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A special task group was organized by the u.s. National Committee for 
Rock Mechanics and the Board on Radioactive Waste Management of the Nation­
al Research Council to address issues relating to the geotechnical site 

characterization program for an underground facility to house high-level 
radioactive waste of the Basalt Waste Isolation Project ( BWIP). Intended 
to provide an overview of the geotechnical program, the study was carried 
out by a task group consisting of ten members with expertise in the many 
disciplines required to successfully complete such a project. 

The task group recognized from the outset that the s hort time frame of 
this study would limit its ability to addres s all geotechnical issues in 
detail. Geotechnical issues were considered to range from specific techni­

cal aspects such as in-situ testing for rock mass permeability, rock hard­
ness testing in the laboratory, or geologic characterizations and quantifi­

cation of joints, to broader aspects of design philosophy, data collec­
tion, and treatment of uncertainty. The task group chose to focus on the 
broader aspects of underground design and construction, recognizing that 
the BWIP program utilizes a peer review group on a regular basis which re­
views the specific technical questions related to geotechnical engineer­
ing. In this way, it was hoped that the review provided by the task group 
would complement those prepared by the BWIP peer review group. 

The task group consisted of professionals in key fields needed to 
des ign underground structures from industry, academia, and government. 
All were volunteers in giving their time. The group met twice for two-day 
meetings, consisting of briefings given by BWIP staff from the Department 

of Energy (DOE), its contractors, and the Nuclear Regulatory Commis sion 
( NRC), task group deliberations, and report writing. . 

The task group understands that complex relationships exist among the 
various parties involved in this program, including the BWIP project 

office in Richland, Washington, Department of Energy headquarters in Wash­
ington, D. C., and the NUclear Regulatory Commis sion. The task group delib­
erately chose not to comment on the nature of these relationships. There­
fore, all of the recommendations in the report are addressed to the spon­
sor of this report, the BWIP project office, even though it is understood 
that some project activities were undertaken at the request and under the 
guidance of DOE headquarters, while others were undertaken as a result of 
rules and regulations from the Nuclear Regulatory Commis sion. The task 

group chose not to make any distinctions in its recommendations, but sim­
ply to address those is s ues that were affecting the technical quality of 
the geotechnial program. 

1 
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The following recommendations are a result of the work of the task 

group : 

1 .  The task group views the current design process as being driven by 

1 icensing requirements and recommends that this emphasis be reconsid­

ered. 

The objective of the DOE program is to construct a repository for 

high-level nuclear waste safely and efficiently. The primary consid­

erations should include the construction aspects of this project and 

the operational requirements of the repository. Licensing should not 

inappropriately dominate the site characterization planning process. 

2. The performance objectives and design criteria should be stated 

clearly and concisely in a single document. 

The task group had difficulties in extracting and prioritizing the 

performance objectives of this project because of the many diverse 

documents involved. It is thought that a single compendium of these 

performance objectives and design criteria would lead to better under­

standing and coordination among the various disciplines and depart­

ments involved in this project. 

3. The documentation should include a description of the conceptual 

models for behavior and discussions that relate data collection activi­

ties to the conceptual models. 

Such discussions should state the purpose of the testing, explain 

how the results will be used, and should note the limitations of the 

tests. A clear understanding of the relationship between the concep­

tual model and data collection should be evident. 

4 .  Data collection for alternative designs should be a part of the 

site characterization program, to account for the uncertainties in 

ground conditions. 

Uncertainties are always a part of underground projects: both the 

design and construction method should be able to accommodate these 

uncertainties. The task group felt that the BWIP program does not 

adequately recognize this uncertainty, particularly during the data 

collection activities planned in the exploratory shaft facility. The 

program should include data collection that relates to alternative 

designs--or contingency designs--so that the program can proceed when 

unanticpated ground conditions are encountered during construction. 

5. A thorough and consistent approach to treating uncertainties, 

using established analytical techniques, should be included in the pro­

gram. 

6.  The program planning should recognize that an observational ap­

proach is needed during the site characterization phase and during con­

struction. Provisions for performance monitoring during construction 

and operation should be a part of the program. 

It was also apparent to the task group that the observational ap­

proach was not accommodated well by the quality assurance program. 
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The quality assurance program does not easily accommodate likely 
changes in field testing, changes in laboratory testing, and changes 
in design as the actual ground conditions are uncovered. The quality 

assurance program should be reviewed in detail by experts in the field 

of underground design and construction. This effort should involve 
the Nuclear Regulatory Commission, since NRC oversight activities will 
be closely tied to the recommendations resulting from such an effort. 

7 . A multidisciplinary approach is needed to conduct efficiently and 
effectively a site characterization program of this magnitude. Inter­
action among the technical staff should be actively and forcefully pur­
sued to guarantee this multidisciplinary approach. 

8. Regular interaction with other project offices, national research 
institutions, foreign institutions studying similar problems, and pro­
fessionals at scientific forums should be encouraged. 

9. Where appropriate, BWIP should adhere to nationally or internation­
ally recognized test standards. 

10 . Considerable developmental research is needed to address adequate­
ly the technical issues of designing and constructing a nuclear waste 

repository at the depths considered. 
Many of the scientific answers to questions which must be addressed 

by the BWIP program to provide confidence in the effectivenes of a re­
pository design are going to be found in state-of-the art research pro­
grams. A significant investment in underground developmental research 
should be undertaken now to assure that the answers are available for 
purposes of design and construction. 

11 . Attention should be given to the instrumentation program for site 
characterization and performance monitoring during construction. 

• Construction specifications for the exploratory shaft and test 
facility should be written in anticipation of interference and 
unanticipated delays resulting from the testing program. 

• The number of personnel allowed access to the test facility 
should be made compatible with the needs of the testing program. 

