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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
of Compliance USA /9019/B()F, Revision 5, as a Fissile
Class I container for the transport of fissile radio-
active material in the f rm 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

verify conformance of the package with the requirements
of 10 CFR 71. Also, a criticality safety analysis was

recently completed to verify that the BU-7 package still
,

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

an increase in the H/U ratio allowed for the package
contents from 0.45 to 1.577,

.

This application amendment contains a consolidation of*

all applications and package test resnits 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 amendments 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.
.

kI

License No. SNM-1097 Docket No. 71-9019 Sect. No. 1.0 Page'
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Amendment No. T-16 Date 7/25/S0 Amends Sect. New 1-1

Certificate No. 9019
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( 2.0 PACKAGE DES'CRIPTION
.

2.1 General

Inner containment is a nominal 16-gallon drum closed
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 UO . (See Drawing 112D1592, Revision 0, in

2

Section 6.)
.

2.2 Gross Weis;ht

320 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.

,

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 0, and attached by twelve 5/16" minimum steel

bolts. The inside dimensions of the inner containment
drum are 13 5/8" diameter by 26 5/8" high. The

maximum hydrogen to uranium atomic ratio in the CO2
fuel mixtures within the inner containment is 1.577
taking into account all sources of hydrogeneous material
mixed in with the UO2-

( License No. SMi-1097 Docket No. 71-9019 sect. No. 2.4 page

Amendment No. T-16 Date 7/25/80 Amends Sect. 24 (New) 2-1

Certificate No. 9019

. . .
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2.5 BU-7 Outer-Container

A nominal 55-gallon, 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 contair; ment 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 spe-ified 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
m=monium bicarbonate additives.

2.7.2 Maximum Quantity

For uranium oxide powder, 89 kilograms per package,

except that powder at enrichmen'ts above 3.00% shall be
Ibnited to 35 kilograms of uranium oxide. For mixtures

of uranium oxide powder and pellets, 90 kilograms per

package, except that such mixtures at enrichments above
2.70% shall be limited to twice the safe batch sizes

k License No. SNM-1097 Docket No. 71-9019 Sect. No. 2.7.2 Page

Amendment No. T-16 Date 7/25/80 Amends Sect. New 2-2

Cettificate No. 9019
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( for pellets' given in Paragraph 5.2.3(c) on page A-29
of Appendix A to NRC License SNM-1097 (Docket #70-1113).

.

.

.

-

-
.

.

a

>
--

.

1
'

.

(
-

. .

, .

|
4

,

;

1
9

i

\ =

1

I

.i

4

.

1

License No. SN'.1- 1097 Docket No. 71-9019 Sect. No. 2.7.2 Page

Amendment No.- T-16 Date 7/25/80 Amends Sect. New 2-3

Certificate No. 9019
;

_

d w - y + ---r- w r w, w-rw-n , eew -



- -

.. . - . . .,...u., -

3:.
. . . . . - -

,

( 3.0 PACKAGE EVILUATION

3.1 General
.

There are no components of the packaging or its contents
which are subject to chemical or galvanic reaction
during normal transportation.

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 April 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
- 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 EU-7 packages were loaded with two 5-gallon steel
pails, 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 by,pothetical accident conditions, as

described in the test report (Enclosure 1A) .

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
condit io ns.

A summary of this information is given in Table 1.
k

License No. SNM-1097 Docket No. 71-9019 Sect. No. 3.2 Page

Amendment No. T-16 Date 7/25/S0 Amends Sect. New 3-1

Certificate No. 9019 |
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SINGLE BU-7 TRANSPORT PACKAGE - NORMAL TRANSPOltT CONDITIONS
n a ,yM

"

O e

Q Requ ir em en t s* Tests Conducted Resultsz '.

.
'

d u
0 F isa s

i. u .. i>a,u ....u....... No tests required. Temperature of 130g g g .. .. . . . . . . i i 2., i . . .u . . within normal operating.

range for' materials of
construction. '

,

3. c., u - 4 . u..a .. . pa.im. .: No tests required. Temperature of -400 F is i
g g 4 / i. . ..u .a. . J.i..a.. within normal operating

'

'

9' range for materials of ["

E, const.ruction.
'

'fz
2. r,,. , .u .pi.. in vs...... ..t e s Package was submerged o No water leakage into t

.

.. ..... 4. 4 .ia ..ri.us.:ci....... in water to a pressure inner containers after ,

*

of 1.50 kg/cm3 (50 feet 8 hours of submergence.~

w H

$ /o of water), then
y $ pressurized and checked o No leakage of air from ,

o co for leakage in four inner containers when
increments: pressurized and held at

each pressure increment^ o 0.75 kg/cm,~3 for 3 hrs r hours.p. un

. M $ o 1,0 kg/cm2 for 3 bra
!2 for 3 hrs! E. I' o 1.25 kg/cm

2 for 3 hrs *

" o 1.5 kg/cm[* z
.O

Ua *
,D

3 .. ra., , .-vii., n .. uv i..ua. . No tests required. Packages of this type
have withstood several h,i

p* ' " " * " * " " -!
years of transport with 9

o'. no occurrences of y! .v. .-

[j[
e e significant damage dueG

! .
to normal vibration. :g

i.

s. v.,,,, sy, 3 A w i. .g. . ... . 6.; . i . Package was exposed to There were no signs of E,

)2..'.",. .'.7,'i1I""i [. 'i.'.UI'd.'I.'..'.2 '''
d'', a water apray suffieient- water damage to the $:'

'',

ly heavy to keep all package.a.. .. . . .; . 3 o m. . ..

exposed surface except
the bottom wet for a

m'i'' 7 period of 30 minutes,
k$ i"
4 .

+PursuanL to Appendices A and 8 of 10 CFit 71. $
i
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g g Requirements Tests Conclucted Results
'

.- a e-

2

.O
r*
o z

O

E o r.- 4,. .,, n..... : i n . J 2in The package, loaded with There was a slight*

.. .ri., o.. . .i . .. t ii. ...,,. .p... 93 kga of test weight, was deformation of the outerw .

* g
dropped 4 feet with the container closure ring.. ... . ru . a. op in. ..i. ii.. a... .... .p.. si.. Ja :-

i e o i... . . . n.i ... .uu , .. u . , i.... .

.. . .i ... r.. .. .n i 6 . o.. . a .. . . ,..,.u a closure ring impacting that did not impair its
g g y

n. . u .. a. J.. u. i. . . pui..t onto a flat reinforced funetlon. There was no
g e
o -4 t hlL 4 ALL IHh! AFEL concrete pad. The test damage to the inner

#''|,"j,',,"j,',''" " ' , " " , ' , " 'was conducted 2 hours container seal or the 5-
after the water upray gallon pails, and there .; a,

was no separation of the J---------.-- 4t... n... io cco
------- - - i

test,
closure ring from the lido o io. coo i. iutoo ,

g zu.uou i 3o.ua* ----- ----- 2S 3
u..u o.. 3o .c oo - - - - - - - - -- - ' of the outer container.g ia

"

No tests were required. The package gross weight 'j-g i. co.a.. o,or ; n...
exceeds 110 pounds. ?'

- u.i .ppu.. ..iy so p.6ua w hi. h o,

.....n o o a p.a..... a, .a J w ni.. b..aJ. p|

The package was penetration There was a slight Ui4 *4 J J. e si . ....J i i u vow uJ. gru.. ..d .i-
"3 .. p.,.. ,, uo no p u i r .n. 6......a... .

un e ,aJ -r . uns.: in s . ii J - i n . i... *a tested by impacting the indentation where the 13 .

% O J...u. i. s eaJ w.isha 4 i s pouaJ., J...pp.J hemispherical end of a pound bar struck the r

* -d.. ~t o.. pa 6 4, a s.. h .. . v u J i i.. vertical steel cylinder conLainer. It did not hm e e, ,,, . ,,,, r 4. .... ... o. . . . .... .:

EI[i .Y.u$In "i ."'7','...$. .io'E.','' i o','.' 1 1/4" in diumeter and penetrate the package. j'
I' -'

' " '"*

weighing l'1 pounds, andp. 6 # .o r ..> co

. @ R
dropped from a height of ,

" 40" into the top of the
-

"c.
'

container where it is
..

" -

; a
%* P

most susceptible to a*

projectile penetration. f's"
: ,

Weight equal to more than No damage to the package ,'.;'

j j i, . cy,ne,,nt .-i , p. 6.... ..

o- ..u.a.., io.ooo go. a. in w...hi. . ....* 5 times the weight of the due to compressive load- p.
3; 4 e eu. .. i.4J . .i .. .iu.a s n..... o., w . 6 i

package was applied to .ing was found. n

o o .a o., p.6u o, p oJ. pa ..p.a. .u !i'

4 .a inpu J i,, o.. .u.. ..n..a i. .u....ui u .. the top of the package for' 'g u.ao ti., p.6 u.. whi.h..., v..ur. a u*d M M M hm . he g
li. i .J .hsit b. .ppsi.J Juslag . p.rauJ 24 test weight used was

.hi. .. .. o.a..n.J , .. .. a o. n.g . J n..u.... .a
2,440 pounds,ih. p. 6 4 i.. ii., p Woon i iia h it.. 1

$

_, po h.g. wouiJ uo.. .u, i.. se.n.p. uJ
,

v.

a m .

| CJ - [
$ iu g
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-/( The tests and assessments set forth in Table 1 provide

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.

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

were performed on the BU-7 transport package. These

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

which is included in Enclosure LA to this application.

Included in these tests were some done sequentially

simulating hypothetical acciuent conditions during

( transport. A summary of these tests in 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 all 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 inner container.
The top insulation' disc was 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.
.

License No. SNM-1097 Docket No. 71-9019 sect. No. 3.3 Page

Amendment No. T-16 Date 7/25/SO Amends Sect. New 3-4

Certificate No. 9019
.

*



o Re

,

4 p$ X
-

r-o -

!
it. a 1

"
TABLE 2* d 'a

E $ *

SINGLE BU-7 TRANSpOllT PACKAGE - ACCIDENT CONDITIONS ju n :.:
a

. ,o
'

o
U cn

*

g Requirements * Tests Conducted Results
-

g
i : :

m i . s , < , s ,,,,,. 4 ina a .. ii.... .i. . ai.. Each of 2 packages was Both packages impacted ate s e
p g

i, . . ..: u tai . . . . . su ..w ii.is, . raised by a crane to a pre-determined angles.
g y

[. [~i ..Ii7.'N..'[Is.'.N.".' '.'.' .$.' I.. ,7[|7, 30-ft height at approx- Areas at pointa of 1mpact'

..eaia imately a 450 angle. The of both units were without
height was determined by fracture. Beyond this,
a measured, vieighed cord the only significant

g g
hanging from the damage was a slight open--

n n
E containers. A quick ing of the cover where the'

*

release mechanism was closure ring of one"

$ used to drop the package was deformed. The l

packages, which fell at bottom corner free-fall*

approximately a 45 angle, . test of the other package I0
-

y y
landing on the corners of caused somewhat more

3 y i

the package. crushing of the container
uI ro

2 S
than was experienced in
the top drop. There was ,c) e
no evidence of fractures
or separation of the

g package side from the ,[
m

'
<> o
E.

bottom; therefore, the"'
package with the slight' '"

g opening due to the topm
n. - '

O drop was deemed to have
! suf f ered the maximum*

a

d damage.
6 9
' er post-test inspection

- m"', a showed NO damage to theo* " sealing features of the
>.

inner containers or to'

| the 5-gallon pails.

YE * pursuant to Appendices A and B of 10 CFR 71,
on a

*
!
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o o Requirements Tests Conducted Resultsr to e
,

a n z
n O
o z .

I Iloth packages were free- Both packages were
t n. .. . 4 s... a...g o.... . . asa.o..=

U' .a 4. . < . .n .6.o ,,. .. . e .a ... s.., w ia. h dropped tbrough a distance slight 1y indented about-

.

.. . .. a . ..u g . . . v.a. a. 6. i.. . . a : . of 40"> striking the top 1/4". Thore waa no
9,g .. . n. .a o . a. ..au a. a i... . .. . < a ..a

end of a vertical steel puncture of. either
h . . . .n . air .ii u. 4 i,... u .a a .mi r.. . .r<o

s i.. .. a..u i.. . a... .a au.. ou. w. u n. bar mounted on a re- package,
..... u. u ...a a . .a u. . a g . .. .a< a .. . . .a. '.o o o

Inforced concrete Imd *g (o ..i .u.a. ou.. .a.4 .e..ias u. 8 . .uJ us nu.k..

.it go. .i........u.d.uw.u Ja.n..e i the The bar was fabrieated
i . p.. ng, t oi .n. i< . s h . . .a.< i....s s i.' Ijer thc reOuirements of
{ i.. . .q. of t he b a..il i.. p<a nnJ.. usa iu

|
in, .. , w u. . ... u . n .i . . r. .. 10 CFR 71, Appendix B.

a o
4 O
" ^- A vertical drop with the -

container impacting on*

the 18 gauge cover near
z.

| P
the outer edge was

: considered the most

d j vulnerable orientation to
i 83 8 puncturo,

ei to
s o
$ [ t n .. ..a i . go. .. .. . in.nua .. in A thermal test of one of Inspection of the inner

io.u o. , i.. .. ...,.i o. . u g . i .. the packages (the one container after all the
ih.a ih.i mi.h h wouiJ .s.uli fio.u ..pu.v.e of that sustained the most tests showed no dnmage
.u, a..a, g.. o , .. . . . a..u. ... ... .. u .

g p u i .4 W i . v.a 2u .. .a.. w nu . . u,.. a r damage from the free-drop to the inner container,
.

$ Er s.'.N$"i..I.' ... .C.$"i[.'.'i ['$I.'.Eol'o"'.'
through 30 feet) followed its sealing features or' ' '

the 30 foot free-drop to the 5-gallon pails'

g m ... ug a..u a i coa.a .. a....u,-

z .oaa s i....a. .na in. .a p<.wa oa .* " "a and puncture tests. The that would yield either

k* Ii , N.""i.["i$'.".'.['i l'.Is"2."i .. iY.*."3 thermal teat condueted of them ineffective,'' ' '" " ' " '

required exposure to an The paint was slightlyhua. o,n
j environment:of 14750 blistered in a small

o' minimum for a period of area at the top end of
e 30 minutes. Since an the inner container, but

z o
actual gasoline Itre with no indication of this on

$ to
- open flames provides the either of the 5-gallon ,

most realistic means of pails containing UO2
satisfying the require- power.

- ments of 10 CPR 70 thermal
test, this method was
chosen for the 11U-7 test.
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( 3.4 Acceotance' Criteria

Acceptance criteria for meeting the requirements of

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

o No water intrusion to the contents.

,s o No rupture of the product containers 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 aff ect 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 lA to this application.

(

*

.

1
1

.

.
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4.0 CRITICALITY SAFETY EVALUATION(
4.1 Uranium Oxides in Powder Form

For the contents described in Section 2.7.1 (uranium
oxide powder), the criticality saf ety of the BU-7
package is described 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.'

4.2 Uranium Oxides in Pellet Form

For the contents described in Section 2.7.2 (. uranium
oxide pellets), the criticality safety of the BU-7

package is described in Enclosure 1C to this application,
GE Document No. NEDO-11277, "The General Electric Model
BU-7 Uranium Shipping Container - Criticality Saf ety

Analysis." These analyses results demonstrate that for

k these contents, the BU-7 package can be transported as
,

Fissile Class I, pursuant to the applicable sections
,

of 10 CFR 71.

.

.

(
License No. SNM-1097 Doc *et No. 71-0019 Sect. No. 4.0 Page

Amendment No. T 'iG Date 7/25/80 Amends Sect. All 4-1

Certificate No. 9019
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5.0 PROCEDURAL CONTROLS{
New containers are inspected prior to first use and

used' packages are inspected prior to each re-use, in

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
the applicable NRC Certificate of Compliance and in

the supporting documents referenced in this Certificate.

Prior to shinment , linits for package loading and

proper closure of package are verified.

Appropriate procedures and instructions have been

prepared to accomplish these actions.

.

.

( License No. SNTf-1097 Docket No. 71-9019 Sect. No. 5.0 Pages

Amendment No. T-16 Date 7/25/80 Amends Sect. New 5-1

Certificate No. 9019
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( 6.0 BU-7 TRA'1 SPORT PACKAGE DRAWING

Specifications for the BU-7 transport package are

shown on General Electric Drawing 112D1592, Revision
. _ . _

_

h

.

i .

.

.

|
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TEST REPORT
.

FOR

( MODEL BU-7 BULK URANIUM SHIPPING CONTAINER

.

1.0 INTRODUCTION

1.1 TEST CESCRIPTION

Normal and Hypothetical accident condition tests were conducted
on General Electric Model BU-7, Bulk Uranium Shipping Containers
in accordance with 10CFR71, " Packaging of Radioactive Materials
for Transport and Transportation of Radioactive Material Under
Certain Cor.ditions." Tha tests were conducted at the Wilmir.9 ont

Manufacturing Department facility on March 20th and 21st 1980,
and April 1st and 2nd 1980.

The BU-7 Container is intended to be a fissile class I shipping
container for snigment of enriched uranium powder.

1.2 PACKAGING DESCRIPTION

Inner containment is a nominal 16-gallon drum closed by a gasketed-

( bolted lid, centered and supported within an outer 55-gallon drum.

by a solid insulating media, and containing two steel pai'is which
contain UO2 (See Drawing 112D5231A and Figure 1.)

1. 2.1. Outer container

A nominal 55-gallon, Uniform Freight C1assification Rule
40,18 gauge steel drum with nominal outside dimensions
of 22.82" diameter by 36.5" high. Fourl/4" holes near
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
meeting 00T Specification 17H.

1.2.2. Inner Container

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 the space between the

( two drums is completely filled with, solid fire-ratardant
phenolic foam per USAEC Specification SP-9.
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1.2.4. Product Container

k Two closed 5-gallon containers fabricated of 24 gauge
steel, vertically stacked in each BU-7 container.

1.2.5. Test Weicht

Each 5-gallon pail contained 45 kgs (99 pounds) of
'

natJral UO2 powder. Total test weight including weight
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.
Actual gross weight of the two 5-gallon pails as recorded
on the computer weigh sheets was 94.81 kgs (209 pounds)
for contair.er S/N K0174, and 95.29 kgs (210 pounds) for
container S/N kl878).-

; 2.0 TESTING

2.1 TEST SUMMARY

The test program consisted of a combination of normal and hypothetical
accident condition tests as described in 10CFR71 Appendix A and B.
Three BU-7 containers were utilized in the tests. They were taken
from the G.F_. inventory of containers at Wilmington and are built to
same specifica ciens as all model BU-7 Containers. Serial numbers
and tests they were subjected to is as follows:

'C0tlTAINER SERIAL
TEST CONDITION ttuMBER TESTED

WATER SPRAY TEST K0319 ;

DROP TEST 4 FT. K0319 |Nomal Cond.
tests PENETRATION TEST K0319

COMPRESSION TEST K0319

30 FEET FREE DROP KQ174 K1878
Hypothetical
Accident PUNCTURE TEST K0174 Kl878
Co tion

THERMAL TEST Kl878

WATER IMMERSION TEST Kl878

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 renaining |

hypothetical aclident conditions, that were applied sequentially
in the order incicated 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 completion per test check sheets in the Appendix.

i

..
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LOADING
'

f 2.2.1 Hyoothetical Accident Loadino

Containers K0174 and Kl878 were loaded with approximately
45 kilogram:s (99 pounds) of natural UO2 powder, in the
Fuel Mant:facturing Operation (FMO) powder pack facility,
using a corrputer controlled loading and accountability
system, see figures ( 2 and 3) the computer punch cards
remained with the 5 gallon pails of cawder during the
tests. (Loading Record Sheets and Request Sheet are in the
Appendix).

2.2.2 Normal Condition Loading

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

2.2.3 Moisture Content _ _

Moisture content analysis of the natural uranium powder
was rnade before and after the Hypothetical accident tests.

, 2.3 NORMAL CONDITION TESTS NOT CONDUCTED

The following nonnal conditions tests were not. conducted because

( their requirements have been satisfied for the following reason:'

Temperature of 130*F is within normal' Heat: operating range for materials of construction.

Temperature of -40*F is within normal* Cold: operating range for materials of construction.'

Successfully passed this requirement in prior
* Reduced Pressure: tests. (See GE Packaging Engineering test report

dated 2/10/78 {pcluded as Appendix 3.1

Centainers of this type have withstood years* Vibration: of transport with no occurences of significant
damage due to normal vibration.

|Not required since package weight exceeds 110' Corner Drop:
pounds.

'

'

(
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3.0 TEST RESULTS

( 3.1 Nomal Condition Tests. (container S/N d
~

3.1.1 Water Soray Test

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

RESULT
,

There were no signs of water damage to the package.

~1 3.1. 2 ' Four Foot Droo Test

The container, loaded with 205 pounds of test weight
was dropped four feet with the closure ring impacting
onto a flat reinforced concrete pad. Test was conducted
2 hours after water spray test. (See Fig. 5}.

RESULT

-
There was a slight deformation of the outer container
closure ring that did not impair its function. No
damage to the inner container seal or the 5 gallon
pails.

3.1.3 " Penetration Test
(

Container was penetration tested by impacting the
s" hemispherical end of a vertical steel cylinder 1-1/4

inches in diameter and weighing 13 pounds and dropped
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

There was a slight indentation where the 13 pound bar
struck the container. It did not penetrate the package.

3.1.4 Comoression Test

Weight equal to more than 5 times the weight of the package
be applied to top of the containers for a period of 24
hours. (Minimum weight for BU-7 is 5 times 375 pounds, or
1,875 pounds). Test weight used was 2,340 pounds (See
Fig. 6).

RESULT

No damage due to compression Toading.

(

.- _
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3.2 Hypothetical Accident Condition Tests
'

( The hypothetical accident condition tests were conducted
in the sequence specified in Appendix B to 10CFR71, to
evaluate the ability of the package to withstand cumulative
damage of the four tests. To establish the drop orientation
that covers the most severe damage, two containers (S/N
Kl878 and K0174 were selected at random, then one (kl878
was dropped on its top closure ring and the other (Serial
No. K0174), impacted on the bottom seam as these are the ones
most likely to create a breach; impact angle of both tests was
approximately 45*. After completion of the drop test, both
containers were puncture tested, then container S/N Kl878 was
subjected to the thernal and water immersion tests.

3.2.1 Free Oroo

The packages were raised by a crane to a 30 foot
height at approximately a 45* angle as shown in figure
7. The height was detemined by a measured, weighted"
cord hanging from the containers. A quick release
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* angle, landin

.

RESULT

Both centainers impacted at the pre-detemined angles
( Areas at points of impact of both units were without

fracture. Beyond this, the only significant damage was
a slight opening of the cover where the closure ring of
container No. K-1878 was deformed, as shown in Figures
10 thru 14. The bottcm 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
side from the bottcm, (See Fig.15 and 16} therefore the
container with the slight opening due to the top drop
was deemed to have suffered the maximum damage.

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

3.3.2 PUNCTURE TEST

Containers K-1878 and K-0174 were free dropped through
j a distance of 40 inches, striking the top end of a

vertical steel bar mounted on a reinforced concreta
pad. The bar was fabricated per the requirements of
10CFR71, Appendix B (See Fig.17).

.

A vertical drop with the container impacting on the 18
( gauge cover near the outer edge was considered the most

vulnerable orientation to puncture.

|

|
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- 3.3.2 PUNCTURE TEST (cont.)

'

RESULT

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

3.2.3 THERMAL TEST _

A Thermal Test of container No. K-1878 folicwed the 30 foot
free drop and puncture tests. The thermal test conducted
required exposure to an environment of 1475' minimum for a"

period of 30 minutes. Since an actual gasoline fire with
open flames provides the most realistic means of satisfying
the requirements of 10CFR70 thermal test, this method was
chosen for the BU-7 test.

Test set up as shown in Fig. 20 was used. The gasoline and'
water supplies were located 100 feet from the fire pan.
A thermocouple counted on- the closure ring adjacent to the
slight opening of the container lid was moni+4 red using
a Honeywell Model R7353A Dial-0-Troll, Serial No. 7812-3849,
which was calibrated using a West millivolt pot that has
traceability to the National Bureau of Standards.

The eight foot square fire kit with container mounted 3 feet
( above the surface allowed for approximately 2 feet of flames.

-

around all sides of the container. By using the open gasoline
fire, the emissivity and absorbtion coefficients were in
accordance with those specified in 10CFR71. Appendix B.

3.2.3.1 Test Procedure

Approximately 200 gallons of water were fed into
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
about one inch deep on top of the water surface.

After ignition, (See Fig. 21) the fuel and water
supplies were turned on and manually controlled to
one gallon per minute of water and 5.8 GPM of fuel
to maintain a fire that completely enveloped the
BU 7 Ccntainer. 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 331 .

and exceeded that throughout the test with a maximum
temperature of 2000 F. being reached. The full
fire test continued for 42 minutes Burning 300

( gallons of fuel during that period.
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3.2.3.1 Test Procedure (cont.)

RESULTS

( Inspection of the inner container after
all the tests showed no damage to the
inner container, its sealing features or
to the 5 gallon pails that would yield
either of them ineffective. The paint was
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 UO2 powder.

3.2.4 Water Imersion Test

After the fire test, container No. K-1878 was allowed to cool
down for the prescribed period of time, and then placed in4

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

Following immersion as described, container No. K-1878 was
opened and inspected. The inner container was dry, the
silicone rubber gasket was not damaged, and analysis of the( UO2 powder showed there was no significant increase in the*

moisture content.

3.2.5 fast Test Inspection

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
mentioned, there was no damage to the inner containment
sealing features; the computer weight cards were with the 5
gallon pails; they were not wet and there was no moisture in
the inner container. (See Figures 35 thru 38). The top
insulation disc was badly charred (See Fig. 30) and the out-
side of the bolted cover had some blistered paint, Eut there
was no structural damage, Breach of containment or loss of
shielding. Post Test condition of all three containers tested
is shown on Figure 40.

3.3 Acceptance Criteria

Acceptance Criteria for meeting the requirements of ICCFR71[ paragraphs
71.35 and 71.36 was as follows:

No water intrusion to the contents.*

( No rupture of the product containers or inner container.*

No damage to the inner containment sealing features that would*

; yield them ineffective.

<

.. n . . . - - . . -
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( 3.3 Acceptance Criteria (cont.),

* fio significant deformation to the outer container that would
affect criticality safety considerations.-

3.4 Conclusion

All tests required by 10CFR71, have been conducted, witnessed by'

Quality Control Engineering and have passed the acceptance criteria.
Test completion check sheets and compliance certificates are
included in Appendices 1 and 2.;

(

.

(
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LIST OF FTGURES

1. BU-7 CONTAINER

2. WEIGHTING UO2 POWDER.

3. LOADING 5 GAL. PAILS INTO BU-7

4. NORMAL CONDITION WATER SPRAY TEST

5. NORMAL CONDITION 4 FOOT DROP TEST

6. NORMAL CONDITION PENETRATION AND COMPRESSION TESTS

7. 30 FOOT DROP TEST

8. CONTAINER NO. K0174 IMPACTING ON THE BOTTOM CORNER

9. CONTAINER NO. Kl878 IMPACTING ON THE CLOSURE RING
- 10. SERIAL NO. K-1878 AFTER IMPACT

11. SERIAL NO. K-1878 AFTER IMPACT

12. SERIAL N0. X-1878 AFTER IMPACT

13. SERIAL NO. K-1878 AFTER IMPACT

14. SERIAL NO. K-1878 AFTER IMPACT

15. CONTAINER NO. K0174 AFTER 30 FOOT DROP

16. CONTAINER NO. K0174 AFTER 30 FOOT DROP

17. CONTAINERS K-1878 AND K-0174 DURING PUNCTURE TEST

18. CONTAINER NO. K-0174 AFTER PUNCTURE TEST

19. CONTAINERS NO. K-1878 AFTER PUNCTURE TEST

20. THERMAL TEST SETUP

21. IGNITION OF FIRE TEST

22. THERMAL TEST

23. THERMAL TEST

24. THERMAL TEST

25. THERMAL TEST

25. THERMAL TEST

27. THERMAL TEST

28. THERMAL TEST

29. THERMAL TEST

30. THERMAL TEST

31. THERMAL TEST

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

33. HONEYWELL DIAL-0 TROLL SHOWING TEMPERATURE READING DURING THERMAL

34. MATER IMMERSION TEST

35. POST TEST INSPECTION

.

36. POST TEST INSPECTION
'

37. POST TEST INSPECTION
( 38. POST TEST INSPECTION

39. CHARRED INSULATION DISC
40. CCNTAINESS AFTER COMPLETION

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



'

5/16" ST. BOLTS (QUANTITY OF 12)

3/16" THK. STL. LID

PHEtl0LIC FOAM INSULATION

( RESISTANCk,
GH EMP FIRE RET. FO.Y. PER USAEC

SPEC. SP-9 - 9.5 LB/CU.FT..

16 GAL 18 GA STL. ORuth
13.75 DIA

,

- , ..

O- .
.

'

' - gx
%,'; '

bh n ; ,

y

. -
.

.
.

27 =%% .

k, I
-

Ah 'V '

t,X ',.

% ~ ,v ., ~,

( 3.\}Y ,

r

,
'

'' -

. -.

/
v

PLUG-PHENGLIC FOAtt
~ FIRE RET. F0Ati PER USAEC 5 ML STEEL PAILSPEC. SP-9- 20 LB/CU. FT.

' 2 PAILS PER DRUM |

CONTAIN 002 |
COVER - FLAT 18 GA. STL.

..

55 GAL 18 GA. STL. ORUM
<

'
CLOSURE RING 22.82" DIA. X 36.5" HIGH
12 GA. STL HITH 5/8 BOLTS *

MEETING 00T SPEC.17H 1
,

i

F I G U P. E 1 |
1

BU-7 CONTAINER
1

l
:

:

|

|

|

i
,



.

' %.ew emend >&SJ6 Gn ^ ~ "' ^y ,'' po , - -V. =~-A' ' * ^'w.'.. . * * * * . .
Mos

^'
,

-M

-
,

.m.,< .
. . t-..,-

'N .: .; ? .)- q'
,

C .1. 2! "'." ' h
- - y .s.w"s g ,.'j*

--

/ "'::MistekiM2L&' | XRy.)%.. ,_ =t.p. i~m *

hvg; 1 . -_ , - _ _ _

.s f.5.*c f
,

t a m
t'

''

I di i' #

%. c. . . -

|g* & ' My m.9*~"

;p#;, e Wn \f? % .. : e.n *
. p, - W

i !~ - . ' %, .U,s g7-' "* ..

. MUC%Ji, . .,k.f)
C' ~~N

b- ~ .c =,

- \. a,.g.::f''
* C,

c..
.,

,

.'W h' k ,[ ,p . |'st 6
g= >,, my: - .=eg .

W C-

2 w&-
=. s- 2.n >

. p ,., m. ... ~ Qr _ & _. y.w.

Q,*.
,hIbMNh

,$ g#"pgwf + -~

:w.n..y'- m %g c-

9 .,> ,--,
=

g w . .s(
-

i.' i.W?' * rh h.?
.

p..v. &., .h- _ e+
= |.%

-

.

g a ce
- n 1

-

p
. _

__ .
,

-

_ ,

$
e -" e

. 1+.w -

_ =- g. ;, r , o ,- im .. ,,
-

. ,
_ z' ,". m~ - g4 gg g . - ,

-

,

. ., yn y:g* <e.c. ~,.. :. ,

b(g' 4 ;aus, . , , .
- -

=F= ".' $$M,'' s f ;'tip.- wg rc, g' g..p!,I .. < c::n -

;y
;Q ;- ''e - ,A....

_a.g. .

ya,,:g gaye .e eyc. ...

c r ._...
,. _

s
-

. ,, ., . __ -

r _a '. _ +_/'

J, ,

< M_ - . m & ^ % s d -; w w ?re n_ L g.. ,

.



i .

