. ; . . .Q .j.; ;
- .3,.;i',1.. , ,J 3...,'

,

. . .

.. .;:. . : 'a .E.).9;; I , .
.

' '
~

,

k .,c.
, . .

' .. : , ;. . . ,- . . - . : .; . - '' ' '' ':
.,i

.

.~, .

r.. ;. - - .+

. ~ f|; ;; : .( ; . ; [ [ q ?,f'' ,
.

'

;.3,.:h b;;; ['t. - ;, u . -,,
.

. . .:[,' Y: 'QQI.?j . | ' ,.| ~ L :- :f . . "
*

. .. .: . .
. .

. ' ' . .

>
_, , : .

- f. :.;.: - ; . ;: ; . 3. y .
-

; <;. . . ., , y y.y. , .

] \- Q$|3 j. :f.Y +|: p;q [ V e f f.} ?Q$
'

.

.
.

. .,
_

A.}'Q$b;Q~.r]c.h.&'fj;a;.-f.2.|Gf5+iI &| ' '<;:' '*' ' ''5'''| ~ g Q% 3:1.,; J. V .i g . 4
::: f h % .;:;. Q . ; % , J f y ; . ,, .,

$ j. , !.y x,y T,.I. .. I'3hp hhq) fY
'y., ,

:. ,,

J6:[:.h' t *a 9 .,. e.,s q M W h~-:.|, ww.
. p, v;y .: ..

s gre;,

6
3..L

< +-
- ;.c. ,

.g
~

~

vy J. ': , . ' . + .
ca a y

..
.

c."
- < >,e. .
t

,

{
d , , A.-m

I.N'

' ' ,

*
e 1

i '' '' 4*,"4 MS ,e .gg v.9 ' '*
t 4 0,, -a. y'

} sa
, ' , .

:: P ,, ,1 - 't '.p p, j bj*
-

. ,

.h w . .: ' <T (L *

3. t.,g'+5|stf g,4. g:w - --

-e ;..

4
- .y- .-

,
. .

$2Qi, i,h," . $532]_$g| f _Ya2 .a .

'

C=3
am%y
,4.. ug shr[ maa i ma 3 ,-. . . . . p .'pjp,fM.4 |

. .e __ .
< g if - ,

-

''"' 'rg;r eM #

$$$| ,
g, '-

.

%,,g,MnW[[h..
. v - ,.

., ,,

[.

|
- -

'

hM* '
'd - .. - ; jn. "Al,

<
- 2 -,

9 | E ' 7. 3,,M /,dh
.. .

$d.,4 pl-

,,.S my u,

n

.
h,h,~ N. f. pk.' G _- nH - .

,- ",, p dff W s' s__ - .__ w- ~ '
-,....~..,;.-

~ .

5p.. . i . f".'
" ~)'

..
, . .pal v g;y --

-
_

,.
-

.

4+ .. s. ..

W~.$$ g;h .g ,y,%:
N Wh,,h . # $ .-~~

s -

w. w ,s :e
.

}} & . g g*x~' = &.vi ;fMjy s ;;.1,7 t1
~~-

'M,, . _ . . .. . , . .,

. ., '44.;,9 ?).x# n +., ,- ... . . " * ' .>

d& .: .
. . . .

had &* d f' S ~
- .- -

}'. . .. -

~ - 7% %.QW3,2:: par ~E. ' ,?.m,; ..
* -h ' ' - - ' - ~

| .

e

C."k. ''+ W . = .~

gy43.6!w.r... . .~''4..!L, sw.s~Lt .;:...~. + .p-
- =

... m. ~
"

1 e, . - ,
.

. .. <.a.s.3t
.-.._ .

. -. .

bS-'
'

hmA.7%
-

d N N N 1{j % ffl. Q i.
p f b M k- m ;,; % C hryT4K?!> hweg;s.,sdPgf

N'

.< - c - - .-

Gd&G0bd$$Nibh8MhNMI.% ..-MS '
., , . ..

)L _ "^'

;

' '" F I G U R E 29 T H E R ti A L TEST

2 .

__ . _ - . . - _ . - - . - - . - - - - . . _ - . - - . . .



*
S

. . g, ,

; :.wo us- 4A; e - ,
.

:

. . 'k .
. e m u s.

Jfr$w, !M.I!$f'n , b j, !
..

'l '> ?

ej{y' !.:@'':e :3h ,@*,I).

. .

* '-
! : .

-
'

.

i ! 'yj 4 47:',. :f O
'

|!
.

p.::.9/4; 5
'

A 'f . . }* ;f
'

;r:sw. p: ?. -

044 .

, ,, "

; i s-
yb .:..: -

|ij ;F . 1:i/jpkij f *.)
.

I,.,
. f

.

t . m-

|3 r.. g' e.4 .:.r.r .tw w c n - 3m
&

\, - )~'
~

b'jf
,

,,
' 4)3r .;-):.|.%.~. ,]'

m|,.m
.

, i
,

:

: Yh'
'

%:.i% '~JI::fh,$.'& $kE: ~.
. ~ 'i

g
5: j'p. 'l

!_z:|
= ,

| y$rPzy <' n. - u. .

|skEiU~' [ fit '' h b
i a

'
"

fy,

P t 4 . .. .
$f!*, y; '4;

.'

! (;, ,.g
. ..

- w
'

' 4 ,_*| ,-
'

t

,
- .r- '). I i!j ,

'

: .e

i| $.4\ *'s
$@.( $ b . $n

y o-
,

f
/ f'. 1;* v M.a w'

,. m ? # ab$hhfj.i'b:'

~
.

..Y . ,' ,~kl}., it,*'- =<
.

.| . . I .,|a w,* t}
.

s.,
,.,. ,

| s. f','{n' ; @{,tQ 4fp sdK .I ' f-
. '

; ' i

kyf'&S-(9,}i:,qb
. ?,9,i$|c;'.w}

, ,

.|,q'. .ii * ).
Ky|.}!.

ff. ',

/w. . R .
, )f. fE ;

(. . ,

W2 d ./3'!p
.w

4;
.

, ., . .

c _ _ .1 1 .Ij
.

.

-

,

4

a
_ - _ - . . - - . . . . . - . . . . - . _ _ . . _ _ - _ - _ _ _ _ - - .



% i

! .

i g . ,g'.
s' s'

'

s
*I'A s,

rw
>

-

. \

* .

>
. \.

\
.

.

<

s
s g

,

^ ,

-

k

e.- ,,

v. A
.

A
'

'

' ;
-

>
,.

G' - 1$ h'' 4 ~ ,y
$ .

g pA .%h
$

^
* y

4 .. .w $:.

' %.
,

,

4;y,.. h' V w-:.. '.

'. .' .! .+.
~\ . q . p

..

?" e -

.N... y'e.f434F
s,

0 ;

4n
.', a

. n K
'':

oh.

' e
' . e'

. .
>. #

g .5
,. - '..I * . ..** "

.

., s-j

y. f.|$fz j&,*.> ?g$5)k* (m.. .f. .k. ?:? ,'
w.s -,

p** r..-/.-k. , 9$

Nj'G'*.**.,Q.,;';|'w.a.c.c,
-

*.

Q'cg.

, '

f$$* ,g
,

Y c
,..

% f I'
. ~ s5,V., . ,

.'
,w

.jf&.WfW.9-We,q&.?:'',,.vU~:*
'*

..
.

p. ,'_. / g . .. h . .

,., e .

'
-

jf?
.

,. , A5.-
- *

.s ..

n x.

. | .

*;*- .p
_

' < 1.
-

%yper' &
t-

~..-+,k&<A'.
,

.g'.

.-

. ". .. s 1 *b.5'/y... q
-

'
*

> .-
..

.
,

* 0. . ^ ... .. .
,-

: *~ ~A
' x. .

g f 'Y;,,'*,|*'+ 9. *'. ?..'.1
, .''. ', *

.

<
' ~

$.- .

k#
- .

'2 d? b;'s'%.'v!;e $ y, f .$,f'.-o *
.s., ? . .

_, . ' .
.

.. .
*

?e. ~ zii?
.

.Jr 6@:y/.I' *'[.~
. ". s. , . i .M*h' *'',

. , 4 ? ,
*

bd;-$*<.,J.,x. . |;' q''.: '}.;. j
- g

.e.'
-_ *

'g?
.)

g#
5p?|' ~ p - ,

.
e.

$ . , . .
,

,
e.

~'~m;7 am ~

l' y ''

%c 8)' >Q " .
. . e},

.,; '' r.

-~ .
. 7,,* .

.

h5* O[''[*.
4v' * ,.yp .',., 2 '' #

* p* *
..e

.
$* H.; M' ' , , '~* .

|c:.,e y
.qq, gg~s.g q m, f:

' ' j y. #

;. ',

sA/SP')
. ' .

. s:

fr_} m g y
.

. . .*

,s h . /.c. p<.'y , ;.x:^ i'@,',, \. ' ='*'' n
. * - . -. *I

iy. ..4 ...' [' .
/ ., ' ~.

** -
1

. 9%4Ot 9 O t q \s U
.

'

,

~

.-- . - . - . - _ _ - - . . - _ _ _ . - . _ . - . . . _ . . - . - - _ - - . . . . . . - . . . . . . . . - - - . - - - - . .



._

m ' .. . . .: , av
u.,y!?:<' ~ #~ w

-
3

. . - . . . ,.

t- ' s.-| phar w. .
- mt 9,gyWfj,J.Q ' t.rq

. . y ,j
.. .

..

|. / i .. 4 ( ft, . .
..

'

k'U f,,.4 ~ R% . k
@( ' I.

'
'

. ,

"& .".J.MM.L p.Ag &$ X,% . bs%g. ), p. { w .f i4 C.3
.-7iQi, s_. . ydd..&,diiu

r24m?-. -w.....r:
4

- .;- -

..; I g-+a.. A,n _G..
-, Q. , .;

J ( f t.,
. .

f , , . ,4 . }
. nr w .

..

::- ::..,

p jsXi .

3 :m L. :. . . u .* .p ...;;. z .

- v -

3 L 1 Q j; . .j ' y,% 9.gy;?S
.;,. ---

.

*= h
. , | 5, ,-

* ;7 :..-,* .

.:p
,

h p i
> ;

,j 1 y :fK,

-

,,
7., i % .nQ;; r

.p: g. ,? - y n;- .'.
,'

.g, . .. . . .. . . , i t -
.

* \ ,

.. -,,
.

3 & m*-
_ e .; f e , i ..: Jl L ,g_ . . % t

d ... :s.- .

4

02 . . _; d. g- x.. j .:. -

:
.

-- -A 1r m-s.m y~ . .,,
-

+.w :. ~.. - . . . .4
,. -

- , . .,

{{N&w$h. .hh$WbSR __ y j
- ..; ;

'
^*

3^... %:- 7"#2? =r~L ~ Q. n: '

. . , - ?- t~ pt3Gt = ' .un - + -- 2 ''' ' k
-

-
-

}, W
-- - v'

[ ~ f ' gf f
. ., _

' _f] Y
,

.i --

,
,

', M.t *

dj s # -

'
'

"

,

- q,3. 45e 4 .:,g[ y g.O (3.. .>c.>3 .' n ., - - ;
A

. . ...-~ p:.c h, T g-dip % 7 M7 ': ei ew- w- .
-

~ , ' 11, gg% z:icMm 6
'g g w*r. -

,

-%- - : . ..c::x f'sd Ti,a .j.- .. .

.

i
:.A: y=, .,,.a: --

~

^ . . - n-, v
. w%. ,:,~ , .-- u ..

, ,3 ,

.

E % L[Q g%'g
*

4
- /

, - '
1 8p;E g .d f

5 &-
."

1 y.

f5~ \qd ,v r: 0;:
; ; e , s. - g .

,- .. ,
- .A "- 0 0|2

'1 f Mg. _' S:; # "" $ " S
.f.... . .-

'

o
| h.t.;?d-

.

V;% :
. .

,fsp2y.g-Q.t i
J. , ..?> z r3, n; ,a .-

yitg. . - p.:;, - [e ; ty J; - -
. . . ->yj . .e . . r, . - . .%.. -a

,,n a
. - . aCn. ,y.x . _ _ ,,,, _,

a. . . -.
7- , 4 -r w -. ;,.

=
. ..

i
- - - - -

&#W-@.-Li&'.":." t' -;: :m' ;~ G-.2ngt**.nu. c . - . .; :1 .e ; .. -:-

n:- : ::~-
my, e,ya wG.a.. &. : .;. L ij~'.a,'stS,./6. .: .S,. ,.:r.w... @m.gq$.l. y.,e,,

. . .. e ..

:
t;m.:6 f. . .,s.u . . s ;,... , s..

o. ..
....

.. y . . ~w-.:..,.. . . ...;sa . . e- . .s. . .. . . . ... -

.

.' -
.

_ .
. x;L. _

y .--

- .. -..

.
- - - -

-
. .- _ _ - . . - - .

-

-. p2 FIGURE 32-

/

h H0t1EYWELL DI AL 0 TROLL SHOWif4G TEMPERATURE READit1G DURif1G THERMAL
2 -

<

3
.

w. -- -y-g.-- ,yr-- ..,.r- .w+e-w- +c-+--.-*e w- vu-W*r---'e-- ve%"'"**'"'-'a P*--'-*'N -''h ' " ' " ' - - ^ - ' ' - ' ' - * - - - * ' - * - - ' - - - - - - " " - - - ~ -' ' ' ' '



~

, n - ,
'

-
* *

,
. , POWra:

.q ' .
. .-

'" sisis % , ~

-) , I ;.f N'
.

g

*

.
"i

,, i w .\I; y :q
.

;;' b o 3 - 2'

'-:
;

.!

' k,{1*N
n|i?q! i3 O ": o N ' r

.

,

I CO -. G
h,gY: TM j!$

'

-,''.
.t- U 5' pG4 t. 6*. n.

b
,.c f% 4 b hg\ M /,h.''hk''

8 [i'& o%. DO~'

O erg e; i si s
; -

4,, DH0NEYWELL -,, ,

,,

'-f O ** ; 4,,,, m#\p g
'

o,

- Q % g "",," Y " 3 j g)a ;

can tocx ..__ m
out incs

Id d?Sg5E M E Y
. . _ _

;
. . . _ - .

, ,

,,
! ' M ,fi k[d,#, % 8 'I7 2 1 (*' 4 .T ii ? Y.$ $ 454"* ,' .
| ]i & |8}%Q*?b ' Y _ _ . :. MM*,% %$$!\***:, _ ... d 'H&/m b,i

.}%y{M1W
~$ $' , Q T' Q 9 % g O % .' ' M Y .\4

~

% B'

j y.i, dy '4Q. -if;$,7
*

%[? ~ ? Mpy,y@$ g. ' j&
+

g\])M,
Mi ' ..u - f T,,-

,j jfd@,f.. ,
. :

p j- y7.f7

ap,.yf
;. : . ~p . q ,u -

,

N. ,.r :. #,n. ~. g .~2 :h t;. w. , u a v. v~~v..

. q-

. . Q k;.8: \ $f O p Yff,?. h W.:ft;
': i.

\]- aA ;*!f;iQishij. . 'f h***3Q':.WPt @ n- } h' ' ,c; ,e ,

N 95 q. gov. :r ~tqp.ny.yy ne

j c.

$. N %
b,ft:!,M,pm.,

; ~5 w ..

h }&;w; u.f44 e w c . j ,},p;S ,. , J~' ,

'Q.ci. $in V'': .A i jf ,id2W
~}I!9d

'-

d IE.)}, .NI;t?j? [ gh 4. $'

1 ..

- ?|$N
- y O|%y:aNkgf$o ..d.'.4u| ' ~'e.a OJ.d.

- m . h*. -
. t.ng9ygh G2:

?^ .yi.at, '
f .:w 3 .ne,1p $ 9pr.

" -

4.&iT;|Q|yd.. .Qh :yr.e.
-p ":

.i .

. i M.B. O
Q,3,,p%g?AnWe'ti,f.y:

.yc" a::
i t ;

;3've t e.m 4 .

+ s -

,xp m.vuwu.- -

. ' Arm. n O ?.xG
. .,n

s.

'q[r;saat
.. omoiWA

'*

g-{j.}.,
.

g' ~ wn-

- '. ..WW% a:
'

, _ -...m. -

j

fjMf),^&vu[y %jg'
y- . ;,r s:, . . - N

6'f R; . f.f
*P+

( y. _;p d I; va ggn .3t -

[ ,

i .r C,, u. ,,

A
. ._.uMy,._L gL,,t,; - f.,e,i;)"21 . .e- t_,

;% g ,~;,t: -- - -- -
.

..a- :: -- - -: - - ~~.__w .

FI G. 33 HONEYWELL DIAL 0 TROLL SHOWIflG TEMP. RE A DIflGS DURiflG THERMAL TE
- . - _ . . , . - . . - . . - - - - . - - . . - _ . - - . . . . . , . - - . . . - . - , . .

,,...,-_,---.-.-,...,_,'iT--:s



.

- - - mgavgr..

-k+ty n. .: -
.n.D :f.}R= -; ,' $hlr I:: .

, _ . . ..

.r:r
@ F . M( p._. N ''y$.

-

. , y$c.M;...: ,)?}
-s ,. .

Q =Ii ' '
:.

. . ..
'' 2.ygw. . ;; .. . **p=

.

' '' ''''

,. . , -|l'. ,' 1 ..
'

.:
, .,

,@d'df.M.., }.i -y..':J . '... .g ej h'' , h: '-
... , s. s v. , . . . - - . . . . .

, C O ' ' , ' .'j ; - -A : b N~ _ , , , .
.

-s .:; ..w s , ' :.
. 1s.... ';;.

> . . . . -..
7 ^.i.t

'h,h;;
' .".

-- . ..-

.: 1 3.h.. N' A
.,

..w [.-

~ [''
-

.
. ...

. a,%^,_'. m 4. .
:: .

q ...

.,*3..) .- %. s.- -. . m. w ;t'.e ...

,

w, .1 MQ, y , . . . . ,.

N n, v,+..w
. ,\ ,,i' n'

,,

.

ge i, , /2

Y-Q ~ , , . #
f. ,

,i -i. 1 's . . . , ;

' hf'%; '/ff'.1, d.b.;b|7, .1
.., , "

$0 f' Y4 W -

.3 fl . fy 'f' . -. , , .

.J , f. .{hhf1 h.\p'k(, .
,.,.

|.[ [% . f,'= f.X

.

(w., T 9y? ' h,\ #1 I
' *'/ g.y
gymp_ : h' i . .' I yL,9 g. z, r|fv:;;;r re;

- -

#.
=V; f' ' ;~4 :Q.A > .

* ' ' , , (.:}
---

> . ... , .

; ,' g I '''

. ; 3.t:$:,;' r .. M. V , w o r .. .

u

}N.; f ,
.

, .

.. ;

~ ., . f < < m .,
-..n ;.

' . , . y.#.2

i.9 j./ W % m ... .ii 0.N. :.c$..''~ -' &, ?#

.-
, x . ) < ~ .'

'' ''

-:~ .

ki's/ ,. '

~j %> p?m
''i

,., M
.i '

.- . ...

,?,. -

, -v.g . .. ....M.g.g ;=..
. ..

n. m.. =.

: 1 ,> ..

- -. , -.

;.: 1. .a ;: m . 'r. s .. .- b. /,
..

g>. -
, ,,

^ ''

i . . ' . , . .k .' -
'*'

* s

w-
- M. w : w m .n (e.

