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FOREWORD 
This repon: is submined to the Superconducting Super Collider Laboratory as a deliverable item for 
contract SSC-92-Z-16308, Task Group II, Phase C. 

The repon: provides results of a detailed manufacturing and assembly study of the SDC muon 
measurement system in an SSCL on site production facility. 
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1.0 INTRODUCTION 
1.1 SCOPE AND OBJECTIVES 
The scope of the study includes muon measurement system assembly and installation activities 
performed at the SSCL site for the baseline IDR configuration barrel. intermediate, and forward 
chambers; the scintillation counters; and installation of alignment hardware and electronics. 

The objectives for this report are defmed in Phase ~ of the Statement of Work for the SDC - Martin 
Marietta Participation, redlined 18 March 1992, modified later by the SDC technical monitor and 
summarized here. The objectives for the baseline - Washington - muon chamber concept are: 

• Perform a manufacturing study of the muon system in an on site production facility, including 
assembly, testing, alignment, transponation, and storage of all components of the muon 
measurement system. 

• Optimize the manufacturing procedure for use of existing facilities and for minimized cost. 

• Identify components that can be built off site and shipped to the SSCL. Include the required 
arrival schedule of these components. 

• Prepare manufacturing procedures and a schedule optimized for cost. Summarize the trade 
studies and the rationale for the choices made. 

• Compile the necessary resources and a schedule of resource availability including personnel 
and major tooling necessary to complete the SDC muon system. 

• If manufacture of the muon system is shown to be impossible in the existing facilities, 
suggest muon system design or facility modifications. 

• Provide suggestions for cost saving changes to the planned facilities. 

• Provide general recommendations for improvements or modification to the design of the 
muon measurement system or the process of assembling and installing the system. 

• Describe operation of the workstations and alignment stands for the barrel, intermediate, and 
forward supertowers. 

1.2 APPROACH 
The chamber concept selected for the SDC Technical Design Report was studied in detail to 
develop manufacturing flows tailored for the assembly requirements of each component Resources 
and schedule time are allocated for fabrication of prototypes, for initial installation and checkout of 
tooling, and for the tool conversions necessary to switch from barrel to intermediate system 
assembly. 
The study was structured as follows: 

• Study requirements and ground rules established 
• Assembly flows and event times derived from the conceptual design report (Reference 3), 

interviews. proponent presentations, and visits to the prototype development facilities. 
• Assembly fixtures conceptualized 
• Facility floor plan conceptualized 
• RAM (Resource Allocation Modeling) runs used to define overall time spans, and resource 

usage 
• RAM inputs refined to reduce time spans to fit schedule requirements 
• Facility floor plan refined 
• Overall schedule constructed 
• Adequacy of facility verified 
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1.3 SUMMARY OF RESULTS 
The reponed studies were perfonned for the SOC Technical Design Repon (1DR) baseline 
(Washington) muon chamber concept. Earlier studies (Reference 1) provided comparative 
manufacturing, cost and schedule data supporting selection of the baseline from four alternative 
concepts. The present analyses show that (1) a 3900 square meter muon system assembly building 
will accommodate the on-site module/supennodule assembly process and (2) the chamber concept 
can be developed and produced in time to meet the detector installation requirements. A 60 by 25 
meter alcove on the building is required for surface storage of muon system components awaiting 
transpon to the hall. The maximun number of components stored simultaneously is 33. The 
alcove wi1llater be convened to office space. 

2.0 RESULTS 
Component definitions, facility-related assumptions, chamber configuration assumptions, and 
RAM ground rules, are provided; then the results are presented. 

2.1 RESOURCE ALLOCATION MODELING 
The study applied RAM, a systematic process using flexible computer tools for efficiently 
allocating and scheduling program resources to achieve program objectives. Here the RAM is used 
to define equipment, personnel, and facility requirements; to measure assembly time span; and to 
define delivery requirements for components produced off-site. RAM inputs included 
manufacturing flows formulated from the conceptual design report, interviews, proponent 
presentations, and visits to the prototype development facility. RAM-derived flows for assembly 
of modules, supennodules, and supenowers in the SSCL facility are shown. 

2.2 MUON SYSTEM COMPONENT DEFINITIONS 
The muon system component nomenclature used in this study is defined on Figure 2.2-1, showing 
cross-sections and a perspective view of the SOC detector. 
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Figure 2.2-la SDC Detector Longitudinal Section View Showing Muon System Components . 
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Figure 2.2-1 b SDC Detector Transverse Section View Showing Muon System Components • 
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Figure 2.2-1 c SDC Detector Perspective View Showing l .. fuon System Components • 
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2.3 ASSUMPTIONS AND GROUNDRULES 
Listed here are the assumptions and groundrules used for the reponed studies. Many are from the 
contract SOW; others are direction received from the SSCL and SOC muon system managers 
through personal communications and during numerous collaboration/muon system meetings. 
Four categories are presented: general assumptions and groundrules that apply globally for the 
study, muon chamber configuration assumptions used to detennine component quantities and 
sizes for the assembly flows, RAM ground rules used directly in the RAM analyses, and facility 
configuration and usage assumptions. 

General assumptions and groundrules are: 
1. The study is restricted to muon system assembly and installation activities at the SSCL site at 

Waxahachie, Texas. including the detector component assembly building on the surface and 
the experiment hall. Off-site effons are addressed only to define the muon system 
components produced off-site and the delivery schedules required for on-site assembly. 

2. Limited on-site storage for receiving inspection and checkout is provided for components 
produced off-site to accommodate the just-in-time delivery schedule defmed in Section 2.6. 

3. Resources are dedicated for use as required for muon system assembly and installation. 
Potential concurrent requirements for resources for tracker and calorimeter assembly and 
installation are not considered. For example, both hall equipment access shafts and cranes 
are assumed available as required for the muon system. though there is a several month 
period when calorimeter installation will block other use of one shaft. 

4. The BW1 modules are installed last to minimize interference with the calorimeter installation. 
5. Schedule milestones provided by SSCL and SDC sources are shown on Figure 2.9.1-1 The 

source for these milestones is a Kaiser assembly study. 
6. Drift tubes are delivered to the on-site facility in standardized shipping/storage containers 

holding 100 tubes each. The containers are an integral element of the on site handling set 
and will be supponed on storage racks adjacent to the point of use as described in Section 
2.12.2 

Muon chamber configuration assumptions used to determine component quantities and sizes for 
the assembly flows are: 

1. Barrel Chamber Assumptions: 
- Layers: BW1 - 4 theta, 4 phi; BW2 - 4 theta, 1 theta scintillator; BW3 - 4 theta, 4 phi, 1 

theta stereo, and 1 phi stereo 
- Longitudinal Segments: BWI - 3 segments, 24 modules; BW2/3 - 5 segments, 35 

supermodules,5 BW2 singles, and 5 BW3 singles 
- SSCL site assembly, installation and time spans on the flows have been coordinated with 

Henry Lubatti, Dick Davidson and Colin Daly of the University of Washington and Dennis 
Cox of the SSCL. 

2. Intennediate Chamber Assumptions: 
- Layers: IW2 - 4 theta. 1 theta scintillator; IW3 - 4 theta. 4 phi, 1 theta stereo, and 1 phi 

stereo 
- Segments: IW2/IW3, 16 pie-shaped supermodules (eight for each end) 
- Site assembly and installation flows and span times were provided by Dick Loveless of the 

University of Wisconsin. 
3. Forward Chamber Assumptions: 

- Layers: FWI - 4 theta; FW2 - 4 theta, 4 stereo; FW4 - 4 theta, 1 theta scintillator; FW5 - 4 
theta, 4 stereo, 1 theta scintillator 

- Segments: FWl, 2, 4 and 5 pie shaped octant chambers (16 of each, 64 total), 2 of each 
supermodule structural assemblies (8 total, 4 each end) 

- Octant chambers and structural assemblies produced above ground on-site with the FW5 
structure transponed and lowered into the hall in halves and re-assembled in the hall before 
attaching the chambers. Octant chambers are assembled to the structure in the hall prior to 
installation on the iron. 
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Assembly and installation flows and time spans have been coordinated with Frank 
Desrosier of the University of Maryland. 

RAM ground rules are: 
1. Scope: Fabrication and assembly of modules, supermodules, and supenowers (on-site at 

SSCL) and installation on the detector 
2. Last modules and supermodules completed just in time to meet detector assembly schedule 
3. Off-site fabrication meets on-site input requirements just in time to minimize component 

storage requirements 
4. Manpower is unconstrained 
5. Assembly facility provides space for test, alignment. and storage (in an alcove) of completed 

modules, supermodules. and supenowers 
6. Assembly facility space is fixed at 3900 square meters and is fully used 
7. Required stan time and storage space are derived 
8. All event durations have a ± 10 percent triangular probability distribution 
9. The probability of component rejection after test is zero 
10. 8-hour work day, no weekend work 
11. Holiday schedule: New Years Day, Manin Luther King Day, Presidents Day, Memorial 

Day, July 4th, Labor Day, Veteran's Day, Thanksgiving Day, Christmas Day 
12. Different activities may have different work shifts 
13. The simulation starts 3 January 1995 
14. All units are tracked by serial number when built and installed as follows: 

- B W 1 SIN = 1 - 24 
- B W2 SIN = 25 - 29 
- BW3 SIN = 30 - 34 
- BW2/3/SM SIN = 35 - 69 

- FW 1 SIN = 70 - 85 
- FW 2 SIN = 86 - 10 1 
- FW 4 SIN = 102 - 117 
-FW 5 SIN = 118 -133 
- FW 1 SMA SIN = 134 - 135 
- FW 2 SMA SIN = 136 - 137 
- FW 4 SMA SIN = 138 - 139 
- FW 5 SMA SIN = 140 - 141 

- Intermediates SIN = 142 - 157 

15. Learning curves are applied as follows:: 
Preproduction - Learning Curve. 
- Intermediates 

1st = 300%, 2nd = 150%, 3rd = 125%, 4th = 100% 
- FW 1, 2,. 4, & 5 

1st = 300% 
- BW 1,2, & 3 

1st = 300%, 2nd = 150%, 3rd = 125%, 4th = 100% 

Production - Learning Curve 
- All Units Except the FW _SMSAs 

1st = 150%, 2nd = 125%, 3rd and On = 100% 
- FW SMSAs 

FWl SMSA = 300%, FW2 SMSA = 150%, FW4 SMSA = 125%, FW5SMSA =150% 
FW1 SMSA = 100%, FW2 SMSA = 100%, FW4 SMSA = 100%, FW5 SMSA =125% 
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Installation - Learning Curve 
- All Units 

1st = 150%, 2nd = 125%, 3rd and on = 100% 

16. The preproduction build sequence is: 
- Use 2 work stations for preproduction and sequence builds 
- Build 3 BW2s and 3 BW3s on two work stations 

- - Build 3 BW2/BW3/SM on same 2 work stations 
- Build 1 each FWl, FW2, FW4, FW5 on 1 work station 

SDC-92-283 

- - Conven fIxture between each octant build, allow 40 work hours each time 
- Build 2 BWls on 1 work station 

- - Convett fIxtures to BW3 and BW2/SM. allow 40 work hours each 
- Build 4 IW2, IW3. and IW ICAs 

- - Load & test IW2 & IW3 In series with the IW lCA assembly 

17. The production build sequence is: 
- Start Production Sequence With SMs Approximately July 1996 
- Build 32 SMs and 2 BW2s and 2 BW3s 

- - Convett fIxtures for BW1s, allow 40 work hours each 
- Build remaining BWls 

- - Convett fIxtures for FW octants, allow 40 work hours each 
- Build remaining FW octants immediately after convening flXtures 
- Build FWI-FW5 SMSAs as necessary to install 
- Convett flXture each time the build item changes ( i.e. FW 1 to FW2 ), 

Allow 40 work hours for each change 

18. The installation sequence is: 
- Installation starn 2 December 1996 
- Use 2 hoists to install in sequence with parallel work in hall 
- Install 3 BW3s and 3 BW2s 
- Install 4 IW2/IW3 ICAs 
- Install 3 BW2/BW3/SMs 

19. Shaft A hoist usage sequence is: 
- Install 16 BW2/BW3/Super Modules 
- Install 12 BWls 
- Install 5 IW ICAs 
- Install FW 1 SMSA, 8 Octant Assemblies 
- Install FW 2 SMSA, 8 Octant Assemblies 
- Install FW 4 SMSA, 8 Octant Assemblies 
- Install B W3 and BW2 
- Install I IW ICA 
- Install FW 5 SMSA, 8 Octant Assemblies 
- Move of FW 5 SMSA IntO Position and Final Installation 

20. Shaft B hoist usage sequence is: 
- Install 16 BW2/BW3 Super Modules 
- Install 12 BWls 
- Install 5 IW ICAs 
- Install FW 1 SMSA, 8 Octant Assemblies 
- Install FW 2 SMSA, 8 Octant Assemblies 
- Install FW 4 SMSA, 8 Octant Assemblies 
- Install FW 5 SMSA, 8 Octant Assemblies 
- Install B W3 and B W2 
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- Install 1 IW lCA 
- Move FW 5 SMSA Into Position 

Facility assumptions are: 
1. 30 by 130 meter overall floor plan dimensions are fixed 
2. The receiving and inspection area is sized for drive-in unloading of 9-meter long muon cells 

and intennediate chamber assemblies 
3. A 20 by 18 meter space is allocated for the alignment and assembly checkout stand, 

including handling clearance 
4. For this study, it is assumed the facility is used only for module and supermodule assembly. 

All other components are manufactured off-site and delivered just-in-time. 

2.4 ASSEMBLY AND INSTALLATION FLOW DIAGRAMS 
Flow diagrams are shown in Appendix A for the muon system fabrication, assembly, and 
test/alignment in the site facility; transpon to the experiment hall; and installation on the detector. 
These flows were input to the RAM for derivation of the schedules and resource use. 

2.5 ASSEMBLY FACILITY STORAGE REQUIREMENTS 
Figure 2.5-1 summarizes the storage requirements by hardware element. Items to be stored consist 
of BWI, BW2, and BW3 single modules, IW and BW2/3 supermodules, and FWl, FW2, FW4 
and FW5 forward chamber assemblies. The maximum number of units to be stored at anyone 
time is 33. Table 2.5-1 contains the numerical storage requirement data by week. 
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T bl 2 5 1 W kl S R a t .. tt Y tora1!t tqu,rtmtnts 
Number in StoraQ9 

Week BW1 SM BW3 IW BW2 FW1 FW2 FW4 FW5 Total 
1 0 
2 0 
3 0 
4 0 
5 0 
6 0 
7 0 
8 0 
9 1 1 

10 1 1 
11 1 1 
12 1 1 2 
13 1 1 2 
14 1 2 3 
15 1 2 3 
16 2 2 4 
17 2 2 4 
18 2 2 4 
19 2 3 5 
20 2 3 5 
21 3 3 6 
22 3 3 6 
23 3 3 6 
24 1 3 3 7 
25 1 3 3 7 
26 1 3 1 3 8 
27 1 3 1 3 8 
28 2 3 1 3 9 
29 2 3 1 3 9 
30 2 3 1 3 9 
31 2 3 1 3 9 
32 3 3 1 3 10 
33 3 3 1 3 10 
34 3 3 1 3 10 
35 3 3 1 3 10 
36 3 3 1 3 10 
37 3 3 1 3 10 
38 3 3 1 3 10 
39 1 3 3 1 3 11 
40 1 3 3 1 3 11 
41 1 3 3 2 3 12 
42 1 3 3 2 3 1 13 
43 2 3 3 2 3 1 14 
44 2 3 3 2 3 1 14 
45 2 3 3 2 3 1 14 
46 2 3 3 2 3 1 14 
47 2 3 3 2 3 1 14 
48 2 3 3 2 3 1 14 
49 2 3 3 2 3 1 1 15 
50 2 3 3 2 3 1 1 15 
51 2 3 3 2 3 1 1 15 
52 2 3 3 3 3 1 1 16 
53 2 3 3 3 3 1 1 16 
54 2 3 3 3 3 1 1 1 17 
55 2 3 3 3 3 1 1 1 17 
56 2 3 3 3 3 1 1 1 17 
57 2 3 3 3 3 1 1 1 17 
58 2 3 3 3 3 1 1 1 17 
59 2 3 3 3 3 1 1 1 17 
60 2 3 3 3 3 1 1 1 17 
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Table 2.5.1 Weekly Slora1!e Requirements (conI.) 
Number in Storaoe 

Week aWl SM aW3 IW aW2 FWl FW2 FW4 FW5 Total 
61 

~ 3 ~ 3 ;j 1 1 1 11 
62 3 3 3 1 1 1 1 18 
63 2 3 3 3 3 , 1 1 1 18 
64 2 3 3 4 3 1 1 1 1 19 
65 2 3 3 4 3 1 1 1 1 19 
66 2 3 3 4 3 1 1 1 1 19 
67 2 3 3 4 3 1 1 1 1 19 
68 2 3 3 4 3 1 1 1 1 19 
69 2 3 3 4 3 1 1 1 1 19 
70 2 3 3 4 3 1 1 1 1 19 
71 2 3 3 4 3 1 1 1 1 19 
72 2 3 3 4 3 1 1 1 1 19 
73 2 3 3 4 3 1 1 1 1 19 
74 2 3 3 4 3 1 1 1 1 19 
75 2 3 3 4 3 1 1 1 1 19 
76 2 3 3 4 3 1 1 1 1 19 
77 2 3 3 4 3 1 1 1 1 19 
78 2 3 3 4 3 1 1 1 1 19 
79 2 3 3 4 3 1 1 1 1 19 
80 2 3 3 4 3 1 1 1 1 19 
81 2 3 3 4 3 1 1 1 1 19 
82 2 3 3 4 3 1 1 1 1 19 
83 2 4 3 4 3 1 1 1 1 20 
84 2 5 3 4 3 1 1 1 1 21 
85 2 5 3 4 3 1 1 1 1 21 
86 2 6 3 4 3 1 1 1 1 22 
87 2 7 3 4 3 1 1 1 1 23 
88 2 7 3 4 3 1 1 1 1 23 
89 2 8 3 4 3 1 1 1 1 24 
90 2 9 3 4 3 1 1 1 1 25 
91 2 9 3 4 3 1 1 1 1 25 
92 2 10 3 4 3 1 1 1 1 26 
93 2 11 3 4 3 1 1 1 1 27 
94 2 11 3 4 3 1 1 1 1 27 
95 2 12 3 4 3 1 1 1 1 28 
96 2 13 3 4 3 1 1 1 1 29 
97 2 13 3 4 3 1 1 1 1 29 
98 2 14 3 4 3 1 1 1 1 30 
99 2 15 3 4 3 1 1 1 1 31 

100 2 15 3 4 3 1 1 1 1 31 
101 2 16 1 4 3 1 1 1 1 30 
102 2 16 4 3 1 1 1 1 29 
103 2 17 4 1 1 1 1 1 28 
104 2 17 3 1 1 1 1 26 
105 2 18 2 1 1 1 1 26 
106 2 19 1 1 1 1 1 26 
107 2 18 1 1 1 1 24 
108 2 17 1 , 1 1 23 
109 2 15 1 1 1 1 21 
110 2 14 1 1 1 1 20 
111 2 11 1 1 1 1 17 
112 2 8 1 1 1 1 14 
113 2 6 1 1 1 1 12 
114 2 4 1 1 , 1 1 11 
115 2 1 1 1 1 1 1 8 
116 2 1 1 , 1 1 7 
117 2 1 1 1 1 1 1 8 
118 2 1 1 1 1 1 1 8 
119 2 1 1 1 1 1 7 
120 2 1 1 1 1 1 1 8 
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T bl 251 W kl S a ~ .. ~~ v loraf!~ R ~t1Ulr~m~nts ( conI. 
Number in Storage 

Week BW1 SM BW3 IW BW2 FW1 FW2. FW4 PM; Total 
121 2 2 1 1 1 1 8 
122 2 1 2 1 1 1 1 9 
123 2 1 2 1 1 1 1 9 
124 2 2 1 1 1 1 8 
125 2 1 2 1 1 1 1 9 
126 2 1 2 1 1 1 1 9 
127 2 2 1 1 1 1 8 
128 2 3 1 1 1 1 9 
129 2 1 3 1 1 1 1 10 
130 2 3 1 1 1 1 9 
131 1 3 1 1 1 1 8 
132 1 3 1 1 1 1 8 
133 1 3 1 1 1 1 8 
134 1 3 1 1 1 1 8 
135 2 4 1 1 1 1 10 
136 2 4 1 1 1 1 1 11 
137 2 4 2 1 1 1 1 12 
138 2 4 2 1 1 1 1 12 
139 1 2 4 2 1 1 1 1 13 
140 1 2 4 2 1 1 1 1 13 
141 2 5 2 1 1 1 1 13 
142 1 2 5 2 1 1 1 1 14 
143 1 2 5 2 1 1 1 1 14 
144 2 5 2 1 1 1 1 13 
145 1 2 5 2 1 1 1 1 14 
146 1 2 5 2 1 1 1 1 14 
147 2 5 2 1 1 1 1 13 
148 1 2 6 2 1 1 1 1 15 
149 1 2 6 2 1 1 1 1 15 
150 1 2 6 2 1 1 1 1 15 
151 2 6 2 1 1 1 1 14 
152 1 2 6 2 1 1 1 1 15 
153 1 2 6 2 1 1 1 1 15 
154 1 2 5 2 1 1 1 1 14 
155 1 2 4 2 1 1 1 1 13 
156 2 4 2 1 1 1 1 12 
157 1 2 3 2 1 1 1 1 12 
158 2 3 2 1 1 1 1 11 
159 2 1 2 3 1 1 1 11 
160 2 2 4 1 1 1 11 
161 2 2 4 1 1 1 11 
162 2 1 2 4 1 1 1 12 
163 2 2 2 2 3 1 12 
164 2 2 3 4 2 13 
165 2 2 3 4 2 13 
166 2 2 1 3 5 3 16 
167 2 2 2 4 6 3 19 
168 2 2 1 4 6 3 18 
169 2 1 2 2 1 7 4 19 
170 2 2 3 1 7 4 19 
171 2 2 3 2 8 5 22 
172 2 2 4 9 5 22 
173 2 2 5 9 6 24 
174 2 2 6 1 10 6 27 
175 2 1 2 7 1 11 6 30 
176 2 2 7 2 11 7 31 
177 2 2 8 12 7 31 
178 2 2 8 1 10 8 31 
179 2 2 8 1 7 8 28 
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Table 2.5.1 Wed/v Storage Requirements (Conclude d) 
Number in Storaae 

Week BWl 8M BW3 IW BW2 FWl FW2. FW4 FW5 Total 
180 1 2 8 2 6 9 28 
181 1 1 1 8 2 7 9 29 
182 1 1 8 2 7 9 28 
183 1 1 8 2 8 10 30 
184 1 1 8 3 8 10 31 
185 1 1 8 4 8 11 33 
186 1 1 8 4 8 11 33 
187 1 1 8 4 8 11 33 
188 1 1 1 8 5 8 8 32 
189 1 1 1 8 6 8 5 30 
190 1 1 1 6 6 8 5 28 
191 1 1 1 7 8 5 23 
192 1 1 1 7 8 6 24 
193 1 1 1 7 8 6 24 
194 1 1 1 4 8 7 22 
195 1 1 1 8 7 18 
196 1 1 1 8 8 19 
197 1 1 1 6 8 17 
198 1 1 1 2 8 13 
199 1 1 8 10 
200 8 8 
201 8 8 
202 8 8 
203 8 8 
204 8 8 
205 6 6 
206 2 2 
207 0 
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2.6 DRIFT TUBE DELIVERY SCHEDULE 
Chamber assembly asswnes drift tubes are available just-in-time to the assembly facility one month 
before assembly into supermodules. One month is needed for receiving inspection and test. This 
effon will be performed in the receiving and drift cell test area of the assembly facility before being 
moved to storage racks which will accomodate up to 8,000 drift tubes in the main assembly area. 

