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CONSTRUCTION PLANNING AND SCHEDULING 

INTRODUCT ION 

This document reports the activities performed by ICF Kaiser Engineers in 
preliminary construction planning of the baseline SOC Scintillator Calorimeter 
Detector in the Interaction Region hall. Construction activities that occur on 
the surface are being planned by others. 

Three dimensional modeling on the workstation was used to develop conceptual 
tools and fixtures and to simulate status situations at different stages of 
construction. This allows for better visualization of the following steps 
required to continue the construction in an efficient manner, and for better 
visualization of access and space requirements. 

Planning and estimates of construction activity durations is usually done 
based on past experience with similar facilities. The technique of simulating 
these activities becomes especially useful for this project as its scale is 
significantly greater than previous detector constructions. 

Because of the size and weight of the various components of the detector, the 
development of special assembly frames, lifting cradles, installation frames 
and temporary supports were requ ired. St ructura 1 cal cul at ions were performed 
to insure that the size and configuration of these assemblies and installation 
aids shown on the drawings are feasible and realistic. Conceptual designs of 
movable rigid frames (bridges) used to roll the calorimeters and forward 
toroids into the muon steel barrel during assembly were also performed. These 
frames will al so be used to move the forward toroids from the barrel steel 
onto the operating floor of the hall to gain full access to the calorimeters 
and tracking systems. 

Modeling these assembly and installation frames in three dimensions was 
especially useful in determining space requirements, interference with 
detector components at all stages of the detector assembly, and disassembly of 
the detector. 

Modeling in 30 was also done to represent monthly status of the construction 
progress. 

30 MODELING 

Intergraph's Microstation software was used for all 30 modeling; perspectives 
and shaded views were made with Intergraph's ModelView software. Hidden line 
removed drawi ngs and perspect i ves were extracted from the three dimens iona 1 
models using RVHL software by Intergraph. 

OTHER DELIVERABLES 

35 mm color slides were made of all monthly progress situations plus other 



more detailed illustrations. This material was delivered to the lawrence 
Berkeley lab personnel. 

A 11 computer 3D models and drawi ngs were taped and deli vered to SSC lab 
personnel, together with tables that combine all reference files and levels 
required for the reproduction of the monthly progress pictures. 

RECOMMENDATIONS FOR FUTURE WORK 

The construction planning presented in this report was done for the baseline 
scintillator calorimeter detector and should be considered at the conceptual 
stage. For more accurate planning and scheduling the following points should 
be observed in future work: 

o The detector model should be updated as design progresses. Designs of the 
various subsystems should also be updated. 

o Piping, cable trays, major cabling harnesses, air conditioning for the 
detector, walkways and access aisleways inside the detector should be 
included in the construction status drawings. This would insure that proper 
access space exists and that safety considerations are met. 

o Hydraulic pushers for the movement of the heavy loads on the hall floor and 
inside the detector should be developed and included in the layouts. 

o Facilities such as portable toilets, lunchrooms if any, control offices, etc 
should be shown on the hall floor. 

o Views should be made in critical areas from surveying equipment locations, 
to see if interferences occur with the line of sight. 

o Cryogenic equipment and facilities other than the accelerator components 
should be included in the construction progress drawings. 

o The configuration of the hall construction should be updated per PBMK 
design. 

o Manpower estimates of construction labor should be updated once the design 
is further developed and should include all activities, not only the major 
hardware installation. 

o The construction schedule should be updated using full CPM analysis. 

o The CPM schedule should be resource loaded with the estimated manpower and 
resource leveling should be performed to optimize the construction sequencing 
and resource requirements. 



CONSTRUCTION SCHEDULE 

Two bar chart schedules were developed. The first one assumes early 
procurement and delivery of most subsystems and the second assumes late 
procurement and delivery of all non critical-path subsystems. 

Both schedules are based on one shift per day for construction personnel. 

ALTERNATE A - EARLY NON CRITICAL-PATH SUBSYSTEM ARRIVAL 

This schedule was used to make the construction status drawings contained in 
this report. 

This bar chart schedule is based on a more detailed schedule developed by Bill 
Edwards shown on drawing entitled "Detector #1- Preliminary Schedule". dated 
July 17,1991. Necessary minor modifications to this schedule were made when 
developing the monthly status drawings. 

ALTERNATE B - LATE NON CRITICAL-PATH SUBSYSTEM ARRIVAL 

After completion of the main effort, an alternate schedule was developed to 
indicate the effect on the program considering the late procurement and 
delivery of all non-critical subsystems. Utilization of this alternate should 
have the effect of improving cash flow by stretching out payments and also 
create less congestion in the hall and surface facilities during the early 
stages of construction. 

Subsystems delayed in their installation are the forward and intermediate muon 
chamber systems and the forward calorimeters. 
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BASIS FOR MODELING 

The computer 3D models shown for the detector in this report are based on the 
dimensions shown on LBL drawing number 2300135, dated May 31, 1991. 

The dimensions for the hall are based on SSC drawing numbers R20000293, rev D, 
(transverse section) dated 7-17-91, R20000294, rev B (front elevation) dated 
8-26-91, and SC0000036, rev A (plan view), dated 8-23-91. 

Modeling for the hall gallery platforms and utilities were done by the SSC lab 
personne 1. The models were taped and loaded onto the ICF Kaiser Engi neers 
network and modified to suit the installation planning effort. 
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CONSTRUCTION STATUS DRAWINGS 

The drawings that follow were made during a stage of design development of the 
detector and therefore will not represent final design or construction 
concepts. However, all sign i fi cant detector subsystems are present and are 
sized close to expected final dimensions. The drawings are thus useful for the 
preliminary planning that is presented in this report and should be useful as 
a basis for future planning. 

Except for months 33 and 34, construction status drawings have been created 
for every month up to month 40. Beyond this month, little physical change 
occurs, so no further drawings arre required. 

Interleaved with the monthly status drawings, construction sequence drawings 
have been created for some of the complex operations. These drawings also 
depict necessary or suggested tool ing and fixtures required to perform the 
operations. Floor plans are also shown for some of the critical months. 

For each month there is a brief narrative explaining the activities that occur 
during the month. 

The cranes shown in the hall are shown with two trolleys per crane,wich may be 
necessary for some of the operations, mainly the handling of the large muon 
chamber trusses attached to the barrel steel. The need for the two trolleys 
should be studied in more detail in the future. 

MANPOWER AND CRANE UTILIZATION ESTIMATE 

Facing each monthly construction status drawing is a page describing the main 
activities that ocurr during the month. At the bottom of each ·page is an 
estimate of manpower required, crane and shaft utilization. These estimates 
are very preliminary. 

The manpower requirements are based on the preliminary construction schedule 
and assumed crew sizes which have not been optimized for resource leveling. 

The estimate of manhours required only includes the manhours of the 
subcontractor doing the work for the major peces of mechanical hardware. 
Manhours of crane operators, surveyors, inspectors and other lab personnel are 
not included. Also not included are manhours for the installation and testing 
of electrical or electronic equipment, conduit, cable trays, piping and hvac 
ductwork. 

Similarly, the crane utilization hours only include the crane requ1rements for 
the major operations described. Crane utilization time for handling other 
items such as pallets with general supplies, materials for piping, electric 
wire harnesses, cable trays, etc. are not included in the estimate. 

The estimated crane usage was based on the following assumed characteristics: 

SHAFT CRANES: Each construction shaft is serviced by a gantry crane equipped 



with two trolleys. Each trolley has a 50 Mton capacity, equipped with a 
stepless adjustable frequency control to permit gradual lowering of the loads. 
The crane usage times assume that loads are transported from a staging area 
located about 250 feet away from the construction shaft on the surface and 165 
feet above the operating floor of the hall. Crane travelling and lowering 
speeds are 100 feet/minute and 15 feet per minute. 