. ,

:yx ;'~ t,. . a

~y .

ny UL.:. .:.,c. ' n.a:e.c cX
-

||T L'::. ::c p :. y. :. n: ,': n -
.' %.-

_ . ' '*

, r y ,
.

y ;- <-
s .

.,

.. a n~ c f-
.

g,$hhiiN V'.y
g,' ..[. . I,.

.

p ;$ * ? ',4 i!ih v .Q*
-

,,
-

,3 3. .n.w.w n ,.. u; ,, ,

. ' '- @ I( .;)T:9M:f
- . .. ; ;

. . . % ._ -m%. , n. . .;. ( - p ..

..,

. . s ...ip. :,..;ec- . N . .:- ~ ;.y
,5 :: F.. . .;

2 , ..

%};'p; n[. .
h N.k-,. .

.

k
['[7;,#f./p/ g [.i ..es

F , F A;- ?{ { MM;T 'l*,E f | '
~ '

'# -

i,.\%p.Q{Milp{Y.rk,..,-
<

aM.n.pkt rm.w / , - gs-
.,

- . < .. , ... .

y\,/ ':.cf .. :@if , :'| ' y } !&y:41.? Q2,y,%
*

- .

vfu ;n: i'i . | e Y..)..a |1 \ ' #KW~|M;u.&$3f,'
.

f . Uyt.n f. QI .

- . - --u -

,. .

j .

4
; FI6URE 34

WATER I F M E R S I O il TEST
*.4
*** .

---- - - , , . ,,- ,, -, ,--r-~,-.---------,.----,.--...-.,..,-,e-..w . . - - . r----



,
. .

, ,

i t%- i

I

| - -

-, (2 _

w
!

'' 4i. o

4 c i:hi 4 8, o 1 ,ee:d;; m : :
==w-- = - .n n W:::1v

..v$a$qyi T?rT ZT""

g W$$7,tCd.1/M' I/EM_$'.h9F"4
ds%

/ h !$ @j$E ~ INbSiQ
' ~

.c$j[ddi%i;Q:p*'
.,

""" ~

54 - ,

' ~-
-

$r
'

~ --=9
>

- .,,. .e
.D J~ '%

5;#n@hh;!N;rzu[mi. -I~'!.; ' '

<g .
s w&. .

, m -,

'

ye .fd.,f(,''i.-
' ' j,

c. e # .

;p,

h
-j

,
'

Q:: |f| | .[ .
i 1

' *

s

.e, .a .

. , . . ..

i '') -[f I '
i , ,.

, ,g

.] [.ff ; h,f' d, ' "'" ,o s

2 . it MM W % #'~

'
1 > ,

, ;$ (yu Iy w-.

;rs bi j.,

tri Xd/
'

f(.*,
i

's i4
L if ' ed ') C .W,'.

3

f,'_,
. G s 4.,_ e-....{.y

..

!

g p. k h
y 'g' q ' ;- 'L .gs

,

i[ - L; * -
.,

, .

'4i ' '

,

',

x - [L
,

p @>

. x ;. - .

-g, t. . ; ee, au tr -

..

pa . r %fgs@w,.;B9, ',:;i
& ,

.

i g . g y:h
,,,

hS 1
J

Tg. s-n , - -n,. .:
-

. .,

k>? i ,! ?
-a.6,a

y.. 9.m..a . g #
-

w.M*:
,-

; .

i ! kbk. b .
.1 _

* FIGVRE 35 P 0 S T .T E S T I il S P E C T I 0 t1
'2 |

. -



e e

*
6

a
,4,sur. 7, , -

_ _ _

,)
. -

,

{w $%jV S|i "

.

na -?g . - J .?m2num%:
f,.mQkW' Ik A:&Q .

J

.

Q, .' a mer&Mp ..
;

m.w .+9.9;+;&;.: .J:. 0v-?;.. w . ,. y> w r.r y 74 ,q M g?.Ch.\;:' % 9 ,[..

. mu. ~ .

- =..

$ [j%,,;EJ #
.:3 *$(;7es3'fg/- , , , ,

. o,

d
_

]*$$[&.@
;n

; s a.
s.7Q'Qu /a.w. o.<> re;y& gyp'g'.spyd.%w%).Y|]g. ..

:w.

2 4A c
.

e ''

("b Ag4:1|.'
,

\ y. ,

mf.
'

,*,

&,Q.jr .!:s? ,4Kg:..m;.,gg.:c
,

'T - M- '

w+ : > i ;,,.

,. .

.

gS :.gy 9' . ,.
h,M
g - . a. =. ,,. +.wOs .9' ..? . 9? ?cy st

M'.Yn.=${!@OS$\NS

,

ANS ,..!
. . .

$$$. *-
-; T

N['Up4? fM
~

: '' 41 ,.

'

t Ddp ,f'
.. .I $#

+-

h:k f d "
'

}M5YSfE.'h \%L1 h *

_ $$ff/ 'E.
,.

i

a#i 1
gg%g$w$$$g

-
>

gn - 4
,

2
~

GE .y .
p r

~ b -

$ @&@
"- <wq .

n;i .; @Ag
'

;TGQ9Chf t M iT S
./unqu ~ 5h -

: fc * 't cww %g -<

i{l - '
R m W35 V '* ? |-

'
1 w

?..JN
/ j
_,% w% : n ~'?g;jqG;P"W

'

o4 ,
- !|.t .; ' 1p* - mi,

a.*

Q5%)3 v.\ f sr g,

w'. . -fif) 'd gr4 * . t*? e h",d

. ' , , -a .::, .g .2 - s -

.. n ww< ;c g,

e 1, ..; r m%q~
. 'y . - .., .

0 A .-
'

t .?pQ w .
-;.

/ M **
7,,(s. '. '

J a]['
3 2.. + s. - 4,./ a'

..

.29 LU'*

e-
. -

,' h * [d*u ~n .y#'CX , 'f 7 ).
. a,.

'

., w.. a,

,c . + -.- 9, . ,

, . . p[$ ')| . w; ic
| its . ,

.,
- h

! .6 Of.

.

<; n. y
. .. 's .;

;
. p -

. y ,_.

:. . . \$ v :~, ,
A,''\'

7 ' ',j u_.;

..\ w -
, z i em u4 . -

,k .

i.;.,0 . \ . 4
-

,, ,, g ryg g

f'-
.

|em! :, .. * )V ' *
b

'

*

m .Q.
N'. : 4

y,,

| .

,

s %
| 3. ,g , p

.

' ; ' ?'gg., . , g,fg.,., .*,
,

Q/. ' .f
.

y. ,.w _ . q;G;;j?f}&;4.ic mw.7.p$$$$l.5Wp'L'C3W"gg;3;e.p .
| b, . .RN -

'

m, . ;Q -

'
- -

<

m:~w;t
,2 .' ,jgV,/pf,*4' 4,*.;y cp% ,jg

,

J V.- '% ...,....,.'.c. , . : ....''
. /. .,; .. ; ,.

bf.[@,,.',k., , ' ''C'.k[U. ' '] (
'

- 1 ' f';kMf),Y
'

,
. , ,.y , -,"

. . _ , reA .c .

._3. c ' 1c y.. -

-

i2
c .-_ . _

. . . . _ _ _ - . . . . - - . - _ - .



f
. . .

, ,

.

* fo g * * * .

o _o , s
.

,\ ''t$g t n J
.' .,v'

:
.

0+. <- ag9p.yr.$8h gt & W
';\.~ *{h, kk;5h!4M k. h

.

j ' , ' '.''
-

6 mm.-nd.u ..
t5j --

-

hgy3ggg . ; 3 gj ;
_

2

N
.

i y .
.', q(m.,..r .

,o c-
, . ;q ; -

f | ,v 's -.! ( .< .

.,

] - n u-

,

: '.
-

~
g,.s

1 wq 4 ;w

3*-
, ,

,

a w-a > . . . :- /
,

! : =.

+ QQkh' .I &
~'

J.
_

. ,,

..; g ga w w .w, j a ,. ,, , _ ,. e.

-. .

=i e
-

.
. ?. ,-

asa .i w'j g
1 .

.

-

. & s~-

e,
-

_ _

RutAi,
_

-

p

F .

.
. W ~ ;i -

a _

[ h
'

b, q.; .:..T '. h ~ 7% %' $"'
'

.

.u w g. .; -

$ k ~ , g
-@

4g,Lh?f'..3.5.,.:'(y, .y. ..~,
.

_ ge

Q ;p. , .:W
- r a-

,

o., R :,
.

..r...
. .

)k
'

'

,'y . ?; . mmsr, :. , s . ,,.o . . e ;.
. . . . .4 ,

.
.

! ' \ ' ', ,5 j} 9#' 5
'

-

- f y- rs, , .- \p .

w, , t'

o. . , . 1 m. ,

^

h ?M I < -'D
'

. a.,

~

|.,9 . .
.

..a-- ,

.

=
~

)



. == +-- v- gtsa-
~

'

A =*-

! *

,. .

, m. . . fg- ,r - a .,c s~m., .

. ' i3-... - ,. ,3
l 5

.

L, Y*Nk.'
. )

*

,, 3 + ;. g--.

s,,w . e . .
|. . . ,

* * v*
_

${%y^,Wc .

~$W., ) i
'

-; -

. . . . ' ' .
P9h

' **
1. .

* s

Y
3pw phpp

-
E' ' '

L
' ~-

..

:.ad gy4.9,i4g "|
. N. Ia

g=
.

(y . . ,b
.

; y-
p a} 4 .;; %p x

,q :.., >y :
-

y
.t%aw, . < . m . . . ,. : - n.

. . .. ~
: . .

n4 e. .

go yy- - -

*'
.

* . * , ~y

C N

u., Rs a. u,,'-r er** *:
. e. . , .Mf), f f A., T. b S..

ny. .. . . : . .vo.. .v " '+.y +sb. P% e
. .,

. - . . m. ~.. . n. ,
. ... : .

.. ..

. :%. . - - . -e .
.

m.Y.s%
k

i= :
. Dy ,3 r. \;g %g:gg :.';. .~ %. ,.,. ;n.. ::. .w v-

.

mi .a
. m ,i m.a ,.g. . m. .

3 h, n .- ..: n ,-

' 3 :.' ' ' 6Ma, .,e. . '*J 3'f 'jS
.

. ;a L,.5Q'/,y 2. ,iy. .
' ' ,( -. -

. en .w.. . . . .. . - -.... . a i.<<. w --
g .

~} <: #
-

-

i h d $ '. h f t h g g, hyN j j', M .

k
'

%k P w f, f}kE;,Yy n : % n.,.-. n .Wis@p. J W@-| M. .!P .#
Ahg:y:* & g., .n; g} X %,, g ;S., e.

- $W.j
-

., .w, , , , . ,. . .

,M.,
Q,, An',:% e.- .,y y.a .

.
-.:.

.-

* ' * - b w J,e - . . .q - .p -g.y. ty , ,

l{ ,i .

.

^
*' <

Y|
h, '

,f!
* ~ ^

q .)
' %. LggQ f' kN %>^

,' f >,,%>Q. 5:g:'|W *^ & u''.'a. k :fi %j :.$i,
A. . T y2W sh.\. yg.wp . 3' .

-

- : ... .t

x.&
.

~ '
/ ,.: . '. ?.i .Qy . ..:. . ;, -w a,

.

''p] 'N gp .%.-Q,.[..,%,:
. . . .. e.

[c..
..

.$,.n:ij
/ .:.. . m.uw . ..

, m.p...w:
.! j.%. 9., t

"v-

c
-

.. c
\ m . ,ac $1bp'7. % : p s .: w. . ,..v.s s +.
- .s-.

p2,c,89;; , .c.
.

~: r. va 4-~

: ::.?. . " , " . , -37
p - x w ). y

- '

.c..;m.%g.sa ,< m ~

fjfp gffhh;h+ %% %yb. . . k k'

e- -

%Wf
2') ?.?bRtgpLx<n [' .. .W;;s,Y$.kk:kh

.

:9:1. C + .s. :
j'y >h.!.r.y& Fb5 * w- y:PCMi'-~ .i

Y:f.n. ; :
,. .:a.,p - . . .. : p:..

. vNh$NM
vm -

3 5hhr . .. a'k
j

p%g. D..:, .

-..;.q;w...w._ ,,;,s. . ,,;,u gL.;;G J ,.n . s. u-v!.m,:-.?
og >y wm ,

9 a ,_
_m- ; _, . .. 2:.n .~ a s c. . .s . >s

...

m
F'I G U R E 38 POST TEST INSPECT 10"

:.1



. . _ .
--

!

. . .
.

*
.

.

=

J

i oJ ..
b

.

.y.y ,. po :,,.y . ..t;;r.m,%.i-.. .y- <. 1, , 1.5. . , ; . .

L '' ?pyy: Y, W if.,.5 r!~a.r ,o
;.

. *: % .;;, C D \' 4. a . [.M .t. G %. . ....
p.... ......(

':n'' Q: . r ,.... . .... . . ,. ;. . .. , . 7i wQ:'r ~f:'* c
,. .>. ,;p .

.'
:.. ..-

.: s. u,. r '. -. . . ...
.: '.: . :.-i.;a;.g.

.

'

;.;-:. :) .*:.w:(n. i 1;.'.'.c . '.: Y. M ..'. O : '. '.
.

- ~. -

.: ;Q.$. hidob***,
.

0.

hf , k>'|k
.. . . u.n.M".e<C,.&y

. . . .

, . . ; f. .. . y. 4 y ':<.f. ss.1 g.: *w v.::a . . .
* ''' W ,Q;"Eg* ,'. ,iq;,f'g:.NY"N gE'N..5,:.v.p;. ,. T:n>.;; .: .: ~

. . . .
-,<- v. . . . . . ; :y; : . . , , , . . . . g..,v ..x.. g ;; p...r.'

- . ;.y .;n
. ' -.. .c.

jf, . . . .
q..-. ,.. - . -

...

oh:g.f'{?..c .7@,f,I.\'., '|(}|. $j' ..] .,
;Q;, >

.x,::4 |.'|.'q, :;'/, e4(%.
+, . , . , .

,]
fi%*

.

? - .:.. :a . t y ,.m; y
. ...

A ,.n n ..u|::1. . .'.: '..,.2%.'up .yh,n .. '.'.'.;%g:\ '

...

)
*~

*?'%;-g.tS.
.'

6: L; A.A,y;&. ..:.u , , . ; . r -.
..

e + .'. 1.. g |:.: p ;;.' y |
-'.. . .

4. p** m. , n..*q.: :t .;. g..
, .

r
. .. . %.7.v yy* .r, . ''. : *. p :t.J,.=.z.. -f;.;.

...:. ,
?, 1 ..:. : r

'

. ,. .> ;.s. .).... .:, ,A *:;,: 4.!)
.'-

.
*h
.)

y. p' .-
. .. .,.: *-

s',:, $f'.a.,j:p".' %.s g' :* %.C'"* $.7j.
2 -- - - y. ~ . -

.,*s . . s. . . ~ ,.: ~. c n . , ;n.s:.''* . >...,.s.. . . .,. , s:. . .
..

: .f.r:',' . i r. * : , . s 's, .,
- . -

_

.. . G -;.: y . . O.* 4 'u. .

1I.m s.(, '~- : 4
: ', -

..'

1 '!,p.p r -r . '.* *
?

~ n * .fe'*;bi,. .Y 'y ; .y[.n~;. C.~
'. ; . :.; * . ; . . .' :

.I.'..Y Q,ldiY | , .kl 4,,
- :I

M.x.,!/,,; . .. .... , h. >$-
'

-

..y.. ,; .ac, . ...
. n..s. . . -Wr.rw ., . . .x

,. .. . . .

. t. 9.. ;<. . . .e.v . ,e
,

9..

. .

g, .g.a.. -.e.;-
.n . e ..t.. i

*-. ,

: ...

. .c,;,; r: w.n.Ma..
,

~ .ih.: ..
gg q . . .!

>g;?w,:g.4..s..,, .k n <;,.m :y.. e
r- .- # .a...--.

i. :1 - :,.4m? '

57 h .:.?''*',Yo.yp:> .s. '
;

4 P..
:.:,e ~*--

. '-vi

. . & |:'.'.
.,'o g .? $,*b '' ; 1 **'Y - f* -Q W.':.r

.>.
. ..'.. .. A

A
. .L.' ;k-h

,

?
- ..

. , ., = c.,s . . .., , s .'.,' |.y -
c,. N* :.

. - >-/
s: - y

.

.:%, . & .: . ; .. 1 s,
., . .

. . ~ ss.' j> .: .i .. .s
.. - ..

; . f C s s .y ' ,f
: q% ,... . . . , . .. r..

*!$'['o$ | - . N{'$.k*|Y.'.n':5.! , . - );;.x- . A;, '~. !.h .
* ': e

< q> . .C't. . v. =. p ~ y.. . ,r.n.w.m .
.

. c . . <. o. , .. v. , n .y k.. r >:. : .

i. .
.

r. .p. . w-. , . n :.: : .

5 hihk ~p'h E
.

-.b
,

w:.s. w: q.6,. % % h 'Y,h..A5 -{h,[p:hf.m W M g m> . Q. .y ?:i.k k .?~.' h
..

.''-

y
9.uas

>

:D..w w/ M W.c a .,. s y . %.m $ @c. h .7 %{5}i ;,ya @. r p %m :g.jj ,.'.g .|, p.f.yj'!{|.@
w

&Y, , . l, M M : . a .

,

d
.

,

,
.

e

d.
'

,

- FIGURE 39 CHARRED INSULATION PISC
.

9

'f.

.* y *
.

. /
4

e 8

4'
d

-

4
-

%
88- . ,

. , , . . . . , . , , . - . - , - - - - . . _ . . _ - , . - , , . . . . , . , ,,...,,....__.n_-,-,.nn _ . _ . . _ _ _ _ . - _ . - . . , . , - . , . _ _ . _ . , , - _ . , . . . .



4. _m 4 - _.A . -__u.-_m_....--..-m.__..a- , , A_ --a_ ---.a --

h

. , . . .]* 1
,

e7 I* ' '
. . .,

**E
' ' 9 .''[' . !

'

.

, i 'fr.. ;,* . . .f,' 1
, .

' ,,.t!?j !
-

.

,

E
,

< ,, . . . .

' ) I . . ,. kj ,
i

, , , . . , . ;
,

. . w . u. ,..
.

.
.

*

, , |, ; |'
'*

* \ ) ..', .i:g ,' *...}
:-

'

'.'.b,..g,..:
*

'

-t .,.#.
*. -

.,.o. , . . ,

't. f,*', sh' ,r [3'. -
- .

.

;'j s~
,,

'E
. '1

''
'' -

,
j -. .

,., .

; .; w,
,

-y.- -

,. -.

._

- } 3 c, r... . . v gex --
, .

O,[' . .'h .',, l'O
'

7 *
. .

t 5 A . P .j O@t 1 i i 1 :
,.r,- -

. . a b, e_

-

f 1N - ? , f[.3&e
_

h
M. .S. , . . .:n

_ _ , , ,

"'
V ariiR M.- yC._.1 ?|i,m

\ ;
3 .. .:

.

. g ,
.

,a0
_

E

: , ' . .].' 8 'y yUQ q" || 7. m m.
' ',

v ,* g' . ._~j_ [. g ',i . . I 't' *

[
- i i ,-, ,

t
,

.: 3. g g g.p. , g- ;
-

.,:.

,

R.$.'*a .W2.@l,n b', .' 'r
. . , ',l' w if ' @

':a s
..

mz -r. .

*. '

_'') }OH'b'' M*F*v.
e-

,

$,3.0: ,} "g;. h>;' .J ' i'l t e E W.'
'

a
d .. . ~ .

.

