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Dear Bob and Tim, 

Enclosed please find a final copy of the referenced report. The report 
incorporates changes recommended by UTAP members on the basis of their review 
of the May 17th Draft Report. 

It's a pleasure to work with the Lab, and I look forward to a productive 
and well-engineered project. 

TDO:kjs 
enc. 

T. D. O'Rourke 
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INTRODUCTION 

This report summarizes recommendations made by the Underground Technology 

Advisory Panel (UTAP) to the Superconducting Super Collider (SSC) Laboratory, 

subsequent to meetings held on May 7, 1990. The panel was convened at the 

request of Mr. Robert M. Matyas, Associate Director, Conventional Construction 

Division (CCD) , and Dr. Timothy E. Toohig, Deputy Director, CCD, for the SSC. 

A list of UTAP members and meeting agenda are appended to this report. The 

meeting was held at the Omni Melrose Hotel, Dallas, TX, during which time 

presentations were made by members of the SSC Laboratory staff and subcon-

tractors on site characterization, field and laboratory testing program, anti-

cipated construction, and management issues. Information conveyed at the 

meetings is in the public domain, and has been collected and filed as part of 

the SSC Laboratory Notes which are available through the SSC Laboratory. 

Recommendations pertaining to field and laboratory testing, geotechnical 

and construction characterization, Large Diameter Drillhole, Prototype Instal-

lation Facility, location of the ring, detector design, transition to AE/CM, 

project management, and future role of UTAP are summarized under the headings 

which follow. 

FIELD AND LABORATORY TESTING 

The Earth Technology Corporation (TETC) program of 117 boringsl with a 

variety of in-situ tests has been completed and the results were summarized. 

lNote: A total 155 borings now are available, including those provided through 
the State of Texas 
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The panel was impressed with the skill evidenced in the interpretation of 

geologic structure. Principal conclusions are as follows: 

• A pattern of faulting appears to be congruent with the Balcones 
system, that is, a general down-warping toward the southeast pro
ducing extension strains and a series of grabens with some tilting 
within the blocks. Faults through the chalk are brittle, lacking 
gouge, typically 2 ft in width, but as much as 5 to 8 ft wide. They 
tend to fade in the Eagle Ford Shale (EFS) , but the upper zone of 
the EFS typically is fractured within the down-dropped blocks. 

• Packer tests and recovery tests have delineated permeability ranging 
from essentially impervious in intact rock, to values as high as 1 
x 10-4 cm/sec in fractured material. Neither depth nor rock type 
seem to strongly influence permeability values. It appears that 
where permeability is relatively high in discontinuities, piezo
metric levels are hydrostatic with elevations near ground surface. 

• In-situ tests were attempted by pressuremeter and hydrofracturing 
to determine horizontal residual pressures. In particular, the 
results of the hydrofracturing tests seem inconsistent with other 
evidence from site and are not likely to provide dependable values 
for design. Minimum horizontal pressures equal to or less than 
total vertical stress appear likely. This is reasonable in light 
of the apparent extension strains exhibited in the pattern of fault
ing. In any case, there is no reliable evidence of very high resid
ual lateral stresses in-situ. 

• Pressuremeter modulus values recently determined add to the general 
store of background information, but are not particularly consis
tent. Laboratory tests at the Universities of Illinois and Texas 
are not yet complete, but it is hoped that they will better define 
stress-strain properties of the EFS. 

• Core discing was observed in the chalk obtained at several loca
tions. It is likely that this behavior is related to separations 
along thin planes of weakness under the dragging and twisting action 
of the coring bits, rather than the result of high horizontal 
stresses. 

Based on the field and laboratory work completed to date, the panel has 

the following recommendations for further geotechnical investigations: 

• The panel endorses the scheme undertaken by TETC to reduce the field 
and laboratory information into a series of data reports, separating 
the subjects of the individual investigations. It is essential, 
however, to extract the engineering conclusions as rapidly as 
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possible so that they will be given due consideration in the design 
and costing of the underground construction. Preswnably this sununa
rizing of the engineering implications will be an important early 
task of the AE/CM. 