BRIDGE CRANES: Each hall bridge crane is equipped with a 100 Mton capacity 
main trolley and a 50 Mton capacity second trolley. Each trolley will be 
supplied with a stepless adjustable frequency hoist control. Crane travelling 
speed is 100 feet per minute, trolley travelling speed is 50 feet/minute and a 
hoist speed of 10 feet/minute. 



MONTH 0 

MONTH 0 shows the status of the hall when the detector assembly crews arrive (beneficial occupancy). 

The following are assumptions as to what constitutes beneficial occupancy: 

o Hall structural concrete completed with hatches open and cover to protect from the elements. 

o Electrical power supply available. 

o Stairs and elevators for access to the hall completed and operational. 

o Two 100 metric ton capacity overhead bridge cranes installed and operational. 

o Air conditioning and all ductwork installed and operating. 

o Fire protection system installed and tested. 

o Internal stairs, elevators, walkways, and gallery platforms completed. 

o lighting completed. 

o Power outlets and welding outlets available. 

o All roller tracks and floor plates on the operating floor are installed. 

o All sole plates, anchor bolts and lifting pads in the detector basement are installed. 



o HAll AT BENEFICIAL OCCUPANCY 
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MONTH 1 

During month 1, mobilization of the contractors will occur. The contractors will establish their shops. 
off;ces and warehousing of their tools and supplies. Temporary lunch rooms and portable toilets will be 
installed. 

During this period, training of operating personnel will take place, including the crane operators. 

Accurate surveying monuments will be installed. 

Location of anchor bolts and other embedded items in the concrete will be checked. 

MANPOWER AND CRANE UTILIZATION ESTIMATE FOR ABOVE ITEMS 

Manpower required 

Shaft crane usage 

Bridge crane usage 

Large objects lowered 
from surface 

3000 manhrs 

SOUTH END 

75 hrs 

100 hrs 

4 construction trailers 

NORTH END 

50 hrs 

75 hrs 

3 construction trailers 



a TEMPORARY SHOPS BUILT 
o HALL PREPARATION UNDER WRy 
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MONTH 4 

The hydraulic jacking system will be installed during this month and the temporary supports removed. Final 
alignment of the support beams will be done before inclined plate installation begins. 

The hydraulic jacking system will be used to level and align the detector during construction. Later it will 
be used to realign the detector to compensate for settling or heave of the foundation system. 

The hydraulic jacks are provided with adustable collars so that once alignement is accomplished the detector 
weight will rest on the collars, after which the hydraulic system can be de-pressurized. 

Installation of the inclined barrel support plates will also be started during the month. These plates will 
be preassembled on the surface in modules weighing in the order of 80 metric tons so that they can be 
handled by the bridge cranes. 

MANPOWER AND EQUIPMENT UTILIZATION ESTIMATE 

Manpower reguired 

Shaft cranes usage 

Bridge cranes usage 

large objects lowered 
from surface 

3000 manhrs 

SOUTH END 

40 hrs 

80 hrs 

3 inclined support plate trusses 

NORTH END 

30 hrs 

60 hrs 

2 inclined support plate trusses 



o COMPlETED INSTAlLATION OF BARREL STEEL SuPPORT BEAMS 
o INSTAlLED JACKS Atoll HyDRAULIC SYSTEM 
o STARTED INSTALLATION OF INCLINED SUPPORT PLATES 
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MONTH 5 

The installation and alignment of the inclined support plates is completed during this month. A1ignement of 
the inclined plates will be accomplished with hydraulic jacks while the bolts fastening the plates to the 
transverse trusses are loose. 

During the early periods of design it was established that the muon steel barrel coil bottom segments could 
not be installed after the muon barrel was erected. It has therefore been necessary to plan on placing these 
items in their final location on temporary supports at this time. 

MANPOWER AND EQUIPMENT UTILIZATION 

Manpower required 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from surface 

2000 manhrs 

SOUTH END 

50 hrs 

100 hrs 

2 inclined support plates 

2 barrel coil segments 

NORTH END 

40 hrs 

80 hrs 

3 inclined support plates 



o COMPLETED INSTALLATION OF INCLINED SUPPORT PLATES 
D COMPLETED ALIGNMENT OF SUPPORT SYSTEM 
o INSTALLEO BOTTOM BARREL COIL SEGMENTS 
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MONTH 6 

During month 6, the bottom segment of the muon steel barrel blocks will be placed on the inclined plate 
supports. Each block weighs in the order of 80 metric tons. These blocks will be assembled from four plates 
by bolts, machined at the contractor's yard and transported to the job site where they will be picked up by 
the surface cranes and lowered to the hall floor. Both construction shafts will be used for this operation. 

Construction of the barrel steel assembly frame has started. This frame could be constructed in modules on 
the surface to speed-up the erection. 

:Erection of the inclined block supports has also started this month. Again these supports would be 
modularized and prefabricated on the surface. 

Installation of the pit bridges has started. These bridges will be made in two sections to facilitate their 
removal when the detector is assembled. Each section will weigh in the neighborhood of 75 metric tons. One 
of these sections at each end of the detector is designed to permit the lowering or elevating the forward 
toroid to match rails before rolling it into the operating floor during disassembly of the detector. 

MANPOWER AND CRANE UTILIZATION ESTIMATE FOR THE ABOVE ITEMS 

Manpower required 

Shaft crane usage 

Bridge cranes 

Large objects lowered 
from surface 

3000 manhrs 

SOUTH END 

50 hrs 

100 hrs 

19 bottom barrel blocks 
one bridge section 
2 inclined plates support bents 
1 walkway section 

NORTH END 

60 hrs 

120 hrs 

18 bottom barrel blocks 
one bridge section 
4 prefab sections of barrel 

assembly frame 



o INSTALLAT ION OF BOTTOH BARREL BLOCKS COHPLETED 
o CONSTRUCTION OF BARREL STEEL SUPPORT FRAME STARTED 
o INSTRlLATION OF INCLINED BLOCKS SUPPORTS STAATED 
o FIRST SECTION OF BRIDGES INSTALLED 

SOC SCINT CAL DETECTOR 
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MONTH 7 

Temporary supports for the installation of the inclined blocks for the muon steel barrel are completed this 
month. This allows for the inclined block installation. These blocks are toe bolted to the bottom blocks. 
Platforms are needed for access to the bolts. Please note the platforms provided at two different levels on 
the drawings for month 7. The temporary block supports will permit the alignment of the inclined blocks 
before bolting to the bottom blocks, and preclude any shock loading of the bolts when the hall crane is used 
to support the blocks while installing the toe bolts. Using temporary supports will increase availability of 
t~e cranes for block installation. 

Installation of the pit bridges are completed this month. Construction personnel are thus allowed easier 
access to the bottom barrel blocks in order to complete the toe bolting of the inclined plates to the bottom 
plates. The bridges will also be used on the following month for rolling the assembly frames onto the barrel 
floor. 

One barrel assembly frame is completed this month while the erection of the second one is started. 

MANPOWER AND CRANE UTILIZATION ESTIMATE FOR THE ABOVE ITEMS 

Manpower required 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from surface 

3000 manhours 

SOUTH END 

70 hrs 

120 hrs 

16 inclined blocks 
one bridge section 
4 prefab sections of barrel 
assembly frame 
7 inclined blocks support bents 
3 walkway sections 

NORTH END 

70 hrs 

120 hrs 

16 inclined blocks 
one bridge section 
4 prefab sections of barrel 
barrel assembly frame 
7 inclined blocks support bents 
4 walkway sections 



a SUPPORTS FOR INCLINED BLOCKS COMPLETED 
a INSTALLATION OF INCLINED BLOCKS STARTED 
a INSTALLATIDN OF BRIDGES COMPLETED 
a CONSTRUCTION OF FIRST BARREL ASSEMBLY FRAME COMPLETED 
a CONSTRUCTION OF SECOND BARREL RSSEMBLY FRRME STRRTED 
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MONTH 8 

The first barrel assembly frame is rolled into place and erection of the first ring of blocks has been 
started. The assembly frame is fully adjustable by means of hydraulic jacks, and is designed to support the 
weight of the top three segments of the barrel. 