• Funding considerations and lead-time for the development of 
specialized instrumentation should be given careful considera­
tion during the planning phases of site characterization. 

• The procurement process for instrumentation should be reviewed. 
Instrument specifications should be complete and realistic7 pre­
qualification of instrument suppliers should be introduced7 a 
realistic acceptance testing program should be instituted 7 and 

sole-source contracting should be a part of the procurement pro­
cess, as appropriate. 

1 2. The possibilities and limitations for using geophysical techniques 
to assist in characterizing the site should be explored more fully. 
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13. This project is highly visible (appropriately), and the ability 'to 
communicate to the experts and the public the purpose and progres s of 
the work, and the consideration given to each of the iss ues, is ·an im­

portant aspect of the project. The documentation, presentation 

material, and briefings should be clear, concise, and coordinated. 
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IN'l'ROOUCTION 

This report, Underground Enqineerinq at the Basalt Waste Isolation 
Project, was prepared at the request of the Geosciences and Technology 
Division of the Basalt Waste Isolation Project (BWIP), u.s. Department of 
Energy. The report is a product of a special task group, organized by the 
u.s. National Committee for Rock Mechanics and the Board on Radioactive 
Waste Management of the National Research Council, to study those is s ues 
that relate to the geotechnical site characterization program required for 
the engineering of a high-level nuclear waste repository in basalt. The 
intent of the study has been to provide an overview of the geotechnical 
program at BWIP, to addres s the broader aspects of geotechnical design 
philosophy, data collection and treatment of uncertainty. 

Given the brief nature of this study, the task group was not able to 
addres s in detail the many technical issues involved with the underground 

engineering of this project. It did, however, recognize several generic 
issues that are key to the success of most underground construction proj­
ects and critical to the design and construction of an underground nuclear 
waste repository. In addition, the task group offered sane recommenda­
tions on presentation which would lead to improvements in the technical 
quality of the work at BWIP. 

Several generic iss ues are illustrated by s pecific technical examples. 

These examples are intended to be illustrative in nature only. An example 
is used either to explain or emphasize a particular iss ue. It was not 
always possible in the course of preparing this report to research exhaus­

tively the information that well might impact a particular example. If a 
specific example is presented incompletely, the reader is cautioned to 

note that it is the generic iss ue itself, and not the specific technical 
example, that is of importance. 
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PROCEDURE 

The members of the task group were selected for their s pecial 
expertise in key fields that are needed to design underground structures, 
including hydrology, in-situ stress, geotechnical instrumentation, 
numerical modeling, underground construction, field geoloqy, and mine 

des ign. Of the ten members, three were from government institutions, 
three were from private practice, and four were from academia. All were 
volunteers in giving their time to this study. 

The task group convened twice, for two-day meetings. The first meet­
ing was held in Richland, washington, at the BWIP project offices, where 
the task group was briefed by BWIP staff and their contractors about the 
hydrology, geology, and geotechnical program. The second meeting was held 
several weeks later at the National Research Council offices in washing­
ton, D.C. It included discussions with representatives of the Nuclear 

Regulatory Commis sion and with representatives from the Office of Civilian 
Radioactive waste Management of DOE headquarters in washington, D.C. 

The task group had available to it, in addition to the briefing mate­
rials prepared by BWIP : 

• a draft of Chapter 1 . 0, •Geology,• of Site Characterization Plan 
for the Basalt waste Isolation Project, 

• a draft of Chapter 2 . 0, •Geoengineering,• of Site Characterization 
Plan for the Basalt waste Isolation Project7 

• a draft of Chapter 6 .0, •conceptual Design,• of Site Characteri-

zation Plan for the Basalt Waste Isolation Project7 
• Annotated OUtline for Site Characterization Plans7 
• Is s ues Hierarchy for a Mined Geologic D isposal System7 

• Code of Federal Regulations-Energy, Title 10, Chapter 1, Part 60, 
•Disposal of High-Level Radioactive Wastes in Geologic Reposito­
ries ' Licensing Procedures• , 

• a draft of Systems Eng ineering Management Plan7 
• Project Management Plan for the Basalt Waste Isolation Project7 

• Repository Horizon Identification Report7 
• Task v, Engineering Study No. s, Shaft Optimization, 

• Task v, Engineering Study No. 6 ,  Tunnel Optimization' 

• Task v, Engineering Study No . 7 ,  Waste Emplacement Optimization' 
• Task v, Engineering Study No. 10,7 
• Task VI, Final Report 12, Ground-Control Strategy for the Nuclear 

Waste Repository in Basalt7 
• a draft of Rock Mechanics Technical Plan7 
• drafts of study plans involving special geotechnical problems7 

• Environmental Assessment7 and 

• draft of System Engineering Management Plan. 
6 
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PROGRAM TOPICS 

The followinq thirteen areas were found to have problems whose reso­

lution could lead to a more effective qeotechnical site characterization 

proqram . 

1. Desiqn for Licensinq vs Desiqn for Performance and Construction 

The task qroup views the current desiqn process as beinq driven by 

licensinq requirements, drafted by the Nuclear Requlatory Commis sion, and 

formalized in Rules and Requlations, Title 10, Chapter 1, Part 6 0, enti­

tled •Disposal of Biqh-Level Radioactive Wastes in Geoloqic Repositories­

Licensinq Procedures. • It is recoqnized that every effort must be made to 

satisfy these requirements, but there is concern that the requirements 

have become the focus for desiqn efforts, to the exclusion of other equal­

ly important performance and construction criteria. It is not apparent 

that the underqround desiqn and site characterization plan pays sufficient 

attention to enqineerinq considerations relatinq to performance and con­

struction. 

For example, much emphasis has been qiven to the maqnitude and direc­

tion of the in-situ stress . Tunnel shapes and orientations have been se­

lected for conceptual desiqn primarily on the basis of the in-situ stress 

characteristics. No discussions could be found reqardinq the construction 

procedure and its relationship to tunnel shape. The effect of usinq a tun­

nel borinq machine will be different from drill-and-blast construction. 

