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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 reporis 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 solencid, 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. All 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.



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.

The unshielded solencid can be operated within all known
regulations.

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
dua!l coil concept, which requires additional winding space.

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.

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

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



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
guantitative 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 aiffect
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



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.

Table 1
Cost Comparison Between
Single and Double Coil Versions

MAGNET SYSTEM $Sg!  $Dbl/$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/PROTECTIONSYSTEM 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.



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.CM

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



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 hali
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 fuli-
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.



Forces on Magnetizable Objects and 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 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 1g.



S3C GEM Detector —Baseline O ption
SoMesign v3.0 10 891
Caontour 1. 1 000E+03

|

{

EY
" was

Z (m)

|"'I||.'I'YII]Y‘|_II|IIT'IIT

R (m)
Body Force Density

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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Figure 2 Local Force Directions

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 regulatiocns
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 Magnhet 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.

¢. 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); i) 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 Clee, 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 |AE

John Miller, Lawerence Livermore National Laboratory
Bruce Montgemery, 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, Intermag. General Corporation

Richard J. Rhome, Massachusetts Institute of Technology
Robert D. Pillsbury, Massachusetts Institute of Technology
Darrell Langlinais, Chicago Bridge & lron, Inc.

Bob Schwendman, Pitt-Des Moines, Inc.
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Appendix B

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

250 Rhole cm  Radius of hole in door
8.30 Recran m Internal free radius
890 Rwindin m Mean radius of winding
29.00 Dpole m Internal free Iength
.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  PricelP $/kg Price of iron for pole fully erected
257  PricelB $/kg Price of iron for barrel fully erected
Price_B 48.89 M$  Price of Barrel fully erected
Price_P 12.32 MS$  Price of one Pole fully erected
Price_T 73.54 M$  Total price of iron fully erected
W_IT 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 m?2  Cross section of barrel
IronSpC 7.43 t/mA3  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 IronSp t/mA3  Specific mass of iron
1.08 FactAt - Factor for ampere-turns

Energy 1.84 GJ Stored energy
no  1.2566E-6 A/m  Vacuum permeability
50000.00 Current A Current
Induct 1.47 H Coil inductance
Nturn 398.78 - Number of turns
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Table B2
Spreadsheet for 2.0 Meter Iron Shield

250 Rhole cm Radius of hole in door
8.30 Recran m Internal free radius
890 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  PricelP $/kg Price of iron for pole fully erected
2.57  PricelB $/kg  Price of iron for barrel fully erected
Price_ B 77.79 MS$  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.IT 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 ¢m 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
Sman 140.50 m?2  Cross section of barrel
IronSpC 7.43 ¢/m”3  Specific mass of iron with packing
tpsn .41421356 - Tangente(pi/N)
8 N - Number of sides of barrel
1.05 FoislIro - Packing factor for iron
7.80 IronSp t/m~3 Specific mass of iron
1.08 FactAt - Factor for ampere-turns
Energy 1.84 GJ Stored energy
n0  1.2566E-6 Afm  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 SDC 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 o 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 SDC hall,
the stray field would lead to an increase of about $55K for
electrical equipment.



flux1

POWER DISTRIBUTION ELECTRICAL DEVICE TAKEOFF- Matenai Only

Magnetlcaly Operated Equnpment- SDC Hall Area
Quant Descrlptlon .Base PricaCost Spcl PriceiCest Remarks
60Mz irinput conv 5 | |
5|75KVA Trans 1675 8375 2300 11500
51200A 208V panegls 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
10[25Hp motors 875 8750 956 9560
Emergency System !
1 {200A 208panel 1440 1440 1440 1440
1|75KVA trans 1675 1675 2300 2300
1/400A 480V panels 1800 1800 1800 1800
15000iwire 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
2 Q|Fixtures Flour 70 1400 235 4700
1 5|Exit 130 1950 340 5100
HVAC
3|25 Hp motors 875 2625 956 2868
1|10Hp butane 363 363 518 518
22000|wire (.06 1320
Special Electronics
3|400A 480V panels 1800 5400 1800 5400
9|75KVA Trans 1675; 15075 2300/ 20700
9|200A 208V panels 1440f 12960 1440 12860
17000iwire 0.06 1020
Clean Electronics
3|400A 480V panels 1800 5400 1800 5400
9175KVA Trans 1675| 15075 2300, 20700
91200A 208V panels 730 6570 1440| 12960
17000 |wire 0.06 1020
Jacgking
1 |Motor Contrl Cntr 9025 9025 9800 8800
4|100Hp motors 3670, 14680 4950 19800
10000|wire 0.06 600
Totals 145464 200552
Difference 55088




Appendix D

Data Provided by John Stekly
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FAX: 214 - 708-0006
10/8/%1
Tot Ray Stefanski

Superconducting Super Collider

As we discussed, I am sending you the following:

1.

Two pages from IGC instructions relating to magnetic field
sensitivity of 33 items likely to be encountered in MRI
installations.

Additional pages relating to safety of operation in a magnetic
field,

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

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

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 c¢ylindexr surrounding the windinga.

This apgears to agree with the MIT 3D finite element
calculations,.

Magnitudes of external fields with shielding in either flat or
cylinder configuration depend strongly on the B H curve. At
1.5T7 or below, choice of material is important [4} can range
from 4000 to 200 with attendant variation of external field].

299- %24
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Table V=1 Maximun magnetic induction (B~fiald {n Gauss) expeccdd for
accepcable operation of seasitive devices, ) geussg - 0.1 o7

Informacional Sourcs Racommend ad
Device (See Reference List) (Best Escimace)
wL (k2 (43 (66 les tes |87 l4s Maximun F{eld
1)Seintillaticn 1 1 l (1.5}~ 1 0.5 2 1
Camera .
Z)Rotacing 0.6 = (0.6 = - - - - 0.5
ECAT
3)CT Scanner -2t 1 = [1.5 1
Utilizing ¢.5 1 2 1
PMI's
4)CT Scanner - - - - - 1 - - 5
Hon TMT
5)Shielded 10 j20 { = | =« 17a | o] & - 10
PMI's
6)Cycloczon 1l - 1 - - - - - 1
7)Image 1 1 1 - - 110,851 2 1
Intepsifier .
8)}Electron 1 - - - - - 0.0 - 1
Hicroscope
QJLM - - b - - - - l l
1001t casound 3 - - - - - - - 3
1l)Apalycical - - -] -] =] a - - 2
Balance
12)Calor TV 1.5 - - - - - - - 1.5
lJ)m - - - - - - - - 1.*
14)Mans b - - - - - - - 1
Spect :
15)Video Camera~-| 3| 10 [ 10| 2 - | 10 - b1 ]
Unshielded
16)Video Camera= { 10 10 | - - . _
Stael Case = - 10
17)B58% Mouitor - |10~ - - - - - - - 18
Non=Critical 20
18)Cardiac Pace=~ {5=15 5 3 101§ 1 5 {15 5=15
maker
'.Hbru seusitive co changing fleld (gradient fields) chan B




{Continuad)

. Table V-l Hazditum magnecic induction (B-fleld ig Rauss } expected for
scceptable operation of sensitive devyicas

N\

Informational Source Recommended
Davice (See Referance Lisc) (Best Escimate)
0L (42 {83 o6 (05 o6 g7 lgg. | TAXIm Flend
lg)ECG b — - = - - - - - *
20Neuro~Stinulatod - | - - « | - | - - | - 5
21)Mechagical W0 - =120 | ~ |3 | - |15 10 K
Watches ’ ; ‘
22)High Deastcy 1-30|10 | 30| s | - | | 5 | 15 3 A
Magaetric
Storage
23)Magnecic Crediyg 10=} 20 - 110 - 13l - 15 20
Cards 200
24)01;: 4 Tape - - - - - | 10 - 15 10 £
Drives . -
25)Computers D10 = - 5 ~- |10 - - 10 £
268)X~-ray Tube 10 - - - - - - - 10
27)0peracor - - | <50 - - - - - 15
Consale
28)MRI Power - - - - - - - - -
Supplias,ece.
29)Reacuanication| = - - - - - - -
Equipsent -
J0)Beuring Alds - - - | 10 - - - - 10
IL)Electzie - - -1 10 - 13 - - 20
Hotaors
J2)Phocographic - - - - - [ 30 - - 30
Equipment
33)Matal Dececeor| - - - - - - - - -

* Mate secsitive To changing field (gradient fields) than Bo



SAFETY

® HIGH VOLTAGE PROTECTION

The fundamental hazard to be avoided in the use o0f this sgystem
is a high voltage, Although redundant protection schemes are
used in this system, corrsct operating procedures should be
observed. To ensure  absoclute safety, electrician gquality
rubber gloves should be worn when handling main coil current

leads, even though protection within the magnet has been
provided,

e 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 1 g acceleration 1line Dbecome
"missiles", attracted to the center of the magnet with a force
that increases as the magnet isocenter is approached.

Proper labeling and positioning of equipment, as well as safe
personnel practices, must be maintained at all times, The
diagram below illustrates the  external magnetic field

distribution (Gauss) as a function of distance from the magnet
isocenter,

1%

EXTERNAL FIELD PLOT
C.67 MAGNET

X AXIS - DISTANCE FROM Z AXIS (meless)

1o 12 14 [

2 AXIR-DUITANCE FROM MID PLANE {METERS)

A910952



DISTANCE TO VARIOUS VALUES OF
EXTERNAL FIELD

UNSHIELDED

AXTAL RADIAL

FIELD DISTANCE DISTANCE
G n m
200 3¢.5 27.4
100 43.5 34.6
50 54,9 43.6
20 74.5 59.1
10 83.9 74.5
5 118 93.9

2 160 127

1 202 160



SAFETY

16C recommends that all operating personnel be thoroughly trained
in safe practices, particularly related to metal objects near the
magnet.

