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1. 0 INTRODUCTION 

The f'JBSTF Cryosystem Documentation includes the follm-Jing material: 

Part I: 
Part II: 
Part III: 
Part IV: 

Dra\-Ji ngs (as 

General Information 
Operating t1anua l 
Engineering Calculations . 
Purchase Orders (and related 

procurement information) 
listed on NTFD #3034) 

This is part I of that documentation; it contains a comprehensive 

index to the other parts as well as certain general information relating 
to procurement, assembly, design reviews, etc. 
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* CRYOPUMPING SYSTEM FOR TFTR NEUTRAL BEAM INJECTORS 

Lawrence E. Valby 

Lawrence Livermore Laboratory, University of California 
Livermore, California 94550 

Summary ·'--'"-. 

The cryocondensation pumping system for the TFTR 
neutral beam injectors is described. Tbpics include 
hardware design, differential pumping and beam loss, 
operational modes, and response to massive vacuum 
break:;. 

Introduction 

ln January 1977 Lawrence Livermore Laboratory 
(LLL) and Lawrence Berkeley Laboratory (LBL) agreed 
~..·ith Princeton Plasma Phy'sics Laboratory (PPPL) to 
design and test a prototype neutral beam injector, at 
l~ast four uf which will be installed on the Tokamak 
Fusion Test Reactor (TFTR). Descriptions of the gen
eral requirements and the total beamline design may 

be found "lsewhere in these proceedings. 1 

The major features of the crvogenic system are: 

2 • Active pumping area 29.5 m2
, gross area 34.2 m . 

e l'umpint; Speed for o
2 

at 4.5 K: 2.5 

' 101 m3 • s-l . 

• 

• 
• • 

Net 120 keV D0 loss owing to background pres

sure of ·1.64% (/ Pd( 3 x 10-5 torr • m). 
Cryocondensation pumps, 8 modules (5450 kg) . 

0.75 m3 liquid helium dewar (900 kg) . 
LN

2 
distribution manifold (450 kg) . 

• Operation at 3.8 K or 4.5 K. 
• Helium heat load: 45 W. 
• LN

2 
heat load: 4700 W. 

Hardware Design 

\-'e have maintained a close cooperation with PPPL 
personnel throughout the design of the prototype beam
line. Space limitations on the TFTR facility dictated 
the requirement for a rectangular vacuum ve•sel. Pre
liminary estimates of required pumping area then es
tablished the approximate length and height required. 
It was essential that cryopumping only be performed 
"n Lhe vertical surfaces to prevent potential flow 
instabilities and cryopump dryout associated with hor
izontal panels. 

Other important considerations in the preliminary 
design were the requirement for making repairs with 
remote handling equipment .(because of the expected 
TFTR radiation environment), ease and repetitiveness 
of fabrication for the large number of units involved, 
and compatibility with the PPPL cryogen supply sys
tems. 

We have achieved these goals in the final design. 
The cryosystem consists of an array (Fig. 1) of 8 mod
ular cryopumps (Fig. 2), as well as a liquid helium 
storage dewar, and a liquid nitrogen distribution man
ifold. (Fig. 3) 

* 

3.58 m 

LN 2 exit 

Each helium panel vents--. 
to air through burst disc ; 

' 

I·~ \ pxY 
·./": '--....'-. 

·,_Helium 
supply 
manifold 

)l 
.:,.j. .. 

Left hand side shown. 
right hand is mirror image 

Fig. 1. Cryopump array. 

-·-Chevrons 

Fig. 2. Cryopump module. 

Thi.s wurk was performed uncl.er the auspices of the U.S. Energy Research and Development Administration, tmder 
contract No. W-7405-Eng-48. 
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Fig. 3. Cryogen storage system. 

Cryopump Array and Modules 

A cryopump array consists of four nearly identi
cal modular units bolted together, one such array on 
each side of the vacuum chamber. They are suspended 
(rom the roof and are also fastened to each other to 
prevent lateral motion. There is approximately 7.5cm 
clearance to the inside wall of the vacuum vessel all 
around. 

four tension and compression rods of Ti-6Al-4V 
alloy suspend each cryopump array. They are care
fully arranged to self-compensate for the large cool
down contraction (approximately 1. 3 em) of the length 
of the array and also to prevent the array from end
to-end swin~;ing. The rods together with the trusses 
at each end of the array eliminate excessive motion 
of the cryopumps, thereby preventing damage to plumb
ing fittings, etc., during handling ope~ations. The 
array is controlled in position at all times, and 
will accept loadings of approximately 1.4 g in all 
directions, more than the requirement for earthquake 
loading at LBL (0. 7 g). 

The individual modules consist of a welded stain
less st~el framework, with conduction-cooled blackened 
copper chevrons (120°-included-angle) facing the inte
rior of the vacuum vessel. At least one end of each 
chevron is brazed to a cooling manifold of rectangular 
stainless steel tubing. A quilted stainless steel 
panel behind the chevrons (formed by spot-welding two 
sheets together in a regular pattern and hydrostati
cally inflating its interior) serves as the cryocon
denslng surface. Liquid helium at 4.5 K (3.8 K for 
H

2 
operation) wets the interior of this panel. This 

technique allows high cross-flow capability, and has 
been used successfully on many recent projects at LLL/ 
LBL. A similar panel flooded with liquid nitrogen 
forms the back of the module. 

All modules are identical except that left and 
right hand units are used for the nitrogen plumbing 
of the chevron cooling manifold. This difference only 
appears in the final .orientation and assembly of the 
cooling manifold into the framework, ind in minor 
plumbing fittings. The rectangular stainiess steel 

tubing will operate at approximately 7 x 10
5 

Pa 
(lOU psi) before reaching yield. The quilted panels 

are formed at approximately 2.7 x 10
6 

Pa (400 psi). 

All vacuum joints within the vacuum vessel are 
welded. We did consider using demountable cryogenic 
flttings, but the present choice seems the most reli
:d>l.c. There is space in the design fo~ automatic 
tube-welding eqtiipment should repair be necessary. 

-2-
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Liquid Helium Dewar and Manifolding 

Liquid helium is supplied to the cryopump array 
from ·an overhead 750-liter-capacity Dewar. This size 
was chosen to provide approximately eight hours of 
operation, allowing for required refrigerator mainte
nance without shutdown or inadvertant defrost. The 
dewar has its own vacuum jacket and a liquid-nitrogen
cooled interior shell. 

An annular concentric dual bayonet conducts feed 
and return to the cryopumps. The design provides ex
cellent thermal isolation of the feed line to the 
panels to prevent upsetting the natural convection 
loop. The return two-phase fluid intercepts the heat 
load to the bayonet. The Dewar is easily installed 
onto the top of the beamline (alignment is not crit
ical) and the male bayonet nose is simple to replace. 
A check valve could be incorporated in this nose to 
prevent surging during cooldown, if desired. 

A valve assembly 
urn flow to the panels 
e.g. during cooldown. 
may be pulled out and 
faced if required. 

in the Dewar modulates the heli
and allows the flow to be forced, 

The entire valve stem assembly 
the seats within the dewar re-

Parallel feed to and from the liquid helium pan
els within the beamline is used. These lines are ni
trogen shrouded and are mounted to the arrays. 

Liquid Nitrogen Distribution Manifold 

This large manifold (approximately 12 m of 2'0-cm
diameter pipe) is essentially an elongated, low pro
file Dewar. Individual feed and return to each module 
allows maximum space utilization in the vacuum vessel 
itself, and keeps the cryogenic vacuum joints in the 
vessel to a minimum. It performs the necessary phase 
separation function. Solenoid valves in the manifold 
provide forced flow for cooldown; they are easily_re
placed if necessary. 

A subsidiary set of flow-control valves (not 
shown) controls the feed rate of liquid nitrogen to 
the manifold, the helium dewar, and the .i.,pterior heli
um plumbing guards. 

Differential Pumping
2 

The vacuum chamber interior is divided by baffles 
into three differentially pumped chambers. This is 
necessary to provide a sufficiently low line density 
integral from the ion bending magnet to the torus. A 
schematic diagram of the pumping system is shown in 
Fig. 4. The gas balance equations to be satisfied 
are 

(1) 

-PlC12 + P2(S2 + Cl2 + C23) - P3C23 Q2 

(2) 

-P2C23 + P3(S3 + C23 + C30) ~ QJ ~ O '( 3 ) 

We used the following·assumptions to calculate 
the gas loads: 

(1) There is 7. 8 H\v input to each of three sources, 
with the output species divided as shown in 
Fig. 5 (scaled to 1 MW into torus). Thus 2. 44 MW 
of full energy D0 and 1.41 MW of lower energy 
neutrals ate generated. 

(2) Only 1. 66 HW of full energy D0 and 0. 77 MW of 
lower energy neutrals are assumed to enter the 



(3) 

('-
··: 

(4) 

. . 
(~) 

"' 

torus; the remaining neutrals are scraped off 
equally in chambers (1) and (2). 

tdl positive ions (3.88 Ml•/) are deposited-on the 
ion dump in chamber (2) and appear there as a 
molecular gas load. 

All negative ions (0.05 Hl~) are reflected or 
scraped oft on the -magnet and ·appear in chamber 
( l) . 

Each source has a cold gas flow of 30 torr·l·s-l 

that is assumed to be entirely randomiz~d as a 
load in chamber (1). 

~' 2 

2 

' 
c23 

02 o, 

p3 p2 pl 

~ ~ s, 

' Fig. 4. Pumping system schematic diagram. 
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Thus gas load Q
1 

consists of excess source gas 
-1 -1 (90 torr•£•s ), negative ions (0.2 torr•l•s ), and 

excess neutrals (2.2 torr·l·s-1) for a total of 

92.4 torr·i·s-1 . Gas load 
-1 + trals (2.2 torr•l•s ), D 

Q
2 

includes 

(full, half 
+ o2 (0.3 -1 

energy) (10. 6 torr•£ •s ) , and 
-1 a total of 13.1 torr•l•s . 

The calculated conductances are 

cl2 8.8 X 104£ . s -1 

c23 1. 24 X 1051 s-1 

c3o 3.58 X 1041 s""l 

excess neu-

and third 
-1 torr·l'.·s ) 

A specific pumping speed of 8.31'.·s-1 ·cm- 2 is 
used to calculate the speeds available. (This can be 
compared with experimental data of approximately 9( 

·s-1 •cm- 2). Thus 

sl 9.53 X 1o5
x. 

-1 s 

52 7.72 105
X. 

-1 
X s 

53 7.34 X 105'( -1 
s 

The simultaneous solution .of Eqs. (1) to (3) 
using these values is 

pl 9.06 X 10-s torr 

p2 2.18 X 10-s torr 

p3 3.02 X 10-6 torr 

120 keV 0° (1.0 MW) 

Neutralizer 

1r = 12 X 1015 

02 molecules/ 

cm 2 

60 keV 0° (0.32 MW) 

40 keV 0° (0.24 MW) 

120 keV D~ (0.01 MW) 

80 keV D~ (0.01 MW) 

Fig. 5. ·Species distribution from source. 
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If we assume the pressure at the plasma is zero 
and insert the proper path lengths, the line density 

integral from the magnet to the torus is 3 x 10-
5 

torr 
• m. Fur 298 K background gas temperature, this cor-

responds to 9.72 x 10
13 

molecules· cm-
2 

The cross 
section for ionization at 120 keV is approximately 

1. 7 x to16 cm
2

, and consequently the beam . .loss is 
about 1. 64/;. The cold gas flow into the torus ·-i·s 

-1 
s 

8oth these results are well within the PPPL re
quirements . 

Operation 

Cool down 

The mass to be cooled to LN
2 

temperature ~s about 

5900 kg including 1070 kg to be cooled to helium tem
perature; the entire process takes 24 hours. A mini
mum of 3500 liters of LN

2 
and 210 liters of helium is 

required. The vacuum space is spoiled to about 
O.OJ torr with o

2 
gas to speed the cooling of the he-

lium panels to LN
2 

temperature. 

The maximum cooldown rate is determined by an 
approximately '2.5-hour thermal diffusivity time con
stant within the modules. Several thermocouples will 
be inst;tlled on the system, along with strain gauges 
in critical locations, to ensure acceptable rates. 

Steady State 

The helium he:It load projected for the system is 
about 45 W; of this, roughly 30 W is 82 K blackbody 
radiation onto the panels. Our confidence in this 
projection is low because the emissivity that can be 
achieved in practice is uncertain (more so considering 
the potential for contaminants such as pump oil, water 
etc. that may accumulate over long operating periods). 
Here we use an emissivity of 0.2 for stainless steel; 
it could be degraded to 0.4. 

Nuclear heat loads at TFTR have been calculated 
and ;He found to be low, about 2.2 W including duty
cycle averabing. The peak nuclear heat loads during 
individual shots result in temperature excursions on 
panel pumping surfaces of a few millidegrees. 

lluLh the liquid helium and liquid nitrogen cir
cuits in the beamline provide substantial excess flows, 
more than the minimum required to prevent dryout, by 
establishing convective circulation loops. 

The driving mechanism for these loops is the den
sity difference between the fluids in the nearly adia
batic feed lines (downcomers) and in the panels. The 
expected mass flow rates are calculated using the fol-

lowing correlation
3 

for void fraction (,ithin the pan
els: 

in which V
5

G and VsL are the superficial gas and liq

uid flow velocities (based on the entire flow area 
available), and Vbs is the bubble rise velocity in a 

stagnant fluid, which is used as a parameter (up to 
10.7 Cln/c; !'or liquid helium) 0 The quantity vsL de-

pends on the mass flow rate, which though unknown is 

LBID 208 
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constant. The average density in the panel can be 
written as 

where 2 is the panel height. 

If we assume that Vbs is position-independent, 

the integration can be performed. This gives the 
driving hydrostatic head term. 

Friction drops are calculated using classical 

two-phase-flow correlations
4

•
5 

expressed in terms of 
mass flow rate. The driving terms and the friction 
losses are equated and solved for the mass flow rate, 
which depends on Vbs" 

Considerable iteration is required to ensure that 
the equations are consistent with the resulting flow 
regimes; in fact, the plumbing is resized as necessary 
to avoid high-pressure drop flow regimes. This is 
particularly important in the liquid helium circuit, 
which has parallel feed to the panels. The furthest 
downstream panel, in the third differentially pumped 
chamber, sees a lower mass flow rate than the others, 
primarily because the flow impedance of the panels is 
comparable to that of the manifolds. 

The analytical results indicate that helium flow 
within this panel exceeds the required minimum by 
roughly a factor of 15, and that flow variations be
tween adjacent panels should not exceed 10%. Similar 
excess flows are expected within the liquid ~itrogen 
circuits. 

Regeneration 

To prevent the formation of an explosive mixture, 
the source gas input is integrated, thus limiting the 
accumulation of o

2 
on the helium panels to a total of 

13 torr•liter per liter of vacuum-vessel volume. 
When TFTR is operating with 0 tritium, it must be regen
erated weekly to keep within the allowable limits of 
T

2 
outside the vault. 

Helium flow to the panels is shut off and boiloff 
gas from them returned directly to the refrigerator. 
When the panels warm above about 7.5 K, all deposited 
gas is driven off and pumped away. This takes about 
20 min and the helium circuit is then recooled. 

Vacuum Loss 

In the event of a massive vacuum break, air con
densation onto the liquid helium panels causes a very 
rapid pressure rise. The panels must have an adequate 
relief capacity so they are not destroyed by the rise 
in pressure. Furthermore, because four beamlines are 
installed on the torus, and because there is no effec
tive means for isolating them, a vacuum break into one 
affects all the beamlines. Therefore, we designed the 
relief system so that the primary relief discs can be 
replaced without disassembly of the cryosystem. 

The PPPL established the following minimum re
quirement for the primary relief system: In the 
event of a 10.6-cm-diameter (or equivalent) vacuum 
break into any part of the beamline, the system must 
maintain an internal peak pressure in the helium pan
els of less than half their forming pressure. The 
pressure at which the relief discs open must be set 
to allow adequate margin for "normal" transient pres
sure fluctuations (as in cooldown). Secondary relief 
discs that vent into the vacuum vessel relieve even 
larger overpressures. 
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As air condenses from room temperature gas to 
4 K solid, it liberates approximately 560 J/g. Crit
ical air flow thr6ugh the specified orifice corre
~ponds to a mass flow rate of 1.15 kg/s. The·worst 
case is a break into the third differentially pumped 
chamber (located nearest the torus) which has the 
smJllest pumping area. The equivalent unit heat load 

is approximately 7 \'J/cm
2 

(compared to da-ta---showing 
? .. ~"- .. 

uniL heat loads between 1.25 and 6.25 W/cm- for air 

condensation onto uninsulated surfaces
6
). The heat 

load onto the helium panel in each module in the third 
chamber is calculated to be approximately 262 kW . 

Each panel contains approximately 16 liters of 
liquid helium. If the initial temperature is 3.8 K 
(the most severe condition because of the ·higher den
sity), 2.1 kg of helium will ultimately be vented. A 
pressure-internal energy diagram shows it takes ap
proximately 0.1 s to the panel forming pressure 
(27 atm) without any venting. 

We have performed a time-stepped calculation of 
the pressure history in the panel. The calculation 
assumes critical isentropic flow across a 3.48-cm
diametei: pipe (the exit diameter of the panel plumb-

7 8 . • 
ing). \,Je used the NBS program HEPROPS ' for helium 
properties. The panei is initially pressurized at 
constant density until the relief pressure (set at 
5 atm) is attained, approximately 20 ms after the 
start of the process. The fluid state is defined by 
Lhe density corresponding to 3.8 K saturation and 
this pressure. 

We calculate the mass flow rate for critical 
flow "iLhin the 3.48-cm diameter using the classical 

isentropic expansion formula
9 

with 

and 

' ____1_ 
r ={_2_)(y-l) 

\y + 1 

y = C /C = ratio of specific heats 
p v 

where M is in g/s, P
0 

in atm, p
0 

in g/cm3 and A in em 2 

Because the flow is not through an orifice, no 
orifice coefficient is included. The specific heat 
ratio is evaluated at the state previously established; 
this is equivalent to assuming that the fluid is at 
stagnation conditions. 

The fluid is allowed to vent at this mass flow 
tate for a time period 6t (typically taken as 20 ms). 
This establishes a new density within the panel. 

The heat flux is then applied to the panel for 
the same period of time. The new fluid internal ener
gy is calculated from the first law of thermodynamics 
as follows: 

MtUl - tlW 

but 

-5-
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in which subscript 1 refers to the initial state and 
subscript 2 refers to the final state. V is the ve
locity and the other symbols have their usual meaning. 

Because 

and 

we have 

u2 = 

H
1 
u

1 
+ tlt [Q - i1h

1
] 

The ~ew fluid state is defined by this internal 
energy and the previously calculated density. The 
calculation is repeated, updating the fluid properties 
at each time step, until the peak pressure has been 
passed. 

The results of this calculation are shown in 
Fig. 6. Note that the peak mass flow rate is reached 
before the peak pressure. It should also be noted 
that shorter time steps reduce the calculated peak 
pressure. 

Downstream of the critical flow region, an ap
proximately 4.75-cm-diameter conduit leads to the rup
ture disc itself. The flow in this conduit is at 
less than Mach 0.3; if we treat the flow as incompres
sible in this region, there is an additional friction 
pressure drop of les~ than 0.1 atm. The relief disc 
itself has an area equivalent to this conduit, includ
ing the effect of orifice coefficient. 

~ 
1-
<( 

I 
~ 
c: 
"' 0. 
c: 

~ 
::l 

"' "' ~ 
0.. 

15.----~,----~~----, 

Unvented 
I Peak pressure 

"'10.3 ATM 

lOr- ~- -~ 
I ./___.....---
1 / 

1 
_..4--- Peak mass flow 

~ rate "" 7600 g/s 

5 f- 1

1 

Burst disc opens -
1 at t ~ lB ms 

I 
I 
~ Start 0.65 A TM 

0 J .1 
0 100 200 300 

Tinie- ms 

Conditions: 

261,800 watts onto 
panef, initially full at 
3.8 K 

Isentropic flow through 
3.48 em dia opening 

20 ms time steps using 
NBS helium properties 

Fig. 6. Pressure history in helium panel. 
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NOTICE 

'"This report was prepared as an account of work, 
sponsored by the Un1ted States Government. 
Neither the United States nor the United States 
Energy. Research & Development Administration, 
nor any of their employees, nor any of their 
contractors, subcontractors, or their employees, 
makes any warranty, express or implied, or 

. assumes any legal liability or responsibility for the 
accuracy, completeness or usefulness of any 
information, apparatus, product or process 
disclosed, or represents that its use would not 
infringe privately-owned rights." 
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Hardware design features 
• System includes cryopump array 

and cryogen supply system 

• Cryopump array includes 8 
modular cryopumps, 4 on each 
side of vacuum chamber 

• Each module is:::::: 3.6 m high 
X 1.2 m wide and weighs 680 Kg 

• Cryopump array is suspended 
under lid of vacuum chamber; 
supports compensate for differ
ential contraction 

• Cryogen supply system is mounted 
on top of vacuum chamber lid; 
includes liquid helium dewar and 
liquid nitrogen distribution manifold 

• Total system weight:::::: 6800 Kg 
(15,000 lb) 

Color code 

Liquid helium 

Two phase helium 

Liquid nitrogen 

- Two phase nitrogen 

Gas return 

J: 

' 

r 

..,.-,,. 
<:fico 
(.)1 ....... 

f'-.) Cl _. 
N• 

""':10 
QJ(X) 

:.:":! 
ro 

" 



UHD 208 f-15521 

c· 
,; 

QJ "C .::it. c: ., 
c: 0 ~ .Q c: 
<a ~ 0 0 ;: ..... 
c. <a ~ 

QJ (.) > 
N E 0 

QJ 

z ~ 

..J <a (.) 
~ 

"C u. 
QJ 

~ 
::s 

0 

( 

0 0 0 0 

c: 
<a 

(ij E 
c: Cl <a c: c. c. 
QJ 0 

E J: 0 
...J (.) 

"C -~ c: 
)( 0 

~ Q) QJ QJ ~ 

~ 
N > 

QJ c.- ::s z ~ 

0~ 
0 ...J (.) 

~-c 
~~...o 
O:E 



( . 

.c. 
- C'l 
Q) ::I 
c: 0 ra ._ 
C.. .c. 
E:: 
::I ·-·- ra u 

- Cll Q) O·-
..C.+-'"0 

"""'-'·""'- . 

-
E~ ---- 00 • ____ ____,// 

LO'""" 
M!:. 

LBID 208 

Q) 
C'l 
ra 

• E 
c: ·
~ ... 
0 0 
.c. t 
Cll ·-
Q) E 
:'2v. v.·-
"0"0 
c: c: 
ra ra 

.c. .C. ........ 
-.c. 
Q) C'l 

...J ·;: 

"0 

E > o 
::~-c.~ 
·- c: Q) c. ra 
::r:aE 



e. 
' 

,•-

750 liter liquid 
helium dewar 
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Cryogen storage system 
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return to individual 
modules 
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DATE 
WRITTEN PAGE 

AAA77-113531-0B Design Concept Layouf (Dwg.) ] 

~-~;~::~~~ - ··-·····-···-
J.O. #62957_4---·---- Photo Diode Array Assy ··-------------··---------.. 10-18-78 1 

*c. o. #629574-1 1-29-79 

J.O. 
c.o. 
c.o. 

'.~ 

-···--- c··· #620612 -··---v_acuum Vess e 1 .... /' 

4749-22 VACUUM ENCLOSURE 

#6 2 0612-1 ---..._____ ./.,.-/~~ 
#620612-2 _________ .,.../,.. 

/··-·-----
/ -·---

4-25-77 
9-28-77 
4-18-78 

2 
2 
2 

AAA77-108344-0A / --------Beam_ .. Layout-Plan View (2 shts)TDwg .. J 3 

J.O. 
c.o. 

J.O. 

J.O. 

J.O. 
c.o. 

J.O. 
c.o. 
c.o. 
c.o. 

__ /. ------
/ ---. 

_../ ------- . #625573./--/ Alternate Cover Weldment 3-1-78 --------3 
#625573-1 4-10-78 3 --. 

4749-23 CRYOPUMPING SYSTEM 

#621183 Helium Dewar Bellows Tabs 1-16 6-22-77 4 

#621689 Cryopane 1 Module Rec. Tub~ 7-22-77 4 

#622460 Cryopanel Module-Brazement 9-1-77 4 
#622460-1 (SUPERSEDED BY J.O. 624632 & 624633) 1-10-78 4 

#623068 Cryopanel Module LN2 & LHe Panels . 10-7-77 4 
#623068-1 12-14-77 4 
#623068-2 3-20-78 4 
#623068-3 8-9-78 4 



ii 



J.O. #626981 LHe Ma. in Dewar Assy Div. Va 1 ve/Surs t 
Disc 

J.O. #627723 BB2 Tes·L5Jand 

J.O. #628099 Cryopanel Test Stand 

J.O. #628564 Chevron II Weld Assy 
*c. 0. #628564-1 

J.O. #628739 Helium Dewar-Upper Bayonet ( LSL) 

J.O. #628742 Helium Dewar~Lower Socket 

J.O. #628754 Helium Dewar-Upper Bayonet 

J.O. #628786 Lid Holder Stand Assy 
c.o. #628786-1 

J.O. #628876 Cryopanel Array 

J.O. #629036 LHe t~a in Dewar 

J.O. #629110 Stand Insert 

J.O. #629370 LHe Burst Disc 

J.O. #629622 Helium Dewar-Support 

J.O. #629623 Cryopanel Array-Support Rod Assy 

J. 0. #629659 Helium Dewar-Diverter Valve 

J.O. #630377 Magnet Assy/Baffles 

iii 
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5_:15~78 

6-21-78 

7-19-78 

8-16-78. 
1-15-79 

8-28-78 

8-28-78 

8-28-78 

8-30-78 
9-11-78 

9-1-78 

9-18-78 

9-21-78 

10-6-78 

10-19-78 

10-19-78 

10-20-78 

12-4-78 

14 

. 15 

15 

15 

15 

16 

16 

t6 
16 

17 

17 

17 

17 

17 

17 

17 

18 
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4749-23 CRYOPUMPING SYSTEM 

-Helium Dewar Bellows Tabs 1-16 
J. 0. #621183 

AAA77 ..,108336-00 

· -Cryopanel Module Rec. Tube 
J.O. #621689 

LBID 208 . 
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Bellows - Tabs 01 thru 16 

AAA77 -111018-00 Rectangular Tube·· 

-Cryopanel Module-Brazement (SUPERSEDED BY J.O. 624632 & J.O. 624633) 
J.O. #622460 
c.o. #622460-1 

-Cryopanel Module LN2 & LHe Panels 
J.O. #623068 

AAA77 -111718-00 
. AAA77-111717-00 

AAA77 -113511-00 

c.o. #623068-1 
AAA77 -111718-0A 
AAA77 -111717 -OA 

AAA77 -113511-0A 

c.o. #623068-2 
AAA77 -111718-0B 
AAA77 -111717 -OB 

c.o. #623068-3 
AAA77 -111717 -OC 

-Cryopanel Testing Tank 
J.O. #623637 

AAA77 -113515-00 
AAA77 -113537-00 
AAA77 -113534-00 
AAA77 -113535-00 
AAA77 -113536-00 

-LN2 Manifold Bellows Tabs 6 & 8 
J.O. #623873 

AAA77-108336-00 

-Cryopanel Module Bellows 2, 4, 8 & 17 
J.O. #624258 

AAA77 -108336-0A 

-4-

LN2 PANEL Ass•y 
LHe PANEL Ass•y 
--Consisting of--

Panel Support Bracket 

LN2 PANEL Ass•y 
.LHe PANEL 
--Consisting of--

Panel Support Bracket 

LN2 PANEL ASSY 
LHe PANEL 

LHe.PANEL 

Tank Extension 
Mounting Bracket 
Eye 
Jaw 
Body 

Be 11 ows Tab-06 

Bellows Tabs 02, 04, 08 & 17 



(· 

( 

-LN2 Manifold Assy 
J.O. #624428 

AAA77-111721-00 (3 shts) 

AAA??-108336-0A 
AAA77 -108336-0A 
AAA77 -108336-0A 
AAA??-108336-0A 
AAAl?-108336-0A 
AAA77..:108336,.0A 

AAA77 -111680-00 
AAA77 -111681-00 
AAA77 -111677-00 
AAA77 -111677-00 
AAA77 -111659-00 
AAAl?-111678~00 

AAA77 -111679-00 
AAA??-108336-0A 
AAA77-108336-0A 

AAA77 -111678-00 

AAA77 :.111679-00 
AAA77-108336-0A 
AAA77-108336-0A 

-Cryopanel Module-S 
J.O. #624632 

AAA77-111014-0A Tab-01 

AAA77 -111009-0A 
AAA77 -111015-0A 
AAA77 -111016-00 
AAA77 -111017 -OA 
AAA77 -111017 -OA 

AAA77-111014-0A Tab-02 

AAA77 -111009-0A 
AAA77 -111015-0A 
AAA77 -111016-00 
AAA77 -111017 -OA 
AAA77 -111017 -OA 

c.o. #624632-1 
AAA77-111014-0B 

AAA77 -111009-0C 
AAA77 -111014-0B 

AAA77 -111009-0C 

-5-
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MANIFOLD ASSY 
--Consisting of--

(Ref.) Bellows Tab-07 
(Ref.) Bellows Tab-04 
(Ref.) Bellows Tab-02 
(Ref.) · Be 11 ows Tab-06 · 
(Ref.) Bellows Tab-08 
(Ref.) Bellows Tab-10· 

LN2 Diversion Fitting 
Inlet Diversion Tee . 
Inlet Female Connector Tab..:01 
Inlet Female .Connector Tab.;.02 
Burst Disc Inner Flange 
UPPtR LN COUPLING TAB-02 
--Consiting of--

Feedthru Flange Tab-02 
(Ref.) Bellows Tab-07 
(Ref.) Bellows Tab-04 

Upper LN Coupling Tab-03 
Consisting of 

Feedthru Flange Tab-03 
(Ref.) Bellows Tab-07 
(Ref.) Bellows Tab-04 

BRAZEMENT ASSY TAB-01 
--Consisting of--

(Ref.) Weldment Assy Tab-01 
Shim 
Chevron Support Strip 
Chevron Tab-01 
Chevron Tab-02 

BRAZEMENT ASSY TAB-02 
--Consisting of--

(Ref.) Weldment Assy Tab-02 
Shim 
Chevron Support Strip 
Chevron Tab-01 
Chevron Tab-02 

BRAZEMENT ASSY TAB-01 
--Consisting of--

(Ref.) · Weldment Assy Tab-01 
BRAZEMEN1 ASSY TAB-02 . 
--Consisting of-- · 

(Ref.) Weldment Assy Tab-02 



-Cryopanel Module-W 
J.O. #624633 

AG.A77 -111009-0A 

AAA77 -111010-0A 

AAA7L-111019-00 
AAA77 ... 111011-0A 

AAA77 -111011-0A 
AAA77 -111012-0A 
AAA77-111013-0A . 