; yt % q m ., .-, _ _ .

i !
,-

% i
-(,p,

M.p %w -. 7
J

,

|
,

. .

t. : I . 'l - .nogt .-

% , . .
.

i -
~ .

7.g.
.

ivv rj.
.%, p;

is. * .

- ;,1
,

-
1..

| {
2 ,

,. 444 .y ,w I*

| .

7-
!; . tL-. E .T

; ut i
'

!::. -> ----
1 m.x ~. ;. 5. :; . r- .. ;

I,~'$ 3 '

'

/,
, g.

'

; 3.

$f' E 'y ~E . .'J ... . ? Q R D E3 @l
.

'
'

V
. -f f

.

ff Ih .% gi & n '-' ;Q&g %

h|,
.

f5Q ^ &- ,' ' To hyQ
-- #

'

~
e ;-

T m $.h
.

Y$gsf
.

*
. . . .

#8$ s - 4gpg *4 cr.

,;f- 4._,1., ,

_ .y ,
.= - - - .

a . .

4.
. --

, .. . -
. --.
- m. . . . . s:,.. . . . . - . >> -

,

.W:.,
- m -

;
,

Q:''''
.

r. , . ._ - }'~ %% 8

~

p--

f ' Q .- c i - c :- ~

.

_ . ,p. ~ s -
,

~. '. n ' '.'* s.g. r. -

-

_ . ,c :./

,i'sEg: ' ~ * ' ' y -

'q Q::59de*

bg 'I "NS'A
- =

;

%,. . e b,at h _,_ c_
_

% As-Q' f
.wa 3par- -

F :. . - . ;
# ''"

$ xs
~ ,et;r g g ym % _%

.

;. c . ;$;. ~-
n "

s

,~ m g ..,.t-*
p d.V 6;e -; y =99c . -_

._
. -w

. r
g;ts ;:r . - .; . .. f

: , . -

i <.'

9
' S fi s i g h sy.. *.4.l i. " ~

'
,-

i' - '',j... g, - t'' i,w _ _ - ,.t . "_
,

.

:,s. , . . .. *d. 5 -
.. -

,# M' l**

;gfi_.A '
''. **

W ''*' '~*
. I .Uf i?'- , .

m. . a. ,.?$) 4-:. . , . ,
g $ .- -~*73

) @: ,<.|f'
%qN |g,y. ./-f V | } :f}r';2+i

'w-

f '' '.,

h.g _ *' 1VdYL .;
.

9 1;t. . nA 1 =

i FIGURE 3

LOADIMG 5 G A L. DAILS l 'l T O B U -7

.



-.

.

.

.

(
'

.
.. . - . .

.

_ wr" -

[ b hI
(Q.w.filh,~ih@falM Mdw!d 4641!483 W

''
3 x

,.

g(iC4 wvmwWarMy>RT- MM&M . - a- -

,
'' ~

i y ry + $ n W ~ "-e P.h "ffgW,.yM9y .4, , e}. kp. A sg--+w"nuv R ? :%Eiji nG __

m:a~ h nv3 'c a g g ,s g, s - ,e gW h ,
.1 - ~

'

s

ykkamtyggg w q.y .
.

- w4' q.=p megwA - 07:- .cy.4;i= . . . -

p . .y a. ya ' . - -
.

..

_ ~ : -d :. :: ~ :.:? .' . . .::. . - ~. ?g - . m.C 9y
"-

-

. | .'':. . . :. ,;Y9"gx: y ~ --- =_* : , .5 ; :..)ge... . . .
. . . .- . ..

:
-

- . .. . . m-2.%c - ,:._~mu -

~wn ::- at. g. , . , f.; . ? #,>;y:. . -:7; 3; 3 : .; , c vi 6 ..,g.
...::.;:. s ..

- .
,,

,
..;,., ge. ..-o__ _:--

. ..
- .c -- w :.. ~..: -~ . ::..;q: . ...i#. - .... y a-

w r._'- ., a u; .,_= w Q ?;;;=.' w 1 , Q :s....s
.'

.

. * f *;

.- . .

,'U . 7 % ,sym. . y&L... '5.':.' . * '
. ?,. .

'{. j r - % .. . .: . . -: . : ., <..
..r~ ~ -

.,e ..c H &^ . . -
. --

.

F I G U R'E 4

NORMAL CONDIT10M WATER SoRAY TEST

(

_ _. _ - .



.

.

(
'

fI? ' 'i j
k;:
;-

i \|i +, ?' . }s.

'

..

: /.e
; . .a. . ' L.f .i .f,u: .

|i
.. ,.

1 E i %,

.% 5 i

| r-- W W%k
.

b| . 3'? ;
ift i, )

,(_;b(t
_w.

..
.

||
. i- -

Y ''-

.

!! Q 3) r -- {< h N
'

""/$g 2 . .. 5W. j !
'-

,k k. .,;,'s
- +fh~1..( -- i

f.~

* - "
.* ,

. fem h ;h :i ,.

/
g<,,7.;c.:y m- y~- -- , -

c .. - ..

L., y $.

i ~~9]Miw;k
-~mx" >:t

-
-- ,

B "fj
~

! .
. .t

. '. gf') i '*'" >
..

F 4 )
"

"&- y~ L.4\,

y gy- .

--
,

.

'

- |
' $

'

! ', f. i, j.
' -

.

|
.

.
.

'
,

__
+ ^ ' .

_. . _. -

'

FIGURE 5

(
ll 0 R M A L CONDITION 4 F00i DR0 TEST

i

l

.... ._



___ _ _ _ __ _ . _ _ _ _ _ _ _ ___

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

|
- , , -> y m |, , . . , --

.

..:. - j| y v. .,j. 7. ,'". 7. 7,,,/. b. l?,M9 ~

M
-

.. *. ''E- |
~

* . * * ' * ' ' ' . ;. ,;. 3 g; i

.
1 / ' gs ,j .j ,j.,,,,. .,.g

, :' * $ ' L '- Y
,

h*# '~~-)!./Y~ '15*&=-:i.. 1.~1 jiyf' ji A./..
'* y; -Q

&
,i .2-..~.. ~-- a 7. = '

f.= c: x.:c -

, .
u~oy. - - - - - . -~ g / .g , . ,

N $ihki.$[5 jO L t:!
,

. ~ I''' I*

^ '%.:k'/'h4-Y f;$
,

K%=f ~_ ~~N , ' ' ,'

{a~ T v!) =, ~ ~ T' ._
'E L -

.z,

.

y"%, m ,FS,. .a.--
y V)

p
r. ~ *h; A._ 539-9.ggg j g

~ gg
..:- ..- . 35w 4.-,- i .e 3 .,p w pp.,' .

W 4_ 4x3 p .

.-

e --
-- .

. p - " '

{'Ih * . ''I.W. g h, $ ?n -, ..

g .

"
.

P M!.'

"~~ k. n#, )??QW "*
?.Q[L'...? f.'[f&C'" *Qg- e. . 1''.,"

.

- a.k- m. t1 - ' . .
-

.,y- > w., yot s ; T .* ^ -
~

% a.. :~~.:. 1 '" ;5"~'-'n.-- -

%%L *%% .x v'<x~y
%<44*,:'! . 'y i-

. . \.'m- - - - =< m u'4
--

, w

? __ _. _ . ci. MW< y x<^.nb. n.
.

\-i | ~
-

t i. i m ;.< v . - --.< < v ..

u <f.c'vY '.N .,.s w' *.r. s. .
. . .e =

/ .
M , . T.'. 1 O*

(. c .u- . . .

(
' '"'

.

p , ,, . pw _ s, um,u_.a, ,2w_g. Ae. =
./. u o.

z !w -

., 7, e. g. . .
. . - - - - - - - - - . .

' 'N I*{ . my N " <
. ,

,+$ 1 |- Q ... O "r

A2 i.: f H-

a.an ~w.
-

,m .- wgi
*T

-
r:4. . =g pF,.

, #g .

-
-; -

*

1 1.:.J
,.

f
k k.

~
I

4 x -u - c'

vg,n2g,. "w.m;gr '_-.
-.

,e- _

~

.

.
.

.. =
.r. v m.- , .t . .v

<

Y \ee uw.n Za~mw @uet. - . .y-m -9gs v,y~ 1y

use$5 m+m . f ~e
~

. -i ,

," a
W '

y ~ r W w; g,"
'

=.. :, e. .. O'C='--|18 T. 'yG i 7,-[
''

...'' %
-

:r --
.

*
-

C 7
.

( b k''
4 J

.J ' c4 c ,

g{'$ -
.r - . = ~ , - ... .. g -~

.

. z
. .. .

_

e, e
R 'es,'

.
. __ _,

w = - - .
-

kbkvt J._
. . .



. . - _ - _ _ _ .

_ _ _ _ __

.

.

e ,.

(

w
et

i

b
i

t-
t
t

( Ed
.

i

5 |

\ \

t ,

V !,
a-

-.

;;

l

k-r
i

( l
s..

kI, .-

w..

Th

r
,yr,

,- _ ;
_ _ . ..-

-- -

,w. ~ d i'-- d.. &

's we, , . c~

3:-d%j!b'.n_~. ;fMe.|&.V '-n: fk,

~' Fb. v..
'

gj b{ :
~

: # .

' :

a , u;r$ e% ==h
k s i% tid hw es c % y |4

*--
.; ,

v w
-

. g4Aw.
-

7-t
..c;ig.: swt 7

~ ?> N&$$W&@fri- ~ ~
W

Q , ,, _7_

' ' ' '

w--
,,,

k-.yjw --x
. Ds,,. ,. & .

- _ m 1 w a % % %w
-

..... _- -.m -..y.. - W
4 *. ' w = , - % , _ ggs ~ _ _ .._

., ,
-

i b25 RE Sk $h;m._r@NNIb[Nr
-

I

FIGURE 7

30 F00T .D R 0 P TEST
-. .. -



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

l
' r

|
| k |.

|
' \

| \.
w j

\

\
1.

s. 5

Y
>
6. .

1 .

t
v
t
b
a

ay
N.

.i
;

Jl \,V.. ,
\

f$
.

-'( . --e{., jQ{ -c. qkE;

--- ? g.I-m
^

p. -

.

...,...;,> a.
.

g.,5$ Nf .

O ~

.g
, ,. s os. -

,

, e, /
. - -

.

,.
\ . w_: . ~ r.- -, \ - ~

.i | .

& . '' WS

~

fg..

i ~ y&{$f '5\h?tQ M̂. ^ *,'q ''Y

~ ( .-

9_. Wp,, p.. . ~ . my -

.

_

. .wr. . w -
- a,g- .

m... - _ _ ._

t"!d 5 'E I + g =}65[ .~_ faQm?@Q' LOW--)+r@l-
C9

yMRi? y-
*"

- e-in : ''' W M |-
. ..

1___~ ~ . * - * Ch 1sL 3??mMW. ~,,.i|; 5 .._A.- . . :T-^ c |-

---

. v.,
.

-

*
%. . .

y .T-
--

. ,~. . , An
.ra , a. - ~,.- . ,

. . ..r

- - W_ $ ~O_ Y L
.

l FIGURE 8

:

CONTAINER N O. K0174 IMPACTING |

ON THE BOTTOM CORNER



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

-

,_ ._ _ _ _ . _ _ . _ . . . . . _ . _ . . . _ . . _ .

O

A i '.-

y -
.

k.

t .i
O
y
&

D:
h..3 ;

k i
'

l'.
E
6,
5

s
%

i.-,

\i !
u .

*V. ,,

; i ;.

t ()
.

n t,
.-

. . o

2 ..-=-- - - -- . h .. i .M.. I WMj.
u g _.i~ s- a

gr (.IMlBbe...s..,k.:sm
'

j.
,

gz., y g n __ p .~

_@v_.. :w . . x. .,A + e s?|

. . . . .. ..

r-Npgy $W x._ ' ; ,.._- __ _ r.

f _ __L - - :- < n- }f- .
pyp _JE __g

.,3* <;6_ . _ .c..m .r.a & =
. _ .. cwrIw%914;|3;g_

__

e .. .
'

b%]p :Id----

cap; ,~ =
.

.%j.. -- <

x..
- 3-

1 e r .-
*' ~

*

[~' ' --~ ^
.. . , i . y

p.g.:
, ~-

M a.A , . wws .2,._ g.2 a- - --.,

! F I G 11 R E 9

C 0 :1 T A I N E R N 0. K 1878 IMPACTING
0 01 THE CLOSURE RING



,

.

.

.

,r j ' . 4Q ,4' :>} [f. , g y.5 r -"4 - '-'

y7 ,z;x _ . m:::" * .f' _ g%' -y,,y.
I # .

.~ .:.
. >= s n

( [.,f:t r j
.,n .s. . . ,

'

{' ,;
: q'

'' '

. ,, .' ~(, i :j . .s &''*.1/1Js;
- _ - - - , . ,* A. ..

[M
' L - '% ,I.M. '[, |"I..SE .?py' . . " .qIM-M|d

, .

,u , .. .

?, '* .. ' ; . x ., , . . . & W%c.- - ,t *j ' '' 9"N - % **. . .

{ , *, ,r.T : . * f.,4'f' *),$ ss
b h.g 7 - T .'8/y*" [ ... M.4

N * /8
*a ', 'w

~~ w-
- , y ..er := ,,,.g . , . e >o.4

:s r= = ;Ar. .
,ry* . .

. - ?
,

/.4 ,.O,n,:n *
*

e ~' , W M. ~ . ' ' ' ', {. . .1 - :# . f 9-. .t.:.4. f
., , .

;. . - -
3

* ; f.
m.3,s.W. e.ev Wp *-e-f.'# N ',

*t . - 4,
-

.,

y: e-jt'* 1>
- q .r- .. :3

'l.'*-I
.

.s 4
, " '

ff ?. - .i* s g g . *W **..
.c . :- f. . N/.,u , ' ' p .:.2/ty:s ec, <'ts.w - , .

*
'

g .' 's *
j . &,g+

&, 2%i, ;. .7
. , .

. n* :

n/A. ' (Qrf /;'[h* ',+'
P" A.W. ni.."I

* * |o |.*(
. .

,3&~&% Ip. 't , t :. [
*

< #
.

_

;, / ' f:
*."? , ..- , "ri 48.=8:*@.L' - i V /.

. . . p , .fy
'

1.;;" 3,. .)
-

.-

43 ) .- e' .r ..p'* <

, |a? .1 .|e s:..W-, .&e%y .q *N. . , .'W..,.%'.s*l'*,
- s -9. .

g---. i

$'.
M ,4' q, irk

,s ','s: . f..
' *. ,*'. . =r . :* ~.

.L.:n[tp,,a..::\. s,: ~ %.c.A..m;j'g
.pL. s -

r..m.., ,
e - 'y

:]f$,kf.4g 'e.4;,'
,y.. s ,.

5;. :;$| | 1.L
Y -' <) ,

:i .

g< q :- .e -

..i.% rw,f ( .. .. : >: 32>.e. . <' g

d'.'H'?.}.f h.
.,o* -

. .

,U v':!:j.*:$|h."f'-$4hfrifi'm .%
' 2 4Wh::' Q W.n.r- u.. \.5,,~ n .h ; ;;w%, ,

n .f. s.,:: .' . %,/ %,f ,:,.,::.t.. !, 7,..&g%w p&mcq,1:M.~.
,..y I 1: .s?.3 u.u. .~ -

.-
.

:5 ";;h-. , . . ' .-. ... s - .m'

4.

~ + Ms.. . , Lr *-s-A~~ ~

d' y; .cvMEk
' v. :'%* 7. :Y -=

O r<6 87'W 6: M.. . g.O!;,.,.wse' M ?b"C u, .:' g. 1
-

1

#7
f W ;* ' M.. *I

j. - . .. *
- k 54 4.srJa

> ! s; f:.w.. ./ i
C-

I.<
? '

''.3. trry bp, w. - -.. ' ! :. . f, U%k. u
. .

r.
-

= 4*s, .t rI 70.
. ::;--g .g 4. , w 2. m,

e' 4..m.d4N . * * *1

q) n:$'4
3 . ;- 1 f ! . ',*

.

R.*'.
\ a f ,2 % ~;.q-w.Llat % 'if.9Y. . W. .jf: 3 ; V

'[(
' ?:'y *ra -

,

veg.y 2,q.9gy.3l. -c=: . U
'. c*a ( .7 u;. g ,;4yc.r g,f y:

i 1i
gi 4 qwc +.a.;,(.0 -g Sr.,,g g:w m:.

c::n

g, u QMp
E :3.' b.
v1 ( < o,~

rO e ~ .f,
.

.v2:y,% w

f.e,-*\'4;cs.;&sh..f)M,4',h,g+?@:.G
.; r1 .:

. : J O1
'

. .
, t,f 4 yf -

.- < ~~--n' a
g . '.h .h.4,:.:,qt*k,4.; 7

., ,7 g; s--t & '

w. g:.612.s. m. y <r k ,s r ,
.

<
. .y % r 2 ,,.

LL-.,

L .19, L..a, s. n . . :p . m q;; y ~.-.

h .[' [, ' .* . ) *WE'WA;?ft ,q.:D W <)*** '

' N \. 'k':. . h. ~u%
3

|| |G.g :" .
~ c::

. . . . . , . . .
..

,* g ,'
~ .' < Q h. k| |i~ h < ..|' k;A. O:...

a..<.~ .. w
- . f53 6' r A (GC'

,.1.'. 1 . &. O M '-?:|,:' ''A.'d a r~

'hN .$.UI' Nt.:3
t.>

. .:c - 1 ? . . . -..,:n{..:, W . ' ,I,3'.3:,'. ,T g r1 - 9;,. . b m i
h.M.,

- ,...g. ,

.,.f,,f. '.N.e . ' + R. , .9-
.

:; . ,.-Y. ~- h::* ; -jv - j,.

f .* , y...s .s.

' ' }$ -[.~;d 'j. f S.y % .q m..,i j .if.d frIy( /
.e ....r.,.m .. ~ % .,

. ,$ V' [** wj
/ }an P s;V,2!,M'

*
- -

}' ,<'.'.7f a s[. i. ./ 6. U ' '/ ' 7? % W.~7 . *. O1 -

, N;** ,'N. f,' . :.7 - , ' Q . n,,' . > .
.

{ tip s .j,. .s -s.;

h.$..?i 'N h #,''* I . . k.h" .* u.[ . 7. . fkh'[5*
;,

: 1 = *; ~ . . : ., w. '.s.:. .u
, ~:q : 1. t .,y

!. .

3 .' '' ~.||, * :,, 1 : ' ,. - ' . . t. : ~ *~.' Q. . .

. . . . ; f. g ..', . h* u. > a5 . , . %< . , . . . .,
.n ..

.

*
.

' %,,T |;g r . . . . . , ; ?* is .:' ~u

p 4. ;,. .t .',~ , . . c::"*

. N. . y'v..r . ., .; ,.c .. m. ;....s. .. .
...g

. .g , . , . - ~
. . .a

* ' *-
.

*
. .2 .

, " ;? ; * *
'

p.q y g"' g
', ~

'

. \z
. .: y . sj;-..-

.
... e.

,

.a. ..

-
. w .. ,. ,x s.. . ,.... m. . . , i sm m

., ..,..
.

" /y"J s *j . .' % '. ( , g _ ;* -
.

' * r, ,N:
* ;.. ,

[., - .'g ' :k "' ![* ' . * * ' , ; .a. ' M
.

#;, - . , . . .
.