' ' h {.' .Q. .. ; ; '!
. [TJ.P . ~' t ,q 4 S . ,c, .

F " :;.* '' -

;. -
,

. <

M %- } .
I l'

' t g p . u. O r. . g- $
r . . , ..

f l'TA

. y,j,WJf}'ldKj.(BE:
'

1 i %
" y f,

, ,,

' :' ' '
-.

, ,

g.jd.7. hip ||| g;j
"'

- g | .

:
. ..-.

:.p.x4.. ,4
s

;
.,.= , ..

c
3 gapk =a -.

. ,

i
|;

. e. 7 .m Qo
; . r., .

.g i .i,
-

...:,g...S;'y..j y
- 2 .c; W w7z| Bay 4a

h, ;
.,4g, g

e .

an ,

; ; ,ya m ,,,- ,._ ,

y .

m! 7. h'i, .;. ~
fih @[Pd N 5% $,. 4 ,

. m-- ,

(.f(.,u
..,

C h l h f f' h $ h;]'g/ {,x ylh yb!~'

0;i w.#.~. mevs -

3
.,g . j;_W@a ggg:ie=s ; ;,,.g ,; , '9 4

'wr *
.

,
,

hF

E!L*lli s .

e.

L. _ _ _ . - _ -- __. - -

*

- - - - - . . , - -



7

PAGE 1 of 3
, ,

. .

, .
,

f
f

APPENDIX 1ig
i
:
-

.

'

COMPLIANCE; ,.

5
s .

i
t

The test referenced in Paragraph 5 have been conducted and satisfactorily..

- meet the acceptance criteria of the test plan.

|:
,

''
.,

Ccntainer Drawing No. 128Ds231.

1

:I, Container Serial No. Kl878
,

2
Date Tested 3/20/80. 3/21/80, 4/1/80 and 4/2/80

,

j .$
$

Packaging Engineer [ Y-2-70
v ,

//dYd#Fuel Quality Control Engineering -

#|1
M2/[F*

. Licensing & Compliance Audits .

'

2 '/
\

Traffic & Material Distribution prt.W t' /, #d-

;. ,
i
I

-s

r

. b

b
'

.

k'
,

*
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j COMPLIANCE

$
:

.

The test referenced in Paragraph 5 have been conducted and satisfactorily
.N meet the acceptance criteria of the test plan.

e

-
.

Container Drawing No. 128D5231
1

]
Container Serial No. K 0174

3 Date Tested 3/20/80 and 3/21/80
1

.

;) O
,

~

Packaging Engineer M % 2.-7cr
s

Fuel Quality Control Engineering M M-/// ~IO
i *f
-;' Licensing & Compliance Audits y 1/ g ,

* ~

-

i /

Traffic & Material Distribution /M##8/ :rs / d'
.

/

1

'
.;

.

].
.

1
,j-;
3

.
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COMPLIANCE:

.I
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J

The test referenced in Paragraph 5 have been conducted and satisfactorily
,

meet the acceptance criteria of the test plan.

l
3

Container Drawing No. 128D5231
.i

-

j Container Serial No. K 0319

Date Tested ' April 1, 1980

?
.;

b'
1

- :,

Y' E OOPackaging Engineer
.i y a

4 //-/4 -73/j Fuel Quality Control Engineering -

,A

'/ 2/ #*

Licensing & Compliance Audits .

/

Traffic & Material Distribution utW8Mb / fa
',; /

,

.

,

] ,

!$
,

f
-. . . . . - - . _ . - . . - - . _ _ . . , _ . - . - . . .. . - - ., - . .- ---.
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.! TEST CHECK SHEETS*

1
1

ij
1
2
i

Container Drawing No. / 2 8 OF73/'

.) Container Serial No. K /T 78

.p

Date
[...
1 . Pre Test Visual Inspection

[/ J/.ro/poj' per Paragraph 5.1
QQR8!oor'

Loading fvt N*{(ggg6fooG" [0 4/.Jo/PoA

-}'
?1
M Water Spray Test *

E "
.1

4,. g Drop Test
- - - - -

~d Penetration Test
-i % s _ _

,

2 Compression Test

30 Feet Free Drop i s/tv 9pdf4'

.d Puncture Test //M.M>I[4. ,

Thermal Test Mh [f8
| ~i

Water Immersion Test /A Yid
.

=
. 't

4/ g #s
*

/
- Fuel Quality Control Engineering '

7
,

{

1

!..

i .GJ

!l
, .

_ _ _ . _ _ _ _ _ _ . _ . _ _ _ _ . . ~ . . _ . _ . . . . _ . _ _ . - _ _ _ _ _ _ _ _ . _ _ _ _ _ . .
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TEST CHECK SHEETS
*

.

.

1
j

i '

i Container Drawing No. /j7 O 573/

j Container Serial No. KO/ 79'.

1

j Date
- Pre Test Visual Inspection

per Paragraph 5.1 G[to/a
h;1

fnR8P car # N Gdto/roy Loading pppgpeetr
'

Water Spray Test
,

'M Drop TestG
$o Penetration Test

~

l3
j Compression Test

30 Feet' Free Drop i A /5,7/w/9
.

/$/p.?pffPuneture Test
,

|j Thermal Test
1
;; Water Inrnersion Test "

.

: ;

| $
_

Fuel Quality Control Engineering

.e /
t
'

..e,

:

.$)
'

: .

3'

t
-
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TEST CHECK SHEETS-
~

-)
'I

71

- Container Drawing No. /2985~2 3/

Container Serial No. N03/9'

.)

Date
-

Pre Test Visual Inspection #G/tod A% [1r/so3per Paragraph 5.1 (Ad5;j

f Loading Ash. 3 38 to

Water Spray Test At f[i/fo
,

[l% '///[@Drop Test

Penetration Test /4 //U'

Compression Test [F [fo
|/I

~~~

30 Feet Free Drop .e
..

~"
Puncture Test|g

~

Thermal Test
"

Water Immersion Test

4

"{
.

IO
Fuel Quality Control Engineering ,

,

G.

,

'] .
.
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i ,
/~ Request N3. [O-79

j
'

e e s.y
i NSR Area No. -

3
3 PROCESS AND EQUIPMENT / FACILITIES CHANGE REQUEST

-

b $< questorq <

Initiating Component MN Installation Responsibility
3 : Equipment Location E.tifMO POWDER PACK AREA AND TEST PAD WEST Of mux . .

j Purpose of Change - TEST LOADED BU-/ AND BU-b COHTAINERS FOR RELICENSE
1. . BY E U NRC.

--

! N ATURAI,m.TE* Description of Change STANDARD PACK b b-tGALLUN PAILS WITH 43 KUb UO 'v"
9

JUA] LOAD AND SEAL IN 2 BU-7 AND 1 BU-5 CONTAINERS. TEST CONTAINERS TO
. NRC TEST STANDARDS ATTACHED (30-FOOT DROP, 40-INCH, FIRE, ETC.)

1 Scheduled Project Completion Preliminary NSE Review N d d By .glu/8
' Final NSE Review Needed By- 3/18/80 Requestor's Signature /Date n 7 ki M lV/8
kQ "~~ ' L(AWr

] Nuclear Safety Engineering 3 f/ @6
1. Type Analysis Requirei * Criticality O *R diological O None,

'.j 2. New/ Updated NSE Method Sheet Required: Crit. d Radio. A/O None _

- 3.
AnticipatedAsailabilityofNSEp/l]h Sh e J Requiredet ,< / o ./; /

3; 4.
Signatures:h m. ca3ity Safet NeRp(fof ogical Safetg///hC #4_Crit l

Remarks: h MW or I/oo RRJ llrc~ - uAj 5.
V /)*

. = . .
v4 s

h Fuel Quality Control Engineering Np ' '
'-

:.%. ,a
,

1. Is New/ Changed Quality Instruction Required? Yes No3 *
,

If Yes Anticipated Availability of Instructionj+ -

2. Responsible fuel Qualit:c Control Engineer
, d.. 3. Approval: Mgr., Fuel Quality Control Engineering ~"--

=
, ;.

FueiProcessTechnology //v'

.

1, Is New/C! anged Instruction Required? Yes No

, If Yes, Anticipated Availability of Instruction
: 2. Responsible FPT Engineer v

1 3. Approval: Responsible FPT , Unit Manager
'4 |

SHOP _ hv rs 4
.

Ui Subsection Manager Approval "^ -

!
1 Area Manager t

,

..,

1. Priority Assignment.For Nuclear Safety Review
x 2. Area Manager Approval .

!

'Nuclear Safety Engineering

bn3'N .

Date Approved Request Recei h d Date Completed

(-aManagerAcceptanceofCompletedProject Date A

:
-- -

9 * Documented information from requestor required ner P/P 40-5 Appx. A
-

q,

APPENM X 4$ hF-1-014(11pf) --- .

URANIUM POWDER LOADING REQUEST

a.r3 . .:~ . . . .'L .. _ . - -. -2. . . . . . - .

__ __ __ _. _.- . _ . . _ _ . _ . _ _ _ . _ _ . _ - - . - _
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kSfl.A4j- GENER AL $ ELECTRIC

b @.'j .
RELATIONS AND LTTILITIES OPERATION

f San Jose, California'
x
.i
.

g February 10, 1978-
ij
1
..

,

-

3 TEST REPORT;;

'h - . BU-5 AND BU-7 CONTAINER PRESSURE TEST
3

$

k
4
:j-:

A .- OBJECTIVE --
,

[i ' The objective of this test was to verify the integrity of the BU-5* '..

and BU-7 containers for the New Japanese Container Regulations.
c

{q. The procedures-were presented to the Japanese and approved by them.
::

.s' : B. StM1ARY-

.6,. .

The following tests were perfomed on one BU-5 and one BU-7 con-2

c] tainer on Febmary 6,1978 thru February 10, 1978.
j 1. Both containers were tested under water to 1.50 Kg per G12
t'

for eight hours. This was done by submerging them in the test
1 tank in Building G, to a depth of 50 feet above the containers.

;d-
i 2. The_ containers were then pressurized internally and checked forj leakage at four increments!

2a.) .75 Kg/G1 for t ree hours;- -
..

,3 b.) 1.0 Kg/G1., for three hoursp- ~

|- c.) 1.25 Kg/G12 for three hours
>

di) 1.5 Kg/Gr for three hours
.

-_

!

1

=
- _ _ _ _ . _ . _ . _ __. _ _ _ _ . _ _ .
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.-.

M GENER AL $ ELECTRIC
,3-

%}
;&:-:

TEST REPORT
- j. 2-10-78
.i- Page 2
.i

i
-2
3 ' C. . TEST EQUIPMERT
2
Ji The following equipment was used in the test:

-

1. 60 feet deep' test tank

N 2.. BU-5 container S/N B-7522.
- :3
i 3. BU-7 container S/N K-0397
i
I 4.- Pemagage # 175 0 to 60 psi pressure gage, regulator and

.] valves as shown in Figure 1.

.?..-. :

.

}_ D. CALIBRATION

j 'Ihe pressure gage was calibrated prior to testing. Calibration '

record and curve (Figure 2) are included in this report. Calibra-:

:4
'(8:i ' tion was made with equipment traceable to the National Bureau of

'

' Standards confomance.
x,
is

.

1 E. TEST RESULTS
4-

-1.. Nater Immersion Test
J:- There was no water leakage in the inner containers after eight
f. hours of submergence in 50 feet of water.

A- .2. Air Pressurization Testsj There was no leakage of air from the inner containers when
j pressurized as shown in Figure 1 and held at pressure incre-

c . ments of .75,1.0,1.25 and 1.50 Kg per square centimeter for
5 periods of .three hours for each pressure increment.

4

*i'.

i CONCLUSION
:-

The BU-5 and BU-7 containers passed all the pressure test require-.'

ments for the New Japanese Container Regulations. In fact, the tests
- exceeded their requirements. The water submergence test was for,

eight hours rather than three, and the BU-7 container was tested at

&;i -
#

.?
.

d

%
.
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. ~ . GENERALQ ELECTRIC'

l! @
usi nEroar

F} 2-10-78
.i -Page 3 "

' '

L ..
9ry

a 1.25 gm/cm' for 14 hours. There was no leakage in either case.
J.,

'!; . -
.c

. ! DJ /

fj5
. Certified By: /

J. A. Zidak W. S.' Cowan, Manager '
Packaging Engineer Packaging Engineering

gi : M/C 512
. 7 .

N/C 512
- - JAZ/daM

..

~1.

] @ '

=.
,28 *

]
#

.

x
2
..

3I
.

2 -

ti

,_j
-

.

.

6

W

'e.

a
.

'

s

:3.
.
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.'PRESSIRE / -

.

-ca a .
. .

~- '

90 PSIG*

X C AIR SUPPLYm : ;
-

f. x
.

SIUT OFF VALVE

RECUIA1DR
'

{ l
^*

BLEED VALVE'

| BU-7 INNER.. e .. ,

v CONTAINER.

f
'

-.

. %

I

( $ ;
.

1 . q
\

x

g .f7 BU-7 OITTER4

'
| , Rtr CO.VTAINER

'
'

.

s

; 6s .

.. s
.

, ,.

Y ," INSULATIONN
1

'x/'

<- .j'' 1 s.

.-

/ / Y
t i

i

FIGilRE 1 TEST SETUP

.



.

e e*. #.

0,

..

, .. . . . .

.. .. ...
.... .

. . ..a 46
6. ...4.t. .i.

.... ..;.. . . . . 4, 4. ... ..
.

. . ....
-

s...,

1.i.
..

.
... . . . . . . .. . ,.

. .. ..
.t, i. .t ,. .

. . . .... .u. . m . . . . ,
.. . i....I.,. ..

... ....
..

. . .
.

_ . . .. . ,
.. . . . .

,. ..
.. .. . . . .

.. . . . .. . . . . .

. .

. . ....
.

..
.. . . .. .. .. . . .

. . . .... .

... . . .. . ..* ._.. . . . . .. ...

.
. , . ..... . . . .

..
.... . . ~ . . . . .. . . . ..

.
..

....
. . .

. .. .. . . .. . . . . . . .
. . . . ... ..

. . . . ..... . ..

..
-

-

.I... . . . ..
.

.. .l. . l. ...
..l. .

.

...
...

I. . ...I,
. . .

.. . ..e.. - e.. . . . . ...... .. .. ... ...

.

. ... .-.. ...
.6

.. . . . .
...I..

. . . . . ....
. . . . . .

. .,

. . ,
. . .

l. . . . . ... .. . ..

. . . . , ,.....
...

. .. .

i....
.. e"i . -:.. .. ...

. . .
4

. . .. ,

...e... .. . . . .
...

..
- . ...,t . . . . .. . .... ..... . i.... .

p

... .e
. . . ... . . . ,

.. ..e . ..
.... .

. .... ... ... , . . ,
(,g.., , .*?.Eb .. . . . .. . , .

.
. ..,. ....

. . . ..e I. . . , .6... . , . ... . .
~ .. .. .

.. e... .e ..e..
. . .

.. .. ... . . .
. . . . . .

-+

....
* ..

.,. .,
. . . ..

6 . - .
,

a

.. b.e .
...

4. . . ...II .
. . .. . e.=. .+ . .

.

.. .... . . .
... ...i ..e. . ..

. . . . ..e. ..
..

...e. . . . . . .. . . .w. . . . .
. .

4.. ... = .
.. . . . .

..
. . -.s. . . . ..g

..
.. .

. ... ...e

.g,..... .e, .n,...
. . . .

...e
, . . . . .

,9..- . I*. . I ..
, . . . . . . ..

-

. . ... . .... . .. .. .

. + -
.. . . I3_ . ... .. .. ..

w...
....

.
.

... . . . . ... .. . . 4 .... .. . .a. ..I.

.-
. . .

..
.

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

... . ... .. .. . . , . . .
.'

... . . . .. . ..
. . .

i..i... - . .i..
. , . ..

. . . .
..

.. .... . .- .. $. ...

. . . .

...&..
..

..

..
_

.
. . . . .... ...4

.
.. .. ...... . . . .

. . . .

..i. . . . . . . . .. ,.. . .. . - ...

. . , .
. . . .

. . . . . . . . w . . . . .. . , . .
.. .... .. .9..

..

.4 ,

. .. . . .. . .. ...
. . ... .. .

. . . . ..
.. . . . ....

. .

. . . . . . . . .-. ... .. .._ e...
..

) .. . ..
.

.o. _ . .
.

..
. . . ..... 6. * .. .*. .

. . . . . . .

. . . ...I. . .
.

..
-

I.
. . . .* . ... ... .

.. . .

..4...... . . .
. . . . . ...... .. . . . . .

. .-
...

.. . . . . ... . . ..

. -.-. . . ..e.. . . ..... .6..
. . a..

. . . ..
.

=. *. . . . .. = .
.

- * . . **. . * . ..
*. . . . . * . * . .-.. ..

+-.. . *_ . . . .
.. ..- ..*..... t-....

.4 ,
.

.
.

-

.

., . ..
. . ..q...

. 4.

,

..5. . . . .. . . . . . . . . .. . .. .... .... .

..

, . . . . .. .. . . .
._

. . . . . .

. . . ....
...

~ . .
.. .. .. .. .. . . . .

. , .-. . . . .. . .
.

.. . .
...

. . . .
.

.... ..
....... .. .. .. i....

. .

...4. ......I....
.

. _ . . . . . , ... ~1 .. . . ..
..g. ... . . . . - .

~.
... . . . , .- . . . . .(...

... .. .....I ..
.a...

.. .
.. S...,

. . .
. .. ...p.- .s.

.* '

. . . .9. . ... ..
.

. . . . . ..
. . .

. . . . . ..i... .. .
...

..

_

.

,

. . ... . ,-. . ..,.. .. . .. - . . . . . . . .. . . , . , . . . .
. . . .

. .. ..<_ ._...i % ...
.

. ..

... ..

. . . . . + ..4... . .-.,. . . .
.

..g..+. ........ . . +-I....... .. .4_ ... . 1. . .. .
. . . . .. . _ . ,... . . . . _.. . . .- . _ . . ....e..

.. . 6.g ... .. -.7...9 .. ... . = . _ . . . . . _
2

.. .
. . . , .. .

.. ._-
.. ... = . . . .y

.. _.. .- .. . . .. . .. -
. _ . . . . . . .. . . . . . . . . . . . . .....I~ . . .

. . . . . -....{- ..
. . . . . . ..

.,..... . ..~ ..... . ...e. . . . . . .....-

.
. .

.. . . . .. i... . . .. . .
..

-
_

.. I_. . ...,. . .,
.. .. . ..

,

_..- .. . .. .

.. - . .
..
. .

.. 6... .. . ,. _.
.

....g... .... - .

.6. . -.-.a. . . .. ..
. . . . .

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

e. . _. . . *4 . . .. . . _=.i... .- . .... ..= . . ....
. .. ...

. . _ .
.

._ _.,&. . - e...... . ...e...

- .
. . . . ._. -- - ..

... ..==.t.a 4, - .

, ..

. . . ... . . = . *
.u ,

.. . .. .
.

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

.

. . , ..
_.

..4 ... . ~.

. . . ..L. _.*I. . . . .
*

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

.- .... ,.

_.
-

. . . ...
._. . . . _ . ._.., . .._ . . . . . , .... , . ...

. ..
... . _ ..... _. .

...

. . . . . . ....l... . . . . . . . . .

._ . . ....

. . . . . . . _ . ...p..|..~."I,..... _ . - -
.

. . . - . .9 . -. .

9 . , . _ . . . . ,. . . ..
.

.

.. .
4._....

.&.
.d

;.._.. .. . . . . ..

. . . .

...
. . .

. . . . . . . .

_._.!_._...
.._

._.,. , . .
. . .

1.. ,._ . . . ._ _' .. _._. _. . _. . . . ._- _.._ . . . . . . !_
.....

.
._ . _ . ..e_.

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

..~
. , . ...

I...
....

._ . . . ~ _ . . . . . .
. . . .

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

.. .

.. . . ..
.

. .... . . . . ... . ._.._ ._ _ _... . . . . . . . _ ...q~. . . . _ . _ . . . .. . . _. .,...
.. .

.

..4,. .. ._.. a__._
. . .... . . _ . .

.

..s.....
-.

._
. . . -. . . .

_._..L....:
. _

. _ _

.

_._ _.;__ _... . . . -

. __- -
. . . . . _ . . . . _ .... .. :

_ .. .
- -

. . . _1.._.. .. - _ ._.
.

... _1..
, . , _ .

e . _ ~ _ . - . . . _ . - ._-. - _.
. .._- .. ._ .~ 1. ._ .._ ._

.

..

.f._.. . .a. . . . ._ . ..

_ . . . . . . . _ . . ._.1... ._ _ . . . .

.*1_..._...._..
_

_ . . _ . . . ,.

m.. . _ .
.. . . _ . .~ __ .. ..._ ... . . ..

.

.. _. . _,. . ..1 .

. _ . . _ , . . . . . ._
.

.

. _ .. . ~ _ . . . . ... _.. . . . _ . . . . . _. _. . . . . ... . . . _ . . . _ . . . .. _
_.

. .

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

. . .. . ...

.. ..
. . .. .

. p._ . . . . -

. _ . . _.
.__ , . _

__ .. _ . . . _ . . _ ... _..... - ..t..,
...4 .

.....
_ . . . . . ... . . _.

. ___. . . D....

-.
. . _ . . . _ . . .t_._..._.__ . . . . ..-.~ t'* ...

_.. .._ . . . _ ._. ._

._ .
_ .

..... .... 7. ... . . . _ .. ,..._ . . . . . ... .
... .., . .. ..

...~ _.... . .

, _ . .,

-

.. .._ _u__ ..-. . _ .
---_ . _ . . . _ . . . . _ . . . ,

.. .

-

. . . . . . .._. . .%.__. _ _ . . .. .- . . _ _ . , . _. 8.
. .. ._._. .T_... - + .

.

. + .
. . . _ .. ... ....__.s...

. . _ . . . _ .
_._ . _ . . _ . . ... . . . . . . . _.. . . . _ . . ..

.

~ . . .... .. ..
. . . . .. . .... , . . . .. .

...
.- . - ._. --_ . . . . . . _.

. _ . - . . . . . . .. . . . . . . . . _ . . .. ._.
._.

~ . . . . . _ ...
_

. e.
.-~ _. . . _ _ .... . . g

,,,
-

_...- _ . . . . ._ ._._ .- _..,.. _ . . . _ . _ - ..1 .. ._., .... _ . . .
. . .

.~ . ._..
_

_ .~ . . .. . . ., . . . . . ....|.-. . . . . . . ..t.. . . . ... - . . . ..
._. . . . . . .

.

. .... _ . . . . . .. . ..

%. . . .. - . . .
.- . . . . . . . ,

. . . . . . _. . . ,~. ...L... _ . . _ . . . _ ._. .. ..
. _.

. .
_ . . . _ . . . . -...a,_.. . . ... w ._ .~

.. . . _ . _ _ . . . . ...
-,. . . . . . . . . . ...._ . . .. .. . . . .... .. _.. . . . . _ . . -..o...

..
_. . .. . . . .. . . _ . . ._

_. ... ..
- . . .._ .. . ..

- , .. . . ... .

, .
. .

.._ _ ;.J - . . .

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

.
. . . .. .

.. .

. . ._ . . . .
.

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

. . . _ . . . _ . .. .. . . . . ...
. . .. . _ . . ... .__ . . ._..._... . . . . ...._.

.

.. . . . . . _ . .. . .
.. .

_ . . .

. . . .
. , .. - . . . . .... y.

. .

. _.. _ . . . ... . . ... . . . _ . . ..
. ....

.. _ . . . _ . _.w..,. na. _
. . - .. . ._

... . . _ . . . . . . . . . _ . . .. . . . . - h~e.. . . . . .
. . . - . , . .

- _._ ..
.

9. ..._ . . . . . . .._ ._ . . -- .. . . . . . . . - . .. . _ . -._._.
._

._.... - _ ..._.g.~.. _ _ .... . . . .
. . . .

_ . .

,
. .._.6..... .. _-

... .
. .

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

.

. ._. .
- . .s. .. ._ . .q..._. _ . . . . . _

.

. . . . - - . . - -..
__

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

.~ _ .._6_.._. _ _ . . _ .
. -.. . . . . . . . _ . .. . . - . . . . .. .. . - . . .. .... ~l...- . . . .

9
-

.

. .

..J._._ .. .. .....,
.. _..-_..... .

. ..
. . . .. .. .

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

. . .. . _.. ..
- . ... .

.

. ~ . . . . . . .
. . . . ~ ...v. _ . -

. ..
. . . - . . . - ....1... . . . . . .. _.1.~. . ..

_

w-
. . , -. . . . . ~ . .4.. . ~. _

. . _ . . .< u 9.. , . . -. .... . ... I. ..
. ,.j g_ . . . . . ...

... . . .
...l.., . . . - .

.-
.. ... ._.

.

. . . . . . . ....I.._. , . . .. . . . . .... .

3... ... ~
. . . . . . ....- . + . . _.. . .-.. .

- . , . . . . .
. .y . . .. . --

.r.._J . . . . . , . . _ . . . . .

.. . . . ._._ . ~ . . . . .. .. _ . . . ....~
_

~.

_-.e_........ .

;.
. - . . . . . . .

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

. -.
.

. .. _ __..._. _
. . _ . . .. . . .

_ . , . . . . . . . _ .

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

- -

_. ..

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

..b.-...-
- - _

--
. .. a

.. . . .. . . . . . . . .. . . . . . .- - . . .. . . ..*$
.. ._

. . . .. . . _ . .. . . . .
'

.

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

- .

_e._. ._ .
. . _ . .

