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FOREWORD 

Tunnels have the potential for improving our urban transporta­
tion systems by greatly reducing congestion, noise, exhaust 
pollution, and excessive use of real estate by surface 
transportation modes. 

Unfortunately, outdated contracting and management practices 
and inefficient technologies make tunneling costly and, thus, 
unacceptable to many transportation planners and community 
leaders. 

To bring about a reduction of these high cost, the U.S. 
Department of Transportation has established a Transportation 
Tunneling Research Program. Included in the objectives of the 
program are studies of advanced construction techniques, 
modernization of scheduling and management, exploration and 
testing of new excavation tools, analysis of safety practices. 
And, since the outputs of all R&D activities must finally 
be accepted and used by the industry if they are to be 
effective, DOT also seeks to familiarize companies with the 
newly developed techniques, and implement them at ongoing 
sites. 

The bibliography of tunneling literature represents one of the 
DOT efforts to achieve the objectives. The listed abstracts 
have been made a part of the computer-accessible data base 
of the transportation literature that is searchable and 
available through the various components of the DOT-sponsored 
national Network of Transportation Research Information Services 
(TRISNET). Readers who wish to gain access to this data base 
are urged to contact TRISNET Secretariat, 2101 Constitution 
Avenue, N. W., Washington, D. C. 20418, or phone 202-389-6611 
for details. 

Russell K. McFarland 
u. S. Department of Transportation 
Washington, D. C. 20590 
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PREFACE 

This work constitutes the first formal publication in docwnentation disseminated 

at large by the Underground Excavation and Rock Properties Information Center 

( U ERPIC) , a component of the Center for Information and Numerical Data Analysis 

and Synthesis ( CINDAS). The world's literature and data relevant to UERPIC's mis­

sion has been brought under control for effective use by all segments of the technical 

community interested in underground excavation, rock properties, and geodynamic 

phenomena induced by high energy explosions. Of singular significance is that the data 

on all subject elements listed in the annotations to the bibliography are keyed to and 

retrievable from specialized data banks. 

The utility of this compendium has manifold aspects. It can help identify gaps 

of information in underground excavation technology and, thus, can assist Federal agen­

cies and other organizations engaged in research planning and proposal evaluation. 

In addition, redundant research activities on underground excavation methods can be 

inhibited because the file identifies relevant research projects in various stages of 

progress. Case histories can be located that will describe the applications of these 

methods in actual construction. Design professionals will have a readily accessible 

bibliographic source to assist in the design of underground openings and equipment. 

Contractors can use the file in their search for more efficient excavation techniques. 

By accessing this file, organizations preparing research proposals may save several 

man-months of effort required to produce necessary supporting bibliographies, often 

from literature which is highly diffused and not readily accessible. 

In closing, I wish to express my personal thanks to Professor Gordon W. Prescott 

of the Department of Geosciences at Purdue University, for his many contributions 

while serving as a part-time member of the UERPIC Senior Staff. I also wish to ack­

nowledge the programming and computer operations support provided by Mr. Peter 

C. Miller of the CINDAS staff. Beginning with 1976, UERPIC was privileged in having 

the benefit of the guidance and counsel provided by a visiting Advisory Board, consist­

ing of distinguished geologists and engineers who meet at CINDAS twice a year. The 

members of the Board for 1976 have been: Dr. M. S. Agbabian, Chairman, Dr. H. 

Reginald Hardy, Jr., Mr. Lloyd B. Underwood, and Dr. George B. Wallace. Their 

individual and collective contributions already have been felt and I am sure will have 

a major effect in setting the future policies and direction of UERPIC. 

i 
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Last, but not least, I wish to aclmowledge with thanks the financial support 

received from the Office of the Secretary, Assistant Secretary for Systems Development 

and Technology, DOT and the understanding assistance and cooperation of Dr. Alex 

Hoshovsky who served as the technical monitor on this contract. 

December 1976 
West Lafayette, Indiana 

Y. S. Touloukian 
Director, CINDAS 
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INTRODUCTION 

This volume is the first edition of a contemplated annual publication, sponsored 

by the U. S. Department of Transportation, which provides a readily accessible biblio­

graphy on all aspects of science, technology, and engineering that relate directly to the 

excavation of underground openings in both soil and rock. The present volume represents 

the first step in a program that eventually will include as comprehensive a coverage as 

possible of the published infor mation for the following components of the ICET Activity 

Classification Categories in Excavation Technology*: 

1. Interaction with Society 

1. 2, Environmental Factors 

1. 3. Health and Safety 

1. 6. Legal Relations 

1. 6, 3. Contractual Relations 

1. 7. Education and Evaluation 

1. 7. 1. Academic Education and Training 

2, Site Investigation and Measurement of Earth Properties 

2. 1. Geology 

2.2. Geophysics 

2. 3. Hydrology 

2.4. Topography 

2. 6. Rock Mechanics 

2.7. Soil Mechanics 

3. Excavation Methods ( soil and rock) 

3.1. Explosive 

3. 2. Mechanical. 

3. 3. Thermal 

3. 4. Chemical 

4. Ground Control and Stabilization 

4.1. Excavation Design 

4. 2. Supports in Open Cuts 

4. 3. Tunnel Supports and Lining 

5. Materials Handling 

5. 1. Excavated Materials Handling 

iv 

t,. "ICET" ls the acroeym for the Federal Government's I.nteragency Committee on Excavation 
Technology. The associated numerical designations are those given in the original 
ICET classification. Gaps in these numbers indicate categories not covered in this 
bibliography. See APPENDIX 1 for further details. 
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The current compilation of UNDERGROUND EXCAVATION lists 600 document 

citations which contain information primarily on excavation techniques other than the 

conventional drill-and-blast method. For each citation listed in Section II of this 

work, a computer generated abstract is included which accurately reflects the data 

content and subject matter of the document. These abstracts were generated from 

data tapes maintained by the Underground Excavation and Rock Properties Information 

Center ( UERPIC). The content of each document is characterized according to the 

following elements which also are listed by orqer ~f appearance in tn.e abstract: 

t • Type of Report (IV)* 

~- Originnlily of llala (V) 

:1. Stage of Project Completion (VI) 

4. Tunnel- Underground Opening Name and Location (VII) 

5. Utilization of Tunnel-Underground Opening (IX) 

G. Excavation Technique (X) 

7. Energy Application Method ( XI) 

8. Drilling Equipment Characteristics ( XIII) 

9. Tunneling Machine Characteristics (XIV) 

10. Excavation Advancement Rate ( XVI) 

11 . TBM E xcavation Rate ( XVII) 

12 . Excavation Cost ( XIX) 

1:1. Gcostructural Characteristics ( XXXVI) 

14. Soil Characteristics ( XXXVII) 

IS. Soil Mechanical Properties (XXXVIII) 

lG. Ground Conditions ( XXVI) 

17 . Tunnel and Underground Opening Supports ( XXVII) 

18. Material Handling System(s) (XXIX) 

19. Stratigraphic Formation Name( s) (XXXIX) 

20. Rock Type(s) (XL) 

21. Petrogra.phy ( XLII} 

22. Rock Mechanical Properties (XLIII) 

These cha.ractcrizaiion elements will be expanded in future editions of this publication 

as Lhc scope of literature coverage is broadened to incorporate more of the above 

listed components of the ICET Activity Classification Categories in Excavation Technology. 

~' The Roman numerals reference the appropriate data elements given in APPENDIX 2. 



APPENDIX 2 gives the full spectrum of available document characterization elements 

from which abstracts are currently generated. 

The documents given in Section II are listed in increasing numerical order by 

a unique accession number which prefixes each citation. These accession numbers also 

are indexed by author in Section Ill to produce the author index. 

vi 

Section I represents a series of bibliographies for which the document accession 

numbers have been cross-indexed according to "performing" and "funding" organizations, 

and to items 4 , 6, 7 • 10, 12, 17 • 18, and 20 of the above-listed document-characteriza­

tion elements. The cross-indexed bibliographies can be manipulated to produce more 

specialized bibliographies. For example, to obtain a bibliography on rates of excavation 

in granite simply isolate all accession numbers which are common to ooth the bibliography 

for granite ( item 20, ROCK TYPE = GRANITE) and the bibliography for excavation rates 

(item 10). Or, for a bibliography on hard rock excavation, compile all the accession 

numbers found for the bibliographies of the rock types listed for granite, basalt, gneiss, 

quartzite, etc. 

These two examples illustrate how more specialized bibliographies may be 

generated from the cross-indexed bibliographies listed in Section I. This search method 

is readily tractable by manual effort especially when bibliographic requirements are 

well defined. The search effort also may be reduced to a machine operation: merely 

take the uniquely assigned document accession numbers directly from Section I as input 

for a simple computerized sorting program':'. Thus, the 10 cross-indexed bibliographies 

listed in Section I provide a tool that facilitates isolation of those bibliographies which 

help satisfy the user's requirements for documentation. 

The document citations presented here are from books, proceedings of symposia 

and congresses. and numerous national and international journals on rock mechanics 

and underground excavation technology. Recently an effort has been initiated to search 

a number of these journals from the year 1960 to the present for appropriate citations. 

Upon completion of this task the effort will be maintained on a current basis and pertinent 

:.uticles will be extracted for inclusion into subsequent editions of this compendium. The pub­

lished journals which currently are undergoing processing in this systematic fashion 

are given in APPENDIX 3. Also listed in APPENDIX 3 are the abstracting services 

which are used currently to supplement direct journal searches and to identify additional 

relevant documents. 

,:, Such programs are readily available in computer libraries. 
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The document citations presented in this edition of UNDERGROUND EXCAVATION 

were obtained from 103 reference sources. The bibliographic statistics for the 600 

reported citations are given in Table 1. An analysis of these statistics indicates that 

8~ of the listed documents were obtained from journals. Reports ( 13%) and conference 

proceedings (4~) constltute the remalning two major literature categories from which 

the listed citations are derived. Table 1 also characterizes in detail the reported doc­

umentation for the past 30 years and indicates that a little more than 34~ of the biblio­

graphies cited were published within the last two and a half years. Approximately 60% 

of the document citations presented here were published in the period 1972-1976. There 

remains undoubtedly a considerable volume of additional literature for this 30-year 

period which is still to be identified and captured in subsequent editions of UNDERGROUND 

EXCAVATION. 
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TABLE 1 

Distribution and Frequency of References on 
Tunneling Technology Reported in this Bibliography 

Year Journal Report Book Thesis Total 

1976 38 4 0 0 42 
1975 64 13 0 0 77 
1974 76 10 0 0 86 
1973 46 16 1 0 63 
1972 69 9 15 0 93 
1971 27 5 2 0 34 
1970 63 9 0 0 72 
1969 19 3 0 0 22 
1968 18 4 0 1 23 
1967 11 1 0 0 12 
1966 4 1 0 0 5 
1965 16 1 0 0 17 
1964 16 0 0 1 17 
1963 4 0 0 0 4 
1962 3 0 0 0 3 
1961 4 0 0 0 4 
1960 1 1 0 0 2 
1959 3 0 1 0 4 
1958 0 0 0 0 0 
1957 2 0 0 0 2 
1956 3 0 0 0 3 
1955 2 0 0 0 2 
1954 2 0 0 0 2 
1953 1 0 0 0 1 
1952 1 0 0 0 1 
1951 2 0 0 0 2 
1950 0 1 0 0 1 
1949 0 0 0 0 0 
1948 0 0 0 0 0 
1947 0 0 0 0 0 

<1947 _l -2 _Q _Q 6 

Total 496 83 19 2 600 
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CROSS-INDEXED BIBLIOGRAPHIES 

A. Bibliography 
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RQ01822 

HJALA,A,8,ANO HARRSELE,A,8:STOCKHa.M,SWEOEN 
R001t+68 

HOCHTIEF,A,G;WEST GER"ANY 
R001Z70 

HONSHU-SHJKl)t(U BRIDGE AUTHORilY,JAPAN 
ROOD 372 

HUGHES TOOL CO,(OIL TOOL OIVISION,RESEARCH DEPT.I, 
HOUSTON,TX!USA, 

ROOD,,90 

HUMPHERY CORP:NH:USA, 
ROD1Z1Z 

HUMPHREYS AND SONS,EPSON,U,K, 
RD01055 

HYDROELECTRIC CONHISSION,HOeART,TASHANIA 
R000258 R001516 ROO J499 ROOJ614 

HVDRONAUTICS INC:USA, 
ROOOZ41 ROOOJ68 R001942 

HYDRO-JET SERVICES,IHC:ANARILLO,TX;USA 
ROOOZ41 

ICOS !GREAT BRITIANI LTD, 
~638 

ILLINOIS,UNIVERSITY OF,URBANA,IL;usA 
R0005JO R001092 R0011!7 R001901 ROOZ91J 

I HPRESA CONSTRUZIONI ING,E,RECC HI SP,A;TURIN,ITALY 
R001142 

I~PRESIT ANO SGRIGOLA,ROHE,ITALY 
R000823 

INGERSOLL-RAND RESEARC H INC, 
R000817 R00085J R001265 R00 1'+70 

INSANA CONSTRUCTION co. INY:usA I 
ROOJ6,.8 

INSTITUTE OF HYOROOYNAHICS,N080SI8IRK,USSR, 
ROOO 362 

INSTITUTE OF HINING,SISERIA~ 8R ANCH,ACADEHY OF 
SCDENCES OF THE 
USSR:NOVOSIBIRSK,USSR , 

R0 01036 

INTERNATIONAL NICKEL co.CINCO) 
RO 01168 

INTER MOUNTAIN CONSTRUCTION co:NORTH VANCOUVER, 
CAIIAOA 

R000258 R0 00420 

IO"ARC SHELTERS LTD, 
ROOJ632 

I,I.T.RESEARCH INSTITUTE,CHICAGO,IL:usA. 
R0002 41 R00 0376 R0010ZJ R00106 5 R001108 
R001439 

JACOBS ASSOCIATES,SAN FRANSISOO,CAlUSA, 
~001 460 R001907 

JAPANESE NATIONAL RAILWAYS,RAILWAY TECHNICAL 
RESEARCH INSTITUTE, 
JAPAN 

ROOOJ70 ROOOJ7" 

JAPANESE NATIONAL RAILWAYS,JAPAN 
R001383 R001974 

JAPAN RAILWAY CONSTRUCTION PUBLIC CORP :SEIKAN 
TUNNEL RESEARCh 
OFFICE,TOKYO, JAPAN 

ROOD2'+7 R000249 R8o2,77 R005661 

JARVA TUNNELING MACHINES AND CUTTERS,OH:USA, 
Roo1z,o 

JEFFREY NIHING HACHINERY co:coLUHBUS,oH;uSA. 
ROU19Z3 

JOHNSTON CONSTRUCTION co:u.K. 
ROG1550 

KAISER RESOURCES LTOlBRITISH COLUH8IA,CANAOA 
R001739 

KAISER STEEL CORP:USA, 
Roooz,1 Roo1soo 

KAJIMA CORPORATION 
R003638 

KASHIHA KENSETSUlJAPAN 
R0113148 

KEHPER FRONTIER CONSTRUCTORS ,LOS ANGELES,CAlUSA 
ROOZ853 

KERR-HCGEE CORP, 
R0 010 JO 

KIDD CREEK HINE 
ROOJ6JJ 

KIERRIT-JOHHSON-POOLE, CANADA 
ROD0,.2D 

KIEMIT,PETER ANO SONS co:co :usA 
ROOOZ56 R000856 

KIEWIT,PETERlSOHS CO, 
R00129 8 R002188 

KOl1ATSU co: JAPAN 
R000256 R001 JJ9 

KUEHN AND RHODES 
ROD1050 

KU HAGA I GU HI :JAPAN 
RODJ1"6 RDOJ645 

KUNAGAilJAPAN 
ROOJ1"6 

KUNZ,A LFRED ANC co:HUNICH,GE~HANY 
R0006 32 ROO 1270 

LAIHG,JOHN CONSTRUCTIOk LTO:U, K, 
ROD2767 

LAWRENCE BERKE lEY LA B, (UNIV.OF CA LIFOR NIA I , 
8ERKELEY ,CA.US I 

R00024 2 R001068 

LEEDS UNIVER SITY,OEPT,OF MINING ANO ~IN ER AL 
SCIENCE, U,K, 

R 000 369 

LEONARD FAIRCLCUGH LTo:euCHAN DIVISION OF ,U. K, 
R001984 

LES GRANDS TRA VAUX OE HARSE ILLE,FRANCE 
R000 226 

LOFFLAND BROTHERS 
R001 050 

LOSINGER AG,SHITZERLAND 
R002850 

LOS ALAHOS SCIENTIFIC LAB, !UNIV. OF CALIFORNIA I ,NH: 
8754~,USA, 

R00029J 
R000296 
ROOO JO 4 
R001910 

RDOOZ94 
RDO O 300 
R000305 
R0019S7 

ROOO 29~ 
ROO O ~01 
R00097J 
ROOl 956 

R0002% 
R000302 
ROO B89 

R000297 
ROO OJDJ 
R0 01776 



LOMARt TUNNEL ORGANIZATION.PAKISTAN 
l!OIZ8"3 

"'EDA CONSTRUCTION CO, lJAPAN 
RO OJS06 

MAEDA KENSETSU.JAPAN 
Rl0l1"8 

HAJES CONSORTIUM 
1,J8 SKANSKA CEMENTJUTERIET,SWEOEN 

2 ,COIICORO CONSTRUCTION LTOISOUTH a,RICA 

C.,liflCON 

h,TARHAC CONST~UCTION LTOIU.K, 

P,THE FOUNOlT[ON CO, OF CANIDA LTOlClNAOl 

AO 0278" RDO 2813 

HlNGll DAM CONTRACTORS 
t ,lTKINSON,GUY F,, COMPANY 

2,CH[ClGO 8AIOGE ANO IRON CO,, 

l,GAOYES,S,J,,lNO SONS 

~.HARNEY,CHARLE S J., COMPANY 

~.OSTRANDER CONSTRUCTION COMPANY 

AOOl&Jl 

HlMNI, LT01CALG ARY ,AL8ERTA,CANAOA 
ROOZ&14 ROO 361 ~ 

HIRINE I NDUSTRIES LTOICANAOl 
RDOOZ2J 

Hll!PLES RIOGNAV LTOIL ONOON,U,K, 
R0004J8 R0 0 044S 

HARTIN HAR [ETT I LIBIBALTIHORE,HOIUSA 
RDO!Oqt 

HART[ IG, BEAH,SNITZERLANO 
AO 02821 

HISON 1 S[LAS CO, 
ROOO ZZ! 

