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SUMMARY 

The GEM Magnet Technical Panel convened three times to study 
issues related to the technical credibility of the GEM solenoidal 
magnet concept, the cost estimate, proposed schedule, and 
operational issues. The meetings were held on September 4-6, 
September 25-27, and October 10-11, 1991. Individual reports were 
written for each of the first two meetings. The third and final 
report of the Panel summarizes the findings of all three meetings. 
The charge to the Panel was to determine whether a baseline magnet 
concept consisting of a large superconducting solenoid, in either 
single or double coil version, is feasible and to estimate the cost, 
manpower requirement and schedule. 

The Technical Panel considered four magnet design options: an 
unshielded single-coil solenoid, a single-coil solenoid shielded with 
a surface iron plate, a single-coil solenoid shielded with a barrel­
shaped iron flux return, and a double-coil solenoid. AH four of these 
options had iron poles. 

In response to the charge, the panel finds: 
1. Although all four of the options considered are technically 

feasible, the unshielded single-coil solenoid is the preferred 

magnet configuration for the GEM Detector. Should the field 
at the surface be unacceptable, surface shielding iron could be 
added as a backup, at an approximate cost of $5-10M. 

2. The initial design, manufacturing, and operational concepts for 
the unshielded solenoid magnet conductor, coil, cryostat, and 
supports all appear to be feasible. The estimated cost of 
$95M, the required manpower, and the proposed schedule 
appear credible. 
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3. Relative to the unshielded single solenoid, cost for the iron 

barrel shielded system is a factor of 1.5-2 larger and the 
schedule impact is 3.5-6 months. The relative cost for the 
double solenoid is a factor of 2 larger and the schedule impact 
is 6-8 months. Design and manufacturing requirements and 
installation schedule are different for various options. The 
manpower requirements are reflected in the cost estimates. 

4. The unshielded solenoid can be operated within all known 
regulations. 

5. The permanent surface facilities for the unshielded solenoid 
concept can be substantially reduced in scale from the 
proposed initial concept; however, several less costly 
temporary structures are required. Either shielded concept 
requires additions to the surface facilities, especially the 
dual coil concept, which requires additional winding space. 

6. A procurement strategy is currently not defined, and must be 
selected and implemented to avoid schedule delays. We 
recommend that early and intensive discussions between the 
SSCL and the Department of Energy be initiated. 

7. Rapid commencement of conductor development is 
recommended to support the schedule requirements. 

8. Magnetic forces on structural steel in the underground hall due 
to the unshielded magnet do not impose significant constraints 
on the conventional structural design. 
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Report of the Meeting 

Introduction 

The third meeting of the Panel was held to respond to the 
recommendations of the PAC and to deal with any loose ends left 
over from the previous meetings. 

The Panel considered the cost and schedule impact of various 
shielded magnet configurations, since the PAC stated that the case 
for an unshielded magnet was not convincing. The impact of building 
a shielded magnet, with regard to cost and schedule, was made more 

quantitative so that a decision to proceed with any one of these 
options could be made on an informed basis. The Panel also heard 
from experts that passages exist in the Environmental Impact 
Statement that might inhibit the construction of an unshielded 
solenoid. This also prompted further study of shielded solenoid 
configurations. 

An action item from the second meeting was to carry out 
calculations to determine the magnetic forces that might affect 
structural members in the detector hall. The Panel also felt that the 
above-ground testing requirements needed further explanation. 
These issues are also recorded in this report. 

Double Versus Single Solenoid 

An estimate was made of the cost increase for the double coil 
relative to the single coil solenoid. The three factors used to define 
the expected differences: 

1. Stored Energy Ratio = (4.23 GJ/1.84 GJ) = 2.3 

2. Amp Turn Ratio = (34.7 AT/10.7 AT) = 3.2 
3. Coil Diameter Ratio = (11.9 M/8.9 M) = 1.3 

4 



For the items in Table 1 that are not thought to be related to these 
factors the cost increases shown in the table are based on 
engineering judgments made by a number of panel members. 

In summary, the cost increase that results from choosing a double 
coil for shielding over a single unshielded coil is on the order of 
$100M. 

MAGNET SYSTEM 

Table 1 
Cost Comparison Between 

Single and Double Coil Versions 

$Sgl $Dbl/$Sgl $Dbl 
===================================================== 
SUBSYSTEM DESIGN 11. 7 1.8 21.0 
COIL FORMS 7.0 2.2 15.4 
CONDUCTOR 7.7 3.2 24.6 
WINDING (INCL TOOLING) 12.0 3.0 36.0 
THERMAL RADIATION SHIELDS 2.3 1.3 3.0 
VACUUM VESSELS 8.2 1.3 10.6 
COLD MASS SUPPORTS 7.4 3.2 24.0 
COIL ASSEMBLY 6.4 2.0 12.8 
POLES 11 .1 1.8 20.0 
POWER/PROTECTION SYSTEM 5.7 2.0 11 .4 
CRYOGENICS & VACUUM 11 .2 1. 1 12.3 
INSTALLATION 2.1 2.0 4.2 
MANAGEMENT/INTEGRATION 1.3 1.0 1.3 

-----------------------------------------
TOTALS $94.1M $196.6M 

The panel identified two aspects of the double-coil concept that 
represent significant technological and schedule risk: 

1. The two coils must be supported in such a way as to prevent 
mechanical instabilities due to the forces between them, however, 
this is not unlike problems arising between coil and poles or coil and 
shield in any design. 
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2. To adhere to the schedule, it may be necessary to increase the 
number of winding stations. Also, the internal and external coil 
sections may require different tooling. Therefore, a significant 
increase in building space may be required. 

Iron Barrel Shielded System 

The panel has compared the iron barrel shielded system with the 
unshielded single solenoid in respect to cost and schedule. Two 
different versions for the barrel shielded concept are considered: 
Version 1 limits the stray field at the surface to below 10 gauss, 
and Version 2 limits it to the minimum practical field, which is 
considered to be about 1.0 gauss. A distance of 50 m from the 
surface to the magnet center is assumed. The 10 gauss figure was 

chosen for the first case because it is considered the safe limit for 
fields in public areas, to which people with cardiac pacemakers may 
be exposed. An unshielded solenoid would result in approximately 40 
gauss fields at 50 m. 

Parameters of the two versions are shown in Appendix B, and the 
cost evaluation is given below: 

• Version 1. (1.3 m thick barrel.) 

Cost of the extra 20 ktonnes of iron $55.5M 

• Version 2. (2.0 m thick barrel) 
Cost of the extra 36 ktonnes of iron $99.0M 

The version 1 concept with the addition of some surface shielding 
may be an alternative to version 2, if the field has to be reduced to 
the 1 .0 gauss level. 

The addition of the extra iron will lengthen the schedule relative to 
that of the unshielded single-coil solenoid. The overall estimated 
difference is 3.5 months, assuming that only large pieces of steel 
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are handled. If this assumption is incorrect, the overall difference 
could be as much as 6 months. 

It may be possible to reduce the schedule increase by adding another 
construction shaft in the underground hall and carrying out parallel 
installations. This solution would have an extra cost impact on the 
experimental facilities 

It should be noted that iron shielding may eliminate the possibility 
of increasing the resolution of the detector by adding muon 
chambers around the exterior of the magnet barrel in a future 
upgrade, as the collaboration has proposed. 

Iron Shielding and the Impact on Hall Parameters 

Magnetic shielding for the GEM solenoid may affect the hall 
parameters for the GEM detector. The shielding will increase the 
magnet diameter by about 2.6-4.0 m, and will add about 23 to 37 
kilotonnes to the weight of the magnet. 

The increase in magnet diameter may not necessitate a change in the 

width of the hall. The hall width is nearly the same as for the full­

scale L* detector with iron shielding; therefore, in principle, a fully 
shielded GEM solenoid should be able to fit into the same hall. 
However, the Collaboration will lose space in the area next to the 
solenoid, where it has contemplated installing electronics rooms. 

The construction schedule proposed for the iron barrel shielded 
solenoid assumes two access shafts, which would increase the 
complexity of the hall design. 
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Forces on Magnetizable Objects and Structures Within the 
Hal I 

Small objects and sections of larger objects that are made of 
magnetically permeable material, and located in the vicinity of the 
detector, can experience a torque and net force due to the 
interaction with the field and its local gradient. The forces vary 
from 0.1 to about 2.5 g at distances corresponding to crane, crane 
rail, and rock bolt locations. For installed structural components, 
these forces are likely to be a small portion of the total load­
carrying requirements for such elements. 

The elevation view in Figure 1 shows contours of constant body 
force density (in units of g) for small objects. The location of the 
solenoid, pole, and crane rail, and the outline of the hall are 
indicated. Most of the hall volume has contour values below 1 g. 
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Figure 1 Contours of Constant Body Force Density Expressed in g's 

Local force directions are illustrated in Figure 2. Forces on objects 
are generally oriented toward the poles. The forces can approach 
10-20 g close to the poles, but they decrease rapidly with distance. 
At about 5 m from the poles, they decrease to about 1g. Control of 
magnetizable objects near the poles and throughout significant 
segments of the hall volume is essential, but this is viewed as a 
tractable problem from the standpoint of design and operational 
procedure. 
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Forces on the crane will be toward the poles, hence the 
crane will tend to be pulled along the rail toward the nearest pole 
regardless of its location. There is an unstable null force point at 
the midplane of the magnet and two stable null points, one over each 
pole. 

For shielded magnet systems, forces on objects will be reduced by 
about a factor of 20 for comparable locations relative to the magnet. 
However, large local forces will exist near regions of high field 
gradients (e.g. near gaps and openings in the shield). 
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Further estimates of the effects of residual magnetization and 
attraction between nearby magnetized objects will be done, but are 
not likely to impact the system conceptual design. 

Final Environmental Impact Statement 

At the third meeting, the Panel was made aware that at hearings 
about the Final Environmental Impact Statement (FEIS), the SSCL 
stated that there will be no measurable magnetic fields at the 
surface of the Laboratory. Nevertheless, the Woolley Report 
contains extensive research into the existence of any regulations 
that might prohibit running the GEM magnet in an unshielded mode, 
and this research has uncovered no regulation that prohibits such 
operation. Consequently, the Panel reiterated its previous position 
that the unshielded single-coil solenoid is the best option. 

As mentioned in the report of the first meeting of the Panel, surface 
shielding may be feasible with a minimum impact on cost and 
schedule. For example, a reinforced concrete pad of about 160 x 
200m, carrying the equivalent of about 12 cm of solid steel in the 
central region, tapering toward the edges, could reduce the surface 
field to the 10 gauss level. The pad would cost about $5-10 million. 
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Above-Ground Magnet Testing 

As stated in the first report, the panel does not recommend testing 
the completed magnet halves above ground with current. The cost 
and time associated with providing all the necessary services for 
full testing with current would be large, and the stresses this would 
place on the coils would be significantly different from the actual 
operational loads. This testing can best be performed in place in the 
experimental hall. 

The panel recommends that above-ground cold leak testing be 
performed. The following aspects should be considered when 
deciding whether such testing will be advantageous: 

a. Verification testing of the components and assemblies 
within the magnets will be required to eliminate defects before 
final assembly of the magnet halves. Since problems will be very 
difficult to repair after the closure of the vacuum vessel, every 
effort should be made to test components individually before 
assembly. A "progressive" testing program, in which components are 
tested at each level of assembly, is the best way to minimize the 
probability of defects in the final assembly. 

b. The key element in deciding on above-ground testing should 
be a detailed consideration of possible failure modes and 
consequences. In addition, as potential failure modes are identified, 

access to the more likely failure points should be included in the 
design. 

c. The objective of the above-ground tests of the magnet 
halves will be to identify and repair any cryogenic problems, 

insulation problems, or cold leaks that occur during final assembly, 
or which were not identified during earlier assembly/testing stages. 

d. Following assembly of the coils into the vacuum vessels, 
three types of tests should be considered, in the following order, as 
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funds, time, and risk dictate: i) pressurize the cryogenics passages, 
and test for leaks (with or without evacuating the vessels); ii) cool 
the cold mass to LN temperature and leak check again; and finally, 
iii) cool the cold mass to operating temperature and leak check 
again. 

e. Above-ground cold testing may be costly, in terms of both 
time and effort required. Unique components, which must be 
designed, fabricated, and installed, may be required just for testing. 
In addition, there is some small technical risk associated with 
performing the tests. 

f. In evaluating the benefits of the proposed testing, the panel 
noted examples of both: i) cases where such testing did not prevent 
later difficult internal problems, and ii) cases where problems were 
found and corrected during such testing and then later operation was 
relatively trouble-free. 

Additional Appendices 

Appendix C contains additional material given to the Panel on the 
cost of shielding electrical components in the detector hall. In 
Appendix D, John Stekly provides additional material on operations 
related to safety in magnetic fields, and further data on MRI 
installations. 

Conclusions 

The Panel's final conclusions are given in the Summary at the 
beginning of this report. Over the course of the three meetings, the 
Panel made progress in several areas including conductor design, the 
manufacturing process, the facility requirements for the 
construction of the solenoid, and the procurement process. A great 
deal remains to be done, and it is clear that the GEM collaboration 
has a big job ahead. 
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Appendix A 

Panel Members and Participants 
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GEM Magnet Review Panel Members and Participants 
September 3-4, 1991 

September 25-27, 1991 
October 25-27, 1991 

Members 
Peter Glee, Rutherford Appleton Laboratory 
Gary Deis, Lawrence Livermore National Laboratory 
Mike Harris, SSC Laboratory 
Alain Herve', CERN 
Coleman Johnson, Lawrence Livermore National Laboratory 
Robert Johnson, JBc Associates 
E. Klimenko, Kurchatov IAE 
Dennis Lieurance, General Dynamics Space Systems 
Peter Marston, Massachusetts Institute of Technology 
Nickolai Martovetsky, Kurchatov IAE 
John Miller, Lawerence Livermore National Laboratory 
Bruce Montgomery, Massachusetts Institute of Technology 
Dr. Roberto Penco, Ensaldo Compontenti 
Tom Prosapio, SSC Laboratory 
Robert Richardson, SSC Laboratory 
Dr. Gary Sanders, Los Alamos National Laboratory 
Dr. Ray Stefanski, SSC Laboratory 
Dr. Richard Stroynowski, Caltech & Southern Methodist University 
Francois Wittgenstein, CERN 
Ronn Woolley, SSC Laboratory 
Phil Sanger, SSC Laboratory 
Don Edwards, SSC Laboratory 
Jon Ives, SSC Laboratory 
George Mulholland, SSC Laboratory 
Ted Kozman, SSC Laboratory 

Participants 
Howard Shaffer, Westinghouse Science & Technology Center 
Sharad K. Singh, Westinghouse Science & Technology Center 
Robert Swinderman, Pitt-Des Moines, Inc. 
Yehia Eyssa, Babcox & Wilcox 
Joe Heim, LLNL 
Z. John Stekly, lntermag. General Corporation 
Richard J. Rhome, Massachusetts Institute of Technology 
Robert D. Pillsbury, Massachusetts Institute of Technology 
Darrell Langlinais, Chicago Bridge & Iron, Inc. 
Bob Schwendman, Pitt-Des Moines, Inc. 
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Appendix B 

Spreadsheets for the Iron Barrel 
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Table 81 
Spreadsheet for 1.3 Meter Iron Shield 

250 Rho le cm Radius of hole in door 
8.30 Recran m Internal free radius 
8.90 Rwindin m Mean radius of winding 

29.00 Dpole m Internal free length 
.80 B T Magnetic induction 
130 Spcond cm Space for coil from screen to barrel 

2.37 BsatPol T Induction in pole 
BsatMan 2.37 T Induction in barrel 

--------------------------------------
3.65 Price IP $/kg Price of iron for pole fully erected 
2.57 PriceIB $/kg Price of iron for barrel fully erected 

Price_B 48.89 M$ Price of Barrel fully erected 
Price_P 12.32 M$ Price of one Pole fully erected 
Price_T 73.54 M$ Total price of iron fully erected 

--------------------------------------
W_I_T 25776 t Optimized weight of iron 

W_B 19025 t Weight of barrel 
W_Door 1533 t Weight of mobile part 

W_Cro 1842 t Weight of one crown 
W_P 3376 t Weight of one pole 

Rinman 9.60 m Internal radius of barrel 
Rexman 10.90 m Outside radius of barrel 
Dextpol 32.15 m External length of magnet 

130.00 T_B cm Thickness of barrel 
T_doorl 44.30 cm Thickness of door near hole 
T_door2 147.09 cm Thickness of door near free aperture 

T_P 157.72 cm Thickness of pole at Rwinding 
T_P_Bxt 122.09 cm Thickness of pole on barrel outside di 

H 636620 Oe Magnetic field 
At 19.94 MAt Needed ampere-turns 

Flux 199.08 Wb Flux 
Sman 88.31 m112 Cross section of barrel 

lronSpC 7.43 t/m113 Specific mass of iron with packing 
tpsn .41421356 Tangente(pi/N) 

8 N Number of sides of barrel 
1.05 Foislro Packing factor for iron 
7.80 Iron Sp t/m113 Specific mass of iron 
1.08 FactAt Factor for ampere-turns 

Energy 1.84 GJ Stored energy 
µO l.2566E-6 Nm Vacuum permeability 

50000.00 Current A Current 
Induct 1.47 H Coil inductance 
Nturn 398.78 Number of turns 
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Table 82 
Spreadsheet for 2.0 Meter Iron Shield 

250 Rho le cm Radius of hole in door 
8.30 Recran m Internal free radius 
8.90 Rwindin m Mean radius of winding 
29.00 Dpole m Internal free length 

.80 B T Magnetic induction 
130 Spcond cm Space for coil from thermal screen to barrel 

BsatPol 1.87 T Induction in pole 
BsatMan 1.49 T Induction in barrel 

--------------------------------------
3.65 PriceIP $/kg Price of iron for pole fully erected 
2.57 PriceIB $/kg Price of iron for barrel fully erected 

Price_B 77.79 M$ Price of Barrel fully erected 
Price_P 17.84 M$ Price of one Pole fully erected 
Price_T 113.48 M$ Total price of iron fully erected 

--------------------------------------
W_I_T 40046 t Optimized weight of iron 

W_B 30268 t Weight of barrel 
W_Door 1944 t Weight of mobile part 

W_Cro 2945 t Weight of one crown 
W_P 4889 t Weight of one pole 

Rinman 9.60 m Internal radius of barrel 
Rexman 11.60 m Outside radius of barrel 
Dextpol 33.00 m External length of magnet 

200.00 T_B cm Thickness of barrel 
T_doorl 56.18 cm Thickness of door near hole 
T_door2 186.52 cm Thickness of door near free aperture 

200.00 T_P cm Thickness of pole at Rwinding 
T_P_Bxt 145.48 cm Thickness of pole on barrel outside diameter 

H 636620 Oe Magnetic field 
At 19.94 MAt Needed ampere-turns 

Flux 199.08 Wb Flux 
Sm an 140.50 m"2 Cross section of barrel 

IronSpC 7.43 t/m"3 Specific mass of iron with packing 
tpsn .41421356 Tangente(pi/N) 

8 N Number of sides of barrel 
1.05 Foislro Packing factor for iron 
7.80 IronSp t/m"3 Specific mass of iron 
1.08 FactAt Factor for ampere-turns 

Energy 1.84 OJ Stored energy 
µO 1.2566E-6 Nm Vacuum permeability 

50000.00 Current A Current 
Induct 1.47 H Coil inductance 
Nturn 398.78 Number of turns 
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Appendix C 

Costs Associated with Shielding the Electrical Components 
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For the electrical components in the detector hall, Warren 
Kampmeier made a study of the costs associated with dealing with 
the stray magnetic fields. The SOC hall was used as a model, 
because more is known about the electrical equipment required for 
that detector. A field distribution comparable to the GEM unshielded 
solenoid was assumed. Two methods for dealing. with the stray 
fields were developed: Electrical devices could either be shielded, 
or oversized to compensate for saturation losses. Of the two, the 
latter is probably the least expensive, the former is a better 
solution. 