The assembly frames are used to support the barrel blocks around it and permit al ignement of the blocks 
while they are being bolted. When all blocks in the ring are installed, the frame will contract slightly so 
t~at it can be moved to the next position. 

Depending on the longitudinal bolt arrangement used to hold the blocks together, the previously completed 
ring of blocks may have to be preset by jacking posts before the next ring of blocks are completed and the 
assembly frame is moved. 

Please note on the drawing for month 8 the temporary platforms installed for toe bolting the blocks. 

A second assembly frame has been completed on the south side of the hall and will soon be rolled into the 
barrel. 

Since these assembly frames will be rather expensive, it may not be necessary to build a second one if some 
delay in the schedule can be tolerated. A cost to benefit study should be done before a decision is made on 

. the subject. The schedule however reflects the utilization of two assembly frames. 

MANPOWER AND EQUIPMENT UTILIZATION ESTIMATE FOR THE ITEMS ABOVE 

Manpower required 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
fr.om surface 

3000 manhrs 

SOUTH END NORTH END 

90 hrs 70 hrs 

150 hrs 120 hrs 

26 inclined blocks 26 inclined blocks 
7 vert;ca 1 blocks 6 vert ica 1 blocks 

4 sections of barrel assembly frame 



o FIRST BARREL ASSEMBLY FRAME IN PlACE 
o ALL BOTTOM INCLINED BLOCKS ASSEMBLED 
o STARTED ASSEMBLING THE FIRST RING OF BLOCKS 
o FINISHED CONSTRUCTION OF SECOND BARREL ASSEMBLY FRAME 
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MONTH 9 

Month 9 shows the barrel 911 completed. 82 new blocks were installed on the muon steel barrel. 

An end view drawing allows a better view of the situation at month 9. 

MANPOWER AND CRANE UTILIZATION ESTIMATE FOR THE ABOVE ITEMS 

Manpower required 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from the surface 

3000 manhrs 

SOUTH END 

90 hrs 

150 hrs 

15 inclined blocks 
15 vertical blocks 
11 horizontal blocks 

NORTH END 

90 hrs 

150 hrs 

15 inclined blocks 
15 vertical blocks 
11 horizontal blocks 



o BARREL CONSTRUCTION BOX COMPLETE 
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MONTH 10 

Erection of the muon barrel steel will be finished by the end of month 10. 

The assembly frames have started to be dismanteled and raised to the surface. 

MANPOWER AND CRANE UTILIZATION ESTIMATE FOR THE ABOVE ITEMS 

Manpower required 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from the surface 

Large objects lifted 
to the surface 

3500 manhrs 

SOUTH END 

100 hrs 

160 hrs 

16 vertical blocks 
16 inclined blocks 
8 horizontal blocks 

4 sections of barrel 
assembly frame 

NORTH END 

90 hrs 

150 hrs 

16 vertical blocks 
16 inclined blocks 
8 horizontal blocks 



a HUON STEEL BARREL COMPLETED 
D BARREL RSSEH8l Y FRAHE BEING OISRSSEHBLEO 
a OISASSEHBLY OF BARREL StJ>PORTS STARTED 
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MONTH 11 

The installation of the exterior barrel coils segments begins this month. 

These segments have to be built and installed in one piece which demands a large maneuvering space for them 
and their support frames. 

For purposes of transportation and handling, the coil segments are attached to installation frames, 
necessary to maintain the rigidity of the coils and protect them from damage. The frames depicted are large 
e~ough to allow a worker to get in, bolt the coil to the barrel and unfasten it from the installation frame. 
, 

The installation maneuver starts by lowering the coil to the hall floor as shown in figure 11.1. 

Figures 11.2 and 11.3 show coil segments being installed on the exterior of the barrel steel. Two cranes are 
needed to accomplish the installation. The frame is temporarily bolted to the barrel while the coil is 
aligned and bolted to the barrel. 

Rails for the support and installation of muon chambers will also begin to be installed during the month. 
Figure 11.2 shows a preliminary concept of a device that can be used for this purpose. The device holds a 
platform for installation workers and can rotate 270 degrees. The device w;11 receive rails outside the 
barrel from either the bridge cranes or the surface crane and then be towed or travel on its own into the 
barrel for the installation. Since the rails may weigh over 100 kg the platforms will be provided with a 
jacking system to locate the rails into position for bolting and also for accurate aligning. 

Building of the north end forward toroid will also start this month. For a detailed procedure, see month 13. 

Scheduling of the bridge cranes will be critical during this and the following month as the demand will be 
he~vy from several ongoing activities. 

The space allocation at the south end will also have to be scheduled as the space will be alternately 
occupied by the installation device or the coil instalation frame. 



o INCLINEO BLOCKS SlJ'PORTS REMOVED 
o EXTERIOR BARREL COIL SEGMENTS BEltii INSTALLED 
o INTERIOR MUON CHAMBER RAILS BEING INSTALLED 
o NORTH ENO FORWARO TOROID CONSTRUCTION STARTEO 
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MANPOWER AND CRANE INSTALLATION ESTIMATE FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from surface 

Large objects lifted 
to surface 

4000 manhrs 

SOUTH END 
100 hrs 

160 hrs 

14 exterior coil segments 
3 sections of coil/rails 

installation device 
16 bundles of muon chamber rails 

8 inclined blocks support bents 
4 walkway sections 
4 muon barrel assembly frame 

14 barrel coil support frames 

NORTH END 
100 hrs 

200 hrs 

11 

4 sections of forward toroid 
cradle and assembly frame 

24 forward toroid blocks 
4 fo~ard toroid coils 

8 inclined support bents 
4 walkway sections 
8 muon barrel assembly frame 

sections 
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FIG. 11.2 
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MONTH 12 

Installation of the first half of the south forward toroid has been completed and the second half started. 

Electronic racks are shown as installed this month. 

Installation of barrel coil segments on the barrel exterior will be completed this month and installation of 
interior coils will start. 

The same installation device used to install the interior muon chamber rails, provided with different 
attachments, will be used for the coil segments installation on the interior of the muon barrel. 

Figure 12.1 shows the surface crane lowering a coil segment and attaching it to the installation device. 
Figure 12.2 shows the installation device inside the barrel in the process of installing a coil segment. The 
installation device will be provided with hydraulic cylinders that retract or advance as necessary to 
install the coil segments. This operation has to somewhat precise as the interior coil segments need to 
interlace with the exterior coil fingers with rather tight tolerances. 

In order to install the exterior muon chamber rails, the barrel will be affixed with temporary walkays. 
These walkways or narrow platforms will be also used for the installation of muon chamber gas pipes and 
cab1eways. 

Figure 12.3 shows a crane holding a section of walkway being installed. Please note the tall cherry-pickers 
that will be required for operators to bolt the walkways in place. These cherry pickers will be later used 
for many other assembly operations. 

Figure 12.3 also shows the installation device rotated 45 degrees for the installation of a coil segment on 
~he top inclined blocks of the steel barrel. 

Figure 12.4 shows a crane holding a muon chamber rail ready for bolting into position. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 4000 hrs 



o INSTAlLATION OF BARREL EXTERIOR COIL SEGMENTS COMPLETED 
o BARREL INTERIOR COIL SEGMENTS BEING INSTAlLED 
o INTERIOR BARREL HUON CHAMBER RAILS INSTAlLATION CONTINUES 
o INSTAlLATION OF EXTERIOR BARREL MUON CHAMBER RAILS CONTINUES 
o CONSTRUCTION OF NORTH ENJ FORWARD HUON TOROID CONTINUES 
o INSTAlLATION OF GAlLERY ElECTRONIC RACKS 
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12 

Shaft crane usage 

Bridge cranes usage 

Large objects lowered 
from surface 

SOUTH END 

80 hrs 

100 hrs 

16 interior coil segments 
4 bundles of muon chamber rails 

NORTH END 

40 hrs 

160 hrs 

16 forward toroid blocks 
4 crates for fwd toroid coils 
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MONTH 13 

Installation of the barrel coils should be completed during month 13. 