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

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

WARNING
ASPHYXIANT/EXTREME COLD/STRONG MAGNETIC FIELD
NITROGEN (NZ) 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, cdorless, colorless, and tasteless
gases.

MAY CAUSE UNCONSCIOUSNESS OR DEATH WITHOUT WARNING !
LIQUID NITROGEN OR LIQUID HELIUM is extremely cold and the liquid

or cold gas from the liquid c¢an cause severe frostbite to the
eyes and skin. Do not touch frosted pipes or valves.

STRONG MAGNETIC FIELD HAZARD magnetic objects such as iron tools,
parts, and tanke 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,

Parsonal electronic medical devices may be affected by strong
magnetic field.

AS10952



DISTANCE TO VARIOUS LEVEL OF "g":
WBIGHT

MAGNETIC FORCE IS PROPORTIONAL TO WEIGHT
OF FERROMAGNETIC MATERIAL

MAGNETIC

“gh AXTAL RADIAL
DIRECTED TOWARD DISTANCE DISTANCE
MAGNET CENTER (m) (m)
01 47.4 38.9
L] 02 39 * 9 33 L] 5
.05 31.7 16.7
.1 26.7 22.4
.2 22.4 8.9

.5 17.8 15



WEIGHT OF AXIALLY MAGNETIZED IRON
NECESSARY FOR EFFECTIVE SHIELDING
- BIDE PLATE, OR
~ AXIAL CYLINDER

FIELD
IN IRON HEIGHT
(T) K (ka)
2T 20,400
1,57 27,200

1.0T 40,800
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Forces on Magnetizable Objects % Structures Within the Hall

Small obijects and sections of larger objects that are made of
magnetically permeable material and located in the wvicinity 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 @9.1 to about 2.5 g’'s at distances corresponding
to crane, crang rail, and rock bolt locations. For installed
structural components, these forces are likely to be a small

portion of the total leoad carrying requirements for  such
eleaenents.

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 af the hall are indicated. The vast majority of the hall
volume has contour values below 1g.

Forces on abjects are generally oriented toward the poles and
local force directions are illustrated in Figure 2., In close
prodimity to the poles the forces can approach 18-20 g's, but
decrease rapidly with digtance. At about S5m 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 viewad as a tractable problem from the
standpoint of design and gperational 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 20 Ffor comparable locations relative to  the
magnet. However, large local forces will exist near regions af
high field gradients (eg~ 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 fmot likely to impact the system conceptual design.
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INTEROFFICE CORRESPONDENCE

Date:
To:
From:

Subject:

December 5, 1991
Phil Shelley

Biff Coming

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 states "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 ficld 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 fleld directly above the interaction point of approximately 40
gauss. Quite simply put, the EIS commits to one half gauss and anything beyend

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.



Superconducting Super Collider Laboratory
2550 Beckleymeade Avenue, Mail Stop 2000
Dallas TX 75237-3946

(214) 708-6178

Fax: (214) 708-6174

Physics Research Division

Memorandum

To: Ray Stq;anski
From: Warren Kampmeier
Subject: Flux Cost Considerations
Date:  October 9, 1991

| have attached the memo that | 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%. 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 | 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 SDC
design. No quantity scaling was done.



flux1

POWER DISTRIBUTION ELECTRICAL DEVICE TAKEOFF-Material Only

Magneticaly Operated Equipment- SDC Hall Area

Quant |Description Base PricgCost Specl Price|Cost Remarks
60Hz ifinput conv
5|75KVA Trans 1675 8375 2300 11500
5/200A 208V panels 1440 7200 1440 7200
21200A 480V panels 1793 3586 1793 3586
2{400A 480V panels 1800 3600 1800 36006 CBs inc typ
35000|wire 0.06 2100
2[100Hp motors 3670 7340 4950 9900
10{25Hp motors 875 8750 956 9560
Emergency System
1|200A 208panel 1440 1440 1440 1440
1|75KVA trans 1675 1675 2300 2300
11400A 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[10Hp butane 363 363 518 518
22000|wire 0.06 1320
Special Electronics
3 [400A 480V panels 1800 5400 1800 5400
9|75KVA Trans 1675/ 15075 2300| 20700
9|200A 208V panels 1440/ 12960 1440 12960
17000|wire 0.06 1020
Clean Electronics
3 |400A 480V panels 1800 5400 1800 5400
9|75KVA Trans 1675 15075 2300 20700
9|200A 208V panels 730 6570 1440, 12960
17000|wire 0.08 1020
Jacking
1 |Motor Contrl Cntr 9025 8025 9800 9800
4 [100Hp motors 3670 14680 4950 19800
10000 |wire 0.06 600
Totals 145464 200552
Difference 55088

Page 1




MIT-GEM-EM-02

Shielding of the Magnetic Fields from the GEM Magnet

7 November 1991

R. D. Pillsbury, Jr.
L. Myatt
J. Sullivan

This document and all reports and memorands in this series are intended as a record
of MIT work in progress. They are for use in informal discussions of design and fabrication
alternatives, This material is subject to change and should not, therefore, be published or
referred to in the open literature. Conclusions are preliminary and distribution should be
strictly limited.

Plasma Fusion Center
Massachusetts Institute of Technology
Cambridge, MA 02139



TO: Distribution
FROM: R. D. Pillsbury, Jr.

L. Myatt
J. Suﬁm
DATE: November 5, 1991

SUBJECT: Shielding of the Magnetic Fields from the GEM Magnet
INTRODUCTION AND SUMMARY

The present baseline design for the GEM magoet system is comprised of a single layer
superconducting solenoid and a thin iron pole piece at either end. The magnetic flux
density at the center of the solencid is 0.8 T. Such a design produces significant magnetic
field levels outside of the bore of the solenoid. At the surface of the earth, assumed to be
51 m above the centerline of the magnet, the field is less than 40 Gauss. The Sux density
at points outside the magnet system, but inside the experirnental hall, varies from 2 kG
to 100 G. Forces produced by the interaction of these magnetic fields with small volumes
of magnetized material are discussed in & 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
wemorandum. Shielding requirements are investigated for two different regimes. In the
first, local shielding of & region of space that sees approximately 50 G of flux density is
investigated in order to assess the requirements for shielding the fields from & counting

room. In the second case, the impact of shielding on the fringe flelds at the surface of the
earth is assessed.

For the first case, a uniform 50 G flux density is assuraed and the thickness of iron necessary
to reduce the flux density inside the volume of the counting room to a few Gauss is
calculated. Typical results indicate that thicknesses from 50 to 10 ¢m will reduce the Rux
denzity to the range of 1 to 3 Gauss for the room size of 20 x 20 x 4 m assumed in the
analysis,

In the second case of surface shielding, three concepts are investigated. They are:

(1) The baseline thin pole design with no iron return frame and a surface plate of iron;

MIT-GEM-EM-02 - 1



{(2) A thick pole design with iron return frame; and
(3) A double solenoid with a thin pole.

The fringe field distributions for each of the design options will be presented. Along with
the first option, several cases of a large flat iron plate at or below the surface are analyzed.
The second and third options are basically self-shielding.

The fringe field distribution from & 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 are 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 surface or counting room shielding concepts results presented in this
memo.

FRINGE FIELD DISTRIBUTIONS

Figure 1 shows an elevation view of one hal{ of the hall, solencid, and pole piece. A section |
from the magnet centerline outward is shown. Superimposed on the figure are contours of
copstant flux density in Gauss, As seen, in the vicinity of the pole piece, the flux density
is on the order of 2 kG and falls rapidly to 0.5 kG or less over a large fraction of the hall.
These axisymmmetric analysis were petformed using the two-dimensional, nonlinear, finite
element program MITMAP [2].

Figure 2 shows a sinilar plot for the thick pole case. As can be seen, there are only
minor 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 configurations.

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 & 1.3 m return frame
was also analyzed. The fields outside the coil bore are, of course, larger than the 2 m case,
but still less than the no return frame case. For example, the Sux density at the surface is

9 GD

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

As mentioned previously, there are several areas that may require shielding. such as the
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reinforces the statements made about similarity in fringe fields from the thin and thick
pole cases.

Figure 8 shows the surface fringe field plot for the case of a thick pole and 8 2 m thick
iron return frame, As can be seen the field level is 1 G. If a 10 G field Jevel is allowed,
a thick pole and 1.3 m thick return frame is sufficient as is shown in Figure 9. Finally,
Figure 10 shows the surface plot for the thin pole and & double solencid. As can be seen,
the maximum flux density is 2 G and considerably reduced in axial extent.

These figures show that surface fringe field levels of 1 to 10 G are attainable with the
self-shielding options. However, there are significant cost and schedule impacts for such
gystems.

One alternative to full self-shielding is to install ap 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 solencid (with the pole piece
omitted) and plate are shown, The planes of symmetry are called out. Also shown is a lip
on the far end of the plate.

A range of plate locations, sizes, thickness and lipe 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 fields at the surface.

Table 1 lists some of the cases 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, runs 13, 16, and 17 show essentially the
same flux density magnitude at 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 2 lip to reduce the fringing field to & value equal to
or below the level of 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 below 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 case
is discussed in the next section and the suxface shielding is discussed in & separate section.

LOCAL SHIELDING

In order to asses the shielding requirements for regions near the magnes such as the counting
room, an axisymmetric analysis was performed using ANSYS (3]. A cylindrical volume
equivalent to the proposed 20 x 20 x 4 m counting rootn was placed in a upiform fux density
of 50 G. The thicknesses of the walls and the floor and ceiling were varied independenily.

Figure 5 shows a plot of the maximum flux density in the enclosed volume as a function
of the floor and ceiling thickness for several different wall thicknesses. The dashed curves
represent lines of constant izon volume in cubic meters. As can be seen, a 2 G fleld level is
attainable with approximately 200 cubic meters of iron or 1560 tonnes using a (.2 m thick
wall and a 0.175 m thick floor and ceiling,

If a 1 G flux density level is required, approximately 430 cubic meters of iron or 3380
tonnes is necessary using 0.45 thick foor and ceiling and 0.30 m thick walls. Shielding
to a higher level of 5 - 10 G is significantly easier and such analyses can be made when
allowable flux density levels are specified.