AAA77 -111018-00 
AAA77 -108336-0A 
AAA77 -113568-00 

AAA77 -111041-00 
AAA77 -111037 -OA 

AAA77 -111009-0A 

AAA77 -111010-0A 

AAA??-111019-00 
AAA77 -111011-0A 

AAA77 -111011-0A 
AAA77 -111012-0A 
AAA77 -111013-0A 

AAA77 -111018-00 
AAA77 -108336-0A 
AAA77 -113568-00 

AAA77 -111041-00 
AAA??-111037-0A 

AAA77 -111714-0A 
AAA77 -111715-0A 
AAA77 -113558-00 
AAA78-100500-00 

-6--
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WELDMENT ASSY TAB-01 
--Consisting of 6 Dwgs.--

1) Top Panel-Box Beam Weldment 
--Consisting of--

Box Beam 
Top & Bottom Panel Tab-01 

2) Top & Bottom Panel Tab-02 
3) Side Panel 
4] Chevron Cooling Manifold 

--Consisting of--
(Ref.) Rectangular Tube 
(Ref.) Bellows Tab-17 
Tooling Bar 

5) Panel Outlet Transition Tab-01 
6) Chevron Crossfeed Tab-01 

WELDMENT ASSY TAB-02 
--Consisting of 6 Dwgs.--

1) Top Panel-Box Beam Weldment 
~-Consisting of--

Box Beam 
Top & Bottom Panel Tab-01 

2) Top & Bottom Panel Tab-02 
3) Side Panel 
4) Chevron Cooling Manifold 

--Consisting of--
(Ref.) Rectangular Tube 
(Ref.) Bellows Tab-17 
Tooling Bar 

5) Panel Outlet Transition Tab-02 
6) Chevron Crossfeed Tab-02 

Coupling Strap 
Cover Plate 
Half Coupling Strap 
Rear Cover Plate 



(.: 

(·· 

c.o. '#624633-1 
AAA77 -111009-0C 

AAA77 -111010-0B 

AAA77 ::::111019-0A 
AAA77 _:il10H-OB Tab-01 

AAA??-111011-0B Tab~02 
AAA77 -111012-0C 
AAA77~111013-0B · 

AAA77-111018-0A 
AAA77-108336-0C Tab-17 

AAA77-111041-0A Tab-01 
AAA77-111037-0B Tab-01 

AAA77 -111009-0C 

AAA77 -111010-0B 

AAA77 -111019-0A 
AAA77-111011-0B Tab-01 

AAA77-111011-0B Tab-02 
AAA77 -111012-0C 
AAA77 -111013-0B 

AAA77 -111018-0A 
AAA77-108336~oc Tab-17 

AAA77-111041-0A Tab-02 
AAA??-111037-0B Tab-02 

AAA77-111714-0B 
AAA77 -111715-0B 
AAA77 -113558-0A 
AAA78-100500-0A 

-Test Facility Stand 
J.O. # 
Req. #1812-9 

AAA78-100504-00 
AAA78-100503-00 
AAA78-100506-00 
AAA78-100505-00 

-LN2 Test Dewar 
J.O. #624890 

AAA78-100507-00 

-Cryopanel Module Bellows Tab-15 
J.O. #625095 

AAA77-108336-0B 
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WELDMENT ASSY TAB-01 
--Consisting of 6 Dwgs.--

11 Top Panel-Box B~am Weldment . ·· 
--Consisting of--

Box Beam 
Top & Bottom Panel 

2) Top & Bottom Panel 
3) Side Panel 
4) ·Chevron Cooling Manifold 

· --Consisting of--· 
(Ref.) Rectangular Tube 
(Ref.) Bellows 

5) Panel Outlet Transition 
6) Chevron Crossfeed· 

· WELDr~ENT ASSY TAB-02 
--Consisting of 6 Dwgs.--

1) Top Panel-Box Beam Weldment 
--Consisting of--
. Box Beam 

Top & Bottom Panel 
2) Top & Bottom Panel 
3) Side Panel 
4) Chevron Cooling Manifold 

--Consisting of--
(Ref.) Rectangular Tube 
(Ref.) Bellows 

5) Panel Outlet Transition 
6) Chevron Crossfeed 

Coupling Strap 
Cover Plate 
Half Coupling Strap 
Rear Cover Plate 

Wire Rope Assy 
Brace 
Test Facility Stand 
Corner Support 

. 
LN2 Test Dewar 

Bellows Tab-15 
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-100 Inch Tank Cover Rework (RECORD ONLY) 
J.O. #625274 

AAA77 -113514-00 
.. 

AAA?l-112661-00 

-Cryopanel Module Plumbing 
J.O. #626178 

AAA77-111035-00 Tab-01 · 

AAA77 .:.111043-00 
AAA77-111035-00 Tab-02 

AAA77 -111043-00 
AAA77-111036-00 Tab-01 
AAA77-111036-00 Tab-02 
AAA77-111038-00 Tab-01 

AA.L\ 77 -111044-00 
AAA77-111038-00 Tab-02 

AAA77 -111044-00 
AAA77-111039-00 Tab-01 
AAA77-111039-00 Tab-02 
AAA77-111040-00 Tab-01 

AAA77 -111045-00 
AAA77-111040-00 Tab-02 

77-111045-00 
AAA77 -111042-00 
AAA77-111046-00 Tab-01 

77-111018-00 
AAA77-111046-00 Tab-02 

AAA77 -111018-00 
AAA77-111047-00 Tab-01 
AAA77-111047-00 Tab-02 

-8-

100 INCH TANK COVER REWORK (Ref.) 
--Consisting of--

100 Inch .Tank Cover (Ref.) 

CHEV. DOWNCOMER 1L, 4L, 1R, 4R 
--Consisting of~~ 

LN2 Feed 1L, 4L, 1R, 4R 
CHEV. DOWNCOMER 1L, 4L, lR; 4R 
--Consisting of--

LN2 Feed 1L, 4L, 1R, 4R 
Panel Downcomer 1L, 4L, 1R~ 4R 
Panel Downcomer 1L, 4L, 1R, 4R 
CHEV. DOWNCOMER 2L, 2R 
--Consisting of--

LN2 Feed 2L, 2R 
CHEV. DOWNCOMER 2L, 2R 
--Consisting of--

LN2 Feed 2L, 2R 
Panel Downcomer 2L, 3L, 2R, 3R 
Panel Downcomer 2L, 3L, 2R, 3R 
CHEV. DOWNCOMER 3L, 3R 
--Consisting of--

LN2 Feed 3L, 3R 
CHEV. DOWNCOMER 3L, 3R 
--Consisting of--

LN2 Feed 3L, 3R 
Panel Outlet Lateral 
REC. TUBE EXTENDER 2L, 2R, 3L, 3R 
--Consisting of--

Tube, Rec. (Ref. ) 
REC. TUBE EXTENDER 2L, 2R,.. 3L, 3R 
--Consisting of--

Tube, Rec. (Ref.) 
Panel Downcomer 3L, 3R 
Panel Downcomer 3L, 3R 



( 

( 

c.o. #626178-1 
WAS 
AAA77-111035-00 Tab-01 
IS NOW 
AAA77 -111035-0A 
WAS 
AAA77-1_11035-00 Tab-02 
IS NOW 
AAA78-107675-00 
WAS 
AAA77-111038~00 Tab~Ol 
IS NOW 
AAA77 -111038-0A 
WAS 
AAA77 -111038-00 Tab-02 
IS NOW 
AAA78-107667-00 
WAS 
AAA77-111040-00 Tab-01 
IS NOW 
AAA77 -111040-0A 
WAS 
AAA77-111040-00 Tab-02 
IS NOW 
AAA78-107668-00 

-100 Inch Tank Cover Rework 
J.O. #626179 

AAA77 -113514-0A 

AAA71-ll2661-00 
AAA78-103969-00 

-9-
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WAS 
Chev. Down comer 1 L, 
IS NOW 
Chev. Downcoiner 1 L, 
viAS 
Chev. Down comer 1 L, 
IS N0\1 
Chev. Downcomer 4L, 
WAS 
Chev. Dm'lncomer 2L, 
IS NOW 
Chev. Dbwneomer 2L 
WAS 

4L, 

4R 

4L, 

lR 

2R 

Chev. Dmmcomer 2L, 2R 
IS NOH 
Chev. Downcomer 2R 
WAS 
Chev. Doncomer 3L, 3R 
IS NOW . 
Chev. Downcomer 3L 
WAS 
Chev. Downcomer 3L, 3R 

. IS NOW 
. Chev~ Downcomer 3R 

100 11 TANK COVER REHORK 
--Consisting of-- . 

1R, 

1R, 

4R 

4R 

100 11 Tank Cover (Ref.) 
UPPER LN COUPLING SUPPORT BAR 



c.o. #626179-1 
AAA77 -113514_-0B 

AAA71-112 661-00 
AAA78-111351-00 
AAA78-11049l~QO 

AAA78-ll04 97-00 
AAA78-ll0487 -00 . 

AAA78-110499-00 
AAA78-110493-00 
AAA78-111353-00 

AAA78-110470-00 

AAA78-110471-00 

AAA78-111358-00 
AAA78-ll0475-00 

AAA78-l10472-00 
AAA78-110474-00 
AAA78-111357-00 
AAA78-110473-00 

AAA78-103961-00 

AAA78-103960-00 
AAA78-111356-00 

AAA78-111354-00 Tab-01 
AAA78-111354-00 Tab-02 
AAA78-111355-00 

AAA78-110489-00 

AAA78-110490-00 
AAA78-111359-00 

AAA78-lll360-00 
AAA78-110488-00 
AAA78-l10495-00 
AAA78-ll0486-00 

AAA78-111362-00 
AAA78-110492-00 
AAA78-110495-00 

AAA78-110494-00 Tab-01 
AAA78-110494-00 Tab-02 
AAA78-111369-00 
AAA78-110498-00 
AAA78-111350-00 
AAA78-111352-00 

11""1 
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100" TANK COVER REWORK 
--Consisting of--

100" Tank Cover (Ref.) 
Flange, 7.50 0 
LHe BAYONET ASSY 
--Consisting of--
Compression Adapter, 1 5/8 Thd. 

. Compression Nut 1 5/8 Thd. 
BRACKET, COVER 
FLANGE, 611 0, BOTTOM 
LHe DE\·JAR ASSY 
--Consisting of--

LHe Fill-Vent Assy 
--Consisting of--

Cover, LHe 
--Consisting of-

Compression Adapt .• 75 Thd 
Compression Adapt •• 88 Thd 

Flange, Marman, LHe 
Compression Nut .88 Thd 
Compression Nut .75 Thd 
Vent Elbow, LHe 

STRAP' & LEG ASSY 
--Consisting of-

Helium Dev1ar Leg 
LHe SHIELD ASSY 
--Consisting of-

Shield Disc, LHe 
Shield Disc, LHe 
Shield Shaft 

LHe VALVE ASSY 
--Consisting of--

LHe Plug, Valve 
LN2 FLANGE ASSY 
--Consisting of-

Flange, 7 1/2 Dia. 
Compression Adapt. 1 3/8 Thd. 
LN2 Filler Tube 
Compression Nut, 1 3/8 Thd. 

LN2 VALVE ASSY 
LN2 FLANGE, ELEC. CONN. 
FLANGE ASSY. ELEC. CONN. 
·--Consisting of--

Flange 6. 00 Di a. 
FLANGE 6.00 DIA 
LHe VENT TEE 
BRACKET, CRYOPANEL SIDE 
BRACKET, BRACE TO COVER 
BRACKET, CRYOPANEL SIDE, TOP 



( 

( 

-LN2 Manifold-Upper Coupling 
J.O. #626180 

AAA77 -111678-0A 

AAA77 -111679-0B 
AAA77-108336-0B 
AAA77 -1083.36-0B 
AAA78-10397o.:oo 

-Cryopanel Module Assembly Hardware 
J.D. #626638 . 

AAA78-l00501-00 
AAA78-100502-00 
AAA78-100502 -00. 
AAA78-100502-00 

. AAA78-103962-00 
AAA78-103963-00 
AAA78-103964-00 
AAA77 -113538-00 
AAA77 -113555-00 
AAA77 -113574-00 
AAA77 -113575-00 
AAA78-107663-00 Tab-01 

AAA78-107663-00 Tab-02 

-LHe Main Dewar Assy 
J.O. #626962 

AAA77 -113510-00 

AAA77 -113505-00 
AAA77 -113509-00 

· AAA77-111709-00 
AAA77 -111704-00 
AAA78-103958-00 
AAA78-107666-00 
AAA77-111243-00 Tab-01 
AAA77-111243-00 Tab-02 
AAA78-107664-00 
AAA78-100544-00 
AAA78-103972-00 

AAA77 -111705-00 
AAA??-111708-00 Tab-02 
AAA78-103959-00 
AAA77-111702-00 Tab-02 

AAA77-111703-00 Tab-02 
AAA78-103971-00 

-11-
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UPPER LN COUPLING 
--Consisting of--

Feed Thru Flange 
Bellows Ta6-07 (Ref.) 
Bellows Tab-04 (Ref.) 
Upper LN Coupling Nut 

Backing Bar 
Horizontal Lifting Fixture Tab-01 
Horizontal Lifting Fixture Tab-02 
Horizontal Lifting Fixture·Tab-03 
Helium Panel Mounting Bolt 
Sway Rod Tooling 
Main Support Backing Bar 
Support ~·1ount 
Spacer 
Helium Panel Sway Limiter 
Helium Panel Sway Rod 
Carbon Glass Resistor Mounting 

·Block 
Carbon Glass Resistor Mounting 
Block 

~1AIN DEWAR ASSY 
--Consisting of 13 Dwgs--

1) Outer Shell Extension 
2) Head, Nitrogen 
3) Housing Plug 
4) Tie Rod (Ref.) 
5) Tube Segment 
6) Cover Disc 
7) Tank Support Leg 
8) Tank Support Leg 
9) Lifting Eye 

10) Burst Disc Mod (Ref.) 
11) DEWAR HEAD WELDMENT (OUTER) 
--Consisting of 4 Dwgs--

1) Tie Rod Housing (Outer) 
2) Dewar Head Stiffener 
3) Slotted Tube / 
4) DEWAR HEAD lvJATCH BORE 
--Consisting of 1 Dwg.--

1) De'.'iar Head 
12) DEWAR HEAD WELDMENT (INNER) 
--Consisting of 4 Dwgs--



AAA77 -111709-00 
AAA77 -111706-00 
AAA77-111708-00 Tab-01 
AAA77-111702-00 Tab-01 

AAA77-111703-00 Tab-01 
AAA77 -111682-00 . 

AAA78-100537-00 
AAA??-111668-00 · 
AAA78-10052l-OO Tab-01 
AAA78-100521-00 Tab-02 
AAA77-111204-00 Tab-01 
AAA77-111204-00 Tab-02 
AAA77 -111202-00 

AAA77 -111208-00 
AAA77-111220-00 Tab-04 
AAA77 -111711-00 
AAA78-100538-00 Tab-02 
AAA77 -111673-00 

AAA77-108336-0C Tab-11 
AAA77 -111672-00 

AAA77-108336-0C Tab-11 
AAA78.:.103906-00 

AAA77-108336-0C Tab-14 
AAA??-111207-00 Tab-03 
AAA77-111205-00 Tab-05 

AAA78-100516-00 

AAA78-103952-00 

AAA78-103953-00 
AAA77-108336-0C Tab-19 

AAA78-100542-00 

AAA78-100541-00 
AAA78-100539-00 
AAA??-111205-00 Tab-06 
AAA77-108336-0C Tab-21 

-12-
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1) Housing Plug 
2) Tie Rod Housing (Inner) 
3) Dewar Head Stiffener 
4) DE~~AR HEAD MATCH BORE 
--Consisting of 1 Dwg--

1) Dev1ar Head 
13) INTERNAL PLUMBIN~ ASSY 
--Consisting of 17 Dwgs-~ · 

1) Valve Lower Flange 
2) Flange 12 11 Dia. 
3) Phase Separator · 
4) Phase Separator 
5) Valve End Cap 
6) Valve End Cap 
7) Diverter Valve Housing 

(Ref.) 
8) Bushing 
9) Tube, Dewar 811 Dia 

10) Inlet Adapter 
i1) Burst Port Reinforcement 
12) RETURN CONNECTING TUBE 
--Consisting of 1 Dwg--

1) Bellows (Ref.) 
13) SUPPLY CONNECTING TUBE 
--Consisting of 1 Dwg--

1) Bellows (Ref.) 
14) CHILL RING ASSY 
--Consisting of 3 Dwgs--

1) Bellows (Ref.) 
2) Chill Ring 
3) Valve Tubing - Tabulated 

15) SUPPLY & RETURN ADAPTER ASSY 
--Consisting nf 3 Dwgs--

1) Outer Supply & Return 
Adapter : 

2) Supply & Return Adapter 
3) Bellows (Ref.) 

16) BURST PORT ASSY 
--Consisting of 4 Dwgs--

1) Upper Burst Adapter 
2) Upper Adapter Tube 
3) Valve Tubing Tabulated 
4) Bellows (Ref.) 



( ·.··· 

.. 

AAA77 -111664-00 

AAA78:-J00514-00 
AAA77~111220-00 Tab-02 
AAA77-111220-00 Tab-03 
AAA77 -111657-00 
AAA77-lll668-00 

. AAA77-111669-00 
AAA77 ~111746-00 
AAA78-107690-00 
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17) CENTER SECTION & TANK ASSY 
·-Consisting of 14 Dwgs--

·1) Nitrogen Liner 
2) Tube, Dewar 8" Dia 
3) Tube, Dewar 8" Dia 
4) Adjustment Rod 
5) Flange 12 11 Dia 
6) Access Cover Plate 
7) Flange-Upper Bayonet 
8) Sensor Location Drawing 

Ref. 
AAA78-107663-00·Tab-01 
AAA78-107663-00 Tab~02 
AAA77-111020-00 

AAA77 -111021-00 
AAA77 -111049-00 
AAA?l-111022-00 
AAA77 -111023-00 
AAA77-108336-0C Tab-09 
AAA78-100519-00 

AAA78-100526-00 

AAA77 -111656-00 
AAA77 -111292-00 

AAA77 -111294-00 
AAA77 -111651-00 
AAA78-100538-00 Tab-01 
AAA77 -111298-00 
AAA77 -111200-00 
AAA77 -111201-00 
AAA78-100543-00 
AAA77 -111299-00 
AAA77 -111206-00 
AAA77 -111296-00 

AAA77 -111297-00 
AAA??-111652-00 Tab-01 

-13-

. 9) c:G.R. Mounting Block 
10) C.G.R. Mounting Block 
11) LOWER BAYONET SUB-ASSY 
--Consisting of 6 Dwgs~-

1) Lower Bayonet Flange 
2) Lower Bayonet Cone 
3) Lower Bayonet Shield 
4) Copper Short 
5) Bellows (Ref.) 
6) Flange Nose 

12) OUTER TANK 
--Consisting of 1 Dwg-- · 

1) Sleeve, Adjust. Rod 
13) INNER TANK ASSY 
--Consisting of 10 Dwgs--

1) Inner Tank Shell 
'2) Tube, Inlet Supply 

3) Burst Port Reinforcement 
4) Flange 8 1/4" Dia 
5) Throttle Valve Seat 
6) Valve Mounting Flange 
7) Burst Port Adapter 
8) Flange 6 1/2" Qia 
9) Funnel 

10) EXPANSION RING ASSY 
--Consisting of 3 Dwgs--

1) Expansion Ring 
2) Expa~sion Brace 



.·.•. 
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AAA77-111652-00 Tab~02 
AAA78'-100520-00 

3) Expansion Brace 
14) INLET SOCKET & LOWER 

BAYONET ASSY 

AAA77 -111670-00 
AAA?7 -111723-00 

AAA77 -111742-00 
AAA77 -111743-00 
AAA77 -111741-00 
AAA77 -111745-00 
AAA77 -111666-00 

ASSY 

AAA77 -111744-00 
AAA77-111000-00 Tab-02 
AAA78-100515-00 
AAA77-108336-0C Tab-18 
AAA78-100517-00 

AAA77 -111712-00 
AAA??-108346-00 

ASSY 

--Consisting of· 3 Dwgs--
1) Tube Splice · 
2) UPPER BAYONET SOCKET 

--Consisting of 10 ·Dwgs--
1) Tube Cap 
2) Small Upper Socket 
3) Tube, Upp~r Housing 
4) Housing, Upper Socket 
5) Collar; Shroud 
6) Outer Tube· 
7) Disc, Tube Enclosure 
8) Exit Tube 
9) Bellows (Ref.) 

10) ELBm~ ASSY 
--Consisting of ·1 Dwg--

1) Inlet Elbow 
3) INNER ENCLOSURE TUBE 

--Consisting of 4 Dwgs--
1) Lower Return Tube 
2) Disc, Tube Enclosure 

AAA??-111008-00 
AAA77-111000-00 Tab-01 
AAA77 -111001-00 3) Lower Return Tube 

Reinforcement 
AAA??-108342-00 

AAA??-108343-00 
AAA??-108338-00 
AAA??-108341-00 
AAA??-108339-00 
AAA??-108340-00 

AAA78-107684-00 

-LHe Main Dewar Assy Bellows Tab 18-21 
J.O. #626980 

AAA??-108336-0C 
AAA??-108336-0C 
AAA??-108336-0C 
AAA??-108336-0C 

4) INLET DOWNTUBE ASSY 
--Consisting of 5 Dwgs--

1) Tube End Retainer 
2) Inlet Box Bottom 
3) Inlet Box Back Plate 
4) Inlet Box Top 
5) Inlet Downtube 

ASSB~BLY FLOW DIAGRAM (REf.) 

Bellows Tab-18 
Bellows Tab-19 
Bellows Tab-20 
Be 11 ows Tab-21 

-LHe Main Dewar Assy Div. Valve/Burst Disc 
J.O. #626981 

AAA77 -111202-00 Diverter Valve Housing 
AAA78-100544-00 Burst Disc Modification 

-14-



( ·. ·-· 

( 

-BB2 Test Stand 
J. 0. #627723 

AAA78-100506-0A 

AAA78-10d505-0A Tab-01 
AAA78-100503-0A Tab-01 
AAA7B-100505-0A Tab-02 
AAA78-100S.05,.9A Tab-03 
AAA78-100503-0A Tab-02 
AAA78-100504-00 

-Cryopanel Test Stand 
J.O. ;628099 

AAA78-100505-0A 
AAA78-100505-0A 
AAA78-100503-0A 
AAA78-100505-0A 
AAA78-100503-0A 

· -Chevron H We 1 d Ass • y 
J.O. #628564 

AAA'78-11387 4-00 

AAA78-113872-00 
AAA78-113872-00 
AAA77 -111009-0C 

AAA78-113874-00 

. AAA78-113872-00 
AAA78-113872-00 
AAA78-111009-0C 

C.O. #113874-0A 

AAA 119720-00 

-Helium Dewar - Upper Bayonet (LBL) 
J. 0. #628739 

AAA78-lll366-00 

AAA77 -111255-00 
AAA77 -111023-00 
AAA77 -111253-00 
AAA77 -111249-00 
AAA77 -111250-00 

-15-
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TEST FACILITY STAND 
--Consisting of--

Corner Su~port (Ref.) 
Brace (Ref.) 
Corner Support 
Corner Support 
Brace 
Wire Rope Assy (Ref.) 

Corner Support Tab-02 
Corner Support Tab-03 
Brace Tab-02 · 
Corner Support Tab-01 
Brace Tab-01 

CHEVRON II WELD ASSY TAB-01 
--Consisting of--

1) Chevron II Tab-01 
2) Chevron II Tab-02 
3) Weldment Assy Tab-01 (Ref.) 

CHEVRON II WELD ASSY TAB-02 
--Consisting of--

1) Chevron II Tab-01 
2) Chevron II Tab-02 

· 3) Weldment Assy Tab-02 (Ref.) 

CHEVRON II WELD ASSY TAB-01 
--Consisting of ~-

{4) Top Rear Cover Plate 

UPPER BAYONET ASSY (LBL) 
--Consisting of--

1) End Retainer 
2) Copper Short 
3) Tube, Upper Bayonet 
4) T9p Flange 
5) Top Plate, Inner 



... ;. 
411 

-Helium Dewar - Lower Socket 
J.O. #628742 

AAA77-108345-00 

AAA77-108348-00 
AAA77-108347-00 
AAA77 -108349-00 
AAA77 -111002-00 
AAA77 -111666-00 
AAA77 -111222-00 

AAA77 -111221-00 

-Helium Dewar - Upper Bayonet 
J.O. #628754 

AAA77 -113503-00 

AAA77 -113501-00 
AAA77 -113500-00 
AAA77 -113502-00 
AAA77-108336-0C 
AAA77-108336-0C 
AAA78-110452-00 

AAA78-100522-00 

AAA78-100523-00 
AAA78-100524-00 
AAA77-108336-0C 

-Lid Holder Stand Assy 
J.O. #628786 

AAA78-113883-00 
AAA78-113889-00 
AAA78-113878-00 
AAA78-113879-00 
AAA78-113879-00 
AAA78-113880-00 
AAA78-113888-00 
AAA78-113887-00 
AAA78-113881-00 
AAA78-113878-00 

c.o. #628.786-1 
AAA78-113883-0A 
AAA78-113891-00 
AAA78-113891-00 
AAA78-113892-00 

-16-
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LOWER SOCKET ASSY 
--Consisting of-- . 