Month 13 drawing shows the installation of muon chamber rails completed, however, this installation may 
continue for a longer period in parallel with the installation of the muon chamber gas lines and cabling, in 
which case the walkways attached to the barrel steel should be kept longer. 

The first phase of the muon chamber installation has started. This consists of 4 towers installed on octant 
8 and one on octant 7. The reason for the priority on these towers is that later they will be trapped by 
cable trays and will be much harder to align. Commencement of phase I chamber installation may be later than 
month 13 as rails and services installation may still be in progress. 

The first half (FT2) of the south forward toroid has been started. 

The second half (FTl) of the north end forward toroid has been completed, Muon chamber FW3 has been 
installed and the two toroid halves have been joined together and taken off the assembly frame. 

Figure 13.1 shows the vertical assembly frame in more detail. The bottom blocks are supported om temporary 
steel sleepers, and as more blocks are added, temporary ties to the assembly frame are installed. The coil 
packs are also installed during assembly of the blocks. After the second toroid (FT2) is completed (see fig. 
13.5), the first toroid (FTl) is assembled about one meter away from the first in a similar manner . .. 
Muon chamber FW3 is installed next, and the two toroids are moved together and tied to each other by bolting 
several plates into machined pockets on the outside the toroids. 

As shown on fig. 13.2, each forward toroid half (FTl & FT2) is assembled from twenty four 2000 mm thick 
blocks weighing about 82 metric tons each. Each block is built in the fabrication shop from vertical plates 
bolted together by high strength bolts. The outer plates of the blocks are thicker (about 200 mm) and the 
inner plates are thinner to ease flattening, and therefore to minimize any gaps betweeen plates. The outside 
plates have recessed holes for the longitudinal bolts. 

The two radial surfaces of each block is machined for proper magnetic continuity and fit. There is a tapered 
stainless steel plate between the blocks for uniform flux distribution. Except for some local machined 
surfaces on the·outside edge of the toroid, the plate may be flame cut with high speed torches. 

The blocks are held together by four Mgh strength recessed bolts in the outer plates near the corners of 
each block, as shown on Fig. 13.2. 



o INSTALLATION OF BARREL COILS COMPLETED 
o INSTALLATION OF RAILS FOR BARREL CHAMBERS CONTI~S 
o WIRIt«) AND PIPING OF MUON BARREL lNJER lIAT 
D NORTH END TOROID STEEL N«l COILS COMPlETED 
D SOUTH END FORWARD TOROID STEEL ERECTION STARTED 
o 1ST PHASE BARREL MUON CHAMBER INSTALLATION STARTED 
D FW3 INSTALLATION COMPlETED ON NORTH FORWARD TOROID 
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Except when moved, the forward toroids are supported on the two thick vertical plates resting on the steel 
pads near the corners of the muon steel barrel, as shown in fig. 13.3. The supports are equipped with 
Hillman rollers to allow movement when opening the detector for repairs. The rollers may be rotated in any 
direction to move the toroids sideways should it become necessary to facil itate detector assembly or 
disassembly. For details of the roller system, see fig. 13.4. 

MANPOWER AND EQUIPMENT INSTALLATION ESTIMATE FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from surface 

large objects lifted 
to the surface 

4000 hrs 

SOUTH END 

40 hrs 

100 hrs 

3 sections of forward toroid 
cradle and assembly frame 

3 forward toroid blocks 
1 crate of fwd toroid coils 
1 muon chamber truss 
1 muon chamber BWI 

NORTH END 

30 hrs 

80 hrs 

8 forward toroid blocks 
4 crates of fwd toroid coils 
2 sections of muon chamber FW3 

3 sections of forward toroid 
assembly frame 
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MONTH 14 

The construction status drawing for month 14 shows two muon towers for octant 8 in place. These towers are 
part of the barrel phase I muon chambers installation. Each tower is composed of an external truss and an 
internal muon chamber. After installation each tower will be accurately aligned. The drawing also shows a 
muon truss in the process of being lifted for installation on octant 8. 

The drawing for month 14 also shows the south forward toroid under construction. 

,Figure 14.1 shows the south toroid halves completed and muon chamber FW3 being installed. 

The forward toroid halves are constructed with a separation of one meter or more in order to facilitate 
bolting of the blocks, coil insertion, and the installation of interleaving muon chambers. Once these 
operations are completed, The two halves will be pulled together and rigidly fastened to make one unit. 

MANPOWER AND EQUIPMENT ESTIMATE FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

large objects lowered 
from the surface 

large objects lifted 
to the surface 

3000 hrs 

SOUTH END 

100 hrs 

150 hrs 

39 forward toroid blocks 
7 crates of forward toroid 

coil s 

NORTH END 

25 hrs 

50 hrs 

3 muon chamber trusses 
3 muon chambers BWI 

6 muon chamber cradles 



o TWO BARAEL MUON CHAMBER TOWERS INSTALLEO ON OCTANT 8 
o ALIGNMENT OF BARREL MUON CHAMBERS STARTED 
o SOUTH FORWARD TOROID STEEL AND COILS BEING ERECTED 

SOC SCINT CAL DETECTOR 
CONSTRUCT ION 

MONTH 
PROGRESS 

14 
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MONTH IS 

The south forward toroid ;s completed this month and the fixtures used to assemble it are removed to the 
surface. 

The north forward toroid was moved forward to be able to install the support cylinder for the muon chambers 
and cerenkov counter mounted on the rear of the toroid see fig. IS.I. 

By the end of this month all muon chamber towers on octant 8 will have been installed and aligned. The crane 
i~ shown ready to lift a muon chamber truss to be installed in octant 7. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS. 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from surface 

Large objects lifted 
to the surface 

1200 hrs 

SOUTH END 

40 hrs 

80 hrs 

21 forward toroid blocks 

3 sections of forward toroid 
cradle and assembly frame 

NORTH END 

20 hrs 

30 hrs 

3 muon chamber towers 
3 muon chambers BWI 

6 muon chamber cradles 



o SOUTH FORWARO STEEL TOROIO COMPLETEO 
o INSTALLEO SUPPORT CYLINDER ON NORTH FORWARO TOROIO 
o COMPLETEO INSTALLATION OF BARREL MUON CHAMBERS ON 0CTANT 8 
o STARTEO INSTALLATION OF BARREL MUON CHAMBERS ON OCTANT 7 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 15 
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MONTH 16 

The support cylinder for the south end forward toroid has been installed. 

One muon chamber tower has been installed on octant 7. 

The north bridge has been removed to allow the installation of the bottom (octant 5) chambers. The bridge 
has been constructed in two pieces to allow for its removal after the intermediate muon chambers (except on 
octant 5) are installed as it is then trapped. To remove both halves, the one closest to the hall floor gets 
lifted by the crane; the next one is rolled backward until it is freed from the intermediate muon chambers 

'and then also lifted by the crane and transported to a storage area. There is not enough room inside the pit 
to move the bridges sideway, which could have been done with rollers, hence they must be stored temporarily 
on the operating floor. 

The drawing for month 16 shows a crane with two trolleys handling the device to insert the bottom muon 
chambers. Since trusses cannot be used on the bottom of the detector, the chambers have to be inserted 
individually. The insertion device has been furnished in this case with two sets of rails, one for muon 
chamber BW2 and the other set for muon chamber BW3. 