•ASSACHUSE TTS INSTITUTE OF TECHNOLOGY,HAIUSA, 
A0003Jt ROODlSJ 1!001489 

"IT HE NS, A. A II HC, 
1!003378 

HIUNSfLL GEOTECHN[CAL SERYICES,HELBOURNE,AUSTAALIA 
RODZSSZ 

HAVOR ANO COULSON,LTOISHEFFIELO,U,K, 
ROOD ZJh 

HCALPINES, SIR ROBERTS SONS LTD, 
ROOD"9~ !Ul00826 R001018 RD028Z6 

H(NILLY ANO SONS,HAHILT ON 
R0008~0 RDO!D33 

HEi00N8ANK ~OCK SALT HINE,U,K, 
AODt46J R00!46' 

HEG JN,W, JIINC INAUCA TU CK ,CTIUSA 
ROOl6J 4 

H( L~OURN( ANO NETRO PO LITAN 80ARO Of WORKS 
ROODZ58 RODI 3~4 

• ~TROPOLITAN SAO PAULO C0,1SA0 PlULO, BRlZIL 
R003503 

NILE HIGH DRILLING CO, ,INC, IO[NVER,CO,USAI 
RO 03"50 

NILLER,FOSTER lSSOCIATES,INCl135 SECONC AYE1 
NALTHAN,HA10Zt5, 

R001093 R001265 R001•70 R001qo9 RDD2920 

HILWlUl(f:E BOILER HAIIUFACTURING COINILWAUKEE,WIIUSA 
R001 Zlt1 

MINISTRY OF PUELIC NORKS,OEPT,OF RAIL CONSTRUCTION, 
NAORIO.SPAIN 

R000511 

MISSOURI ,UNI V!RSITY OF,ROLLA,HOIUSA 
RD00•89 RD010Sl R001087 ROOl•S& R00198q 
ROOH76 

NtTCHELL BROTHERS,SONS ANO CC,LTO, 
ROD0,99 

MtTC~ELL CONSTRUCTION •INNEAR HOOOIE GROUP LTO I 
PETE,BOROUGH 

R00D493 

HITTRY CONSTRUCTION COILOS ANGELES,CAIUSA, 
ROOOZ21 RODOZ'il R8D3,91 R003494 ROOJ4q5 

NOLESHITH TUNNELS,U,K, 
R002816 

HOLE CONSTRUCTION COHPANY,INC,IROHULUS,HI,U,S,A, 
ROD3'i1S 

HOOOIE,KtNNEAR ANO CC,LTo:u.K. 
R00097D RD01qeo ROD1983 

HOOOIE,KtNNEAR (19731 LTOIU,•• 
RODZ8"6 

MORRISON-KNUDSON CO,OF CANAOA LT □• 
RD 00258 R002Z08 R002211 

HORRISON-KNUOSEN COHPANYl801SE,ICIU,S,A, 
R003'i21 

HOTT,HAY ANO ANOERSON,CONS ULTING ENGIN~fRS,LONOON, 
U.K, 

R000"16 R000•51 

HONLEM ISCOTLAHOI LTOIU,K, 
RD02781 

MOML ~",JOHN INC co.LTO . 
RDD0"1Z ROOZ838 RD031Z1 R003666 

HONLEN,JOHN ANO CO,LTO ISCOTLAND,U,K, 
Roo1qeo 

HT,ISA NINES,AUSTAALIA 
RD0131• 

HULLEN, S, S.INCISEATTLE,WA,USA 
ROOHZ1 

HURER,B1AG1ERSTF~L0 1 SW[T ZERLANO 
ROOHZ, 

NlTIONAL COAL eoARO, U,( , 
ROO0•GS R00040q 1!000 796 RD00797 R00151' 
RDOI q93 

NATIONAL RESEARCH I NSTITUTE OF POLLUTION AN O 
RESOURCES,SAITAHA, 
JAPAN 

RD OOH D 

NlTIONAL RESE AR CH COUNCI L Of CANAO•,nTTAWA,CANAOA 
RDOZo,q ROOZ050 ROOZ073 

NAVAL CI VIL ENGINEERING LAB I PO~T HUEH£HE,CAl930~J 
ROOH&~ 

NEWCASTLE-uPON-TYNE,UNIVEPSITY OF 
Roou,1 

HEN JERSEY DRILLING CO , 
R00147S 

5 
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NEM YORK CITY TRaNSIT AUTHORITY 
R000531 

NICE,CITY OF AHO FSIR,HICE,FRANCE 
RO 02779 

NISHINATSU CONSTRUCTION COlTOKYO,JAPAN 
ROOOZ12 

NlSHIHATSU KENSETSUlJAPAN 
R003148 

NOIUO HINES L TO, IGECO DIVISION) ,HANITOUWAOGE, 
0NTARIO,CANAOA 

R001891 

NORCONSTRUCTION,NORWAY 
RD00829 

NORTHERN CONSTRUCTION CO,IJ,W,STEWART LTO,I 
RD00~20 R001775 

NORWEGiaN STATE RaILWAYS,GEOTECHNICaL OEPTlOSLO, 
NORWaY 

R001282 ROD 1375 

NORWEGIAN INSTITUTE OF TECHNOLOGY IN,H.T,1 
RD01458 

NU TTALL,ATKINSON AHO CO, 
ROOO 445 ROO 1018 

NUTTAL,EOHUNO LTOlU,~, 
R001389 R001979 ROO~fZ2 RD03&46 

NUT TAL, EO.LTO:LOHOOH,Uei, 
ROOOZ18 ROOOl28 RG01167 RD0221~ 

QA HE CONSTRU CTOR!! 
R00025~ R603~91 ROOl~9l 

OAK RIDGE ~TIONAL LABORATORY,USA , 
R008f41 R000377 

08EijRINZHAYER - SORAVIA-I SOL A,lARCHBAUHER,AUSTRI4 
R0012E& 

O~ERRA NZMEYER,R,co:AUSTRIA 
R001779 

OC LSA I .,SPAINI 
R000258 

ONTARIO SANO COlONTARIO,ILlUSA 
R000241 

oso CONSTRUCTORS 
RD oo z~e 

OY TIEFUN□AHENTTI AB:HELSINKI,f!NLAN□ 

~0029~4 

OY YLEINEN INSINOORITOIHISTO,PINLANO 
RD01121 R001 34& 

PARSONS,BRINC KERHOFF,OUAOE ANO OOUGLAS,ENGINEERS, 
NEW V CRK ANO 
SAH FRANCISCOlUSA, 

R000529 RO D 1895 

PEARSON BRIDGE !NSWI PRIVATE LTOlAUSTRALIA 
R002785 

PERHALL AHO ASSOCIATES,MONTREAL,CANAOA 
RO 00 248 

PERINI CMP, 
R0 00 2S8 R0D 14G9 R001915 

PERRY ANO FAUST □RILLING CO, 
ROOlO 50 

PETERS,C,M,FlCONSULTAhTS,SAN rRANSISCO ,CAlUSA, 
R000527 

PfYS I CS INTERNATIONAL CO, 
R0008J& R001920 

POIRIER ANO MCLAINE COl'P, 
R0003Z9 

' PORR•UHION-UNIVERSALE-HINTEREGGER- HOUYREOER KRAUS-
RELLA,AUSTRIA 

RD01266 

PRADER-LOSINGER ANO OTfERS 
RODt 339 

PRADER AG, 
RDD0258 ROOJ644 

PRAIRIE COHSTR~CTORS 
RD03<+91 

PRECISION 8LAS1IHG LTO:U.K, 
RDOZ933 

RAISE CONTRACTING LTO:CANAOA 
RD01892 R002579 

RAMO HINES LT□ :S,AFRICA 

R00147& 

R~PIOEX INC, 
RDD1918 

REES/HUGH LTOlU,K, 
ROD1268 

REGIE AUTONOME OES lRA~SPORTS PARISIENS , FRANCE 
ROOO<+<+Z 

REGic AUTONOHE OES TRA~SPORT PARISIEN$ ! R, A,T , P, l , 
PARIS,FRANCE 

R001898 RDDZ832 

RHOKANA CORP,LTO, 
RD01341 

RICHHONO COHSTRUCTORSt 
l,CATAPANO,ANOREW CO,INC, 

2,GROVE,HACLEAN ANO CO,INC, 

3,GRON TUNNELI~G CORP, 

4,HORRISON-KNU□SEN CO.INC, 

RDD190& 

RIO )E JANEIRO TRAHWAY,LIGHT ANO POWER CO,, BRAZI L 
RDOZ409 

RIVE~ LAR PROJ~CT- LARIUPPERJCIVERSION WORKS 
CONTRACT 
l,HEITKAHP GMBf : WEST GERMAN Y 

2, HUTA-HEGERFE LO AG:WEST GERMANY 

3.ST□HR,KARL,Kt;HEST GER MANY 

RIVER LA R PROJECT-DAM ANO ASSOCIATED MOR KS CONTRACT 
1,IHPREOILO SPA,ITALY 

2,TESSA CO,I•AN 

R002799 

ROBBINS RAISE e□RING co:SEATTLf ,WA:USA , 
R001Z6<+ R001 344 

ROCK FALL CO,LT□:GLASGCW,U,K, 

R000825 

ROCK MECHANICS ANO EXPLOS IVES RESEA~CH CE NTE~ 
!UNIV, Of MISSOURI 
AT ROLLAtHO:USAI 

R000241 R000373 R001214 

ROYAL AORIAAN VOK ER GROUP IROTTEROAM,NETHERLAH□Sl 

1,0REOGING ANO CONSTRUCTION CO , L T□, IU,K, 1 

2, VISSER EN SHIT INETH ERLAN□SI 

i 



SA'ETY IN HINES ~ES~IACH ESTA8LISHHENT,U.K. 
A,ooJee 

S~••ERS,BRITISH AR•Y,U.<. 
ROOZ7qs 

SATO (OHGYO,JIPIN 
Rooze,e Ao0J1•e 

sr;.,,.I HOL EA: 
AOOOZS8 

SCHwE~GER CONST•UCTION r,01nTTI Wl, CAHIDA 
RO Qlq~I 

SC, ffNT!FlC ASSOCIATES lHCICAIUSA, 
R0012ll 

s,~TT •ILSON KIRKPATRI CK ANO PIRT NEAS , CONSU LTING 
r 'tr. lJrtEEA:S. 
LrHeCO,..,IJ . IC. 

AOOO~I~ 

SHAFT DRILLERS IHC, 
AOOOezz ROO I OlO R0010~0 

SHA•T SIN<EAS LTO,JOHINNE~9UAG,REPU8LIC OF S,AFRICA 
QOOOZSZ 

'HANNON ANO WILSON INC:SEATTLE,WIIUSA, 
AOOOSZe 

'H'A•(Al SER•HACCO,QcDOING,CALlFORhIA 
ROOHee 

$ HO , J.F ICO , I NC ICA: USA • 
AOOOZ 08 00010S6 

SHF<FIELO,UNJ V~RSITY OF,POST GRADUATE SCHOOL IN 
"" lflrilING , u.1<. 

R001JO• 

q ~ GS U O ,KEHART ,NOVEH8ER ANO HUR KA ( ONE WORLO 
TQADE CE NTEP,SUITE 
,~~11,NF.W YO~K,NY:1 00 ~~ 

<oo tooe 0 00 10-. ROOJ14<> 

S!PHA•COC.USA 
,.rA•INOS Y UROANllACIONES, s .1. 

l . CONSTRUCTORA fS TRfLLA , S. A. 

~. CONST RC TORA ? AUOALf~ 

1.I•GEN IEROS CI • ILFS ASOC!ADOS 

~ ( OC ~ INSKY ~INtNG INS TI TUT F,u.s . s . R. 
A000l78 AOOOH9 

~• ITH TOOL cn:eNG! NCf•lNG nror . nF 
qoooesq POO I CZ<; 

~OCIET E GE NERA Lf 001,q Lil N□usq1 E ,L AUSANNF' 
~•rt 7ERLAND 

ooooeJ; 

~~LlT ANCH[ ENTRf.OqJ,E 
~O 0.11> JI 

SOU THER N CA Ll fO• NIA, MfTPOPOL!TAN WAT f P OISTRICT Of 
• 001q11 

~VE( [tLJ ST c nNT PACfnQ S . 
1 . rn~~l(Y LT O. CN l'lTft~tHA"1t,lJ.I(., 

STAN~ARO GENERAL CONSTRUCTION LTO:GRANVILLt ISLAND, 
VANCOUVER, a.c; 
CANADA 

ROOOeJJ 

STANFORD UNIVERSITY,STANFORD,CA, 9l•DS 
R000239 ROOZ91Z 

STRASSEN ANO TIEFBAU UNTER NEHHUNG AG,~ NO 
BAUGESELLSCHAFT H, RELLA 
ANO COIEUROPE 

R00021~ 

STREETER CONST~UCTION CO!U .K. 
R0015JO 

ST . GOTTHARD IN.SECTIONI CONSORTIUH 
1,~AU AG,ERSTFELO 

J,SCHAFIR ANO ~UGGLIN AG,LIESTAl 

5. SUBALPANIA SA JG TOR~O ANO CIE SAl ,L UGANO 

6.VALE NTIN SIC~ER AG,GURTN£LLEN 

7 , ZSCHOKKE,AG CONRAD,ZURJCH 

8,ZUBL IN , EO,ANC CIE AG,ZURICH 

ROOZ780 

SYD NEY HETROPOLITAN WATER ~OARO,SYCN£Y ,AUSTRALI A 
RD0l119 

SYSTE HS,SC!ENCE ANO SOFT WARE,LA JOLLl , CA:usA , 
R001090 R001q91 

SAN~ H CONSTRLCTORS INCI SOLON,OhlUSA. 
ROOOZ5S R000505 R00081• Roooes, H001Z•• 

TAISEI KENSETSUlJAPIN 
ROOl1•8 

TAYLOR WOO DROW CDNSTRlJCT ION L TO, 
R000•12 

TEITO RlPIO TRANSIT AUTH OR ITY,JAPIH 
ll001lU 

TCKKEN KEN SE TSC!JA PIN 
RODH•ft 

TENNESSEE VALLEY AUTHOR IT Y 
R0 00 509 

TERRISPACf.,INCl30• N.ST ONf.~ TPEET A•CIROCKVlLlt,•□ • 

zoeso :usa 
ROOOZ•t R000375 P000a63 ROO! l 5! ~00 1919 
R001988 

TETON EXPLORATI ON DRILLING CO , 
R00l050 

THEILER ANO KAL B 
ROOO ZSA 

TH EISS BROS . 
ROOD ZH 

THY SSE N (GREAT BR ITAINIL TO . 
ROoo,26 R0009ll ROO tqez Rio? ,.,! RD~zezs 
ROOZ827 ROO ZeH 

TI EFB IU, SO UNDU•O AG,AA StL , SMlT lf~LANO 
RO OZ 8SO 

TtPP: TT S ,A 8 8F.TT , f'tCC ARTMY, STRATT0"4 ITA.11$ 1 ,N•: w YORK, 
NYIUSA, 

R001~q 7 

T08I5Hl~l KENSETSU:JAPAN 
R0 03 t~8 

TO~A~O CONS TRUCTIO ~ CO. 
ROOO~ I' 

7 
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TULLY,JOHN CICOMPANY 
ROOO&llo 

TUI.SA,UNIVERSITY OF,OKIUSI 
RIOOZH 

TUIINEL CONSTRUCTORSt 
1,ROCCO FE.REAA IND CO,llIVONSA,11!,USA 

2,GRE!NFI!lO CONSTRUCTION CO,ILIVONil,NI,USI 

3,S,1,HEIL[Y CO,IMCCOOK,Il,USI 

R00l6H 

TUNN!l s.a. 01':C,V. ITUSU IS[V!N COMPANY JOINT 
VEIITUR[ CONTRICTOAI 

ROU61Z 

TYN( TEES TUNN!L[NG CONSOIITIUN ITTTI 
l,IAA[SEL,CISTUTTCIAT 

?,Mn.,A ANO COl~IRAINGTON 

3,SWISS AlUMtllJN NtMtNt: IUKI lTO, 

~.rua.tN,EO,AC,STUTTGAAT 

ROOZ78l RIOZe1o, Aaoz••· 

UNO(ltGROUND CONSTRUCTION RESEARCH COUNCIL 
Aooo,01 Aooo,~z 

UNITED IIRCRIFT RESEARCH LABIE,HART,ORD,CTIUSI, 
ROOO~t• R000861o Roo1 .. ,1 RDl1977 

UNITED llRCRlfT ~ESE,RCN LA9,IND 9AOMNING 
[~&?NEERING t•AP, 

R0019~ 

UN?VEASITY JF ClLIFOANIA,BERKElEY,COLLEG[ OF 
ENGINf:ERI. 

AODtt•6 R0010•9 ROOZ9D9 

UNIVERSITY OF M[NN[SOTl,O[PT,OF CIVIL AND N[N!A~l 
EHCINURINC. 

