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MDT Storage and Transport
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(a)
T = transport, IS = intermediate storage

(b)
H = at home (on or near the production site), C = CERN

For each of the two scenarios we have requirements in space, in time and in equipment for storage and transport. These will be discussed in the following. The situation in the first few moths of the coming year will be seperately addressed. 

I. First Scenario: early delivery - long time storage at CERN
•
Chambers are shipped to CERN soon after assembly

•
Final appliances (B-field sensors, alignment pieces, FE electronics, and other material not available in the beginning of production) are done at CERN

•
One type of test will probably happen immediately after arrival at CERN, another type of test just before installation, several years later. 

•
Teams from the institutes would have to travel to CERN in order to finish and test their chambers. No help from CERN.

•
Any storage at CERN would have to use the height of the hall, chambers would be stacked to 6 or 8 m. For frames see further down. 

•
Work on the chambers is easy if access to chambers is only needed at the cham​ber ends  –  the frames allow this access without removing the chambers.

•
If, in order to complete the production of their chambers at CERN, teams need to get at the chamber from the other sides they have to remove the chambers to a working area using special tools for handling the chambers. CERN will probably provide the space needed for this if re​quested; teams would probably share such working areas.  – This solution is very expensive on resources; not many institutes have opted for it. CERN does not favour it. 

A.   Time development of the store

the store would be continuously filled by regular transports that arrive during the 3 years of production. The store would be emptied within approximately 4 months as dis​cussed below.
B.   Space requirements

If all chambers are here simultaneously, assuming they are stored in frames 6 to 8 m high, a professional storage area must have a surface of 2000 to 2500 m2, depending on the density of the store, but 6 to 8 m high in any case.

In principle such space would be allocatable in the North Area of CERN. The PE-Divi​sion, however, is short of hall space and has put a very low priority on such a passive store. The PE-Division strongly favours the second scenario. 

II. Second scenario: late delivery – long term storage at home
•
MDT chambers come to CERN fully equipped und finished

•
they undergo acceptance tests and recommisioning before installation

•
a fraction of MDT chambers are mounted together with RPCs to form installa​tion units, some others are premounted on frames to go on the large wheels

•
the storage time, and storage space requirements are minimal, only 'intermediate storage' between arrival and installation required

A.   Time requirements

1. Estimate of handling time after arrival
There is a limit on the handling speed that can be accomplished at CERN upon arrival of chambers. If one half of all chambers, i.e. 600, would have to be unpacked from their shipment containers or wooden boxes into preliminary storage, one single crane  and two busy teams are probably limited at 8 to 16 chambers a day. It would take altogether 7 to 15 weeks.  (This is much better for those chambers where the transport frames are identical to the frames of the intermediate storage). Any waiting time as well as the han​dling of the remaining half is in addition. Say 4 weeks for that, if it has to happen under the same crane. 

For an individual group of 100 chambers from one production centre, the time is esti​mated to be 6 to 12 days for unpacking and transfer into the container skeletons, pro​vided that they do not have to wait for the crane.

2. Estimate of time needed for the tests and the recommissioning:

Example of a production centre that has to deliver 100 chambers. The chambers are ac​cessible from their ends. If one quarter of the chambers take 1/2 day per chamber, one quarter 1/4 day, and the remaining half can be done at 6 per day, they need 6 working weeks for this (0.33 days per chamber). It is also assumed that all teams work in paral​lel and that they have access to 3 repair tables where they can take a closer look at 3% of their chambers (2 days each for these chambers). –  The mode of operation to do the tests actually has to be debated. There is also a more central model where one team does all the testing. In this case there are more stringent requirements on the speed of testing. 

3. Time required for mounting the RPCs and the MDTs together

The BMS, BML and BOL chambers will be mounted together with RPCs to form in​stallation units. The CERN team thinks that 8 units should be mounted per day. My own, more careful, view is to also consider a much smaller speed: 3 per day. Therefore I present a range for the time required for the mounting of RPCs.
The container skeletons (see below) have to be adjusted to receive the combined parcels. 

Production site
Number of chambers
Type of chambers
Time for mounting RPCs

Dubna
72+12
BMS+BMF





  9 to 28 days

Frascati
96
BML






12 to 32 days

NIKHEF
96
BOL






12 to 32 days

4.  Time required by administration and logistics at CERN
Customs formalities seem to be such that  4 containers can be handled 'on a normal half-day'. What this means in reality when material for LHC experiments is coming in at a high rate remains to be seen. I do not expect the Customs office to be a long term bottle neck for us. A special group at CERN, attached to the new SPL Division, is responsible for following all the rules for the introduction of material from outside institutes into CERN. They will be helpful but not extremely fast. We have started to cooperate with the Transport and Logistics Group attached to the ST Division for advice and planning. 