~~~1._..!....
. . .

.= _ . . ._ - . . . . . . .._I.~e
. . . . .

-

....-:~ - - - . -. - . . . -
.._. . .

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

-

w.. . . . ._--. . _ - . _
.

. . ._ . _ .
.. ._.. . . .

. . _..__6 6._ .
,

_ . . . . .-,o.._. -_-. _.
. . .. . . , .o, _ . . _ .

-
.. _.. ._ _._.!.. . . . . .... . . . . . . .. . . .

.. .

... ._. _ . . . -
. _

.

m. . . . .

..~_1..,_.
... ._ .. .-

.
.

- ._.. - . . . .. ... ......~.7-.... .- ._...
.

_

_ . . .. .......t.
.~.. .- ._... . -. . , . .4.-. .

. _ . .. - ..!.. ..

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

, . ... ..

. _.. _.
._.

.

., .p-._ . _

~._~-1._... _ . . . ._ _ ... ._. -- . _. _. ....f. . . . . . _ . _ . ._
,

.. - -
_. t __ . _ - . .._ ___

.

.t.._. .

. . ~ - . . _. . ! . . .. . . . . .. _ _ . . . ...
_ . . . . . . . .

.__. . ...... ._. .

,

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

_

..
.. . . . . . - ~. ., . . - . . . . .,, . -_ ....t..J.. . ..

. .--

.~.__-. ._ ... . . . .
. q .- ,-. ... _, ._. . _ . .

.
,

. . .. ~__... .- . . ~ .. . ._.

.

. _ . . ._ . . . ..

-. L. . _ . . . . . s.., . . . ._
.

.

...
.

_ _ _ .. _. .. ....g..
..

. . . .-
... . . ._..p--

. .. ._. . . . . . _ .. ..-

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

.

__... _ .
.~...__. .

.... . . .
. .

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

., . - ._.; . . . . . . ..
.

-

_
. . .. _. ..

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

_; .

. . . . . . . ,__ _ . . .. . .... . . . .. . ..

. . _
. ... . . -

.. . . . ..
,

, - . . . .. . . . .
. . . . .

.
. . . - .... .

_
..

.

_r _
.

.. . . . .
. . . . . . .- , . . _. .. . ... __ . - . . ~~.1._ . _ . .. . . ..- -. . . . -_... .-. ._- . . . . .~. ..p. . . . . . . . ..............-.._........l.. .

f
. .

+ . .
.

.. . .
. . . ... . ._, ._ . . . .

_ _
.

.. . .t. _ . .. . . ~
.-4 - - _ . .

.$_.. ..: . . . . . .
.~ .... . _. ..

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

. , - . ..
.

,

.
- _ .... .

. . .. .

. . . . . . . . ._ .. . ... ... _ . . .3. , 1_
-

. _.~ .

. .1

_.
.

.- ._..... . . .
.- - -.-

-

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

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

.

..

-- , . _ -

g ..... ..
.

t,"...
.

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

.. ... .. .. ,. ..- . . .

_ . . .
.. . . . . .. .... . ....

. . ._i .- ...,1.. ...l..- - . .
-

.
. . . ..

. -.... ._.- , r . ...
-

.

-.
_ . . ._v.. - .- .. .. . . .. . r

. .. _

... -. . ,. .... . . . ..
. . . .

.. .-
- - -

.
_. - .... . . . .

_ . _ . - .. . . . .c. .
.. . - . . . . ..

.,, . _ -
..

. . .. : . .& . ..
_ _a... . . . ..

.

.. 1 . . _ . . . _. . . .

. . . . .. . .
.

. . . . .. . . . .
.. _

... . _ . . _
.

. . . .

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

. . . . .
. ... ..

. . . ._ ... , . .._ ..

.. . . . . . ...
- - . g.-. . . , . .

-.
....

--

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

.. . - . . - . _ ..-.. L. J... . , . .. ... .., .

. - . ..

. .

.

..
,

.- . . . . ..- -,4' . .. .. . .

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

.

..1... .. ..... .... .
. . . ..

.... . . . . ., , . .... . . . _ . . . . ....
_ ..

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

.
--

. . . . _
._

s.
. ~... . ..

,. . . .

.-T.
. .m.--.. . . . . . . . . .

. . . . .. ..
.. . . ._. ..

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

. - . -.!..... . .
.~. .

- .

. . -t....a..
. ~ .

. . .. . . _ ..
. . . . _ .

..

...!. . . .--.s. .. .a.-. . _ . . .
_.

*. i._ . ~ . ,_-. .. ..I. .

. . ~ . . .......h.t..
.. . ....

. . .. ... ..
.. . . . . ~ . . . . ......

.. ... ..
.

-
.

. ...

...,.
..

. .t .

..
i . . . , . .. ..

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

. . . - - ..
= . ...--6--.,.,i ..

.
. ..

%... . . . - .
.

. . ,

. . ... ... . ., , . . ~ .
i.e.

..
.

.- . . . .

... . . . . .....
.

e.
. .... . .,., .=

,--
. . . .

. . ..
. . . . . . . . .

.... . . . . .
, . . .

. . . .. . . . . . . .6*=. ... . .- I

- . . .

..
. . . ... ..9..

... .e..

. . . .
. . .. . ...i .

...

... -*. * -
....

- .

. . .

. .
1.. .=.

. . .
,

,.. .
.. .... ... . . ..

.

. . . , .. . . .

. . . .. . .. . . . ...
.

.,4 i. .. .

.i.. .
e..,... . . . . .

. - -. le.-... .- ..m. ..g.. . . .
.. . ..

.
. . .

.

.. ...6. . . . . .. ..

. ... .. ~ . . . , .
... . .

. . . .
. . . .

..... ..
.....

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

.

..
. . . .

. .

.>
... .

.

. . .
.. . p

.. . . .... ... . . . r.. .. . .. -- <.. ..m. -.. .

T-
.- . *

# . .

=.%. :***=-
- . .* ..

. . . -
. . ~ ..
.

..i... , . . .

.

.... . ... ..
l.

, 1. . . . . . . ... . . . . .. ......

.

. . . .
. . . ......... ... ..3 *1.....

. . - .. .s -

........ .e
.

. . . . ...
. . . .

. . . . .. .- .. -

. . , ....
4. ....

.. .
....

...... .

.i .
. . . , . . . .

....

. . ... ...
.-

.. , . .. .

.. .
.. ... .. .

.... . .

.

.

.

.

.

* = - -
+.

. . .. . . . .. .~ . . .
...

-* . .. . . , ... ...
. . . . . .. . , . ..

.

. . . . . . . . . . . . . . .. ..t...
..

_.i.e.. ,

. . . . ,
.. .

. .,.-
. . . . . . . . . - - -

&= *'..

....4....

. . . .
. . . . . ....T.. . . _ -

.
. . .

..
. . . , . . .

. . . . . . .y ......
. . . ... ... . .... . . , . . ..

. . .
,w.

.
.. . .

. .g.... ...ug... .--..(..... . = . =
..$ .

...&..4."'
. . . . . . . . .. . . - . ...=. . . . . . .

-
. . . . ..

^ ... . -* .. ... . .
.. --

...- . . . .... . ...e..
... .. . . . . . . ' . . . . . . . .. .

6 .
;

''

p. .... .. ... . . . ,e..
. .. ,. ...... 4 ,.4.,..4. ..

. - . . .
. . . .

,

e. . . . . . . .
. . . . .. . .p . . . . . .+ . - . . . . .. *4... - * = . j

* - "

. ..

. * = . . . . i.ee...+.
. . . .

. . . .
i..... ... (.

. .

. (.'.. % .. . * . . . ..
. . ...$

.

..e.. . . . . . , . . e.* . q.......
.

-

. . - .

.

-.4 -.

.

.$... ...(..4
.e ie

^

.
.

s...
-

.

e. ..e
...... .. . . . .... ... . = - . = .

. . - . . * = ' * -*""**"*... .e.>.

. .

. . -... . .
^

. . . . . . . .

4... .

.
.

..

.

. . .
... 9.-. .

... ..e..6-.. . io.. .. . . . . .
.. - .. . . - ..

...
- 4.. e.

. . . . .
. . . . . . . .

e ..

.. .g.
..$ -$..-

. .. .,..
.. - . . .p

-e pe.fi=

. ..e.
. ... = = . ' . . . . ...

_
.

. .
.

e.. .. ,- - . . , - . ..... m T. ~ . . . . .
.._. - . .

. . . .

. . . ...

** i
.. . . .... .... .

... . , , . .

^4.. . . . ...
p.,. omg......

. . . - .
.. .. .. g -..

i...m,,m.. .

.mim ..m..=.+.a ..a. .

-

. = . * = = .
. .... ...

e
.i

.. .. ..... .. .....'4
..

. .,

, . . . . .

. - - = ,.. .
.9..

..
.

.

.m. . , ..

.

.- -* * * , " *
t *

..
.

. . , . . . ...w
.

. . , .
*-

i=.. i. ....
m.,. . .mmmm.$ . .

m. .m-
.

.
.

..
a .

e.-.....q, ...g.,,.g
.,

, - . ,.. . . $ .mmm
.m

. ,

.. . . . .....Z..... .. . . . ..
.

g

..o * . . . m ie.,. ...... . . . .. ..
, . -. . .,.

.
..4.

.

. . . .
. . .e e . ... . . . . .. . . ... .-. .

.

d . .. - . . . . .. ..,.. e. -

.... ... . . . . . _ . ..

.=9....
...

.t. . . . .
. . . .-

_ . . . ... . ... .. . _ . . . . . _ . . . . . . . . . ... . .
, ..

. ..6 ... .
.:

.

. . . .
..

... . . . .
.., = ....

.- y. .... . ._j.... . . . . ...
. . .... ts.. , .*

. . . .. . .. ~ ...... ..,, .. .
. . .....

. . . .
i...

.

.. .. .. . . . . . . . . .. ..... .

__

..

.g, . . , ... .

. .

..I. . . _..
..,e

.. . . I.--
_ _

^

..

. . ...
.

. . . .
. !.. . . .

,

. ..e... .. .
. . .

.
.

.. . ... . . .
. .. . . . ...

. .

. , .
....e 1 ...

.

.
.. . .t . .

,

.. . = . a..9. - .. . . .... . .. .. .
,

,
. .,.

,
.

22 h o % o e .



... c . ..-....x. ...~....:-.-

fir 3! k.?f:ns's J M IEgli.n.1 ~41'En.d.2.01Isif4M43Y5.MidliWts.?dn'';JJ.0$Kf1:);':.M".:EM.:i-g;;;3gg$.A M : s . i t a % / m & . rt , u g . v y t' F N 7 + " -! 'e t . y.g p ( i.: g ,'g..,y:
ew;r4 ~c:

-

. ,

J CONTAINERS .'BU 5 S/N B-7522 '

i .BU 7 S/N KO397
1 @ - 1

-

T E S T '.. DA'TA'. !
"

.

t
1- ..

|DATE TI M E ' PRESSURE PERIOD TEST RESULT i, -
.

_p-]-1X R *. 2 o A n so n- te n '' '

g W ~% PL1 SI HR.L- . Buf- ANo- BC D W U o r I. m r i *

: i

|

a l-T-9E l6 !co A M s]$ 128-
*

'
'' ''1 foo PM ans 3 HRS Bar tJo Jenneri '

m Iiso pn I.o Ks/e nc *

A.: If Oh |.o "%sk 3%.Hg.1. .8 US~ P_o]_C.AKilG8
. ~2 - 'T - 7 9- too AN l.2f #b2

f; 10 too Alt u. zr "%d 3 Hfs B05 tysleAm-c-

5
- to!so AN _]JQ "$y
.

:

?, I 10 Pm 1.50 Kpf,2 3 yg3 gog p, Lg,1ggy:_-

-

3 -

??^)-9C:3 i i15 Ph .75 KQ1 *
.

~ v.,

$~9-78 L|,' If fh ,]$ W/kyy 3}//S hY] yo).CAdd5E !
l .

?? -c? -?R 4;)? PM s. o 4bd I.
b-7 - T 9'isPh h, o ObM * 39Rs Ed 7 tua MAHO I..

1-9-77 7: ZoPM 1.25 Ob d*
Y -lo ~18 9' 20A e k125 Wcd I'l HA3 AtL7 AleLEAKM5
b -Il- 77 9.'.?c Aiv 1.fo k}c/ t

h. l- 1T I .'o0 f/1 }.50 Y9/cyl .3h.HPS B01 hLLEAKAGE f-

.

-

-

8

g

.4 .

.

;

,

**9 '

e

I
t

_

-.s
3
YN $$$hh&$8$$$$ ikEY'WSN b5#''^#- # $4. -

uma

. _ _ . _ . _ .



.

- ~
. .

: .. . .

W "'

M,.:.?::|?:}?W.1V%jfs.RTG.~.'1c.y. sam:u//.NhnM}ij cal.lBRAIl0N -
5*

1. SE RV6Cd BY,(0 avuzu!- 3 i-7d
OA1E

D3Vh[j
j . '': r:~ --- MAINTEl'ANCE RECORD.

2 TECHNOLOGY & DEVELOPMENT
METROLOGY & Call 8 RATION LABOR ATORIES 3. REVIEV.ED BY DATE

..( 4. F AMILY CODE S.MF R CODE 6. MODE L/DWG NO. NO.