A lower ambient Aux density would allow reduced thickness with basically a linear depen-
dence, since the iron is in unsaturated regime where the relative permeability is quite high.
For example, shielding an ambient field of 5 G would require 338 tonnes of iron, How-
ever, an increase in the flux density would not scale linearly since the 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 been cal-

culated and presented in elevation views of the hall and 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 below 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 10 label).

Figure 7 shows a similar plot for the thick pole case, A comparison of figures 6 and 7
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Figure 12 shows the flux density megnitude at the surface versus position along the
surface at the plane of symimetry. The extent of the plate (which is 1.5 m below the
surface) is indicated. As can be seen, the flux density 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 be 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
surface to 8 G or less. This case can be compared with the 1.3m thick iron return
frame case — see Table 2,

(6) Finally, it appears surface shielding is possible if the maximum flux density iz in the
1 to 10 G range. Optimization of the plate thickness with position and of the lip may
allow a reduction in the weights shown.
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Table 1: Surface Shieiding With fron Plates

mmmwmaﬂ'l
Depth Plate Lip Peak Surface Fields

Plate Size tonnes
(m) Below to (_'.‘.or_mtroi of fron

Plate Edge

0.25 thk {5m No Lip 274 8.2G 43,700
(Run #16)
160Lx140W

0.50 thk 1.5m No Lip 14 G 11 G 87,400
(Run #18)
160Lx140W

0.50 thk 1.5m 5mlip 1.4QG 56 G 90,100
(Run #19)
160Lx 140W

0.25 thk 1.5m S mLip 27G 45G 46,400
(Run #21)
160Lx 140W

0.15 thk 1.5m 5mlip 58G 41G 28,900
(Run #23)
120Lx100W

0.15 thk 1.5m 5§ mLip 8.1 G 7.7 G 16,800
(Run §24)
160Lx140W

0.25 thk 9.5m No Lip 33Q 36G 43,700
(Run #13)
160Lx140W

0.25 thk 95m 5 m Lip 3.4G 277G 46,400
(Run #14)
160Lx140W

0.25 thk 95 m 15 m Lip 5@ 20G 51,900
(Run #15 :
160Lx140W

0.25 thk 155 m No Lip 42 G 25G 46,400

(Run #17)
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Table 2: Comparison of Return Frame and Plate Shieiding Options

Peak ol | tomes o

Ground Elevation

Shielding Hardware Description

 160Lx140Wx0.50 thk Plate
S m Lip, 1.5 m Below Ground 1.4 G 90,100
(Run #19)
)é 2 m Thick Iron Return Frame 100G 30,100
120Lx100Wx0.15 thk Plate
5 m Lip, 1.5 m Below Ground 810G 16,800
(Run #24)
1.3 m Thick Iron Return Frame 38 G 19,100
L WMH

REFERENCES

[1] R. D. Pillsbury, Jr., “Fringe Field Dipole-dipole Force Interactions,” Internal
memorandum MIT-GEMEM-01, October, 1991

2] R. D. Pillfgguiy, Jr., “MITMAP - MAP User’s Manual,”, PFC/RR-91-4,
e ]

[3] ANSYS Revision 4.4A, Swanson Analysis Systems, Inc., Houston, PA,

MIT-GEM-EM-02 - 7



IllIALIJ_LtiJ_Il.IllllllllI_ll.igl

it —— —— o
'-4-“
A9
506 |
P
o
- ()
- ]
- il
L o=
m g L
- L — W
N %
= | ]
. n
500 ™

]
L
— ]
D L
g
Z S -
I A |
— =
1 w ] “Z~ WALL
| 28 ] OUTLEWE
-
< .
D-—-‘-
l_ HH -
22y
= 038
L 2§
2™ lepans
o4 ]
w3 -
<p}
D -
CO L
v3 1

l.

r
@'

Fig. 1 ~ Contours of constant flux density for the thin pole baseline design for GEM
superimposed on an elevation view of the experimental hall.

MIT-GEM-EM-02 - 8



16: 33

1.908c+0¢

contour 1 =

SSC GEM DETECTOR -- THICK POLE
SOLOESIGN V3.8 11/ 5/91

Fig. 2

| | N W |
i i — -
- -
- ™ 1
. 520 (& o
. —
k Yol
) o 5
1 Hawl I o
1 cvnae"] C &
7] 200 [T E W
] i L - L
. R g
o m ol
Boo . o
] § L
A -
T
d C‘EFME-Z 1000 »
{ RATw "
J R —
4 HAaGuETL
= L F‘s
A POLE =
" _[_, a‘
w " o~ — "E =

(wy) 2

~ Contours of constant flux density for the thick pole design for GEM superim-
posed on an elevation view of the experimental 11:811

MIT-GEM-EM-02 ~ 9



SSC GEM DETECTOR -- THICK POLE W/ SHIELI

P RS U T T T SO ST WA N TET A TG TR Y YOO YR S TN SN Y SN B | I
1 L
~ w
.‘1 d
o A n
n .
" - . Sl
T S o
8§ 4 ‘5(9 ™ P
33 T . _ &
- m
N, L7y
) -~ = s - - cé
<y ] 10 =P
mg . - b
> e ol >
23 ] S
S Frma b < \L- 3
o] N - THON RETURM L .
® ¢ ' -
] 2 avor],
: r PoLE : =
- .
e . e
w - » o~ -~ ™ =
w) Z
Fig. 8 — Contours of constant flux density for the thick pole and 2 m thick iron
return frame design for GEM superimposed on an elevation view of the
experimental hall.

MIT-GEM-EM-02 - 10



01354 3FINIHA
1]
(wly . . oo
"5 “h ‘£ rA 1 a
TS T N S R 4 | 1.3 ' B i i1 1 .
: ~ — : 2
] > L
4 \ . w |
: mp -
] L
N i
) / |
1 O [z
- -
- ) .. i~
|_ n o 0 L W
— — [~ n” St
| ™~ ,
1l r
U] s
i - L o
4 N N ~ e :
. - 5
L] L] ﬂ kg T . F m ¥ T L | — T L] L S ) —l- T r u — L ¥ ™1
38+3082°1 - 1 JaNDJUD]

81:§

16/9 /11 B°CA NIIS3008
OIONIN8S 379N00 -- 40133140 W33 IS8

le and double solenocid

an elevation view of the experimental

y for the thin po

design for GEM superimposed on

hall.

- Contowrs of constant flux densit

Fig. 4

MIT-GEM-EM-02 ~ 11



Transverse distance, m

100 L L %l T | I i

;//F{;ld (G) on

50

-50

—100 Ll ll\l}L I
-100 -50 0 50 100
Z-axis (beamline), m
CANTAUR [ EVELS (10! )

Fig. 6 - Contours of constant flux density at the surface of the earth £ the thi
baseline design for GEM. v ) or the thin pole

MIT-GEM-EM-02 ~ 13



o — e ekl 1m

e _(ounTing Room . SHARING.
L MAX_FELD. b SHELDMNG, TRICKNESS. .

R

- 1 = e b e e maa ———

. EcadAenT MopeLo . __ .

- . e e i g Caling ______
- . - — (et

.
6| Ropm (G

I
AT
]

!

|

i

-

of

rC

{

]

[~
Lt
J

N

i
i’y
!

-

P.

B o op - of | oM

Ao | — g ey - = | W — J———

- Be E e e ——— ek A EETY m R e e ——— et S P 3 ~ — o ek B — s + 1 A B Mm%

Fig. 5 - Flux density level inside & . 20 x 20 x 4 m volumne in a uniform 50 G field as
a function of floor, ceiling and wall thicknesses.

MIT-GEM-EM-02 ~ 12



Transverse distance, m

100

50

-50

-100 -50 0 50 100
Z-axis [(beamline), m

CONTOUR LEVELS (10! )

Fig. 7 - Contours of constant flux density at the swface of the earth for the thick
pole design for GEM.

MIT-GEM-EM-02 - 14



Transverse distance, m

100 L 1 I//J"l T 1 T ] B B r !ﬂ:\'. ) 1
- .l '
;// Field (G) on SUEm Engfgfxﬂx
= 3
-50
: .1 o -
"100 ) 1\5| T S T e
~50 0 SO 100
Z-agxis (beaomlinel)l, m
CONTOUR LEVELS (109 )
Fig. 8 ~ Contours of constant flux density at the surface of the earth for the thick

pole and 2 m thick iron return frame design for GEM.

MIT-GEM-EM-02 - 15



100

m

Transverse distance,

1 ] ‘i//"l—-l T 1 LD I i 1 1 1 'i
= .8
7/’Fleld (G) on

5@19 surface

| ot

-100 -50 0 S0

Fig. 9

Z-axis (beomlinel), m

CONTBUR LEVELS (10°

— Contours of constant flux density at the surface of the
pole and 1.3 m thick iron return frame design for GEM.

MIT-GEM-EM-02 - 16

)

earth for the thick



Transverse distance, m

100 T T ‘l\:ﬁ_‘rlz T -I N R B I A B T l\‘l—fr,nu

- Feld (G) op,fSOzm rface -

B ]

501~ -

. o

}. N

" i

. i

O _ —

-s0|- -

~ N

- : 0.0

- 1 OO ] | X (.1 l 1 I R | L | | 1 _[ { KI L ]
-100 -50 0 50 100

Z-ox.s (beamline), m
CONTOUR LEVELS (109 )
Fig. 10 - pccﬁx;t:nugsdogu mﬁ Oi};x dg:;ﬂgra& :tél'lx\?{surface of the earth for the thin

MIT-GEM-EM-02 - 17



160n140%0,.25m Plate, 6.5m Delow Surface, ¥m Lip

Fig. 11 ~ Surface plate geometry for shielding surface fields.