1) Lower Socket Flange 
2) Lower Socket Support Tube 
3) Lower Socket . 
4) Lower Supply Tee 
5) Shroud Collar 
6) Insert Flange Assy 
~-Consisting of-- . 

1) Flange, Cylinder Bayonet 

BAYONET TIP ASSY 
--Consisting of--

1) Large Male Tip 
2) Small Tip Screw 
3) Tip Coupling 
4) Bellows Tab-05 (Ref.) 
5) Bellows Tab-01 (Ref.) 
6) Bushing 

. S~1ALL TIP ASSY 
--Consisting of--

1) Small Bayonet Tip 
2) Small Tip Adapter 
3) Bellows Tab-20 (Ref.) 

Stand Weldment 
Corner Foot 
Mount Plate Tab-01 

· Upper 11 111 Beam Bracket Tab-01 
Upper 11 111 Beam Bracket Ta~-02 
Lower 11 111 Beam Bracket 
Upper 11 111 Beam Support 
Lower 11 111 Beam Support 
Base Mount Plate 
Mount Plate Tab-02 

Stand Weldment 
Wire Rope Assy Tab-01 
Wire Rope Assy Tab-02 
Stud Location (Ref.) 



( 

( 
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-Cryopanel Array 
J. 0. #6 2 88 7 6 

AAA77 -113571-00 
AAA77 -113572-00 
AAA77 -113569-00 
AAA??-113573-00 
AAA77 -113577-00 
AAA77 -113576-00 
AAA78-113885-00 
AAA78-11388S-OQ 
AAA78-113886-00 

-LHe tvla in Dewar 
J.O. #629036 

AAA77 -111704-00 

-Stand Insert 
J.O. #629110 

AAA78-113890-00 

-LHe Burst Disc 
J.O. #629370 

AAA77 -108336-0D 

-Helium Dewar-Support 
J.O. #629622 · 

AAA77 -111244-00 

AAA77-111245-00 
AAA77 -111246-00 
AAA78-103988-00 

-Cryopanel Array-Support Rod Assy 
J.O. #629623 

AAA78-117870-00 

AAA78-113885-00 
AAA78-117870-00 

AAA78-113885-00 

-Helium Dewar Diverter Valve 
J. 0. #629659 ' 

AAA78-117875-00 

AAA77-111205-0A 
AAA78-117873-00 
AAA78-117872-00 
AAA78-117879-00 

AAA78-117878-00 
AAA78-117877 -00 
AAA78-117876-00 

AA,l\77 -111027-00 
AAA78-117871-00 
AAA78-117874-00 
AAA78-111212 -00 

-17-
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Lower.Support Loc~tiDn Tooling 
Outboard Roof Support 
Lower Support Pin 
Upper Support Pin 
Inboard Roof Support 
Support Beam 
Module Support Rod Tab-01 
Module Support Rod Tab~02·. 
Outboard Support Tooling 

Tie Rod 

Oil on Insert 

·Bellows Tab-22 

He TANK LEG GUIDE PIN TAB-01 
--Consisting of--

1) Adjustable Flange 
2) Pin Base 
3) Guide Pin Nose 

SUPPORT ROD ASSY TAB-01 .' 
--Consisting of--

Module Support Rod Tab-01 
SUPPORT ROD ASSY TAB-02 
--Consisting of--

Module Support Rod Tab-02 

DIVERTER VALVE STEM ASSY 
--Consisting of--

1) Valve Tubing Tab-01 
2) Lower Guide 
3) Lower Solid Seat -Tube 
4) INTERMEDIATE VALVE W~LDMENT 
--Consistin~ of-~ 

1) Bellows Seat-Bottom 
2) Bellows Seat-Top 
3) Pin, Bellows Seat-Top 

5) Floating Seat 
6) Cap Threaded 
7) Upper Assy 
8) Tube Cap 



-Magnet Assy/Baffles 
J.O. #630377 

AAA78-ll9729-00 
AAA78-119729-00 
AAA78-119730-00 
AAA78-119731-00 
AAA78-11973l-OO "-· 
AAA78-119732-00 
AAA78-119733-00 

-Cryopump Assy/Shroud 
J.O. #630602 

AAA78-120516-00 
AAA78-120516-00 
AAA78-120517-00 
AAA78-120517-00 
AAA78-120518-00 
AAA78-120518-00 
AAA78-120519-00 
AAA78-120519-00 
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Lower Magnet Baffle Tab-01 
Lower Magnet· Baffle Tab-02 
Bottom Magnet Baffle 
Magnet Side Baffle Tab-01 
Magnet Side Baffle Tab-02 
Magnet Baffle Extension 
Magnet Top Baffle 

Bottom Shroud Modules 3 & 4 Tab-01 
Botto~ Shroud Modules 3 & 4 Tab-02 
Bottom Shroud Modules 1 & 2 Tab-01 
Bottom Shroud Modules 1 & 2 Tab-02 
Top Shroud Modules 1 & 2 Tab~01 
Top Shroud Modules 1 & 2 Tab-02 
Top Shroud Modules 3 & 4 Tab-01 
Top Shroud Modules 3 & 4 Tab-02 

-He Dewar-Diverter Valve/Diverter Valve Drive Ass 
J.O. ,630634 

AAA78-110478-00 DIVERTER VALVE DRIVE ASSY 

AAA78-119709-00 
AAA78-110479-00 
AAA78-110480-00 
AAA78-110481-00 
AAA78-119715-00 
AAA78-119716-00 
AAA77 -111213-00 

AAA78-117875-00 
AAA77 -111003-00 

AAA77 -111205-0B 
AAA77-111006-00 
AAA77 -111005-00 
AAA77 -111004-00 

AAA77 -111207 -OA 
AAA77 -111207 -OA 
AAA77 -111203-00 
AAA78-11 9279-00 

AAA77-108336-0D 
AAA77 -111205-0B 
AAA77-111216-00 

AAA77 -111205 -OB 
AAA77 -111215-00 
AAA77 -111214-00 
AAA78-119278-00 

-18-

--Consisting of--
1) Connector Retainer 
2) Upper Drive Yoke 
3) Lower Drive Yoke 
4) Jktuator Foot 
5) Pot. Lift Bracket 
6) Pot. Mount Bracket 
7) VALVE STEM & BELLOWS ASSY 
--Consisting of-- . 

ASSY 

1) Div. Valve Stem Assy (Ref) 
2) THROTTLE VALVE ST-EM ASSY 
--Consisting of-- ' 

1) Valve Tubing Tab-02 
2) Stop Ring 
3) Small Tube Cap 
4) Retaining Ring-Small 

3) Chill Ring Tab-02 
4) Chill Ring Tab-01 
5) Valve Upper Flange 
6) LOWER BELLOWS MODIFICATION 
--Consisting of--

1) Bellows Tab-13 (Ref.) 
7) Valve Tubing Tab-03 
8) THROTTLE VALVE BELLOWS 

--Consisting of--
1) Valve Tubing Tab-04 
2) Lower Thrust Flange 
3) Upper Thrust Flange 
4) UPPER BELLOWS 

MODIFICATION 
--Consisting of--



( 

( ·:·:~' 
~ 

AAA77-108336-0D 
AAA77 -111674-00 

AAA77 -111676-00 
AAA78-111368..,00 

··~ 

·-:"""''-. 

~Cryopu~ping System/Baffles 
J.O. #630638 

AAA78-120475-00 
AAA78-120476-00 
AAA78-120477-00 
AAA78-120477-00 
AAA78-120478-00 
AAA78-120478-00 
AAA78-120479-00 
AAA78-120480-00 
AAA78-120481-00 
AAA78-120482-00 
AAA78-120482-00 
AAA78-120483-00 
AAA78-120484-00 
AAA78-120484-00 
AAA78-120485-00 
AAA78-120486-00 
AAA78-120487-00 
AAA78-120488-00 
AAA78-120489-00 
AAA78-120490-00 
AAA78-120491-00 
AAA78-120492-00 
AAA78-120493-00 
AAA78-120494-00 
AAA78-l20495-00 
AAA78-120495-00 
AAA78-120496-00 
AAA78-120497-00 
AAA78-120497-00 
AAA78-120498-00 
AAA78-120498-00 
AAA78-120499-00 
AAA78-120500-00 
AAA78-120501-00 
AAA78-120501-00 
AAA78.,.120502-00 
AAA78-120502-00 
AAA78-120503-00 
AAA78-120503-00 
AAA78-120504-00 
AAA78-120505-00 
AAA78-120505-00 
AAA78-120506-00 
AAA78-120507-00 
AAA78-120508-00 
AAA78-120509-00 
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1) Bellows Tab-12 
9) THROTTLE ASSY 

. --Consisting qf--
1) ·Lower Throttle 

OIVERTER VALVE ASSY FLOW DIAGRAM 
(REF) 

Upper Baffle Tie 
#2 Baffle Brace 
#1 Baffle Lower Brace Tab~01 
#1 Baffle Lower Brate Tab-02 
#1 Baffle u·pper Brace Tab-01 
#1 Baffle Upper Brace Tab~02 
Magnet Baffle Front Brace 
Magnet Baffle Rear Brace 
Source End Guide 
Baffle Tie Tab-01 
Baffle Tie Tab-02 
Baffle Brace Support 
Baffle Standoff Tab-01 

-Baffle Standoff Tab-02 
#2 Baffle 
#2 Baffle Vertical Extension 
#2 Baffle Side Extension 
#1 Baffle Bottom Extension 
#1 Lower Baffle 
Baffle #1 Side Extension (Lower) 
Baffle Hatch Cover 
#1 Baffle (Upper) 
#1 Baffle Side Extension (Upper) 
#1 Baffle to Magnet Extension 
Lower Baffle Extension (Short) 
Wiper Bracket Tab-01 
Wiper Bracket Tab-02 
#1 Baffle to Magnet Wiper Tab-01 
#1 Baffle to Magnet Wiper Tab-02 
Source End Baffle Tab-01 
Source End Baffle Tab-02 
Source End Guide 
Upper Baffle Extension (Short) 
Magnet ~iper Support Tab-01 
Magnet Wiper Support Tab-02 · 
Magnet Wiper (Long) Tab-01 
Magnet Wiper (Long) Tab-02 
Magnet Wiper (Short) Tab-01 
Magnet Wiper (Short) Tab-02 
Magnet Wiper (Medium) 
Magnet Wiper (Lower) Tab-01 
Magnet ~iper (Lower) Tab-02 
#1 Baffle Cross Brace 
Baffle Flap Support 
#1 Baffle 1-iiper 
Baffle Flap (Magnet) 



AAA78-120510-00 
AAA78-1205ll-OO 
AAA78-l20512-00 
AAA78-120512-00 
AAA78-120513-00 
AAA78-120513-00 
AAA78-120514-00 
AAA78-120514-00 
AAA78-120515 ... QO 

-Cryopump Array 
J.O. #630692 

AAA78-120960-00 
AAA78-120961-00 
AAA78-120962-00 
AAA78-120963-00 
AAA78-l20963-00 

-Cryopump Assy/Shroud 
J.D. #630694 

AAA78-120767-00 
AAA78-120767-00 
AAA78-120767-00 
AAA78-120772-00 
AAA78-120773-00 
AAA78-120773-00 
AAA78-120774-00 
AAA78-l20774-00 
AAA78-121000-00 
AAA78-12100l-OO 
AAA78-121001-00 
AAA78-121002-00 
AAA78-121003-00 
AAA78-121004-00 
AAA78-121004-00 
AAA78-121005-00 
AAA78-121005-00 
AAA78-121006-00 
AAA78-121007-00 
AAA78-121008-00 
AAA78-121008-00 
AAA78-121009-00 
AAA78-121009-00 
AAA78-121010-00 
AAA78-121010-00 
AAA78-121011-00 
AAA78-121012-00 
AAA78-121012-00 
AAA?S-121012-00 
AAA78-121012-00 
AAA78-1210 13-00 
AAA78-121014-00 
AAA78-121015-00 
AAA78-l20759-00 
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Baffle Flap Side Cover 
Baffle Flap (Table) 
Lower Baffle Ext. (Long) Tab-01 
Lower Baffle Ext. (Long) Tab-02 
Upper Baffle Ext. (Long) Tab-01 
Upper Baffle Ext. (Long) Tab-02 
Lower Baffle Tie Tab-01 
Lower Baffle Tie Tab~02 
Baffle Extension (Shroud) 

Sway Bar Shim 
Sway Bar 
Sway Pin 
Sway Bracket Tab-01 
Sway Bracket Tab-02 

Line Mask Tab-01 
Line t~ask Tab-02 

· Line Mask Tab-03 
LHe Line Reducer 
Vertical Shroud J-Box Tab-01 
Vertical Shroud J-Box Tab-02 
Bottom Span J-Box Tab-01 
Bottom Span J-Box Tab-02 
Joint Mask 
Strong Back Tab-01 
Strong Back Tab-02 
Support 
Vertical Shroud 
Top Shroud-Span Tab-01 
Top Shroud-Span Tab-02 , 
Bottom Shroud-Span Tab-01 
Bottom Shroud-Span Tab-02 
Bottom Shroud-Crossover 
Socket Shroud-Top 
Socket Shroud-Bottom Tab-01 
Socket Shroud-Bottom Tab-02 
Top Shroud J-Box Tab-01 
Top Shroud J-Box Tab-02 
Bottom Shroud J-Box Tab-01 
Bottom Shourd J-Box Tab-02 
Joint 
Span Seal Tab-01 
Span Seal Tab-02 
Span Seal Tab-03 
Span Seal Tab..:04 
Shroud Guide 
Cross Over Trace 
Riser Trace 
Span J-Box Seal 



c 

( 

-Cryopump Assy 
J.O. #630937 

AAA79-101417-00 
AAA79-10l41B-OO 

-Cryopanel Module Assembly/Stages thru 4 
J. 0. #631186 . 

AAA78-108824-00 

AAA77- 111718-0B 
AAA78:..119722-00 
AAA77 -113558-0A 
AAA??-113555-00 
AAA78- 100502-00 
AAA78-119721-00 
AAA78-108823-00 

AAA78-103962-00 
AAA77- 113574-00 
AAA?l-113575-00 
AAA78-103963-00 
AAA78-119721-00 
AAA??-111717-0C 

AAA77- 113511-0A 
AAA78-108822-00 

AAA78-119721-00 
AAA78-108821-00 

AAA78-100501-00 
AAA78-100502-00 
AAA78-113874-0A 

AAA78-108824-00 

AAA77 -111718-0B 
AAA78-119722-00 · 
AAA77 -113558-0A 
AAA77 -113555-00 
AAA78-100502-00 
AAA78-119721-00 
AAA78-l08823-00 

AAA78-103962-00 
AAA??-113574-00 
AAA??-113575-00 
AAA78.:.103963-0D 
AAA78-119721-00 
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Trace Feed Thru (LN) 
Trace Manifold (LN) · 

ASSEt~BLY STAGE 4 TAB-01 
--Consisting of--

1) LN2 Panel Assy 
2) Cover Strip 
3) Half Coupling Strap 
4) Spacer 
5) Horiz. Lifting Fixtu~e Tab-03 
6 ) C • G • R • Mo u n t i n g B 1 o c k 
7) ASSEMBLY STAGE 3 TAB-01 
--Consisting of--

1) He Panel Mounting Bolt 
2) He Panel Sway Limiter 
.3) He Panel Sway Rpd 
4} Sway Rod Tooling 
5) C.G.R. Mounting Bl~ck 
6) LHe PANEL ASs•y 
--Consisting of--

1) Panel Support Bracket 
7) Ass•y STAGE 2 TAB~Ol 
--Consisting of--

1) C.G.R. Mtg. Block 
2) ASSJY STAGE 1 TAB-01 
--Consisting of--

Backing Bar 
Horiz .. Lifting Fix. Tab-01 
Chevron II Weld Assy Tab-01 
--Consisting of Parts 

shown on J.p~ #628564 & 
c.o. #628564-1. 

ASSEMBLY STAGE 4 TAB-02 
--Consisting of--

1) LN2 Panel Assy 
2) Cover Strip 
3) Half Coupling Strap 
4) Spacer 
5) Horiz. Lifting Fix Tab-03 
6) C.G.R. Mounting Block 
7) ASSEMBLY STAGE 3 TAB-02 
--Consisting of--

1) He Panel Mounting Bolt 
2) He Panel Sway Limiter 
3) He Panel Sway Rod. 
4) Sway Rod Tooling 
5) C.G.R. Mounting Block 



I AAA77 -111717 -OC 

AAA77 -113511-0A 
AAA78,·:108822 -00 

AAA78-119721-00 
AAA78-108821-00 

···-·--·--

AAA78-100501-00 
AAA78-100502-00 
AAA78-l13874-0A 

-Stand & Module Ass'y/Cryopanel Modules 
J.O. #631248 

AAA77 -111029-00 

AAA78-108824-00 

AAA77 -111035-0A 

AAA77-111036-00 · 
AAA77 -111042-00 
AAA77-108336-0E 
AAA77 -111678-0A 

AAA77 -111031-00 

AAA78-108824-00 

AAA77 -111038-0A 

AAA77-111039-00 
AAA77 -111042-00 
AAA77 -111046-00 

AAA77-108336-0E 
AAA77 -111678-0A 
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6) LHe PANEL ASS'Y 
--Consisting of--

1) Panel Support Bracket 
7) ASS'Y STAGE 2 TAB~02 
--Consisting of--

1) C.G.R. Mounting Block 
2) ASS'Y STAGE 1 TAB-02 
--Consisting of--. 

Backing Bar 
Horiz. Lifting F1x Tab-01 
Chevron II Weld Assy Tab-02 · 
--Consisting of Parts 

shown on J.O. #628564 & 
c.o. #628564-1. 

CRYOPANEL r:.DOULES 1L & 4R 
--Consisting of--

1) Ass'y Stage 4 Tab-01 
Consisting of Parts shown on 
J.O. #631186 
2) Chev. Downcomer 1L, 4R 
Consisting of Parts shown on 
J.O. #626178 
3) Panel Downcomer 1L, 4R Tab-01 
4) Panel Outlet Lateral 
5) Bello~s Tab-16 
6) Upper LN Coupling 
Consisting of Parts shown on 
J.O. #626180 

CRYOPANEL MODULE 2L 
--Consisting of--

1) Ass'y Stage 4 Tab-01 
Consisting of Parts shown on 
J.O. #631186 ; 
2) Chevron Downcomer 2L 
Consisting of Parts shown on 
J. 0. #626178 
3) Panel Downcomer 2L Tab-01 
4) Panel Outlet Lateral 
5) Rect. Tube Extender Tab-01 
Consisting of Parts shown on 
J.O. #625178 
6) Bello~s Tab-16 
7) Upper LN Coupling 
Consisting of Parts shown on 
J.O. #625180 
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AAA 77-1110 34-00 CRYOPANEl MODULE 3R 

--Consisting.of--
AAA78-108824-00 1) Ass'y Stage 4 Tab-01 

Consisting of Parts shown on 
( J.O. #631186 

-AAA78-10l668-00 2) Chevron Downcomer 3R 
Consisting of Parts shown on 

'"'""-•* -..-. J.o; #626178 
AAA77-111047-00 3) Panel Downcomer 3R Tab-02 
AAA77 -111042-00 4) Panel Outlet Lateral 
AAA77 -:-111046-00 5) Rect. Tube Extender Tab-02 

Consisting of Parts shown on 
J. 0. #626178 . 

AAA77-108336-0E " 6) Bellows Tab-16 
AAA77 -111678-0A 7) Upper LN Coupling 

Consisting of Parts ~hewn on 
J.O. #626180 

AAA77 -111030-00 CRYOPANEL MODULES 4L & 4R 
--Consisting of--

.AAA78-108824-00 1) Assembly Stage 4 Tab-02 
Consisting of Parts shown on 
J. 0. #631186 

AAA78-107675-00 2) Chevron Downcomer 4L, lR 
Consisting of Parts shown on 
J.O. #626178 

AAA77 -111036-00 3) Panel Downcomer 4L, 1R Tab-02 
AAA77 -111042-00 4) Panel Outlet Lateral 
AAA77-108336-0E 5) Bellows Tab-16 
AAA77 -111678-0A 6) Upper LN Coupling 

( Consisting of Parts shown on 
J.O. #626180 

AAA77 -111032-00 CRYOPANEL MODULE 2R 
--Consisting of--

AAA78-108824-"00 1) Assembly Stage 4 Tab-02 
Consisting of Parts shown on 
J. 0. #631186 

AAA78-107667-00 2) Chevron Downcomer 2R 
Consisting of Parts shown on 
J. 0. #626178 

AAA77 -111039-00 3) Panel Downcomer 2R Tab~02 
AAA77 -111042-00 4) Panel Outlet Lateral 
AAA77 -111045-00 5) Rect. Tube Extender Tab-01 

Consisting of Parts shown on 
J.O. #626178 

AAA77-108335-0E 6) Bellows Tab-16 
AAA77 -111678-0A 7) Upper LN Coupling 

Consisting of Parts shown on 
J.O. #626180 
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AAA77 -111033-00 CRYOPANEL MODULE 3L 
--Consisting of--

AAA78-108824-00 . 1) Assembly Stage 4 Tab-02 
Consisting of Parts shown on 
J.O. #631186 

AAA77 -111040-0A 2) Chevron Downcomer 3L 
Consisting of Parts shown on 
J.O. #626178 

AAA77 -111047-00 3) Panel Downcomer 3L Tab~01 
AAA77 -111042-00 4) Panel Outlet Lateral 
AAA77 .:.111045-00 5) Rect. Tube Extender.Tab-02 

Consisting of Parts show·n on 
J.O. #626178 

AAA77-108336-0E 6) Bellows Tab-16 
AAA77 -111678-0A 7) Upper LN Coupling 

Consisting of Parts shown on 
J. 0. #626180 

-Crxoeumeing Sxstem/Shield Panels 
J.O. #631896 

AAA79-101466-00 Cover Shield Panel #1 Tab-01 
AAA79-101466-00 Cover Shield Panel #1 Tab-02 
AAA79-101467-00 Cover Shield Panel #2 Tab-01 
AAA79-101467-00 ·cover Shield Panel #2 Tab-02 
AAA79-101467-00 Cover Shield Panel #2 Tab-03 
AAA79-101467-00 Cover Shield Panel #2 Tab-04 
AAA79-101468-00 Cover Shield Panel #3 Tab-01 
AAA79-101468-00 Cover Shield Panel #3 Tab-02 
AAA79-101469-00 Cover Shield Panel #4 Tab-01 

") '-.... AAA79-101469-00 Cover Shield Panel #4 Tab-02 
AAA79-101470-00 Cover Shield Panel #5 Tab-01 
AAA79-101470-00 Cover Shield Panel #5 Tab-02 
AAA79-101471-00 Cover Shield Panel J!.,.. 

trO Tab-01 
AAA79-101471-00 Cover Shield Panel #6 Tab-02 
AAA79-101472-00 Floor Shield Panel #1 Tab~01 
AAA79-101472-00 Floor Shield Panel #1 Tab·-02 
AAA79-10147.3-00 Floor Shield Panel #2 Tab-01 
AAA79-101473-00 Floor Shield Panel #2 Tab-02 
AAA79-101473-00 Floor Shield Panel #2 Tab-03 
AAA79-101473-00 Floor Shield Panel #2 Tab-04 
AAA79-101474-00 Floor Shield Panel #3 Tab-01 
AAA79-101474-00 Floor Shield Panel #3 Tab-02 
AAA79-101475-00 Floor Shield Panel #4 Tab-01 
AAA79-101475-00 Floor Shield Panel #4 Tab-02 
AAA79-101476-00 Floor Shield Panel #5 Tab-01 
AAA79-101476-00 Floor Shield Panel #5 Tab-02 
AAA79-101477 -00 Floor Shield Panel JJ.,.. 

itO Tab-01 
AAA79-101477-00 Floor Shield Panel #6 Tab-02 
AAA79-101478-00 Floor Shield Panel #7 Tab-01 
AAA79-101478-00 Floor Shield Panel #7 Tab-02 
AAA79-101478-00 Floor Shield Panel #7 Tab-03 
AAA79-101478-00 Floor Shield Panel #7 Tab-04 
AAA79-101479-00 Source End Shield Panel #1 Tab-01 

. -·:: 
~ 
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AAA79-101479-00 · Source End Shield Panel #1 Tab-02 
AAA79-101480-00 Source End Shield Panel #2 Tab-01 
AAA79-101480-00 Source End Shield Panel #2 Tab-02 

( AAA79-101481-00 Source End Shield Panel #3Tab-01 
AAA79-10148l-OO Source End Shield Panel #3 Tab-02 
AAA79-101482-00 Front End Shield Panel #1 Tab-01 
AAA79-101482-00 Front End Shield Panel #1 Tab-02 
AAA79-101483-00 .. Front End Shield Panel #2 Tab-01 
AAA79-101483-00 Front End Shield Panel #2 Tab-02 
AAA79-101483-00 Front End Shield Panel #2 Tab-03 
AAA79-101483-00 Front End Shield Panel #2 Tab-04 
AAA79-l01484-00 ·Front End Shield Panel #3 Tab-01 
AAA79-101484-00 Front End Shield Panel #3 Tab-02 . 
AAA79-101485-00 Front End Shield Panel #4 Tab-01 
AAA79-101485-00 Front End Shield Panel #4 Tab-02 
AAA79-101486-00 Side Wall Shield Panel Tab-01 
AAA79-101486-00 Side Wall Shield Panel Tab-02 

~Helium Dewar Sueeort -02 
J.O. #631898 

AAA77 -111244-00 He TANK LEG GUIDE PIN TAB-'-02 
-~Consisting of--

AAA77 -111245-00 1) Adjustable Flange 
AAA77 -111246-00 2) Pin Base 
AAA78-103988-00 3) Guide Pin Nose to. 

- ,~ .. ., 
·~ 

-LN Feed & Exhaust S~stem - LBL ~. J 
.. ~ 

J.O. #632207 

( AAA79-101498-00 LNz FEED & EXHAUST SYSTEM-(LBL) 
--Consisting of 7 Dwgs-- ' AAA79-101459-00 1) Trace Flex Line 

AAA79-101460-00 2) Vent Line -'-

AAA79-101461-00 3) Main Line \ 
AAA79-101462-00 4) Dewar Shroud Line 
AAA79-101463-00 5) Dewar Return Line .. 
AAA79-101464-00 6) LN2 Valve Manifold '(2 shts) 

-25-
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This RFQ requires the vendor to fabricate, assemble and test the subject 
liquid helium dewar in accordance with the requirements given herein and the 
drawings. For reference, the basic performance parameters are as follows: 

Operating temperature 3.8 to 4.5K 
Relief pressure 75 psia internal (Tank and fittings 1?.5 psia) 
Capacity 750i + 13% ullage 
Weight 1700 lbs. 

The following material is included herein: 

A. Assembly sequence 
B. General requirements 
C. Alternative approaches 
D. Documentation to be provided with quotation 
E. Post-award documentation 
F. University supplied material 

A. ASSEMBLY SEQUENCE 

A highly detailed set of sequential assembly drawings is included 
in the package. An overall assembly plan, (AAA78-107684) is included. In 
general, subassemblies (at the bottom of the tree) are built up into majo~ 
assemblies and thereupon into final assemblies, working up the tree. Notes 
on these drawings provide the required detail. 

The assembly sequence shown is not mandatory; vendors should feel 
free to modify it to suit their own production techniques. Likewise, in 
process leak checking is at vendor option. 

B. GENERAL REQUIREMENTS 

1. All welding is to be done in accordance with MEL76-001333, Welding 
of Stainless Steel Components for Vacuum Systems, or MEL77-001374, Welding of 
Aluminum Alloy Components for Vacuum Systems, except as noted. 
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( 2. All components with surfaces which during assembly become 

( 

( ' 

~-

inaccessible shall be clean, free of particulate matter and maintainerl clean 
thereafter.. This applies to ·s·urfaG~S which face either vacuum or cryogen3. 
See Appendix A ~f MEL76-001333 for examples of proper cleaning procedures. 

3. Superinsulation used in the assembly shall be ~dequate to maintain 

the heat load ori the nitrogen liner (AAA78-l00514) and heads (AAA77-113510) 4 2 . . . . 
at less than 2.5xl0- w/cm ; and on the inner dewar (AAA77-lll292) and heads 
(AAA78-l03971) at less than lxlo-5 w/cm2• Outgassing of the superinc;ulation 
shall be such as to require reevacuation of the vacuum space no oftener 

than once every 6 months. 