] Pe. emu MAR. h Asxce M6 18. RACK /SYS a)AM,
4 7. lC t.O. 8. S T A TUS 9. PREVIOUS CYCLE 11. 19. CPE R ATICNj s/A m- use 9A 10. MOS E LhPSE Dw e . cw, ,w

3 12 D ATE SERVICED 13. DATE DUE 14. C AL HRS 15.M AINT HRS 16.OTHER HHS 17. 20. LO CATION

b !YR)h FW b) | YAM 1.O O.O o.O Tmlet 9FW

21. M ANUF ACTU RE R 22. INSTRUMENT N AME 23. SE RI A L NO.

HAssau.t.Tec.n 3 Pfecae GAuse 84fsE
, 24. SPE CIF IC ATION S 25. PROCEDURE USED
' 7 MFG

~

't
26. D AT A ISSUED 7

O OTHER (DESCRIBEl-
O YES

.5 27. REPORT NO.
j YOMD
3 28. TYPE OF SERVICE 29. R E C EIV E D 30.LAST SE RVICED 33. L ABOR ATORY ENVIRONME NT

[CAllBR ATION CE RilFICATION FW D !YR fYRFW
TE MPE R ATURE 'C^'] 31. AS$1GNED RECAL L INTERV AL

1 O PREVENTIVE MAINTENANCE QC i RE LATIVE HUMID'TY %

-l O OTHE R (EXPLAINI-
32. SPE CIF IC ATIONS ? 34. OPE R ATION ALP

d O OuT MES O NO
:, , -

5 W CAllBR ATION INSTRUMENTATION USED

i MFR MODEL OR AWING NEXT DUE MFA MODEL DR AWING IEXT DUE' *

FOR CAL CODE NUM3ER FOR CALIC NO.- CODE NUMBER
.1

: HE eun. 6524 00063 5 -5 ~78

' d

4
-.

-
3
d

'

1
*

.:
*

s

.

%

.

g. , REMARKS.,

- ' ..~
;.-

. ,
'

|

+
' O-

. a

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



..,,.._...a--. .. ..:=*- -~

. . .

.| [' CAllBRATION DATA.

b
*

ter('.1Jr.1E fe T N A M67CEGsta G CA. TAG E N/A
~ '} S 4Cf40.

1 MFR
; MAtAH ALLioted

MODE L DR AWING NO. SE Hl AL NO.It4MASA4E 176 84165';
FUNCTION AND/OR Call 0 RATION NOMINAL MEASURED VALUES

RANGE TESTED TOLERANCES VALUE INITI AL RUN T Lt/ FINAL RUN..

.4j () - 6 0 P Sl(,.
ST'AutARD cAuce-

*T Ef= T

4,

O b Qk
- s 4. 5 5a
1

10 9.35 to]
., t5 IV.DS~ I S~?
a 20 (9. Of 901
:;

s *25 0 9'. Do DE
.

A
q' -

30 99.25' So
4

$ 40 S9. c. o 46
.i ~@ SD W. 6 0 50

|3 Go 59.co Go

Y

..

|

| *

;
'

.'g .

.J
* *

:f
' . '

.

_ _ _ .

g O

'

M
4,,

,

,3

ii ,

%-
. - . _. . - . _ -



. . .

.'. - .

APPLICATION FOR' REVISION OF-

NRC CERTIFICATE OF COMPLIANCE USA /9019/B()F--

FOR'THE BU-7. TRANSPORT PACKAGE

,

ENCLOSURE IB

CRITICALITY SAFETY ANALYSIS

- OF THE BU-7 SHIPPING PACKAGE FOR URANIUM OXIDE POWDER
'

j

-

,

i:

.

t

|

5'j t i

e

a

''
..___ _...~..-,_,,.. _ _ ,_ _ ___._._



-

. .

N'- Prcparcds 3/6/80
r

D CRITICALITY SAIITY ANALYSIS OF
S Q
]? BU-7 SHIPPING CONTAINER FOR UO2 POWDER
.:

li
&'

J 1.0 INTRODUCTION
i
( Model BU-7 shipping containers are used by the General

Electric Company for the transportation of low-enriched
*

* unirradiated uranium oxide powder. The BU-7 container is
q a fissile class I package which is currently licensed for a

maximum U-235 enrichment of 4.0% with no more than two five -
gallon containers, each litited to no more than one safe

i batch of UO, powder. In addition, it is required that the .

1 H/U ratio in the fuel in each five-gallon container must be
no more than 0.45. The pur ose of the present analysis is
to extend the Fissile Class I certification for the BU-7 to
include the following:a

$
1.1 Increased water mo?. era: ion by increasing the fuel

H/U limit from 0.45 tc 1.577.
4

1.2 Replacement of the safe batch limit with a limit of 35
Kg U0 per five-gallon container. The total BU-7~g 7
container mass limit is still 89 Kg.

(5h-

7 1.3 Reduced levels of insulating media (phenolic resin)
a composition and densities requiring that at least 60%
) by weight of each of the constituents of the full density

^

phenolic resin must be present.

1.4 The presence of carbon in the UO fuel pr vided that the*

29 C/U ratio in the UO fuel mixture does not exceed 1.262.2

All other limits and requirements for the BU-7 container.

! are unchanged.
i

i

! 2.0 ANALYSIS SCOPE ,

4
'

i The present analysis has been undertaken to demonstrate that
'

the GE Mc4.1 BU-7 shipping :ontainer meets the applicable
,

i criticality safety standards for Fissile Class I shipping
packages as required by Par: 71, Title 10, of the Code of
Federal Regulations.

,

2.1 BU-7 Container _c,ecifications

This analysis is valid for the following BU-7 container
specifications.

1 -

=
.
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1
i 2.1.1 Outer Container

LQ .

hjbv 18-gauge, 55 gallon steel drum, or similar drums
e larger in dimensions or with thicker steel walls

(reference Drawing 128D5231). Drums with smaller
.( dimensions or with steel walls which are thinner -

than 18 gauge are not covered by this analysis.

,

2.1.2 Insulation
.

d Phenolic resin containing the amounts of hydrogen,
4 boron, carbon, nitrogen and chlorine and minimum

resin density as shown in Table 4.1.

I
; 2.1.3 Inner container
,

) 16-gallon, 18-gauge steel drum with an inner
i diameter of 13.75 i 0.25 inches and an inner
j height of 27.75 t 0.25 inches. This container
1 must have a leak-proof seal and cover as described
j in Drawing 128D5231.
I
C 2.1.4 Contents

4
.n

Two five gallon steel containers or three.

h3$ three-gallon steel containers with an inner
-kj s diameter no. greater than 11.25 inches and with
.1 a total stacked height of no more than'27.64
i inches. The steel containers must be at least
'

O.0206 inches thick.

Pleatic bags wrapped around the five-gallon
M.; ccntainer or used as a liner inside of the container

are permitted.

2.1.5 Fuel

i Up to 70 Kg of U0 powder per BU-7 container at9; a U-235 enrichment of no more than 4.0%. Each
five-gallon product container may hold no more.

than 35 Kg of U0 The U0, powder may be mixed3 withwaterorhydr. ogen-carson additions subject
to the requirements that the fuel-additive mixture,

may not exceed:
.,

.' .1 an H/U ratio of 1.577

.2 a C/U ratio of 1.262

(j In addition, the bulk density of the U02 p wder,

may not exceed 4.5 gm/cc.j

2-7, -

a+
.

.
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. 2.2 Fissile Class I Criteria

hh To demonstrate that the EU-7 shipping container as
~

f3 described in Section 2.1 meets the criticality safety -

i standards for Fissile Class I packages as defined in
. Part 71, Title 10, of the Code of Federal Regulations,' -

the following calculations have been performed.

[] ~2.2.1 Normal Case
l'
4 The K. .of an infinite array of BU-7 containers

'i' has been calculated for three cases: full density
.g phenolic resin, 80% of full density phenolic resin

and 60% of full density phenolic resin.

~] 2.2.2 Accidec'. Case
:4

The K gg of a 256 unit array has been calculatede
j- for the conditions of optimum interspersed modera-

tion and full reflection of the array. This,

g analysis was performed for BU-7 containers limited
m to 2 x 35 = 70 Kg of UO2 as well as for the case
-1 of the two product (five gallen) containers filled with powder at
7.] a.UO2 density of 4.5 gm/cc (202 Kg 002 total) .
2
3

_

2.2.3 Evaluation of Carbon .

m

h The most reactive cases in 2.2.1 and 2.2.2 (with
j 35 Kg UO /five-gallon container limit) were2

reanalyzed for UO -H O mixtures to which an addi-? 2 2.l., tional amount of carbon was added. The atom
density of the carbon was taken to be 80% of+

the atom density of hydrogen in the mixture to
simulate mixtures of U0 ,10,000 ppm by weight of

2
water and 40,000 ppm by weight of H-C additives.

[ 2.2.4' Accidents Involving a Single BU-7 Container

3 To demonstrate the safety of a single BU-7 con-
] tainer under extraordinary ug et conditions, two

*

five-gallon product containers have been analyzed
for optimum moderation and full reflection by water.

2.2.5 Concrete Reflection

I The impact of concrete reflection of the mest
reactive 256 unit array as described in Section*

.
2.2.2 has been analyzed.

Q QS -3-
:g - .
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i 2.2.6. Code Validation
r

.

dkm/ g\Yi To demonstrate the validity of the computational
.,

~

codes used in this analysis, validation calcula-.0
c tions have been made for the-following cases:

.1 Comparison between codes for:
~' ~

)
3 e Normal case (K. ) BU-7 container
7
~j
,

e 256 unit array of BU-7 containers with
j optimum interspersed moderation and full

reflection by water-

J e A single BU-7 container with 0.075 gm/cc
-{ of interspersed water

t

S e Two five-gallon containers in a vertical
; column with optimally moderated UO and

2
i with full reflection by water
d
j .2 Calculation of the Keffs of the low enriched

U238 low mode:ated benchmark critical experi-a

d ments described in Reference 7.
2
Q 2.3 Analytical Methods

;b=/ ("':) $
The criticality. analysis of the BU-7 container has been

j performed with the General Electric Company MERIT and
d GEMER codes and with the KENO IV Monte Carlo Code. MERIT

' T,' and GEMER are Monte Carlo neutron transport codes which
~

employ 190 broad group cross section sets generated from-~

,
ENDF/B-IV and which treat resonance absorption by explicit-

g ly modelling the resonance parameters on a discrete energy
. basis. The difference between MERIT and GEMER is that the

~

A former has a geometry pr.ckage especially designed to model
3 BWR lattices while the latter has an enhanced version of
3 the regular and generalized geometry packages in the KE'NO
? IV code.m

) The KENO IV Monte Carlo' Code was used in this analysis
:a with 16 group modified 1%nsen and Roach cross section

sets (Reference 5).j
'

3.0 SUMMARY AND CONCLUSIONS

The results of this analysis have demonstrated that the GE Model
,

BU-7 shipping container meets the criticality safety requirements
of 10 CFR 71 for a Fissile Class I package for the transporta-

! tion subject to the conditions specified in Section 2.1 of this
analysis. In summary, these results are:|

! iT N$-L
s: -

.

|T
.
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.[ 3.1 Normal Case
,

e g. .

[qgf(Ed The K= calculated with KENO IV for the' normal case
e BU-7 container is 0.903 + 0.003.
7
- 3.2 Accident case
3
j The K,ff calculated with KENO IV for the 256 unit array
S- of BU-7 containers with the most reactive degree of

interspersed moderation and with full reflection by water
is.

per BU-7 container0.955 1 0.005 for 202 Kg UO3
and

q
.?- 0.750 1 0.005 for 70 Kg UO per BU-7 container

2
1 ,

; 3.3 Presence-of Carbon
.

's .The presence of carbon in amounts which. result in a C/U
T . ratio in the fuel of no more than 1.262 increases the
i Keffective of the BU-7 container by less than 1.25%.
.4 Applying this to the values in 3.2 and 3.1 above for

] BU-7 containers limited to not more than 70 Kg U0, per
-a - container does not' result in critically unsafe reactivities
.j for these cases,3
a%/. -

!. 3.4 Two Five-Gallon (Product) Containers
th
j The K calculated with KENO ^IV of two closely packed

effive-gaklonproductcontainerswithoptimummoderation
and full reflection by water is

k K,gf = 0.968 1 0.006 if the UO contents of the-

2
containers are not restricted (approximately-

65 Kg UO2 - per container)j
; or

.

3
K,gg = 0.909 1 0.005 if the UO contents of each of

the containers are restricted to 35 Kg.'

: 3.5 -Concrete Reflection

. Concrete reflection on all six sides of the 256 unit
accident array of BU-7 containers (limited to 70 Kg U0 2
per container) results in a K f 0.789 10.004,eff
an increase of 5.2% over the water reflected system.

-_,D
&;.e

-5-
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1 3.6 Code Validation
J

({} The validation calculations performed in this analysis -

-

ddhv have demonstrated that

l 3.6.1 For infinite or finite arrays of BU-7 containers,
' , - MERIT and GEMER predict neutron multiplication

factors from 2 to 5% lower than the values calcu-.,

3 lated by KENO IV. MERIT and GEMER results are
.i in excellent agreement. The discrepancy with KENO
4 is due in part to the cross-section sets used in
a the KENO calculations. The cross-section sets

k were determine based only upon the moderation in
the fuel mixture.

3
i 3.6.2 For a' sin'le BU-7 container, MERIT, GEMER and

KENO IV all agree with 0.4%.-

5 3.6.3 Likewise, MERIT, GEMER and KENO IV are in excellent
A agreement for the case of two closely-packed opti-
] mally moderate ( fully reflected five-gallon con-
.g tainers (with 00 contents of 65.8 Kg or mcre per2
i container) .

a.,

} 3.6.4 For the Rocky Flats low enriched U 0 1 w m derated38benchmarks, the KENO IV calculated h,eff averaged-

4 over the 10 cases is 0.997 + 0.002 and the GEMER
$. 'd value is 1.003 + 0.003.(for 7 cases)
. 4.0 PACKAGE DESCRIPTION

*

''

BU-7 shipping containers are 55-gallon drums constructed of 18

". gauge steel which contain an inner 16-gallon, 18 gauge steel drum
. enclosed in and supported by a phenolic resin liner. Specifications,i| of the BU ' shipping container are given in Figure 4.1, Drawing
'

128D5231, bigure 4.2 (ANSI MN 2.2-1974, UFC-Rule 40 55-gallon drum)
jh and Figure 4.3 (ANSI MH 2.5-1974, DOT specification 17H 55-gallon
gj drum), and include:

.

. 55 gallon drum dimensions: Diameter 22 inches
Height 33 5/8 inches

; Thickness 0.0428 inches
*

Material Carbon steel**
-

h 16 gallon drum inner dimensions:
Diameter 13 15/16 inches
Height ?7 inches
Thickness 0.0428 inches,

Material Carbon Steel

5 and 3 gallon product container:
Diameter 11 1/4 inches.

,j (gp Inner Dimensions Height 13.5 inches (5 gallon)

bP# '

7.5 inches (3 gallon)

Thickness 0.0208 inches
! Material Carbon Steel

2"
L_
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ANSI MH2.21974
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.! FIGURE 4.2 - UFC-RULE 40 55-GALLON DRUM
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} FIGURE 4.3 - DOT SPECIFICATION 1711 55-GALLON DRUM
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3 The 16 gallon drum has been modified by the welded attach-
d ment of a closure flange to accept a 3/16 inch thick steel cover whidi '

Iwd(h)
I is gasketed for resistance to high temperature and is attached -

.

by twelve 5/16-inch steel bolts. This gasket has been demon-
j strated to survive the drop, flame, flood and impact tests required
.' by 10 CFR 71 and insures that the five gallon product pails con-
i tained within the 16 gallon drum do not come into contact with
! additional moderating materials (for example, water) as a result

f,f of the postulated accident conditions.

'

Due to the 11.25 inch inner diameter and maximum height of 13.5
inches, a single standard product pail has-a volume of no more
than 22.5 litem. This is less than the 29.0 liter safe volume

-4- limit for containers of optimally moderated UO Pcwder at en-2
richments not exceeding 4.0% U-235.

( As described in Figure 4.1, the space between the concentric
inner 16 gallon and outer 55 gallon drums is completely filled

~ with a solid phenolic resin insulating material. The chemi-
3y cal composition of full density ( 8 + 1 lbs/f t ) phenolic resin

j is shown in Table 4.1.
:
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. TABLE 4.1 CHEMICAL COMPOSITION OF FULL DENSITY
h: PHENOLIC RESIN INSULATION
$

:.3.. -

:;

ELDETIAL WEIGHT PER CENT OIGYTIC CCNPOUNDS-WEIGIT PER CDTf
S Elstent Full Density

.7- _

Weight Weight ~
-( Element Per Cent Material Per Cent

.j Hydrogen 4.5 Union Carbide Phenolic- 65.8.

r2 Pesin BRL 2760
2
30'

4 Boron- 3.2 Silicone Surfactant LS30 2.0
.4

f Carben 41.0 Boric Anhydride B-203 8.2
1 -

;; Nitrogen (approx) 0.0 Anhydride Oxalic Acide 8.2
1
1 OKygen- 48.6 Freon 113 6.6

1
q-
4 Fluorine- (approx) 0.0 Fiberglass Ibving 9.6

.

4s f~.id,

52V Silicone 2.2
Q
g Chlorine. 0.5
d
4 'Ibtal 100.0 100.4'

-i

% 3
,

Density = 8 + 1 lb/ft

3 .Minin n Permissible Density 4.8 lb/ft
04
3

. ,3,
.5*

.~5 *

;
i

. i. .

f
:

...

9

.

I 4

_. %
. y
: s-

.

- 10 -

i Z*
> .

m + . . . - ., . . . . . . . . _ , . . . _ , , , _ . , , . . , . - , - . . , . . , , - ,_m..._...,,. ._,_._.__,-.m . , , , , , . . . . . .. _ . _ , - . , , , . . . , . . , _ _ _ . . , _ , . -
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c Q" 0 " TECHNICAL CONSIDERATION

.

.

'. N '
~

5.1 Mixtures Densities

The mixture atom densities u;cd in this criticality
a. .safdty. analysis are tabulated in' Appendix A. The 164

group modified Hansen and-Roach U-235 and.U-238 cross2.-

[ section sets used in the KENO IV Monte Carlo calcula-
tions were taken to be the sets corresponding to

:

5-
' min min~

j 0- and CI
| U-235 U-238

with
9--.:.

'. i = . min
] 4. p

-1
.

.i as described in Table 5.1 and with no other a- satisfying
:3

..: .
i min
7 a- 4. ' c- ' 4

|.t . P - c--

a

k The ds are the potential scattering cross section values

J@Q.
--i - (in b arns) corresponding to U-235 and U-238 cross-section

sets (Reference . 4) .
f.
a

;

.

...

a' -

'3 . .

9

'. I
i

.

,

;

.

f

.

.,

T '

,'M
'i - 11 -

.

. . . _ _ . . . _ . . _ . , . . . . . . _ _ _ . _ . . . _ _ , . . .__ __ _ . _ _ . _ _ _ , _ _ _ - _
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? r_'UILE 5.1 KENO IV RESONANCE ABSORPTICN CROSS SECTICN CMLHATICNS .
-.u -

..

.: Q *,

: L

,.{f N io gp

'i No
j.

i
where Ny = atom density of isotope i in mixture

.

"i =' potential scattering cross section
for material i as tabulated below

% = atom density of is'otope whose effective
.. resonance absorption cross section is being computed
;

E Material / Isotope i (barns)
#

.':f
f Hydrogen 20.0

Carbon 4.7

'g
: Oxygen 3.8

.l hi 'U-235 15.0
M
d U-238 10.7
s

Water 43.8

M.
O

+

a.

%

I

i

I ,

,k

*5

l

.