The enclosed spreadsheet assumes that either one or the other 
method is used for each device depending on cost and effectiveness. 
For switch-gear and panel boards, the breaker sizes were increased 
by 20%. The use of larger breakers requires an increase in wire size, 
thereby leading to an increase in wire cost. Transformers were 
priced to incorporate special core construction ( cast iron ) and 
shielding. Motors in the larger sizes were increased in Hp ratings, 
and in the smaller sizes double shielded enclosures were added. For 
lighting fixtures, an added cost was included for remote mounting of 
high energy discharge lamp ballast transformers. 

As shown in the spreadsheet, for a hall comparable· to the SOC hall, 
the stray field would lead to an increase of about $55K for 
electrical equipment. 



f I u x 1 

POWER DISTRIBUTION ELECTRICAL DEVICE TAKEOFF-Material Onlv 
Magneticalv Operated Equipment- SDC Hall Area i I 

! 
I I i 

Quant Description Base PricaCost Spcl Prica1Ccst Remarks 

60Hz ir,inout conv ! ! 
! i I 

5 l75KVA Trans 16751 83751 23001 115001 
51200A 208V panels 14401 72001 14401 7200 
2 l200A 480V panels 1793 3586 1793 35861 
2 l400A 480V panels I 1800 36001 1800 360016 CBs inc tvn 

35000lwire i 0.06 2100 
211 OOHo motors I 36701 7340 4950 99001 

1 O 25Hp motors 875 8750 9561 9560 
Emergencv Svstem ! 

' 

1 200A 208oanel 1440 1440 1440 1440 
1 75KVA trans I 16751 1675 2300 2300 
1 400A 480V panels 18001 1800 18001 18001 

150001wire i 0.06 900 
Lighting I i 

1 200A 208oanel 14401 1440 14401 1440 
1 l75KVA trans 1675 1675 23001 23001 

20 Fixtures Hi Bav 403 8060 903 180601 
20 Fixtures Flour 70 1400 235 4700 
1 5 Exit 130 1950 340 5100 

HVAC 
3 25 Hp motors 875 2625 956 2868 
1 1 OHo butane 363 363 518 518 

22000 wire 0.06 1320 
Special Electronics I 

3 400A 480V oanels 1800 5400 1800 5400 
9 75KVA Trans i 1675 15075 2300 207001 

' 

9 200A 208V panels I 1440 12960 1440 12960 
17000 wire 0.061 1020 
Clean Electronics 

3 400A 480V panels I 1800 5400 1800 5400 
9 75KVA Trans 1675 15075 2300 20700 
9 200A 208V oanels 730 6570 1440 12960 

17000 wire 0.06 1020 
Jacking I 

1 Motor Contrl Cntr 90251 9025 9800 9800 
4 1 OOHo motors 3670 14680 4950 19800 

10000 wire 0.061 600 
' I 
! 

Totals i 145464 2005521 
I Difference I 55088 I 



Appendix D 

Data Provided by John Stekly 
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1. Two paq•• from IGC instructions relatinq to maqnetic field 
sensitivity of 33 items likely to be encountered in MRI 
installations. 

2. Additional pages relating to safety of operation in a magnetic 
field. 

3. A tabular estimate of radial and axial distances to various 
external field levels for the GEM unshielded magnet. These 
are "far field" estimates and becomes leas accurate closer to 
the magnet. 

4. A tabular estimate of the radial and axial distances to 
various levels of magnetic force to weight ratios - as 
expected there does not appear to be any regions of high 
maqnetic g forces in the "far field" external to magnet. 
Hazards due to forcea between two or more maqnetized 
ferromagnetic masses can still be a problem. 

5. An estimate of the minimum weight of iron necessary to shield 
the GEM magnet - either as a plate on the surface, or as a 
return path cylinder surrounding the windinga. 

Thia appears to agree with the MIT 30 finite element 
calculations. 

Magnitudes of external fields with shielding in either flat or 
cylinder configuration depend strongly on the B K curve. At 
1. 5T or he low, choice of material is important ()1 can range 
from 4000 to 200 with attendant variation of external field], 
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SAFETY 

• HIGH VOLTAGE PROTECTION 

The fundamental hazard to be avoided in the use of this system 
is a high voltage, Although redundant protection schemes are 
used in this system, correct operating procedures should be 
observed. To ensure absolute safety, electrician quality 
rubber gloves should be worn when handling main coil current 
leads, even though protection within the magnet has been 
provided. 

• MAGNETIC FORCE/FIELD EFFECTS 

The magnetic field beyond the cryostat is extremely strong. 
The field will attract ferrous objects toward the magnet with 
a force proportional to the mass of the object. Moreover, 
objects brought to within l g acceleration line become 
"missiles", attracted to the center of the magnet with a force 
that increases as the magnet isocenter is approached. 

Proper labeling and positioning ot equipment, 
personnel practices, must be maintained at 
diagram below illustrates the external 
distribution (Gauss) as a function of distance 
isocenter . 

•• 

as well as safe 
all times, The 
magnetic field 
from the magnet 

r---.... ___ EXTERNAL FIELD PLOT 
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SAFETY 

IGC recommends that all operating personnel be thoroughly trained 
in safe practices, particularly related to metal objects near the 
:nagnet. 

NOTE: The IGC Magnet System is provided with an emergency field 
dump system. This system should always be connected and 
readily available to assure rapid de-energization of the 
magnet in case of emergency. 

The warning notices below summarize the 
considerations which must be observed on site. 

WARNING 

major safety 

ASPHYXIANT/EXTREME COLD/STRONG MAGNEtIC FIELD 

NITROGEN (N 2) AND HELIUM (He) PRESENT IN LIQUID AND GASEOUS FORM 

POWERFUL MAGNETIC FIELD PRESENT 

PERSONS WEARING ELECTRONIC MEDICAL DEVICES SHOULD 

STAY CLEAR OF AREA 

NITROGEN OR HELIUM GAS reduces oxygen available for breathing in 
confined, poorly-ventilated areas. 

Nitrogen and helium are inert, odorless, colorless, and tasteless. 
gases. 

MAY CAUSE UNCONSCIOUSNESS OR DEATH WITHOUT WARNING I 

LIQUID NITROGEN OR LIQUID HELIUM is extremely cold and the liquid 
or cold gas from the liquid can cause severe frostbite to the 
eyes and skin. Do not ~ouch frosted pipes or valves. 

STRONG MAGNETIC FIELD HAZARD magnetic objects such as iron tools, 
parts, and tanks may be pulled toward magnet by strong magnetic 
field present. Injury to personnel and damage to equipment may 
result. Keep all magnetic material more than 20 feet away, 
Personal electronic'medical devices may be affected by strong 
magnetic field. 

A9l0952 



MAGNETIC 
"9'11 

DlSTANCB 'rO VARIOUS I.EVBL OF "g": MGNETIC FORCE 
WBtGH'r 

MAGNETIC PORCB IS PROPORTIONAL TO WEIGHT 
OF FERROMAGNETIC MATERIAL 

AXIAL RADIAL 
DIRECTED TOWARD DISTANCE DISTANCE 
MAGNET CENTER (m) (m) 

.01 47.4 39.9 

.02 39,9 33,5 

.05 31. 7 26.7 

.1 26.7 22.4 

.2 22.4 l-8.9 

.s 17.8 15 



FIELD 
IN IRON 

(T) 

2T 

L 5'1' 

1.0T 

WEIGHT OF AXIALLY MAGNETIZED IRON 
N!C!SS.ARY POR SFFBCTIVU: SHIELDING 

- SIDE PLA'l'B, OR 
- AXIAL CYLINDBR 

WEIGHT 
I!. (kQ') 

20,•oo 
27,200 

40,800 
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Forces on Magnetizable Objects & Structures Within the Hall 

Small objects and sections of larger objects that are made of 
magnetically permeable material and located in the vicinity of 
the detector, can experience a torque and a net force due to the 
interaction with the field and its local gradient. The forces 
vary from about f2l.1 to about 2.5 g's at distances corresponding 
to crane, crane rail, and rock bolt locations. For installed 
structural components, these forces are likely to be a small 
portion of the total load carrying requirements for such 
elements. 

Figure 1 shows contours of constant body force density for small 
objects and is expressed in number of g's. This is an elevation 
view and the location of the solenoid, pole, crane rail, and 
outline of the hall are indicated. The vast majority of the hall 
volume has contour values below lg. 

Fon:es on objects are generally oriented toward the poles and 
local force directions are illustrated in Figure 2. In close 
proximity to the poles the forces can approach 1f2l-2f2l g's, but 
decrease rapidly with distance. At aboLtt 5m away from the poles, 
they decrease to about lg. Control of magnetizable objects near 
the poles and throughout significant segments of the hall volume 
is essential, but this is viewed as a tractable problem from the 
standpoint of design and operational procedure. 

Forces on the crane will be toward the poles, hence the crane 
will tend to be pulled along the rail toward the nearest pole 
regardless of its location. There is an unstable null force point 
at the midplane of the magnet and two stable null points, one 
over each pole. 

For shielded magnet systems, forces on objects will be reduced by 
about a factor of 2f2l for comparable locations relative to the 
magnet. However, large local forces will e>:ist near regions of 
high field gradients leg- near gaps and openings in the shield). 

Further estimates involving effects of residual magnetization and 
attraction between nearby magnetized objects are to be done, but 
are not likely to impact the system conceptual design. 
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AEG&G 

INTEROFFICE CORRESPONDENCE 

Date: 

To: 

From: 

Subject: 

December 5, 1991 

Phil Shelley 

Biff Corning 

NEPA Compliance Issues raised by the GEM Magnet Safety Proposal; November 
12, 1991 Memo on 

The major concern I have with the proposal outlined in the subject memo is that it is outside the 
scope of the EIS. Below are some of my reactions that you may find useful in adding lively 
discussion at your meeting. 

• The memo quotes the DEIS accurately, so reading is not a problem. Section 
10.1.3.2.A.2 st.ates "at a point next to the tunnel wall, the magnetic field from 
any of the superconducting [used in the SSC operation and experiments] or 
conventional magnets will be about the same magnitude as the earth's magnetic 
filed. Thus, no magnetic field source term would be present at the surface of the 
SSC site or at it's boundaries.• 

Yet the single-coil solenoidal magnet, as it would exist if located IR-5, would 
produce a surface .field directly above the Interaction point of approximately 40 
gauss. Quite simply put, the EIS commits to one half gauss and anything beyond 
that is beyond the scope of the EIS. Proposing elevated levels detectable at the 
surface will surely require an EA. 

• Any discussion of warning towers, significant amounts of protective fencing, or 
other surface changes based on changes in surface magnet field elevations will 
also trigger NEPA, and if we are lucky, only an EA. 

• While the health effects of exposure is inconclusive, the public concern over 
elevated exposure will insure re-opening public hearings. 



Memorandum 

t= 
To: Ray St~anski 

Superconducting Super Collider Laboratory 
2550 Becldeymeade Avenue, Mail Stop 2000 

Dallas TX 75237-3946 
(214) 708-6178 

Fax: (214) 708-6174 

Physics Research Division 

From: Warren Kampmeier 

Subject: Flux Cost Considerations 

Date: October 9, 1991 

I have attached the memo that I wrote to Mike back when for 
your information. 

In talking with various manufactures and with Age Visser 
before writing that note, it seemed that the flux problem might be 
solved in two ways. The device could be shielded or the device be 
oversized to compensate for saturation losses. Of the two, the 
latter is probably least expensive, the former a better solution. 

The spreadsheet enclosed uses both methods. For switch and 
panelboards, the breaker sizes were increased 20°/o. This had no cost 
impact on breakers since breakers are priced in ranges, however, the 
wire sizes would have to increase, thus the wire addition. 

Transformers were priced to incorporate special core 
construction ( cast core ) and shielding. 

Motors in the larger sizes were increased in Hp ratings and in 
the smaller sizes a cost factor for double shielded enclosures was 
added. 

I have yet to receive a satisfactory answer from lighting 
fixture manufactures so I have estimated the cost of remote 
mounting the high energy discharge lamp ballast transformers. The 
lamps themselves should not be a problem. 

Please note that this estimate only covers the electrical 
distribution in the Hall and the quantities were taken from the SOC 
design. No quantity scaling was done. 



flux1 

POWER DISTRIBUTION ELECTRICAL DEVICE TAKEOFF-Material Only 
Magneticaly Operated Equipment- SDC Hall Area 

Quant Description Base Price Cost Spcl Price Cost Remarks 
60Hz i input conv 

5 75KVA Trans 1675 8375 2300 11500 
5 200A 208V panels 1440 7200 1440 7200 
2 200A 480V panels 1793 3586 1793 3586 
2 400A 480V panels 1800 3600 1800 3600 6 CBS inc typ 

35000 wire 0.06 2100 
2 100HP motors 3670 7340 4950 9900 

1 0 25Hp motors 875 8750 956 9560 
Emergencv Svstem 

1 200A 208panel 1440 1440 1440 1440 
1 75KVA trans 1675 1675 2300 2300 
1 400A 480V panels 1800 1800 1800 1800 

15000 wire 0.06 900 
Lighting 

1 200A 208panel 1440 1440 1440 1440 
1 75KVA trans 1675 1675 2300 2300 

20 Fixtures Hi Bay 403 8060 903 18060 
20 Fixtures Flour 70 1400 235 4700 
15 Exit 130 1950 340 5100 

HVAC 
3 25 Hp motors 875 2625 956 2868 
1 1 OHP butane 363 363 518 518 

22000 wire 0.06 1320 
Soecial Electronics 

3 400A 480V panels 1800 5400 1800 5400 
9 75KVA Trans 1675 15075 2300 20700 
9 200A 208V oanels 1440 12960 1440 12960 

17000 wire 0.06 1020 
Clean Electronics 

3 400A 480V oanels 1800 5400 1800 5400 
9 75KVA Trans 1675 15075 2300 20700 
9 200A 208V panels 730 6570 1440 12960 

17000 wire 0.06 1020 
Jackinc 

1 Motor Contrl Cntr 9025 9025 9800 9800 
4 1 OOHp motors 3670 14680 4950 19800 

10000 wire 0.06 600 

Totals 145464 200552 
Difference 55088 

Page 1 
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TO: 

FROM: 

DATE: 

Distribution 

R. D. Pillsbury, Jr. 
L. My_a.tt 
J. Sulliva.n 

November 5, 1991 

MIT·aBM-SM-QZ 

SUBJECT: Shielding of the Magnetic Fields from the GEM Magnet 

INTRODUCTION AND SUMMARY 

The present baseline design for the GEM magnet •ystem is comprieed of a single la.vet 
superconducting eolenoid and a thin iron pole piece a.t either end. The magii.etic fiux 
density at the center of the solenoid is 0.8 T. Such a design produces significant magnetic 
field levels outside of the bore of the solenoid. At the surface o£ the earth, assumed to be 
51 m above the centerline of the magnet, the field i. less than 40 GaUff. The flux dell$ity 
at points outside the magnet system, but inside the experimental hall, varies from 2 kG 
to 100 G. Forces produced by the interaction of these magnetfo fields with small volumes 
of m.apetized material are discussed in a. previous memorandum [1]. Field levels of this 
order may require the shielding of electronics and other magnet systems near the detector. 

The shielding of the magnetic fields produced by the GEM magnet are described in this 
m.emOf&lldum. Shielding requirements are investigated for two different regimes. In the 
first, local shielding of a :region of space that sees approximately 50 G of flux density is 
invmiga.ted in order to assess the requirements for shielding the fields from a. counting 
toom. In the second case, the impact of shielding on the fringe fields at the surface of the 
earth i1 aseened. 

F<>l' the first case, a uniform 50 G fiwt density is assumed and the thicknl!fls of iron necessary 
to reduce the B.ux density inside the volume of the counting room to a few Ga.usg is 
calculated. Typical results indicate that thicknesses from 50 to 10 cm will reduce the ftux 
density to the range of 1 to 3 Gauss for the room size of 20 :x: 20 :x: 4 m assumed in the 
analyeia. 