MIT-GEM-EM-02 - 18



(T

BTOT

¢.558E~03

0.507E=023

0.4532-03

0.403E-01

§.352E-03

0.300E«0]

TOT

0.249E=D3

0.197E-¢3

0.148E=03 '==A,HM b}/

N

2.935E-04 \\\\“\

.

DIET

6.419E-04

&4.5861 49.122 T3.682 98,243
CENTER  12.2% 35841 §1.402 T 85.963

- @F

PLATE EDGE

B At Ground Elevation, From Sym Plane Out Along 2 Axis,SHIELDLIY.DAT

122.804
110.524

Fig, 12 ~ Flux density magnitude versus position at the surface.

MIT-GEM-EM-02 - 19




SERC

Ray stefanski

88C Laboratory

2550 Beckleymeade Avenue
MS 2000

Dallas

Texas 79237 USA

& November 1991

Dear Ray,

FINAL, GEM REPORT

Rutherford Appleton Laboratory

TECHNOLOGY DEPARTMENT
R65, Rm 1.08

Chileon Telcphone (0235} 821900
NIDCOT Fax (0235) 445808

(xon Telex 83159 RUTHLB G
OX11 0QX

Direct Line: 0235 44 6649
Local Fax: 0235 44 6863

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

detail.

However a quick scan it certainly appears to reflect and include all the major
prints discussed. I am pleased you have included the Russian's comments on
the conductor as they mostly reflect my views and I was a3 little concerned
that I appeared to be out on a limb in relation to the American Panel Members'
views. I alse sLill believe that an indirectly cooled only conductor should

not be rejected at this stage.

Kind regards

Peter Clece

pe054



Printed Ry: Ray Stefanski 11/15/91

Page:
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From: “"ch¥\"francols wittgenstein@mac (11/13/91)
To: Ray Stefanski

GatorMail-Q ird GEM magnet report
Recelved: by gmail.ssc.gov; 13 Nov 91 17:34:25
Date: Fri, 8 Nov 1991 11:34:31 CST

From: nch&\"francols wittgenstein@macmall.cern.ch\""@SSCVX1.58C.GOV (Francols
Wittgenstein)

Message-Id: <911108113431.2520c760@S5CVX1.55C.GOV>
Subject: 3rd GEM magnet report

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

Raeceived: From CEARN(MAILER) by SSCVX1 with Jnet id 5638
for STEFANSKIRSSCVX1: Fri, 8 Nov 91 11:34 CDT
Received: from CEARN by CEARN.cern.ch (Mailer R2,07B) with BSMTP id 5637; Fri,
08 Nov 91 18:36:18 GVA
Received: from dxmint.cern.ch by CEARN.cern.ch (IBM VM SMTP V2R1l) with TCP;
Fri, 08 Nov 91 18:36:16 GVA
Received: by dxmint.cern.ch (cernvax) (5.57/3.14)
id AA11335; Fri, 8 Nov 91 18:31:32 +0100
Message-Id: <9111081731.,AA11335@dxmint.,.cern.ch>
Date: 8 Nov 91 18:28:06 U
From: "Francois Wittgenstein® <francols _wittgenstein@macmail.cera,ch>
Subject: 3rd GEM magnet report
To: stefanski@sscvxl
Cc: harris@sscvxl, alain_herve@macmall.cern.ch

Subject: Time:5:52 PM
OFFICE MEMO 3rd GEM magnet report Date:;11/8/91
Dear Ray,

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 monitoering
equipment and a figure of 40% as mentioned in Appendix C could be convenlent
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 " missile ™ could exist of course pbut the BEBC
patrols discovered this "terrible "™ 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 $. C
magnets and the engineer'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 7 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.
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From: “ch¥\"alain_herve@macmail.cern. (11/5/91)
To; Ray Stefanski

GatorMail-Q GEM report

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

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

From: “ch$\"alain herve@macmall.cern.ch\""@5SCVX1,SSC.GOV (Alain Herve)

Message~Td; <911105022253.25206f0f@55CVX].55C.GOV>
Subject: GEM report

To: Ray_Stefanski.physics@gmail.ssc.gov
X-VYmsmail-To: STEFANSKI@sscvxl

Received: From CEARN(MAILER) by S$SCVX1l with Jnet id 6957
for STEFANSKI@SSCVX1; Tue, 5 Nov 91 {2:22 CDT
Received: from CEARN by CEARN.cern.ch {(Mailer R2.07B) with BSMTP id 6956; Tue,
05 Nov 91 09:24:37 GVA
Received: from dxmint.cern.ch by CEARN.cern,ch {(IBM VM SMTP VZR1} with TCP;
Tue, 05 Nov 91 09:24:34 GVA
Raceived: by dxmint.cern.ch {cernvax) (5.57/3.14)
id AAOD364; Tue, 5 Nov 91 06:20:01 +0100
Message-Id: <9111050820,AA00364@dxmint . .cern.ch>
Date:; 5 Nov 91 09:18:30 U
From: "Alain Herve" <alain herve@macmail.cern.ch>
Supject: GEM report
Ta: STEFANSKI@sscvxl
Co: HARRIS#sscvxl, francols_wittgenstein@macmail .cern.ch

Subject: Time;9:13
OFFICE MEMO GEM report Date;11/5/91
I just received the draft report. It is conformed to the meeting conclusions on
technical matters., Just for 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 Avenue
Mail Stop 2001
Suite 215
Dallas, TX 75237-3946
(214) 708-6018« FAX (214} 708-0006
Q1 5840 M P

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,

v
Ray Stefanski
Physics Research Division



Magnet

The physics goals of the GEM experiment include, among others, high resolution
measurements of the muons emitted at large transverse momentum in proton -
proton golllsions. The aim of the design concept is to have 5% momentum
resolution for 500 GeV muons at 90 degrees agsuming 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 ou?side 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
digcharge time of about 5 min. A of parameters is given in
Table 1, the schematic drawing of the magnet is shown in Fig.l and the
corrsponding resolution of the muon measurement is shown in Fig.2.

Table 1. Major Parameters List

1. Central induction 0.80 T
2. Mean radius of windings 8.9 m
3. Outer radius of outer cryostat wvessel 8.45 m
4, 1Inner radius of inner cryostat vessel 8.40 m
5. Coil length, end~to~end (per half) 14.44 m
6. Cryostat vessel length 30.0 m
7. Conductor length (total) 24 km
8. Number of turns 408

9. Total mass of coil windings (per half) 238 t
10. Total mass of cryostat wvessel (each half) 717 t
11, Total mass of iron end pole {(each) 2950 t
12. Radial pressure on windings 255 kPa
13. Inductance 1.47 H
14, Number of ribs per coil assembly 3

15. Central membrane maximum z 0.025 m
16. Winding minimum =z 0.25 m
17. Axial force on poles 63.5e6 N
18. Axial force on conductor 27.9%6 N
19. Magnet axis height above hall floor 13.0 m

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 internatiocnal
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 contailning
calorimeters and the central tracker.

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



flow prov%ded 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.

?he;e 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 contrecl 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 peoint 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 compeonents 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 coperatiocnal 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 cobjects 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 associlated tooling are part of the FYY92 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 alsoc 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 cutside
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.

?he;e are several proposed conductor designs. All af them include standard
nicbium-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

ig 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 Z 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 railg and supporting structure appears to he 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 19%97. 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 assocliated tooling are part of the FY32 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.
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':Thc iron plate at the surface could be considered as a back-up if 2 magnetic field at the

Superconducting Super Collider Laboratory
2550 Beckleymeade Avenue, Mail Stop 2001
Dallas TX 75237-3946

(214) 708-9000

Fax: (214) 708-0006

Physics Research Division
Memorandum 91 5840 M P _

To: Roy Schwitters ‘
From: Hed&mmﬁ

Subject:  Report of the GEM Magnet Panel
Date:  October 31, 1991

Attached to this memo is the report of the third meeting of the GEM Magnet Panel that
occurred on October 10 - 11, 1991. It constitutes the final report of the Panel and
summarizes the results of all three 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 earth; 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 elements in the hall do not impose significant
constraints.

surface (about 35 Gauss directly above the center of the magnet S0 meters below) proves
to be unacceptable. Its cost is estimated at $5M to $10M for covering an area of about 160
meters 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 1 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.




Page 2
October 31, 1991

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 permitted at the surface. 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
carth's surface, and they have done so within existing ES&H regulations and in a safe
manner.

If the single coil solenoid with or without a surface 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 FY 1992 we need to carry 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 v
Central Files
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FRINGE FIELD CALCULATIONS FOR
THE GEM DETECTOR FOR SSC

R.. D. Pillsbury, Jr.

Plasma Fusion Center
Massachusetts Institute of Technology
Cambridge, MA 02139



SUMMARY
e Fringe Fields
e Electromagnetic Forces

- Lorentz Forces — I x B

- Forces Iron — Pole Pieces, etc

- Fringe Field Interactions — Aligned Dipoles

- Fringe Field Interactions — Arbitrary Dipoles
B

- Eddy Current Forces — S
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Printed By: Ray Stefanski 10/23/91 Page:

From: "ch%\"alain_herve@macmail.cern. (10/22/91)

To: Ray Stefanski

CGatorMail-Q GEM magnet

Received: by gmall.ssc.gov; 22 Oct 91 10:03:38

Date: Tue, 22 Oct 1991 9:53:36 CDT

From: “"ch#\"alain_hervefmacmail.cern.ch\""@3SCVX1,55C.GOV (Alain Herve)
Message~Id: <911022095336.23e00224@55CVX1.55C,G0V>

Subject: GEM magnet

To: Ray_ Stefanski.physics@qmail,ssc.gov

¥-Vmsmail-To:; STEFANSKI@sscvxl

Received: From CEARN(MAILER) by S$SCVX1 with Jnet id 4208
for STEFANSKI@SSCVX1; Tue, 22 Oct 81 08§: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 V2R1) with TCP:
Tue, 22 Oct 91 14:42:32 GVA
Received: by dxmint,cern.ch (cernvax) (5.57/3.14)
id AA20B98; Tue, 22 Oct 91 14:39:58 +0100
Message-TId: <81102213358.3A20899@dxmint.cern.ch>
Date: 22 Oct 91 14:37:48 ©
From: “"Alain Herve" <alain_herve@macmail.cern.ch>
Subiject: GEM magnet
To: STEFANSKI@sscvxl
Cc: HARRIS@sscvxl, francois_wittgenstein@macmail.cern.ch

Subject: Time:14:24
QFFICE MEMO GEM magnet Date:10/22/91
Last week I did some independant computations to check what was said during
last meeting, I cenfirm that:

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

- With the 130 c¢m barrel, and the same induction in poles (cur base solution
adding 55 M$), the same stray field is below thel0 Gauss level.