4. An instrumentation harness is to be installed within the vacuum 
space (see AAA77-lll664 and A/\A78-107690}_during final assembly stages. 
The University retains the option to send a representative to the vendor's 
facility to supervise the installation of this instrumentation. 

5. Upon completion of assembly, the vacuum space of the assembly shall 
be evacuated using the means proposed by the vendor (see Section D) and 
approved by the University. The tank interior and LN2 shroud shall be cooled 
to liquid nitrogen te __ __mperature. Liquid collected will be removed. The interior 
of the tank and the LN2 shroud lines will t~en be pressurized to 60 psia 
maximum, 50 psia minimum with helium gas. During this p~riod, the vacuum space 
shall be monitored with a helium mass spectrometer. No leak in excess of:2xl o-9 

'atm-cc/sec will be_permitted. The tank will then be allowed to warm to room 
temperature. This entire sequence will be repeated for a total of 3 tests. 
This testing is to be done at the vendor's facility. 

6. Final testing with liquid helfum will be done by the University. 
The assembly must meet the above leak rate specification throughout this test. 

7. The vendor shall provide appropriate shipping protection so that 
at no time is the assembly subjected to accelerations in excess of 3 g 
(any axis). Accelerometers (of the go/no-go type) shall be installed at 
appropriate locations. 
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Vendors are invited to describe detail changes which do not impair 
dewar performance, interfaces, or quality of constructiont and which in the 
vendor's opinion, result in substantial cost savings. 

As an example, vendors may propose alternate means of supporting 
the inner dewar. The proposed support system should have the following 
minimum performance characteristics: 

Support 5 g loads in 3 principle directions; 
No adjustment required after initial alignment; 
Heat load < 2 watts total {room temperature to LHe); 
System effective spring constant KE greater than 105 lb/inch 

{the system as designed has KE ~ 1.8xl05 lb/inch). 

D. DOCUMENTATION PROVIDED WITH QUOTATION 

Vendors should include the following information in their 
quotations: 

1. Proposed deviations from the existing design {including, for 
example, changes in tolerances or materials). 

2. Proposed changes in major assembly sequences. 
3. Stages in the assembly at which in-process leak checks are 

planned. 
4. Type(s) of superinsulation to be used, and past experience by the 

vendor in achieving the unit heat load requirements. The method and degree 
of initial pumpdown of the vacuum space and long term vacuum maintenance 
characteristics should be included. 

E. POST-AWARD DOCUMENTATION 

The following information is to be provided by the successful bidder," 
at negotiated times following award, and is subject to University review and 
approval. Items 1-5 refer to MEL76-001333, Welding of Stainless-steel Components 
for Vacuum Systems. 

j 
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1. Detailed welding procedures {Para. 3.1-1). 
2. Detailed cleaning procedures (Para. 3.3.1). 
3. Detailed leak checking procedures {Para. 4.2. and 4.2.1). 

-
LLL wil1 retain th~ option to witness leak checks. 

4.- Detailed quality control procedures {Para. 4.3.). 
5. Method of shipment and additional fixturing and/or crating 

required to prevent damage to the assembly and to maintain cleanliness. 
See Paragraph 5 of MEL76-001333. 

F. UNIVERSITY SUPPLIED MATERIALS 

The following materials will be supplied by the University. 
other materials will be supplied by the vendor. 

ITEM DESCRIPTION SHOHN ON 

AAA77-108336 Tab-09 Bellows 77-111020 
AAA77-108336 Tab-11 Bellows 77-111673 & 

77-111672 
AAA77-108336 Tab-18 Bellows 77-111723 
AAA77-108336 Tab-19 Bellows 78-100516 
AAA77-108336 Tab-21 Bellows 78-100542 
AAA77-lll202 Diverter Valve Housing 77-111682 
AAA77-lll704 Tie Rod 77-113510 
AAA78-100544 Burst Disc Mod 77-113510 

Instrumentation Harness used on 78-107690 and on 77-111664. 
Deutsch Connector DM5324-37-P used on 77-111682. 
Cryolab Connector CB7-84-5F31 used on 77-113510. 

All 

QTY 

1 
2 
1 
2 
1 
1 
8 
1 

1 

1 

2 
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ADDITIONS TO MANIFOLD RFP (& P.O.) 

A. The vendor is to submit the following information with his offer. 

References are to MEL 76_-~01333, Helding of Stainless Steel Components 

for Vacuum Systems. All wel'ds in the system are to be in accordance 

with that specification. 

l. Detailed \'lelding procedures (para. 3.1.1) 

2. Detailed cleaning procedures (para. 3.3.1) prior to welding. It 

is additionally required that all components vrith surfaces vrhich 

during assembly become inaccessible shall be clean, free of particulate 

matter, and maintained clean thereafter. This applies both to sur

faces which face vacuum and face cryogens. Examples of proper cleaning 

procedures are given in appendix A of t~EL 76-001333. Vendors should 

describe in detail their proposed methods for implementation of these 

or comparable techniques. 

3. Detailed leak checking procedures. (para. 4.2. and 4.2.1). LLL 

will retain the option to witness leak checks. 

4. Detailed quality control procedures. (para. 4.3). 

5. Superinsulation is required within the assembly (see Dwg. AAA 71-lll7ZI) 
Vendors should describe the type of superinsulation to be used, 

its method of application, outgassing products and net rate while 

system is at both ambient and operating temperature, and thermal 

performance, i ncl udi ng effects of penetrations. A guaranteed 

maximum heat load for the superinsulation system is required. 

6. Vendors should describe proposed method of shipment and additional 

fixturing and/or crating required to prevent damage to the assembly 

and to mairitain cleanliness. See paragraph 5 of MEL 76-001333. 
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Further requirements are as follows: 

1. Upon completion of as~embly, the vacuum space of the assembly shall be 
. . . ··. ~-·-·. -5 

. evacuated to a pressure LlO torr. The manifold inner assembly 

shall be cooled to liquid nitrogen temperature. Liquid collected in 

the manifold \1/ill be rerroved. The interior will then be pressurized 

to 30 psia.with helium gas. During this period the vacuum space shall 

be rrx:mitored with a helium mass spectrometer. No leak in excess of 

2 x lo-10 atm-cc/sec will be permitted. The manifold \'lill then be 

allowed to \'tarm to room temperature. This entire sequence will be 

repeated for a total of 3 tests. This testing is to be at the 

vendo r• s faci 1 i ty. 

2. The vendor shall provide appropriate shipping protection so that 

at no time is the assembly subjected to accelerations in excess of 

3 g (any axis). Accelerometers (of the go/no-go type) shall be 

installed as. appropriate. 

~w,vm~ (.A.~ 1 
C. The University will provide all bellows, bayonets, solenoid valvesJand 

electrical connectors. All other components and material \'Jill be provided 

by the vendor. 
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STEEL COMPANY 
5524 ALCOA AVENUE- LOS ANGELES, CALIFORNIA 90058 

TELEPHONE 582-0611 

® ~OOuD!?O[E[ID uCE§u OO~r?CIDOOLr 
DUNS 00-796-4869 

PAUL ~1UELLER co SHIP TO 

PO BOX 828 1600 WEST PHELPS 
SPRINGFIELD, MO 65801 

SHIP TO SAME AS SOLD TO U"''LESS OTHERWISE NOTED 

~, B=E=R==!=rC=U=S':'T';:'O=M';:'ER:=''":'S=O:':R":'O';:'E;:"R ~N"":U;';M';:'B~ER:======r.O':::R~Of::':R~OA~T~E:===~~~~~:===r=P:-:A::R:T~IA~L~SH~I:P~M:E~N T:==ro:;==rl =;~fl. ~AT~~~~ . 

PO~ 2643 5-: l.~S Y.LE-. ..r:.--J--=:'..:o~"'.:..P.:.LE:_T:.:E~o•.:..:o:.:E:.:.:" _ __:D=.._J~It..:'.:'.~~£:_~r_ou• __ R"-E!l __ -=-----
-===~:!:-~==~====-:::=~-::-:-:=--::-.:-:::i~·,..u _ . _lCOl~- .i iA.a._ ~'w'.J .... y BAl... 0,. __l~ ·n2J~ .S!!JPt.AENT_~--.=,0.,._ _ __,. __ ·----- --- ~-- -· - --- ---- --------- ------- - ··- --

SIZE a DESCRIPTION •' 

MILL SOURCE COLOR 

C'f:' 316-L Ann Cond A ons 763n 
~fs··sf.53A AST'-! A-27E-75 

Crucible tpink & Bl~e 3/4 II So. AS~ SA-479 ASTH A-479-75 
CHEMICAL ANALYSIS 

}-
HEAT NO. c MN p Sl CR Nl VA AL SE Tl cu CB COB su 1 l I MO I I I 

~ J I I . ' I I 
1X90614 .015 1. E3 1.035 .0271 .33!17.35 1 l2.2R t2.10! I .25 ! 

PHYSICAL PROPERTIES 

' 

YIELD TENSILE I ELONG. 
RED OF 

STRENGTH ~. JN AREA .. .. 
LBS/50 IN·. LeS./SO. IN. IN.· 

-' I 
' 

I-... R4,5no 99,800 41.0 71." 
-

SUBSCRIBED AND SWORN TO BEFORE ME 

~ / >·:_:~\ 
THIS~ .16th ·, 

1-0RM TR·1 

~~~~~~ .. ~~----------------------

ROCK- 0 M M E HARGC::NABILITY 
WELL E A I I ;H; I BRINELL c c c M 

A B )o N 

217 

me 

R R i ,., R 
0 0 R 

B 

1 I 

I 
I 

I ()~ n_~ OK ! 

INTERGRANULAR CORROSION TESTS OK 
THE ALLEN-FRY STEEL CO. CERTIFIES THAT THIS IS A TRUE COPY 

OF THE ORIGINAL MILL TEST REPORT NOW ON PoOLE AND THAT THE 

SPECIALTY METAL COVERED BY THIS TEST REPORT WA.S MELTED IN 

A STEEL MANJF C::TURING FACILITY LOCATfD IN THE UNITED 

STATES OR ITS /P ;JSES/;Ofs L:.f' (_.,_/ {..'~J 
BY /'1. P~{ /'\. ~~ /f' 

AUTHORIZED CERTIFLCA'-110:-:N--:C:-w~-':::/-K:-------

I 
I 



.. .. --' 
PACIFIC TUB~ CO,f./\PAN·Y-

LBID> 208 r15521 Page 56 
• ·• I 

5710 Smithway Street 
Los Angeles, California 90040 C f/Jl ?-aSS" 

CERTrFICATE OF TESTS 
; j 

:ustomer _ ___:_ __ T..:...U.:...:I3.:...:E.:...:S~A.c::l:_::E~S-___________ _ Date December 27 .. 1973 .· 
pecification HILT 8808A Al'·lE:ID 1 J\NS 55760 & A~~S55_5]BPATCO Work Order No._l_6l43._ ______ _ 

Customer Order No ...... 3r"'"~-=4:.u6.!..<2'--'lul ______ _ 
, 

:heck Sheet No. ---'-1_,_7 4-'-'5:0..C6~--"1-=-9=-9-=--7 4...:....__--,-------------,---- Quantity 2.:~--4.5._..4_'....._7'_' -------

Item No.~----------

1.000 11 o.o. X .065" HA.LL ;i ze _____ ___:__;;__ __ .....;:_-"--~...:;_;_..::....::....___:_..;;_:,;_:::..=..__. ____ _ Analysis 321 . HELDED & DRA~IN TU.B_UF 

-he following mandatory or capability tests are certified as complying wlth specification requir~ments: 

\.CHEMICAL ANALYSIS: Ladle [X] and/or Check§ B. GRAIN SIZE: <See Below) 

HEAT NO. c· Mn p s Si tli Cr Mo Ti Cb & Ta Cu -' Pb 
' 

v .onlv .72 ,9. 88 !18. oo 636312 .040 1.68 I .017 v.32 .44 
CHECK .046-Y 1.7h .017· .010 .71 ..... 9.89./1 11 .99., .36 .44/ • 24 

<; ..,,-.: c -,o 
(,-

.241 
( 

j ~; ()} I 
HELTER· \Rit.CO t-I 

.. HARDENABILITY: 

JS- J8-. ___ J32=----

J5 =,___ __ J8 -::...__ __ J32 =----

:. MECHANICAL PROPERTIES: 

ULTIMATE YIELD POINT D' ,o 

STRE~JGTH (PSI) (PSI) ELONG 

90,260 ../ 51,720./ 55/ 
89,520 52,225 58 I 
90,360 J1(;. Ql-5 ~h 

~.~ 

. TUtESr tES 
~tHESE lbl. ~t;10RTS APPL ~ 

D :L:.•~- \"\ rLcut~~ 
p_ 0. r·~a(~-=t-- Pt.J .,. 
i?t~S't:6. st.- ~:Z~_X( D ; .. l 

. I 
h.: ~iSGE I~ ~~~ ,, 
"o \fE <'·t.:. . -_77< 

D. MAGNETIC PARTICLE INSPECTION: 

F/S Rating=-------

F/S Rating=--------

FOR HEAT fJO: 

F. ADDITIONAL REQUIREMENTS: 

ROCKWELL PHYSICAL 
HARDNESS Macro Etch So.uface Condi!ion 

I Micro Finish 
~ 

MANIPULATING 

Bend Test Flatlen Test 
.... Crush Test Reverse Bend 

Flange Test Reverse Flatten 

Flare Test x/ 

~. ; CHEf.l- r.IET .. 
Boiling HN03 Embrittlement 

Decarb. • Mic1o X Passivation Test 

i 

I 
tlQN-Q;:SIBUCII~E . 

Eddy Current Hydrostatic ., 
rhi~ to c~rtiTythat lhe-ahove-te-st-re~ufts are-c~1 ,,Jt 1e best of my knov1ledge and belief. vp 

~;a in 
:ze 

( 

~+ .1' 

' I 

r 
.-

..-
X I 

rx-.1 
t::= . 

PACIFI~~·\PA~Y 

~~ K,cf!~ 



' 

- --. 
I ' •• PACIFIC TUBE CO.N\Pt'tNY. . I 

JtBID 208 M5521 Page-57 r 

5710 Smithway Sheet 
Los A11..0cles, f:alifornia 90040 

' 

' ' C +/Jl ?-o0S (, 
CERTI'FICATE OF TESTS 

.·I 
~ j • .. f -·~ :..r 

:ustomer __ • ___ T_U_13_E_S_A_L_E_S ------~------ Date December 27, 1973 
···-·--

pecification HIlT 8808A AlqEi-10 1 J\t·lS 55760 & MlSSillG PA TCO Work Order No.1.6.143 _______ _ 

C us to mer 0 rde r No. u.3fiu.:\ -::.!4:LI6.u2~lul_:_ _ __::___::__.:___ 
~ 

:heck Sheet No. _ _:...1 !.-7 4-'-5,::..::6~-=-1-=-99=-7,_4=--..,.----------- Quantity 44.5-.;:x4_',L_Z_,. ______ _ 

Item No.,.L_ _________ _ 

ize _______ l_.o_o_o_•_•_o_._o~._x_.~0_6_5_ .. _HA_L~L~----- Analysis 321 HELD~D & DRA\IN TU.B.IK 

-he following mandatory or capability tests are certified as complying with specification requirements: 

1 CHEniCAL ANALYSIS· Ladle ~ and/or Check [Rl B GRAIN SIZE· (See Below) 

HEAT NO. c· Mn p s 

636312 .040 '/ 1 • 68 1.017 v .011 I 
CHECK. .046. 1.7h .017w • 010 I 

·S '.\llC... , 

.lli...._ ER • ~Rit.CO 

. HARDDJABILITY: 

JS -:,__ __ J8 = ___ J32 = ___ _ 

JS= J8= J32= __ _ 

. MECHANICAL PROPERTIES: 

UL TIII.ATE YIELD POINT · 
,. .. 

STRENGTH (PSI) (PSI) ELONG 

90,260./ 51,720./ 55./ 
89,520 52,225 i 58 
90,360 46,875 56 

Tl BESALES · 
dS~T ST REPORTS APPL , 

~uzd~~ TO - /1 LL/ ')' 

P. 0. NO._()-;-: -7 (L.nA? '(/_ 

SHIPPERS NO. f ·lt-/i---- ') ~ 

fOOTAGE (}""'/"/ . 
ntn /•.--/ . ......, / r 
-~·- 1../--' / /•:;,.L/ '/ _Cl 

hi tn rPrtifv th::1t th~ af)ove testresuUs arc 

' 

Si ~i Cr Mo Ti Cb & Ta 

.72).'9.88 118.00 ..,.32 .44 

.71 9.89.1117.99 .. .36 .44/ 

j 
j 

. I 
D. MAGNEl'IC PARTICLE INSPECTION: 

F/S Rating=-------

F/S Rating=--------

Cu I Pb 

.24f .24 

I 
FOR HEAT NO: 

' F. ADDITIONAL REQUJ REMENTS: 

ROCKWELL PHYSICAL 
HARDNESS Macro Etch S..r;face Condi!ion 

Micro Finish 
~ 

MANIPULATING 

Bend Test Flatten Test 

Crush Test Reverse Bend 

Flange Test Reverse Flatten 

Flare Test X v 
Cl::lEM -[lEI 

Boiling HN03 Embr ittlcment 
~ 

Decarb. • Mi c1o X fassivation Test 0\ ~ J i \ \ ') 

~ NON·D~TRUCI!YE 

Eddy Current .]_ Hydrostatic 

correct to the best of ;.,y knovtledge and belief. vp 

PACIFI~OMPAHY 

By. ~-

~rain 
:ze 

p+.l' 

-

.. r-
.--

--

.-
~~v 

~v 

.• - -·. •• • • '... ' ..... ..., • , • ' ':t • •• 
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~ I} .. J 

Paul Mueller & co. 

A . . J<)I-INSON & CO. INC. 
ANALYSIS AND QUALITY CONFORMANCE 

CERTIFICATE LBID 208 
M5521 Page 58 

-.;,-;-<:::--. 

SOLO ·1600 West Phelps 
Your Order No. 
marked for 2383 

4284 cs 
4/24/78 

TO 

SHIP 
TO 

Item 

1 

2 

3 

( 

Springfield, MO 65801 

SAME . 

MATERIAL DESCRIPTION 

Our Order No. 
Certificate date 

Your Order No. 
marked for 

Weight Lbs. Classification . Size and Form Heat No . 

26.6 316 ELC .035" X 25 # Spl. E 8163 

~ ~ 

~~ 
~ 

FERRITE was calculated by (1) Schaeffler Diagram 0 (2) Magna Gage 0 (3) Other 

CHEMICAL ANALYSIS is (1) Actual Weld Metal 0 (2) Typical Weld Metal 0 (3) Check Analysis kJ 

Lot No. 

Item c Sl MN p s CR Nl MO Cb TA cu Ferrite 

' 1 
.018 .34 1.89 .022 .010 18.81: 12.09 2 •. 31 .04 

2 

3 
. 

4 

MECHANICAL PROPERTIES arc (1) Actual Weld Metal 0 (2) Typical Weld Metal[] (3) Mill Analysis 0 
Item Tensile P.S.I. Yield P.S.I. % EL % A.A. Hardness 

1 

2 
I 

3 

4 

~worn and Subscribed before me this ........................... day of 

............................................................................ 19 ............. .. 

NOTARY PUBLIC 

SPECIFICATIONS 

I 

-
' 

We hereby certify that the above material has b~~·' 
tested in accordance with the listed spec!fications and 

con')[~'(} L~t "•"":JJ'';, .~ 
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\ 

PACIFIC TUBE COMPANY 
5710 Smithway Street 

Los Angelts, California 901}40 

CERTIFIC.'\ TE OF TESTS 

LBID 208 
,_lss21 Page 59 'r\ ,\:r 

J/ , 
;(I .r 

•\.. -.. ' 

stomer ____ TU_B_E_S_A_L_ES ___________ _ Date OCTOBER 27, 1977 

~ci fi cati on..__ _ ____:.M.:.::.I:.=L:..:_T --=8:.::8:..::0.:::8A~AM-=--=--=-:E N!.!!D~.'---.!..1 ....!.M~Ic!:l_._T -~B~6=0~6C.._-__ _ · P A ICO Work Order No. 81363 

N~END. l ~~S 5570J AND AMS 55570 Customer Order No. 7C-71811 

eck Sheet No. _ ____:0=9-=-5-=-54...:.:2=--------------- Quantity 522 1-)QII 

Item No • 
. . 

1.50011 0.0. X .065~ WALL :e-------~~~--=-~~~~~~~-------- Analysis 321 SEAM! ESS Ill BING 

e following mandatory or capability tests are certified as complying with specification requirements: 

CHEMICAL ANALYSIS: Ladle IX] and/or Check Q B. GRAIN SIZE: <See .Below) 

HEAT NO. c 

1588 .05 

HECK .05 

\ .. 
- "
HARDENABILITY: 

Mn p s 

1.58 .028 .011 

1.61 .026 .013 

JS=~--J8= ___ J32=-----

JS= J8= J32= __ _ 

MECHANICAL PROPERTIES: 

ULTIMATE YIELD POINT IJ& 
iTRENGTH (PSI) (PSI) E!..ONG 

7;395 39,495 60 
5,375 36,975. 62 
7,055 38,655 60 

.. 

lli ~w~m, 

~ Si Ni Cr Mo Ti Cb & Ta Cu Pb ram 
IZe 

.63 l 0.47 17.82 .25 .38 .07 7 

• 61 10.28 17.47 .24 .39 .11 

D. MAGNETIC PARTICLE INSPECTION: FOR HEAT NO: 

F/S Rating=--------

F/S Rating=------"'--

F. ADDITIONAL REQUI REM.ENTS: 

ROCKWELL PHYSICAL 
HARDNESS Macro Etch Surface Condition hk: . Micro Finish hk t 

MANIPULATING 
' . r--

Bend Test Flatten Test · .. bk ·,, 
\ Crush Test Reverse Bend . ·, 

bk t Flange Test Reverse Flatten 
- \ Flare Test hk : 

CHEM -MET 
r--

Boiling HNO, Embrittlement hk 

@rr"~ Decarb. ·Micro )k Passivation Test hk 

'~\«'11 W!J r:lOlH:lESIBUGil~E 
[k'_ Eddy Current n Hydrostatic 

is ic:: to certify that the above test results are correctto the best of my knowledge and belief. 

ceg 
·.· l 

PACIFIC TUBE COMPANY ._ ... , . .-. 

RECEiVED !!iJ? ~~ H77Ja-4//# _ ·_:·.,-___ _ 
. / ~.;~; >-: ~~~~-y~~l{-.7~::::::!3::::~_:::__ _ _:_ ___ ·_. -~-~ ~ ·_.,-_. ·_-:--· .. 

_- · :-)~~;::~:;_.::~ /: xrooot (o-zu-•) __ zl/._ 

. . .:~_:.· · . 



PACIFIC TUBE COMPANY ~ . 
.... ' 

5710 Smithway Street 
Los Angeles., Califor~ia 90040 

. LBID 208 - -. • · • . 
M5521 Page 60 

CERTIFICATE OF TESTS 

(,_ TUBESALES ;tamer ___________________ _ Date OCTOBER 11 , 1977 

ci ficati on_.,---__ M_Il_T_-_88_0_8_A..:..., _A_M_EN_D_._1 _M-'-I=L T-'-. -.....:8..c:..6...::...06""'C'--- PATCO Work Order No._...:::8:...:..1.=.27:....:8::.___. -------"--

AMEND. 1 TYPE 1 AMS 5570J AND AMS 5557D Customer Order No. _7._,C.._.:.._._7~1....,25..,8.._ ____ _ 

ck Sheet No.-~_0_99_8_4_3 ____________ _ Quantity 408 1 -07" 

Item No._-L------~---

1.000" O.D. X .065r. WALL Analysis 321 SEAMLESS TUBING 

fo~lowing mandatory or capability tests are certified as complying with spec'ification requirements: ·. 
:~EMICAL ANALYSIS· Ladle KJ and/or Check [!} . 

•. 
B. GRAIN SIZE· (See -Be:ow) 

O:ATNO. c fl.n p s Si Ni Cr Mo n Cb & Ta Cu Pb ~rain IZe . 
51678 .04 1.73 .022 .006 .67 10.53 17.86 014 .46 .05 7 

' 
:HECK .04 1.76 .023 .008 .69 10.35 ·17 .42 .• 15 .49 .06 

-
I 

~i:.NAB!UTY: D. MAGNETIC PARTICLE INSPECTION: . FOR HEAT NO: 

J -::..__ __ J8 -___ J32 =---- F/S Rating=-~-~----

i==-----J8- J32 =·----'- " F/S Rating=----------

~CHANICAL PROPERTIES: F. ADDITIONAL REQUIREME.NTS: 

ULTIMATE YIELD POINT % ROCKWELL PHYSICAL 
.~ENGTH (PSI) (PSI) ELONG HARDNESS Macro Etch Surface Condition bk 

Micro Finish bkl 
6·, 170 40,425 60 MANIPULATING 

bk 8,510 41,485 58 Bend Test Flatten Test 

3,400 38 ,295' . 64 Crush Test Reverse Bend 

.. Flange Test bk Reverse Flatten 
. Flare Test bk 

C!::lEM MET 

bk 

&~ ~~@~ 1~~l{1 
Boiling H"!O:s Embr ittlement 

~ 
Oecarb.-Micro ~k Passivation Test tlk 

t:IO~·DESIBL!CDYE 

Eddy Current Hydrostatic bk 

is to certify that the above test results are correct to the best of my knowledge and belief. 

(i (/ 0~ ceg 

L.l.d d 7-JJ-L-fa RE c f I v [ () FEB 0 3197PACIFIC TUBE COMPANY ~ 
. /ut)-?-v~ · · ~, ...... :::::::::;:\-~~_,..~=:=:_=_~-

. By ~-~ 
• ' .JO:P•oeat (~ate-tl t!n 



.· ,.· 
.· '"· 

-~r~:. ~ •.: 

·· .. "";• .... 

·-
Macro Etch 

Micro Finish 

Bend Test 

Crush Test 

Flange Test 

Flare Test 

Boi I ing HNO 3 

Decarb. ·Micro 

Eddy Current 

.... iii r-~r 

. -·..:··· 
.. _ FORHEAT NO:· . 

'c._·; PHYSICAL: . 
Surface Condition 

MANIPULATING 

Flatten Test 

Reverse Bend 

Reverse Flatten 

'CHEM MET 

Embrittlement 

In~ Passivation Test 

. NON-DESTRUCTIVE 

Hydrostatic 

':< •. ·. 

.. ~ .... 

PACIFIC TUBE COMPANY.: 

··~ . 

' ...... ~ -
... .,·• .. ~ 

- !, 

--~ t:] --. 
. " ... 

i 

i 
-~. r--

lolc 

---~ 
!nlr. 

~~~-~;.~~-.·~ ... ~. 1 

·\ ._£_ .. _ -_d_.·.~~-;2_-:_~~---~-~~~>_--;·. ~ --·.~--~ >~-~- -· 
•·;-~~:~~-~~-~~~>L..L-=;~-=---=:_ ______ _;_ __ 

.• ... ··-:. XPOOet (Q·llf••l) Z/7! 

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



----------~-----··-...1.---·---·-···-~--------L--'---·--J ---·------ . I 
··> 

ALLEN-FRY STEEL C 0 M P A.N Y 
5524 ALCOA AVENUE- LOS ANGELES, CALIFORNIA 90058 

TELEPHONE 582-0GII 

· · No. 0 4 778 8 
LBID 208 

M5521 Ps~~sfbt796-4ass lrY~D 
PAU.L- MUELL& C[~;Ir~(/Orn:[D) ·lfrn:~~J£3)~~@[ffilf ---~----

• 

( 
1600 WEST PHELPS 
SPRINGFILED, MISSOURI 65801 

- ''·-.:.:'-. 