In the second case or surface shieldlng, three concepts are investigated. They are: 

(1) The baseline thin pole design with no iron return frame and a surface plate of iron; 
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(2) A thick pole design with iron return fram.e; and 

(3) A double solenoid with a thin pole. 

The fringe field distributiom for each of the design options will be preeented. Along with 
the first option, severe! caaea of a lvge fiat iron plate at or below the surface 11.re analyzed. 
The second and third options are basically self-shielding. 

The fringe field distribution from a thick pole configuration with no return frame was also 
calculated. As will be seen, the differences in the fringe field distributions between the thin 
and thick pole designs a.re very small except in the immediate neighborhood of the pole 
pieces. Therefore, minor configuration changes of the coil and pole pieces will not have a 
major impact on the s~ or counting room shielding concepts results preeented In this 
memo. 

FRINGE FIELD DISTRlBUTIONS 

Figure 1 shows a.n elevation view of one half of the hall, solenoid, and pole piece. A eection 
from the magnet centerline outward is shown. Superimposed on the figure eie contours of 
oonsta.nt fiux density in Gauss. As seen, in the vicinity of the pole piece, the flux density 
is on the order of 2 kG a.nd falls rapidly to 0.5 kG or less over a large fraction of the hall. 
These axisymmetric analysis were performed using the two-dimensional, nonlinear, finite 
element program MITMAP [2]. 

Figure 2 shows a similar plot for the thick pole case. As can be seen, there are only 
m.inor differences in the fringe field in the hall except in the immediate vicinity of the pole 
piece. Therefore the conclusions reached concerning the shielding requirements both for 
the counting room and for the surface are valid for both pole piece oonfigurations. 

Figure 3 shows a similar view for a system with a thick pole and a 2.0 m thick iron return 
frame. As can been seen the fringe field levels are reduced everywhere. For example, the 
surface field has dropped from 40 G to 1 G. An alternate consisting of a 1.3 m return frame 
was also analyzed. The fields out•ide the coil bore are, of course, larger than the 2 m case, 
but still less than the n.o return frame case. Fw example, the fiwc: density a.t the surface is 
9G. 

Figure 4 shows the dual solenoid with thin pole option. This also is a self-shielded design 
in that the fringe fields are greatly reduced. The surface flux density is approximately 1 
G. 

As mentioned previously, there are several areas that may require shielding. such as the 
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rci.nforces the statements made about similarity in fringe fleldB from the thin and thiclt 
pole cases. 

Figure 8 shows the surface fringe :field plot for the case or a thiclt pole and a 2 m thick 
iron return frame. As can be seen the field level is 1 G. If a 10 G field level is all~, 
a. thiclt pole and 1.3 m thiclt retu."'Xl frame is sufficient as is shown in Figure 9. Finally, 
Figure 10 shows the surface plot for the thin pole and a double solenoid. As Qn be seen, 
the ma.xi.mum fiux density is 2 G and considerably reduced in axial extent. 

These figures show that surface fringe field level$ of 1 to 10 G are attainable with the 
self-shielding options. H~r, there are significant cost and schedule impacts for such 
systems. 

One alternative to full self-shielding is to install an iron plate or a sequence of plates 
between the coil and surface in order to shield the fringe fields. Figure 11 shows an 
example of such a plate. In this example, a quarter of the solenoid (with the pole piece 
omitted) and plate ere shown. The planes of symmetry are called out. Also shown is a lip 
on the !v end of the plate. 

A r&.nge of plate locations, sizes, thicltness and lips were analyzed using ANSYS. The 
optional lip was added to redirect the fringing of the field lines as they enter (or leave) the 
plate at the ends and, therefore, reduce the :fieldB at the surface. 

Table 1 lists some of the - run, the plate geometry, the plate depth below the surface, 
the size of the lip, the flux density on the surface in the geometric center of the plate and 
the value at the edge of the plate (the fringing effect), and the iron required. 

Several conclusions can be drawn from this table. They are: 

(1) A plate closer to the surface will produce a higher amount of fringing over the edges 
of the plate at the surface. For example, :t'Un$ 13, 16, and 17 show essentially the 
same flux density magnitude a.t the surface over the center of the plate but the lower 
plates produce between 20% and 40% of the fringing at the surface. 

(2) Plates close to the surface need a lip to reduce the &inglng field to a value equal to 
or below the level or the :field at the center of the plate. For example, runs 18 and 
19 show that a 5 m lip, 0.5 m thick reduces the maximum field on the surface from 
11 G to 5.6 G - the flux density in the plate is well below saturation. Plates further 
from the surface may not require a lip at all. 

(3) A 160 x 140 x 0.5 m plate with a 5 m lip that is 1.5 m b@low the surface shields 
the surface to 1.4 G except in the neighborhood of the edge where It rises to 5.6 G. 
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counting room and the surface of the earth. The shielding requirements for the first cue 
is discussed in the next section and the llUl'face shielding i1 ditcussed in a sepe.rate eection. 

LOCAL SHIELDING 

In order to aues the shielding requif1!1Denta for regiom near the magnet such aa the counting 
room, an a.x:isymmetric analysis was perf'ormed using ANSYS (3]. A cylindrlcal volume 
equivalent to the proposed 20 x 20 x 4 m counting room was placed in a uniform flux dellBity 
of 50 G. The thicknesses of the walls and the :floor and ceiling were varied independently. 

Figure 5 shows a plot of the ma:icimum ftux density in the enclosed volume as a function 
of the fioor and ceiling thickness £or several different wall thicknesses. The dashed curves 
repreGent lines of constant iron volume in cubic meters. As ce.n be seen, a 2 G field level is 
attainable with approximately 200 cubic meters of iron or 1560 tonnes using a 0.2 m thick 
wall and a 0.175 m thick floor and c:eiling. 

1£ a 1 G flux density level is required, approximately 430 cubit meters of iron or 3380 
tonnes is necessary using 0.45 thick fl~ and ceiling and 0.30 m thick walls. Shielding 
to a higher level of 5 - 10 G is significantly easier and such analyiJeS can be ma.de when 
allowable flux density levels a.re specified. 

A lower ambient flux density would allow reduced thickne8$ with basically a linear depen­
dence, since the iron is in UDBaturated regime where the relative permeability is quite high. 
Pbr example, shielding an ambient field of 5 Q would require 338 tonnes of iron. How­
ever, an Ui.crease in the fiux density would not scale linearly since tb.e iron would approach 
saturation and the lower permeability regime is more nonlinear. 

SURFACE SHIELDING 

The fringe field produced by the GEM magnet at the surface of the earth has ~ cal­
culated and presented in elevation views of the hall a.nd magnet for the options discussed 
above. 

Figure 6 shows a plan view 50 meters above the magnet with contours of constant flux 
density produced by the thin pole baseline. This distance corresponds approximately to 
the surface of the earth. The magnet is 50 meters be.low the surface and centered with 
its axis parallel to the z-axis in the figure. As can be seen, the maximum fringe field is 
approximately 40 G (Note: the 101 label). 

Figure 7 shows a similaJ' plot for the thlck po~ case. A comparison of figures 6 and 1 
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Figure 12 shows the ilux density magnitude at the surface Wl'SUll position along the 
sudace at the plane of symmetry. The extent of the plate (which is 1.5 m below the 
surface) is indicated. As can be seen, the flux denaity is 1.4 G at the center and falls 
to 0.5 G near the edge, but the fringing of the field is evident as the magnitude rises 
to 5.6 Gauss at the edge. It is felt that the fringing may be further reduced to the 1.4 
G level by varying the depth and thickness of the lip. This case may he compared to 
the 2 m thick iron return frame as shown in Table 2. 

(4) A 120 x 100 :x 0.15 m plate with a 5 m lip that is 1.5 m. below the surface shields the 
surla.ce to 8 G or less. This case can be compared with the 1.3m thick iron return 
frame case - see T.ble 2. 

(5) Finally, it appeani surface shielding ls possible if the :ma:icimum flux density is in the 
1 to 10 G range. Optimization of the plate thickness with position and of the lip :m11.y 
allow a :reducti<;>n in the weights shown. 
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Table 1 : Surface Shielding With Iron Plates 

Plate Size Depth Plate Lip Peak Surface Fields tonnes 
(m) Below to Control 

Over Coil Plate Edge of Iron 
Surface Frinaing 

160lx140W 
0.25 thk l.5 m No Lip 2.7 G 8.2 G 43,700 

(Run #16) 

160Lxl40W 
0.50 thk 1.5 m No Lip 1.4 G 11 G 87,400 

(Run #18) 

160Lxl40W 
0.50 thk 1.5 m 5 m Lip 1.4 G 5.6G 90,100 

(Run #19) 

l60Lxl40W 
0.25 thk LS m 5 m Lip 2.7 G 4.5 G 46,400 

(Run #21) 

160Lxl40W 
0.15 thk 1.5 m Sm Lip 5.8 G 4.1 G 28,900 

(Run #23) 

120Lx!OOW 
0.15 lhk l.5 m 5 m Lip 8.1 G 7.7 G 16,800 

(Run #24) 

l60Lxl40W 
0.25 thk 9.S m No Lip 3.3 G 3.6 G 43,700 

(Run #13) 

160Lxl40W 
0.25 thk 9.5 m 5 m Lip 3.4G 2.7 G 46,400 

(Run #14) 

160Lxl40W 
0.25 thk 9.5 m 15 m Lip 3.5 G 2.0 G 51,900 

(Run #15) 

160Lxl40W 
. 

I 
0.25 thk 

(Run #17) 
15.S m No Lip 4.2G 2.5 G 46,400 
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Table 2: Comparison of Return Frame and Plate Shielding Options 

Shielding Hardware Description Peak Field at tonnes of 
Ground Elevation Iron 

160Lxl40Wxo.so thk Plate 
5 m Lip, 1.5 m Below Ground 1.4 G 90,100 

(Run #19) 

2 m Thick Iron Return Frame 1.0 G 30,100 

120LxlOOWx0.15 thk Plate 
5 m Lip, 1.5 m Below Ground 8.1 G 16.800 

(Run #24) 

1.3 m Thick Iron Return Frame 8.8 G 19,100 

REFERENCES 

[1] It. D. Pillsbury, Jr., "Fringe Field Dipole-dipole Force Interaetions,"Intemal 
memorandum MIT-GEMEM-01, October, 1991 

[2] R. D. Pillsbury, Jr., "MITMAP - MAP User's Manual," ,PFC/RR-91-4, 
February, 1991 

[3] ANsYS Revision 4.4A, Swanson Analysis Systems, Inc., Houston, PA. 
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SERC 
Ray Stefanski 
SSC Laboratory 
2550 Beckleyineade Avenue 
MS 7.000 
Dallas 
Texas "/5237 USA 

6 November 19'11 

Doar Ray, 

FIKAL GEii REPORT 

Rutherford Appleton Laboratory 

Ti>CHNOLOGY OEPAR'l'MENT 
R65, Rm 1.08 

Chilton 

DIDCOT 

Ox on 
OX!l OQX 

Telephone (0235) 821900 

Fax (0235) 445808 

Telex !13159 RUTHLB G 

Direct Line: 0235 44 6649 
Local Fax: 0235 44 6663 

I only received the Report today so have had little time to study it in 
detail. 

llowe~er a quick scan it certainly appears to reflect and include all lhe major 
points discussed. I am pleased you have included the Russian's comments on 
the conductor as lhey mostly reflect my views and I was a liltle concerned 
that. I appeared to be out on a limb in relation to the American Panel Members' 
views. I also slill believe that an indirectly cooled only conductor should 
not be rejected at this stage. 

Kind regards 

Peter Clce 

pc054 
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To: Ray_Stefanski.physics@qmail.ssc.gov 
X-Vmsmail-To: stefanski@sscvxl 

Received: From CEARN(MAILER) by SSCVXl with Jnet id 5638 
for STEFANSKI@SSCVXl; Fri, 8 Nov 91 11:34 CDT 

Received: from CEARN by CEARN.cern.ch (Mailer R2,07B) with BSMTP id 5637; Fri, 
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Received: from dxmint.cern.ch by CEARN.cern.ch (IBM VM SMTP V2Rl) with TCP; 
Fri, 08 Nov 91 18:36:16 GVA 

Received: by dxmint.cern.ch (cernvax) (5.5?/3.14) 
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Subject: 3rd GEM magnet report 
To: stefanski@sscvxl 

Cc: harris@sscvxl, alain_herve@macmail.cern.ch 

OFFICE MEMO 
Dear Ray, 

Subject: 
3rd GEM magnet report 

Time:5:52 PM 
Date:ll/8/91 

Many thanks for the report and congratulations for having 

finalized this difficult job . It is clear that some additional cost should be 

considered for the implication of the stray field on the sensitive monitoring 
equipment and a figure of 40% as mentioned in Appendix C could be convenient 
but should be applied to a basis of several M$ (installed equipment ) as noted 

by Alain Herve. I am convinced that the basic version, without shielding, could 
be operated safely if the operating team is ready to impose some discipline. 

The operating of the BEBC magnet demonstrated that this constraint is 
feasible, It is just a question of willingness ! 

The screwdrivers transformed in 11 missile " could exist of course but the BEBC 
patrols discovered this "terrible 11 guns in due time. Therefore this type of 
anti-argumentation should be kept on the correct level. 
Concerning the parameters of the conductor I see that I could already convinced 
our russian colleagues to be less rash with the discharge voltage but some 
additional effort should be undertaken concerning the discharge time constant 
which should be increased by a factor 2. Quick discharges are mortal for S. C 
magnets and the engineer 1 s nerves should accept a relaxed discharge ...... also 
under severe random conditions ! 

I am personaly not too much convinced by the design of the Kurchatov conductor 
and I see more interest in the conductor shape d. 

As we intend to organize in the immediate future a conductor development for 
the LHC detectors, I am interested to know what happens with item ? of page 3. 

I wish you and your collaborators good luck for continuing your program and 
would appreciate to be informed on the issue of this interesting ( for all of 
us) project, 

Kind regards. Francois Wittgenstein. 

Page: 1 



Printed By: Ray Stefanski 

From: "ch%\ "alain_herve@macmail. cern. ( 11/5/91) 

To: Ray Stefanski 

GatorMail-Q GEM report 

Received: by qmail.ssc.gov; 5 Nov 91 02:26:19 

Date: Tue, 5 Nov 1991 2:22:53 CST 

11/5/91 

From: "ch%\"alain_h~rve@macmail.cern.ch\""@SSCVX1.SSC.GOV (Alain Herve) 

Message-Id: <911105022253.25206f0f@SSCVX1.SSC.GOV> 

Subject: GEM report 

To: Ray_Stefanski.physics@qmail.ssc.gov 

X-Vmsmail-To: STEFANSK!@sscvxl 

Received: From CEARN(MAILER) by SSCVXl with Jnet id 6957 

for STEFANSKI@SSCVXl; Tue, 5 Nov 91 02:22 CDT 
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Received: from dxmint.~ern.ch by CEARN.cern,ch (IBM VM SMTP V2R1) with TCP; 

Tue, 05 Nov 91 09:24:34 GVA 

Received: by dxmint.cern.ch (cernvax) (5.57/3.14) 

id AA00364; Tue, 5 Nov 91 09:20:01 +0100 

Message-Id: <9111050820.AA00364@dxmint.cern.ch> 

Date: 5 Nov 91 09:18:30 U 
From: "Alain Herve" <alain_herve@macmail.cern.ch> 

Subject: GEM report 

Ta: STEFANSKI@sscvxl 

Cc: HARRIS@sscvxl, francois_wittqenstein@macmail.cern.ch 

Subject: 
OFFICE MEMO GEM report 

Ti.me:9:13 

Date:ll/5/91 
I just received the draft report. It is conformed to the meeting conclusions on 

technical matters, Just fot the record, but it is not important at this stage, 

the 5-10 M$ for the surface shielding is misleadingly low as well as the 55 k$ 

for the electrical hall modifications. 

======================~====================~===================~====== 
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Superconducting Super Collider Laboratory 
Physics Research Division 

2550 Beckleymeade Ave~ 
MmJ Stop 2001 

Suite 215 
Dallas, TX 75237-3946 

(214) 708-6018• FAX (114) 708-(}()(J(j 
915840 MP 

Wednesday, October 30, 1991 

Ronn Woolley 
SSC Laboratory 
2550 Beckleymeade, MS 1001 
Dallas, Texas 75237 

Dear Ronn: 

Please find enclosed a draft of the Report of the Third Meeting of the GEM Magnet 
Technical Panel. Send comments and corrections to me by November 6, 1991. The reprot 
will be made available to the PAC and for general distribution. 

We're also including comments prepared by Klimenko and Martovetsky. They made 
several suggestions in their papers, including a recommendation to design for lower current 
densities. 

Thank you for your participation in the work of the Panel. At the very least, it's been an 
interesting experience. 

Sincerely, 

_/"] 
"("t~ 

Ra:;;r;anski 
Physics Research Division 



Magnet 

The physics goals of the GEM experiment include, among others, high resolution 
measurement~ ~f the muon~ emitted at ~arge transverse momentum in proton -
proton collisions. The al.Ill of the design concept is to have 5% momentum 
resolution for 500 GeV muons at 90 degrees assuming 100 micron measurement 
errors and no vertex constraint. Such resolution should be achieved over a 
broad central region of rapidity in order to provide sufficient acceptance for 
multimuon events. These requirements lead to our concept of a large aperture 
solenoidal magnet with muon tracking stations inside the uniform magnetic field. 

The GEM Collaboration is proposing a large superconducting solenoid with field 
shaping iron end poles and field of 0.8 Tesla. The proposed magnet will have 
an outside diameter of 20.4 m, an inner diameter available for tracking and 
calorimetry of 16.6 m, and a pole-to-pole inside length of 29 m. Other 
relevant parameters are: total stored energy of 2.04 GJ, operating 
current of 52.5 kA, discharge time of about 2 hours and an emergency 
discharge time of about 5 min. A of parameters is given in 
Table 1, the schematic drawing of the magnet is shown in Fig.1 and the 
corrsponding resolution of the muon measurement is shown in Fig.2. 