This type of direct consideration of the construction process in the plan­

ninq of a site characterization proqram was not found in the documentation 

and briefinqs available to the panel. 

I t  is recommended that the BWIP staff reconsider the emphasis qiven to 

licensinq requirements and promote performance criteria and construction 

considerations in their planninq. The whole concept of satisfyinq the ele­

ments described in 10 CFR Part 6 0  appears to dominate the decision makinq 

of the proqram to the detriment of equally important construction and 

operational aspects of the proqram. The objective of this entire exercise 

is to build a repository in a safe and effective manner, and licensinq is 

a part of that objective, but licensinq requirements should not dominate 
the process. 
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2. Performance Objectives and Design Criteria 

The task group had difficulty in extracting from the various documents 

the technical performance criteria for which the BWIP facility will be de­

signed . The Mission Plan for the Civilian Radioactive Waste Management 

Program contains • a hierarchy of generic issues 7 • the Issues Hierar­

chy for a Mined Geologic Disposal System presents •the issues t� DOE 

will use to guide development of site characterization plans�· the 

draft of Perffrmance Allocation Guide is • a method for guiding the test­

ing program� • and the General Requirements for a Mined Geologic Dispo­

sal System and the Waste Management Systems Requirements and Descrip­

tions contain •functional and operati�g requirements as well as design 

and operating-efficiency requirements. • Each of these documents appar­

ently includes items that relate to performance objectives and design 

criteria, but it is not clear which document takes precedent, if any. An 

attempt was made in the Environmental Assessment to describe the broader 

scale licensing requirements, but the more specific performance objectives 

of the repository are found in several documents. 

Items are available in diverse places in diverse documents, but clear 

and concise statements of the design criteria and the performance objec­

tives were not found, nor could the task group find a clear exposition of 

the characteristics and behavior of the rock mass assumed for purposes of 

developing a conceptual model in the documents reviewed and briefings 

given. Since these criteria form the basis for the conceptual model, 

which in turn affects the proposed testing program, it is important to 

have a clear delineation of such criteria and any assumptions made 

regarding rock mass behavior. 

For example, an objective of this project is to understand the nature 

of the hydrologic flow in the interflow zones. Three assumptions might be 

made regarding the material characteristics in these zones� each would re­

sult in a different conceptual model which in turn would lead to a dif­

ferent testing approach to validate the model. One assumption might be 

that the zones are highly brecciated and therefore should be treated as 

having homogeneous flow characteristics. Another assumption might be that 

the zones are somewhat brecciated and should be considered as having het­

erogeneous flow characteristics . A third assumption might be that the 

zones consist of tube-like structures that would result in horizontal flow 

characteristics, orders of magnitude different from the flow characteris­

tics in the vertical direction. 

1u.s. Department of Energy. 1986 . Issues Hierarchy for a Mined Geolo­

gic Disposal System (OGR/B-10). Washington, D. C. :  u.s. Department of 

2
Energy, Office of Civilian Radioactive Waste Management. p iii. 

3
Ibid. 

u.s. Department of Energy . (not in print). Performance Allocation 

Guide (draft). Washington, D. C. :  u.s. Department of Energy, Office of 

4
civilian Radioactive Waste Management. p 1. 

u.s. Department of Energy. (not in print) . Site Characterization Pro­

gram, Section 8 . 0 (draft). Washington, D. C.: u.s. Department of 

Energy. p 8. 8-8.  

8 

Copyright © National Academy of Sciences. All rights reserved.

Underground Engineering at the Basalt Waste Isolation Project
http://www.nap.edu/catalog.php?record_id=19187

http://www.nap.edu/catalog.php?record_id=19187


If appropriate criteria have been selected and made, they are buried in a 

variety of sections in various documents. This is a shortcoming because a 

clear understanding of the criteria and a coherent compendium of the 

assumptions should form the basis for the succeeding steps of the design 

process. 

It is recommended that a single coherent list of performance objec­

tives, design criteria, and as sumptions be prepared. SUch a document 

would encourage coordination among the disciplines and departments, would 
set the basis for the conceptual design, and would make peer reviews such 

as this proceed more smoothly. 

3. Establish the Relationship Between Design, Underlying Models and Data 

Collection 

The relationship that ties data collection to the design and underly­

ing models should be emphasized. The task group would like to see more ef­

fort made to elucidate specifically why certain tests are planned, and how 

each test will be used to validate the conceptual models, such as the hy­

drologic, geologic, structural, and construction models. 

For example, Task V, Engineering Study Number 6 ,  Tunnel Optimiza­

tion, discusses the conceptual design of the tunnel system, and notes in 

the executive summary the fol lowing two points: 
0 0 

• •Epoxy resin bolt performance at temperatures up to 14 0 F ( 6 0  
C) should be verified, and the epoxy formulation developed further, 

if required. • 

• •Grouted rock bolts should be analyzed and tested to determine com­

patibility with the rock under temperatures that may be encountered 

in placement drifts. • 

The tunnel optimization study, which presents the conceptual design 

for the tunnel system, assumes that rock bolts will be used to support the 

rock during construction, but notes that currently available equipment has 

not been tested under the conditions anticipated at the depths of the pro­

posed repository. The 1986 version of the draft Rock Mechanics Technical 

Plan does not indicate that such tests and evaluations are, in fact, in­

cluded in the plan. The bridge from conceptual design to testing has not 

been made. 

The need for bridging from conceptual design to data col lection is evi­

dent in other aspects of the design process also. BWIP proposes to uti­
lize extensive computer models to analyze the behavior of the repository. 