• The panel was impressed with the work of TETC in managing and inter
preting the results of the geotechnical investigation. It would be 
appropriate to consider their accomplishments in the selection of 
organizations to carry out studies for final design. 

• The information on groundwater conditions and their relation to geo
logical structure and fault characteristics calls for elucidation. 
Tests should be performed of groundwater quality, pH, carbonate 
saturation, and mineral content. The design of underground struc
tures must consider measures for waterproofing and drainage and the 
possibility that precipitates in the inflowing water will clog 
drainage facilities. Open fractures in the Austin Chalk communicat
ing with EFS, and a near surface hydrostatic water table, present 
a saturation and transmissivity potential that will have to be dealt 
with seriously in design and construction of the underground works. 

• For future test borings, piezometers should be installed with intake 
points sealed in fault zones and in the fractured upper surface of 
the EFS where these are near the roof or sides of the underground 
structures. The pattern of fluctuations of these piezometric levels 
should be determined. Where permanent drainage of the structure 
will be called for, account must be taken of the consolidating 
effects as a consequence of an increase in effective stress in the 
upper levels of the EFS, lower zones of the Taylor Marl, and benton
ite seams of the Austin Chalk. Although it is likely that the mag
nitudes of these displacements will be small, some settlement should 
be anticipated. 

• Preliminary results of high resolution seismic surveys show this 
technique to be promising. The panel believes that consideration 
should be given in the final exploration to this technique, to guide 
the choice of test boring locations and to extend information on 
geologic structure between borings. Boring results always should 
be used to weigh the interpretation given to the seismic survey. 

• As recommended in the October 11, 1989 report by UTAP, it will be 
helpful to evaluate the potential environmental effects of EFS 
spoil. There is a possibility that leachates from EFS spoil may 
have some undesirable characteristics, and laboratory tests addres
sing this issue should be performed and results disseminated in the 
near future. 

GEOTECHNICAL AND CONSTRUCTION CHARACTERIZATION 

Data pertaining to EFS presented at the May 7 meeting require careful 
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consideration with respect to construction. The combination of low rock 

strength, particularly the upper EFS and faulting and jointing of the shale, 

will require that special excavation and support measures be carried out to 

maintain excavation stability and produce a stable foundation for the detec

tors. Such measures are far from routine. 

The presence of EFS in the vicinity of the Experimental Halls and other 

structures in the main complex on the west side of the ring is of particular 

concern. A variety of large and complex openings are located in this area, 

including Experimental Halls, crossovers, intersections with the inj ector 

ring, and large access shafts. 

The geotechnical data collected has been of excellent quality and is 

providing a clear picture of the conditions that will be encountered. Al

though substantially more field data will have to be collected, sufficient 

data exist to evaluate the anticipated ground behavior and its impact on exca

vation and support. A preliminary estimate of excavation and support require

ments needs to be made, particularly for the large chambers and open excava

tions that penetrate the EFS and Taylor Marl. Such information is necessary 

for obtaining realistic cost estimates and for providing a basis for comparing 

construction and siting alternatives, such as changes in vertical alignment 

and relocation and size of Experimental Halls. The panel encourages those 

responsible for cost estimates and planning studies to consider fully the re

quirement for excavating and supporting the Taylor Marl and EFS. 

The panel recommends that such a study be conducted at the earliest pos

sible date, and that the results be utilized in the planning and cost estima

ting work. Such an engineering study is needed before detailed design stud

ies. 
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LARGE DIAMETER DRILLHOLE 

Information on ground behavior in EFS needs to be obtained at the earli

est possible date for inclusion in preliminary and final design. The Large 

Diameter Drillhole (LDD), placed ahead of other construction, could be quite 

helpful in this regard. The panel has reviewed a report prepared by RTK on 

the proposed construction and instrumentation of the LDD and believes that 

the data obtained from such an installation would benefit the design and con

struction of the SSC. Letters prepared by Edward Cording and Eugene Waggoner 

pertaining to the LDD are contained in Appendix B of this report. The cost 

of the LDD appears to have been estimated with significant allowance for con

tingencies. The panel believes that an effective LDD, costing approximately 

50 to 70% of the one proposed, could be built without undesirable modification 

and reduction in the measurement program. 

