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Brief of t.he SSC 

In Ju 1983 the sics Advisory Panel ) 

the immediate initiation of R&D on the 
luminos proton co lider of energy 

accelerator would open vas new energy frontiers basic science and 
enable this to be in the forefront of energy ics research 

the 1990 1 s and • aspects of the 
in a Science magazine article.1 

ect have been 

intensive four-month 
took this past winter and This s confirmed 
should be technica tforward to build and that the basic des 

were 

for exis 
this machine. 

lower energy accelerators could be 
The RDS included detailed cost 

used successful 
extended to 

for the SSC based three different 
allowances 

In order to make these cost estimates~ the 
for which a varie of tunnel construction methods 

Trive 
which has 

the SSC have been 
the DOE Office of 

~e s ~s 

recent 
des 

been 
and establish pre 

It is that the final site 
in 87 and that the notice to 

also further refine the accelerator 
criteria. 

selection for this facili can be made 

around October 1987. In order for 
wi actual construction w 1 be 

site selection to be made on this 
time scale, detailed site proposals will be late 1985. 
Site studies in detail have a 
loca enthusiasts. and some of these have been 
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of this S 

Considerable has been the SSC near Fermi lab 
because of the accelerator facilities serve as the ector 

tem for the SS 
directed at 

of this effort has 

lower ti on densi 
tunne indus :l t seems possible and even locate the 
SSC several hundred feet At these the safe and 
environ men ta 1 concerns associated with ti on can easi be 
satisfied without s increas or s the 

Because of this it is natura to consider whether it be 
feasible the SSC to the east from Fermi the 

Nationa Labora site to take the fu the 
facilities available at the two laboratories. This would also be more 
attractive to both the workers and users of the SSC since it would be closer 
to schools, the cultural activities of the me litan area, and 
0 1 Hare t. The labor market would be asset on 

the Labora could draw while at the same time ties 
for spouses of technica staff. closer to the large number of 

scientific and in the area also be 
The faci 1i from the scientific environment 

of the two laboratories, inc libraries, s, 
areas, utilities, etc. These resources would be instrumenta in 
the ect in a and tious manner. 

Such site in ted areas follows 
other accelerators. The SPS and LEP at 
are located below and residential areas 
located meters below in a suburban area. 

The goals of this s were to make surveys of the safe 
socia environmenta geo and cost aspects of such a si 

scheme. While the same issues must also be addressed for the site to the west 
of Fermi Uon densi in parts of the site considered here 
accentuate socia and ronmental ssues 

in 

The present s 
HEP, ER, and EES 

in and st members of the 
individuals include: 
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J. Hoffecker 
J. Jastrow 
R. Olsen 
B. 
R Tobin 

• Vocke 

G. Williams 

D. 
w. 
M. 
P • 

J. Norem and R. s 

EES 

tant 

Associate Labora Director for Research. 
It has benefitted from the cooperation of many individuals at 
Fermi L. P. Livdahl, J. L. Coulson, P. T. 

and others. 

and Site 

with the s of the issues listed above~ the location 
other parameters of the facili 

started the of the Reference 
modifications as 

A number of options for the accelerator location are possible 
the of arcs~ of clus of areas and location 

des ti sections. ics considerations 
favor symmetric accelerator the of 
symme for the is still under s and 
Fermilab would be symmetric three, or more axes, with a range of 
arc radii possible For , two-fold symme with 

ters has been as suggested 

ection in both directions was assumed at Fermi via ection lines 
the 1-TeV beam from the Tevatron. Extraction lines to remove beam from 

SSC were also assumed to be located at Fermi The t 
the SSC needed to this were taken 

2 ther with the three a 
in a section of the SSC six miles with 

) • At each end of this arcs 
carry the beam around to where a 

ld located. The fixed loca of 
radius of arcs somewhat. For s s , we took the intermediate arc 
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radius of l bout 8.7 miles, 13.95 ; this a total circumference 
of 64 miles (102.3 For 20-TeV beam energy, a magnetic field of about 
5.75 Tesla is then the RDS-A arc fraction of 
mi between the fields of options A and B of the RDS. The magnet of either 
of these options be used for: this site; the magnet A field be 
reduced (or a final energy or, alternative B t 
be extended r fie 

The of the site is discussed in Section 3 and summarized in 
F 3.22. The l drift near the surface is too shallow to serve as host 
for the SSC tunnel in such a ted area. The next formation in 

Silurian dolomite limestone, is thin in and serves as r 
for a number of domestic wells in the area. Below this, the 
formation is te variab with of both dolomite and shale. 

of shale make tunne formation. These 
do serve, however, as an separa the upper 
system from that below. Combined with extensive pump from the lower 

ier sys this has left the under Galena-Platteville formation 
above the water table iezometric 

The Galena-Platteville dolomite limestone appears to be an excellent host 
for the SSC. It has a uniform thickness in this about 325 fee thick 

be se 

to contain 100-foot l areas and still leave a similar 
rock to 

yet soft to be easi 
The rock is s 

mined with 
machines. This 
than the 1.4% s 

is in a plane with a s 
The tunnel shown in at an average 

th of 600 feet 

Access and maintenance would be shafts situated at about 5.3-mile 
intervals. tion stations~ located at these shafts, would be the 

ry service for the accelerator. The tunnel would be constructed 
tunnel s), very similar to those used for the 

Tunnel and Reservoir t ), which has thus far drilled about 
50 miles of tunnels 100-200 ft below the surface. The vast amount of 
experience obtained on this ect would be relevant as the Silurian dolomite 
formation used for TARP is similar to that considered here. 

Access shaft diameters of 22 feet were determined the constraints 
the hand of the TBM 1 s, tunne 1 l i and the 

tanks associated with the ration system. Shafts would 
exca:vated conventional drill and blast s. 



5 

Tunnel costs were examined for diameters of 10, 12 and 15 feet. A 

diameter of about 12 feet appears s more expensive 
than the 10-foot but s more flexibili for 
construe opera and eventual additions. 7 The tunnel 
would be the shafts and all ancil caverns and cavities would be 
lined. 

the 
Work 

Interaction ons would 
The general-purpose 

be located in two clusters on opposite sides of 
47r detectors discussed at the recent Snowmass 

would caverns to accommodate the 
detectors, maintenance areas and We have assumed that these 
caverns would be similar to those for at LEP, but 

would have 28-foot somewhat r. 
inside diameter. 

Access shafts to the interaction 

It was felt that a consis s le, first iteration was the most 
desirable goal for this s We have not alternatives in any 
detail in many cases have been deve or tried to optimize 
costs. In order to test the ultimate suitabili of the site, we 
have examined the most that we were 

te. For for the environmental ana is we assumed the 
compressor stations would be located in 5-acre areas on the 

the cost ana is, however, was 
be located in mined caverns 
overall stabili of very 
examine those factors that limit 

Environmental and Issues 

these compressor facilities to 
Likewise we have looked at the 

IR caverns (100 1 x 100 1 x 250 1
) in order to 

the size of these caverns. 

The si would a to a 
area, with both potential benefits and costs. A concern is 

of the accelerator tunnel to residential areas, accentua the 
and environmental rements of the facili Safe considerations 

were examined with the assumption that the tion must not be to 
any s icant risk due to the operation of the accelerator. In practice, 
this meant that the radiation generated the SSC and absorbed the general 

tion would be at a level undetectable standard means. 

A prel 
indicates that the 

sis of safe issues, both for workers and the 

opera 
tunnel and 
from the general 

site 
conditions, and possible 

of access shafts 
lie without 

who construct and operate the facili 

should be safe under normal 
s. The th of the 

the accelerator 
icant hazards on the workers 
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The pre s of the shows that the lo ca ti on 
is safe from a radio of view. The population 

will not be exposed to any detectable direct radiation pass the 

400-750 feet of shie The total activi the accelerator is 

not , and the which this material would come into contact 

with the general tion are either ect to s le, ive, and 
direct controls~ or are suf indirect and slow that little activated 

material could be released, and even this would be well diluted have 
before the general population. Normal and 

activated or materials would take place in the 
at the two national laboratories, which have been safe carry 

out such functions for years. 

The operation itself utilizes mature techno es with an 
safe record. Environmental issues associated with the 

have been addressed. For example, disposition of the excavated 4.2 
and overburden ls ted the many 

in this area. The operation would not s the 
volume of traffic in the area, and the facilities the 
labora boundaries will be Disruption of the surface would 
be minimal. 

Given the minimal surface disrup land need be at the 

10 sites outside the national laboratories. The 
will need easements, however, from local 

owners. si tion of the land and easements will be 
more complex than at a site with fewer owners, and careful attention must be 

to coopera with the population to resolve any lems, real 
The land and easement acquisition process itself would 

in a manner similar to the tunnel ect 
total of about 50 acres of land will need to be for the ten surface 

facilities; possible locations for these facilities have been considered which 
minimal s in and land use. 

of the SSC in the tan Area 

The site has many technical relative to locations 
elsewhere. 3 The of northern Illinois is which have been 

favorable for the 

of rock with 
excavations. The area 
formation in the site 
do lo mite limes tone. A 1 

SS local rock strata are horizontal and 

is geo 

is 

for tunnel and cavern 
inactive. 

of relative 
The Galena-Platteville 

of 
the Galena-Platteville strata extend both east 
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the en vi ronmen t 
due to reduced 

to the east may be somewha 
and pressure of 

water. Extensive tunne experience deve the cons true ti on of 

TARP in similar material is direc applicable to the 
The rock can the spans the 
soft can be tunneled easi 

SSC si 
ls, 
wear. In 

addi the tunnels in this formation should concrete 
or shotcrete , either for stabili or control of seepage. 

The the Fermilab Tevatron as an SSC ector are 
scientific and cost reasons. The Tevatron a 

exists and the near fu be acce 
and tons to l TeV, the energy assumed in the RDS for the SSC 

ctor. In addit the support personnel, bui 1 
facilities, test facilities, and site a exist. 

Use of the site amplifies 
as the location of one of the 

need for a new satellite labora , and 
ful with 

same benefits. 
clusters eliminates the 

the rapid deve of an 
mechanical 

support services mentioned 
and activated materials 11 

use of the two laboratories on opposite sides of the 

- central 
supplies, etc. 

tech tto 

the SSC in the area has benef ts the scientific 
there are also benefits the i tan area the 

as a whole. The midwestern states are among the lowest in the 
fraction of federal revenue returned to the states. Federal tures in 
the aerospace, defense and computer industries, which would tend to stimulate 
deve , are low. The Great Lakes area has the owest growth 

te of any par 9 The SSC direct economic 
benefits from the initial construction a and indirect 
benefits to local communities to increased economic activi The 
benefit to the communi wi 11 be associated with the of a staff of 
about 2500 people, s about 500 visi sci en tis ts at any 
These and visitors wi 11 add the 

dis ta.nee. 
additional service jobs 

lier 
to the number of on 
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site emp most tan there will be the further 
attraction and expansion of tech industries in the Chicago area. 

Cost and Schedule Es ti111a tes 

Detailed costs and schedules have been deve in Section 3. These 
estimates show that the tunnel, interaction hallst and associated facilities 
would cost $500M (1984 dol and about five years before 
civil construction was te cial occupancy of half the tunnel would 
be available after about three yea While detailed sons with other 
estimates are difficul these costs per kilometer are somewhat lower than 
those for the RDS median si the CERN LEP tunnel, or the HERA fadli 

due to the suitabili of the local rock strata combined with the 
of excava unlined tunnels us tunnel machines. Cost 

estimates here are based on the extensive local experience with TARP 

more 

Conclusions 

The short 
cursory survey 
would benefit 
conclusions of 

The 

, with conventional 

time of few mon has allowed on a 
tant Virtual all the ics covered 

more detailed sis. Nevertheless, the tant 
pre s are: 

lab site for the SSC is desirable from geotechnical and 
perspectives. 

• The facili can be construe opera and eventual decommissioned 
safe , with no s icant risk to workers or to the general tion. 

Land and easements should be available without s 
either the SSC program or the lie. 

benefits should accrue to local communities due to economic 
stimulated construction and operation of the facili 

Costs are competitive with the 
s 

si in the Reference Des 

Further deve t of this SSC option would on with lie 
officials, planners, and the lie in an interactive process. 
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1.1. ACCELERATORS AND THE STRUCTURE OF HATTER 

of the 
matter 

the past 50 years, our basic unders 
ended on the cons true ti on of accelerators of ever 

energy. .1 shows consti as 
and shows energy range s 

constituents tted as a function of accelerator year. 
accelerator has contributed to scientific progress, however, the most 

devices time were genera those 
energy. new fields explore 

Before the use of accelerators, matter was assumed to be 
electrons lei of protons and neutrons • 
electrostatic accelerators were deve in the s 

to reveal some of the of nuclei, enab a better 
of nuclear interactions. Direct applications of this work were 
de as sics, where a of the cross sections 

excited lei was used to unders sm stars 
burn. The way in which the nuclei, which are composed of , 

protons neutrons of the 1 universe, also 
tailed s lear interactions. 

As accelerator structure within to 
be revealed. 

s 
seemed to be 
different 
as are nuclei 

trons to 
from 
these 

swi 
discoveries, particles 

as wel as 

constituent 
which seemed to he 

s which seemed 

As 
accelerators 

ene es became 

to reveal 
available 

of the 

lotrons 
a 

th heavier masses 

tons were composite particles 
obtained 

pre 

hold nuclei 
to have purpose 

in the l960 1 s and 70's, 

theoretical unders s 
be understood as composite structures 

Zwe and Gell-Hann, who first suggested 
of themselves to be 
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the stable 

states 

energy 

understand 
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les when bind themselves ther and the fina 

in energy interactions. Recent of hi 
has had immediate app lica ti on in cosmo our 

of the from which our universe evolved. 
l data from accelerator laboratories have led to the unders 

of such di verse ics as there seems to be so little antimatter in the 
universe and electromagnetic radiation from the is sti l present. 

The next s this search is to look at even s, both 

to test of the tandard Picture and to 

seen at s. 

1.2 THE OF PARTICLE INTERACTIONS 

the past 20 years, our unders of the structure of matter 

has increased erimental discoveries and theoretical advances 

have 

called 

a model of considerable s lici and e The model, 

tandard Picture," assumes that all matter is composed of two 

of particles, called and tons, F l.2(a) which interact 
with one another four forces (strong, electromagnetic, weak, and 

), l.2(b). The quarks combine in threes to form protons and 
neutrons s well as an enormous number of similar particles), and the 

electron is the commonest form of ton. 

years ago, the four forces were t to be complete 

Recent experimental data from CERN and elsewhere, however, have 
verified the deta led ctions of the of Glashow, Weinberg and 

Sa which treats the electromagnetic and weak forces as different aspects 
of the same This unified cted the weak neutral 

currents discovered in the ear 1970's and the recent discovery and detailed 
properties of the and Z bosons, which are carriers of the weak force. The 

existence of the W had been suspected since the 1930 1 s, when it was ori 1 
postulated Fermi to explain radioactive of nuclei. 

While the electroweak produces a number of precise 
the of strong interactions is less advanced. The unders 

ctions 
of the 

interactions of s parallels the electroweak 
and is called 

particles such as protons are 

indicated in F • 1.3. 

confirmed 

erimental 

much of 
data 

the Standard 

cs The assumes that 

of quarks held together as 

d at the 

Pie tu re on 
t 

very 

available 

recent 

s have 

and Z 
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u 

d 

c 

s 

t ? 

b 

Relative Effective Carriers Other Proposed 
Force Phenomena Range of Force Particles Theory 

nuclear bonds, 10- 13 cm gluons quarks quantum 
fission, fusion chromodynamics 

10-2 infinite photon quarks, charged 
magnetism, light leptons 

Weak radioactive decay 10- 16 cm W, Z, Higgs quarks, leptons 

planetary motion, 10-:is infinite all particles Einstein's general 
curved space-time 

Fig. 1.2 The standard picture explains the structure of matter in terms 
of quarks, tons, and the interactions between them. 
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.3 extends ins 
from the s 

ts 
of 

rks confined 
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particles were on seen for the first time within the past two years and 

experimental evidence is still evaluated. Evidence for the 

top was on 1984. 