It is imponant to understand the drift tube usage requirements so institutions assembling the drift 
tubes understand the delivery schedule and that there is ample storage available at the SSC 
assembly facility to handle the delivered drift tubes. No schedule delays in the delivery of drift 
tubes can be tolerated in the present construction scheme. Institutions involved in assembling drift 
tubes need to incorporate adequate contingency into their production schedules for unforseen 
problems. Drift tubes nnw be delivered on time at the sse site. Figure 2.6-1 illustrates when the 
drift tubes are needed at the assembly station so chamber construction can begin. Construction 
begins January, 1995 with IW2, BW2 singles, and BW3 singles. During the 39th month (March, 
1998) drift tube usage reaches a peak of 5,032 tubes. Table 2.6-1 shows the number of chamber 
modules to be constructed each month and the average number of drift tubes required per module. 
The number of modules per month are multiplied by the average number of drift tubes per module 
to arrive at the data contained in Table 2.6-2. Table 2.6-2 is the drift tube delivery schedule in a 
tabular format by month. 
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Table 2.6-1 Module Assembly Start Dates and A vera1!e Number of Drift Tubes 
Number of Modules to Begin Assembli~ 

Date Month BW1 BW2-S BW3-S BW2 BW3 IW2 1W3 FW1 FW2 FW4 FW5 
Jan-95 1 1 1 1 
Feb-95 2 
Mar-95 3 1 1 1 
Apr-95 4 1 1 

May-95 5 1 1 
Jun-95 6 1 1 1 
Jul-95 7 1 1 1 1 

Aug-95 8 1 
Sep-95 9 1 1 
Oct-95 10 1 1 
NoY-95 11 1 
oec-95 12 1 1 
Jan-96 13 1 
Feb-96 14 
Mar-96 15 
Apr·96 16 

May-96 17 
Jun-96 18 
JUI-96 19 2 3 

Aug-96 20 4 3 
Sep-96 21 2 2 
Oct-96 22 4 4 
NoY-96 23 2 2 
oec-96 24 2 3 1 1 
Jan-97 25 4 3 1 
Feb-97 26 2 2 1 
Mar-97 27 2 2 1 
Apr-97 28 3 3 1 

May-97 29 3 3 1 
Jun-97 30 2 2 1 
JUI-97 31 2 2 1 1 

Aug-97 32 5 1 
Sep-97 33 6 1 
Oct-97 34 4 1 1 
NoY-97 35 5 1 
oec-97 36 2 1 3 1 1 
Jan-98 37 1 1 3 1 2 2 
Feb-98 38 1 2 2 3 1 
Mar-98 39 1 3 2 2 2 
Apr-98 40 1 4 2 3 2 

May-98 41 1 1 2 3 2 
Jun-98 42 1 1 1 2 
Jul-98 43 3 1 

Aug-98 44 1 2 
Sep-98 45 1 
Oct-98 46 
NoY-98 47 
oec-98 48 

Total 24 5 5 35 35 16 16 16 16 16 16 
AYa. # Tubes 445 188 654 188 654 100 728 274 744 269 727 
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Table 2.6-2 Drift Tube Deliver., Schedule 
Number of Drift Tubes to be Delivered 

Date Mo. BW1 BW2-S BW3-S BW2 BW3 IW2 IW3 FW1 FW2. FW4 FW5 Total 
Jan-95 1 1--mr 654 100 943 
Fab-95 2 0 
Mar-95 3 188 654 728 1,571 
Apr-95 4 188 654 843 

May-95 5 188 654 843 
Jun-95 6 188 654 100 943 
Jul-95 7 445 188 654 728 2,015 

Aug-95 8 274 274 
Sap-95 9 445 744 1,189 
Oct-95 10 100 269 369 
Nov-95 11 728 728 
Dec-95 12 100 727 827 
Jan-96 13 728 728 
Feb-96 14 0 
Mar-96 15 0 
Apr-96 16 0 

May-96 17 0 
Jun-96 18 0 
Jul-96 19 377 1,962 2,339 

Aug-96 20 754 1,962 2,716 
Sep-96 21 377 1,308 1,685 
Oct-96 22 754 2,617 3,370 
Nov-96 23 377 1,308 1,685 
Dec-96 24 377 1,962 100 728 3,167 
Jan-97 25 754 1,962 100 2,816 
Fab-97 26 377 1,308 728 2,413 
Mar-97 27 377 1,308 100 1,785 
Apr-97 28 565 1,962 728 3,256 

May-97 29 565 1.962 100 2.628 
Jun-97 30 377 1,308 728 2,413 
Jul-97 31 377 1,308 100 728 2.513 

Aug-97 32 2.224 100 2.324 
Sap-97 33 2.669 728 3,397 
Oct-97 34 1,779 100 728 2.607 
Nov-97 35 2.224 100 2.324 
Dec-97 36 890 728 823 744 269 3,454 
Jan-98 37 100 728 823 744 539 1,454 4,388 
Feb-98 38 100 549 1,488 808 727 3.672 
Mar-98 39 728 823 1,488 539 1,454 5,032 
Apr-98 40 100 1.098 1,488 808 1.454 4.948 

May-98 41 100 728 1.488 808 1.454 4.579 
Jun-98 42 728 744 269 1.454 3.196 
Jul-98 43 2,232 727 2,959 

Aug-98 44 744 1.454 2,198 
Sap-98 45 727 727 
Oct-98 46 0 
Nov-98 47 0 
Dec-98 48 0 
Totals 10,674 942 3,271 6,594 22.895 1,600 11,648 4,390 11,904 4,311 11,635 89,864 
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2.7 ASSEMBL Y FACILITY MAN LOADING 
The schedule was optimized by utilizing the RAM to drive down peak. man loading requirements. 
Where possible assembly activities were re-scheduled and run through the RAM over-and-over to 
increase resource utilization and reduce labor costs. The resulting man loading schedule is 
illustrated in Figure 2.7-1. The area shown in white for technicians is the actual estimated time 
where actual work is taking place. The shaded area represents idle time or most likely will be time 
allocated as contingency for doing rework or catching up on schedule. The actual man loading will 
most likely exist somewhere between these two regions. Initially, 14 people will be required for 
preproduction and increasing to 26 when full production begins. During the time between initial 
and full production man loading requirements drop considerably, however, it is not realistic to lay 
these people off during this time because they will be needed in a few months plus an additional 12 
people will need to be brought on and trained before full production begins. 

Results from the RAM indicate 100,691 technician hours, 1,046 rigger crew hours. and 1,488 
alignment crew hours are needed to accomplish constrUction of the muon chambers. This assumes 
a perfectly green light schedule with no problems. By bringing on 14 technicians from the start of 
pre-production through week 77 and increasing to 26 technicians from week 78 through 203 a total 
of 174,680 labor hours are available to perfonn the work. This represents a 58% utilization rate. 
The non-utilized 42% could be used to do rework, catch up on schedule, or possibly work other 
detector related assignments. Similarly. a rigger crew is needed for 1,046 hours out of 8,640 
available hours for a utilization rate of 12% and an alignment crew for 1,488 hours out of the same 
8,640 available hours for a utilization rate of 17%. These crews will most likely be trained to work 
other detector assignments during the time they are not needed. 

Each of the assembly stations will have one "highly" skilled senior technician that will act as the 
"crew" lead. The other crew members or technicians would work under the direction of the station 
lead. The assembly crews are trained to perform tool set-ups (with assistance from the alignment 
crew), pans staging, operation of hoists for light lifts, supermodule assembly, and connection of 
wiring harnesses and gas services. They will also be responsible for "in-line" electrical tests and 
leak testing. Technicians are assumed to float between stations supporting assembly tasks as 
needed. Crew sizes for each assembly station range from one senior technician and between 4 and 
6 technicians depending on the specific task within the supennodule assembly process being done. 
Technicians are designated as resource number 3 within the manufacturing flows (Appendix A). 

The two alignment crews are composed of three highly skilled technicians each with the required 
training and experience with the tools of the trade. Similarly, the two rigging crews consist of 
three highly skilled and experienced individuals in the arena of large and heavy hoisting and 
transpon. These crews are used for heavy and complicated lifts associated with completed 
supermodules. Riggers will always be used for movement of high cost items, high risk handling 
operations and when personnel safety is involved. 

The manloading requirements shown in Figure 2.7-1 include only "technician type" assembly 
labor. There will also be design engineers, test engineers. manufacturing engineers, 
manufacturing suppon personnel, physicists and administrators involved in the assembly process 
and located within the assembly facility. These people have not been specifically identified within 
the RAM analysis. The SOC Muon System Costs and Schedules book should be referenced for a 
complete estimate of these additional labor categories. 
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2.8 FACILITY LAYOUTS 
The SSCL SDC assembly facility layouts shown here (Figures 2.8-1 through -8) illustrate the 
sequential use of the facility during the preproduction phase and during construction of the barrel 
and forward muon system. Figure 2.8-9 shows the facility dimensions. 
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Figure 2.8-1 Assembly Facility Layout at End 0/ Preproduction (Wee" 64)) 
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Figure 2.8-2 Facility Layout At Maximum Storage Level 0/ 31 Units (Wee" 100) 
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Figure 2.8-3 Facility LIlyout at Maximum BW Supermodule Storage of 26 Units (Week 106) 

OIIiceAMa 

Orlft Cell T_. 
Repare AMa 

Handling Tool $lor. ---.....,... 

IW2 & IW3 ~ and T_ 

vf!;;;;;;;~ __ -Chec:IIoU1 & Alignment Tool 
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2.9 OVERALL SCHEDULE 
2.9.1 Schedule 

SDC-92-283 

Figure. 2.9. 1-1 shows the overall assembly and installation schedule derived from the RAM. For 
comparison, key program milestones are shown along the top. The production and installation 
stan and completion dates are keyed to milestones obtained from a Kaiser installation schedule. 
The octant 5 barrel modules that are captured within the detector suppon structure are produced 
during a preproduction phase, January 1995 - March 1996. The remaining BW 1 modules are 
produced late in the assembly phase to allow maximum clearance for calorimeter installation. A 
lO-month minimum span between completion of the preproduction modules and the production 
phase will be used to solve producibility and chamber design problems revealed during 
preproduction. Potential schedule conflicts with other detector components, such as the 
calorimeter and tracker, that will use the assembly facility, the hall access shafts, and the cranes are 
not addressed. Detailed RAM-derived schedules are provided in Appendix B. The assembly 
sequence shown in Appendix C can be used for future enhancement of the RAM to include 
tracking individual components through the delivery-to-installation flow. 
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Figure 2.9.1-1 Overall Assembly and installation Schedule for Muon Chambers 

2.9.2 Schedule Nomenclature and Descriptions 
The following descriptions correspond to the names given to each of the schedule bars shown in 
Figure 2.9.1-1. A brief definition of the acronym and description of the activity taking place is 
given for each scheduled event. Resources required and the total duration in hours for 
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accomplishing the task for one unit given the those resources is also included. This infonnation is 
taken from the process flows included in Appendix A. 

BWI (BWI module assembly) • Construction of three pre-production BWI modules is 
accomplished from 7/95-10/95. The remaining 21 modules are assembled during the production 
phase from 8/97-12/97. Activities include assembly of the box structure side plates and bottom 
edge members, load and locating on assembly fixture for installation and bonding of the bottom 
plate assembly, drift tubes, and center plates, mechanical and electrical services installation, 
assembly of the outer side plates and fmal movement of the completed BWI module to storage. 

Resources required include a sling, light hoist, vacuum sling, bonding weights, final assembly 
tool, tube strong back, adhesive dispenser, heavy hoist, and assembly crew. A duration of 114 
hours is required to assemble one BWI module. A breakdown of the resources and number of 
workers by assembly step is included in the assembly flows in Appendix A. 

BW2·Single (BW2 bottom octant 5 module assembly) • The bottom, octant 5 chamber 
modules are constructed separately from the other BW2/3 supennodules. Three BW2 single 
modules are constructed from 1/95-5/95 with the remaining two production modules constructed 
from 7/97-8/97. Activities include assembly of the box structure side plates and bottom edge 
members, load and locating on assembly fixture for installation and bonding of the bottom plate 
assembly, drift tubes, and center plates, mechanical and electrical services installation, mounting of 
the scintillators, assembly of the outer side plates and final movement of the completed BW2 single 
module to storage. 

Resources required include a sling, light hoist, vacuum sling, bonding weights, final assembly 
tool, tube strong back, adhesive dispenser, heavy hoist, and assembly crew. A duration of 105.4 
hours is required to assemble one BW2 single module. A breakdown of the resources and number 
of workers by assembly step is included in Appendix. A. 

BW2·SM (BW2 module assembly and mate with BW3) - Construction of two pre­
production BW2 modules and the subsequent connection with the BW3 modules to fonn BW2/3 
supermodules is accomplished from 5/95-8/95. The remaining 33 supennodules are assembled 
during the production phase from 7/96-7/97. Activities include assembly of the BW2 box structure 
side plates and bottom edge members, load and locating on assembly fixture for installation and 
bonding of the bOttom plate assembly, drift tubes, and center plates, mechanical and electrical 
services installation, mounting of the scintillators and assembly of the outer side plates. A 
completed BW3 module is then moved to the BW2 fixture and connected. The entire BW2/3 
supermodule assembly is them moved to storage. -

Resources required include a sling, light hoist, vacuum sling, bonding weights, final assembly 
tool, tube strong back, adhesive dispenser, heavy hoist, and assembly crew. A duration of 134.4 
hours is required to assemble one BW2 module and mate with BW3. A breakdown of the 
resources and number of workers by assembl y step is included in Appendix A. 

BW3·Single (BW3 bottom octant 5 module assembly) • The bottom, octant 5 chamber 
modules are constructed separately from the other BW2/3 supermodules. Three BW3 single 
modules are constructed from 1/95-5/95 with the remaining two production modules constructed in 
7/97. Activities include assembly of the box structure side plates and bottom edge members, load 
and locating on ~.:)$embly fixture for installation and bonding of the bottom plate assembly, drift 
tubes, and center plates. mechanical and electrical services installation. assembly of the outer side 
plates and final movement of the completed BW3 to storage. 

Resources required include a sling. light hoist. vacuum sling. bonding weights, final assembly 
tool. tube srrong back, adhesive dispenser, heavy hoist, and assembly crew. A duration of 117 
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hours is required to assemble one single BW3 module. A breakdown of the resources and number 
of workers by assembly step is included in Appendix A. 

BW3-SM (BW3 module assembly) - Construction of two pre-production BW3 modules is 
accomplished from 5/95-8/95. The remaining 33 modules are assembled during the production 
phase from 7/96-7/97. Activities include assembly of the BW3 box structure side plates and 
bottom edge members, load and locating on assembly fixture for installation and bonding of the 
bottom plate assembly, drift tubes, and center plates, and mechanical and electrical services 
installation. The completed BW3 module is now ready to be moved to the BW2/supermodule 
assembly fixture for anachmenL 

Resources required include a sling, light hoist, vacuum sling, bonding weights, final assembly 
tool, tube strong back, adhesive dispenser, heavy hoist, and assembly crew. A duration of 101 
hours is required to assemble one BW3 module. A breakdown of the resources and number of 
workers by assembly step is included in Appendix A. 

FWI OCT CA (FWI octant chamber assembly) - Construction of one pre-production 
F'NI chamber assembly is accomplished from 8/95-10/95. The remaining 15 octant assemblies are 
constructed during the production phase from 12/97-5/98. Activities include assembly of the 
chamber structure side, top, and bottom members, load and locating onto F'NI assembly tool for 
installation and bonding of the back plates, drift tubes, and center plates. The front plates are then 
bonded, mechanical and electrical services connected and the final assembly is rotated and moved 
for testing and storage. 

Resources required include a standard handling choker, light hoist, final assembly tool, tube strong 
back, adhesive dispenser, heavy hoist, vertical test rack, test tool, venical storage rack, octant 
chamber rotating stand, assembly crew, and heavy lift rigging crew. A duration of 122.8 hours is 
required to assemble one F'NI octant chamber assembly. A breakdown of the resources and 
number of workers by assembly step is included in Appendix A. 

FWI SMSA (FWI supermodule structural assembly) - Construction of the two F'NI 
"ferris wheel" structural assemblies takes place 12/97-1/98 with the second one constructed from 
7/98-8/98. Activities inclUde loading back side axial and radial stiffeners into tool, installing 
outside and inside stiffeners, match drilling the honeycomb panels and locating and securing them 
in place. The front side axial and radial stiffeners are then loaded and another honeycomb panel 
match drilled and secured in place. Outside comer clips, three supermodule mounts, and 24 octant 
module mounts are located and secured. The top section of the assembly tool is removed, the 27 
mounting points surveyed, gas and electrical services connected, and a strong back attached to the 
structure. The SMSA is then transported to the head house. 

Resources required include a light hoist, fmal assembly tool, frame spreader, heavy hoist, frame 
assembly transporter, strong back sling, assembly crew, alignment technician, and heavy lift 
rigging crew. A duration of 87 hours is required to assemble one F'N I supermodule structure 
assembly. A breakdown of the resources and number of workers by assembly step is included in 
Appendix A. 

FW2 OCT CA (FW2 octant chamber assembly) - Construction of one pre-production 
F'N2 chamber assembly is accomplished from 9/95-12/95. The remaining 15 octant assemblies are 
constructed during the production phase from 12/97-9/98. Reference F'NI ocr CA for activities 
performed. 

Resources required include a standard handling choker, light hoist, final assembly tool, tube strong 
back, adhesive dispenser, heavy hoist, venical test rack, test tool, venical storage rack, octant 
chamber rotating stand. assembly crew, and heavy lift rigging crew. A duration of 157.4 hours is 
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required to assemble one FW2 octant chamber assembly. A breakdown of the resources and 
number of workers by assembly step is included in Appendix A. 

FW2 SMSA (FW2 supermodule structural assembly) - Construction of the first FW2 
"ferris wheel" structural assemblies takes place 1/98-3/98 with the second one constructed 8/98-
9198. Reference FWI SMSA for activities performed. 

Resources required include a light hoist, final assembly tool, frame spreader, heavy hoist, frame 
assembly transponer, strong back sling, assembly crew, alignment technician, and heavy lift 
rigging crew. A duration of 126.9 hours is required to assemble one FW2 supermodule structure 
assembly. A breakdown of the resources and number of workers by assembly step is included in 
Appendix A. 