1:0~
! 'li - _ 12 -

'

!

i

.,

S .

. ._ _ . -. - _- -. . .. . . . .- . .
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N 5.1.1 Moderation of Fuel Mixture
i '

I - 'As noted'in Section 4.0, in leakage of water into -

- the 16 gallon inner drum (and consequently into
i the five or three gallon product containers)
~

does not occur under the _ postulated accident . conditions
- ' (drop, flame, flood or imp.act) . The level of modera-

- tion in the five or three gallon product containers-*

j .will therefore not change when the BU-7 containers
; are_ subject to_.the postulated accident conditions.
1 The maximum normal levels of water or hydrogeneous

moderation in the UO2 p wder are:
~

'' .1 from 0.3 to 1.0% by. weight of moisture (H 0 )2
,

| .2 for certain blends of UO Powder up to 4.0%
2a by weight of hydrogen-carbon materials for

which

e the hydrogen content is less than the
,_

j; equivalent of 4.0 weight per cent of water
u
d e the ratio of atoms of hydrogen to atoms
j~ of carbon in the additive is no less than
| one.

5.1.2' Fuel Mixture- -g
y

2 Atom' densities of the fuel mixtures for 4.0% en-
% riched UO2 p wder and water used in the present
3 analysis are tabulated in Appendix A. These
i mixture densities were computed in one of two ways:

.1 Mixtures with 50,000 ppm of water or its
i;- equivalent
q
'* For systems of UO Powder and water in which2
- the water content is restricted to low volumes,

- fuel-water mixtures mty be determined by taking2
the maximum UO density and water densityg 2
possible. F,or UO, powder, the maximum density:

- possible is less Ehan 4.5 gm/cc unless mechanical
,

presses (etc.) have been used to compress the
4 powder. Mixtures of UO and 50,000 ppm H O are

2 2
- then specified by

fUO2 = 4.5
0

fHO= 2 *0.05 = 0.23684 gm/cc
2

0.95)

0 * qi (atom densMes)- N = .
. earbon

2m w
'M
T3

*

- 13 -
,

3'
. - . - - - . .
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:= This last condition simulates a mixture of 10,000

ppm H 0 and 40,000 ppm of hydrogen-carbon additive;.
in wh$ch the weight fraction of hydrogen is the same -

M@" _
'

2:

as that in water (ll.19%) and.for which the ratio of
fE hydrogen atoms to carbon atoms (in the additive) is
f no less than one.
:-

[, - .2 UO - H O Mixtures Occupying Minimum Theoretical
2

, . .P Vo$umes
.~;-a

'3 Given a weight fraction.of water in the mixture,-

?-? the densities of UO and water are specified by
2

$
(1 - WF )

(UO2
. h0=

2

.t
:(

1 WFHO.

2
I- I+ wp

$| ( 10.96
j HO

2

.r.
86&

g and
. --s

::
U0g fHO=1- 2

2

'.M 10.96
:3
.. ;
.*
5 As in 5.3.1, maximum permissible carbon content

is determined by'

..

Y
NC = 0.80 * Ng,_-

Si
'

Y
.

- 23
.

.

g
g .

Y
. , -

.:! .
-

.

4

,.

ug- .
-
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7 5.2 BU-7 Geometry model

- (hh
-

.i%=/
~

The geometry model used in this analysis is illustrated in
j Figure 5.1 and the KENO IV and GEMER geometry input is

tabulated in Tables 5.2 thru 5.4. For the normal case,'

; the Figure 5.1 model.was spacially reflecteu on all six
; sides (J = 0) to simulate an infinite array. Calculations

.j were then performed for the phenolic resin insulation mixtures
j in Regions 6 and 8 or for varying amounts of interspersed

,
- water in Regions 6, 7, 8, 10 and 12. Calculations were also

performed with interspersed water in Region 4 as well in
4 order to cvaluate the impact of close-packed moderation

about the five or three gallon product pails. The three-
4 gallon product pails were not explicitly modeled since it
j is readily evident that they are less reactive than the
; five-gallon containers (less UO2, m re carbon steel and smaller

volumes).,

;

j For the accident analysis, a 256 unit array was defined with
dj the same Ta.ble 5.2 - 5.4 geometry but with eight containers
21- in the X and Y directions and four containers in the Z
;j direction. The 8 x 8 x 4 configuration gives the array

with the minimum geometrical buckling and is thereforei; the most reactive case from an array geometry standpoint.
4
3bg
5 -

i)
a
4

t

i
.$.
d
9

?
-

.

"

>.

.

1
3
1

.4

i

.

.

- 15 -,,
-
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FIGURE 5.1: KENO /GEMER GEOMETRY MODEL .

._ _
FOR BU-7. CONTAINER
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TABLE 5.2:
)4

BU-7 CONTAINER INFINITE ARRAY GEOMETRY MODEL
(KENO /GEMER INPUT)

J'
j8h * *

Radius + Height,]. - or or *

f} R;gion Geometry Type . Material +X +Y +Z
.

Q
J
t. 1- Cylinder . Carbon Steel 14.2875 +

fj
-

0.05_

''. 2 : Cylinder UO -H O Fuel Mucture 14.2875 + 35.05
,

2 2 _

'j 3: Cylinder Carbon Steel 14.34 + 35.1
N 4 Cylinder -Void 17.70 + 35.1

54 . Cylinder- Carbon Steel 17.808 35.5763 - 35.2087
.: -6- Cylinder Phenolic Resin or- 23.495 35.5763 - 42.8287

Interspersed Water

3 7. . Cylinder Void or 23.495 36.688 - 42.8287
.~, Interspersed Water
.

' .j 8 Cylinder. Phenolic Resin or 28.575 44.308 - 42.8287j, Interspersed Water
..

.. S. . . 9: Cylinder Carbon Steel 28.575 44.4167 - 42.9374
-f 30 Cylinder Void or 28.575 45.3692 - 44.8424,

:1 Interspersed Water

Cylinder Carbon Steel 28.684 45.3692 - 44.8424:.%/
i 12 Cuboid Void or +28.684 + 28.684 45.3692
d Interspersed Water

-

- 44.8424
-'

:
T 13 Core Void +28.684 + 28,684 45.3692

- 44.8424--
c4

'14 Cuboid void +28.684g; . - -+ 28.684 45.3692
- 44.8424,

.

.%
'

:.

; 34
d

.

'
.,

Ia

5

.

* Dimensions in cm

4 t

C rj
3
f
a', . - 17 -
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TABLE 5.3: GEOMETRY MODEL MODIFICATIONS FOR 35 KG'

.

f f ,. . g" UO CALCULATIONS (KENO /GEMER INPUT)
'

2
-

.:&
a-
.

'

.

+
.

_j Region Geometry Type Material Radius + Height
.. +

-

- l* Cylinder Carbon Steel 14.2875 + 0.05
'

: =

d...
-'lA Cylinder. Void 14.2875 0.05 ~ A-

.

,

Cylinder UO -HO 14.2875 B -35.052
2 2

':$ Fuel Mixture
i,
} 2A Cylinder Void 14.2875 35.05 -35.05

~

- 3 Cylinder Carbon Steel 14.34 + 35.1
.. j -

'

-

Fuel Mixture Height of+
.

3 No. Fuel in Container A* B+
3

h- 1 12.128 - 22.922 12.178

:.f; 2 20.0 - 15.05 20.05
as.

3 35.0 0.05 35.05-,

;

(d L

-k

2
?.?
:

'3
'"-

.
J

-

~
*

7 Unchanged

+ Dimensions in cm,

.

k

[hy
Q .

; - 18 -
.

2
.
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;j TABLE 5.4: GEOMETRY MODEL MODIFICATIONS FOR 8 x 8 x 4
i. FINITE ARRAY (KENO /GEMER INPUT)

.

'!- i

;

'}..

A + ++
d Region. Geometry Type Material +X -Y -Z

+-*
. .

-

3

?

k 12*' Cuboid Carbon. steel + 28.684 + 28.684 45.3692

;- 13 Core Void + 229.472 +229.472 -+180.4232
. ,

. - -

i.i 14 Cuboid Full Density - 260.0 -+260.0 +212.0+
Water (or

-'

y. concrete)
.,

1
^

.3

.1

.3
JJ

d,
~s

$k
R 2'
a
5

*3
Ei
.y

N
i 3
R -

Ti'
.2

k,
.

,

.:,

,

; . *
| 'i- Unchanged;

a
~

+ Dimensions in cm

|

l

**

w' N .
.

,

7| - 19 - -

.

I

o,

!

,. $ .

%- ,e ,--n--,,,.--- v, - - . , ..,- . . , , , , . - . , - . - , . . , . , , - . - - - . , . _ .,
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iw. f) FIGURE 5.2 - FIVE-GALLON PRODUCT CONTAINER GEOMETRY MODEL ~

i

A. SINGLE CONTAINER (FGC)
;

I

-

3
1 ID = 28.575 cm
j UO IH = 35.0 cm2

+
OD = 28.680 cm

HO OH = 35.1 cm2.

a
- _)

Walls - carbon steel
' - -- s

)-

7.a-3
~

l B. TWO FIVE-GALLON CONTAINERS
d
ela
i3

. Side-by-side Stacked
y.

l' H O reflector l'(min)H O reflector2 2

top
Vl**| FGC FGC FGC

4
. .:
15
m /,5 /

|j void,
.

:

| 5
|

-

side
view FGC

.. i rj

,{ "' FGC FGC FGC
' ri -

'
l

3
N'i l' H O reflector l' H O reflector2 2

C
.

r-
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FIGURE 16.1 - K, for U :(4.05) 0 - Carbon System
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h Tight reflection of the 256 unit array was modeled by 12-inch
4 thick slabs ofLfull density water on all six sides of the
1 . array. For the case of concrete reflection, the 12-inch
4' thick; slabs were replaced with 16-inch thick concrete' slabs

(KENO IV material number 300).
i
j One aspect of the Figure 5.1 geometry model that should be
3- noted is that the dimensions used~are conservative as compared

. 9 to the actual BU-7 container described in Figures 4.1 and 4.2.
'

.. This especially applies to the use of the 22.5 inch inner
. diameter for the maximum size of the 55 gallon drum rather

' .than taking credit for the 23 inch diameter of the drum
i provided by the two or three corrugations along the length
3 of the container. This constitutes a reduction by at least
4 4 % in the diameter and 9% in the volume of the drum and
_ is a significant factor of conservatism in the analysis of
i the 256 unit accident array. This reduction of 9% in the
j volume conservatively simulates the collapsing of the rolling
q heaps on the lateral surface of the drums under the postulated
j- accident conditions (drop, flame, flooding).
LJ -

A It is advised that the geometry model used in this analysisy for thefBU-7 container is different from that used in the
j Reference 3 analysis. The Figure 5.1 model is.more con-
q- (33 servative than the one previously used.
yb

5.3 Five' Gallon Product Container Geometrv Model
j The five gallon product containers have been modeled in this

analysis as shown in Figures 5.2. The ID = 3.575 cm,a
IH = 35.0 cm dimensions slightly overestimate the true

N.
size of a five-gallon product container (the value is
22.44 liters as compared.to the-true value of less thanf

|d 22.0 liters), and the model is therefore conservative,
'

especially since the carbon steel walls are modeled as
I dj being less than-0.0207 inches thick.
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. 6.0 RESULTS
'

-{ ; 6.1 BU-7 Container Analysis
,

-

3) g ? . .

~..
'
.

Tables 6.1 through 6.5 show the results of the MERIT /
GEMER/ KENO IV calculations for the BU-7 container.-

-

6.1.1 Normal Case -
.

n;
.;-

1 *

,1 Ti?.LE 6.1 NORMAL CASE K s for BU-7 CONTAINER

h; PERCENT OF
FULL DENSITY

1#: -OF PHENOLIC
' "

-RESIN GEMER MERIT KENO IV
_

100 0.758 + 0.004 'O.753 + 0.004 0.790 + 0.004
- - -

7
'

80 0.799 + 0.004 0.804 + 0.003 0.843 + 0.004
._,

ph 60. 0.853 + 0.004 _0.850 + 0.003 0.903 + 0.003
7.
a.

3
~

[.5 with 202 Kgs UO per BU-7 container
*

2
$ 0$
imd
-

;

!~ These'results show that the normal case infinite array of
' BU-7 containers is critically safe and that the phenolic

resin serves as an "overmoderating" influence in that the more
. resin . present the lower than K..

2 Comparison of MERIT, GEMER and KENO show that MERIT and
5' GEMER are in good agreement but that KENO overpredicts

} the K s relative to them by from five to six per cent.o

%
" ,4

*
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6.1.2 . Accident Case - Optimum Interspersed Water I
e.

;,

:l' .1 Infinite Arrays
1

2
-- These calculations were performed in order to
'3 compare MERIT /GEMER and KENO. (The MERIT,

1

7 geometry package is unable to model the 256
'

unit finite array.).

1
-

4 -

tTABLE 6.2 - K. FOR BU-7 CONTAINER WITH OPTIMUM
INTERSPERSED WATER *

~ 7,

i K. +a
J INTERSPERSED
j WATER (gm/cc) GEMER MERIT ' KENO IV
..;

.

i 0.000 1.111 + 0.003 1.106 + 0.003 1.163 + 0.003

-g 0.025 1.147 + 0.003 1.147 + 0.003 1.182 + 0.004
m
j. 0.050 1.117 + 0.003 1.116 + 0.003 1.153 + 0.004

-.a __

0.075 1.067 + 0.003' 1.099 + 0.004
.

- -

a 11
g %.7 - -

0.100 1.021 + 0.003 1.046 + 0.0037
;;j 0.200 0.829 + 0.003 0.848 + 0.004

0.500 0.634 _+ 0.004 0.642 _+ 0.004
l.000 0.610 _+ 0.004 0.617 _+ 0.004

i
y With 202 Kg U02 per BU-7 container

,
* Interspersed water in Regions 6, 7, 8, 10 and .1'4

'4 (Table 5.2) *

:
a

f .#

| -
t

.

,

CC
; a -
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ij ih- TABLE 6.3 - K. FOR BU-7 CONTAINER WITH CLOSE '.,

'b/ J- PACKED OPTIMUM INTERSPERSED WATER.

f
a

*

-i KENO IV
n Interspersed
J Water (gm/cc) 1 "

=

y
g- .

q

0.000 1.163 +- 0.004

0.025 1.185 1 0.003
1- 0.050 1.144 +- 0.004
a

) 0.075 1.065 1 0.004

0.100 1.008 + 0.004

[.j . 0.200 0.792 + 0.004

23 - 'O.500 0.641 + 0.005
-.s

1 -1.000 0.657 + 0.004
.n :

.

~ ti
t3-

j. f.3 With 202 Kg 002 per BU-7 container. ,g b;-

* Interspersed water in Region ~4 as well'
-

}.{ as in Regions 6, 7, 8,_ 10 and 12 (Tab,le 5.2)
=

;
..

'G.

k Table 6.2 indicates the same trends as shown in Table 6.1.
I 1.g GEMER and MERIT are in good agreement but KENO IV overpredic,ts

?? the K s relative to them by three to five per cent in the
4 region around optimum interspersed moderation.

e
~

Table 6'3 indicates that, as is to be expected, a slight shift.

'

may exist in the density of interspersed water correspondingi,
to optimum moderation, but the impact on the K s is smaller..

,I than the Monte Carlo statistical uncertainties. This is evi-
f #

'

dence that the addition of hydrogen anywhere outside of the
U0'2, fuel has been implicitly considered by analyzing the BU-7
container arrays for optimum. interspersed moderation between

! . containers (and within the 55 gallon drums).

.g g
o

'
Si ,

- 23 - * '-
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3 2 Single Container.

:

kh}g To provide a further comparison between -
'

jG MERIT, GEMER and KENO IV, the Keff of a-

;l single BU-7 container was calculated. The
'

conditions for this calculation were 202
'

Kg UO in the container and 0.075 gm/cc
.; of waker in Regions 6, 7, 8, 10 and 12
3 -(see Table 5.2). The results were:
'#

4
K

. Code eff i a

.GEMER 0.355 1 0.004

: MERIT 0.356 1 0.003
:s
= -

KENO IV 0.356 1 0.004

:
lj . . 3 Accident Case - 8 x 8 x 4 Arrays of BU-7
::j Containers
-0
j. The GEMER and KENO IV results for the analysis
gj :. of the 8 x 8 x 4 arrays of BU-7 containers
_.i . with optimum interspersed water are given in
A Tables 6.4 and 6.5. Table 6.4 is for the case

!~ / - (hh in which the BU-7 containers each hold 202 Kgj

'E6 UO (full five-gallon product pails at 4.5gm
~

4 UO /cc) while Table 6.5 contains the results
J. fo the containers limited to 70 Kg UO each9' (35 Kg UO Per five-gallon product paiI).2

'

.

I*

3
i
A

' s!
<3 .

. . ' .-

o

.

4
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i- TABLE 6.4 - K s for 8 x 8 x 4 ARRAYeff

[ OF BU 7 CONTAINERS (202 Kg

4 UO PER CONTAINER)
2

!.i
4

5
:4

-f. Interspersed eff i "

t Water (gm/cc) GEMER KENO IV
.g

R
4 0.000 0.853 + 0.004

} -0.025 0.884 + 0.004 0.906 + 0.004

.1 0.050 0.924 + 0.004g - 0.955 .+.0.005
:'j - 0.'075 0.928 + 0.005 0.944 + 0.004
.a -
:_i 0.100 0.929 + 0.005
: -

.g 0.200 0.802 + 0.003

3 0.500 0.637 + 0.004n m -

-Q - 1.000 0.617 + 0.005
a
d
2i
:

a
# The array is tightly reflected on all six sides
by 12 inches of water. No interspersed water
is placed in Region 4 (see Table 5.2)

,

.l

A.
,=

..; . .

q
_E
*A
..

.:
,

.b -(N
.y.
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j' TABLE 6.5 - K s for 8 x 8 x 4 Arrayeff
J~ of BU-7 Containers (70 Kg -

'

j'Qg-
y U0 Per Container)2n
i

,

KENO IV K +"eff

i Int rspersed .
Height in- Height in Height in.i. .

Can of can of can of
f WSt!''r(qm/cc) '12.12S cm

'

20.0 cm 35.0 cm(Full)
;q

*

$

0.000 0.534 + 0.004 0.530 + 0.003 0.532 -i- 0.003

}} . 0.025 0.609 + 0.004 0.624 + 0.005 0.655 + 0.005
'

O.050- .0.637 _+ 0.004 0.679 _+ 0.004 0.731 _+ 0.004
.

y .0.075 0.656'+ 0.004 0.693 + 0.004 0.750 _+ 0.005_. _2
d -'O 100 0.641 + 0.004 0.681 + 0.005 0.743 + 0.004.

..4 - - -

Tj - 0.200 0.537 + 0.004 0.573 + 0.004 0.623 + 0.004
2 0.500 0.419 _+ 0.004 0.410.+ 0.004 0.427 + 0.004

_ _
..

- '

. kh075 -

-
0.406 + 0.004 0.401 + 0.005l.000 0.417 + 0.004

--;g
4.M 0.149 + 0.002 0.231 + 0.002 0.351 + 0.003
'3 Single BU

-~ ~

$- Container-*

:

-i

,

i
.M
- -a
'

't'j. The array is tightly reflected on all sides by 12 inches of water.
;j. No interspersed water is placed'in Region 4 (see Table 5.2) .
l
.
.

O

.