1.3 THE NEED FOR HIGHER ENERGIES 

ite its ressive recent success in c both the existence 

of new particles and de the interactions of these les at 
energy, the standard picture is known to be lete. There are unexplained 

which seem to re new particles. The recent discovered W and 
z particles, for example, are bosons (similar to tons) which seem to owe 

their mass (about 100 times the proton mass) to broken symmetries which 
should be associated with les called Higgs bosons. the masses of 

these bosons are recent ana is (Eich ten et al., 1984) has 
shown that either (1) the Higgs boson mass is below 1 TeV or ) the weak 
interactions must become strong at TeV es. In either case, new ics 

must appear at es around 1 TeV. 

In addition to the Higgs boson, a number of other re 

s at hi For example, a number of arbitrary parameters 
seem to be the properties of quarks and tons. This 

lies that structure exist which would be the basis for 
the observed complexi Likewise, violation of CP invariance does not arise 

the standard picture and could be a manifestation of more basic 
Even the number of and tons is a mys , and mi t be 

explained the fact that and tons themselves are composite 
particles st as the of nuclei are made up of neutrons and 

protons. The standard picture that if substructure exists, then 
es of at t 1 TeV are to detect it. The reason for and 

basis of symmetries is also not understood and may be the result of undetected 
interactions. In addition, a varie of other effects could be seen at 
threshold energies of around 1 TeV (Fig. 1.4). 

1.4 THE ACCELERATOR PARAMETERS 

A number of detailed recen summarized most complete 

Eichten, Hinchliffe, Lane, and Quigg, have shown that of # 1 TeV must 
be available in the center of mass to open up new 1 
possibilities. Since each proton consists of three and a gluon cloud, 

and 1 evidence seems to show that available energy is divided 
between the and gluons, each has ical about one-sixth to 
one-tenth of the available proton center-of-mass energy. If, to be safe, one 
wants ~ 2-3 TeV available energy to be above threshold effects, then the 
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1.5 

F 1.4 The SSC should be able to stu and search for 
a wide range of 
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accelerator must protons at 20 TeV in the center of mass. This can be 

done colli 20-TeV particles ther head on, follow the example of 
the Tevatron at Fermilab and the SPS CERN. This method yields 

le to an accelerator of about GeV fi protons 
target. 

While a pp collider has been the ry focus of the reference des 

the use of an ton source le the luminosi specified 
in the reference des has been presented in the Universi of Chicago 

Pilcher 1984). mi t some additional 
to be done, and pp acceleration be done in one magnet 

some cost s The Fermilab P source sufficient fluxes for 
initial experiments and could be roved 

The intensi of the machine should be hi 
interactions of great interest are expected to have 

li of occurrence), it is desirable to have as 

Since many of the 
small cross sections 
hi an event rate as 

the accelerator and detectors can stand. The luminosi of the SSC, which is 
proportional to the event rate for a cross section is expected to be 
about 1000 times that of the Tevatron now completed at Fermilab. This 

i l enable the experimenters to accumulate hi statistics for commmon events 
and to examine rare at the t possible 
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2. ACCELERATOR PARAMETERS AND FACILITY DESIGN 

de 
constraints. 

laboratories and 

location 

tions 

ics 



As discussed in Section 4, locations for the vertical access shafts not 
on the national sites were found in areas pre 

such tha 

effect use. the chosen for 
this could be 

stations. For 

done 

three 

in a stra tforward way for 8 to 12 refr tion 

of the locations, the vertica be offset 

accelera geometric 
connec the acce le ra tor access 
lo ca ti on has small parcels available, large for 

ref and its shaf but small to make difficu t 
tunne see Sec 

a s tforward way a more detai 
find a more optimal 
orientation of the accelerator. 

s • as 

small shifts of the 

the Reference Des as 
12 stations would be placed stant around 

This 

2 2 

various 
15 feet. 

the 

3. 

results in intervals of about 5.3 miles between 

assumed that shafts or connections 
be tween ref access shafts excep at 

of this s • in order to better 
three tunnel diameters were chosen 

ts turned out to increase s 
choice between these sizes is 

accelerator does not much space 

understand 

10' 12 

t. 

the 
the 

the 

the 

the 

ection 

opera 
magnets, 
make 

the the tunnel and ins ta the accelerator 
tional desirable I is interes 

tunnels of less than 3 
11 optima inside diameter of 

ter as 
the unlined 

this allows tunnel appears to be about 12 feet. As suggested 2 1, 
space for the magnet utilities, magnet drains and 
space assemb maintenance 

Lo ca of in the bottom half of the Galena
Plattvi le formation 

t 

does have 

at sea leve 
sea leve ts 

complicate 
Brianti et al (1984). 

easier. 
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SUMP WATER 

\ 

I 

-

• 2.1 Section of SSC accelerator tunnel; for comparison, tunnel 
outlines of the Fermilab main and of the LEP machine 
present under constructi are indicated. 



of safe 
sec tor. 

areas. 

cou 

a sys 
arcs 

2 

resistors 
are possible. These 

a t 

resistors 

s 
pla them on 

so rs 
and operations 

inside of 
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r detectors. The recent Snowmass work concluded that the SSC should 
be two de tee tors; three 
detectors were scussed 
experimental areas should 
of the detectors the 
latter de tee 
are available. We have 

service areas. 

dimensions are 
caverns for the assemb and operation 

de tee tors 
defined at this 

taken a le des 
2 , could contain 

dimensions 
interaction 

tee 
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7m 
---, 

16m 

9 

7m 

5 m 

• 2.3 Dimensions of the 4n detectors studied a 
tic detector, ) 
scintilla fiber detector. 
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GEOTECHNICAL EVALUATION 
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29 
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The lake 
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i 
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Fig. 3.2 Glacial 
(Source: 
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NEBRASKAN 

DRIFT LESS 
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Table 3.1 Modified Mercalli 

Effects on 
Persons 

Effects on 
Structures 

I Not felt except 

II 

III 

IV 

v 

VI 

VII 

VIII 

a few under 
favorable cir
cumstances 

Felt a few 
at rest 

Felt no 
indoors; 
s cars 
may rock 

Felt general 
indoors; 
awakened 

Felt general 

Felt 
many 

Some 
falls 

plaster 

ter 

and 

runs Moderate 
outdoors; felt in 

cars 

General alarm destructive 
and general dam
age to weak 
structures; 
little to 
well-built 
structures 

Scale of 1931 

Other Effects 

Delicate sus-
ec ts 

Dura ti on es ti
ma ted 

Cars rocked; 
windows, etc., 
rattled 

Shallow 
tu de 

2.5 

3.5 

Dishes and windows 
lurn 

clocks s 

Furniture moved; 
cts upset 

5.5 

Monuments and walls 6.0 
furniture 

overturned; sand 
and mud ected; 

in well
water levels 

IX Panic Total destruction Foundations dam
of weak s truc
ture s; consider-
able to 
well-built 

s truc.tures 

broken; 
fissured 

and cracked 



Scale 

x 

XI 

XII 

Source: 

Effects on 
Persons 

Panic 

Panic 

Panic 

ld (1972). 
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TABLE 3.1 (Cont d) 

Effects on 
S true tu res Other Effects 

Masonry and frame Ground bad 
s true tu res com-

des ; 
best build
survive; 

foundations 
ruined 

Few bui 
survive 

Total destruc
tion 

cracked; rails 
bent; water 
s over banks 

Broad fissures; 
fault scarps; 
unde p 
out of service 

Acceleration 
exceeds 
waves seen in 

; lines of 
and level 

distorted; 
thrown in air 

ects 

lent 
Shallow 

tu de 

8.0 

8.5 
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Probabilistic Seismic Hazard 

A rmissen and Perkins (2). 

horizontal acceleration, in 

ty, on rock surface which 

exceeded in a 

United States, after 
numbers refer to the 

of the acceleration of 

have a 90% li of 

time interval.) 
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SCALE OF MILES 

0 5 0 

Fig. 3.8 Thickness of Glacial Drift (feet) 
(Source: Piskin and Bergs 1975) 



• 3 the Bedrock Surface 
1971) 



44 

in such units in and around the ect area open-cut construction, shield 

tunnel , or p ja However, any of these of construction would 

have enormous environmental t, 1 in relative dense populated 

areas such as the one under consideration, 

Tunnel the drift could be considered, but it would be 

sible to site the entire 60-mile within drift because, in many 
places, the drift would be either too thin or la altogether. Loca 

the tunnel part in drift and par in under bedrock is undesirable 

from a technical s because mixed-face is difficult and 

expensive. Rock and soft- different 

s, materials, and the two s should be 

avoided, except for the necessary access to a bedrock tunnel 
at th. In short, the drift is the least desirable of the four potential 

host units. 

Silurian Dolomite 

Silurian strata form the bedrock surface over about 90% of the ect 

area ( 3.10). The total stra thickness of the Silurian in 

northeastern Illinois is more than 400 feet. However, because of truncation 

of the Kankakee Arch (Sec. 3 .1. 1), its thickness decreases in a wester 

direction. the eastern side of the ect area, the thickness of the 

Silurian is 230-350 feet ( 3.11); however, toward the west, the Silurian 

pinches out to 50 feet or less, and it is complete miss a most of the 
western side of the ect area. 

Silurian age rocks in the ect area are almost entire 

which varies from llaceous, to sil and cher , to pure.* The 

dolomite, 

part 
la tera 1 of the Silurian Dolomite consists of distinctive units that have 

continui t the region. The upper is characterized 
pure dolomite surrounded well-bedded and sl llaceous 

and general cher dolomite. 

reefs of 
to very 

The Silurian Dolomite is the host formation for the Chicago Tunnel and 
Reservoir Plan ), a system of deep tunnels and reservoirs to convey and 

store storm-water runoff and sewage. This system is des to include over 
120 miles of tunnels in diameter from 9 feet to 36 feet and is under 
cons true ti on. Extensive subsurface exploration, a 

ical survey and numerous explora 

s con c minerals; de tri tal 
particles smaller than very fine sand and coarse c ; and 
cher con ta cryp stalline silica, as nodules. 
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of the Bedrock Surface 
(Source; Willman, 1971 
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pattern of the ect area. 

Shale 

The Ordovician ta in northern Illinois consists 

of olive-gray and gray shale, with some dolomite and limestone. Due 
to post-Silurian erosion, the ta is miss farther west in north

central Illinois. It rests disconformab on the Galena Dolomite and is 
disconforma Silurian strata, which local truncate the upper 

the ta lata and Graese, 1983). In northern Illinois, the 

ta is divided into the follow four formations in 
order) 11 man , 1 9 7 1 ) : 

~ Neda Formation 

ect area) 
iron-oxide 

-15 feet thick, but mos in the 

a reddi sil , hematitic shale 
ids. 

~Brainard Formation -100 feet thick) -- a dolomite and 
sil shale with interbeds of dolomite. 

Fort Atkinson Formation 

interbeds of shale. 

-50 feet thick) -- dolomite with 

Scales Formation (90-120 feet thick) -- a dolomitic, local 

sil shale with interbeds of llaceous dolomite. 

In northern Illinois, the is general about 200 feet 

thick. However, in the southern and western parts of the project area, where 

it is dissected ilurian eros it thins to 100 feet 
or less. As a resul the Silurian Dolomite in places direct overlies the 
dolomite of the Fort Atkinson Formation. Because of such complications, the 

of the ta-Silurian contact is often poor defined, and 
of the thickness of the ta vary, as can be seen 

As a 
either the 
Dolomite. 

ti on 

• 3.12 and 3.13. 

tunne rock, ta 
over Silurian Dolomite or 
The TARP exp lora ti on efforts 
of the ' which is 

rocks are less favorable than 
the under Galena-Platteville 
have resulted in the follow 

sed from Harza (1972). 

The Brainard and Scales formations of the ta exhibit 
s and crumb 
has occurred 

Indiana that were 

s serious 

in rock core samples 
construction of s 

excavated in in 
rs rock s 

to the a s 
caverns in northern Illinois and 

the Scales Formation. 
Some reports indicate 

Pronounced 
that, for 
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excavations of limited exten of these shale units can be controlled 

and even prevented con di the ventila air circulated the 
chambers. tures must be maintained within a very narrow 

range, and the relative humidi must be While this procedure would be 

of great assistance construction, it is not considered to be a total 

reliable scheme in itself. 

Rock core samples of the Scales Formation become soft and plastic when 

wetted. This characteristic, and other with shales, suggests that 
plastic flow may occur in portions of this unit when the rock is exposed to 

air and humidity in a free face. 

In view of 

contact with the 
surf aces 

Wherever a 

lent 
to occur 

a 
te or 

toward 

will be 
si 

of the shale to slake and possib swell on 

it will be necessary to cover the excavated 
shotcrete as soon as possible after exposure. 

plastic strain is experienced, steel supports or 
required. S and plastic strain are expected 

cant segments of excavation in these rocks. 

It would be difficult, and ossible to position a 

si icant th of the tunnel in the Brainard Formation because of its 
variable thickness. Also, the shales of the Brainard and Scales formations 

will structural concrete 1 for term stabili Where it is 
and pure, the Fort Atkinson Dolomite would make a 

tunne rock. However, indications are that shale interbeds are numerous. 
Shale interbeds weaken the rock mass, tunnel or rock 

reinforcement. More s this dolomite is too thin to accommodate 
the SSC tunnel. In summary, the ta Group is not a favorable unit to 

host the SSC tunnel. 

Galena-Platteville Dolomite 

The Platteville and Galena groups are 300-350 feet thick in northern 
Illinois and are almost entire of carbonate composition. The Platteville, 

which main of fine dolomite, overlies the and 

strata of the Glenwood Formation and underlies the coarser 

dolomite of the Galena Group 3.3). The Galena, in turn, 
underlies shales of the ta 

Al dolomite, both groups contain limestone in parts of 

the ec t area. t for a few thin uni ts 1 the re la ti ve pure carbonate 

rocks contain less than 10% ties -- most a llaceous material and 

chert. Because of the overall similari of the groups, f 
referred to in northeastern Illinois as the Galena-P 

the Dolomite the s it 
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Formation is a 
crysta 
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e 

vugs in the 
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is 
te. 

are 
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about 20% of the holes massive limestone occurred in the 

as sea ttered 
disseminated sulfides 

Lake and 
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calcite-fl 

indica 

De 
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in diameter~ 

and fine 

the unconfined compressive tests are consistent with the 

a range 
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i, and 50% were less 
of 5 test values were be tween 
ps whereas the maximum 

Forma which occurs a 
ranges in thickness from zero to nine feet. 

t is otherwise 
th Formation. Loca 

as a useful marker bed in the Ordovician section. 

formations. It is zero 

tion is a thin 
that occurs between 
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of 

fine
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re be 5 

seven tens le s yielded values greater 

been 

three inches diameter were reported 

recorded 

pres 

resu ts of 

te feet. 

thickness of 312 feet and a maximum thickness 

designation 

as 
inches or more in 

s 
82%, which indicates 

ter 

of core 
the tota 

is 

rock. 
were tested 

s 

feet. 
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compressive s The mean value was reported to be 11 52 psi say 

12,000 psi) (standard deviation= 6,082 psi). The rock is general s 
but not abrasive. These properties offer ideal conditions for TBM 1 s. Most of 

the tunnel core holes were wa ressure tested as an aid in de 
the li of the formation. The results of this tes , as shown on 

the drill-hole data sheets, indicated low li for most of the Galena
Platteville Dolomite. 