R0010Z~ AOOZ910 A003l~Z 

UUM CONSTRUCTION ANO MINING CO, 
ROUDZ3Z POOOlll AD01297 l003'01 RDOUto 
A003~tl 

U,K ,IT OHIC ENERGY AU THORITY,HIRN[LL,U,K, 
ROOZD17 

U,S, IRHY COLO REGIONS QESEAACH ANO ENGINEERING LABI 
HANOVER,~ IUSA, 

RODO Z~l ROOJ~77 R0036~7 

U,S,IRHY CO~PS or ENGINEERS 
•oozu, 

u.s .ARHY WATEAIIAYS EXPERIMEHT ~TATIOH,EXPLOStV[ 
FXCAVA Tl OH 
RESEARCH LABORATORY IEERLl,LIV[RHClRE,CI IUSI 

ROOOU& 

U,S,ATOHlC !NERGY COHHISSIO~ 
R000371 

U,1,IIUREAU o, R[CLAHATION 
RDOOUO RD01'17 

u.s,WR!AU o, HINES,SPOKAN[ MINING R[S[ARCH C!NTIR, 
1PO•AN[,NAIUSA, 

ROOt,73 ROOl,&J R001111 

U,S,8URflU o, HlNES,H INN[lPOLIS,HNIUSA, 
1100016, R00096 9 R001~9~ ROOl,-9 11002016 
ROOZOAO AOOZ061 RODZ06Z ROOZ063 ROO!Olt 

u.s.9,HITWIN CITIES MINING ,rsr•RCH CENTER, 
HlHN(IPOLlS,HNIUSA, 

ROOtU, RIOlDU 

V,S,C.OYTIO[PT,O' TRANSPORTATION,,[OUAL HIGHIIIY 
AONINISTIUTtONo 
OSHINGTON,0,C, 

I CONTINUE DI 

ROOZ9H 

VEREINIGTE OSTtAREIC~ISCHE EISEN-UNO STIHLIIERKE­
llPIHE,HONTAN,A&I 
IUSUU 

RI0193'5 AGD193ft 

VODMI STIYSY o, PRIGU£,PRA61J!,CZEOHOSLOVAKIA 
RU0'5a& 

IIARAINGTON,COUNTY BOROUGH OF .U,K, 
RGD009 

MIT(RHEYER,LEGGE,PI!SOLO ANO UMLNANN 
ROOl1U 

MAYS$ ANO ,R!YTAG KGINIEOERLISSUNG,HUNICH,GEAHANY 
ROOOUO 

MHITE PINZ COPPER COHPANY,IIHIT[ PIH!,"llUSA, 
IUOIZ5& llt001903 

MILLIIMS,HUijH e, HANUl"ACTURING CO, 
RI019llo 

NilltTH,ALPRED AND COIKGlijERH.NY 
11001133 

WORLD BANK HlSSION 
R00177~ 

M AND C FRtNCH CONSTRUCT ION,l TO, 
ROOOltiZ 

1,ACTON COMSTR~CTION CO, ,HUGO,NINN, ,USA 
2,NCCROSSIM c.s,,IHC.,OSSEO,"INll ,,USA 

l,TAI STATE OR1LL1NG ANO EQUIPMENT CO,,HINNEAPOLIS, 
u 

R0029&9 R00362l 

l,A"[RICAN PIPE 
2,FOLfY BROS, 

3,GRUM 

lt,JOHNSON-DRAkE•PIPER IHC, 

5,PRAIRE CONSTRUCTORS 

6,NINSTON SlltOS, 

ROOO 221 

1,ANGUST PAPE MG,CISTAOP-RAUXfl 
2,B[TON ANO "ONIERBAU,G"6H,INNSBRUCK 

3,THYSSEN SCHACHTBAu,G,aH,HULHEIN-RUHR 

ROOll70 llt003679 

1,AOKl CONSTRUCTION LTD, 
3,HISHINlTSU CONSTRUCTlON CO.LTD, 

lt,OHBIYISHI-GUNI LTD, 

,,Ol(UIIUAA CORP, 

5,PtNTA-OCElN CONSTRUCTION CC,LTO, 

6. SHIHIZU CONSTRUCTION CC,LTO, 

ROOZ79~ 

1, ASTIOL I 
2 ,OI-PEHU 

3,LODIGUHI 

.. ,SDGINt: 

1,ATKINSON,C.UY "C015AN FAANCISCO , CI. 
Z,ORlVO CORP1PITTS9URG,PI. 

J,GROVES,S,J,INO SON,"INNtAP~tS,HNIUSl, 



t.&Tl(INSOthGUY F. 
? .HUTTALL,EOHUNO SONS AHO CO, 

ROOI 339 

1, lT(INSDN,GUY F:SAH FRA-.CISCO,ANO OTHERS 
RO 03490 

1, H(IHSOH,GUY F. 
2 , 8£ATTY,BALFOUP 

• . cooss CHANNEL CONTRACTORS 

,. . NUT lll , EOl'!UNO 

R0028'1 

1,ATLAS-WINSTON-JANIN,JOINT VENTURE OF 
?,OtSOUPOY ANO nuFR[NS[,JOINT VENTUR£ OF 

R0 00? :.', 

1. 0, or ANn (OH~ANY: HAMBURC.,•EST GER •ANY 
? .~OL/~AM,PHILIPP A. G,tMAMOURt,MEST GER"~NY 

ROO J•t 0 

1.8ALL,GOROON H:INC :OANVILL E , CA . 
? ,N OQlIR ENGI NEFRING CORP: W~SHINGTON,0,C, 

l,SHEl,J,F,CO:INC:WALNUT CREE(,CA. 

ROOl&~h 

l , 8ALL,GOR00tt H,INC:OAN~ILLE,CA: 
z . aoow• AHO IOOT INC:HOUSTON,TX: 

1 , PERIN! CO~P:FRAH!NGHAH,MA: 

4,S l NO H CONTRACTORS ,CLEVF.LAHO 

R001230 

1,RALL , GOROCN H. ENTERPRISES 
?.GATES ANO FO<,INC , 

I.GRANIT E CON5 TPUCT!ON CO, :L OOSIS,CAIUSA 

1 , RA S LE"l ANO ttOf "A Nl•ft 7UR C:I H,SWIT1fRLANn 
~. SrHAr t~ A~ O ~lJ~~LTN ,A G?!URJCH,SWIT7ERLAND 

1 .Rf J;fr,f~ , Jlll.IU S 
7.GRUN ANO Pllf"INGF:1 Al, 

000 .lh 11 

t.~OHA R C'IVIL ENGINEERING I PTY , LTO , 
' ,LT O CONSTRUCT I ON 

ROO.lb72 

1.q O~l~G ANO TUHN€Li ij G CONPANY OF AHERICA { 
qooru• c~ • 
2 ,H OLLANO E•GINfER!NG CORP, 

1. RO YLFS ARCTH(OS OOI LLTNr. ro. 
Z, OVGAN GRAHAN ro. lNC:SALT LA< E C!TY,UTIUSA. 

R000207 ROOOZJ~ ROOlOST R0019l2 

l , qOYLES BRCTH(OS O~ILL! NG CO: 
? , ~UGAN GRA HA• INC:SALT LA([ CITY,UT:USA 

1. GJ8ij 0NS AHO QfEO 

1. ~0YLE S 8ROTHfP<; O~ILLING co: 
2 , GIBqONS AND RFEO CO . 

!CONT INUEO I 

R000232 R0002JJ R001297 

1 . BOYLES BROS , ORillING CO. 
2,CI"CO,SAlT LAKE CITY,UT:usA 

J,GI880NS ANO ~EEO CO, 

ROOO Z~l R0011JZ 

1 ,IIRANO,ALFR EO 
2 . HCALPINE,C~A•LES 

J.ZSCHOKKE.C OHRAO 

RDD27U 

1,BRONN ANO ROOT INC , 
2 ,NORRISON-KNUCSEN CO: INC. 

J,PERINI CORP. 

RD0022~ ROOJ~19 

1,8ROMN ANO ROCT 
2,PERIHI 

1 , Cl"AY OR I LLI•G Co . 
Z, FENIK ANO SC ISSON 

R0010~0 

1,CESTIN INTER•ATIONAL OF LONOON, 
2 ,POUL Y.CONST<UCTION CO ,LTO . OF HO ~G<ONG 

J, RAY"ONO THTE•NATIOHAL Of NEW YORK 

ROOO e27 

1 . COL ORAOO CONSTRUCTORS , OEN VER, CO , 
2 , HOR NER, A.S . CONSTRUCT IOii co., OENVl R, CO , 

R000232 R0002JJ ROOOZS8 ROO t OSJ ~00 l297 
R00J48f 

1 , COLORAOO SCHOOL OF MINES 
2,FlOM RESE ARC ► INC . 

J,ROSBINS COH PANY 

R001J71 

1,CONOON-CUN•I•GHA• INC. 
2,F ANOS CONTRACTI•G CO , 

, . HORRI SON-KNU CStN ,I NC , 

P00022I 

1,CONNELL,JOHN ANO ASSOC[AT(S , AUST ~ALIA 
2,HAICH AS SOC !ATES,ClNAOA 

1,JAC08S ASSOC! ATFS,SA• FPANSISCO,USA 

ROQ26t,0 

1. co, sTRUZIO•I ST~AOAL I E GI VI LI S A'LUGANO 
2,[VEO UO S S AIPONT -Of.-LA-HORGES 

J , GEBR ARNOL O A G, SUPGL[N 

4, GESR IIONETTI A G, ANO ER MATT 

'i.SAW'R:O , S A: S IC:N 

ROO Z& ~J 

1 , CO~POR AT[ON PfRUAN4 OE L ~ANT• : PE•U 
2 . so:IETc Dt t XPLO!TATIONS INOUST~lllL(; :F ~A NCE 

9 
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t,CAOSS CHANN[l CON~TRACTOAS,U,<I 
, . r.H[IlKIMP tHnH , t •• a.,1, 

~.LIEHTERPRIS(S OU! LLE•v SAIHl-HAUR,,oANCE 

S,llfNTEOPOISES rquCNETET-TAHSIHl,FRAHCE 

7,TPAPP ET CIE Gt41lH (A.A . f.1,,~ANCE: . 

t,OEILMANN ANO HANIEL,OORT MUH() 
2,GEB•AROT INC <OENIG,ESS[N 

J.PO~~,!JIENHl 

ROOZ1~S 

1,0[!LMAN•HANIEl GNqH,DAOTNU NC-<U~l,HAUSTEN~ECKE 1, 
P.0.0'11C 110220, 
~6,CARTNUNO•ASSELI N,W. GE~Hl~Y 

?.wtY ANO LI(S(NHOfr,ooPTMUN0-WA,..8EL, 
OUSCHERRIN<<TRA\SE Jq •101, 
P,"l.8'1Y 77i.,1.1t OO~T "UNll,W, Gf""IN'f' 

c;,ooo-.o, 

t.OrPT.or fJ;ANSP!HHATION,IOSHINr.ToN,O , C1 
~.UNITFn A!WCOHI ~f.S£UCH LAenonnRHS,CTIIJU, 

~0QQ1io\'1 ~ 0 0 1 TlO 

t. 00"40i.1l~ 
7,<rLEY RQO~ . 

~- .. l'SSOIJPI VALL f '1' cntrtCjTQIJCTORS 

Q 100 ??1 

1 . 0'-Al((-WlN!:T'l,., 
Q000~71 

t. 0~ .41/ 'J 
?.LOCl(>1f-E O 

l.f'ICO'• 1', 

1 •" JR"4A ~( tl .. l\l 1 i1 '., ~f Pl\,I 
-. • I( OflO t, ( , , l Ill". f I -..r 

1.ILJlfl, fO ► I"" . 

.,, ... 1s11r CON\T~ll(Tll'l~ cn.trn . 

1.~ar11 1(1)(,y n r o,LTO. 

'-•Tt-<f ,~· NtN:IIT4 rOQP. 

R00?f~,. 

l, <,A11"4 0t,.j LTl!!11'1N, '(()t,tr, 

? , ic:lNP\llr IIQ--rtn1('J I 

1.~~~~n~ (HON(,-~~~, LTn. 
, • wnc~, 1 rf. c.r 't._A.,T 

IC OHT!NU(O I 

• , SENU8,S Wl0fN 

\,SOC[ETE FRANCAISE Ol [ HT[R~P[S{ ORA~AG ES,FRANC[ 

11002&•~ 

l,Gl8BOHS ANO ~EEO COi 
2,JElCO,IIIC. 

ROOO~H 

l,HAZAHAGU•I LTO, 
Z,HAEOA CONSTRLCTION CO, 

3,TUSEI CORP, 

R000•09 ROOZ79• 

1,HE'LV,SAICO, 
2o~ENNV CONSTRLCTIO N CO , 

l, NC HUGH, J, C OSSTRUCT 10 • CO, 

1 , H(ALY,S. &. 
Z.KE~NEV COIISTRUCTION en . 

l • f1f' LT, ~• l I CO• 
2 , MNTREAL SEO <!Cf CORP. 

ROOOUt 

1 . Ht~TEQf GGfQ,!lL/ttUAG/hHE~f NZ 
'2 • JA ~£~ , SC 1-•0l.UWS 

'iePO~R,Vt!HNA 

~,RELLA,~IENNA 

t.HOC~lIEF LTO:ESSEH, GlR " ANY 
2.Hu•ER C01GFN:~A,S WIT lEAl4NO 

1.~UlLEV CON~T•uCT!ON [WIN~Tr.N q~~s.,:~ . I 
1.,-.IN NE:SOl l F"O LE'Y BROS~S T.PAUL,"'~:U$0.. 

R000lll 

t . JL-fiAIJ , ~~tTTtL/OR AU 
'l.JNNFR(ftEq AM C '1.QYff.t , I HNCil\0 1.CI( 

PQOZlPJf, 

t.IL-~AU,SPlfT~L/ CQO.J 
?. JNN[REqER AN [ "liVF."~, lN~"'i1fJI JCI( 

te,Sli<. &Nil CO"PANY,L ~08C::trit 

l. JAY-0£ ~ CONT~ ACTORS l~C . ,SOU THr!l L~, HICHI ~AN 
2.Ml:HIG~~ ~r wr~ CO ~FA~,.~nu THFI ~Lf ,"lC"iGA~ 

Rll1) lS0 T 

1 eJO-tN'Sr')._. 
2 , <EWII 

CC ON! l~Ul O I 



RODDZ58 RDDJ~91 

1.0ISER 
ZoPERINI 

4.WALSH 

ROOOZ~6 

1.0ISER 
Z.MORUSON 

J.PERINI 

ROOO 246 

1.KAJIMI CO~P. 
z.KUMAGIIGUMI co.LTD. 

3.TEKKEN KENSETU co.LTD. 

1.0SHIHA 
Z.TOKYU 

R003148 

1.KASHIMA,J.V. 
Z.tUSHIHATSU 

ROOJ148 

1,KIEWIT-OESCHAHPS,CINAOA 
ROOOZ14 

t.KIEWIT SONS 
z.TRAYLOR BROTHe~S,SIN FRANSISCO,cA:uSA 

R0010Z'i ROOJS11 

1.IC!EkiIT SONS co., PETE~,(0MAtiA,NE8RASl<A,U,S,A,) 
Z.RJYHONO INTERNATIONAL,C~OUSTON,TEXAS,u.s.1.1 

J.TIOEWHER CONSPI.UCTION CO~P. (NORFOLK,,u.s.A. I 

ROOJ64Z 

1,KUt1AG4I,J,I/, 
Z,SATO 

ROOJ148 

L.LAV~E-TFXAS 
~.PER~Y AHO FAUST 

R0010~0 

t.LOCHER ANO CIF AG 
2.LOSI NGER IG 

5,REIFLER ANO GUGGISBERG ING AG 

RO 02850 

1,MAl(;JNI CONST0 UCTIOH•OET~Oll,NI:USA. 
Z,TAYLOR BROSlI•1c:IN:USA 

R000854 

l,HASON ANO WALSH CO. 
z.u. s .covr. 

ROOOZ21 

1,MORRISON-KNUOSEN CO, 
Z.PERINI CORP, 

1.NURREY IND STEWART:CIPE TOWN,S.AFRICA 
z.SAVAGE IND LOVENORE 

J.RUC NI~IHG 00 CONT'tlCTING 

~.DORNAN LONG/SWAN HUNTER 

R00367Z 

1.PICIFIC HECHANICIL CONSTRUCTORSllNC.:SEATTL E,MA, 
u.s.,. 
z.TRAYLOR 8ROT ► ERS,INC.:EVANSVILl£,IN,u. s .A. 

ROOJ51J 

1oROBBINS,JAHES S~AHD ASSOCIATFS 
Z.SECURITY ENGINEERING DIVISION 

R000800 

1.THE ARUNDEL CORP.,9ALTIHORE,HD,u.s.A. 
z.DIXON,L.E.,co.,SAN GABRIEL,CA,u. ~.A. 

~.MA~-OONALO ANO KRUSE INC.,HONTROS£,CA,u. s .A. 

ROOJ481 

1.THE CEHfNTAT!ON CO.INEW 7EALANOI LTO, 
Z.N/S GREEN ANO HCCHALLIL ICONTR~CTORSI LTO. 

1.wATTSOH R.A. ,CO, 
Z,WIHSTON 8ROS.co. 

R003'H 7 

11 
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B. BIBLlOGRAPHY ON FUNDING ORGANIZATIONS 

AOVANC EO RESEARCH PROJECT AG !'NCY { ARPA I 
R000328 RDD0489 R.0 01212 R0012l4 R001909 
R001920 ROD1989 

AOVAHCEO RESEARCH PROJECT AGENCY ANC AIRFORCE 
SYSTEMS COMMAND, USAF 

R001527 

ALC.AN LTOlU,K, 
R.000845 

ALTOS HOR.NOS OE MF.<ICO 
RD01050 

ALUMINIUM COMPANY OF CANAOA 
R002208 R0022 11 

AMA x.,usA. 
R001916 R002965 

AMERICAN GILSONITE CO, 
R0007S4 P00105D 

AMERICAN PETROLf UH INSTITUTE 
R00097~ 

A~ERICAN PIPE ANO CONSTRUCTION c o:cENTRILINE 
OHIS!ON OF 

R302797 

ANGLO AHERIC&N CORP!GOLn OIYISION RESEARC H AND 
DEVELOPHE~T QEPT, 

ROOl26 fl R0012&3 

ARVIK ~JNES ~TO!QANAOA 
RDD190f 

•TLAS COPCO 
R00024f> 

HUS COPCO AB! STOCK HOLIC,SWEOEN 
R000966 

ATLAS COPCO '4ASCHINEN AG,Sll'ITZERLANO 
R00~914 

ATOHiq ENEPGY COMMISSION 
R000293 R0002~4 R00029~ R001030 R0 019S7 
R001958 

BA LTIMORE REGIONAL TRANSIT SYSTE H!BALTIMO~E,MO,u.s. 
A. 