:r :; ,- s ,.;. . -
,..;..-

. . : ,, . ,s:
s. <w .-

-

1w . . , , . . . . . . .<s..- w+. c..
. - ... :,..

-

~~~. 'N( g .. r ' 1:.u.uc-
.

. 3. s.: r ~
>

; 3_ .

.: . % ., ,.
. * , , -kt- .-t *$.,,..'9

'

;* .,#

a- & f*|L.pe , , ' |** .-r

. %~~

~ '. h
;r :. o~.. .,

g., h.E. *$$ _ ,q . <:;.f. g .. . . . ,

'

_

' :MM99 Ii$p,
~~

,

vr A;''J U.
\ ''Mh P'

_



.

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

.

.

.

l *-
.

. i: %; :. . .W:( .- '

' ~, f'. . Q' ,. ' . %_.g,, ..s ..q ]~. W,y. a . ' Ts;' %%. D'.; .f* : .'f,?.Q,' ,' '-[,Ay

~ a c.,: a.-

( G( - L A.'. y V: * .'
.-., . ,.,

I ' - i.i y.. '.$' $'Y f Y* i '. . . .. . .,: f. >..oYh.,1,.$. ,i + a. ... , .N ';. . . v . . $ '' . .'. .

.

.

l.g .
. n r + . . , . ., ,, v. . ;q.4 q "a.1.,.. ,v .1,*5. * ' * *J

s..
..

= .v ' . . . q.,,..v -
4...f,...,. .9f. -....

, -

->9.
..w. ..

tp.gf
.i.,.;.w,~.

.

#9 ;* 4 .r * r. + , , '< . .. t.t Q. 's =g ,/**- ...,.2.* . 2.. . i . .. ; o. %g , "-
'-

+ . -
. . , '. .

. i..

. W )3'. j ^ "'. f| ', *. W. g . .s' c: * - ? ' * f .J, b. . . .... v y,;; f .
P p a'J"1.".'y 9 7 .cly * V'.pta

[ . , /( i* ,M, : .V+*.1 W./.41 j.M.s ;c'A.p s-w.ag(.*!.*jb.j.,7,r%'' '' : ;. 6.* d;g|;
s.." it --

* *
.

gg . . w ' ,..- .-
. 's 1 i ; e, - Q*g ~ Y e. '

-

MM. . p W '.' X 7e i 3 . ' "- '
' **5- y/ N:.Gw.w+ m. %".w%W, , + . , -v. M.; .t? . '::i. V.- - :.v. . . .J

v.c . %.: .?, .- -m a . r. v m :: .
',y';* h o. -.. . ,m: : ~

.

.,.3,t. e.t.: &.v. . v. 2..w-: ~ $ T %. .?
. n.~h ..: d La~1 : . :

.

* * 2 . : .a . ,. -.i .>

, , s . 5. .C'?Wi

M. c p r . -1 s - . g.
.,A.'%. T/y *V. i. . .:s

.~. --' e ~s~ . .w*

. ;i .'*.' . $.M., 4. T.e;N'a . h;g + /,.,., W, w.:
.'.: ~V. .f

s.; g ,. : sts .. .

...jr.,,...,. -h ..: 'L. . "%=4s
=, - ;.. p

-4
. . , 4 . a ..e.r-. :* . A ,. .,

... 4 c,..<s e 2 y~<.- -.
.. .s.,- -p.e.M - -. s ,=,,=-e &. , Qw 4. a . . . < * ..:; r...

.

u t L.
s

u . e
L

.%.,,.,<..I%g,:n . ,e .P.is, N4 . ; . .& :.g

piy|*#. y.,.c,f.kk,b. A. 'N g.
.

N N.. + , c, O..f*M; . .;
5, ....g..

'.

.DI' b*;' g, . 3
., .. . . .y .- a.

h[[h5DN .3
*' '.. . N- ' " N. *

, qeM..yh,7 . gem. 2 j .' $d. ..: ?"Q .d' f '.' '
J* '

y -

,

QJ.Q . /M. .:A. t ~... ,.' . c >. . N. . .- . .... ~
, 6,t 4. '.W.N. g:'D;.gi::- ,

,

. n <n 2. .-M. ... . ' . .+p'.'Q'.pr.1.W@f.'R ,,d'.ksd A.s-4;e. :M..
.m .

h;*L,",.*'d .g;';' W,.W*
1.5 7. ,M1S

' 4t '

4',i;1?y,1".1.. ,~% p '1:
. . . .

*:.Q'.:;t.
.

:%.- . * W .y. .Q -

. . t ., c. . .m . . s?,.;%
':.s < > . -

,,

: r:..w % ,s..,bs.?.,.. k .~. ; ,e.n.
. n a. . . . ?t.v-.n. .a.y.z. .a. ' ' .y3. c.n... . h.. s y .

.: A; w 2. s ..

; : p.

. ,
.. . ,- .-. . .

.c . 7. M . -- .
L~. . . ., . .

.y.s . . : .sp.'s f. !f- 'r, < .. ..,

. . +: . , r.;,-,;EWY}^|1:*%*&.f~;Lo -iM| :3-:in@~'n M . M %.V; ' ^ '..A . ., W%g&pvi,:. c. -''. $6 2.'.,:
g

.

'.
m- : . .. . .;: . ..o p. .. . . m . ;. . ,o. ,

. ..

f- 0'B.',' '. * .L GM.[ -'

. , .&, \ r \. * '4..,,.:
"

. p.

u.. :., . k. 1.~,- . .~..-7.... .

.r . .a , .,4,s, q./.Ge;,-(y+p' n o . . .m
. x. .-1: S@& @j yN,. ,,. . ,, . -~-. a.

.- . n |,.s-.. . ....

s-. .,. ,v .

p --
,# g;q 3..,

. .. .- o . s- .. g,_)?- m. ~ w.

7 ''..,' h [Tk[,d[$. N % # M S .1 %[M @w;['82*.?[-D'j.l* $.''c,f * M : y,f .,.:'t g.i ! . ''g
-
y . %, .W 6 .

. ..; ,

. h :.$'c 3.fj 2- .:. ;f ~~. '.'i ~?~c :-

, ,-('b,Y,. .

~.e<r, t, c'- re.---
''ga,,qe,r i ? c "w. 4 h. .r"- JJ,.% . .' P . w:;. y[ch,:y.* * ,

Ni
stm;. .r a d *ff e % m.T:..." G,*.'.1e ,L p. ,

M'

M..
. .i!- 2*

&w .

4
1 i

.

~ .",' \y;; A. gNs~ -,pr.
w. .. . C-~ ~ , -:

0 . At&. .Q,*@'
..rst 'g .4 d; -:)+-

; M .'.
-a am:: ,.i: ,-t **

..
(; . - - -

.., ;. p. ;.. .i - *3. , ,,V. r.v
mm *

l, .

. . ' g . s .,v :y , f f r ar$.e -
*- , . .. ,.

- . . .
.-

,f *h

5.: s- '

- 's . g , .', e . . - a %. g p r. p 4 ; i ~ . ."l i .c
. * ~n

, - .y .. . p-
.- .

*H. .., . g.-
.. d- a . .. .e.

t . s W ** .e.,<.: - +.,._.,.,+..s,,-
su ~- . .t. a e

c.y.&,.,,,j M n"n.%.. w #*g% 'y.v. g. . .sV '.' .9,'M.:pi:,1?.1::f .f'Lh n'..tr n e. ,Y;'.S
. .

* *
.

,

Y. -
. < ,

m
. .

. M..9: . .: v ::' ,;.%y - .. ,
.

% : ;.%f,. n .n , p-=:~e;.4.y; 1,'~~'.aq.--
-mw.

* - . , q.p.i |
.

* * ~

4 ,~ ;. * q * .

v -- ::M.%:M w . .. h,- v..,..-N,= -

V~.
' .

, ? :. .

.,w.%.c., ..mm. P.1 . -
. . , .

. . %, , tr

f .- ~. w::.e. n. . . . % ,?.>. A',.y : .. . y+ . .;7 . .n r w .-<,

.:x;; w .a-

V. ::.c. . . '. ' 2 . }. ~,. , y;u. . n.-e,
v*.,s. 4.,%., v;.$.:,:-r. ,.

;;-, . :v .

g..g{s ~ |';4.L''4;%?.Qg 'fk&*.Ls
o*. s,|y?-. . |+s ,:. .

'

.. s. .,:. . . -.

.~ - . .

;'
. _2'..-

..

. ^ . . g '. 4 .,.q.., . s. P -.

s . ev.g .J.fs,.+$g'.%' u~.si: ,Q:.-).;:s .
.- ~ . .. . . i $ ~., Is. v- %. >='r.a ;; .'-- y'W h-t.b

*

N.,N'hkbNM (h-):hANb,.;.5. /.;]va,:
.,

7.+f.. <<. q:h,.s . .
'g .

,-< .' -

( k *.c ..h. .; U 'b.* 5+".&s=n.y.'y-L: h Q .W.Q % ..h D-. ,' N,I[q *. . ", ; . ,, . - (M.|5 ;'''.{s %,.y iT'- - s 34, h, . %. 's * .* . g-g p..;':''.'4.f;v,,*'' . - .
*&,57:

,g" y p* ?.-a.;$,',2 .,.r. ;,''it.O|. t * .: ; hp ;,:i *::(1 h. * ' Ef ''%._;
'

. tr' - te .

-c- ''** P

j . .,. . .' e ,, a. .v' .. v , **\ g Ic . v . :-.J.. - p ;my
r

* q.A. + .f... %. .,r., i.?. . ., 7,4. , < i
- .v g

.

- .r :.t.t4 W..
c

* ,4 .g .,.
.-

. A,m..+ . F. M. .. r. g: -:.;t(.;;w;,,,.. . MW.. ;., . , . - . .. ,. . % 2 e. m, ,. g.., u ., +w. .w. s :g. . . .g.R,
j

et L.1.J
y. ,

, ,

,y % p: p . . y.~. -syyg.-,_- -

m
.. W .sg - --

.
-

.. .
e co--

r
f .. c t... w .u.,v 13- . ~ . , .

*. .;.. .. , ce.t . .n 1 ... ~ .

,,;.e.cs,;gfy.c. .i.'.:n. m,. m f.pW. .. , ,. 1 m
c :, .. N, .;5,.,. . . 3.g9p.r.g,;

:. o
... - ,,,3r: , < :: s

F " ::,:..cg ta . , ( w,,

.%~' . s+ setn - - . .x - -C. ~'.
. , ,.,, e- _% .. - . s '|~ ,j, . j

. .,.' . .._ - . .*'.
-

. ~%e- , .c ~. . . -
.

.- .e -2 . e e. % Wh . - Q .x ugnr- *,

bh '*w . . . .;
' '

.'.;

J,,- - .w. ,a . s - =.

mv- ,. , ,

Aput

sk ~ * . . b
., !

y y. . , . ''W &. % e

.\ f aa. -u
a y.-- .

-

. u <=.. , .

.g _ - - .p9
,

, ._,p. s...
4 :n-. . ..

M * ,y x1.

R' , t1-

.. y.
. 1

kg w
.

- n 3, 1

. {'
.r cn '1*** %g R'M h \w w&4 w .. ..

% . .

t.. N. ;-'' ,) .%,

.-

I

d W['N%g.%
;> . .1

~
'

I .;' 49
l-

- 'M: .a
- . h.9..@*E .-

;Q ", f , .,h ,.Q ' ~

g -'

.m'h .
.w .s

- ' g.-
-

1
*

2.s p:m. < e: r
_ _ ,

A +4%. 1'.w. . w
. . .

I

1

|



.

$ 'W.6. * 5%4 *# . ,e , ,g,3.- .

.

e

> + w.s .. ,. . , ..

-[ $ h'd?' '
-

h;
"

. .m a Q, h i . % * f L
.

..,

;

gg : havaibr 7
.@:;n n:gd%b;ey%~yp .f....

;
...

.

,p,;-

.c .s .. .g ._

' ; -

* : A b d i 2 B M W.%%'< sv .,b'. i :
'.'m'tlir. H.%'A .: ,p p;..- 1. %9a 'g*r.:ch's; 'r--- c .(fl.t : ','+:*.;Y -3 ' -e.s y s. , <~ . - -~

rd "i nW :s''' ' Q ,

~z tr
* { ~5

,'? N bh n .N
~

. w % g.:, + n . = . c w;' :
.s..

=,

: n . $ s . m ,> s .w:n. w' yp t-:. ;:r :::..

k.$g f'#. '. yp* ' e''.. s . ' . ~ *
qn eg.1 _

g "':' # ~ G5C'Qi',%m'-f.f.'2Y ,'" ' ~,.

.
a .

u.e : s- - - .
N&ugA$n.,/sf .
beegate . .t - ?. Lf~ *h|.o;. i;.y. ' -:f '' ].e p{c{hilkh f.4

h- a s .,

YQh .

M
' .

:-

.
w

: ' ' ' .,.:~ m . w . s(

fh :s:p+w~ <Mf|..

- ;
i o^ h- L .,. .

u.m.m:.,k.,[m.Qd(.$.% y.
' ' ~'

:4 =:n ,:-
. a

ogf1 '

qq ..il :. y
(am~w.,

-r. .u -
-

-ev. . ggy- -se % w..

. .: -w-
v g.v.,:p. d.& .m %a c ..

If w/ n. 4 , - 4
. - :' . c: =

4 e .e -

r
- = w-s*:9 % ?g -:-S.g.: -:

c : e,.,. -m
.

;$({ $

w
'

~.< %-
,

,, ,,. =, , m ,o w. ; w.)w.,c,1 s. % - ~- ~

pyr . . -. .,n
. s.

\'x : '' V .'j. A' j..

* Q'- 'a;-?..Q'% '~',~?4?i'N.1W
..

*

f|$< # '
. . %~ - .

.

tb

%[!@.
.

g \
%.:k'si.5*$ WQ '~ y '.Q ' .)

.
.- . <

t x
. 4 , '[. -

. , .t
..0 .s?,n s

,

-
.~.

g, ,., r. - 1
~ ._.;g. y.:y . ' -,f'n.r,.-

p ... . . o'q .. C..

'"
> ", d, e .s;Ma()p.TP-K - i .dhg ~ ' -.' - .

* ''

|:.e:
,s, % _ myn:g. wi

.. _. . ,

' ,5)
f3.1?

. I. 1, k
;,

,
,f *

o .~

a y* {2,. ' C,Q.. ,P.
.

n -

} .a"( e jc
,

.~. :.
,' y.r- I - 8 ....

; .m,-s ,

n {..f
...

, . - e rp' D\ ,' ''i__.. .._..f f d \
=

- _
s

|

|

1

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



.

.
. .. .

- - - . - . . . ...- . .... , - - - - - - - - -

..

.

- %,j,Q f t f 's &( h . [* ' [ j '1 .< ; f h }r ,| % [% [ fN. ~ C:_ R
(-

\ ' 'Q WK" 4 s. ,.,. 2 , f'.p. . d ' ,
-

L .Fl
e |t w *** - - r .b

-o * . ,.. r rg g.S. ,*-
. , .g . , -

.

HL, j 6' .
t y,sa~ ,< s,

_1;'.? f Q;.. { / N * ,|5Q' ..p ,, . . , :f. Q;. , W' .,
!$. ,,fMk n

- ..*

. . , tg | 1.,.',
4,.

-

-

..,'E . .-3' ~t=L j yn ., 5.6 . . %+y .
*,

# Q>, .#. M .- ,, ,

.

I?,. + p .,

p
.-g.'.?.o w..f./ ",, ' . M, 3,hL ,p.4 .

.f.h h. 4 N *$

. t s

{ [8
y,a$..

, . . . . . , r4 .

,7 l ~ "I _ .. _

'#O.-V<>-4. m .'s. ,:v . r ,. s ,84*

P k
. .s -~ .

|
' '

'
. -.r,~ gg. p.

=~ w ~' - =jc;t 5,% y; x'y,%
'#

, :e. Y, ,,,d i.**
.c ,g..f,L'f* *a

_

<
.m r _- <-

.
.

e , 7 <, . * ' I. ' . , e,
i,4 [ - '

a

. ' , , ,
|

.g 'L
.. ~}g-

''{G'k
'

'

' ._:' &'t
.

.
4 ?.gf.

i. -'
.

_.

N$;[j _i 7e'T ~%% }& .]%. Tih
-

,,

h
' 4 ] ,3

}D. = |Y' $ '

o~m N ~
p" I

b. 10
.._

*d , . c.
-

4 UP .

4%
.

g2
.

s~
h e,..

.

,

I <,[ %- . j $ 9J; -
. . .I' ka '

.

~ *
.

* * * ~ c..|, q; +,,g
1 IM

D*?
- ^*J- .-g 4 -.

f| ^ * '_; - &Q 2Cl2f , % '' ,- ~

5 '" ; E ..d "?< .d . (i \
''

' ' ' _
- ~

,_

~ '

fi
$!!} . . |L

, :: h . . . ., ..--% n
m' W cc';- no Cd

:

'. jQ C W |
> *- - s- . - ~ r.,,,

g'-};e -
~p

2 -

t.

lU 7' .

.-
. ,

ga-e'' ~ - ~ s-.
. .

y , or .? .

(,,!,,,
>;

l . * ' .,_..ae,
. . j

,
'

g ,
. .

- -

.g6, .x .-
.,

1_ -
ef- - p m e !-

., ' '

g, ,8 . . , w . . ,. - . _ ku ise.;
t'%.m -

-

c: |

p. T;,:4,5.'.-'?.)4$ . hN.

. 7.).
'

.g.w= ;=-w
* A _. ..

.

-- - % . 3 w A. ,. m !.-

;a. : .w gat 1 +. ,. . -&. - -
..-

-
.pYi o r-. ..

?-t
'

O., ~

' ~ * % P' a$.
f.C. L|,s

* - - -
.

7,y %. ~. - ' , ' ' A . y+r% g g.%efr -

bu *y.g.''; M- .f. *
*,4 g_

k '

'';4.. -<c. , n~g,,*ff .. y -
, ,s

.N -

,e , .
. .

- .

'-'- 3-;L, -

eg 7 ,,
- - - - m

n,,.:
.'. * *-s. - ~ , .

.

,% s.
, w ..

AM.r - . ,5. . ;!, , op h. t;gy,. pti
.. ;.4 a:;a

-

-

v
. e. t um . . -

-,- ,.. . . , .,
-

Q ~ W. M g &.:,7..;Q,gE!',V.y
'

. ;
t.

s
A.,s ~

}:.-{ 'n &; # ~ .x : ,1
a

.

: r
,

s. , y; . .; *. - . 3 ,~ ,, _.' ,

h, d . Q ,' ' ? $ '' '# 'MMSR[. -s 'I = r -s * '

c. 2., u m #& 3 y . ' ;8- c~ -
4 , ,.

" *

g. .% p- , .Y 'T / ; si r,- is - .. ,

| f',. ~ 'N
''

^

. '.
'

-

. _ .

gp g .g. | 3-- . -

: -
-

.'- m
l. .

-m 'h
-

t .
,;,-

hp 'e '' i. * f Ip

,t d,N ,
-

q

. g

hb $h ' 4 l'' , .g
,x. ,.,,. y. - ,: ,

-- \ g '

|
'' '

gf |
e ey

' .'
( . , '- . ) ., . '7, g i.

.t ,

irgt: %
..

,.,
*;-.. , ,

*
_

.a.- _



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

,

e

0

e

.N*^
! ) g ( w -[ . M'' h y g g M :-2 -in g... a n .y f c . .i}.:g __:. , .. -

'
4 9 .

~|

PbN./p s e .. -

g iNth p.g - g Q. _ _

'

., a u .c a. ' * . n.,

.

Mi,.;**.p.12;i.*Tdi|.f,91!'W.&.: q* k ,e .' . '. ~
.w a .m.. . . . ~ . . . .. .

X * ' * gn . .,. :'h .R
,

t y4-*g . :%';r? .>sy
<'-. . * . Z-# . c.

-

g o.(1n.','U ^.2.M.%z . :; ,b;m':.$f' h'$-at :w}: . '
-

..

~ ':..
' S: ff.b. 2 - :m

-

iN- ,

,:e:;i-L ':

c-:.$$ "
.

'(*$$wi$.q.h~fv%~d$' i.%% 'RQI. :'.w:% ,~Sfkb.k:5
' " *

4
.8 a m .

t'', .iT;*-E-i.'.C'' W 8 w%}.T.2. ,,,r[ 5 k@Q Q $4X Tih.".'''rT5:L W ?
>

.

. Iicy,7,g - # '

m
'

W ?r.:;
'i tl&9 . .s:

J'..Ifh5- ;
.

f hh
, +(,,on$.,. r.ng?MynC9N gt!,.. ang.eh

*
-m

a,eq:g 3 .
.

--

'

, s?.. y' Y. | h* *^

dy -<?ux
@w .mhaswge yrL +k. LtG. jt g|.t a U$IL eq $& f# c-4 - -

2

- A,i g Q
gf .s.-: .c

- f-: .-~ ,,,

, eYA,\ D 'M$,.S NkM.hhA$.d@ [_b
' '

[ t e; G e m A % ' h r& w n e w n e w & :

-.

wam.=cew.mc .,
e%

yQ w & B % N' T*g g ri. $j+t## h 4 qjfwjj $ $ fij

m.

;ihr y4
a s r $% % ggwsyu U! M

. a

4 [ERMy E h .hf(
-

Y M idh .
m,

hh!I N
.
w,g w y%m$kh!$m,h$I3f

e. y.r# . u .u- . w ?- __ -mwv- e ge
. -,. ~y.[,Qwn- :, y-

..

, -4.. u . ~ , . . .

pw~.w %a iw
:y

.

*

,p -
. p-

- -

t. y .+w w _- c-
"

~
4 |

,,

[ L 4 -g y i>
*4 y_

_ - - _

*
,

-
.s -'.

. .

iy

. . . .

. . ,; . . .cw'

-. + q
. ^$ . s'1st'LUh&$f *~m je

_

|



(. . .-- .. . . . _ _ _ .._.-. .. . . . . _ . . _ . . . -

l. .

1

1-

i

... . . . .
1

*
.

.Q ;r *+, ,c-(y.
.g f.' 77 :s-pc. .v- ...-p."q.C,", n- .c

.

.:.hc[,T ,p
, /, ,

m ,e, Q p a,.''.k y.,o m.. ~ %w s.,,. / - - -''
- - ..

-

4%|r:/2 , 4 Ref.r|Wh
'- .'-i'4>-

?" d;h.g
~

4f
'

.W ,

+ .-. ,.. +, y v w .. sv4 ,,,:- ec .e . .a. .-..m
. . . .. . 'N. , , .g-

, g . ' . * ,s _
=*7 c.,

--y
t

, ,
... . , g.
/ -gi'c .A O

. %l' f 'q%m;?1 0'~ ~'g 'c2
.

% cc
'

K ?% % C T: '

' jf f $. . 4 % .$:f p g '
-

%.

o
f /.

.#) + .|4se%
- . .s

.,

.- +.n ,

34 . '; '~t .. ,

f - -), ,|- ~
* '

.
.

v.: :cc13* %'Lm.,4 . ' s
,W?,f ;,, :r. L. :. r. .W:a3-

; \ t .

. . 4- .:-| .?3.5
M.\ / ';*; --

%. -

'|j /. . ].|e'T.,,n g%',;q.
O.r. \j .%. : ~ ~

g., i, en

f' x$ ^NG'.$A*;"_ b&~Wfh,{ B.'N'.-Y.%
-

*c . . ..

., :f'. / ** '~

*v .

W.'-2' ' S2 d C;k ||-T a
*'

g . , .# y. .6% m Tt.
o .r. .;.

.

m n. .n ~ /,- .s -'r . 7 .

.....a- w-

/., ,,. . ..q:,.c.<c, .,.-> ni .,

g(
. r.(.

e
e - w 1--

. y . ~ . . . <

f Q^*h;N'h. . .M h,h 2&- png$}
I [! . . Y s.; . ;

N/ cc u
h

.

: p {d.Y | 4 d ' . s y v [,. ; :, fm .y ' Q x *t .a:'._i.. p g &..f iy,h;;g.f
-/::%., :~qr

'

,$y<
w z.

~A * f'. | * h r4 >t-
.. .. ",u:..c. c.;

W,. ,%g:
,.,y K'. \Q.j

'j.|%
- ,Gs% %'i.#l-k'[SI .'*/[6'yj$$gp %

;.u r ~ . ,w. . . - -,

.

4.'.*i' p W
hNE //cK?e$d,db-j'if 7 . .i

d.. .;.'?.h-F . .4 u o
, 4'% ..,cj . _,. . . , .;#g A..

,. .. . ,,.s '

M1 :.
'

.

.%. ,1P @
.

.. -[ 4 } y Ej. ....tt.-, / .,/... -'j' . gd D'T
F' *

;- -

.

-g . o.ra-o r , , . . . ., . .
-

-

c. .t ~ * =*:p. -

.. ,- :,.
.3. . . ; e .; & .4 p . s ... Q,

e..
.-

a. ' * , }}.?: . , .. j, c h,Gies '~c?
-

e .

. . , ,,

.~ $ . I'- ' , . [ *5
'

'
*

,* ;,
9.',iy F. . .c.G.N zI" d '- -

f<.;.#::+3.?[M-Q'gif& *' W. &,

* '
J,' h. . ,'

~

^ ' . ~ * GQ ''r.T, , J. .,Q ~.C _

\ V- .' :t46 , a3 . , . e 4i.
,,, i,M. ,m ' ' . .. .

, 4 x ,, - U \. . -G t--
-

, *r %:

s .

,5t'iM,h.[C.w'[).h ,,-- O \

o y .,
' =

l- -
,

,

*\ g dy. 5. g
. .-

4I yp 'q -* * -
. ,. , ,

J ,, y t * 0.,s 5 - (..:. .P'
V

,,

;s \,
r:j,., r -..$-c y( s.* <-

' ~..

}' ;...--. . .
, ,

-Q ,s . ,. it - j,'s.a -
' -'

,- . .
,

i
|

_ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ -



.1....._...____ ._......m._..._ _ . _ . _ .

.

.
.

.

'.'i[ K f&
kIfMf'T%Y'# Pl@[D %* 5~

'

i bI

'h.Y?$h
$ lie};$

~

: kR $i
Q'|% 4 W A J'' ,.. O " Rt X M g? Rq

*

; [m'

.
.

"Q pgzi; -
-- % .m.-.- m;a M,.2.w w~; w g-. aggp p

s: n- _

tyy$,g*a:? gymsp sq.y v.:g.gw~$,s, -
.,.

r:

. . .Q, u.,.,ya n..m,_.s xt,.u,.s.,2 4. m~ ee.% a.. n.~. m. <e,m.>g - .
.

.

.
msm .s.g

- Q. , ?~ fhN i' ? -

L : w.
.

p,w,, .. n n a

f (h Y & h'::$e $ u " %g %n.g Q.,4 &s,.w S-a a. %.a
w., ,,.. . a,..a s:.e

. ,

-

>w-- - - v
;%.u2pggf;g;as

--

.uum . .u ?- . ,. u' ,i ?t g W W' ' * = "U- ; O.'n''r
!M%. q . =R .? k 7AMM ...%

,, m._n
'

.8. b5$$ga:hhhkliE3h
a
*

N kNIhbihhN =%$h * *' %%#a. 4< y n. M.. g eQag37 'M.
pus. p$h2 [i

8( g- .

.
- m e.

f.e$5. .e.**g,.mp .h,g/.|N
-n, . .

.

> a n, + ~ w$ $ 5 h a E k$k.. ??$ ww-u . , -<s c. z
., xw

.

$ f _ .' a.{ * ? . j. % $
r.

-

&sg$.er

. .(Nh:
.

. , ' ' ' -.- x s a <I . k. a. u >,4$$2 d ]&
%-' '-

3_
- <-

A
~

"Wi''

. f '

'' 3
'

c- .:

_
.

; ~.''E. '
'

~

. m. g:.,y . .-

khh's hf
~"

' '

cb

,:,." a-
c. .t . , .e . . . . .

f^''.kN.,.f ' '
.- ..

Y h , _ . Nh f ,f _x-i
_ _. __ ..

Y ,( ; < u m $ .v'. ,.'. ' $
~~

fj$s.,%..h. .
<

-

8 -- ...

%Niid $ih'' ,g;.h. -#- ..

~

+f Q h %ge>3e
' u-

( i. ', w
,. .

%.cr.
.

-

C .y 3p A4
. .

<..

_ 5|**NJ a' h .'l % 4*
, ,-

_

. ,



-.

-
.

--- - - - - - -. . . . _ __ . _ . . . . _ _ . . . . _ _

.

( 16 ) T ., 7.~ M A ,22 - - - , . .- g " "'T1' I,

' & .? ' % .v,
,

c2 'd " 'W M [ .2ED $$~b }, %' iY ) .. Q5
__

l
s.,. .

#**
,

i'L 4 G Als0H - J r . T'''.YfR_ *
h.

'

- . I? .

.

f k&ff" ^ -Q-- Q-M"% WQg$$$
..

~ f.&&.'.'Is,.
% s:.j: *; .M e'eT. ;*'p>Rn$~: 'L W '~*n&*"

'f ..
~'"

.

&,t*f W.E= M _t ,w ~
- +&E e s.*.;;p-- V "~~

A (&~hi':T'yl.y 'O ep&
t. . q * ,,3, , 4% *4 f -m g 5,'is. O- '' ?tV . ty.-Cf;..;, f %%2p'T:* < * - ' ' ' ''.,,%*:E ._ -

t a#+ e $C%'**d *'. T b7 W"c,*D '' ' H') - _' ' M c- e Y-
%*; $ % m. w #yili ii $ '.7 % 't.'

' , - - _yhj ; ',S

-

}- '
,

A* ' 'A r
, d M<'5-

- 2 -

A .+
- L, - .

p -- m - w- ' 1rf -j's- r& ._
.

g @E*Lh W h| $ 2 ? Y.-... M .*',tQ r,,n.

~'

(c-- kdE.EkD-N N. *'* _' : ..)-c'.'*? . < , ,. _

*[

~ ha.%., .
,

-F. C5Q?r*:
S,' &> % hi & 'q H- *A$Q ' ?, *w

% e ~w W- -s3.-: %~~ y,; -~; &..C.p'f .* .Q .* |
'',

'h.nk.., .*: ~'2* .- v
-a. *~~ ~ - . . . ~. .;,,.e

'~'-% w$2v .,% .. -

s.
'*.. +*

% .-
|

- - - - - - . - - - . . . .
'

(
. . - . . . .. . .

_ f.e . a x. !';<
.

,

_'f _ '
^

- ?L
-. ,4y.

'D A ' 7 ;h
'

If {
,, I.

,

s

! : . t N: ,
-

. 1

j !..m i
,- : . , . .y

) T
. ~ ~ , ..

- . u,~.; a !
,

,

4-4 1, _ i < -| ,*'

j.,,,J. ,,*:
~

. i
m -- . .. . ;.;;. . wpi

, . . m .-
-- . _ ;_ yn - :: -

m
s ., .

- --- -. {^ -
.-%..

- t
. .y.. . ,. - t .P. .ww ( . -

g.2-

'NM5 fdWAhNbk@g;,.[gd 3_ e-b y - ,a , g.. , 74 qp g g .4, g , . .

.#._g m--CAF. -%g-
.

-r. r- --

jr g, - --
-

- ,g..y.

.,, . >k
~
t [.- -; (.Q-

u. .,.:e_ ym+ ~ ,

e. . ,. ,

?$'

'w .

_ ? ~5y*- -^ -
g . 2s_ .

'

K .m,;awr *,- a. . r#c ,

,, g -- -- -

q
-- <;g . ..

- -

,.
.. > -

. .. - . .% . .5
,,

(
i * 14

'
, .

-
|
|

FIGURE 17

C 0tiTA I:l E RS X-1873 A 10 K-0174 OUR::IG PUtiCTURE TEST
__



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

.

. .
,

.

,

[,'y')(N' /*~ 'f * )[)''/ Ka.
7 *'

.. G' .v''ys. m .$ , e{ sQU L~ e ,

M. ~ :I s'+

y# p s.(.''e.Q d p% .y
*

(. ' h. g**s,,.
.

'

4'" A ,-
.i~ .s . .

s.< , >U. <,e t,4,',
A..,'?.* y* s

e
> s...

t..,f. m, t-

g .
. . . . , . , . \

,.

f s t.

-P5-&fd' {1
k * / e' *

!'k.

'

*

',e i,.c
c.s$ ..~.p

.

i:

.";f ig.C; .* s.

A:s ,e
..

-
le; .. ,F. -. , v , v.

>
-

.

gj. p- *

., .

.jf~Do'e.
.n

N A';'s , . . . . - e

( ),M . .
*"., ,rW,k **

(/~)
.: <. r.4.- ..

& ] b.^''hhhf L: !J,| .'13 ~ ..>

Y- (_ _ .
4 '%.t ' e

Y mr ,.: , -
-

~%q.b.a.. .a :%
| |.q%fW.%

4.g W.;; . J c.~w - - . w ,g 'Qpc*f f f w Q'~.,\ %g . c::
A*$V(0 ,'s f

~ J . ~ ..,w,,6',9s;p,W -?g7w.~JAo$ wpe@pA.,.r%->
$1Eph

%@2.,;,
a.

B sn.c =, . - 1~ :y,.:r,n.-. -
. 3..

e
.

,.. # e

- .g5., wyi.4 ye -=y. 5kg.Gr.;i - '. #j g.
g 1xia.

4. -wW.T,
. e. c.J''

f'
c . . . ~-

I k "J $, f*f. h .i)f.:y n! M N W i M|*:. %(~
. . , i,

''

.Y;''j.*[.h. '. W.
.. . .

s.,i+W-- :S 'f E
~.\+.

k.M;. _ hr? Idk [~.hhh;hysM.:;r:7N'[g[q)w;2..~.
f. t .: ~:' ts- . . .

ye,ji'[E*.s[c.%g- k'(ir1 .'} co
). r.3

.

M %g=4
y h ( Y.[3.; 4+ , q. v . d w; M . ' . . " M [g'E S ,t O I.D. I' i "M. D. . -.
S }.; ga - c-e.,y r n

-

k. ;
'- D ,:9(

. , . . "* I. g'Q' 3.;6.
.

v .r ?q ,

C k.% r R*^' Js\

k."k w 4
:e %5

*
c:-*

k L*.'s[ YY4[ k.' 'M6D-6j N/.y k i \ * 'd Wy
~f M'C . '- MI'P2EM Oxf83EM -;. 'J5i

h . [ ly h % g,$..h7 k , ."j.c 4 @',',.Ik.J.'.*'k.'.[>.' Y'i.f*'.,',.h
h!. W

c

f:[ .j Mfi N . *g H
N ..r'.4 ,sV. I.\ . . :, : N . .t <Q \-

a l
.

'y- - '
.

s .

sa ~.
He |

, u.:, L- a:M ' ,

'k- *y : ' *m-| J ,; 4 & d ,4
.

-t..N . .s . . . .s K,s,.,. d4. ..,, .. ,. .*
,,ff, '

r ga- -A t. . :.p. p
, %

C

u. w.~3,. 4 . .. t u
v- .

W:.' ~ . ..x. .y-
.a- . <q e....c. 3 ;. 8.:

w - y 4 ., m 3 s, w. m,M; u .-s.. . %v.4
- d . . . fe e g

-
s c. * ** , er

-

R25:., .w.w'.; .?l T1.yi ; o
.

1
.

. .-,4 4 9 - ~ -

j .|. K;3g 8."%u%gB E M Q @c&. e .a..-
.

.

'4 #C
'

y-
2+. - Q Q.9 % d!;g m g, ~ m W - M ' r & y ; )r 9

1.e .:n. . ,,
- ~

'

ww.,,%,yomd.WsW,15m. .:zW .. n e.q - / x, ' , s,s-

s7 2, .w. C C.h,.. .w.l, . n... . . . e . v: . .y t. im<av:~:m. .,. .

L . N
q,.. . . -.

.

, . %. . .a
w - .*e a

.s
.

n . . 4 y . o't. 4.,. .u: . . *.; h. c'.& .'N.
-

*t.~

% . J.. . .

'. .#Whp,y
- ..

.s . k
' .. n,, n'r&. * ' ' .>4 5.; . ' .. - [. . " '.l' /a .* "' , . , . C^ *

$.e }*.
*

' Wh th|k '$$.n
v

W.c|5* .Y '..? ? f. $ 'I
, .. .

. =.

R\ VL*: .., %k --Q pWy d> s.~a:;2~ . yx:-c.
-

.

N',.,
. .7 C:~.

\ , [. ,, 0 f.-C'''''.?.I',,jt . ' '4 ~ 'r.
' ''o,

,

#-gg *.R.,; , , ,

- . .. . -
% s W ] *

,

k4~d'.7 g q$ 4 +N.X
g -<

S
,

-_

'

\s fs } =f
.

W W 4. 5 f $ % h t e. ~ n. ,% ..
_

u- g,

w . ,s - * x. .
-

,t.
__

.

-



__

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

.

;*

.

$ h.d,y9,;,,4b.Ff9
4 %.

( s /..,.

hI-"7 *% ;t ,'4.

y-cMh.& pij',
~

, )s.
.

*

' * ~ ,'e '

: :.
4 I4..

.: M -

-

% -a *
3 6

', , g' <.,

. .h6 3. N.
.-

. / ** M ,': ( k y_tz* ? ~ > ,: | g n . h
--

" f,.,n : ,,, .

~ t~ h
,

w ,?. -s:
g

s~ -
' \- s ?.

Y .:='?.. kh
?

.'.p .,," G '. S *.*'-''N,
g. . , ,-

,

- i <n.:.,,

p [ f; I'

*{ . g . p'g .'

'

i f| 'bQ'M'.L fh '%Q-Q*9.. *'r
X'hbhi$h N.

' '
'

3%fbh***+.Sh&$ikUiN..-T?$,h'b'TLN 'I,.~
y9'

tr U
.

. . .~.1;' $
' '

|[~h Ing* '%g $sw .

?? BO a? nWG.3> - -~
.. Q. ,. T* 4;F , 5 #.1f.l.h '.j

, .n9&~.. .--e %. u%. . n.W.. #
F d "* 1--
5 j#- .: .,.%.-i s

,y,,$r ?pr . . . . 3 *:,..y ~yqu - <.,... .y
.

. c ., , . L.)

n. tz s * .i;- iw:; 4 g-1 L
.

..c . c . : .,- w.

..r +,s g. .w~Wm2%..~.'t~,x%e n :. m. q '4 c,..',:,;;-i,.c.vpiIv.u -sv.

[,:,'.:~
- F

-95 =q a's rcin ~ c . .* .

%~ e- . . ..
'ts. . . . :2 mm ,n.,m,>.t a:

r. . , >-:
t .s v

., .t -s;.~ . - ~ ~ . ~; . . .; . . , ~v.g,
~s. . . - x n.m,o. su. . .. .) -. % #p.p-u -.

* . 9.~,.
.

w$~f'
. .... ,e-

$k iE{% g%$f.f,c '*& .' c
- f.

,

.T!i W 6 V|'>'v? $!!!r & ~. f (<~&R% ' ' *:a- -

t. t. . .m.bs.%.we ,- ,.

, g 5~$4 [.% u e f:['dbI-{k[b
a

fi "( %QAYh Wi;-$8 ; j $a
o -:e@N h. '5$' hh!dI'-M%, O .[ N

'

// k

:k$
* W

; w.

! e3
.

3
u

w... s, . . ;34 , , ; . t. +. w, .., .

xt .zpr. -&'M*c .;$;gn,1V.
e.gc, . > - .. ,.u.- :. .. . , ,,

' . ,a - sci :,. .'my n+ -
.

.

'TC'! .nn 3 #N m
p.i ,.-e%. >. m: a W w- . - : er .:

% ,4 Q Q ~ .
e -..,

E&-- ~nr, :ibEh - R ~

%- )g:g,;g:,w:g". .c.:7
,} Q a, : .'.. %N M.w

y. 4x .e~ --

.,. \, .s N v 9.,,4 en .
. p.2.&.,. M

.\ '\ g$ ~ . Q. ,~: 3<p
>n.' , .

--: @6 ggg,R,'$A( s.pggg;.9 p,tef.Ij
bMEI '.\'

,. * o
=3 ,gg

i (a
~

, .. %

7,t.h,3.. 'I
-

. . . -

, .

. .

e. ..
4 3fd b ; Ii

,,

u. ..
.r~ - . . . -

~og y --

G. ;h'. = %_ Q .b' % ~'' W . ,,'

/.7 =..g . --- O ,/s .a,;8ai . y W- ~ n, \ .
.

' it, ~ D. . ~%'.. ~. f.$iW .tQ-@y.byg.:;. .,kM ~ ' ;,
.

. h ifs h jf'h{:h.:
:|%|Ah{. ;f.Y%D'i {

if &
* * ' ~-: ,

\ ,'['' ;

s : g\ en -<

- -
- |,

. e. ,M
_ W%%eN. ,' I-

I
1

l

|



.

., n
-

GASOLillE FUEL SOURCE g

-

ADJUSTABLE TEST TANK +~~

-

SilUT OFF VALVE
r N. FOR BU-7 CONTAltlERg

><

GAL.
.

,'Cn

'&
LINE
FEET I WATER SilPPLY

INE - 100 CE@T O I
(GRAVITY FLOW) I

I(GRAVITY FLOWJTilERtt0 COUPLE j CO tlFR
~

tl I t Ei4T BU-7
SUPPORT \ -

--

%__p. f- h '\ WATER TANK SUPPLY-

sj_

TilERM0 COUPLE WIRE / \
TilERM0 COUPLE

-WAY VALVE
STEEL. BURil TAtlK (UtIDER WATER LEVEL)8FT. X 8FT. 1 FT. DEEP

.

.

FIGURE 20
.

f il E R M A L TEST SETUP-

.

.

$