.

j- . - 2 6 --
.
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a

'I
J It is concluded from those two tables that the BU-7 container
?(j (~5) array is critically safe under the postulated optimum inter-
} spersed moderation, full reflection accident condition even

if the individual BU-7 container mass limit of 70 Kg U0 isi

; exceeded. This assumes that the H/U = 1.577 and C/U = 21.262
: limits are still met.
1

3- As in the previous cases, the KENO IV results around the
optimum interspersed water level are one to three per cent higher
than the corresponding GEMER values. (The 8 x 8 x 4 array cannot
ce modeled in MERIT due to geometry limitations.):

The Keff~for the 8 x 8 x 4 array with optimum interspersed
water and full reflection and with the 70 Kg UO, limit per
container is 0.750 + 0.005 (at 0.075 gm H 0/cc ' interspersed

j water.) For comparison, this case was andlyzed replacing the
tight water reflector by a tight 16-inch thick concrete reflector'-

; (on all six cides) . The KENO IV Keff for this case was 0.789 + 0.004,
an increase of 5.2%.3

3
$ 6.2 EVALUATION OF CARBON ADDITIVES

:. ;

1
-f2 From Reference 8, the relative moderating factor for a mixture

i of water and carbon can be determined to be:
e

ggj h h Moderating factor = 20 NH+ c + 0.50 No.

tw
.3 where N Nc, and No are the corresponding atom densities fory,

hydrogen, carbon, and oxygen in the moderator. It follows from
this relationship that the worth of carbon as a moderator is
0.76 + 20 = 0.038 times the worth of hydrogen. Applying this value

*y to the mixture of UOf, water and hydrogen-carbon additives
~

which is approved for the BU-7 container, (an H/U atomic ratio'

of 1.577 and a C/u atomic ratio of 1.262) then results in an
, equivalent 002 - H O nixture with 51438 ppm H 0 as opposed2 3~,

~ to the 50,000 ppm HO limit for the H/U rati5 of 1.577.2

The effect of the additional 1438 ppm H O equivalence can be
j estimated from existing tabulated data 2(Reference 6) to be

less than 1.0% in K. However, as part of the present analysis1
- of the BU-7 container, additional calculations have been

made using the KENO IV Monte Carlo code to evaluate the effect
of carbon on 4.0% enriched UO systems. The results of these

2
_ are given in Tables 6.6 through 6.10.

PO;p
3 *

- 27 -
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j,~g- TABLE 6.6 K ,s'of U(4.05)0 - Carbon Systems -

2:.J
.:
::
'

.

-

.': f
*

.i. Weight Fraction
j ' of Carbon in C/U-235 KD D IV

'X Mixture Atrmic Ratio K + o
= -

.

3
-4 !0.00 0.0 0.806 + 0.002

0.10 61.6 0.814 T 0.002
a -0.20 138.7 0.803 7 0.002
A 0.30 237.8 0.778 T 0.002
i 0.40 369.9 0.775 T 0.002

. 0.50 554.9 0.788 T 0.002

. 0.60 832.4 0.809 7 0.003
d~ ~0.70 1294.8 0.867 I 0.003
y ~0.80 2219.6 0.936 [ 0.003
;g ' 0.85. 3144.4 1.056 + 0.003
~.j 0.875 3884.3- 1.122 T 0.003

.3 : 0.90 4994.1 1.196 I 0.003
* -0.925 6843.7 1.303 7 0.003'

$) .0.95 10543. 1.359 7 0.003
7'3 g .i - 0.975 21641. 1.438 T 0.003
13p G 0.982 30273. 1.448 { 0.003
j.,. 0.990 54935. 1.377 + 0.003

3
.' 2
:

'G

2
M 'Ihe theoretical-density of carban was taken to be 2.25 gms/cci

.n.

| _-'

| .

'k.

,

:=d44

j ..
i

i n.

b $
;3. ,,,i,

3 .

|a.
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2ABLE 6.7 MINDUM CRITICAL MASSES OF U(4.05)0 - H O CARBOt[ SYSTB4S
'

2 2
-9

KENO IV calc.

j]
Weight Fraction Weight Fraction C/tJ-235 Min. Critical

of H O of Carbon Atomic Ratio Mass of UO (Kg)2 2
i
x
.d 0.0 0.975 21641 140.9
3 0.982 30273 128.1
4 0.990 54935 147.4

; 0.0 0.00 2208
3 0.05 22.84 1954.5
% 30.0 1658.0
.i 200.0 861.3
j 1000.0 419.8
"3
j- 0.0 0.00 337.5
,j 0.10 22.84 277.6
' ' ' 200 262.3

1000 .164.0
.

;Q 0.0 0.00 101.0
0.20 22.84 104.9

TM . Q
W

200 108.9<

-) . 1000 93.7
,

k 0.0 0.00 74.4
0.30 22.84 70.9--

- 200 76.7
4 1000 101.8
%

0.0 0.00 65.9
4 0.40 22.84 66.2
3 200 73.2 -

$ 1000 331.6
2

0.00 68.60.03 --

:-j 0.50 22.84 73.5
2 200 96.9'

;

*

P = 2.25 g:r/ccc

t Water reflected

s -G7
h
&

~

.
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J. TABLE 6.8 MDGD1 CRITICAL MASSES OF U(4.05)

0 - H O SYSTSS2 2

.s
..3.;

w

KENO IV Calculated
J Weight Fraction H/U h h 7 Critical
.) of H 0 Atomic Ratio Mass of UO2 (Kg)
;

3

.'; 0.05 1.577 2208.
4

4 0.10 3.330 337.5
-;.
a
4 0.20 7.492 101.0
.J
1 0.30 12.84 74.4b
.

0.40 19.98 65.9

5iv & 0.50 29.97 68.6
3
$ 0.60 44.95 113.7
g

?

4' O.70 69.92 1770.
4

M
-,

q .

.

.

%

*.
..;

.

.

*f

se

e

s

| .SY
. _g .
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TABLE 6.9: MERIT VERIFICA510N OF KENO IV UO MINIMUM CRITICAL MASSES2

C/U-235 Weight Fraction Critical UO2 Critical MERIT
Atomic Ratio of Water Radius Mass (Kg) K ff 1

0

0 0.30 20.98 74.4 1.0031 1 0.0042
0 0.40 22.84 65.9 1.0041 1 0.0039,

0 0.50 26.14 68.6 0.9941 1 0.0033
-

22.84 0.30 21.12 'U.9 0.9895 1 0.0048/

22.84 0.40 23.34 66.2 1.0019 1 0.0043
*

22.84 0.50. 27.23 73.5 1.0016 + 0.0034

$ 1000 0.10 36.24 164.0 0.9926 + 0.0048
. -.

' 1000 0.20 33.01 93.7 0.9963 1 0.0042
1000 0.30 37.16 101.8 0.9819 t-0.0039

i '

See Table 6.7

.

4

4 e

_ . ,



.

'
. .

!
-

f TABLE 6.10 - BU-7 CONTAINER ANALYSIS WITH CARBON

Ig (@
'

d
'

i

i; A. Normal case K, with 60% of full density phenolic resin
j (202 Kg 002 po.r BU-7 container)
a
1,

KENO IV K without carbon 0.903 + 0.003

N KENO IV K,with carbon 0.913 1 '0.005

B. Accident case: _8 x 8 x 4 water reflect'ed array with,

*
'

70 Kg UO per BU-7 .

2
.c

i

_j Density of
1 Interspersed H O KENO IV K

KENO IV Kegg)2 eff
.3 , (qm/cc) (without carbon (with carbon
u
;)

0.025 0.655 + 0.005 0.663 + 0.004-

')j - 0.050 0.731 1 0.004 0.731 1 0.004
.

<f 0.075 '0.750 + 0.005 0.757 1 0.00.
.e

] 0.100 0.743 + 0.004 0.745 + 0.004

'A

h

. ~.7

7 . -a
. .

.

-

.f
''

~

I'.C/U = 1.262
*

Height of fuel in five gallon product pails is 35.0 cm
.

^) ~en

s,

14
-

4 - 32 -
S -

' ZI
.
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:
: The K. results in Table 6.6 can be compared with the tabulated

'

3Aw/ (fd7alues in Reference 6 for U(4.0)02 - H2O in which the maximum -

"k. is no greater than 1.40. Figure.6.1 is a plot of the Table
j 6.6 results. In addition, if all the moderator in the 00 -

7
moderator mixture in the BU-7 containers were carbon, TabIe 6.6
indicates that the K. of the fuel would be less than 0.8. '(An
H/U ratio of 1.577 and C/u ratio of 1.262 imply an effective-

,',I "C/U" ratio of 42.737 when using the 0.038 equivalence factor
2 between carbon and hydrogen) . The K. o f a U ( 4 . 0 ) 02-HO2
3 mixture with 40000 ppm H O (a H/U ratio of 1.577) is greater2
3 than 1.0.

N. Tables 6.7 and 6.8 show minimum critical masses calculated with
.

KENO IV for 'U(4.05) 02 - H 0-C and U(4.05) 0 - H O systems.2 2 2
1 These two tables indicate that the minimum critical mass occurs
d for pure UO -H O mixtures and that the presence of carbon there-2 2

fore results in dilution of the fuel mix <ure. Table 6.7 clearly
establishes however that carbon moderation can be appreciable
for under moderated systems such as the BU-7 container. In this

j regard, the entries in Table 6.7 for 0.05 weight fraction of
3 water indicate the impact of the C/U = 1.262 BU-7 container
i limit. With no carnon, the minimum critical mass at the H/U ratio
Ej of 1.577 (i.e., 0.05 weight fraction water) is 2208 Kg U02 With
'j a mixture containing carbon with a C/U-235 ratio of 30, (an H/U.

Q of about 1.2) , the critical mass decreases to 1657.7 Kg UO2' "
2 33% effect.,

'D M,

Y Table 6.9 presents a verification of the KENO IV UO minimum3
'

critical masses which was performed with the MERIT Monte Carlo
y. code. The MERIT code was used to calculate the Keff of the
j UO2 spheres determined to be critical with KENO IV (vi.a the

search option). The results show excellent agreement between
MERIT and KENO IV for these UO - H 0-carbon systems.

2 2

Finally, Table 6.10 summarizes the results of KEL.O IV calcula-
tions for the BU-7 container normal case and accident casea

is analyses described in Section 6.1 with the addition of carbon
2 in the fuel mixtures. The C/U ratio for these calculations is
-l 1.262. As can be seen, the addition of the carbon increases

the K. and K gg values by no more than 1.25%. In both cases,e
d the,BU-7 container system is still subcritical.
s

.'..
5 *

,1 -33-
1

%.
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j 6.3 . Analysis of five Gallon Product Pails
~

!
'

3 .# (*9s The safety of individual BU-7 containers has been analyzed by -

,;%8 # calculating the effective neutron multiplication factors of
'i two five gallon product pails under conditions of optimum;.

'I moderation and full reflection. The results of these calcula-
tions are shown in Tables 6.11 and 6.12. Table 6.11 gives the..

results of KENO IV calculations for two five gallon containers
5 placed side by side (and touching) with tight water reflection

in all areas except immediately between the two containers.'

Q The maximum K f r this case are:effs
- Ft

0.968 1 0.006 for 65.8 Kg UO Per container2

4 and
$
~. 0.909 1 0.006 for 35.0 Kg UO2 Per container

- ?)
?

54 Table 6.12 gives the results of calculations foy .he two five
! gallon containers stacked in a vertical column. < gain, the

:.| containers are touching and the assembly is tightly reflected
by at least 12 inches of water. The maximum K for the

,}y
effs.

vertical arrangement are:

3
.-

f@y 0.964 1 0.005 for 65.8 Kg U0 Per container.3] d 2n.m -

w
q; and -

1
~

0.904 1 0.004 for 35.0 Kg 002 per container
i

Since the BU-7 shipping container is limited to 35.0 Kg per
qg five gallon product pail, the criticality safety of an indivi-

. dual container is established for the case of optimum moderation
and full reflection..,

1
,

.

'

. .;

\
a

.'

.h Lv - 34 -
...3 .

.
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' TABLE 6.11 - ANALYSIS CF TWO FIVE GALLON CONTAINERS SIDE SY SIDE

. '

.Q . (L)
..,

'd-
A. Full Containers with Maximum UO Masses*

2
KENO IV~

Weight-Fraction Mass of UO
2

of H O in Fuel in Single Keff +4 "
2h Container (Kg)

'I
m 0.05 156.0 0.805 + 0.004

0.10 110.9 0.890 7 0.005
~

- 0.20 65.8 0.968 0.006
0.30 43.2 0.947 7 0.006

-

2 0.40 29.6 0.909 0.005
0.50 20.6 0.841 { 0.003q,

:

',i B. Containers .with 35 Kg UO Mass Limits
2

3
.tt
&
d Weight Fraction KENO IV K g,s Intermediate

! of H O in fuel Minimum He,lgfit Height Full cans
2

.: in cans in cans 35.0 cm
~3 ...

IV '~' - 0.05 0.581 + 0.004 0.538 + 0.004 0.534 + 0.004
J$ (127128 m) (20.0 m)

~~
'

-$
~4 0.10 0.639 + 0.005 0.579 + 0.004 0.537 + 0.004

~ ~~

1 (127128 m) (20.0 m)
;

- 0.20 0.801 + 0.005 0.746 + 0.004 0.688 + 0.004
~

(18~624 m) (25.0 cm)
,

N 0.30 0.885 + 0.005 0.851 + 0.004'

3 (287370 cm)
~

9
73 0.40 0.909 + 0.005
3 (3570 cm)

-

-4

1 0.50 0.841 + 0.003
~ (3570 cm)

- i . (d
A/

:- - 35 -

1

A)
3

. _ , . , . . , . . . _ . _ . . - . _ . . . . . , . _ . _ . _ . , , _ . . . , _ _ . _ . _ . _ . . - , . - - _ . _ . . . , . _ _ . , . . . . . _ . - . _ . . _ . . _ _
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TABLE 6.12 - ANALYSIS OF TWO FIVE GALLOM CONTAINERS STACKED
i VERTICALLY
3 .

.!
; -

.
,

- V A. Full Containers with Maximum UO Masses
2

[Weight Fraction Mass of UO2 in gof H O in Fuel Single container bff --
- -

2
4

[ 0.05 156.0 0.804_+0.004
0.10 110.9 0.902_+0.006

-
0.20 65.8 0.964+0.005 0.955+0.004 0.953+0.006

- - -

N 0.30 43.2 0.954_+0.005
0.40 29.6 0.904_+0.004
0.50 20.6 0.850_+0.005

.
B. Cbntainers with 35 Kg UO Mass Limits

2i KENO IV Keffs
~1 Weight Fraction Minimum Height Intemediate Full Cans
jj of H O in Fuel in Cans Height in Cans (Height =35.0cm)

2
~i
.

j 0.05 0.586+0.005 0.550 + 0.004 0.519 + 0.004
fif (12.T28 cm) (20.6 cm)

~

$ -

??- 0.10 0.633+0.004 0.578 + 0.005 0.536 + 0.0051.V (# -(12.T28 cm) (20.0 cm)%
-|f

.0.678 + 0.005i 0.20 0.793 + 0.005 0.736 + 0.005
' 'l (18.674 cm) (25.0 cm)

~

0.30 0.881 + 0.005 0.851 + 0.005
(28.370 m)

-

0.40 0.904 + 0.004
-

(34.0 cm):
..:,

0.50 0.850 + 0.005
.I (35.0 cm)

-

;
,

::
~I
2

.

|

I.
i

|

i.
_

.. .
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j The Keff = ~ 0.909 1 0.005 and 0.904 1 0.004 results listed above.j
.(~$)

constitute upper limits for extreme accident conditions since -

. the moderation limit in the containers is limited by BU-7 specifi-
'

. . . , -

'fd/ cations to 50,000 ppm-H2O or.less. (50,000 ppm is the same as a
weight fraction of 0.05.)s

' 'I
4
;; In Table 6.12 Keff results have also been presented for MERIT and
ji GEMER calculations of the vertically stacked assembly with 65.8 Kg
3 002 (weight fraction of water = 0.20). The MERIT and GEMER results
-f for this case are in excellent agreement and are about 1% lower

]] than the KENO IV result.

q' Finally, it is noted that the presence of carbon in these containers
has been found in Section 6.2 to increase the Keffs by no more than
1.25% provided that the H/U =J1.577 and C/U = 1.262 limits are met.

. f,k The conditions analyzed in. Tables 6.11 and 6.12 would in such
.C accident conditions still correspond tu a C/U = 1.262 case but the
4 H/U ratio would exceed 7.5 (see Table 6.8). In this case the pre-
'. sence of the low level of carbon would have an even smaller effect
i on the system Keffs. Nevertheless, if the system Keffs were to

.3 increase by 1.25%, the two 5 gallon containers wit.h 35 Kg UO2 in
71 either geometry arrangement would still be critically safe since

effs would be no higher than 0.920.most K

? .

3
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"'i 6.4 . Evaluation of Rocky Flats Los t Enriched Low Moderation U 038Benchmark Crit _ cal Experiments3
.

b
f;%) Reference 7' describes a set od benchmark critical experiments that
! were performed by Rockwell International (Rocky Flats Plant) to

provide data for low enriched Uranium Oxide systems with low levels
[. of moderation. The Rocky Flats experiments consisted of.a 5X5XS
.;. array of Aluminum tins which contained 4.46% enriched U 03 8 powder
;3 and for which the average hydrogen content in the entire assembly
J. resulted in an H/U ratio of 0.77. Ten different cases were run
3 -for the critical experiments corresponding to the type of fully

i enriched Uranium Driver (metal, low Uranium content solution or
h high Uranium content solution) and to the type of reflector (con-

crete, metal or plastic). Measured amounts of water were added
to the U308 in the Aluminum tins through drilled holes (56'per

] tin). The measured critical parameter in the experiments was
45 the separation distance between halves of the 125 unit array.

;

.' Both KENO IV and GEMER calculations have been performed for the
7 Rocky Flats experiments with very detailed modeling of the assem-
j blies in regular and ennanced KENO IV geometries. The major area
y in whic'a the geometry models differed in the true configuration
.1 wasitn the smearing of the holes in the Aluminum tins which were

used to add the measured amounts of water. The impact of this"'

3 smearing has been evaluated however by analyzing the E,of a
single Aluminum tin with and without the Aluminum holes. Fromca

"
KENO IV with enhanced geometry these results are

Smd{.3,,

s'
.

] For single oxide can. K,= 1.0838 1 0.0040
without holes (" smeared")

d
For single oxide can K, = 1.0830 1 0.0053.-,
with holes ("unsmeared")

() Any difference is completely masked by the 0.3 to 0.5% statistics.

. 'i Table 6.13 shows the results of the KENO IV and GEMER calculations
Q for the Rocky Flats experiments. Cases 1-3 were not performed with

A CEMER because of geometry modeling difficulties. (These cases re-
4 quire the use of the enhanced geometry option not currently available
j in GEMER.) *

,-

?! The results of the benchmark calculations are that KENO IV predicts
an average K and GEMER predicts an average K

- 1.003 _+ 0.00f.g',= 0.997 + 0.002
; Off-

.y (=,-:.hr .

N. '

X
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h TABLE ' 6.13 - KENO IV AND GEMER CALCULA'IhNS FOR ROCKY FLATS LOW ENRICHED f/h03 -8
LOW MODERATION BENCliMARK CRITICAL EXPERIMENTS .

i

' EXPERIMENT eff I#
'

NO. DRIVER REFLECTOR KENO GEMER

1 Metal Concrete 1.0060+0.0057
,

.