ROOJf,f,g 

qANGKOK MUNICIPALI TY,THAILANO 
R00D840 

OAUDIREKTION OES KANTONS ZUG,SWITZERLANO 
R0004Cq 

RAY AREA RAPID TRA NSIT,SAN FRANCISCO,CA!USA 
ROOOSOS ~000 529 R00351f> R003519 

BAY A•EA RAFIO TRANSIT OISTRICT,SAN FRANSISCO,CA: 
USA 

R003148 

BfCA !BUREAU PO U~ LtETUOE OE CENTRALES OE POHPAGE 
':N AROENNES> 

EN AROEHNESJ 

R000496 

BERLINER ENTWASSERUNGHERKE,GERMANY 
R000830 

qIR~INGHAM,SURVEYnR AN P, PLANNING OFFICE OF,U,K, 
R000491 ?00 2834 

BRITISH ARMY,U.K, 
R00279S 

BRITISH CHANNEL TUNNEL COlU , o,ANO SOC I ETc 
FRANCAISE DU TUNNEL SOUS 
LA MANCHE,FRANCE 

R000994 

BRITISH CHANNEL TUNNEL co:u, • • 
R002831 

BRITISH COLUHelA RAILWAY , CANAOA 
R000833 

BRITISH GAS COFPORATIO~ 
R003626 

BRITISH TELECO~HUNICATIONS HEAOQUAKTERS, 
OEVELOPHENT OEPT . OF 
{OEV,LOPMENT OEPT,J 

R001979 

BRITISH TUNNELING SOCIETY 
ROOD 40 8 R00D409 

BRUNSWICK MINI~G AND SMELTING co:BATHU,ST,NE W 
BRUNSWICK , CANACA 

R001048 

BUNK':R HILL CO, 
R0010SO 

BUREAU OF HINES,U,S , GOVT, 
R000836 R000865 R000969 R~01889 ~goz064 
R002066 

B,C, HYDRO, CANADA 
R003615 

CALIFORNIA, STATE OF,DEPT, OF WAT ER RESOURGES,CA: 
USA, 

R000208 ROOOS27 R001054 RCO I OS6 ,003~44 

CAMPBELL LIMESTONE co:sc:usA. 
R001716 

CANADIAN NATIONAL RAIL WAYS 
R000239 

CEBG [CENTRAL ELECTRICITY GE~ERATING qoARG I, 
TRANSSISSION PRO JECT 

EL,CTRCITY GENE~ATING 90ARDl,U,K, 

R~01038 

CENTRAL ELECTRIC ITY GE~ERATING 90AF ~,U.<. 
R000495 ROG0970 R002781 RC02787 ,0;25z5 
ROD283 8 R002851 R00~639 

CHICAGO,CITY Of , CHICAGO,IL!USA , 
R000814 R000848 R000849 R0008~1 200C852 

CHUBA ELECTRIC POWER CO,HAMAOKA,JAPAN 
R00J&'t'i 

CL[V~L~ND PO TAS H LTO ; YORKSHl~E,U.K. 
R00278~ 

Cl£VELANO COUNTY COU>CIL,U,K, 
R002786 

CLEVcLANO CLIFFS IRON CO, 
R00t050 

CLIMAX MOLYB □FNUM CO~CLIMAX,CQ:U~A. 
P.001888 

CO HINC D AHERION 
R001J50 R003o12 

COMMITTEE ON SOILS AND ROCK PROPERTIES 
R001480 

COHPANHIA 00 HETROPOLITANO DE SAO PAULO,BRAZI L 
R001895 



CO"SOLIDATlCH COAL co:HAHNA COAL CIYlSl ON, CAOI Z,OH: 
USA. 

o~. USA 

R00081" R0010 30 

CONTINENTAL OIL COMPANY 
RO 03145 

COPENHAGEN ~UNICI PA LITY,OENHARK 
R001384 

c~n•ARTY PETROLEUH,SCOTLANO 
~003H8 

OARTFORO TUNNEL JOINT COHHITTEE,U,K, 
RO 008 31 

DENISON !URANIUNININES LTOI CANAOA 
ROU892 ~D0 257 9 

OEPT,OF AGRICULT URE PRAIRE FARH REHABILITATION 
AOHINI STRATION 
( SOUTH SASKATCHEWAN RIVER OAHI 

ROOD 420 

OEPT,OF ENVI RONHENT,ROAO RESE ARCH LA B, 
R000414 

OE PT,OF THE ARHY, OFFICE OF THE CHIEF OF RESEARCH 
ANO OEV ELOP "E NT, WA SHINGTON,o.c. :USA. 

R000 450 

OEPT, OF TRANSPORTA TIO N, FEOERAL RAILROAD 
AO HlNISTRAT ION, OFFICE OF RESEARCH DE VELOPMENT 

ANO OfHONSTPATl ONS, WASH, 0, C, US A 

R000331 

OEPl,OF TRA•SPo<rATION OFFICE OF HIGH SPEED GROUND 
TRA~SPORTATI ON WA SHI NGTON,O,C lUSA, 

R000 3&8 R00 0 439 R00 0 489 R001108 R001439 
R0 01942 R001 94<, 

DETROIT METROPOLIT AN WATER OEPT: OETROIT,HI :us A. 
R001 385 POOJ50 4 RC03650 

OE TROIT, CJTY OF , OE PT,OF WAT ER SUPPLY, QE TROIT,HJ : 
US A. 

R000 528 R0008 5 J R0 00854 

OEUTSCHE BUNOcSPOST FERNHELOAHT 4,HUNCHEN,GERHA NY 
R0008JO 

OORTH UNO, CilY OF,W ,GERHANY 
R000 50 3 

DRESSER INDUSTRIES , S~CURI TY ENGINEER ING DIVIS I ON 
R0 008 01 

DURP, AN, CITY OF ,~AT AL , SOUTH AFRI CA, 
R00362 1 

EOI~BURGH COPP : SC OT LANO,U, ~. 
1!0 01980 

EO HONT ON,CITY DF , ALqERTA,CANAOA 
R0 00 846 R0009&8 R00 1021 

ELEKTRI ZITATSWERK O,STA~T BERN , SWI TZERLAND 
RO OD 409 

El FASO NATURA L GAS COl El PA SO ,T x : usA. 
~0 00844 P.00 129 7 R00134h 

€NEL ,ITALY 
R000 409 

ESSEX ANO KE NT COU NTY COU NCilS,U. K. 
R00 2&17 

EUGENE WATER A~O ELfC TRIC 80 ARO ,EUGf NE,ORl USA, 
R000 521 

EUROPEAN ECDNO~IC co""LHITY (EECl,"E"8ER COUNTRIES 
OF 

ROOJ 117 

FEOEUl BUREAU OF "INES 
R00080~ 

FEOE~Al BU REAU FOR ROACS ANO WATERWOR~S , S WITZEFLANO 
R0 02780 

FEDERAL RAILROAD AO"INISTRATI ON,OEPT,OF 
TRANSPORTATICN, WASHINGTION o. c :us A. 

ROD0 331 RU01151 R001481 R0 01qo1 ~00191q 
R001 977 

FEOE~AL REPU9llC OF W,GERHANY 
R001 270 

FE RRDVI E OELL O STATO-SE~YIZIO LAV OR I E 
CONS TRU ZION!, R C"E, ITALY 

RD"E JULY 

R001142 

FL OW RESEARCH I NCl KENT,WAl 980J1 ,USA, 
R001U8 

FLUJ) ONICS RESEARC H LA 8:SALT LA KE CITY,UTl USA 
R9DH6S 

GA S ANO WAT ER OEPT :8ASEL, SWITZERLANO 
R0015 0 8 R002 850 

GEHEINOE FlAWJL, SW!T ZE RLANO 
R00040 9 

GE"EIN□E PESE UX, SWIT ZERlAND 
R000409 

GLASGOW COR P : U. ~. 
R00 1986 

GOVT. AUT HORI TY AGUA Y ENERG IA ELECTRICA,ARGENT I N• 
R000449 R003639 

GOVT, OF PERU, □ IRECC ION EJECTIVE DEL pqDYEETE 
ES PEC IAL HAJES 

R00 2 7e4 

GRANGE"DUT H TOWN COUNCIL, SCDTLANO, U, K, 
R0017 77 

GRE AT ER CHIC AGC,"ET ROPCLI TAN SAN I T~~y DI ST, OF, 
CHICAGO , IL :USA• 

CHlCAGE , IL, USA 

R000256 R00 1244 R00 1 S11 R0 0 1So 7 

GRE ATER VANCOUV ER SEWERA GE ANO ORA INA',E DI STRICT 
R000 420 

GREA TER VICTOFI A WA TER □ IST :8RIT ISH COLUHBIA , CANA C• 
R0004 20 

HANNA HIWI NG CO, 
R00 1050 

HE 9EGGER LTO:THUN,S WIT ZERLANO 
ROO O 249 

HELSINKI METRO FOl I TAN AREA WAT ER CD , 
ROQ2qJ 4 

HELS INKI,CJTY CF , RAP JO TRA NSI T OFFl~E ,HELSINKI, 
FINLAND 

R003 118 

HOHESTA KE- SA PH A NO PART MFRS 
R001 050 

HONG KON G GOVT. 
R0 00 827 

HONG KONG CROS~-HAR80UR TUNNE L co:L Tij . 
R000 41 5 

HONG KO NG MA SS TRANSIT RA I LWAY CO~P:HO NG KONG 
R00 2845 

15 
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HUDSON BAY HINING AND SMELTING co•CANADA 
R0010JO 

HYDROELECTRIC COMMISSION,H09ART,TASHANIA 
R001516 11003499 

IMPERIAL CHEMICAL INOUSTRIES,SALT DIVISION OF,U,K, 
R001463 ROD 1464 

INNUSBURG,CITY OF,AUSTRIA 
ROD1779 

INTERNATIONAL NICKEL co: (INCOI 
ROOlOJO R001168 

ITALIAN NATIONAL RAILROAD AOHINISTRATION 
R00 1904 

JAPANESE NATIONAL RAILWAYS 
R000247 R001J83 R001974 R003148 R003506 

JAPAN RAILWAY CONSTRUCTION PUBLIC CORP:JAPAN 
R0 027q4 

JAPAN RAILWAY CONSTRUCTION CORP:JAPAN 
ROOJ146 

JARVA TUNNELING MACHINES ANO CUTTERS,OH:usA, 
ROD12•0 

JEFFREY MINING MACHINERY co:usA. 
11001265 R001•70 R001923 

JOI NT VENTURE I 

1,HIO-NORTHAHPTONS~IRE WATER BOARO,U,K, 

?, WELLAND ANO NFNE PIVEP AUTHORITY 

R001J89 

KAISER RESOoRCE~ LTO: BR ITISH COLUMBIA, CANADA 
11001046 ~D01739 

<AISER S TEEL co0 P:usA. 
R00 1500 

•ERR-HCGEE CRI LLING CO , 
R0010SO 

<RAFTWERKE CeERSASL!, SWITZ~ RLAND 
11002650 

KUPF ER6ERGBAU MITTERBERG, GH8H,AUSTRIA 
R000 40q 

LITANI RIVER AUTHORITY,LEBANON 
11001775 

LONDON TRANSPORT SYSTEH,LONOON,U ,K, 
11~00216 

LONDON TRANSPORT EXEC UTIVE ANO NATIONA L RESEARCH 
OEVEL OPHENT 
CO~P :LONOON,U. ~. 

RO O 22 16 

LOWE STOFT BOROUGH COU NCIL 
ROO O 2~2 

HAG~A COPPE~ CORPORA TION,SUPERIOR,AZlUSA, 
ROOlD•e 

MASSACHUSETTS TURNPIKE AUTHORITY 
R00146q 

HfLOOURNE UNDERGROUND RAIL LOOP AUTHORITY {HURLA I, 
HEL eoURNE. 
AUSTRALIA 

R00284D 

HEPSEY TUNNEL JOINT COHHITTEE,U,K, 
ROOD416 RD0 04~ 1 Roo111q ROOJ50~ 

METROPOLITAN SAO PAULO co,: SAO PAULO,BPA ZIL 
ROOJ50J 

~EXICO CITY,CITY A □HlhISTRATJCN OF,HEtICO 
R000425 

MILWAUKEE SE WER COHHISSION,HILWAUKEE,WI:USA. 
ROD0814 

HILWAUKEE BOILER MANUFACTURING co;MILWAUKEE,wI:usA. 
R001241 

MINIST RY OF WOOKS,HEW ZEALAND 
RDDD4J6 R000829 RODJ~61 R003660 

MONTREAL TRANSfORTATIO~ COM MISSION ANO CITY OF 
MONTREAL 

ROOD 214 ROOO 329 

HT ,ISA HINES,A US TRALIA 
R0013l4 

HUNI CH,CITY Of,HUNICH,GERHANY, 
R0D1941 

NATIONAL COAL eOARO,HINING RESEARCH ES TA9LISHHENT, 
U,K, 

BOlRO, U,K, 

ROOD 797 

NATIONAL COAL EOARO,U,•, 
ROO D796 R001~17 R00199 J 

NATIONAL RESEA~CH INSITUTE OF POLLUTION ANQ 
RESOURCES, SAITAHA JAPANAPAN 

R000410 

NATIONAL RESEA•C H DEVELOPMENT CORP, 
R000826 

NAT IO NAL RES EA ~CH ANO OE VELOPHENT CORP,,U.~. 
ROOJ646 

NATIONAL SCIENCE FOUNOATION ,WASH!NGTON,D, C, :usA, 
ROD0242 R000296 ROOD297 RDOOZ98 ~O!DJOO 
RDOOJOI RDD030Z RODOJOJ RC00104 ROOOJOS 
RD00407 R001089 R001091 1100 1117 ROOL778 
ROOL906 ROD19Dq R0019 1D ROu1975 R00199l 
RODZ06J ROOJ376 ROOJ378 R003179 

NATI ONA L SCIENCE FOUNDATION ANO u.s.aUREAU OF HINES 
R002 182 

NESTE OY PORVOO REFi hERY, PORVOO,FI NLAN O 
ROD11Z1 

N[M !NGLANO fL•cT,IC POWER co . 
RD01699 

NEW SOUT H WAL[ S, OEPT,Of HAI N ~OAOS,AU5TRALIA 
R002765 

NEW YO RK CITY TRANSIT AUTHORITY 
RO O O 5 31 

HEM YORK CITY,~OAPO OF WATfR SUPPLY,NYIUSA, 
RDDJ469 

NEW YORK C[TY ,OEPT,Of •ATER RESOURC~S,NYIUSA, 
ROO l906 

NEW YO RK,CITY CF ,NY: usA . 
R0012JO 

NEW !EA LAND GOvT: HI NISTRY OF HINES 
R002~ 44 

N!CE,CITY Of ,NICE ,FRANCE 
RD0277<! 

NORTHERN IRELA~O ELECT•ICITY SERV I CE :N, IRELA NO,U,K, 
R003670 

NORTHUMBRIAH WAT ER AUTHORITY,U,K, 
R001S JO R002080 R002783 R002827 ~ooze•r 
RODZ96~ 

NORWEGIAN STATE RAILWAYS,OSLO,NORWAY 
R001J15 

OREGO N STATE HIGHWAY OEPT:oR:usA. 
ROOOS21 
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SOUTH ArAI CAN P•ILWAY S I SA•I 
qoo1&12 

~OUTH WEST A<RlfA WATE R AHO fLECTAICITY CORPOR ATI ON 
AOO.H,1 7 

~r, il JN, Gr') VT . OF 
ROOO'>I I 

~ !A CT ~F PN , SW!T•E•LAH O 
Roooso q 

$ TA DT n~IAOUfH, 
Q000>0 9 

~ TA OT 1 llA:ICto, IU~l Cti,SWITlfA:LAHO 
RO 00, 09 

~fOC~HOLH HAQROUQ AUTkORITYtSTOC~HOLH , SW£0EN, 
•ooJ~rJ 

ST.LOUIS HETPOFOLITAN SE WEP O!ST:ST.LOU! S ,HO:usA, 
R0006H 

ST,PAUL PU8LIC WOR~S OEPT:ST,PAUL,HH, 
R00Jt•2 

S WFOI SH POW EP EOAPO,SWEO( N 
RD01985 

S WISS FEDERAL QAILWAYS,SWITZERLANO 
ROO I 21>9 

SW!TZEQLANO, GO VT,OF, 
R000835 R00 2621 R002650 

S , CALIFORNIA,HETROPOLITAH WATEP O!ST , Of,CA:USA, 
R00 0 215 ROOJ•67 ROOJ518 

TACO•A,CITY OF,WA;usA. 
A00052I 

TAUE~NAUTORAHN A~TIENGESSELSCHAJT,SAL/BU RG ,AUSTRIA 
R00126~ 

TEHRAN REGIONAL WATER BOARD 
POOZ799 

TEITO RAPIO TRANSIT AUTHORITY,JAPAN 
R00138J ROOJ148 

TENCHE TUNNEL AHO HIRAfLO~ES OAH, COLOHSIA , S ,AHER! CA 
ROOD 225 

TENNESSEE VALL EY AUTHOR!TY,USA, 
R000509 

TERRASPACE !NCtHO;USA. 
RO OO~&J 

TEXAS GULF SULFHUR CO , 
RO 01050 

TEXAS HIGHWAY CEPARTHENT:TX, u. s . A. 
ROOJ4H 

THE ANACONDA COHPANY 
R001050 

THRE E VALLEY S •ATE R COHHITT H (.,U , t<,1 
Roooaz, 

TOt<VO GAS COMPANY tT Ot< YO,JAPANI 
R00J~J8 

TOt<YU (PRIVATE RAILWAYl,JAPA~ 
ROOJ l4& 

T OROHTO,C IT Y Of ,CA NAOA 
R0 0085 0 R00!175 

TORONTO, HE TROPOLITAH HUN IC IPA LIT Y, TORO H O ,CAIIAOA 
R000 420 

TRANSPORT ANO ~OAO RESEARC~ LA BORATORY,T~HHEL 
OIVIi!OH, U,K. 

ROOZ8Z6 

TWIN FALLS POW ER CORP, ,LTOlC hAOA 
Rooz,1, 

UHJOH CARBIDE 
RD01050 

UNITED AIRCRAFT RESE ARCH LABI E.HAR TFOQO,CT:06108 
R000ft64 

UNIT ED NUCL£AP CORPORAllON 
ROOLO'iO 

UNITED STATES GOVT, 
R000861 A00097J R002054 

U, I(. GOVT, 
ROOJ117 

U,K. GOVT!POSTAL OfPT; 
ROOll Zt 

U,K, GOVTIDEPT, OF EhVIRONHENT 
R002&2• 

17 
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U,S,AI~ FORCE WEAPONS LAB:AIRPORCE S~STEHS COHHANO 
KI~TL4NO AFB. NM •• USA. 

R000426 

u .s.ARHY CORPS OF ENG INEERS 
R000221 R000866 R00!9Z! R002653. R00343! 
R003494 ROOJ495 

U,S,ARHY COLO REGIONS RESEARCH ANO ENGINEERING LAB, 
I CRRELI 

R0002~0 ~002056 R003577 R003657 

U,S,ARHY HOeILITY E □UIPHENT RESEARCH ANO 
DEVELOPMENT CENTER, FORT BELV OIR,vA:us A, 

R0012!3 R00!5!9 

U,S.BUREAU OF 
R000207 
R0002~1 
RO 008H 
R00!297 
ROO H13 
R003520 

REC LAMATI ON 
ROOu230 R0 00 23! 
F000257 R0005:Y5 
R000856 R001053 
R001298 R001346 
R002730 R00348& 
R003 52 ! R0035Z2 

U.S,AUREAU OF HINES 

R000232 
RD0062D 
R00!058 
R001348 
R003496 
R003 523 

ROOOVJ 
R000821 
ROO! 132 
R001477 
ROO 3508 
R003524 

R001483 RD01495 RD01909 R001949 R0020&0 
R0020 61 R00 2062 R002063 R002069 R003632 

U, S ,GOVT:DEPT,OF DEFENSE 
R00 0373 ~000176 R000364 R000862 

U,S,GOVT:OEPT,OF TRANSPORTATION 
R000375 R000514 R001720 
R002906 P002909 R0029t0 
R0029!J R0029!4 R002915 
R003 142 R003145 R003146 
R003 149 

U, S , GOVT:OEPT ,OF COHHEPCE 
RO 01489 

ROOt 918 
ROO 2911 
R002920 
ROO 314 7 

R001988 
R0029!2 
R002925 
R003148 

u .S.GOVT:OFFI CE o0 NAVAL RESEAR CH,EARTH SCIENCE 
DUISION 

R001 484 

VEREI<IGTE OSTEP~EICHI5CHE EISEN-U N[ STAHLWERKE­
ALPINE MONTAN AG,, AUSTRIA 

R001935 R001 936 

WARRI NGTON , COUNTY 90ROUGH OF,U,K, 
R000499 

WASHINGTON NETQ:O,W A:;1◄ INGTOH,o.c:usA. 