_ _ _ _ _ _ _ _ . _ _ . _ _ _ _ _ . . _ _ _ _ _ _ . _ _ _ _ _ _ _ __ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



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

.

.

.. . n. . . : Lv.w. %,, '. .ii'?. V. ). ;FR:.,..[ .r,.',"~.D. . " *s Ti '"I' ? :,.i' -

' . , . .

. t ,

. ; . : (,. ., .'t, . . . ,
'

,

f..1;h "
.. ...,,

1...h,,|r'-
.- 3 iP ' ;<t :*.

., 3.,' : *: s.

'IS'h. . .[,I). N : I) d! i'\] ] '6 . t". '' . ' '. . -
.

.

. # 1, ,

, .. t
/ -

I<. -. y ir,. ;q*M' ' )
gs.,...i : 3e ,,. . ...

i p.i ,5 !
-

'
, . ,,. s 4 i . :r -w

.gJ ..i..
.e,1,.;, .i,. , :i,.:..r.

,w.m.:.'p*..g - .

pk ..
. * . < <a .p;..-

7.y ._8 . - . , ,

.g,. . .: -
-

..- s. :,;. :. .;./p. - -

*g,,ve.14, g . ;'|% [', , ; ,;&
. >

* ; . 4. i. 5f,da: .e,'L,. ,

.. p . i . . f . . . ,
- . - t.,. . .:. , , .W.: . l' . e

. ''

.. ; .. W:' %- o s : ' ' . S;I.;h, ,?y,4 :: t : :y . ,^ j {. i,) , ' '.,' , .

t t
- .:.

t ,le.
t i n.2: g :~$, - -

,,.
5 - .- <:.: ~-

' ' ' r< ;,. W
. ,-

. . \. t . -. .. : i A. %, \p, 'u,..). . 4 3.,t r. , c/. e3,4 f{f.u'J.ge.mi..

.

g ,. t . !
, ., .

,.i.,.r-

, , . . I ,, . ... . , .
.....

8 i ....
> - -

. u o..j p .
,-

. ,

[.'*ii).$ hi.d ..R^ 9, I,
.

'
' ' ~

II ' , f .i , ' , , ., ' . , . l . .t
r,. ...

.x. g' { . t g f r .s . - . < < . .g,.,..,4
.

3

Yil 4:*%, y ,(b 3 ..y..;.y,w-bl.b.; t ).
4 ,3 , p .; > f.,,, ' .i,. * ' . . , . ~ ., J ;tg . *t"nV

. .

,.T . s. ;),:..-r

, $,.sy 6
\ ' .:,.' ./'. ^ .:< . . . sp t

p * ,:fdjaet .g@
.'*

1...
.a,\

. , . ~:,*s.y!? I *. Y

1. p' O .'.:([b.,Q...c...a \ | '! , '.' T i' l / ,} y - $ . Q~ , $, % -g; 5 ; f,;,,

.-
.

~; y., .,s f; *c *:t t .'. '. . ' . . , -
- ! .:..ca 'W.. . s

'

,,.S L'ffs.n. n-
.

L,%
Id.jj,gy 7. v '- I

-

V., .qs . .m .-
.

*!,

, .7 , ., , ,y.t , -- ku~.4 1. , , ' .

g , ,,.. .

,
. g. ..

i,hg !. . , ;fg ,.
;

2N)'' " . ~ .' ,. -j' /t " , ,
.

i-

' :,- .

',5.@ky8.{ w,.,yg i.3 , .8i f g . u. *
,, , , . . .>*r

.,.!.h..shi
* p., e.,

t T.y.a e..hl 47k . N i";".' ', ' ' 'U.f.
,, #

." .s s , .Y''.
.

.: :i,, ' :
'

' u-

. .g . s4 si i. .. . , . .
.

.. .

'* ' (' .f5 k- !
*

, . . . .rIs. es. $ * / ~ ,. o . n''** r..,.. %m, s%m$%. $s.;s. . -
-

.
'

r. , ,. )c .D} , %. .
't'N*W

,' ^ ''*
;2 --

- -

;. ~, -y B<- v.- . s ,. . m W.
, . . . w

. [.
.

>
n, ' ! , . >dr ,.a.

. ~..

. &.. . - ..

...

n<
- ;

s .. . ..: ..

gW' a""~g .\;. t. .;.4,. . ,. 4-|\b,M.. hi,.',; . y*

. a.. .

W.c . .u. ,..

. p.: .. % < ev. ,. M y . ):. . . J'.? ,2;:n ce'' .-,rps

tW9? $.. e.3,, .@s.
.

,... - . . .-

'.~ . ': 4:5
.

9 , .*=': . u.
. .w e /.ih.s/? , ;L $.'t.''fV-*j

.

.
i- -

,

- d.)t . - 4: . p1G. i. . ;,J .-
~~ ''

.-t
-

s I . :) ,g e I.
'

i :%.,s.,
u . -i .

' "c 9 .

-. ff- .' ' . ' ;' y './ '*.m -: .6> r. . .g-..|1 '[l
..

& -

; .gl O',3y(. ' f.{
, ! ' '' ' ,, -'' .

(j,3 t -

1 |,.
. c

p. . I : g:.. , ; .. . e. . , , . b .e

e
..,4,1

,s .
< .7 , %. -

^{. . g . :.:, -
..-*%. . . ,

,

. c'. -'1 - } g
<

-
-v

hg . -.g.f' 4.y, i c *. .. ,

. p sMs' . M, .'i h> . % ~g.
.,

. , ,'c ,' ( , t , .C
.. .': -

d
L1

/ ';.(%'';l .#
*

,

b - 3_.
,,

si e, .

)' . " -
L ~.- 't .s p n .- /' , - .,. 4 :. < ,-,

' Y. . ' I | . ' ' ,S,; ,' . :1 J'
.-a 1

"_ |p..?}f':|.Wh../ <
.- c.

i$

V . m ,a m - g .:.N@'
. '.bi ' 'i- , ?T .. Q

.U. | }g; ''&Q; ggq% ,':.,l'4;'' :..3,.| .': ,

' '

- ** . -
'

-:c:' N ~1

y. t-

. M . .w@4~.','
!..y;L..h{h:- -wD s%;',

-

b mM19M ' '. ! y:.. -
ir l '

-. , .
.

'.t i. ,;. . =-

. t:
.. .

e i, p[y .1gg n.. w% '.:,'i..,':%(y 4e .--isg'; :y.;,. .. '
* d ', ..fi.t -

.

:<i T. .V. .4 2,.
*

4 - e-

S
V a, ,

-

-p '.s --~ ~~.. .~

.... y. . ~' .- , h..z.-: 3 9,w;,.a. y

{MR&jfj ' V t,g$ .
,w.N@.. qdq -,;[.t,;s _,& M. M'M,..~ }| \

.;:. .

.-:.
.

.-
;

h
. -

lj iiM>!i,$,/:4y$$'ii y j . r .,eh%
1 . .

,' , ' , [, E-

.

%.s -h F:[ ':
.h H ~

.

:9M% i "
.

,s q: . , s , , a ./. . ..<, w. . .. ' .
=.:.>-

p..

. - . :> . .,n . s ,s . u. , v.
- =..

. :D v.a. .; , m
... . . ..

. ., .y .1 s v. e,.,.
-

.

. n-. .s.__ 2 . ~ .
, s ,. . . .

-g ...( .

. en ..
..

. .. . n . r . s,|s. . . w. ,, a. . .
..

., .,..-
. ..m- 4-. , w, , %

.

,. m..

,iq' t. . . t.
.

l $ e.,
.

.ns - >

~

W /:. / . , ,1., . .) [,b .,,u . ,s ;!8e q. uh, . . . .
.

.

'. 5 '*
1 .cti

. > >x.. ..
_

1



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

.

~ ~~

!,hy: - ~' .g.! i

, f.l(i G, .,', .' . ' sy.
'

d. '
-

...

. ,

M, :dl
b( , .W;

k.
,t

y,t ,Il|
-

(. ,. x ~e; .

!.'.I 1 .
'

f ~

. A ,,
i

vy e tA
x

.

) !!. '); e,.

"IF.5)n6 ). Qh'r .'.'.t.
- ~ ..

.hWc : ,
.. , 't.w y jh-za\f'-z..

LC." n \'4 'y-L,'.{ h W"I 'J;i . - . # e
-

#-

p, ,1 f|?pA. . |Y
,.

)
-.,

|3
.,

O -

. s. ,.Q..2 x .,

J ti. . .-

4.L' 3, r!J M,:'
~

24 a ,,.

.; s.' !e ,:w p . . ...

h M ;,a,f 'i}
''

' ~ _ . --

u. .D .
.

.,- . .

'
1

~

e g&i.,N .s,.

'f['s (
-

-

. L,*2,Jd
t

t . :) I ~ ,-N .' l , ,o,

: 3t-a - -
i .-er .

A.yh ist ( *d . . v''
\/ ' ~ t*

b
f., -- #

W )4D t t.L.

,5. .

., a n(. ,
,

. e. n,. t ,....
'

y_' ' f' ") '3'
'

,Lb i. 4 , 9" i , .

'y

'.
.

]t,, y
..,,

~
_

.
. ,

M!, ;-g ,> ;]7
'c

( ,j ,- .

.,.
.

,,

("* i 2

r ' M" . 3
. . * %- '"~

.. ;'. ,*.w& a g 's. 69 y'-

- " . 'sn-i
'

'

{ @i - x .,- .

,

6 RR@ ?e '.N ~
..,

.s 6 m; my \-- - .'
'W

} e* y ,. .
' - -

. . g' ss .'.-). ,,, L :i.: , :i, x,

h .|

.
... p =

_

15PM^'
_

-2,
4 -g_ =

..

-= -- =
,
; .

1 - U. SkSM$ : \ li.

y ; -v; yp' ' ;. a
'- - ~..

,
'

D )l e:. Q 3 . - t i

iO}!!
., ..

-

.

N >, ,.
re } ,, : '

, x ..p . *..r. - ,
.i .1

..i
3, ,

c
*

g

P I

' b.' .
;ti .

t.
*

r. a
-- ..

:.C
.

. u .- ,.9 ;. -p g; ,
- ' 'Ypk ( $ e . '' , .

' ,q

,

c .h b.- n
-

,.
-

f : .,
- ~6

.. ve,gg g,. l . t t 4 |
,_

..,, ,

) .: - *:- t. %. 'e- ;. , ' ' .*
.

.

t . \.

' ' (' ' '

' " ~ ' ~
'

,' ' , h'\~. | .1 \ _ |
- *

, .c
- - ,

,

' ' .g ,- |L '*
t. , se .

'

Pi #d _ _

~

.
, } .'? s ., 7

'

.= . .y m . ,

-- __ _ _ _
- -



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

-A-_
g g 4 e -eWM . ,wg -WW g g,

= -. - . . - . - - . .
_

.

re d$e
$I ,*

uy%p.w.stnfw.4.%d$s.yy4;p . p
h ~n M ,,, .i , uu. r ,. r .S--.. ..

. 9: e . y).4 . p.t i a..S.. .mt
.

. '

b v' '
'

} {:'y agi~$ji, , .{
41y;p}o,y ,.,c:n...p

'

bx.. pnn.- ag ;e'.. n

[,
- ' ' ga

h
<t"gp,

4 ..,,,
F.C,. ~1 ..

P ~. . J;*' ,y 4..
. .,

h f*k ''' e-

- - -
,, ,, ,

s ik Y,ikkh" Ihr NEhfkhhxk.h.ys e ,e- . y. m e

.

% ;,y. m s-
., n u -

7
'E if j

.r [3_*. a s g e[g' m sf;
~~'

(^^ .

w , 7- er
. ',

z aq:g . u
~

' * ''

.

y; *! f _ h
..

,y.. *f
"' '*^ .-

m. .s - c. b e
*

'$ h. ff'" : a

,ki dh$2 '.-
*

.

'
C' , ; .-. .

.,

. ,

'

s % ~ * '

,.

h
"~

. ^

,%: r'' *

p'~ * . ~
. ;: c

*

.a. . _ ,.

~ _ ,
_

.k
a'- .-;; ,

S
,

y ,p ):-'1
'

; i w g 2;v
, , ,

.g. ,4- s
-

1 ,

'
'

5 p. . 1 ,' ''K c.$'. d"u (i;.- 9

Mk 6 *g ' ' '

~?[.

k'

',q4. s. -5
-

.

., .ss s . '^i.

(j ,. g ' ,.fjf I d z

. .! J' 5 4 *:

( 4?r 1 C f- 2 .;
%'

Wi .

$p M
-

d
.&F ". %4 G.th m ,- w' 'gy .

j' *, wama is <-
i

c
__ _



g gg,, ,w wee .w. e
" * * *"'8'"6-.*Oe64 .**ha

.

.

m e w e., wg m y g g n,.g g.. R,p mwe v _g gu. 4. z . e n u
e %

a.,g.y=u g. p.g ms., j, . .s . .

3 .O m i -

;. . n., ,.

u. . .. .r +> e .m
. , ,

x-J , . y j )(,. . p":.y$16( @.4 m' wg g.yp f..-?,$3;c g.%.9.. x
c. ,

h .

% acp<A;gc
iT %r;L.I L.

.p;w-;>.% vu m .-.y
. _APd.i.
-

s.; k:s g 1v: 3
. ..

hy ~

z
.

5
m.mm __k-rA%,L. ., . a*do , h'~

r ..w; . ~. e ,

4 G.;.<, ? ? *| Q: 9,.m. %= M
.

.
.

'=*MtsM -.J s < , . . -;'P i.

(5~: .:y5e.A5Mq'JtREsM. m$252p&ffy.t-4;'.1
7.,.,7

*

.f' e$i$$ & . 5 ~. Ur=Q?.+kWD'''
. r%#,55wwt:'nbf%7 w4Gid%;. i,6. pr p

ay...$. ;., tad s:{9p?i?h;G
W

4&p
L~v: t ~ rmg:.srwar,.m egeyss, c.. c$yr D*MM4,,. ;.m. :mx ,

* * '

.

N # e%. n . w..n3& %,,Q W Mhzg& $.V,.'.

C ~ ~ * 'r % y wJ G.:
' % %E @:a, 4 %
Q WQceC '

NM. 5a.-5 ..bN.- 1& h
5 { M % ,NE I C ; t. p'E ,%m. ..4 rs :.m

- E7 )y . , , .
NO.c

- ,- ~ . . .

f DM.r. $T'~Mg[h..
T 8

MN e
*I

'

','YM g i j l '' .J I. *

f _ &y -f p . g a m f. k g ]
t

khx * N g.6.%y}* Ag+. . t g. g h .i. p ~~ ' m.# .1%.
.

w ...

O
u , , ~ p p #w.s g

-.

. . s". .

[ j , 3y,, Ei
.

d ' *vi.;Y.6 '
.

Q:
. ~\e- e9y s-. . n.

t , n; .
.

-

u p!n .
'.

.

. 4 .-2 y .
'y -

~

. d. . m '. a ; _
- . g

F. . s m,., y'.g g e~e ...s
'c . _

. . . ,

|h- i; - .

... , ..
' I ! uJ

giE.p

p%(y$}'p g% d;4?p
'

Q4 -

7 . 3w . e 3
- |=6b -

11 ; .;4 %V 4d.
,

=1,$ 9 ' e va ,
, ' > -

d! Yo;.'p(.cmG!eQQ'hW W|_
-

L.- e

' J,' )
M

- LL.!
%. '' -

Hj.,ans ? :4 jt.
* u,i

} .0 p$g.? .
1, .F.' : J. . .,-

3
$. L .t{,<.-g~ . . .. ,_- t - ., , ;+

,

5 ,
$ .;

-n
1vVi . ~,

.c .

u.
. (

-

$ vy.> qr .g 4 y

( ...? ? \ > . h.!.; s '. - $.

as ;Egt., m)e ,,. A
GQ .%*. a

-

..

% M: - namgk
'

,, ,52.s ,=ss_ddh> M '
1 .

.

3p e.
.. . . . - .

_ _ - - - _ __



.

.. - - '-
.

t r- .;y p - .'
". " ggjd,'

i~ qyyg-
r.aQ>

~ ,

\ ;- .g wi.,t - w
4 *,* . ,* , ,, , 8/*a-
Q*g.. < - -, . g.

.

. h. a.e . . m. .: ' it.
\ .)* ,s e.,,, g r,

h . ' {t.
. t =

}.
. . .

. g.tr G ,n dr..WOM$nM*' Qb f - * ' *,
,

b ~ ,' ~

T '" i # i c,h, ) 4 ) n. [ 7
"

b." ,3,' h. .%
,

"p. .h ?,7 '
..=wbg - 't ' '

8f$148$$M}bNg,rm.<-Nt%)?d%,[m7.'P'p-H
:.

ggh -5d:k Ud M 3 N h 8
3'w

*hN
grza.wsm@l@Ap.p.*1c .,.n-d.;f..EF q$-'rM%r= $- ?*dd .WrM?iE

-

!#
c h -A - . w. --*

y ew ; .s- -
- w.>m..c.c., uur...

L,3% C ; g ..],/~ (3r .V "y. .,. .* ' y .... K g-g;.;..
,a.

*.-7. L.n -.
-.-p r . .t-: . _ - .c. -sph'.a. . :3. '- C f g ar. M a 4 d.

- c ~A M w w .--.; q n w.g ,dQ*,*:
'

~* t ypr
--

.c=,sw:.9
y .wr, ' ~ -

y.w,,. - , s
,2-. ;c. A

. . _.w,,,w=.wp,
.

w =pr -
f. . r . .. s ,

m .s ..
.- m-=-----.--

i3C @@. "W* - ..N.x_ b,. W. IWT;t . .;:-r-R %u. . -

-

,. .
.....:*h.';''' ~ Y .~..' x.~..^..*. ..?. ' ' ' A. ,. . '. .

:

Q=.
N i

.
. .. n.,..

. .
.. . . . ..

. .. . .
-.&. ~ ..m.

.
.m: -m..- - .. . . .

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

. . . . . , . . ., . - ..: .*u:;..: ep>- . m .v....- -

Tin;s -{ L.%7p, ir.W* ~ . '. . . : .z'' x M S...x:.1 b
*

, . e '" 28. ' ' . . ' ' - -.
-qu. e , : ... - ,- ,-- ..

_

( ,__..

s ' R @ ?4I% p p & a $ $ _$. g& $ ,'

. .

_

fEQ W 5E

._.'

g c.$.?.;:2: d. .
,, 4y

q.
# ..& .

.
.

} ''^ / ' , A *tig(Mf *2
.

'' -

?.:Q ^ d w.s -*n n;
di 3' s iQ, iiM

* '
. ,

(q A - M: -, T % . " ',y ,' .,

v:' .,
,

g -

3 -
.

' -u y :P ,4 . h -* J'
/. m.- .. 'F**Qr* w .

.;.n. a ....u ~~.- . c, -4 ,. y q.
-

.

, ,

Q, #~
-252%. *c;> V +Q~ ~-

, , . ,. _

'

.:h:t{~ N
~

.h _ = + -.

$ -- ..

w%%: g<9 wsmuy f ; m e + h .3 <: ~ w. wp.w = o. m y
re. g._g, -

-3 7 ,. .. . --

.

__ _ - . _ . , . ,
.

m n. . . . .. _

t _ __
_

N' '* ,- r. en. - - _ _ t w.. ,.. eua.W e - - -_ . a . .- .
-

_ . -
-

y >pw = =vr&gg' h~mmmw mNNa::=- 'fd$Y "

? rDtdY'
'-

p . d r. M c p +i?Yh $ Yh(

W e,#NA Q M g sey.-Oyy d
S j ::- # g g e 3 @ "y h W h W ." M h W 2'

F I G U P. E 25 T H E o P. A L TEST



- - - - - - - - -

.
._

Y4

'

_. k:
| t rsM .

,

L. =s 4-%
br

p 6 ..a<ste.-

|b *!A
} V

^
' *

$- @sa.
x.' .J. s5

'
. cp

* . u e

i, .\f- ,7". . d d D . . :M- ' ' f5[Y.s*'*CW
; ..

lE . . #-
t#- r . ae a w w+.,

.

g" "4L ' %.ie%',tittL. 4
I 0' M E % 7 {Eyb

.- A %''Y f. M . +n' T JI"-$ W P M 9 5
!

u .; %, g $,...

it Mhi82C ^ --
i -

#iMMy4 tSt-$4Ed. . M. ' ~ , , Q, " *_ D% i PftM E$ N A. % g ##Q ~i .

iA i,% , W'GAW' -
. _%)4.g.Q,5[ :=m.&~ A G .

-

_ -W.
- ~'~ --

~

s Q&.. i"f..M?.?.'%. ?b.,c'?.P;q.'-:.2r~ g?*jR &"'*%m.w.c _ >.*
- - - - - . - - - -- ~ . - _.

r-~ % 8 %.4'n
9 's- - - - - - -

--

.
_

M m, f.~_ _ - . , . ._
?~*

r N pg- -g --.

- c %. -w.a..ca W = w" =;c=. w 5.w .,.._n ' ' -
f:. p| n,;,r M :.. c u h.

-:.s x
-

9 r. ._ _..,w- --. %.r. _.m

- -
-

~* ~~- .::-e. . . . -p.m's .y.; .,. -.a. ..> q.~.
-

. . , .

-

|:.3-. . : . :: . . .. . . .--. - .

.
.*

.
..

{' /~. .-,

.__ '. ,

.
- ./ :u. . = . .= ., . t- i, . . ,y...... .-- % ,#'s. ,

-
.

,j
-

. , .
- - _ - m.

w?- 4 ;,,;,; .w**a.

.,. ,
- .

-
., .. .

. . ..

c.: w.a
- 'c.- s. -

e. w -- - .x......... . .- .n . :...c. ..,

. ,

--

|

( R. . .&, pa '7mc4 1
=

It.- .,t~m. - e ...y ::::w - . . ---
_ . . -y,

;~ v

C -
- f, ,

y . . . ,

t... y
e s .

* . m
-

- t > : ..; u-

e,
_

L'. ,6 ,., -
..

.q.,. .t
.

.

'gMgMi
.--

.

,.
.. -

bvE- -

, de -- = .
7- E s lNt ..m.sgs %. m -s a ..mmum; n me.ml:. .w .g~ z re x y ... ' e:p u g:. 9 ;~~; .- .

g .m-c1
.

- - - .,, e . _
.

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

- - - _ _ _.

%. 3 % w W=m m i- &%bb jL..g i k . n -_; x- ? ~, ~
B _. :W_. - .;. -

--

T N % sr N M ~ w-Z. M@ m__ fh
YM=M : MD..T

1k%gA.:.* 3Q: d.E S E W T FiEi i f + w 2 ; & : m & & ~., h b:s &=-M@:i. .-2 l

\

F W '* n% % %...c n@ M,. .,~;P
2;_T %5

<. m ~. .. 2. . W. .:== f..:4 , 's.. s 2 M %. .L
- - ~ - -*

:a.. q - .

, . w+ = . . ~ . . - -

--
.. .

. _ ~ - -
. N: a. .

. W .: -;,..,.n v ,. a :;q a; % ~" '
x = --m

. . -- a ,y .- .. . n.

- .....1.>.-_.
,

z . .
- m -: . ; - .

. . .s - - -

.. m . . . - - ~: . .; .

.. .. . . . . -. . , . .
-

. . .-
-

. ... -

.- .-
, . . -

1
- - .... .. --.

|

| FIGURE 26 T H E P. P A L TEST
.,

-_



. ;

' . . ., .
- n es ee . ..= . . ,

_

.
-, .-

y- |

.:. .. , q. t

e '"M' f([ .
-*

'

*

, , .

s ,.
..e4q.

'

:r y.q,. 2 .

Q. .. 14?
;

~}%. -g
M 584||Gsc%'it:4).fi5P. 't., Jc5 a-

% . ,S., D,'w,s h, _.g 4) m,h .b_EDNN ku..M. M, ,L
-

g ,. . , .... _* (;. .e~. e,. c.t.m..-. m...-n -
.. .

.. m. .. . . L
,. .

E . i:..bP >l . ,

;. m e(44.
, _-.1..,...: mj .. - .,nn.n ,

.

(am.tRw%ck. 4JciMmqn 4 a 9+y.+w:v""? ^m^' m̂m%.
'

n
2w

-- A . m
e x a gI-al' m>.w.&n ~ mw

.
=

.-

-
-

__ % ] ( g g h .-#
_

l, , , . (,

. N '/.*L T. u. y ., , m. . w # n. ,, .:. =. m .. n....... a=. s. . . a... m ,. v. m,.e y. m .. , ,- -
)

. _

-= . ,~ . . , w. , . ,
-

e
. . - - -

,.
. .

, . .
.

. .~.. x .- e _--, ..

..,,,y ' t.f 4. .< f~ JM~- c- -- -- f. ----mqP-56F':.'%v s
-

..

,. - W s.v:_ G t. s M 'i.
I".".''

o[[fr[m w;hf%"D ^ [4-[@%df. Q-(sh5''M3E''-p %w?QP;W;4~ -q:~4&k.T:==&- =c.
'' ** ,

Ih at W 5 Mup" !fGrcS?km P, \j(.:^ w- (,4 .. e g m.c %.,y. ~m.u<.,
T. 1

+ . *jg'd., C
--- ..

in.::" .
-

|ph ** 7- - ,

SS 17/N lw.p ., m,,. w ., e a % .. n> s.,.e.. .me u.V. .:a, . ~,v m- =: c.,MQc:. . .c , .,>.'". i .: .. . : . . . . : n ... *
s.s.

*
'

.

: ...:
.

. w ,,~ t ,...
= * i-e. -e sa.r. -.. .a " T*v+4 o .b.*.vj.*W g * -* M,,e --m _-f ,

.- . .
. . .

,,+ =c;:- M- D % ,Jit. q+.*4 +* *' '9.- '
. -

;:: ..; .* *i ~ 'p -- s .

M a M 4 4.- 4,.,.2.r:.r..?.f..i m.c;')or.,,..: :T *RM;,. pg4g ,@. ?. %4, . :.w.-.,ym-.,.c.+M., dw'--.~S.c 9dyc.u

w

wk.c.m= .y*;**F.g;g;A;C.rg-%.1 =
*r 't'.;, 1: :. . a .-..._..y. M -

.

. . y %.,,m..g %y..e.rJ- sc <. --a -

* ~- s a .>
.-n<.- .. e

. . * * .. _. - .49 y

en .x .MM?Mw
. . ...

n . n.;c ,,. n. . q w n., 4,$
- - .

.
, t- w.

'Q %.Q.w~ %. ,.c. .
* * , {e . . .

. j. , %. ** Q.& 'f 4s
w %.h. V..h@ s*,.)> . fn

s,- --

. ~, ,- . > :: . w.-

'c.-~vy&O . -
- m ,-. .. .. . g -. a

-Q. . ':.-.'L ,k j,
Q.m. .

'
.

,

. ,-

. . .
.-; ~ r

_ ,

f -''' E. N h
sh. -

~ , ; -w . 1
- _ T. . .

...m.__ . . .. .. , . ..-.m, .ws e. -
.-

M2$vs*k..h..'wdh>gpc.jf:$2d.mh L.I S. ,y
'' '2G w p y: 'tt~ n ; p w<4. pt-m*;.cs'.fpiamn 7v - g; -as* ^ 'f

y.pg.wa, 4 y,yh.3, M 6 " -". .*. -h'*.Q #c*, #-

y:
~ :

Mfk, #^Y M, . lw%i-
._ .

yF-

. 4..M
cs

c, x,s4 & - '"- - -w -
.

-. .-

.. _ -- .c.
.a. .d.7,,q ,.%gg#M;.:

v
. . . ... .:. .. .w.x . ....~ _ _ -

--.iggsm:os._ m -a_ e - -

Jn&w%
[(i

My .. . , --

43 w -
. ,~

.WgV R.W L~' - '''G M Q QQ
'

-_

.ffEn *%= ? Q ; ^ ~ s % . O W W ~.:=: m -<A.L"[ W x - S w = f;, .2;.;

m M csy

( . .
- -

y ..,.,. y - m ,... n .- m . -e . . . .- ..w..y- . : .:.w. .e .
- -.-

.
_ . . . . . , .. .

F I G U R E 27 T H E P. M A L TEST



4

e

(

s .. - v .eg* 4 <n.n .a. .
.-

4 W
1[.'*' f

_.s p.
' ' ' , qq,,5*fj}. ' , . , .

~

.~

.c =, - - . ewss? .
'

{ ''
*^r.'

^ *($$ . .' 'f , .%fMQ|3[Q.T '
.

.

, - -

1
2 Mr77, ;EE: ^d-.MT

, ~ '
'

n~.-
sy%*yffz'

m, m m ~ ;y
( :S

.

..Q.'
. -

pg [''n
sw~g,. ,, ,_ , y.-

,
s 2 - .g

'** ~ )$gp'?'.tM, ,9 /. >;-
%

- '9i ., w 9____.. *1 c dy. ..t-.

,Y ?$$YY$5.'-
'

s
-

. ''I/JbMe ,. yt.7$3 4,'y,'3 4.7/^f af ?
.

n -1 es. g s .s ?.mp - G,
~g g .

h.-N h kh
.u . .m = . _ . ..,

&... '_ .N
.

'* -

.. s2,. _ *=-

$ $ ~.F lv
Q J# . )

7s < ~ . . .
-

'
. ga,,

. . '. -.k. *L 5=
b:= * ~ .r.

. h .. . .% r
,

.-; - ~y-.. .e- <

h- 1 > Tg .

{ { ( [' #
Q. * -,,

- r. . . . s_ . ,.

-
, $( 'f;' .;;, ,., ~ w s n s" g .

' ~'

. s '=-. - .

;um
;.. _ .~-_w .'

'"'

a
._

-
-- a

* * * ' ~ *
'

e
_

m-
_ _ _

-
, ,

>
.

w -:J C :. c - .- .
-

KwM6 52 ,w m :.ws f
~ -'

-

'Y ~

U2 myx =._ll 'n m
w& m'6 %wwn.,_M&n

-
-

m
'

_

' "~5 g-

7 -- .. f.... y d . g ypt 2-~~

g W h h., k $g_ $. v .g
- m . .

V NY

FIGURE 28

THERMAL TEST

( '

.



-

.
.

, .. .

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

_.

y;4 ~
c. y .r.- m ayggge .;.:: ;.- .

--
d. n,

a r u ''#n. .:,

Oc- . ''I" Y fA. ' , ; >7,l

}. ?, ;w. %
. .

.n: a
c -

- ~r~us.s.xI t ..,

-p ?: y r.

_

<> -
9k,,e '1r raggg

.,

.''* * -
..

p|5Sh.,@'
'

W.?%Dr.Wo.t-*%s3Aj.6 h b~gg-
.

4wgityh- n .

s3Ma m5h sfe%*::s;
,:.r n gs m W i :

-r

/ : ,m#.,r.; wp!qg.a:c:.tr%.
-

x m :n m e;.cos &e<y,-. *~ m;- * .
.7n-

i..;..n- Q J,.,c: w h a a m-.m.w e.w *o-das ,T . w
--

s ss-vog,

'i ys ~ .

,
-

~.
,

p .. , :.c .,r.%. -
: '.

m 4,. .
. .

,..

-3 . v. =

V" m$.'%., :.+#qu&::gF/.6 i
'

,,
. %

,

c =: c n '<

4 le. ,r ,. y-

. -- .,
-_y
.. , ,3

.

;f e '.q'~[:dQ,.
.

.. -
:. .. s>

',q$..h3 ,

i. u p <,,+ g es., m-

. wf .- gg ... - -

dNM $E@WW.f4' 1

$"d2" k! 18$5 N'

> 7.,.*74Tj%"e-C@xp$gjffi
- P db!fBP ~;

.

. . - 43"

ir.k.,, y,1
nja.. ., .

- 4 q, am . .. . .c .. . n. . . a . 3 ~

,

"' h{ !-
w. v '.b].~ $ti^swL.

; {s-4. ''.i' '"
. ~4 . ;.'

-

u % s.j f. & <#av
, K, ' -

2: ^

,r %r,: . x= -e g(L e ..p.. ..,<q)} ;
-

e -

r.- AjjSt.v s.^M .$'ec9h%
s

* I "* 514 J

--

fm f ~5 .$ r

'

khhf x k %~ ~ : _ [c r w %'g%g?. - Y " ~
+ . - -

-

...

WWMQ~.w k.[y@!M.~ f,Jg@Cy"%"<f, ; .,{m$% -Q. .

_
. .Dg %

r2~ -W &- ~ s :pt .w __ . _ s . , .;

TT :r g.jn%. ..,,
'

. A _

.. ,e.. . - ~ .. ._ __ _ _ . ,.

b kkU b .~,':, % ' A N ._ .b +*
.- .

*--+ D $- p'?T5dfi N Ne- d e v.'.....: s'Me w "'
- e .-<a-( F. e -

-

- -

[-WhmW 7 "'fib ht% +

F T'G U FE 2~9 T H E R .'i A L TEST
-



-

.

.. . ..

GIhn8a (jW .1 . '. ',MND[;.IfW@';W

- -

GtGia8M$W ?% .,.. || h i &lS$,% nWi

i..l p w )u s.. y e ?.:L ,k,e
.namw- . ,

m.4+ ryg :lq q'djsM im s. r n

a he i

T
:. : pdiIf.j.tibg.Q. t;:41.4 >T, I.Tke sW -

. I 'k ', ; 9 ', J.

CW

fq@"Am. 5e.t.s. p P f #h.ft'

M.

m - Q5.. . q M H.c gi
.

hI M 'AT d $ 1_ f b "yc a.?:iS. '? N 'p$ik;.g, |Q|.4NArr}&$,,$.fnm.f,
iU *M ns, a

e|,|
:

c: .

Wi,m; A. .

..
e., y .

'

-

?:.>.n.,.v.I,4.rjAt
h;p.g~g^M .grerw%w
4.p . ..

, %-
-

g ''i .,i: n.smip.
-

.rq ~ .% n.k)?w.:. a
u o ,,' - ; p

.

rp 9. :.
. h:i

o-

. %Qyn"L:.
...,

.'. n .m s '

n. . e.b . ~.ss s % % gg ~ w,% wc
.; .

n 9-Q) H a
c.: ..'s's- 'u

!' -

~Eq:m.%)ggfhg $$tf@LG% . f' ,,.): $$i =
'

'
.

R

';, hij%y. . .n,.y
1. .,J%

q %5f, Mgh.m.:.g,:.
. u.g,g .

,
. pm n-

%g['sq5{. .g _M.f$p-

nu . -9
. .g jf g .igi,I

r: M. d %d? g& , y. n.' Am @p &) !
"~

,

L. g p :J'i / r a w
g &aLy6 - .; h . x , A =

;
n ,'. a,-

. m . e
. , . ... ..

, {f 3 t;pp. gp;m.i .T'.*! * --.

.

, e .e. s.
"muv.a w....< . .. .%~#. 5. .

,

.

m, ? g,:.g,s,.o.. w; .
v . c& sp Q.

.. ..

.

- n
{x.gn, Jy, *f x. . .Q.R. l,s

. ..

, ,,. ?p ..

' age, -Qq}g
'

}
- ' ~ - -

&C .
.

a f 'q .

' -.- -
,

h :/hhkgb,&h
..

un maakwm,,fjh
~

ses y q.':;3Nm p@tsym y/i.Sj}
t ' u..

leS h2:12h6dfMA m e ..

- - _ _ _ _ _
..



.

.. . ~ .

.-

,4; ' .,

(
."; "8 ' W i.

_

O.f^$h _ v *. gh.. -

|. N$
.

.w#Wm &p~&
L sdwo. *' = g%c. -r:.~

>;M6 '
''

G.s si , ';

w u.,h n$Mih h TE d %- w^
r. T. .

v:a.c-W.di . - --;e *t-4

(Qjga *W,:Nt|W*--|h5ggs%
W M- .

M*-t
. . .

p. r.r I9 ..

t,: %. &W x d,.M; h_h-.r .h:m.fga.f. s.:. |;m
-

t
i

c. SQ
,

t. -14?.f.pf(4.7-M ., ,.p'M'@'.T b.4.g. 4 e vf.,GM 4W4p:<v* 9s #t -

,
..

nhn@Qy., -$M'M,.eSw.2%.hW ..,u
#. b.t<

:s sn r~t 4y w.

.t.W iS#g <*#;5. w9 :d . 4-. - ~7..

. [*i- iMd.f|*rp - : vt

:
' *

*i
gm &.w . T.;.', y..e..v yA%;ra.%.:c. n ;., t.

- m ~.s. -

iJia;f' d$ "I' _. .tT?,R::G"<'J7-.[i&y. k.py .%
*7W .. 74,. S$f'*/fli

-+ey,3. N:. v3g Qfg ykNW'Q $[r %6 #7.J

%og%EMsteg.ccGir!.gb.3(...hn
* f.G . >u y;p.e,m

?j| /p y $re g~. Y a
, . , as - m

.fs
,.

'QF N ,f. r,, M r

Giwy ? M'%yQcM&w$h y.gp*' MY*'*px d9 4 4' 5 y %' ~ .M,".4 %'. & n* i.x
MMI%p,7fsME% . N 1

E.W . Gqe -

hd'hd2 hyb-f*

dd d <
,

v
=9 - M ? g ;, * R c.t:cyth. ja

6's.W,$0f'~l';-. :my;.p$ ,?%fjf g;Y, gA.y . #,rri:.%.-i;Q ; *'k r.h@M'%.Ne.f'f'"Q %2DY,EDc$, fR. &&*be.ger(h- :.W;s$ '1*-& i < h
h

. ~ }.k t

W' ' ~s: %-*%L, ,

rryggyws J.?:n s e *

V Q .? M W $f:w2*f'.M'.. d.-~B % p 5 % d| %.:.W 4,y8mm, ir.r %w9%.,s<Q+r~.ti;L
v

w
,u -y x ,n .Td.m.,:.;,.e, g s. -

. ey a(
r n. g g h. w.g.yt~g. b->$

.-

..way Ag. %w .:tw mg.~.i>. . . + d,f.,; gy. ..mi . . sym.s.n. s. dq.w e. a r1' - c' e.7>@-e .a - -

I
' ''

i.,.
*

rM.. d!R9 # ;d. ,WN* iip {@.mnib.ct i- WN. .
.

' *
_ .

? "i, -
--

- ___ _ -.% ?._ ; .:: . - r{5 '. <

Y '. ... Y'.h,*h.- .=Y:N'. i
..

i w - g' . ,. . :-- : .-~~. . ~

~

h*'*i%'.* Q ::;f'd:f}&; =.b ;:e-r.5r''''*NT. .L'- U '.

) .:'

.. ,,&u-1.ef%'g - d .Pp b ;;... , , .
-

* , ,"- - Mf .'~- -
,

1.* %. J'**/ P py.'=C:,e.'r..,%,.-.f:.: -:
f 4 _.C:L h *

.<. Y . 1
.

ht"''~
' ,

P.,T/ J:-,.s%gp -:,x--- a. . -
. ._

W[e:;. iA>.. m _ -

4a- C & .*i y &= o,;.,.. Q Q !i.,''1n . .mm_.,,., hY&w@%%m;.1 .~= m_%$w.=,~ 54t.i.; ."
4.: . y

N$Nu&~ .
- --

'

m=mm . .
-

~

%%+-,- %-M.i::

W%';,h.WYM~*5;g..:;3,g.Q.&s <\?.% $ h W ? : ? Y....,. .' .' |$-
C.S;w%';*~3:% .-- .. r .

s> .wv,tk
. 'x* *

.r._w: D. A lt~L~.~ v ,,;'s& *,.
" --

.-
*

, - W. m". - --+.umy
YMIM@ &e.

.

: - ~.

Y - =hh$ .

3 : % '.; ~ '. W -

'

Qg.~ ,,yu. ~ .. . .
.

.

% .,.f*A?|2 W., &s G9.0|@ ya
sm. - - # .~ .. - . ~ , . . . - , . . .. - . ,

T- D ' . * -

.''';. . -

:-15 W .J. @. .# 9 *.t:. s ., s%. -. ". N. : x % -2.%-~ r- n; %.@,g.
c^- Qson;, . 1 3 * * w- e== .

s

...==+ ' ri.~~-i.T. . .~. 4 -
-

2
-

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

..

FIGURE 31 THER?AL TEST



.

. .

' _

rr, , . . ~ .| t i... ,t... ,.

8 M. ,. ?gif6E-).?.<* C~
-

/~,...s. : ,

i f .p'"-o u
p s . . ,;/!!b

.

* - *t Td $..-
**-

p, Qd!
'

?
-

., i f . - f:.\ \ 0 . . 4 fm - 1

/4 r.. 1,:'
*

. I

A ~ 1.1} %c 17Q.du*= w c= m\,

. ,

D y r: LT%r. ,. E ,

..

_ IR jlj . 4 . ,<
y .-s

, ,. w_. . '

t i .]I'-*. w 7<^""'Tr,s y -4 A 4-= == f :* ;-{. 1 n;Q w.: . . ''.''''~ "
't3 4- er -i g .

'

{
~ ~ % M ;, . -f - -- ~ < ~~ ;.. ~.

,

-

-

?,-------- i*- +- < -, ;i .-.

. < $4 p .- t .i.,(. ' wr
. ! _ +3 +m[ { ;<.

* * s/ .

*i
-

e. e2 . . . . ,.

. A g.y. ac. : .n ,.
-

p .v. . y, -_

| : .

b .', N',,,)it . ; @Q(
..-y

) . h .-'!
- I.; j 1

*
4ik**g/