- With just the same poles as above, but ne 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 pecles are useful only to better the field map
inside,

- With poles only and a surface 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 L3 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 i1s 10 ¢ 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.




Printed By: Ray Stefanski 10/23/91

Page;

1

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

To: Ray Stefanski

GatorMail-Q GEM magnet addendum

Received: by gmail.ssc,gowv; 23 Qct 91 03:09:48

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

From: "ch¥\"alain_herve@macmail.cern.ch\""@SSCVX1.SSC.GOV (Alain Herve)
Message-Id: <911023025953,23e00224@5SCVX1.55C.G0V>

Subject: GEM magnet addendum

To: Ray Stefanski.physics@gmall.ssc.gov

X-Vmsmaili-To: HARRIS@sscvxl, STEFANSKIRsscwxl

Received: From CEARN(MAILER}) by 3$SCVX1 with Jnet id 6012
for STEFANSKI@SSCVX1; Wed, 23 Oct 91 02:59 CDT
Received: from CEARN by CEARN.cern.ch (Maller R2Z.07B) with BSMTP id 6010; Wed,
23 Cct 91 08:58:;10 GVA
Received: from dxmint.cern.ch by CEARN.cern.ch (IBM VM SMTP V2R1) with TCP:
Wed, 23 Oct 91 08:58:07 GVA
Received: by dxmint.cern.ch (cernvax) (5.57/3.14)
id AAD4041; Wed, 23 Oct 91 0B:;55:29 +0100
Message-Id: <9110230755.AR04041@dxmint.cern,.ch>
Date: 23 Oct 91 08:;53:19 U
From: "Alain Herve" <alain_herve@macmail.cern.ch>
Subject: GEM magnet addendum
To: HARRISBsscvyl, STEFANSKIf@sscvxl
Cc: francols_wittgenstein@macmail.cern.ch

Subject: Time:B8:53
OFFICE MEMO GEM magnet addendum Date:;10/23/91
Please read:
+....stray fiel in "small blockhaus".... 10 to 15 Gauss.,..,
.....stray field in "large blockhaus®..... 17 to 30 Gauss...

Regards

AH.




Session Name: sscvxl

MEMO 91-5840-E-P

To: Mike Harris
From: Richard Stroynowski
Subiect: Conductor development

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 1



Session Name: sscvxl

MEMO
91-5840-E-P
To: Mike Harris
From: Richard Stroynowski
Subject: Experimental Rall

The GEM Collaboraton is pursuing for the LOI the design of the unshielded
solenoid magnet. This magnet has an cuter 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 cellaboration
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 collaboxation
requests that study of the correspondingly larger experimental hall

shall be undertaken by the civil construction engineering firm.

Page 1



Brandeis High Energy Physics Group

Telefax Cover Sheet
Panafax UF-600AT Facsimile # 214-708-0006
(617) 736 - 2915
Verification Number Verification #
(617) 736 - 2800
Datc: bey 21 91
To: Ray Stefanski
Physics Research Division
SSCL
From: Jim Bensinger
High Energy Physics Group
Dcpartment of Physics
Brandeis Universily
Waltham, Mass.
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United States Government Department of Energy

memorandum

August 19, 1991

REPLY TO
ATNor: William Watson, PD3

sueect: Collider magnetic fields near O'Brien Airport

ta 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 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 surface 50 meters above the
SSC's collider ring will be no greater than 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 field 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 tre 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 Collider Laboratory
2550 Beckleymeade Ave., Suite 210
Dallas, TX 75237-3946
Magnet Engineering
RECEIVED
MEMO: July 23, 1991 )
10 Bill Watson JuL 24 199
FROM:  Greg Snitchler US. DEPT OF ENERGT

RE: Field leakage at 50 meters distance §SC PROJECT OFFICE

cc: J. Jayakumar

The fringe ficld in the horizontal plan at 50 meters is 8 milligauss. The fringe field in the
vertial plan are approximately a factor of 7 lower or at 50 meters the field is 2 milli-
gauss.This is a high estimate because there is shielding due the cryostat. Enclosed are the
results of an electromagnetic finite element model used for scaling the fringe fields at 5%

above operational current. The distant fringe field goes as 5
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Department of Energy
SSC Project Otfice
2550 Beckieymeade, Mail Stop 1020
Dailas, Texas 75237-3946

Dr. Ted Kozman

SSC Laboratory

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 Adirpark.

Dr. William Watson of our office has put together some informa-
tion that includes theoretlcal 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,

oy

Nat Brown
Director, SSCPO
Compliance Division
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United States Government Department of Energy

memorandum

August 19, 1991

REPLY TO
ATINOF:. William Watson, PD3

seeer: Collider magnetic fields near O'Brien Airport

ta Nat Brown, Tony Robledo, PDS

To determine whether the SSC collider ring's magnetic field will
dis-upt the normal operation of aircraft instruments at QO'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 ¢f 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 surface 50 meters above the
SSC's collider ring will be no greater than 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
rresence 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 fteld 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 tre 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 Collider Laboratory

2550 Beckleymeade Ave., Suite 210
Dallas, TX 75237-946

Magnet Engineering

RECEIVED
MEMO:  July 23, 1991 ‘
T0:  Bill Watson JuL 24 99

FROM:  Greg Snitchler DEPT OF ENERG

us. -
i PROJECT OFFICE
RE: Field leakage at 50 meters distance Ss¢

cc: J. Jayakumar

The fringe field in the orizontal plan at 50 meters is 8 milligauss. The fringe field in the
vertial plan are approximately a factor of 7 lower or at 30 meters the field is 2 milli-

gauss. This is a high estimate because there is shielding due the cryostat. Enclosed are the
results of an electromagnetic finite eiement model used for Scaling the fringe fields at 5%

above operational current. The distant fringe field goes as '—12
V.4
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In{18]):= a={{40, 115}, {60, 50}, {80, 230}, {100, 21}, {120, 17},
{140, 14}}
Qut([l8]= {({40, 115}, {60, SO}, {80, 30}, (100, 21}, {120, 17}, {140, 14}}
In(19}:~ fcn=Fit[a, {x*-1,x"~2,x*-3}, x]
6
4.61343 10 19828.93 1672.31
Out(19]= - -+ —_— 4 —————

3 2 x
x x

In(20]:= fcn=Fitla, (x*-2,x"-3}, x]

6
-1.05516 10 209167.

Out [20])= +
3 2

x x

In(21] := plots:=Show{Plot[fcn, (x,20, 160}), ListPlot(a]]
In{22]):= plots

Out {22]= -Graphics-

In(23]:= fen /. x->5000

Qut[23]= 0.00835826

In(24}:= fen=Fitla, {(x*-3}, x)

7.83769 10
Out [24]= ——————-

In(25]):= plots

Qut [25]= -Graphics-

In[26]:= fcn=Fit([a, {x"-2,x"*-3}, x]
6

-1.05516 10 209167,
Out [26)= ——=—-—=—om=m + —m———ee

In(27]:= plots
Out{27)= -Graphics-

In[28):= fcn=Fit(a, {x*-3}, x]

7.83769 10
Qut [28]= —w——————um

In(29]:= plots



Out[29)= -Graphics-~

In{30]:=
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Printed By: Ray Stefanski 10/23/91

Page:

From: Reonn Woolley (10/23/91)

To: Ray StefanskiCC: Mike Harris, Tim Thurston

REGARDING Site surface magnetic flelds at boundaries
Ray,

If we extrapolate the furnished Contour plots out te 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 148 (at 47/48m depth); 300m x 380m (diam.), for IR 5 {at 51,5m
depth); and 380m X 460m (dlam.), for IR 4 (at 35.7m depth).

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

Regarding site boundary trespass by the above estimated fringe fields, there is
no lecation where the l-gauss level exceeds the site boundary, and even the 0.5

gauss field limit lies within all locations' site boundaries.