R000530 

WASHINGTON ME TR0°0L ITAN AREA TRANSIT AUTHORITY I 
MAl1llTA l, 
WA SHI NGTON,o , c : us A. 

R00!89& R00l 9D0 R0028~8 

WESSEX WATER AUTHORITY,ARISTOL,U,K, 
R003122 

WES TERN llJCLEAR CORPORATION 
R00 1050 

WEST SUSSEX DRAINAGE OIVISION,SOUTHERN WATER 
AUT HORIT Y,U,K, 

R0028 46 

WHITE PINE COPPER co: WHITE PIHE,HI;USA, 
R0 01019 R001903 

WILLIAHS,HUGHS B.HANU FACTURING CO, 
R001514 

WI RTH ,AL FREO ANO co:KGlGERHANY 
R001133 

MOOKEY HOlE CA VES LTo:u.K. 
R001S32 

YALE UNIVERSITY 
R0 03634 

YOKOHAHA,CITY CF 
R003148 

1,BARNET,LONOON BOROUGH OF,U,K, 
2,HAHHERSON GRCUP,U,K, 

R002819 

1.BUIL□ING RESEARCH ESTABLISHHENl,U.K, 
2,NORTHUHBRIA kATER AUTHORITY,u.K. 

3.WATER RESEARCH COUNCIL,U,K, 

R002827 

1,COLORAOO SCHOOL OF HINES 
2,FLOW RESEARCk INC, 

3,NATIONAL SCIENCE FOUNDATION 

4,R088INS COHPANY 

5,U,S,8UREAU OF HINES 

R001265 R003377 

!,SERVICES TECHNIQUES OE LA VILLE OE HARSEILLE C 
DIRECTION OE 
LtURBANISHEI F~ANCE 

2, GREATER LONOON COUNCIL 

3,BRITISH GOVl, 

R000412 

!,SWISS FEDERAL RAILWAYS,SWITZERLANO 
2,SWITZERLAN□ ,GOVERNHENT OF, 

3,ZURICH,HUNICIPALITY OF,ZURICH,SWITZERLAHD 

R003635 
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C. BIBLIOGRAPHY ON TUNNEL-UNDERGROUND OPENING NAMES 

A8[ROEEN TUNNEL !HONG KONG - KOWL OON , ,HONG .~ONG! 
R002852 

ACCESS SHAFT TO PORTOeELLO SEWAGE TUNNEL 
IPO~TOBE LL O, SUSSEX ,U, K,1 

Q0028~6 

AC.CFSS SHAFTS FOR THE OORTHUNO-HENGEOE S EWER 
TIJNNELS fO O~TMUNO,, 
W, GERHANY I 

R003626 

ACCESS TUSN EL ,UNOERGROUNO PO WER HOUSE, KE HANO 
5C~fHE I KEHANO, 
OQIT {SH COLUM8IA , CAN AOAI 

R002211 

ACC ESS TUNNEL,OI• ORWI C PQOJECT ISNOWOON IA,WAL ES , u . 
K. I 

R0027el POOH,l~ 

ACCESS TUNNEL FO~ THE ENGLISH CHANNEL TUNNEL (., U, 
~ . I 

R00 2824 

ACCESS TUNNEL FOR SEEL I SBERG MOTOR WAY TUN NEL 
ISEELI S8ERG I 
SWIT ZEQLAN□ I 

R002821 

AIR S~AFT ,NCR THFRN TUNNEL,KIELOER WA TER SCHEME 
15HEREERRY, 
Cf\GLA NO , U.K.1 

RO D2783 

AL~FRG TUNNE L I FAST~R h 5ECTIONl !,.AUSTRIA! 
R002H6 

ALBERG TUNNEL (WESTER> SECTION! f .,AUSTRUI 
R002 786 

AL9ERG TUNN EL l,.AUS TR!Al 
QD0050l ~000507 

ALBONA SHAFT OF ~LilE RG TUNNEL !,,AUSTRIA! 
qoo 21e& 

• LLEGH EHY PCRT AGE TUNhEL f ,P A1U SA I 
RO 01227 

ALU HI RA TUNNE L IHA OR IO., SPAINI 
R001077 

AL VA q , A □ASS TUNNEL 
R00 1227 

A HELIE POTA SH HINE I, ,N,FRlhCEI 
RD0 1qz3 

AHER ICAN GILSO NIT E MINE ,,co:usAI 
R00D7 ~4 

APPALACHIA PROJECT I . TN:usA I 
R001227 

d~LBERG TUNNE L 1,, AUSTRI AI 
RO D1 227 

AUBURN (CANAL! TUNNEL f, PA :USAI 
RD01 227 

AWALI TUNNEL I ,.LE9 ANONI 
RDOl 775 

AZnTEA TUNNEL 
RO OOZ07 
RO D1053 
R0 01S13 

(JUAN-CHAMA PROJECT! f ,N, CEN.NHlUSA I 
RDOD 232 R0D0233 RDD D23& RDD0514 
R001CS8 R001297 ~D01 346 R001 469 
RO Ol ~8 6 ROD 3496 R0D3522 

BAL eoA OUTLET TUNNEL PROJ EC T 1, s . cALI FOR'IIA .u. s. A I 
R00 3517 

BALTIMORE ANO OHI O RAILROAD TUNN EL 1,wv:USAI 
ROD1483 ROD190D 

BALTIHORE HAR0 CUR TUNNEL (8A LTIHORE,HO;USAI 
R000227 ROD0228 RD00245 R002788 

BALTIMORE CHANNEL TUNNEL (CHESAPEAKE 9AY,VAlUSAI 
R002788 

SANCHO TUNNEL, EI□AN N0 . 8 LINE ITOKYO.,JAPANI 
ROD3148 

BANKHEAD TUNNtL 1,AL!USA I 
R00D228 ROD2788 

BARBARINE TUNNEL (GRA NO EHOSSON HYDRO - ELECTRIC 
POWER STlTIOHI 
f G?ANO EHOSSON ,.SWITZERLA NOI 

RD01ll3 

BASEL UTILITY lUNNEL I EASEL.,SWITZERLANOI 
R00285D 

BAYTOWI< TUNNEL 1,rx: usA I 
R000227 RD00228 RDDD24S R002 7 88 

BAY AREA RAPIO TRANSIT PROJECT fBARTI ! SECTION 
UNSPECIFIED l 
I SAN FRANCISCO,CA;USAI 

RD0D254 R0D0505 ROO OS14 RO OD814 RD0 102S 
RDD1058 il.002788 R00l146 R003148 RODl516 

BAY AREA RAP ID TRANSIT PROJECT IBHTI IHARKET ANO 
HISSION STREET 
SECTIONS! !SAN fRANCISCO,CA:USA I 

RD00529 

BAY AREA RA PIO TRANSIT PROJECT ! BARTi ( MARKET 
STRH T SECTION! 
f SAN FRANCISCO,CA:USAI 

R001025 ROOJ511 RD03516 

BAY ARE A RAPIT TRA'ISIT PROJECT !CONTRACT NO, so o22 : 
15 TH TO 8TH 
STREET l ISAN HANCISCO , CA 1USA I 

RDD3519 

BAY ARE A RAPID TRANSIT PROJECT ( CONTRACT NO,HD031 : 
24TH TO RANDALL 
STREET I ISA N F~ANCISCO ,CA , USA I 

R0035 19 

BAY Of HAVA'IA TUNNEL 1,,C UBAI 
R00D228 

BAZBERG INCLI NE □ SHAFT FOR ST.GOTTHARD TUNNEL 1, , 
SWIT ZERLAN□ I 

RD02760 

SCAR SWAMP PROJECT 1,HEW EHGLANO;USAI 
R001899 

BEAU•ONT ABBOTSCLIFF TUN~EL IABBOTSCLIFF, KENT ,U, K. I 
RD028 31 

8EAUHONT ENGLI SH CHANNEL TUN~EL 1,KE~T,U,K,I 
R0D28 ll 

BENELUX TUNNE L <ROTTERDAH,,NETHERLAH□ S I 

ROD0228 R002766 

BERGEN TUNNEL <,NJlUSAI 
R001227 

BERKLEY HILLS TUNNEL f SA N FRANCI SCO,CA,USA I 
RD D3516 

BIG :REEK H0. 3 TUNNEL 1, CA:US AI 
R001 227 



OJNGHAH CANYON TUNNEL 1,UT;USAI 
R001227 

ALACKWALL (2NOI TUNNEL (LOIIOON, nGLANO,U~I 
RO 00 221 POO ozi,s 

8LA~CO TUNNEL (JUAN-CHAHA PROJECT] (,N.C~N.NH:USAI 
R000232 R000233 R000236 R000514 R001053 
R0012q7 R0~1Sl3 ROOJt,86 R00352t, 

9LFCHI NGLY TUNNfL (,. UKI 
R001227 

"LUE HOUNTAIN TUNNEL < ,PA:USAI 
R001227 

BLUE RIDGE TUNNEL 1,VAlUSAI 
R001227 

aOLTON HILL TUNNEL 19ALTIHORE,HO,u.s.A.I 
R0036Eq 

900TLEG CANYON TUMNEL (,uT:uSAI 
R001227 

90RGUNO WAT ER POWER PLANT,PEHSTOCK FOR 
<LAtROALSELVEN, ,NORWAYI 

R~D2403 

90ULBY HINE CCLFVELANO POTA5H LTO,l IBOULBY, 
YORKSHIRE,UKI 

R002182 

BOULBY POTASH HINE, SHAFT N0,1 (BOULeY,YORKSHIRE,U. 
K, l 

R002H2 R002A2S 

9fU LBY POTASH HINE,SHAFT N0,2 IBOULeY,YORKSHIRE,U. 
K,l 

R002782 R00 2625 

OCWLAND FOREST TUNNEL !,.GBI 
R001t,H 

ORA~CH TUNNELS •~OH PILOT BORE,HOKKAIDO ENO,HONSHU­
HOKKAIO O 
,AILWAY CONNECTION (ALSO CALLEO SEIKAN UNDERSEA 
TUNNEL I C,, 

R002t,77 

~REEOO N LIMES TONE ~UARRY TUNNEL !,LEICESTERSHIRE, 
OKl 

•~F.~T CP.OSS UNOE~PASS,NORTH TUNNEL (LONOON,ENGLAND, 
U.K. I 

R00261q 

9RF.~T CROSS UNOE~PASS,SOUTH TUNNEL ILONOON,ENGLAND, 
U,K, I 

R0 0261q 

9ROCKLYN-STATEN ISLAND TUNNEL 1,NYlUSAl 
R00146g 

8ROOK LYN BATTERY TUNNEL ( NEW YORK CITY,NY:usAI 
R000227 R000 2t, 5 

8UFFELSFONTEIN HINE SHAFT (S,A>RICAl 
R0002~2 

8YPASS TUNNEL,UNOERGROUNO POWER HOUSE ,KEHANO 
SCH EME CKE HANO, 
SRITISH COLUHBIAoCANAOA> 

R001050 R002211 

CA6LE TUNl'EL FOR GERHAN GENERAL POST OFFICE 
(HUNI CH ,,H. GERHANYI 

R000630 

CABLE TUNNEL,8IRD STREET- BROOK STREET <LONDON, 
E~GLANO,U.K,I 

ROD3121 

CALUl'E:T INTERCEPTING SEWER 11SE,127THAND CltANFOLD 
AVE,) (CHICAGO,IL;us a, 

ROOO')6q ROO121,t, 

CANON DEL PATO HYDROELECTRIC PROJECT;HAIN TUNNEL 
( HUA LL ANCA ,PERU) 

ROO 261,g 

CANON DEL PATO HYDROELECTRIC PROJECT:PoWER SHAFTS 
(HUALLANCA,PERUI 

P002&t,g 

CANON DEL PATO HYDROELECTRIC PROJECTIUNOERGROUNO 
POWERHOUSE 
(HUALLANCA,PERUI 

ROOZ&i,g 

CANON DEL PATO HYDROELECTRIC PRDJECT:TAILRACE 
TUNN EL 
( HUALLANCA, PER~I 

R002&1,q 

CANYON TUNNEL <,CA:USAI 
R000236 R001227 

CARLcY V,PORTER TUNNEL CCA,A.OUEOUCT SYSTEHI <, CA; 
USAI 

R00105t, 

CARLEY V,PORTER TUNN! L AOIT CCA,AQUEDUCT SYSTEHI C, 
CAlUiAI 

R000527 

CARUON TUNNEL <,co;US Al 
R001227 

CARHEN-SHITH DIVERSION ANO POWER TUNNE L (LANE co; 
OR;UiAI 

R0005Z1 

CASTAIC TUNNEL,LOS ANGELES (,CA;usa., 
R001235 RD03509 

CASTAIC TUNNEL,H0.2,LOS ANGELES (,CA,U.S ,A,I 
R00350g 

CASTAIC TUNNEL,N0.1,LOS ANGELES 1,CA,U,S.A,I 
RD035Qg 

CASTIGLIONE TUNNEL CPA RT OF ROl'E:-FLORE NCE RAILROAD I 
I,. lT AL YI 

ROOtgo,. 

CEN,EUROPEAN RESEARCH NUCLEAIRE (CERNI TUNNEL <,, 
SWITZERLAND I 

ROOIH 7 

CHARION TUNNEL c,, SNITZERLANOI 
ROOD 2 36 

CHAUOERON TUNNEL CNO,g AUTOROUTE OU LEHAN! <,, 
SWITZERLAND I 

ROOD 835 

CHESAPEAKE BAY TUNNELS ( ,VA:USAI 
ROOD 228 

CHICAGO f.VE.SEWER TUNNEL ICHICAGO,ILlUSA I 
R001227 

CHIUGO SEWER SYSTEH !CHICAGO, IL ;uso 
RDOO51t, RO0O81,8 ROOo&1,q ROOO851 ROO35O7 

CHICAGO SEWER TUNNEL !CHICAGO, IL IUSA> 
ROOO 969 

CHINNOR TUNNEL ICHIM~OR,,U.K.I 
R001g47 R00 2626 R002834 R~028t,2 

CHITRAL TUNNEL CDIR,,PAKISTANl 
R0028"3 

CHUR;HILL FALL~ UNDERGROUND CHAMBERS <,,CANADAI 
ROOD 53" RO0177& 

CLAREHONT-OANVILLE ROAC TUNNEL <PRETORIA,,S, 
AFRICA I 

R001135 

21 
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CLOR CREEK TUNNEL <, CA:USA I 
R00 1227 

r.LISAX ~! NE 1, CO:IJS AI 
R0009f9 P001608 

CLOUD HILL OUAR".Y l~REEDON, LE!CESTERSHIRE,U,(,1 
R0005l0 

CLYDE TUNNfl IGLASGOW,SCOTLANO,UK) 
R000227 R0002 ', 5 

C,CALBRO CK COLL!E,!f S l.,S,AFR!CAI 
R0010',b 

r, CEN TUNNEL IAHSHROAM.,NETHERLANOSI 
R000226 ,OOZ78a 

COLORADO RIVER TUNNEL 1,CA:USAl 
R001227 

CONNAUGHT TUNNEL (, q, JT IS H [OLUHR!A:CANADAI 
,001227 

CCNNECT!NG TUNNELS CROM CHICAGO DEEP SEWER TUNNELS 
TO CROP SHAFTS 
ICH ICAGO , IL:USAI 

R0008G2 

CONSTRUCTIO• SHAFT,Fo• co,TRACT N0,M0031 (BART 
P~OJECT I 
ISAN •~ANCISCO,CA,U SA I 

C~OKH1USE TUNNEL 1,.s. HqrcA l 
R~0050fi R000~!7 R001130 

CCOLING WATER INTAKE TUNNEL N0,1,ISLE OF GPA!N 
POWER STATICN 
( tt t.! , I( •• 

qoon~, 

CCOLING WAT ER I•TAK E TU~NfL N0 , 2,ISLE OF GRAIN 
POWER STATI CN 
C., U,I( • I 

COOPER 9AS!N TUNN EL I ,CA:USAI 
R001227 

coo -Tqor s P(NTS H-F SCHEME , UNDEPGROUND POWER 
STA TION OFl,,BELG!UM) 

ROOO<,% 

con-TRO!S PONTS H- F SCHEHE ,ACCESS SHAFT (,, BELGIUH) 
ROOD<,% 

COO-TR OIS PONTS H f SCHEHE, VE NTI LATI ON TUNNEL OF (, 
, eflGI UH i 

R000•% 

[00 -TRO!S POSTS H-f SCHFHf, PRESSURE TUNNEL OF 1,, 
q<LG!UMI 

R000<% 

COO-TROYS PONTS H-F SCHEHE ,T~ILRACE TUNNELS OF 1,, 
qfLG!UHI 

ROOO•% 

COO-TROY S PONTS H-e SCHEHE,ACCESS TUNNEL FOR 
UNDERGROUND POWER 
STATION I ,.SELGIU~l 

R000•9b 

CORBES TUNNEL (GRAN□ EHOSSON HY DRO-ELECT RIC POHER 
STATION] 
<GRAND f MOSSON,,SWITZERLANDl 

R001133 

co~eUR~ TUNNEL (,,u.K.l 
R001227 

CREIGHTON NO, q SHAFT 
R000842 R00 10 30 

CROOKED CREEK TUNNEL !CROOKED CREEK RESERVO IRS ] 
(FORD CITY,AHSTRUNG co.,PA.,USA) 

RODI '•8 3 

CROSS-HARBOU~ TUNNEL !,HONGKONG! 
R002768 

CROSS-PASSAGES FOP CONTR ACT NO.SOOZZ !BART PROJECT I 
!SAN FRANCISCO,CA,USAI 

R00 3~19 

CROSS-PASSAGES FOR CONTRACT NO,H 0031 !BART PROJECT] 
ISAN FRANCISCO,CA,USAI 

R003S19 

CROSS AOIT,ENGLISH CHANNEL TUNNEL 1, KE NT,U,K,l 
R0028 31 

CROSS HANDS TUN NEL ( ,,,u . K.) 
RD00971 

CROSS IRONOEOUCIT TUNNEL 
R000617 

CRREL EXPERINENTAL TUNNEL ( FOX , AK:USA I 
ROOZOS6 

CRYSTAL SPRINGS BYPASS WATER TUNNEL !SAN HA TEO CO,, 
CA:JSAI 

R003516 

CUPRA MINE 1,QlEOEC,CANAOAl 
ROOt0<,8 

CURRANT TUNNEL 1,UT:USAl 
R001 298 

DARTFORD TUNNEL !ESSEX ENO ! I DARTF ORD , ENGLANO,U,K, I 
R002 8 37 

DART FOR □ TUN~EL I KENT ENO! IOARTFORD,ENGLANO,U.K, I 
R002837 

OARTFO~O VEHICULAR TUNNEL IOARTFORO, ENG LANO, U,K,l 
R000209 R0002~5 

DAWOON COLLIERY IOURHAM,.U,K ,l 
R0028 34 

DEAS ISLAND TUNNEL (VANCOUVE~,BRITISH COLUH BIA: 
CANADA! 