FW4 OCT CA (FW4 octant chamber assembly) - Construction of one pre-production 
FW4 chamber assembly is accomplished from 10/95-1/96. The remaining 15 octant assemblies are 
constructed during the production phase from 12/97-7/98. Reference FW 1 ocr CA for activities 
performed. 

Resources required include a standard handling choker. light hoist, final assembly tool. tube strong 
back, adhesive dispenser. heavy hoist, vertical test rack, test tool, vertical storage rack, octant 
chamber rotating stand, assembly crew, and heavy lift rigging crew. A duration of 130.9 hours is 
required to assemble one FW4 octant chamber assembly. A breakdown of the resources and 
number of workers by assembly step is included in Appendix A. 

FW4 SMSA (FW4 supermodule structural assembly) • Construction of the first FW4 
"ferris wheel" structural assemblies takes place 3/98-4/98 with the second one constructed in 9/98. 
Reference FWI SMSA for activities performed. 

Resources required include a light hoist, final assembly tool, frame spreader, heavy hoist, frame 
assembly transponer, strong back sling, assembly crew, alignment technician, and heavy lift 
rigging crew. A duration of 132.9 hours is required to assemble one FW4 SMSA. A breakdown 
of the resources and number of workers by assembly step is included in Appendix A. 

FWS OCT CA (FWS octant chamber assembly) - Construction of one pre-production 
FW5 chamber assembly is accomplished from 12/95-3196. The remaining 15 octant assemblies are 
constructed during the production phase from 1/98-10/98. Reference FWI ocr CA for activities 
performed. 

Resources required include a standard handling choker, light hoist, final assembly tool, tube strong 
back, adhesive dispenser, heavy hoist, vertical test rack, test tool, vertical storage rack, octant 
chamber rotating stand, assembly crew, and heavy lift rigging crew. A duration of 169 hours is 
required to assemble one FW5 octant chamber assembly. A breakdown of the resources and 
nwnber of workers by assembly step is included in Appendix A. 

FWS SMSA (FWS supermodule structural assembly) - Construction of the first FW5 
"ferris wheel" structural assemblies takes place 5/98-7/98 with the second one constructed 9/98-
11/98. Reference FWl SMSA for activities performed. 

Resources required include a light hoist, final assembly tool, frame spreader, heavy hoist, frame 
assembly transponer, strong back sling, assembly crew, alignment technician, and heavy lift 
rigging crew. A duration of 230.3 hours is required to assemble one FW5 supermodule structure 
assembly. A breakdown of the resources and number of workers by assembly step is included in 
Appendix A. 
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INST BW SM-A (installation' of BW2/3 supermodules using shaft and hall crane 
A) - BW2/3 supermodules are transported to the hole, lowered into the hall, transferred to the hall 
crane, and installed and aligned onto the barrel toroid at one end of the hall using the shaft and 
crane designated as "A" which represents one end of the hall. Use of the shaft and crane is 
required periodically from 1/97-6197 for the "A" end. 

Resources required include a transporter, head hoist "A", hall crane "A", rigger crew, and 
alignment crew. A duration of 28 hours is required to install one BW2/3 supermodule. A 
breakdown of the resources and number of workers by assembly step is included in Appendix A. 

INST BW SM-B (installation of BW2/3 supermodules using shaft and hall cranes 
B) - BW2/BW3 supermodules are transported to the hole, lowered into the hall, transferred to the 
hall crane, and installed and aligned onto the barrel toroid at one end of the hall utilizing shaft and 
cranes designated as "B" which represents one end of the hall. Use of the shaft and cranes is 
required off- and-on from 1/97-7/97 for the "B" end. 

Resources required include a transporter, head hoist "B", hall crane "B", rigger crew, and 
alignment crew. A duration of 28 hours is required to install one BW2/BW3 supermodule. A 
breakdown of the resources and number of workers by assembly step is included in Appendix A. 

INST BWI-A (installation of BWI modules using shaft and hall cranes A) - B WI 
modules are transported to the hole, lowered into the hall, transferred to the hall crane, and 
installed and aligned onto the barrel toroid at one end of the hall utilizing shaft and cranes 
designated as "A" which represents one end of the hall. The shaft and crane are required off-and­
on from 5/97-11/97 for the "A" end. 

Resources required include a transporter, head hoist "A", hall crane "A", rigger crew, and 
alignment crew. A duration of 24 hours is required to install one BW1 module. A breakdown of 
the resources and number of workers by assembly step is included in Appendix A. 

INST BWI·B (installation of BWI modules using shaft and hall cranes B) - B WI 
modules are transported to the hole, lowered into the hall, transferred to the hall crane, and 
installed and aligned onto the barrel toroid at one end of the hall using the shaft and crane 
designated as "B" which represents one end of the hall. The shaft and crane are required 
periodically from 8/97-1/98 for the "B" end. 

Resources required include a transporter, head hoist "B", hall crane "B", rigger crew, and 
alignment crew. A duration of 24 hours is required to install one BW1 supermodule. A 
breakdown of the resources and number of workers by assembly step is included in the assembly 
flows in Appendix A. 

INST BW2-A (installation of BW2 single modules using shaft and hall cranes A) 
• BW2 bottom octant 5 single modules are transported to the hole, lowered into the hall, 
transferred to the hall crane, and installed and aligned onto the barrel toroid at one end of the hall 
utilizing the shaft and crane designated as "A" which represents one end of the hall. Use of the 
shaft and cranes is during 12/96 and 6/98 for the "A" end. 

Resources required include a transporter, head hoist "A", hall crane "A", rigger crew, and 
alignment crew. A duration of 24 hours is required to install one BW2 module. A breakdown of 
the resources and number of workers by assembly step is included in Appendix A. 

INST BW2-B (installation of BW2 single modules using shaft and hall cranes B) 
- BW2 bottom octant 5 single modules are transported to the hole, lowered into the hall, 
transferred to the hall crane, and installed and aligned onto the barrel toroid at one end of the hall 
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utilizing the shaft and crane designated as "B" which represents one end of the hall. Use of the 
shaft and crane is during 12/96 and I 0/98 for the "B" end. 

Resources required include a transponer, head hoist "B", hall crane "B", rigger crew, and 
alignment crew. A duration of 24 hours is required to install one BW2 module. A breakdown of 
the resources and number of workers by assembly step is included in Appendix A. 

INST BW3-A (installation of BW3 single modules using shaft and hall cranes A) 
- BW3 bottom octant 5 single modules are transported to the hole, lowered into the hall. 
transferred to the hall crane. and installed and aligned onto the barrel toroid at one end of the hall 
utilizing shaft and cranes designated as "A" which represents one end of the hall. The shaft and 
crane are used 12/96 and 5/98 for the "A" end. 

Resources required include a transponer, head hoist "A", hall crane "A", rigger crew, and 
alignment crew. A duration of 24 hours is required to install one BW3 module. A breakdown of 
the resources and number of workers by assembly step is included in Appendix A. 

INST BW3-B (installation of BW3 single modules using shaft and hall cranes B) 
- BW3 bottom octant 5 single modules are transported to the hole, lowered into the hall, 
transferred to the hall crane, and installed and aligned onto the barrel toroid at one end of the hall 
utilizing the shaft and crane designated as "B" which represents one end of the hall. The shaft and 
crane are used during 12/96 and I 0/98 for the "B" end. 

Resources required include a transponer, head hoist "B", hall crane "B", rigger crew, and 
alignment crew. A duration of 24 hours is required to install one BW3 module. A breakdown of 
the resources and number of workers by assembly step is included in Appendix A. 

INST FWI-A SMA (installation of FWI supermodule assemblies using shaft and 
hall crane A) - FW I supermodule structure assemblies (SMSAs - the frames that suppon the 
octant chamber assemblies in the supennodule configuration) are transponed to the shaft, lowered 
into the hall. transferred to the hall crane, installed on an assembly stand at one end of the hall and 
aligned. The handling sequence uses the shaft and crane deSignated as "A" which represents one 
end of the hall. After the octant chambers assemblies are inserted in the SMSA (the step described 
in the next major paragraph). this assembly is called a supennodule assembly (SMA). The SMA is 
then mounted and aligned on the detector. The shaft and crane are used in 2/98 for the "A" end. 

Resources required include a head hoist "A", hall crane "A", rigger crew. and alignment crew. A 
duration of 23 hours is required to install one FW I chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FWI-A CA (installation of FWI octant chamber assemblies using shaft and 
hall crane A) - FW I octant chamber assemblies are transponed to the shaft, lowered into the 
hall, transferred to [he hall crane and installed in place on the supennodule structure assemblies at 
one end of the hall using the shaft and crane designated as "A" which represents one end of the 
hall. The shaft and crane are used periodically from 2/98-3/98 for the "A" end. 

Resources required include a transporter, head hoist "A", hall crane "A", and rigger crew. A 
duration of 8 hours is required to install one FWI chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FWI-B SMA (installation of FWI supermodule assemblies using shaft and 
hall crane B) - FWI supermodule structure assemblies (SMSAs - the frames thatsuppon the 
octant chamber assemblies in the supermodule configuration) are transponed to the shaft, lowered 
into the hall, transferred to the hall crane, installed on an assembly stand at one end of the hall and 
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aligned. The handling sequence uses the shaft and crane designated as "B" which represents one 
end of the hall. After the octant chambers assemblies are insened in the SMSA (the step described 
in the next major paragraph), this assembly is called a supermodule assembly (SMA). The SMA is 
then mounted and aligned on the detector. The shaft and crane are used in 8/98 for the "B" end. 

Resources required include a head hoist "B", hall crane "B", rigger crew, and alignment crew. A 
duration of 23 hours is required to install one FWI chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FWI-B CA (installation of FWI octant chamber assemblies using shaft and 
hall crane B) - FWI OCtant chamber assemblies are transponed to the shaft, lowered into the 
hall, transferred to the hall crane and installed in place on the supermodule structure assemblies at 
one end of the hall using the shaft and crane designated as "B" which represents one end of the 
hall. The shaft and crane are used in 8/98 for the "B" end. 

Resources required include a transponer, head hoist "B", hall crane "B", and rigger crew. A 
duration of 8 hours is required to install one FWI chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FW2-A SMA (installation of FW2 supermodule assemblies using shaft and 
hall crane A) - FW2 supermodule structure assemblies (SMSAs - the frames that suppon the 
octant chamber assemblies in the supermodule configuration) are transponed to the shaft, lowered 
into the hall, transferred to the hall crane, installed on an assembly stand at one end of the hall and 
aligned. The handling sequence uses the shaft and crane designated as "A" which represents one 
end of the hall. After the OCtant chambers assemblies are insened in the SMSA (the step described 
in the next major paragraph), this assembly is called a supermodule assembly (SMA). The SMA is 
then mounted and aligned on the detector. The shaft and crane are used in 3/98 for the "A" end. 

Resources required include a head hoist "A", hall crane "A", rigger crew, and alignment crew. A 
duration of 23 hours is required to install one FW2 chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FW2-A CA (installation of FW2 octant chamber assemblies using shaft and 
hall crane A) - FW2 octant chamber assemblies are transponed to the shaft, lowered into the 
hall, transferred to the hall crane and installed in place on the supermodule structure assemblies at 
one end of the hall using the shaft and crane designated as "A" which represents one end of the 
hall. The shaft and crane are used periodically from 3/98-5/98 for the "A" end. 

Resources required include a transponer, head hoist "A", hall crane "A", and rigger crew. A 
duration of 8 hours is required to install one FW2 chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FW2-B SMA (installation of FW2 supermodule assemblies using shaft and 
hall crane B) - FW2 supermodule structure assemblies (SMSAs - the frames that support the 
octant chamber assemblies in the supermodule configuration) are transponed to the shaft, lowered 
into the hall, transferred to the hall crane, installed on an assembly stand at one end of the hall and 
aligned. The handling sequence uses the shaft and crane designated as "B" which represents one 
end of the hall. After the octant chambers assemblies are inserted in the SMSA (the step described 
in the next major paragraph), this assembly is called a supermodule assembly (SMA). The SMA is 
then mounted and aligned on the detector. The shaft and crane are used in 9/98 for the "B" end. 

Resources required include a head hoist "B", hall crane "B", rigger crew, and alignment crew. A 
duration of 23 hours is required to install one FW2 chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 
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INST FW2-B CA (installation of FW2 octant chamber assemblies using shaft and 
hall crane B) - FW2 octant chamber assemblies are transponed to the shaft, lowered into the 
hall, transferred to the hall crane and installed in place on the supermodule structure assemblies at 
one end of the hall using the shaft and crane designated as "A" which represents one end of the 
hall. The shaft and crane are used periodically during 9/98 for the "B" end. 

Resources required include a transponer, head hoist "B", hall crane "B", and rigger crew. A 
duration of 8 hours is required to install one FW2 chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FW4-A SMA (installation of FW4 supermodule assemblies using shaft and 
hall crane A) - FW 4 supermodule structure assemblies (SMSAs - the frames that suppon the 
octant chamber assemblies in the supennodule configuration) are transponed to the shaft, lowered 
into the hall, transferred to the hall crane, installed on an assembly stand at one end of the hall and 
aligned. The handling sequence uses the shaft and crane designated as "A" which represents one 
end of the hall. After the octant chambers assemblies are insened in the SMSA (the step described 
in the next major paragraph), this assembly is called a supermodule assembly (SMA). The SMA is 
then mounted and aligned on the detector. The shaft and crane are used in 5198 for the itA" end. 

Resources required include a head hoist "A", hall crane "A", rigger crew, and alignment crew. A 
duration of 23 hours is required to install one FW4 chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FW4-A CA (installation of FW4 octant chamber assemblies using shaft and 
hall crane A) - FW 4 octant chamber assemblies are transponed to the shaft, lowered into the 
hall, transferred to the hall crane and installed in place on the supermodule structure assemblies at 
one end of the hall using the shaft and crane designated as "A" which represents one end of the 
hall. The shaft and crane are used in 5198· for the "A" end. 

Resources required include a transponer, head hoist "A", hall crane "A", and rigger crew. A 
duration of 8 hours is required to install one FW4 chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FW4-B SMA (installation of FW4 supermodlile assemblies using shaft and 
hall crane B) - FW4 supermodule structure assemblies (SMSAs - the frames that suppon the 
octant chamber assemblies in the supermodule configuration) are transported to the shaft, lowered 
into the hall, transferred to the hall crane, installed on an assembly stand at one end of the hall and 
aligned. The handling sequence uses the shaft and crane designated as "B" which represents one 
end of the hall. After the octant chambers assemblies are inserted in the SMSA (the step described 
in the next major paragraph), this assembly is called a supermodule assembly (SMA). The SMA is 
then mounted and aligned on the detector. The shaft and crane are used in 9/98 for the "B" end. 

Resources required include a head hoist "B", hall crane "B", rigger crew, and alignment crew. A 
duration of 23 hours is required to install one FW 4 chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FW4-B CA (installation of FW4 octant chamber assemblies using shaft and 
hall crane B) - FW4 octant chamber assemblies are transponed to the shaft, lowered into the 
hall, transferred to the hall crane and installed in place on the supermodule structure assemblies at 
one end of the hall using the shaft and crane designated as "B" which represents one end of the 
hall. The shaft and crane are used in 10/98 for the "B" end. 
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Resources required include a transponer, head hoist "B", hall crane "B", and rigger crew. A 
duration of 8 hours is required to install one FW4 chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FWS-A SMA (installation of FWS supermodule assemblies using shaft and 
hall crane A) - FW5 supennodule structure assemblies (SMSAs - the frames that suppon the 
octant chamber assemblies in the supermodule configuration) are transponed to the shaft. lowered 
into the hall, transferred to the hall crane, installed on an assembly stand at one end of the hall and 
aligned. Due to the size of the FW5 SMSA, it is fabricated in half-sections that are lowered into 
the hall and then joined on the assembly stand. The handling sequence uses the shaft and crane 
designated as "A" which represents one end of the hall. After the octant chambers assemblies are 
insened in the SMSA (the step described in the next major paragraph), this assembly is called a 
supennodule assembly (SMA). The SMA is then mounted and aligned on the detector. The shaft 
and crane are used in 7/98 for the "A" end. 

Resources required include a head hoist "A", hall crane "A", rigger crew, and alignment crew. A 
duration of 36 hours is required to install one FW5 chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FWS-A CA (installation of FW4 octant chamber assemblies using shaft and 
hall crane A) - FW5 octant chamber assemblies are transponed to the shaft, lowered into the 
hall, transferred to the hall crane and installed in place on the supennodule structure assemblies at 
one end of the hall using the shaft and crane designated as "A" which represents one end of the 
hall. The shaft and crane are used in 8/98 for the "A" end. 

Resources required include a transponer, head hoist "A", hall crane "A", and rigger crew. A 
duration of 8 hours is required to install one FW5 chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FWS-B SMA (installation of FWS supermodule assemblies using shaft and 
hall crane B) - FW5 supennodule structure assemblies (SMSAs - the frames that suppon the 
octant chamber assemblies in the supennodule configuration) are transponed to the shaft. lowered 
into the hall, transferred to the hall crane, installed on an assembly stand at one end of the hall and 
aligned. Due to the size of the FW5 SMSA, it is fabricated in half-sections that are lowered into 
the hall and then joined on the assembly stand. The handling sequence uses the shaft and crane 
designated as "B" which represents one end of the hall. After the octant chambers assemblies are 
insened in the SMSA (the step described in the next major paragraph), this assembly is called a 
supennodule assembly (SMA). The SMA is then mounted-and aligned on the detector. The shaft 
and crane are used in 11/98 for the "B" end. 

Resources required include a head hoist "B", hall crane "B", rigger crew, and alignment crew. A 
duration of 36 hours is required to install one FW5 chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST FWS-B CA (installation of FW4 octant chamber assemblies using shaft and 
hall crane B) - FW5 octant chamber assemblies are transponed to the shaft, lowered into the 
hall, transferred to the hall crane and installed in place on the supennodule structure assemblies at 
one end of the hall using the shaft and crane deSignated as "B" which represents one end of the 
hall. The shaft and crane are used in 12/98 for the "B" end. 

Resources required include a transponer, head hoist "B", hall crane "B", and rigger crew. A 
duration of 8 hours is required to install one FW5 chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 
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INST IW ICA-A (installation of intermediate chamber assemblies using shaft and 
hall crane A) - IW chamber assemblies are transponed to the shaft lowered into the hall, and 
installed in place on the detector at one end of the hall utilizing shaft and cranes designated as "A" 
which represents one end of the hall. The shaft and crane are used 12/96-1/97, 12/97-1/98, and 
6/98 for the "A" end. 

Resources required include a transporter, head hoist "AIt, hall crane "A", and rigger crew. A 
duration of 26 hours is required to install one IW chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

INST IW ICA-B (installation of intermediate chamber assemblies using shaft and 
hall crane B) - IW chamber assemblies are b"ansponed to the shaft, lowered into the hall, and 
installed in place on the detector at one end of the hall utilizing shaft and cranes designated as "B" 
which represents one end of the hall. The shaft and crane are used 1/97, 1/98-5/98, and 11/98 for 
the "B" end. 

Resources required include a transponer, head hoist "B", hall crane "B", and rigger crew. A 
duration of 26 hours is required to install one IW chamber assembly. A breakdown of the 
resources and number of workers by assembly step is included in Appendix A. 

IW ICA (IW2/IW3 intermediate chamber assembly) - Construction of four pre­
production IW2/IW3 chamber assemblies is accomplished from 5/95-3/96. The remaining 12 
octant assemblies are constructed during the production phase from 2/97-7/98. Activities include 
loading the completed IW2 and IW3 assembled hardware onto the fixture, attaching the supenower 
structure, and moving to storage. 

Resources required include a supenower assembly stand, light hoist, heavy hoist, supenower 
handling/rotation tool, supenower vertical storage stand, assembly crew, alignment technician, and 
heavy lift rigging crew. A duration of 156 hours is required to assemble one IW2/IW3 supenower 
assembly. A breakdown of the resources and number of workers by assembly step is included in 
Appendix A. 

LOAD & TEST IW2 (1W2 intermediate chamber test) - Load and testing of the four 
delivered pre-production IW2 chamber assemblies is accomplished from 1/95-1/96. The remaining 
12 octant assemblies are tested during the production phase from 12/96-6/98. Activities include 
loading the delivered IW2 chamber modules onto the test stand and testing of the modules. 

Resources required include a light hoist, test tool, module assembly stand, handling sling, 
assembly crew and test engin~er. A duration of 124 hours is required to load and test one IW2 
chamber assembly. A breakdown of the resources and number of workers by assembly step is 
included in Appendix A. 

LOAD & TEST IW3 (IW3 intermediate chamber test) - Load and testing of the four 
delivered pre-production IW3 chamber assemblies is accomplished from 3/95-2/96. The remaining 
12 octant assemblies are tested during the production phase from 1/97-7/98. Activities include 
loading the delivered IW3 chamber modules onto the test stand and testing of the modules. 

Resources required include a light hoist, test tool, module assembly stand, handling sling, 
assembly crew and test engineer. A duration of 124 hours is required to load and test one IW3 
chamber assembly. A breakdown of the resources and number of workers by assembly step is 
included in Appendix A. 