Table 1. Major Parameters List 

1. Central induction 
2. Mean radius of windings 
3. Outer radius of outer cryostat vessel 
4. Inner radius of inner cryostat vessel 
5. Coil length, end-to-end (per half) 
6. Cryostat vessel length 
7. Conductor length (total) 
8. Number of turns 
9. Total mass of coil windings (per half) 
10. Total mass of cryostat vessel (each half) 
11. Total mass of iron end pole (each) 
12. Radial pressure on windings 
13. Inductance 
14. Number of ribs per coil assembly 
15. Central membrane maximum z 
16. Winding minimum z 
17. Axial force on poles 
18. Axial force on conductor 
19. Magnet axis height above hall floor 

0.80 
8.9 
9.45 
8.40 
14.44 
30.0 

408 
238 
717 
2950 
255 
1.47 
3 
0.025 
0.25 
63.5e6 
27.9e6 
13.0 

24 

T 
m 
m 
m 
m 
m 

t 
t 
t 
kPa 
H 

m 
m 
N 
N 
m 

km 

The design team comprises magnet designers and engineers from the 
MIT Plasma Fusion Center, Lawrence Livermore National Laboratory and 
National High Magnetic Field Laboratory (Florida) . In addition all 
aspects of the design have been scrutinized by the GEM Magnet Technical 
Panel convened by the SSCL to study issues related to the feasibility of 
technical concept, the cost estimate, proposed schedule and operational 
issues. The membership of the panel included national and international 
magnet design experts as well as representatives of major industrial firms. 
The Panel found the concept of GEM magnet to be feasible, the cost estimate 
to be credible and costraction schedule tight but possible. All present 
recommendations of the panel are incorporated in present design. 

The magnet will be constructed from two independent sets of single layer 
windings. The coil will be wound on the inner side of the 
bobbin and each winding will be surrounded by a liquid nitrogen 
radiation shield. Details of the assembly are shown in Fig.3. The mechanical 
structure will have a central support membrane sandwiched between the two 
halves. The membrane will provide structural support for the coil and the 
cryostat as well as a support for the muon chambers and a tube containing 
calorimeters and the central tracker. 

The cooling for the magnet coil will be obtained by the natural convection 



flow provided by the thermal syphon method. The tubing attached to the outside 
of the coil bobbin will be connected to headers on the top and bottom to 
promote fre~ c~nvection. The system can handle all heat loads including 
thermal radiation, cold mass support conduction and heating in the area 
of conductor joints. The refrigeration system will be patterned on 
that of the accelerator. 

There are several proposed conductor designs. All af them include standard 
niobium-titanium conductor with either copper or aluminium stabilizer. 
The designs differ in the liquid helium cooling arrangements ranging from 
passive to forced flow scheme. The choice of the conductor 
will be made based on its stability and the manufacturing scheme. High 
priority R&D program of conductor development and test will be initiated 
in the next few month. The design and costing is based at present on a 
high stability "cable-in-conduit" conductor with copper stabilizer. 

The total cost of the magnet and its mechanical support system is estimated to 
be $95.1 M including 25% contingency. Major individual components of the cost 
estimate include engineering for subsystem design, coil bobbins, conductor, 
winding and tooling development, vacuum vessels, iron poles, power protection 
and control systems, and cryogenics and vacuum systems. 

The iron magnet poles serve as field shaping components and not as a flux 
return. In the proposed design, there will be an unconstrained magnetic field 
in the experimental hall, access shafts and on the earth surface immediately 
above the interaction region. The fringe field and the corresponding forces on 
ferromagnetic forces has been calculated at all point in the hall, acess shafts 
and on the surface. using full 3-D modelling programs developped for plasma 
fusion confinement calculations. The field in the underground area will range 
from about 2 kgauss close to the magnet poles to a few hundred gauss at the end 
of the experimental hall. All the forces on the structural components of the 
hall, including crane rails and supporting structure appears to be small 
except in immediate vicinity of the poles. The surface field will have 
a maximum of about 40 gauss immediately above the detector and the 5 gauss 
perimeter will extend over the oval area of about 200 by 180 m. This field will 
require local shielding of operation and control areas on the surface and 
institution of special operational procedures for the GEM experiment. These 
procedures will be based on experiences gained at other large magnet facilities 
with unconstrained fields (MRI hospital installations, plasma fusion facilities, 
FNAL 15' Bubble Chamber etc.). They will include restricted access to the 
detector with magnet on, securing ferromagnetic objects in the hall, etc. 
Local shielding of specialized equipment may be needed, although most of 
the problems associated with equipment working in a magnetic field can be 
minimized by the choice of less sensitive components, alignment with respect 
to the field lineds. The surface area affected by 
the magnetic field will be inaccessible to the public. A proposal to shield 
the surface with a 15 cm thick iron plate appears to be a possible 
and cost effective backup scheme. 

The magnet represents a critical path item in the GEM detector construction 
schedule. The experiment has to be completed at the beam turn-on time. The 
construction schedule derived with this constraint, requires that the magnet 
should be manufactured, assembled and tested in the experimental hall before 
the end of April 1997. Rapid progress mandated by such an aggressive 
construction schedule requires timely completion of the engineering 
design studies and an early decision on the manufacturing scheme. In particular, 
intensive studies of the conductor and its stabilizer and of the winding 
scheme and the associated tooling are part of the FY92 R&D proposal. 
The manufacturing scheme requires also availability of the surface fabrication 
hall in 1993 and early definition and implementation of procurement strategy. 
Additional design work on the improvement of the momentum resolution at larger 

values of rapidity is also initiated. Here,the most promissing option is a 
modification of the shape of the iron pole to concentrate magnetic field flux 
at small angles. 



Fig.l Schematic drawing of the magnet. 
Fig.2 Momentum resolution of muons with p_t= 500 Gev as function of the 

pseudorapidity. 
Fig.3 Details of the magnet coil assembly. 



flow provided by the thermal syphon method. The tubing attached to the outside 
of the coil bobbin will be connected to headers on the top and bottom to 
promote free convection. The system can handle all heat loads including 
thermal radiation, cold mass support conduction and heating in the area 
of conductor joints. The refrigeration system will be patterned on 
that of the accelerator. 
There are several proposed conductor designs. All af them include standard 

niobium-titanium conductor with either copper or aluminium stabilizer. 
The designs differ in the liquid helium cooling arrangements ranging from 
passive to forced flow scheme. The choice of the conductor 
will be made based on its stability and the manufacturing scheme. High 
priority R&D program of conductor development and test will be initiated 
in the next few month. The design and costing is based at present on a 
high stability "cable-in-conduit" conductor with copper stabilizer. 

The total cost of the magnet and its mechanical support system is estimated to 
be $95.1 M including 25% contingency. Major individual components of the cost 
estimate include engineering for subsystem design, coil bobbins, conductor, 
winding and tooling development, vacuum vessels, iron poles, power protection 
and control systems, and cryogenics and vacuum systems. 

The iron magnet poles serve as field shaping components and not as a flux 
return. In the proposed design, there will be an unconstrained magnetic field 
in the experimental hall, access shafts and on the earth surface immediately 
above the interaction region. The fringe field and the corresponding forces on 
ferromagnetic forces has been calculated at all point in the hall, acess shafts 
and on the surface. using full 3-D modelling programs developped for plasma 
fusion confinement calculations. The field in the underground area will range 
from about 2 kgauss close to the magnet poles to a few hundred gauss at the end 
of the experimental hall. All the forces on the structural components of the 
hall, including crane rails and supporting structure appears to be small 
except in immediate vicinity of the poles. The surface field will have 
a maximum of about 40 gauss immediately above the detector and the 5 gauss 
perimeter will extend over the oval area of about 200 by 180 m. This field will 
require local shielding of operation and control areas on the surface and 
institution of special operational procedures for the GEM experiment. These 
procedures will be based on experiences gained at other large magnet facilities 
with unconstrained fields (MRI hospital installations, plasma fusion facilities, 
FNAL 15' Bubble Chamber etc.). They will include restricted access to the 
detector with magnet on, securing ferromagnetic objects in the hall, etc. 
Local shielding of specialized equipment may be needed, although most of 
the problems associated with equipment working in a magnetic field can be 
minimized by the choice of less sensitive components, alignment with respect 
to the field lineds. The surface area affected by 
the magnetic field will be inaccessible to the public. A proposal to shield 
the surface with a 15 cm thick iron plate appears to be a possible 
and cost effective backup scheme. 

The magnet represents a critical path item in the GEM detector construction 
schedule. The experiment has to be completed at the beam turn-on time. The 
construction schedule derived with this constraint, requires that the magnet 
should be manufactured, assembled and tested in the experimental hall before 
the end of April 1997. Rapid progress mandated by such an aggressive 
construction schedule requires timely completion of the engineering 
design studies and an early decision on the manufacturing scheme. In particular, 
intensive studies of the conductor and its stabilizer and of the winding 
scheme and the associated tooling are part of the FY92 R&D proposal. 
The manufacturing scheme requires also availability of the surface fabrication 
hall in 1993 and early definition and implementation of procurement strategy. 
Additional design work on the improvement of the momentum resolution at larger 

values of rapidity is also initiated. Here,the most promissing option is a 
modification of the shape of the iron pole to concentrate magnetic field flux 
at small angles. 



Fig.1 Schematic drawing of the magnet. 
Fig.2 Momentum resolution of muons with p_t= 500 GeV as function of the 

pseudorapidity. 
Fig.3 Details of the magnet coil assembly. 
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Report of the GEM Magnet Panel 

October 31, 1991 

Aaacbed to this memo is the rcpcxt of the third meeting of the GEM Magnet Panel that 
occuned on October 10 - 11, 1991. It constitutes the final rcpcxt of the Panel and 
summarizes the results of all dm:e meetings. 

In the course of its meetings the Panel considered four options for the baseline magnet 
concept: a single-coil solenoid without iron flux return; a single-coil solenoid with an iron 
plate on the surface of the eanb; a single-coil solenoid with a barrel-shaped iron flux return; 
and a double-coil solenoid. 

The single-coil solenoid without iron flux return is the preferred option recommended by 
the Panel because of cost, schedule, and technical risk. The estimated total cost for this 
option is about $94M; they find that the associated manpower and schedule are credible and 
that the magnetic forces on the structural steel clements in the ball do not impose significant 
constraints . .. ·~· 

·The iron plate at the surface could be considered as a back-up if a magnetic field at the 
surface (about 35 Gauss directly above the center of the magnet 50 meters below) proves 
to be unacceptable. Its cost is estimated at $5M to $10M for covering an area of about 160 
meleIS by 200 meters with a tapered plate that reduces the field below 10 Gauss. 

The double-coil solenoid would cost about $197M on the same basis, take 6 to 8 months 
longer to construct, and have significantly greater technical risk. Within the option of 
having a barrel-shaped iron flux return, two versions were considered: 1.3 meters 
thickness (an extra 20 kilotonnes, limiting the surface field to less than 10 Gauss) and 2.0 
meters (an extra 36 kilotonnes, limiting the surface field to less than I Gauss). The first 
version would cost an extra $55M and the second version an extra $99M. The schedule 
impact is estimated at 3.5 to 6 months. Aside from cost and schedule impact, the presence 
of the iron flux return would reduce the capabilities for obtaining better muon momentum 
resolution in a potential future upgrade that adds additional chambers outside the magnet. 
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The Laboratory will now have to make a decision as to whether to proceed on the 
recommended path. To do so, a statement is needed of the Laboratory's position on the 
magnitude of the magnetic field pennitted at the swface. It appears that the single coil 
solenoid without flux return can be operated within all known regulations. Other large 
magnet facilities without flux returns have operated, including those with magnets at the 
eanh's surface, and they have done so within existing ES&H regulations and in a safe 
manner. 

H the single coil solenoid with or without a swface plate is given the go-ahead, we will 
have to move quickly. To meet the GEM schedule, the design of the coil-winding/assembly 
building should start already this calendar year, and within FY1992 we need to cany out 
substantial engineering design/R&D for the magnet and the associated conductor. 

Attachment: Report of the GEM Magnet Panel 

cc: E. Siskin 
P. Reardon 
R. Stefanski 
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FORCE AND TORQUE ON A DIPOLE 

- - -F == (mm· \l)B 

- -T ==mm x B 

where for a uniformly magnetized body 

-
- M 
m= Vol 
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Printed By: Ray Stefanski 

From: "ch%\ "alain_herve@macmail. cern. (10/22/91) 
To: Ray Stefanski 
GatorMail-Q GEM magnet 
Received: by qrnail.ssc.gov; 22 Oct 91 10:03:38 
Date: Tue, 22 Oct 1991 9:53:36 CDT 

10/23/91 

From: "ch%\ 01 alain_herve@macmail. cern ,ch\ ""@SSCVXl. SSC .GOV (Alain Herve) 
Message-Id: <911022095336.23e00224@SSCVX1.SSC.GOV> 
Subject: GEM magnet 

To: Ray_Stefanski.physics@qmail.ssc.gov 
X-Vmsmail-To: STEFANSKI@sscvxl 

Received: From CEARN(MAILER) by SSCVXl with Jnet id 4208 
for STEFANSKI@SSCVXl; Tue, 22 Oct 91 09:53 CDT 

Received: from CEARN by CEARN.cern.ch (Mailer R2.07B) with BSMTP id 4207; Tue, 
22 Oct 91 14:42:34 GVA 

Received: from dxmint.cern.ch by CEARN.cern.ch (IBM VM SMTP V2Rl) with TCP; 
Tue, 22 Oct 91 14:42:32 GVA 

Received: by dxmint.cern.ch (cernvax) (5.57/3.14) 
id AA20899; Tue, 22 Oct 91 14:39:58 +0100 

Message-Id: <9110221339.AA20899@dxmint.cern.ch> 
Date: 22 Oct 91 14:37:48 U 

From: "Alain Herve" <alain_herve@macmail. cern .ch> 
Subject: GEM magnet 
To: STEFANSKI@sscvxl 

Cc: HARRIS@sscvxl, francois_wittgenstein@macmail.cern.ch 

Subject: 
OFFICE MEMO GEM magnet 

Time:14:24 

Date:l0/22/91 
Last week I did some independant computations to check what was said during 
last meeting. I confirm that: 

- Without barrel stray field is around 40 Gauss at 50 m and extend as plotted 
by PFC. 

- With the 130 cm barrel, and the same induction in poles (our base solution 
adding 55 M$), the same stray field is below thelO Gauss level. 

- With just the same poles as above, but no barrel, the stray field at 50 m is 

only 13 Gauss, showing that shielding effect is mainly due to barrel and 

confirming PFC results that poles are useful only to better the field map 
inside, 

- With poles only and a surf ace shielding at 50 m, the radial component on the 
beam line (so called dipole effect) is negligible (2 to 3 Gauss maximum) . 

In addition I had the stray field around 13 measured, In all counting rooms 
where people stay it is lower than 4 Gauss. This create problems only for color 
screens. In rooms with accessible electronics it is 10 G in the "small 

blockhaus" and 17 G in the "main blockhaus". These last values are sufficient 
to create problems with scopes and all screens but not to normal electronics 
and power supplies neither to paging systems or bank cards. 

====================================================================== 
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Printed By: Ray Stefanski 

From: "ch%\ "alain_herve@macmail. cern. (10/23/91) 

To: Ray Stefanski 

GatorMail-Q GEM magnet addendum 

Received: by qmail.ssc.gov; 23 Oct 91 03:09:48 

Date: Wed, 23 Oct 1991 2:59:53 CDT 

10/23/91 

From: "ch%\ "alain_herve@macmail .cern .ch\ ""@SSCVXl .SSC .GOV (Alain Herve) 

Message-Id: <911023025953.23e00224@SSCVX1.SSC.GOV> 

Subject: GEM magnet addendum 

To: Ray_Stefanski.physics@qmail.ssc.gov 

X-Vmsmail-To: HARRIS@sscvxl, STEFANSKI@sscvxl 

Received: From CEARN(MAILER) by SSCVXl with Jnet id 6012 

for STEFANSKI@SSCVXl; Wed, 23 Oct 91 02:59 CDT 
Received: from CEARN by CEARN.cern.ch (Mailer R2.07B) with BSMTP id 6010; Wed, 

23 Oct 91 08:58:10 GVA 

Received: from dxmint.cern.ch by CEARN.cern.ch (IBM VM SMTP V2Rl) with TCP; 

Wed, 23 Oct 91 08:58:07 GVA 

Received: by dxmint.cern.ch (cernvax) (5.57/3.14) 

id AA0404l; Wed, 23 Oct 91 08:55:29 +0100 

Message-Id: <9110230755.AA04041@dxmint.cern.ch> 

Date: 23 Oct 91 09:53:19 U 

From: "Alain Herve" <alain_herve@macmail.cern.ch> 

Subject: GEM magnet addendum 

To: HARRIS@sscvxl, STEFANSKI@sscvxl 

Cc: francois_wittgenstein@macmail.cern.ch 

OFFICE MEMO 
Please read: 

Subject: 

GEM magnet addendum 

•.... stray fiel in "small blockhaus" ... , 10 to 15 Gauss •.. , 

...•. stray field in "large blockhaus" ••.. , 17 to 30 Gauss .•• 

Regards 

A.H. 

Time:B:53 

Date:l0/23/91 

===================================================~================== 
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Session Name: sscvxl 

MEMO 

To: Mike Harris 
From: Richard Stroynowski 

Subject: Conductor development 

91-5840-E-P 

The GEM Magnet Technical Panel concluded its three meetings with an 
unresolved question of the suggested choice of the magnet conductor, 
stabilizer and its manufacturing process. It has been recognized that the 
conductor development represents a critical path item in the magnet design 
and construction schedule. 

In order not to lose momentum and remain on the proposed schedule, 
the GEM Collaboration proposes that three members of the GEM Magnet Technical 
Panel form a task force charged with developing a consensus conceptual 
design of the conductor supported by the necessary calculations of its 
stability and cost so that a comparison may be made with any alternative 
concepts proposed by industry. The task force would include Peter Marston 
of MIT Plasma Fusion Laboratory, John Miller of National High Magnetic 
Field Laboratory working in conjunction with Livermore National Laboratory 
and Peter Clee of the Rutherford National Laboratory. 