R000227 R000228 ROOOZ45 R002788 

DEEP LEVEL ORAINAGE INTERCEPTOR TUNNELS-HEXICO 
CITY IHFX, CITY ,HEXI 

R000<,25 ROOJ612 

OEEP LEVEL DRAI NAGE OUTFALL TUNN EL-MEXICO CI TY 
IHEXICO CITY,HEX , l 

ROOG•25 ROOJb12 

OEGTYARSKIY MINE 1., USSRI 
R001527 

DENISON Ml NES 
R001692 

OETIWIT-HINOSOR TUNNEL I, , US A-CANADAI 
R000228 R002788 

OETRDIT U VER lUNNEL 1,HICHIGAN-ONTARI O,USA- CANADAI 
R0027e6 

DETROIT HATER SUPPLY PROJECT:LAKE HURON TUNNEL, 
OETROIT,MI,,USA. 

R00350• 

DETROIT WATER SUPPLY PROJECT: PUHP(NG SHAFT 
(OET~OIT ,HI •• usA, 

RO OJ50 4 

DETROIT WATER SUPPLY PROJECT:ACCESS CHAHBER 
IOETROIT,HI,,USAl 

R00350 4 



~EV[lO• "ENT TUN'l!'LS,OLL[RTON COLLIERY 
(~OTTtNGHA"SHfQE, , U.<.) 

ROOl120 

~!SCHAR a E TUNN~L [HARSELE HYORO-~LECTRIC POWER 
'JL.f. NT I 
(,GUERNSEY,U.( .) 

ROOtH ft 

O! VfR SION TUNNEL, OI HORW! C PROJECT <SNOWOOHU,WALES , 
IJ .K •) 

R0077~1 ROO 1~19 

OO~OQ Wl C PRCJECT .VALVE ST ATION OF 1 ,WILES,U,(,) 
RO O ,~H 

11n~CM[STrR MATFR TUNNEL (OOSTON,"A:USA) 
ROOQSOh R00 0%~ 

fl 'lQ THUNO-Nt.NC.FOf srw(R TUH~FL , SECTION I (OOJf:r MUNO, t 

w. f,fRP-4ANY'J 
R0 0lh2 h 

OORT HUNO-HENC[ Of SLWER TUNNEL,SECTION O COORTHUIIO,, 
w. GfR P4,UHI 

RO Ol626 

OwAI NA Gf AN O INSPE CTI ON CALLER!ES ,GATHRICHT □AH 

ICOV!NGTON ,VA:USAI 
R0028~l 

DOOP SH AFTS FOR CHIC AGO OE(P SEWER TUNNEL <CHICAGO , 
I l: US A I 

0000 ft~2 

~uq AJ TUNNEL <OU8A!,OUBA!I 
R0027q2 ROOU 23 

OuTr,H STAT E HINES <,HOLLANO,N(THERLANOSI 
R000~90 

OU TOITSHOOF ROAO TUNNEL <OU TO!TSKLOOF,W,CAPE 
PO OVINC[ , SOUTH AF~!CAI 

R002829 

FAGLE- PI CHER INOUSTR IE S SHULLSBURG >!NE 
R0020hJ 

FA GL[ MOUNTAIN H[Nf <, CAIUS AI 
ROOl~OO 

( ASTE RN 5UIIURBS !UNNH S ( SYONfY ,AUSTRALI Al 
R0019tr 

•A ~T RRAHCH TUNNtL ( F AST RRANCH OAHI <,PAIUSAI 
RO Ol~ft l 

(AST OR! VE N0,1,ALBfP ! PARK STORHWAT[R CULVEU 
(OURBAN,NATAL , 
SOUTH AFRICAI 

ROOJhZ I 

'AST ~RIVE N0, 2 ,ALq[R T PARK STORHWATER CULVERT 
<OU RBAN,NATAL , 
SOU TH AFRICA I 

ROOJ62 1 

£, s r ~ JRO ST~EET TUNNEL (NEW YOR~,NY;USA) 
ROOOSJt ROO Z 71ft 

ECNONT ON SANITARY TUNNELS <EO"ONTON,ALBERTA,CANAOAI 
R000&46 ROOO%& 

EISfNHOWER " EHORIAL TUNNEL IA~SO CALLEO STRAIGHT 
CREE~ TUNNEL I 
,,co :usal 

ROOl9tz 

~LO[ TUNNEL IHAHBUAG,,W.GERHANYI 
R0009% RIOZ1U 

F. LIIABETH TUNNEL t,CA1USAI 
R001ZZ7 

FLilA8 ETH RIVER TUNNEL (ZNOI (,VAlUSAI 
R000227 R000 2 Zft R000l"~ ROOZ7&& 

ELIZABETH RIVER TUNNEL (1ST) (,VA:USAI 
ROOZ7&& 

EL NIHUIL NO.J-INUl<E TUNNEL 1,HENOOZA,ARGENTIIE: 
REPU8L !Cl 

R000 .... 9 

EL NIHUIL N0,3-PRESSURE TUNNEL 1,HENOOA,ARGENTINE 
REPU8LICI 

ROOO,..,q 

EHPINGHAH RESERVOIR PROJECT,TUNNEL A <WANSFORO­
llfOTHORP£ ,, u. k . > 

R002&Z2 

EHPINCHAH RESERVOIR PROJECT,TUNNEL 8 (TINNELL­
EHPINGHAH, ,U.K,I 

R002&22 

E HPINGHAH RE Sf RVOIR PROJECT ,SHAFT NO. I (WA NSF ORO., 
U,K.I 

R002ft 22 ROOZ82' 

EHPINGHAH RE SERVOIR PROJECT,SHAFT N0,3 IWOTHORPE,, 
U .K.) 

R002&22 

EHPINGHAPI RESERVOIR Pl!OJECT,SHAFT N0,4 <TINWELL,.U, 
K,I 

ROOZ822 

EHPINGHAH RESERVOIR PROJECT,SHAFT N0,6 (EHPJNGHAH., 
U.K, I 

R0028Z2 R00Zft48 

ENA TUNNEL 1,,JAPANI 
RD01J39 R00131J 

ENO SHAFTS,8ASEL UTILITY TUNIE:L !BASEL,, 
SWIT ZERLANO I 

R0028SO 

ENGLISH CHANNEL TUNNEL (,.U,K, I 
R000210 R000994 R0027&9 ROOJ117 

EQUJPHENT CHAHBERS ANO TUNNELS IBOUHOARY OAH 
PROJECT! (PENO 
OREILLE COlMAlUSAI 

R000'i2t 

EUCUH8£NE TUHUT TUNNEL <, SHONY HTS :AUSTRALIAI 
ROOOZ"& R001227 

EUCUHBE HE SNOWY TUNNEL ( SNOWY HTN. PROJECT I (., 
lUSTULIAI 

R000 2 "6 

EX PEUHENTAL S HAFT FOR CHIHNOR TUNNEL ICHINNOR,.U, 
K, I 

R0 028"2 

EXPEU IIENUL TUNNEL FOR KIElDER TUNNEL I ROGERL Y 
QUARRY,FROSTERLYI 
U, K, I 

ROO ze .. 7 

EXP!.ORATORY TU•NEL FOR UHOERGRCUNO POWER HOUSE, 
KE IIANO SCHEME• 
(KEHlNO,tlltITISH COLUHBIA,CANAOA I 

R0 02 211 

E.KOOTENAY CO ALFIE LO I 8ALNEll COAL SEAH I I ,BRITISH 
COLUHB IA 1CANAOAI 

R0017J9 

FELBERTAUfRN TUNNEL 1,,AUSTRIAI 
R011216 

FIRST TRANSVERSE ORIFT,UNO£R~ROUNO POWER HOUS(, 
KEIIANO SCHEii[, 
<KEHANO,BRITISH COLU118IA,CANADAI 

ROOZZU 

FLEET LI N[ TUNlft:L,STAG[ l ILONOON,ENGLANO,U,K, I 
R003H8 
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FLEET LINE TUNNEL,STAGE 2 ILOhOON,ENGLANO, U, K,I 
RO OJ148 

FLORENCE LAKE TUNNEL 1,CA: USAI 
ROOl227 

FORT PECK OAH TUNNEL NO,l 1, HT:USAI 
ROOO 221 

FORT PECK OAH TUNNEL N0.2 1,HT:USAI 
R000221 

•ORT PECK OAH TUNNELS 1, HT:USA I 
R0 0022l 

•nRT RANDALL OAH TUNNELS NO , l- 6 1,SO l USAI 
R000221 

FORT RANDALL OAH TU'INELS NO , 9. 11, 12 1,sD:usA1 
R000221 

FORT RANDALL OAH TUNNE L NO, 1 0 1,SO:USAI 
R000221 

FORT RA~OELL DAH TUNNE LS 1,HOl USA I 
R0 00490 R00l921 

FREE STATE SUIPLAAS HINE SHA,T I S, AFRIC" 
R000252 

FREIORICHSHAFEN TUNNE L 18ERLI N, GERHANYI 
Roo21ee 

FUCINUS TUNNEL 1,,ITALYI 
RO O 1227 

FURKA TUNNEL (Oq[QHALD END! IANDERHATT- BRIG,, 
SMfl ZERLANDI 

R002850 

FURKA TUNNEL CREALP ENO) ( ANOERHATT-8RIG ,. 
SMITZERLANDI 

RO 02850 

GAHTOOS CANALS TUNN EL (.,S,AFRI Cll 
R001130 

GARRISON OAS TUNNELS NO. 1- 5 1,ND:USAI 
ROOOZ21 

GARFISON DAH TUNNELS NO, 7-8 1, 110:usAI 
R000221 

GARFISON DAH TUNNEL NO, 6 1 , ND:USAI 
RO 00221 

GAS TUNNEL,CORNMALLIS ISLAND TO LI TTLE CORNHALLIS 
ISLA NO 
Ct ,US-CANAOAJ 

RO 036 71 

G ►I ONA TUNNEL (ATHENS,, GREEC EI 
R00 10~1 

GIBRA LTAR HILL TUNNELS (HONHOUTH,U.K,I 
R00105S 

GLENDORA TUNNEL (SAN GABRIEL HTs:cAIUSA) 
RDD1D56 RDOJJ78 

r.oss TUNNE L (, , AUSTRIA) 
RD002J& 

GRAIGENTINNY TUNNEL ( ,SCOTLA ND, U,K, I 
R0 01 98D 

f.RA NOUC TUNNE L 
R000220 

GRA HGEHOUTH SEHE R TUNNEL 
RD01 777 

GRAY NO, SDICOAL l HINE 1,MV:USA I 
R001922 

GREATER LONOON COUNCI L STORN WAT ER RELI EF SEHER 1,, 
U,K , I 

R001941 

GREATER VICTORIA WATER SUPPLY TUNNEL IVICTORI A, B,CI 
CANAOA I 

ROOO 420 

GREAT CHARLES STREET ROAD TUNNEL I BIR HI NGHAH,,U,K,1 
ROOD 491 RDD1D 68 

GREAT LAKE POWER DEVELOPHENT <, TAS HANI A, AUS TRALIAI 
ROOD799 ROO l Slb 

GUNNISON TUNNEL 1,co;USA I 
ROD1227 

GUTHEGA TUNNEL (SNOWY HTN, PROJECT I 1, , AUSTRA LIA I 
R000246 

HALIFAX TUNNEL <,NOVA SCOTIA , CANA DAI 
ROD1917 

HAHAOKA NUCLEAR REACTOR COOLING SYSTE H ( HAHAOKA , 
JAPAN) 

R003H5 

HAHBJRG RAILROAD UNDERPASS IHAH8URG ,, H. GERHANYI 
ROO31t,8 

HAHHARBY RAILWAY TUNNEL ISTOCKHOLH,SHED~NI 
RDOl.,66 

HAHPTON ROADS TUNNEL (,VAOUSA I 
R000226 R002788 

HARLEM RIVER TUNNEL INEW YORK, HY :usA,> 
RD02 78ft 

HAROLD O. ROBERTS TUNNEL 1,,USA> 
RDOO ~90 

HARTEBEESFONTEIN HINE SHAFT (S ,A FRICA I 
ROOD 252 

HATTON CROSS-HEAT HROW CENTRAL RAILWAY LINK !LONDON, 
U.K. l 

RDODUZ RDDJ641 

HAVANA TUNNEL 1,HAVANA,CUBA I 
R002788 

HEADRACE TUNNEL lKAFUE GORGE HYDROELECTRIC SC HHEH EI 
1.,ZANBIAI 

RODl118 

HEAORACE TUNNEL INKULA FALLS HYDROELECTR[ C SCHEHEI 
1, MALAWI,AFRICAI 

RDD1l18 

HEAORACE TUNNEL (VICTORIA FALLS HYDROE LECTRIC 
SCHEHEJ 1,ZAHBESI 
RIVER,AFRICAI 

R001116 

HEADRACE TUNNEL,JULIA HYDROEL ECTRIC SCHEM E 1ST, 
HORITZ,SWITZERLANDI 

ROOD 2 .. q 

HEADRACE TUNNEL, GRIHSE LII EAST PUMPED STORAGE 
POWER PROJECT 
IGRIHSEL,,SWITZERLANDI 

R002650 

HEATHCOTE-ENGADINE CAR~IER SEHER I SYONEY,NSW: 
AUSTULIU 

R003119 

HEATHROW CENTRAL STATION IRAlL WAYI ILONDO N,U, K,1 
R000.,12 

HEINENOORO TUNNEL <8ARENORECHT ,,NETHERLAN DS I 
R002766 

HEITERSBERG RAILWAY TUNNEL t , ,SWIT ZERLAHDI 
ROD1269 R001339 

HELCA HINE !COVER DtALENE , IDlUSAI 
R001022 RD01058 



Hf LS !NKI HETRO , KLUU V! CLEFT SEC TION<H ELS !NK!,, 
FINLA•Ot 

RO OJ1 U 

HE • OERSON T~NNfl <, c o: u~AI 
ROOtq11, R00 2 %S 

HIA i YA- BORI TUNN EL, EIOAN N0 ,8 LINE (TOKV-0,.JAPANI 
ROOJ1-& 

H[ C,OON HINE <,HISSOURl ,USAI 
•0 010, 0 

HI GHRIJRY TUHNfl ! VANCOUVER, ARIT !SH CO LU" 8I A :CANAQAI 
R0011 l't 

Hl ~HWA Y TUNNELS , Nn~ TH ANO SOUTH lJR8AN MOTORWAY S 
IMIC.E, .FA: lNCf) 

R(I 0 ~ /7 9 

HI GH PHFSSURE TlJNNFL,OINORWIC PROJFCT !SNOWOOHU, 
WALC S , U ,K.) 

R00 7 lAI ROO .ISJq 

►l INKL E Y TUNNELS (HINK LEY PJ; ,u. K.J 
Rooo,qs ROO!Qhq 

HIR AKAWA -CHO I TUNNf L, [IOAH NO.& Ll hE 4fOKYO,, 
JAPAN J 

ROO l1>8 

HOMF:R -WA USEC A I RON MI hE C,, HI•) 
R0 002 2? R00080 l R0010'50 

HONG KONG c~oss HAR AOR TUNNEL 1,,,HONG KONG) 
• o oo , 1s •ooo a 21 

HONG KONr, UNO(RGROUNO RAILWAY TUNNEL !HONG KONGI 
R00282S ~0 028>5 

HOOS AC TUN NEL !,HAtUSA I 
ROOOS07 ROOP27 

40Pf VAL LEY TUNNEL C , c ,o:us td 
0001920 

( HO RNSEA,Y nRKS HIRE 
IJ, I(•) 

ROOO SO~ 

HOR NSfA STORAG[ SCHf. H(, LEACHlNC. HAINS PUHP!NG 
S H A FT JNTAKf_ 
(HORNSfA , YO~KSHIRE , ll , K.I 

ROOOSOJ 

ftOR•SE A STORAGE SC HEHf.,L EACH !NG HAHS I NTAK E­
~UTF AL L PIP£ TU~Hf l 
fHORNSEA,Y OQ ~ SHT~E,u.K,) 

ROOOS0 3 

HOUN SLOW WEST-H ATTON CROSS RlILWAV LINK IL ONOON,U. 

HOUSTON STOR H SFWER TUNNEL !HOUST ON, TEX,,USAI 
ROD 3'q 7 

~UHBER R!Vf.R SE WER TUNNEL <TORONTO, ONTARlO, CANlDll 
R000227 R0002<, S R001,eq RD0151J R003501 

HURON PORT WAT ER INTlKE SHAFT 1, ,USAI 
RO ooes3 ROD uq., 

I J RIV ER TUNNEL !AHSTERDAH,HOLLANO,NETHERLANOSl 
ROO Z788 

INCLINED OR JF TS , HUNTLY COLLIERY CHAHILTON,,HEW 
7£ ALAN 01 

Rooze,., 

INCLINED SHAFT A0IRON0ACK HINE CHINEVILLE,NY IUSAI 
ROooqtq 

I NCLIN ED SHA FT fOR SE IKAN UN0£RSEA TUNNEL,HONSNU 
S!OF !.,JAPAN! 