Figures 3.15 and 3.16 show a number of bentonite horizons that deserve 

further attention. Bentonite is a greasy, soaplike rock main of 
montmorillonitic c minerals derived from volcanic ash. It can absorb large 

quantities of water, which results in an enormous increase in volume (up to 

t times its 1 volume). beds of bentonite with these 

characteristics in the crown of some of the p excavations 
could potential cause some lerns. However, the bentoni te beds in the 

Galena-Platteville Dolomite are discontinuous and have never been found to be 
more than four inches thick and are usual one to two inches thick 

More t the c does not show a to swell because it is 
mos altered to a mixture of about 25% smectite and 75% illite lata, 

1984). The bentonite horizons described Willman and Kolata (1978) have al 

been ed and described on the basis of surface ou It is like 

that similar beds occur in the Galena in northeastern Illinois. The 
reason have not been ed in the subsurface exp lora ti on in the 

Chicago area is that a one- to two-inch-thick c be lost in 
the dril operation, even st from the effect of the dril 

water. Furthermore, the beds are too thin to be detected in the down-the-hole 

sical that was done for a number of holes in the area. Given 

our present it does not appear that the bentoni te horizons wi 1 
present a lem for the excavation work. 

In the ect area, the Galena-Platteville Dolomite the east-

sou theas t at the rate of 1 feet per mi le • 3 .17). An ta ti on of 

the structure on of the Galena-Platteville Dolomite is in Fig. 
3.18. This map is based on the results of a seismic survey conducted in 

1967/1968 as of the ear subsurface exploration work for TARP. At first 
the structure indicated in • 3.18 scarce agrees with that shown 

in Fig. 3.17. However, more detailed ana sis showed that the two maps are in 

basic agreement. F 3.18 shows a number of faults, but on some of those 
were confirmed du drill 

tunnel hazards are associated with faults because displacement 

often causes the rock to be crushed and gouge material can cause stabili 

lems. Also, faults are often associated with severe ter inflow. 
No s icant faul has been encountered in any of the TARP tunnels sc 
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which tends to indicate that fau l in the Lower Galena-Platteville 

Dolomite will not be a or risk. 

The various characteristics described above (i.e., a thick 

forma medium s and low li demonstrate the 
of a machine-excavated tunnel in the Galena-Platteville Dolomite 

at expense. Indications are that such a tunnel will not 
a A number of the TARP tunnels have been completed as unlined 

tunnels. For those tunnels that are lined, the 1 does not serve a 
structural purpose but ensures smooth flow and prevents 

deterioration of the tunnel wall water ( A certain amount of 
grou will be to limit ter inflow, and tal" work will 

be required to secure certain joints, fracture zones, bentonite beds, etc. 
based on TARP experience, it is expected that dental work will be 

for small portion (say a fraction of one of the 
total tunnel 

Consider that the cos ts of tunnels can approach as much as 

50% of the tunnel excavation cos an unlined tunnel is attractive. On the 

basis of our present know of both rock and ter properties, the 

Galena-Platteville Dolomite appears to be the most favorable host unit for the 

SSC tunnel in the p ect area. 

3.1.3 Groundwater 

Groundwater is the main source of potable and industrial water for most 

of the The several aquifer systems that underlie the area are, 
in des 1) glacial drif (2) shallow bedrock, Cambrian-

0 and (4) Mt. Simon. Figure 3 .19 the of 

the main water-yiel bedrock units. 

The cial drift system is lical connected with the shallow 

bedrock system. The water yield from shallow bedrock is main from the 
Silurian Dolomite, but some of it is contributed dolomite beds in the 

ta Group. The combination of the drift and the shallow bedrock 
is often referred to as the shallow fer. The under ta 

the Scales Formation (Sec. 3.1.2) 1 forms a of low 
li (aquitard) that separates the shallow fer from the 

aquifer systems. 

Groundwater in the drift is obtained from sands and gravels that occur 

as surface its or, more common 1 as sits under 1 or interbedded 

wi cial till. Moderate to large supplies of ter are primari 
encountered in sand and gravel at the base of the drift, direct above 
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bedrock Sasman et al., 1981). The water that the sand and gravel 

aquifers is derived most from prec itation. 

Groundwater in the shallow bedrock in joints, fissures, 

and solution cavities. Because the wate are irregular 
distributed both vertical and horizontal of wells in this 

aquifer vary from place to place. The shallow bedrock aquifer is 
re d from ove glacial its or direct from prec itation where 

it is drift. The upper part of the Silurian Dolomite is 
usual 

The ter ld of various uni ts is strong affected the 

geo ," but particular the material that overlies the unit. 
As mentioned 

Dolomite and 

earlier, 

drift. 

connection exists be tween Silurian 

The ld of the sandstones is 

a function of 

between 

that is, the movement of water 

Table 3.2 illustrates how 

variations in geo c se 
individual 

affect the ic of certain 

geo uni ts. 

11 of the domestic wells and some of the 

in the project area the shallow aquifer. Al 

lie and industrial wells 

detailed data are not 
it is estimated that in 

from the shallow aquifer 

available on the water withdrawals for domestic use, 

1982 in about 22% of the water 
was used for domestic use and irrigation 

An overview of lie and industrial water withdrawals within the 
ect area is presented in Table 3.3. The table shows that lie wells 

make far greater demands on the systems than indus Total 

wi 1 from the shallow lie and industrial use is about 59 

million gallons per for an additional 22% of domestic 
withdrawal, it can be concluded that 72 million gallons per was withdrawn 

1980 from the shallow aquifer in the area. The greatest demand 
on the shallow aquifer is made in the 38 N., R. 11 E. and T. 39 

N., R. 10 E., in the northeastern portion of Demand in the 
Cook Coun of the ect area 12 E.) is rather low because most 

of that area is supplied with water from Lake Michigan. Plans to supp the 
rest of the ect area with water from Lake Michigan have been under 

deve for years. These plans have not been taken into consideration in 
this report. 

refers to the yield of a well in gallons per minute, 
drawdown in the well, expressed in feet. 
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Table 3.2 c ties of the Silurian Dolomite, 
Galena-Platteville Dolomite, and ta 
under Various Geo Conditions 

Unit Conditions 

Silurian Dolomite 

Galena-Platteville 
Dolomite 

ta 

underlies 
Underlies bedrock 
Silurian in bedrock 
Silurian in bedrock 

33% of 

Lower 67% of 

cial drift 

underlies drift 
underlies bedrock t uppermost 

Overlain bedrock -

0.1 
0 .012 
0.23 
0.067 
0.20 

0.039 

0 .071 
0.018 

0.015 

in 
ties per foot of penetration measured 

ted to a well radius of 0.5 foot and a 
12 hours. 

Source: et al. (1966). 



Town-
ip Sand 

and Cambrian- Surface and Cambrian-
Range Silurian Ordovician Total Gravel Silurian Ordovician Total Total 

36N08E 0 0 0 0 0 0 0 0 0 0 
36N09E 0 0.376 0.611 0.987 0.468 0 0.005 0 o.474 l.461 
36Nl0E 0 o.965 .638 3,604 183 0 0.201 0.738 630.122 633.726 
36NllE .609 l.030 0 .639 1638,554 0 o.oso 0 1638.604 1641 
36Nl2E 0 2.411 o.761 3.172 0 0 0.281 0 0.281 3.454 

37N08E 0 0. 13 o.422 0.536 0 0 0 o.744 o.744 1.279 
37N09E 0 0 0 0 0 0 0 0.005 0.005 0.005 
37NlOE 0 3.731 0.458 4 190 6.148 0 0.030 0.202 6.380 10.569 
37NllE 0 0.003 1.156 1.159 4.117 0 0.839 0.386 5.343 6.501 
37Nl2E 0 0.054 o.44o o.493 0 0 0.130 0.010 0 .140 0.633 

38N08E 0 0 164 8.819 8.983 0 0 1.377 0.125 1.502 10.485 
38N09E 0 .329 2.378 5.707 0 0 0.146 0 122 0.268 5.975 
38N10E 0 5.350 1.441 6.791 0 0 0 134 0.036 0.170 6.961 
38NUE 0 9.300 2.671 11.971 0 0 0.385 0 0.385 12.355 
38Nl2E 0 2.843 2.098 4,942 0.960 0 0.327 3,344 4.631 9,573 

39N08E 0 0 3.271 3 .271 0.168 0 0.118 0.036 0.322 3 
J9N09E 0 o.765 1.767 .532 l.149 0 0.053 (0.001 1.202 3,734 
39N10E 0 8 138 0 8.138 0.002 0 0.092 0 0.094 8.232 
39N11E 0 .317 10.996 .313 0.015 0.015 0.070 0 172 0.272 13 
39Nl2E 0 0 4.108 4.108 0.651 0 0.061 0.232 0.944 5.052 

40N08E 1.203 0 .356 3.559 0 0 <0.001 0.144 o. 3,703 
40N09E 0.179 0 1.248 1.426 3.552 0 0.110 0.205 3.866 5.293 
40NlOE 1.129 1.166 188 0 0 o.oso 0 o.oso 7 
40NllE 1.296 3.474 .889 10 .660 0 0 0.047 0 0.047 10.707 
40N12E 0 0 0 0 0 0 0.033 0.768 0.801 0.801 

Total .416 49.257 54.694 109.369 2284.967 0.015 4.539 7.269 2296.791 2406.157 

Source Mod if led Kirk et • (1982) 

TABLE Pub and 1 ter the ' 19 
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should be cored and sampled over the entire stra 

of to the base of the Platteville. For economy 

the. Lower Dolomite between shafts can be evaluated 

the ta Shale, with limited to 

Dolomite. A minimum of about 75 core holes will 

c section, from "top 

tunnel conditions in 
tri-cone dril 

the Galena-Platteville 
be for the 

subsurface evaluation: one hole per mile of tunnel, with about 15 additional 
holes to check anomalies. If each hole is considered representative of an 

area of 0.5 mile radius, the do not have to coincide exact with the 

tunnel a 

cores must be described in detail, with 

the tion of joints and other rock defects. 
tests should be ormed on representative core samples 

attention paid to 

ive laboratory 
to determine such 

characteristics as unconfined compressive streng tensile streng ic 

static and c modulus of elastici abrasion resistance, 

chemical composition, etc. In situ tes , such as water-pressure tes 
and potential some down-the-hole sical should be conducted on 

the boreholes. 

Correlation of geo c characteristics and labora and field data 

should lead to a geotechnical design that can serve as the basis for 
the final tunnel and shaft des 

Du the geo c inves tions, it is tant to 

obtain information on the defects of the rock mass which the tunnel 
will be excavated. In other words, the structural condition of the rock mass 

is one of the most criteria in 
excavation. To quote "From an 

know of the and intensi of the rock defects may be much more 

tant than the of rock which will be encountered. 11 

To arrive at an ective evaluation of the rock mass, one has to 

determine not on the quali of the intact rock material, but also the 

framework within which the various pieces fit, that is, the rock mass 
• 3 21 • One also has to emp a suitable classification of rock mass. 

Various classifications have been suggested to aid in des a rock 

mass for excavation us data that can be obtained initial 

inves tions. One such classification was Bieniawski of the 
South African Counci of Scientific and Industrial Research (CS This 

classifica which is described Hoek and Brown (1980), is f 
general acceptance. Its main parameters are in Table 3.4. Ra are 

for various ranges of values of the parameters, and certain ad tments 

are made for the effect of the strike and orientation of joints relative 
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• 3.21 D the Rela 
Mass with Increasing Sample Size 
1980) 

Rock mass 

of Intact Rock and Rock 

Hoek and Brown, 



72 

Table 3.4 CSIR Geomechanics Classification for Jointed Rock Masses 

A. CLASSiFICATIOO PARAMETERS AND THEIR RATINGS 

PARAMETER RANGES OF VALUES 

Point lood For lh1S low 
Strength > B MPo 4 -8 MRl 2-4 MPo 1-2 MPo -uruox.rOi 

of strengt!\ nde• SNe test is D< fe,,ed 

I 1moct rock Uniox!Ct 10·25 3-10 1-3 
material - s;enafh 

0 ) 200 MPo 100-200 MPo 50-100 MPo 25 - 50 MPo 
MPo MPo MPo 

Rot109 15 12 7 4 2 I 0 

Dnll core QUolrty ROD 90 °/o - 100°1. 75% -90% 50%-75% 25%-50% ( 25% 
2 

~ 

Rot.r.g 20 17 13 8 3 

Spocmg of pmts >3m !-3m 0.3-lm 50- 300mm <SO mm 
3 

Roting 30 25 20 10 5 

rough s.ur!oces 
Silck.ensided surfaces Soft IJOJ9e )5mm the• 

contmuous ,S11ghlly rough s.urfooes iSl1gMly rO<Jgh s.urloces <Smm th1c• or 
Condition <:/. joints No seporohon :_,.._ """""" < ! nvn (Imm Ct Joints open > 5mm <I 

Ho rd joirn wall rock Hord jo<nl wall rock So! 1 pirn wall rod< open I - Continuous 1omts Cont1r>J<)us 1omts 

Roting 25 20 12 6 0 

Inflow per IOm 
None <25 l1tru/mit; 25 -125 litres /mm > 125 litres/min 

tunnel length -- -- ·-
JOU"1 vOlt'f '~ ~ -Ground pnrtw•t: 

0 00 02 I ) 0 5 
5 water ''""'

1
V!IW!Qr!O< J)'H"ICIDOl 

""" --OR ~ 

General ccnJ1t10ns Completely dry ; MotSt only 

I 
und.,,. moderate ! Sev~re 

i (mterst1tiol water) pressure. water Pf Obie ms 

Roting 10 7 4 0 

B. 

THE EFFECT OF JOINT STRIKE AND DIP ORIENTATIONS IN TUNNELLING 

Strike perpend1cu10r lo tunnel Clll.1$ 
Slril<e parallel D•P 
to tunnel 0XI$ 0'-20· 

Drive wilh dip Drive Q\lOlrtSt dip wrespective 
of •trike 

Dip 45•-90"' 0.p 20"-45• Dip 45°-90" Dip 20"-45° Dip 45•-so• Dip -45· 

Very favourable Favourable Fcur Un!ovouroble Very unfovooroble Fair Unfavourable 

F • 2 Geo c Cross ection a 1 
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to tunnel orientation. 

If our 

conservative 

classed as 

present 

applied 
rock." 

know about the Galena-Platteville Dolomite 

to the CSIR classifica the rock mass can 

This conclusion can be reached as follows: 

1. Uniaxial (unconf 

= 83 MPa -- ra 

compression strength is 12 
8. 

psi 

2. is 82% -- ra 17. 

3. Joint is assumed to be le to that 

5. 

encountered in the Silurian Dolomite, that is, greater 
than three meters -- ra 30. 

On the basis of the de tions of the cores from the 63 
TARP holes, the joints should have s surfaces 
and a separation of less than one millimeter -- ra 12. 

Groundwater inflow can be expected to be 
liters per minute per 10 meters of tunnel 

less than 
th - ra 

25 
7. 

is 

be 

These five factors result in a total ra of 74. Because the joints are 

expected to be subvertical and because the effects of strike will range from 
very favorable to unfavorable around the subcircular plan of the tunnel, an 

ustment factor of 5 is warran resul in an adjusted ra of 69. 
Even with this stment, the rock mass is classed as rock le 3.4). 

It should be note however, that further west the rock mass ra for the 
Galena-Platteville is expected to be a few lower when it is not covered 

the ta Shale and where, as a result, it will have a hi r 

ld and water pressure. 

3.1.5 Recommendations 

On the basis of our present know of subsurface conditions in the 

project area, the Galena-Platteville lomite best satisfies the criteria of a 
host unit for the SSC tunnel system. The general attitude of the unit 

a the proposed ali is shown in Fig. 3.22. review of all 
available well ct area will t refinement of this cross 

section, but the general position of the various units is believed to be as 
shown. The onal of the 325-foot thick Galena-Platteville Dolomite is 

about 11 feet per mile to the east-southeast. To minimize geo c 

constraints, the SSC tunnel system should have a that general coincides 

ith the l of the strata. Such an attitude will result in the base 
elevation of the system be 200 feet lower at (shaft G) than at 

Fermilab (shaft The proposed system is symmetrical around the line A-G. 