4. Total time needed between arrival and installation

The above elements are difficult to know precisely to-day. If it turns out that the work to mount the MDTs and the RPCs together does not run as fast as foreseenm it could  partly be done in parallel to the testing.  This will be worked out further. For the moment I present a planning based on 4 months, by which the chambers have to arrive at CERN prior to installation. The installation times as foreseen by the Technical Coordination are depicted in the diagram; they include an estimate for the premouting of the EO-chambers on the frames to go on the big wheels. 
B. Space requirements
It can be seen in the diagram that roughly one half of the chambers would be simultane​ously on the CERN site if all chambers would arrive as late as 4 months before their installation. This does not imply that only one half of the storage area of Scenario 1 is needed, because that was based on a very dense passive store. The operations in the 4 months prior to installation also require some extra manoeuvering and working space. For example it would be an advantage to rearrange the endcap chambers in their container skeletons such that they arrive underground in the proper sequence for convenient installation. The required floor space will be roughly 2000 m2 for the MDTs including all manoeu​vering and working areas; to be later worked out more precisely. 

[image: image1..pict]
In this scenario, we can profit from the area allocated to the ATLAS barrel toroid. The toroid parts will be underground, and a good part of the area in the West Hall will be vacated just in time for the MDT chambers to ar​rive, 4 or 5 months ahead of installation. The floor size will be just right. 

III. Material for storage and transport

The MDT chambers vary in length between 1 and 6.5 m. For this reason the means for storage and transport will not be the same throughout. The following dia​gram shows the distribution in length of the barrel chambers. They fall into two categories, small and large ones.

A. Frames for the small chambers
The Rome 3 group has shown a technical solution for the small ones, documented un​der http://www.roma3.infn.it/atlas/trasporti/trasporti.html. Chambers lie horizontally on foam in individual frames, every chamber is accompanied by its surrounding frame from the glueing table to the underground cavern; a cart can be mounted below for local transport. The frames are stackable to the height of 6 m. 250 MDT chambers are well suited for these frames. 
[image: image2..pict]
B. Frames for the big chambers
For the big chambers, standardized 'sea containers' are proposed in the form without roof and without the 4 side walls, 'container skeletons'. The chambers would hang vertically, with the tubes horizontal, in fixtures mounted to the container frames; cham​bers are supported on the extremeties of the long beams, they rest on rubber or spring elements for shock protection during transport. These fixtures are presently being de​signed. 

Chambers arriving at CERN would always be placed into these frames, which are the principal units to be transported or stored (long term or intermediate). Chamber test​ing/recommissioning will also take place in these frames. The frames must also be able to house the combined packages of MDT plus RPCs after they have been screwed to​gether. The fixtures under design have to provide for a multiple use of the skeletons. 
I. Container sizes and names

 
Height (ft, mm)

Outside  |  Inside

nominal  |  minimal
Width (ft, mm)

Outside  |  Inside

nominal  |  minimal
Length (ft, mm)

Outside  |  Inside

nominal  |  minimal

1A
8 ft  |  2 197
8 ft  |  2 330
40 ft |  11 998

1B
8 ft  |  2 197
8 ft  |  2 330
30 ft |   8 931

1C
8 ft  |  2 197
8 ft  |  2 330
20 ft |   5 867

1D
8 ft  |  2 197
8 ft  |  2 330
10 ft |   2 802

1AA
8 ft 6 in  |  2 350
8 ft  |  2 330
40 ft |  11 998

1BB
8 ft 6 in  |  2 350
8 ft  |  2 330
30 ft |   8 931

1CC
8 ft 6 in  |  2 350
8 ft  |  2 330
20 ft |   5 867

2. How many chambers in one container?

Chambers with a width (approx. = tube length) above 5700 mm go into 30-ft containers (type 1B). Chambers with a length (approx. = number of tubes in one layer x 3 cm), also called radial extension, beyond 2050 mm go into containers 8 ft 6 in. high (type 1CC). The rest go into type 1C. 

Short chambers with a width below 2600 mm occupy only half the length of a con​tainer, very short chambers with a width below 1500 mm take only one third.

