EXHIBIT A-1

Vacuum Vessel Engineering Note
(per Fermilab ES&H Manual Chapter 5033)

Prepared by R.]J. Woods Date 11/15/06  Div/Sec = PPD/MECH

BdoMond s
Reviewed by T)\ \\LJD QMN{ W Date §|)3 lOQ) Div/Sec F’?DIHEC\-\
Div/Sec Head Date Div /Sec
1. Identification and Verification of Compliance

Fill in the Fermilab Engineering Conformance Label information below:

This vessel conforms to Fermilab ES&H Manual Chapter 5033

Vessel Title MuCool Bayonet Box

Vessel Number

Vessel Drawing Number ME-435320 BAYONET BOX OVERALL ASSEMBLY !!
Internal MAWP - -
External MAWP 14.7psi

Working Temperature Range -20 °F +100 °F
Design/Manufacturer Fermi Lab - Particle Physics Division

Date of Manufacture

Acceptance Date

Director’s signature (or designee) if vessel is for manned area and requires an exception to the
provisions of this chapter.

Amendment No. Reviewed by: Date:

Laboratory location code

Laboratory property number

Purpose of vessel

List all pertinent drawings

Fermilab ES&H Manual 5033-1
Revised 02 /2002
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Drawing No. (SEE ATTACHED DRAWING LIST) Location of Original

2. Design Verification
Provide design calculations in the Note Appendix.

3. System Venting Verification

Can this vessel be pressurized either internally or externally? [ ]Yes [X]No
If “Yes”, to what pressure?

List all reliefs and settings. Provide a schematic of the relief system components and
appropriate calculations or test results to prove that the vessel will not be subjected to
pressures greater than 110% beyond the maximum allowable internal or external pressure.

Manufacturer Relief Pressure Setting Flow Rate Size '
CVIVACUUM SEAL-OFF 17w/ 1/8 FNPT
VALVE #V-1046-31 for TC

4. Operating Procedure Section

Is an operating précedure necessary for the safe operation of this vessel?
[1Yes [X]No (If "Yes”, it must be appended)

Is a testing procedure necessary for the safe acceptance testing (acceptance testing) of this vessel?
[ 1Yes . [X]No-

If “Yes”, the written procedure must be approved by the division head przor to testing and
supplied with this Engineering Note.

5. Welding Information

Has the vessel been fabricated in a Fermilab shop? [X]Yes [ JNo
If "Yes,” append a copy of the welding shop statement of welder qualification.

6. Exceptional, Existing, Used and Non-Manned Area Vessels

Is this vessel or any part thereof in the above éétegories? [ IYes [X]No
If "Yes” follow the Engineering Note requirements for documentation and append to note.

Fermilab ES&H Manual 5033-2
Revised 02 /2002
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* Fermi National Accelerator Laboratory
* PPD / Mechanical Support / Engineering Analysis

Stress and Displacement of Bayonet Box Top Plate

Zhijing Tang
October 18, 2006

Bayonet outer box top plate is 84 inch long, 25.75 inch wide, and 0.62 inch thick. It is
made of stainless steel 304. There are quite a few holes drilled on it. It is subjected to
vacuum pressure load. Besides that, on seven top row 2.25 inch holes each has 50 Ib
weight. We calculate the load on each hole as follows:

f==-DF,
4n

Where D is the diameter of the hole, Po = 14.5 psi is the atmosphere pressure, n is the
number of nodes on the hole, fis force on each node. 1 hole of D=6.51n,n=32,f=15
Ib; 5 holes of D =1.625 in, n = 16, f=1.88 Ib; 3 holes of D = 2.75in,n=24,f=3.61b;7
holes of D = 2.25 in, n =24, f=2.4 1b; 7 holes of D = 2.25 in, n = 24, plus 50 Ib weight, f
=451b.

Boundary conditions are simply supported but no rotations. Conditions on the holes are
divided into two cases: One without constraint, and one rotation at hole is set to zero.
Stress and displacement are calculated for each case. The real situation may lies between
these two cases.

Max Disp (in) Max stress (psi)
1 No constraint 0.02764 11549
2 No rotation 0.01124 23748

The maximum stress of 23748 psi in the second case may seem a little too large. This is
mainly due to the over constraint at the hole. The real boundary condition at hole may
rest between these two extreme cases, and we expect the maximum stress below 18000

psi.
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SMX =.027642
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Bayonet Box Top Plate
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.003071

.009214

AN

OCT 13 2006
15:54:39

.012285 .018428

.024571
.015357 .021499 .027642

NODAL SOLUTION

STEP=1

SUB =1

TIME=1

SEQV (AVG)
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OCT le 2006
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[ = SRS ]
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Bayonet Box Top Plate (no rotation at holes)
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STEP=1
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e MRS
85.25 5344 10602 15861 21119
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Bayonet Box Top Plate (no rotation at holes)