PROTOTYPE INSTALLATION FACILITY 

The panel understands that a Prototype Installation Facility (PIF) is 

being planned which will allow for early installation and testing of magnets 

and other accelerator components in a prototype underground environment. Such 

a facility offers an excellent opportunity to evaluate the performance of the 

EFS, and should be pursued with a comprehensive program of instrumentation and 

measurement of the in-situ rock behavior. 

A 55-ft-diameter shaft currently is being planned for Shaft El, which 

will be part of the PIF. Such a shaft is of sufficient scale to provide 

information on EFS directly applicable to open cut construction for the detec

tor halls. Principal emphasis should be placed on monitoring heave in the 

advancing shaft floors, as well as lateral ground movements around the 
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excavation, particularly near and just below the Austin Chalk-EFS contact. 

Instrumentation and field measurements would include inclinometers, vertical 

borehole extensometers, and plate load tests. The instrumentation and meas

urement scheme can and should be designed to have minimal delay on construc

tion progress. Such a program of field measurements could be pursued in lieu 

of the LDD, provided that the start of PIF construction is not delayed an 

inordinately long time. If the Record of Decision for the Environmental Im

pact Statement (EIS) will be delayed significantly beyond the currently pro

posed November/December date, then the LDD should be pursued to provide key 

data for the tunnels and open cuts at an early stage in the design when opti

mal use of the information is possible. 

The 55-ft-diameter shaft at El is one of five such facilities now planned 

for the SSC. The 55-ft-diameter shafts proposed to accommodate the handling 

of the magnet sections can be used as an efficient tunnel start-up point for 

10 individual tunneling contracts. The tunnel boring machine could be assem

bled and aligned on the surface at a considerable saving over underground 

assembly. Because of the large shaft size, the machine could be advanced into 

the rock with minimal excavation in the portal area. Once an intermediate 

shaft is passed, mucking could be handled through that shaft for the first 

mole. A second mole then could be assembled and positioned in the 55-ft diam

eter shaft to drive in the opposite direction. 

LOCATION OF THE RING 

As proposed in the previous three UTAP reports, the panel again recom

mends that consideration be given to raising the elevation of the ring to 

reduce the amount of tunneling in EFS and, more importantly, to decrease or 
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eliminate exposure of EFS at the bases of the large detector halls. Recent 

site exploration data about normal faults, near surface hydrostatic water lev

els, and the relatively weak nature of upper portions of the EFS only rein

force concerns about tunneling and open cut construction in the currently pro

posed locations. Although the panel is aware of SSC Laboratory concerns about 

the effects of raising beam level on the EIS approval process, it urges the 

Laboratory to be aware of the potential economic effects of work in the EFS. 

As indicated in the previous UTAP reports, construction in EFS involves more 

difficulties and risk than construction in Austin Chalk, which translates to 

relatively greater expense. When integrated over the entire project, the 

costs of underground and detector construction in EFS will be substantially 

higher than the costs of the same construction in Austin Chalk at a higher 

elevation. 

DETECTOR DESIGN 

At several meetings, the panel has heard about criteria for detector 

design which call for differential settlements on the order of millimeters. 

It is important that machine designers realize that such tolerances currently 

are beyond the scope of prediction and control if the heavy detectors are 

founded in open cuts in EFS. As described in the October 11, 1989 UTAP re

port, heave of the EFS could be in the range of 6 to 12 in. for an open cut. 

Residual time-dependent settlement will occur in such material after the 

detectors are installed. 

Given the uncertainties in the unloading and loading sequence, access to 

water, and time-dependent performance of the EFS, it will be prudent to design 

the detectors so they can be re1eve1ed and thus adjust for time-dependent 
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deformation of EFS. It should be a goal of CCO to effect a productive dia

logue between members of the AE/CM team responsible for foundation evaluation 

in EFS and those at the SSC Laboratory responsible for detector design. 