P ection of the tunnel system within the host unit must take into 

account that not on the tunnel, but also the various chambers must be 
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located within the favorable host rock such that a sufficient thickness of 
sound rock be maintained above the crown of the excavations to ensure optimum 
stabili The thickness of rock above the crown should at least equal the 
width of the excavation. Some of the IR halls at Fermilab and could 
have a t of about 100 feet and a maximum width of 100 feet. To ensure 
sufficient rock mass above the crown of the excavations, these halls will have 
to be sited rather in the Galena-Platteville Dolomite. The hall floor 
elevation at Fermilab would have to be at least as as 160 feet above MSL, 
whereas the elevation at would have to be about 40 feet 
below MSL. 

The center of the detectors ects about 40 feet above the floor 
level of these halls. As a consequence, the tunnel will have to cross the IR 
hal s) at Fermilab at an elevation of about 200 feet above MSL At 
this elevation will have to coincide with MSL. 

Tunnel elevations and ths below the land surface at the sites of 
shafts A-L are in Table 3.5. The maximum tunnel s t D and J 
w i 11 be about On this the tunne 1 would be in the 
Nachusa or the Grand Detour formations • 3.15) for most of its th and 
in the lowest of the Wise Lake-Dun lei th Formation 3 .14) for the 
norther portion. 

On the basis of our current knowle of these formations, most of the 
machine-bored tunnel will not a However, some form of support 
may be for the occasional shear zones that are encountered. Rock 

means of rock bolts or applications of shotcrete may be 
some instances, a lace concrete may even be 

red. At this time, it is that a will be for 
less than 5% of the tunnel. However, will definite be required for 
the various shafts l where pass overburden and the 

Shale. Furthermore, it is assumed in this document that all of the 
chambers will be lined. chambers, however, re sole 
on rock bolts, often in combination with shotcrete, for structural support. 
Further work may well prove that at least some of the chambers will not 

lace concrete 
and blas 

the excavation work is done 

Local remedia 1 work is referred to in this text as work and 
will be t the rock excavations. Such dental work general 

s the remova 1 of loose, or soft material a rock joints, 
seams, or fracture zones. The resul voids, as well as any other 

open spaces such as those a fractures, are fi led with 
concrete or mortar to ensure the structural of the excavation. 
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The ma in tunne 1 i1 excavated 

are: 

tunnel machines 

s • 

TBM s des 

and 
a 13, 

rock 

people the surface, 
wi the 1-and- last 

personnel at the face), and 
ts 

to excavate 10- to LS-foot diameter tunnels 

re 1-1.5 
line. 

Construe of the ect in the area has generated 

extensive information on advance rates in the Silurian Dolomite. It is 

tha ttevi le te rate of penetration in 

that in the Silurian te because the mechanica 
the two formations are similar. Based on the TARP 

are ssumed 

10 

15 

the tra ti on rate: 

Instantaneous 
Rate of Pene tra 
(linear fee 

12 

As be instantaneous rate of penetra decreases 
as the tunnel diameter increases. A 10-foot diameter tunnel the smallest 

ef fi te the mate ria 
personnel distances in the 

In addition, at least a 10- or 12-foot diameter tunne will be 
eff ins ta opera ti on of SSC For these reasons 

others outlined in Sec. 2.2, smaller-diameter tunnels were no considere • 

overa rate of advance, which is la to the ins 
penetration rate, also host of other parameters such as the 

support , cycle time of the 



The combined effect of 

rate a 

tunne 

9 

the above factors is a 
factor referred to as 

chine tilization is 

reduction of 

ti 
30-

the penetration 

iza 

I consensus this s group l contractors 

were contacted that the 10-foot diameter tunnel e t to lower 

liza the 2- and 5-foot 
size of the 10-foot diameter tunnel makes muck movement 

teria personnel less efficient. Therefore, i is as 
tilization is 40% for -foot and 15-foot diameter tunnels and 

foot 

the 

ter ls. 

Based on the above the average 
sized tunnels and the tunnel completion 

are as follows: 

Tunnel 
Diameter 

fee 

12 
15 

Advance Rate 
(fee 

16 
1560 
1260 

Tunne 
Cons ti on 

Period 
ths 

35 
36 
45 

that the advance rate for -foot 
a 10-foot diameter 

and space gained f 

diameter tunne this diameter is recommended for the SSC 

advance rate for 
for each • 6-mi 

s 
Because of 
a 12-foot 

The time neede for tunnel construction can be decreased more 
TBM 1 s. However, increas the number of TBM 1 s will result in substantial 
increases tota costs to tal tures for extra s 

for additional access shafts. 

Excavation Plan 

there are many possible ways to procee with the tunnel 

construction, we have focussed on one lar scheme as 
excavati u s is assumed to start five 

, C, G, I, and in Fig. 3 23) Thus each TBM l excavate a 

sec as fo lows 
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3 23 Beam Tunne Six 1 s 
Will Start From the Circled Shafts and Work in the 
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clockwise to C. Once 
be ted 

2 Same rocedure s in l for the K-A and C-E sections 

the G-E se 

s wi start excava 
te the I-K and I-G 

is available I 

s reach the next 
be hoisted 

completion of these tasks, installation 

the muck 

the 

scheme 
C-E and 

s 
of these two sections are 

Materials 

the 
efficient 

cons true ti on. 

face. 

cars 

to the surface at 
muck hauled away to either 

The ref ore, 
construction occur 

als 
es spare 
ts fixed guidance sys 

ls are attached to 
to obtain a flat 

clearance between 

to the rear of the TBM and rides on tunnel track 

far the 



also the supers true tu re 

Ven ti lat.ion. 

needed. 



3.2.2 Access Shafts 

teria 

ts 

of 

tive size tons) 

inches 

cars train 

car size c 

car inches 

car 

car inches 

ts 

feet fee 

20 

8 

2 5 

54 

contractors 
shafts are 

1 
fee 

2 

5 
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10' 12' 

Ventilation Duct 

15' 

Muck Car 

• 3.24 Tunnel Cross Section Ventilation Ducts and Muck 
Cars for Three Sizes of Tunnel 
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Either drum- or friction- hois systems il be used to 

hoist the broken rock (muck) and to handle supplies, and 

personnel The shafts must be 

and must space for utilities, 

for the above-mentioned functions 

emergency ladderways, and ventilation 

ducts In the r the hois compartments in the 

the dewars and cold boxes to be used 

tion systems. 

to lower 

Based on these shafts of 20-, 22-

and 26 foot inside diameter are 

tunnels respective 

red for 10-, 12-, and 15-foot diameter 

Once the 100 feet 
constructed conventional 

Conventional dril 

of overburden has been removed, shafts 

drill and blast methods, blind drill 
and blas is the most common 

can be 

shafts because of its greater flexibili 
rements. 

and lower capital 

expenditure 

Blind dril of shafts is d rota a drill bit, 

stabilizers, the lower end of a s of drill pe. Ro 
dri 1 becomes s on as hole size decreases or as the 

formations become softer. Drilled shafts are general used for smaller-
diameter holes, such as ventilation and emergency-escape shafts. Blind 

dril is usual competitive with drill-and-blast te for shaft 
diameters less than 12 feet. 

Raise of shafts is ect to the same restrictions as blind 

dril as shaft diameter and rock hardness. In addition, raise 
requires that the bottom of the shaft be accessible to attach the 

cutterhead to the drill s and ream the hole This rement 

causes schedul lems, because construction of the shaft cannot start 

until tunnel excavation has proceeded past the shaft location. 

Therefore, it is assumed that all shafts except E will be sunk 
conventional dri 
an a ternative method of shaft s 

shafts envisioned in this s 
neither practical nor economical. 

A particular contractor could choose 
, but for the relative large diameter 

the use of alternative methods appears 

In conventiona 1 dri 11-and-b last methods, shaft s proceeds 

drill a pattern of sma 1-diameter blastholes in the shaft bottom, 
them with explosives, detona the explosives to fracture the rock, and 

the broken rock. The eye le is then repeated. The broken rock (muck) 
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Pumping 
Utility and 
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Counter Weight 

Fig. 3.25 ical Circular, Concrete-Lined Vertical Shaft 
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is loaded into buckets from a headframe s 
surface. advances concrete is 

ls to t s or cave-ins Once been 
to the th, it is from the bottom up. Dividers, guides, and 

a are insta led. 

Access shafts can be rectangular instead of circular a 
more efficient use of space. Circular shafts, however are far more stable 

of less than 

r shafts when ected to latera pressures 
considerations be 

ta Shale, which has an average compressive s 
Circular shafts are preferred. 

headframe straddles the shaft and the storage bins. 
Permanent shaft headframes will be term hois functions, 

magnet installation and maintenance. Headframes are fabricated from 
concrete The conventional of headframe has 

st the as il • 3 26. 
usual in the headframe, elimina the need for 

• 3.27). 

Excava 
440 ,OOO cubic 

operations 

The 

for the shafts 
for the 10-, 

first five shafts 
af the 

the 

generate 330 3 

and 15-foot diameter 
be to accep the 
of contracts 

end of the year 

tunnels, 

The first 
power supp 
5 3 miles 

or facilities to be discussed are the tion and 
These stations are identical and will be located every 

faci coo 
he to the proper it enters 

located in the tunne • A computer control room wi l located in the power 
supp portion of the station. This computer control room will monitor and 
contro re ra have fu 

noise 
excava 

air-condi 

To minimize space requirements and disturbances at the surface, such as 
, the co l 

of , each 
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Fig. 3.26 ical 1 Steel Headframe 

(Source: Modified from Bickel and Kuesel, 1982) 
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F 3.27 Tower-Mounted Friction Hoist 

(Source: Modified from Bickel and Kuesel, 1982) 
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dimensions of 250 x 60 x 50 feet.* Us TBM 1 s to construct 

of such and dimension is not practical; therefore, drill-and-blast 
s will be used. Excavation of these stations will generate a total 

of 600,000 cubic of muck that will have to be hoisted to the surface via 

the shafts. 

Six uncle IR (collis halls of various sizes will be 

constructed us conventional drill-and-blast s. For s lici in 
this we have assumed that the st of these halls will be 

100 feet wide, 220 feet and 100 feet * ' 

It is assumed that two ramps (inclined tunnels) will be constructed to 
connect the with the exis Fermilab accelerator. The first 3300 feet 
of each ramp will be at the surface and flat, and will be excavated the 
cut-and-cover method. The next 6600 feet will be s downward at an 
average angle of 5 degrees. As a 12-foot diameter circular ramp, the 
total excavation for the two ramps will generate about 150,000 cubic of 

1. 

3.2.4 Excavation 

Table 3.7 summarizes the excavation for the various 
of the main Figures are given for each of the three tunnel 

diameters considered. The shafts and excavations for unde 
ref tion stations and IR halls are assumed to be the same for the three 
tunnel sizes. As can be seen from Table 3. 7, the ected excavation will 
generate from 3.5 million cubic for a 10-foot diameter tunnel to 5.8 
million cubic for a 15-foot diameter tunnel. For the 12-foot diameter 
present , the total is 4.2 million cubic s. 

3.3 CONSTRUCTION TIME SCHEDULE 

The start of 

coincide with the 
management and 

the construction activities described in 

of the construction contracts. 
tion activities are scheduled to in 

Sec. 3.2 will 

Construction 
the first year 

actua s es and geometries of the unde excavations may differ 
from these assumed figures. Al spans of greater than 60 
feet are uncommon, it is feasible to excavate larger spans in competent 
rock under controlled conditions, but on with increased support 
measures. Larger spans would not, however, be feasible in less-competent 
materials like the ta Shale. 
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Construction Parameter 

average 
contract fee 

Tunne construction 

Tota cons 
six contracts 

te per 

(months 

Shaft excavation (12 access plus 
four IR shafts cubic yards 

ration stations 

IR lls 

Total excavation (cubic ) 3 

10 feet 

3 

150 

600 

620 

35 

feet 15 feet 

36 45 

2,5 

4,220,000 5,790 00 
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and should be complete within five years • 

• 3.28. 

The overall schedule is shown in 

As soon as the construction contracts have been awarded, mobilization 

activities can be undertaken the various contractors and subcontractors. 
Mo bi liza ti on includes site pre para ti on, crew selection, surface facilities 

and overall preparation for the start of shaft-s activities. 
the same the TBM' s will be des and manufactured based on 

tunnel size and rock properties. It should be ized that TBM's are not 
off-the-shelf of pment and are custom-desi for a 
specific job. the manufac process, the manufacturer will 
undertake an extensive tes program to des the cutterhead conf tion 

proper and to select the correct spacing and of cutters, as well as 
other machine parameters (e.g., thrust, and revolutions per minute). 
It is anti ted that a period of one year will be needed for the manufacture 
and delivery of the TBM's. 

Shaft-s operations can start as soon as necessary preparations 

and contractor mobilization have been completed. Once the first series of 
shafts has been completed to the desired th, the TBM' s can be lowered 

shafts in pieces, assembled at the bo and tunne 
after the contracts. At the same time, excavation 

on the ref compressor stations, IR halls, 
auxiliary access ramps, and other per 1 facilities. At the end of the 

fifth year, excavation should be complete. 

3.4 MANPOWER 

The manpower for construction of the SSC main 

was estimated based ted crew sizes for tunne shaft s 
unde excavation, materials hand and s i A work 

schedule of three shifts per and five per week was assumed. An 
additional 30% was added to the direct labor for sors, office workers 1 

and staff. The summary and ile of construction manpower are 
illustrated in 3.29 and 3.30, respective As can be seen from Fig. 
3.30 1 construction-related activities of the SSC ect will de 

emp for an average of about 1250 persons over a period of five years, 

or a total of 6255 man years. The construction crew will in year three 
at 1980 and will decline to 1210 in years four and five. 

3.5 COST ESTIMATES 

Costs were estimated for each activi 

operation. The total cost of each activi 
within the over a 11 cons true ti on 

was ted calcula the 



3 

Contracts 
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• 3.30 Profile of Construction ower Over Five Years 



cost of , labor, 
items were obtained from 
in the area. In 
construction were consulted 
appropriate cost indices or 
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and materials and ies. The cos ts of various 
manufacturers and construction contractors 

some cases, actual bid prices for TARP 
r, 1984), and costs were ted app 

escalation factors. 

The cost estimates for 10-, 12-, and 15-foot diameter tunnels le 
3.8 include direct administrative and overhead costs, as well as 
for contractor it. Basic cos ts were increased a factor of 15% to 
reflect des and and con es, as was done 
with TARP. 

In calcula the cost of surface haulage and disposal of muck, it was 
assumed that the contractors will receive of per ton (0 Connor, 
1984 from sell one-half of the muck. This revenue ($4M to $7M) was 
deducted from the total cost of disposa with the result shown as the net 
cost of surface muck hau and disposal. 

The pe breakdown of the total cost into different activities 
for a 12-ft diameter tunnel, is as follows: 

tunnels. 

Ac ti vi Percent 

5 
22 

excavations 30 
Tunnel construction (includes 

grou and concrete floors) 41 
Muck disposal 2 

Total 100 

te the same percentages would hold for 10- and 15-foot diameter 

As shown in Table 3.8, the cost of sink the shafts amounts to 22% of 
the total construction cost. Fixed costs, such as the cost of the headframe, 
hois systems, and other shaft installations, make up the major of the 
shaft-s expenses. The th- of the shaft-s 
cost is about $5000 per linear foot of shaft for the range of diameters 

considered in this s Al the th of this site may be than 
for other locations, cost comparisons must consider whether the rock is as 
competent as the Galena-Platteville Dolomite. If it is no more tunnel 
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support will be required, considerab increas the tunnel cost. 

For example, a four-inch thickness of shotcrete over the half of a 12-foot 

diameter tunnel would increase the cost $22.6 million, as shotcrete 

costs of $300 per cubic yard, and a one-foot thick, cast-in-place concrete 

liner would increase the cost about $105 million ($1.6 mill le). 