S~IP TO SAME AS SOLD TO UNLESS OTHERWISE NOTED 

~ 

~ 

' 

ORDER DATE ENTERED BY PAQ'!'"t.Al SHIP~(NT 

----

MILL SOURCE COLOR 

Crucible 1rink & Blue 3/4 II Sn. 
-CHEMicAL ANALYSIS 

HEAT NO. c I MN j p su 1 s1 1 CR Nl I MO VA 

X90614 .• 01511. 63,.035 .02~ .33Tl7.35 
1.-

12.2R 2.10 

YIELD 

HfW TR·I 

TENSILE 
~TRENGTH 

PHYSIC.~L PROPERTIES 

·- -- -
SIZE a DESCRIPTION 

CF 316-L ·Ann 
A.'-~s 5f53A 
AS!-'£ SA-479 

AL SE I Tl 

l 

--- -

l 
r.ond A nns 76Jn 

j ASP~ A-27f-75 
ASTI-~ A-479-75 I 

I cu l CB i COB i 

I. 2s I l I -
I I 

' 

l 
I 

.. ~' 



\ __ 

TO: 

.. --~~-; ·-·· ··-·· ..... _ ............ . 

W A S H NGi ON. P E N N S Y l V A ~· 

CERTIFICATE-OF ANALYSIS 
- - -

-C· 

,p~- - .:-····-·-· ... :- ~J:..-~·">.::-

A :; 3 0 

CA~£ __.__......:..:..:_...___~:__._ ____ _ 

:i;;l 0 =: .c ~ ::-- ---~-\__,._ ___ ... _____ _ 

;... . . . ~·-
-------=-~~~~---~~.._....t..._ ___________ _ ---- -------

-.. -· -
------~----'-----_..___:-.~-------~---- c:~i~""' --------------------

~ .. 

..... - ~ - --' 

'\) 

-, 
~.;. 19)31 

.02C 

CHEMiCAL ANALYSIS 

s. s .. 

. ·- -'· 7 4. -~ . -

t -... - __ 1 - ...... ::: ... 

Cr . ·. 

~ - - -. .t • -
•...;•~...) 

., 
{-

~---~--y--_ ----·'--·--------

~ ~~ 

·"-! rf.•.-
.- •; -· .... '· 

-· . . ' 

.' 

PHYSICAL PROPERTIES 

-;~~.A.)£ 

____ ., ___ ........ _ --~.:....-·---·--·"-· -'%..-.:.-1! 

....... ..,.. .,... -- -··~'.fl~?t""\'·' .. _; -· .:· ~- ' ':. ,, . u . 
~ i ~c-.:< ~. (. .. ;:. AT~ 0 N 

! 

~OC!'<'M"E;_!.. 

..;""'~=~=:s 

"'' - ·t ·~-

CLS~N 

C~? TEST 

~~---------~-----------4~---------------------~--------------L----

. "'•. ·---- __ (_/~i~? --------
'""' /__, . -- : .. ; . .... / / -.:; 

·------' -· __ , ___ ,_.f. --- ,. 

--- /' 
- .7...:'?:-~c-~'::'::-::t...=.' ___ :::~:..-·"'··-'"'.-A::.':,'_ --

--;--"---' 
j 

: f-:e,.cby :e:: ify !'-.:! ~~~ c:=:·;e fi:;t.:r-es =~e -:orrect 

':Z cc:1t-::~--:~C :r: !he !"~cc:::s of th~· (:::!"p:r::tio:-:. 

~L: . 

..... - . '- -



., 
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LBID 208 
M5521 Page 64 

l?.AUL 1.1\I.I:UELLER I 001\I.J:·l?.AN-y" 

P.O. BOX·828 I SPRINGFIELD. MISSOURI U S.A. 65801 

TELEPHONE,(4171865-2831/CABLE MUELLER/TELEX 43-6427 

Date: July 7, 1978 

Lawrence Livermore Laboratory 

University of California 

Livermore, California 94550 

Attention: __ M_r_._L_a_r_r_y.:....·_V_a_l_b_,y'-------

Subject: Your Order No.: __ 3_5_0_2_2_0_2 ____ Our Order No.: ____ T_-_12_2_6:--------

Gentlemen: 

We are pleased to enclose the following reports pertaining to the above order: 

D ASME Manufacturer's Data Report 

D ASME Manufacture.r's Partial Data Report 

D Certificate of Compliance 

D Certified Copies Milt Test Report· 

~Other: _____ V_e __ s_s_e_l __ T_e_s_t __ R_e~p~o_r_t_-'--P~a_n_e~l_s~7~-~l~O __________________ _ 
Panels 17-20 

Thank you very much for your order. 

Enclosure(s) 

DCH:jc 

avid C. H;>< v y '7 
Sa~es Manager 
Mueller Temp-Plate 

REF: NO. S.O.P. 61-3 (1/76) 0-322 

eFARM MILK COOLERS 

e FOOD, BEVERAGE. CHEMICAL & 

PHARMACEUTICAl.PAOCESSING EQUIPMENT 

eTANK HEADS & HEAT TRANSFER SURFACE 

e STEEL PRODUCTS FOR THE CONSTRUCTION INDUSTRY 
~ESOOENTOAL- e·· AWARD FOR AN OUTSTANOoNG CONTROBUTOON TO THE EXPOR.T EXPANSOON PROGRAM OF THE U.S.A. 



1 

2 

3 

ROUTING 

N•me lnrti.l o .. u 

P~=LI~=ELLERjco~P~=Y 
P 0. BOX 628/5PRINGF!ELO. MISSOURI. U.S.A 65601 

Work Order No. J J ;A ?,. {tJ 
~, . a 

Item Tested ~ 14,_, ;:._. ; ~ 

Type of Test: 
Penetrant: 

Flourescent 0 
Color-Contrast 0 

• Hydrostatic 0 
• Pneumatic 

"Immersion 

D 
D 

"Halogen 0 
"Othe7!Jf\.-«- dr~ 

" Test Pressure psig 

VESSEL TEST REPORT 

Gauge Calibrated ----------
(Date) (By) 

Remarks:. 

~ 3X ;o-'1,. 
5. ~ 

Statement of Test 

LBID 208 
M5521 Pa·ge 65 

The above item was subjected to the above test and accepted. 

V~-- (Al7ZJ ~P"-'--
Srgnature of Observer 

~ -·:2 o-?o 
Date of Test 

NOTE: This form is completed by the person performing the above test and routed to Quality Assurance Department.. 

(11176) 0-545 



1 c 2 

3 

( 

-

ROUTING 

Name 

Type of Test: 

* Test Pressure 

lnit~l Date 

P~uLI~uELLERico~P~N~ 
P. 0. BOX 828 / SPRINGFIELO. MISSOURI. U. 5. A 65801 

··;.., 

VESSEL TEST REPORT 

Penetrant: 

Flourescent D 
Color-Contrast D 

" Hydrostatic D 
" Pneumatic D 
* Immersion D 
"Halogen D 
* Othe~,~__._., 0vF~ 

. "' 
psig 

Gauge Calibrated 
(Date) (By) 

• Statement of Test 

The above item was subjected to the above test and accepted. 

LBID 208 
M5521 Page 66 

Signature of Observer 

G- z;~_7F 
Date of Test 

NOTE: This form is completed by the person performing the above test and routed to Quality Assurance Department. 

(11/76) 0-545 



1 

2 

3 

• 
ROUTING 

Name Initial Date 

F~ULI~uELLERico~F~N~ 
P. 0 BOX 828 /SPRINGFIELD. t.o!ISSOURI. U 5. A 6~801 

VESSEL TEST REPORT 

Type of Test: 
Penetrant: 

Flourescent D 
Color-Contrast D 

* Hydrostatic D 
*Pneumatic D 
* Immersion D 
* Halogen D 

* Test Pressure------- psig 

Gauge Calibrated ----------
(Date) (By) 

Statement of Test 

The above item was subjected to the above test and accepted. 

LBID 208 
M5521 Page 67 

Signature of Observer 

Date of Test 

NOTE: This form is completed by the person performing the above test and routed to Quality Assurance Department 

• 
(11/76) 0-545 



c 

c 

( •c/: 
~ 

1 

j 2 

3 

ROUTING 

Name Initial Date 

LBID 208 
M5521 Page 68 

PAUL,~UELLER,CO~P~NY 
P. 0. BOX 828 / SPRINGFIELO. MISSOURI. U.S. A. 65801 

Type of Test: 
Penetrant: 

Flourescent 0 
Color-Contrast 0 

* Hydrostatic 0 
* Pneumatic 

*Immersion 

0 
0 

*Test Pressure _______ psig 

VESSEL TEST REPORT 

Gauge Calibrated ----------
(Date) (By) 

Remarks:_ A -/!-- , J- .:...L. -/-
ScaJ}; 'l(J/J- cz ~#--4 J.s ~ S~f;;,:J !L~-:/ 'I 

Statement of Test 

The above item was subjected to the above test and accepted. 

Signature of Observer 

b- ~-z~ 7( 
Date of Test 

NOTE: This {ann is completed by the person performing the above test and routed to Quality Assurance Department. 
• 

(11/76) 0-545 



1 

2 

3 

ROUTING 

Name lnihal Date 

PA~L~~~ELLER)co~PA~~ 
P. 0. BOX 828 /SPRINGFIELD. MISSOURI. U.S. A. 6~801 

VESSEL TEST REPORT 

LBID 208 
M5521 Page 69 

Work Order No. TJ;A h-(~ f:f / fcustomer ~~Cf ~-
Item Tested &Jd.~j ~~ /0--rd} 

Type of Test: 

J' (I 

Penetrant: 

Flourescent 0 
Color-Contrast 0 

* Hydrostatic 0 
* Pneumatic 0 
*Immersion 0 
*Halogen 0 
*Other )'}/CA-.;.1)?~ 

*Test Pressure------- psig 

Gauge Calibrated ----------
(Date) 

Statement of Test 

The above item was subjected to the above test and accepted. 

(By) 

S1gnature of Observer 

Date of Test 

NOTE: This form is completed by the person performing the above test and routed to Quality Assurance Department 

(11/76) 0-545 



1 

( 2 

3 

( 

ROUTING 

N.ame lni1~1 o.ue 

F.A..UL I·:N.I:UELLER I CO:N.I:F.A..N"Y 

P 0. BOX 828/ SPPiNGFI(LO. I••IIISSOURI. U.S.A 6~801 

VESSEL TEST REPORT 

Work Order No.l J ~ ~ (p 

~ ·o· Item Tested <(.k--4C 

· Type of Test: 
Penetrant: 

Fl ou rescent 0 
Color-Contrast D 

* Hydrostatic 0 
* Pneumatic 0 
*Immersion 0 
*Halogen 0 
• othe-;m 1\.d ~~ 

• Test Pressure psig 

Gauge Calibrated 
(Date) (By) 

Remarks:. 

LBID 208 
M5521 Page 70 

~~ 
/. 4 

~ er--n~ rJ.-1 ~1;.,~:1 ,...l' f.r_l!,_~.<'">J" _,(_f:._tv',-J1:.:!-

I /f\ - ~ I 
l'~_L/ , 

Statement of Test 

ol:.~JJ.c! ft.J- 1 /, 3 /!d...- 1)0-<--

The above item was subjected to the above test and accepted. 

. D~L w 721 (?;.-/~ 
(J Signature of Observer • v 

Date of Test 

NOTE: This form is completed by the person performing the above test and routed to Quality Assurance Department 

(1 1/76) 0-!>45 



I ' 

I 
I 
11 

2 

13 

\.._ 

ROUTING 

Name 

Type of Test: 

"Test Pressure 

lni'li.al Date 

PA~L~~UELLERjco~PAN~ 
P. 0 BOJ\ B28 J. SPRINGFIELD. '-41550URI. U.S A. 6~801 

VESSEL TEST REPORT 

Penetrant: 

Flourescent 0 
Color-Contrast 0 

"Hydrostatic 0 
" Pneumatic 0 
"Immersion 0 
" Halogen 0 
• othel?7~ _)-.-!(~ 

psig 

Gauge Calibrated 
(Date) (By) 

Remarks:_ 

LBID 208 
M5521 Page 71 

~ 3 X /0 · 'f l ~ {."'-~ j . : /_,j ~/" A.r A~,= .JJ:.,..,~1J 
2. D @J--a.fVL a 'j-__ f'/'--J),r-/ D.:A-.4. / 2. {) J.f-L-11~ 

Statement of Test 

The above item was subjected to the above test and accepte 

Date of Test 

NOTE: This fonn is completed by the person performing the above test and routed to Quality Assurance Department 

(11/76) 0-545 



1 

( 2 

3 

( 

... 

ROUTING 

N11m~ lnrti.al 0J~1e 

FA.UL I MUELLER. I c·o:rvrFA.N"Y 

P.O. BOX: e28/ SPRtNGf'lELO. Mt550URI. U.S.A 6~801 

VESSEL TEST REPORT 

W~rk Order No.l /.6 ?.. (o 

Item Tested ~ ..£.,. :c,O 
I 

Type of Test: 
Penetrant: 

Flourescent 

Color-Contrast 

" Hydrostatic 

" Pneumatic 

" Immersion 

"Halogen 

D 
D 
D 
D 
D 
D 

"Othe7!J~ Jr~ 
" Test Pressure psig 

Gauge Calibrated 
(Date) 

Remarks:. 

~. 3X ;o-r: J 'l."'~· 

;o-s ' 

Statement of Test 

The above item was subjected to the above test and accepted. 

(By) 

t;_J- I J- /) 

LBID 208 
M5521 Page 72 

/k-11~ 

~wm~ 
Signature of Observer ;-

~-22..-'/y 
Date of Test 

NOTE: This {onn is completed by the person performing the above test and routed to Quality Assurance Department. 

(11/76) 0·545 



1 

2 

13 

ROUTING 

Name lni't'-1 Date 

P~UL,~UELLERjCO~P~N~ 
P'.O. BOX 828 /SPRINGFIELD. MISSOURI. U.S.A fa!\1101 

'· ···. ·, .~ 

VESSEL TEST REPORT 

Type of Test: 
Penetrant: 

Flourescent 0 
Color-Contrast 0 

• Hydrostatic 0 
• Pneumatic 0 
• Immersion 0 
• Halogen 0 
*Othe~ 

• Test Pressure------- psig 

Gauge Calibrated ----------

Remarks:_ 

~ 
/. Q 

Statement of Test 

(Date) 

The above item was subjected to the above test and accepted. 

(By) 

LBID 208 
M5521 Page 73 

ArA~~'Y)~ JJ:_~1:f 
, w /./l-11~ 

S-J_- 7~. 
Date of Test 

NOTE: This form is completed by the person performing the above test and routed to Quality Assurance Department. 

(11/76) 0-545 



1 

( 2 

3 

(~_: 

ROUTING 

N1me lni'l~f Date 

PAULI~uELLERjco~PANY 
P. 0. BOX 828 / SPRINGFIELD. MISSOURI. U.S. A. 65801 

'"'··· VESSEL TEST REPORT 

Type of Test: 
Penetrant: 

Flourescent 0 
Color-Contrast 0 

• Hydrostatic D 
• Pneumatic 0 
• Immersion D 
• Halogen D 
•othe7J2~~ 

• Test Pressure _______ psig 

Gauge Calibrated ----------

Remarks:. 

~ 
L fo 

(Date) 

I . -

Statement of Test 

The above item was subjected to the above test and accepted. 

' 

(By) 

LBID 208 
M552l Page 74 

~~0Jm~~ 
~- 3-7 r 

Date of Test 

NOTE: This {ann is completed by ·the person performing the above test and routed to Quality Assurance Department 

(11/76) 0·545 



1 

13 

ROUTING 

N1me lnit~l o.te 

PAUL I lv.!:UELLER.I COlv.!:PAN"Y 

P. 0. BOX 828 /SPRINGFIELD. MISSOURI. U.S. A. 8~801 

. 

VESSEL TEST REPORT 

Type of Test: 
Penetrant: 

Flourescent D 
Color-Contrast D 

" Hydrostatic D 
"Pneumatic D 
"Immersion D 
"Halogen D 
" Othe7!Jo-# dr~ 

"Test Pressure------- psig 

Gauge Calibrated ------,.-------
(Date) (By) 

Remarks:_ 

kA 
/, (o 

Statement of Test 

The above item was subjected to the above test and accepted. 

LBID 208 
M552l Page 75 

Signature of Observer V 

Date of Test 

NOTE: This form is completed by the person performing the above test and routed to Quality Assurance Department 

(11/76) 0-545 



/ 

1 

( 2 

3 

( 

ROUTING 

Nome 

Type of Test: 

• Test Pressure 

lnit'-1 O•te 

Penetrant: 

· Flourescent 

P~~L~~~ELLER)co~P~NY 
fi'. 0. BOX 828 / SPAINGFI[LO. MISSOURI. U.S. A. 6~U,01 

VESSEL TEST REPORT 

0 
Color-Contrast 0 

• Hydrostatic 0 
• Pneumatic 0 
• Immersion o· 
• Halogen D 
• OthellJI># ~ 

psig 

LBID 208 
M5521 Page 76 

Gauge Calibrated 
(Date) (By) 

Remarks:. 

~ 
/, lo 

3 X I(J w 'I : J ~.~~ J . ~-j;,_J ~/ h.r.JZ;AYY\ .J~IYJ--R~ 
. M Q:fVL 'A r.~J2, c~ M-.:1 1 t. ta m- 110-<.--

,~-

Statement of Test 

The above item was subjected to the above test and accepted. 

9¥-- uJ m,.,..~ 
· Signature of Observer V 

~ -3-7 ~ 
Date of Test 

NOTE: This fonn is completed by the person performing the above test and routed to Quality Assurance Department 

(1 1/76) 0-545 



1 

' ,.s 

ROUTING 

Nome lni1W.I Date 

LBID 208 
M5521 Page 77 

PAUL l:rv.ruELLER I co:rv.rPA.N"Y" 

~.0. BOX 828/ SPRINGFIELD. MISSOURI. U.S.A. 85801 

. VESSEL TEST REPORT 

Work Order No./ ) ~ ~ /.o 
~. '0 

Item Tested ~Lu (, 

Type of Test: 
Penetrant: 

Flourescent D 
Color-Contrast D 

• Hydrostatic D 
• Pneumatic D 
• Immersion D 
• Halogen D 
• Othe7J2(}-d ~ 

• Test Pressure _______ psig 

Gauge Calibrated ----------
(Date) (By) 

Remarks:. 

~ 
/./ 

3 X /() -9 / ~ ~ J . ~-1;,_-tf ~./ br JZ;AY>~ -fJ:.~1J-
{5k;t a:Q!L o r_!hJ.Lcl uJ 1 L I 1/l- 11~ 

I 
~~o-.s 
i 

Statement of Test 

The above item was subjected to the above test and accepted. 

Q~&wm~ 
S1gnature of Observer 

~-s- ... 7cr 
Date of Test 

NOTE: This {ann is completed by the person per{onning the above test and routed to Quality Assurance Department. 

(11/76) 0-545 



1 

c 2 

13 

( 

ROUTING 

Nome Initial D1te 

PAUL,~UELLERjCO~PANY 
P. 0. BOX 828 / SPRINGFIEL_O. JrottSSOURI. U.S.A. 6~801 

VESSEL TEST REPORT 

Work Order No.f J 6 ~ {o Customer~ 
. -f ~ ' 0 lf /)• . 
ltemTested_,~ -1~ 

Type of Test: 
Penetrant: 

Flourescent D 
Color-Contrast D 

• Hydrostatic D 
• Pneumatic D 
• Immersion D 
• Halogen D 
• Othe7!Jr>M- }r_~ 

• Test Pressure psig 

Gauge Calibrated 
(Date) (By) 

Remarks:. 

LBID 208 
M5521 Page 78 

~ 3 X Ltr '1 , J ~- J ~i;,J ,./ h.rJZ;_,= ./;Y ... 0.RJ 
I. a. &irj)!L "r.~Jlcf- DJ-' ;. ~ /k-1M-<.,. 

;~/().-5. 

Statement of Test 

The above item was subjected to the above test and accepted. . 

. ~4)/YJ~~ 
Signature of Observer II 

l:~; (t, - s- 7 y 
Date of Test 

NOTE: This form is completed by the person performing the above test and routed to Quality Assurance Deparbnent. 

(1 1176) 0·545 



1 

~ 

ROUTING 

N1me 

Type of Test: 

Initial O••e 

PAUL,~UELLERjCO~PA~~ 
P'. 0. BOX 828 /SPRINGFIELD. Jro415SOURI. U.S. A 65801 

Penetrant: 

Flourescent 0 
Color-Contrast 0 

• Hydrostatic 0 
* Pneumatic 0 
*Immersion 0 
*Halogen 0 
•othe7l2~~ 

VESSEL TEST REPORT 

LBID 208 
M5521 Page 79 

*Test Pressure------- psig 

Gauge Calibrated ---------
(Date) 

; 

Statement of Test 

(By) 

oi .~:tu.f d h.rJZ:UYn -f;J!_~V 
-uJ I II 2 1/l- 1/CJ-<.., 

The above item was subjected to the above test and accepted. 

f)¥-- 4) 'th ~ 
Signature of Observer" . 

5-s- 7 ~ 
Date of Test 

NOTE: This {onn is completed by the personper{onning the above test and routed to Quality Assurance Department 

(11/76) 0-545 



1 

2 

) . c 

c 

·--~ 
. 
-

ROUTING-

Nome 

Type of Test: 

"Test Pressure· 

lni1ial D•te 

PAUL,~UELLERjCO~PA=~ 
P.O. BOX 828 /SPRINCF'I£LD. MISSOURI. U.S.A. 6~801 

. 

VESSEL TEST REPORT 

Penetrant: 

Flourescent D 
Color-Contrast D 

• Hydrostatic D 
"Pneumatic D 
"Immersion D 
• Halogen D 
• Othe71JOAA Jr~ 

psig 

Gauge Calibrated 
(Date) (By) 

Remarks:. 

LBID 208 
M5521 Page 80 

Jb.A 3 X 10 · ",.. J t:v'· c-1· •• ;t,J ¥ fv,;Z:u_,_,.., J:.f_~J-
1, 4 . @4 (-rYL. o. J:J0J2~ c/ Ud- /. 0 /!l- 1JtH._., 

~/()-~ 

Statement of Test 

The above item was subjected to the above· test and accepted. 

. ~4,n,~to?!2.~ 
Date of Test 

NOTE: This form is completed by the person performing the aboi)C test and routed to Quality Assurance Department 

(11/76) 0-545 



1 

2 

,) 

l_· 

ROUTING 

N•me lni1WI Date 

P.A."U"L I JM:"U"ELLER.I COJM:P.A.NY 

P. 0. BOX 828 /SPRINGFIELD. MISSOURI. U.S. A. 65801 

VESSE;L TEST REPORT 

Type of Test: 
Penetrant: 

Flourescent D 
Color-Contrast D 

* Hydrostatic D 
*Pneumatic D 
*Immersion D 
*Halogen D 
* Othe7!Jt\.d ~ 

*Test Pressure psig 

Gauge Calibrated 
(Date) (By) 

Remarks:_ 

~ ..3 X I{F 'I I J ~ ,1 .t:i;,j ?/ 
.. :A . @y;;t7~ o.r~JJLrf UJ . 
;~ /f)-S 

Statement of Test 

The above item was subjected to the above test and accepted. 

LBID 208 
M5521 Page 81 

brfJ»-(Yn -f:.i:_.~1J-

{J, 1/d.-~ 

{)~'~'~ 0 m~ 
Signature of Observer 

s--/2-7%-
Date of Test 

NOTE: This form is completed by the person performing the above test and routed to Quality Assurance Department. 

(11/76) 0-545 



1 

2 

3 

(_ 

ROUTING 

Nome 

Type of Test: 

• Test Pressure 

lni'l'-1 D•t• 

P~UL,~UELLER,CO~P~N~ 
P'. 0. BOX 828 / SPRtNGFI£LO. MISSOU"I. U.S. A. 11~801 

v"E:SSE-L TEST REPORT 

Penetrant: 

Flourescent D 
Color-Contrast D 

• Hydrostatic D 
• Pneumatic D 
• Immersion D 
• Halogen D 
• Othe-:1J2~ .Jr._~ 

psig 

Gauge Calibrated 
(Date) (By) 

Statement of Test 

The above item was subjected to the above test and accepted. 

LBID 208 
M5521 Page 82 

Qk.&-=»?W~ ~ Signature of Observ~ 
S- /{p-7 ~ 

Date of Test 

NOTE: This .fonn is completed by the personperfonning the above test and routed to Quality Assurance Department 

(11/76) 0-545 



ROUTING 

N1ma lnft i.ll Date 

2 

P~ULj~UELLERjco~P~~~ 
P.O. BOX 1!128 /SPRINGFIELD. NISSOURI. U.S.A 65801 

LBID 208 
M5521 Page 83 

( 
~--- . 3 

~------------J---~~ 

l__ 

tr~Mt• 
~ 

VESSEL TEST REPORT 

Type of Test: 
Penetrant: 

Flourescent D 
Color-Contrast D 

• Hydrostatic D 
• Pneumatic D 
• Immersion D 
"Halogen D 
*Othe~ 

* Test Pressure psig 

Gauge Calibrated 
(Date) (By) 

Remarks:. 

~ 3X /tJ·", ~ 'J:'& ~ .,c:i;v.:l 7 &.fJ..:u= __/;.&,..,1.;/
/. o . My~ qr~JJ-c/ -uJ /. o J!l_.1~ 
~ 1()-s 
I 

Statement of Test 

The above item was subjected to the above test and accepted. 

Q~u2m~ 
Signature of Observer 

Date of Test 

NOTE: This fonn is completed by the person performing the above test and-routed to Quality Assurance Department. 

(11/76) 0-545 



1 

2 

3 

( 

ROUTING 

Name lni1'al Date 

PA.UL llii.[UELLER I COlii.[PA.NY 

j._ 0. BOX 828 /SPRINGFIELD. MISSOURI. U.S. A. 6~801 

VESSEL TEST REPORT 

Work Order No.f J :A 2. fJ, . Customer ~ 
ltom Tmod :L,4M -j} n ~ 
Type of Test: 

Penetrant: 

Flou rescent D 
Color-Contrast D 

"Hydrostatic 0 
• Pneumatic D 
• Immersion D 
• Halogen D 
• Othel!J rr-4-~ 

• Test Pressure psig 

Gauge Calibrated 
(Date) (By) 

Remarks:. 

LBID 208 
M5521 Page 84 

kA 3X JO•'f, j 7:'"'· J ~1;,j ,./ br~;,-.,-, _./;.f.t>-N1t:f. 
. @J-a-0/l. o.J--.kJ2-rf uJ 1. 0 ~-11~ .4 

Statement of Test 

The above iterry was subjected to the above test and accepted. 

Q L0m~ ~ Signature of Observer 

Date of Test 

NOTE: This {onn is completed by the person performing the above test and routed to Quality Assurance Department. 

(11/76) 0-545 



I 
I 

1 

, 

I J 

ROUTING 

Name ln.tial Date 

l?.AUL I ~UELLER I CO~l?.ANY" 
P. 0. BOX 828 f SPRINGFIELO. MISSOURI. U.S. A. 65801 

VESSEL TEST REPORT 

LBID 208 
~15521 Page 85 

Work Order No._T.L__-.!....1.::....2-_.l.:......_=~'---• --Customer L a w ten e. e Ll" Ve tm ~,... .. La ,bs; 

Item Tested_.L~H~,~-='~&-~jel..J .a._8"____L3.LI~b'._,!;k!!!:...._--4P~A=':f-Llu~e'..J.L~...LA::.L....J,£~S_,,YL-..S)..._ ______ _ 

P lr#el.r 
I 

;;fF /rt ~ 
Type of Test: 

Penetrant: 

Flourescent 0 
Color-Contrast 0 

* Hydrostatic 0 
* Pneumatic 0 
*Immersion 0 
*Halogen ~ 

*Other 0 ;V/rro G e/} 1- rr e oh 

*Test Pressure __ $......__,a~O::::.__ __ psig 

Gauge Calibrated ---------
(Date) (By) 

Remarks:. 

Statement of Test 

The above item was subjected to the above test and accepted. 