TRANSITION TO AE/CM 

The timing of the completion of the RTK contract and the retention and 

mobilization of PB/MK as AE/CM seems awkward. Ideally, an overlap of several 

months would assure the clear transfer of the data and professional under-

standing of the very substantial work that has been undertaken. In the 

absence of that kind of clearly defined overlap, provision should be made to 

assure maximum transfer of the geotechnical work. It may be possible to de

velop a special arrangement within the project to achieve this transfer. If 

it cannot be done in an orderly way, there will be a significant loss of data. 

The phase-out of RTK and other consultants should be carried out in an 

orderly fashion with due regard to not only their passing of job responsibili

ties to PB/MK for past work, but for their possible utilization in carrying 

out work which should be going on while PB/MK is not yet aboard and staffed. 

Preliminary engineering for the PIF and the LOO, and participation in CCO 

staff activities pending CCO staff build-up, are potential areas for atten

tion. 

To help ensure a smooth transition between the RTK teams and PB/MK, a 

discrete handover package should be developed by the individuals and team 

elements concerned with each aspect of the design and investigation undertaken 

to date. It is imperative that the geotechnical data gathered to date be 

communicated effectively to PB/MK, and that emphasis be placed on communi

cating these data, emphasizing their implications with respect to construction 
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and machine design. This should be a top priority, and should receive support 

and encouragement from DOE. 

While the selection of the AE/CM has been made, DOE approval to begin 

negotiations that will allow bringing PB/MK aboard has been withheld, at least 

until the SSC Laboratory submits to DOE several procedural manuals. The SSC 

Laboratory is in the process of completing these. It is understood that a 

Letter of Cost Incurrence will be obtained from DOE by the end of May. This 

would not be the equivalent of a Letter of Intent, but would allow limited 

activity with PB/MK for 30 - 120 days and speed contract negotiations. 

PROJECT MANAGEMENT 

The CCD has prepared a Mission Statement for use in negotiations with 

PB/MK and in CCD organizing and staffing. While this statement was not 

reviewed, the panel commends the action as an essential step in getting the 

CCD program implemented. It should be expanded quickly into a management 

program, a list of specific task assignments with accompanying work state

ments, budget allocations, and schedules. The recommendations in the USNCTT 

Report, "Contracting Practices for the Underground Construction of the Super

conducting Super Co1lider," contains useful checklists (in particular, see 

Chapter 2). 

The Secretary of Energy sent a letter (March 20, 1990) thanking the 

National Research Council for the useful guidance in the report, "Contracting 

Practices for the Underground Construction of the Superconducting Super Co1-

lider." He indicated that many of the recommendations would be followed. 

Perhaps this information should be circulated more widely within the DOE and 

SSC Laboratory. Also, the report itself is worthy of broader application 
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within the CCD and other project agencies. 

It is the intention of CCD to keep its staff to a maximum of 25. The 

panel applauds the intent to keep a small staff as coordinators and facili-

tators who will not duplicate the functions and tasks of the AE/CM, whom they 

should be broadly directing and guiding, and for whom they should be " run-

ning interference" so they can effectively accomplish the things they are 

responsible for. The panel emphasizes the latter point. It is important that 

the CCD not only issue clear directions, but be available to assist the AE/CM 

and others, as requested, in quickly obtaining decisions, access to informa-

tion or other agencies, and removal of road blocks impacting progress of the 

work. Too many clients or agencies act on the basis that their responsibility 

is to prevent things from happening, rather than being responsible to see that 

a lot of things do happen. The project must not have a rigid management style 

in which high level approvals of low level and detailed items are required 

before action can be taken. 

To start making progress, the CCD should have in hand authority to act 

on: 

• A management plan with emphasis on the first two fiscal years of the 
project. This will be an expansion of the Mission Statement, as 
discussed above. 

• A staffing plan, including an organization chart and job descrip
tions or responsibilities. Lines of authority and reporting chan
nels should be shown, as well as planned dates for filling jobs, 
e.g., construction supervisors later than design managers. Organi
zation and staffing should be made flexible to meet changing devel
opments. 