As can be seen from Table 3.8, the total cost of civil construction is 

on 5% greater for the 12-foot than for the 10-foot diameter tunnel. The 

cost increase 
is about 16%. 

for a 15-foot tunnel diameter versus a 10-foot diameter tunnel 

and con 
tunnel-diameter 

$1420-1650 per 

, des , and 

$554 million for the three 

The total cost (inc 

s) is be tween 
alternatives. 

linear foot 

These f res translate into an average of 

of tunnel, inc the costs for shafts, 

collision halls, etc. 

of these costs.) 

tunnel itself contributes somewhat less than half 

These cost estimates are based on the des outlined in Section 2, 

very preliminary estimates of IR hall and ection line 

As the des of these components continues, the sion of 

the cost estimates will improve. 

The above cost estimates can be compared with those made for other 

ects of similar and tude. 

1. Parsons, Brinkerhoff, las, Inc., 

Collider, Reference Des Conventional Facilities 
1984). The total cost of le facilities presented in 
Reference Des S can be obtained interpola between the 

estimates made for civil construction for tions A and B. We 
considered conventional cons true ti on for the collider facilities (land 

tunnel enclosures, facilities, and 
plus the costs for experimental facilities (land 

ts, interaction enclosures, bui and anci 1 

) and the cos ts for ti on of 

and experimental facilities. lent to those in Table 
3.8 is about $570M. risons are, of course, difficult 

due to different assumptions on time sea les, different cos methods, 

manpower rates, and precise definitions of i terns costed. 

Nevertheless, we feel that the proposed site between and 

Fermilab does offer real cost due to both the use of exis 
surface facilities and to the desirable subsurface environment ded 

the Galena-Platteville strata (Section 3.1.5). 
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in the tunnel wal is 80 per loss of 1.3 x The 
tion of leachable is 5 i. 

We have also estimated induced activi due to activation of helium 

coolant from the reaction He(p ,2p This 
tritium that would go into the a 

the system total beam loss. 
of this tritium us the re la ti on 

A = 

reaction coul in le, 
in the case of a rupture of 

We have estimated the activi 

where and are the volumes of He coolant and iron in the magnets, 
and are the collision ths in iron and uid he f is the ratio of 
the cross sec ti on for the tritium ti on from helium to the total cross 
section 110 are defined above. About 30 of 

would be from showers in the He coolant per 1.3 x 

protons lost 19 this tritium to be liberated a 
100 m of tunnel (general assumed to be the 
this would result in tritium levels in air a small fraction of that 
allowed for workers , in any case, would not be tted in the tunnel 

opera 

After many years of opera will be reached between the 
and of active material and the tude of this librium 

Cossairt and E ( have estimated the tudes of the 
cal for the RDS SSC when ted in a fixed 
x 10 protons per fill 3.2 x fills per 

and 400 for the collider a water content of 
volume, saturation concentrations of 1.5 T, 0.06 of 
0.01 mt for 4 and 0.002 mt for in water at 
l meter into the wall of the tunnel. less than one meter from the 
tunnel wall would drain into where it could be 
monitored and control Even if used as the total 
concentration of all nuclides in water one meter doses of 
2.2 or less, which meets current health and safe standards if no 
other radionuclides were present. 

Al these calculations were made for l drif similar 
numbers result from an environment in rock. The water content of rock is much 
smal with most of the circula water in joints. The fraction of the 
total activi which is leachable within timescales of a few years must be 

proportional to the fraction of water volume in joints. Since the 
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Galena-Platteville 

with little water 

dolomite is in blocks with dimensions of 3 or greater 

and neg le circulation within blocks, most activated 

material is within blocks (Section 3.1.2-3.1.3). 

4.1.2 of Induced Activi 

ti on of induced ac ti vi could occur a a number of possible 

pa We can itemize these pa 

isolated both from workers and the 

and consider how the activi 

general population for each pa 

can be 

(a) Ac ti va ti on of so lid materials can be hand led 

res. shie activated etc. 
standardized ensure that activated material will not be 
dispersed. s have been over the years at many 

accelerator facilities. It would not be a si fie.ant inconvenience for all 
activated solid material to be ted in the tunnel to allow hand at 

the two labs. 

) Water seepage into the accelerator tunnel could be contaminated as 

a result of induced activi and then become a source of human exposure if not 
handled. Thus, the seepage water should be collected, monitored, and 

as appropriate if contaminated. The total rate of this seepage is 
estimated to be at most about 2000 gallons per minute. 

c tion of activated nuclides magnet coolants has 
c magnets are cooled with 1 studied at Fermilab llock 1981). 

he and tritium can be via the reaction He(p,2p 
routine operation of the accelerator, most of the tritium wi 11 be 

precautions must be taken to protect 
and the oil disposed of as a radioactive 

the oil of the compressor pump. 
workers when on the pumps, 

id waste so as to protect the 
produced in the nitrogen coolan 

half-life (20.3 minutes) 

(d) Some radioactive gases 

general lie. The carbon-11, simi 
can be easi handled because of its short 

l , etc. will be ced, and 
we assume that du operation the a re in the tunnel wi 11 be exhausted 

monitored and the releases at the two laboratories, where it can be 
controlled, as is 
have half-lives no 

done at Fermilab. t for tri those gases 

(e 

r than a few hours. 

ventilated air will minimize the 
environment. 

tion of induced activi 

moni and control of 

t of these gases to 

ter is more 
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complicated. both normal operation and accident conditions, beam 

losses in the tunnel wall would rise to local hadronic cascades, which in 

turn would radionuclides that could possib be leached into an 

aquifier and then into potential or exis water supp ies. Even for the 
worst-case scenario of a local loss of the whole beam, however, the 

contamination of ter from the induced radioactivity is expected to be 

small. Based on the estimated source terms in Section 4 •• 1, the 

concentrations of tritium and sodium-22 in well water can be calculated 
as fixed target operation and neglec any decay or dilution of the 

induced radionuclides. Us these assumptions, the tritium and sodium-22 

concentrations in the water are calculated to be 1.5 i JI, and 0.006 i 

respective (Cossairt and E , 1984). water limits (EPA) are 20 

for tritium and 0.2 for sodium-22 if one nuclide is present. 

Thus, the worst-case concentrations are at least one order of tude below 

regula limits. As mentioned before (Section 3.1.3), since the ry 
permeabili of the rock is low and the water concentrations are low, the vast 

of this activi will be effective sealed in the rock and water 

joints will have its sodium and tritium concentrations further 

dilution associated with flow velocities. 

In a more realistic model considerable dilution and should app 

be tween ma 1 near the tunne 1 walls and any water with drawn in 

wells. wells (more than 160 meters unde are very unlike to be 
a le-user te weli. In lie or industrial wells the pump rates 

are expected to be Therefore, the radionuclide concentrations in the 
well water will be grea reduced as a result of the dilution. Since the 

piezometric ile of the Cambrian-Ordovician aquifier is below the 
accelerator (see • 3.22 for most of the circumference, the rock around the 

tunnel is expected to be unsaturated, i.e., the ter concentration and 
flow rates should be low. If concern for a few wells persisted, these 

could be moved or cased at the elevation of the SSC tunnel. 

4.1.3 tional 

Issues perta to the safe of workers are general s te-

and are very similar to those a resolved at exis 
accelerators. For completeness, however, we include a short discussion of 

this lern. As mentioned above, half the beam accelerated to 20 TeV 
wi 11 be lost in the interaction where and comp lex de tee tors 

will be located. These detectors will be operated at rates 
necessita considerable beam loss in these ons. In addition, possible 

accidents mi require accelerator components to be repaired after abs 

s ficant beam loss. For these reasons, it is desirable that the 

occupational exposure to workers should receive careful attention, and 
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s and equ should be devised to minimize exposure of personnel. 

operation, the direct worker exposure to man-made radiation from 
accelerator operation will be controlled ventilation and shield 
(Cossairt and E 1984). These have been demonstrated at 
Fermilab, CERN, and other laboratories. 

maintenance and decommiss of the accelerator, occupational 

risk due to induced activi can be minimized. Schemes for 
activated have been deve at Fermilab, Los Alamos and 

elsewhere, and these practices would be applied to the SSC. The total 
saturated induced activi in the soil near the abort beam in 
the collider model is expected to be about 100 mCi, based on an assumption of 
5% of the lost protons in 30% of the stored beam in the collider mode 
penetra soil ) • fixed t opera ti on, the 
number would be ,.;; 70 Ci.) Because most of the induced radionuclides have 
short half-lives and virtual all would be sealed in components such as 
magnets and iron detectors, the radiation lem would be Thus, 

proper of work could be effective used to reduce occupational 
radiation exposure levels for both maintenance and decornmiss 

Decommissi 

other accelerators. 
entombment (seal all 

disposal, and ) 

issues would be similar to those alrea 
tions include ( 1) mo thba 11 ( s 

accesses with concrete), (3) dismantlement 

reuse and recycle. Because of the 
radioactivi in the acccelera most magnets, 

excessive can be reused. Accelerator 

low-levels of 

and e lee tronic 
contaminated 

operation and radioactive waste generated operation and du 
dismantlement and decommiss would be be to 
radioactive waste burial 
operations would result in minimal 
workers and operations of the di 

4.1.4 of 

occu pa tiona 1 

site( s). 

exposure to 
and disposal 

transportation 

Most radioactive waste from the operation of an accelerator is of short 

half- life with low levels of radionuclides Sa tisfac 
occupational exposure control and waste have been demonstrated at 

lka et al., 1979). other accelerators for 

to the 

opera 
accelerator 400-750 feet unde 
de 

Direct exposure 
of shiel 

general ic will be minimal due to proper 

procedure, and the location of the 
Possible exposure to induced activi 
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possible transport of contaminated ter to water supplies has 

been considered. Based on their half-lives and t characteristics, 
tritium and sodium-22 would be the on radionuclides of possible concern. 
The proposed SSC location in a deep tunnel should result in a of 
safe relative to ter contamination. The large decay and dilution 

effects and the low availabili of water in the rock strata all contribute to 

this safe ma 

4.2 ENVIRONMENTAL ASPECTS OF SURFACE DISRUPTION 

4.2.1 1 1 

In ous tunnel ects, disposal of soil, unconsolidated over-

burden, and rock 1 has traditional been carried out the tunnel 
contractors. However, with ects invo amounts of spoil, there 

has been a trend for tunnel owners to deve spoil disposal plans iu et al. 
1977b; Milwaukee olitan Sewerage District 1983). This practice 

potential can de additional benefits to the communi , allow 
contractors to more accurate estimate costs, and he to prevent undesirable 

environmental cts. Disposal plans must be based on evaluation of many 
factors such as general spoil characteristics, suitabili of 1 for each 

1 option, costs of modi 1 to be compatible with disposal 
options, haul distances and costs, 1 site ties and costs, 

coordination of tunnel construction with availabili of disposal site, and 
potential lie benefits. This repor however, is limited to identification 
of potential l characteristics uses, and disposal options. 

Characteristics 

Most of the rock excavated for the SSC would be dolomite from the 

Galena-Platteville formation. Lesser amounts of other dolomite formations, 
shales, and unconsolidated overburden would be excavated for construction of 

ramps and ref rati ccess shafts. Geo stra and 
characteristics of the various formations are presented in Section 3.1. 

Most l particles tunnel machines are 
to have a maximum dimension of about 3 to 4 inches (7 to 10 the 

particles would have a maximum dimension of 5 to 6 inches (13 

to 15 In addition, a substantial fraction of fines is expected, wi as 
much as 15% to 20% ( of silt-size particles (less than 200 

lwaukee Me litan Sewerage District 1983). The larger particles would 
ted in one dimension (pri or two dimensions (plate) and 

ilwaukee Me litan Sewerage Distric fie 
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sizes and can be affected such factors as of cu bit, 

of machine thrust, and rate of machine revolution iu et al. 1977a). 

s 1 les produced drill and blast excavation methods would 

like range in size from silt-size to cobbles and boulders. Fines are 
produced when rock near drill holes is crushed or pulverized exp 

gases. The sizes of larger particles, inc cobbles and boulders, is 
determined rock properties and excavation method--such as borehole 

and configura 
sequence lwaukee Me 
excavations, where the 

ective of 

(chamber or shaf in 
the rock is usua 1 

amount, and distribution of explosives; and 
litan Sewerage District 1983). Unlike many surface 

ec ti ve is the end use of the rock, the 
excavation is to open the greatest volume 

the shortest amount of time at the lowest cost. Thus, 
to optiraum hand size for the confined 

conditions, and often little consideration is to potential 
uses lwaukee Me li tan Sewerage District 1983). On the bas is of the 
experience with other tunne ects, much of the 1 excavated drill 
and blast methods would probab more angular than the bulk of 

the machines. Boulder-size les could 
have maximum dimensions as large as several feet lwaukee Me li tan 

Sewerage District 1983). 

Unconsolidated overburden is expected to consist of outwash materials 

and glacial till. Outwash materials were ited glacial meltwaters. 
can vary in texture from coarse gravels to c and may be stratified 

texture in some areas. Glacial tills are extreme variable in texture, 

from gravel to c In addition, till common contains 
and various-sized boulders (Fehrenbacher et al. 1967). 

As part of a 1 disposal plan, ic tes would be necessary 

to determine the suitabili of l materials for various potential uses 
iu et al. 1977a). 

Potential Uses 

Most of the dolomite that would be excavated from the tunnel, shafts, 

and the various chambers 1 could be used for such 
as various of fill material, aggregate, rap, landfill covers 

and liners, and 1 tural lime. with the exception of some 
of fill, all uses would of the dolomite, e.g., 

sor and a 1. Milwaukee Me li tan Sewerage 
District 1983). In many cases the necessary process could make some uses 

of the SSC 1 uneconomi ca 1. 
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To use SSC spoi 1 to ltural lime would 

to a relative uniform fineness. However, 

cultural lime from normal sources. 
limit such use would be the costs 

such 
The 
red to transport 

the 1 to rocessors and the chemical composition and moisture 

litan Sewerage District 1983). content of the dolomite (Milwaukee Me 

Use of the SSC to cover sanitary landfills would 

s to remove However, use as a sanitary landfill 
liner would essential and of the 1 to 

ltural limestone litan Sewerage District 1983). 

recessed 1 could probab uncontrolled fill 

for such uses as fil depressions, site grading, 1 areas, 
or fil inactive or abandoned or sand and gravel pits. Areas of 

this be deve for such uses as and recreational areas but 
would be limited for most bui purposes. Use of the spoil for 

more controlled fill applications (e.g., road embankments, backfill around 

or in trenches, and preparation for lots) would 
re some process and would on such factors as the 

, compressibili , and li of the 1 material et al. 