. 6 g) '., .% p. ;.*.s -W 3gc ' W.'. '.
l D' : 9 ,-

y) E
..

\V * ' tui . . . . . .

- j y ss- p . c.a. . .,,
,

. *- .

.2e }b g-.a''i Z ' . .:' M.' . e "' k.. '
s\ J Q

-
. g,. %:% b y %' ;,I.., w .

e .
x .& 2__

.

N

4 5 4. -
_ . - , - . -- ,

-5 _
> - -

-,. lz. -' w,1 C ';.v g3-.r 2 ,

a
-

. . , . . .E . 7 e V A'*4.,-.,
*'

J
u. . .. , .; p

-

. _ ..rs..iQ- u'Y.i.QM&a:?.ck.a?,M.w.W. .~}Q, , L*.:.^,,%.% =; . 'R-p . . t &f.QW< M %t,*:W. . . .-m. . g x,.
-

_ . , - - -
- - r._- yy n. . .w.,, s

-
.

,
- r . ,

_ _ ___- _' 6.'@ TO''gp#~ D ' ~_W'%.g.5.q'EMy.'-i-b.Y'I'W3 aC' ' *

R. ., ; 7 r" --

43 rv J4-
-

,<. , , , . , r v.--.-----g- .-

WCx2.s.. (Q
% p c4g . *, .*;.__-

g3:.zR'|.$ M%. -s% ., ' . sa - 5y, _ - . 2
' ' ~

E --- -+-**J*".r ' - "
& e g. g--

'*

&W r s Q. .p" 4"-3 .*.:
.

.'~,.; e.*
p.m%!cg: =:

.

|^^ b~
t ,. w .h.3, ..f g;p,: p+.wpa.

. .%. . ^ . ,,. y
- .s .

- .
<c . ' \%~gp~,"ip:g %...,. :*.7 '@y b,$ rj

.. v . .. ,

V*
-

,. . * ar . '" - - - .-
. --y ,

w-:

s. ,s, t 9: + .- l

". ., 8t"
.

.

Y /h'r.
u -

*

i' f ,. F.

. 2 a 'm * . r.. u.s : .-. , s . & ;, . . . . 4, n .-+.> . 4 n,. :., ;
,

1~ a. i ..~.>* w

W*f; q. *-,.. h. M Y C*WP. n. f3.
4 :'c: r . Or. .; z .c .3m3.. .m-

tN %g%,-
-

- $ni.f N.~ x y
.

.a

t-a- -

i.. : 1. J 2N ~~m i
-

. a. .

i

,

( e# "~>u.-_. no e

.sf ~' ' ,,. y00 n. 4
,

,r,49 .., . ...,..r.,.
.

.g/ s. + . . e. . g.

[ . [h .> ' '9 f- . 4%

I y.t y' v , 3 ~. .
'
.

y w |
[f

-
'N 4 . L,;

6 '

.

i C d:u -
,

i 2

/ c
* d E, , [n

,
'

1,. 9 :-f. 9 2
,

_ . -
54 s, t ?. . ,; ,

{ Q v , . '(' e
~F- .%.

. p ) M-
4 O Q '' 5:V

>{g ; 6., cq, . . . . . . . n
<

rig, !,
,.

'

N [-N- ; o O .fjg^#N3 ' ' . .A 'N U i
. .. .-

b M7 .i% ''C 'A_.f,.-:6fMM d |
h.; i, .

,

-< " ' " * 1

. :R . .,

il , g_-
_ _

,,g( y g +--- _ . _ _ _

'-

. N "," ** - . . .[ . '. ,I ',, . y . __f ~.-J. }' ]'"
*~"* ''

.

**

...,.c.,.
,

|""7 *;.. Qg j. ,. .hp*
,

. . ,,.

' . . . , .....~......%.
<

, , . . .
. 1

,,,,_,..;..... ,. . n. . -~

3 ,- .-

- -
;- ;--.=..

,

, - - -
- - ._ _ - . _ __ . .._ _ _ _ _ - \.

FIGURE 32
,

HONEYWELL DIAL 0 TROLL SHOWING TEMPERATURE REA31NG DUPING THERMAL



__ _ _ . ,_.

.

POWER
. . - - -

(.
;

.- D *p<?{ % *u 0 '',$, %
'

.

,o
--s

''

"ki- I,:/ .-

=g - 5~;&-m:,

-- !
i . ....

qIv.3 |

Gwe

! [ O g- . v3w g q
,

f,:Ep~; * f.D,O
' e v-oi ; ..

M
.

bMj h CO O 'O ,

C 's,0 ~ ' , J, " ~ O ph i'

M ": '
f . 'q '' [Q- ~~.y 'W f.Q'o }| LTc,

{j
-

y. O ~

O p ou f j\
, ,

j ( ' , ' ,,' O 43NtY4 ELL /-

g o
,. d ,/.N,

c ' % o '"' . ,0
'

s < !

. onuitu""osf rb'.'s OA .* S [,.

''''''\ ,._

h;g.;.. - hcA ttecx_ _2!%w*nk om tocx

- . _ __

.. ~.;m y~;,3:m. . . .y.; y,,;, 3,,y..

% _ '" .L=sd % .. .., $fr r e : .-( .

.

. .:. ':M, T ':.5 ' /.'x-$. :,~. ..e,: .- - -
.

s.<' e-.w: x.(ym.
g.Q.H9 Q;,,, yWO ?. ~ .? %>-:1 4 .;.<t2

. .

' * .

;n..
,

W}.iQi7/
'

::. . .

.. a. '? / a. s .c.
_e . . y .,|.+

'

4m-.v / ~, ,', - W.,

f . . :etstmw,. -

~ , a.e. m. - .

.n .v c- w
. - . .

;
- %.- ,;*-p ,v * . -

;jj'
-: ,

n .- y ;c
'. . .. . .. ' '

'
, . , , .se-:

Q,$ ,
.

..y , Q(i-:t
p,.- .

~

e -

_.
. .

d@;:.,; . . . . ..r f ,:# g;%, ~. '. a . , L,* . : :. . , . y~ u n,n. . ,

M,;hfj,'
.x - .-; - ,. J. .s- ..

'

.

.i %. t. ;.c me. y.s e-@ 'A .:1! j - , - W; s . . . g, E..
..-%.~<,- -

b:d.b %@ -L * \
.

. 5h.f. u f n$.$,,.
'

_,.,......A r4-_._

<. 4

f.R } f
m:- . :~ --M,,..; n, ..,e .k. c..: c. ?,y. .A+-. 4., a ; ( ri 2:v
* '

.

,.. ,~,. . .; .~. c. ),My.

V.3.. .;. , -. % q %'. ; O_ - ,., .c e...
. .r:.w. k, 0

,

?;

.j' pO.l'W. . , '?
't,.v.;d, tti; e * * * ' * * * F.- s .| r / . M; p

db.t- : 6 -
,.,

c.. / 4*. .%^ Z-?.::
Afu. "*e C.f;-Q;,,,%.'O.*.g M o

'$ :r ;.4 ' ' s.y P x ;. -
- ~- A-

S-
*

asy3 -g -

g't;.%e . @ur.y.r.. u.:..rr y
-

yv;m
=

;s~.;

. c.e.y y5.f -t.S -. f,,,:~,3a, e. Q
2r p

;
i.

1.r. .. , .. .

,,
*

9.% -y n '

~ -: . . .--

? " ,. . . -(,*id.i M. . 4' 5-
'

i

% ,-:o.?
~ , . . * - g; ",p".sw c c.

-. .
'

f. ; g f. - . _ ,
.pf V,etwST'' A .: ..

Y '

|
:n.

V, * ~x . -c ,nq. . e., . p.

E e.. ~ ' ,L ?D-:itg%x8.. _ ;. w ..~>A ..e,c.,~y,@y.m.- p g.y -- w ,s.: p&w Q;pg;g+;.:.::;ig?W.. ; :c- %y4:z-( -3 % p2-d;f;;Jr-:
[-NM2v.iP$_f-M._. I.y%m,::..c .y .4.%

-

-
.GQw ,. m A :A.r4 # s pIpp; @r>M gr5w

. :. 3.:. - . f- %3p gzq .::.n

. _ - - - - -

,7=5k. _;d % ? M 4( h. _ @$- j
_ _ m ... . ,.y .s m. . . _ _

-- : "''

-f _ _ . . . _ . -_ -- - - ,_2.-

-. FIG. 33 tiONEYWELL DIAL 0 TROLL SHOWI'1G TEMP. R D OINGS Di!RIN G TH ERNL 70-



.
. :..._.. : .-. ........ . . . . . . -.

c= -
t u -~u.y ,

- - - 3-

* 4 6 e,jsd: w . bx,
s

-

.

%" &hg.
.. v -

': 1
-

.:

= - r & e .,'
..

|i.O N. N
W..%.

.. .
.

.

i. ;k.f;.. :,f-
r-rs .. g..

t .

(7
-

. ,[
'

.I*'
,3
. . . .. . .

sC<+ . ~ .6. L. e:'. t
,. + '

^M .

. g . , 7, 4- s
.

w
. . . . .n . s._ n .c.

W
. . s. . .' ' . ' . l

. -

,.)Lu./* . a. .:.'. f.
.

.

Q. .f,'QQ
- W...g!%Vn

,

~'

. .. g 4-n .r i

3 :.p~; x - 'A
ao i

-
w ''''

Q[%#QC&* ' . } $ i.
.\

^.
'

k
'

v
'A |r .y~yW- .,

q ,.. g

, %p. ^, .4 ~ 4.;. M. q 5
, . . ,

$; n,.'..: f.',
'

.|/ r

.

g .

r .-
: .o

.n > f i) i, @;-
i.. :- ~ =

94w~ ' ~ k- ?
.. n .t . (*'

b/ .- . -{' , .: f

f.;g l (jf@'} _,:f
'

% QhL' '

,

j ,g; 9? <6,
,

. ,_ .1 j@f' -
4, , . . .

.
. h h '. f (J

.

(hen U. .y
,e : |

._

(.
. / %. wU.

s

K *s %, ,W,. .,.4
.,

.. '. ,

Vy|' .3 ,& [y $3 .s ''
p <

. .

U
.

A &'?.~~&; j

I, ?|}y. N' 'N;.4-
.

T % 6 ]5 .~3|i%|;Q./J'h
'* *

Q~p.fg*,t<I-{3.:<,r'' O A
'

..

M y
-

'

, .t.J: .ii %|N
'.h tW ..

.

n :d k . M. -: - -
W ' '

-:.0-
, , TS n.ik;t9t -

-4g y , rn
.z. -

: . w-
.

.7'
- . ....

a - i.-\. t ; 2: t.

:&.-f n.jsc'. . ? ~. .
. 2.,x f,.

. .:..
. ' . ,c> ,

~ -

,
tg t-aj

'

k,'. i .'. k.''
~

~~ , 7 - .[.7
.

Ep-
.

3 9 : . ;;'
-

t -

. . . . .

'

i - . khy}n ^9~:;Bbs- &- &j s..Ry
M,,gp-

1, :?.?!;. Mi ~ i ' r .:h 'a
-

&t. k ,/ . . . . - . . . i . .~ i
-

N. Y i k Y i$; Y'
- . s...

'I^ ]'< ?! $$$ hIs
(

.

. .. .

c. [ C, u o e a- n u -

WATER I ''' P E R S I O N TEST
.m we-.



- _ - - - _ _ _ _ _ _

.- -

.

__

-

g g g p y% . y y y s 3 ,g>., p?.yc, ;-. , - .

e.. g g"'a #' m g :,.w. g. n% . ,. a . ~w,ewu n.
.

,
.m -

tWG ' d
. W

- e gv s ' . +w!$~ . +:. ' i- ,L,
'

t trN.c "1 y
'

..\ 'r'*

.,

bir .. m h?L..
.

". JiW ,,L &w & s t + & w :c:WG= %Mt?MSUr w- D_.-15"w%p&M_,r.Y.&. w. M.M. w..e ~~ i.
N.K.w

.?.'.:eu~v;g.s ..?.;.w'.f.%. ;h.w.qd. .,C. .M. .VP. 2,&a .n.,,W. .,i. Wye
.-s s

i";
-..M .. 9 : ,e ..-

D56'9?A .#k@,,f...gi.$$f@f$..$~3N'N-
. . .-

m
ws$wmw:-- -s$*-

. . . w
n;.#wf

. ,m
.

v.-
m$' FE.

. ,. 4. ?t

W S Om.M. m:W.e.
-mk:r ?. - =w : .,~. . " ~a..

.

y ., . us :.m ~ -~

.i ra.k, .psa 4'.-wu.a.cn. - ., ? ,*:- .1 ~ .
-

,:_ , ,A

R.- ?-L*2i' M ': ) 2 V * -* < N. 2 * Q '%|;,:'.* ? 44 ..:;.
Nen. mc,=c1mh TAC- d C U:: E%.C.''..: -

.A A&,.Q, g~v,TTp'w:'WWA.n. t.;..n
-

,,.' . ,
. W M.pr r:

<v.7. % y,% :,gy .49a-f.~ -- * -: -
C6 Q1D&fg1.-% .d$M!N~,i

.

N= N56
c.= . ;ff $fIE!,D. Qiqq :n@,Q*%q09 5]
A9{} b. L

$. m&,f, 3 9 'e,fb yec 0 z h g e w.m

:

w 'c .c -Sig.ggish $.y
; y amew m.

r

h../o~ r $
..- ~

l'. n ,. u.g$y.% h Nh.w[Nb?S~pw -
xw%% m

Y k$..h.h. .,. . k:~, +' y
<. .

.b.x p'$$ E49e . R*

tph : . 5& {|*:.y"~ $r-}fl#MW|>m;g NY/*" ^
, ~

N%k%27 ma $5? 5ig
v s . a ,. ->

r

tf &T .ny.-
n'Rp#m %ir,!b, .>

w rd y.h (.5. % g" f, a w .
l r @ M e

t
ji m -

I g" d..e
'

i

i.Et i g3 ;

W*W:
-s a ,a .-.

A'k- > 41%$ f.N

N A $ h.3 W 4i '"',oi

' ': +*
, . ,, 4

I''e.65.$$e.m.Ni'
,

% s, .s

ba$ 't D< k
eg. c,

.

,

b $$g.k (nh .

. . y.. '

' N" " %
'

S?iQ&.f.gs|%a)
,

K
~

.

$k3cevymn .. ~ ,
1

R's ic
7 pspedh iw

k,;, .
1 ,

7 <p
n..qgg.pyyL wn _

~
'-

.

,
_

. :a. .t # -

- . ,. .

. M:e,3 Le. .t. ,. . 4 wtW .. ~ -*= # .. 1-..

%.y-9-- y>,. :

age:s't *e -
,

hs J$k N '. 4, h I

k$t@w%.3.t
-

%g*. .

'

5
A .. e ot. e m.g:,

b.,.i.1u..
( : - s,

f,n,.J
. '

_

~ g'52.,1 -. . . m

y,tm .. + ~ -Y
'' - 2 .R$.0.j.9

~

e; x
m .- . w 2 .

, a.gN*v%* $.a p. ~ ~ ~* K . T&~Jtp C.'. ,, ?p '

C ~*

- (4.. &. ,,: E " .,. n-
% ,. w .c:.s ,

1,.@,,?p%e.,. Mn.,....jsk. 'i.. . 4 l j y-

~ . ~ . .
- ~

.
n.w

,ni.T: V D5 -
@

? u? N s; 594 : . ~t;*
.

. wgp. '9,
w .

6 ,. .<
- f - .,

..v g. .. . . . . ,, . s .-. en. : , c g| ( ts a

_

b . _ , 1J vs . .- .. c ,

_

F I G lj R E 35 POST TEST INSPECTl0M

1 -

1



**- --

,. .--.;-..-e.-
. ,. ,.2-:. m

I
1

'
I

|

|

U~ 1'~
J~a f f G.. p.M sif* G T3.R M S M.i.i C Q.3:e w g h.:. G 2 ps. =ns &-

'

%*M %:

M. _ h . y. m: '
! $ $ m $M~f &m N< a;...*cm e m4 5 y$h . s,a.,@ 4 W $,.n -.

<

. p+ ,.p.y q yr'..

ec eav :'~ w/. ..~. p ,:3.: *-.- .

a m &w w . e %r
|? h k V. . W@ S 'd ,b i. g , h. ,,

.
'

b.!;L
% ? 4 R .3-g :id > m$ 3 n i e -w

W $ 5 &y. p 5$Yh
.h. .n m-.

hg.x M4 gAA,+

hh Ahh5:$$& ameSg
4.. w@A ? %. m #o g

~

rp:.w.MwW -

f m.ylu . B i +; %u . n %. w . g) a c q eg
.

M Ws u G % e.nyg;gy.,;9. 2
ew9w-

1
L' a ..

- m .

M
y

ugwML:t ,.,

x. .
, .,4.d.;d,.ww n.n, s%mm. ~shegg ~.a %& -

~:-

=- n a . mw a
X '.k,,y|%3w cs? .l .wj %,.

, ~ ' . W, 2,5.'%i'
: w -"d d ? M ~% M %: %.'*%'5 W '.d| M =|:.-" 'w:nv%k --S: M G

:

.. ~

1' ; L.'M.&Wf.<ESQ.m$s& N,m.9 <
=

.

W ,. ?$.s # W
. M C.1 %.... z.~'-1.".~ii.L A &

-- - .~ . . . - ~a. .m
f 7*

~ j< M:!.3.h.-w.'Q~.M4.y fg@w? [,,;; . "[ g g/,dm.7,,
'

^ . . S*: ()' D*-lis

.

h
.,4..

,

. Q '' S ... '~'* @ n. % % ;%** M K4 ;W.".T .p' -=.u .:-- .e . < s.

W,~f~ ' y ./W. ' k., p- h~r.~?
-

4 .4 .

5^ Ys N.,
-

l.L!
-

.T. 4 %" % ~-%;
.

Mw,4',W@.<4
r?.

'

&
-( ,. tw n.I',a >,JQf"**F,*.r 'I.M5h

Nd.N...b it C & . wd O d 8.$.; . m .
** C-*

3

s. h:+.m. . r.w-e. .n - . .- ~ .. w% - 6. .~.&:. C- % w- Q'2.
, ufy: W5 .'.~ - e f-gb

J'k |s . 4 ,.,i.; +ee. e .
--Mfr:r= - . so

Y<h d .hbf - .I' '*f .
gmm. ..n.e %v. E.~

I O.
~
"-

j.y
.i.c,

.. .

-

n < e . :y % .

~

-. sm e: e .x
- ~ h .. . n .m... m p% m, .u **.w;

-

9tq$t$s h. Nae. c .v .y .r'-

D-

W *' . .'*n .:f |.$.,y .f.{ n.'.h
f4

A, --
*g-11 m%.--

,1 *.*w 1.. g.wwr : . ,. u )'e z :, - a
' Y' *=%g p.

egr,y* -a67;' p

NY#*~| * f f? m.g'e** n .,
, . - nn*

{i f f''|f h ,)(Yf' *$
?* (e4 .. 'T

'

n.. , 6 _' *i |*W %~ . y' (j-)'

4

K}bf h ) u.n-

c . 1
?. a @,. w %g ~;.| p W:n A.

<
hbTy@S!M-k -..

9 :v >g+ ~

- gy :@re' Jhyrc.@|d!.i@c
*

p,.;;,a:.*eWh, .%
:

" . l" |3%,% -h 'U.".
. ;

r,M.y. Ih".f? % .%r. y.,. W
i.- :

:-MQ5,|.L*%b . n.-Ct. .
&

% y h m .- '.
q t:.

p&.hd Ny,.
, . e. ,

.

, .g

f:.. h.
3. m.1 g ,,j i ,a./#x /,'

'

k .* MI 2 e

.tg p3
[ 6. g ,

. , .f g-, , a
m. ,,- W ;4 ea ' i. <

%~ p hff , h'. -[Y
'

g ; %*y.c
d m

4= ,W, 4 gfy : . .
.

,;. f .
wQ..g,n**;jf Q .,

m . .- .

' 'I
, ..

'

Tiy . ". y ~- n .-
~

. m. ,w ,.~ ., a...

ik 'k \ v%. h. i .s*6sc-w ,i .: NQ~ .y . w. . .w.5f..,.w,,;.
.

n. .,c_g.. . . .q
m-

. 2 -
s , n y . w -.s,.. g . g;ggjus

. %u .
.

--r..y.g Qs .y g n .c..

7

h|.. ~g|
u.._%.$.x. _ .,41 ~-.

~.* $ww,. ..
'%'7'a T|bpy.W,v. s -e-

@Af.-

.
J.YJ _ " 1/.'s -_. .

\
.P'"4',* T.wh7

b" 4
[ %v- - .,, v.:, .,;J

g. % . N. % . % % ;' .;., -
w -

.% ve Lu:<,RG i . -:1
t .a.

~ ': - i h"
~ r:-*-

g- 4(|
v v.. .c .t.pg% . n* .x,4 Q,.1; n-c'v' :qf<b'' y + f. '*-

~ ~ ** X'4t* .f-#.W -

'.'% 'Q''.' :'e. -a.
.

pP, % , '.
,

~ :. .,,. %. . ,,, e
*

- .? - '
gQ .f.g;.'4,

-4
. s .

*
%ysA *~ .. ::g ..; * . .. .

i

., 6,:.3.. g. 7,
m. . . . ;-wy @ u.,,c,,,.y 4-

..s 4 *%o A ;. s ..r % 7 ,T.
.-.

*( 44. 4- . .. --t ...., g w p',(._sg.<.w-Q. > .
. ..v..-

'x.k . ;.g .
- D '.

. . -

-'
s g .t . . .

.(
-

;,- , " , .#,

" .w. .,. 4, # ,
.

f . A IN.q p . . f-]'8,>
%@. .b ; '4:.42=, ''' % r ,"''' * a'.''t'w.?*r;'Ar C

1.Q _ - -
+ a.

lw t,c-!
: A.p . /A.gT..

-

4
(,.

-.

. . , . , .-?- v
|

y.(kQ $"

._ _ _ ,. . ,. -[ , }~. s w. M, . ~ ~ 'g y V __
-

.,
.

.

1

e

o owe-

I

|

|
| r



- , . -, . . . . , . -

- .

. -- - w. . . . . . . ~ . . . .

.
-

3 .

l
-

K.Rs.f.9@QWKFW%. Q. ' 4-%in.>kRa .s'Cg:?.ii.. if v~FM W"i&P.- .

w v A ,p, . g y w4, - .f .. W - p .

~
,

- - S''

s.j/
.-

~. .C,, ,,
eP

%,u &v:. ~ ~g~ S%,,y,",. 3.:: z; QW. w. 1'
e ro - - -

+

.' tts. p s :.
4,.- .,. .

nug .. . ..w+ g .:4p: r:... A -.- Vrg
w. N %a; .p y; -f~.'s g w .s ~;.r - .y

w%.3,,e
...$.:t4 X st w.% rm ~, - % m:1 ?

wwmedr ..
s

.'%m;yf,w h.p:t a
.y

.a r,.e.,.m, - . . . .-
-

.- c, ~g ,s - * *a - ,

-.
s

, <gr. .;g.,. , ma.- ;a - . ,
. t g s.,s. . - 9

- f.,

\M% !kf,(h'h
' d. .'4-;,.

. Nh[R'$bif~s. -

,,

V & <%w.i;DWzLT 't Y~, aGk .M- i f _RI4
..

11%s coe%,a, a %, %
- '. 2.

-

.?
.. .: &~3 ; I..,;;2*hM-

d "--

' = , .a n.v. a. .. u

!e ' ~- M H- 1
:d"W'; gin 5'6;.:r.:p:scgA ,.%<] , y' :r% W

, ''w o. - .

'& ', eW s-:f t)'

. :. f - @ ;tC*f.vs; h t: k $Y: . ma%, *h.h?''' ''4Euen|.k pR w
> \. ' .w$ ' ,, . 2 r M; 4,? oJ Ls-p%. c

I a ' M $ $ q i $ k, ,-( '

. Jf/kDv
t 4 x

;;

$s N
*. w.k

At

a?$s$:w$kQ&&WWY ,044=>;&fA$w$y;"
%,.. # 4 m -

w

[: 23.% .pSw-c.rA
-

w*.@ : . w;,m.?b Q i.
M w, - - - - i & .s a w

,
. c

x,yrn.{t.w g n'Mc(~)x -. - . 9 g ,. n.u H

w @q~:ig{n[f
w p

.

. .,,; S : -t - - _ _ _ _

Tk%, [fb^

~y[ M Q"BBWQ3;: . My(@{f[%Qh '

i ,g.
'

i ~
;

D_
h, 't.,}

,.' .;k [ :; .

r, - # ; t ip :-
--

"O. . , w y . n .- , c.% . e w. . . , . . -
7-

(.' . 3 . g''"yr,a ...p d@ 9 g,y,,g (.
-

- r
.

.: ..

bx
,.< s ~. 4W, -

- ~ N .;;ij9
' = "

s

| { '_ ( g&T
. .gp e =,

..

FN$'hJ r.J-M;.w@h_
-Ny% . khjf ,;ygj-: : g t b'^ '

.. . ,

h' .J.+egt
.Q. _.k..;,ci

'

j ' ! f, ' -w ;- -
c. -

f's ~ -

, L,
,t .9wy an. ;*

2i ,n us y >w$
,

- .p s~ ey----g.
=|Ys. % *

:
. T:., g:fgoL

) f- q C1 mf,,M~
i u

^ g%p{&' 'y4 .$.id;g@5f$zy
t fWU- "c . . ,

.

[? tr, ~' , : d', ''. .-
- - e",*

) f.h
*

, p)
-4

-:, ,_,

c % {Y K g: . e4 * t W T" t L..4 4 % ye ' ' g .m
~

g c.cf,. ?'. g ,u; - &i .. . .

.
.

Ik. *fh.[ $)- #
. '1.'

'
- *

| -_ ~ :
.

, j

, , .

1
(-Q &ye w .

#-

. w%;xi. f* , :nn'. * ~
s a u

'
'

%E?v. T q ;;.
fin .<>.$ . M

1 h'%r, . .
t

-
o 5

?. I y. : %s.3.p.=
M~~

.,

t .k. + 1,
' -

. t,
-

' - -

( y*. . ~ . . %.

.

~9.n .
.

$qssym.,4,wA- * --

9 7 &. w y.: % ..

[. n. - . 1
.u..-

g e#:8, g @'z...terc Qm 2C.,
. .

-

b4: s -

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

I

i

!



. , - - * . _

g
-

.-_.,=-as^ . e v.. , .:
. . ,t. . . 3.p .e&. g. ' F. - /.:=. .Os ~.,s, cg. "

y
V, gW;.'> *,- -.,. *%Q. ." . -

d;- .e. %.s
.

,- w ..r.,.4 ., .. . - ,n...-. ,
.

.. .s . . . . .
. 7. w .

. 'U ''
*

.f. .

W~ *'
. ..f.

,,p f * * ,,, ,
skh., Y.**h|*.3%No.*L$$A$%&.

g.- **
.

***.n

.i h Ei5':?' & ^ k, % .- . t.
f

*

h, . -k.a M.' v*

}hY 5' - ?<
.

.w.r m m ?i.:::,4.m$'
,

5'. h
.

*$., .Q$ '

(
'

* m .,. .
.

.
b - h *.

. : kI.. m .c d e& c m~bg e-4m%m.p
* -

; L. '4W' .f..,%..,.;rm.,, ;&+~;%'
.

. .: c- q
|c.MU .f

h.&E
#-

. . 'G
*;.4 r ;

&....;Q.s,]..&-%
'w t.,

.

M2 ' . ..i.n.|,r.;.. * g ,"v e.-
'.. ' t . s.

t... . . . ~ ~ ..p % ,:n, .. . *J p -

|...m.-r.

: .o,.
.

.u Q . .,%
y t r.y y:n t. %w..:: c*-

- .,.os.ty. b. , . ~'4 * c:
. > m.n"._ -i-r.J ww e.p.s ,3 t,. a,ece. w.2%...,- --w-a:.m.N,:

.

/ :.s.s. e -~ - & L s s. ~

c; , > - %:p: w,, s...
A., - . ~.w. e e,u. y L,. %.y @m..:., ~e. :.W.: .

./r;; : n e.
.

u. u,_ _. :.... . .

P *./ 4.,.''@'t 7h. /,,.,. .'g.3.Mg .4Wa+,L"l -k' ($'*M;., .-+
* #

,a.

c. .. - .. JE -

.. ..

.m 3. % . .,, - s. ,.
. - -

.h' . . <p .v *

. c" % ~' ./ ,.' . - - - I '

s- -<

' ' '
'

- -
'

.

l~M s: 1 .:. .y ~eam 24
.

-

, .~ 1

.. ,.f..",D%.M.MQ vr,~<' ;a. v.i. Ji s
* v

.-
1

W E g r % *'':*i y g.e. t e .
-.y. ' P'3 )e--M.'"

f M .%'h. .-pW '~ M-05
'%.G D ''*~,: M@ *? 4 [& h

y s. . ..

Av#d.k',Y 5 - , ' '. !*

. 'M,W'^h;,\..* /.aQ:'.' . . ., J,
M ;"t' : % 'N t

1%', ;;* W f ,, . '?. . : . .
' * ,& ***. . .s . . . . %~

4. . . :.m x %w. J , .-- |
, .

*A,,'...,,.,.~.. 6#. ,7g wg..s , -:2 .

.QfQ fdy&* < M.t.@ *'n '' p-r.,&.-.g:. > . w|. ',' ' .c$5,,, .W" | 'Q .' .' . w . '.
- ' T. 3 * . },.

s., .h-s.c y&*:|;re%r- .. >% ._ - -

* g/.E;",ea.@*.s** -t $ f.'~n' - *f . ., ; --|$ '.%, .: .''& j 't, ;,, '
,

V : .%
*

. . h. . . o t = l ,.

%-

4.% .rr "A M. > . t.
. ., .. W *%*

" '4"".M. .. 3,1. .,,p' :W../.' T. -ys.sna-/ . .1,7%. . . *'s.S w .. - .~ e..,.&.' .:', :.
y' - :f- c .q ' y .,,

,gF. %:#.*. W ',. *
- c. 5-.

...s'. . c . ..p;y' ~ egp c mm ~ ~. so ,. ,,.
-

, - . . '., J ,f ,"''Q=,: ,, a , w3;-7, .>diT;*MW ~ 69
w aw,-<- -. ., , . . . - e,;

.::EQ $' fiQ'. %@y. n%e1." .C , ,. , .'" - t ',
..

.b
. , ; *. L _. f.~= q--

~

i . .. u ;g e,g -c y% .sq , ~ 3..,. ,,,p
;- -s . . ,.

. - ?. - ,,,c.n 3: , . .c
.

7-, n ;.4a. . 'f1. . ; ~ y ags. ^ m ; m:.m g .g. k,- |Ms.sm p,.An'.q:,.4 ::pe *. -;. r s -
, * . . . ' . . . ; .; s --

. . r e.
. u , , JM;3.- p.;.g , e 4.n V _ ; - -c.r :.

mc. .s . m--

.,;.~.~-* f. 9 @'.3| p' g '
" , , .,

, L 4;.phj ic.!i': p \*O.f%'t; .6
*

' .. .-+ s .* :.^M.- . * *',,? + . , ' 0*4 '.
:s'. . .* Q - .... . . ,,

' . ~ . ..' ? ;. . .a
_

.Y*h . ' _ , . ."' ' ' ~

,....y'. :

$ N-
,

L;
~

h:
.-N -..,ke-k, #D

- M|}: e

%r;cff . . uJ. Q, , .h. J'h
.

*

k, 4.y. :,ty ~~~[,, W~,
,

,\.,.. e s .* s #

.; g w-m ; p. .:

; ',e ::+.y. w: 6 - .< ~- .:
N,3 m..;t ..4. %*4p::jh...., %

' . .
erm. .c~ *c g, ,E%y;. : .*g*=m%C . .,,.: ? y%.; .%. .e s. '

a
.,

<< :
,7.

. j--,- .

, . ,' ',s. ;. ;|y ?* * ,a .e,y%. ,* ; - . .
. . . . .

M.la .Q.. .;*. %:. '' 's-P u r.,:- *-
.,

< ,1
'

p ,,. v <-

Tm%.W,.,m..eYT
c..

.y.1. -- 0~. -
< ..,

.r. +-

h.. .r :i .4. AMc=,m. 5%. :Mi.kQ-
h. .

| -i
' Lm 1 , s. y-. . .u .
:,.. .. l eF .,3 a ss e.....$5Yg;

W
a. ..u,,e?.st!|

P' y
," i MM$h4.::.&w@?t.1 $p. <h.n

xb '
-N bh.?~k

.,.

YY::': :
.

Yk| b

9 1
% s'' W W: ,,.g.,s;.; N.?-S5.!?.hk| $$ y'[5

'

? |
''~ -

c,a.|:-$r-w@h
.

5 '

\?

:. w ...s u s.. ::a . n. j
3.E h"h ui$0'J.p Sh'.7- W W'E*3 g -

1

n' < b. +;-~ y~::. + +~ v:Y Yf.h* -khkY 5 x. s \. \ . &qw..:m$$*. ?
A .i |* - -

y%.~d
.,-: ~ ~~ w G.% M~ ~.r.~ v.g ,u-

v a.
e /

.
w ..:o.&.#. - . +%.. Ws

. . /: I f .-
m *-.- r % ? W.. ,;; +,.-a. . s. y .> <-

. .-

$? & e &a-R :j h w. . M 4 t.
.+ ~, ye. '.n ..; , , :.

.'. % . @c;t 4 %:' C WK+C'&,|QWWr=? . R W* ''-.;.

Wr .c . '
/f.-

,;' .cN. - '

.%#M+m, -W
. . ..Cm,.c

. -

b4.'cffy- .ya q-sGe@%\(ft,..s.m.,'y%fF.ct* i '~A+, s.

-,.

r-W rc g . O;
e.g~gc:e.j[%!%Mc ~Q

. -%
. a.s.

j.
' -p. : - w ;-a. yn

.. .

' %s. %.. . ' %-
+ lp.-,?.P:';% nM

"

. -, ,. , .g: .>,f%. . . ~&. . .W~b?.v%'6yMi:r-W
- :. - :v -

n. -,

C,Js 3.9,.m. y.,n'.'Qf,ff..,. 'a'~M,E., , ,f 9%.: _., . . .gy ~ '

~W ' "

- a . . ,. - g .m _
* .s . - m

x S. n, 2.:%w%w .
%.*-

. . . ,

w ...., . g?
-,. . ; . o.. wn%.d . ,.. w- ,. .. 2.a

..

~
ag' .g ..c ..<.. g ,

, Jh' shrY }W:-
. . . .g. r.n.. , v,.

;- . . . .-m .. --.. ~ .

. ,)ff;W. ';" ''}D'P.' .";N'{i@h; =.J:$ . ,

'
' - ' , ' "Y

-

-
. .c T.. g fe'r"'i,9%r.a - j[

'

d CW

'

f' ',-

4hMy[%$N .v.
.=2 M.8 m.g.=: -~M .'29.wp[M. *f.swy'_A* I'DAIM:.4dL1 :, w|,..>, ...~.J.,- .

D ' '*' '
I

. R. ' 5
.,. . .n e ,%:3.+, 1:~ . ..

.( ;-)- :,:} . . .
.. .

9. n , t .w ; y%'>y. .-'g;- . . 'at
;y .

\. . ^ ..<. c- * ' . , -
.L.j~w.W

a:-s &C-~;Wm
.M:~.s V ~s.- R 4- '

.. : r.- -

. , ,
w, . .'. ' ' f.;% ' <.* - < ;% , 2 3. ! % ', -

39 . . . . q h ",.** *

. *f:= % % w. wr'.. .. n., . - .q% -< ., 6-e--
. -

.'..,'.4. . . .. .e . . . . -A, Wy ,6,* + :'4-
.'s. . . , . , . , -

*

. .4,.M
-

.Q p# .
-

* . . , . -
'

,a .,.* s . '' .i u,.c .
x., ... ., ,. .......tJf- . 1% ..

*
.

,,f {'s N("g ,,( ' . N -p'% . $ **. *
4

q-
3"

. . ,.- . ,

b
. l' h kN q g

i V k e i l- sJ I



-- ...j. . . . . - . + .. . . . -

,

1

l
|

|

|

|

!
l

'

. . . _ . _ - . - ' . * . * . --

.
. *:

. . .. . .

_9 :e ~Lt.* x :. . ..r''<
. . _ _ . _ .

>~ ! - ...L
....'.{.''s:"*-

- * '-
. , s.a . .-.''....s..~. . .W a* i

* * . ..

, r *l .y. i' .- ~;s.; . . .::,. .;?,s: ..<.,-:.- ~'.. :- .?. .'

.* '.':. A.''.q ,,'''; ,
:*

' . .
*

.

1

g'..* .*, $p . .; . . . :. ;, ., :. ...
. :<|V'Aq',/~q.,.,-

<

s:. , ;.. .-

, . jy 1 ~*'f *:iw . :w'X;.W: .|;.{L*.. '
. .,

.5g\\ %.:.:.C' *

' d~~. ' ,~ Mu- .

.'s . . ~ * .*>
*

. L. , r.. ,;. ,
. . - --

'
. ,; .: . ;. .,

, . s..g., :. a s . f ,.,,'; y'* . . p .. v , -m p . . .. . : .-
,r.

p 'r .a . ..s. . . - .- . . ... , c . .m . .n.y .-
. .:o-

1< , , ' . , ' :. '. - :hf'' ;
-harg; " . .'* . , , , . ,.

, em.'.k . , .
,, , , _

. .
, ;. s ' i' -* *. * . . h-Q*b '

. . . * . r*| . T: .'**'
'#'

' ' *** R";1''' .1'....
-?*#'~-

'
* * * -

~

%, , . ' * * ,**C',
*,

'
'. *

%.pp4-~ .gW-
- :.''<:g,r.;.s.b.: c ': .*; y:.;r

A: * T e,. ,

**

. :.cr , u .~
,

- * . - . u. .
. ..r. . y.5. . .-,r.

vc .

;:W. * q.'';.. . g..;.:. w ., : : -- ,. -;.. :. :.* . *r. . . +. ;c. ,
,,

. n . . H ;..,,.~':.
'rpr,s ,.1 ,e ,5 -- .

* * W ~.- Wj
., .

. .

pt.iQ. ,,;;*...
.

.

. . . . ..

- ~
wa - ... .e.p: ';; ;- :.

. ,. . ,:. ; .~

h i: - i. ' .
*'

..

~ ; E ' M M @ ''* 4: N . 4 ' W '' ~ js : .
'

''>- . ..:.

...'.pr.s.(,.p:x?:h..p n-
.. ,

... .

u..i 3 ,,9 c w g,.1?g x;..,... : - -
-3

- t.s . . .c.g . A -
~ .e <..e . ,v.

g. . .
.

** -e- -
,'

'

%.

. yf *,. d$w%@*4f..Ng,4i a(::.: ,, ' .?'.
.

*M %.<-
-

J. ** ,5 .wa.

5
'

'.P f.r.W s.,; A T ,, . .? .,.v,.

# f. n n'yir4M.. T. R'-Qs
.,. .

-

' .,w:.e .:: < y .,.. -v.: : -: s.s+

.C e.,h.?r#.-4..
- --

- c.ca,. -
- t . . * .

yr% ..';L'*. ;.::s -j s * ,'.* * .
. . . -

* . . * * -
- P

f.. h. IM,v. NO' =.a y*'l'C :
3:

'
,, .

6'!L.f,|s*@'.'hf''
. ~ ~",/,

,'

* : '. . ?.' f :,h:? ?. ,U|'p:NNf,JE 5g * * '. -| .:
' * ~~ '

<

,.

. . . f '. ,';'.,s.|.d$ .*.f/ffp..."j.'9 ,, ':i y6 c.Ne * v,.W5ip.Y.g'm/'. '.'(,f/d'5 b',i ,'
"

h ,

r.
.

:e $ g .
... .r . ; .

*

u;c rr..~.,. w l;y 1 % ~e-* g .. ,.. .. .w. .. .o.(z...n.
T.:y:.; . ..'. x .,e

-

en . >.m, t,
..-. . . . . -. t-n . . ;. : y. ... u .

y . a -;;'.:,2.c.sn*i
'~.)V'* ayq.9p[7y'.h'e',Ig*4ff.e:r g : ,e.'9 .a .v .,;[ l**,p ."'.'Y.

'

,.,;|'....
r.v .: ; . i,- ,.- ~. , .:..,

' ,* * pD
.

"J 'N ,,;j;r 3* ;***.

..f,;y%e, , 'st *.s

* #

.' ," ,',; ' .; . .* *,'g .. , % g.? '* /' o | < .
h
1 **:f,,

,s* r
* ,s.s 'y:..% ,~ ( . t '' ,, * ;.. *M.

'* * ..,j N .*o,.' * . - -*

a ''*pd s'l.3 , :s*.,,.,r=e'*

. ;* ,p. * , . e , * .1
a.s..;|4. . :, o o !".z.;.hg :. . , .p 6-1 y-

* .,r p..o ,r ')..

. ., p. ;e.. f r
. * ;. 44

y.y :. : ..g g -g, .x.a','/., y.,:
r .m .. ,

-

.o ..y ..

.
> 0'> ,.,v* a s.. y e :, r.;: . . -. ;. ;. . ' | ., *:g;, : .

. . : r.c . :..
*

. ..

i : t. .:- - .,

a ., : . s,. .y.,:. ;. q g: g;.g.. ; .. ... . ..a,. .~ . r , ,.. . . : . .
.

-
.

. . y.
,

.c.~ -y .,
_ . , _ . _,_ .y.

.. .
.

FIGURE 39 C H.A A.R_E D INSULATION FISC

'

(
s

b

,

.



__ -_ _ _ _ _ _ _ . _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _

-----T--"----. ... , . . . . . . . . . .

_DI a.%' W { * N ] ' s

h h' I* Q' . ./

$w.W.!., Y N.. ~$ &. .h. , Y S &,?
'

i ,

C.:
. P cyg w P - N .2! ;. i:

>

} ~'{ 3g
-

;dh%[ >16 .fQ :--d ** |'k( ;' 4'

h .'i**Weh'
*i-y ' Wd
'W G

'Whs r

.

~T a

' . w~ h*N
:'rW M ..

'

;. m s.= Ww w::.. ,

M
. ..

% ^ ' ' *-.4.4.t4, ,,. .ird..S.., .hn.~r dL.'.- "EN.s::::S,.