• A plan for negotiations with the AE/CM. Based on the Mission State
ment, it should include a work program with emphasis on the first 
two years, estimated manpower requirements, estimated costs and 
reimbursements, procedures to handle flexibility and change, and a 
fee arrangement tailored to an uncertain amount of reimbursement in 
any given contract period, i. e., not a dollar amount fixed in 
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advance. 

• Plans for preparing the contract package(s) for the PIF on the 
necessary schedule. This requires some action prior to PB/MK being 
aboard. 

Members of UTAP may be helpful in suggesting prospects for the CCO staff, 

if provided with information on job vacancies and the qualifications desired. 

Skills required may be presumed to include AE/CM contract management, design 

management in conventional facilities, as well as cryogenics, power, utilities 

relocation, program control, cost control and reporting, and construction 

contract monitors. Members of CCO should act as coordinators and facilitators 

not in conflict with or duplication of AE/CM functions. 

Schedule for the work requires better definition. There will, of neces-

sity, be aspects of the project with regard to the accelerator and related 

equipment that will continue to change as design is pursued. There should, 

however, be as firm a schedule as possible, even if generous time allocations 

.are necessary. Experience indicates that as program and schedules are firmed 

and communicated, they become a driver for all activity. When changes occur 

on a frequent basis, communication cannot work fast enough to ensure proper 

coordination and progress. 

It is urgent that CCO detailed design and construction activities get 

underway, efficiently, as early as possible; this is important not only for 

cost and schedule achievements, but to demonstrate now that the project is 

being managed and prosecuted in a way that merits further financial and other 

support. 



-12-

FUTURE ROLE OF UTAP 

As the AE/CM comes aboard, the nature of the project and the geotechnical 

requirements of UTAP will change. To be effective, the role of UTAP should 

be scrutinized and adapted to project needs both by CCD and panel members. 

It is likely that managerial issues will become an increasingly important 

concern for UTAP. It would be appropriate, therefore, for UTAP to focus more 

on managerial issues and address a broader balance of needs related to the 

design and construction issues of the project. 

In the immediate future, UTAP can promote a more efficient transition 

from the RTK contract to PB/MK as AE/CM. It is recommended that the next UTAP 

meeting be conducted as a workshop involving participants from CCD, PB/MK, and 

RTK team members. The meeting would not emphasize formal presentations, but 

would involve open discussion for the identification and elucidation of criti

cal design issues and interpretation of site data. The purpose of the meeting 

should be to put forward major design issues and stimulate effective dialogue 

among CCD, PB/MK, and RTK, with guidance from UTAP. 
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EDWARD J. CORDING • GEOTECHNICAL CONSULTANT 

P.O. BOX 125 • NO.4 COLLEGE PARK COUR, • SAVOY, ILLINOIS 61874 
TELEPHOH!: (217) 3:; 1 ·8709 
CABLE:OI!OCI!NTER 

TEl-EX: 7~393e (C;EOCENTE'R (JO) 
TELECOI>V; (217) 351·8700 

Mr. Robert M. Matyas, Associate Director 
Conventional Construction Division 
superconducting super collider Laboratory 
2550 8eckleymeade Avenue, Buildin9 4 
Mail Stop 2011 
Dallas, Texas 75237-3946 

Subject: sse Large Diameter Drillhole 

Dear Mr. Matyas: 

18 April 1990 

I am pleased that the sse Lab has prepared a plan for 
advancing a large diameter drillhole to investigate the behavior of 
the Eagle Ford Shale. The fact that the ring and detector halls 
can not be constructed without penetrating through the ohalk into 
the Eagle Ford Shale has been of great conoern to me, and has been 
emphasized in the reports of the Underground Technical Advisory 
Panel. 

The shale is weak enough that the stress changes at a depth of 
200 ft can produce stress-induced fracturing and heave that will 
require very heavy support and specialized construction techniques 
to control. The required measures for support and excavation will 
be far from routine, in either open cut excavations or underground 
chaJl\l)ers. The conditions will impact oonstruction cost, and, 
perhaps even more siqniticantly, could impact schedule. it the 
plans tor stabilizing and controlling the shale are inadequate. 
Further, the stability of the detectors depends on the proper 
design of foundations in the Eagle Ford Shale to limit or adjust 
movements. 