1977a; Milwaukee Me litan Sewerage District 1983). 

potential use of SSC 1 would be affected 
between the user's needs and availabili of the 

the po ten tia 1 ts of sp oi 1 sale or dona ti on on the 

similar materials would have to be evaluated. 

l Production and tions 

coordination of 

1. In addition, 
exis indus 

tions of the bulk volume of 1 that would be generated 
construction of the SSC tunnel (various diameters), ref ra ss 
shafts, ramps, and related chambers are presented in Table 4.2.1-

1. Inc a swell factor of 1.8 from in situ rock volume to bulk spoil 
volume s a total of 4.16 million cubic of material for the 12-foot 
tunnel diameter favored in this report. If this were all ited in a 
s 40-acre site, the average th would be 65 feet. 

on the tunnel diame 52% to 71% of the total spoil 
generated would be d by machines. t for about 
10 ,000 (7 ,600 ) of soil and overburden, the rest of the spoil would be 

drill and blast excavation. Overburden 1 is discussed in 
Section 4.2.3. 
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Table 4.2.1-1 Bulk 1 Volume Produced Construction of the SSC 

s 1 

Tunnel Construction 
l bor machine 1) 

Refrigera t 
den 

blast 1) 

Interaction Halls, 
Ref tion Stations, Ramps, 
and Other Construction 

11 and blast spoil) 

Total Excavation 

1 Volume for Locations 
B, C, D, F, H, J, K, L 
I 
E 
A 
G 

1,800 2,500 

210 210 

1,450 1,450 

3,460 4,160 00 

217,000 278,000 
434 556 

0 0 
728 796 ,000 
578,000 646,000 

11 values assume a swell factor from in situ rock volume to bulk 
volume of 1.8. 

ect 

4 

210 

1,450 

5 60 

406 
812 

0 
937,000 
787,000 

1 
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it is possible that other uses or options be 

like 1 options for rock sa 
or donation of 1 to exis quarry or sand and grave 1 operations for 

s later sale fi terial or process for sale as 

operators, sale of the teria 
sites or sand and gravel its active. 

via these options 

to deve of the the 
numbers of active and 

radius of each 
would be t to the surface there are 

number of such sites within a 5-
si tes 

radius most shaft 

gravel and sites 

a similar 

opera as 

that were 
in Table 4.2.1-3, and 

tober 1977 but were no 
of sites 

1984 is 

there 
active operations within the 

a re located thin a 15-mi 
that 1. In addition, re 
inactive sites that are located near the curved ends be 

a radius at least ha shaft sites 
Thus, there chance that the number of disposal sites could be 

limited to three or less and still have reasonable 1 distances for 

s 

a 
include 

t the tion of sposa s tes i 

distances could be used. Because of the leve of detail of this 

1 factors that have to be studied in 
lan can be taken into consideration. Such factors would 

s or abi li of quarry or 
or accept material size of 

sites, 
times 

selection of acceptable haul routes, and actual 
The information presented in Tables .2 .1-
indica te that there would be numerous s tes t 

could be inves ted in the deve of a plan. 

Federa state, authorities should be consu ted the 
of a lan. Pre indications are tha 

s tes avoid 0 

ad di ti on, the US EPA and the Illinois EPA should be 
st and water sites 

ope pits are tiona 

tem (NPDES). EPA Land 
concerned regu 
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Table 4.2.1-2. Number of Active and Inactive rries or Sand and Gravel Pits 
Located Within a 5-, 10-, or 15-Mile Radius of Each Shaft from 
Which 1 Would Be to the Surf ace 

Shaft 

A 

B 

c 
D 

F 

G 

I 

J 

K 

L 

0 4 13 7 

l 4 8 4 

1 1 2 4 

2 1 4 6 

1 5 4 1 

3 5 6 4 

7 4 4 7 

6 4 7 3 

3 1 10 4 

2 1 7 8 

Active lies in operation as of March 1984. Inactive 
were active in October 1977 but were no opera 
1984. Distances are stra t-line distances between 
locations and shaft locations. 

Conversion: To convert miles to kilometers, mul 
Illinois DOT (1977, 

10 10 

9 4 

11 5 

7 5 

11 5 

8 4 

8 5 

8 9 

7 16 

19 15 

lies sites that 
in March 

t or quarry 

1.6. Source: 



Bartlett mi 

Elk Grove 

McCook 

He (0. 5 mi 

Warrenvi 11e 01) 

Aurora (SW) 

Rock (2 mi 
Dundee (l mi E) 

East Dundee 

Elburn (2.5 mi S) 

n (1 mi 

n (0.5 mi NE) 

n (0. 25 mi NE) 

Geneva (4. mi W) 

Kaneville 5 ml 
Kaneville {l ml E) 

Horth Aurora 

Hollow (0.25 mi SE) 

E n 
South n (0.5 mi SW) 

Eloin (2 mi SE) 

Table 2.1-3. Sand and Gravel P ts and 
That Are located Within Fifteen 

Producer local Name 

Elmhurst Stone 

LM. Sales 

Material Service Corp. Federal 

Material Service Corp. Riverside Quarry 

Vulcan Materials McCook Yard 378 

Elmhurst Stone Rt>ese Pit 

Pfote, J nc. 
Elmhurst Stone Elmhurst 

Ted Sirek Erb Pit 

Elmhurst ChicaQo Stone 

Feltes Sand and Gravel Jericho Road Pit 

Co. Podschwit 
Material Service Corp. 

Road Materials Corp. 

Feltes Sand and Gravel Meredith Pit 

Gravel Co. 

P1ote, Inc. Sand and Grave 1 

Co. McGraw Pit 

Ted Sirek Bald Mound 

Elmhurst Stone 

Road Material Corp. 

Conco Western Stone Co. 

Elmhurst Stone Scheutz Pit 

Road Mater fa 1 Corp. Giertz-Melahn 

Van Acker Sand and Gravel 

Fox River Stone 

1984 

1977) 5 mi 10 mi 15 mi 

SG 1,750 - BC Ml 
cs N.O. D c 
cs 7,000 F G OH 
cs 1,500 F OG 

cs 15,000 F G DH 

SG 600 ABC Dl 
SG 3 c l:lO Al 
cs 1 0 CF BG 
SG N.A. - ABC Kl OFGHIJ 
SG 600 - ABC Kl OFGHIJ 

SG 1,1100 Kl AJ EH 
cs l,600 - - A Kl 
SG 3,200 

SG N.G. - BC 

SG 1,1100 - l Al:lK 

SG 2,500 - BC AD 

SG 1,500 - ABC Ol 
SG 4,000 AllC Ol 
SG 2,000 AIR I( 

SG 3,000 - Al 

SG N.0. - AB Kl 

cs 2,000 Al BK CJ 
SG 1,200 BC 

SG 1,200 - B ACl 

SG/CS 1,500/N.O. - All Cl 

cs 2,500 - AB Cl 



mi NW) 

Channahon mi NW) 

Channahon (2.5 mi NE) 

Channahon (Z mi E) 

h~t (S) 

Plainfield O mi SE) 

nfield (2 mi NE) 

Plainfield (2 mi SE) 
Plainfield (4 mi N) 

Plainfield (119th St.) 

Plainfield mi 

Rockdale (2.5 mi W) 
Romeoville (4.5 mi N) 
Romeoville (1 mi 
Romeoville (1 mi NE) 

Producer 

Feltes Sand and Gravel 

Fox Stone 

Hafenrichter Gravel 

Termar Industries 

Channahon Material 

Annr"'n"h' Co. 

Vulcan Materials 

Grave 1 Co. 

Elmhurst Stone 

Avery Gravel Co. 

Trucking 

Haul 

Joliet Sand and Gravel 
Elmhurst Stone 

Material Service Corp. 

Vulcan Materials 

Table 4.2. Continued 

local Name 

Kendall 

Gaski 11 Pit 

Vick Pit 

National Stone 

Plainfield Pit 

Fouser Pit 

Pit 

Gravel No. 3 

Barbers Corners 

Romeoville 

Willow Ranch, Inc. 

1 SG Sand and gravel (natural "nnron~ ; CS Crushed stone. 
Au-r~no n1~nt ran~r1ty in ln 111inoi DOT (1977) for 1977. 

in 1977; N.A. No active In 1977; N.G. Not 

SG 

SG 

SG 

SG 

SG 

cs 
cs 
SG 

SG/CS 

SG/CS 

SG/CS 

cs 
cs 
cs 

SG/CS 

cs 
cs 

1,200 

N.O. 

N.O. 

600 

N.O. 
1,600 

4,000 

2,500 

1,500 

N.0. 

2,500/3,000 

5,600 

3,500 

in Illinois DOT (1977). 
Distances are straight-Jlne distances between pit or quarry locations and proposed shaft locations 

Conversfon: To convert miles (mi) to kilometers (km), mul by 1.6; to convert tons/day to , mul 

Source: I11fnois DOT (1977 1984), 

5 mi 

I( 

K 

IJ 

IJ 
IJ 

IJ 
lJ 

IJ 

H 

HI 
GH 

10 mi 15 mi 

I( 

Jl 

AJl 

AJl 

Al 
BHI 

IJ 

HIJ 
IJ 
GHJ 

HK Gl 

HK fGl 

HK Gl 

HKl ABFG 

HK AFGL 
HK AFGl 

IJ H 

FGIJ AllCOKL 

GJ Ff< 

FIJ Kl 

0.907. 



Table 4.2.1-4. Sand and Gravel Pits and 
That Were Active in October 

Sites Within Fifteen Miles of Propo~ed Access Shafts 
But No Longer Operating in March l9R4 

on Producer local Name Typet 1 ( 1977) 5 mi 

Barlett n SG 2,000 

n (1 mi E) Elgin SG 1,600 -
Hil hide Hillside Stone Corp. Bellwood cs 4,000 

ns Vulcan Materials Yard 380 cs N.G. F 

Lemont R.P. Donohoe Co., Inc. cs 2,000 GH 

Lemont cs 65 GH 

Lemont Vulcan Materials Lemont Yard 350 cs N.G. GH 

Sand and Gravel SG 200 co 
Cloverdale (3 mi River Oe11 Gravel SG 1,000 BC 
Cloverdale (2.5 mi W) East River Oa1e Gravel Co. SG BOO BC 
Winfield (2 mi S) Elmhurst Stone SG 600 BC 

Aurorl'll Feltes Sand and Gravel Fox Valley Gravel SG 1,400 Kl 
n (2 mi Edward Schneider Highland Avenue Pit SG 1,000 -

Kaneville (J mf E) Feltes Sand and Gravel Nichols Pit SG 1,400 -
St. Charles Edward Schneider SG l,000 B 
St. Charles (2 mi H) Van Acker Sand and Gravel SG 300 -
South E1 Edward Schneider SG 1,000 
South n Edward Schneider SG 1,000 -
South Elgin (2 mi SW) Fox River Stone SG 1,500 -
Sugar Grove (2 ml NW) Kane County Concrete, Inc. Kane County Sand and Gravel SG 400 -

Grove (3 mi NW) Meyer Aggregate Co. er Pit SG 2,200 
Sugar Grove (4 mi NW) Aggregate Co. Lawson Pit SG 2,200 -

Grove (2 mi H) Feltes Sand and Gravel Oivicki Pit SG 1,400 -
Grove (3.S ml NW) Feltes Sand and Gravel Harker Pit SG 1,400 -
Grove (2 mi NW) Feltes Sand and Gravel Probst Pit SG 1,400 -

Wasco {1 mi NW) Edward Schneider SG N.G. -

10 mi 15 mi 

BC AOL 

BC AD 

IJF CG 

G IJH 

FI JI\ 

FI JI< 

FI JI< 

B FA 
AO l 

All l 

AO Fl<l ,_, 
N 
!"-' 

AJ BI 

- B 

l ABK 

A Cl OK 
ABC Dl 

B l\Cl 

B ACL 

AB Cl 

l ABK 

l ABK 

l ABK 

l ABK 

l ABK 

L ABK 

- ABL 



Tahle 4.2.1·4. Continued 

Producer local Nilme 1977) 5 mi 10 mi 15 mi 

Plano (SE) Co. PTi!no Pit SG 1,800 . . K 

Plano (1 mi E) Zwart Gravel Co. Sandwich Mix Sand SG 1,000 . . Kl 
and Grave I 

Channahon (2.5 mf NE) Co. Perona Pit SG l,600 . IJ 

Channahon (l mf Co. Vick Pit SG l,000 IJ 
Channahon (SW) D. Koerner, Inc. SG N.G. . - IJ 

Joliet Lincoln Stone cs 4,000 . I HJ 
nfield 00 Gravel Co. SG 500 IJ HK AGL 

nfie1d {2 mf HO Material Service Corp. SG/CS 5,600/2,000 IJ HK AFGL 

Plainfield (2 mf H) Naperville Trucking Co. Patterson Pit SG 1,200 IJ HK AFGL 

Plainfield (3 mi NE) !:: I!. E Hauling SG N.G. IJ HK l\FGL 

Rockdale (3 mi W) Gravel Co. SG 2,500 HIJ I-' 
N 

Rockdale (1 mi W) Gravel Co. Farm SG 1,000 I HJ 
Romeoville (1 mf HE) Turner Stone, Inc. SG 1,500 GH FIJ Kl 

SG 1,000 GH FIJ !( 

; CS = Crushed stone. 
given in Illinois DOT (1977) for 1977. 

(1977). 
0 is tances are line distances between pit or quarry locations and shaft locations. 

Convll!'rs ion: To convert miles (ml) to kilometers (km}, multi L 6; to convert to , mul by 0.907. 

1Hfool DOT (1977). 



s wastes shou a he 
that the spoil should be 

Particular 
ls 

or rec lama ti on regulations or ts 
tiona on ts and regulations is presented in 

2 ls 

Tractor-trailer trailers ld be used to t the 

ls access shafts the s tes. ac 
would on the locations of disposal sites selected for 
each access shaft. To calculate reasonable upper imits the effects of 

l transporta it is assumed in this section the average over-the-
road distance to disposal sites would be 15 mi. Because there are 

po ten tia l l locations with a 5-mi le radius of each 

the resul 
in Table 

have a densi 

overestimate a factor of 2 

the three diamete 

ts for disposal of 
sis the 

a ternatives and 

are summarized 
are as to 

for te 
of 2.82 and a swell factor tunne 

trailer 
this reason and 

it is assumed that 

of 2.0. At 

ld be very close 

axle 
combination 

conservative e 

trailers wi 1 

tes 

be used. 

estima tation remova rates 
were calculated for each access shaft. The maximum rates would occur 
the od of te years when both tunnel construction 
excava of IR tion stations auxi access shaf 
ramps are occu simultaneous These maximum rates, w th the 

resul truckloads per and maximum number of trucks for each 
access shaf are 4.2 2-1. 

Excavation wi 1 be 
tes 

discussed above ve 
1 removal rates over a 

truck per are lso 

ce over a number of years, and the 1 

te over this from the 
zero rates for short 

a with the 

The average 

average number of 



Table 4.2.2-1. 

Tunne 

Total truck 

Maximum 
per 

per 
shaft 

truckloads 
access shaf 

r of trucks 
each access 

loads 
access shaf 

number of trucks 
each access 

of 

254 

Assumes a 
Based on 

factor of 2.0 for 

3 Based on 
2.82. 

ta ti on 

10 12 

3.8 4. 

4.5 5 5 

367,000 

47 56 

5 

16 

3 3 

purposes. 

This rate of time (2 years that both 

7. 

500 

tunnel construction and excavation of IR halls refrigeration stations, 
access shafts and s occur. 

over the access shafts. 
assumes one covers 30 miles, makes cycles per shif , 

includes a spare truck for repair and maintenance purposes. 
7 This average is over a 5-year 

15 

3 

7 

4 



the 
traveled 

sta 

ra 
es 

25 

the have associated 
congestion se 

increased air 

access 
in the range of 50-7 

This would represent an 
or arteria 

increase conges se 
The maximum number of one-way be 

site I a spars 
increase in traffic levels would be 

area the ta fie 
noise levels would remain low. traffic levels 

te two years 

it 
accidents s 

S total increases 
traffic leve and since these 

increase air 
Estimates of the average 

trucks haul ls for the 
These values can be 

360 for one mile of the Eisenhower 

.2 Surface ti on 

I 
t 

because of the 
1 cause 

t surface disturbance 
ted to about S acres 

directions at shaft site I 

this site. 
the rural 

of interac and related 
surface s 
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Table 4.2.2-2. Average Dai Emissions for 
All S ls Transport Trucks. 

Tunnel Diameter 
(f 

10 
12 
15 

6,350 
9'17 5 

12,500 

co 1 

95.3 
137.7 
187. 6 

33.7 
48.6 
66.3 

s from 

164. 5 
237.7 
323.9 

15.2 
22.0 
30.0 

1 User's Guide to Mobile 3 le Source Emissions Model) U.S. E.P.A., 
EPA 460 -84-00 1984). 

2 Historical and P ected Emissions Conversion Factor and Fuel for 
Trucks, 1962-2002, and Environmental Ana sis, Inc., 
Vi r 1983). 

labora sites. 

