
1
D ‘

,
o

C
ci

,

O
N

“J C)

I
’

I’

Ii

HE
—

C-

N

C
l

-
IN

0
(I

N
.

rf
l

II
ii

—
S

c
v

g
c

U

I)
H

ki
p

L
L
E

7
p

c—
c

-
-

—

7 3 0
0 -—

C:

N L

c
‘c-—

.
c t

—

I
‘0 — .f

l



0
S.

-

•1—
jf’

9

<
‘
—

•
—

-Th‘30c5

‘1

r

,

1N

0
‘
J

L
f

H

3

c

Qc
J—

4-

o

P0

N0

,

s
)a

.4”

C
?

N
)



4

t
-

CI
I’f
--

—
—

t

Nc
)

U
I

I,
II

I’

f
H

L
ç

\Jç
1

S

I

J
j

t’1..
N

\



1L
1H

C
-

-
It

-

s

c
&

-
z
:
Y

tN

-
I

-

I

+
Z

D
-

-
-
-
-
.

Sc

-
-

\
5
-

c
-
;

c
.



ç
c

.

-

\
\
L

—
-
-
-

ç:
q’

-s
C

-2 4
_ V
.,

V
.., I,?

0
0

—

_

c

L

I•.
I

1



L
) -
4

.
-

r
\

,
3-’

-
S

J
-

;— .
‘

c:c
,

1
:

r
—

ç

C
.

_
-
1
-
.

V
—

5
’

(%
.

I-
’

\
N

J

H
\A

-

r
‘
-

4

c

—
‘
-
-
-

Q

?

-

S
.

7c
,

c

N

£

3
0

C
.-’

v
.
-
_

—
,‘

—

f-
S.

“

i ::
-

Th
-

cN
0

S
.’ c-

c

r
—

‘—
F

(-‘
s

)
Z

p
I

)

.
[



2)i’•)I/1 kj%)IQ5

QQO’ll

0/

o7ii9
j12

wt4Q;
?32Lp ‘-2)‘<5

QQJ

I

__)•)i_/

5)I

1t-A$.cVlQ

Jo1z7/

-%,c2J-L1

/fi3il
16Ifl

.2

t1t41

I—

1

)‘h%!

)?I

‘11
‘

‘‘(‘/1’}‘‘)j2k’)X7‘i?7i7/
ji;

‘i”Lcit

VZ

L61l51

-22oc)1
c
)/‘2kD‘(-)/:

77;

0(

C)

DL tLo/

2LS?l

.

I,
.

-)15

12

cJJ
1ttdj

I



—
&

—
,

Li
:..
—

t

‘
—

.
-
-

•1
—

:•‘J
cu

—

m
J

<
—

,
-
-
‘
—

j
-
j

;
—

\
c
.
-
_
l
_

J
I-3

>
-

\II

N-ì

‘
‘
)

—

-4
-

I
-)

-s
I

I
—

L
—

3
-4__

—
a

-
—

\

—
:
-

—!C
L

-ç

-o

Q
4

-
j

—
çe

-J



‘
‘

—
4-

-

•C
C:

J
j

-
-

A
ç
c
:

Th

L

C
0 0
-

0

T
h

(N



:1

—
.
—

—
k

N

l
]

)

-
l
r
j

J
I
N

c
j

-
.
—

‘
0‘ti—

i

j

-
C

—

Q
-
.

Jc-c

1
J

4
-

c

..t;t
I

a

l
\
L

-
-
-
-
-

F
I



-
)

;-_.-.

c

14
1

N

4
j

•
-
-
2

\I’

—

-<
5

4
-
-
-
-

I’

c-)-
-

—
\

*



:
•

1.

‘
(

-
r

Z
N

\:

-
e

c
H

I

-
N

-

-

—

N

-

*1’
..

1

I.--.•- ---
-



Ok

Eo t-iL
1°N 1%L

tc
fv4 1\

rt3

/

Q 3to

ta

(k,5L r)

iy
7%tç%%t77

- -

7Y9____
7’f/LcC 2S7 - —

( 3zr

_______

7

Ok4

2:
i/ (,

J7y
tc_, 7q-304

I J 3I

/i
11tf1tC

J\!O

L7-c’ 7c’xfr’

2 L
7:7__ - x

JELZ

- -

- Tt

_tTh

____

7_

_____-

?7X(O

i-J 7J
/7

Li )Yfy

277

Z7qç

- --- ----- c% 4
i r/t

t617i —



-
-

T
h

.