MANPOWER AND EQUIPMENT UTILIZATION REQUIRED FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from the surface 

Large objects lifted 
to the surface 

1000 hrs 

SOUTH END 

20 hrs 

40 hrs 

Forward toroid support cylinder 

9 sections of coil/rails 
installation device 

NORTH END 

25 hrs 

50 hrs 

4 muon chambers BW3 

4 muon chamber cradles 



o SOUTH FORVARO TOROID SUPPORT CYlINDER INSTAlLED 
o PHASE I MUON PANEL ON OCTANT 7 INSTAlLED IHIDDENI 
o INSTAlLATION OF BOTTOM HUON PANELS PROCEEDING 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 16 
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MONTH 17 

Installation and alignment of the bottom octant muon chambers continues this month with the installation of 
two more towers. The drawing show the last set of bottom chambers ready to be lifted into insertion 
position. Please note the tight space on this area of the operating floor when performing this operation. 

Installation of the calorimeter supports starts this month. The drawing shows a section of the support, 
preassembled on the surface, ready to be picked up by the bridge crane. The calorimeter support was divided 
into three sections in order not to exceed the weight limitation of the bridge crane. 

MANPOWER AND EQUIPMENT UTILIZATION REQUIRED FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from the surface 

Large objects lifted 
to the surface 

600 hrs 

SOUTH END 

10 hrs 

10 hrs 

1 calorimeter support assembly 

NORTH END 

30 hrs 

50 hrs 

4 muon chambers BW2 

4 muon chamber cradles 



o STARTED INSTALLATION OF CALORIMETER SUPPORTS 
o INSTALLATION OF BARREL BOTTOM MUON CHAMBERS CONTINUES 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 17 
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MONTH 18 

This picture has more detail than the others to get a better feeling of space requirements in a high floor 
utilization situation. 

By this month, the bottom muon chambers have been installed and aligned. 

During this month, the barrel calorimeter is lowered to the operating floor. Since this is a major operation 
(it is estimated that the barrel calorimeter weighs on the order of 3200 metric tons), it has been studied 
in some detail. 

It is assumed that the calorimeters will be assembled on the surface, in close proximity to the construction 
shaft. Figure 18.1 shows the barrel calorimeter rolled onto the lowering device. 

The lowering device cons.ists of a holding frame suspended by four sets of wire ropes as shown in figure 
18.2. Each set of wire ropes is held by a 950 metric ton capacity hollow hydraulic jack. The figure shows 
just one wire rope in each corner. In reality there are many wire ropes threaded through each jack. 

Figures 18.3, 18.4 and 18.5 show different views of the calorimeter and the jacking frame at the surface 
with the calorimeter ready to be lowered. 

Figure 18.6 shows the barrel calorimeter lowered to the hall floor and figure 18.7 shows how the the holding 
frame is unbolted from the hoisting cables and travels to meet and match the calorimeter support guides 
previously installed. The detector is rolled into its operating position by means of horizontal hydraulic 
jacks (not shown) temporarily attached to the support guides. 

The drawing for month 18 also shows the scaffolding used for mounting chamber supports, cables, and gas 
p';ping for the forward muon chambers. 

A desk is shown with an operator sitting at a desk with a computer and several electronic racks nearby to 
test the equipment installed on the forward toroids. 

Several cherry pickers are shown serving install at ion and testing functions. Storage pallets for cabl e 
harnesses and reels are also shown, as well as fork lift trucks in charge of transporting heavy loads. 

An accurate survey of all equipment and laydown area requirements has not been made, however the picture 
illustrates the importance of performing this task in detail, as the floor area appears to very highly 
occupieij. Vehicles need room to maneuver and laydown areas for fixtures and tools need to be allocated for 



o CAlORIMETER SUPPORTS COMPLETEO 
o BARREL MUON CHAMBER PHASE I INSTAlLATION COMPLETEO 
o CENTRAL CALORIMETER BEING LOWE REO TO THE HALL FLOOR 
o SCAFFOLDING SHOWN FOR FORwARD MUON CHAMBER PREPARATORY WORK 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 18 
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an efficient construction operation. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Sridge cranes usage 

Large objects lowered 
from the surface 

Large objects lifted 
to the surface 

4000 hrs 

SOUTH END 

100 hrs 

50 hrs 

1 barrel calorimeter/cradle 
12 bundles of scaffolding 

18 

NORTH END 

40 hrs 

80 hrs 

3 muon chamber trusses 
3 muon chambers BWI 

6 muon chamber cradles 
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MONTH 19 

The barrel calorimeter will be in its operating postition by the end of this month. 

Phase II for the installation of barrel muon chamber towers has begun this month with the installation of 
three towers on octant 7. 

The bridge sections at the north end of the building have been reinstalled. 

Muon chamber FW2 has been installed on the south forward toroid. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

large objects lowered 
from the surface 

large objects lifted 
to the surface 

2100 hrs 

SOUTH END 

10 hrs 

20 hrs 

2 muon chamber FW2 sections 

1 barrel calorimeter cradle 

NORTH END 

40 hrs 

80 hrs 

3 muon chamber trusses 
3 muon chambers BWI 

6 muon chamber cradles 



o BARREL CAlORIMETER INSTAlLATION COMPlETED 
o THREE MUON CHAMBER TOilERS INSTALLED ON OCTANT 7 
o REINSTALLEO BRIDGES AT NORTH ENO 
o INSTALLEO MUON CHAMBER FII2 ON SOUTH FORwARD TOROIO 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGReSS 
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MONTH 20 

Three muon towers are installed and aligned on octant 6 this month. 

Muon chamber FW2 was installed on the north forward toroid. 

The muon chambers (FW4 & FW5) and Cerenkov counter system are lowered to the hall floor by the surface crane 
(for more explanation on the installation of these systems, see write up on month 22). 

The superconducting solenoidal coil is installed this month. Figures 20.1 through 20.5 show the different 
steps assumed for its installation. 

The solenoid will be mounted on a mandrel which in turn will be mounted on a cradle. The whole assembly will 
be lowered to the hall floor by the surface crane. 

A monorail system is be constructed temporarily inside the detector for purposes of this installation. This 
monorail system will later be used to install other items inside the calorimeter. 

In fig 20.2, an extension has been added to the mandrel. Later a beam will be added above the coil and the 
monorail hoists will be rolled into position and hoist the coil as shown in Figure 20.3. 

The hoists will carry the coil until the mandrel extension is within reach of a third hoist which will take 
over from the second hoist so that travel can continue (see figure 20.4). At this point the second hoist 
will be dismantled. The coil can now penetrate into the central calorimeter and be secured in place. 

M~NPOWER AND EQUIPMAENT UTILIZATION fOR THE ABOVE ITEMS 

Manpower 3000 hrs 



,r-.--.--.---____ ....,...--_ 

o SOLENOID BEING INSTALLED IN CALORIMETER 
o THREE MUON TOWERS INSTALLED ON OCTANT 6 
o MUONCHAHBER FWZ INSTALLED ON NORTH FORWARD TOROID 
o MUON CHAMBERS AND CERENKOV COUNTER SYSTEM BEING LOWERED TO HALL FLOOR 

SOC SCINT CAL OETECTQq 
CONSTRUCTlnN PROGnrS', 

MONTH 20 



Shaft cranes usage 

Bridge cranes usage 

large objects lowered 
from the surface 

large objects lifted 
to the surface 

SOUTH END 

40 hrs 

80 hrs 

5 bundles of steel monorail 
1 solenoid in cradle 
2 muon chamber trusses 
2 muon chambers BWI 

4 muon chamber cradles 

NORTH END 20 

50 hrs 

80 hrs 

2 muon chambers FW2 sections 
3 bundles of steel monorail 

1 muon chamber truss 
1 chambers/Cerenkov counter system 
1 muon chamber BWI 

2 muon chamber cradles 
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FIG. 20.2 

AL DETECTOR SOC SC INT C T ION _ STEP ~ SOLENOID INsrALLA 

- ----;;:O'"i<'Ai'S"ER EO NO INL UlS ICF KAISER 5?3MIH.M TII2W\ 



FIG. 20.3 

SOC SCINT CAL DETECTOR 
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MONTH 21 

There are two drawings from different perspective angles for month 21. The first drawing was done in more 
detail than others in order to investigate whether there is enough room on the hall floor to perform all the 
activities scheduled for this month. Further investigation will be required in the future which would 
include 1aydown space for loads and parking space for all the vehicles that will operate on the floor. On 
the basis of the present drawing there does not seem to be a problem. The other drawing shows month 21 from 
a different perspective. 