Surface disturbances would include excavation of soil and 

unconsolidated overburden at the start of shaft s , and installation of 
(1) hoist facilities to remove rock spoil, (2) a orary storage le for 

rock 1, (3) a sedimentation for desil of water dis (4) 
conveyer facilities or vehicular maneuve space for spoil onto 

trucks, (5) rary roads for truck movements, (6) contractor facilities and 
work areas, such as an office trailer, storage areas, and orary 

facilities, and (7) areas. Since no rock 1 would be removed from 
shaft site E, surface disturbance at that site would be minimal. 

Overburden 

wider area than 
of 30 to 40 ft (9 

tion at the start of shaft s 
shaft itself and would extend 

to 12 Some of this material 

would encompass a 
to an average th 

could be sold as 
would be stored 

of the shaft. 

fill at 
ri 

local construction sites, and the rest 
at the shaft site for use as backfill around the 

In addition, soil should be removed from ry storage areas, 

from areas re vehicular traffic, or from other areas that would 
be ect to compaction. soil would either be s iled until c of 

the shaft site or sold local If the latter occurs, replacement oil 
would then have to be ed for landscap after site c Whether 

s. 

onsite or sold and replaced se later would 
on the area available at each shaft site. Gravel or rock 

to de a surface for 
in order to reduce tive 

roads or vehicular 
and de stable 
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Estimates of the maximum average area 

ry storage of rock 1 have been 
and also for an accumulation 

made 
of 

d at each shaft site for 

for storage of one 's 
spoil from five s of 

It was assumed that de in the t of material 
from the ry storage pile would result in a halt of excavation 

activities. Areas were calculated as that the of 
storage piles would approximate that of a 21-ft (6. Less than 

0.1 acre (0.04 ha) would be red for one- storage at most sites; 
whereas five- storage could about 0.42 acre .16 ha) for a 15-ft 

(4.6 tunnel at most sites. 

Fede ra 1, state, and lo ca 1 authorities should be consu 1 ted concern 

any regulations or ts red for surface disturbances at the shaft 
sites. Shaft sites should not be located in wetlands or other environmental 

sensitive areas. The USEPA and the Illinois EPA should be consulted 

conce ti ve dust and water di s from the shaft sites. tive 
dus from the hoist area, spoil s le, spoil- and 

vehicle movements control with water or agents. The 

area around the spoil storage piles have to be graded and 

bermed to direct runoff into a sedimentation before dis from the 
site. water from the tunnels would also have to be 

into the sedimentation before discharge from the site. Discharges mi 

have to be monitored, and National Pollutant Dis Elimination tem 

ts would p be Other than fines from 

the effluents would be expected to have a quali 

and should not be a source of contamination 

similar to local 

unless were 

contaminated with grease, or other materials from the dril 
bias tunne , tation processes. 

necessary, and 

information on 

Measures to avoid such 
contamination would 

be required. Addi tiona 1 

in Section 4.3.1. 

work at each shaft site, 

for contaminants 

regulations is 

materials for roads and other areas would 

debris, and 

have to be 
removed. The site would have to be ed (to reduce compact and d 

the construction of any 
would then be required to complete the c 

4.3 SOCIOECOHOMICS AND LAND USE 

This section contains a preliminary assessment of 
economic, and political lems associated with the deve 

oi 
of the site. 

potentia 1 
of 

and 

socia 1, 
the SSC 

ec t. The focus on potential lems instead of potential benefits is 
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while allow t compensation to be established at a later 
court. Several federal acts particular of 
of eminent domain 
and natural gas p 
of emminent domain 
Tunnel and Reservoir ect 
the outlined above in 
easements for TARP. The Sanitation 
computer-aided approach to the 
tunnel crosses under each piece of 
sent out one of several "land 
standard easement form. This form 
tunnel would pass under the proper 

interstate 
immediate area that involved use 

the Sanitation District 9 s 
Sanitation District utilized 

both subterranean and surface 
District deve a mathematical 
exact l tion of where the 

The Sanitation District then 
s s ture on a 
tion of where the 

handled on a ca 
case basis and general between $100 and $300. If the district could 

an easement in this manner, a declaration 
arose in subterranean easements under wa 

the s of and railroad ts 
bureaucracies and the Interstate Commerce Commis 

1 federal a was recommended the Sanitation District as 
the best way 
eminent domain. 

to streamline the court process in exerc the of 

Land and easement sition would take time, however, this process 
can be accomplished in parallel with other efforts such as compliance with 
NEPA tions. Thus no additional de due to ition of land and 
subterranean easements should be d. 

Surface Land 

Nine sites of about five acres each and one of about two acres would 
have to be , lease, or condemnation for location of 
the vertical access shafts, construction truck facilities, 
muck s les, etc. These sites would be s areas for muck removal 

the construction and would be used for ref ra ressor 
units, auxi generators, and ventilation the operational 
Current plans call for loca these vertical access shafts and associated 

facilities in areas zoned for industrial or ltural use, and 
on land that is curren le locations have been identified 
and are discussed in the section on land use. of eminent 
domain could s described above) for these sites, it is 
anti red land could be thus 

ial conflict with prop owners. 
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Permits and 

has ry responsibi for safe 

protection programs at DOE-owned, contractor-operated 
respec to most radio elf 

that t is ect 

is an exception wi accelerator-
where EPA does have regulative authori With respect 

is genera to substantive ra 

rements of most of sta tes. has issued 
severa 
operations 

contain environmenta guidelines for its various 
to note that these regula ons 

accelera the ted States 

s 

These regula ons are outlined here an identification of 
t factors need to be taken into considera the 

DOE Orders and Internal Guidelines 

In the area of radio regulation, DOE 1 s self-regulation 
derives 

et DOE-owned, 
excluded from Ii and other 

la Commission 

ti on 

radiation pro tee tion are contained 
( 

various 
for Radiation 

radionuclides in air and wa 

fied in Order 5480 

the 

in DOE 
) . 

bo 
The SSC 

ted faci ties are 

of the U .s. 
orders 

standards for 

Order 5480 lA, 
llowable 

are 

limits specified in this order. (See Section 4.1 for a discussion on 
ra risk assessment. 

and control measures releases 
te are func as 
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Whether, and to what extent, environmental levels of radioactivi 

and other pollutants released from the site comp with applicable 

DOE guide lines. 

The overall 

The 
under 

generation, 
hazardous waste. 

regulations issued 
to the Resource 
below. Current 

t of the site operation on the environment. 

operations conducted 
of the Atomic Energy Act of 1954 that result in the 

ta treatment, storage or disposal of 
The procedures follow, to the extent practicable, 

the Environmental Protection 
Conservation and Recovery Act 

there are unresolved issues 

( 

mixed wastes. It is expected that 

management practices would be utilized both 

as discussed 

be tween DOE and EPA 
DOE-approved waste 

at Fermi National 
The amount Accelerator Labora and at National Labora 

of waste in the SSC operation would be quite small and 
handled within the exis 

systems at the two Laboratories. 

hazardous waste management 

Environmental Laws 

In the area of nonradio cal environmental regulation, DOE facilities 

are specifical ect to both the substantive and procedural rements 
of most of the major federal environmental statutes and, where 1 

mandated, to parallel ions in state environmental laws. This was 
clear established in 1974 when the President of the Uni States executed 
Executive Order 12088, 1 liance with Pollution Control 
Standards''. Prior to this Executive Order, the doctrine of federal supremacy 
had maintained that federal agencies were exempt from the 1 
requirements of state or local environmental regula programs. 

The regula 
statutes are general 

the U.S. 

programs and enforcement authorities for environmental 
shared the states, the U.S. Environmental Protection 

of and other s. The more 
substantive environmental laws that may app to a DOE decision rega the 

SSC include: the National Environmental Policy Ac the Clean Air Ac the 
Federal Water Pollution Control Act; the Safe Water Act; the Historic 
Preservation Act; the Resource Conservation and Recovery Act; and the Farmland 
Protection Policy Act. These laws, with their many rements, could 

a potential lem area for the SSC if not addressed effective 
in the ec t. In order to minimize the potentia 1 for de these 
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laws should be taken into account in the earliest p stages. 

National Environmental Policy Act (NEPA). For the SSC P ec t, this 
would like be the most tant environmental statute. NEPA requires that 

for or federal actions that may si icant affect the quali of the 
human environment, responsible officials shall prepare a detailed statement on 

the fol 

(i) the environmental t of the action, 

(ii) any adverse environmental effects that cannot be avoided if the 
action is lemented, 

(iii) alternatives to the action, 

( the re la 

environment 
ctivi 

and 
, and 

between local 

the maintenance 

short-term uses 

and enhancement of 

of s 

term 

any irreversible and irretrievable commitments of resources that 

would be involved in the action if it were lemented. 

The sions of NEPA would be satisfied follow the s 

outlined the Council on Environmental li and the DOE NEPA compliance 
guidelines. DOE will have to determine what level of NEPA compliance is 

necessary for each stage of the decis process for the SSC. 

Clean Air Act. The Clean Air Act certain restrictions and 

t rements on activities that result in the emission of 
pollutants to the air. Some activities associated with the SSC could 

result in nominal releases of radioactivi to the atmo from the 
tunnel ventilation shafts. It is possible that air emission ts 

issued the EPA under Section 12 of the Clean Air Act could be 
red. On 1 6, 1983, EPA proposed control standards for 

radionuclides under 40 CFR 61, National Emission Standards for Hazardous 
Air Pollutants ) , that--when promu ted--will app to DOE 

facilities. These proposed regulations would limit radionuclide 
emission to the amount that would not allow a dose equivalent of more 

than 10 to any organ of an ind i vi dual The 
releases described in Section 4.1 are expected to be well within these 

limits. 

Federal Water ol tion Control Under Sec ti on 404 of the 

Clean Water Act, and 40 CFR 122, a dis t is usual red 
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lie 
operation 

ters of 

wou to 

te 

the 
environment. The nonradioactive parameters of that waste water would be 

the usual quanti 

wi against 
situation in which there is an unexpected migration of radionuclides. 

Sec 
res careful considera 

resources for actions undertaken or 
any federal agency. A essional cultural resources survey of the 
vertica shaft sites would have to be conducted to the 

commencement of ect. The tunne tse be too to 

i a survey 

rse effects 
the suit 

Inc., was found a 
radioactive effluents from nuclear power plants, 
radioactive materials such 
therma pol tion t 
case suggests a ry 

ect to et al. 1982, p. 6 • 

ther 

late the 

The Farmland Protection o 
Act 

uses 

require 

conversion of 
take into 

ac 
of potential 

the federal 

does 
land 

i 

use 
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to its effective use of exis DOE lands and to the tunnel 

In addition to the above regulations and orders, the SSC Reference 

De s (Parsons, Brinckerhoff, Quade, and 

other regulations that could possib app in 

the United States. These regulations, of tance, are listed 

below: 

General Environmental 
Environmental Quali 

seq.). 

rovement Act of 1970 U.S.C. 4371 et 

Water 

Noise 

Executive Order 11514, Protection and Enhancement of Environmental 

li 

Flood Disaster Protection Act of 1973 

amended. 

2 U.S.C. 4001 et seq.) as 

Executive Order 11988, F 

26951). 

lain t, 24, 1977 2 FR 

red Species Act of 1972 (16 U.S.C. 1531 et seq.) as 

amended. 

Fish and Wildlife Coordination Act (16 U.S.C. 661-666c et seq.) as 
amended. 

Soil and Water Resources Conservation Act of 1977 (16 U.S.C. 
2001). 

Executive Order 11990, Protection of Wetlands, 

26961). 

Executive Order 11870, Environmental 

Animal Damage Control on Federal Lands, 

27' 1977 2 FR 

on Activities for 

1975. 

Noise Control Act of 1972 (42 U.S.C. 4901 et seq.). 

Solid and Hazardous 1 

Toxic Substances 
amended. 

of 1976 (15 U.S.C. 2601 et seq.) as 
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Historic and Archaeo cal Resources 
Executive Order 11593, Protection and Enhancement of the Cultural 

Environment, May 13, 1971 (36 FR 8921 et seq.). 

Permits 

The SSC ect would require limited at the federal, state, 

or local levels, as described below. It should be noted that the 
process at each governmental level could represent a potential focal 

lie opposition and cons impediment to ect construction. 

Federal 

Since the proposed would require the construction of a 
tunnel under a (in this case the Des Plaines River 

and associated canals), it could require a t and Harbor Act 
of 1899, Section 10; and Clean Water Act, from the U.S. 

s of At minimum, consultation and a letter of 
ssion would be needed to proceed with the ect (U.S. s 

of rs 1983). 

State 

Permits from the State of Illinois could be required under 

certain conditions for 1 disposal and disposal of water from ls 
and from the tunnel. The sale of 1 material could potential 

re a t from the rtment of Mines and Minerals; consultation 
would be necessary. orary 1-disposal sites ect to dis 
of water and water discharged from the tunnel could require a 
from the state Environmental Protection No ts for 
of tunnel construction and operation associated with the 

ect would be necessary at the state level. 

In compliance with local regulations, or muni l 

bui ts would be red for the construction of the access 

shaft facilities, on the zoning risdiction. 

Land Use Considerations and Constraints 

The SSC tunnel would have no effect on surface land use and 
The ten vertical access shafts outside of ANL and FNAL the tunnel to 

the surface could potential affect exis land use patterns. The vertical 
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access shafts would be used for tunnel muck du construction. 

to Section 3.2 for a discussion of surface facilities needed the 

cons true tion e.) the operational se, a bui approxirna te 

240 ft 50 ft, which would house ref tion units for cool the SSC 

magnets, would be located on each vertical access shaft site. These buil 

could be des to blend in with exis build in cultural, 
and manufac areas and thus would not appear unusual in these 

As examples, specific vertical access shafts have been assigned 
thetical locations for this s These locations are 

consistent requirements and, therefore, t a realistic 
assessment within the context of current land use and 

z patterns. 

Exis Land Use and Patterns 

Ten of the twelve vertical access shafts would be located outside of 

national labora proper , on land present used for a culture or 
indus The sites would be in four counties (five in 1 one in Kane, 

one in Kendall, and three in Will). Example sites within about a half a mile 
of the ideal ration station locations have been found; all vacant and 

either on land zoned the respective , or on areas ect to local 
muni For the particular example chosen, displaced access shafts 

were red in on three sites and the t displacment was ~ 2000 ft. 
Five of the sites would be located on ltural land, and five would be 

constructed on industrial* land. (chief corn and s ) 
characterizes cultural land use patterns, while general 

manufac is in the industrial areas under consideration. 
Individual site des are presented below. 

Site A is located at Fermi National Accelerator Labora (Fermilab) 

near Batavia. No land use considerations are ana for the national 

labora site, since the action would be consistent with labora 
ac ti vi ties. 

Site B is located in DuPage cent to a railroad line. The 

area is within munic 1 boundaries and is classified as business and 

industrial th limited and general). An undeve residential zone is 

situated to the northeast. Several open lots occupy areas on both sides of 

the railroad line. The terrain is characterized low hills, and is 

tial", but 
s ted site location on land current 
for industrial use a large landfill 

iden-
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wooded. 

Site C is located in The area is zoned for ltural 

use the coun several farm houses are situated Southeast of the 

example site location there is a suburban residential deve 

Immediate to the south, all land is zoned for a culture. Further to the 
sou th, offices and warehouses occur in muni districts. The 

terrain here is relative subdued, with low roll hills and limited wooded 
areas. Corn is the chief crop under cultivation. 

Site D is located in Coun in an industrial park area zoned 

for general manufac the local munic li ). Additional industrial-

zoned land lies to the west, sou and southwest, while residential areas 
occur to the east, north, and northwest. The terrain here is relative flat; 

a is situated immediate to the northeast. 