R0002>7 R002<,77 ROOZ79" 

INCLINED SHAFT FOR SEIKAN UNDERSEA TUNNEL, HOKKAIOO 
SIDE ( .,JAPAN I 

RODD2<,7 R002S77 RD027qs 

INCLINE □ TUNNELS IEHHOSSOH PROJECT! (,.S~ITZERLANOI 
R0015Z" 

INNS BRUCK TUNNEL <INNSBRUCK,AUSTRIAl 
RD01779 

INTAKE ANO TA! lRACE TUNNELS FOR GORDON RIVER POIIER 
STATION 
t . ,TlSKANll ) 

R0 0 3b1S 

INTAKE SHAFT FCR HAHA0KA NUCLEAR RE AC TOR COOLING 
SYSTEH (HAHA 0O , 
JAPAN I 

R003b<,S 

INTAKE S HAFT FOR DETROIT NETROPOLITAN •ATER OEPT, 
PROJECT IDETRO!T , 
111 .. u. s . .1.., 

ROOJ6,;o 

iNYANKUNl TUNNEL <,,AF~ICAI 
ROOl11~ 

ISERE ARC TUN NEL <,, FRANCEl 
R001 2 27 

I-10 NOBIL E RIVER TUNNEL <,ALABANA,USAI 
R00278e 

JAYBIRD TU NNEL <, CA;USAI 
R001ZZ7 

KAAPNUIOEN TUNNEL <,,S , AfRICAI 
R001130 

KAI NlI RAILWAY TUNNEL I .,NEW ZE ALANOI 
R0 00<, 36 

KA NA I TUNHEL,WESTERN l"ATAHATAl FACE <, ,NEW 
ZE ALlNOI 

R0 03381 

KANAI TUNNEL ,EASTERN !TAURANGAI rACE <,,NEW 
ZEALlNOI 

R003 J81 

KANNO• SHITA 11 TUNNEL,YOKOHAHA LINE H0,1 (.,JAPANI 
ROD31" 8 

KARAGANOE HINE N0,3S-815 <,,USSRI 
R001527 

KARLSPLATZ UNDERGROUND TRAFFIC CENTRE l~IENNA, 
AUSTU Al 

RI012£,7 

KASUHI GASEKI TUNNEL,EIOAN N0.9 LINE (TOKYO,,JAPANl 
R0031.,8 

KASUNI GASEKI TUNHEL,E IO AN NO.e LINE CTOKY O,, J APANl 
RI031"8 

KATSCHBERG TU NNEL 1, , AUSTRIAI 
R00126f 

KA UH ERTAL HYDROELECTRIC SCHEHE C,,AUSTRIAl 
R001505 

KEIHIN I CANAL I TUNNEL.<KAMASA KI,JAPANI 
ROOZ788 

KEIHIN SANKU TUNNEL, EIO AN N0,5 LINE ITDKYO.,JAPANI 
R00l1'oe 

KE NANO TUNNEL !,BRITISH COLUNBIA lCA NA OA l 
R001ZZ7 

KENSINGTON TUBE,LONOON UNOER,ROUNO CLONDON,ENGUND, 
UeK•) 
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KIOO CRHK HINE,HUN SHA FT 
ROOJ 6H 

KIOO CREEK HINE,ACCfSS RAHP 
ROOJ&JJ 

KIOO CREEK HINE,HAIN LEVEL HEADINGS 
R0036J3 

KIOO C~EEK ~INE,SUBLEVEL HEADINGS 
R003&J3 

KI OO CREEK HINE,SLOT RAISES 
R003633 

KIOO CREEK ~INE,O~E PASSES 
RO 03633 

KIELOER TUNNEL f, ,U ,K,I 
ROOZ82 7 

KI EL CANAL TUNNEL IRENOSBURG,.GERHANYI 
R000226 

KILLHANGEN RAILWAY TU NNEL !HEITERSBER G PROJECT! 1,, 
SMIT ZERLAN O I 

R00 1Z69 

KILPOOT POWER STATI ON , CIRCU LATING WATER SYSTEH 
OU TFALL 
<CA ~RI CKfERGUS ,N,I REL ANO,U,K,1 

RO 036 70 

KINGS CROSS TUNNEL (SYONEY,~SWIAUSTRALIAI 
R002785 

KISENYAHA UNOERGROUNO POWER PLANT l,.JAPANI 
ROO llf Jlt 

KITTAT INNY TUNNEL (, PAlU~l 
R0 01227 

KOO ENHA-CHO TU~NEL,SOBU LJNE (TOKYO,,JAPANI 
R003l',6 

KOHAZAWA 12 1 IUNNEL,SHIN-TAHAG AWA LINE ITOKYO,. 
JAPAN I 

ROQ31',8 

KOHAZAWA 111 TUNNE~,SHIH-TAHAGAWA LINE (TOKYO,, 
JV AHI 

ROOJl',8 

KRA ~SKLOOF TUltllel I,, S, AFRICA! 
R0 01130 

KRIVOY ,oG eASIN TUNNELS 1,,USSRI 
R&. 1527 

LAFONTAJNE eRIDGE TUN~EL [ALSO CALLEO LOUIS­
HI PP OL YVE OR 
~OUCHEIIVILLE TUNNEL 1 < HON'iREAL, QU EBEC ,CON, I 

n~UCHEIVILLE TUNNELi (HONTREAL,OUEBEC,CANAOAI 

RODD213 P00022J ROOQ2',5 R002781 

LA G~ANOE POW~R TUNN EL I PIERCE COlWA lUSAI 
R000521 

LAKE HEAO INTAKE TUN NEL <SADDLE ISLANO,NV,U,S,A,1 
RO O 3521 

LA KE SHORE COPPER HINE 
ROO O 8',', 

LANGEfONTEH TUNNEL ( ,.S ,AfHCAl 
R0011 30 

LAWNDALE AVENUE ANO 4PTH STREET S,N,INTERCEPTING 
SE WER ICHICAGO,ILIUSAI 

R.001244 

LAWRENCE AVENUE SEWER SYSTEH ICHICIGO,IL:USAI 
R000256 R.0 00506 R.000617 R000969 R.001050 
R0012',4 

LAY OUT TUNNEL 1,UTlUSAI 
R.001298 

LA QUIEBRA TUNNEL <,,COLUHBIAI 
R.001227 

LEBANON CAN AL (,PA: USA I 
R0012Z7 

LENGEOE-EROISTEOT IRON ORE HINE 
R0019Z2 

LEUGJSLANO HIGHWAY TUNNEL <,,SWITZERLANOI 
R001339 

LEVI~HINSKY HINE <,,US SR. I 
R.00 1 527 

LIBERTY QUARR Y ILIBERTY,SC:USAI 
R. 001 716 

LIER.AA SEN RAIL WAY TUNNEL 191 NORWAYI 
R.0 01375 

LIHF' JORO TUNNEL (A~LBORG/JUTLAIO,OENHARKI 
RO OZ788 

L!l(;OLN TUNNEL !NEW YO~ K,NY,USAI 
Raoo221 R.0002.,s 

LIVERPOOL UNOERGROUNO EXTENSION,LOOP TUNNEL 
fLIVE RPOOL,,U.M.) 

R00J&t3 

LIVERPOOL UNOER GROUNO EXTENSION,UNOERGROUNO 
STATIONS 
lllVERPOOL,,U.k.l 

R00J613 

LIVE RPOOL UNOERGROUNO EXTENSION,LINKING TUNNELS 
ILIVERPOOL,,U,K,I 

R.003613 

LIVERPOOL UNDERGROUND fXTENSION,ACESS SHAFTS 
<LIVEPPOOL, tU• IC'• • 

ROOJ6t3 

LIVE RPOOL utlDERGROUNO EXTENSIGH,ABOVE GROUNO RAIL 
SERVICE 
CONNaCTI ON ILIVERPOOL,,U, K,I 

R.003£13 

LOCH THOM WA HR TUNNEL I .,UK I 
R. 00 0426 

LOETSCH8ERG TUNNEL ( .,SwITZE R\. lNOI 
R.0012.27 

LOHSC HBERG TUNNEL 
R.0 01503 R000507 

LONDON sueie,Y TUNNEL (,L ONOON,U,K,1 
R003£•6 

LORAINE HINES (.,S,AFRICAI 
R.000236 

LOUOOEN PROJECllUNOERGROUNO STORAGE CAVERNS 
(LOUDOE N,, SNEO EN I 

R.0036 7 3 

LON PRESSURE TUNNEL,OI NORHIC PROJECT ISNOWOONI~ 
MALES, U. K.) 

R0 0 2781 R.003639 

LT,WILLIAH f.CALLAHAN JR, TUNNEL IBOSTON, ... IUSAI 
R.000209 ROOOZ45 R.001-69 R00l9,1 

LUCERNE HIGHWAY TUNNEL <LUC ERNE, SHITZERLANOI 
ROOtl 33 

LYOGATE TUNNEL <,,UKI 
R0012Z7 

LYNE NOUTH COAST SHAFT 
R.0006 45 

HAAS TUNNEL IROTTERDAN,HOLLANO,HETHERLANOSI 
R.000227 R.0002 28 R000 2,1 ROOZ788 



111. C: MIN•· ~v HAl l , \Jlll !l f l-'r.HnllNU POW[M PLAN T cvtcrn,1• 
FALLS, /A,,.Rf S I 
•!HR, H•IC&I 

•0 011te 

HACHINE HALL POWER PLANT [KAFUE GOR~E 
HYOOOE LECTR IC SCHEHEI 
f ,,7U1Ai ll 

ROOl11& 

HACH! N£ HALL ,01 NORW IC PROJEC T (S NOWOOHIA ,WALES,U, K, 
I 

RO OZ7et 

•AO~IO SUBWAY TU~NELS (HAORIO,, SPAINI 
ROO OS11 

HAGHA COPPEO HINE CSUPfRlOR ,AZ:USAI 
ROOOSOh 0001 0 4e 

•A GHA HIN£ OEVELOPHEST DRIFT ( SUPERtOR ,AZ:us,1 
ROOO S17 R000%9 

MAlFHWASF.N SHA FT or lLPERG TUNNEL C,,AUS TRIAI 
R00ll 8h 

•l !N TUNNEL FOR HAHAOO NUCLEAR REACTOR COOLING 
SY~ TE I" I HAMAnl(A, 
JAPAN) 

11A1,.PuS CANAL I .. F'IH t<tC(t 
•001 2?1 

SAN[,Ll nAH OtVE~,1nN ANO l'OWER TUNNELS C.,PUISUNI 
~0 00 2 1~ 1100799 ROD1l39 ROOJ,qo 

MAN GLl Q~H PQOJ[CT [UNSPECl'IEOI (,.PAKISTANI 
Rftozse 

HAN ~L• OAH PROJ[ CT :OJVfRSIO~ TUNNEL S <,,PAKISTANI 
Q0026ll 

MAR SEI LLE TWNNEL CHA RSElLLE,FRAHCfl 
RDOOl!D 

SlSSENBE R~ TUNNEL <L EOBE N, ,AUST RIAi 
R001122 

HATHEO ij HHE (NAUGAUNff ,HI!USA I 
•ooos1, RDOIOSO 

H000W 8ANK ~OC K S U T HINE C ,CHf.SHtRE,UKI 
0001'63 R001464 

HfOPIE SPRU!T HINo SHA,T CS,A F~lC AI 
R0 00 2~2 

HERSEY OUTFALL INTE RCE PTOR SEWER TUNNELS 
CWARRINGTON,LANCASHIRE , 
u. I(.• 

HEQSE Y QIVER TUNNELS (LIYERPOOL,UKI 
ROO!llq R00lll9 RODJSQS 

H<~SITEQ TU•NH C ,~QITI SH COLUHOUICANADAI 
ROOD ZH 

Mf TRO Of CARACAS CCARACAS,,VENE ZU(LAI 
ROOl148 

MF<ICn CITY DRAINA GE TUNNfLS (MEXICO CITY, HEXICOI 
•ooo,q] ROOlS~6 

HICA OAH ~CJECT,U>IOERGROUNO POWER HOUSE (,BRITISH 
COLUHBIA,CANAOAI ~ 

R00281• RDD36!S 

MI CA OAH PROJECT,TAILRACE TUNNELS 18RITISH 
COLUHBIA,CAhAOAI 

ROOZ81' RD0361 S 

MICA OAH PR OJECT ,P ENSTOCK TUNNELS (,BRITISH 
COLUH8IA,CANAOAI 

Roazat• suo,~1s 

MICA OAH PROJ(CT,UNOER GROUNO TRANSFORNlR CHANB£R (, 
BRITISH 
COLUMBIA, CANADA I 

ROOZU• 

HICA OAH PROJECT,HAHIFCLO TUNNELS <,BRITISH 
COLUNBIA,CANAOAI 

ROOZU• 

NICA OAH PROJECT,ORAFT TUBE TUNNELS !,BRITISH 
COLUNB U,CANAOA> 

ROOZst• 

NICA OAH PROJECT ,ORAFT TUBE GALLERY !,BRITISH 
COLUHBIA,CANAOU 

R002&1• 

MICA DAM PROJECT,ACCESS TUNNELS <,BRITISH COLUN8IA, 
CANAOAI 

ROOZS1• R00361S 

MICA OAH PROJ€CT,AIR SUPPLY TUNNELS <,BRITISH 
COLUHBI A, C ANAOAI 

R002S14 

HICA OAM PROJECT ,DRAINAGE TUNNEI.S I ,BIUTISH 
CO LUHB IA, C ANAOU 

ROOZU• 

HICA DAM PROJECT,ELEVATOR SHAFT C,BRITISH COLUMBIA, 
CANADA> 

ROOZU• R00361S 

HIONlR TUNNEL c,,S.AFRICAI 
R001130 

MILWAUKEE SEW£~ TUNNEL (HII.WAUKEE,W I IUSAI 
RDDOU• 

NINANI-AOYAHA lI TUHNEL,EIOAN N0,9 LINE ITOKYO., 
JAPAIO 

ROOll•a 

NINANI-AOYAHA III TUHNEL, EI OAN N0.9 LINE !TOKYO,, 
JAPAN> 

R0031"8 

H(HQOLA HINE C.,ZAHBUI 
R0013•1 ROOJS1S 

HINES OF BRUNSWIC~ MINING AHO SMELTING CO, 
IBATHURST,NEW BRUNSWICKICANAOAI 

R00101t8 

MIRAFLORES OAH DIVERSION TUNkEL r,,COLUHBIAl 
ROOO Zl~ 

HIRG,LIHSAYSKIY HINE <,,USSRI 
R001~Z7 

HIXEO MATER SYP"ON FOR BERLI~ER ENTMASSERUNGSMERKE 
18E,LIN,,W,GER•ANYI 

R000830 

NIYANOTO-CHO TUNNEL,YO•OHANA LINE N0,1 1,,JAPANI 
R0031'o8 

HOA& HINE IPOT ASH,UT IUS AI 
R0 01G~0 

HOAW~A NGO TO TONGARIRO TUNNEL 1,,NtW ZEALANOI 
R00l668 

MOFFAT TUNNEL 1,COIUSA I 
ROD12Z7 

MONTREAL HE TRO c,,CAHACAI 
ROOOZ11t R00l91+1 

HONT BLANC TUNNEL I ,,FRANCE I 
ROOlZt7 

NOSCON SUBWAY TUNNELS INOSCON.,U,S,S,R,l 
R00314'8 

MOSSY ROCK DIVERSION TUNNELS ILEWIS COIUIUSAI 
ROOOS21 

27 
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HOS~ •oINT CRAINAGE PROJECT IEUCERO,oH;usAI 
R000655 • 

HCUNTAIN DIVISION TUNNEL C,CA:USAI 
RO 01227 

HOJHT CENIS CFREJUSl TUNNEL l.,fRANCE-ITALYI 
R000507 R00l l21 

HUNICH RAPIC TRANSIT LINf: 1 ,,GEQHANYI 
R001qH 

HURP AY l PRESSURE TUNNEL (SNOWY HTN, PROJECT I C,. 
AUSTRALHI 

R000246 

HURRUHBIDGEE-EUCUH OENE TUNNEL !SNOWY HTN, PP.OJECTI 
C,, AUSTRALIA I 

ROOD 24f> 

HUSCONETCONG TUNNEL C,NJ;USAI 
R001ZZ7 

NAGATA-CHO II TUNNEL,EIOAN N0,8 LINE ITOKYO,,JAPA NI 
R003148 

NAST TUNNEL ,,co:uSAI 
R000656 R001298 R001906 R003516 

NAVAHO INDIAN IRRIGATION PROJECT:TUNNEL N0,3 C,NH, 
USAI 

R003523 

NAVAJO INDIAN IRRIGATION PROJECT, TUNNEL NO, 3A I, NHl 
USAI 

R003523 

SAVAJO INDIAN IP~I GA TION ~OJECT:TUNNEL N0,1 CNEW 
r1rxrco.u.s,,, 

R003486 ROOJ524 

NAVAJO !NOUN IRRIGA TION PROJECT:TUNNEL N0,2 fNEW 
HEnco,u,S.AI 

RD03468 

NAVAJO IRRIGATION PROJECT C,NH:USAI 
qo 002 36 P. oo zn o 

NfWHALL TUNNEL C,,USAI 
R003376 R003487 

NEW CASCADE C,WA: USAI 
R001227 

N[ W CROSS TUNNEL (,,U.K,1 
R000828 R00221E R002851 

NEW ELKHORN TUNNEL c,wv:uSAI 
R001227 

NEW SANYO SUPER E(PR~SS RAIL LINE TlNNEl (,.JAPANI 
R003506 

NEW VICTORIA LINE, TUNNEL OF ILONOON,ENGLAND,U, K, I 
R003148 

NIG~OOO RIVER HINES 
RO 010 48 

NORAD UN□ERGR OUNO CON PLEX I CotORIDO SPRINGS , CO :USA I 
R002054 

NOR ANO HINE 1,0NTARIO,CANAOAI 
RD018H 

NORTHERN TUNNEL,KIELOER WATER SCHEHE l.,U,K,I 
RQ02783 

NORTH BRA NCH INTERCEPTING SEWER TUNNEL (NEW YORK 
CITY,NY :USAI 

Roo1111 R001ns 

NORTH HINE IINCOI ! COPPER CLIPf,ONTARIO,C AIIAOAI 
RQ01168 

NORWEGIAN RAILWAY TUNNELS I ,,NORWAYI 
ROD137S 

N0,1 SOUTH FACE-STAIRH£AO SEAN,HONKTONHALL 
COLLIERY 1,SCOTLANO,L,K,I 

R002534 

NO,S SHAFT, VAN OYK 1,WITkATERSRANO,S,AFRICAI 
R002078 

OIHE OAH DIVERSION TUNNEL 1,so:usA1 
ROQ0245 R001•8q R001513 

OAHE □AH OOWNSIREAH OUTLET TUNNELS ,,so:uSAI 
R000221 ROQJ4q1 

OAHE OAH DOWNSTREAH POWER TUNNEL S c,so:uSAI 
R000221 R003491 

OAHE □AH FLO□O CONTROL TUNNELS 1,SO:USAI 
ROOJ4q3 

OAHE □ AH POWER TUNNEL IPIERRE , SD:USAI 
ROOi 489 

OAHE DAN UPSTREAH OUTLET TUNNELS ,.so;usA) 
R000221 ROOJ•q1 R003494 R003495 

OAHE DAM UPSfREA~ POWER TUNNELS 1, SD ;USAI 
R000221 R003•91 

OAHE TUNNEL (UNSPECIFIE□ I (,SD:USAI 
R0002J6 R00024S R000258 ROOJ492 

OAK PARK HINE <CA□IZ,O~lUSAI 

R00081" 

OPPEGARD SEWER TUNNEL C OPPEGAR□,,NORWAYI 

R000456 

ORANGE-FISH TUNNEL 1,,S,AFRICAI 
R0013•3 ROOJ518 R003672 R0037JO 

ORANGE FISH INLET TUNNEL C,,S,AFR!CAI 
R001130 

ORANGE FISH PLATEAU TUNNEL 1, , S, AFRICAI 
RO 01130 

ORANGE FISH OUTLET TUNNEL <,,S,AFRICAI 
R001130 

□so TUNNEL 1,co;uSA I 
R000232 R000Z33 R000236 R000251 ROOG51• 
RD010S3 R001058 ROOl297 R001346 R001513 
R003486 R003524 

OTTAWA SEWER PROJECT COTTAWA,ONTARIO,CANAOAI 
R001981 

OUTFALL TUNNELS,□I NORWIC PROJECT ISNOWOONIA,WALES, 

R002781 ROOJ639 

OVERfON PARK TUNNEL IHEHPHIS,TN:USA) 
ROOJ14q 

OWENS RIVER TU~NEL I ,CA:USAI 
R001227 

OWYHcE TUNNEL (,OR.-IO:USAI 
R001227 

PAIJANNE TUNNEL-SECTIOh 
R002934 

IA SIKKALANSELKA, ,FI NLANOI 

PIIJANNE TUNNEL SECTIO~ 2 1,,FINLANOI 
ROQ2qJ4 

PIIJANNE TUNNEL•SECTION 
R002934 

IHELSINKI,,FINLANDI 

PIIJANNE TUNNEL MACHINE HALL 1,,FINLANDI 
ROD2934 

PINDOH BAGGI TUNNEL CBEAS-SUTLEJ LINK PROJECT I 
IPANOOH,HIHlCHAL PRADESH , 
INDil I 

R0004Z1 



•A"tl8A-PIRAI PUOJ(CTIFORCACAVA UNO[RGPOUNO POWER 
~UT!OH lhLET 
TIJNNfl ,roRCACAVl,,flRAltl) 

woo;,oq 

• ARA!AA-PIRAI PROJ•CTlfORCACAVA UNOERGROUNO POWER 
~TA T!ON 
<'ORCACAVA,RRAl!Ll 

•ARA!AA-P!RAI PROJ<CT;FORCACAVA UNOERGROUNO POWER 
'iT ATI ON 
ACC ESS TUNNfL (FOR CACAVA,BRAl?LI 

RJO z,oq 

PARANA IH[RNAND!ASI TUNNEL l,.ARGENTINAI 
A00 27<!8 

PAR IS EXPRESS HfTRO IPARIS,FRANCEl 
ROOtJJ9 AOO1489 ROO189S AOOl9•t 

0 AR IS HETRO SYSTEH,TU NN~L Of THE CNATEL~T-GARE OE 
LYON 
<(CTION(PARIS,FRAHC<l 

ROOZ8JZ 

•~RIS HETRO SYSTE~,SfCT!ON tee OF GARE OE LYON­
'I\TIOHIL 
TUNN[LfPAR!S,FRANCE l 

R00?832 

" ARIS HlTRO SYSTEH,'UNNEL FOR EXTENSION OF LIN£ tJ 
(f1 1.'1IS,FPA,..CE• 

RO0l83? 