Date of Test 

NOTE: This form is completed by the person performing the above test and routed to Quality Assurance Department 

(11/76) 0-545 



1 

2 

j3 c 

( 

ROUTING 

Name Initial Date 

Work Order No. LJ 6, ~(, 

PAUL,~UELLERICO~PA~Y 
P. 0. BOX 828 / SPRINGFIELD. MISSOURI. U. 5. A. 6~801 

VESSEL TEST REPORT 

LBID 208 
M5521 Page 86 

Customer ". "\ ll4l~ •NC rr Lt Ui! -eM oh- ).. g 8~ 
Item Tested __ ft~'=.Jf'4riJIJOlJ.L~~~f~·CI!!§·_.\c...._=:-~.3"""'' ~Z-1--L<!Juil..Jw(d_~S"'--~------.:___-__ _ 

I 

Type of Test: 
Penetrant: 

Flourescent D 
Color-Contrast D 

* Hydrostatic D 
*Pneumatic D 
*Immersion D 
*Halogen w 
*Other D 

* Test Pressure :.?otO psig 

Gauge Calibrated 
(Date) (By) 

Remarks:. 

--M~f ~& 

Statement of Test 

The above item was subjected to the above test and accepted. 

~ 
Signature of Observer 

~9- 3o-31 -~ ],( 
Date of Test 

NOTE: ThJs form is completed by the person performing the above test and routed to Quality Assurance Department. 

(11/76) 0·545 



1 

2 

3 

ROUTING 

Name Initial Date 

P~UL~~UELLERico~P~NY 
P. 0. BOX 828 /SPRINGFIELD. MISSOURI, U.S. A. 8~801 

VESSEL TEST REPORT 

LBID 208 
t-15521 Page 87 

WorkOrderNo.T-/22-~-Y-/0 Customer LAwt:ehc...e Ll'vetm ore, La/;.s 
I 

Item Tested T e tn,ol-a. t; e 

Type of Test: 
Penetrant: 

Flourescent 0 
Color-Contrast 0 

* Hydrostatic 0 
* Pneumatic 0 
* Immersion 0 
*Halogen ~ 

*Other ___ ~Q Ft:eoi1J hitroJeh .Nl,'.xt.ur-e... 

*Test Pressure 3 tJ tJ psig 

(Date) (By) 

Remarks:. 

Statement of Test 

The above item was subjected to the above test and accepted. 

Date of Test 

NOTE: This form is completed by the person performing the above test and routed to Quality Assurance Department 

(11/76) 0·545 



c 

(_.;'::, 
~ 

1 

1 2 

3 

LBID 208 
ROUTING 

M5521 Page 88 
Name I nit tal Oate 

P~UL,~UELLERICO~P~NY 
P. Q_ BOX 828 / SPRINGFIELD, MISSOURI. U.S. A. 65801 

VESSEL TEST REPORT 

I'+ ' 
Work Order No. r: ) )... )-Ia- lid--/ ?.customer L-A lV ten c: e L / ve r tn t>f'., 

Item Tested L-N 7.. If /Jtj 3/ 6 /.. PA I) e I 4 sq 
Type of Test: 

Penetrant: 

Flourescent 0 
Color-Contrast 0 

* Hydrostatic 0 
*Pneumatic 

*Immersion 

* Halogen 

0 
0 
~ 

*other ---Dh ltroJel) J-Fteol) ;11 /x tufe 
* Test Pressure 3 t:> 0 psig 

Gauge Calibrated ----------
(Date) (By) 

Remarks:. 

Statement of Test 

The above item was subjected to the above test and accepted. 

S1gnature of Observer 

.f-1- 7! 
Date of Test 

LCJJs 

NOTE: This form is complc ted by the person performing the above test Olld routed to Quality AssurOJlce Department. 

(11/76) 0-545 



1 

2 

3 

ROUTING 

Name lnit'al Date 

l?.A.UL I ~UELLER.I CO~l?.A.NY 
P. 0. BOX 828 / SPRING~IELO. MISSOURI. U.S. A. 15!5801 

VESSEl TEST REPORT 

Work Order No. _._LJ--~· ~2---'2"'""-.... ~"------ Customer 

Type of Test: 
Penetrant: 

Flourescent 0 
Color-Contrast 0 

* Hydrostatic 0 
" Pneumatic 0 
* Immersion 0 
*Halogen ~ 

*Other 0 
*Test Pressure ~ M psig 

Gauge Calibrated ----------
(Date) 

Remarks:. 

D.k 

Statement of Test 

I A-w RANcE' 
' 

(By) 

The above item was subjected to the above test and accepted. 

LBID 208 
M5521 Page 89 

LABs; 

Signature of Observer 

1-l-- -to -7? 
Date of Test 

NOTE: This form is completed by the person performing the above test and routed to Quality Assurance Department 

(11/76) 0-545 
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ROUTING 

Name I nit 'ell 

i (, 

Date 
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, IC . C1 /.Jdh P~.M Yq,-1 F~UL,~UELLERlCO~F~N~ 
P. 0. BOX 828 / SPRINGFIELD. MISSOURI, U.S. A. 65801 

2 Jo \:, 
I 

~- \_c_ 
3 

VESSEL TEST REPORT 

Customer cb/JJ> .V.Vd..- ch{~'J t/1~ 
.-(~I M?'f-r£ 

(-' ' 

Type of Test: 
Penetrant: 

Flourescent D 
Color-Contrast D 

* Hydrostatic D 
* Pneumatic ~ 
*Immersion D 
*Halogen D 
*Other D 

* Test Pressure psig 

Gauge Calibrated 3-30·( ~ 
(Date) \:Jsv l 

Remarks:. 

Statement of Test 

The above item was subjected to the above test and accepted. 

Signature of Observer 

Date of Test 

NOTE: This form is completed by the person performing the above test and routed to Quality· Assurance Department. 

(11/76) 0-545 

-;.:,..' 
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ROUTING 

Name Initial Date 
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1 n 'JJ?. -· /"") .. ~ ·~ :/.s F~ULJ~UELLE~JCO~F~N~ 
p 0 BOX 828 / SPRINGFIELD. MISSOURI. U 5 A 6~801 

12 • 
3 

VESSEL TEST REPORT 

Work Order No. T- I j ;;{ ,6 -/:it.....}Dcustomer L /)rV r £.11/ <:_.£ L.. _. 1./ ~ ...... /': b /" E 1.. ..g b 

Item Tested ________________________________________________________________________________ __ 

Type of Test: 
Penetrant: 

Flourescent D 
Color-Contrast D 

* Hydrostatic D 
* Pneumatic ~ 

*Immersion ~ 

*Halogen D 
*Other D 
L/00 *Test Pressure--------------- psig 

Gauge Calibrated -------------------
(Date) (By) 

Remarks:. 

~:]·~ 

Statement of Test 

The above item was subjected to the above test and accepted. 

Signature of Observer 

0~ ;.·~ 7Y 
Date of Test 

A'OTE: This form is completed by the person performing the above test and routed to Quality Assurance Department 

(11/76) 0·545 
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SAFETY SYSTEMS, INC. 

CUSTOHER: 

SUBJECT: 

UNIVERSITY OF CALIFORNIA 

Your Pu:rchase Order Number: 
BS&B S.O. Nwnber· 
BS&B Lot No: 

800850 
800850-1 

DAT::::: 

LBID 208 
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July 3, 1978 

BURST TEST CERTIFICATE 

Gentlemen: 

This is to certify that inspection and burst tests have been 
accomplished on the rupt:u..,e disk ( s) as listed below and results are as 
follO'dS: 

TYPE: JRS SIZE: 
77-37-0009-35 

NO. OF PIECES HANUFACTURED: .......•.•• 

NO. OF PIECES ORDElli:~D AND SHI?PED: •• ,. 

BURST TEST RESULTS: •••.•••....•....•. 

RUPTURE PRESSURE: .................... 

DAT:C: .OF TEST: .••••.••••••••••.•.••.•.• 

2" 

23 

17 

HATERIAL: .Body = 316SST 
Disk = Nickel 

76#, 7'[5.5#, 84.5#; 80#, 72#, 
85.5# @ -320 Deg. F. 

75# @ -320 Deg. F. 

6/29/78 

BS&B SAFETY SYSTEgs, IHC. 

Qt. 
A. T. Purinton 
Quality Control l·1ar.ager 

. ' 

BS&B SAFETY SYSTEMS, INC. • 7455 EAST 46TH STREET • P.O. BOX 45590 • TULSA, OKLAHOMA 74145 • PHONE 918/622-5950 



NTFD # 3157 
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CRYOSYSTEM-TRANSPORT PROCEDURES 
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The following checks lists are provided for crane transport 
operations of the cryosystem in Bldg. 6. 

General Precautions: 

1: Use inching mode on crane raise or lower. 

2. Make all traverses in as smooth a manner as possible. Do not 
exceed l/4g side loads (corresponds to~ 4 feet swinging motion 
at bottom). The operations have been done before with-;::::: 611 

swinging and this should be the goal. Do not jog the traverse 
drive motors. -

3. Watch clearances during all crane motions. 

I. MOVING CRYOSYSTEM FROM STAND TO VESSEL 

1. Remove all unnecessary equipment from lid and stand. Remove 
concrete shielding and framework. Have required tools at 
vessel. Have vessel interior and 0-ring seal prepared. 

2. Cross braces and horizontal braces must be installed (tops of 
cross braces to be fastened snug only). 

3. Last ditch supports must be adjusted snug only. 

[4. Take strain gauge readings] 

5. Double tree must be installed properly. 

6. Entire array and roof must swing as a unit. 

7. Lift slightly and confirm or adjust balance. 

8. Remove slowly, watching corner clearances. It is necessary to 
manually hold the rotation alignment since the cable twist 
causes slight clockwise rotation. 

9. When clear of stand, lift to full height, rotate clockwise and 
tie off single tree to crane cab. 



. . · ..... 

(- Cryosystem Transport 
Procedures 

' ~,., . 

10. Move inboard 6 feet. 

-2-

11. Traverse in one motion (no jo~ging) to vessel. 

LBID 208 
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NTFD 3157 

12. Untie tree from cab, move inboard to center. Watch clearance of 
4R corner of lid to 611 pipes, and fittings at 3L tocab floor. 

13. Lower assembly until its bottom is near the top of the tank. 

14. Remove bottom horizontal braces. Remove cross braces from 
bottom and C-clamp up 4 feet on inboard module edge. Install 
side sway supports on bottom lips of modules {4 places).· 
Install first section of baffling at source end. 

15. Lower into vessel. Check engagement of source end baffles and 
alignment of assembly in vessel. Watch clearances of baffles to 
magnet stand. It is necessary to manually hold the rotation 
alignment as the cable unreels. 

16. Reset cross braces, insfall next source end baffles and continue 
lowering. Remove cross braces when there is approximately 5 
feet left to go. 

17. Be sure that lid and vessel 0-ring surfaces are clean. 

18. Watch engagement of side sway supports into floor mounts. The. 
balance of the assembly critically affects this. 

19. Complete lowering assembly into vessel; watch the diaphr~~t: 
the magnet stand to _see that it clears and watch that the end 
baffles do not catch on the anti -sway brackets on the floor. 

20. Disconnect double tree. 

Read strain gauges. 
lbs.1)strain). ~ 

Maximum reading should be 2500 lb. (~.9 
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Cryosystem Transport 
Procedures -3- NTFD 3157 

II. MOVING CRYOSYSTEM FROM VESSEL TO STAND 

1. Remove calorimeter, ion dump, magnetic shielding, magnet, helium 
dewar and LN2 manifold from vessel lid. Remove concrete 
shielding framework. Clear out equipment inside stand. Check 
that oit:9n inserts are installed on j~tuator tops. 

2. Connect double tree. Check that 770 lbs. of lead are on the 
source end of the lid. Install center cross brace. Align cab 
using plumbbob. 

3. Raise assembly out of vessel 5 feet. Watch interior clearances 
at baffles, particularly at magnet stand and source end. 

4. Remove upper sections of source end 
braces at top with bolts snug only. 
supports are finger tight. C-clamp 
of modules. 

baffles. Install cross 
Check that last ditch 

cross braces to inside lips 

5. Pull out another 5 feet. Remove middle section of source end 
baffles. Reset cross braces and C-clamp. 

6. Pull out remainder. Remove lower section of source end 
baffles. Remove bottom side sway supports. Insta 11 hori zonta 1 
braces and cross braces to bottom lip of modules. 

7. Check that assembly swings as a unit. 
' 8. Lift assembly to full height. Watch clearance at 4R corner to 

6" pipes, and at 3L fittings to bottom of cab. 

9. Move outboard approximately 3 feet (one motion). 

10. Rotate assembly clockwise and tie off single tree to crane cab. 
Move outboard until both corners of assembly will clear through 
concrete shielding framework. A combination of outboard and 
traverse may be necessary to get through; always allow the 
assembly to stop swinging after each individual move. 

11. Traverse to stand (one motion). Untie the single tree from the 
cab and rotate into position. 

12. Start lowering into stand. Adjust alignment as required. 

13. 

LV/da 
ll87z 

Always allow the assembly to stop swinging after each individual 
move. 

Set lid down on top of oilon inserts. Remove double tree. 
Leave all cross braces installed. 
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INDIVIDUAL MODULE TESTING 
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This procedure provides information for the testing of individual 
cryopump modules. Additional infofmation is provided on the following 
job orders, including drawings refere~ced thereon. 

J.O. #623637 
J.O. #624890 
J.O. #625274 

.. J. 0. #626179 
J.O. #627723 
J.O. #628099 

A plumbing schematic is on drawing AAA78-116511. 
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INDIVIDUAL MODULE TESTING 
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(1) Remove assembled module from crate (horizontal position, using 
fixtures provided) (::::: 1500 lb). 

(2) Attach fixture to top end of module. Raise to upright position. 
A pad to distribute the-load at the bottom lip should be used. 

(3) Place module in position inside stand. Attach braces to module. 
Remove hoist from module. Remove shipping block from upper LN2 
coupling. 

(4) Lower lid down onto stand, taking care to align fittings 
penetrating lid. Attach turnbuckle assemblies to module top. 
Lift up assembly and check alignment, adjust turnbuckles A/R. 
Remove footing fixture and replace assembly on stand. 

(5) Weld burst disc penetrator (if applicable). Weld helium inlet and 
outlet 1ines. Attach instrumentation cables to connectors. Leak 
check helium plumbing. Superinsulate He lines. 

(6) Detach braces from module. Raise entire assembly up and lower 
into test tank. 

(7) Mount helium dewar and LN2 dewar in place. Connect 
instrumentation. 

(8) Start pumpdown. Purge helium and nitrogen systems. Continue 
pumping until pressure < lQ-5 torr. 

(9) Provide positive pressure on helium system. Start LN2 chill at 
a rate of 100 liters/hour. Temperatures should be recorded. 

(10) When LN2 system is stabilized, tests to confirm proper ·operation 
should be performed. These tests include: 

1 eak rate < lQ-9 atm cc/sec 
temperatures <lOOK 
steady circulation 
LN2 consumption 

(11) Start helium transfer after leak detector/RGA show no residual 
helium. Transfer at a rate of 100 liters/hour. Continue until 
panel full and cold; go into circulation mode on helium circuit. 
Perform leak check. Fill helium dewar and measure system loss 
rate. Confirm instrumentation performance. 

(12) At completion of test, return excess helium to refrigerator. 
Break 400~ exchange gas and allow to warmup until N2 system 
dry. Break vacuum with lO .. Hg dry N2. A 11 ow overnight warmup. 



,.· ',. • 

(13) 

( 
(14) 

(15) 

( 
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Check temperatures. If above 1ooc, break vacuum. Remove 
equipment from top of lid. Raise assembly out of tank and 
reinstall on assembly stand, with footing in place. 

Attach braces to module .. Disconnect LHe plumbing. Detach 
turnbuckles. Remove lid from stand • .. '-~--

Install shipping block in upper LN2 coupling. 
fixture to top of module. Place pad at bottom 
Lower module onto its side. Replace module in 
fixture provided. 

.. "'")-

Attach lifting 
corner of module. 
crate, using 
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Dis tri buti on -2-. /\U~lUSt 3, 1977 

Item (6) (Helium Tank Bavonet·-Seiziria and Thermal~Acoustic OscillationD_ 

The bayonet design a 11 m·1s for \~Jars t-ease differentia 1 contraction arid 
should not seize~ A recent Lockheed corre 1 ati on* for the onset of therl'ila 1 
oscillations .has been reviev1~d and our specific geometry has been discussed 
viith'its author. The conclusion is that there is a potential for oscillation, 
but that testing is the only '>lay to be sure. \·le have increased the radi a 1 
gap frolil 0.13" to 0.28" (the conduction heat load is actually reduced by 
this change) to decrease the probabi 1 i ty of ·asci ll ations. 

Item (7) and (10) (Cooldo'tm Procedures and Times·) 

A preliminary estimate \.-Jill be supplied to PPPL, but they are aware and 
agree that this is one of the reasons for building a prototype. 

Item (8) (Emissivity) 

Those responsible for sizing the refrigerator should feel free to use a 
value for the enissivity that they are comfortable with. A special effort. to 
prevent system cant ami nation from backstreami ng oil, large accumulations of \vater 
vapor, etc. should be \vorthwhile. Test samples of aluminized stainless 
s tee 1 are being prepared at NASA-LELHS. 

Item (9) (Pump Down Time to 10-3 TORR) 
( 

The ve~sel can tolerate 30 minutes in the cas conductive regime without 
exceediiTg the allowable stress on the wall~ 

Other Items: 

ThS support system calculation for the case \·Jith·the outboard struts at 
75 above the horizon~al contains an .arithmetic error, vlith the result 
that \-'Je will use a 70 outboard support angle. This gives= 1.4 g . 
lateral load capability (and = 2.4 g vertical). The other cryopanel 
structural calculations have been reviewed at PPPL and only minor. 
differences have been found. 

cc: L. Pi tt2nqe r 
R. Stone -

me 

K. Wright (PPPL) 
J. Doggett 

'-/;?/) ~ I .C/f c ~~fl. b .;.C.· 

L. R. Pedrotti 

L. E. Valby GJ' 
nP.utra 1 Beam Group 
t·1!19n.etic Fusion Energy Division 

* L. W. Spradley, et.al, Thermal Acousti~ Oscillations,'Vol ir of Contract 

t~s 8-26642 Final Report, March 1975 (LMSC-HREC TR 0390690-II) 
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Interdepartmental letterhead 

Ext: 5222 

f'JEt~O TO: 

FROM: 

SUBJECT: 

Rod Byrns (LBL) 
Tom Duffy (LLL) 
Jim Haughian (LBL) 
Bob Nel s·on (LLL) 
Jack Tanabe (LBL) 

August 3, 1977 

fHFC # 3032 

L. R. Pedrotti, L. E. Valby 

TFTR-NBL Cryogenics System Design Revievt: 
Implementation of Action Items 

LBID 2D8 
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The follm>~ing addresses the action items from the Design Review held 
717177. Items l, 2, 7, 8 and 10 vtill require more time (and preferably, 
experimental data). We \•/ill keep the revie•tters informed of progress at 
their request. 

Items (1) and (2) {Burst Discs) 

He will resize the burst discs and vent pipes so that peak pressures 
\-Jithin the panels are reduced v1hile leaving sufficient margin for 
potential operational pressure excursions. We cannot at this time project 

~ a completion date for this, but the har~Nare involved is relatively short 
lead time and should not affect assembly schedules. 

Item (3) (Level Contra) in LN 2 Manifold) 

The liquid nitrogen level for the manifold as presently designed (witoout 
11 Chi cken feeder, 11 etc.) may vary over at least a 311 range (out of 6+ 11 J 
without causing loss of flow or slugging. This should be sufficient 
margin. Level \-Jill be monitored and controlled,with a differential 
pressure gauge (0 to 411 H2o or 0 to 511 Lr-{2 range). 

Item (4) (Access to Solenoid Valves) 

Improved access has been incorporated. 

Item (5) (Swinging of Panel Array) 

Tru3ses will be incorporated in the design. 

Ll [;3 Uni'lersityotCa!ifcmia 

~~j U\\JVREI\lCE LiVERMORE L~BORATORY 
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TO: Buzz Pedrotti 

FROM: Jack Tanabe 
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LAWRENCE BERKELEY LABORATORY 
Room: 003 Bldg.: 47 Ext.: 6372 

August 5, 1977 

SUBJECT: Cryopump System for the TFTR Ion Source, A Critique 

The presentations made by Lee Pettinger and Larry Valby and the 
comments made by those active in the design process indicate that the 
geometry of the cryopump system and the development of the fabrication 
and operating procedures all are well along to being fixed. Being 
brought into the picture to review the design at this apparent late 
stage, the criticisms offered must necessarily fall into three general 
categories. 

I. Those general comments on the system design which will radically 
affect the present comnonent design. I recognize that these comments'may 
be relatively valueless since {l) the options suggested may have already 
been discarded due to some "big picture" tradeoffs; (2) their implementa
tion may set the. design process back to 11 square one" and, although 
potentially valuabJe, are not worth the design duplication. 

IL ~-More specific comments which are implementable but which 
involve a cost/performance trade off. 

III. 
looked. 

Suggestions which may avoid problems which may have been over-- --

Although the first class of problems are the most interesting, the 
last may be the most valuable. 

Category I Comments 

Some of the more interesting discussions of the helium circuit 
seemed to revolve around the accident scenario and the resultant boil
off and the defrost procedures and their frequency and duration. It 
seems that having a separate cold box for each injector unit (with a 
central compressor facility) rather than a large dewar fed from a central 
refrigerator might help both these problems. 

Advantages 

1. The dewar inventory can be eliminated. 

I fNIVFR<:ITV nF r'AT IF()RNIA- IT_~tterhe~rl tnr in~t>rrlenortml'ntol ,..,., 
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2. The cryopump helium inventory can be drastically reduced. The 
flow can be in series with the co~pressor and the presssure difference 
beb1een the J. T. valve outlet and the compressor input can be used. Thus, 
frictional loss effects are less important and the flow tube cross section 
can be significantly_ reduced. 

3. The effects. of (1) and (2) are that over pressures might be 
controlled with a surge tank and blow out disks are a second line of 
defense. They can be made more modestly since the gas capacitance will 
dampen the pressure pulse. 

4 .. After a defrost, a refrigerator system will allow use of the 
sensible heat of the helium to bring the panel down to operating temperature. 
With a dewar system, a large gas capacitarice will be needed to handle the 
boil off or else a large inventory loss will be needed to be factored into 
the operating costs for a frequent defrost operating mode. 

· 5. Smaller refrigeration units allow for purchase of fractional 
spacers (i.e. 6 small refrigerators, 2 spares vs l l~rge refrigerator, 
1 spare). , 

Pis advantages 

l. Cost. 

2. Operation and maintenance in a radioactive environment. 

Category II Comments 

The discussion of the fabrication of the chevron shields developed 
some interesting comments on the tolerancing of the chevron supports and 
the potential for the defonnation of the chevrons during brazing and.: 
subsequent handling. It seems as if increasing the overlap between 
chevrons will relax the tolerances and increase the possibility of effec
tively straightening a chevron without too muc~ of a pumping speed penalty. 
Also, the discussion of additional simple supports below the cryopanel 
array to ease the assembly into the source box is a cost effective option. 
It will reduce the potential for accid~nt during at least two assemblies 
for the prototype and allow for .quicker assembly. 

Category III Comments 

I believe using E = .05 or .1 in calculations could be dangerous. 
I cannot dispute experiments which indicate that H cryofrosts are 
transparent, but I imagine instances where air coufd condense on the 
helium surface during cooldown, defrost, or other transient condition.· 
The enclosed figure indicates that theemissivity quickly g6es up to the 
.40 range with water cryodeposits. I believe the behavior with air will 
be similar. 
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Avoid seizing. The "ball in cup" design for the stinger may not be 
the best design. 

A gas passage should be -made v1here the helium stinger seats so as 
to ease the purge procedure. · 

The trapped gas space next to the stinger should either.be enlarged 
or supplied with an impedence to avoid thermo-cycling. 

Closing 

It seemed as though other comments made during the discussions were 
made by enough of the attendees that including them here will only 
dup 1 i ca te the recorded proceedings or written comments made by others. 
I hope that comments made in Category I are taken with considerati.on of 
my ignorance of all the decision processes carried out early in the 
design effort. 

The \-Jork presented seems thorough, well conceived, and professional. 
The design team is well constituted and the preliminary design looks 
sound. Good luck. 

JT:mb 
Enclosure 
cc: Rod Byrns 

Jim Haughian 
Ken Lou 
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Ma1/ Stat.on L 5 41 

Ext 5222 

TO: 

FROt1: 

SUBJECT: 

Gentlemen: 

Rod Byrns (LBL) 
Tom Duffy (LLL) 
Jack Tanabe (LBL) 
Bob Nelson (LLL) 
Jim Haughian (LBL) 

· L. R. Pedrotti 

July 14, 1977 

NTFC: 3030 

TFTR.:..NBL Cryogenics Sys tern Des i"gn Review 

This ·letter contains h>rpitems'·of interest to you .. 

l. A list of action items •. 
·. 

t ,.:_'. 

2. A summar_v of t~e minutes of the .:des.'ign ·review~ , 

;.· :" ' 

\ · . 
:/· <.t. 

..... : 
. .l ·- ·, .~ . ~ 

I trit:d to ~~imit the·sUrrrnarY Only to .iterns not covesJ'Ied if-('the han9bo6k, .. ~; .. : it· .~ 
and tc ptrtil}erit qi.J:·:stions. < · · · · 
The act18n items are ·items vJhich V-Je~~gre~d ~ho,uld be add~essed ... :W~:t~tlJ 
keep yot.A informed as we work' OiJi:.. way thrcJ,Jgh the list_.,, .. 

,'": -~- •. .. .·. ,. . . .. ";: : •' . - .. , 

I hope that you can get your comm~n.b:i'~i~i me tiefG'f;~~·7/2Z. becaD~e; the',;;~,.:~;~,,· ::.. 
details vri11 be ·vcr:y close to. completion by 7/30) · · · .. · 

'·1· ·- .. .. . . 1 -· .. 
~ ~ ; 

Thank _yet..: for. your assistance, guidance and patience. 

LRP :me 

c c : .1:.:.._\.i a l..!?..L__ 
L. Pittenger : 
R. Stone . 
K. ~irigh:t (PPPL) 
J. Dogg~tt ' 

~ I I ~ ·University of California 

~ LAWRENCE LIVERMORE LABORATORY 
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Action Items: 

1 . Justify the rati n.g'·o·f.,tiJe burst diaphragms. 

2. The interior burst discs should be sized to be above the expected 
cryopanel pressure in the vent of a SLOVA. (Sudden Loss of 
Vacuum·Accident) 

3. The header on the liquid nitrogen will be designed for less 
critical level control. 

4. Access to the solenoid va.lves in the LN 2 distribution system must 
be improved. 

5. The panel array should be prevented 'from sv1inging during installation 
and removal. 

6. The potential problem of the seizing of the bayonet must be 
considered. 

7. The cooldown procedures should be considered in detail. 

8. The designer's choice of emissivity and the final decision on 
aluminizing the panels will be resolved. 

9. The max~ mum arr:-ou~t of time. that the vessel wi 11 be up to 
conduct1on {> 10 3 torr) w1ll be calculated. 

10. An estimate on cool down time and recooling after defrost~ 
will be made. 
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July 7, 1977 

CRYOGENICS SYSTEt"l DESIGN REVID-J ATTENDEES. 

T. J. Duffy LLL 
R. L .. Nelson 

Jack Tanabe LBL 
Rod. Byrns LBL 
George Pinter (Ebasco/Grumman @ PPL - (609) 452-6865) 
Joel Glicksman (Ebasco/Grumman @ PPL - (609) -452-6398) 
Richard Smith PPPL at LBL 
Bill Cooper LBL 
R. R. Stone LLL 
Bob Burnham LLL 
David Peterson LBL 
Jim Haughian LBL 
L. Pittenger LLL 
L. Pedrotti LLL 

Ken Wright PPPL 
Ben Britchard PPPL 
George Martin PPPL 

Larry Va 1 by LLL 

I 

.... 
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A Sut·1t~ARY OF THE f'HNUTES OF THE TFTR NEUTRAL BEM~1 LINE 

CRYOGENICS SYSTEM DESIGN REVIEW 

Discussion of Differential PumoinQ - L. Pittenger 

Lee presented the calculations shown in the handout, File II-A. 

Discussion of the Cryogenics System - L. Valby 

The cryogenics system consists of three sub-systems; the cryopanels, 

the LN 2 distribution system and the LHe distribution system. 