$' W .C?4: ,3|$ .Tg4 *{'A'>&,~YaA''D. u kQ xy,5.,.
.

o_ . s,x$gW hW %5b'h:1.'!;&q g . E".

.

*; * 4 . .' rr% -

*
|

~:W. c ":f.tymy-,(7 , , , s . T.' ': , -< ' *c 'r:::;;',x.~s'ihW 3.S'b''.Q-4~::L 11W-TRSA' - 1-s

$ M P*'*.r- *. -~
_1 v .

f.1. y 7..s , *"Y*'
- 1" ;

' .
, ,W

. '. 'g h.f *, .
- / $: .

'4 <- .- . .3~

. fi c .tl 4 .,l -

O I
J ?. . .. )h GF .4 t' - *

. .-

c4 49" 8 -

iA (' z .1 -%( m ( . ( ,.1p
.

, ..

.c or-6 'r .__. n p
- . s t. t q -- eQ. 4:M,t :) ,- . 4 . gi .. y. 8

t ,; a.
m.-, h[g ;

.

t; .,

,.. .< - . .s
. . + , , , - ).

w-:: p1.y;Ng %. .q,\.m ; . ' ' ,-m

% . . v:'~ t \r:. ; :::. n.+. :.,, ,.

~ . .'. c M s ' }
' c;. #.-~- edE

..s. , .-5 , p-

. I . ,. g I

u t m@d6u.1-ess $.m' ',%w ..,3
. .

$hz~
--

%. ? o8
h @T- ',:,i G r;q.'~r , ,5 | -

'' j .. i .
.

S s? Sea - w..,

;0
-

, . -
''

g;;+;.>g4 g% M H7,p;o, g.w@q,r.-::H @g : b@1F w
y dR; h.cf @,te

p W.te - c

k :$$.%e .s,A -
- x- 3 ..

w.7 G.. ,, C. :-x

L .:ess
. .. r a , 2. 4,iw e. m -m; ,.-

F...P
w - e .

..: c < w -._- t- .:.:c, _ it3 gg -
,

h| 8" T
U ' . ,._ C.G'

{ d%'a'+@g.$C.'
to t'- :--

| f 2:[:t. gg._'kgg
'" . -

M. .. ["h : ] *f,.a,*g
7 M'a 4, w

.sfi i y: - ..

,,
;.:.: -+; .*** := e_ _ _ -. ia * 1 = - r :,g:'

,. v,s%.e.x; y
p ;W 'Jwr#W '' ! . Ie

sf
,

s.. a !-- C .
m. -eW. :;~f;;
FN' ' .I,~ .-.e. fne. m,ym ' . c: ta

I , 4 t u gmn 'i b,.,r i W f ,r..s "e * , ~bMN..b..,.-!'.h.N.|. 5dE

. Av.,,qt
-

t
-

-

.* .< . p~:
.w..n._. %'S 2D"._."v';.'.

- , ..
.-.m, L w :::mus -- - t we-

-

.. .M.i~"d.d;e*#'5Y

.N ;8 M. g ,,," ' . ghi
i **v -.I.

. . .,, .

.j,i
m .I-. . . y .

- C C.,. ga

3 g M
. A /s. u. p'e .<e

. m. :
o ,_.

e. -
_- %

. .p

*;, 't
.*

_y .
.

2 f_' * 1,, , po .Y:F sc-- i"ha'{jCMA
'

, ,.

- 'T = * H
L . ~,??'.

/I Y

= 0. ) -w y;g r {4 p;-;r- g 7 v'm._U
- . : M ''- e I.fi //' Lshn :;4 . W'%g,

h%,e ... . x.$
,.7.:h. y41;

,. ,
|

?. . < . . . ,
m c- =8 , +

.-m

-
args Ef y . - HF.G w . " - .

vs,mm t;J . .v , ., e. .: - 4 p--m;cW-unt < . . :: -
'- .

.; :: , . -.gf q
C w :=emp

Ff h Yf E^'h 3 M.Q +h.)h , 8 :)', '"-@c=5
. ., evm w c .

.

A}.
'I ;;*'

a
3. ';

- t. u. - U- c, l.. -:- r ._.b A. !. , ,\'M;;. t i M. % *5 y i .,'.
i r

-- u.--

&-QM 30. .f.'.. |. '.|0.@N. 5

<i b- -g W
T

.

.@.y ,. t... :
- .

M( N .sArdM
@p$$g%w

i
. ~e . - . s y 3

n..,

m , w $ ,$ $ hd. M+. ,. M, $. n.dN 5
:

/SNP@M (@M EEs-e: .nu:e ..
. w.

b'b"rh ' * .*.
. ,I) a'h fq?.d, ,,,. 9[, . .s'.'7h *

s ,.

b b __ rm_ _ fs . *" *#
5:

-

C l,
O. |

5 1 ., y _ '.,y).i, S w,'-),
.. . %

- ;-

-k
m .

.

. g ;_

.. Fl_iA57=v b M==eM@d.. @g'
-- y y_:

--
.

'

.I .

M - y,, p ? ' f g h
*

- i 3m' 8

Wsygg 7 ::@fQqyr
- me w .;

,

.:p(3y-

C $ r p.-|h , W d % j d g
.

Qi !.seu.A -

gms t 9, y%.mI w.manwnu
w4~dag"4;:.g. Lg.m. c. .,+fs :

-

;
s m

P.:r 9%.%ps
-

rwd;i .

N. 9M M:1NQiX u- E'

M p ' g4 . Hi O 4 %W %. . .g .
i

.

k. ,dkT h
% m . a. a. g m,

-d .' kh,-n.--gw&u.c = M ~- k N, h'EN man.a~+ -- ww m:e:w :. .a p>c --

h Nb ! Y'' '. . ' ' , ' ' M" -

, ,

-



.

.:=.-...-,-= .. _

PAGE 1 of 3

( APPEi1 DIX 1

.

COMPLIAftCE

The test referenced in Paragrapo 5 have been conducted and satisfae'ortly
meet the acceptance criteria of the test plan.

Container Drawing flo. 12sns231

Container Serial fio. Kl878

Date Tested 3/20/80. 3/21/80, 4/1/80 and 4/2/80

(

[ Y-2-70Packaging Engineer v ,

Mt/-///'ISFuel Quality Control Engineering -

r
Licensing & Compliance Audits

" .44 4!2/[F
'

/

,-rt 77/M t'///dTraffic & Material Distribution "
/

(
F
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APPEilDIX 1

.

.

COMPLIAtiCE

The test referenced in Paragraph 5 have been conducted and satisfactorily
meet the acceptance critei'ia of the test plan.

Container Crawing fio. 128D5231

Container Serial !!o. K 0174

Date Tested 3/20/80 and 3/21/80

(

Packaging Engineer 9- 2.-7c
u -

djs / 8-/// 'IOFuel Quality Control Engineering
- ~

-

g

Licensing & Compliance Audits /b / / y 2./ 7-

/ /

Traffic & Material Distribution b7/fg# / ds

/

c

'I

!V

.- - - - -
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APPENDIX 1

.

.

COMPLIANCE

lhe test referenced in Paragraph 5 have been conducted and satisfactorily
meet the acceptance criteria of the test plan.

Container Drawing No. 128D5231

Container Serial No. K 0319

Date Tested April 1, 1980

(

U2OOPackaging Engineer -

a -

Fuel Quality Control Engineering W 4/"/V-76-

e
T [d* '

Licensing & Compliance Audits
/

,p AM[8be &',!fo
Traffic & Material Distribution '

/

(
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( APPENDIX 2
1

TEST CHECK SHEETS~

Container Drawing No. I 2 8 D F231

Container Serial No. K IT 78

Date

Pre Test Visual Inspection
[/ J/zo/mper Paragraph 5.1

Loading Paic 'Y.(:20 R87 cc.r- 2d alto /mgastocc-

Water Spray Test
. _ - -

( Drop Teet
_

Penetration Tes: ,

_

Conraression Test

30 Feet Free Drop -; Alui %tf)

.////. Id/[d
'

Puncture Test - ..

f.4Wh (0
Themal Test

f.Nm bidWater Immersion Test ,

9~
IOM /

Fuel Quality Control Engineering '

7

3

(

._
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( APPENDIX 2

TEST CHECK SHEETS*

Container Drawing No. /fE O f83/

Container Serial No. KO/7Y

Date
Pre Test Visual Inspection
per Paragraph 5.1 G/.to/of

(2 2.28P cot ' h & b ef?CLoading Qp gapo a t. -
"

Water Spray Test
--

( Drcp Test
~

Penetration Test.-
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APPENDIX 3 Page 1*
.

PLM;

GENERALh ELECTRIC

(
RELATIONS AND UTILITIES CPERATION
San Jose, California

February 10, 1978

E~r REPORT

BU-5 AND BU-7 CONTAINER PRESSURE TEST
,

t

A. Obs ECTI'E

The cbjective of this test was to verify the integrity of the BU-5''
and BU-7 containers for the New Japanese Container Regulations.
The procedures were presented to the Japanese and approved by them.

B. SO NARY
~

The folicwing tests were performed on one BU-5 and one BU-7 cen-
tainer on Februarf 6,1978 thru Febn:ary 10, 1978.

21. Both containers were tested under water to 1.50 Kg per 01
for eight hours. This was done by submerging them in the test
tank in Building G, to a depth of 50 feet abcve the containers.

2. The centainers were then pressurized internally and checked for
leakage at four increments:

2a.) .75 Kg/01 for tiiree hours

b.) 1.0 Kg/Og for three hcurs
2

c.) 1.25 Kg/01 for three hours
,

2d.) 1.5 Kg/01 for three hours

i

ene

.

--
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\
TEST REPORT
2-10-78
Page 2

C. TEST ECUIP.\E35'

The following equipment was used in the test:

1. 60 feet deep test tank

2. BU-5 container S/N 3-7522

3. EU-7 container S/N K-0397
,

4. Permagage # 175 0 to 60 psi pressure gage, regulator and
' valves as shown in Figure 1.

D. CALIBRATION
.-

The pressure gage was calibrated prior to testing. Calibration
record and curve (Figure 2) are included in this report. Calibra-;

( tion was made with equipment traceable to the National Bureau of
,

Standards conformance.
,

.

E. TEST RESULTS

1. Water Ic=ersion Test
There was no water leakage in the inner containers after eight
hours of submergence in 50 feet of water. l

i

2. Air Pressurization Tests
There was no leakage of air from the inner containers when
pressurized as shown in Figure 1 and held at pressure incre-
ments of .75,1.0,1.25 and 1.50 Kg per square centimeter for ;

periods of three hcurs for each pressure increment.

,

CONCLUSION I

l

The 30-5 and EU-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 hcurs rather than three, and the EU-7 container was tested at

__

(

|

I
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4

7
1.25 gm/ca~ for 14 hours. There was no leakage in either case.

J

/ Certified By: / CG I

J. A. Zidak W. 5.' Ccwan , .'. tanager '<

Packaging Engineer Packaging Engineering-

M/C 512 M/C 512
,

i JAZ/da ,
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Prepared: 3/6/80

CRITICALITY SAFETY ANALYSIS OF
.

o

t BU-7 SHIPPING CONTAINER FOR UO PONDER
2

1.0 INTRODUCTION

Model SU-7 shipping containers are used by the General
Electric Company for the transportation of low-enriched
unirradiated uranium oxide powder. The SU-7 container is
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 limited to no more than one safe
batch of UO2 p wder. In addition, it is required that the
H/U ratio in the fuel in each five-gallon concainer must be
no mo re than 0. 45. The purpose of the present analysis is
to extend the Fissile Class I certification for the EU-7 to
include the following:

1.1 Increased water moderation by increasing the fuel
H/U 14-4* # om 0.45 to 1.577.

1.2 Replacement of the safe batch limit with a limit of 35
Kg CO, per five-gallon container. The total 3U-7
conta!ner mass limit is still 89 Kg.

( 1.3 Reduced levels of insulating media (phenolic resin)
composition and densities requiring that at least 60%
by weight of each of the constituents of the full density
phenolic resin must be precent..

1.4 The presence of carbon in the UO, fuel provided that the
C/U ratio in the UO uel mixtur5 does not exceed 1.262.

2

All other limits and requirements for the SU-7 container
are unchanged.

2.0 ANALYSIS SCCPE

The present analysis has been undertaken to demonstrate that
the GE Model SU-7 shipping container meets the applicable
criticality safety standards for Fissile Class I shipping
packages as required by Part 71, Title 10, of the Code of
Federal Regulations.

2.1 3C-7 Container Scecification.1
This analysis is valid for he following 3C-7 container
specifications.

(
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2.1.1 Outer Container
.

( 55 gallon steel drum, or similar drums.

18-gauge,he, larger in dimensions or with thicker steel walls
(ref erence Drawing 128D5231) . Drums with smaller
dimensions or with steel walls which are thinnerthan 18 gauge are not covered by this analysis.

2.1.2 Insulation

Phenolic resin containing the amounts of hydrogen,
boron, carbon, nitrogen and chlorine and minimum
resin density as shown in Table 4.1.

2.1.3 Inner container
16-gallon, 18-gauge steel drum with an inner
diameter of 13.75 t 0.25 inches and an inner
height of 27.75 t 0.25 inches. This container
must have a leak-prcof seal and cover as described
in Drawing 128D5231.

2.1.4 Contents

Two five-gallon steel containers or three
three-gallon steel containers with an inner

k g, diameter no greater than 11.25 inches and with
a total stacked height of no more than 27.64
inches. The steel containers must be at least
0.0206 inches thick.

Plastic bags wrapped around the five-gallon-

container or used as a liner inside of the container
are permitted.

2.1.5 Fuel

Up to 70 Kg of UO powder per SU-7 container at3

a U-235 enrichmenE of no more than 4.01. Each
five-gallon product container may hold no more
than 3 5 Kg o f UO , . The UO, powder may be mixed
with water or hyarogen-carton additions subject
to the recuirements that the fuel-additive mixture
may not exceed:

*

.1 an H/U ratio of 1.577

.2 a C/U ratio of 1.262
in addition, the bulk density cf the UO, pcwder

'

may noc exceed 4.5 gm/cc.,

( ./
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2.2 Fissile Class I Criteria .

To demonstrate that the SU-7 shippir.g container as'

described in Section 2.1 neets the criticality safety
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.
e

2.2.1 Normal Case

of an infinite array of EU-? containersThe K. full densityhas been-calculated for three cases:
phenolic resin, 80% of full density phenolic resin
and 60% of full density phenolic resin.

2.2.2 Accident Case

eff of a 256 unit array has been calculatedThe Kfor the conditions of optimum inrerspersed codera-
Thistion and full reflection of the array.

analysis was performed for BU-7 containers limited
to 2 x 35 = 70 Kg of UO2 as well as for the case

the two predtet (five gn"en) con *,Sers filled with pder atc:
i total) .density of 4.5 gm/cc (202 Kg UO2a UO2

2.2.3 Evaluation of Carbon

The most reactive cases in 2.2.1 and 2.2.2 (with( 35 Kg UO /five-gallon container limit) were
reanalyzed for UO -E30 mixtures to which an addi-2

2
tional amount of car 5on 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 UO ,10,000 ppm by weight of

2water and 40,000 ppm by weight of H-C additives.

2.2.4 Accidents Involving a Single EU-7 Container .

To demonstrate the safety of a single EU-7 con-
tainer under extraordinary upset cenditions, rwo
five-gallon product containers have been analy:ed*

for optimum moderation and full reflection by water.

2.2.5 Concrete Reflection
The impact of concrete reflection of the most
reactive 256 unit array as described in Section
2.2.2 has been analyzed.

-3-

(

-. - -- . - . _ _



- . . - - -.

,

.

.

2.2.6 Code validation
.

1

i
To demonstrate the validity of the computational'

codes used in this analysis, validacion calcula-
a

tions have been made for the following cases:
4

j
-

: .1 Comcarison between codes for:

! e Normal case (K. ) BU-7 container

! o 256 unit array of BU-7 conrainers with
optimum interspersed moderation and full'

reflection by water
,

A single BU-7 container with 0.075 gm/cce
of interspersed water

Two five-gallon containers in a verticale
andcolumn with optimally moderated UO2

with full reflection by water
.

of the icw enriched.2 ' Calculation of the Keffs
low moderated benc.. mark critical experi-U038ments described in Reference 7.

2.3 Analytical Methods j

( The criticality analysis of the BU-7 container has been
performed with the General Electric Company MERIT and
GEMER codes and with the KENO IV Monte Carlo Code. MERIT
and GEMER are Monte Carlo neutron transport codes which
employ 190 broad group cross section sets generated from
ENDF/3-IV and which treat resonance absorption by explicit-
ly modelling the resonance parameters on a discrete energy
basis. The difference between MERIT and GEMER is that the
former has a geometry package especially designed to.nodel
BWR lattices while the latter has an enhanced version of
the regular and generalized gecmetry packages in the KE'NO
IV code.

The KENO E7 Monte Carlo Code was used in this analysis
with 16 group modified Hansen and Ror.ch cross section
sets (Reference 5).

3.0 SUMMARY AND CONCI,USIONS

The results of this analysis have demonstrated that the GE Model
EU-7 shipping container meets the criticality safety requirements
of 10 CFR 71 for a Fissile Class I package for the transporta-
tien subject to the conditiens specified in Section 2.1 of this
analysis. In sum =ary, these results are:

(
_4_
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3.1 Mormal Case

( The K= calculated with KENO IV for the normal case
BU-7 container is 0.903 + 0.003.

3.2 Accident case

,, calculated with KENO IV for the 256 unit arrayThe K"7' containers with the most reactive degree ofof BU
interspersed moderation and with full reflection by water
is

0.955 + 0.005 for 202 Kg UO per SU-7 container
2

and

0.750 + 0.005 for 70 Kg UO2 per EU-7 container
-

3.3 Presence of Carbon

The presence of carbon in a= cunts which . result in a C/U
ratio in'the fuel of no more than 1.262 increases the
K ##ac-4ve of the SU-7 container by less than 1.25%.eAp519:ng this to the values in 3.2 and 3.1 above for
3U-7 containers limited to not more than 70 Kg 00, per
container does not result in critically unsafe reactivities
for these cases.

i
3.4 Two Five-Gallon (Product) Containers'

, calculated with KKNO IV of two closely packed
The K s,Ilon product containers with optimum =cderationfive-g
and full reflection by water is

K,,g = 0.963 + 0.006 if the UO contents of the
2

containers are not restricted (approximately

65 Kg UO2 per container) .

or

K ,, = 0.909 + 0.005 if the UO contents of each of
2e._ -

the contairars are restricted to 35 Kg.

3.5 Concrete Reflection

Concrete reflection en all six sides of the 256 unit
accident array of SU-7 containers (limited to 70 Kg UO,

'
per container) results in a K ,, f 0.739 + 0.004, je
an increase of 5.2% over the water reflected system.

-5- (
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3.6 Ccde Validation

f
4 The validation calculations performed in this analysis

(, have demonstrated that

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-
lated by KENO IV. MERIT and GIMER results are
in excellent agreement. The discrepancy with KENO
is due in part to the cross-section sets used in
the KENO calculations. The cross-section sets
were determine based only upon the moderation in
the fuel mixture.

3.6.2 For a single BU-7 container, MERIT, GEMER and
KENO IV all agree with 0.4%.

3.6.3 Likewise, MERIT, GEMER and KENO IV are in excellent
agreement for the case of two closely-packed.opti-
mally moderated fully reflected five-gallon con-
tainers (with UO contents of 6 5.8 Kg or more per3*container) .

3.6.4 For the Rocky Flats low enriched U 0 icw moderated3gbenchmarks, the KENO IV calculated Kefg averaged
over the 10 cases is 0.997 + 0.002 and the GEMER

( 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
of the BU-7 shipping container are given in Figure 4.1, Drawing
128D 5231, F igur e 4 . 2 (ANSI MN 2.2-1974, UFC-Rule 40 55-gallon drum)
and Figure 4.3 (ANSI MH 2.5-1974, DCT specification 17H 55-gallon
drum), and include:

55 gallon drum dimensions: Diameter 22\ inches *

Height 33 5/8 inches
Thickness 0.0473 inches
Material Carbet steel*-

16 gallon drum inner dimensions:
Diameter 13 15/16 inches
Height 27 inches
Thickness 0.0428 i.nches
Marerial Carbon Steel

5 and 3 gallen product container:
Diameter 11 1/4 inches

Inner Dimensions Height 13.5 inches (5 gallon)

i i
7.5 inches (3 gallon)ss

Thickness 0.0208 inches
Marerial Carbon Steel

6--
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FIGURE 4.1 - BU-7 SHIPPING CO!! TAI!!ER-
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ANSI MH2.21974

FIGURE 4.2 - UFC-RULE 40 55-GALLON DRUM'
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ANSI MH2.51974 |
,

FIGURE 4.3 - DOT SPECIFICATION 17H SS-GALLON DRUM i

k |

2'|i6
--

"

7
Et

L- m - P
.,

272 237 -

23h

- -~{-T '.T. ~; -Yfr o = : 6)
4

c ou
. _ _ _ _ _ _ _ _ _

3

( ?
_/'

( _ , c) "
-

.
.

\ 334 -
S

II. 34h
iG

C 1
:.s :s

.

Il'*^

22h =

3- MIN
8-

; (SEE NOTE 2)
d MAX |F4 ,

f 2 f f.'
.

' L3
4

honS:
(1) A!! d:.mentiens are in i.s hes.
(2) Thew Jimenuuns are it wb!c to tuth the top sr:J buttom heads. \12..antum comcut) of ca.h he.J a 3 3 in.h.t

.

1

- SA -

|

, ., _ _ . _ - . - _



.

The 16 gallon drum has been modified by the welded attach-
ment of a closure flange to accept a 3/16 inch thick steel ccver wt.ich ^
is gasketed for resistance to high temperature and is attached;
by twelve 5/16-inch steel bolts. This gasket has been demon-
strated to survive the drop, flame,ficed and impact tests required
by 10 CFR 71 and insures that the five gallon product pails con-
tained within the 16 gallon drum do not come into centact with
additional moderating materials (for example, water) as a result
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 Lit cs. This is less than the 29.0 liter safe volumeA
limit for containers of optimally moderated UO2 ; wder at en-
richments not exceeding 4.0% U-235.

As described in Figure 4.1, the space between the concentric
inner 16 gallen and cuter 55 gallon drums is completely filled
with a solid phenolic resin insulating material. The chemi-

3cal composition of full density ( 8 + 1 lbs/ft ) phenolic resin
-

is shcwn in Table 4.1.

(

.

9
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TABLE 4.1 CHDiICAL CCMPOSITION OF FULL DENSITY
PHENOLIC RESIN INSUI.ATION

WC.UL *EGC PER CE;T CECANIC CCb9CC:DS4CCET -G CDir
Elwent full Cers rf

Weight Weight

Element Per Cent MP A"isl Fer Cent

Eydvn 4.5 Cnien Cacide Phenclic 65.8
Pasin 3RL 2760

Ecren 3.2 Siliccne surf e.an LS30 2.0

C26cn 41.0 Ecric AnWide 3-203 8.2

Nit:: ogen ( q rt:0 0.0 A:tydride Cr'T'c Acide 8.2

C:cfgen 48.6 Freen 113 6.6

Fluorine ( 4 ,a u ) 0.0 Fiberglass Rwing 9.6

( Silicene 2.2.

C.lcrine 0.5

2tal 100.0 100.4

3
censief = 8 i 1 lb/ft

3
Mini: ara Pe=issible censitf 4.8 lb/ft

|

|

( |
|
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5.0 TECHNICAL CCNSIDERATION

( 5.1 Mixtures Densities

The mixture atom densities used in this criticality
safdty analysis are tabulated in Appendix A. The 16
group modified Hansen and Roach U-235 and U-238 cross
section sets used in the KENO IV Monte Carlo calcula-
tions were taken to be the sets corresponding to.

min min
cr and C

U-235 U-238

with

min
f, O

as described in Table 5.1 and with no other c satis #ying

min
c 4_. c- 4_ C-o

Thec's are the potential scattering cross section values
(in b arns) corresponding to U-235 and U-238 cross-section

( sets (Reference 4).

I 11 --

.

.

9



. . .
..- . . _ . .

Gum 5.1 Kr:0 IV FESOGICE GSCRPTICI GCSS SECTIOT GlC7J2ICt3
(

'

<
~

e
-

N., Gp _
i

No

4 #~ '#~*" ewhere N = atom density of isotope

'i = potential sca-taring cross section
for material i as tabulated below

tb = atom density of isotope whose effective
resonance absorption cross section is being computed

#
Material /Isotoce 1 (barns)

Hydrogen 20.0

Carbon 4.7

0xygen 3.S

U-235 15.0
,

t
U-238 10.7

:

Water 43.8

.

:

!

12 --



5.1.1 Moderation of Fuel Mixture
.

As noted in Section 4.0, in leakage of water into
{ the 16 gallon inner drum (and consequently into

the five or three gallon product containers)
does not occur under the postulated accident conditions
(drop, flame, ficod or impact) . The level of modera-
tion in the five or three gallon product containers
will therefore not change when the BU-7 containers
are subject to the postulated accident conditions.
The maximum normal levels of water or hydrogeneous
moderation in the UO2 pcwder are:

.1 from 0.3 to 1.at by weight of moisture (H 012

.2 for certain blends of UO, pcwder up to 4.0%
by weight of hydrogen-carbcn materials for
which

the hydrogen content is less than theo
equivalent of 4.0 weight per cent of water
the ratio of atcms of hydrogen to atomse
of carbon in the additive is no less than
ene.

5.1.2 Fuel Mixture

( 7. tom densities of the fuel mixtures for 4.0% en-
riched UO, pcwder and water used in the present
analysis ~ are tabulated in Appendix A. These
mixture densities were computed in one of two ways:

.1 Mixtures with 50,000 ppm of water or its
equivalent

For systems of UO2 pcwder and water in which
the water content is restricted to low volumes,
fuel-water mixtures may be determined by taking
the maximum UO, density and wats: density
possible. For~UO, pcwder, the maximcm density
possible is less Ehan 4.5 gm/cc unless mechanical
presses (etc.) have been used to compress the
powder. Mixtures of U0, and 50,000 ppm E,0 are

'*

then specified by

fUO,=4.5
-

03 0.23684 gm/ccfE0= *0.052 |
=

2
.9 )

N = 0.30 * na (arca densities)
car 5Cn "

|

- 13 -
1
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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