Field tests in the exploratory shaft facility are to be used to validate 

the computer models. The link between the model s and the field tests is 

not clearly stated in the documentation. The documentation should respond 

to questions such as: 

• What are the appropriate conceptual models? 

• What is the purpose of the field test? 

• What data will come out of the field test for use in testing the 

conceptual model? 

• What are the limitations of the model? 

• What are the limitations of the field test? 

9 
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• How do the boundary conditions in the field test relate to assumed 

boundary conditions in the model? 
• How does the scaling factor affect the interpretation of the field 

test? 

• What are the anticipated ranges of values that will result from the 

field test? and, 

• I s  the proposed instrumentation capable of measuring to the 

required accuracy over the anticipated range? 

The answers to questions such as these provide a solid basis for con­

ducting tests in the exploratory shaft facility. The task group recom­

mends that this approach to developing and documenting a data collection 

and testing program be adopted by the BNIP staff. 

4. Data Collection for Alternative Designs 

An adequate site characterization program for underground construction 

must include additional data collection and developmental research in 

areas not necessarily associated with the conceptual design, but perhaps 

related to an alternative design. Designers of underground construction 

projects must be well aware of their limited ability to forecast the ac­

tual conditions of the rock mas s encountered during the course of an exca­

vation. A well-known adage notes that the final plan for building an un­

derground structure cannot be known with certainty until the structure is 

completed. As unexpected conditions are encountered, the design and con­

struction must be able to cope and change as needed to construct a facili­

ty that will meet the performance criteria. A site characterization 

program should recognize this need, and include a certain amount of data 

collection to support alternative designs or designs in alternative units 

if required . 

For example, the program is apparently committed to the Cohassett for­

mation as the geologic unit for the repository. Given the uncertain na­

ture of the formation, it might be prudent to continue to collect limited 

data from one or two other units at this early phase of site characteri­

zation. A tremendous expenditure will be made to implement the site 

characterization program. It would be imprudent to make such a large in­

vestment, then not use that investment to t�e fullest. As the exploratory 

shaft is being lowered, sampling or perhaps limited drifting and testing, 

should be undertaken in additional units. The Cohassett might prove to be 

an inappropriate unit for siting a nuclear waste repository, and the BWIP 

program should be prepared to consider another unit. In addition, data 

from other units will also add to the ability to predict the behavior of 

the Cohassett. Therefore, the collection of data on other units as the 

shaft is lowered should be a part of the site characterization program. 

s. The Role of Uncertainty 

Although there is much experience with underground construction in the 

United States, certain aspects of such a task are fraught with uncertain­

ty. The natural environment, the duration of the design life, and the 

10 
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many man-induced processes affecting the repository are such aspects. The 

design and construction of underground structures is more an art than a 

science . The BWIP program should give consistent consideration to the 

role of uncertainty in the design and construction of this project . In­

deed, federal regulations require explicit consideration of uncertainty in 

the licensing process of radioactive waste repositories and this has to be 

based on considerations of uncertainty in design and construction among 

others (Einstein and Baecher, 1 9 8 6 ). While the draft System Eng ineering 

Management Plan, and Environmental Assessment address this issue, it is 

not something that is routinely and consistently discussed in the other 

documentation. When addressed, the terminology and procedures are incon­

sistent and in conflict with those of other practitioners in this area. 

For example, some procedures for considering uncertainty involve •per­

formance allocation• which is used to decide which tests should be uti­

lized at what level of detail. Certain system components of the reposi­

tory are selected, then •performance measures• and •performance goals• for 

each component are delineated. •Performance confidences• are determined 

for each component. Ultimately, the results of tests and analyses 

described by the Site Characterization Plan should ettain these goals 

and confidences. 

The objective of this •performance allocation• procedure and the in­

tent to assess uncertainties is appropriate . However, the procedure ap­

plies new and confusing terminology to well-established decision-making 

analytical techniques. It can lead to erroneous statements. For in­

stance, no unique relation can be established between •performance goals 

and their confidences• and •parameters and their confidences. • (Also, the 

different use of the term •confidence,• which has a well-established mean­

ing, is confusing and unnecessary. ) 

The •performance allocation• procedure is oriented toward the licens­
ing requirements and distinguishes between •licensing criteria• and •per­

formance goals . •  If exploration and test planning methods based on deci­

sion analysis were applied, such distinctions would not be required. 

In contrast to the probl ems noted above, a satisfactory and comprehen­

sive consideration of uncertainty is included in the draft Project Manage­

ment Plan and in the Environmental Assessment. In the former, several 

sources of uncertainty are identified--the ranking process recognizes most 

aspects of decision making under uncertainty, and recommendations that al­

ternative courses of action proceed on this basis are included. In partic­

ular, it suggests that uncertainties in different performance attributes 

be considered and that risk analyses be conducted. I n  the Environmental 

Assessment, the system and some of the details of a probabilistic risk 

assessment (PRA) procedure are presented. somehow, however, it seems that 

the statements in these two documents have not found their way into the 

others' in particular, with regard to consequences on exploration, test­
ing, design, and construction. 

It is recommended that the concepts indicated in the System Engineer­

ing Management Plan be implemented in the form of a thorough and unified 

approach to treating uncertainties. such an approach (Einstein and Bae­

cher, 1986 ) would provide, on the basis of a consistent systematic 

procedure, methods for: 
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• planning of exploration and testing, 

• comparison of different design, construction, and operating alterna­

tives, 

• consideration of natural and man-mad� hazards, and 

• probabilistic risk assessment. 

6 .  The Observational Approach 

The typical underground engineering project uses an observational ap­

proach from start to finish. Such a method involves preliminary explora­

tion that feeds into a conceptual design based on the •most likely ground 

condition• and contingency conceptual designs for other conditions. Such 

designs include the determination of critical performance parameters which 

will be measured during construction, and a prediction of their magnitude. 