Ronn




Superconducting Super Collider Laboratory
2550 Beckleymeade Avenue, Mail Stop 2000
Dallas TX 75237-3946

(214) 708-6018

Fax: (214) 708-0006

Experimental Facilities Group
Memorandum
To  Joe Cipriano
From: Ray Stefanski
Subject: FAA communication on GEM solenoidal magnet
Date: 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 uncertain 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. Schwitters
R. Woolley L. Coulson
S. Brumley R. Kasper



Superconducting Super Collider

Laboratory
Physics Research Division
2550 Beckleymeade Avenue
Mail Stop 2001
Dallas, TX 75237-3946
(214) 708-6113+ FAX (214) 708-0006

Monday, October 7, 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 of less 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;1d (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

: Larry Coulson

Mike Harris

Gary Sanders - LANL
Phil Shelley

Tim Thurston



ATTACHMENTS

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 halis 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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kAT

SSC LABORATORY
Stoneridge Office Park
2550 Beckleymeade Avenue
Dallas, Texas 75237
MS2011E
12 October 1991
MEMORANDUM
TO: Ronn Wooley

FROM: Tim Tooln;g/L___

SUBJECT: Lab Environmental Commitments on Stray Magnetic Ficlds

Ronn,
Rather than seek a legal determination, I would see about working 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 prablem is, i. e.,

1. The GEM detector preference is to use a very large unshiclded 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 Dlocument, which is incorporated by reference into the FEIS, states that
magnetic ficlds 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 Aiport
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



| Cosl werease do  pdd Jtew v Ao ypshe (o

E ‘)weﬁp coi l fFa

;E@m L 15 W 93 T Pule Sat

- 191095t pawel LI5St Qole
|! | = _if?_l;____ o e oMad bepesl
A £.347 m

‘ﬁ S‘E.?«H‘szzs

f

‘II‘
i

(roe & 0odh (9T ple 307

%0 268t — 5 39FL %2
1259 )y 0,7 56€ — 50N
Ea"7’7'7“-'711\(\ Kﬂ'g_ég/kj

| g 20.94 M

|

iﬁcj?'js_ru\r ﬁa

%@%" \ ‘)Mga\éce {L1oG
%Cﬂrse A z < V6

|
|
i
|

i
i
1
!




GEMA G Iton CLosts

ENG- wEeEtlve S‘ Ol.'a(ifv

?olE (lwc(u:lo-; C'&suu‘s) ﬂBoK 78 (ﬁD.OF/A}
?)ﬁ«,ﬁ_g(_ f vosw }'L (‘ﬂo.oﬁ/l?.
MAc\wlwwe-
Pole ¢~ =) 409 /r?
Ppenel 0.5%

jvotallater avd F}eaemuv

?Dl"z C " - ) 0O may Na# -
Raragl [ 0
p+ Reo k /mmv y4aL
Pol #Qooo W = | 0 .89 /b?
Batae L ¥ 1000 R 0.57

rw,c.’\ + uve} + 959?
?o[f #l-éo /% -
Forre A 41.1s /J\a

Matemal

Psle § 2 /k} ﬁ”’-%’/g
Bacnel \g [ | 2.6



St Input

L

250
8.30
8.90
29.00
.80
130
237

3.65
2.57

130.00

1.05
7.80
1.08

50000.00

At

Flux
Sman
IronSpC

tpsn

N
FoisIro
IronSp
FactAt

Energy
1Y)
Current
Induct
Nturn

237

48.89
12.32
73.54

25776
19025
1533
1842
3376
9.60
10.90
32.15

44.30
147.09
157.72
122.09

636620
19.94
199.08
88.31
7.43

41421356

1.84

*—]HEHEEESE

MALt
Wb
mAh2
t/mA3

t/mA3

GJ

1.2566E-6 A/m
A

1.47
398.78

H

Comment

Radius of hole in door

Internal free radius

Mean radius of winding

Internal free length

Magnetic induction

Space for coil from screen to barrel
Induction in pole

Induction in barrel

Price of iron for pole fully erected
Price of iron for barrel fully erected
Price of Barrel fully erected

Price of one Pole fully erected
Total price of iron fully erected

Optimized weight of iron
Weight of barrel

Weight of mobile part
Weight of one crown
Weight of one pole
Internal radius of barrel
Outside radius of barrel
External length of magnet

Thickness of barrel

Thickness of door near hole
Thickness of door near free aperture
Thickness of pole at Rwinding
Thickness of pole on barrel outside di

Magnetic field

Needed ampere-turns

Flux

Cross section of barrel

Specific mass of iron with packing
Tangente(pi/N)

Number of sides of barrel
Packing factor for iron
Specific mass of iron
Factor for ampere-turns

Stored energy
Vacuum permeability
Current

Coil inductance
Number of turms



S

St Input Name Ouiput

Unit Comment
250  Rhole cm Radius of hole in door
8.30  Recran m Internal free radius
890  Rwindin m Mean radius of winding
29.00 Dpole m Intemnal 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 328527 T Induction in barrel
3.65  PricelP $/kg Price of iron for pole fully erected
2.57  PricelB $/kg Price of iron for barrel fully erected
L Price_B .04 M$ Price of Barrel fully erected
Price_P 9.17 M$ Price of one Pole fully erected
Price_T 1838 MS$ Total price of iron fully erected
W_LT 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
Ww_P 2513t Weight of one pole
Rinman 960 m Internal radius of barrel
L Rexman 960 m Outside radius of barrel
Dextpol 3215 m External length of magnet
.10 TB cm Thickness of barrel
T doorl 4430 cm Thickness of door near hole
T door2 147.09 com Thickness of door near free aperture
TP 15772 cm Thickness of pole at Rwinding
T_P_Bxt 13861 cm Thickness of pole on barrel outside di
H 636620 Oe Magnetic field
At 1994 MAt Needed ampere-turns
Flux 19908 Wb Flux
Sman 06 mA2 Cross section of barrel
IronSpC 743  tm”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  IronSp t/mA3 Specific mass of iron
1.08  FactAt - Factor for ampere-turns
Energy 1.84 GJ Stored energy
po 1.2566E-6 A/m Vacuum permeability
50000.00 Current A Current
Induct 1.47 H Coil inductance

Nturn 39878 - Number of turns



31 Input

L

250
8.30
8.90
29.00
.80
130

3.65
257

200.00

220.00

1.05
7.80
1.08

50000.00

Name OQumput Unit
Rhole cm
Recran m
Rwindin m
Dpole m

B T
Spcond cm
BsatPol 1.70 T
BsatMan 1.49 T
PricelP $/kg
PriceIB $/kg
Price_B 77.79 M$
Price_P 19.63 M$
Price_T 117.05 M$
W_IT 41024 t
W_B 30268 t
W_Door 2139 t
W_Cro 3239t
W_P 5378 t
Rinman 9.60 m
Rexman 1160 m
Dextpol 3340 m
T B cm
T_doorl 61.80 com
T_door2 205.17 om
TP cm
TP Bxt 16003 cm
H 636620 Oe
At 19.94 MAt
Flux 199.08 Wb
Sman 14050 mA2
IronSpC 743  t/m"3
tpsn 41421356 -

N .
Foislro -
IronSp t/mA3
FactAt -
Energy 1.84 GIJ
pno 1.2566E-6 A/m
Current A
Induct 1.47 H

Nturn

398.78

Comment
Radius of hole in door

Internal free radius

Mean radius of winding

Internal free length

Magnetic induction

Space for coil from screen to barrel
Induction in pole

~ Induction in barrel

" Price of iron for pole fully erected

Price of iron for barrel fully erected
Price of Barrel fully erected

Price of one Pole fully erected
Total price of iron fully erected

Optimized weight of iron
Weight of barrel

Weight of mobile part
Weight of one crown
Weight of one pole
Internal radius of barrel
Outside radius of barrel
External length of magnet

Thickness of barrel

Thickness of door near hole
Thickness of door near free aperture
Thickness of pole at Rwinding
Thickness of pole on barrel outside di

Magnetic field

Needed ampere-turns

Flux

Cross section of barrel

Specific mass of iron with packing
Tangente(pi/N)

Number of sides of barrel
Packing factor for iron
Specific mass of iron
Factor for ampere-turns

Stored energy
Vacuum permeability
Current

Coil inductance
Number of turns



IRON RETURN 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. (1.3m 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 ! 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



) 250 Rrole 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
PriceIP 3.58 $/kg Price of iron for pole fully erected
PriceIB 1.89  $/kg Price of iron for barrel fully erected
L Price_B 57.10 Ms$ Price of Barrel fuilly erected
Price_P 19.28 MS$ Price of one Pole fully erected
Price. T 9565 MS$ Total price of iron fully erected
WIT 41024 t Optimized weight of iron
W_B 30268 t Weight of barrel
W_Door 213 t Weight of mobile part
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 1160 m Outside radius of barrel
Dextpol 3340 m External length of magnet
20000 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
22000 T_P cm Thickness of pole at Rwinding
T_P_Bxt 16003 cm Thickness of pole on barrel outside di
H 636620 Oe Magnetic field
At 1994 MAt Needed ampere-turns
Flux 19908 Wb Flux
Sman 14050 mM2 Cross section of barrel

IronSpC 743  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/mA3 Specific mass of iron
1.08 FactAt - Factor for ampere-turns

Energy 1.84 GJ Stored energy

po 1.2566E-6 A/m Vacuum permeability
50000.00 Current A Current

Induct 1.47 H Coil inductance

Ntwrn 398.78 - Number of turns



Sx Input Name  OQuiput Comment
Radius of hole in door

Unit
250 Rhole cm
8.30 Recran m Intemnal free radius
8.90 Rwindin m Mean radius of winding
27.00 Dpok m Intemnal free length
.83 B T Magnetic induction
L 130 Spcond cm Space for coil from screen to barrel
200  BsatPol T Induction in pole
BsaMan 246 T Induction in barrel
PriceIP 367  $/kg Price of iron for pole fully erected
PriceIB 210 $/kg Price of iron for barrel fully erected
L Price B 37.14 MS$ Price of Barrel fully erected
Price_P 1525 MS$ Price of one Pole fully erected
Price. T 6763 MS$ Total price of iron fully erected
W_LT 26013 ¢ Optimized weight of iron
W_B 7713t Weight of barrel
W_Door 1885 t Weight of mobile pant
W_Cro 2265 Weight of one crown
W_P 4150 Weight of one pole
Rinman 960 m Internal radius of barrel
L Rexman 1090 m Outside radius of barrel
Dextpol 3088 m External length of magnet
13000 TB cm Thickness of barrel
T_doorl 5447 ocm Thickness of door near hole
T_door2 18084 ocm Thickness of door near free aperture
T_P 19391 com Thickness of pole at Rwinding
T_P_Bxt 150.11 cm Thickness of pole on barrel outside di
H 660493 Oec Magnetic ficld
At 1926 MAt Needed ampere-tumns
Flux 20654 Wb Flux
Sman 8831 m~2 Cross section of barrel
IronSpC 743 ¢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/mA3 Specific mass of iron
1.08 FactAt - Factor for ampere-tums
Energy 184 QGJ Stored energy
§o 1.2566E-6 A/m Vacuum permeability
50000.00 Current A Current
Induct 147 H Coil inductance

Nturn 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 $9_5M, the required manpower, and proposed schedule appears

credible.