MODIFY FIXTURE - The supermodule assembly fixture is modified when a station is 
convened to a different type of module construction (e.g. conven BWI assembly station to a FWI 
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assembly station). An assembly crew of four is required for 40 hours to modify the assembly 
station. 

2.10 SUGGESTED FACILITY MODIFICATIONS 
• Module/supennodule low-bay storage alcove convertible for office space 
• Facility layout - relocate alignment fixture and receiving area for improved shared use with 

calorimeter and tracker assembly 
• BWI storage concept - supponed from roof. Low-cost storage space 
• Reference latest facility layout 

2.11 SUGGESTED MUON SYSTEM MODIFICATIONS 
Muon system design and assembly/installation modifications recommended during the study are 
listed here. 

Muon System Design 
• Revised orientation of stereo layers to improve comer coverage. 

Assembly and Installation 
• Recommendations provided within the process flows, facility layouts, and fixture concepts 

presented in Sections 2.4, 2.8, and 2.12. 

2.12 WORKSTATION AND HANDLING FIXTURE DESCRIPTIONS 
Within the on-site assembly facility, muon chamber assemblies will be constructed, tested, and 
stored for placement on the detector. Assembly and handling fixtures have been identified for on­
site assembly of the muon chamber modules, supennodules, and supenowers from drift tubes and 
suppon components constructed off-site. The major fixtures are described here. Appendix D 
provides further illustrations of assembly fixture usage and how components are moved to the 
proper orientation for testing, alignment, and installation on the detector. 

2.12.1 Drift Tube Assembly Stations 
Though the details of the off-site tube construction process are not part of this study, a concept 
developed for the cOSt analysis of Reference 2 is described here for reference. Drift tubes are 
assembled on stations as illustrated below. A 10-meter long assembly table clamps the round 
aluminum extruded tubes to maintain tube straightness. The field shaping boards are installed then 
assembled end caps are positioned at each end in sliding fixtures. The sense wire is pulled 
through the tube, and threaded through the end caps and crimp seals. The end caps are bonded to 
the tube using the sliding fixtures and the wire is crimped while under tension. 

C===============================~ C==============l C==============l 

Drift Tube Assembly Station Accommodates Altemauve l'Ube Lengths (Dashed Outlines) 
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2.12.2 Drift Tube Storage Racks 
The completed drift tubes are placed in storage/shipping containers for delivery to the SSCL. 
Containers up to 10 meters long hold 100 tubes. Four containers fit on one truckload to the SSCL. 
A concept for shon-term storage racks and container handling.at the on-site facility is -shown 
below. 

tOO TUBE CONTAINER 
2.37M X to.OM LONG MAX 

I. S.30m ~I 
Drift Tube Storage Rack 

2.12.3 Module Assembly Stations 

, 

Tube Packing Anangement 
in Container 

Barrel modules and forward octant modules are assembled at the site facility on stations like the 
one shown below. Intennediate modules are assembled off-site. The station chassis' and surface 
tables are identical for all modules. however interchangeable accessories such as edge fences and 
caul plates are configured differently depending on the type of module being constructed (i.e. for 
BWI. 2.3 that are various rectangular shapes. and for FWI. 2.4 that are pie-shaped sectors). A 
module is assembled by first locating the bottom plate. suppon bearings. and CNC-machined end 
plates on the fixture. Drift tubes are then bonded in place one layer at a time; each layer separated 
by thin aluminum sheets. The drift tubes are positioned with respect to one end plate by two dowel 
pins. A top plate and suppon rails are then installed. electrical and gas utilities connected. and the 
outer side plates secured to complete the module. Modules are then stored. ready for lowering into 
the hall for placement on the detector. 

38 



t~.I---- 10.46 m ---.. ·.,1 
I t""i'4_-- 9.06 m --...... ~ I 

rr~r : 
8.37 m 7.37 m '"" '"" 

~e:"~5E~5EI5~: 

0.09 m 

I 1.01 m 

0.10 m 
Module Assembly Station (BW3 Middle Configuration) 

2.12.4 Supermodule Assembly Station 
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The supennodule assembly tool is used for constructing BW2/3 supennodules A BW2 module is 
assembled on module assembly stations just described (A). A BW3 module is attached to three 
moveable taller stands (B) placed around the module assembly station allowing for a BW3 to be 
mated to a BW2. The BW3 module is then fastened to the BW2 modules extended side plates to 
form a BW2/3 supermodule. 

Supennodule (BW2!3) Assembly Station 
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2.12.5 Alignment and Assembly Checkout Stand 
A stand is required for checkout of a statistically significant sampling fraction of completed barrel 
and intermediate supennodules in the correct orientation to measure imponant geometric, 
alignment, and functional parameters. This assures that production process parameters are 
maintained within tolerance. In the surface facility, supermodules will be surveyed in detector­
equivalent orientations on a rigid open frame that simulates the magnet iron geometry and stiffness. 
On this frame, the BWI module and the BW2/3 supermodule are supponed by rails as on the 
detector. Pre calibrated alignment monitoring pOSts will be installed on the frame to simulate the 
muon chamber alignment system. The illustration shows the alignment stand configured for upper 
octant barrel modules. The stand is also used to checkout intermediate supenowers. Illustrations 
in Appendix 0 show how the alignment stand is re configured for supermodules in the seven other 
OCtant positions. The forward supermodules are assembled and aligned in the hall. 
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Alignment and Assembly Checkout Stand (Top Octant) 

Other Octant Configurations 

40 



SDC-92-283 

2.12.6 Supermodule Transfer/Rotation Fixture 
The supermodule transfer/rotation fixture is used for lowering the supennodules into the hall for 
placement on the detector. Supermodules are secured within a protective handling frame so they 
can be manipulated into any orientation by cranes. The illustration shows the rotation fixture 
oriented for placement of an upper octant supennodule. lllustrations in Appendix D show how the 
modules can be oriented for the seven other octants by adjusting sling lengths and perfonning two­
hook maneuvers with the cranes. 

/ 
/ 

, , 
/ , 

Supennodule TransferIRotation Fixture 
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2.12.7 Forward Supermodule Structure Assembly (SMSA) Fixture 
Two forward SMSA assembly fixtures are required. one that will interchangeably accommodate 
the one-piece FWl, 2, and 4 SMSAs and the other sized for the large, two-piece FW5 SMSA. 
The illustrations below show the fIXture (upper view) and a completed SMSA on the fIXture (lower 
view). 

I 
I I 

I 
I 

I 

I 
I I 

Forward Ring Assembly Fixture 

] 
I I I I I I I 1 

I 
1 J I 
I I I 

I j 
Completed SMSA on Assembly Fixture 
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2.12.8 Forward Octant Module Vertical Stand 
Figure 2.12.8-1 shows the stand sized for all forward octant sizes and used for testing and 
lowering the octants into the hall. Figure 2.12.8-2 shows stand dimensions. 

FW1 

Figure 2.12.8-1 The forward octant module vertical stand accommodates all FW 
configurations. 
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Figure 2.12.8-2 Forward Octant Module Vertical Stand Dimensions 

44 



SDC-92-283 

3.0 CONCLUSIONS AND RECOMMENDED FUTURE TASKS 
Analyses summarized in this report verify the planned 3900 square meter muon system assembly 
building with the 1500 square meter storage alcove will accommodate the on-site 
module/supermodule assembly process for the selected muon chamber concept and that the 
chamber components can be developed and produced in time to meet the detector installation 
requirements. . 

Recommended continuing tasks include: 
• Minimize fabrication cost through parametric variation of assembly time, support hardware, 

work crew size, and shift duration 
• Trade labor costs against fixture quantity and complexity 
• Evaluate effectiveness of crew cross training 
• Model a detailed production flow that tracks each cell, module and supermodule by serial 

number through installation to optimize the production sequence 
• Model in-process failure and rework/retest rates 
• Define spares requirements 
• Define off-site tooVassembly station quantities and production sequences to support the on­

site schedule 
• Model the assembly processes for all activities performed in the on-site assembly facility 

including the calorimeter and tracker. 
• Incorporate in the model the portions of the installation flows for other detector components 

that affect the muon system flow. 
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APPENDIX A 
The assembly and installation flow diagrams input to the RAM are presented here. 
A legend defining the assembly flow diagram terminology is shown on Figure A-l. The 
resources referenced on the flow diagrams are defined and the quantities used are listed in 
Table A-l. 
N 

X y 

Descriptive Name 

M 

-
N = Resource Allocated 
M = Resource Deallocated 
X = Operational Action Number 
Y = Time in Minutes or Hours 

Figure A-I Legendfor Assembly Flow DiIlgramTerminology 

Table A-I RAM Resource List 
No. Resource Name aty No. Resource Name aty 
1 Sling 4 35 Std Handling Choker 2 
2 Light Hoist 3 36 FW1 Octant Chamber 1 
3 Worker 26 37 FW2 Octant Chamber 1 
4 Head Hoist A 1 38 FW4 Octant Chamber 1 
5 Head Hoist B 1 39 FW5 Octant Cham ber 1 
6 BW1 (Stored) 0 40 Vertical Test Rack 6 
7 Vacuum Sling 4 41 Test Tool 6 
8 IW3 Mod Assy Ready (Stored) 0 42 Super Tower Stacking Tool 1 
9 Heavy Hoist 1 43 Frame Assy Transporter 1 
10 Super Module 0 44 Frame Spreader 1 
11 Bonding Weights 4 45 Frame Vertical Support 0 
12 Final Assembly Tool 4 46 Octant Chamber Instl 0 
13 Tube Strong Back 4 47 Octant Chamb Rotation Sling 1 
14 Adhesive Dispenser 4 48 Test Engineer 7 
15 BW3 0 49 Vertical Storage Rack 30 
16 IW2 Mod Assy Ready (Stored) 0 50 Alignment Technician 2 
17 IW Intermed Chamber Assy 0 51 Heavy Lift Rigger 2 
18 Super Tower (ST) Vert Storage 16 52 Heavy Haul Truck 0 
19 ST Handling/Rotation Tool 1 53 Strong back Sling 1 
20 Super Tower Assembly 1 54 FW1 Octant Camber Assembly 0 
21 Test Tool 1 55 FW1 SMSA* at Head House 0 
22 IW3 Vertical Test Rack 1 56 FW2 Octant Chamber Assembly 0 
23 IW2 Vertical Test Rack 1 57 FW2 SMSA* at Head House 0 
24 IW3 Handling Sling 1 58 FW4 Octant Chamber Assembly 0 
25 IW2 Handling Sling 1 59 FW4 SMSA* at Head House 0 
26 Transporter (Facility-to-Shaft) 2 60 FW5 Octant Chamber Assembly 0 
27 Not Used 0 61 FW5 SMSA* at Head House 0 
2B Experiment Hall 0 62 IW2 Shipping Container 0 
29 IW3 Module Assy 16 63 IW3 Shipping Container 0 
30 IW2 Module Assy 16 64 Rigger Crew 2 
31 BW2 0 65 Hall Crane A 1 
32 BW3 Ready 0 66 Hall Crane B 1 
33 Tube Shipping Container 0 67 Alignment Crew 2 
34 Tube Strong Back 3 

* SMSA = Super Module Structure Assy 

A-I 



1,2,3,3, 
3,3,3 

8 
ASSEMBLE SIDE 
PLATES & BOT 

EDGE MEM 
1,2,3,3, 
3,3,3 

3,3,3,3, 
3,3,12 

9 6.0 .. LOAD & LOCATE .. 
ONTO FINAL 
ASSBLY FIX 

3,3,3, 
3,3,3 

2,3,3,3,3, 
3711 , , 

BW2 
5 UNITS 

10 8.0 .. INST& BOND ... BOTTOM PLATE 
ASSBLY 

2,3,3,3, 
3,3,7 

2,3,9 

50 
1.0 - MOVE - TO 

STORAGE 

3,3,3,3, 
3,13,14 

11 
16.0 INST & BOND - DRIFT TUBES 

& CENT PLATES 
3,3,3,3, 

2,3,3,3, 3,13,14 
3,3,3 

24.0 14 
INSTOUTER - --- SIDE PLATES 

1,2,3',9,12,31 2,3,3,3, 
3,3,3 

MODIFY FIXTURE 
3,3,3,3 

53 
MODIFY 
FIXTURE 

40.0 .. .. 

3,3,3,3 

1,2,3,3,3, 
3,3,3,3 

14,4 13 .. INST & BOND ... 
PLATES ETC. 
& ELECT INST 

2,3,3,3,3, 24.0 
2,3,3, 3,3, 

11 3,3,3, 
3,3,3,7 , 

12.0 12 
INSTALL 

SCINTILATORS 

2,3,3,3,3, 
3,3,3,7 
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1,2,3,3, 
3,3,3 

20 
ASSEMBLE SIDE 
PLATES & BOT 

EDGE MEM 

1,2,3,3, 
3,3,3 

3,3,3, 
3,3,12 

2,3,3,3,3, 
3,7,11 

BW3 
5 UNITS 

r-------. 
21 

6,0 _ LOAD & LOCATE 8.0 ... 
t---_~ 

22 
INST & BOND 

BOnOMPLATE 
ASSBLY 

ONTO FINAL P 

ASSBLY FIX 

3,3,3, 
3,3 

2,3,3,3, 
3,3,7 

3,3,3,3, 
3,13,14 r-------. 

23 
16.0_ INST & BOND 

.. DRIFT TUBES 
& CENT PLATES 

3,3,3,3, 
3,13,14 

1,2,3,3,3, 
3,3,3,3 -r-------. 

30.0 . .. 

1.0 

24 
INST & BOND 
PLATES ETC. 
& ElECT INST 

3,9 

40.0 

52 
MOVE TO 
STORAGE 

2,3,3,3,3, 
3,3,3,11 

1,3,9,12,15 
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1.2.3.3. 
3.3 3 

1 
ASSEMBLE SIDE 
PLATES & BOT 

EDGEMEM 

1.2,3,3, 
3,3,3 

6.0 

3,3,3, 
3,3,12 

2 .. LOAD & LOCATE . 
ONTO FINAL 
ASSBLYFIX 

3,3,3,3,3 

2,3,3,3,3, 
3711 . . 

8.0 . 

BW1 
24 UNITS 

3 
INST & BOND ., 

BOnOMPLATE 
ASSBLY 

2,3,3,3, 
3,3,7 

3,3,3,3, 
3,1314 . 

16.0 . -., 

4 
INST & BOND 
DRIFT TUBES 

& CENT PLATES 
3,3,3,3, 
3,13,14 

2,3,9 

1.0 7 -- MOVE BWl TO ... ... 
STORAGE -

1.2,3,6, 
9,12 

1,2,3,3,3, 
3333 . .. 

27.0 5 
INST & BOND 
PLATES ETC. 
& ELECT INST 

2,3, 
2,3,3, 40.0 

3.3.3. 
3.11 3,3. 

3,3,3 " 
16.0 6 

INSTOUTER 
SIDE PLATES 

2,3,3, 
3.3,3 
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1,2,3,3, 
3,3 3 

20 
ASSEMBLE SIDE 
PLATES & BOT 

EDGE MEM 

1,2,3,3, 
3,3,3 

6.0 

BW3 TO SUPER MODULE 

3,3,3, 
3312 , . 

21 
LOAD & LOCATE ... 

ONTO FINAL 
ASSBLYFIX 

3,3,3, 
3,3 

35 UNITS 

2,3,3.3,3. 
37 11 .. 

22 8.0 .. INST & BOND .. BOnOMPLATE 
ASSBLY 

2.3,3,3. 
3.3.7 

3,3,3.3, 
3.13,14 

16.0 
• . 

23 
INST & BOND 
DRIFT TUBES 

& CENT PLATES 

3,3,3,3, 
3,13,14 

1.2.3,3,3, 
3333 . , , 

30.0 . .. 24 
INST & BOND 
PLATES ETC. 

3 

1.0 -

& ELECT INST 

2.3, 
40.0 

3,3,3, 
3,11 3,3, , 

25 
PREPARE TO 

MOVE TO 
BW2 FIXTURE 

3,32 
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1,2,3,3, 
3,3,3 

8 
ASSEMBLE SIDE 
PLATES & BOT 

EDGE MEM 
1,2,3,3, 
3,3,3 

BW2/ BW3 SUPER MODULE BUILDUP 
3,3,3,3, 
3,3,12 

9 
6.0.. LOAD & LOCATE 

... ONTO FINAL 
ASSBLVFIX 

3,3,3, 
3,3,3 

3,3,3, 
3,3,3 

.-------, 
16 

MATE 

12.0 
3,3,3, 
3,3,3 

... -

35 UNITS 
2,3,3,3,3, 3,3,3,3, 

3,7,11 3,13,14 
r--~----" 

10 11 
8.0 ... INST & BOND 16.0... INST & BOND 

... BOTTOM PLATE t---~. DRIFT TUBES 

r--------" 

ASSBLV & CENT PLATES 

2,3,3,3, 3,3,3,3,3, 

1,2,3,3,3, 
3,3,3,3 

14.4 13 
INST& BOND 
PLATES ETC. 
& ELECT INST 

2,3,3,3,3, 
3,9,32 

3,3,7 2,3,3,3, 
3,3,3 

13,14 240 2,3,3,3,3, • 
2,3,3,3,3, 
3,3,3,11 

1.0 

2,3,9 

... . 

15 24.0 
MOVE BW3TO -BW2 FIXTURE 

1,2,3,3,3,3, 
3,9,12 

19 
MOVE 

TO 
STORAGE 

1.0 ... ... 

1,2,3,9,10,12 

3,3,3,7 , 
r'--------, 

14 
12.0 12 INSTOUTER ... INSTALL SIDE PLATES - SCINTILATORS 

2,3,3,3, 2,3,3,3 ,3, 
3,3,3 3,3,3, 7 
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TRANSPORT TO HALL AND INSTALL 
(Hoist A) 

15,26,64 
4 65 67 

54 2.0 55 1,0 57 
5.0 204 

TRANSPORT LOWER ... INSTALL ALIGNMENT 16.0 .. ... ... BW3 
~ 

BW3 --.. 
TO HOlE 

26 4 64,65 67 

26,31,64 
4 65 67 

58 2.0 59 1.0 61 
5.0 204 

TRANSPORT ... LOWER ~ INSTALL ... ALIGNMENT 
16.0 .. ... 

BW2 
~ BW2 -- ~ 

TO HOLE 
38 4 64,65 67 

6,26,64 
4 65 67 

41 2.0 42 1,0 44 204 5.0 TRANSPORT ~ LOWER INSTALL ALIGNMENT 16,0 .. -.. BW1 .. BW1 .. 
TO HOLE 

26 4 64,65 
67 

10,26,64 4 65 67 
45 2.0 46 1.0 48 5,0 204 20,0 TRANSPORT . LOWER ... INSTALL ... ALIGNMENT -.,. .. --... --SUPER MODULE SUPER MODULE .. 

TO HOLE 

26 4 64,65 
67 
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TRANSPORT TO HALL AND INSTALL 
(Hoist B) 

15.26.64 
5 66 67 

54 2.0 18 1.0 215 204 
16.0 TRANSPORT - LOWER - INSTALL 5.0 ALIGNMENT 

--- p ---BW3 TO HALL BW3 -- .. 
TO HOLE 

26 5 64,66 67 

26.31.64 
5 66 67 

58 2.0 31 1.0 216 5.0 204 16.0 TRANSPORT LOWER ... INSTALL ... ALIGNMENT ... - .. 
BW2 p -BW2 TO HALL 

TO HOLE 
38 5 64,66 67 

6.26,64 5 66 67 

41 2.0 36 1.0 217 204 
TRANSPORT ... LOWER ... INSTALL 5.0 ALIGNMENT 16.0 -.,. - BWl -.,. ... 

BWl TO HALL -
TO HOLE 

26 5 64,66 67 

10.26.64 5 66 67 
45 2.0 37 1.0 218 5.0 204 20.0 TRANSPORT ... LOWER .. INSTALL ... ALIGNMENT ... 