The cryogenic platform and the solenoid chimney is installed. 

During this month the electronic checkout, piping and cabling of the barrel calorimeter will continue. The 
connection of the coil to the cryogenics system will be made. 

The north forward muon chamber/cerenkov counter system is rolled around the north forward toroid, while the 
toroid is moved south to make room. Once the two items are aligned they will be rolled together and the muon 
chamber/ Cerenkov counter assembly installed. 

Two more towers will be installed on octant 4 and one on octant 6. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from the surface 

Large objects lifted 
to the surface 

2000 hrs 

SOUTH END 

50 hrs 

100 hrs 

3 muon chamber trusses 
3 muon chambers BWI 
4 sections of cryogenic platform 

6 muon chamber cradles 

NORTH END 

10 hrs 

10 hrs 



o BARREl CALORIMETER INSTALLATION CONTINUES 
o MUON TowERS INSTAlLEO.ONE ON OCTANT 6 ANO TwO ON OCTANT4 
o INSTALLEO SOLENOIO CHIMNEY ANO CRYOGENIC PIPING 
o CERENkOV COUNTER ANO HUON CHAMBER SYSTEM BEING 

INSTALLEO ON NORTH FORwARO TOROIO 
o CHAMBER PREPARATORY WORK ON REAR OF SOUTH FORwARO TOROID 
o ELECTRONIC CHECKOUT OF SOOTH Fw2 So Fw3 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 2l 
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MONTH 22 

The installation work on the barrel calorimeter continues and the solenoid cool down begins. 

Two muon towers on octant 4 and one on octant 3 are installed and aligned. 

Figure 22.1 shows a muon truss being installed on octant 3 and the positioning of the installation frame 
cross members. The auxiliary hook of one trolley will be used to tilt the frame to its proper angle and then 
the frame temporarily bolted to the muon steel, while the muon truss is pushed onto the matching rails (Hall 
details not shown for clarity). 

The installation of FW4, FW5 and the Cerenkov counter on the north forward toroid is completed. 

The drawing shows the south forward muon chambers FW4, FW5 and the Cerenkov counter being lowered by two 
hooks or trolleys. This could also be done with one hook and a sling. 

At the time this report was written, a decision had not been made as to whether to assemble the forward muon 
chambers and Cerenkov counters on the surface and lower the whole system as a complete ring or whether to 
assemble these items on the hall floor from segments. 

Figure 22.2 and 22.3 shows an alternate method for the installation of the forward muon chambers and 
Cerenkov counters using chamber and Cerenkov counter segments. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from the surface 

1000 hrs 

SOUTH END 

30 hrs 

60 hrs 

1 muon chamber truss 
1 muon chamber BWI 
1 chambers/Cerenkov counter system 

NORTH END 

20 hrs 

40 hrs 

2 muon chamber trusses 
2 muon chambers BWI 



o INSTALLATION WORK ON BARREL CALORIMETER CONTINUES 
o COMPLETEO INSTALLATION OF FW4.FW5 ANO CERENKOV COUNTER 

ON NORTH FORWARD TOROID 
o SOUTH FW4.FW5 AND CERENKOV COUNTER SYSTEM BEING LOWEREO TO HALL FLOOR 
o INSTALLEO TWO MUON TOWE~S ON OCTANT 4 AND ONE ON OCTANT 3 
o SOlENOIO COOLOOWN BEGINS 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 22 
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MONTH 23 

The installation work on the barrel calorimeter and the cooldown of the solenoid continues. 

The Cerenkov counter/muon chamber system is installed on the south forward toroid. 

Three muon towers will be instilled this month on octant 3 and one muon tower on octant 2. 

F~gure 23.1 shows an octant 3 muon truss being installed. Please note the use of two trolleys to control the 
positioning of the installation frame. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

large objects lowered 
from the surface 

large objects lifted 
to the surface 

900 hrs 

SOUTH END 

20 hrs 

40 hrs 

I muon chamber truss 
I muon chamber BWI 

2 muon chamber cradles 

NORTH END 

30 hrs 

60 hrs 

2 muon chamber trusses 
2 muon chambers BWI 

4 muon chamber cradles 



o INSTALLATION WORk OF BARREL CALORIMETER CONTINUES 
o CERENKOV COUNTER ANO MUON CHAMBER SYSTEM BEING 

INSTALLED ON SOUTH FORWARD TOROID 
o INSTALLED THREE MUON TOWERS ON OCTANT 3 
o MUON TOWER BEING INSTALLED ON OCTANT 2 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 23 
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MONTH 24 

By month 24 the assembly of the south forward toroid is completed. 

Three muon towers will be installed on octant 2. 

The south endcap calorimeter is shown in the process of being lowered to the hall floor. It is proposed to 
use the same system that was used to lower the barrel calorimeter. If the hollow hydraulic jacks that were 
used for lowering the barrel calorimeter were rented, lighter jacks may be used for this operation. Lighter 
jacks use less cables and a smaller power supply saving time in the rigging. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from the surface 

Large objects lifted 
to the surface 

3500 hrs 

SOUTH END 

60 hrs 

20 hrs 

1 endcap calorimeter 

1 forward toroid chambers 
lifting rig 

1 endcap calorimeter cradle 

NORTH END 

40 hrs 

80 hrs 

3 muon chamber trusses 
3 muon chambers BWI 

6 muon chamber cradles 



o SOUTH FORWARO TOROIO ASSEMBLY CQHPLETEO 
o COMPLETEO INSTALLATION OF THREE MUON TOWERS ON OCTANT 2 
o SOUTH ENOCAP CALORIMETER BEING LOWEREO TO HALL FLOOR 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 24 
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CONSTRUCTION PROGRESS 
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MONTH 25 

Two muon towers will be installed on octant 1 this month. 

The north endcap calorimeter is lowered to the hall floor. 

Both endcap calorimeters will be moved to their operating positions in order to begin coil field mapping. 
The solenoid coo1down continues. 

,'It is assumed that the forward calorimeters are built on the surface. Since their weight will exceed-he 
capacity of the surface and hall cranes it is also assumed that the forward calorimeters will be built on a 
fra.me with Hillman rollers that can be moved around with horizontal hydraul ic jacks. 

The north forward calorimeter on its frame will be lowered immedhte1y after the endcap calorimeter is 
installed and the hoisting frame is freed. Using the same system as was used by the endcap calorimeter saves 
ista11ation time and costs by taking advantage of the jacking system being in place. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from the surface 

Large objects lifted 
~o the surface 

3500 hrs 

SOUTH END 

40 hrs 

80 hrs 

2 muon chamber towers 

4 muon chamber cradles 

NORTH END 

60 hrs 

30 hrs 

1 endcap calorimeter 
1 forward calorimeter 
1 encap calorimeter roller frame 

1 calorimeter cradle (twice) 



o SOLENOIO COOLOOWN CONTINUES 
o TWO MUON TOWERS INSTAlLED ON OCTANT I 
o NORTH ENOCAP CALORIMETER LOWERED INTO HALL 
o ENOCAPS MOVEO INTO OPERATING POSITION 
o FORWARO CALORIMETER SHOWN BEING LowE REO TO HALL FLOOR ON NORTH ENO 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 25 
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MONTH 26 

The last two muon towers are installed on octant 1 during this month. 