The design should also determine the type, location, and frequency of a 

performance monitoring system. As construction proceeds, the results of 

the performance monitoring feed back into the conceptual design where the 

design is modified to accommodate the actual conditions encountered during 

excavation. 

The task group was pleased to note the observational approach in the 

draft study, Ground Control for the Nuclear waste Repository in Basalt. 
The study addresses the ground control requirements through the entire 

lifetime of the facility. The study notes that initially, a strong reli­

ance on analytical methods will be needed. As experience with facility 

construction is gained, specific empirical methods can be developed to 

guide the construction that follows. This integrated design-construction 

approach makes the best use of the observational method. It makes effi­

cient use of experience gained on site and encourages the use of new devel­

opments in underground technologies. 

The task group did recognize, however, that plans for quality assur­

ance appear to run counter to the observational method. Current quality 

assurance methods typically require preapproved specified procedures for 

testing as well as preapproved instrumentation. In theory, the program 

has some flexibility to accommodate changes in testing methods and instru­

mentation, but in practice, the long approval process for these procedures 
discourages change and innovation. The quality assurance activities that 

are a part of the BWIP program must consider the unique aspects of under­

ground design and construction that require constant optimization of 

procedures and equipment as changes in ground conditions are encountered. 

For example, the design of the instrumentation program that will com­

plement the testing in the exploratory shaft facility must be responsive 

to the ground conditions as they are revealed. The quality assurance 

procedures must be highly flexible to accommodate changes in the testing 

and instrumentation procedures. A series of •what if• scenarios with 

corresponding courses of action might be the way to approach such a 

quality assurance program. 

There is concern that quality assurance activities developed for use 

in designing and constructing nuclear power plants on the surface of the 
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ground are being allowed to serve as a model for qual ity assurance activi­

ties for underground construction. This is not an appropriate way to 

achieve a successful underground project. The task group recommends that 

DOE convene specialists in underground construction with specialists in 

traditional quality assurance programs to develop a quality assurance pro­

gram specific to the needs of underground activities. SUch an effort 

should include close liaison with the Nuclear Regulatory Commission, since 

NRC oversight activities will be closely tied to the results of this ef­

fort. This is essential if the program is to gather the appropriate under­

ground data, and to avoid delays and cost overruns during construction of 

the test facility. 

7 .  A Multidisciplinary Approach 

It is not the intent of the task group to offer suggestions on issues 

pertaining to management of the program. The expertise of the group is 

technical. However, where these issues affect the quality of the techni­

cal program, the group felt an obligation to address them . 

Underground construction is a dynamic process. The ground affects the 

behavior of the excavated opening, tmposing loads on the support and often 

dictating changes in construction method. The excavation affects the be­

havior of the ground, unloading and loading the rock mass, and changing 

established groundwater flow patterns. This dynamic process requires that 

geologists, hydrologists, structural and geotechnical engineers, geophysi­

cists, geochemists, and construction practitioners work together. 

If this project is to be completed successfully, a multidisciplinary 

approach to design and construction is required. There seems to be a fair 

amount of communication on a personal level between different groups 

working on BWIPJ however, rock mechanics design work does not seem to be 

closely tied to the work in the laboratory or the work in the near-surface 

test facilities. It appears that even simple tests must be requested by 
letter routed through •appropriate channels. • Similarly, coordination 

among groups in the preparation of study plans appears to be lacking. For 

example, there appears to be a lack of consistency in the proposals for 

geophysical tests and mapping approaches for the exploratory shaft among 

the various (draft) study plans. Another example involves cooling-joint 

and tectonic-joint study plans, which are separate documents at present. 

Although understandable from a geologic point of view, this approach does 

not seem conducive to coordinated exploration, and study plans for cooling 

joints and tectonic joints should be integrated. 

The task group is concerned that interaction among the technical staff 

necessary to complete this project successfully has not been incorporated 

into the management of the program, and recommends that this be done . In­

dividual staff members recognize that communication among disciplines is 

important, but such interaction does not appear to be stressed in the pro­
gram. This interaction should not be a discretionary matter--rather, it 

should be actively and strongly encouraged. 
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8. Scientific Insulation 

Much work has been done and is being done currently in nuclear waste 

storage technologies in the United States and abroad. The BWIP program 

should take care not to become insular. 

Research and technology in other countries has oftentimes outpaced 

that in the United States, and the program at BWIP could benefit from this 

research. For instance, a geophysical cross-hole testing program at 

Stripa in SWeden to attempt to link the hydrologic behavior of rock with 

its geophysical properties should be of direct interest to BWIP technical 

staff. Similarly, the behavior of underground openings in the mines of 

Elliot Lake, Ontario, should be studied for an understanding of support 

behavior under high horizontal stresses. 

Participation in scientific forums and regular visits to research in­

stitutions in the United States and abroad should be an active part of the 

BWIP program. Participation should include contributions to these scien­

tific forums as well as attendance. Regular presentation of BWIP progress 

to the scientific community at such forums would benefit the program 

greatly as a method of peer review. 

Regular interaction with other project offices within the Department 

of Energy and the Department of Defense would also greatly benefit the pro­

gram. Some of the technical staff seemed unaware of design approaches and 

research efforts that are under way at offices in Carlsbad, Chicago, Colum­

bus, and Las Vegas. For example, significant efforts have been made to 

define requirements, performance, and development needs for instrumenta­

tion in a salt repository environment at the proposed site in Deaf Smith 

County, Texas ( Shuri and Green, 1987 ), and several detailed measurement 

procedures have been written. Some of the issues relating to deformation, 

stress, stress change and temperature measurement are also applicable to 

BWIP. 

It is recommended that regular interaction with other project offices, 

national research institutions, foreign institutions studying similar prob­

lems, and professionals at scientific forums be encouraged. 