SUPER MODULE 
-., 

TO HALL - SUPER MODULE • . 
TO HOLE 

26 5 64,66 67 
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FW 1 OCTANT CHAMBER ASSEMBLY 
(16 UNITS) 

2,3,3,3,3,35 2,3,3,3,3,35,36 2,3,3,3,3,14,35 3,3,3,3,34 2,3,3,3,3,35 

9,47 

62 63 
ASSEMBLE SIDE, .--_3_.3 ...... ~ LOAD & LOCATE'1-_4_,3~.~ 
TOP & BOnOM ... INTO FW1 -

MEMBERS ASSEMBLY TOO 

2,3,3,3,3,35 2,3,3,3,3,35 

8.7 
65 10.2 ,----6-6---. 64 

LOCATE & 
BOND BACK 

PLATES 

... LOAD & BOND t----~.... INSTALL & BON[ 
t----~... DRIFT CELLS & • FRONT PLATES 

CENTER PLATES 

2,3,3,3,3,35 3,3,3,3,35 
8.1 2,3,3,3,3, 

14,35 

,49,51 41,48 9,40,47,51 3,3,3,3 3,3,3,3 ,r 
71 70 80.0 1.0 

MOVE TO PERFORM -STORAGE - ACCEPTANCE -
TEST 

9,47,54,51 40,41,48 

1.0 

, 

69 
ROTATE & MOVE 3.1 .. 

TO TEST -
9,36,47,51 

68 
INSTALL GAS 
MANIFOLDS & 

LINES 

3,3,3,3 

3.1 67 
_ INSTALL & 

CONNECT ELECT 
HARNESS 

3,3,3,3 
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FW 1 SUPER MODULE STRUCTURE ASSEMBLY 

2,3,3,3,3,42 2,3,3,3,3 

72 73 
LOAD BACK SIDE I---___ ~ 

2.0 LOAD BACK SlOE .. --. AXIAL 
STIFFENERS 

2,3,3,3,3 

2,3,3,3,3 

RADIAL STIFF· 
NERS INTO TOO 

2,3,3.3,3 

2,3,3,3,3 

81 
LOCA TE OUTSID'I~1--8_'0-4 
CORNER CLIPS ... 

80 
MATCH.DRILL --, INTO HONEY. 

FASTEN FASTEN 
2,3,3,3,3 2,3,3,3,3 

4.0 

3,3,3,3 3,3,3,3 

(2 UNITS) 

2,3,3,3,3 

74 1.2 ... INSTALL THE --. OUTSIDE 
STIFFENERS 

2,3,3,3,3 

2,3,3,3,3 

79 1.2 LOAD FRONT 
SIDE RAD. STIFF -

INTO TOOL 

2,3,3,3,3 

3,3,9,51 

2,3,3,3,3 

75 
2.0 INSTALL THE . .. INSIDE 

STIFFENERS 

2,3,3,3,3 

2,3,3,3,3 

78 
2.0 LOAD FRONT -SIDE AX. STIFF -INTO TOOL 

2,3,3,3,3 

50 -------. 

2,3,3,3,3,44 

0.6 76 
PLACE HONEY· 
COMB PANELS 
MATCH DRILL 

2,3,3,3, 3,44 

24.0 

3,3,9,51 
, 

1.0 77 
PLACE TOP SECl 
OF TOOL, LOCAT 

AND SECURE 
3,3,9, 51 

3,3,9,43 
51,53 

82 
LOCATE & 
SECURE 

83 
1--_3_.0_~. LOCATE & SEC'i--_1_2._0~_ 

-.,. 24 OCTANT --

84 
REMOVE TOP 
SECT OF THE 

~SSEMBL Y TOOL 

85 
1.0 SURVEY 27 -t----... ~ MOUNT PTS. 

14.0 86 
t----... :~TTACH STRBAC 

TO STRUCTURE 
3 SM MOUNTS MOD MOUNTS TO VERIFY LOC. 

50 
3,3,3,3 

3,3,9,51 3,3,3,3 

9,51 

88 
_ TRANSPORT TO _ 8.0 
~-~--~ THE -

1.0 

HEADHOUSE 

9,51,55 

I ~OVE TO KPT TO( L 

2.0 
3,3,3,3 I 

3,3,9,42,43,51 

87 
MOUNT ELECT. 
GAS MAN IF. & 
PLUMB. LEADS 

3,3,3,3 
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FW 2 OCTANT CHAMBER ASSEMBLY 

2,3,3,3,3,35 

89 
ASSEMBLE SIDE, 
TOP & BOnOM 

MEMBERS 

2,3,3,3,3,35 

9,47 ,49,51 

98 
MOVE TO 
STORAGE -

9,47,51,56 

1.0 

,1 

(16 UNITS) 

233333537 2,3,3,3,3,14,35 3,3,3,3,34 23,3,3335 f I , , • , , , 
92 90 91 28.0 93 4.3 

LOAD & LOCATE 
5.6 

LOCATE & 11.3 LOAD & BOND INSTALL & BON[ - .. . 
INTOFWl 

. BOND BACK 
ASSEMBL Y TOO PLATES 

2,3,3,3,3,35 2,3,3,3,3,35 

41,48 9,40,47,51 

97 96 
80.0 1.0 PERFORM - ROTATE & MOVE -ACCEPTANCE - TO TEST 

TEST 
40,41,48 9,37,47,51 

.. ... ... DRIFT CElLS & . 
CENTER PLATES 

3,3,3,3,34 

3,3,3,3 

95 
8.2 8.2 INSTALL GAS -MANIFOLDS & ... 

LINES 

3,3,3,3 

FRONT PLATES 

9.8 2,3,3, 3,3, 
35 14, 

3,3,3,3 , 
94 

INSTALL & 
CONNECT ElECl 

HARNESS 

3,3,3, 3 
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FW 2 SUPER MODULE STRUCTURE ASSEMBLY 

2,3,3,3,3,42 2,3,3,3,3 

100 
r---~----' 

99 3.5 LOAD BACK SIDE .. ... RADIAL STIFF-
LOAD BACK SIDEI--__ -.t 

AXIAL 
STIFFENERS NERS INTO TOO 

2,3,3,3,3 2,3,3,3,3 

2,3,3,3,3 2,3,3,3,3 

108 
LOCATE OUTSIDI ........... .-13_.7---t 

CORNER CLIPS ...... 
FASTEN 

107 
MATCH DRILL 
INTO HONEY. 

FASTEN 
--

2,3,3,3,3 2,3,3,3,3 

6.9 

3,3,3,3 3,3,3,3· 

110 

(2 UNITS) 

2,3,3,3,3 

101 2.1 INSTALL THE .. ... OUTSIDE 
STIFFENERS 

2,3,3,3,3 

2,3,3,3,3 

106 2.1 LOAD FRONT 
SIDE RAD. STIFF ...... 

INTO TOOL 

2,3,3,3,3 

3,3,9,51 

111 

2,3,3,3,3 2,3,3,3,3,44 
102 

1.2 103 3.5 INSTALL THE PLACE HONEY - .. 
~ INSIDE .. 

COMB PANELS 
STIFFENERS MATCH DRILL 

2,3,3,3,3 2,3,3,3, 

40.0 

2,3,3,3,3 3,3,9,51 
105 

1.0 104 3.5 LOAD FRONT - PLACE TOP SECT SIDE AX. STIFF - DF TOOL, LOCAT INTO TOOL AND SECURE 
2,3,3,3,3 3,3,9,51 

50 3,3,9,43,51,53 

14.0 113 
112 

1.0 SURVEY 27 109 
LOCATE & 
SECURE 

1--_3_.0_~.. LOCATE & SEC . ..--_1_2 • .-,0 .. ~ 
... 24 OCTANT ... ---t----~ ~ MOUNT PTS. 1---..... :.~nACH STRBAC 

TO STRUCTURE 

3,44 

3 SMMOUNTS MOD MOUNTS 

REMOVE TOP 
SECT OF THE 

ASSEMBL Y TOOL TO VERIFY LOC. 
I ~OVE TO KPT TCX L 

3,3,3,3 3,3,3,3 3,3,9,51 50 
3,3,9, 

3.5 42,51 
3,3,3,3 , • 9,51 

.... _1-
1
_.

0
_-1 TRAN~~RT TO t4 .. _1_4_.9--f MOUN~1~LECT. 

- THE - GAS MANIF. & 
HEADHOUSE PLUMB. LEADS 

9,51,57 3,3,3,3 
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FW 4 OCTANT CHAMBER ASSEMBLY 
(16 UNITS) 

2,3,3,3,3,35 233333538 2,3,3,3,3,14,35 3,3,3,3,34 2,33,3,3,35 , , , , . , , 
119 116 4.5 117 6.0 118 12.0 10.0 120 

ASSEMBLE SIDE, --. LOAD & LOCATE .. LOCATE & .... LOAD & BOND .. INSTALL & BON[ 
TOP & BOnOM INTO FW1 - BOND BACK ~ DRIFT CElLS & - FRONT PLATES 

MEMBERS ASSEMBL Y TOO PLATES CENTER PLATES 

2,3,3,3,3,35 2,3,3,3,3,35 2,3,3,3,3,35 3,3,3,3,34 2,3,3,3,3 10.4 ,35,14 

9,47 ,49,51 41,48 9,40,47,51 3,3,3,3 3,3,3,3 • 
122 125 124 123 3.0 121 80.0 1.0 3.0 INSTALL GAS MOVE TO - PERFORM ROTATE & MOVE .. -- INSTALL & 

STORAGE ACCEPTANCE 
~ TO TEST ~ MANIFOLDS & CONNECT ElECl 

TEST LINES HARNESS 
9,47,51,58 40,41,48 9,38,47,51 3,3,3,3 3,3, 3,3 

1.0 

,. 
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FW 4 SUPER MODULE STRUCTURE ASSEMBLY 

2,3,3,3,3,42 2,3,3,3,3 
...-------. 

126 127 
LOAD BACK SIDE I--___ ~ 3.8 LOAD BACK SIDE .. .. RADIAL STIFF· AXIAL 

STIFFENERS NERS INTO TOO 

2,3,3,3,3 2,3,3,3,3 

2,3,3,3,3 2,3,3,3,3 

135 
LOCATE OUTSIDI .......... 1--14_.1~ 

CORNER CLIPS -
FASTEN 

2,3,3,3,3 

7.4 

134 
MATCH DRILL .... 
INTO HONEY. -

FASTEN 
2,3,3,3,3 

3,3,3,3 • 3,3,3,3 

136 137 
LOCATE & 3.0 LOCATE & SEC. . 
SECURE - 24 OCTANT 

3 SMMOUNTS MOD MOUNTS 

3,3,3,3 3,3,3,3 

( 2 UNITS) 

2,3,3,3,3 2,3,3,3,3 

128 129 
2.3 INSTALL THE 3.8 INSTALL THE - OUTSIDE - INSIDE 

STIFFENERS STIFFENERS 

2,3,3,3,3 2,3,3,3,3 

2,3,3,3,3 2,3,3,3,3 

133 132 
2.3 3.8 LOAD FRONT LOAD FRONT - --SIDE RAD. STIFF - SIDE AX. STIFF --

INTO TOOL INTO TOOL 

2,3,3,3,3 2,3,3,3,3 

3,3,9,51 50 

12.0 
138 

1.0 
139 

REMOVE TOP SURVEY 27 ... ... 
SECT OF THE MOUNTPTS. 

ASSEMBL Y TOO TO VERIFY LOC. 

3,3,9,51 50 

9,51 ....------142 

2,3,3,3,3,44 

1.3 130 

- PLACE HONEY .. 
COMB PANELS 
MATCH DRILL 

2,3,3,3, 3,44 

43.0 

3,3,9,51 

1.0 131 
PLACE TOP SECT 
OF TOOL, LOCATI 

AND SECURE 

3,3,9,43 
51,53 

3,3,9, 

140 
14.0 ATTACH STRBACk 

51 

. ... TO STRUCTURE 
~OVE TO XPT T()4I>L 

3,3,9,42, 
3.8 43,51 

3 
,. 

3,3, ,3 

_ TRANSPORT TO _ 14.1 
~-~-~ THE -

1.0 141 
MOUNT ELECT. 

HEADHOUSE 

9,51,59 

GASMANIF.& 
PLUMB. LEADS 

3,3,3,3 
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FW 5 OCTANT CHAMBER ASSEMBLY 
(16 UNITS) 

I I I • I , 233333539 2,3,3,3,3,14,35 3,3,3,3,34 2,3,3,3,3,35 2,3,3,3,3,35 

143 144 145 146 27,0 147 
ASSEMBLE SIDE, 6.0 LOAD & LOCATE 8.0 LOCATE & 16.0 LOAD & BOND INSTALL & BOND .. .. .. .. 
TOP & BODOM .. INTO FW1 .. BOND BACK .. DRIFT CELLS & .. 

FRONT PLATES 
MEMBERS ASSEMBL Y TOOl PLATES CENTER PLATES 

2,3,3,3,3,35 2,3,3,3,3,35 2,3,3,3,3,35 3,3,3,3,34 
14.0 2,3,3,3,3 ,14,35 

9,47 ,49,51 41,48 9,40,47,51 3,3,3,3 3,3,3,3 , 
149 152 151 150 8.0 148 

MOVE TO 80.0 PERFORM 1.0 ROTATE & MOVE 8.0 INSTALL GAS INSTALL & - .. - .. 
STORAGE - ACCEPTANCE - TO TEST - MANIFOLDS & CONNECT ELECT 

TEST LINES HARNESS 

9.47,51,60 40,41,48 9,39,47,51 3,3,3,3 3,3,3, 3 

1.0 

•• 
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FW 5 SUPER -MODULE STRUCTURE ASSEMBL V 

2,3,3,3,3,42 
153 

2,3,3,3,3 
154 

(2 UNITS) 

2,3,3,3,3 
155 

2,3,3,3,3 2,3,3,3,3,44 
156 157 

LOAD BACK SIDE"'-' __ ~I 
AXIAL 

STIFFENERS 

7.0 
... LOAD BACK SIDE 4.2 .. 

RADIAL STIFF- .. 2.4 INSTALL THE 7.0 INSTALL THE PLACE HONEY -- .-INSIDE OUTSIDE - - COMB PANELS 
NERS INTO TOO STIFFENERS STIFFENERS MATCH DRILL 

2,3,3,3,3 2,3,3,3,3 2,3,3,3,3 2,3,3,3,3 2,3,3,3,3 

79.0 

2,3,3,3,3 2,3,3,3,3 2,3,3,3,3 2,3,3,3,3 3,3,9,51 
162 

LOCATE OUTSIDE .. 27.0 
161 160 159 158 

MATCH DRILL 4.2 LOAD FRONT _ 7.0 LOAD FRONT .- 1.0 PLACE TOP SECT 
INTO HONEY. I .... --t---I SIDE RAD. STIFF1 ..... t----; SIDE AX. STIFF -- fJFTooL, LOCATf CORNER CLIPS --

FASTEN 

2,3,3,3,3 

13.6 

3,3,3,3 ,. 

163 
LOCATE & 
SECURE 

3 SMMOUNTS 

FASTEN INTO TOOL INTO TOOL AND SECURE 

2,3,3,3,3 2,3,3,3,3 

3,3,3,3 3,3,9,51 

3.0 
164 12.0 165 .- LOCATE & SEC. .. REMOVE TOP - 24 OCTANT 

.. 
SECT OF THE 

MOO MOUNTS ASSEMBL Y TOOL 

1.0 --

2,3,3,3,3 

50 
166 

3,3,3,3,9, 
43,51,53 

14.0 167 

3,3,9,5 

SURVEY 27 
MOUNTPTS. 

t---~"" .... SPLIT & INSTALL 
- TRANS. STRUTS 

TO VERIFY LOC. J LONG SPLIT LINE P 

,44 

3,3,3,3 3,3,3,3 3,3,9,51 50 3,3,3,3,9 

9,51 3,3,3,3 

170 169 
TRANSPORT TO .. 32,9 MOUNT ELECT. 

1-00------1 THE 1 ..... _t---1 GAS MANIF. & 

1.0 

HEADHOUSE PLUMB. LEADS 

4.0 ,. 
3,3,3,3,9 

168 
-. 10.0 f'TTACH STRBACI 
~ TO STRUCTURE 

~ OVE TO XPT TOCIt-
9,51,61 3,3,3,3 3,3,3,3,9, 

42,43,51 
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IW2 & IW3 INTERMEDIATE CHAMBER 
ASSEMBLY & TEST 

( 16 UNITS) 

2,3,3,21,23,25,30,48 

26 
LOAD IW2 INTO ~_12_4_ .. _ 
TEST STAND, .. 

TEST 

2,3,3,16,21,23,25,48,62 

2,3,3,21,22,24,29,48 

27 
LOAD IW3 INTO ....-1_2_4 _~ .. 
TEST STAND, 

TEST 

2,3,3,8,21,22,24,48,63 

3,3,8,16,20 2,3,3,9,19,50,51 2,3,3,9,18,19,51 

28 48.0 _ 29 96.0 30 
LOAD IW2 & IW3 MOVE TO & .. REMOVE & PUT --. 

& ASSEMBLE ATTACH SUPER ON STORAGE 
HARDWARE TOWER CART, STORE 

12.0 

3,3,20 3,3,9,19,50,51 2,3,3,9,17,19,51 

-.. 
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INSTALL SUPER MODULE STRUCTURE ASSEMBLIES 
( Holst A) 

4,55,64 65 67 
171 

1.0 
173 

6.0 
206 

16.0 LOWER .. INSTAll .. ALIGNMENT .. 
FWl SMSA ... FW1 SMSA - ... 

4,53 64,65 67 

4,57,64 65 67 

174 176 
6.0 

206 
16.0 LOWER 1.0 INSTAll ALIGNMENT 

~ .. .. 
FW2SMSA ... FW2SMSA ... p 

4,53 64,65 67 

4,59,64 65 67 

177 179 
6.0 

206 
16.0 LOWER 1.0 INSTAll ALIGNMENT ... _ .. 

FW4 SMSA 
... FW4 SMSA p ... 

4,53 64,65 67 

4,61,64 64,65 67 

180 
4.0 

182 
20.0 LOWER ASSEMBLE 

FW5SMSA ... FW5SMSA ... 
38 

20.0 206 
MOVE - ALIGNMENT 16.0 

FW5SMSA& 
.. -

(TEMP) COMP.INSTALL 

4,53 64 64,65 67 
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INSTALL OCTANT CHAMBER ASSEMBLIES 
(Hoist A) 

26,54,54,64 4 65 

183 184 1.0 
186 

5.0 2.0 LOWER INSTALL XPRT FW1 CA _ .. --TO HOLE - FW1 CA - FW1 CA -
26 4,49,49 64,65 

26,565664 4 65 , , 

187 2.0 
188 1.0 190 5.0 

XPRT FW2 CA .. LOWER .. INSTALL .. 
FW2CA - FW2 CA -TO HOLE 

26 4,49,49 64,65 

26,58,58,64 4 65 

191 192 1.0 
194 

5.0 2.0 LOWER INSTALL XPRT FW4 CA .. - ... 
TO HOLE 

... FW4 CA FW4 CA -
26 4,49,49 64,65 

26,60,60,64 4 65 

195 196 1.0 
198 

2.0 LOWER INSTALL 5.0 
XPRT FW5CA ... _ .. 

FW5 CA - FW5 CA -TO HOLE 

26 4,49,49 64,65 
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INSTALL SUPER MODULE STRUCTURE ASSEMBLIES 
( Holst B) 

5.55.64 66 67 
39 

1.0 
173 

6.0 
206 

LOWER INSTALL ALIGNMENT 16.0 .. --FWI SMSA - FW1 SMSA .. -
5.53 64.66 67 

5.57.64 66 67 
40 176 

6.0 
206 

16.0 LOWER 1.0 INSTALL ALIGNMENT .. .. . 
FW2SMSA .. FW2SMSA .. -

5.53 64.66 67 

5.59.64 66 67 

49 179 
6.0 

206 
16.0 

LOWER 1.0 INSTALL ALIGNMENT ... ... --FW4SMSA .. FW4 SMSA .. 
5.53 64.66 67 

5.61.64 64.66 67 

199 
4.0 

182 20.0 
LOWER _ .. ASSEMBLE ... 

FW5 SMSA FW5SMSA ," 

(TEMP) 

225 20.0 214 
MOVE MOVE 16.0 .. .. 

FW5SMSA& - FW5 SMSA& -
COMP.INSTALL COMP.INSTALL 

5.53 64 64.66 67 
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INSTALL OCTANT ChAMBER ASSEMBLIES 
(Hoist B) 

26,54,54,64 5 66 

183 200 1.0 
219 

2.0 LOWER INSTALL 5.0 XPRT FWl CA ... .. . 
TO HOLE 

.. FWl CA - FWl CA .. 
26 5,49,49 64,66 

26,565664 5 
66 

, 

187 2.0 
201 1.0 220 

5.0 XPRT FW2CA - LOWER -- INSTALL ... 
TO HOLE 

... FW2CA - FW2 CA 

26 5,49,49 64,66 

26,58,58,64 5 66 

191 202 1.0 
221 

2.0 INSTALL 5.0 
XPRT FW4 CA ... LOWER --"" ... .. FW4CA - FW4 CA .. 

TO HOLE 

26 5,49,49 64,66 

26,60,60,64 5 66 

195 203 1.0 222 
2.0 INSTALL 5.0 

XPRT FW5CA . LOWER .. . 
TO HOLE 

.. FW5 CA - FW5 CA .. 
26 5,49,49 64,66 
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INSTALL IW INTERMEDIATE CHAMBER ASSEMBLY 

17,26,64 4 
( Hoist A) 

63 

32 2.0 33 4.0 34 
20.0 XPRT IWICA --" LOWER -- INSTALL .. - IWICA 

. 
IWICA r 

TO HOlE 

26 4 64,63 

( Hoist B) 
17,26,64 5 66 

191 2.0 35 4.0 34 20.0 XPRT IWICA --" LOWER -- INSTALL ---. 
TO HOLE 

~ 

IWICA - IWICA -
26 5 64,66 
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SDC-92-283 

APPENDIX B • RAM· DERIVED ASSEMBLY AND INSTALLATION SCHEDULES 

CONTENTS 
• Overall Schedule With Key Program Milestones (Microsoft Word Version) 
• Overall Schedule (Direct RAM Output) 
• Detailed Schedules Showing Start and Stop Dates for All Events (Direct RAM Output) 



SOC Supermodule Assemb!y and Installation Schedule with ProJJram Milestones 

Key Milestones 

BWI 
BW2-Single 
BW2-SM 
BW3-Single 
BW3-SM 
IWICA 
Load & TestlW2 
Load & TestlW3 
FWl0CTCA 
FWI SMSA 
FW2 OCT CA 
FW2 SMSA 
FW4 OCT CA 
FW4 SMSA 
FW50CTCA 
FW5SMSA 
INST BWSM·A 
INST BWSM·B 
INST BW1-A 
INSTBW1-B 
INST BW2-A 
INST BW2-B 
INSTBW3-A 
INST BW3·B 
INST IW ICA·A 
INST IW ICA·B 
INST FW I-A CA 
INST FWl-A SMA 
INST FWI·B CA 
INST FW I-B SMA 
INST FW2-A CA 
INST FW2-A SMA 
INST FW2-B CA 
INST FW2-B SMA 
INST FW4-A CA 
INST FW4-A SMA 
INST FW4-B CA 
INST FW4·B SMA 
INST FW5-A CA 
INST FW5-A SMA 
INST FW5-B CA 
INST FW5-B SMA 

1995 j996 1997 1998 
J F M A MIJ J AISIO NID J F M AM J J A S OINID J F M AM JIJ A SON 0 JIF M AM JIJ A SON 0 

128(1 Magnel~upporl 1,<fa"Q IJarrel co~ Toroid 'ns~ Barre? So'8no~ fWd
Q ~nd pal. cenrr?t fV: Cel. 