2 Metal Plastic 0.9931+0.0064
,

3 Metal Steel 1.0075+0.0067
,

4 IIigh Uranium concrete ~ 0.9948+0.0052 0.9961+0.0060
Content Solution

- ' ~~

.
,

5 liigh Uranium Plastic 0.9984+0.0052 1.0115+0.0059
-

Content Solution
-

.

6 6 High Uranium Steel 0.9819+0.0055 0.9816+0.0082
m Content Solution

,

,

7 Low Uranium Concrete 0~.9950+0.0048 1.0219+0.0087
Content Solution

- -

8 Low Uranium Plastic (Spacing 1) 0.9981+0.0045 1.004510.0064
Content Solution

,

9 Low Uranium Plastic (Spacing 2) 0.99701,0.0050 1.013810.0079
Content Solution

10 Low Uranium Steel 0.9979+0.0051 0.9898+0.0080
Content Solution

, ,

Average values 0.997+ 0.002 1.003 + 0.003

.-
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-i Appendix A. -Mixture Densities .

'

. . A.1 Fuel Mixtures
.g .

I r. 2 - Phenolic Resin and Carbon St. eel
r

# .] A.3 Interspersed Water
_
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2: -TABLE A.1 UO -H 0-C MIXTURE DENSITIES2 2 ,

-{$0 {N-
-

)
Q- A. 4.5 gm UO2/ce'+ 0.23684 gm H2 /cc Mixtures0

W[. ' !!aterial MERIT /GEMER KENO IV HANSEN-ROACH
Atom Density Atom / Material 16 Group' ''

) (atoms / barn-cm) Density (atoms / Material ID
.j barn-cm)
M
a

U-235 4.0657 E-04 4.0657 E-04 92508

U-238 9.6344 E-03 9.6344 E-03 92810
1

Oxygen 2.8001 E-02 2.00828 E-02 8100

Hydrogen ~ 1.58365 E-02 -- --
.

#
0.237269 502

? .. Water --

9
a[ Carbon 1.26692 E-02 6100--

?. ' (Optional)
23
q

'.f
-1

2 (h) Use: 101 Kg UO2 in 5 gallon container occupying entire volur.e
.I of'can (height = 35 cm)~

.
> *

;j or 35 Kg UO2 in 5 gallon container occupying minimum volume
of can (height'= 12.128 cm).:

,

~N'
.

. -.5)

'il
rM'
iA. g
| - = 0.23684/0.9982, which is the KENO input density (gm/cc'

.' in this case - not atoms / barn-cm).,

;

.

!

i

- <

'Y.

4 '

h(
|W -41-

,
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.

j B.N 2.7288 gm UO2/cc + 0.14362 gm H 0/cc2

MATERIAL' MERIT /GEMER KENO IV'' HANSEN-ROACH-

_j' Atom Density. Atom / Material 16 Group
!.j (atoms / barn-cm) Density (atoms / Material ID

.

j barn-cm)
$-
)

U-235 2.46546 E-04 -2.46546 E-04 92508

j U-238 5.84235 E-03 5.84235 E-03 92C10
A.
'; ' Oxygen 1.69800 E-02 1.21783 E-02 8100
3

_f. Hydrogen 9.60334 E-03 -- --

:. :.

[j t0.143881 502Water --

m
d
9

.:a

$
Id

'V~.

-j Use: 35 Kg-UO2 in 5 gallon container occupying partial:
volume of can (height = 20.0 cm):

m
i

.

4
= t

':.1 = KENO input density (gm/cc in this case - not atoms / barn-cm) .
.

U.
*

; -

,s
*.,

e

0

e

a .

. !J B

'g- 42_-

2'
.
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1

i,'.

C' l.b592-gm UO /cc + 0.08207 gm H2 /cc2 0

|
: MATERIAL MERIT /GEMER KENO IV HANSEN-ROACll
i Atom Density Atom / Material 16 Group
"

(atoms / barn-cm) ' Density (atoms / Material ID
..

,! barn-cm)
4

$r-

.(
U-235 1.40883 E-04 1.40883 E-04 92508

:4 ^

l' U-238 3.33849 E-03 3.33849 E-03 92810
:q

'| Oxygen 9.70284 E-03 6.95903 E-03 8100
i

$- Hydrogen' 5.48763 E-03 -- --

1.
tJ - tO.0822179 502
.

Water.q.
--

)E
4.39009 E-03 6100Carbon --

o

L@
i. .

Q
.a

1 .Use: 35 Kg 002 in 5 gallon container occupying entire
volume of can (height = 35 cm)

M; ,
,

J

j. t KENO input density (gm/cc in this case - not atoms / barn-cm).'

j
.j. ,

,
'*

I -

.;
..,

-e

i

.a .

' :;- Q2
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UO -H O MIXTURES -~ ' y w FULL. THEORETICAL DONSITY 2 2

M VM ~ 1.KENO Mixtures9

!
Atom / Material Density (. Atoms / barn-cm) ,

t 1WF.H2O U-235 U-238 Oxygen Water
1 -(Material) -(Material) (Material 8100) (Material 502)
*:

0.lJ 4.46492 E-04 1.058505 E-02 2.20548 E-02 C.550088,

' (92509) (92818)h;
0.20 2.64765 E-04 6.27409 E-03 1.30783 E-02 0.733941

(92510) (92825)
s . .

0.30 1.73810 E-04 4.11875 E-03 8.58547 E-03 0.824960,

,;;
~ (92511) (92831)

k 0.40 1.19208 E-04 2.82485 E-03 5.88836 E-03 0.881201
-3 :(92512) (92835)

.?

0.50 8.27944 E-05 1.9619 E-93 4.08969 E-03 0.918040
,.

,.j (92512). .(92840)
?
42 .

Oxygen - Material

21. . {.53 Water - Material
N"
b
- 2. MERIT /GEMER Mixture: WF H O = 0.202

Material Atom Density
(atoms / barn-cm)

U-235 2.64765 E-04

U-238 6.27409 E-03
.,

., d

Oxygen 3.75717 E-02
''

;

f. Hydrogen- 4.89868 E-02''

.

.

#Partial' density atom densities are determined by the ratio of
the height of the fuel in the c -tainer to the height of
theoretical density mixture ir ct.ntainer divided into the
densities in Table D.1

; [] . c# * KENO input density (gm/cc in this case - not atoms / barn-cm).

_44_
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j . TABLE A2 PHENOLIC RESIN AND CARBON STEEL
,

GV M
-A.- Phenolic Resin

l'
%- Material Full. Density 80% Density 60% Density
.i (atoms / barn-cm)
;)

4 -

a'

3 . Hydrogen 3.0140 E-03 2.4112 E-03 1.8084 E-03
.;-

} B-10 4.2688 E-05 3.4151 E-05- 2.5613 E-05

B-ll 1.6726 E-04 1.2581 E-04 9.4356 E-05,
''

.;

i Carbon- 22.3050 E-03 1.8440 E-03 1.3830 E-03
1'

,.f ' Nitrogen 5.2890 E-05 4.2312 E-05 3.1734 E-05
'A
12 Oxygen- 2.0510 E-03 1.6408 E-03 1.2306 E-03
f.j
i t 1.997 E-04 1.5976 E-04 1.1982 E-04j Boron

'?T -

"3.
4

1~ B. Carbon' Steel

Y
,

Material Density
. ;3 (atoms / barn-cm)
U
jj Carbon 3.921 E-03

s
I Iron 8.3491 E-02

Y'E Material 100 1.0000
(Hansen-Roach),

4

"
,

' '
..

<
a

IKENO IV Material;

.

3 -
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.h [bLE A' 3 INTERSPERSED WATER DENSITIES.

1
i
A

'

i
. - KENO Material MERIT /GEMER Densities
.'s.]

Density (atoms / barn-cm)
-

k- Hydrogen Oxygen-

.~

M 0.010 6.6866 E-04 3.3433 E-04

. 0.025 1.67173 E-03 8.35816 E-04
'

?'

0.050 3.3433 E-03 1.6716 E-03_j
'' O.075 5.01489 E-03 2.50745 E-03-

1- 0.100 6.6866 E-03 3.3433 E-03
..d -

.

' T.3
-3 0.200 1.3373 E-02 6.6866 E-03

:s
. ')

q 0.500 3.3433 E-02- 1.6716 E-02
4

,

5
3: 1.000 6.6866 E-02 3.3433 E-02
.:
.:

N
*

2

.If.
2
q

$.
'

-
iMaterial 502

ha:D -

Iil -
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DISCLAIMER OF RESPONSIBILITY

i.
:.", This report was prepared as an account of research and development work per-
-? formed by General Electric Company. Itis berng made available by General Electric

Company wrthout consideration in the .nterest of promoting the spread of technical.

:;,\ knowledge. Nerther Generst Electric C:.mpany nor the endovidual author:
q

-~'_2 -d'~. A. Makes any warranty or representation, expressed or implied. with respect to
i D the accuracy. completeness or usefulness of the information contained on this

} report, or that the use of any.information disclosed in this report m.2y not sninnge
y, privately owned rights; or

*A
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_.~ B. Assumes any responsibil*ty for liability or damage which may result from the
'

use of any information disclosedin this report.
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*

The General Electnc Model BU-7 Shipping Container has bcon shown to meet

': the specsfic criticality standards for a Fissile Class IPackage as required in Title 10,
Part 71 of the U.S. Atomic Energy Commission's Code of Federal Regulations

] (IOCFR7 t). Each BU 7 containeris restricted by the results of the analysis to contain
' limited quantities or dry, unirradiated uranium compounds ennched up to four perc ent

) in the U 235 Isotope. >

The KENO Monte Carlo criticality code was used with a modified Hansen and
Roach 16 Group set of cross sections in the analysis.

I

,4

:

*

INTRODUCTION,

li
-J

|.'l .
General Electric now uses the Model BU-5 shipping container for the transportation of low-enriched, unirradiated,r

'-

uranium okides. The GE Model BU 5 contains a solid insulating medium catted VPAC, an acronym for vermiculite,-
'

D plyamine and powdered ammonium chloride catalyst.
)
[_-] ' in order to lighten the net weight of the container,and thus effect savings in the cost of transporting the fuel,
j a phenolic resin has been proposed as a substitute insutating medium The phenolic resin has a density of approximatelf
'g 8 pounds per cubic foot.
..

The GE Model BU 7 shipping container is thus identical to the GE Model BU 5, except that a lighter phenolic
M resin insulation is used instead of the VPAC insulation.

ANALYSIS SCOPE
.

To demonstrate that the GE Model BU-7 package meets the specific criticality safety standards for a Fissile
; Class I package as requeed by Part 71. Title 10, of the U.S. Atomic Energy Commission's Code of Federal Regulations.<

3 .

7 SUMMARY AND CONDITIONS-t

]'

i .;, The res.ilts demonstrate that the GE Model BU-7 shipping container meets the specihc standards of the U S.
] Atomic Energy Commission's Title 10 Part 71 for a Fissile Class I p;ickage when used for the transportation of cry,|

'I unitradiated, low-ennched, uranium compounds.

"

The GE Model BU-7 and the insulating mixture are to be as described in the Package Desenption section of
this report. The insulating mixture shall have a density of 8 : 1 pounds / cubic foot

The fuel content of each package (BU 7) is to be restncted as follows:
'

Ennchment. Uranium enriched up te a maximum of 4'. in the U 235 isotope

Moderation: Dry uranium compounds A maximum hydro"en-to-uranium ratio of 0 45, con-
.i

. sidering all sources of hydrogenous moderaturs in the inner containment
} .0

~

i Physical Form: Uranium compaunds in the form of powder, pellets or powder pcitet mixtures
'

:'

|

w
= .t.
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.

William O. Miller
License Fee Management Branch
Office of Administratton-

MATERIALS TRAliSPORTATIO!! APPROVAL CLASSIFICATI0?l

A+A h[dd .Applicant:

Approval 110: 7d / 9 Fee Category //h
'

Application Dated: 'h M,/8/ Received: i-

Applicant's classification: mhu
.

The abo.ve application for amendment has been reviewed by the 11 MSS
Transportation Branch, in accordance with Section 170.31, and is
classified as follows:

1. 1 Amendments to Accrovals in Fee Catecories'11A throuch 11E

'

(a) Major ,

(b) [ Minor ,

(c) Administrative-

2 Justification for reclassification: IIM ,

| SA A >&Y r*
,

-A Fun ds t Kut'
g< ja p ,

3. The application was filed (a) pursuant to written flRC
request and the acendment is being issued for the convadence
of the Commission, or (b) Other(Statereason):

J ,-

7
.

.

Sig r.ature: 'N [W M
- Transportati Br h, l 'SS!^

Date: b /7 [
- ,
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,i @W%
Contents: Not to exceed the lesser of;

N. r-
(1) Two safe batches (90% of a mmimum entical mass) of UO, as a function.

| of the maximum enrichment and physical compos!! on' (powder or pellets)

J of the uranium in the container. or

T
(2) 89 kilograms of total contents.8

a in. se. e.ica m.: ior pen.is snan b us.d onen ., a combinaison ce po.d., and p.n.i. pr.,.nt.,
Ih. 89 bdogram brrut at AOf . Cfdecahty html but ori. based on in. load dro6>ieti.d

d

PACKAGE DESCRIPTICH

{ The BU 7 inner containment is a nominal 16-gallon De. ,ent of Transportation (DOT) Specification 17H drum
constructed of 18-gauge steel. modified by the welded attachmt nt of a closure !!ange to accept a 3/16-inch thick steet

| lid which is gasketed for resistance to high temperature and is attached by twelve 5/16-inch steel bolts. The inside

i
dimensions of the inner containment drum are 13.75 inches in diameter by 27 inches high. The outer containment

1 b o nominal 55 gallon. DOT Specification 17H.18 gauge steel drum,22.82 inches cuter diameter and 3G 5 inches high.

t
' The space between the concentnc inner and outer containers is completely fitted with a solid insulating medium-

phenolic resin. The phenolic resin is the same as that used in the FL 101 package. and the SA and 30AB overpacks...

The resin has a density of 8 x 1 pounds / cubic foot. Its chemical composition is shown in Table 1..,

?)
i

h Table 1

.] CHEMICAL COMPOSITION OF THE PHENOLIC RESIN INSULATION
1
Y h

Elemental Weight Percent * Organic Compounds - Weight Percent

Casbon. . 41.0% Union Carbide Phenotic Resin BRL2760.. . 65.8%

Hydrogen .. ... 4.5% Silicone Surfactant LS30.. 2.0%

Boforb 32% Boric Anhydride B 203. 8.2%.

. .;

Silicon . 2.2% Anhydnde Oxalic Acid.. 8.2 %

9

Freon 113.. 66%
h Chlorine.. 05% *

.. .

,

96%
Nitrogen. -0 Fiberglass Roving.. .

, .

.

Fluorine .. ~0

Oxygen. .. .48 6 %
.

'D.nsey = 8 2 1 ib/cutac 100t

-
,

| - The *-im is contained in two nominal 5 gallon paits.'or two or more nominal 2 5 gallon pails, fabncated of
steel. The paits have an inside diamter oi 11.25 inches and are verticatty stacked in the innerminimum 24 s 9,

containment of e. AU 7.

Y
~ -
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TECHNICAL CONSIDER ATIONS

The KENO' Monte Carlo criticahty code was used for the computations with a Knight mod.fied8 Hansen and

4 Roach' set of cross sections obtained from Oak Ridge National Laboratory.
.A
I Tests * performed by the General Electric Company demonstrate that the capacity of a 5-gallon can is 84 kilograms

of randomly stacked pellets, indicating a void fraction of approximately 62% We have. therefore, very conservativeif,
assumed for computational purposes that each 5-gallon can is full of about 85 kilograms of 4Wennched UO, pellets.
Note that in reality the maximum amount of 4*benriched pellets to be allowed in any 5-gallon can is 24 7 kilograms
- a safe batch.4

} Since the pellets, which come from a dry environment, are loaded into the essentia;ly dry inner containment
*j of the BU-7, there is practically no hydrogenous moderation present between the fuct lumps. Therefore, pellets in

the 5-gation cans are considered to be a homogeneous mixture, with a density of 4.2 ryams UO,/cc [p theoretical
- UO, x (1 void fractionf]. This homogeneous mixture density also covers cans full of powder, since the density of UO,
z. powder will not exceed 4.2 grams UO,/cc. The fuel mixture number densities corresponding to 4% ennched UO, at

,j an H-to-u ratio of 0 45 are given in Table 2.

G
-d Table 2

3 NUMBER DENSITIES OF FUEL MIXTURE
A

.

A Number Density,
Element At' oms / Darn cm)

4*

U-235. .00003796

U 238.. .0008996 ,

,,

O (in fuel).. . .0 0187

h H. .00042165
:

'N O (in water).. .0 002108
4

, . -

|

'q
- Since the H/U ratio is constant, the value of up (barns per absorber atom) is also constant A vp of 29.5

barns per U-238 atom was computed A conservative value of 12 bams per U 238 atom was used in the calculations.
This low value will underestimate the resonance absorptions in U-238 and yield larger values of the multiplication

.- constant.
-.

. . " The BU-7 was represented in the KENO cornputer program by the same geometnc model used in the analysis
of the BU 5 package.'

' .
RESULTS

Normal Conditions of Transport.

The reactivity of an infinite array of undamaged BU 7's loaded with approxirnately 171 kilograms of dry,
.,

4%ennched UO, (number densities as given in Table 2). was :,bown to be wtscntical under two setsi T
%
;t of conditions: ,

} 1. Insutating rnixture with a density of 1 pounds / cubic foot

$
k - 0 5507 0 0054 (1.r)

==
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9 (7a'j 's' 2. Insulating mixture with a density of 7 pounds / cubic foot --

^. t

km = 0 57659 : 0 00487 (tir).
.'

) The number densities of the insulating mixtures as used in the analysis are given in Table 3.

.!
.' e Accidental Conditions,-

e )'8 An array of 256 (8 x 8 x 4) BU-7's, loaded as above and fully water reflected, was shown to be subcritical-

i under conditions of optimum inter-unit moderatien. I

For the analysis of the accident conditions, no credit was taken at all for the insulating mixture, and the
, spaces in between inner containments, not occupied by steel, were assumed to contain water of various
"

densities.
't

The reactivity of the fuffy water-reflected array is given in Tabte 4 as a function of inter-unit water density. It,

,
can be seen from the table that the maximum reactivity for the array occurs at an inter. unit water density of 0.125 grams /cc,-

and it is less than 0 81.-*

* Table 3
7 NUMBER DENSITIES OF THE INSULATING MIXTURE
-!

. :::
.3

] Density = 8 lb/ft3 Density = 7 lb/ft*
;j of insulation of Insulation

4 f:2
S Number Density Number Density-

~; Element Atoms / Barn-cm Element Atoms / Darn-cm
-

2 Carbon.. . 2.634 x 10 2 Carbon.. . 2.305 x 10-8

Hydrogen . 3.445 x 10-8 Hydrogen.. . 3 014 x 10-2

Boron . 2 282 x 10 * Boron.. .1.997 x 10-*.

I

J Silicon.. . 6 044 x 10 5 Silicon .. .5*39 x 10'S
k

'] Chlorine. .108P x to 5 Chlorine . . 9.520 x 10 *
~.t

]
Oxygen.. . 2.344 x 10 ' oxy 0en .. . 2 051 x 10' 8

,,

'

.

Table 4
Keff OF FULLY WATER REFLECTED ARRAY OF

256 (8 x 8 x 4) DU-7'S

Inter Unit H,0 Density, gm/cc 99% Confidence interval

0 25 0 67615 to O 72590

. (-~t 0125 0 77043 to 0 00995
'

y 0 05 0 71741 to 0 77316
'

# 0025 0 61876 to 0 69431

I
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