(- as that in water (11.19%) and for which the ratio of
hydrogen atems to carbon atoms (in the additive) is
no less than one.

.2 UO - H O Mixtures Occupying Minimum Theoretical
Vo3umes2

Given a weight fraction of water in the mixture,
the densities of UO and wacer are specified by

2

(UO
l H0=

2 3

1 - N7. 0c,

WF. 0
* + h

10.96 2

and

UOfE0=1- 2
2

( 10.964

As in 5.3.1, maximum permissible carben content
is determined by

NC = 0.80 * N..
a

.

|
,
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5.2 BU-7 Geometry model

The geometry model used in this analysis is illustrated in!
'

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 reflected on all six
sides (J = 0) to simulate an infinite array. Calculations
were then performed for the phenolic resin insulation mixtures
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
order to evaluate the impact of close-packed moderation
about the five or three gallon product pails. The three-
gallon product pails were not explicitly modeled since it
is readily evident *k=* **ay are less reactive than the
five-gallon containers (less UO2, more carbon steel and smaller
volumes).

For the accident analysis , a 256 unit array was defined with
the same Table 5.2 - 5.4 geometry but with eight containers
in the X and Y directions and four containers in the Z
direction. The 8 x 8 x 4 configuration gives the array
with the minimum geometrical buckling and is therefore
the = cst reactive case frem an array gecmetry standpoint.

(
,

.

- 15 -
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FIGURE 5,1: KENO /GEMER GECMETRY MODEL'

FOR BU-7. CONTAINER
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TABLE 5.2: BU-7 CONTAINER INFI'iITE ARPAY GECMETRY MCDEL
CCNO/GEMER niPUT)

I * *
Radius +Eeight

-
*or or

Region Geometry Type Material +X +Y tZ

l Cylinder Carbon Stee' 14.2375 + 0.05
2 Cylinder UO -E 0 Fuel Mixture 14.2875 + 35.05

2 2 ,

3 Cylinder Carbon Steel 14.34 + 35.1

4 Cylinder Void 17.70 + 35.1

5 Cylinder Carbon Steel 17.808 35.5763 - 35.2087

6 Cylinder Phenolic Resin or 23.495 35.5763 - 42.8287
Interspersed Water

7 Cylinder Void or 23.495 36.688 - 42.8287
Interspersed Water

8 Cylinder Phenolic Resin or 28.575 44.308 - 42.8287
Interspersed Water

9 Cylinder Carbon Steel 28.575 44.4167 - 42.9374

10 Cylinder Void or 28.575 45.3692 - 44.8424
Interspersed Water

11 Cylinder Carbon Steel 28.684 45.3692 - 44.8424
(

12 Cuboid Void or +28.684 + 28,684 45.3692.
- -

Interspersed Nater - 44.9424

13 Core Void +28.684 + 28.684 45.3692
- -

- 44.8424

14 Cnboid Void +28.684 -+ 28.684 45.3692'
~

- 44.8424

|

* Dimensions in cm

.
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TABLE 5.3: GEOMETRY MODEL MODIFICATIONS FOR 35 KG
UO CALCULATIONS (KENO /GEMER INPUT)-'

h -2

. +

Region Gecmetry Type Material Radius' I- Height

1* Cylinder Carbon Steel 14.2875 f; 0.05

1A Cylinder Void 14.2875 0.05 A

2 Cylinder UO -E0 14.2875 3 -35.05
2 2

Fuel Mixture

2A Cylinder Void 14.2875 35.05 -35.05

3 Cylinder Carbon Steel 14.34 f; 35.1

Fuel Mixture Height of* . .
No. Fuel in Container A 3'

1 12.128 - 22.922 12.178
(,

2 20.0 - 15.05 20.05

0.05 35.053 35.0 -

=
Unchanged

+ Dimensions in Cm

,

t
!

'

.

- 13 -
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TABLE 5.4: GECMETRY MODEL MODIFICATIONS FOR 8 x 3 x 4

FINITE ARRAY (KENO /GEMER INPUT)

+ +
+ +

Recion Geccetry Tyre Material $X -Y -Z

12* Cuboid Carbon steel 1 28.634 + 28.684 45.3692

_229.472 +180.4232_ 229.47213 Core Void ++
_

14 Cuboid Full Density 1 260.0 1260.0 j-212. 0
Water (or
concrece)

,

*
Unchanged

i

h
Dimensions in cm

,

I - 13 -
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( FIGURE 5.2 - FIVE-GALLON PRODUCT CONTAINER GECMETRY MODEL

A. SINGLE CONTAINER (FGC)

ID = 28.575 cm
UO IH = 35.0 cm

2
+ CD = 28.630 cm

HO OH = 35.1 cm
2

Walls - carbon steel- --- ,

B. T40 FIVE-GALLON CONTAINERS
I

!

Side-by-side Stacked

(
'

l' H O reflecter l'(rdn)M 0 reflecter
2 2

.T tco
,f .-

Y 2' 8"
FGC, FGC FGC

]

/
veid

side
view FGC

FGC FGC FGC

l' H O refleecer l' H 0 #* 1*C=0#
2 2

-19A- .

_m- __
- _,



- .

FIGURE 6.1 - K,, for U (4.05) 0 - Carbon System e -,. 2 .
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.

i Tight reflecticn of the 256 unit array was modeled by 12-incht

thick slabs of full density water on all six sides of the4

array. Fors the case of concrete reflection, the 12-inch
thick slabs were replaced with 16-inch thick concrete slabs
(KENO IV material number 300).

Cne aspect of the Figure 5.1 gecmetry model that should be+

noted is that the dimensions used are conservative as compared
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 23h inch diameter of the drum,

j provided by the two or three corrugations along the length
of the container. This constitutes a reduction by at least'

4 % in the diametar and 9% in the volume of the drum and
is a significant f actor of conservatism in the analysis of
the 256 unit accident array. This reduction of 9% in the
volume conservatively simulates the collapsing of the rolling
heaps on the lateral surface of the drums under the postulated
accident conditions (drop, flame, ficoding) .

It is advised that the geometry model used in this analysis
for the BU-7 container is different from that used in the
Reference 3 analysis. The Figure 5.1 model is more con-
servative than the one previously used.

,

5.3 Five Gallon Product Container Gec=etrv Mcdel

The five gallon product containers have been modeled in this
:

analysis as shown in Figures 5.2. The ID = 23.575 cm,
IH = 35.0 cm dimensions slightly overestimate the true
size of a five-gallon product container (the value is
22.44 liters as compared to the true value of less than

j 22.0 liters), and the model is therefore conservative,
especially since the carbon steel walls are modeled as
being less than 0.0207 inches thick.

I
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6.0 RESULTS

6.1 BU-7 Container Analysis
.

Tables 6.1 through 6.5 show the results of the MERIT /.

GEMER/ KENO IV calculations for the EU-7 container.
.

6.1.1 Normal Case

*

TABLE 6.1 NORMAL CASE K,s for BU-7 CCNTAINER

PERCENT OF
FULL DENSITY I#"
OF PEE:;OLIC

RESIN GEMER MERIT KENO IV

100 0.758 i 0.004 0.753 g 0.004 0.790 + 0.004

30 0.799 + 0.004 0.304 1 0.003 0.843 + 0.004

60 0.853 + 0.004 0.850 + 0.003 0.903 .+ 0.003.--.

-

with 202 Kgs UO2 per SU-7 container

i

These results show that the normal case infinite array of
BU-7 containers is critically safe and that the phenclic
resin serves as an "overmoderating" influence in that the more
resin present the icwer than K,,.

Comparison of MERIT, GEMER and KENO shcw that MERIT and
GEMER are in good agreement but that KENO overpredicts
the Kos relative to them by from five to six per cent.

( - 21 -



i
6.1.2 Accident Case - Optimum Interspersed Warer

.1 Infinite Arrays

These calculations were performed in order to -
compare MERIT /GEMER and KENO. (The MERIT
geometry package is nnable to medel the 256
unit finite array.)

TABLE 6.2 - K. FOR SU-7 CONTAINER WITH OPTIMUM
IN"EBSPERSED WATER *

K. +e
INTERS?ERSID

WATER (cm/cc) GEMER MERIT KENO IV

0.000 1.111 _+ 0.003 1.106 _+ 0.003 1.163 + 0.003
_

0.025 1.147 j; 0.00 3 1.147 j; 0.00 3 1.182 f; 0. 00 4

0.050 1.117 j; 0.00 3 1.116 f; 0. 00 3 1.153 f; 0. 00 4

0.075 1.067 + 0.003 1.099 + 0.004
--

(,! 0.100 1.021 _+ 0.003 1.046 _+ 0.003
0.200 0.829 + 0.003 0.848 + 0.004

--

0.500 0.634 1;0.004 0 . 6 4 2 +; 0. 00 4

1.000 0.610 + 0.004 0.617 + 0.004
- -

With 202 Kg U02 per SU-7 container

* Inrerspersed water in Regions 6, 7, 3, 10 and 12
(Table 5.2)

|

1

I
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i
TABLE 6.3 - K. Fud BU-7 CONTAINER NITH CLOSE ,

( PACKED OPTIMUM INTERSPERSED WATER'

.

KENO IV
Interseersed K + c- '=Water (gm/cc) --

0.000 1.163 _+ 0.004
0.025 1.185 1 0.003
0.050 1.144 _+ 0.004
0.075 1.065 _+ 0.004
0.100 1.008 _+ 0.004
0.200 0.792 .+ 0.004

0.500 0.641 _+ 0.005
1.000 0.657 _+ 0.004

t

With 202 Kg 002 per SU-7 container
( * Interspersed water in Region 4 as well'

as in Regions 6, 7, 8, 10 and 12 (Table 5.2)

Table 6.2 indicates the same trends as shown in Table 6.1.
GEMER and MERIT are in gced agreement but KENO IV cverpredictsi

the K s relative to them by three to five per cent in the ^
region around optimum interspersed =cderation.
Table 6.3 indicates that, as is to be expected, a slight shift
may exist in the density of interspersed water corresponding
to optimum moderation, but the impact on the K s is smaller
than the Monte Carlo statistical uncertainties. This is evi-
dence that the addition of hydrogen anywhere outside of the
UQ, fuel has been implicitly considered by analyzing the EU-7
container arrays for optimum interspersed =cderation between

|containers (and within the 55 gallen drums) .
i
|

1

I
|

|

(
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.2 Single Container
.

To ' provide a further comparison between
! MERIT, GEMER and KEMO IV, the Kegg of a

single BU-7 container was calculated. The
conditions for.this calculation were 202
Kg UO in the container and 0.075 g=/cc-
of waker in Regions 6, 7, 8, 10 and 12

(see Table 5.2) . The results were: ;

Code off I #E

GEMER 0.355 + 0.004

MERIT 0.356 1 0.003

KENO IV 0.356 1 0.004

.3 Accident Case - 8 x 8 x 4 Arrays of EU-7'
Containers

The GEMER and KENO IV results for the analysis
of the 8 x 8 x 4 arrays of BU-7 containers i

with optimum interspersed water are given in
'

Tables 6.4 and 6.5. Table 6.4 is for the case |
in which the BU-7 containers each hold 202 Kg |

(full five-gallon product pails at 4.5gm
.

(
UO{/cciwhileTabla6.5containstheresults

i

UO |
fo. the containers limited to 70 Kg UO, each ,

(35 Kg UO2 per five-gallen product pali).

!

- 24 - |
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TABLE 6.4 - K s f r 8 x 8 x 4 ARRAY
eff

OF SU 7 CONTAINERS (202 Kg
UO PER CONTAINER)
--2

#
Interspersed eff -

Water (qm/cc) GEMER KINO IV
.

0.000 0.853 + 0.004
0.025 0.884 3 0.004 0.906 f 0.004
0.050 0.924 1 0.004 0.955 + 0.005
0.'075 0.928 - 0.005 0.944 f,0.004

0.100 0.929 _+ 0.005.

0.200 0.802 _+ 0.003
0.500 0.637 _+ 0.004
l.000 0.617 + 0.005

(
_.

7 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)

- 25 -
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TABLE 6.5 - K,ffs for 8 x 8 x 4 Array
'

of BU-7 Containers (70 Kg -

(
UO Per Container)

2
_

KENO IV K *#
eff

Height in Height in Height in

Interspersed Can of Can of Can of
Water (qm/cc) 12.123 cm 20.0 cm 35.0 cm(Full)

_

-

0.060 0.534 1 0.004 0.530 + 0.003 0.532 1 0.003
0.025 0.609 + 0.004 0.624 1 0.005 0.655 + 0.005

0.050 0.637 1 0.004 0.679 1 0.004 0.731 + 0.004

0.075 0.656 1 0.004 0.693 + 0.004 0.750 +-0.005

0.100 0.641 _* 0.004 0 . 6 81 _+ ' . 0 0 5 0.743 + 0.004
._

0.200 0.537 .- 0.004 0.573 _+ 0.004 0.623 _+ 0.004
- '

0.500 0.419 1 0.004 0.410 + 0.004 0.427 1 0.004
l.000 0.417 + 0.004 0.406 + 0.004 0.401 1 0.005

5 0.075 0.149 + 0.002 0 '.31 + 0.002 0.351 + 0.003
~~-

Single EC

Cen*'d .e:

The array is tightly reflected on all sides by 12 inches of water.7

No interspersed water is placed in Region 4 (see Table 5.2) .
.

I- - 26 -
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It is concluded from those two tables that the BU-7 container
.

array is critically safe under the postulated optimum inter-
full reflection accident condition even{ spersed moderation, 18'

if the individual BU-7 container mass limit of 70 Kg 00This assumes that the H/U = 1.577 and C/U = 21 262
exceeded.
limits are still met.

As in the previous cases, the KENO IV results around the
optimum interspersed water level are one to three per cent higher
than the correspending GEMER values. (The 8 x S x 4 array cannot
be modeled in MERIO due to gecmetry limitations.),

>

for the 8 x 8 x 4 array with optimum interspersedThe Feffwater and full reflection and with the 70 Kg UO 11*it E*#2
0.750 + 0.005 Cat 0.075 gm H 0/cc interspersed 'container is 3

For comparison, this case was analy=ed replacing thewater.)tight water reflector by a tight 16-inch thich con: rete reflector
(on all six sides). The KENO IV Ko~e for this case was 0.789 + 0.004,s

~~

an increase of 5.21.

6.2 EVAEUATION OF CAR 3CN ADDI"IVES

Frem Reference 8, the relative =cderating facter for a mixture
of water and carbon can be determined to be:

Moderating factor = 20 N3 + 0.76 Ne + 0.50 No
.

(

where N , Nc, and No are the corresponding atos densities forIt fo11cws frcahydroge5, carbon, and oxygen in the mcderator.this relationship that the worth of carbon as a moderator is
0.76 + 20 = 0.038 times the worth of hydrogen. Applying this value

water and hydrogen-carbon additivesto the mixture of UO3,
which is approved fof the EU-7 container, (an H/U atomic ratio
of 1.577 and a C/u atomic rauio of 1.262) then results in an

2 - E 0 mixture with 51438 ppm H 0 as opposed3equivalent UO
to the 50,000 ppm H O 1 mit or the H/U rati5 of 1.577.2

2

The effect of the additional 1438 ppm H O equivalence can be
estimated from existing tabulated data 2(Reference 6) to be

However, as part of the present analysisless than 1.0% in K.of the SU-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
are given in Tables 6e6 through 6.10.

I

l
|

(
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- Carbon Systers -

i TABLE 6.6 K, s of U(4.05) 02

.

Weight NJ.cn
of Carb::n in C/U-235 FriO IV

Mi:<t:. re At:ric Fatio K, + c

0.00 0.0 0.806 + 0.002
0.10 61.6 0.814 2 0.002
0.20 138.7 0.803 7 0.002
0.30 237.8 0.778 7 0.002
0.40 369.9 0.775 7 0.002
0.50 554.9 0.788 I 0.002
0.60 832.4 0.809 7 0.003
0.70 1294.8 0.867 7 0.003
0.80 2219.6 0.936 7 0.003
0.85 3144.4 1.056 7 0.003
0.375' 3884.3 1.122 7 0.003
0.90 4994.1 1.196 I 0.003
0.925 6843.7 1.303 ? 0.003
0.95 10543. 1.359 2 0.003
0.975 21641. 1.438 I 0.003
O.982 30273. 1.448 7 0.003'

0.990 54935. 1.377 { 0.003

7 De theoretical dersitf cf m% was taken to be 2.25 g:=/cc

.

i
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(' - E 0 G.FECN SYST22G'ITPM 6.7 FDTd24 GITIO1 GSSES CF U(4.05)02 2

KE2D IV Calc.

Weight Frac'.-icn Weight Fracticn C/C-235 Min. Criti 'l

of H O of Caden Atcmic Frdo 32ss of CO (K9).

2
2

0.0 0.975 21641 140.9
0.982 -

30273 128.1
0.990 54935 147.4

0.0 0.00 2208
22.84 1954.50.05
30.0 1658.0

200.0 861.3
1000.0 419.8

0.0 0.00 337.5
22.84 277.60.10

200 262.3
1000 164.0

0.0 0.00 101.0
22.84 104.90.20

( 200 108.9.

1000 93.7

0.0 0.00 74.4
22.84 70.90.30

200 76.7
1000 101.8

0.0 0.00 65.9
22.84 66.20.40

200 73.2 -

1000 331.6

0.0 0.00 68.6
-

22.84 73.50.50
200 96.9

*
v

F~ = 2.25 c::Ve=
C

Wa*Sr refleC*M'

(
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TASI.2 6.8 2CC124 CRTCCE .v>.S5ES CF U(4.05)

0 - g 0 SYSTDS2

m o ri Calcutatea
Weight 6 4.icn F/U Mini:=a Citical

.v ss of CO C<9}of F 0 Atanic Fatio a
2

0.05 1.577 2208.

0.10 3.330 337.5

0.20 7.492 101.0
1

0.30 12.34 74.4

0.40 19.98 65.9

( 0.50 29.97 68.6

0.60 44.95 113.7

0.70 69.92 1770.

;

.

1

(.
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TABI.E 6.9: 14EltIT VERIPICATIO!! OP KENO IV U0 f4It1I14Uf4 CRITICAL I4ASSCS
3

C/ti-235 Weight Fraction Critical UO2 Critical MERIT
0

Atomic Hatio of Water Radius flass (Kg) Kggg 1

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 70.9 0.9895 1 0.0048
22.04 0.40 23.34 66.2 1.0019 + 0.0043

22.U4 0.50 27.23 73.5 1.0016 + 0.0034 !
I

1000 0.10 36.24 164.0 0.9926 + 0.0048
,d3

8 1000 0.20 33.01 93.7 0.9963 + 0.0042

1000 0.30 37.16 101.8 0.9019 + 0.0039

s

I See Table 6.7

i
.
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TABLE 6.10 - BU-7 CONTAINER ANALYSIS WITE CARBCN' i

i

A. Normal case K. with 60% of full density chenolic resin- -

(202 Kg UO3 per BU-7 container)

KENO IV K. without carbon 0.903 + 0.003
-

.

KENO IV K. with carbon 0.913 + 0.005
-

3. Accident case: 8 x 8 x 4 water reflected array with
*

70 Kg UO per SU-7
2

Density of
Interspersed H O KENO IV K ,, KENO IV Keff

(cm/cc) (without e~~ carbon (with carben)2

0.025 0.655 * 0.005 0.663 _+ 0.004_

i 0.050 0.731 _e 0.004 0.731 _+ 0.004

0.075 0.750 _+ 0.005 0.757 _+ 0.005

0.100 0.743 _+ 0.004 0.745 _+ 0.004

.

7 C/U = 1.252
T

Eeight of fuel in five gallen product pails is 35.0 cm

9
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The K. results in Table 6.6 can be compared with the tabulated
g values in Reference 6 for U(4.0) 02 - E20 in which the maximum

K. is no greater than 1.40. Figure 6.1 is a plot of the Table
6.6 results. In addition, if all the moderator in the UO, -
moderator mixture in the BU-7 containers were carbon, Table 6.6
indicates that the K cf the fuel would be less than 0.8. (An
E/U ratio of 1.577 and C/u ratio of 1.262 imply an effective
"C/U" ratio of 42.737 when using the 0.038 equivalence factor
between carbon and hydrogen) . The K. o f a U (4. 0 ) 02-H09
mixture with 40000 ppm H O (a H/U ratio of 1.577) is grenter2
than 1.0.

Tables 6.7 and 6.8 show minimum critical masses calculated with
- H O systems.KENO IV for U (4.05) 02 - E 0-C and U(4.0 5) 0, 22

These two tables indicate that the minimum" critical mass occurs
for pure CO -E 0 mixtures and that the presence of carbon there-2 2fore results in dilution of the fuel mixture. Table 6.7 clearly
establishes however that carbon moderation can be appreciable
for under mcderated systems such as the BU-7 container. In this

regard, the entries in Table 6.7 for 0.05 weight fraction of
water indicate the impact of the C/U = 1.262 BU-7 container
limit. With no carbon, the minimum critical mass at the E/U ratio

Withof 1.577 (i.e., 0.05 weight fraction water) is 2208 Kg U02*,

a mixture containing carbon with a C/U-235 ratio of 30, (an E/U
of about 1.2) , the critical mass decreases to 1657.7 Kg UO2' ^

33% effect.

( Table 6.9 presents a verification of the KENO IV U0, minimum
critical masses which was performed with the MERIT .tonte Carlo
code. The MERIT code was used to calculate the K e of thee

2 spheres determined to be critical with KENO IV Ivia theUO
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 KENO IV calcula-
tions for the BU-7 container normal case and accident case
analyses described in Section 6.1 with the addition of carbon ,
in the fuel mixtures. The C/U ratio for these calculations is
1.262. As can be seen, the addition of the carbon increases

values by no more than 1.251. In both cases,
the K and Koet
the,BU-7 contilner system is still suberitical.

(
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6.3 Analysis of five Gallon Product Pails
,

The safety of individual BU-7 containers has been analyzed byd

calculating the effective neutron multiplication factors of
two five gallon product pails under conditions of optimum
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
placed side by side (and touching) with tight water reflection
in all areas except immediately between the two containers.
The maximum K ,,s for this case are:e.

0.968 j,0.006 for 65.8 Kg UO2 per c ntainer

and

0.909 + 0.005 for 35.0 Ke UO2 per container
-

-

Table 6.12 gives the results of calculations for the two five
gallon containers stacked in a vertical column. Again, the

containers are touching and the assembly is tightly reflected
by at least l'- inches of water. The maximum K,~,,s f r the

~~

vertical arrangemen: are:

0.964 + 0.005 for 65.8 Kc UO2 per container
(

-
-

and

0.904 * 0.004 for 35.0 Kc U02 per container
--

-

Since the BU-7 shipping container is limited to 35.0 Kg per
five gallon product pail, the criticality safety of an indivi-
dual container is established for the case of estimum moderation
and full reflection.

.
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TABLE 6.11 - ANALYSIS OF TWO FIVE GALLON CONTAINESS SIDE BY SIDE.

(

A. Full Containers with Ma:<imum U0 Masses2
- KENO IV*

Weight Fraction Mass or UO,

o f H.30 in Fuel in Single * K ,, i o
'

Container (Kc)*

O.05 156.0 0.305 + 0.004
0.10 110.9 0.390 7 0.005
0.20 65.8 0.968 7 0.006
0.30 43.2 0.947 ? 0.006

~

0.40 29.6 0.909 0.005
-

0.50 20.6 0.841 0.003

3. Containers .with 35 Kg UO Mass Limits
2

Weight Fraction KENO IV K ,,s Intermediate

of H.30 in fuel Minimum Height Height Full cans
in cans in cans 35.0 cm~

('
O.05 0.581 + 0.004 0.538 + 0.004 0.534 + 0.004

~-

(12 128 c=t) (20.0 c=)

0.10 0.639 + 0.005 0.579 + 0.004 0.537 + 0.004
-~

(12123 c=t) (20.0 cm)

0.20 0.801 + 0.005 0.746 * 0.004 0.688 + 0.004
(197624 c=t) (25.0 c=)

~

0.30 0.885 * 0.005 0.351 + 0.004
~

(287370 c t)

0.40 0.909 + 0.005
(3570 cm)

-

0.50 0.341 - 0.003
(3570 cn)

f
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TABLE 6.12 - ANALYSIS OF TWO FIVE GALLON CCMTAINERS STACKED
VERTICALL'?

(
'

A. Full Containers with Maximum UO Masses
2

'. 2.m

./wI
:cD n7 - -"

We:. ht Frx*a.cn Mass of CO2 in.c fIof $ 0 in Fual Single cent-*.er bfI ^

2

0.05 156.0 0.804_+0.0C4

0.10 110.9 0.902t3.006
0.20 65.8 0.964_r3.005 0.955_-0.004 0.953_4 .006

0.30 43.2 0.954t].005
0.40 29.6 0.904_*0.004
0.50 20.6 0.850_4 .005

B. Can-'d.ers with 35 Kg CO M"83 Li i^32 :C D IV Keffs
Weighn F:=c dcn Mini =m Feight Tr a ediata Full Cnns

ofF}0inFual in Cans Height in Cans (Eeight=35.Ccn)

0.05 0.556+0.005 0.550 + 0.004 0.519 + 0.004
~

(12.I28 cn) (20.6 c=)

0.10 0.633+0.004- 0.578 + 0.005 0.536 + 0.005
( ~

(12.I28 cm) (20.6 cm)

0.20 0.793 a 0.005 0.736 + 0.005 0.678 + 0.005
~

(18.674 c=) (25.7 cn)

0.30 0.881 + 0.005 0.S51 a 0.005
(28.370 ca)

-

0.40 0.904 + 0.004
~

(34.0 ca) -

0.50 0.850 + 0.005
~

(35.0 cn)

(
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The Kegg = 0.909 + 0.005 and 0.904 + 0.004 results listed above
constitute upper limits for extreme accident conditions since

I the moderation limit in the containers is limited by BU-7 speci'i-'

cations to 50,000 ppm E20 or less. (50,000 ppm is the same as h
weight fraction of 0.05.)

In Table 6.12 Kefg results have also been presented for MERIT and
GEMER calculations of the vertically stacked assembly with 65.8 Kg
UO2 (weight fraction of water = 0.20) . The ". ERIT and GEMER results
for this case are in excellent agreement and are about 1% lower
than the KENO IV result.

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 E/U = 1.577 and C/U = 1.262 limits are met.
The conditions analyzed in Tables 6.11 and 6.12 would in such
accident conditions still correspond to a C/U = 1.262 case but the
E/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
on the system Keffs. Nevertheless, if the system Kegf3 were to
increase by -1.25% , the two 5 gallon containers with 33 Kg UO2 in
either geometry arrangement would still be critically safe since

would be no higher than 0.920.most Koe,
- -s

(

.

.

%
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6.4 Evaluation of Rocky Flats Low Enriched Low Moderation U 038
Benchmark Critical Experiments

(
-

Reference 7 describes a set of 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 expefiments consisted.of a 5X5XS