At present, we do not have experience with the Eagle Ford 
Shale at the depths planned for the detectors. The enoounters with 
l!:a9le Ford Shale in foundations in Dallas have been at much 
shallower depths, and the stresses have not been large enou9h to 
produce the results that will occur at greater depth. 

Therefore, I conclude that direct observation and monitorinq 
of the behavior of the Eagle Ford Shale should be oarried out in an 
open excavation at the earliest possible date. The large diameter 
drillhole investigation that is proposed in the March 1990 report 
by RTX will help provide such information. I strongly support the 
proposed investigation, and its initiation as soon as possible. 

EJC:mall 



Eugene B. Waggoner 
Consulting Engineering Geologist 

April 19, 1990 
336 Seawind Drive (707) 643-1383 
Vallejo, CA 94590 

Mr. Robert M. Matyas, Assoc. Director 
Conventional Construction Division 
Superconducting Super Collider Laboratory 
2550 Beckleymeade Avenue, Building 4 
Mail Stop 2011 
Dallas, Texas 75237-3946 

Dear Bob: 

I have just received your letter of April 9th, including a 
copy of the proposed Construction and Instrumentation of 
the Large-Diameter Drilled Hole (LLD). 

The plan is concise and clearly stated with no gobbledy
gook language so often found in such documents. My compli
ments to those who prepared it. My reaction to it is one 
of great satisfaction. Conducting such practical geotechni
cal-geological testing at the specific site of the planned 
construction and doing it prior to final design will prove 
to be of great benefit. Some of the specific benefits I 
visualize are: 

* Rockmass behavior data is bound to be much more 
reliable for ultimate design use. Much better than 
tests on cores in a laboratory. 

* Visual and tactile contact with the entire geologic 
section at the actual site and close to where some 
particularly important structures are to be built 
will not only provide helpful design information, 
but provide potential contractors with first hand 
knowledge of the formations they will be working 
with later. 

* The information the contractors obtain at this time 
will, I feel certain, significantly reduce the con
tingencies ordinarily built into their bids and will 
result in a lowering of construction costs that" will 
more than return the cost of this testing. 

* Doing this work now and making the data available 
right away will provide contractors more time to plan 
their bidding and to perhaps induce more innovative 
construction thinking. 



Mr. Robert M. Matyas 2. 4/19/90 

* The sooner such testing starts and data are 
gathered the more time we have for observing ground 
reactions before final design is started. And we 
all know that ground reaction times before reaching 
equilibrium conditions are usually very gradual. 

* Good testing equals good data, equals good design, 
equals good construction, equals fewer adverse 
ground performances/surprises during operational use. 

The instrumentation planning looks well thought out. One 
thing that comes to mind as part of the overall testing is to 
have someone specifically observe and record slaking/spal
ling tendencies of the various formations, right after ex
posure and testing, by spraying some exposures to seal in 
natural moisture and comparing them with some unsprayed ex
posures. The contractors will like to know about this and 
the data could be useful in designing wall protection or 
support before tunnel lining is put in or for protecting 
walls of deep open excavations. 

Likewise, I hope careful observations will be made of all 
groundwater conditions. 

Another thought to be considered is the possible adverse 
effect on the whole LDD hole testing program of occurrence of 
thunderstorm rains while the drilling is going on. Uncon
trolled water could screw up the tests. Perhaps we might 
spread PVC for a reasonable radius around the test hole, 
with a strong drainage incline away from the hole; and per
haps some sort of unbrella or cover devise could be avail
able to cover the hole itself temporarily during such a 
storm. 

Lastly, I hope someone makes a cam-corder record of the 
drilling record of the drilling and testing procedures and 
of the rock exposures as they are revealed. 

Well, that's my reaction to your fine report. I'm looking 
forward to our meeting in May. 

Regards, 

EUGENE B. WAGGONER 
CC to Dr. Thomas O'Rourke 