The chamber thickness determines the number that fit into a container in the other hori​zontal direction. The universal width of all containers is 2330 mm minimum.
Chamber thickness  (mm)
Nb. n  of

chambers
n+1 airgaps, each  (mm)

168
10
59

315
6
60

364
5
85

367
5
82

416
5
42

511
4
57

3. Containers required for the total
production of each centre:
Production centre
Nb.
Type

Dubna
2

15
1CC

1C

Frascati
24
1C

Munich
15

3
1CC

1C

Freiburg BOF

(?)          BOG
2

2

3
1CC

1C

1C

NIKHEF
16

8
1CC

1C

Boston
12
1C

Michigan
4

12
1B

1C

Seattle
18
1C

Protvino
7

29
1B

1C

Some of these containers may be used twice, for two intermediate storage operations, depending on the the method of delivery (early or late) and of transport (whether the storage containers are also used for transport). 

For work to be performed on the chamber ends, the very dense packing of chambers shorter than 2600 mm may be impractical. To be reviewed after some experience.

Some institutes plan to use the container skeletons also for their transport to CERN  (skeletons covered by canvas), and perhaps for short or long storage at home. This is also an economic question. While formal offers will be obtained next year I expect the average cost for the large chambers to be well below 1000 CHF/chamber and less for the ones of intermediate size. 

IV. Planning of individual sites (a)
Production site

(chambs)           nb.
Work in CERN store
Provisio
Transport
Store

NIKHEF

(BOL)                96
Only the tests, can store 50 of their 96 BOL chambers
Are willing to adopt a common scheme
Will presumably adopt container solu​tion
Same container

Freiburg             36

(BOF, BOG, BOH)
Everything after 2001
Under study
Rome scheme
Same frames

Munich

(BOS, BOF)       88
Only the tests
Decided
Container scheme
Same container

Pavia-Rome

(BIL, BIR)        122
Everything after production
Decided
Rome scheme
Same frames

Frascati

(BML)               96
Cannot answer - need more info




Thessaloniki

(BIS)               128
Only the tests
Need to find storage till 2001
Rome scheme
Same frames

Dubna

(BMS, BMF)      84
Will try to do just tests

If containers, will make own (cost)


Protvino

(EOS, EOL)      192
Only the tests
Enough space available
Horizontal in wood-en boxes in foam
Same frames

Ann Arbor

(EMS5, EML3,4,5

EEL2)               80
'everything at CERN' but under discussion in US
They do not have any storage at home request tube store
Horizontal, in foam in transport containers
Wood boxes

Boston Consortium

(EES1, EIS1,2, EIL1,2,3, EMS1,2, EML1)             144
Only the tests
Enough space available 
Horizontal, in foam drawers to be constructed
Crate to be con-structed

Seattle               96

(EIL4, EEL1,EES2 EML2, EMS3,4)
Only the tests
Are presently looking to rent space
Horizontal, in air cond'd containers, under discussion
Wood boxes

Beijing

(BEE)                32


Presumably individually by air


(a) Answers received prior to the Eilat meeting and collected on the meeting
Appendix 1