1st. Assy SYSlem TOH BOD Slee' TOH TOH Com IIele Cal. TOH 'nsd. Slee' TOH TOH Tracker TOH TOH 

~~~~"r i ~ ill.. I •• .~ .•••.• r-. • 
.. = •• i • 

.. _I 
i 

• ,i ! .............. I I 
I i 

I 

• :1 1:-:' ~:-':I.r = ~~= ~:I: ;-
••• ~ •• 1 •• III ... ~ 

~ 

1::11.' '. : • 
• 

... !. .. 
I • • i 

: 

: : : 

f 

••• 
i : 
I 

'1 
.i 

i 

I -/ 
I 
! 

I • ! 
i ! I' 
i 

• • 

• 
I 

. \ 
i I-I. i·· i : 
i :~ 
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71 7/q2 
II,JO,J1 

f'f.l'r"l.1 
SI511N'IIJ'..1 

.-------------------- --------- -------------------, 

NAME 

BW I 
DW2 -SINGLE 
BW2 -SM 
BW3 - SINGLE 
ow:) - SM 
FW IOcr CA 
FW 1 SMSA 
FW2 OCT CA 
FW2 SMSA 
FW4 ocr CA 
FW4 SMSA 
FW50CT CA 
FW5SMSA 
INST BW SM-A 
INST BW SM-B 
INST BW I-A 
INST BW I-B 
INST BW2-A 
INST BW2-B 
INST BW3-A 
INST BW3-B 
INST FW I-A CA 
INST FW I-A SMA 
INST FW I-B CA 
INST FW I-B SMA 
INST FW2-A CA 
INST FW 2-A SMA 
INST FW 2-B CA 
INST FW 2-B SMA 
INST FW 4-A CA 
INST FW 4-A SMA 
INST FW 4-B CA 
INST FW 4-B SMA 
INST FW 5-A CA 
INST FW 5-A SMA 
INST FW 5-B CA 
INST FW 5-B SMA 
INST IW ICA-A 
INST IW ICA-B 
IWICA 
LOAD &: TEST IW2 
LOAD &: TEST IW3 
MODIFY FIXTURE 

SDC MUON SYSTEM 
1995 I 1996 1 1997 I 1998 

. ---
-------------_ ... - . - . 

• • - -

- - . -...... - ... 
• I I 1 I 

I • I • 

_11111 
_1111. 

I 1" •• 1 
111.-

I I 
I 

II 
I 

I 

I 

I 

• I 

. -. 

I • 

• I 

• I 

I 

I 

I 
I 

• •• I • • •••••••••••• • ••••••••••• _ .......... . 
I • 1 • I II 

I 
I 

'- --------------- --- ---- ---------------- -
"lot OolO rt.l •• 
(II(ftflj.8lll ~ • z 



71 7/92 
II:Ji:IJ 
PU'rd •• 
SISlllrUT'.I 

NAME 

MOVE FW 5-A SMSA 
MOVE FW 5-B SMSA 

Plot. OolO rd.,: 
In<HflI.BOO INlII:R.1ffl,6IB 

----------
SOC MUON SYSTEM 

-
1995 I 1996 I 1997 I 1998 

J IF 1 wi A twl'l ' I·' I s 10 I HID I'I F IWI A {wl'{'1 A I s I 0 I N I D I J 1'1 w I A I w I J I J I A I s I 0 I HID 1'1 ' I w I A I w 1'1'1 A I s I 0 I HID • • 

I I I 
-----------
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71 7/92 
12.26.51 

PU' ("l •• 
515111f'UJ ." 

--------
SDC MUON SYSTEM 

NAME Sto 
BW2 - SINGLE 

LOAD & TEST IW2 

BW3 -SINGLE 

BW2 - SINGLE 03/02/95 -04/08/95 

LOAD & TEST IW3 03/10/95 -011/17/95 

BW3 -SINGLE 03/23/95 • 04/20/95 

BW2 - SINGLE 04/08/95 -05/13/95 

BW3 -SINGLE 04/20/95 -OS/23/95 

BW2 -SM 05/13/95 • 08/14/95 

IW ICA 011/17/911 -08/30/95 

BW3 -SM OS/23/95 • 08/13/95 

BW3 -SM 08/13/95 • 08/29/95 

BW2 -SM 08/14/95 
07/13/95 • 

LOAD & TEST IW2 08/30/95 
01/30/95 • 

BW3 -SM 07/12/95 • 01/28/95 

BW2 -SM 01/13/95 • 08/11/95 

BWI 07/28/95 -09/28/95 

LOAD & TEST IW3 01/30/95 -09/03/95 

FW 1 OCTCA 08/11/95 -10/19/95 

MODIFY FIXTURE 09/01/95 • 08/09/95 

IWICA 09/03/95 -10/12/95 

----------
'lol. Doto ril •• : PS, 8 ~"'DIITD1 



71 7/92 
12:28.9 

I'U" ft..l •• 
~'511N'\IT1" 

NAME 

FW2 OCT CA 

BW I 

LOAD & TEST IW2 

MODIFY FIXTURE 

FW4 OCT CA 

LOAD & TEST IW 3 

MODIFY FIXTURE 

FW5 OCT CA 

IW ICA 

LOAD & TEST IW2 

LOAD & TEST IW3 

IW ICA 

MODIFY FIXTURE 

MODIFY FIXTURE 

BW2 - SM 

BW2 -SM 

BW3 -SM 

BW3 -SM 

BW3 -SM 

BW2 - SM 

BW3 -SM 

Plal Oo\Q h l •• ! 
11IlRftI.l1II DflmUIIT,619 

Start 
Stop 

09/09/95 
12/08/95 

09/28/95 
10/28/95 

10/12/95 
11/07/95 

10/20/95 
10/27/95 

10/27/95 
01/11/98 

11/07/95 
12/04/95 

11/24/95 
12/01/95 

12/01/95 
03/07/98 

12/04/95 
12/27/95 

12/27/9Ci 
01/21/98 

01/21/98 
02/12/98 

02/12/98 
03/21/98 

07/01/88 
07/08/98 

07/01/98 
07/08/98 

07/01/98 
08/01/96 

07/01/96 
08/07/98 

07/08/98 
07/30/98 

07/08/98 
08/03/96 

07/30/98 
08/17/98 

08/01/96 
08/22/98 

08/03/96 
08/21/98 

---------
SDC MUON SYSTEM 

1995 I 1996 I 1997 I 1998 
JIFIYIAIYIJIJIAISloIHIDIJIFIYIAIYIJIJIAlslo/"LDIJIFIYIAIYIJIJIAISIOINIDIJIFJYIAIYIJIJIAISIOINID 

• 
• 
I -• 

I 

• 
• 
• - I 

I 

• -• 
• 
• 
• 
• 

I I I 
----------
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11 7/92 
12129:21 

t"CTf"h. 
"5111"\IT. J 

NAME 

BW2 - SM 

BW3 - SM 

BW2 - SM 

BW3 - SM 

BW2 -SM 

BW3 -SM 

BW2 -SM 

BW3 - SM 

BW2 - SM 

BW3 -SM 

BW2 - SM 

BW3 - SM 

BW2 - SM 

BW3 - SM 

BW2 -SM 

BW3 - SM 

BW2 - SM 

BW3 - SM 

BW2 -SM 

BW3 - SM 

BW2 -SM 

'---

Start 
Stop 

08/07/18 
08/30/ts 

01/20/18 
09/08/98 

08/22/18 
09/12/ts 

08/21/98 
01/14/98 

0I/3O/ts 
09/19/18 

09/10/98 
09/28/98 

09/12/98 
10/04/98 

09/11/18 
10/05/ts 

01/19/ts 
10/11/98 

10/02/98 
10/19/98 

10/04/ts 
10/25/98 

10/09/ts 
10/21/ts 

10/11/98 
10/31/ts 

10/23/ts 
11/10/98 

10/25/ts 
11/ 15/18 

10/30/18 
11/21/18 

10/31/ts 
11/H/ts 

11/14/98 
12/03/98 

11/15/98 
12/01/ts 

11/21/18 
12/11/18 

11/22/98 
12/17/98 

--------
SDC MUON SYSTEM 

1995 I 1996 I 1997 I 1998 
IlrlyIAlwIJIJIAISIOI"loIJlrlyl'lwIJIJI'ISIOI"loIJlrlwl'lyIJJIIAISIOI"loIJlrlyIAlyIJlJIAISIOI"IO • 

• 
• 
• 
• 
• 
• • 
• 
• 
• 
• • 
• 
• 
• • 
• 
• 
• 
• 

I I I 
-------- - -
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71 7/92 
12.30:)2 
ftCI'ra •• 
5T511M'UT'" 

NAME 

INST BW3-A 

INST 8W3-8 

LOAD & TEST IW2 

BW3 -SM 

INST 8W3-A 

BW2 -SM 

INST BW2-B 

INST BW2-A 

BW3 -SM 

INST BW2-B 

BW2 -SM 

INST IW ICA-A 

INST IW ICA-B 

BW3 - SM 

LOAD & TEST IW 3 

BW2 - SM 

INST IW ICA-A 

INST IW ICA-B 

8"3 - SM 

BW2 -SM 

INST BW SM-A 

Start 
Stop 

12/02/e6 
12/07/98 

12/02/98 
12/10/98 

12/02/98 
12/28/98 

12/08/98 
12/28/96 

12/07/98 
12/13/98 

12/07/e6 
01/01/97 

12/10/98 
12/17/98 

12/13/98 
12/19/98 

12/13/98 
01/04/97 

12/17/98 
12/25/96 

12/17/e6 
01/09/97 

12/19/98 
01/03/97 

12/25/98 
01/07/97 

12/28/98 
01/23/97 

12/28/98 
01/30/97 

01/01/97 
01/24/97 

01/03/97 
01/12/97 

01/07/97 
01/18/97 

01/08/97 
01/30/97 

01/09/97 
01/31/97 

01/12/97 
01/22/97 

--------
SDC MUON SYSTEM 

1995 I 1996 r 1997 I 1998 
J I rl'" 1.1"1 JI J I AI slolNI 01 J I rl"IA /w/ JTJTATSTOI NI oT JT rl"l A Iwl J I J I A Is 10iNI 01 J I' /w/ A /"/ J I J I lois 10 1"1 D 

I 

I 

• 
• 
I 

• 
I 

I 

• 
I 

• • 
• 
• -• 
I 

• 
• 
• 
• 

I I I 
----------
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7/ 7/92 
12:]I:t2 

f(f' r~l •• 
5TSIlIf'lIh", 

NAME 

INST BW SM-S 

INST SW SM-A 

BW3 -SM 

BW2 -SM 

INST SW SM-A 

INST SW SM-S 

INST SW SM-A 

BW3 - SM 

LOAD & TEST IW2 

IWICA 

SW2 - SM 

INST SWSM-S 

INST SW SM-A 

INST SW SM-S 

INST SW SM-A 

INST SW SM-S 

INST SW SM-A 

INST SW SM-S 

SW3 -SM 

INST SW SM-A 

SW2 -SM 

f---
'---

Start 
Stop 

01/18/97 
01/25/97 

01/22/97 
01/25/97 

01/23/87 
02/14/97 

01/24/97 
02/19/97 

01/25/97 
01/30/97 

01/25/87 
02/01/87 

01/30/97 
02/04/97 

01/30/87 
02/U1/87 

01/30/97 
02/28/97 

01/30/87 
03/05/87 

01/31/87 
02/28/97 

02/01/97 
02/08/87 

02/04/87 
02/07/87 

02/08/87 
02/12/97 

02/07/87 
02/13/97 

02/12/97 
02/15/97 

02/13/87 
02/19/87 

02/15/87 
02/21/87 

02/18/87 
03/12/87 

02/19/97 
02/21/97 

02/19/97 
03/14/97 

----------
SDC MUON SYSTEM 

1995 I 1996 I 1997 I 1998 
J I F 1"1 A J loll J I J I A I s I 0 I" I D I J I r JIoII A 1"1 J I J 11.1 s1 01 H 1 Dl'lr 1101 1 A 1"1 J I J I A I s 101 N I D I J I r 1"1 A 11011 J I J I A I s 10 I N I D 

I 

I 

• 
• 
I 

I 

I 

• 
• -• 
I 

I 

I 

I 

I , 

I 

I 

• 
I 

• 
I I I ----- ,--- -
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71 7/92 
12.32:52 

PCI" rd •• 
51511lrUJ'" 

NAME 

INST 8W SM-A 

INST BW SM-B 

INST BW SM-A 

INST 8W SM-B 

BW3 -SM 

BW2 - SM 

LOAD & TEST IW 3 

INST BW SM-A 

INST BW SM-B 

INST 8W SM-A 

INST BW SM-B 

INST BW SM-A 

INST BW SM-B 

BW3 -SM 

BW2 - SM 

BW3 - SM 

INST BW SM-A 

BW2 - SM 

IW leA 

LOAD & TEST IW2 

BW3 - SM 

Slarl 
Slop 

02/21/g7 
02/28/g7 

02/21/g7 
02/28/g7 

02/28/97 
03/01/g7 

02/28/97 
03/04/97 

02/28/g7 
03/lli/97 

02/211/97 
03/25/97 

02/211/g7 
03/27/g7 

03/01/97 
03/08/97 

03/04/97 
03/07/97 

03/08/g7 
03/ll/g7 

03/07/g7 
03/13/97 

03/II/g7 
03/14/97 

03/14/g7 
03/20/97 

03/14/97 
04/02/g7 

03/14/g7 
04/04/g7 

03/22/97 
04/10/g7 

03/25/97 
03/28/97 

03/25/97 
04/16/97 

03/27/g7 
04/23/97 

03/2g/97 
04/22/g7 

04/02/97 
04/22/g7 

----------
SOC MUON SYSTEM 

1995 I 1996 I 1997 I 1998 
J Ir IwlAlwl J I J IAlsIOI"IOI J IrlwlAlwlJI J IAlslolNlol J I rlwl Alwl J I J IAlslolNlol J IrlwlAlwl J I J IAISIOI"IO 

I 

I 

I 

I 

• 
• 
• 
I 

I 

I 

I 

I 

I 

• 
• 
• 
I 

• 
• 
• 
• 

I I I 
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71 7/92 
12.31.1 
PfT ra •• 
5nIlIrUf'J 

NAME 

INST BW SM-B 

B"2 - SM 

INST BW SM-A 

BW3 -SM 

BW2 - SM 

LOAD & TES1' IW3 

BW3 -SM 

INST BW SM-B 

BW2 -SM 

BW3 -SM 

INST BW SM-A 

BW2 -SM 

LOAD & TES1' IW2 

IW leA 

BW3 -SM 

INST BW SM-B 

BW2 -SM 

INST BW SM-A 

BW3 -SM 

BW2 -SM 

LOAD & TEST IW3 

Start 
Stop 

04/04/91 
04/10/91 

04/04/97 
04/30/91 

04/18/97 
04/19/91 

0~18/97 
0/01/97 

04/17/97 
0tS/ot/91 

04/22/91 
06/16/97 

04/28/91 
06/18/97 

04/30/91 
05/03/91 

04/30/91 
06/20/97 

0~08/91 
o /28/91 

05/09/97 
06/14/91 

06/09/97 
06/31/97 

05/15/91 
08/08/91 

06/16/97 
08/14/97 

06/18/91 
08/06/97 

OS/20/97 
OS/26/91 

06/20/97 
08/18/91 

05/31/91 
08/06/97 

06/31/97 
08/19/97 

05/31/97 
08/21/97 

08/08/91 
01/06/91 

---------
SDC MUON SYSTEM 

1995 I 1996 1 1997 J 1998 
slrlwlAlwlslllAlslolHTDlsTrTwTATwflTsf.TslorHTDTslrlwl'lwlslslAISIOI"ID\s\r\wIAlwls\S\AI3101"ID 

I 

• 
I 

• 
• 
• 
• 
I 

• 
• 
I 

• 
• 
• 
• 
I 

• 
I 

• 
• 
• 

I I I 
------ ---- -
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71 7/')2 
12.3';.1 i 

Pari.hl 
51511N'VT',J 

NAME 

8lf3 -SM 

INST Blf SM-B 

Blf2 - SM 

8lf3 - SM 

INST 8lf SM-A 

Blf2 - SM 

INST Blfl-A 

INST 8lf I-A 

Blf3 - SINGLE 

LOAD & TEST IW 2 

IlfieA 

Blf3 - SINGLE 

INST 8lf SM-B 

Blf2 - SINGLE 

INST 8lf SM-B 

Blf 2 - SINGLE 

MODIFY FIXTURE 

MODIFY FIXTURE 

LOAD & TEST IW 3 

8W 1 

BWI 

Start 
Stop 

06/17/87 
07/05/87 

06/18/87 
06/24/97 

06/18/87 
07/11/97 

011/18/87 
07/08/87 

06/21/87 
06/26/87 

06/21/87 
07/18/81 

06/26/97 
07/04/81 

07/04/81 
07/10/87 

07/05/87 
07/25/81 

07/011/87 
07/28/87 

07/05/81 
08/01/97 

07/08/87 
07/28/81 

07/11/87 
07/17/81 

07/11/81 
08/07/87 

07/18/87 
07/25/81 

07/22/97 
08/12/87 

07/25/87 
08/01/81 

07/29/97 
08/06/81 

07/29/97 
08/18/97 

08/01/81 
08/02/97 

08/06/97 
08/29/81 

----------
SDC MUON SYSTEM 

1995 I 1996 , 1997 I 1998 
I , F ! .. ! '! .. !I II , ' I s I 0 I " I D I J. r F T .. r ,1 .. -r I r I r, / s /0/ " r D /1 T F 1"1 A /"1111 I A I s 10 / "I D II I ' '''I A! .. ' J I J I A I s 10 I" I D 

• 
I 

• 
• 
I 

• 
• 
I 

• 
• 
• 
• 
I 

• 
I 

• • 
• 
• 
• 
• 

I I I 
----------
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71 7/92 
12036·25 

Pel" r~ l •• 
5l5111f'1JJ .... 

NAME 

MODIFY FIXTURE 

MODIFY FIXTURE 

BWI 

IW ICA 

LOAD &: TEST IW2 

INST BW I-A 

aWl 

aWl 

INST BW I-B 

BWI 

INST BW I-A 

BWI 

LOAD &: TEST IW3 

INST BWI-A 

BWI 

INST BWI-B 

BWI 

INST BWI-A 

BWI 

INST BW 1-8 

BWI 

L-

Start 
Stop 

OB/07/'i7 
OB/14/'i7 

OB/12/'i7 
OB/20/'i7 

OB/14/'i7 
0'i/04/'i7 

08/ l'i/'i7 
0'i/13/'i7 

OB/20/97 
0'i/09/'i7 

OB/2'i/'i7 
0'i/03/'i7 

OB/2~'i7 
08/1 /'i7 

OB/2'i/'i7 
08/2S/'i7 

08/02/'i7 
08/08/87 

08/02/'i7 
08/20/'i7 

08/04/'i7 
08/09/'i7 

08/04/'i7 
08/28/'i7 

0'i/08/'i'l 
10/03/'i7 

08/17/'i7 
09/20/97 

08/18/'i? 
10/08/87 

0'i/20/97 
0'i/28/97 

08/20/97 
10/1l/'i7 

0'i/25/'i7 
10/01/'i7 

08/25/97 
10/lB/'i7 

08/28/'i7 
10/03/'i7 

09/28/97 
10/lB/97 

-------
SDC MUON SYSTEM 

1995 I 1996 I 1997 I 1998 
IlrlwIAlwIJIIIAlslol"IDlllrlwIAlwlll'1AISI01"IDI'lrTw[ATwlllllAlslolNIDTllrlwlAlwllll\AlslolHlo 

I 

I 

• 
• 
• 
I 

• 
• 
I 

• 
I 

• 
• 
I 

• 
I 

• 
I 

• 
I 

• 
I I I 

----~ ---- -
Pal l6 



71 7/92 
12.37.31 

PCrr"hl 
$J5I1H'UT·.1 

NAME 

IW ICA 

LOAD & T&S'T IW 2 

INST BWI-A 

INST BWI-B 

BWI 

BWI 

INST BW I-A 

INST BWI-B 

BWI 

BW 1 

LOAD & T&S'T IW 3 

INST BWI-A 

BWI 

INST BW I-A 

INST BW I-B 

BW 1 

BWI 

INST BWI-A 

BWI 

IWICA 

LOAD & TEST IW 2 

POLo' Dalo ra •• : 
lrtIJll1ftUat DIITDum,619 

Start 
Stop 

10/03/87 
10/29/87 

10/07/87 
10/29/97 

10/09/87 
10/14/87 

10/11/87 
10/18/87 

10/11/97 
11/01/97 

10/14/87 
11/07/87 

10/18/87 
10/23/97 

10/18/87 
10/24/87 

10/18/87 
11/07/97 

10/18/97 
11/13/97 

10/29/87 
11/20/97 

11/01/87 
11/08/97 

11/05/97 
11/28/97 

11/07/97 
11/13/97 

11/07/87 
11/ 13/87 

11/07/97 
11/29/97 

11/07/87 
12/09/87 

11/13/87 
11/18/97 

11/13/97 
12/08/97 

11/20/97 
12/19/97 