9.  Standards 

Where appropriate, BWIP should adhere to nationally or internationally 

recognized test standards. Chapter 2.0, •Geoengineering, • of the Site 

Characterization Plan refers to •swiP operating procedures• in connection 

with test methods but makes no comment on equivalence or comparability to 

American Society for Testing and Materials standards or to International 

Society for Rock Mechanics •suggested methods. • It appears that a signif­

icant effort may have gone into the design and construction of in situ 

test equipment which performs the same function as equipment already 

described in ISRM or AS'l'M publications. If  this is so, it is especially 

surprising in this program because the Nuclear Regulatory Commission has 

just concluded a three-phase multi-year contract with AS'l'M to develop rock 

mechanics property standards for use in the national nuclear waste isola­

tion program. Twenty draft standards have been produced (some of which 

are in print) and about ten more will be produced shortly. 
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As matters now stand, there is no way of establishing clearly the com­

parability of the data presented in Chapter 2 . 0, •Geoengineering• of Site 

Characterization Plan for the Basalt waste Isolation Project, to rock 

property data at other sites. The intent of OMB Circular All9 ( Federal 

Participation in the Development and Use of Voluntary Standards), which re­

quires the use of recognized standards, appears to have been omitted from 

the BWIP effort. The task group recommends that this shortcoming be 

addressed. 

10. Technology Development 

The task group did not see sufficient evidence of developmental re­

search which is aimed at solving issues that are typically out of the 

realm of current practice. If this project is to be completed success­

fully, previous engineering practice must be augmented with new concepts 

that come out of a solidly based developmental research program designed 

to meet the needs of a nuclear waste repository. 

The engineering profession does not have experience to predict such 

things as flow and transport in large volumes of fractured rock, coupled 

the�al-mechanical behavior of basalt at great depth, strength and defo� 

ability of basalt at great depth, in situ stress variation with cavern con­

struction in basalt, and rock support requir•ents for basalt at great 

depth . Developmental research is needed to address issues such as these. 

For example, the use of existing empirical prediction methods to esti­

mate the type and amount of rock support required to stabilize the tunnels 

is likely to be inappropriate for BWIP ( Environmental Assessment, 1986). 
These methods were developed for rock types other than basalt with quite 

different characteristics and behavior. Research to adjust these empiri­

cal methods for basalt and the depths being considered for the repository 

may be required . 

Instrumentation research is likely to be required for the conditions 

anticipated in the Cohassett formation. Test results and instrument be­

havior in the existing surface test facility do not help predict condi­

tions at the depth of the repository . Two examples will be given. First, 

the task group is unaware of a proven instrument capable of making ade­

quate measurements of stress change at depth. The BWIP designer must cir­
cumvent this shortcoming in technology, or must pursue a developmental 

research program in an attempt to fill the gap. Second, instruments cur­

rently available for measuring in situ stress at depth may be affected 

adversely by the close fracture spacing, and research and development may 

be required to overcome this problem. 

The task group recommends that the BWIP staff prioritize research and 

development which should be undertaken now to addres s  issues which are not 

yet clearly understood by the geotechnical community, but which must be 

addressed to accomplish an underground nuclear waste repository. 
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.. ..  

11. Underground Testing and Geotechnical Instrumentation 

In contrast to conventional civil and mining projects, the exploratory 

shaft and test facility at SNIP will be constructed for the primary purpose 

of conducting underground observations and testing. The success of the 

underground testing proqram wil l  be determined in large part by the extent 

to which the testing needs, rather than the construction requirements, 

drive the proqram. The degree of success ultimately achieved by the instru­

mentation will depend significantly upon the nature of the construction/ 

testing interaction. The leading role of testing and instrumentation dur­

ing the site characterization phase of the project should be appreciated by 

all parties, and construction needs (e. g. , schedule constraints ) should not 

be allowed to override the needs of the testing program. This point should 

be fully appreciated when preparing the construction specifications, which 

should be written in anticipation of interference and unanticipated delays 

associated with specific testing/instrumentation activities. 

The testing program will require significant staffing by experienced 

geotechnical personnel. Staffing needs should be planned carefully, and 

any limitations on the number of personnel accessing the test facility 

should be made compatible with the needs of the testing program. It is not 

clear that this has been done. 

Development of appropriate instrumentation requires adequate funding 

and lead time. These needs should be given careful attention at the begin­

ning phases of the project. The geotechnical instrumentation manufacturing 

industry in the United States is relatively smal l, consisting of a few 

firms with limited resources and a total annual business on the order of 

$10 million. They serve an established civil and mining industry market 
with a wide product range, 3 0  to 4 0  percent custom-built, and generally do 

so without large government research and development funds. Consequently, 

they are understandably cautious and skeptical of investing in the special­

ized requirements of instrumentation for studies relating to the disposal 

of high-level radioactive waste, which is perceived to have a limited 

future market. The demands of BWIP will require coordination and cooper­

ation between manufacturers and those engineers responsible for designing 

tests and procuring instruments. Research for instrumentation development 

and modification should be given attention at these early phases of the 

project. The task group recommends that appropriate and timely funding be 

made available. 

The typical practice for procuring instrumentation in the civil and 

mining engineering industries is to use low-bid procurement procedures and 

imprecise specifications. This practice often leads to low survivablity 

rates for the instruments. Reputable manufacturers are sometimes forced to 

cut corners in design and manufacture to underbid each other. Lengthy 

procurement specifications, aimed at circumventing this problem, have been 

tried unsuccessfully. Comprehensive specifications are difficult to write 

because of uncertainties in defining site-specific installation conditions 

and operating environments which are inherent in underground projects. 

The task group recommends that consideration be given to methods for 

procuring specialized instrumentation. The task group believes that qual­

ity instrumentation can be obtained by adherence to four basic quidelines: 
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• Procurement specifications must be complete and realistic, with 

necessary research and development concluded prior to specification 

development. The lead time and cost of this development may be con­

siderable. 