array of Aluminun tins which contained 4.46% enriched U 0s powder3
and for which the average hydrogen content in the entire asse=bly
resulted in an H/U ratio of 0.77. Ten differenu cases were run
for the critical experiments corresponding to tne type of fully
enriched Uranium Criser (metal, low Uranium content solution or
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
the separation distance between halves of the 125 unit array.
Both KENO IV and GEMER calculations have been performed for the
Rocky Flats experiments with very detailed modeling of the assem-
blies in regular and enhanced KENO IV geometries. The major area
in which the geometry models differed in the true configuration
was in the smearing of the holes in the Aluminum tins which were
used to add the measured amounts of water. The impact of this
smearing has been evaluated however by analyzing the K,of a
single Aluminum tin with and without the Aluminum holes. Frcm
KENO IV with enhanced geometry these results are

(
For sin-le oxide can K= = 1.0838 _+ 0.0040v
without holes (" smeared")

For sin 9 e oxide can K= = 1.0830 + 0.0053l -

with holes ("unsmeared")

Any difference is completely masked by the 0.3 to 0.5% statistics.

Table 6.13 shows the results of the KENO IV and GEMER calculations
for the Rocky Flats experiments. Cases 1-3 were not performed with
GEMER because of geccetry modeling difficulties. (These cases re-
quire the use of the enhanced geccetry option not currently available
in GEMER.)

The results of the benchmark calculations are that KENO IV predicts
an average K ,,,= 0.997 + 0.002 and GEMER predicts an average K ,,
1.003 + 0.003~.~~

- *"-
-

(

l
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TAllLE 6.13 - KE!JO IV AND GEMER CALCULATIOllS FOllIlOCl;Y PLATS LOW ENRICIIED U 03 -8
LOW MODERATIOli BEllCllMAllK CRITICAL EXPEllI!!EllTS

EXPEllIllEllT eff b
flO . DRIVER REFLECTOlt KEllO GEMER

1 Netal Concrete 1.006010.0057

2 Metal Plastic 0.993110.0064

3 Metal Steel 1.007510.0067

4 Iligh Uranium Concrete 0.9940+0.0052 0.9961+0 0060
Content Solution

5 liigh Uranium Plastic 0.998410.0052 1.011510.0059
Content Solutioni

y Content Solution
-

0.9816+0.0082& 6 liigh Uranium Steel 0.9819+0.0055
~

7 Low Uranium Concrete 0.995010.0048 1.021910.0087
Content Solution

8 Low Uranium Plastic (Spacing 1) 0.9981+0.0045 1.0045+0.0064
Content Solution

9 Low Uranium Plastic (Spacing 2) 0.997010.0050 1.013810.0079
Content Solution

10 Low Uranium Steel 0.997910.0051 0.989810.0080
Content Solution

- ~

Average values 0.997+ 0.002 1.003 + 0.003

i
1

.
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Appendix A. Mixture Densities .

A.1 Fuel Mixtures

A.2 Phenolic Resin and Carbon Steel

A.3 Interspersed Water

(

.

k
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UO -E 0-C MIXTURE DENSITIESTABLE A.1 2 2
I,
i

A. 4.5 gm UO2/cc * 0.23634 gm H2 /cc Mixtures0

Material MERIT /GEMER KENO 17 HANS EN-ROACH

Atem Density Atem/ Material 16 Grcup

(atoms / barn-cm) Density (atoms / Material ID
barn-cm)

U-235 4.0657 E-04 4.0657 E-04 92508

i U-238 9.6344 E-03 9.6344 E-03 92810

Oxygen 2.9001 E-02 2.00823 E-02 8100

--

Hydrogen 1.58365 E-02 --

0.237269* 502
Water --

1.26692 E-02 6100Carbon --

(Optional) ,,

e

in 5 gallen container occupying entire volumeUse: 101 Kg UO2f
' cf can (height = 35 cm)

35 Kg CO2 in 5 gallon container occupying minimum volumeor
of can (height = 12.128 cm)

1

2 = 0.23684/0.9982, which is the KENO input density (gm/cc
iin this case - not atems/ barn-cm).

4
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3. 2.7288 gm UO2/cc + 0.14362 gm H 0/cc2

MATERLM, MERIT /GEMER KENO IV H?c!SEN-RO ACH

Atem Density Atom / Material 16 Group

(atoms / barn-cm) Density (atcms/ Material ID
barn-cm)

U-235 2.46546 E-04 2.46546 E-04 92508

U-238 5.84235 E-03 5.84235 E-03 92810

0:c/ gen 1.69800 E-02 1.21783 E-02 8100

--

Hydrogen 9.60334 E-03 --

0.143881* 502Water --

(
35 Kg UOa in 5 gallon centainer occupying partialUse:
volume or can (heighc =~20.0 cm)

= KEMO input density (gm/cc in this case - not atcms/ barn-cm) .#

,

i

4
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{
C. 1.5593 gm UO /cc + 0.08207 gm H2 /cc02

MATERIAL MERIT /GEMER KENO IV HANSEN-ROACH
Atom Density Atom / Material 16 Group

(atoms / barn-cm) Density (atoms / Material ID
barn-cm)

U-235 1.40883 E-04 1.40883 E-04 92508

U-238 3.33849 E-03 3.33849 E-03 92810

Orfgen 9.70284 E-03 6.95903 E-03 8100

Hydrcgen 5.48763 E-03 ----

0.0822179 502Water --

4.39009 E-03 6100Carbon --

(

Use: 35 Kg CO2 in 5 gallon container occupying entire
volume of can (height = 35 cm)

t KENO input density (gm/cc in this case - not a: Oms / barn-cm) .

t

,

|
!
t
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UO -H2O MIXTURES( D. -FULL THEORETICAL DENSITY' 2

1. KEMO Mixtures

Atem/ Material Density (Atrms/ barn-cm) ,

WF H2O U-235 U-238 Oxygen Water

(Material) (Material) (Material 8100) (Material 502)

0.10 4.46492 E-04 1.058505 E-02 2.20548 E-02 0.550088

(92509) (92818)

0.20 2.64765 E-04 6.27409 E-03 1.30783 E-02 0.733941
(92510) (92825)

.

0.30 1.73810 E-04 4.11875 E-03 8.58547 E-03 0.824960

(92511) (92831)

0.40 1.19208 E-04 2.82485 E-03 5.88836 E-03 0.881201
(92512) (92835)

0.50 8.27944 E-05 1.9619 E-03 4.08969 E-03 0.918040
(92512) (92840)

Oxygen - Material
Water - Material

(

WF H 0 = 0.202. MERIT /GEMER Mixture: 3

Material Atcm Density
(atcms/ barn-cm)

U-235 2.64765 E-04

U-238 6.27409 E-03
.

Oxygen 3.75717 E-02

Hydrogen 4.89868 E-02

.
Partial density atrm densities are determined by the ratio of
the height of the fuel in the container to the height of
theoretical density ainture in container divided into the
densities in Table D.1

* KENO input density (gm/cc in this case - not a: Oms / barn-cm).

-44-
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TABLE A2 PEENOLIC RESIN AND CARSON STEEL
[

A. Phenolic Resin

Material Full Density 803 Density 60% Density

(atems/ barn-cm)

Hydregen 3.0140 E-03 2.4112 E-03 1.8084 E-03

3-10 4.2688 E-05 3.4151 E-05 2.5613 E-05

B-11 1.6726 E-04 1.2581 E-04 9.4356 E-05

Carben 2.3050 E-03 1.8440 E-03 1.3830 E-03

Nitrogen 5.2890 E-05 4.2312 E-05 3.1734 E-05

Oxygen 2.0510 E-03 1.6408 E-03 1.'2306 E-03

1.997 E-04 1.5976 E-04 1.1982 E-04-

Boron

3. Carbon Steel
i' Material Density

(atoms / barn-cm)

Carbon 3.921 E-03

Iron S.3491 E-02

Material 100 1.0000
(Hansen-Roach)

.

KENO IV Material

-45-
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'- TABLE A.3 INTERSPERSED WATER DENSITIES

KENO Material' MERIT /GEMER Densities
Density (atoms / barn-cm)

!
Hydrogen Orfgen

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

0.075 5.01489 E-03 2.50745 E-03

0.100 6.6866 E-03 3.3433 E-03
1

0.200 1.3373 E-02 6.6366 E-03
'
.

!

i 0.500 2,3433 E-02 1.6716 E-02
s

1.000 6.6866 E-02 3.3433 E-02

1

I

' Material 502

1

a

'

f
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ABSTRACT

&
The General Electnc Model BU-7 Shipping Container has been shown to meet
the specific cntscality standards for a Fissile C| ass I Package as required in Tit!e 10,
Part 71 cf the U.S. Atomic Energy Ccmmission's Ccde of Feaeral Regt.lations
(1CCFR71). Each B U-7 container is restncted by the results of ine analvsts to contain
limited quantit.es of dry, unirradiated uranium compounds enriched up to four percent
on the U-235 isctope.

The KENO Monta Carlo cnticality code was used with a modified Hansen snd
Roach 16-Group set of cross sections in t!.e ;: alysis.

INTRODUCTION

General E:ectric new uses the Model EU-5 shipping container for the transpcria: en cf tow ennched, unirraciated,
uranium ex:ces. The GE Mccel BU-5 contains a sclid nsu ating mecium called VPAC, an acronym for vermicuhte,
plyamine and powcerec ammonium ch oride catalyst.

In order to |ighten the net we:ght of the container.and thus effect savings in the cost of transporting the fuel,
a pnenotic resin has teen proposed as a substitute insulat:ng mecium. The pnenc:ic resin has a density of approximately

( 8 pounds per cucic fcct.

The GE Mccel BU-7 shipping container is thus identcal to the GE Model BU-5, except that a lighter phenotic
resin insulation is used instead cf the VPAC insulation.

ANALYSIS SCOPE

To demonstrate that the GE Mcdel BU-7 package meets the spec:fic enticaiity safety standards fcr a Fissi!e
Class I package as requ: red by Part 71, Titte 10, of the U.S. Atomic Energy Ccmmissien's Ccds cf Federal Regulatens.

.

SUMMARY AND CONDITIONS

The resu:ts demcnstrate that the GE Mcdel BU-7 sn;pping container meets the spec:fic standards of the U.S.
Atomic Ener;y Commission's Title 10 Part 71 for a Fissde C| ass I pacxage wnen used for 'he transportatien of dry,
unitradiated, low-ennched, urantum ccmpcunds.

The GE Modei BU-7 and the insulating muture are to be as desenbed in the Package Cesengten sec* ion of
this reped. The insulating mu'ure shall have a density of S = 1 pcunds/cucic fcct.

The fuel content of each package (BU-7) is to be restncted as fc:iows:

Enrienment: Uranium ennened up to a maximum cf 4% .n the U 235.sotcpe.

Mcderation: Cry uranium ccmcounds. A maximum nycrogen-to-uranium ratio cf 0 45. con-
sidering all scurces of hycrogenous moderatcrs .n the :nner coritainment.

( Phys. cal Ferm: Uranium ccmccuncs n :he ?ctm of powder. ce'!ets :r cowcar-peilet mixtures.

.i.
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Contents: Not to exceed the lesser of:

(1) Two safe batches (90% of a mithrnum cntical mass) cf UO, as a function
of the maximum ennchment and physical compos;ticn' (powder or pellets)
cf the uranium in the container, or

(2) 89 kilograms of total contents.*

' ne safe carcn vases for pet:eis snasi to usea nene.er a cornemanen of acacer ana recets is preser.t.
* ne e9 ucp n um.i .s not a crine.anry sm.: eut one casea on tne scaa crop-res:ec

PACKAGE DESCRIPTION

The BU-7 inner containment is a nominal 16-ga!!cn Department of Transportation (COT) Spec fication 17H crum
constructec of 18-gauge steel. mcc.f.ed by the welded attachment of a closure flange to accept a 3/16-inen thick steel
lid which is gaske:ed fer resistance to high temperatLre and is attached by twelve 5/16-inch steel bcits. The inside
cimensions cf tne inner containment crum are 13.75 inenes in diameter by 27 inches high. The cuter containment
is a ncminal 55-gat!cn. DOT Spec:fication 17H,18-gauge steel crum. 2242 inches cuter diameter and 36.5 inches,high.

P
The space between the concentne inner and cuter centainers is completely fii!ed with a solid insu!ating mecium-

pnenche resin. Tne phenche resin is the same as that used in the FL-10-1 package, and the SA and 30AB cverpacks.
The resin has a dens.ty of 3 = 1 pcunds/ cubic fcct. Its chemical compositen is shown in Tacie 1.

Table 1(
CHEMICAL CCMPOSITION CF THE PHENCLIC RES!N INSULATION

'

O
Elemental Weight Percent * Organic Compounds - Weight Percent

Carbon.. ._
. . 41.0% Union Carbice Phenclic Resin 2RL2760.... . 65.8%

Hydrogen - .. 4.5 % S;!icone Surfactant LS30.. 2.0%

Baron. 3.2 % Bonc Anhydride B-203.. ... 8.2%

Silicon 2.2% Anhyctide Oxa!ic Acid _ a.2%

Ch!cnne . 0.5% Freon 113. 6.6%

-0 Fiberg ass Roving . 9.6%
Nitrogen _

Fluonne -0

Oxygen. ..-.. ...t 8.6%

0 nsay - a t ecue.c foca

The uran;um is centainea in two nomina; 5-gaiton pails cr two or mere nominal :'.5-ga:icn :: ails. *abncatec cf ,

min: mum 24-gauge steel. The paiis nave an :r s:ce camter :t 11.25 inches and are vertcaly stacked :n the inner
contamment of each BU-7.

2

.
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TECHNICAL CONSIDERATIONS

- The KENO' Monte Cart cr:tica! sty code was used for the computaticns with a Knignt-medified' Hansen and
ho.Ch' set of CrCss sect;Ons Cbtained frcm Oak Ridge Naticnal Laboratcry.

Tests * performed by the General E!ectnc Company demonstrate that the capac:ty ci a 5-galten can is 94 k:!cgrams
of randomly stacked pellets, ind:canng a void fraction of apcroximately 62%. We have, therefore, very conservatrsely,
assumed for ccmculat.cnal purposes that each 5-gallon can is full of ateut 85 kitcgrams et 4%-ennched UOz pe'iets.
Ncte that in reauty the maximum amount of 4%ennched peJets to be a!!cwed in any 5-gaiten can is 24.7 kilograma
- a safe batch.

Since tne pe:teta, wnien come frcm a dry environment, are toadej into the ecsentiaily dry inner containment
of the BU-7. there is pract.ca:!y no h drogenous moderation present bet.veen the feel lumps. Therefore. pellets in3

the 5-gancn cans are considered to be a homogeneous mixture, with a cens:ty of 4.2 grams UO /cc (p :necretical
UO, x (1.cid fract on)). This homogenecus mixture dens.ty also ecvers cans fud of cowcer, s:nce the dens:ty of UOi
powder wi!! not exceed 4.2 grams UO /cc. Tha fuel mixture number densites ccrrescencing to 4% ennched UC, at
an H-to-o ratio cf 0.45 are given in Tat:e 2.

Table 2
NUMBER DENSITIES CF FUEL MIXTURE

Number Density,
Element Atoms / Barn-cm

i

U-235. .0.0003796
,

k
U-238. .0.0CS996 ,

O (in fuel) . .0.0187

H. .0.0042165

O (in water).. . . . . .0.002108

|
'Since the H/U ratio is constant, the value of ep (barns per acsorter atom) is alac constant. A 30 cf 29.5

barns cer U-238 atom was ccmputed. A censervatrse vatue of 12 barns per U-235 atem was used .n the cate.dat:Ons.
This 'cw value will underestimate the resonance abscrcticns in U-238 anc yield !arger vaiues of the muit:0:icaticn i

jcens!3nt.
|

The BU-7 was represented in :he KENO computer program by the came geomett:c mccel used in the analysis |

cf the EU-5 package.'

RESULTS

Normal Conditions of Transport Ie

i

The reactivity of an :nfin:te array of uncamaged SU-7's 'caded with ac;roximately 171 kitegrams cf cry.
4%-ennenec UC, (number dens.nes as g:ven :n Tacle 21. was shown to be succnecal uncer :wo sets
c conc 4 bons:

0 1 Insulating m:xture .vith a censef cf i ::concs,cuc c foct -

kx = 0 55037 : 00C54 i t.ri

3

_ ..
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2. Insulating rmture with a density cl 7 pounds / cubic foot -

kw = 0.57659 : O C0487 (le).

The number densities cf the insulat:ng mixtures as used in the analysis are given in Tatie 3.

Accidental Conditions.
T

#

An array cf 256 (8 x 8 x 4) SU 7's,Icaded as atove and fuity water-reflected. was shown to be subentical
)under conditions of optimum inter-unit mcderation.

Fct the analysis of the acc: dent con &tions, no credit was taken at all for the insulating mixture, and the
spaces in 1:etween inner ccntainments, nct occ. pied by steel, were assumed to contain water of vancus

densdies.

The reactivity of the fu!!y water-reflected array :s given in Table 4 as a function of inter-unit water density. It
can be seen from the table that the max: mum reactivity fcr tne array occurs at an inter unit water density cf G.125 grams /cc,

and it is !ess than 0 81.

Table 3
NUMBER DENSITIES CF THE INSULATING MIXTURE

Density = 8 lb/ft5 Density = 7 lb/ft2
of insulation of Insulation

k Number Density Number Density

Element Atoms / Barn-cm Element Atoms / Barn cm

Carcen.. . 2.634 x 10- 3 Carbcn . 2.005 x 10-8

Hydrogen.. . 3.445 x 10-8 Hydrogen.. . 3.014 x 10-2

Boren .. . 2.282 x 10-* Boren. .1.997 x 10-*

Siiicen . 6.044 x 10-5 Saicon .. 5.289 x 10-5

Chicnne .. .. .1 C8e x 10 ' Chienne .. ;.9.520 x 10-'

Oxygen.. . 2.344 x 10-8 Oxygen.. 2.051 x 10-2

Table 4
Keff CF FULLY WATER REFLECTED ARRAY OF

256 (8 x 8 x 4) BU-7'S

Inter-Unit H:0 Density, gm/cc 99% Confidence Interval

0 25 0.67615 to 0.72590

( 0.125 0.77043 to 3.30995

t
*

0 C5 0.71741 to 0.77316

OC25 0 61876 :o 3 69431

-4
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NUCLEAR ENERGY DIVISION + GENERAL ELECTRIC COMPANY
( SAN JOSE, CALIFORNIA 95125

h GENER AL h ELECTRIC
TECHNICAL. IN FO RM ATIO N S ERIES

TITLE PAGE

AUTH0R SUBJECT NO. 74NED7

Ricardo Artips Shipping Container DATE

TITLE GE CLAS5

The General Electric Model BU-7 Uranium i
Shipping Container - Criticality Safety Govt. CLASS
Analysis Ncne

REPRCDUC:8LE COPY FILED AT TECHNtCAL
PUBLICAT10NS. R&UO. SAN JOSE, CALIFORNIA

Suv. VARY

GE Mcdet BU-7 Shipping Container meets ent: catty standards of
1CCFR71. Report states the calculat:cnal tr.ethods used in testing
the container.

k

O
.

1
'

By cutting xt this rectangle and fcidir'g on me center kne, me a||ove infettatica can M fitted into a
5:3ncard card file.

I

NED DCCUMENT NUMBER NECO-112

ea ergy susion
INFORMAT:CN ? REP ARED FOR

# **
TESTS MACE SY

B.D. m en '' #
COUNTERSIGNED SECTION

San ase.CA.
SU!L' LNG AND RCOM 10. LOCAT:0N
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GEN ER AL (3 ELECTRIC
,

(
Director - ONMSS
July 25, 1980

APPLICATION FOR REVISION OF
NRC CERTIFICATE OF COMPLIANCE USA /9019/B(.)F

FOR THE BU-7 TRANSPORT PACKAGE
i

{

ENCLOSURE 2

PROPOSED REVISIONS TO NRC CERTIFICATE OF COMPLIANCE 9019

FOR THE BU-7 TRANSPORT PACKAGE

I

i

.

i
|

| A. L. Kaplan
:bmw
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k Form fMC413 U.S. NUCLEAR REcVLATORY COMMISSloN

h g c,733II2 CERTIFICATE OF COMPLIAtJCE3y
For Radioactive Materials Packages

.

13&l Certificate NurPCer I.(b) Revisson No. 1.(C) Pacxage fdentification No. Idd) Pages No. 1.fel Total No. Pages
colo 6 USA /9019/AF 1 1,

2. PRE AM BLE

2Ja! This certificate is issued to satisfy Sections 173.3334,173.334.173.395, and 173.396 of the of Transportation Hazar:ous
Materials Angulations (49 CFR 170183 and 14 CFR 103) and Sections 146-19-104 and 1 0 the Department of
Transoortatwan Dangerous Cargoes Regulations (46 CFR 146-143), as amended.

k
.soortation of Radioactive Material Under

2db) The cackaging and contents described in item 5 below, rneets the safety standar i Sutpart C of Title 10. Code of

Faseral Regulations. Part 71. " Packaging of Radioactive Materials for Tra- nc g . .
Certain Conditions."

2.(c) This cartir.cne does not rei; eve the consignor from comoriance w ement of the regulations of the U.S. Ceoartment of
Transoortation or other aoolicable regulatory agencies, ic- g thgovernment of any country througn or into wnich the package
will ce transoorted.

3. This cartrf'cate is issued on the easis of a safety ana?,ns package design or acrAscaricr<-

3.fa) Prepara! by (Name and address): - Title and dentification of report or acolication:

General Electric Company D v. General Electric Company application dated
P.O. Box 780 \ May 24,1974, as supplemented.
Wilmington, NC 2S4 01

71-9019k 3Jcl occiret No.
b4 CONDITIONS

( This certificate is corditional upon the fulfilling of the requirements of Suboart D of to CFR 71. as applicable and the conditions specified
'

n item $ belcw.

5. Cescription of P craging and Authorized Contents. Model Numoer. Fissile Class. Other Conditions and References:

(a) Packaging

(1) Model No.: BU-7.

(2) Description

The packaging consists of either two, 5-gallon or three, 2.5-gallon,
ll.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 DOT Specification 17H steel drum by solid insulating
material composed of fire-retardant phenoiic foam. The maximum
weight of the package is 320 pcunds.

(3) Drawing
,

1

l
This container is constructed in accordance with Orawing 112D1592,
Revision 0, of General Electric Comcany's application dated July 25, | l

i* i1980. j '

! n .

L

i

l
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V
(b) Contents

(1) Type and 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 hydrogeneous material within the inner

*container shall not exceed 1.577.
. .

i (ii) 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

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

!The maximum contents of uranium oxide powder per package and pail
shall be limited to 70 kgs and 35 kgs, respectively. |,

,

,.,

I.

--- -

(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 following table:

Maximum U-235 Maximum U0 Maximum U0,2.

enrichment, per pail, per package,
w/o kas kas

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 52.0

| 3.5 28.5 57.0
; 3.8 26.4 52.8

( 9 a.0 24.7 49.4
,

g .

.- -- -
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i

(c) Fissile Class I'

6. For mixtures of contents (powders and pellets) described it. 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 (AO) .

i

and/or ammonium bicarbonate (ABC) additives are permitted in the U02 powder
to the. estent t!iat the. C/U ratto does not exceed I,[252( |4

f 8. The density of the package insulation shall not be less than 4.8 lbs/cu f t. |*
-

i 9. The fcur,1/4-inch diameter holes located near the top of the outer 00T Speci-
' fication 17H steel drum as shown in Drawing 11201592, Revision 0, shall be ,

covered with weatherprcof tape to preclude the entry of water.
~

10. An alternative to the 55-gallon capqcity DOT Specification 17H stee1 drum is
a drum meeting all requirements of the Specification 17H except the drum may have
two (2) rolling hoops.

11. The package authorized by this certificate is hereby approved for use under the
general license provisions of 10 CFR 571.12(b).4

.

! 12. Expiration date: July 31, 1984.

l

i
4

't
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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. For mixtures of contents as described in 5(b)(1)(1), ammonium oxalate (AO)
and/or aa:nonium bicarbonate (ABC) additives are permitted in the UO2 powder
provided that their presence is taken into account in the determination of
the H/U ratio in the package as follows:

fig (water) + N (additive) + 0.033 tic (additive)g
H/U =.

fig (UO2 powder)

1 1.577

Where ilH (water) = atom density of hydrogen in th'e U02 powder
mixture in the form of water

Ng (additive) = atcm density of hydrogen in the U02 powder
mixture in the form of A0 and/or ABC

k NC (additive) = atom density of carbon in the U02 powderV mixture in. the form of A0 and/or ABC
-

N = at m density of uranium in the UO2 powder mixture
U

8. The density of the package insulation shall not be less than 4.8 lbs/cu ft. |*
9. The four,1/4-inch diameter holes located near the top of the outer DOT Speci-

fication 17H steel drum as shown in Drawing 11201592, Revision 0, shall be .
covered with weatherproof tape to preclude the entry of water.

10. An alternative to the 55-gallon capacity COT Specification 17H steel drum is
a drum meeting all requirements of the Specification 17H except the drum may have
two (2) rolling hoops.

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

12. Expiration date: July 31, 1934.
I

,
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REFERENCES

General Electric Company application dated July 28, 1980.
*

Supplements dated: March 14 and 17, and May 15 and 24,1980.I

FOR THE U.S. NUCLEAR REGULATORY COMMISSI0ft

'Traposed Revision 1 j<

~
r Charles E. MacDonald, Chief
-

Transportation Certification Branch
! Division of Fuel Cycle and

Material Safety
,

Date:
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