11/21/97 
12/13/87 

-------
SDC MUON SYSTEM 

1995 I 1996 I 1997 I 1998 
JI'IWIAIWIJIJIAISIOI"IDIJ1'JwIAlwJJIJIAISIOIMIOIJI'IWIAjwIJIJIAISIOI"lol'lrlwIAlwIIIIIAISIOI"IO 

• 
• 
I 

I 

• 
• 
I 

I 

• 
• 
• 
I 

• 
I 

I 

• • 
I 

• • 
• 

I I I 
- ----------
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71 7/92 
12:J8:')'.) 

f'CI'rd •• 
5T5111f'Ut '..1 

NAME 

INST BWI-B 

INST BWI-A 

BWI 

BWI 

INST IW ICA-A 

INST BWI-B 

BWI 

FWI OCT CA 

FWI SMSA 

INST BWI-B 

INST IW ICA-A 

LOAD & TEST IW3 

INST BWI-B 

INST IW ICA-A 

FWI OCT CA 

FW20CTCA 

INST IW ICA-A 

FWIOCTCA 

INST BWI-B 

FW4 OCT CA 

FW5 OCT CA 

~lOl DolO "l .. : 
(JOVflf.8~ OA' 

Start 
Sto~ 

11/28/07 
12/04/07 

11/29/07 
12/04/97 

11/20/97 
12/10/07 

12/01/07 
01/02/08 

12/04/97 
12/12/97 

12/08/07 
12/11/07 

12/08/97 
12/30/07 

12/00/07 
01/15/08 

12/00/97 
01/29/98 

12/ 11/97 
12/11'/97 

12/12/07 
12/19/97 

12/13/07 
01/08/98 

12/10/07 
12/28/07 

12/10/97 
12/27/97 

12/10/07 
01/15/08 

12/28/97 
02/15/98 

12/27/07 
01/08/08 

12/27/07 
01/22/08 

12/30/97 
01/03/08 

12/31/07 
02/12/98 

01/02/98 
02/20/08 

SOC MUON SYSTEM 
1995 I 1996 I 1997 I 1998 

JlrlwlAlwlJjJjALsIOI"lolllrlwl'lwl'lIJ'lsLOI"lo('I'lwlA(wlll'(AlsloIHlolllrlwIAlwjlil('ls\o\"\o 
I 

I 

• 
• • • 
I 

• --I 
I 

• 
I 

• 
• -• 
• 
I --

J I 1 
----------
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71 7/92 
12.39.0 

PCf' r~ l •• 
~1~II"'UT • .1 

~---------------------------------------- ------------ -----------------------------------------~ 

NAME 
Start 
Stop 

INST BW 1-8 01/03/98 
01/09/98 

INST IW ICA-A 01/08/98 
01/13/98 

FWI OCT CA 01/07/98 
02/0~/98 

LOAD &: TEST IW2 01/08/98 
01/30/98 

IW ICA 01/08/98 
02/08/98 

INST IW ICA-B 01/09/98 
01/18/98 

INST IW ICA-B 01/18/98 
01/28/98 

FW4 OCT CA 01/18/98 
02/13/98 

FWI OCT CA 01/18/98 
02/ 12/98 

FW2 OCT CA 01/22/98 
02/21/98 

FW4 OCT CA 01/27/98 
02/21/98 

INST FW 1-A SMA 01/29/98 
02/04/98 

FW2 SMSA 01/29/98 
03/0~/98 

LOAD &: TEST IW 3 01/30/98 
02/22/98 

FW 1 OCT CA 01/30/98 
03/03/98 

FW50CTCA 01/30/98 
03/04/98 

INST FW 1-A CA 02/04/98 
02/08/98 

INST FW I-A CA 02/08/98 
02/10/98 

INST IW ICA-B 02/08/911 
02/ 13/98 

FW4 OCT CA 02/06/98 
03/04/98 

FW2 OCT CA 02/07/98 
03/10/98 

POlo!. Oalor'l •• : 
1IOHtI.1Q OfITDI.IJU.619 

SDC MUON SYSTEM 
1995 I 1996 r 1997 I. 1998 

IT rT .. I A I" I J I I I A I s I 0 I" I 0 I J I r I .. r 1.1 .. 1 I I J 11.19 r 01 "lOr 11 r I" I A I" IIIII A I 9 I 0 I N 10 I I I F I ~ 1 .. 1 I I I I AT 91 0 I" I D 

I I I 

I 

I 

• • 
• 
I 

• • 
• 
• 
• 
I -• • • 
I 

I 

I 

• • 
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71 7192 
121101')') 
f"f.7r~h. 
5"""'1/,10.1 

NAME 

INST FW 1-A CA 

FWIOCTCA 

FW4 OCT CA 

FW5 OCT CA 

LOAD & TEST IW2 

IW ICA 

FW2 OCT CA 

FWIOCTCA 

;f'~~~QA, 
.JI'~';"'~'.'~':~"'.: 

Fltl"OCT Ci\ 
;1 

"FW5OCTCA 

; I.N~" FW:.:t;-A CA 

, FW2OCT CA 
\, ..... 

INST F~ 2~A SMA , . :.'. ," 

FW4 SMSA' 

FW'IOCTCA 

FW4 OCT CA 

INST FW 2-A CA 

LOAD ~', TEST ,(W3 

INST FW 2-A CA 
I 

FW1,OG't~A 

--

-------
SDC MUON SYSTEM 

Start 1995 I 1996 I 1997 I 1998 
Stop 'IFlwIAlwIJI'IAlsIOI"IDIJlrlwIAlw)'l'iAISIOI"loIJlrlwlAlwl'I'IAlslolNlol'lrlwlAlwlJI'IAlslOI"lo 

02/12/8e 
02/14/8e 

I 

02/17/H 
03/11/8e • 
02/le/8e 
03/12/8e • 
02/18/8e -03/25/8e 

02/22/8e • 03/20/8e 

02/22/H • 03/25/8e 

02/24/8e • 03/24/8e 
~ 02/2e/8e .: 

0~/3§l~I'-

w.a7/R " • 03i.'.25;le-
03/oe/~ii • 03/27/8e 

oa{I0/8e' • 04/~/8e. 

03/1 i/8e" I 
03/V~/8e' . 

03/11iH • 84;1.08/81,-

0:t/13/H' 
03/18/8e' 

I 

03/13/8e • 04/10/H 

03/14/88 • 04/04/88 

03/14/8e • 04/0e/8e 

03/18/8e I 
03/21/88 

03/20/8e 
04/1I/8e 

~ 

03/21/88 I 
03/25/88 

03/24/88 III 
04/15/" 

I i l 
------ ----- - -
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71 7/92 
12'12'1" 

PCI' r~ l.1 
51511,""',,, 

NAME 

INST IW ICA-B 

FW4 OCT CA 

FW5 OCT CA 

FW2 OCT CA 

FWl OCT CA 

FW4 OCT CA 

INST FW2-A CA 

FW 1 OCT CA 

FW5 OCT CA 

LOAD & TEST IW2 

IW ICA 

FW4 OCT CA 

FW2 OCT CA 

FW 1 OCT CA 

FW40CTCA 

FW 1 OCT CA 

FW50CTCA 

FW2 OCT CA 

LOAD & TEST IW 3 

FW40CTCA 

MODIFY FIXTURE 

Start 
Stop 

03/25/118 
04/01/118 

03/25/98 
04/17/98 

03/28/118 
04/23/98 

03/28/118 
04/28"/118 

04/02/98 
04/23/98 

04/03/118 
04/28/118 

04/09/118 
04/11/118 

04/011/98 
05/01/98 

04/10/98 
05/12/118 

04/11/98 
05/02/98 

04/11/98 
05/08/98 

04/14/98 
05/08/98 

04/14/98 
05/15/98 

04/18/98 
05/09/98 

04/24/98 
05/19/98 

04/25/98 
OS/20/98 

04/28/98 
OS/21/98 

04/30/98 
05/30"/98 

05/02/98 
OS/2a,t98 

05/02/98 
05/30/98 

05/05/98 
05/12/98 

--------
SOC MUON SYSTEM 

1995 I 1996 I 1997 I 1998 
JlrIY1AlwlJIJI.rsI0INIDIJlrIWIAlwIIIIIAISI01"IDlllrlwlAlwlllliAISiOI"iDillrIWIAlyIJIJIAISIOI"IO 

I 

• 
• -• 
• 
I 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• • 
I 

I I I 
---------
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71 7/'12 
12·i).29 
Pf.:I'rae. 
'r~III"IIT'..1 

NAME 

INST 1'1 ICA-B 

FW5 OCT CA 

FW4 OCT CA 

INST FW2-A CA 

FW2 OCT CA 

INST FW 4-A SMA 

FW5SMSA 

INST FW 4-A CA 

LOAD &. TE51' 1'12 

FW4 OCT CA 

IWICA 

INST FW 4-A CA 

FW50CT CA 

INST FW 4-A CA 

FW2 OCT CA 

INST FW 4-A CA 

INST BW3-A 

FW4 OCT CA 

INST BW2-A 

FW5 OCT CA 

LOAD &. T&S'T 1'13 

L--

Starl 
Slop 

05/08/98 
05/18/98 

05/13/98 
08/12/98 

05/14/98 
08/11/98 

05/15/98 
05/18/98 

05/15/98 
08/13/98 

05/18/98 
OS/22/98 

05/18/98 
07/22/98 

OS/22/98 
OS/28/98 

OS/22/98 
08/14/98 

06/22/98 
08/11./98 

OS/22/98 
08/20/98 

OS/28/98 
05/30/98 

OS/21/98 
08/30/98 

05/30/98 
08/03/98 

05/30/98 
07/09/98 

08/03/98 
08/04/98 

08/04/98 
08/09/98 

06/04/98 
07/03/98 

08/09/98 
08/13/98 

06/13/98 
07/15/98 

08/18/98 
07/08/98 

SDC MUON SYSTEM 
1995 I 1996 I 1997 I 1998 

'I riM I A I M I J I'I A I s I 0 I " 10 IITFI M I A I Mi'l J I A 1sT 01 "I Dl J l rlul A \ul' I J I A I s lOr" l 01 J 1 riM I A 1M I J I J I A I s 10 I" I 0 
I 

• 
• 
I 

• 
I -I 
• 
• • 
I 

• 
I -I 
I 

• 
I 

• 
• 

I I I 

----------
Pa&~ •• q 



71 7/92 
12'."'15 
PCfr~l •• 
5T5I1trur· ... 

NAME 

MODIFY FIXTURE 

INST IW ICA-A 

FW2 OCT CA 

FW5 OCT CA 

FW2 OCT CA 

IW ICA 

FW5 OCT CA 

FW2 OCT CA 

INST FW 5-A SMA 

FW 1 SMSA 

INST FW 5-A CA 

INST FW5-A CA 

FW2 OCT CA 

FW50CTCA 

I NST FW 5-A CA 

INST FW 5-A CA 

MOVE FW 5-A SMSA 

INST FW 1-8 SMA 

FW2SMSA 

INST FW 1-8 CA 

FW2 OCT CA 

Slarl 
Slop 

08/18/98 
06/24/98 

08/20/98 
06/30/98 

08/20/98 
07/17/98 

06/30/98 
07/30/98 

07/04/98 
08/04/98 

07/08/98 
08/04/98 

07/18/98 
08/15/98 

07/18/98 
08/ 14/118 

07/23/98 
07/29/98 

07/23/98 
08/07/98 

07/29/98 
07/31/98 

07/31/98 
08/04/98 

07/31/118 
08/28/98 

08/01/98 
09/02/98 

08/04/98 
08/06/98 

08/06/98 
08/07/98 

08/07/98 
06/16/98 

08/08/118 
08"/14/98 

06/06/98 
09/02/98 

08/14/98 
08/18/98 

08/14/98 
09/11/98 

--------
SDC MUON SYSTEM 

1995 I 1996 I 1997 I 1998 
JlrlwIAlwIJIJI'ISIOINIDIJlrlwIAlwIIIIIAlsIOINIDIJlrlwlAlwlJr1T,TsloINIDI1Ir\w\A\w\1\JI,rsrol"ID 

I 

• 
• 
• 
• • 
• 
• 
I 

• 
I 

I 

• 
• 
I 

I 

I 

I 

• 
I 

• 
I I I 

----------
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11 7/92 
12.t6.)] 

f"CI'r;"l •• 
SISIIff'UT'.1 

NAME 

INST FW I-B CA 

FW5 OCT CA 

INST FW I-B CA 

INST FW I-B CA 

MODIFY FIXTURE 

INST FW2-B SMA 

FW4 SMSA 

FW5 OCT CA 

INST FW2-B CA 

INST FW 2-B CA 

INST FW2-B CA 

INST FW2-B CA 

MODIFY FIXTURE 

INST FW 4 -B SMA 

FW5 SMSA 

INST FW 4-B CA 

INST FW4-B CA 

INST FW4-B CA 

INST FW 4-B CA 

INST BW3-B 

INST BW2-B 

Start 
Stop 

08/18/18 
08/20/18 

08/18/18 
01/18/18 

08/20/18 
08/22/18 

08/22/18 
08/25/18 

08/27/18 
01/03/98 

01/02/98 
01/Ga/18 

01/02/18 
01/25/18 

01/02/18 
10/03/18 
01/01/18 
01/11/18 

01/11/18 
01/15/18 

01/15/18 
01/17/18 

01/17/18 
Off/18/18 

g:~Ag~:: 
01/28/18 
10/02/18 

Ga/28/18 
11/20/18 

10/02/98 
10/07/98 

10/07/18 
10/01/18 

IO/Ga/18 
10/13/98 

10/13/18 
10/14/18 

10/14/98 
10/21/98 

10/21/98 
10/24/18 

-------
SDC MUON SYSTEM 

1995 I 1996 I 1997 I 1998 
'/F/u/,/u/,/,/,/s/o/K/D/'/r/u/'I~"'l,/s/o/K/D/'IFlul'lul'/'I'ISIOI"IDI'lrlul'lul'/'/'ls/ol"/D 

I 

• 
I 

I 

I 

I 

• 
• 
I 

I 

I 

I 

I 

I -I 
I 

I 

I 

I 

I 

I I I 

----------
Pe f 18 



71 11'32 
121i1150 

Per r"hl 
5T5111f'11TIJ 

NAME 

INST IW ICA-B 

INST FW5-B SMA 

INST FW5-B CA 

INST FW 5-B CA 

INST FW5-B CA 

INST FW5-B CA 

MOVE FW5-B SMSA 

'101 Dolo nl .. : 
lIOIflIJIIB DfI rlll.OlT ,6 19 

Start 
Stop 

10/24/98 
11/03/98 
11/21/98 
11/28/98 
11/28/98 
12/02/98 
12/02/98 
12/04/98 
12/04/98 
12/08/98 
12/08/98 
12/00/98 
12/09/98 
12/18/98 

-------
SDC MUON SYSTEM 

1995 I 1996 I 1997 I 1998 
JlrlifAlwIJIJIAISI01"IDIJlrlwTA1w1iIJfAlslol"IDIJlrlwlAIWIJIJIAISIOI"IDIJlrIWIAlwIJIJIAISIOI"ID 

• 
I 

I 

I 

I 

I 

• 

I I I 
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71 7/92 
12150159 

PO" ri.l •• 
5 T511tf'Uro .. 

BW1 

BW 1 

BW 1 

BW 1 

BW 1 

BW 1 

BW1 

BW 1 

BW 1 

BW1 

BWl 

BW1 

BWI 

BW 1 

BW1 

BWl 

BW1 

BWl 

BWl 

BW1 

BW 1 

rlo~ Oata f"l •• : 
l_.dol 

NAME Start 
Stop 

07/28/115 
09/28/115 

011/28/115 
10/28/95 

08/01/117 
09/02/117 

08/08/117 
08/211/117 

08/14/117 
011/04/117 

08/211/117 
011/17/117 

08/211/117 
011/25/117 

09/02/117 
09/20/117 

09/04/117 
011/26/117 

09/111/117 
10/09/117 

08/20/117 
10/11/97 

011/25/117 
10/18/117 

08/20/117 
10/18/117 

10/11/117 
11/01/97 

10/14/117 
11/01/117 

10/1~"7 
11/0/117 

10/18/117 
11/13/117 

11/05/117 
11/28/97 

11/07/117 
11/211/117 

11/07/97 
12/09/97 

11/13/117 
12/06/97 

SDC MUON SYSTEM 
1995 I 1996 I 1997 I 

JIAlslolNlolJlrlwlAlwlJIJIAlslolNIDIJlrlwlAlwlJIJIAlslOINlolJlrlwlAlwlJ -- -• 
• • -• • 
• 
• 
• • • 
• 
• • 
• 
• -• 

I I I 
----------

Pr f 2 



7/ 7/92 
12:'51:'59 

P'C'I'r\.l •• 
51511~'"" 

BW 1 

BWI 

BW t 

'lol DolO r~l •• : 
t_.dot 

NAME 
Start 
Stop 

11/29/97 
12/19/97 

12/01/97 
01/02/98 

12/00/97 
12/30/97 

SDC MUON SYSTEM 
1995 I 1996 I 1997 I 

JIAI s ioiNIDIJIriwiAlwIJIJIAIsioiNIDIJlrTw1AlwIJIJIAIsiOIKIDIJlrlwlAlwlJ 

• -• 

I I I 
-----

Page 2012 



71 7/92 
Il.Si'll 

PU" r~ lei 
Sf5111f'UT .... 

NAME 

BW2 - SINGLE 

BW2 - SINGLE 

BW2 -SINGLE 

BW2 - SINGLE 

BW2 - SINGLE 

'----
flot 00"0 ri.l •• : 
l_.dol 

Start 
Stop 

01/03/85 
09/02/85 

03/02/85 
04/08/95 

04/08/85 
05/13/95 

07/11/87 
08/0'7/87 

07/22/97 
08/12/87 

--------
SDC MUON SYSTEM 

1995 I 1996 I 1997 
JIFlwlAlwlJIJIAlslolHlolJIFlwlAlwlJIJIAlsTolHlolJlrlNIAJwJJIJJAlslolHID ... -- -• 

I I 
-------

Per, • ~( • 



71 7/92 
11.55.55 

P{1"' ra •• 
SlSlltrIIT.,I 

NAME 

8W3 SINGLE 

8W3 - SINGLE 

8W3 - SINGLE 

8W3 - SINGLE 

8W3 -SINGLE 

rlo\ Dol.Q ri.l •• ' 
l_.dot 

Start 
Sto~ 

01/03/85 
03/23/85 

03/23/85 
04/20/85 

04/20/85 
OS/23/95 

07/05/87 
07/25/87 

07/09/97 
07/U/tT 

SDC MUON SYSTEM 
1995 I 1996 I 1997 

JIFIWIAIWIJIJIAISIOIHIOIJIFIWIAIWIJIJIAISIOIHIOIJIFIWlAlwJJIJIAISIOIHlo 

-- • 
• 

I I 
-

Page 10' 1 



71 7/92 
12151"~1 

P{f'ra •• 
'rSIlIf'UT'J 

NAME 

BW2 - SM 

BW3 - SM 

BW3 -SM 

BW2 - SM 

BW3 - SM 

BW2 - SM 

BW2 - SM 

BW2 -SM 

BW3 - SM 

BW3 -SM 

BW3 -SM 

BW2 - SM 

BW3 - SM 

BW2 - SM 

BW3 - SM 

BW2 - SM 

BW3 -SM 

BW2 - SM 

BW3 - SM 

BW2 - SM 

BW3 - SM 

'---
'lOl DolO r~l •• : 
(_.dol 

Starl 
Slop 

05/13/85 
011/14/85 

OS/23/95 
011/13/95 

08/13/85 
011/29/95 

06/14/85 
07/13/95 

07/12/95 
07/28/95 

07/13/85 
08/11/85 

07/01/96 
08/01/86 

07/01/811 
011/07/911 

07/08/86 
07/30/96 

07/08/96 
08/03/811 

07/30/96 
08/17/911 

08/01/811 
08/22/811 

08/03/96 
08/21/811 

08/07/86 
08/30/911 

08/20/811 
08"/08/96 

08/22/911 
09/12/911 

08/28/88 
08"/14/811 

08/30/811 
08/18/96 

08/10/811 
08"/28/811 

08/12/86 
10/04/96 

09/18/96 
10/05/96 

SDC MUON SYSTEM 
1995 I 1996 , 1997 

J 'F 'W, A 'W, J , J , A'S' 0' H , D I J IF Iwl A Iwi J I J I A'S 101 HID I J IF ,w, A 1w1 J 1 J I A I S I 0 I H' D -• 
• -• - --• -• 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

I I 

----------
"If 4 



71 7/92 
12:59.35 

Pel" r'-l.' 5,,,,,,UT'.1 

NAME 

BW2 - SM 

BW3 - SM 

BW2 - SM 

BW3 - SM 

BW2 -SM 

BW3 - SM 

BW2 - SM 

BW3 - SM 

BW2 -SM 

BW3 -SM 

BW2 - SM 

BW3 -SM 

BW2 - SM 

BW3 -SM 

BW2 - SM 

BW3 - SM 

BW2 - SM 

BW3 -SM 

BW2 -SM 

BW3 - SM 

BW2 - SM 

Plol DolO ("l •• : 
l ... p.dot 

Start 
Stop 

00/10/06 
10/1I/06 

10/02/06 
10/19/96 

10/04/96 