• Prequalification of instrument suppliers should be used in the pro­

curement process. 

• A realistic acceptance testing program must be implemented for each 

instrument type . 

• Instruments should be procured in compliance with Federal Procure­
ment Regulations, following a strategy that will result in the pro­

curement of instruments that meet the essential needs of the pro­

gram. some instruments can be obtained competitively, but provi­

sions should be made for procuring others under sole-source con­

tracts. It is relevant to note that more than 5 0  percent of u.s. 

Government procurement dollars in PY 1982 were spent on contracts 

awarded on a sole-source basis (Perlman, 19 85). As discussed in 

the Appendix, there is ample precedent for procuring instruments on 

a sole-source basis in order to avoid •receiving a product that 

merely meets the minimum requirements of the solicitation, instead 

of the one that is best for the job . • 

The task group believes that the layout and selection of instrument 

types could be optimized further. Pour examples will illustrate this opti­

mization. First, the current plans for plate-bearing tests apparently do 

not include a multi-position borehole extensometer below the plate . The 

absence of this instrument severely reduces the worth of the test. Sec­

ond, current plans for the mine-by test include two lateral obse rvation 

galleries. It may be possible to eliminate one gallery by designing the 

appropriate instrumentation. Por example, a •sliding micrometer• was used 

from a single gallery in the mine- by test at Grimsel (Kovari et al. , 

1987 ). Substantial cross-checks and greater coverage of deformation data 

can perhaps be obtained by using a precise deflectometer (Kovari et al. , 

197 9 ). With this instrument, for a borehole 30 m long, the repeatability 

of deformation
+ 

measurement perpendicular to the axis of the borehole 

appears to be - 2 to 3 mm (i. e. , the instrument is far more precise than 

any version made in the United States). Both the sliding micrometer and 

deflectometer are commercially available from the manufacturer in SWitzer­

land. Third, the sliding micrometer has been used successfully during 

thermomechanical testing at Stripa (Leijon, 19 86), and it may be an appro­

priate instrument for use during BWIP full-scale heater testing. Finally, 

nested piezometers are planned in an attempt to determine hydraulic gradi­

ents, with a required measurement accuracy of 2 5  mm of head. The sealing 
and transducer details are critical for this measurement, and are likely 

to require further research and development by BWIP. 

12 . Geophysics 

The task group did not include a geophysicist, and is reluctant to 

comment in detail on this subject. However, the task group believes that 
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geophysics should be a prominent part of the site characterization .pro­

gram. This project involves the characterization of nearly 2 5 0  Km of 

material (controlled area study zone), and the use of geophysical· tech­

niques to supplement other data collection procedures might be an effec­

tive characterization technique. The use of geophysical techniques for 

site characterization of underground projects is under investigation by 

other federal agencies involved with large excavations in the United 

States, including tunnels for the superconducting super collider (a DOE­

sponsored project), tunnels for defense installations, and the evaluation 

of dam abutments for dam safety purposes. Remote characterization of 

geologic masses was selected by the u.s. National Committee for Rock 

Mechanics as the topic of the 1987 Annual Review of u.s. Progress in Rock 

Mechanics. BWIP might find it useful to coordinate its activities in 

geophysics with activities sponsored by the other federal agencies. 

13 . Presentation Format 

The task group was concerned about the proliferation of documents 

that: 

• use jargon specific to the BWIP program without prior definition. 

For example, Issue 4 . 1 in the Issues Hierarchy, •can the higher­

level findings required by 10 CPR Part 96 0 be made for the qualify­

ing condition of the preclosure system guideline and the disquali­

fying and qualifying conditions of the technical guidelines for 

surface characteristics, rock characteristic, hydrology, and tec­

tonics?• 

• appear to be accomplishing the same objective under different term­

inology. For example, BWIP is using such documents as the •Mission 

Plan,• the •Generic Requirements,• the •Issues Hierarchy,• and the 

•Function Design Criteria,• all of which appear from the titles to 

serve the same objective. The task group knows this is not the 

case, but suggests that one document be prepared to summarize the 

mission/requirements/issues/criteria. 

Joseph Pulitzer eloquently recognized this issue when he wrote the 

following: 

Put it before them briefly so they will read it, 

clearly so they will appreciate it, 

picturesquely so they will remember it 

and, above all, accurately 

so they will be guided by its light. 

It is understood by all that this is a project with some highly un­

usual design considerations that make this a unique effort in underground 

construction. This project, more than most other projects, will benefit 
from peer review. However, peer review can only be facilitated if the 

BWIP staff can successfully communicate the key design points to the pro­

fessional community. The task group is disconcerted that it took a dozen 
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people, and a considerable stack of paper, to brief a group of knowledge­

able engineers and scientists about the underground program . Effective 

peer review, and communication with the public, will not proceed unless 

the BWIP staff can improve the presentation of this project to others. 

The task group recommends that glossaries be included in all the sig­

nificant documents. A clear understanding of the terminology in use with 

this program will benefit the program participants as well as its review­

ers. Same professional advice on presentation formats for briefings might 

be in order as well. 
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... ... 

FINDINGS AND RECOMMENDATIONS 

The task group found that a comprehensive program to address the geo­

technical issues relating to the storage of radioactive waste underground 

has been instituted by BWIP. All of the key disciplines including, among 

others, geology, hydrology, geomechanics, geochemistry, mining engineer­

ing, geophysics, civil engineering, and geotechnical instrumentation are 

represented in the plans of the program. However, some geotechnical 

issues were not being addressed adequately and the following recommenda­

tions are made with respect to these issues : 

1. Licensing should not inappropriately dominate the site characteriza­

tion planning process. The objective of the DOE program is to con­

struct a repository for high-level nuclear waste safely and efficient­

ly. The primary considerations should include the construction as­

pects of this project and operational requirements of the repository . 