Page l 



Session Name: sscvxl 

MEMO 

To: Mike Harris 
From: Richard Stroynowski 

Subject: Experimental Hall 

91-5840-E-P 

The GEM Collaboraton is pursuing for the LOI the design of the unshielded 
solenoid magnet. This magnet has an outer diameter of about 19m and fits 
comfortably in the base-line hall design of 26m width. The GEM Magnet 
Technical Panel has studied alternatives to the unshielded magnet 
option and discussed iron shielding and the two-coil options. Among these 
the iron shielded option is somewhat less expensive. If the collaboration 
proposal for the unshielded magnet would not be approved, the the iron 
shielded alternatives may be considered. Since the iron shielding would add 
between 1.3 to 2.0 meters to the radius of the magnet, the collaboration 
requests that study of the correspondingly larger experimental hall 
shall be undertaken by the civil construction engineering firm. 

Page l 
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00EF1al.I ,,_ 
United States Government Department of Energy 

memorand-um 
DUE: August 19, 1991 

AEPlYTO 
ATTNOF: William Watson, PD3 

Sl&ECT: Collider magnetic fields near O'Brien Airport 

TCl Nat Brown, Tony Robledo, PD5 

To determine whether the SSC collider ring's magnetic field will 
disrupt the normal operation of aircraft instruments at O'Brien 
Airport, at least three things need to be compared: 

(1) the strength of the collider's magnetic field at the airport, 
(2) the average strength of the earth's own magnetic field, and 
(3) the normal fluctuations of the earth's magnetic field. 

Both the second and third items are important in determining the 
effect of the collider's magnetism on aircraft. The earth's magnetic 
field is the environment in which aircraft and their instruments 
function. In the Dallas area, this field has a nominal overall 
strength of 550 milligauss and a direction 66° below the horizontal, 
with the horizontal component of the field being about 6° east of true 
north and hqving a strength.of 225 milligauss. However, the field 
deviates with geomagnetic activity about 2' from these values for a 
few hours or even a few days each year--about ±11 milligauss for the 
total field strength and ±4.5 milligauss for the horizontal component. 

In contrast, the magnetic field at the sur(~ce 50 meters above the 
SSC's collider ring will be no greater thari 2 milligauss. This 
strength, itself smaller than the size of a natural fluctuation of the 
earth's field, is what the collider's field would be due to the 
presence of the magnets alone, in the absenoe of any shielding 
whatsoever from the steel cryostats encasing the magnets. However, 
the cryostats would screen almost all of the magnets' fields from the 
environment. Ferromagnetic materials in the earth itself would screen 
much of the remainder leaving the collider's contribution to the 
magnetic f±eld at the surface to be nearly zero. 

This remaining magnetic field would not only be much smaller than the 
earth's average field in this area, but is less than the normal 
fluctuations in the earth's field (which would be the case even 
without the screening) . Thus, nature itself frequently makes bigger 
changes in the local magnetic field than the SSC would. So even with 
the SSC's magnetic field being added to t~e earth's, the net magnetic 
field near the earth's surface would be o_ a normal strength. Since 
aircraft instruments already function properly in the geomagnetic 
field's natural fluctuations, they should continue to with the SSC 
running. 



FILE NO.----- ARCHIVED 
Log No. __ _ 

Superconducting Super Colllder Laboratory 
2550 Becldeymeade Ave., Suite 210 

0.0.., TX 75237.JM 

Magnet Engineerln1 

MEMO: July 23, 1991 
TO: Bill WllSOll 

PROM: Greg Sniu:hler 

RE: Fidd leakage at ~ meten diSWJCe 

CC: J. Jayaltumar 

RECEIVED 

JUL Z...~ i991 

U.S. DEPT OF EN ERG t 
SSC PROJEC"T OFFICE 

The fringe fidd in the ilorizonral plan It ~ mcten is 8 milligauss. The fringe field in tbe 
venial plan are approximaiely a factor of 7 lower er at~ mc:ten the field is 2 milli· 
gauss.This is a high estimate because there is shielding due tbe cryostat. Enclosed are the 
results of an electromagnetic finite element model used foi scaling the fringe fields ll !5~ 
above operational currenL The distant fringe field goes as ~. 
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Dr. Ted Kozman 
SSC Laboratory 

Department of Energy 
SSC Project Office 

2550 Beckleymude, Miii Stop 1020 
_ Dallu, Teas 75237-3941 

2550 Beckleymeade, MS 1044 
Dallas, Texas 75237 

Dear Dr. Kozman: 

Mr. Fred Shannon, Manager of the O'Brien Airpark which is near 
the collider ring footprint, has expressed great concern about 
the collider's magnetic field and its effect on magnetic and 
other instruments on aircraft using the A.irpark. 
Dr. William Watson of our office has put together some informa­
tion that includes theoretical calculations provided by the 
Superconducting Super Collider (SSC) Lab which indicates that 
the collider magnetic field outside the cryostats should be 
practically nil. We plan to convey this infdrmation to Mr. 
Shannon within the next few days. However, we would like to 
collect, as soon as possible, some experimental data to support 
our theoretical calculations. The test data would be kept on 
file for future use in responding to concerns of a similar 
nature. 

Please investigate the feasibility for conducting some straight 
forward tests with the ER string at Fermilab to show the change 
in the local magnetic field due to the magnets being switched 
on. If it is determined that the tests are feasible, please 
arrange for the test to be conducted and provide the Department 
of Energy {DOE) with the results. Dr. Watson will be point of 
contact for DOE and he can be reached at (214) 708-2541. 

Thanks for your attention to this request. 

Sincerely, 

Nat Brown 
Director, SSCPO 
Compliance Division 



OOEF132U ,,_ 
United States Government Department of Energy 

memorand-um 
i».~: August 19, 1991 

REPlYTO 
ATTNOF: William Watson, P03 

SUl.ECT: Collider magnetic fields near O'Brien Airport 

TQ Nat Brown, Tony Robledo, P05 

To determine whether the SSC collider ring's magnetic field will 
disrupt the normal operation of aircraft instruments at O'Brien 
Airport, at least three things need to be compared: 

(1) the strength of the collider's magnetic field at the airport, 
(2) the average strength of the earth's own magnetic field, and 
(3) the normal fluctuations of the earth's magnetic field. 

Both the second and third items are important in determining the 
effect of the collider's magnetism on aircraft. The earth's magnetic 
field is the environment in which aircraft and their instruments 
function. In the Dallas area, this field has a nominal overall 
strength of 550 milligauss and a direction 66° below the horizontal, 
with the horizontal component of the field being about 6° east of true 
north and having a strength.of 225 milligauss. However, the field 
deviates with geomagnetic activity about 2% from these values for a 
few hours or even a few days each year--about ±11 milligauss for the 
total field strength and ±4.5 milligauss for the horizontal component. 

In contrast, the magnetic field at the sur~~ce 50 meters above the 
SSC's collider ring will be no greater thari 2 milligauss. This 
strength, itself smaller than the size of a natural fluctuation of the 
earth's field, is what the collider's field wbuld be due to the 
presence of the magnets alone, in the absence of any shielding 
whatsoever from the steel cryostats encasing the magnets. However, 
the cryostats would screen almost all of the magnets' fields from the 
environment. Ferromagnetic materials in the earth itself would screen 
much of the remainder leaving the collider's contribution to the 
magnetic f±eld at the surface to be nearly zero. 

This remaining magnetic field would not only be much smaller than the 
earth's average field in this area, but is less than the normal 
fluctuations in the earth's field (which would be the case even 
without the screening) . Thus, nature itself frequently makes bigger 
changes in the local magnetic field than the SSC would. So even with 
the SSC's magnetic field being added to tt-e earth's, the net magnetic 
field near the earth's surface would be O- a normal strength. Since 
aircraft instruments already function properly in the geomagnetic 
field's natural fluctuations, they should continue to with the SSC 
running. 



FILE NO.----- ARCHIVED 
Log No. __ _ 

Superconducting Super Colllder Laboratory 
2550 Beckleymeade Ave., Suite 211 

Dill-. TX 7523'7·3'46 

Magnet Enginttrin& 

MEMO: July 23, 1991 
TO: Bill Wa!SOll 

PROM: Greg Snitcbler 

RE: Field leakage at ~ mc:tcrs distance 

CC: J. Jayakumar 

RECEIVED 

JUL ~\ 199\ 

US. DEPT OF EN ERG t 
SSC PROJEC"T OFFICE 

The ftinge field in the horizontal plan at ~ lllCfCl'S is 8 milligauss. The ftinge field in the 
ve.rtial plan are approximately a factor of 7 lowcr or at~ meters the field is 2 milli· 
gauss. This is a high estimate because there is shielding due the cryostat. E.oclosed 1re the 
results of an electromagnetic finite element 111odel used for ~g the fringe fields at .5~ 
above operational currenL The distant fringe field goes as ~. 
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In(l8} :• a•{ (40, 115}, (60, 50}, 180, 30}, (100, 21}, (120, 17), 

(140, 14}} 

Out(18!• { (40, 115}, (60, 50), (80, 30}, (100, 211, (120, 17}, (140, 1411 

In(l9}:• fcn•Fit(a, (x"-l,x"-2,x"-3}, xJ 

6 
4.61343 10 1828.93 1672.31 

Out(l9)• + ------- + ------
3 2 x 

x x 

In(20J:• fcn•Fit(a, (x"-2,x"-3}, xi 

6 
-1.05516 10 209167. 

Out(20}• ----------~ + ~-----
3 2 

x x 

In[2ll :• plots:•Show(Plot[fcn, {x,20, 160}), ListPlot[a]) 

In(22J :•plots 

Out(22J• -Graphics-

In(23J:• fen/. x->5000 

Out(23]• 0.00835826 

In(24] :• fcn•Fit(a, {x"-3), x] 

6 
7 .83769 10 

Out(24)• --------
3 

x 

In(25J :• plots 

Out[25J• -Graphics-

In(26J :• fcn•Fit[a, (x"-2,x"-31. xJ 

6 
-1.05516 10 209167. 

Out(26]• ------------ + -------
3 2 

x x 

In(27):• plots 

Out(27]• -Graphics-

In(28]:• fen-Fit [a, (x"-3}, x] 

6 
7.83769 10 

Out(28)• -----------
3 

x 

In(29l := plots 



Out[29J• -Graphics­

In(JOJ :• 
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Printed By: Ray Stefanski 10/23/91 

From: Ronn Woolley (10/23/91) 

Harris, Tim Thurston To: Ray StefanskiCC: Mike 
REGARDING Site surface magnetic fields at boundaries 
Ray, 

If we extrapolate the furnished Contour plots out to 1 gauss (note that this is 
'l gauss• OVER earth's background level), we arrive at the following corrected 
surface field dimensions: 

Preliminary, full-pole, surface field size measurements are roughly: 320m x 400m 

(diam.), for IR's 1&8 (at 47/48m depth); 300m x 380m (diam.), for IR 5 (at 51.Sm 
depth); and 380m x 460m (diam.), for IR 4 (at 35.7m depth). 

The reason for the alterations of these figures from the previous, is a 
discrepancy within the contour plots which I originally used. 

Regarding site boundary trespass by the above estimated fringe fields, there is 
no location where the 1-gauss level exceeds the site boundary, and even the 0.5 
gauss field limit lies within all locations' site boundaries. 

Ronn 

Page: 1 



Memorandum 

To 

From: 
Joe Cipriano 

Ray Stefanski 

Superconducting Super Collider Laboratory 
2550 Beckleymeade Avenue, Mail Stop 2000 

Dallas TX 75237-3946 
(214) 708-6018 

Fax: (214) 708-0006 

Experimental Facilities Group 

Subject: 

Date: 

FAA communication on GEM solenoidal magnet 

Mon, Oct 7, 1991 

Larry Coulson and Roy Schwitters have determined that we should seek comments from 
the FAA on the stray magnetic fields that would be associated with the GEM solenoidal 
magnet. We're uncenain whether the communication should be made by Roy, or whether 
they should come from the DOE. Please advise us on the course of action you would 
recommend. 

A copy of the draft letter is included with this memo. If you have any questions, call me at 
(X6018) or Ronn Woolley at (X6079). 

xc: F. Gilman 
R. Woolley 
S. Brumley 

R. Schwitters 
L. Coulson 
R. Kasper 



Superconducting Super Collider 
Laboratory 

Physics Research Division 
2550 Beck/eymeade Avenue 

Mail Stop 2001 
Dallas, TX 75237-3946 

(214) 708-6113• FAX (214) 708-0006 

Monday, October?, 1991 

Mr. Harold W. Becker, Manager 
FEDERAL AERONAUTICS ADMINISTRATION 
Air Space Rules & Aeronautical Information Division 
Headquarters FAA, ATP-200 
800 Independence Avenue, S.W. 
Washington, D.C. 20591 

Dear Mr. Becker, 

We would like to bring to your attention our potential plans to construct a facility as part of 
the new Superconducting Super Collider Laboratory, which will result in a localized direct 
current, static magnetic anomaly. As part of the experimental facilities for the SSC 
Laboratory, we may construct a large solenoidal magnet located in an underground hall, 
154 ft. below grade. During operation of the facility (which may begin operation in 1997) 
this magnet would produce an external field ofless than 0.2 gauss (half of the earth's field) 
at a height of about 460 ft. directly above the facility. This field will drop off rapidly with 
horizontal distance from the site. For example, it will reach one-tenth of the earth's 
magnetic fie;ld (i.e. 0.02 gauss) directly overhead, at about 1,200 ft. from the center of the 
facility, and will taper off to zero gauss well within the site boundaries of the Laboratory. 

We enclose specifications of the magnet and facility, for your information. This program is 
funded by the Department of Energy. 

If we can be of any further assistance, please don't hesitate to Dr. Ray Stefanski at (214) 
708-6018. 

Sincerely yours, 

Roy Schwitters, Director 

Attachment 

FG/rw 

cc: Steve Brumley 
Terrell Cone - DOE 
Roy Schwitters 
Ed Siskin 



Phil Stafford - TNLRC 
Ray Stefanski 

bee: Larry Coulson 
Mike Harris 
Gary Sanders - LANL 
Phil Shelley 
Tim Thurston 



ATIACHMENTS 

Following is a brief outline describing the content of each of the attachments: 

FIGURE 1 - Map of the entire Supercollider project referenced to nearby cities and 
highways. Shows East and West Campuses, where surface facilities and 
underground detector halls would be located. 

FIGURE 2 - Close-up of the East Campus property, showing the IR-5 and IR-8 
underground halls locations, with respect to the accelerator 'rings', and the 
relative size of their 10-gauss surface field. 

FIGURE 3 - Close-up of the West Campus property, showing the IR-1 and IR-4 
underground halls locations, with respect to the accelerator 'rings', and the 
relative size of their 10-gauss surface field. 

FIGURE 4 - FAA Aeronautical map of Dallas-Ft Worth area (scale 1:500,000) showing the 
locations, and relative-size 10-gauss surface fields, of the underground 
detectors. 

FIGURE 5 - FAA Aeronautical map of Dallas-Ft Worth area (scale 1:250,000) showing the 
locations, and relative-size 10-gauss surface fields, of the IR-5 and IR-8 
underground detectors. 

FIGURE 6 - Overhead view of the magnetic surface field extent of the IR-1 and IR-8 
underground detector halls. They are basically the same, for both halls, due to 
the similar sub-surface elevations. 

FIGURE 7 - Cross-sectional or lateral view of the IR-1 underground detector hall, showing 
the magnetic field contours from beam-line elevation and vertically to above the 
surface. Surface facilities are also illustrated. 
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SSC LABORATORY 
Stoneridge Office Park 
2550 Beckleymeade Avenue 
Dallas, Texas 75'237 

MEMORANDUM 

TO: Ronn Wooley 

FROM: 
~ 

Tim Too~ 

SUBJECT: Lab Environmental Commitments on Stray Magnetic Fields 

Ronn, 

KtrY 

MS2011E 
U October 1991 

Rather than seek a legal determination, I would see about workin!J with ES&H on this. Larry 

Coulson has been the Lab lead in this area. 

In laying out the problem I would try to state explicitly, and succintly whatthe problem is, i. e., 

1. The GEM detector preference is to use a very large unshielded magnet, which will result in a 

measurable magnet field at the surface, as far as we can determine now. 

2. The EIS states categorically that " ... no magnetic field source term would be presented at the 

surface of the SSC site or at its boundaries." (DEIS, Vol. IV, App. 10) 

3. The Safety Review Document, which is incorporated by reference into the FEIS, states that 

magnetic fields around the detectors will be appropriately posted without any surface commitment. 

(atchd.) 

4. Comments in the FEIS and SEIS seem to imply that the reference in the DEIS may only have 

been considering the fields due to accelerator magnets. ( atchd) 

5. The DOE and SSCL have made written responses to enquiries about potential interference 

with aircraft navigation equipment relative to O'Brien Airport and Waxahachie-Midlothian Ai port 

respectively. These reference back to the SEIS statement, which addresses fields from the accelerator 

magnets. ( atchd) 

The question to be asked then is whether stray field at the level of about 10 Gauss can be 

accommodated within the parameters defined by the environmental Record of Decision for the project, 

relying on the posting called out in the Safety Review Document. 