·The cropanels consist of eight nearly identical modules covering a gross 

area of 34m2_ with external dimensions of 12 feet high x 16 feet long x 

1 foot wide per side. The total weight is 12,000 lbs. 

Four modules reside on each side of the beamline. They are supported from 

the vessel cover, and are removed by removing the cover. Each module is 

fed separately with liquid Nitrogen, to reduce interior plumbing. 

The liquid helium distribution system is internal with a parallel feed. 

The cryopane 1_ ch~vrons are made of fornied 1 ;r6" copper sheet with 1 /16" 
' overlap o-n the chevron design. This 1/16" overlap results in a significant 

.pumping area reduction •. The net active pumping area i~ 29-m2. 

The cooling of the chevrons is accomplished by passing LN
2 

through two 

rectangular tubes (1" x ~-1/2") which the chevrons are brazed to. 

The rectangular piece is formed from schedule 10 seamless type 316 L 

pipe. 

The quilted panels are formed by taking sheets of stainless steel, spot · 

welding them together in a pattern and inflating hydrostatically. 
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The helium panel fits bet\'leen the back panel and the chevrons and is 

fed from the bottom, with a return on the top. 

The driving force for the liquid distribution system is the different 
densities between the hot column and cool column. 

Both the helium feed and return line are fully shielded by liquid nitrogen 
traced lines. 

The liquid helium dewar has a 'tlater volume of 850 liters. It is hard 
mounted to the top of the vessel with compliance in the bayonet being 
provided by bellows and a sliding gas seal. 

A picture of the tank bayonet and diverter valve is sho~tm after page 

III-D-12 in the notebook. 

The tank is designed to .take 15 psi a external and 70 psi internal 
pressure. 

The liquid nitrogen distribution system consists of a 6" i.d. dewar 

feeding each of the modules individually through one of eight outlets. 

George Martin (PPPL) expressed concern that aligning the eight 
attachment points of the dewar to the individual module openings would 
be difficult. 

Larry responded that bellows provided ample flexibility. 

The coupling from the LN2 distribution feed to the individual module feed 
is made by r~larmon clamps. The insulation is provided by static gas. 

Bill Cooper (LBL) asked if the vacuum pump which evacuates the LN2 
distribution line and the valve isolating it are critical items. 
Also: will this pump be on the automatic vacuum system? 
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(- The pressure rating on the bellows on the LN
2 

distribution system is about 

30 psi. (Note: squirm oL-t_be bellm·1s first occurs at 50 psi) . 

() 

{.:;c.·~,;·· 
~: 

.. ..,..,_ 

On the helium system, everything internal to the vessel is rated at 400 

psi. 

The punched strip of tabs and backing strip are brazed to the faces of 

the rectangular tube and the sides. The chevrons are brazed to the tabs. 

Jack Tanabe (LBL): Is there no way to make the brazing a one step 

operation? 

Larry: The details \'li 11 be provided by the vendors. 

Ken Wriaht (PPPL) 

alone? 

Is the tooling cost effective based on one vessel 

_/ 

Larry. Yes, and we'll retain all tooling. (Note our shop estimates 

a maximum of $31< for punched strip and chevron cooling). 

Jim Haughian (LBL) suggested heliarcing the chevrons. 

George ~lartin (PPPL) recounted (PPPL) problems with furnace brazing 

chevrons. It seemed to be due to vendor carelessness rather than 

poor design. 

The total tolerance allowed in brazing is .060 11
• 

Ken Wright (PPPL) asked if the design was compromised by the choice 

of material existing at Princeton. 

Larry responded that the material can be sheared to+ .005 11 if necessary. 

(Note: the existing PPPL material is+ .050 11 We will purchase new material 

for approx. $7K.) 
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Georae Martin (PPPL) Are you reaching the limit on pumping speed? 

Larry - ~le are getting close to the ICD limit. 

Georae Martin (PPPL) recommended the purchase of a 'good' storage 

and shipping fixture. Also, lifting eyes should be added for handling. 

All the joints inside of the vessel are welded. Welding equipment exists 
commercially for this type of weld. 

Jack Tanabe (LBL) and George Martin (PPPL) 
experience with demountable cryogenic joints. 

related their successful 

An assembled leak test will be done on each module in the Baseball Vacuum 
vessel. 

To assemble them after leak checking, the four modules after ·attachment 
to an appropriate fixture will be bolted together to form an array. This 
array will then have the helium distribution lines connected to it. 
Finally, the lid will be lowered onto both arrays, with appropriate care being 

taken to align the vacuum boundary penetrations. 

It should be noted that the cryosystem has been designed with the remote 
handling requirement in mind. 

When the two arrays are located in place they will be cross braced to limit 
individual movement. 



c· 

( 

~ 
~ 

LBID 208 
-5- M5521 Page 114 

In a Sudden Loss of Vacuum Accident the pressure \'lithin the quilted panels 

can go almost to the inflatiori pressDre (approx.25 atm). This pressure 

rise can occur in 100 milliseconds, if the system isn't vented. 

The internal burst disc will 'bE; set at 10 or 15 atmospheres. The top discs 

are set at 3 atm. 

Ken ~H·ight (PPPL): express_ed concern that the lower burst discs 

mi~ht blow during the SLOVA even after the top discs have burst, 

because they are set belm'l the maximum internal pressure the panel 

may see. 

Tom Duffy (LLL) suggested that the \'Jelded burst diaphrams can be 

a nuisance. 

George Martin (PPPL) asked if the system will be pressure tested .. 

Whaf happ~ns to the contents of the dewar and the 

LN2 distribution system duri.ng a SLOVA? (Note: the dewar is protected 

with burst discs and the LN 2 manifold is equipped with relief vents). 

Jack Tanabe (LBL) asked if thought had been given to purging of tHe 

helium .system? Are you \·Jorried about condensing ice within the 

bayonet? . 

. Tom Duff,y (LLL) In that vein you w.ay never get them apart. There 

is some recent unfavorable LLL experience in this ma.tter. 

Rod Byrns (LBL) asked about the radiation load from the unshielded 

burst dis c. 

.• · . 
. ' i .. : ". ·, ... 
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\ .Larry later estimated it to be approx. 0.2 watts per disc. 
··.,.,, 

.. ; ..,_,, __ . 

Larry as:zed if lri2 r.1re going to run into a probl2:n ;'lith therr.~al 

oscillation in the bayonet. 

Tom Duffy responded that with l/8" clearance on a side it \<Jas 

unlikely, but if it did occur the b·ayonet could be \'Jrapped vJith 
insulation. (Note: or the l/8" gap could be increased) . 

. The support system of the array is designed to compensate for differential 
contraction and to limit potential array movement. 

The calculations were reviewed. (As shown in the Notebook III-A). 
The support rod is Ti-6Al-4Va alloy. 

Jim Haughian (LBL) asked if the panels are interconnected at the 
top and bottom. 

The total heat load of the LN 2 system is expected to be 11(} liters/hour, with 
most of the load on the chevrons. 

The LN2 natural circulation system was discussed. (See Handbook 
Section III-B). 

The system is self correcting as long as the chevrons have the largest 
heat load. The flow \'Jill be forced during cooldown. 

Jack Tanabe (LBL) suggested that a chicken-feeder system be used 

to provide level control of the LN 2 distribution system. 

In order to get uniform fluid levels the distribution system must be 
level relative to the earth's gravitational field. 
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Tom Duffy (LLL) asked v1hat is the flm·1 velocity across the top of the 
LN 2 liquid? (Note: l ~i5-·than 1 ft/sec) · 

George Martin (PPPL) suggested that the distribution riser would 
function as a more sensitive level sensor. 

' 

He also asked if the thermosyphon pressure head was enough to push 

returning helium into the dev1ar \vhen it was almost empty? 
(Note: this is being looked into). 

The liquid helium circulation is covered in the Notebdok page III C-2. 

George Martin (PPPL) asked if the LN 2 system would continue operating 

during regeneration. 

Bob Nelson (LLL) said LLL comprised in the helium de.,.Jar for baseball 

by putting the outlet in the tank half way up into the dewar. This 
has worked successfully. 
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Joel Glicksman (Grumman) pointed out that because of the change in head 

the liq~id helium at the bottom of the cryopanel vlill boil at a 

higher temoeratu~e. 

The lidquid helium consumption will be 37.8 watts if the panels are not 
aluminized. NASA Lewis in Cleveland can aluminize on both sides at a cost 

of $5,000 for all 8 panels. This could save $100,000 @ LBL for l year's 
operation based on a 25% duty cycle and $1 dollar/liter delivered LHe. 

Including the panel vents to the outside and eliminating the LN 2 cooling of 
the dewar raises the net consumption to 50.3 watts or 30.8 watts if aluminized 

(See Page III-D-1) 

Ken Hright: 

,emissivity? 

~~hat effect do· the mono 1 ayers of gas have on the 

Lee answered that quite a thickness of hydrogen and deuterium can be 
tal era ted, and transparent without effecting the emi'ssivity. 

The calculations are based on an emissivity of 0.2. 

A discussion followed concerning the degree of conservatism insured by' 

using 0.2. George Martin (PPPL) maintained that on a clean stainless 
system at PPPL he has found that s = 0.1 is closer to reality. The 
LBL reviewers, Rod Byrns, Jack Tanabe, and Jim Haughian claimed that 

experimental data at LBL and at Bendix shows that in time the emissivity 
approaches 0.4. 

The distinction beb;een 0.1, 0.2 and 0.4 results in significantly 

different refrigerator heat loads. 

It was concluded that since there was no consensus of experience, 
the judgement of the system designer should be follo~tled and that the 

i. 
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refrigerator purchaser s~ould make his own decision on the appropriate 

factor of safety to apply. 

Th~ sputter~llg copper frurn the ion d: .. m!p a:1d calorin;eter n~ay also c..ffect 

the emissivity but it is difficult to tell to what extent. 

Whether aluminizing the panels will be effective in reducing the heat 

load depends on whether it will stick, how much it will cost and what 

the actual emissivity of the deposited coating is. Again, different members 

did not arrive on a consensus. 

Ken Wright and Georqe Martin (PPPL) asked if a test could be done on 

the existing cryopanel test equipment at LBL to gauge the effect of 

aluminizing. 

The LN 2 shield which surround the LHe dev1ar saves about 7.5 \•Jatts v1hen 

compared to super insulation. But superinsulation may simplify the design 

~ considerably. 

Joel Glicksman (Grumman) Which heat load applie~ which makes the 

return line superheat? 

Larry responded that it wasn•t shown in the booklet. 

• Joel Glicksman (Grumman) Do you knov.J what they are? 

After· the hel i urn gas 1 eaves the vapor space of the storage dewar it 

receives about 15 watts additional energy. If the LN2 cooling is used, 

it will be more like 3 watts. 

The defrosting of the panels vlill be the quick blov-JOff scheme allm·ling the 

panels to cool rapidly by valving off liquid coolant. 
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The boiloff of LHe will take about 3 hours after the flow is stopped. 
During the boiloff the pressure isn•t expected to rise in the vessel above 13 
torr. 

George Martin (PPPL) asked how the gas input into the vessel will 
be monitored to insure the administrative limit isn•t exceeded? 

T~l/o methods \'/ere suggested to limit gas input. One, v1as to use an 
integrating gas flowmeter. The second, was to use a controlled 
volume of gas. 

George Martin (PPPL) asked what the procedures are for an air leak. 

Larry responded that the 13 torr limit is non-explosive for any air 
mixture, so that no extra precautions are necessary. 

The defrosted mixture \'till be removed by the existing vacuum system. 

George Pinter (Grumman) asked what the total time allowable in 
the 10-3 torr region is? 

Buzz responded that the calculation is in the works. 

The recool time has not been estimated. 

The regeneration cycle during deuteriul]l operation will occur once every 
three months. During tritium operation, the vessel will be regenerat~d 

about once per week, reaching a peak pressure of about one torr. 

Ben Pritchard (PPPL) mentioned that Princeton is being pressured 
to operate on tritium from day one. 

t: 

.~·· 

..• ··.·_:·,•' 
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Ken Wriqht (PPPL) mentioned that the limit on gas tritium operaUon 

is set by the gas storage canis te}"S, v1hi ch are very expensive. 

Gearae i'·lartin (P?PL) asked ~'/hat the effect of a defrost pressure 

surge will be on the dewar? (Note: valve will be in cooldown position 

during regeneration, thus isolating dewar). 

Ken Wriqht (PPPL) observed that a large unexpected pressure 

excursion could occur during defrost if a large amount of undetected 

N2 built up on the LHe panel. 

George Pinter (Gruman) described Grumman's plans to keep the 

distribution lines cool during recirculation. 

The valve assembly in the LHe tank can be removed if it malfunctions. 

The volume of the helium tank \'las determined by attempting to get 

(. about a day's hel i urn supply with the space constraints. 

:· .. _ .. ·-:;· 
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The intr-oduction of a controlled volur;;e of gas to rapidly induce defrosting 
vtas discussed. It v1as cautioned that the thermal stresses set up by cooling 

of the vessel must be limited. 

The entire bayonet stack VJi thin the LHe de\'Jar cannot be removed \·li thout 
taking the dewar apart. 

Jack Tanabe (LBL) observed that some of the problems associated vJith 

the system are due to the dewar. He asked if individual refrigerators 
for each beam line had been considered by Princeton. 

Rod Byrns (LBL) responded that Princeton had in a preliminary study 
but rejected them as being too bulky and costly. 

George tvlarti n (PPPL) added that the dewar gives system continuity 
during refrigerator shut downs. 

Each NBL contains 750 liters of LHe in the dewar plus about 150 liters in 
the panels. 

At this point, discussion of the LN2 distribution system began. (See 

Notebook Section IV-B, page 1). The cooldown schematic wa~ discussedt 

The cooldown line is a means of forcing circulation into the bottom of the 
LN2 panels. 

Tom Duffy (LLL) asked how the valves in the cooldown circuit were ·· ··' 

fished out when they go bad. 

When told that a weld must be broken, Tom suggested that an easily 
removable bolted flange be added for each valve'to ease replacemen~ 
in the event of a malfunction. (Note: this has been incorporated). 
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The panels must be uniformly cooled at a slm·1 rate to reduce stresses. The 

uniform cooling \·Jill also reduce thermally induced stresses on the supports. 

asked if there \IC:re a..n~/ therma 1 ::; tress problems 

on the LHe panels? 

The LHe panels are allm-Jed to contract up~·1ards about 1/2 11
• So that thermally 

induced contraction isn't restrained. 

_______ : A question Has asked about the effect of cool down 

distortion on the valves: wou.ld they lock open or closed? 

Georae Martin (PPPL) asked what kind of temperature sensors 

will be used on the LN2 circuit? 

Larry responded that therrr10couples will be used. Larry then asked 

if anyone knew of a reliable, accurate temperature sensor for 

LHe temperatures that_isn't affected by radiation. 

Rod Byrns (LBL) suggested a gas bulb thermometer. 

George r<lartin (PPPL) suggested that a liquid level indicator could.' 

be made from resistors but that their outputs drift. 

At this time, the system is designed to have a LHe level indicator at the top 

of each panel. 

Jack Tanabe (LBL) asked if it was possible to lacte the LN 2 feed 

lines on the center and cooled outward so the system of thermal 

stresses would be forgiving? 

Larry responded that the top space is very limited. 
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As a last note the whole system will be operated at 3.8°K as well as 
0 4. 2 K. 

···-~·.·:-. 

The questions listed by George Pinter (Grumman) are not listed here, but 

are available if necessary. 

_ . .._· 

· ... 
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l. Helitun 

a. Liquid floH ·rat.~.: Are 63 H based on evaporation of liquid helium 

,,. __ 0 ')°K ' ';,;f't· Tf t' -'- 1 b ' '11 o P-'-'"'-"' ._ ... s, .... pern--:-·. __ so; ne.a.c~...u.3. s:u.per_e3."G ''ll -, e cor:t-

siderably less, since the system introduces a significant amoQ~t 

of vapor (> 50%). -- Clarification needed. 

"·tt- Vi, ~+ (~.~ ~'f~~d d-~..-," + 3 vv"ti.il s S 1,~pA !~rf-
(_ \ ~\l'J Svf..v~.lu_+ i Lklz_ r}rv~~-A ..tt.t.A~"'"-W) 

~ Is 'the heat input into the helium the same at the 4.5°K and 3.8°K 

conditions? 

;;.... ~•a:::l:l::tioLg G.n -we tolerate increase or decrease of system pressure 

level in case of electric poHer loss? Is it permissible to increase 

:from 3.8- 4.2 and/or decrease :from 4.5- 4.2°K during that time? lj!:4-
~ 

cl. What is the fluid capacity of the panels and plumbing? ·j:::; '; 5"'0 J.. 

2. Nitrogen 

a. Flo-w rate. Any change? FloH rate control must be _good for lo-w 

rate. 

b. Pressure/Temi>erature. We will deliver (51ccording to 
0 -~ \.,~ 

ing) belcH 78 K. LN
2 

with ~r than~i:l quality. The vent line 

latest think-

pressure drop is less than 1.·5 psi&h-

c. We provide purge gas, but -without pressure regulation. What is 

allowable purge pres_ su_ re? _racu90 capab~lity needed. ~ n, 11 ~Jul'rAL.-1/) 
~ ~ r S \ ~ ~(4.~d.i6f~ i'llll;>CJIITJ~t '"' { ~ fJ f;:) ~ Q\. ( .._..'f..., 

d. vlhat controls the LN2 flow rate into the NBL? · 

~-u-ti~j. ~(.t_ f£/;I.Ld - ~---h~ ~1t).V cL/_~_.f&j} 
fAu--41JJu_ gtu~ · r;~d_ a_~ -&~~/~ ~Jtti;<¢-tt-l--
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e. 'Hhat is the LN
2 

reserve capacity insicle NJ3L? A.,'C10.{. 

~ fi,,..,A.~ f. Hm~ long can i-le tolerate no LN2 flow? ~- t v--vvv 

ELECTRICJIL H!TERFACES 

Hhat type of signals wil~ control the inlet flm-1 va:J-ves for LHe an~_~LN2? 

C\eAvA ~~1-.J.J-o 1 k~-6./\ti ~+~~oJ +o Lf~" 
Who will be responsible to provide the "Black Box" (control, feedback 

loop' intelligence' etc) between' say' level signal and valve? r 
'Vle plan to keep valve positions, in case of loss of power, un

changed for 30 sec, by which time diesel power takes over. Is this 

acceptable? 

4. 'Vlliat measurements will be provided, like: 

2. 

Dewar pressure and temperatureV 

Return temperature vr 

Others? 

MECHANICAL Th""TERFACES 

Size, config~~tion, spatial location of both helium and nitrogen 
~-...... 

connectors;~~etails of the mating parts to be joined to the delivery 

line~~ ~Q...,;.l 

<'2-

Are the c~c~ors on 

NBL's? ;{re all other 

the Target Chamber identical to those on the 

characteristics and re~uirements (pressure, 

temperature, ~uality) the same?. ~ 

3. HoH long are the connectors -- or, rather, what length of motion is 

rrn. ~ 2 ,_ ,, LN.2.: Ct''. needed to separate them? ~~= ~ 1 

4. 'He must have a reference level on the NJ3L, independent of the Berkeley 

drawing; e.g., is the NBL i same as Torus 4;: ? ~ 

.. 
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Weights, materials, heat capac-~i~i i·es 
, . . ~~ /V 'Z'3 !i'6 --«r 5· of LN

2 
and LHe cooled systems. 

LNz. (Mll~J.: ;;:::; II; S'tJ tJ 
\tf \~~- ;)_; ... 

6. <~That cleanliness· levels do we receive i~ the helium and the 

nitrogen systems? ,1 A , t. ... \At, ~ . )-vv.. \, -1~t0Lw.-111 ~J,.,t·~~ • 
U,Q U''"-W-a- I /I ~ 

OPERATIONS/REGENERATION 

1. What is the present preferred method of regeneration? ~~ 

2. What are the details/duration of regeneration? ..u~l ~ M-•~ru-. 

3. If' fast regeneration, will He panel be purged fast ¥lith LHe, or 'vill 

liquid be allowed to boil off at normal conditions? To what tempera

ture will panel be allowed to be warmed? (Note: For the present we 

do not provide for purge helium"to be returned into the cryogenic 

system.) .J<.A\-J,..lA~ ~ yAJ.---ht~ fL' 

) 

4. If' fast regeneration, 

( /f<t.{~~, ~ 30 minJ 
'\_ 

. -3 forr• 
what is the allowable time spent at p > 10 ~? 

5. What is the expected NBL pressure level before flowing cryogens (hope

fully not less than 10-5 torr!). ' /O -5' 0"' 
6. How long does it take to initially cool the panels? How long does 

it take to re-cool after regeneration? QA.....L-o...tlJt"' ~ 0~\ I f. 
'r ~~ ;~• 

7. What are the c_ool-down sequences for both LHe and LN2 ? .!Ul.~~~~"'-0'-'V' ~\o~/f_.Q. 

~ How many NBL's will be regenerated at the same time? 

/;.A ,.._, -

l1J;tv':r/e;./.J4.l/f/ 9Y') Do you agree continuous fill is preferable to batch fill (for LHe)? 
.. ~-j 

\. ~ 

~X Hhat purity level is required for D2 (with respect to H2 , in particular)? 

ll. llbat is L~!2 consumption during regeneration? ~{-Jl* 5 L+ ~ 
LJJ )-h .. (~ Jv.~ ~ ,(_~ . 
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1. HoH are we tied into NJ3L interface or detail design changes'? Is there 
.. .-... / 

-=' forrr:e.l coDf'igura tion c'ontrol procedure? 

2. Are we on SI units, or, if not, what units are being used'? 
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~ -\-'o'\..JL hL; ~-\vrv--

PRELTI-ITNARY DESIGN REVIEW OF CRYOSYSTEMS 

· ',_._- July 7) 1977 

1. Justify rating and size of pressure relief diaphragms; i.e. is l-l/2 
ll 

dia big enough and 3 atmtadequate.to allow for cool-down, quick 
\ 

regeneration and/or other .surges? 

2. Rating of bottom burst disks inside of vacuum enclosure must be set 

above the pressure in this panel for a 4" dia leak and at 1/2 of the 

panel forming pressure. 

~3. Analyze misalignment values, and use an approp~iate header (o; Dewar) 

on LN
2 

manifold to allow for less critical liquid level control. 

4. 
t..-, ' / 

Solenoid valves for fN2 should .be access~ble. 

5. Oscillations can occur in bayondet. Some analytical prediction is 

now possible. (contact E/G if intereste~ 

6. 

7· 

----8. 

9· 

Locate stiffeners to limit swing at bottom of panels in areas of no 

internal interference. ( -h_,_.".:.A...l--> 

Bayonets--watch out for thermal shrinkage with freeze-stick togethe~. 

I 

Identify cool-down procedures (including time/temperature profiles} 

for various modes of operation (e.g., normal chill-down and following 
·regeneration). c. ·•) ,_71-~ ':· •· /' ·r..j.-1~·;.·:·. 

Aluminizing of LHe panels is to be decided by LBL/LLL. 
/ 

If cost is low 

and no delay in schedule and if promising, do some tests to demonstrate 

effectiveness before actually plating big panels. (Emissivity of 

panels is questionable.) 

lO. Instrumentation. Lots of redundant measurements on prototype. Simple, 

reliable instrumentation, and as few as consistent with operational 



...... · 
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\ 
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reg_uirements on production NBL's. 

11. Determine permissible time spent above lo-3 torr during g_uick regenera

tion. 

/ 
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C R Y 0 P U M P I N G S Y S T E M 

0 DESIGN REQUIREMENTS 

o DESIGN DESCRIPTION 

~- SYSTEM PERFORMANCE 

0 DESIGN RATIONALE 

0 OPERATION . 
' 



CRYOSYSTEM DESIGN REQUIREMENTS 

Q PUMP 90 t.x./s, D2.tiHILE MAINTAINII4G: 

DUCT 
jPdx. < 5 X 10-5 t•M 

MAGNET 

QINJECTED < 0.25 t•l/SHOT 
INTO TORUS 

o MusT WORK IN TFTR ENVIRONMENT 
(EDDY CURRENTS; NUCLEAR EFFECTS) 

o OPERATION AT 3,8 OR 4.5 K 

~HELIUM HEAT LOAD < 55 W. 

LBID 208 
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(DELIVERED AT~ 50% QUALITY; 6P < 1/4 PSI) 
(8 HOUR AUTONOMY) 

o NITROGEN CONSUMPTION < 415 x./HR 
(DELIVERED AT~ 8% QUALITY; 6P < 1/2 PSI) 

~CoOLDOWN IN 24 HOURS 

o REGENERATION ~ 8 HOURS 

o VACUUM BREAK EQUIVALENT TO 4n DIA HOLE 

0 ~.T LBL: 0 I 7 g EARTHQUAKE LOADS I 
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Hardware deSi9ri features· 
. . . 

• Systorn Includes cryop~~P array · 
· and cryogen supply· 5ystom 

• Cryopump array includes 8 . 
modular cryopump$, 4 Qn each 
sldo of vacuum chnmber . 

• Each module. is ~ 3.6 m t1igh . . . .. . . .. 
X 1'.2 m wid a and weighs 600 ·I< a · · :~:. ·. . ~ · ' ·· · · 

• Cryopump array is ~usponded 
undor lid of vacuum chamber; 
~upports compensate for differ- . 

· entfal c·ontraction 
t Cryogah supply 1ystom is ·mounted 

on top of vacuum chamber lid; · 
includes liquid nelium dew~u llnd 
liquid nitrogen distribution' manifold 

t Total system weight~- 6800 Ko 
(15,000Jb) . ' 

Color code 

- • Liquid helium 
--- Two phase fleliurn 
Mt;rPW"'W'd Liquid nitrogen .. • ' 

aannnnAI Two phase f)itrogen 
_ .. oo .. ae• G<ls return 

• I 

-~··"'"· .. ,.,\ 

1· 

... , 

I' 

·-··---·- .......................... ---·-·· .... --.. ·----· ------------- ......... _ . ··--- _______ ..... --·· ·------
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~Each helium panel 
~ . vents to nir through 

burst disc 

Loft hand sid·e shown, 
right hand is mirror image 
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750 liter liquid 
helium dewar 

LN
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Cryogen. storage system 
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CRYOPUfv1~P PERFORi"ifl.NCE 

Q 29 I 5 1'·12 ACTIVE PUi~TP I NG AREA 

2,5 X 106 £/S SPEED FOR n2 

o DIFFERENTIALLY PUMPED CHAMBERS 

P1 ~ 9 X 10-5 TORR 

P2 ~ 2.2 X 10-S TORR 

P3 ~ 3 .X 10-6 TORR 

jPctt ~ 3 X 10-S t•M 

QINJ ~ 0,11 t•X. 

o CRYOCONDENSATION ON QUILTED (LHE FLOODED) PANELS 
WITH LARGE OVERPRESSURE CAPABrLITY 

o CRYOGENS CIRCULATE IN CONVECTIVELY DRIVEN LOOPS 

e CRYOGEN INVENTORIES INSIDE BEAMLINE! 