2 .  The performance objectives and design criteria should be stated clear­

ly and concisely in a single document. 

3 .  The documentation should include a description of the conceptual mod­

els for behavior and discussions that relate data collection activi­

ties to the conceptual model. such discussions should include the pur­

pose of the testing, how the results will be used, and should note the 

limitations of the test. A clear understanding of the relationship 

between conceptual model and data collection should be evident to the 

reader. 

4 .  Data collection for alternative designs should be a part of the site 

characterization program to account for the uncertainties in ground 

conditions. 

5 .  A thorough and unified approach to treating uncertainties using estab­

lished analytical techniques should be included in the program. 

6 . The program planning should recognize that an observational approach 
is needed during the site characterization phase and during construc­

tion. Provisions for performance monitoring during construction and 

operation should be a part of the program. Similarly, the quality 

20 

Copyright © National Academy of Sciences. All rights reserved.

Underground Engineering at the Basalt Waste Isolation Project
http://www.nap.edu/catalog.php?record_id=19187

http://www.nap.edu/catalog.php?record_id=19187


assurance program should accommodate the observational approach. The 

quality assurance program should be developed by experts in the field 

of underground design and construction. This effort should involve 

the Nuclear Regulatory Commission, since NRC oversight activities will 

be closely tied to the recommendations resulting from such an effort. 

7 .  A multidisciplinary approach is needed to conduct efficiently and 

effectively a site characterization program of this magnitude. Inter­

action among the technical staff should be actively and forcefully 

pursued to guarantee this multidisciplinary approach. 

8.  Regular interaction with other project offices, national research in­

stitutions, foreign institutions studying similar problems, and pro­

fessionals at scientific forums should be encouraged. 

9 .  Where appropriate, BWIP should adhere to nationally or international ly 

recognized test standards. 

10. Considerable developmental research is needed to address adequately 

the technical issues of designing and constructing a nuclear waste 

repository at the depths considered. 

11. Attention should be given to the instrumentation program for site 

characterization and performance monitoring during construction. 

• Construction specifications for the exploratory shaft and test 

facility should be written in anticipation of interference and 

unanticipated delays resulting from the testing program. 

• The number of personnel allowed access to the test facility 

should be made compatible with the needs of the testing program. 

• Funding considerations and lead time for the development of 

specialized instrumentation should be given careful considera­

tion during the planning phases of site characterization. 

• The procurement process for instrumentation should be studied. 

Instrument specifications should be complete and realistic : 

prequalification of instrument suppliers should be introduced : 

a realistic acceptance testing program should be instituted r and 

sole-source contracting should be a part of the procurement 

process, as appropriate. 

12 . The possibilities and limitations for using geophysical techniques to 

assist in characterizing the site should be explored. 

13.  This project is highly visible (appropriately) and the ability to 

communicate to the experts and the public the purpose and progress of 

the work and the consideration given to each of the issues is an im­

portant aspect of the project. The documentation, presentation mate­

rial, and briefings should be clear, concise, and coordinated. 
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APPEND IX 

Ext ract f rom :  

Pe rlm a n ,  R . s .  1 98 5 . • sol e  Sou rc e Con t rac t s ,  Bas i c  P r inc ipl e s  and Gu i d e­

l ines . • pp . 1 87 -2 2 2  in B r i ef ing Pape rs , No . 8 3 -7 , v .  5 ( Ju l y ) , 

� r i ef i ng Pape r s  Col l e c t i on 1 87 ,  Wa sh ington , D . C . : Fed e ral 

Publ ic a t ion s , Inc . 

D e sp i t e t he f act t h a t  t he gene r a l  pol i cy of t h e  Gove rn­

roent is to acqu i re good s and s e rv ic e s  on a compe t i t ive 

ba s i s ,  mo st Gove rnm e n t  p roc u r ement dol l a r s a r e spe n t  

on con t r a c t s  awa rd ed noncompe t i t ively ( i . e . , sol e 

sou rce con t r ac t s ) . Of the $ 1 4 6 . 9  b i l l i on spent by t h� 

Fed e r a l  Gove rnmen t in f i scal ye a r  ( FY )  1 9 82 fo r good s ,  

$7 9 . 2  b i l l ion ( 5 4 \ ) wa s exp�nded noncomp� t i t ivel y . 

Qu e s t ion s rega rd i ng t h e  u s e  ( o r ove ru s e ) of sol e 

sou rce p rocu r em en t s  conc e rn ev� ry m emb e r  of t he p ro­

cu rement commun i ty . F rom t he Gov e rnm ent ' s s t a ndpo i n t , 

i f  a cont ract i s  imp rope r l y  awa rd ed on a sol e sou rce 

ba s i s , t he Gove rnmen t  may pay h i g he r  p r i c e s  t h an i f 

compe t i t ion had been sought . On t h e  othe r hand , f a i l ­

u re to pe rm i t  a sol e sou r c e  awa rd in app rop r i a t e  c i r­

cum s t anc e s  may unnec e s sa r i l y  ( a ) inc r e a s e  t he p r i ce 

pa id fo r t h e  i t em , ( b )  pl ac e a g re a t e r  adm i n i s t r a t ive 

b u rd en on Government pe rsonnel , s i nc e compe t i t ive 

p rocu rem en t s  r equ i re app rox ima t e l y  tw i c e  as much wo rk 

as sol e sou rce awa rd s ,  and ( c ) cau s e  the Gove r nro e n t  

user to rec e ive a prod u c t  that m e r � l y  me e t s  t he m in i­

mum r equ i remen t s  of a sol i c i t a t ion , in s t e a d  of t h e  one 

t h a t  i s  best fo r t h e  j ob .  
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