The solenoid cool down has been completed and the field mapping started. 

The north forward calorimeter and support frame will be transferred to the endcap temporary support which in 
turn will be rolled and aligned with the forward toroid by means of the hydraulic jacks placed on top of the 
Hillman rollers. Once this is done, the forward calorimeter will be rolled into the support cylinder for 
nnal installation. 

The south forward calorimeter is shown on the drawi ng hav i ng been lowered to the hall floor and in the 
process of being transferred to the endcap calorimeter roller frame. 

This operation will be different on the north side, as there is no room to insert the calorimeter roller 
frame between the forward toroid and the lowering frame. On the north end, the lowering frame with the 
forward calorimeter will have to be disengaged from the hOisting cables and moved to the east or west side 
of the hall where the transfer of the forward calorimeter to the endcap roller frame can take place. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge crane usage 

Large objects lowered 
from the surface 

Large objects lifted 
to' the surface 

3000 hrs 

SOUTH END NORTH END 

30 hrs 4 hrs 

60 hrs 15 hrs 

2 muon chamber trusses 1 field mapping kit 
2 muon chambers BWI 
1 endcap calorimeter roller frame 
1 forward calorimeter 

4 muon chamber cradles 
1 calorimeter cradle 



o AlL MUON TOWERS INSTAlLED ON BARREL 
o FORWARD CAlORIMETER BEING INSTALLED IN NORTH TOROID 
o FORWARD CAlORIMETER BEING LOWERED TO HALL FLOOR ON SOUTH END 
o STARTED SOLENOID F IELO MAPPING 

soc SC INT C (II nETEC TOR 
CONST"'" ! 'I' I 11GRESS 
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MONTH 27 

The solenoid field mapping continues this month. 

The north forward calorimeter has been installed and the forward toroid retracted to its storage position. 

The south forward calorimeter is being installed in the south forward toroid. 

The first two intermediate muon chambers have been installed on octant 6. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shafts crane usage 

Bridge crane usage 

large objects lowered 
from the surface 

1100 hrs 

SOUTH END 

10 hrs 

20 hrs 

1 intermediate chamber truss 

NORTH END 

20 hrs 

40 hrs 

2 intermediate chamber trusses 



o SOLENOID FlElO MAPPING CONTINUES 
o FORWARD CAlORIMETER INSTALLED IN NORTH TOROID 
o FORwARD CAlORIMETER BEING INSTAlLEO IN SOUTH TOROID 
o TWO INTERMEOIATE CHAMBERS .INSTAll EO ON OCTANT 6 
o PHASE IENOCAP CAlORIMETER CABLING.PIPING AND CHECKOUT CONTINUES 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 27 
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MONTH 28 

The south forward calorimeter has been installed in the forward toroid and the toroid has been rolled back 
to storage position. 

The solenoid field mapping continues. 

Two intermediate muon chambers were installed on octant 7 and one on octant 8. 

Note that intermediate muon chambers are shown stored on the hall floor by the surface crane ready to be 
picked up by the hall bridge cranes. Once the design of the intermediate muon chambers is known, further 
study should be made as to how to support these chambers while transfering from one crane to another. 
Special supports (not shown in these pictures) may be required and are bound to take space on the hall floor 
when not in use. This space should be considered in the overall layout. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge crane usage 

Large objects lowered 
from the surface 

900 hrs 

SOUTH END 

20 hrs 

40 hrs 

2 intermediate chamber trusses 

NORTH END 

10 hrs 

20 hrs 

1 intermediate chamber truss 



o fORwARD CAlORIMETER INSTALLED IN SOUTH TOROID 
o SOlENOID FIELD MAPPING CONTlIlttS 
o T'<'O INTERMEOIATE MUON OIAMBERS INSTAlLED ON OCTANT 1 
o OllIE INTERMEDIATE MUON CHAMBER INSTAlLED ON OCTANT 8 
D PHASE I ENOCAP CAlORIMETER INSTALLATION CONllNUES 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 28 
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MONTH 29 

The solenoid field mapping has been completed and the endcaps have been retracted to a temporary storage 
position. 

Two intermediate muon chambers are installed on octant 4 and one on octant 8. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge crane usage 

large object lowered 
from the surface 

900 hrs 

SOUTH END 

10 hrs 

20 hrs 

1 intermediate chamber truss 

NORTH END 

20 hrs 

40 hrs 

2 intermediate chamber trusses 



o SOLENOID FIELO MAPPING COMPLETEO 
D ENDCAP CALORIMETERS RETRACTEO TO TEMPORARY STORAGE 
o INSTAlLEO ONE INTERMEDIATE MUON CHAMBER ON OCTANT 8 
o INSTAlLEO TWO INTERMEOIATE HUON CHAMBERS ON OCTANT 4 

'T~C SCINT CAL DETECTOR 
rONSTRUCT ION rrlOc.f?rSS 

MONTH 29 ------------_ .. -- ----------------------ICF KAISER [NGIN[[RS q 17 -', 



MONTH 30 

This month's drawing is shown in more detail for the same reasons stated for months 18 and 21. 

Two intermediate muon chambers are installed on octant 3 and one on octant 2. 

The central tracking is being installed this month using the same system and procedure used to install the 
solenoid. 

'Scaffolding is shown around the endcap calorimeters which is used for electronics work. 

Electronic racks and desks with computers are shown checking out the electronics on several systems. 

Cherry pickers are shown being used to install or check out electronic equipment, install cabl ing and 
piping, etc. 

The drawing shows that the space around the endcaps scaffolding is very tight. In the future, studies should 
be made using narrower scaffolding or at worse turning the whole endcap arrangemnt 90 degrees. This maneuver 
is rather complex, so it should be avoided if possible. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from the surface 

1600 hrs 

SOUTH END 

20 hrs 

40 hrs 

2 intermediate chamber trusses 
1 central tracking unit 

NORTH END 

10 hrs 

20 hrs 

1 intermediate chamber truss 



o CENTRAL TRACKING BEING INSTALLED 
o INSTALLEO TWO INTERMEOIATE MUON CHAMBERS ON OCTANT 3 
o INSTALLED ONE INTERMEOIATE MUON CHAMBER ON OCTANT 2 
o ELECTRONICS 80 UTILITIES wORK ON ENOCAP CALORIMETERS 
o ELECTRONICS 80 UT ILIT IES WORK ON FORWARD MUON SYSTEMS 
o ELECTRONICS a. UT III liES wORK ON BARREL AND INTERMEDIATE MUON SYSTEMS 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 30 
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MONTH 31 

The central tracker installation including cabling is completed this month. 

One intermediate muon chamber is installed this month on octant 2 and two are installed on octant 1. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge crane usage 

Large objects lowered 
from the surface 

700 hrs 

SOUTH END 

10 hrs 

10 hrs 

1 intermediate chamber truss 

NORTH END 

10 hrs 

20 hrs 

2 intermediate chamber trusses 



o CENTRAL TRACkER INSTALLED 
o INSTALLED ONE ENO HUON CHA1"eER ON OCTANT Z 
o INSTALLED TwO ENO HUON CHAMBERS ON OCTANT I 

soc ScTtn rnL DETECTOR 
("[!lj ,;i,:!; ! I "J PHOGHLSS 
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MONTH 32 

The silicon tracker is installed this month. 

Figures 32.1, 32.2 and 32.3 show a sequence for the installation of the silicon tracker. The rigging used is 
the same as used for the solenoid and the central tracking device. The main difference in the procedure is 
that a cradle will be used to carry the silicon tracker and no mandrel will be used. 