I believe you have all the reference, except for the DOE letter, which Nat Brown said he would 

put in the mail. 

cc: Phil Shelley 
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SI !nruu ~ oum111 !l.ni.! Comment 
250 Rhole cm Radius of hole in door 
8.30 Rec ran m Internal free radius 
8.90 Rwindin m Mean radius of winding 

29.00 Dpole m Internal free length 
.80 B T Magnetic induction 

L 130 Spcond cm Space for coil from screen to barrel 
2.37 BsatPol T Induction in pole 

BsatMan 2.37 T Induction in barrel 

-----------------------~-------------
3.65 Price IP $/kg Price of iron for pole fully erected 
2.57 PriceIB $/kg Price of iron for barrel fully erected 

L Price_B 48.89 M$ PriceofBarrelfullyerected 
Price_P 12.32 M$ Price of one Pole fully erected 
Price_T 73.54 M$ Total price of iron fully erected 

-----------------~-------------------
W_I_T 25776 t Optimized weight of iron 
W_B 19025 t Weight of barrel 
W_Door 1533 t Weight of mobile pan 
W_Cro 1842 t Weight of one crown 
W_P 3376 t Weight of one pole 
Rinman 9.60 m Internal radius of baffi:l 

L Rexman 10.90 m Outside radius of barrel 
Dextpol 32.15 m External length of magnet 

130.00 T_B cm Thickness of barrel 
T_doorl 44.30 cm Thickness of door near hole 
T_door2 147.09 cm Thickness of door near free aperture 
T_P 157.72 cm Thickness of pole at Rwinding 
T_P_Bxt 122.09 cm Thickness of pole on barrel outside di 

H 636620 Oe Magnetic field 
At 19.94 MAt Needed ampere-turns 
Flux 199.08 Wb Flux 
Sman 88.31 m"2 Cross section of barrel 
IronSpC 7.43 tlm"3 Specific mass of iron with packing 
tpsn .41421356 Tangente(pi/N) 

8 N Number of sides of barrel 
1.05 Foisiro Packing factor for iron 
7.80 Iron Sp t/m"3 Specific mass of iron 
1.08 FactAt Factor for ampere-turns 

Energy 1.84 OJ Stored energy 
µO l.2566E-6 Nm Vacuum permeability 

50000.00 Current A Current 
Induct 1.47 H Coil inductance 
Ntum 398.78 Number of turns 



----~ 

S1 Imul1 ~ Oumut llDi1 Cgoment 
250 Rho le cm Radius of hole in door 
8.30 Recran m Internal free radius 
8.90 Rwindin m Mean radius of winding 

29.00 Dpole m Internal free length 
.80 B T Magnetic induction 

L 130 Spcond cm Space for coil from screen to barrel 
2.37 BsatPol T Induction in pole 

BsatMan 3285.27 T Induction in barrel 
--~~-------------------------------

3.65 Price IP $/kg Price of iron for pole fully erected 
2.57 PriceIB $/kg Price of iron for barrel fully erected 

L Price_B .04 M$ Price of Barrel fully erected 
Price_P 9.17 M$ Price of one Pole fully erected 
Price_T 18.38 M$ Total price of iron fully erected 

--------------------------------------
W_I_T 5040 t Optimized weight of iron 
W_B 14 t Weight of barrel 
W_Door 1533 t Weight of mobile part 
W_Cro 980 t Weight of one crown 
W_P 2513 t Weight of one pole 
Rinman 9.60 m Internal radius of barrel 

L Rexman 9.60 m Outside radius of barrel 
Dextpol 32.15 m External length of magnet 

.10 T_B cm Thickness of barrel 
T_doorl 44.30 cm Thickness of door near hole 
T_door2 147.09 cm Thickness of door near free aperture 
T_P 157.72 cm Thickness of pole at Rwinding 
T_P_Bxt 138.61 cm Thickness of pole on barrel outside di 

H 636620 Cle Magnetic field 
At 19.94 MAt Needed ampere-turns 
Flux 199.08 Wb Flux 
Sman .06 m"2 Cross section of barrel 
IronSpC 7.43 tlm"3 Specific mass of iron with packing 
tpsn .41421356 - Tangente(pi/N) 

8 N Number of sides of barrel 
1.05 Foislro Packing factor for iron 
7.80 IronSp t/m"3 Specific mass of iron 
l.08 FactAt Factor for ampere-turns 

Energy 1.84 OJ Stored energy 
µO l.2566E-6 Nm Vacuum permeability 

50000.00 Current A Current 
Induct 1.47 H Coil inductance 
Nturn 398.78 Number of turns 



-
Sl lnl2lU ~ OulJlUI llllil Comment 

250 Rho le cm Radius of hole in door 
8.30 Recran m Internal free radius 
8.90 Rwindin m Mean radius of winding 

29.00 Dpole m Internal free length 
.80 B T Magnetic induction 

L 130 Spcond cm Space for coil from screen to barrel 
BsatPol 1.70 T Induction in pole 
BsatMan 1.49 T Induction in barrel 

--------------------------------------
3.65 Price IP $/kg Price of iron for pole fully erected 
2.57 PriceIB $/kg Price of iron for barrel fully erected 

L Price_B 77.79 M$ Price of Barrel fully erected 
Price_P 19.63 M$ Price of one Pole fully erected 
Price_T 117.05 M$ Total price of iron fully erected 

--~~-----------------------------~ 
W_I_T 41024 t Optimized weight of iron 
W_B 30268 t Weight of barrel 
W_Door 2139 t Weight of mobile pan 
W_Cro 3239 t Weight of one crown 
W_P 5378 t Weight of one pole 
Rinman 9.60 m Internal radius of barrel-

L Rexman 11.60 m Outside radius of barrel 
Dextpol 33.40 m External length of magnet 

200.00 T_B cm Thickness of barrel 
T_doorl 61.80 cm Thickness of door near hole 
T_door2 205.17 cm Thickness of door near free apenure 

220.00 T_P cm Thickness of pole at Rwinding 
T_P_Bxt 160.03 cm Thickness of pole on barrel outside di 

H 636620 Oe Magnetic field 
At 19.94 MAt Needed ampere-turns 
Flux 199.08 Wb Flux 
Sman 140.50 m"2 Cross section of barrel 
IronSpC 7.43 tlm"3 Specific mass of iron with packing 
tpsn .41421356 • Tangente(pi/N) 

8 N Number of sides of barrel 
1.05 Foislro Packing factor for iron 
7.80 IronSp t/m"3 Specific mass of iron 
1.08 FactAt Factor for ampere-turns 

Energy I.84 GI Stored energy 
µO l.2566E-6 Nm Vacuum permeability 

50000.00 Current A Current 
Induct 1.47 H Coil inductance 
Ntum 398.78 Number of turns 



IRON REWRN CONCEPT REPORT 

The panel has compared the iron return yoke concept to the single 
coil superconducting unshielded concept in respect to cost and 
schedule. 

Two different versions for the shielded concept are considered ; one 
being a stray field limit at the surface below 10 gauss and the 
second being the minimum field practical, which is considered to be 
1.0 gauss. A distance of 50m from the surface to the magnet center 
is assumed. 

The reason for choosing the 10 gauss figure for one case is to align 
with the safe limit for people with pace makers where similar fields 
may be found in public areas. 

Parameters of the two versions are shown in the accompanying 
sheets and the cost evaluation is given below. 

Version 1. (l.3m thick barrel.) 

Cost of the extra 20 ktonnes of iron 55.5M$ 

Version 2. (2.0m thick barrel) 

Cost of the extra 36 ktonnes 99.0M$ 

The addition of some surface shielding with the version 1 concept 
may be an alternative to version 2, if the field has to be reduced to 
the 1.0 gauss level. 

The schedule impact of the extra iron stated in the above version has 
been examined and is integrated with the single coil superconducting 
unshielded concept schedule. The detailed difference is shown in the 
attached sheets and the overall difference is 3.5 months. 



Since the planning is based on only handling large pieces a 
contingency increase in schedule estimate should be considered. This 
is estimated as giving a total schedule difference range of 
approximately 3.5 - 6 months. 

A way of reducing the schedule increase may be the addition of 
another construction shaft in the underground hall and carry out 
parallel installations. This solution would have an extra cost impact 
on the experimental facilities 

It should be noted that iron shielding may eliminate one possibility 
of increasing the resolution performance of the detector, where it is 
proposed by the collaboration to add muon chambers around the 
exterior of the magnet barrel in a future upgrade. 

10/11/91 DRAFT 



SJ illmll ~ 01n11111 llni1 Comm em 
2.'iO R'-::>le cm Radius of hole in door 
8.30 Recran m Internal free radius 
8.90 Rwindin m Mean radius of winding 

29.00 Dpole m Internal free length 
.80 B T Magnetic induction 

L 130 Spcond cm Space for coil from screen to barrel 
BsatPol 1.70 T Induction in pole 
BsatMan 1.49 T Induction in barrel 

-----------------------------------
Price IP 3.58 $/kg Price of iron for pole fully erected 
PriceIB 1.89 $/kg Price of iron for barrel fully erected 

L Price_B 57.10 M$ Price of Barrel fully erected 
Price_P 19.28 M$ Price of one Pole fully erected 
Price_T 95.65 M$ Total price of iron fully erected 

----------------------------------
W_I_T 41024 t Optimiz.ed weight of iron 
W_B 30268 t Weight of barrel 
W_Door 2139 t Weight of mobile pan 
W_Cro 3239 t Weight of one crown 
W_P 5378 t Weight of one pole 
Rinman 9.60 m Internal radius of barrel 

L Rexman 11.60 m Outside radius of barrel 
Dextpol 33.40 m External length of magnet 

200.00 T_B cm Thickness of barrel 
T_doorl 61.80 cm Thickness of door near hole 
T_door2 205.17 cm Thickness of door near free aperture 

220.00 T_P cm Thickness of pole at R winding 
T_P_Bxt 160.03 cm Thickness of pole on barrel outside di 

H 636620 Oe Magnetic field 
At 19.94 MAI Needed ampere-turns 
Flux 199.08 Wb Flux 
Sman 140.50 m"2 Cross section of barrel 
lronSpC 7.43 t/m"3 Specific mass of iron with packing 
tpsn .41421356 - Tangente(pi/N) 

8 N Number of sides of barrel 
1.05 Foislro Packing factor for iron 
7.80 lronSp t/m"3 Specific mass of iron 
1.08 FactAt Factor for ampere-turns 

Energy 1.84 OJ Stored energy 
µO l.2566E-6 Nm Vacuum permeability 

50000.00 Current A Current 
Induct 1.47 H Coil inductance 
Nturn 398.78 Number of turns 



S! l.rulJU ~ Ouwui llDi1 Comment 
250 Rho le cm Radius of hole in door 
8.30 Rccran m Internal free radius 
8.90 Rwindin m Mean radius of winding 
27.00 Dpole m Internal free length 

.83 B T Magnetic induction 
L 130 Spcond cm Space foc coil from screen to barrel 

2.00 BsatPol T Induction in pole 
BsatMan 2.46 T Induction in barrel 

-----------------------------~------
PriceIP 3.67 $/kg Price of iron for pole fully erected 
PriceIB 2.10 $/kg Price of iron for barrel fully erected 

L Price_B 37.14 M$ Price of Barrel fully erected 
Price_P 15.25 M$ Price of one Pole fully erected 
Price_T 67.63 M$ Total price of iron fully erected 

-------------------------·-------
W_I_T 26013 t Optimized weight of iron 
W_B 17713 t Weight of barrel 
W_Door 1885 t Weight of mobile pan 
W_Cro 2265 t Weight of one crown 
W_P 4150 t Weight of one pole 
Rinman 9.60 m Internal radius of barrel 

L Rexman 10.90 m Outside radius of barrel 
Dextpel 30.88 m External length of magnet 

130.00 T_B cm Thickness of barrel 
T_doorl 54.47 cm Thickness of door near bole 
T_door2 180.84 cm Thick:ncss of door near fJee apcnure 
T_P 193.91 cm Thickness of pole at Rwinding 
T_P_Bx1 150.11 cm Thickness of pole on barrel outside di 

H 660493 Oc Magnetic field 
At 19.26 MAt Needed ampere-turns 
Flux 206.54 Wb Flux 
Sman 88.31 m"2 Cross section of barrel 
lronSpC 7.43 tlm"3 Specific mass of iron with packing 
tpsn .41421356 - Tangente(pi/N) 

8 N Number of sides of bmel 
1.05 Foislro Packing factor for iron 
7.80 lronSp tlm"3 Specific mass of iron 
1.08 FactAt Factor for ampere-turns 

Energy 1.84 GJ Stored energy 
µO l.2566E-6 A/rn Vacuum permeability 

50000.00 Current A Current 
Induct 1.47 H Coil inductance 
Ntum 385.20 Number of turns 
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SUMMARY 

The GEM Magnet Technical Panel convened three times to study issues related to the 

technical credibility of the magnet concept, the cost estimate, proposed schedule, and 

operational issues. The meetings were held on September 4-6, September 25-27, and 

October 10 & 11, 1991. Individual reports were written for each of the first two meetings. 

The third and final report of the technical Panel summarizes the findings of all three 

meetings. 

The charge to the panel was to determine whether the construction of a baseline magnet 

concept consisting of a large superconducting solenoid, in either single or double coil 

version , is feasible and to estimate the cost, manpower requirement and schedule. 

The Technical Panel considered four magnet design options; the unshielded single 

solenoid, an unshielded single solenoid with a surface iron plate, a single solenoid with a 

barrel iron flux return, and a double coil solenoid. All four of these options had iron poles. 

In response to the charge, the panel finds: 

1. Although all four of the considered options are technically feasible, the unshielded 

solenoid is the preferred magnet configuration for the GEM Detector. Should the 

field at the surface be unacceptable, surface shielding iron could be added as a 

backup, at an approximate cost of$5-10M. 

2. The initial unshielded solenoid design, manufacturing, and operational concept for 

the magnet conductor, coil, cryostat, and supports all appear to be feasible. The 

estimated cost of $95M, the required manpower, and proposed schedule appears 

credible. 



3. The relative cost for the iron barrel shielded system is a factor of 1.5 - 2 larger and 

the schedule impact is 3.5 - 6 months. The relative cost for the double solenoid is a 

factor of 2 larger and the schedule impact is 6 - 8 months. Design and 

manufacturing requirements and instasllation schedule are different for various 

options. The manpower requirements are reflected in cost estimates. 

4. The unshielded solenoid can be operated within all known regulations. 

5. The permanent surface facilities for the unshielded solenoid concept can be 

substantially descoped from the proposed initial concept; however several less 

costly temporary structures are required. Either shielded concept requires additions 

to surface facilities, especially for the dual coil concept which requires additional 

winding space. 

6. A procurement strategy is currently not defined, and must be selected and 

implemented to avoid schedule delays. We recommend that early and intensive 

discussions between the SSCL and the Department of Energy be initiated. 

7. Rapid commencement of conductor development is recommended to support the 

schedule requirements. 

8. Magnetic forces on structural steel in the underground hall due to the unshielded 

magnet do not impose significant constraints on the conventional civil engineering 

structural design. 



To: 

From: 

Date: 

Subject: 

Steve Brumley 

Ronn Woolley 

October IO, 1991 

Superconducting Super Collider Laboratory 
2550 Beckleymeade Avenue, MS 2000 

Dallas, TX 75237-3946 

Physics Research Division 
(214) 708-6079, Fax (214) 708-6174 

DRAFf 

FEIS Magnetic Field Requirements 

The concern has surfaced regarding the requirement for limiting the amount of static 
magnetic radiation, on the surface above the GEM interaction hall. The GEM Technical 
Panel requires a legal interpretation of the Final Environmental Impact Statement (FEIS) 
and other potentially binding documents, in order to ascertain our magnet requirements. 
Please review the enclosed documents with the following questions in mind: 

1) Are the documents' magnetic field limits references specifically legally binding? 

2) Is there any flexibility as to interpretation of the applicable magnetic field 
references? 

3) What are our specific responsibilities, as dictated by the binding applicable 
references? 

4) Do the specific applicable magnetic field references require SSCL to limit 
the level of static magnetic radiation to that of background (0.5 gauss) at the 
ground surface? If not, then what maximum level would be acceptable? 

5) What legal alternatives toward compliance adherence can SSCL exercise? 

Please advise Phil Shelley or Ray Stefanski of our position on this issue, as expeditiously 
as possible. If you have any specific questions or concerns of a technical nature, please 
address them to Ray Stefanski or Ronn Woolley. 

Thank you for your consideration of this important matter. 

Attachments 

RS/RW 



cc: Larry Coulson 
Fred Gilman 
Mike Harris 
Phil Shelley 
Ray Stefanski 
Tim Thurston 
Tim Toohig 
Barry Barish - CalTech 
William Willis - Columbia Univ. 
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10.1.3.2 Nonionizing Radiation and Hazardous/Toxic Materials 

A. Nonionizing Radiation 

1. Microwave Energy 

Power to the RF cavities for each of the SSC rings will be supplied by 
klystron tubes, each with an output power of about 1 MW. The klystrons 
will be housed in above-ground shelters with concrete pads. The RF 
energy generated by the klystrons· w-ill be suppli~ to the tav-i-ties in 
the tunnel via metal waveguides. Since the RF waves will be totally 
enclosed by the waveguides, microwave leakage from the accelerating 
system would be negligible. (SSC COG 1988) Health and safety personnel 
at the Stanford Linear Accelerator (SLAC) indicate that microwave 
leakage from RF system components is not measurable at the· StAC facil­
ity. (Schenker 1987) Therefore, no source term was identified for 
microwave energy associated with the RF accelerating system. 

When operating properly, kly-strons at the SSC should emit only extl'emely 
low le.vels of X-rays. Howe:\ler, klystron tubes can emit si9nific.ant 
amounts of X-rays when they. are operating out of speci ffcation~ Source 
terms of 10 to 15 mrem/ti at the tube surface have been measured· at SlAt. 
At a di stance· of 3 ft (1 m), the measured' emission ra:te drapp.e.d to. about 
0.75 mrem/h. At the CERN LEP accelerator. facility, X-ray levels are 
specified to. be less than o .. 5 mrem/h in the aisleway a-Tong the kTy,stron 
ga 11 ery (Goebel 1987), and· s imHar specifications wi.11 be- a'dopted for 
the SSC. 

2. Maqnetic Field£ 

The superconducting magnets used i.n the SSC operation and· eitperfments 
will be designed to produce steady high magnetic fields within the vac­
uum chambers containing the beams of particles. S,imilarly, the conven­
tional electromagnets in the booster accelerators as well as those asso­
ciated with the klystrons will, by definition, produce magnetic fields. 
In these cases, the fields are lower than those produced by the super­
conducting magnets by a factor of at least 3. 