Site Eis located in The example site is cu 
leased to a private owned landfill ect. Al this proper 
is zoned residential, there are no hous units on or in proximi to the 

site. Its eastern oins a ten-acre undeve (zoned commercial 
rise) plot, which surrounds a several hundred-foot-hi water tower. The 

landscape is re la ti ve open; s and a wooded area a the south 
conceal most of the landfill activi 

Site F is located in The area is within muni 1 

z boundaries. It has been zoned for l manufac 
locations, office research. A mul le-acre vacant lot 

and, in certain 
the sou th end 

of the area. The terrain is relative flat and unwooded, al some 
regrow th and shrubs) has occurred. 

Site G is located at National 
considerations are ana 

consistent with Labora 
ed for the site, since the p 

activities. 

Site is located in Will in an area that 

No land use 

action would be 

is county-zoned 

chief for industrial use, but contains several residential uni ts as we l • 
The industrial facilities include s 

and railroad lines, 
above the rail lines. 

as well as on a 
Specific si 

on the terrace s 

tank complexes situated a 

(Des Plaines River 
localities seem to be available 

which has not been areas, as well as 
subs tan tia l deve or recent forest clearance. 

road 

terrace) 
in both 

ect to 
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Site I is located in Will Coun The area is zoned the coun for 

cultural use, al an l tural 1 u designation has been 

to a mul le acre lot, 
abandoned railroad line is also 

houses and associated bull 

example access shaft site.* An 
situated close to the site, and several farm 

are located to the north, west, and sou th 
( te 1 to away). The terrain is relative flat and 

treeless. tion includes corn and 

Site J is located in Will in an area zoned ( the 
cultural use, but within half a mile of an industrial 

a p warehouse, and lumber ). The terrain is s 
unforested, and several farm houses are situated th, southwest, and 

on include corn east of the tentative si loca under 
and 

Site K is located in Kendall , in an area zoned ( the ) 
for cultural use. A light manufacturing zone ( munic occurs to the 
north. Several farm houses are situated within 1 to 1/2 mile. The terrain 
is relative flat unforested, and crops under tion here include 

Site L is located in Kane in a municipal zoned general 
manufac district. The site location oins additional general 

manufac areas to the east and limited manufac districts to the 

southeast and west. Some residential areas lie to the south and wes and 
coun cultural and residential land occurs to the north and northeast. 

The terrain is s t hil with occasional trees and wooded stands. 

in Land Use and for SSC Facilities 

Considerations regarding potential lie concerns over land use 
make compliance with all pertinent state and local 

regulations the le procedure. This op if chosen, would involve 
the s s outlined below. 

Five of the example access shaft sites outside of national labora 

boundaries are located in areas zoned for industrial use which would appear to 
require no 

1 

construe 

in exis 

zoned "general 
classification. Four of 

industria (or manufac 

present observable; this may be a site. 

these occur in 

) areas (see 



139 

Table 4.3.1- • Exis Classification and Anti 

Access 

Shaft Site 
ti on 

A 

B 

c 

D 

E 

F 

G 

H 

I 

J 

K 

L 

Access Shaft Sites 

Present 
Classification 

National Labora 

General Industrial 

1 tural 

General Industrial 

Residential* 

Limited Industrial 

National Labora 

Industrial 

cultural 

1tura1 

ricultural 

General Industrial 

Jurisdiction 

1 

Muni 1 

1 

11) 

Coun 11) 

ill) 

1 

leased for large landfill ect. 

) 

1 

ted of le 

ired? 

No None 

No None 

Yes Limited 

No None 

Yes Minimal 

No(?) Limited 

No None 

No None 

Yes Limited 

Yes Minimal 

Yes Limited 

No None 
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Table 4.3.1-1), which would be ful compatible with the des and opera ti on 

characteristics of the access shafts and associated facilities. 

The fifth example site is in an area current muni 1 zoned for 
limited industrial" (or manufactu use. The munic definition of a 
imited industria district does not normal ical address compressor 

stations such as those that would be associated with the access shafts for the 
proposed ect, but does include similar installations such asp line 

compressor stations and water-pump stations. The definition appears to be 
of sufficient latitude, with respect to overall des features, to encompass 

the access shafts and associated facilities. 

tant additional consideration in assess the compatibili of 

the access shaft sites with any areas zoned for limited industrial 
use is the amount of noise generated the site facilities. Noise levels 

site boundaries in excess of ambient levels (60-65 dba in this 
case are precluded under current law. Measurements of sound generated 

the central helium l ier compressor at Fermilab indicate a mean leve 
of approximate sured at a distance of 120 fee Since this level 

could potential supplementary hous and insulation of shaft 
facilities, a classification to general industrial probab 
would not be red. 

The rema five example access shaft sites outside national 

labora properties are in cultural and (in residential 
districts, which would require classification local 

ordinances (see Table 4.3.1-1). All of the anti s 

would occur within coun risdiction; no s in 
be necessary. Four of these sites would be situated on 
one on residential land, all of which would have to be to limited, or 

even general, industrial (or manufactu districts. 

The of ob ta a coun or 
) 

accompany 

process 
ins 

survey 
fire 

with an application to 

plats, recommendations from 

of appeals with 

local bodies (e.g., health 

board, 

decision. (See 

recommends an 

rtment, and 
rtised in advance) before the board. 

the requested passes to the 

fee, followed 
on approval 
board for a 

s in Will 

informal appropriate local 

a 

the 
final 

onal 
p commissions 

B for map amendment 

hear before the 
to consideration the 

the Land Use Committee of the board 
board, and approval 

prior to the latter's 
decision.) The entire process may last three months or more. 
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It should be no that the des ted access shaft sites located on 
land curren used for ture occur in areas of relative low 

tion densi where occasional isolated industrial or manufac 
exist. The residential zone, ite its present classifica is 

a large landfill ect which precludes the presence 
construction in the near fu of dwel units. Thus, the in land 
use patterns generated the would be small and would not be 
s ican disruptive of or tible with exis usage. 

4.3.2 Political and Economic Environment 

Trends 

There are five counties that would be involved in this SSC site - Cook, 
Kendal and Will; however, there will be no surface activi 

All counties have tion from 1960 to 1980 
A recent loss in Cook since the 

tion loss most like ti on within the 
li tan area. litan area, 

not shown in the grew s to 1980. 

Cook and counties have the 
within the five counties encompassing the SSC ect. 

persons 
for 
the 
and 

the five counties are shown in Table 4.3.2-2. 
SSC ect is the total number of persons the areas 
construction. In the five- area there were 3,913 persons emp in 

and 122 in construction. 

rates for 1983 for the area are shown in Table 
4.3.2-3. These rates range from a of 13.6% in Will to a low of 
7.9% in Kendall These rates indicate that expansion of the economic 
base would be desirable to reduce 

Economic Benefits of the SSC 

The SSC 
year construction 
workforce schedule for 

would emp 
F 

the f cons true ti on 

t. 

an average of 1,250 workers over a five-
3. 30 shows the cons true ti on and operation 

five. As can be noted from 
in year three at 1,980 oyees. 

This cons true ti on workforce estimate includes tunnel and access shaft 



Cook 

Kane 
Kendall 
Will 

Table 4.3.2-1. 

1970 

,492,36 
491,882 
251, 05 

26,374 
249 8 

142 

Population Trends 

% from 
1960 to 1970 

.1 
+56.9 
+20.5 
+50.4 
+30.2 

- 1970, 1980 

% from 
1980 1970 to 1980 

5,253,655 
658,835 +33.9 
278,405 +10 .9 
37,202 +41.l 

324,460 +30.0 

Source: U.S. of Commerce, Bureau of the Census, 1970, ter-
of the lation", Volume 1, Part 15, Illinois Section 1, and 

PC 80-1-AlS, 1980. 



Table 4.3.2-2. Indus of Persons by - 1980 

Cook Du page Kane 

Indus lf % 4f % 1fo 

lture 7'112 0.3 2 ,030 0.6 1,890 

2,624 0.1 576 0.2 212 

Cons true ti on 88,668 3.8 18,090 5.3 6,732 

Manufacturing 612,828 26.0 83,464 24.4 41+ '82 7 

Transportation and Public 
Utilities 207,619 8.8 28,375 8.3 8,703 

Trade (wholesale & retail) 490,678 20.9 79 ,892 23.3 25,171 

Finance, Insurance and 
Real Estate 190,050 8.1 25,705 7.5 7 ,926 

Services 649,291 27.6 9 5' 199 27.8 33,275 

Government 103,838 4.4 9,121 2.7 4,056 

Forest and Fisheries 709 - 133 - 55 

TOTAL 2,353,417 342,585 132 ,847 

Source: U.S. Department of Commerce, Bureau of the Census, 1980, 
Characteristics - Illinois", PC 80-l-Cl5. 

Kendall Will 

% 4/: % 4/: 

1.4 754 4.1 1,885 

0.2 34 0.2 467 

5.1 1,102 6.1 8 ,315 

33.7 6,832 37.6 40,702 

6.6 1,355 7.5 13,063 

19 .o 3'162 17.4 28,942 

6.0 1,027 5.6 7,342 

25.1 3,425 18.8 33,979 

3.1 505 2.8 5,358 

- - - 26 

.18' 196 140,079 

ral Social and Economic 

% 

1.4 

0.3 

5.9 

29.1 

9.3 
r-' 

20.7 
.p-
w 

5.2 

21+. 3 

3.8 
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rements for installation of the accelerator. 

to build up to and remain at 
operational life of the ec t. 

era tional emp 

te 3000 

is 

the 

Increases in emp in the basic sectors* of the economy can be 

expected to increase demand for goods and services in other sectors of the 
economy. The construction and operation of the SSC would generate and support 

jobs in the secondary sectors of the economy. 

An economic base mul lier approach can be used to forecast the 
emp expected in relation to a construction ect. 

The ratio of basic to emp must first be established in a 
economy to ec t employment benefits. The economic mu 1 lier of 

1:0.45 (basic construction to secondary emp ) will be used in this 
for the construction effort. This ratio is an average ratio of basic 

construction emp t to secondary emp in areas on the f of a 
me litan Research Institute and Browne, Bortz and Codd 
1982). The ratio for basic opera emp to emp 
1:0.7 Research Institute and Browne, Bortz, and 1982). The 

reason for the different ratios is that economies general in 

the same way to construction workforces as do to opera 
workforces. Table 4.3.2-4 shows the ected increases in basic and 

empl year for the SSC 

Table 4.3.2-3. Rate Coun - 1983 Annual Average 

Cook 10. 7% 

8.6% 
Kane 10.8% 
Kendall 7.9% 
Will 13 .6% 

Source: of Labor, Bureau of Labor Statistics, 1984, 
and in States and Local Areas 1983", March. 

sectors the economy are those sectors that income into the 
on from other areas either of commodities or 

federal Secondary sectors of the economy represent the ction 
of non-exported goods and services generated income that remains in the 
region. 
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Total emp benefits attributable to the SSC ect would average 

2290 p and 1288 secondary jobs the construction of five 

years, after which operational levels would be reached. Undoubted , income 

generated ect-related emp will have a positive effect on 
state and local government increased collection of sales tax, 

taxes, vehicle tra ti on, personal income tax, and use taxes of various 

kinds. Increased sing power will have a positive benefit on area 

businesses. 

Material purchases for the SSC ec t are not 

and use tax. Therefore, no increased revenue 
to the state and local governments direc 

from the SSC ect will accrue 
Because the SSC P ect would be 

a federal ect, no proper tax would be However, as 
ect would include increased mentioned above, secondary ts of the SSC 

tax revenue. 

Economic Deve Plan:s 

All of the counties that would be affected the SSC ect have 

established economic deve commissions, reflec a concern with con-
tinu economic and industrial growth and associated benefits. One has 

also established an explicit policy for the and promotion of 

indus and research facili expansion. Kane has 
articulated a policy specifical deve of the tech 

between north Aurora and Batavia, which includes Fermi National 

Table 4.3.2-4. Estimated Increases in Basic and Secondary 

Construction 

ect 

Secondary 

Total 

p 

s 

ect 

Total 

t 

t per Year for the SSC ect 
tals in Parentheses) 

Civil Construction 

1250 (6225) 

560 2814 

1810 (9069) 

Technical 

1040 (5200) 

728 3640 

1768 (8840) 

3000 

2100 

5100 
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Accelerator 

4.3.1.). 

subs tan ti al 

Laboratory and designated access shaft site 

policies 

ec t. 

" (see Sec ti on 

Such economic deve should contribute 

to a positive climate for the SSC 

Interaction with the Public and Public 

the SSC p process, one policy conce the lie 

should predominate: stra tfon.,;rard, honest interaction with the lie. If 

trust is not deve with community members and leaders, little constructive 
interaction will take place. Citizens and local leaders must know the 

statements and behavior of ect personnel and decision-makers that the 

lie is be told the technical as well as those facts are known, 

that uncertainties that differences of exist among r 
and the reasons for those differences, that communi members and 

tions would have active, acknow d, and real t to the decision-
' and that the lie would be informed as to a decision is made one 

way or the other. Citizens and local officials should be able to expect 
time responses to their questions and admissions of gaps in knowledge. 

It is 

the ear 

rative that a lie interaction program 

Al 

established be 

the 

the 
p stages of the SSC 

of such a program involves a specific 

recommendations are offered as a guide for the 

program. 

t of such a 

The goal of a lie involvement program to deve 

on the of the potentia 1 affected 
informed consent, the lie has to have a way of about 

p ect and a way for let the project planners know about lie 
concerns in reference to the 

As a first step, it 
community liaison team cons is 

officials. The team should be 

remain constant (in terms of 
should be appointed to a 

is recommended that ANL and FNAL deve a 

of key SSC ect people and laboratory 
small (three to five individuals) and 

over time. A hi status individual 
role in interac with 

leaders. Such an individual should be truste of 
status to be on equal foo with government leaders, 

know of the SSC project. 

This group would meet with elected lie officials at all levels of 

government to inform them of the 

concern will be taken into account 
and of the processes by which lie 

the ect p stages. These 



ini tia 1 mee 

should be s 

The initial mee 

14 7 

would be a basic courtesy and would be conducted in te 

lie of the ect. The follow elected officials 
for mee 

ssional 

Governor 

resentatives from the State of Illinois 

State Senators and 

districts 
Commissioners 

Local Mayors 

resentatives from the affected 

would best be conducted on an individual basis with one 

or two members from the communi liaison team. 

may be called for leaders for Additional meet 
technical staff. 

the follow 

consulted: 

In a second tier of mee agency personnel 
agencies (at the different levels of gove 

Deve Committees 

Public Works 
ta ti on 

EPA 

s of rs 

After this second level of meetings, the communi 
consider how to present the plans to the lie. It is 
presentations be made to the county commissioners, ci 

liaison team should 

suggested that formal 
town councils, and 

other political entities like to be affected the ec t. Such 

tions would take place du regular lie mee and thus would 

be included in the official record and reported in the press. 

Not on 
the process 
made explicit. 

should the ect plans be presented in these mee , but 

It is 

lie interaction exists that 
lie concerns. This interaction 

communi liaison team and evolve 

lie en ti ties. 

interact with the lie should be 
lie realizes that a 

such a process can te 

process for 

deal with 
the process will have to be deve 

through consultation with the affected 

Once 
should 

ect plans have been made lie, the 
interaction 

communi liaison 
team a communi deve list. This 
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person would be 

etc., to identi 

ec t is to 

responsible for moni news coverage, lie mee 

groups that have particular lems with the ect. The 

potential affected groups and involve the groups in 

process. By into gccount concerns ear in the the p 

p stages, the chances 
d. It should be 

of deve informed consent for the 

ect 

ect 

in the ted out that involvement of the lie 

p process may involve some p ect s p eet 
however, development of informed consent also involves some compromises on the 

part of the lie. 

The numerous environmental 

additional opportunities for lie 

allow for formalized intervention. 

laws and required 

t. The laws and 

lie concerns into account the p 

a good technical case well in advance that 

can be minimized. 

ts will afford 

red ts also 
with the lie 

stages, and 

fical addresses 
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