The relative cost for the iron barre! 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.
The unshielded solenoid can be operated within all known reguiations.

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 facilitics, especially for the dual coil concept which requires additional

winding space.

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.

Rapid commencement of conductor development is recommended to support the

schedule requirements.

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.



Superconducting Super Collider Laboratory
2550 Beckleymeade Avenue, MS 2000
Dallas, TX 75237-3946

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

DRAFT

To: Steve Brumley
From: Ronn Woolley
Date: October 10, 1991

Subject: 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



Larry Coulson
Fred Gilman

Mike Harris

Phil Shelley

Ray Stefanski

Tim Thurston

Tim Toohig

Barry Barish - CalTech

William Willis - Columbia Univ.



Hazardous Source Terms and Waste Disposition
Radiation and Hazardous/Texic Source Terms

10.1.3.2 Nonionizing Radiation and Hazardous/Toxic Materials

A. Nonionizing Radiatign

1. Microwave Enerqy

Power to the RF cavities for each of the SSC rings will be supplied by
kiystron 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 will be supplied to the cawities 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 CDG 1988) Health and safety personnel
at the Stanford Linear Accelerator (SLAC) indicate that microwave
leakage from RF system components is not measurable at the SLAC facil-
ity. (Schenker 1987) Therefore, no source term was identified for
microwave energy associated with the RF accelerating system.

When operating properly, klystrons at the SSC should emit only extremely
low levels of X-rays. However, kiystron tubes can emit significant
amounts of X-rays when they are operating out of specification. Source
terms of 10 to 15 mrem/h at the tube surface have been measured- at SLAC.
At a distance of 3 ft (1 m), the measured emission rate drapped to about
0.75 mrem/h. At the CERN LEP accelerator facility, X-ray levels are
specified to. be Tess than 0.5 mrem/ti in the aisleway along the klystron
g;l]ery (Goebel 1987), and similar specifications will be adopted for
the SSC. :

2. Magnetic Fields

The superconducting magnets used in the SSC. operatiom and experiments
will be designed to produce steady high magnetic fields within the vac-
uum chambers containing the beams of particles. Similarly, the conven-
tional eiectromagnets 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.

A1l of the above magnets are being designed with iron yokes for magnetic
field and field quality 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 1/100th 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 would be present at the surface of the SSC site or at its boundaries.

SSCAP10N22588129 DEIS Volume IV Appendix 10
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Hazardous Source Terms and Waste Disposition
Radiation and Hazardous/Toxic Souirce Terms 107

Operaticns 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 energizad, 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

Liguid nitrogen, liquid helium, and helium gas wiil be used and stored
in Targe quantities throughout the facility. None of these materials
are toxic. These cryogens will continually circulate through the col-
Tider ring to provide cooling for the superconducting magnets. All
three materials will be stored in above-ground tanks at each of the ten
service 2reas. 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 soivent 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 1ight 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 qases 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, arguments to Jjustify the construction and operations of
the research devices are made to the national and iniernational communi-
ties of scientists. In the case cf 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
te realized by using the Fermilab Tevatron as the SSC injector facility.
Gther credits considered for the ITlinois site cost estimate include
reduced constructicn costs for utility systems and campus facilities,
and rzduced operating expenses due to cost sharing with ongoing, funded
Fermilab research programs. See EIS Volume 1V, 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.

¢497.14

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

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

5497.15

The inability of recent experimental advances in high-temperature super-
conductors to meet SSC project requirements is identified in the EIS in
Volume T, Chapter 2, Section 3.2.

0457.16

The electromagnetics used in the SSC will not expose the public-to mea-
surable magnetic fields: 7The superconducting magnets will be designed.
with iron yokes, which considerahly reduce the wagnetic field from
extending beyond the vacuwm beam:tube. The field produced by the magnets
will not affect the public, because the strength of the SSC-induced fields
al the tunnel wall will be about the same as that of the earth’s magnetic
field (EIS Volume IV, Appendix 10, Section 10.1.3.2).

For a discussion of the possible hazards of power distribution and
transmission lines, see Comment Response 733.02,

045105003338315



will be two new sections of 230-kV line constructed (2.1 and 1.9 mi
long). There also will be two new 12-kV lines constructed to provide
power to pumping operations for the SS€ watey supply.

0733.02

Over the past saveral years, research has been conducted to examine the
possible haalth effects associated with human exposure to electromag-
netic fields that are produced by power lines and some electrical appii-
ances. Some of the studies have suggested a 1ink between exposure and
health outcomes such as chiidhood cancer, occupational cancers, or occt-
pationally related reproductive effects. There have also bsen studies
which have not demonstrated any such relationships. Furthermore, some
of the studies that have suggested possible effects have had weaknesses
that limit the validity of the results. Thus, 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 haalth effect, has made many
scientists doubtful at this time that there is a causal relationship
between exposure to electromagnetic fields and various alieged chronic
effects.

However, concern that the,transmission and distribution power lines
could pose a health hazard is appropriate, and additional research is
nceded before any conclusion can be reached. Studies are currentiy
underway by the government and private firms to bettier understand the
possible hazards of electromagnetic fields. In addition, several states
are considering new regulations on the placement of power lines. The
pltacement of power lines will be done in compliance with applicable
requlations. See EIS Volume I, Chapter 6 for the DOE’s policy regarding
compliance with environmental regulations.

0733.03
See Comment Response 733.01.
0734.01

The potential for relocating Camp Butner is dependent on site salecticn
and the NOE 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 Butrer
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 Carelina 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 ownerships may vary by as

070107503358833
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oFovemar PSR ;s Li A pT citizen and £u not
1 the Rucneriord Counry

TLrrRmeT

Juwoaprtaneal

secal ©f us Spor2 in opoosifiva to rhe 50U Zased

r nones ard notperties. W alsa exsrossed corcerm
rasizoion danpexs, trhe desirustion end dlmia-
spectad damanda on the county inErastructuers,
envircnment.  abtached is a later letter of
gsencarive Barc Goraon from geweril ladiviiazls
umeer of these suestions and corcevms, %

5 tz, we are srill conczrnad, distressed, dismaved over ihe prancact
cf lgsing our homes (4as are propevty owners £n the £ix other contenaing
states). Hodevar, tR@ pcher 2tguawnis agaisnst toe collider 1o this perticular
acea cf Tenncssee lioW geem much more convineing and coupelling io lieu of
i~firmation that has been forTtheoning and iaformation gleuned from the focent
Savircmaental Iopact Statement {IIS).

Tt is very diffleslr to accept reassurances cthe 853C w1ll net produce
harmisl radiatinn. Areas of greazect danger are: (1) the six reaccion
chaubzya <here procens ccllide ro produce Lignly penetratirg nestrons,

mucnd :ad radippuciices; (2) the short beim duwp arcas tiwat are very ulose
ty Colonmtal Estates and fts =00 residents and Bill Rice Runch with thousancs
cf gyrmer caaperu; ond (3 the censtruction of some 30 huge silo-live

vapiiiaticn starfcs and the rurmelipng itaelf thzt msy permit the gradusl or
accidariel lelk of waler-volutle radiocnuciidza {(Socdiuw 22 and Tritium) izto
the groand water and henca cor water supniy. The radicnuclides isclsted in
thz alr, watey amd ground it Ye-uilub are considered 'accaptcble” or neet
certzin Tartandards.” Ag many sv.emglucy sellieva rlere is Ao Usafe” ievel of
cailation, we are reminded the 530 is to ba 20 tires wmora powerful than

Fa iab End thal accisentd do happep. 19 arguvpent over radiaciepn dangars

the facilic is opevectiomsl, and if aisicriune

e rezelved until
lete for those trhourands of citlzens that are Iiws

it may e oo

The EIS estimatas 350 wells will be lost. We undergztoud 130 more wells,
adiavent to the tumnel, may also be affected. The state tas promised to
provids water liaes to these individuala, Does this mean the gtare will alse
zay for the fereve water cills for farmers who, having icac their walls, mast
depend restrer on ptilizv vater uet enly for family Mewsets bur also for
terts ci sseck animpniz?
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newds and nesoifute a clear understanding of financial suppor:
ztatce.

Thae $27 ‘dpa\u on the local elty

Fa

2

i

rare 13 also a2 sabarunyg oontern taran thiy haze, very e
coruld be atarted, then ssopped,. zhandoned durlnz cemscruccicn

£ww vears of operation, 1 iza in our community, our siste.
Lacomlzte fiasca, such as H rtgviliz Yuglear Plant, Sever
could influznge sueh a happ ng

M

Sav

& Maay U.3. sclentlats Saliave Lo b
@ hasie soiapce (not antlied scinm
ruds from orher more immertanc —anionai pr)n..ms
¥rzsa3, pres :Jr_-n" of the Natlonal foadomy of Scies
prasigent of ohie Assccistian of Ame

tai . i
133%) the 33 shouid be uESLgnaLed & “'secondary orioriny" Lo
more uvrzsrt Thighase oriordiry’ soisntifie erndsavers surh as
(13

inp and edncarion uf voung sclentists, 2} rha
11 nAcional crisas such as "ALDS,T Loa

cnersandaoTi o

ha train
T

& Locional and internatioval regearvch may,
2rovilie pervar i r wothods to &cc 114Ads
ITATIRS AT 3 170 taz Lowy pianned Iav oo

B ¢ .1 make e 53¢ ohsoleca,
ouky 10, 1933) believe
sraoceed witp the 33 wmile 2
cxntand che 6.8, stouid parmic cie upsaming roseas

5
has Tiumped oz

P\l

naa- 32



r"’
im
|
—
157
pa
L%
I\l
5]
i

CIAN lah to ccee fo Spullicn so the LS.
folld and wistakey avr CERN.
almad, ko ponslbly

couid proilit by ple~
Apvarently, we have declded to 1ush
tiuadey shead, iua order to be "nuaber ona.”