Fermi National Accelerator Laboratory
PPD / Mechanical Support / Engineering Analysis

L

Stress and Displacement of Bayonet Box Top Plate (Revised)

Zhijing Tang
February 19, 2009

Bayonet outer box top plate is 84 inch long, 25.75 inch wide, and 0.62 inch thick. It is
made of stainless steel 304. There are quite a few holes drilled on it. It is subjected to
vacuum pressure load. Besides that, on seven top row 2.25 inch holes each has 50 Ib
weight. In this revised model, we put 6 inch high schedule 10S pipes on the holes, so that
the conditions on the holes will be more realistic. The model is shown in Fig.1. Figs. 2
and 3 show the stress and displacement distribution of the plate. The maximum
equivalent stress is 11618 psi. The maximum displacement is 0.0276 in.

Fig. 1 Bayonet Box Top Plate Model AN

FEB 19 2009

6 in high pipes welded to the holes 10-36:25

top of pipes closed

Boundary Condition: 4 edges fixed

Load: Pressure = 14.5 psi
50 Ib weight on each of top row pipes

(2X=2%



NODAL SOLUTION Fig. 2 Equivalent Stress (psi) of the Plate m
STEP=1 FEB 19 2009
SUB =1 10:33:44
TIME=1
SEQV {AVG)
DMX =.027634 , , X
SMN =78.681
SMX =11618

78.681 2643 5207 7771 10336

1361 3925 6489 9054 11618

NODAL SOLUTION Fig. 3 Displacement {in) of the Plate AN
STEP=1 FEB 19 2009
SUB =1 10:35:18
TIME=1
Uz {AVG)
RSYS=0

DMX =.027634
SMN =-.027634

e
-.027634 -.021493 -.015352 -.009211 -.00307
-.024563 -.018423 -.012282 -.006141 0

10,5(2_
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P\MIKE\CHL\.. \11IK_DEW.NOT Appendix 1 M.chdisman Rev.l March 6, 1995
F Tz ~ 1100-/(-288+460)-1

=0.108_in’

A= : =
C-K-P-K, M 356-0.795-[(65+14.7)-1.1]-1-v/29

% 7 A2 No additional (except tanker fill) external sources exist to. pressurize .the dewars. Plant
production will not bring the dewar’s pressure over 65 psig since the Nitrogen Plant is limited at 65
psig with 20k dewars pressure reliefs. :

7.A3. Asitis shown above in §7.A.2.a through §7.A.2.d the flow capacity of each of the relief is
sufficient to ensure that the vessel pressure will not exceed 110% of MA WP for fire, loss of vacuum,
and pumping overfill combined. Then the stamped. rupture disk_pressure at 70 deg.F must be less .
than 150%(MAWP+15)-15 = 120 psig. The installed rupture disks are 2" BS&B type RB-90 set at
95 psig. - = ' :

- 7.A4. Dewar has nine (9) 4" parallel plate reliefs for vacuum jacket. The discharge area for each
relief is 7.069 in?, and:total available area is 63.62 in’, which is more than the area required. The
minimum required discharge area for vacuum relicfs installed on the dewar should be (according to

CGA-341 6.24.): ‘ ullens : _

, e Ib 3
Ay =0.00024-capacity,,,, = 0.00024-11,000-8.345— =22.03_in
i , ga :

7A.5. There is no rupture disg instalted Tor the vacuum vessel.

3 ’) 7.A.6. The inlet and vent piping of relief devices provide for proper performance. 11k dewars have
two sets of identical relief devices with 2" Worcester diverter valve incorporated into the flow path. -
The losses in the inlet piping are shown in §7.A.2.b. The vent losses are 0.725 psi for 4399 Ib/hr of
saturated gas flow @ 15 psia, plus 0.08 psi for 18,752 lb/hr of saturated liquid @ 15 psia.

LIQUID PIPELINE SIZING ‘SUMMARY

VALUES OF PIPELINE SEGMENT FITTINGS : NO.  EQ FT
T SRR RS R EEECEEEHEE S EEEESEEE S EEEESS SEEEsssEEeEnnTESSaaEEET T
© GALLONS/MIN 46 90 PEG SHORT RAD 1 4.1
" POUNDS/HR' 18752 90 DEG LONG RAD 0 0.0
DENSITY, LB/CU.FT 50.43 45 DEG ELBOW 0 0.0
VISCOSITY, CP 0.15 180 DEG ELBOW 0 0.0
TEMP, DEG.F. . -320.0 TEE THRU o . 0.0
N M_HEADALOSS+.Elmph_“;rﬂ;zuﬂmm“__“JEE_BBAHQH 0 0.0
INTERNAL DIA.,IN. 2.469 .~ PIPE ENTRANCE o 0.0
-~ VELOCITY; - FT/SEC - 3.1 - - --—PIPE BXIT- - s A _1__0:-6.._. -
PIPE EPSILON, IN 0.0018 GATE/BRLL VALVES 0 0.0 -
REYNOLDS NUMBER 320255 BUTTERFLY VALVES 0 0.0
FRICTION FACTOR 0.019349 GLOBE VALVES 0 0.0
PIPE LENGTH, FT 1.0 CHECK VALVES 0 0.0
b oa EQUIVALENT FT 15.7 REDUCTN DIA, IN. 0.0 0.0
' 'p' PSI DROP/100 FT 0.4963 ENLARGE DIA, IN. 0.0 0.0 .
: TOTAL PSI DROP 0.08 MISC EQUIV.FT. 0.0