_sa
•
N

\.
r

N0N

U
-

1

4

I
S

I

c
-

-
.

S

-
-
‘
—

S

\_•
1•

-
S

-

-

c

-‘--J
\
_
_

t
L

t
:
r
1

\-Iics-.

L

cL

S
.

S
i
.
,

‘

5
’
‘

S



k

1
- J_

J

\3

- (Y
\

z_ c3

>
8

,
7
-

—
;-.

---
--

—

C

0

ii > ‘I

(•
r

a

)

2
—

‘

__
3•

f
t
\

-

s
j

-
j



‘-
I

-
-

,j
(I

a
- S

0
—

•1
1

‘ D
c

‘
c
i

N
—

O
Q

\

c
,
J
•

c
I
.

-

c
i

v
-

H

y
t

r’
. ‘S

\.
,

.
,

L

CI
V

i

C
’

-
(

.

I
—

C’

0

II

II
1

r1
i



I
1

:1

L
r’

H

N4
\L

\,
\

(
p

‘I 7 N
J

‘4

2

c
1

j.
&

ç
J -s

“3
I)

¶

‘I

‘V
1

.4



E6__
c

‘
_s

,‘
..

..

1\
r

c
y

‘..

‘
-c)

\
j

I
•

5.
H

-

I
o

£
?

‘

.
,

2

.1
I

‘‘.L
_

•
,

-

JN

S

j
,

,;
-a

<
_

—
z
—

—
.-

5r
c

‘C.
C

,
—

•



I
.

J
.

•4
+r

t;:

EN

c.

ç
C -‘

cv

C
”

.
\
_
_

c

:5
R

ç
r

\

I
I



e-Linac 100kW Beam Dump Cooled Lead Shielding Concept Review

May 22, 2014

Present: Isaac Earle, Grant Minor, Ron Kuramoto, Allon Messenberg, Bill Paley

Agenda:

- Presentation of design concept
- Feedback and discussion

Action Items:

• Investigate if all tubes from the manifolds will have equal flow
• The welded vessels should be completely sealed and water tight
• Lead filling method should be as follows to minimize stresses to the tube networks: preheat the shell and tube

assembly to >100C to remove all moisture, fill with lead pellets or pieces, slowly heat to above lead melting
temperature then slowly cool (for the lower lead shield on the first fill this should be done with the shell at an
incline to prevent air bubbles being caught under the center plate, add more lead and repeat until the vessel is
full

• A prototype must be constructed to test if the lead filling method will cause weld failure (difficult to estimate
with hand calculations or ANSYS simulation). The prototype should be vacuum pumped before (and
characterized) then again after. Also water pressure test before and after. After testing, cut the prototype open
to check for voids in the lead

• Investigate if the lead filling process will anneal the stainless steel
• Make one guide pin longer than the other for easier installation
• Use fully tapered guide pins for easier installation and to prevent binding
• Add bracket to support tubes close to welds (this will reduce stress)
• Add guide plates to lower lead shield if possible to aid in upper lead installation
• Make sure pins are “skookum”

• Lead shielding should sit on a steel frame which is bolted to the floor. Bolt the lower lead shield to this frame.
Fill the steel frame with concrete bricks to meet shielding requirements

Next Meetings:

Next meeting will be the final design review to be scheduled after prototyping is complete
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Lead Melting Procedure:

1) Heat the shell to 150°C f300F) to remove all moisture

2) Place all lead ingots into shell on top of cooling network (5x5 pieces, 5lbs each = 125 lbs total)

3) Load shell into furnace and ensure that it is level (shim as necessary)

4) Heat to 350°C (662F) and hold for 1 hour

5) Perform visual check to see if lead has melted; If not, heat an additional 30 minutes and check again

6) Reduce set point to 300°C (572F) and hold for 30 minutes

7) Reduce set point to 250°C f482F) and hold for 30 minutes

8) Reduce set point to 200°C (392F) and hold for 30 minutes

9) Shut-off furnace and allow to cool slowly to room temperature (configure furnace for cooling as

slowly as possible)

* Ensure furnace is ventilated or area is evacuated when lead is molten to protect workers from fumes

* Wear gloves when handling lead ingots
* Record furnace temperature as a function of time if possible

Note: melting point of lead is 327°C f621F)
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