LHE ~ 200x. 
LN2 ~ 250t 

° COPPER CHEVRONS nATTACHEDn TO STAINLESS STEEL VACUUM 
BOUNDARY 

o HELIUM HEAT LOAD ~ 50 WATTS 

0 LN2 CONSUI''\PTI ON ~ 110 t/HR 
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.J 

CRYOG~N STORAGE SYSTEM 

LIQUID HELIUM DEWAR 

0 7509. LHE + lOOx. ULLAGE 

o DUAL CCNCENTR I C BAYONETS 

o INCORPORATES VALVES FOK 

• NoRt1AL OPERATION 

• (OOLDm•IN 

• REGENERATION 

LN2 DISTRIBUTION MANIFOLD 

o 2509. CAPACITY (40' OF 5u PIPE) 

o INDIVIDUAL FEED & RETURN TO EACH MODULE 

o PROVIDES FOR FORCED FLOW DURING COOLDOWN 

o MoUNTED ON TOP TO ALLOW MAXIMUM SPACE 
UTILIZATION INSIDE BEAMLINE & MINI~IZE 
INTERIOR PLUMBING 



~· 

·t· 
DESIGN BATIONALE 

OVERALL CONFIGU_RATION - S IDE\'~ALL PUC'\PING 

0 PREVENTS FLOW INSTABILITIES 

o RELATIVELY SIJ''IPLE F.,ABRICATION 

o ALLm·IS MODULAR DESIGN 

LBID 208 
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CRYOGEN SUPPLY SYSTEM- ON EXTERIOR OF N.B~L. 

o Cor-t"\O~l V.~CUUM WITH NBL WOULD 
CREATE OPERATIONAL PROBLEMS 

9 MINIMIZES VACUUM JOINTS INSIDE NBL 

o ALLOWS MOST SPACE FOR PUMPING 

o ALLOWS REPAIR/REPLACEMENT WITHOUT 
DISASSEMBLING NBL 

CRYOPUMPS 

F~OODED QUILTED PANELS 

s EXTREMELY LOW ~T 1 S DURING SHOTS 

o SUCCESSFUL OPERATION AT LLL 

o PROVIDES CROSSFLOW·TO PREVENT CHOKING 

0 fLAT PANELS EASY TO MAKE 

CHEVRON ASSEMBLIES (STAINLESS/COPPER) 

o MATCHED EXPANSION COEFFICIENT 

o RELIABLE WELDING 

0 L 0 1t~ .4 c T I vAT I 0 N 



\ OPERA.T I ON 

CooLDm'lN 
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Q 5900 kg To LN2 (oF 'r/HICH 1070 kg To LHE) 

oliMITED BY 2,5 HOUR THERMAL DIFFUSIVITY TIME 
IN MODULES 

oTESTS ON INDIVIDUAL MODULE IN PROGRESS 

STEADY STATE 

oDURING SHOTJ 6T ON LHE PANEL~ 3MK 

Q LH~; HEAT LOADS 

84K RADIATION ~ 30 W 

LHE TANK & PLUMBING 6 
VENT PIPES 6.6 
DUTY CYCLE EFFECTS 2.2 

Mrsc. 5.0 

50 w 

Q LN2 CONSUi1PTION ~ 110 x.IHR 

o(ONVECTIVE CIRCULATION ~ lOX MINIMUM TO PREVENT 
DRY OUT 

oDEPRESS LEVEL IN LN2 MANIFOLD 

oSYPHON LHE OUT OF PANELS (VALVE IN DEWAR) 

o Putv:P ouT D2 & RECOOL 
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BURST DISK 

75 PSIA 

VESSEL LID 

HELIUM MANIFOLD 

MODULE " . l 

. __ \_ ___ j 
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OPTIONAL

LOW PRESSURE 

RELIEF.- VALVE 

i 

~LN2 SHROUD 
I 
I , __ 

I 
I 
I 
I 

PANEL 
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Conditions: 

261,800 watt~ onto panel, 
initially full at 3.8 I< 

Isentropic flow through 
3.48 em dia opening 

20 ms time steps using 
NBS helium properties 
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Memo to Distribution 

14) 
.. , ______ .15) 

lb} 
17) 
18) 
19) 
20) 
21) 
22) 
23) 
24) 

Page 2 

AAA-77-111673-0A 
AP·A-77 -111679-03 
AA11.-77 -111714-03 
AAA-.77 -111715-03 
AAA-77-111717-0C 
AAA-77 -111718-03 
AAA-77-113511-0A 
AAA-77-11~558~0A 
AAA-77-113558-00 
AAA-78~100500-0A 
AAn.-78-103970-00 
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July 12, 1973 

T~e above list of drawings is a partial list pertaining to the Cryopumping 
System. As the remaining drawings become finalized~ they will be transferred 
to LBL. 

Please refer all questions to Lee Pittenger, x-29909 or Reg Wood, x-29914. 

~ [\ r--. " ~~· 
R. w~ · . · · 'S 
~Beam Group 
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Distribution: 
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L Pittenger L-541 
R. Stone L-541 
L. Val by L-541 
R. \•load L-541 

LBL 
w. Cooper 16 
J. Haugh ian BOC 
K. Lou BOC 
D. Peterson 930 
D. Roth BOC 
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29914 

M E M 0 R A N 0 U M July 12, 1978 

TO: Distribution 

FRO~!: R. ~~ood 

SUBJECT: Neutral Beamline- NBSTF Cryopumping System Tracing Transfer 

It has been requested by Ken Lou of LBL that all tracings pertaining to 
the Cryopumping System for the Neutral Beam Line - NBSTF be transferred to LBL 
custody. I have discussed this transfer with Cliff Bishop of LLL Mechanical 
Engineering Administration Division, and he has agreed to transfer all 
tracings under the following conditions: 

1) The LLL logo and name section of the title block 
must be removed; 

2) The 11 A.AA 11 portion of the drawing number must be 
removed from the t~tle block. 

Assuming that there are no objections to the above conditions, the 
following list of drawings will be transferred to LBL immediately. 

l ~ ,] 
~:-.;~~=J 

1) AAA-77-111009-0C 
2) AAA-77-111010-0B 
3) AAA-77-111011-0B 
4) Ai\A-77-111012-0C 
5) AAA-77-111013-0B 
6) AAA-77-111014-0B 
7) AAA-77-111015-0A 
8) AAA-77-11t016-00 
9) AAA-77-111017-0A 

10) AAA-77-111018-0A 
11) AAA-77-111019-0A 
12) AAA-77-111037-0B 
13) AAA-77-111041-0A 

, .,,\.,_,~. ·c,- · ,, ·--.,.. ~o ....... --, "'·-.,~-, ,-........ Rv 
l t.:..~.\/ 1~·--<.·-i'' 1- l j .. ,-';-:~-,/! j.._..-;!~- . ,-__, - .... ( 1-. ~- i; '> 
j__, \ ~ . t '.._I ~ -- - -- l J! . I-· 1 _,i • ~-..._)' I .. --... J ~J I ~ 
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M E M 0 R A N D U M 

TO: Distribution 

FROM: Reginald D. Wood 

LBID 208 
M5521 Page 146 

NTFD #3125 

January 29, 1979 

SUBJECT: Neutral Beam Line - NBSTF Cryopumping System· Tracing 
Transfer 

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

The following drawings have been finalized for custodial transfer to 
LBL. As in the pa~t, transfer will be made under conditions specified in 
memorandum NTFD #3070, dated July 12, 1978. 

1) AAA77-113555-00 
2) AAA77 -113574-00 
3) AAA77-113575-00 
4) AAA78-100501-00 
5) AAA78-100502-00 
6) AAA78-103962-00 
7). AAA78-103963-00 
8) AAA78-108821-00 
9) AAA78-108822-00 

10) AAA73~108823-00 
11) AAA78-108824-00 
12) AAA78-113872-00 
13) AAA78-113874-0A 
14) AAA78-119720-00 
15) AAA78-119721-00 
16) AAA78-119722-00 

The above list of drawings is a partial list pertaining to the 
Cryopumpi ng System. As the remaining dra\vi ngs become fi na 1 ized, they 
will be transferred to LBL. 

~ . ~~~~ Un/:/9··:3: ,' / ·::! r:;a:if.Jrr;ia 

·\ ... :~·J 1_;~\;\/i-4i~:\J·CE ~-:\~~~Rrv·1c..;r-1c t_~~\ ~~~:Jf=i.J:.-ro~-=~\( 
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Please refer all questions to Lee Pittenger, x-29909 or Reg Wood, 
x-29914. 

RW/dl: 0733z 

Distribution: 
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C. Bishop 
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L. Pittenger 
R. Stone 
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R. Wood 

LBL 
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L-541 
L-541 
L-541 
L-541 
L-541 

H. Cooper 16 
J. Haughian 80C 
K. Lou 80C 
D. Peterson 930 
D. Roth 80C 
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M E M 0 R A N 0 U M 

TO: Distribution 

FROM: Reginald 0. Wood 

LBID 208 

NTFD #3126 
M5521 Page 143 

January 31, 1979 

SUBJECT: Neutral Beam Line - NBSTF Cryopumping System Tracing 
Transfer (4959-23} 

The following drawings have been finalized for custodial transfer to 
LBL. As in the past, ttansfer will be made unde~ conditions specified in 
memorandum NTFD #3070, dated July 12, 1978. 

1) 77-~08336-0E 
2) 77-111029-00 

·. 3) 77-111030-00 
4) 77-111031-00 
5) 77-111032-00 
6) 77-111033-00 
7) 77-111034-00 
8) 77-111035-0A 
9) 77-111036-00 

10) 77-111038-0A 
11) 71-111039-00 
12) 77-111040-0A 
13) 77-111042-00 
14) 77-111043-00 
15) 77-111044-00 
16) 77-111045-00 
17) 77-111046-00 
18) 77-111047-00 
19) 78-107675-00 
20) 78-107667-00 
21) 78-107668-00 

The above list of drawings is a partial list pertaining to the 
Cryopumping System (4959-23). As the remaining drawings become 
finalized, they will be transferred to LBL. 

I : i a University of California 

~ LA1VRENCE UVERfv10RE LABORATORY 
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Please refer all questions to Lee Pittenger, x-29909 or Reg Wood, 
x-29914. 
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MaiiStationL- 541 

Ext: 29909 

MEMORANDUM 
NTFD #3138 
Narch 16, 1979. 

TO: 

FROM: 

SUBJECT: 

Don Roth (LBL) 

L. Pittenger· 

LBL-supplied components and-parts for the three 
PPPL LHe dewars 

Several components and parts are needed by PPPL to complete 
the assembly of three dewars being built by CVI. Requisitions and 
Job Orders for these items should be issued by your office to LBL 
purchasing and shops. The status of these items is summarized 
below. Suggested quantities of belJows are made to allow for spares. 

• 6 ea Bayonet Tip Assemblies, to be ordered 
dwg. no: AAA-77-113503 
example job order: 628754 (copy enclosed) 
parts to order: 

8 ea Bellows: AAA-77-108336 Tab-05 
,8 ea Bellows: AAA-77-108336 Tab-01 

• 6 ea Small Tip Assemblies, to be ordered 
dt'lg. nb: AAA-78-100522 
example job order: 628754 (copy enclosed) 
parts to order: 

8 ea Bellows: AAA-77-108336 Tab-20 

• 4 ea Upper Bayonet Assemblies, already ordered on job 
orders 629260 and 631330, but the bellows was 
ordered for one only, on job order 631330 (copies _enclosed) 
dwg. no: AAA-77-111283 
parts to order: 

4 ea Bellows: AAA-77-108336 Tab-03 

• 3 ea Lower Socket Assemblies, to be ordered 
dwg. no: AAA-77-108345 
example job order: 628742 (copy enclosed) 

~ Universityo!California . 

• ~: LA\NRENCE LIVERMORE LP.BORATORY 
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Memo to ·Don Roth -2-

• 3 ea Diverter Valve Stem Assemblies, to be ordered 
dwg. no: AAA-78-117875 
example job order: 629659 (copy enclosed) 
parts to order: 

3 ea springs, ·Lee Springs #LC-125M-0 
.12 ea springs, Lee Springs #LC-045D-15 

3 ea springs, Lee Springs #LC-105L-6 
(refer to LBL·P.O. #5640102) 

4 ea bellows, Metal Bellows #600-35-5 
(refer to LBL P.O. #5640002) 

• 3 ea Diverter Valve Drive Assemblies, to be ordered 
dwg. no: AAA-78-1110478 
example job order: 630634 (copy enclosed) 
parts to order: 

6 ea Duff-Norton Mini Pac Jactuators, 
Part #MPA6405 1 12 VDC w/2" Stroke 

(refer to LBL P.O. #3199502) 

March 16, 1979 
NTFD #3138 

3 ea American Magnetics LHe Level Probes, #KE-101 
(refer to LBL P.O. #4202702) 

• 

• 

• 

3 ea Deutsch Connectors, #DM5624-7-*P 
(no previous P.O.) 

60 ea Belleville Washers, P.I.C. #D6-26 
(refer to LBL P.O. #5926402) 

6 ea Linear Potentiometers, Allied Stock #606-2040, 10 kn 
(refer to LBL P.O. #5926402) 

4 ea Bellows, AAA-77-108336 Tab-13 
4 ea Bellows, AAA-77-108336 Tab-12 

6 ea He Tank Leg Guide Pins, to be ordered 
dwg. no: AAA-77-111244 Tab-'01 
example job order: 629622 (copy enclosed) 

6 ea He Tank Leg Guide Pins, to be ordered 
dwg. no: AAA77-111244 Tab-02 

:example job order: 631898 (copy enclosed) 

3 ea Diverter Valve' Housing and Burst Disqs, Modified, 
already ordered on job order 630609 

I suggest you check bills of materials on each drawing listed on 
the job orders to ensure completeness of parts orders. 

L. Pittenger 

LP:dl 
Enclosures (8) 
cc: R. Wood 

L. Valby ~ 4C 
K. Lou (LBL) 
D. Peterson (LBL) 
A. Roberts (LBL) 

. LBID 208 
r~5521 Pg 151 
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TO: Distribution 

FROM: Reginald D. Wood 

LBID 20S 
M5521 Page 152 

NTFD #314S 

April 10, 1979 

SUBJECT: Neutral Beam Line - NBSTF Helium Dewar-Upper Bayonet 
Tracing Transfer - 4959-23 

- - - - -- - - - - - - - - - - - - - - - - - - - - - - - ~ 

The fo l1 owing drawings have been fi na 1 i ze·d for custodial 
transfer to U3L. As in the past, transfer will be made under conditions 
specified in memorandum NTFD #3070, dated July 12, 1978. 

1) AAA77-113500-00 
2) AAA77-113501-0A 
3) AAA77-113502-0A -, 

4) AAA77-113503-0A '·· 
5) AAA?S-100522-00 
6) AAA?S-100523-00 
7) AAA?S-100524-00 
8) AAA78- T1 0452-00 

The above list of drawings is a. complete list pertaining 
to the Helium bewar-Upper Bayonet. 

Please refer all questions to Lee Pitt~nger, x-29909 or 
Reg Wood, x-29914. 

RmJ/da 

Distribution: 
LLL LBL 

C.· Bishop L-541 w. Cooper 16 
13. Den hoy L-541 J. Haughian soc 
L. Pittenger L-541 K. Lou soc 
R. Stone L-541,/ D. Peterson 930 
L. Va1by L-541 D. Roth soc 
R. Hood L-541 ;: ll' : University of California . 

:·· l.~.-' , "'\ ... ,.,.-., .. --~ . ..-..- ' '"":J,-,.-, .• , .. __,_,....._r ~ " "",......~,., ..,..o· .-...,, . 
•---· I·J,·-~-~~•- ~-r-··.·-- (•·~~ ~ .~ ~-J' 

•• '-"· ..i LJ·-~·.:\;; ;:_l'\h ...... .._ L1 t:i l• \i •Uv iL ;,.....-,, .... AJ;IA I 1 1 , 
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lnterdeparlmen:a! letterhead 

!Aai!StationL- 541 NTFD #3149 

Ext: 29905 

April 24, 1979 
M E M 0 R A N D U M ----------
TO: Distribution 

FROM: Reginald D. Wood 

SUBJECT: Neutral Beam Line- NBSTF LHe Main Dewar Tracing 
Transfer - 4959-23 

The following drawings have been finalized for custodial 
transfer to LBL. As in the past transfer of drawings will be made 
subject to conditions specified in memorandum NTFD #3070, dated July. 12, 
1978. 

1) 77-108338-00 
2) 77-108339-00 
3) 77-108340-00 

. 4) 77-108341-00 
5) 77-108342-00 
6) 77-108343-00 
7) 77-108346-00 
8) 77-111000-00 
9) 77- 111 00 1-00 

10) 77-111008-00 
11) 77-111020-00 
12) 77-111021-0A 
13) 77-111022-00 
14) 77-111023-00 
15) 77-111049-00 
16) 77-111200-00 
17) 77-111201-00 
18) 77-111202-00 
19) 77-111204-00 
20) 77-111205-0B 
21) 77-111206-00 
22) 77-111207-0A 
23) 77-111208-00 
24) 77-111220-0A. 
25) 77-111243-00 
26) 77-111292-0A 
27) 77-111294-00 
28) 77-111296-00 
29) 77-111297-00 
30). 77-111298-00 

31) 77-111299-00 
32) 77-111651-0A 
33) 77-111652-00 
34) 77-111656-00 
35) 77-111657-00 
36) 77-111664-0A 
37) 77-111666-00 
38) 77-111668-00 
39) 77-111669-00 
40) 77-111670-00 
41) 77-111672-0A 
42) 77-111673-0A 
43) 77-111682-0A 
44) 77-111702-00 
45) 77-111703-00 
46) 77-111704-00 
47) 77-111705-00 
48) 77-111706-00 
49) 77-111708-00 
50) 77-111709-00 
51) 77-111711-0A 
52) 77-111712-0A 
53) 77-111723-0A 
54) 77-111741-00 
55) 77-111742-00 
56) 77-111743-00 
57) 77-111744-0A 
58) 77-111745-0A 
59) 77-111746-00 
60) 77-113505-00 
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-2-

61) 77-113509-00 75~ 78-100542-0A 
62) 77-113510-0A 76 78-100543-0A 
63) . 78-100514-00 77) 78-100544-00 
64) 78-100515-00 78) 78-103906-0A 
65) 78-100516-00 79) 78-103952-00 
66) 78-100517-00 80) 78-103953-0A 
67) 78-100519-00 81) 78-103958-00 
68) 78-100520-0A 82) 78-103959-00 
69) 78-100521-00 83) 78-103971-00 
70) 78-100526-00 84) 78-103972-00 
71) 78-100537-0A 85) 78-107663-0A 
72) 78-100538-00 86) 78-107664-00 
73) 78-100539-0A 87) 78-107666-00 
74) 78-100541-00 88) 78-107684-0A 

89) 78-.107690-00 

The above list of drawings is a complete list pertaining to the 
LHe Main Dewar. 

It should be noted that final rev1s1ons of our drawings do not 
reflect 11 as built update revisions supplied by CVI Corp. Due partially 
to redesign changes involving proprietary information claims by cvr 
Corp., insufficient information for complete update of our drawings was 
supplied •. 11 AS built 11 sepias received from CVI Corp. will be forwarded to 
LBL for review. LBL will assume responsibility for 11 aS built update .. 
revisions to original tracings as required. 

Please refer all questions to Lee Pittenger, x~29909 or Reg Wo~d, 
x-29914. 

RDW/da 

Distribution: 

LLL LBL 

c. Bishop L-129 w. Cooper 16 
B. Den hoy L-541 J. Haugh ian aoc 
L. Pittenger L-541 K. Lou aoc 
R. Stone L-541/ D. Peterson 930 
L. Va1by L-541 D. Roth aoc 
R. Wood L-541 
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c v ~ CORPORATION A PENNWALT SU[)SIOIARY 

P. 0. BOX 2138. COLUMBUS. OHIO 43216 • (614) 876-7381 TELEX 245-383 

EQUIPMENT • CHEMICALS· HEALTH PflOOUCTS 

March 9, 1979 

University of California 
Lawrence Berkeley Laboratory 
1 Cyclotron Road 
Berkeley, CA 94720 

Attention: Mr. D. Peterson 

Subject: Helium Dewar Trunnion Drawings 

Reference: Purchase Order 4746002 

Gentlemen: 

Regarding your request for Proprietary Trunnion Drawings for the 
Main Helium Dewar assembly, CVI has furnished LBL with 011e (1). 
copy and one ( 1) reproducible sepia of all 11 As Built 11 Drawings for 
the Main Dewar Assembly including installation of the Trunnion As:... 
sembly as shown on LBL Drawing 77-113510-00 (CVI Drawing B866-
5801). 

At the time CVI suggested the change to reduce the Heat Leak on 
the Dewar, LBL was advised that detail design and fabrication 
9rawings would not be provided by CVI. However, to assist you 
in supplying PPL with an assembly picture of the Trunnion we 
are supplying five (5) copies of CVI Drawing B866-5897 Trum'lioh 
Installation stamped Proprietary and with the U.S. Patent identi
fication number displayed. This drawing may be used for informa
tion and evaluation only by LBL, PPL and th_e U, S. Government 
and may not be disclosed or reproduced for any other purpose. 

In the interest of keeping this project· on schedule, CVI delivered a 
complete set of changed drawings on November 6, 1978 to the LBL 
Project Engineer for approval. To date this approval has not been 
forwarded to CVI, however, we have proceeded with fabrication and 
delivery of the first unit requiring expediting of the material and ex
pel_lditure of considerable fabrication overtime effort. in order t<;> pro
vide LBL with the earliest possible delivery date. _ .,. . 

~< 

•t 

l": --· ' 
~ 

--~ ., ;,. 
~-. ~. 

:i 
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University of California 
Mr. D. C. Peterson -2-

c. LBID 208 
. M552l, Page 156 

March 9, 1979 

If there are any further questions on the Trunnion assembly, ·we will 
be glad to discuss these with LBL or PPL personnel.· 

WHJ/mh 

Enclosure: 

., 

Very truly yours, 

CVI CORPORATION 

0- I ' 

'ffl/!~:u-' t/K \ w.lft/ .... Jaleger 
Man ger, Yspecial Equipment 
and Systems 
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;'.-ia:IS!a!ionL- 541 NTFD #3150 

Ext: 29914 

TO: 

FROM: 

SUBJECT: 

..... :,_.__ 

' -~ - ·-. 

April 12, 1979 

. Di stri buti on 

Reginald D. Wood 

Neutral Beam Line - NBSTF Helium Dewar-Lower Socket 
Tracing Transfer - 4959-23 

The following drawings have been finalized for custodial 
transfer to LBL. As in the past, transfer will be made under conditions 
specified in memorandum NTFD #3070, dated July 12, 1978. 

1) AAA77-108345-00 
2) AAA77-l08347-00 
3) AAA77-l08348-00 
4) . AAA77-l08349-00 
5) AAA77-lll002-00 
6) AAA77-111221-00 
7) AAA77-111222-00 

. The above list of drawings is a complete list pertaining 
to ·the Helium Dewar-Lower Socket. 

Please refer all questions to Lee Pittenger, x-29909 or 
Reg Wood, x-29914. 

RDI~/da 

Distribution: 
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c. Bishop L-129 ~·J. Cooper 16 
B. Denhoy L-541 J. Haugh ian 80C 
L. Pittenger L-541 K. Lou 80C 
R. Stone L-541/ D. Peterson· 930 
L. Val by L-541 -~ D. Roth 80C 
R. ~·Jood L-541 
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NTFD #3151 

;'_,\ i: 29914 

April 12, 1979 

M E M 0 R A ~ 0 U M ----------
TO: 

FROM: 

SUBJECT: 

Distribution 

Reginald D. vlood 

Neutral Beam Line - NBSTF Helium Dewar-Support 
Tracing Transfer - 4959-23 

The following drawings have been finalized for custodial 
transfer to LBL. As in the past, transfer will be made under conditions 
specified in memorandum NTFD #3070, dated July 12, 1978. 

l) AAA77-111244-00 
2) AAA77-11124·5-00 
3) AAA77-111246-00 
4) AAA78-103988-00 

The above list of drawings is a complete list pertaining 
to the Helium Dewar-Support. 

Please refer all questions to Lee Pittenger, x-29909 or 
Reg \·Jood, x-29914. 

RD\~/da 

Distri.bution: 
LLL LBL 

. c. Bishop L-129 i'J. Cooper 16 
B. Den hoy L-541 J. Haugh ian soc 
' Pittenger L-541 K. Lou 80C L.. 

Ro Stone L-541 D. Peterson 930 
L. Val by L-541/ D. Roth 80C 
R. Hood L-541 
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f,;'c.i/Si'ationL- 541 NTFD #3152 
29914 

Apri 1 12, 1979 
M E M 0 R A N 0 U M ----------
TO: Distribution 

FROf-1: • Reginald D. vJood 

SUBJECT: Neutral ·seam Line - NBSTF Helium Dewar-Valve Ass•y 
Tracing Transfer - 4959-23 

The following drawings have been finalized.for custodial 
transfer ta LBL. As in the past, transfer will be ~ade under conditidns 
specified in memorandum NTFD #3070, dated J-uly 12, 1978. · 

1) AAA77-111027-00 
2) AAA77-111212-00 
3) AAA78-117871-00 
4) AAA78-ll7872-00 
5) AAA78-117873-00 
6) AAA78-ll7874-00 
7) AAA78-117875-00 
8) AAA78-ll7876-00 
9) AAA78-117877-00 

10) AAA78-117878-00 
11} AAA7~-117879-00 

The above list of drawings is a complete list pertaining. 
to the Helium Dewar-Valve Ass•y. 

Please refer a 11 
Reg Hood, x-29914. 

RDH/da 
Distribution: 

LLL LBL 
C. Bishop L-129 W. Cooper 
B. Denhoy L-541 J. Haughian 
L. Pittenger L-541/ K. Lou 
R. Stone L-541 · D. Peterson 
~: ~g~~y t:g~1 D .. Roth 
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TO: Distribution 

FROM: Reginald D. Wood 

LBID 208 
M5521 Page 161 

NTFD #3156 

Apri 1 20, 1979 

SUBJECT: Neutral Beam Line- NBSTF Helium Dewar Valving Tracing 
Transfer - 2959-23 

The following drawings have been finalized for custodial 
transfer to LBL. As in the past, transfer will be made under conditions 
specified in memorandum NTFD #3070, dated July 12, 1978. 

l) 77-111003-00 11) 77-111676-0A 
2) 77-111004-00 12) 78-110478-00 
3) 77-111005-00 13) 78-110479-00 
4) 77-111006-00 14) 78-110480-00 
5) 77 -111203-0A 15) 78-110481-00 
6) 77-111213-00 16) 78-111368-00 
7) 77-111214-00 17) 78-119278-0A 
8) 77- 111215-00 18) 78-119279-0A 
9) 77-111216 -OA 19) 78-119709-00 

10) 77-111674-00 20) 78-119715-00 
21) 78-119716-00 

The above list of drawings is a completed list pertaining to the 
Helium Dewar Valving. 

It should be noted that the following drawings, while part of 
the Helium Dewar Valving, are common to other ass•ys and have been 
previously transferred: 

l) 77-111205-0B - See NTFD #3149 
2) 77-111207-0A- See NTFD #3149 
3) 78-117875-00 - See NTFD #3152 

' : : ··-· University of California 
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P1eas·e refer all questions to Lee Pittenger, x-29909 or Reg 
Wood, x-29914. 

RDW/da 

Distribution: 

LLL 

c. Bishop L-129 
B. Den hoy l-541 
L. Pittenger L-541 
R. Stone L-541./ 
L. Val by L-541 
R. Wood L-541 

LBL 

w. Cooper 
J. Haugh ian 
K. Lou 
D. Peterson 
D. Roth 

Regi\9~1 d D. Wood 
'N~tra1 Beam Group 
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f.;iatf Station L- 54 1 NTFD #3158 

Ext: 29914 

April 24, 1979 

M E M 0 R A N D U M ----------
TO: Distribution 

FROM: Reginald D. Wood 

SUBJECT: Neutral Beam Line - NBSTF LN2 Manifold Ass•y Tracing 
Transfer - 4959-23 

The following drawings have been finalized for custodial 
transfer to LBL. As in the past, transfer will be made under conditions 
specified in memorandum NTFD #3070, dated July 12, 1978. 

1) 77-111659-00 
2) 77-111677-00 
3) 77-111680-00 
4) 77- 111681-00 
5) 77-111721-0A (3 sheets) 

The above list of drawings is a complete list pertaining to the 
LN2 Manifold Ass•y. 

Note that the following drawings, while part of the LN2 
Manifold Ass•y, are co~mon to other assemblies and have been previously 
transferred: 

1) 77-108336-0E- See NTFD #3126 
2) 77-111678-0A- See NTFD #3070 
3) 77-111679-0B- See NTFD #3070 

It should also be noted that final revisions of our drawings do 
not reflect "as built update" revisions supplied by CVI Corp. "As built" 
sepias received from CVI Corp. will be forwarded to LBL for review. LBL 
will assume responsibility for "as built update" revisions to original 
tracings as required. 

UnivcrsiiV of Colliornia 
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Please refer all questions to Lee Pittenger, x-29909 or Reg 
Wood, x-29914 • . Q. 
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R. Stone L-541~ D. Peterson 930 
L. Val by L-541 D. Roth BOC 
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