All of the above magnets are being designed with iron yokes for magnetic 
field and. field qua.lity enhancement. However, the iron. also. serves. ano­
ther purpose; it considerably reduces the "stray field" of the magnetic 
flux appearing outside the physical dimensions of the magnets. For exam­
ple, the magnetic field at the outside surface of the superconducting 
magnets will be less than l/lOOth of the field at the center of the vac­
uum chamber beam tube. At the surface of the cryostat surrounding the 
magnets, the field strength will be diminished by another factor of 60. 
Finally, at a point next to the tunnel wall, the magnetic field from any 
of the superconducting or conventional magnets will be about the same 
magnitude as the earth's magnetic field. Thus, no magnetic field source 
term woul<I be present at the surface of the SSC site or at i'ts boundaries. 

SSCAPION22588129 DEIS Volume IV Appendix· 10 
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Operations areas, such as control rooms, would be located tens of meters 
or more from the magnets themselves. Because the strength of a magnetic 
field decreases rapidly with distance, the field would be much less than 
the earth's magnetic field in such areas, and operating personnel would 
be unaffected. Since no personnel would be allowed in the tunnel when 
the magnets would be energized, and since there is no "residual" magnetic 
field when the machine is not operating, there is no operational (worker) 
source term. 

B. Hazardous/Toxic Materials 

1. Cryogens 

Liquid nitrogen, liquid helium, and helium gas will be used and stored 
in large quantities throughout the facility. None of these materials 
are toxic. These cryogens will continually circulate through the col­
lider ring to provide cooling for the superconducting magnets. All 
three materials will be stored in above-ground tanks at each of the ten 
service areas. Standard safety procedures exist for dealing with cryo­
gens, and workers would be trained in these and in handling techniques. 
Since the cryogens are contained in closed systems, no source term is 
associated with the cryogenic materials during normal operations. The 
impacts of a major cryogen release are discussed in Appendix 12. 

2. Other Hazardous/Toxic Materials 

Some of the hazardous/toxic materials (HTMs) health hazards that would 
be most likely to result from SSC construction activities include welding 
fumes, rock dust (from tunneling), and solvent vapors. Source terms are 
not available for these potential hazards since the operations involved 
are transient and variable in scope and duration. The hazards would be 
standard to any construction activity, and no unusual circumstances or 
conditions are present. 

HTMs similar to the above (except for those associated with tunneling, 
and as indicated below) would be likely to be encountered by workers at 
the SSC during the course of normal operation and maintenance activities, 
but would be limited to the experimental areas and the support facili­
ties. Again, these hazardous materials would be typical of light indus­
try operations both in diversity and quantity, and industry standards 
and handling procedures will be adopted. 

Based on the experimental activities at Fermilab and CERN, it is antici­
pated that detectors built for SSC experiments could include the use of 
flammable/toxic gases and possibly other hazardous materials, such as 
depleted uranium. A thorough evaluation of safety considerations, would 
be performed for each detector prior to its approval for construction. 

Information obtained from Fermilab indicates that flammable gases are 
commonly used in experimental areas (Baker 1987). They have included 
isobutane and mixtures of argon/ethane and argon/methane. Hence, the 
threat of fire is a constant hazard since high voltage is an intrinsic 
part of the physics experiments and can provide a "ready" spark source 

SSCAP10N22588130 DEIS Volume IV Appendix 10 



:ollowing that, arg:;:ner.ts tr, justify the construction and operations of 
the research devices are ~ade to the national and int~rnalional communi­
ties of scientists. In the case of the SSC, the merit of the undertak­
ing has been debated extensively among the scientists, within the 
Government agencies, and before peer review groups (Volume I, Chapter 2, 
Section 2.2.2). 

See Comment Response 1276.01. 

0497 .13 

SSC project cost estimates were adjusted to reflect savings that would 
be realized by using the Fermil ab Tevatron as the SSC injector facility. 
Other credits considered for the Illinois site cost estimate include 
reduced construction costs for utility systems and campus facilities, 
and reduced operating expenses due to cost sharing with ongoing, funded 
Fermi lab research programs. See EIS Volume IV, Appendix 2, Section 
2.4.2.2. To develop this adjustment, the DOE considered all available 
data such as the site proposal, Conceptual Design Report, and DOE 
Fermilab experience. Cost, however, is only one criterion used in the 
cite decision. 

C497.14 

The CERN accelerator that spans the border of France and Switzerland did 
nave flooding problems during construction. The flow was stopped by the 
installation of a tunnel liner. There has been no problem since the 
tunnel liner was put in place. 

Where the SSC ring will be below the water table, a concrete liner or 
grouting will be used to stop flooding. 

']497.15 

The inability of recent experimental advances in high-temperature super­
conductors to meet SSC project requirements is identified in the EIS in 
Volume I, Ch~pter 3, Section 3.2. 

0497.16 

The electr0tll1l9Mti.cs used in the SSC will not expose the public to mea­
surable magnetic fields• :Jene superconducting magnets will be desiqned 
with iron yol!,es, which consw..-ui.J red1JCe the magnetic field fr<*n 
extending beyond the V.a«:Ujja ..._,,~. The field produced by the magnets 
will not affect the public, because the strength of the SSC-induced fields 
at the tunnel wal~will be about the same as that of the earth's magnetic 
field (EIS Volume IV, Appendix IO, Section 10.1.3.2). 

r·or a discussion of the possible hazards of power distribution and 
~ransmission lines, see Comment Response 733.02. 

045105003338815 



wll l be two new sect ions of 230-kV line constructed (2. l and 1. 9 mi 
long}. There also will be two new 12-kV line~ constructed to pro.,tid<> 
power to pumping operatlons for the SSC water supp ls. 

0733.02 

Over the past several years, research has been conducted to exarnin'= the 
possible health effects associated 1vith human exposure to el ectroma>1-
net i c fields that are produced by powsr l i11es and some electrical appli­
ances. Some of the studies have suggested a i ink between exposure and 
health outcomes such as childhood cancer, occupational cancers, or occu­
pationally related reproductive effects. There have also been studies 
which have not demonstrated any such relationships. Furtherwore, some 
of the studies that have suggested possible effects have had weaknesses 
that limit the validity of the results. Thu~. a combination of the lack 
of consistent findings among the studies, the absence of a dose-response 
relationship, and the lack of a biological explanation for the way in 
which electromagnetic fields can produce a health effect, has made many 
scientists doubtful at this time that there is a causal relationship 
between exposure to electromagnetic fields and various alleged chronic 
effects. 

However, concern that the.transmission and distribution power lines 
could pose a health hazard is appropriate, and additional research is 
needed before any conclusion can be reached. Studies are currently 
underway by the government and private firms to better understand the 
possible hazards of electromagnetic fields. In addition, several states 
are considering new regulations on the placement of power lines. The 
placement of power lines will be done in compliance with applicable 
regulations. See EIS Volume I, Chapter 5 for the DOE's policy regarding 
co:11pl iance with environmental regulations. 

0733.03 

See Comment Response 733.01. 

0734·.01 

The potential for relocating Camp Butner is dependent on site s~lection 
and the DOE determining the final design configuration of the SSC. The 
decision to include part of Camp Butner in the North Carolina's proposal 
was the responsibility of the State. Contingent upon final design, the 
DOE is not aware of any safety or programmatic reasons why Camp Butner 
would need to be relocated if the North Carolina site is selected. 

Should North Carolina be selected as the site and if Camp Butner were to 
be affected, the resulting impacts and proposed mitigations would be 
part of the Supplemental EIS to be prepared prior to a decision to con­
struct or operate the SSC. 

The proposed total acreage required for the North Carolina SSC site is 
15,897 acres (see Volume I, Chapter 3, Section 3.4). The EIS also notes 
that the number of affected land parcels and Ol~nershi ps may vary by as 

Olol07503358833 
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-::!ra..:!latir.: J!"-J. ;;i.-,:.i_i ~=.:.::. '.'..:'.n:f pt·.bL:.c. sc.rvic!?~ ·..-il! re-~ui:-e e;-..:'.J::nsi·'·1· 
si,_::~ooJ.s. J.o:.w <!r.£;:,r:ci::...'!nr. :·,;;mo?.~ "cr.·i:;:~:.:, pt:r:..ir.: h~3l':h, u .. _: ::._.:.~s. : ; . ..:.._ 
·• 1.cer s;.:uplj-. :>e'l-l<i~~ ar.J so1.i.d li!a&tll d!;;pos<1l. Rec~nt: nP'.09 att:!.::les :""~-: ... ,rt 
t:he St3re will h<i.11}; to ~iilt t>Xt:e:i.t i.:i :'lo.)t clear. City ar •. J ,~.:-;;nty -,7..:: .:i.?l,; 
sMo!Jld <:;;.rl!f'Jli.r ~ .. ;,;:.na:e cr.s::..;i f .Jr t.hes~ 1.:m~-tP.r':!! {:.J-.p;u-.:::ii -.r. d!~·~ sl;';:---1, 

'""U!oi·~s anJ :'!.e><.,:otL'1te a c.l-=ar ..:.nriers:andi.:i.~ 'Ji tin'i<lciil.l s:.::ipo!"-: i::~m tr·.~ 
stat:C!. 

'e.-..! l:i also <l. -:;.'):ier~.r:·; , •. ,11·:."-:'n t~1,1i: :.!;i-» in-~'!, v~r,: €.:-·;•e!"'!:o:i·.~ -·~-?._ .. 
r::c;.11:! b ... start.a~, t::;en ;;;;o;:i;i!--:i, .::i.handv11ed <li.;rinl ccnr;t:rucr;i.::1; ~~- e•:-;:: .;. -­
a f,..., :-eacs of -Jperar.ioo., l:-a,·L1;;; ia ocr .;-:c.;:;nn<.J."!.ity, JU!' s:.;te. ;•!!:t .1r:~~-1~!'.: 

i:--..:0>1rol~t:e fias;;:>, such as t:-:e Hartsv::il::=: ':•:clr..;ir !"lant. ~.:cvt:ral f,;..·- ·;·; 
cuu!J ii;fl•J:'lce such a happl::.nlng: 

.. :te:.,v U.S. scient!!J.ts 1:1-~l!.~\-e .._;-.,: ~'-lli»~S bud;~t-.d .'Jr ~: e ,;:; 
..i h~.~i<: st'.i-.!n-.:.e (n.0<: a-;;?liad sc~. ~r.- .?) p..:o~~'-'-• "''t::. :>::.~ ""~ o: 
r:.::-,c!s f?'J-:l or-h~r mo:-e. impr.i:r<:ant. -.:'?.!:l..,nai ?r·lfp:.-;:iis. )t·. ;~.-~:-:'. 

?:-:'~:::s, p.-er.iclen-; vf th.:! ~.:i.ti.,n.~l ;-~3.1':::'!1Yf oi 5,;ie·--c-:·~,;:. :;:n.; :.-::. 
'tY:iert Rcs•~;;;.ei~, pre:>iU~nt of :::r-,~ Assoc!.stion of ;,;;c:~ . ..:;;n 
'.':'li·1;>:_·_;;-;.:,_:_.-;;. !)_)th ;-..:·.::::!lt!y s~~~:,:j r·~poo-..- Y.:- .. :: T!l"·<!s, ~:-,, !, 

133:3) ti".e JJC sr.,:.i.z.id t:e <lest~nati?d a"-.OS..aCOn.G.:~y· p:riorir:-,'' :.o 
llll're. \!r.;'!rt "higha::Jt 9ri,.)rity-' ~-:i~tific e.r,o:leavo!'"3 si:-h es 
(1. l t~::i tt.ai:i.in!j a:~d ed •• ...:.iti:>n •.Ji youn!J s.:.ientist.s. ( .::1 '-"~"' 

i·,,.so:i...i::i.x1 c·f ce~":a..:.:i ;;-.,1:;ional ..:!i::ias ::Jucr, .lS ";,.;::;.:;, · .:;"J 

'.ll ,·e,;;e3:-•. ~:'I .~,..;nerc:::-.:·.l.:.:i:cr.·:. 

• s-;i..-.c..l! .ici.ar·<:.::,;:3 ar~ -;:s.--,r,~·1,,,11· cot11peti1o,;: :•)r c'.1.e;;e. :'<":ie 
~l.:~i.:>!tJ ·i~ :.:._,ll.:;t"o: t:i ':iuilJ :.1. s~.-i~e st. .. ti-.:;n ::.1~~ !'Y-?'.JL~ '1r.rs. 

• :;,_~ionc.l ,i.~.! !:::t':'.l?.t:.c"-.-!l ~!..~.aa.t·::.!i m.ii':', in a~~* •.·~:r.1. 

;>r-)vi.!e be~:.:,,i:- ,::;_:!_ ·'"·=.,~·~::: '!.,.-'t:hc..:s to &·:c:eL!r-::.c~ J.1:J .:.~l!L~: 

,_,,,. s~-.:;h ,<_0·;;;.-.n::1 L';•, .. i lf,<J.;;.c.': .. :ie. SSC o:-isolete. :-n:::;,t,;:"3.n 
:;:·i-~:~t:L.i".:S ':;:i.;.-~2- ,- .-. ':-m':l!, .; . .:.1., _1_0, l'J~.IJ) belie;·e ~:-.,;. U.S. 
h-->-> ''jo .. ::i;:e..i l11l .,;,.,:i ,··-·_;-;:-~.:eed ·.:i:::.n t!le 53 mile 33-:: t~~v 
.::~n~o'!~d tr.-" li . .S, ,;,..,J,_.1_rj p~r;llit t 1c ui;:.~.'.'l:1dr:~ r!!:>CO!.r::.!1 at t~e 

I!.-\. 1-
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.:C::l.'l tl~ to c:-~~ t:i !r:1'.:..: ... m !I'-' t;.~ CS. could prct:!.!. ~V pit­
.;;.;..;.; and 11\i;<t.;.l<.':'o: -.r. C£R~:. ;,;::uar~nt.::.y, we have d!!.(.idl!!d to 1ush 
a:-."!ad, t<J r,c.,.*.:.t . .!.1 tl.w1der .£i'le&J, .:..u ora~r t::- i-. "n1,;~b-er on~." 

<''-r plea, t~..:r·r~r.a, t:i t!He C-:OP. i$ this: if t:hc SSC 13 indeed f,.mdt?!!, 
cr.1a pro;.?ct V:.ll hot :110 J.~-"lr ... e. sn .!i;;t"U:>>:!.ve. 30 pods.ibly Jangeroua to 
thi& area, ... ~ strcri,..'f ::>1.l.>r,~eat t.l\e SSC s~oulJ ;;::i to an ait'"rn.ate sir.a vhere 
i1'. ·.-,·.: 'lt°f~c..t fil.r :..;.;.sg p!l'lpl:;, and tr.e:!.t' .?nvirom:a.?nt. F::ir ez:ample, the 
~~"':;. w~ll be &L"P""! tll..? gr-01..1nd. wat~r ir. ArtlOn8' and '!'e;c;as; ar.d we ur.d<:r-. 7 si;and only f,_.ur ::i""o-;;: :i.;J. A:i?ona and cwo ho1tlitS in Cclot11ci.o will be mo\·etl. 

fi.1aJ.ly, 1o1ti.en tir, t.aun Lederma::, th~ Directer cf Fe7~til.ib, f!.r-;t 
c!.<J.~i;.1.~ed thl! SSC, ha c:.llad it the ''DesF.:rt:ron." ~.a.ny cf us a~ree \ii:h I:r. 
<.:ide:m.tn '~ f,~,reoJ.!.,~r,t and wi<!ci>1tll, a·11 believe, as he apparer.tly C!.d, this 
\:'..!@€ yr.r:-!ac-.::, witn so many unk!'.c-;Jt.s, ~i,,:.1.ild bo!! cort:ect.ly .lr,d Q.o:!'e safe.ly 
i;l;;:c~d ... 1 a i:~:aot.!t p4rt of th" cci.ntry. 

'Ro~••t 
?.o. i3ll,. 

~\v r.fv-.ffS btt-t, 1'C:1t'I.· 

(~15") Q9,-0 is:> 

l!A.1-
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Con~reaaaaa &~rt ~o:r~on 
1.517 L'-'""'°rth Y.~"" O{CL<=.e O.UilJ.l\l3 
Ve!lhl.nst.cn, o.c. :ZUJl5 

Dear t!:a:rt, 

:;.:;c Pict f.1 ~Ji"7,, C.'.'0•1v 
r.o. !!ox s 
Ror.k~~l~, i'.'t 371~3 

H.P.rch 23, l. 3:13 

!:uiuk rou for u.ntin~ ... t ::h llt'1'~!Dl cl us on Mar-::.ti S to h"iu· our Cl)llcern~ 

about t:<• P"t"opo.sed Sl.',P•l'cand.,.;:ting 8up~r <::ol!ider (~!.:C), 

As you ""il'!!lt.-:.tf, "" >1.:re sub1o1ittin1 !ll!'V£T31 •1l•~st.!oni1 tq your ufiloe!! 
whi::.h to• und•r•t-.d rlll t. .. fo~rdiltd ta <:.or.1"t•.ln. Jr.<tlv\d.u•1• •~d •s~m::ie• in 
ord•r to o:i.t11-1.a deft.nit:l.,., •""'"'"'•id ""rtt.11'18· /\.4 we wer~ ru~tt . .er ••!lll·Jr~d, 

9hoi..=ld·we con•id!ii!t' a)ty 81U"'!l"1 1ndefJntte, int:.oo:t;.J~t.111 or um,actaiactcr7, 
than your otllc• "°'6ld eet!k io(or .. ~1un from sciel'tlflc sourree, lndep~nd-ent 

of the Derart11ent of Eaert.f• and frff Qf poeet.~te <:.on! 1tct. of' 1'1\t.'l!'Ye•r. 