Since little physical change will ocurr during the next two months, drawings were not made for months 33 and 
34. During these months, the silicon tracker is cabled and aligned. General electronic checkout of all 
subsystems continues. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

large objects lowered 
from the surface 

500 hrs 

SOUTH END 

10 hrs 

10 hrs 

Sil icon tracker 

NORTH END 

10 hrs 



o SILICON TRACKER BEING INSTALLED 

SOC SCINT CAL OETECTO~ 
CONSTRUCTION PROGnESS 

MONTH 32 
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FIG. 32.1 

SOC SCINT CAL DETECTOR 
51 TRACKING INSTALLATION - STEP 1 
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soc SClNT CAL DETECTOR 
51 II. I.ING INSTALLATION - STF~P 2 
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FlO. 32.3 

·SDC SCINT CAL DETECTOR 
51 TRACKING INSTf1LLATION - STEP 3 
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MONTH 35 

In month 34, the silicon tracker installation was completed. 

Also in month 34, absorbers and the FWI muon chambers are installed on the endcap calorimeters. 

The intermediate trackers are tn the process of being installed. Figures 35.1 and 35.2 show some details of 
this operation. Basically, the intermediate tracker is mounted on a counterweighted mandrel, which in turn 
uses the same rigging that was used by the other tracker installations. 

MANPO~ER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from the surface 

800 hrs 

SOUTH END 

20 hrs 

40 hrs 

1 endcap calorimeter absorber 
2 muon chamber FWI sections 
1 Intermediate tracking unit 

NORTH END 

20 hrs 

40 hrs 

1 endcap calorimeter absorber 
2 muon chamber FWI sections 
1 intermediate tracking unit 



o SILICON TRACKER INSTALLATION COMPLETED 
o INTERMEDIATE TRACKING BEING INSTALLED 
o ABSORBERS AND MUON CHAMBERS FWI INSTALLED ON ENDCAPS 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 35 
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SOC SCINT CAL DETECTOR 
INTERMEDIATE TRACKING INSTf'lLLATION - STEP 1 
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FIG. 35.2 

SOC SCINT CAL DETECTOR 
INTERMEDIATE TR"'CKING INSTALLATION· SHP 2 
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MONTH 36 

The installation of the intermediate tracking is complete. 

The endcap calorimeters have been moved into operating position and cabling and connection of electronic and 
utilities is proceeding. 

Air conditioning ductwork (not shown) is connected to the detector. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

none 

. Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 

from the surface 

Large objects lifted 
to the surface 

1800 hrs 

SOUTH END 

15 hrs 

60 hrs 

2 crates of ductwork 

5 bundles of steel for monorail 

NORTH END 

10 hrs 

40 hrs 

2 crates of ductwork 

3 bundles of steel for monorail 



o INSTAlLATION OF INTERHEOIATE TRACKING COMPLETEO 
o ENOCRP CALORIHETERS MOVEO INTO OPERATING POSITION 

SOC SCINT CAL DETECTOR 
It~·; fRUC T ION rrW(;HE S 5 
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MONTH 37 

The muon steel toroids are moved into operating position and electronic and utility connections are made for 
the forward muon systems and forward calorimeters. 

The beam ~:[." i,) possibly carried into position with the forward toroids, and vacuum connections made with 
the central tracking volume pipe. The installation of the beam pipe requires more study. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

500 hrs 

SOUTH END 

10 hrs 

10 hrs 

NORTH END 

10 hrs 

10 hrs 



o MUON STEEL TOOOIO'3 MOVEO INTO OPERATING POSITIION 
o BEAM PIPE INSTALLATION BEGINS 

SOC SCINT CAL DETECTOR 
CON', l! 'II r ION PROGRESS 

I·jit·, rH 37 
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MONTH 38 

The beam pipe installation is completed. 

The bridges are removed and the intermediate muon chambers for octant 5 are installed. A special 
counterweighted rig (not shown) will have to be designed for this operation as vertical access will not be 
available when these chambers are installed. 

The installation of the accelerator support structure commences this month (not shown). 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from the surface 

1300 hrs 

SOUTH END 

20 hrs 

40 hrs 

1 intermediate muon chamber 
2 accelerator structure sections 

NORTH END 

10 hrs 

30 hrs 

1 intermediate muon chamber 
1 accelerator structure sections 



o BEAM PIPE INSTALLATION COMPLETED 
o BRIDGES REMOVED 
o INTERMEDIATE MUON CHAMBERS INSTALLED ON OCTANT 5 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRFSS 

MONTH 38 
ICF KAISER ENGINEERS 10 I] ql I-IOOEL 52]M'~045.0GN I-ION1Hl£1.HLN 



MONTH 39 

During this month the installation and alignment of the structures to support the accelerator components 
continues. 

It is not known at this time what kind of cryogenic, utilities or monitoring installations will be required 
to service the accelerator components inside the hall. This area needs to be defined and the facilities 
added to the computer model. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

. Manpower 

Shaft cranes usage 

Bridge cranes usage 

large objects lowered 
from the surface 

1250 hrs 

SOUTH END 

10 hrs 

20 hrs 

2 accelerator structure sections 

NORTH END 

10 hrs 

20 hrs 

2 accelerator structure sections 



o STRUCTUI1 ACCELERATOR COIf>ONENTS BEING INSTALLED 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 39 
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MONTH 40 

During this month and the next, the accelerator components aree installed and aligned. It is not certain if 
enough time has been allowed for this operation, as the design of the accelerator system in the hall has not 
been done at this time. This area needs to be pursued and coordinated further. 

It is assumed that the quadrupoles and dipoles will be lowered through the installation shaft and installed 
with the same equipment that is used for installation in the tunnel. 

'·No further drawings were made for future months as no physical changes will be visible. Most of future 
activities will consist of checking the equipment and programming the computers. 

No manpower or major equi pment utili zat i on estimate is made for thi s month as the work of detector 
installation contractors is completed 



o ACCELERATOR COMPONENTS INSTAlLEO 
o ACCElERATOR COMPONENTS ALIGNED 

SOC SCINT CAL DETECTOR 
CONSTRUCTION PROGRESS 

MONTH 40 
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MAJOR REPAIRS OF THE DETECTOR 

The drawing shows the detector open for major repairs. It also shows the number of components that have to 
be removed for major repairs of an endcap calorimeter without opening the construction shaft. If the barrel 
calorimeter needs to be removed, some of the detector components will have to be raised to the surface for 
lack of space on the hall floor. 



o ACCELERATOR COMPONENTS MOVED TO STORAGE POSITION 
o INTERMEDIATE MUON CHAH8£RS ON OCTANT 5 REMovED 
o BRIDGES REPLACED . 
o FORwARD MUON TOROIO'i II' I"ACTEO 
o SOUTH ENOCAP CALORIK TUl RETRAC TED 

SOC SCINT CAL DETECTOR 
OPEN FOR MAJOR REPAIRS 
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MONTH 24 

By month 24 the assembly of the south forward toroid is completed. 

Three muon towers will be installed on octant 2. 

The south endcap calorimeter is shown in the process of being lowered to the hall floor. It is proposed to 
use the same system that was used to lower the barrel calorimeter. If the hollow hydraulic jacks that were 
used for lowering the barrel calorimeter were rented, lighter jacks may be used for this operation. lighter 
,jacks use less cables and a smaller power supply saving time in the rigging. 

MANPOWER AND EQUIPMENT UTILIZATION FOR THE ABOVE ITEMS 

Manpower 

Shaft cranes usage 

Bridge cranes usage 

Large objects lowered 
from the surface 

Large objects lifted 
to the surface 

3500 hrs 

SOUTH END 

60 hrs 

20 hrs 

1 endcap calorimeter 

1 forward toroid chambers 
lifting rig 

1 endcap calorimeter cradle 

NORTH END 

40 hrs 

80 hrs 

3 muon chamber trusses 
3 muon chambers BWI 

6 muon chamber cradles 