sSEmmssEEsEEss
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Fermi National Accelerator Laboratory

# PPD / Mechanical Support / Engineering Analysis

Valve Box under Vacuum Pressure
Zhijing Tang

February 11, 2005

The valve box under vacuum pressure is analyzed using finite element method. The box
is 72 inch long, 27 inch wide and 31 inch high. The material is 5/8 inch stainless steel
304. There are seven tubes with diameter 2 inch on the top, each weighs 15 Ibs. In
addition to that there is 50 lbs load on each tube plus vacuum suction. So the total load on
each hole is about 111 Ibs.

Fig.1 is the stress plot, Fig. 2 is the total displacement and Fig.3 is the z-direction
displacement.
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Fig.1 Stress
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Volve box under wacuum pressure
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TABLE ULT-23

MAXIMUM ALLOWABLE STRESS VALUES IN TENSION FOR 5%, 8%, AND 9% NICKEL STEELS, TYPE 304 STAINLESS STEEL,
AND 5083-0 ALUMINUM ALLOY AT CRYOGENIC TEMPERATURES FOR WELDED AND NONWELDED CONSTRUCTION

€0-17101 3iqeL

5% Nickel Steels 8% and 9% Nickel Steels
Plates: SA-6452 Plates:2 SA-353, SA-553 Type I, and SA-553 Type II
Pipes and Tubes: SA-333 Grade 8 and SA-334 Grade 8
Forgings: SA-522
Welded Construction3 Welded Construction
Temperature,? Nonwelded Temperature,? Nonwelded
‘F Construction, ksi UTS 100 ksi UTS 95 ksi °F Construction, ksi UTS 100 ksi UTS 95 ksi
=320 37.7 34,0 32.3 -320 38.4 34.0 323
-300 345 33.2 316 -300 37.2 33.2 31.6
-250 324 318 30.3 -250 34.8 31.8 30.3
=200 31.5 30.6 29.1 -200 32.6 30.6 29.1
) =150 30.2 29.3 27.8 =150 30.6 29.3 27.8
mv_ -100 28.8 28.1 26.7 ~100 29.0 28.1 26.7
- 50 27.4 271 25.8 - 50 27.7 27.1 25.8
0 4 23.7 23.7 23.7 0 25.0 25.0 23.7
100 23.7 23.7 23.7 100 25.0 25.0 23.7
TYPE 304 STAINLESS STEEL
Specified Minimum
Strengths at
Room Temperature Maximum Allowable Stress, ksi, for Temperatures, °F, Not Exceeding
Spec. Tensile, Yieid,
No. Grade ksi ksi -320 -300 -250 -200 -150 -100 -50 0 100
SA-240 304 75.0  30.0 20.7 20.6 20.3 20.0 19.7 19.4 19.1 18.8 18.8
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Mucooler LN2 Box Tubing Contraction Analysis

Section Length between ends X (width) Y (height)  Z (length)
-9.75 -11.25 -71.5
19.5 -10.75 76.5
-10 13.218 -76.5
7 13.032 76.5
-66.75
Effective length between fixed ends 6.75 4.25 -61.75
Stainless steel tubing properties
cte= 1.10E-05 per K
E= 2.80E+07 psi
OD = 1 inch
ID= 0.902 inch
wallt = 0.049 inch
I= 0.0165939 inch™4
L= 26.25 inch
AT = 216 K

AX, inch Ay, inch AZ, inch
0.016038 0.010098 -0.146718

WORST CASE ANALYSIS

Assuming all AL occurs at the outlet tubing that has the longest L of 26.25".
This displacement will create a cantilever-mode bending stress on the tubing at top wall connection.

Force P created due to displacement AL, (P = 3*"E*I*"AL/LA3), = 11 Ib
Bending moment, M, created (M = P*L) = 299 inch-Ib
Bending stress, S (S = M*(OD/2)/1), = psi

Allowable stress, Fb, for 304 stainless steel tubing = 18,800 psi

AS BENDING STRESS IS < THE ALLOWABLE STRESS, TUBING WILL BE OK.
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