I. 'W$JJ co.trucl.f.oa of:•~ ....,fer!r.,and l4C•~.,! ·t~.,,tr& o• ""tu>""' 
ad J•cent 1H!$ l w~t.t!r l 

2. ~1i euc.h ~ge to W'!'ll vat'l!'r oc~ur, ~" ·~~ •'fAo:"t•d f3r!Vfr 
•nd ha-• o~r ttXpect ttM •t•I~ 'o •ur.pl1 &tl'ple •nol -Qf~ v:>.1•r {or both 
houall!hoJd ••lid •tock ut.aJ ua<rl 

1. "'1:j.;I l\t'OUnd 'llt1iler le"'\.. 1nto and da~ge lh" l• .. 111e11 

41. .{!'9 not t'"9 Ari~ au.J ;'.11!':11.a• plaMI for• !'ttnn•I <th•! .. '!! the \ot"'f'-'1 

Z.0 t•hJe ~,, •.• rl'tu11tbJ~. both i• co.•u1t-r'H':tton coat• aw1 .. !;ro11o_M t1..it•r a•l*tl'7 

5. !!.• fl'>L.i'J' of out' wt I.a -.i «.'f'"'"nd vA't••· _. __ ':"~cil:g 1·.-.1~ .. ~;, 'i.,lf,,., 
11.; lly•)r•J~l!tt f'U1ild,,., i'iov do•~ thi.:ci ('.O"'CllJ'u:W ,..rr,..~t r-an«;c.-:·u:~i'"'' ''' t'·'"" 
~~', r,:.·d lzt~r t:)" !l:ltlll"'OUll """''"fr-1:-;l"l*'ftt of the ""'t::p!-Ct{"rl tu;u:~-i1 

fl. ".,<".' ;i.-:'J·J<.?;'\\.4<\d Cl"tt-ii>• t·o.•l<l•"-'clidea tq111J1 'l~l ~·;:~;i.,.-.1, '" .. ,.j1.,.,, 

t'.;.;.f",;:Jlt t·J, !!-.,,..~·11'!'"fl!I _')'9, Ber,-1.: 1:-;ltj 7\ '"'! pf"QdUt:IP.d by !:,., ;:;:-:i:, ':;'.1 tttu"'~ ... on 
~'!l~i>!ftl ;;;<-. .o.re ""'t"l' wlubl•· l&..• """' thes• (111'1J orh~r r11t-'" .. tH1.al!y t.'"1'-~~ 
.;11:;er.ts) tu H uf•lJ C:Ofthbt"!dl &td, """qlcf C~"!'J>! :tJ1;"''H .. '!! ... l! .. •Jl"' t,nto "'"'''"'. 
Mil Ct' "'~· '*""t CQOJl-d ... t-Jd!lt· l!l~ifle -~net1~. ll'll"d•'~"t~ {II" 4<1-f!,; 

ef!•1Ct iJd ~ ... Qt' ot.he~ ~1~. f<1'iltl. N.r\•~"' "''" µl.1r~ '~r~1 Wh"'i- ;i..~ 
been this ~:1•-cifi·:: o:~rter:1•n~"' :11t t : • ..; t .. .-.. J. l.ab l•l tll t.n·:iiOJ '1\\f"1,~tf t.~ p.-.,t 
ZiJ 'l'""''JT:l1 Arlll thCi'e lle•ltl!ll:'lib•e l~\l'!J• of t·h~e ll!l'J~St.ilM!!'! '" v.,n-1 ... 11l'"i~J 
~t"J:-e:r.o.>1. o:lr1.».icg "tMt;er .ad 4iC' ~·i1M"-t •nd 11e3r tiue i"':•=-i l.111;? 

7. lih•t •~·ot c?I• -i89:14.Nl p~,,,.,0<:·rs fr,,_ tlo•, 'll',.>\t1t11.~,~'l'I '!l • .:i.~~"'l &4d 1i,,. 

t'!!ri:;~r::aiti.on unite ~•ttec~d •.t t"t~r"Mfa eli>ng the to;1s:.i'!1 "r'!'i .t~.,,.. 1t1r·· 
borlllie prod,Jcto tcJCte end b~1 •HlJ the w.tll'I• f:T•"JdtJ("e:.J liy rl11~ T"rl.Ji~"~.11~~ . .,.,l 
lltnJ.t~ be ti1_!1tul.:ta1.r~ r_, !J."d_i~c..,..,..t. ~.::.-::~:,~.1t<;;1 
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C"1'~'<:'3'~:--.;::;1 :!.irt '_:or·~on 

?~g~ 4 
~:lt::U :Z.3, l'J~-B 

'\. •.:'1<'!t ,1re t:\>~ ;i-;f.:-f~1::1,JJ t:-1 ~~ e ",~,.1;.;.,1'...:ri r::!u;r.:,er.'!I" 1>1h:?l'I procnt~.'!I 
<:~1.i..l."!!') CO p.·•c'E!f"~ l"a'3~..;:it~c'i ~rUl t(' a<'•)llCl!l~t tl".C'c., StCl.ll'lJ ~ai:'tr, e.s:>e­
-::~aliy a:i ;,;~ :.:1.!~r~t<>.n•j ~::·1 -="~ll..:-~c·1 i"cce~ •d:l '-·~ ~.o tl::-es :;;r1'!et.<:or tillh1 
:::if't_ Jt ~\1('0 ft:t.,.i :.i:;O? 

·;~:.1t -~.•::> r~•_nl'ti·,\ ; r0t>·r-'.: ;:: __ ,;-rj ~J reT.o"·,1 vf t'1~ ~··cw><ll~'hl 

~·-[ :c"°' cf :c1::K er r;b~~e i~: -;:,·1"."1 :'Jr:tl·.'.1 t:-f tl1e turir.ei.r 1.'iit":re ;.;.:..:.1 ~!'.!."'l 
-~-'t~:1<ol be ~tcred <!TJ ';-:,>-,; tra.,!:'"'::~"!;l 3,1d t:::oe117 :iow will t11e re~11ltir:i:i: 
~·ut .1~,·l :~-~:-:!1:.t,. ~Lf~f'.t ,~,,_ . .,.t 1.r. '.>t~~;i.,, '\(t"C•J<1d ~»~tcr 2rn-l F~;.r:ic q·;;ztl!·. 

-:~':''"-'.:"'=~\ r.'J i-'!'O'-~ ·~:111s •.r.tth (.,::.i ""<:::<'r>::~:-.i;;:y ;:·~!.t:y pr~Je•.t. 1o:·,,.:i .~~- l'";,1·y 
o:i:~?" <<"s~arcl1 :iv~r-:J~' c;!:''l' ~':l"·."'l·J 0 r1'-:i. 'Tltire !l'!f.'Ortant. Can yct•r c>lflo:e 
·JC~'J~'~:-.-: c];!.$1 ;,r.,J, ~;i,.,...,t-1 th.:._.. ncit '; r;'! l·!'21r1.rit on t;h'!l! nation's buiJ~et-
1.-,;:i p":"1't:R;!'I f'.':r ~rto":"i~tzt:1'1!; ~i::"\1·1itHlc ;irc:ect:;,1 

t~. l~ r.~:" ~s:: l~ flnd~d, ·J"t•!,J tr:. not t:~ 1;;1.1f!! te'!':;On'..!l-la "111d f~s-r.i!ilv 
n•~p-:-n~itie to bu.:.!C:/inr::Cq>OC,1t.e t!•e ::::;c :1-:lJac('nt to or i;, co::mticLlon utth 
th'!! oe:<.!o:t1"~ F!!tNi L.ab 111 llllnn!s 'kiiflri:! A ca111p0Js. ia::lud111e: a usahte: 
·.ir:t:::l-:>11t1:>r, ;11\!l a sci"e:<~ific: r:ol'Sllu'llt7 sre ~1:.r~<1dy cst.t::dl.:r!i~dl 

LZ. s.·~ l;Js@ ::r.\ . .'~rsco..::•l Cl•'! Fr.~nco-S:..lss SSC!:.:".!~ so[!erf'cl i..ato!r Ja,~aR~• 
::1;::t ,~.,,~.- t•.,o ffol!t t>f 1.11\~-""r l"-::;-.·P. ~l<Jc 1l~d t••~ t\Hlflll?l. (:culri i'(J'.H" cff"..<::O! 
u::>:::1.,..~11t Li":i3 111!.sfoC~t!f't:''l [., t11L~ '.l o;li;:»lfJt:-"•"f .::ir.1<!n f;:i!' the :;:c :\n tl•l.'J 
<::l'1'1t"i'. ~ .. -,,.eciii.llv tn t\1<,.;e f:!.·.·i:i st.1~;;-3 ..,~,·~re ~:,el' Jt1~1..-l ln i:.~~n··~-:1 to l>~ 
hPi.~;.r u,2 vitter tali 1..:? 

LJ. :;~ -;r<.ltr.3~am1 t!i'!J'I'! i"' <:torz{'n~ rcwe:"lrch in s<1~2rcot:d•1ctri-r!, c;;.!'"th 
o:<L!~!' ~n:i rl3.1'!":3, w~dch 1:'1 a f P".I 'f!'<lrS fflay 1-.si.:.e tlu! proposed SSC O~!iolete. 
lf yr.•Jt r,fficc ;;•:i 1L~r:u.,ent tl:J!J ~t<1tcli1:~ ir.fonnatiC'n, wo•:i!d it not be 
~.-c..-sr"l11'3~1;.J!! l:1i f•J~-c! th'! 35('.':, to 11c~ut.;e ~C('f"eJ"t)' 1 t.o !'l<:iVe Liml!Les, t::i 

bie:-!n ("·;11?.trc1r:ti'""ri (~ul'f r-. 11l'lvu t:,,. ..,j,.,Je rrl'.'j"!ct decl.oir11:i oL:'.Jr\etl! in the 
l.·.:,\·t. ,,f """"i'f~~"::- ~.,[:'r~·,,:~-J~.? -.:,-,,~.J •_!,f'> -::e!ndt in nc..t r·n!v t\•'! lv~~. 
•.":l':" c::? ;.;:«:te. ,.7 ~-il2.l.-:-r ~ r1f : .. ,J .. ,:-.1[ t<'I~ d"J; l·'l>l, bt~t '>l~o 1ol.li!.C:1.9 c~ 
'""'.:~.<;·'-'~I_;_;-,: <i:·l '1•-::? 

:· l·~'. !<ll'.~<'llHd1 .t$ ,111 ~m:c11,cus U~':lu~1t r,f e!ectciclty vi.ll he ~ee<led to 
::OJ•,rly a\d r;p'!!rat~ ti'<? <;::;r:, tii~io; crt;.-:t!n~ strl~t1~ electt01ftiH1:n>'<t.!.c f!.elds 
bt'!h .~t t;,~ SSC f<'::".il!t" ;;r;d ,-!:-•-•.:t ti:f' f~~ciin~ tr1111~11ni~:'lion l1111"s, "'hat 
'r~ :·.~ r-:o:::-:bl.e lliHl'1t·1l ef;:~ct~ t? '.,,,,.01:-.lil er t:i-~s-~ <litetrcm.1:;;;"11:! i.: f'.el,~s 1 

'.,i,i'lt ~re t 1·e ~~,!"-!f~c ;-!n-.s [r•r ''ck1..o.~i,-slt,t•tn1;'' the s-:;c ')1"<:e 
! ; J ·!'.'~~·- ~:lO:"!!J t'l e~!·nl"Jted \;, ~ ···•\!' '··:=--.::S ·:ear!li ~.:in ""! b~ ituc.r1~1tier:!! 
"'(" e >::<..i~~t.!."':i .~n<:l ~-~r:0 e• ... 1,r.-:e .,j '. ~ t"' ;,red fl'r pllrpo~es l1'11t ar!! r.c:: 
<1ilr~{11L t':> •'ie ccrn:1"!llit·1- '·''.' l it lie po<;,,,icle ior certain cit!.zor.e to 
"h::·-h>tel<." t 1•0.ir rrcr<irt_·.- .:•t "1:1~ ,·_:,11r;t"•:l!!·.j :o.nJ f''•td • .;'le-1 by th'! 1'1t3te 

: :·.-. ~:OC? 

ri:, <,.;\1y ln I-le" ·icrl<. st.,t~ . .,,c.Jlcl o;u -~~":' o::'.~~".:cl"1S a11t.! ti-.Plr ele<::ted 
r;1~f!c:!3t3 •n• !'lt'.'",J'l~l;i epp•.l~!' ti!~ -;;:;r: t!i.,t r:•1'!1-r st!'it~'! r•rop03al i.:1!.it 
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Cri:it,1 "'• t'.:':.:J·>'• E:<c t' 1;,,, ,.,,,.1 

r-~;oe 3 
~.JJ;r':I ;:;. ~9-"lfi 

"it..,.jr"''"" t; r;:;r,-,,.,. .. ,,.,r- l:vo,.,...,-, ~ 1 ··~••1 , .. ,. . ., y, :l. ~.•.c-,; ·~n-,..,~h'·•ro 

..._,..,,.,.,~~en ~~;"!C'.'<!11 t•·:l'l ,,.·;c11 ..,,.,,,- <'"l1-•:J;¥>., ..:; .• , •. ~·•·"""'·~"' 

~.1~.i 7::;i,·1,. 

j 7. .• ,,.-, ..,!! .;lt•rJ o!.ll'?l "J - 1wh:··~~·~'P' < j: : ~-1!'1"!!1 h<: ,.;<;'"JI le•.\ ~I , · 

~~•'!'t<"i·"1' lo '";•••,n.ic!" ".",.,,,. .. ~ .. ,.,._,, .,.._1,.;1 ,;., ··::r: '.H~·,:!-L-~ T"-1'>1··· .. 
t~:::Ht.::i~::~ r~!':rH·•·-n1<;; :>tr,~"'S" !'\::.:';) i-,'\_!J!tj f".'l'.' ~'1r-l:;~r· ·.i. 

J?. r;r!-;o'i];. ,,.,,,.,J..:I I_! th•,,, '·i<"'-'' .. ~ -~-···i t'\·"•"'!~nr.~' 

•'.· 

!.:i~<:r ('_j :;i:;x;~~~-:"..:; •. ~·_l1 :'.- ,ci ;, ~l;i vrr 1':"!' C'•\·:1 ••·'"1••~" ···-1 

Q\;i\~r ~i!{•('H!M ntlt.t:<.;i~.f;; f!:..>•>n~.if \'t11 .. 1:J.~~'7 It•'" ""'<'i'"'it nr 1 ;:i'.'''-' '" ·;: "' 

ei..2te~ r.;c;:;;5 r!il~!) o;,.. ... u,.y·.• r.,.!i~.(')l•~l;~t'! lU!~1.~!g \1,th .:..•e ,, !><i1..,r -"'l"'"' 

•nY -re'!':IC!~t: is:t:J.to.ratlal'l: 1., 1;.:..-J.;.i;M'°' o': l~:io:'\.:i ·.,;~•t!t~ ~ 1·~. t•~1-,.,, .. J ·.,;J ! t>~' .,t,...,,,.. 
th~ ~,..,...,_1<1 \l>tt'!':t' t:;.bi.t!:; p~.J. i.:. i'-O::il.J<:1:l.·~;r 0 J.!f'j:"~"J.; •. ,,,.~~ _..,.,. .w~f·:;-r-..~--·"-+-'I 

ti1e pr(l"Jl')8,,,0 eile ~-:(.J.lUI'- .-:·;.~;.r.~.i.l•~:o"tt: ~-."J·~·:,<l!7 ':""'~:o:·.l !.-.-.~.! .. :•·"' ,.,,._ .. ,.. ""\'.' 
f>N h~1W!'I .Ertrl t;Njl-lt:t! wJl1 h>'l :;;if1!('.t~d. r.~nt!;t?r, ".If' lio1;e ;•·)<• •.·~ e<-~·"<'.':!f•·1 

offi-:i1ls ... 1.:l.1. l'l:'11"Jt th~ IY,~ t'~Hllt! :\ 1'"<'!'°.;n·:e.<i 3it,~ hy th~ ..... ,1 nf ]~~~. :.•1 

pr'Cl91:':l"'""• P.•M ii f•irt:i:iet· {"';i;.il~~ 1G! ncl: ;;:;~.,;r1:'!•i, 'f?11.~1 ~;l.1; 1-.·1•,.,.~, ;.,.., 
(Jt·Mt a-A.c at2te11 and th~ir ~~:101.1~ s.tnrl .ti1•1!!l~.-;Lolod. ctti7e•1c. 

We. then!!fore, app~5l to )'O'• 409 llit-!>:t'¥1 Jattrl o.m.,.r) ~"''l° _,.,.~'!l .,..,_J J 
be de•tro.,.-d, 'WhoP~ r\la::a1 .c..-~uunitf ;:mJ "~·-1.:llity of Jlf;:i" iAtll ti(' :o!l!''\1~'1"'y 

dt•..,,.,ted• 'ind vh"9'9 cou.,~1 .ii"'J t:'lJ ~v~n...-t .;ori·~t.'!., r.~~~1•Joie. 1·n"ci\J 
ut1!1t:le9. ttutlic h;oAlllt) ·,,ill be uncurmllUA~1 stt11l..,'!!d -1ho;.li1 _,.ho@! ~s.c •~·)'I''" 

t~ RlJthitot"f;:irJ t.Junt7. 1)11-ce th'!:! i911'W !.s fJ-tudl<!-J and t!1e .... uy ., .. ~"' ~·i:1>~ "'" 

attsvf'red, we b~iievt! <'I''" r;~:l.::,1-.Uo!:< .:ln r.~!ord, !t.1Jrnh11ll llr.•l "..'lli!~~1snn 
~l)U?1tle:19 vill t:!"lilat·ly '"li~ t.lftt Tem.u.1t'laee l'l'.il>IJ'!.dl f·H' !::h.;; ·.->'v ~,!: oi,·.l,. 
d1.:.in. 

r1e111i:s'! .. ,,te \.J.-i "r~ s"?t".d111~ c..,11~~"l <::t" t.l•t11 l~tt'r tll c.,~~i +·"'"""""n ..1;..,., 
Coe-per 11nd S1~tu:,lo;:1r9 Ji:ia :;;aPJ~'!t" .aod 1\l l~oc~. U,)p<!!h1ll~·, t~.,...~.~ ;,,._......i_l"°~" :.,.,-J 

their st:tff~ lli='lf be oi arm1111t."ln<:'! tQ yrAt. 