10/2~/96 

10/00/06 
10/26/96 

10/11/96 
10/31/96 

10/23/06 
1I/10/06 

10/25/96 
\l/1~/96 

10/30/96 
11/21/06 

10/31/96 
11/22/06 

11/14/96 
12/03/96 

11/15/06 
12/07/96 

11/21/96 
12/11/96 

11/22/06 
12/11/06 

12/06/06 
12/26/96 

12/07/06 
01/01/97 

12/13/96 
01/04/97 

12/17/96 
01/09/07 

12/28/06 
01/23/97 

01/01/97 
01/24/97 

01/08/97 
01/30/97 

01/09/97 
01/31/97 

--------
SDC MUON SYSTEM 

1995 1 1996 I 1997 
JIFlwIAlyIJIJIAlsloINlnlJlFlyJAlwIJIJIAjs/o/NlnIJlrlwlAlwIJ/JIAlsloIN/n 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• -• -• 
• -• 
• 
• 

I I 
----------

Page 201 " 



7/ 7/92 
1110:tO 

Pel" ra •• 
~15111f'UJ1.I 

NAME 
f---
BW3 - SM 

BW2 - SM 

BW3 -SM 

BW2 -SM 

BW3 - SM 

BW2 -SM 

BW3 - SM 

BW2 - SM 

BW3 - SM 

BW2 -SM 

BW3 -SM 

BW2 - SM 

BW3 - SM 

BW2 - SM 

BW3 -SM 

BW2 -SM 

BW3 -SM 

BW2 -SM 

BW3 -SM 

BW2 -SM 

BW3 -SM 

t-
'--

Plot 00\0 ru •• 
,_.dol 

Start 
Stop 

01/23/87 
02/14/87 

01/24/87 
02/19/87 

01/30/87 
02/18/97 

01/31/87 
02/28/87 

02/18/97 
03/12/87 

02/18/87 
03/14/87 

02/28/97 
03/15/87 

02/28/87 
03/25/87 

03/1./87 
04/02/97 

03/14/87 
04/04/87 

03/22/87 
04/10/97 

03/25/87 
0./18/87 

04/02/87 
0./22/87 

04/04/87 
04/30/87 

04/111/87 
05/03/87 

04/17/97 
05/09/97 

04/28/87 
05/18/87 

04/30/87 
OS/20/87 

05/08/87 
OS/28/87 

05/08/87 
05/31/97 

05/18/97 
08/05/87 

---------
SDC MUON SYSTEM 

1995 I 1996 I 1997 
JIFI~IAIYIJIJIAlsJolNIDIJIFINIArwTJTJIAlsloINIDIJIFlwlATwTJTJIAlslolNID 

• -• -• • 
• • 
• 
• 
• 
• 
• -• 
• • 
• 
• 
• • 

1 I 

." 4 



71 7/92 
III 1'17 

Pf:1" r~l.1 
5l 5 IIWIIl 1..1 

NAME 

BW2 - SM 

BW3 - SM 

BW2 -SM 

BW3 -SM 

BW2 -SM 

BW3 - SM 

BW2 - SM 

Plot. 00\0 f"l .. : 
l_.dol 

Start 
Stop 

OS/20/97 
08/18/97 

05/31/97 
08/19/97 

05/31/97 
08/21/97 

08/17/97 
01/05/97 

08/18/97 
07/11/97 

08/19/97 
07/08/97 

08/21/97 
01/19/97 

--------
SDC MUON SYSTEM 

1995 I 1996 I 1997 
JIFlwlAlwlJIJIAlslolNlolJIFlwlAlwlJIJIAlslolNIDIJlrlwlAlwlJIJIAlslolNlo -• 

• 
• 
• • -

I I 

----------
Pale" of" 



7171n 
1]'10:29 

P{1" f"l •• 
~r5111'1IT'~ 

~---------------------------------------------------- ------------------------------------------, 

NAME 
Start 
Stop 

FW 1 ocr CA 08/11/115 
10/111/115 

FW 1 OCT CA 12/09/117 
01/15/98 

FW 1 ocr CA 12/111/117 
01/15/98 

FW IOcr CA 12/27/117 
01/22/118 

FW IOcr CA 01/07/118 
02/05/98 

FW IOcr CA 01/18/118 
02/12/118 

FW 1 OCT CA 01/30/98 
03/03/118 

FW IOcr CA 02/17/118 
03/11/118 

FW IOcr CA 02/26/118 
03/20/118 

FW 1 ocr CA 03/011/98 
03/27/118 

FW IOcr CA 03/14/118 
04/04/98 

FW 1 ocr CA 03/24/118 
04/15/118 

FW 1 ocr CA 04/02/118 
04/23/118 

FW Iocr CA 04/011/118 
05/01/118 

FW 1 ocr CA 04/18/118 
05/01t/1I8 

FW IOcr CA 04/25/lt8 
OS/20/118 

FW2 ocr CA 011/011/115 
12/08/lt5 

FW2 ocr CA 12/211/lt7 
02/15/lt8 

FW2 ocr CA 01/22/98 
02/21/118 

FW2 ocr CA 02/07/118 
03/10/98 

FW2 ocr CA 02/24/98 
03/24/118 

~ 

~ 

'lot Oo"Q nl .. 
l_p4al 

SDC MUON SYSTEM 
1995 I 1996 I 1997 I 1998 

J I A J s lorN I D-J J \ F \w\ It. Iwl J I J I It. I s I 0 \ If I D I J \ F Iw I It. I wi J I J I It. I sJ 0 I N I D I J I F Iwl It. \wl J I J I It. I s I 0 I HID -

I I 

-• 
• 
• • -• 

--

• 
• 
• 
• 
• 
• 
• 
• 

-• 
• 01 4 



71 7/92 
1 J; 11112 
PeS'r;'hl 
51511trUTI~ 

,----------------------------------------- ------------ -----------------------------------------~ 

NAME 
Start 
Stop 

FW2 ocr CA 03/11/98 
04/08/98 

FW2 ocr CA 03/28/98 
04/28/98 

FW2 ocr CA 04/14/98 
05/15/98 

FW2 ocr CA 04/30/98 
05/30/98 

FW2 ocr CA 05/15/98 
08/13/98 

FW2 ocr CA 05/30/98 
07/09/98 

FW2 ocr CA 0~20/98 
0,117/98 

FW2 ocr CA 07/04/98 
08/04/98 

FW2 ocr CA 07/18/98 
08/14/98 

FW2 ocr CA 07/31/98 
08/28/98 

FW2 OCT CA 08/14/98 
09/11/98 

FW4 ocr CA 10/27/95 
01/11/98 

FW4 ocr CA 12/31/97 
02/12/98 

FW40CT CA 01/111/98 
02/13/98 

FW4 ocr CA 01/27/98 
02/21/98 

FW4 ocr CA 02/011/98 
03/04/98 

FW4 ocr CA 02/18/98 
03/12/98 

FW4 ocr CA 02/27/98 
03/25/98 

FW40cr CA 03/14/98 
04/08/98 

FW4 OCT CA 03/25/98 
04/17/98 

FW4 ocr CA 04/03/98 
04/28/98 

SDC MUON SYSTEM 
1995 I 1996 1 1997 I 1996 

I I 

------

-

I 

• 
• 
• 
• 
• 
• • 
• 

• -• 
• 
• 

L-_____________________________________ ------------ -------------------------------------~ 

'lol. Dala r\'l •• : Page 2 of 4 
l_.dol 



7 { 7192 
11'12,57 
PCf'ra •• 
5' 5 IIIf'111 , J 

NAME 

FW40CTCA 

FW4 OCT CA 

FW4 OCTCA 

FW4 OCT CA 

FW4 OCT CA 

FW4 OCT CA 

FW5 OCT CA 

FW5 OCT CA 

FW5 OCT CA 

FW5 OCT CA 

FW5 OCT CA 

FW50CTCA 

FW5 OCT CA 

FW5 OCT CA 

FW50CTCA 

FW5 OCT CA 

FW5 OCT CA 

FW50CT CA 

FW50CTCA 

FW5 OCTCA 

FW5 OCT CA 

-
L-

rlo\ 00\0 ril.,: 
l_.dol 

Start 
Stop 

04/14/t8 
05/08/t8 

04/24/t8 
05/19/98 

05/02/t8 
05/30/98 

05/14/t8 
06/II/t8 

OS/22/98 
06/11/98 

06/04/t8 
07/03/t8 

12/01/95 
03/07/" 

01/02/t8 
02/20/t8 

01/30/98 
03/04/t8 

02/19/98 
03/25/t8 

03/10/t8 
04/08/98 

03/26/" 
04/23/t8 

04/10/t8 
05/12/t8 

04/28/98 
OS/27/98 

05/13/t8 
08/12/t8 

OS/29/t8 
08/30/98 

oa/13/98 
07/15/t8 

06/30/t8 
07/30/" 

07/16/t8 
08/15/t8 

08/01/98 
01/02/98 

08/18/98 
09/16/98 

---------
SDC MUON SYSTEM 

1995 1 1996 I 1997 I 1998 
JI"lsloINloIJIFlwIAlwIJlsIAlsloINloIJIFrwIAlwIJIJJAlslOI"IDIJIFlwIAlwIJIJIAISIOI"IO 

• 
• 
• • • • 

----• -• ------• 
I I I 

--- -----



71 7/92 
IJllt'lt 
PCl"r~h' 
5T5I1rrlll • .1 

NAME 

FW5 OCT CA 

,.lot Dot a ri.l •• : 
l_.dol 

Start 
Stop 

011/02/118 
10/03/118 

--------
SDC MUON SYSTEM 

1995 I 1996 I 1997 I 1998 
JIAISIOIHloIJlrlwIAlwIJIJIA/sloINloJJJrlwIA/wTJT/TAlslOINloIJTifw/AlwIJIJIAlsloIHlo -

I I I 

----------
Page 4 of 4 



71 7/'32 
lJoI')'iO 

P'CS""u •• 
51 5111f'\1T '..I 

NAME 

FW 1 SMSA 

FW2 SMSA 

FW4 SMSA 

FW5 SMSA 

FW 1 SMSA 

FW2 SMSA 

FW4 SMSA 

FW5 SMSA 

t-----
~ 

"'01. 1»1.0 rile. ,_.do, 

Start 1997 1 
Stop DEC I JAN I 

12/08/87 
01/28/88 

01/28/88 
03/05/98 

03/13/88 
04/10/98 

05/18/88 
07/22/88 

07/23/98 
08/07/98 

08/08/88 
08/02/88 

09/02/98 
08/25/88 

08/28/88 
11/20/88 

I I 

------
SDC MUON SYSTEM 

1998 
FEB I MAR I APR I MAY I JUN I JUL I AUG I SEP J OCT I NOV 

-

I I I I I I I J I 

----------
01 I 



71 7/92 
1]'17.S6 

Pa'ri..l.' 
5T5Jlorvr • ..I 

NAME 

LOAD & TEST IW2 

LOAD & TEST IW3 

IW leA 

LOAD & TEST IW2 

LOAD & TEST IW3 

IW leA 

LOAD & TEST IW2 

LOAD & TEST IW3 

IW leA 

LOAD & TEST IW2 

LOAD & TEST IW3 

IW leA 

LOAD & TEST IW2 

LOAD & TEST IW3 

LOAD & TEST IW2 

IW leA 

LOAD & TEST rW3 

IW leA 

LOAD & TEST IW2 

LOAD & TEST IW3 

LOAD & TEST IW 2 

PloL Dolo ri..l •• : 
I_.dol 

Start 
Stop 

01/03/8~ 
03/10/8~ 

03/10/9~ 
0~/1't/9~ 

05/17/8~ 
06/30/8~ 

06/30/8~ 
07/30/8~ 

07/30/9~ 
01t/03/9~ 

08/03/8~ 
10/12/8~ 

10/12/95 
11/0't/8~ 

11/07/85 
12/04/85 

12/04/8~ 
12/27/8~ 

12/27/8~ 
01/21/86 

01/21/86 
02/12/86 

02/12/86 
03/21/" 

12/02/86 
12/28/86 

12/28/86 
01/30/87 

01/30/87 
02/28/87 

01/30/97 
03/05/97 

02/26/87 
0'J/27/87 

03/27/87 
04/2'J/87 

03/29/97 
04/22/87 

04/22/87 
0~/1~/97 

0~/15/97 
06/08/87 

---------
SDC MUON SYSTEM 

1995 1 1996 I 1997 I 199B 
'I F IWI A IWI J I'I A I s lOiN I of JI FT w TAT .,TI-I J I A 1 s 10 1 HID I J r F IWI A 'wi J I J I A I s 10 I HID I'I F IW\ A \Wl J I J I A I s I 0 I HID .. --• --• 

• 
• 
• 
• - • 

• 
• 
• 
• 
• 
• 
• 
• 

f f I 
----------
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7/ 7/92 
IJQ9'II 

"'c:f" r;.\ •• 
~'5'IIf'IIT'" r---------------------------------------------------- ----------------------------------------~ 

NAME 
Start 
Stop 

IW leA 05/15/87 
08/14/87 

LOAD & TEST lW3 08/08/87 
07/05/97 

LOAD & TEST IW2 07/05/87 
07/29/87 

IW leA 07/05/87 
08/01/87 

LOAD & TEST IW3 07/28/87 
08/11/87 

IW leA 08/11/87 
09/13/87 

LOAD & TEST IW2 08/20/87 
08/08/87 

LOAD & TEST IW 3 08/08/87 
10/03/87 

IW leA 10/03/87 
10/28/87 

LOAD & TEST IW2 10/07/87 
10/28/97 

LOAD & TEST IW3 10/28/87 
11/20/87 

IW leA 11/20/87 
12/11/87 

LOAD & TEST IW2 11/21/87 
12/13/87 

LOAD & TEST IW3 12/13/87 
01/08/88 

LOAD & TEST IW2 01/08/88 
01/30/98 

IW leA 01/08/88 
02/08/88 

LOAD & TEST IW3 01/30/88 
02/22/88 

LOAD & TEST IW2 02/22/88 
03/20/88 

IW leA 02/22/'8 
03/25/88 

LOAD & TEST IW3 03/20/88 
04/11/.8 

LOAD & TEST lW2 04/11/98 
05/02/88 

'--
1","0\ Dolo r~l •• : 
I_.dol 

SDC MUON SYSTEM 
1995 I 1996 I 1997 I 1998 

l I 

• 
• 
• 
• 
• 
• 
• 
• • 
• 
• 
• 
• 
• 
• 

I 

• 
• 
• 
• 
• 
• 

PII' '.3 



71 7/92 
1)'20,26 
Pel'r,-ht 
5T5I1N'1Jl'.1 

NAME 

IW leA 

LOAD & TEST IW3 

LOAD & TEST IW2 

IW ICA 

LOAD & TEST IW3 

IW ICA 

'Lo\. DotQ r"l •• ; 
l_.ool 

Start 
Stop 

04/11/98 
05/08/98 

05/02/98 
OS/22/98 

OS/22/118 
08/14/98 

OS/22/98 
08/20/98 

08/18/98 
07/08/98 

07/08/118 
08/04/98 

-------
SDC MUON SYSTEM 

1995 I 1996 , 1997 I 1998 
J , ' 'W, A 'W T J I J I A I s I 0 I" I D I J I ,lwT AT wT J I J' A'S' 0' N' D' J I' 'W, A 'W, J , J , A'S 10 I N I D I J " 'W, A 'W, J , J 'A I S I 0 I N 10 

• 
• 
• • 
• • 

I I I 
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APPENDIX C - MUON CHAMBER INSTALLATION SEQUENCE 

CONTENTS 

SDC-92-283 

Schematic Diagrams of the Toroid Magnet and Flat Pattern Layouts of the Muon Chamber 
Modules Showing a Preliminary Installation Sequence 



+X 

Tentative Installation 
Sequence 

MBW2/3.Z.P 

X 8 

7 

OCTANT 6 

I ' , 
~" , 

Z ' " + y + ,,, ~" 
~ South '-" ___ .J' 

up" 

x = BLOCKED 

I - 6 9 - 41 42 - 45 

~ YITLZZZ//Z~---------- ~ 
TIME 

4 

3 

X 2 

9 14 21 25 28 

30 23 18 16 12 

39 37 35 33 31 x 
m 12 Q ~ ~ It 3 4 ~ ~ r---

40 38 36 34 32 x 
1 1 17 20 27 29 

10 15 22 24 26 

19 13 7! 8 41 

1 2 3 4 5 
STATION 

.. z .. 



Tentative Installation 8 

tY 

Sequence 

+l 
South 

MBW1.Z.P 

1 - 2 J - 24 

ar_---'B~' ;~ 

TIME 

7 

6 

4 

3 

2 

J 

9 

12 

20 

23 

18 

14 

10 

7 

2 

4 8 

5 13 

16 21 

22 24 

17 19 

6 15 

3 1 1 

1 .~ 2 

3 4 
STATION 

tlZ" 



+X 

Tentative Installation 
Sequence 

MIW2/3.Z.P 

8 

7 

OCTANT 6 

I '" '" ~'" 

.-V
+V +z', '" 

South, '" " '-if' ___ -' 

1-4 5-7 8-14 
CII---I1~---"-

TIME 

",-- --.,.. 
'" "" 

"p" 

, , 
",-

",'" I 

5: 
",/" "', , 

15 - 16 
I 

5 

4 

3 

2 

1 STATION 5 
uz" 



·X 

SUPER MODULE 
.. s .. 

8 

Tentative Installation 
Sequence 7 

M F W. S. Z. P OCT ANT 6 

, 
' .. '''' r 7 

I 
I 
I .... 
t: 

v ___ J' ~.Y ;~Ul~""" 

TIME 

lip.' 

5 

4 

3 

2 

1 - 64 

5 4 2 1 245 

26 18 10 2 34 42 50 58 

28 20 12 4 36 44 52 60 

30 22 14 6 38 46 54 62 

32 24 16 8 40 48 56 64 

31 23 15 7 39 47 55 63 

29 21 13 5 37 45 53 61 

27 19 1 1 3 35 43 51 59 

25 17 9 1 33 41 49 57 

1 2 3 4 5 6 7 8 
STATION 

liZ" 



+X 

Perspective View of Toroid Iron 

+Y 

, , 
" , 

." I 

, " 
I 
I 
I 
I 
I ", 
I ' .' 

+ z " , 

, 
.-! 

" ."'-

South "" ;~' , " ~' ._-----_. 

,. - - - --". " , , , ,', 

, 
~ , , , 

iI" 

, , , 
~ 

" I , I 5: 
til ,'" , , , , 



APPENDIX D· ASSEMBLY FIXTURE ILLUSTRATIONS 

CONTENTS 
• Drift Cell Storage Rack and Shipping Container 
• Assembly Fixture Concepts 

SDC-92-283 

• ModuleJSupermodule TransferlRotation Tool: Dimensioned Views and Illustrations 
Showing Use for All Octant Orientations 

• Alignment and Assembly Checkout Stand Configurations 
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MODULE ASSEMBLY TOOL CONCEPT 
BWI END CONFIGURATION 
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MODULE ASSEMBLY TOOL CONCEPT 
BW2 MIDDLE CONFIGURATION 
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MODULE ASSEMBLY TOOL CONCEPT 
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Muon Transfer/Rotation Tool 
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Muon Transfer/Rotation Tool 
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Alignment & Assembly Checkout Stand 
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Alignment & Assembly Checkout Stand 
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Alignment & Assembly Checkout Stand 
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Alignment & Assembly Checkout Stand 
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Alignment & Assembly Checkout Stand 
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Alignment & Assembly Checkout Stand 
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Alignment & Assembly Checkout Stand 
( Raised Conrtguratlon ) I,oml 
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