Barrel chambers
Type

chamber
1
Width  

2(b)
Length  

3(a)
Thick

ness
4
Dist. axes    5
Max. width

  6(c)
Prod. Site

7
Mass

8
Chbs

9


mm
mm
mm
mm
mm

kg
nb

BIS   1   •
1000
740
138
1300
1325
Thess
25
16

BIS   2   •
1820
920
284
1300
1820
Thess
75
80

BIS   3   •
1820
1100
284
1300
1820
Thess
105
32

sum site







128

BEE      *
1060
1460
168
1154
1179
Beijing
50
32

sum site







32

BIL   1   •
2820
920
416
2770
2820
Rome/Pav
160
14

BIL   2   •
1685
920
416
1650
1685
Rome/Pav
115
4

BIL   3   •
2820
1100
416
2770
2820
Rome/Pav
180
58

BIL   4   •
1685
1100
416
1650
1685
Rome/Pav
135
20

BIR   1   •
1685
740
416
1650
1685
Rome/Pav
100
4

BIR   2   •
1685
920
416
1650
1685
Rome/Pav
115
12

BIR   3   •
1685
1100
416
1219
1685
Rome/Pav
135
10

sum site







122

BMS   1
3220
980
364
3187
3220
Dubna
155
12

BMS   2
3220
1460
364
3187
3220
Dubna
210
36

BMS   3
3220
1700
364
3187
3220
Dubna
230
24

BMF   1
3220
1460
364
3187
3220
Dubna
210
4

BMF   2           
3220
2060
364
3187
3220
Dubna
275
4

BMF   3
3220
2180
364
3187
3220
Dubna
290
4

sum site







84

BML  1
3700
1220
511
3667
3700
Frascati
230
32

BML  2
3700
1460
511
3667
3700
Frascati
230
16

BML  3
3700
1700
511
3667
3700
Frascati
255
48

sum site







96

BOS  1
3920
1940
511
4010
4035
Munich
280
12

BOS  2
3920
2180
511
4010
4035
Munich
330
60

sum site







72

BOF   1
3920
1460
511
4010
4035
Freiburg
235
8

BOF   2
3920
1940
511
4010
4035
Freiburg
315
4

BOF   3
3920
2180
511
4010
4035
Freiburg
330
4

BOG
2470
1220
511
2517
2542
Freiburg
155
18

BOH      •
1230
1220
511
1260
1285
Freiburg
110
18

sum site







52

BOL   1
5110
1700
511
5077
5110
NIKHEF
325
16

BOL   2
5110
2180
511
5077
5110
NIKHEF
395
80

sum site







96

sum of barrel







682

a.  
Muon TDR, Section 4.2.2.1 plus 20 mm 

b.  
Width measured in the direction of the tubes up to the end of the Faraday cage, Parameter book  mdt_layout_N1.xls

c.  
Max. width is the larger of column 2 and (column 5 plus 25 mm), taking into account the     kinematic mounting block

•  Chamber types BIS, BIL, BIR are 'small', all produced in Thessaloniki and Rome/Pavia, would fit well into the Rome chariots (250 chambers). Also the 18 chambers of the BOH type, produced in Freiburg, are small. 

*  Chamber type BEE produced in Beijing, also small, transport by air, storage presumably in the Rome frames (32 chambers)

Appendix 2:

End cap chambers

Type

chamber
1
Min width

2
Max width  

3
Radial extens.  

4
Thick-

ness
5
Prod. Site

6
Mass

7
Chbs

    8


mm
mm
mm
mm

kg
nb

EES 1
2163
2586
1457
315
Boston
123
16

EIS 1
1047
1416
1277
367
Boston
91
16

EIS 2
1425
1740
1096
367
Boston
91
16

EIL 1
1470
1995
1096
367
Boston
96
16

EIL 2
2010
2535
1096
367
Boston
114
16

EIL 3
2230
2230
376
367
Boston
47
16

EMS 1
987
1551
1937
364
Boston
116
16

EMS 2
1560
2127
1937
364
Boston
147
16

EML 1
1335
2160
1697
364
Boston
122
16

Sum site






144

EMS 5
3288
3855
1937
364
Michigan
223
16

EML 3
3135
4080
1937
364
Michigan
219
16

EML 4
4095
5040
1937
364
Michigan
261
16

EML 5
5055
6000
1937
364
Michigan
303
16

EEL 2
3690
4395
1457
315
Michigan
178
16

Sum site






80

EIL 4
2730
3525
1637
367
Seattle
205

183
16

EEL 1
3090
3675
1216
315
Seattle
133

123
16

EES 2
2595
3018
1457
315
Seattle
137
16

EML 2
2175
3120
1937
364
Seattle
177
16

EMS 3
2136
2703
1937
364
Seattle
172
16

EMS 4
2712
3279
1937
364
Seattle
197
16

Sum site






96

EOS 1
1398
1893
1697
364
Protvino
118
16

EOS 2
1902
2397
1697
364
Protvino
137
16

EOS 3
2406
2901
1697
364
Protvino
157
16

EOS 4
2910
3333
1457
364
Protvino
153
16

EOS 5
3342
3765
1457
364
Protvino
167
16

EOS 6
3774
4197
1457
364
Protvino
182
16

EOL 1
1830
2655
1697
364
Protvino
141
16

EOL 2
2790
3615
1697
364
Protvino
178
16

EOL 3
3630
4335
1457
364
Protvino
182
16

EOL 4
4350
5055
1457
364
Protvino
206
16

EOL 5
5070
5775
1457
364
Protvino
231
16

EOL 6
5790
6495
1457
364
Protvino
255
16

Sum site






192

Sum  of end cap






512