Cur plea, ther+fors, ta the 0GF 13 chis: Af the £55 {2 indeed fundad,
this profect wili he 0 Lzuacse., sn ¢izvudtlve. 30 poasibly Japgefoua to
this area, w4 strennly 3udeest the 35C ghould o to an aiternate sire where
dm ol afface far loss pecpla and thelr environment. For examele, the
e will be gtove the ground water in Arizona and Texas; and ve under~
scantd only feur homses ia Arizsna and two homes in Celorade will be moved.

Fiaaily, when Ur., Leon Ledermen, tha Director cf Fermilab, first
dagigned the SSC, he coliad it the "Desercron.” Many of us agree with Dr.
Laderman'y foresisnt and wiadom, and believe, as he appareptly did, this

lrage prolact, wikn so mapy unknowes, should ke corvecily and move safely
flaczd 1 & remore part of the country.

[2““% A ému’ew,,uo, FARP

‘Rdhﬁhf g, Sanders
Do Box 1215 }
Pyrfeess beve, Tenn. 3%13

(6;5’) $96-0155
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LETTER _Lf.ﬁZ____“ (COHTIMULED)

33C Fact Fimdirg Cooup
P.0. Box §

Rockvale, TV 37133
Mzzeh 23, 1323

Congressman Bart Gordon
1517 Longworth Hause Ofllce Duilding
Washingtom, D.C. IU1S

Desr Bare,

Thaak you for weeting with several cf us on March $ 1o hesr cur concerns
asbout tha proposed Suserconducting Super Collider (£5C),

Az you suggastcd, ve are subkitting geversl qusstiona to your of fleca
witich we underatend wili be forwarded to certzia indlvidoals acd sgencies in
order to obtain definitdve spevers in writing. A4 wve wera fusthal assired,
should va conmider awy anew=rs indefinite, {ntoenplata or vasacisiactery,
then vour otitce would seek ialnreation from scianmtiflc sources, lndependent
of the Departweat of Eaargy. and free of gosgible conflict of interesr,

The [ollowing are current grestions that com:urp us:

1. wil] comutruction of i wederground toune! frals or muhmint
ad Jacent well wates?

25 2. Suould such damsge to well water occur, capn the pffacted Farmes
and howme cupar expect the atat2 to supply swple and safa waier for both
hovsehoid sud srtock aaimal ume? :

1. W3l ground water lead into and damage (1o Lunnei?

4., Ara not the Arizoca and Teaas plaps for a tunne! aboswe the wates
par tabie move fesuible, both fu conersuction costs and groend wetar satery?

3. Ax mday of our vells xad ground water prﬁc!_i-s cratata aukloe
as hydroges ewiilde, how doeg this compmnd Al -t rpose-uction af the
L30T, and lzise the gassoun sosdranment of the cacploeen tuapedd

B MW oamieratand oeresin rucionuclided tamh wm Yoo Ldems Soeifam DU

H Cobalt £7, Magvanes 54, Berylitsw 71 ara produced Dy o ZHG,  liitiue s

Sodlom 12 sre water scluble. ilw ure theas (and othar pataatially tande

? agents) to se safely contained? Aad, shoold thawe sgencs enaape iato waies,
834l or mi;, vimt could be iy stecilfic gonetin, metagmnic or snmatl:

effect od humama, otv other wamsnle, towl, parilas ard plaer 13729 Whai s

bmen thile epecifis experience ot the Feemt Lab fa I11fingiy dutise Lhe past

D vear3]  Are thore eessursbie levels of theae sudstznces Ja ponad, rivesm,

Atzeare, riaking waier and 4ir xijacant and peax the Formd Lab?

]

7. VWhat sre (he ewissdon prodocrs from rthe vent Listion sbatiia god thw
q r2f{yigeration unite scetlersd at fatervals slong the toamel? Are thass alr-
boree products texie snd hew? Will the asdse produced hy the vefsigeraian
ymils be distuthing o adiacemt rizismac? )

a1 @35




™
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Page I
Maroy 23, L9%8

L pillaion chariers” {uhan proTons
o adiacent roek, treund wacer, esoe-
fnrces wiill Ye 40 timeés greeler than

9, Fhar atre
colidde) o praver
cilally an @& undaraotand b
it the Fermi lan?

eptitl prebiemy criaved o pemomnl of fhe theuezands

thin

2 e
At arve

sons of took or ruphle dn o cunrtoactioa ef che tuneelf! Wasre w
astuzral 5e epersd s Now erantoecced and used?  low will the resultirs
Just amd lexshste affaes focnl aur, stroam, greund water aod plant gqual

sipn's acienvific cormunity 19
iy anstly prelect when g2 mary

re3rrrch avenuzg ore torsijsred more impercent.  Can yeur ciflce
tiiz?  ard. should ghis net Leve Learing on the netion's budget-

0 Pa grisrartad g mslerlly of the

LF sha 552 Yx funded, wovld e not ba mers geazonnbla aad flsczily

zibl® Lo busld/Llorespocare the R5C adlacent to or 1n coanesilion with
feting Fevmd Lab In {1llnnis wiere & campus, including a usable
ritor, and a scientific nommunity are already estydlighed?

Wa Lave uadarseood the Franca-Salss 550 has soffered wat2r Jamaga,

e Cwg Teer of was bave flocded the twmel. lould jour effice
votynens Lhiz2 misfortuce? 12 his 2 sigedfleavt owap Fpr tike SIC Ao thils
counery, Aipacialiy in those five gratra wiere the tavnel in viannad to be
he

1
ipw 1he vater taple?

13, e opdaparand there is current research in soperconductors, zatth
sxtdes 2nd plasms, which In & few yrary may make the proposed 850 otzplete.
1t yrour effice von donument this starclivg information, wouid 1b not be
irrempanaitle fo ILurd the 350, i acquire property, to move famidiles, to
besin cuopsiructicn enly to have e whnle project declarad clariste in che
of mrazglie 4 hiig zesuit in nor eniy the lors,

ci] rax d=llara, oot alzo sliitena of

{.;!L

Tl Tamsech 48 an f#uccecus gmount of elecreicdty will ke npeded o
cuurly and operats tie 85 w3 crestlang strong electromarnetic flelds
borh zp the S558C facillev snd sbeug tie fordin® transmigsion lines, what
rra tte rensibile narmtal effacts o forans of thege= eleetromaghedic £

thu

what are ths spenific ;!
fra agefulness [+ exhavuted {n @

1

[or "decommlasloning” the 530 once
1-:53 vedrsi Tan we be guarintend
: tiiitien and cpank wilt ba oueed [er opurposes thatb are nel
hagmful o the cermunitet Vi1 {t be possicle {or certain citlzens to

’ -baek” their prepartry L.nb was ropnganed and porcihgoed by the state

The L3507

ipra ¥

16, Why tn New icrk s5eate would <o many cltizens and thelr elected
nffleials 8o steongly cppuse the S5C that thedr stste's jToposal was
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Congreeemsn Hart Cosmm
Fage 3
#avon D5, 1948

withdrawn by Uovernar Toomey  Doom Mew Vork oo apanrhdag o
may wien o 2ixcans fida vith oo collecgue, Ooorreennng
Hew Tork.

7. Tamowm ard other Toencmpes cdzliveng b osoanynd e Tao T
hyewmicry 10 Yivwerd” Teanesoew wilin (e S0 oy dded Tovnesisa acropia sho

Manigar ok Farrivwv=nle Siovsyzae MRT) Lacdfdly for nocloep Woian da ifed o tiset

12
rager €3
QEARE

theen ipeosve dond meeet dgna o ur Al
Ul ]

0l an dA vt Bzie 2nd seapea: caa
iy tutindds (ke merit o7 3
elates whezd pitze s=2om reasouniie?  T11400l8 v dve oc latang
i renident ecieatistnl lo Aviieaa or 1exag whears L Lonesel wil! o be wboue
the grownd water (zbie; svd, 12 prridsy Arjaona, ~hoTe w ovebnr ok
the propoazd site Incdwie:s aigrsideant foderaliy cunzd tand Lnd v wevy
fzw homes grd Pamilles wiil he sifscted. Turtlher, ve bope you and aircioed
of ficlats will inmlst the ULF namn a profavved gite by the wsd of 1088, on
promiawd, evem il Fortier (uadlsg 40 net asgurad,  Thin wlii sof*res o0
orher six states v thets anydovy and anguisbed citlzear,

FLR IV R,

We, tharefore, appesl to you s aifeczad land owmerg vhowe hosou w1l
be destroyed, whors rvral compenity aud “guality of 1ifa" will he mewur?y
disrupted, asd whoss county and ciuy povwerimeny servigea {(a-hooin, roado..
wtflicies, putlic haalth) will be uncommunly stialned ghonld The 8I0 sone
t3 Rutherford Couney. Cuve tive lague 3 stwdled and the sy muest fang wn
ansuered, we beileve oor s2i:hoors In TBed{ord, YMarshall and wW!llizmeon
Countien wil)l glmilaviy migo tie Tenuessee priposal [ar ths
drawn,

Fleays wote we ars sanding coples of this letter oo Cangsaaamsn Jim
Cocper and Seostars Jiw Saseer aod Al sore. Mopsfully, tless zedsblesso sl
their ataffa mny be of asnlatance to you, o

Slicevelyy,

Bred (14 il A0t

Brady :\M =d A h By ‘Jrsﬁ
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