OIR!S HfTRO SY~TE H,TUNNCL FOR JUNCTION Of L!NfS lJ 
A~n 1'-
(P&P !S,FRAHCfl 

RJOZ8.! Z 

PARIS H£TRO SYSTEH,f'TENSION Of LINE t• IPUIS, 
<•HCE I 

AOOZ8JZ 

P~RIS AEGIO•AL EXPRESS NETROIHANTERRE-OEFENSE 
~ECT I ON (PARI S, 
<pa NC[ I 

PARIS A<GIO•AL EXPRESS NETAO:OEFENSE-SEINE SECTION 
IPARIS,FRINCEI 

AOOl•el 

PARIS REGIONAL EXPRESS HETROISEINE TUNNEL IPARIS, 
<P A•CE I 

ROOl,e3 

PARIS REGIO•AL EXPRE SS METROISEINE TUNNEL-LtETOILE 
ST ATION SECTION 
IPARIS,FRANCEI 

R003,8J 

PASADENA TUNNEL 1,TXIUSAI 
ROOOZZ8 

"ENN-lINCOLh PARKWAY lUNNELS IPITTSBURG,PAIUSII 
RDOt•93 

PFNSTOC• SHAFfS IVICfORIA FILLS HYOROELECTRIC 
Sf>i[HE I 
1,7AHEESI RIVER,AFAICAI 

ROl1118 

P[NSTOCK TUNN~LS IKAFUE GORGE HYOROELECTRIC SCHENEI 
1.,U"81AI 

ROOll 18 

PE•STOCK TUhNEL,KENANO SCHE~[ (KEMANO,BRIT!SH 
Clll.UNBIA ,CANAOAI 

ROOZ208 ROOZZll 

PENSTOCK TUNNELS,OINORWIC l'ltOJECT ISNONOONU,IIALES, 
u. te,, 

R0027at RODJ639 

PENSTOCK fUNNEL,GRIHSEL II EAST PUHP[O STORAGE 
PONU PROJECT 
IGRINSEL,SIIITZfRLANOI 

RD 029SO 

PHILAOfLPHIA SEWER 
ROODSt• R001S1J 

PICCADILLY LINE EXTENSION ILONOON UNOERGROUNOII 
HATTON CROSS-HEATHROW SECTION, 

RODD z,;e 

PICCAO[LY lihE TUNNEL ILONOON,ENGLANO,U,K,1 
RDOJt•S 

PILOT BORE fOR HAHAOKA NUCLEAR REACTOR COOLING 
SYSTEM IHAMAOKA, 
JAPANI 

PILOT SHAFT FOR HAHAOKA NUCLEAR REACTOR COOLING 
SYSTEM CHAMAOKI, 
JIPANI 

PILOT TUNNELS FOR HONSHU-HOKKAIDO RAILWAY 
CONNECTION I ALSO 
CALLEO SEIKAN UNDERSEA TUNNELi 1,,JAPANI 

Roooz,, Rooaz,q Rooz,11 RODzrq• R0036t• 

PILOT TUNNEL FOR DUPLICATE HERSEY TUNNEL 1,,,U,K,1 
RDOlDU 

PILOT TUNNEL FOR ABERDEEN TUNNEL 1, ,HONG KONGI 
RODZSSZ 

PILOT TUNNEL FOR SECONC DARTFORD TUNNEL l,.U,K,1 
ROOZU 7 

PILOT TUNNEL FOR SECOND HERSEY ROAD TUNNEL 1,,U,K,1 
R000to16 RODO••~ 

PILOf TUNNEL FOR HONSHU-HOKKAIDO RAILWAY 
CONNECTION {ALSO CALLEO 
SEIKIH UNDERSEA TUNNELl,HDNSHU SIDE C,,JAPANI 

RGOZ•77 

PILOT TUNNEL FOR HONSHU-HOKKAIDO RAILWAY 
CONNECTION (ALSO CALLEO 
SEIJ<AN UNDERSEA TUNNEL 11 HOKKAIDO SIDE I,. JAPA111 

RDOZH7 RODJ661 

PINE MOUNTAIN lUNNEL 1,VA.-KYIUSAI 
R0012Z7 

PLINT TUNNEL ,D INORWIC PROJECTISNOWOONIA,WALES,U,K,I 
ROD2791 ROD28l8 

POATINA TUNNEL 1,TASHINIA,AUSTRALlAJ 
RIOH9<J RDDUl~ 

POLARIS PROJECT <,LITTLE CORNWALLIS lSLIND,CANADAI 
RDDl9D2 

PORTOBELLO LONG SEA S[NA,E OUTFALL TUNNEL 
IPDRTOBELLO,SUSSEK,U,K,1 

RD028tof> 

POU HURON (WATER SUPPLY! TUNNEL IOETROIT,MIIUSAI 
Rtll';Df> ROtDS28 ROD0817 RQ01J8,; 

PORT RICHMOND PROJECT 1,NY!USAI 
RI01906 

POSEY TUNNEL {ALSO CALLEO OAKLAHO-ALANEOA TUNNELi 
1,CA1USA, I 

RDOZ788 
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POST OFFICE COHHUNICATIO~S TUN~FLS !H ANC ~ES TER,U,K, 

R0019 79 

POTOHAC INTERCEPTO~ SEWERS 
R0007~9 

POTTERS BAR RAILWAY TUNNELS <,, U,K,I 
R000209 R000 245 

POWER PLANT DISCHA RGE TUNNEL CJARPSTROHHEN 
HYDROELECTRIC PROJECT I 
f., SWEOENI 

R00 1468 

POWER PLANT DISCHARGE TUNNEL IHJALTA HYDROEL ECTRIC 
PQOJEC TI 
C,, SWEDE NI 

POWER TUNNEL,KEMANO SCHEHE IKEHANO,ERITISH 
r. □LUH8IA,CANADAI 

R002211 

PRAGUE HETRO SYSTEH,TUNNELS OF !PRAGUE,, 
C7ECHDSLOVAKU I 

R000503 0000508 

PRESICENT STEY~ HINE SHAqS !S,AF~ICAI 
R0 00252 

PUH•ING PLAST N0,1 ISOUT~ERN NEVADA WATER PROJECT! 
! SADDLE ISLAND, 
P\IV ,U.S. A.) 

R003521 

•UHPING STATION <OQ CONTRACT NO,H0031 !BART 
PROJECT l 
<S AN FRAt<:ISCO,CA,USA> 

R003519 

PYRAHIO DAH,VALVE CHAHBER (TEHACHAPI HOUNTAINS, 
CALIFORNIA,u.s.A., 

ROOlf,44 

QUf.f. NtS HIOTOWN TUNNEL (NEW YOQK,NY!USAI 
R000277 ~OOO?•S 

RACCOON HOUNTA!N PUHPED STORAGE PROJECT, 
UNDERGROUND POS(R HOUSE 
! RACCOON HTN!TN:usa, 

0000509 

RACCOON MOUNTAIN PUHP EO STOR AGE PROJECT, 
T• ANSFORHER VAULT 
!RACCOON HTNlTN:USAI 

R000509 

RA CCOON HOUNTAIN PUHPEO STORAGE PROJECT,SURG 
CHAHBER (RACCOON 
~TN:TN:USAI 

ROOOS09 

OACCOON HOUNTlIN PU'1PEO STORGAE PROJECT, HAIN 
ACCESS TUNNEL 
!RACCOON HTN,, TN, , USll 

R0 00 509 

RACCOON HOUNTAIN PUHPEC STORAGE PROJECT, 
VE~TILATIOH AHO EHERGENCY 
Ek!T TUNNEL !RACCOON HTNlTN:USAI 

ROOOS09 

~ACCOON HOUNTAIN PUHPEO STORAGE PROJECT,UBLE AHO 
VIS IT OR ACCESS 
SHAFT !RACCOON HTNlTN:USAl 

R000509 

RACCOON HOUNTAJN PUHPEC STORAGE PROJECT , INT AKE 
SHA FT ANO POWER 
PLANT CONNECTI~G TUNNEL !RACCOON HT H:TN:USAI 

ROOO'i09 

RACCOON HOUNTAIN PUHPEC STORAGE PROJ ECT, SURGE 
CHAH8E R ACCESS 
TUNNEL !RACCOON HTNlTN :usu 

R0~0509 

RACCOON HOUNTA!H PUHPEC STORAGE PROJECT , I NTl KE 
SHAFT !RACCOON 
MTHlrN :us A I 

ROOO'i09 

RACCOON HOUNTAIN PUH°FC STORAGE PROJECT,OISCHARGE 
TUNN£L !RACCOON 
HTNlTN:USA I 

R000509 

RACCOON MOUNTAIN PUHPEC STORAGE PROJECT,PENSTOCK 
TUNNELS <RACCOON 
HTN:TH:USll 

ROOOS09 

RAHA TUNNEL (YUGOSLAVIA) 
R001 l92 

REGIONAL EXPRESS TRANSPORT SYSTEH IR, E. R,J, TUNNELS ­
SECT!ON 16C 
I PARIS., FRANCE I 

R00lo31 

REL IEF SEWER TUNNEL (WASHINGTON,o.c:uSA I 
R001941 

RENOSBURG TUNNEL t,,W.GERHANY I 
R002766 

REHFREII HOT OR WAY SEWER I , ,U, I< , I 
R002815 

REPUBLIC STEEL CORP , IHINEVILLE, NY!USAI 
R0010SO 

RESERVOIR CONNECTION ( FORT PECK, NTlUSAI 
Roooeoo 

REU NI ON UH LAZI TUNNEL I .. S,AFRICAI 
R0011l0 

RHEINPREUSSEN ANO PATTBERG CtAL NINES (RHEINLANO , 
GERHANYI 

R.001922 

RHEIN TUNNEL !OUSSELOORF,,M,GERHANYI 
ROOlH6 

RICHMOND IIATER TUNNEL !NEW YORK,NY:USAI 
R0009&9 R0019 ~1 

RITSEH POWER STATION TUNNEL <RITSEH, ,SWEOENI 
R001985 

RIVER LAR PROJECTlLAR-KALAN DIVERSION TUNH(L ILAR­
ICALAN,, IRANI 

R002799 

RIVER LAR PROJECT:GROUTING GALLERIES IL AR RIVER 
VALLEY,, IRANI 

R002T99 

RIVER LAR PROJECT:SPILLWAY INTAKE SHAFT !LlR RIVER 
VALLEY., IRANI 

R002T99 

RIVE~ LAR PROJECT:SPILLWAY TU~NE L ILAR RIVER 
VALLEY,, IRANI 

R002T99 

RIVER LAR P!!OJECT:IRRIGATI ON OUTLE T WOR~S I NLET 
CLAR RIVER VALLEY 
, • IR•Hl 

<CO NTINUED I 



RIHR UR P~OJECT:IRP,IGATIO~ OUTLET WORKS CONTl!OL 
SHAFT 
ILH '!IVER VAL.LH,, IRANI 

R002799 

RIVER LAR PROJECTIIRRIGATION OUTLET WORKS STILLING 
SHA FT 
CLAR RIVER VALL(Y,,IRANl 

R002799 

OIVfR LAR PROJ£Cft!RR!GATIO~ OUTLET MORKS TUNNEL 
CLAP RIVER VALLEY 
tt I~Afr\l 

ROOZ799 

RIVER LlR PROJCCTIL~R•KALAN DIVERSION TUNNEL LOM[R 
INTAKE 
C LH•OLAN.,UANI 

OIVFR LA~ PROJECIILA'!•KALAN OlVERSlCN TUNl4EL UPPER 
INTAKE 
CLH•KUAN,.IONI 

RIVF.R LlR P~OJECTILAR•KALAN DIVERSION TUNl4EL 
CfJNTROL SHAFT 
C LAF•OLAN,,IONI 

k!VfR LAR PROJECTIKALAN SURGE SHAFT UALlH,.UlNI 
ROOZ799 

O{VER LAP PROJECTIKALAN VALUE CHAMBER I KALAN,, IO NI 
R002799 

•tVFR LlR P~OJECTIKALAN ENBEDOEO FENS TOCK I KALAN., 
1•01 

ROOZ799 

•IVER LAR PAOJECTIKALAN FREE-STANDING PENSTOCK(IN 
TUNNELi lt<ALAN,. 
!'!HI 

R002799 

RIVER LAR PROJECTIKALAN PENSTDCK(BURIEO ?N CULVERT! 
CK ALAN, ,IRANI 

ROOl799 

RIVER HDUNTAI NS TUNNEl IHENOERSON,NVIUSAI 
R0002l2 R0002ll R000&2I R000862 R000969 
ROOIO~I R001297 ROOl~ll RCOll74 R003f08 
qoo!~ZO AOD]~Zl ROD 3~24 

•n<<O TUNNEL I SANYO LINEI ·c .,JAPANI 
R00138l 

qoNfO TUNNELS COA<LAHD•~ACON8 SYST[Hl ID!TROIT,NII 
t1SAl 

R0008~4 PQOH14 

•ONE METRO TUNNEL l~OHf,olTALYI 
R00002J R00J148 

~OOSEVELT TUNNEL l,COIUSAI 
R001227 t 

•ORSCHACH SEWAGE TUNNEL IRORSCHAH,SN?Tl[RLANOI 
R0004l1 R000826 R00046D R000966 

ROTTEl!OAH METRO TUNNEL IROTTEROAH,NETHERLANOSl 
RD027tO 

RUACANA HYOROPOWER SCHEME !ACCESS GALLERY! 
<RUACANA FALLS,S,4FRIC4l 

ROOU7Z 

RUACANA HYOAOPONER SCHEME IPll£SSURf TUNN!LI 
IRUACANA FALLS, 
S ,AFRICA I 

ICONTIMUED l 

ROOJ612 

l!UACANA HYOROPOMER SCHEME !POWERHOUSE CAVERNS) 
RUAClNA FALLS, 
S,AFUCAl 

RO 0l6 72 

RUlCANl HYDROPONER SCHEME ITlILRACE TUNNEL i 
IRUlClNA FALLS, 
S, AFRICA l 

1(003672 

RUGEN HIGHWA~ TUNNEL IRUGEN.,SNITZERLANOI 
RO 02850 

SAFETY TUNNEL CN,SECTlONl OF ST, GOTTHARD TUNNEL 1, 
,SWITZERLAND! 

R0027SO 

SAFEIY TUNNEL IS,SECTlCNl OF ST,GOTTHARD TUNNEL c,, 
SWiflERLANOl 

R002740 

SAKUUGICHO SUBWAY TUNNEL (YOKDHAHA.,JAPANI 
ROOH~& 

SALTSBURG RA lll!OAO TUNNEL I.PA I USAI 
R001~&3 

SALTWOOD RAILMAY TUNNEL (,,U,K,l 
RDD1227 

SANDORIFT TUNNEL 1,,S,AFR?CAl 
RD011l0 

SANOY RIDGE TUNNEL 1,VAIUSAl 
R0D1227 

SANTA LUCIA TU~HEL ISALERNO,,ITALYI 
RDD1H2 

SAN JUAN•CHA"A PROJECT C UNSPEC I'% EO 1 I ,CO•N" ,USll 
R0002H 

SAO PAULO SUBWAf c,,8RAZ?LI 
l!OOU9S 

SAO PAULO SU81UV IUO BENTO STATION•LUZ STATIOMI 
ISAO PAULO,, 
BRAZILi 

R003~0 3 

SARANS<AYA NI NE N0,122 1,,USSRl 
R0 D1S27 R002&l2 

SAu,us TUNNEL COF METROPOLITAN NATER DISTRICT OF 
SOUTHl!'RN 
CALH'DRNU l,CAIUSAl 

ROOD 215 

SCHELDE TUNNEL IALSO CALLEO SCHELDE El OR J,F,K, 
TUNNEL) !ANTWERP, 
,BEL,lUNl 

R000217 R002789 

S[ATTLE INT!RCEPTOR SEWER ISEATTLE,Ml,U,S,l,1 
R0026l1 ROOl513 

SECOND DART FORD TUNNEL 1,,UKl 
R000Sl1 RIOZl11 

SECOND ltANPTON ROADS TUNNEL <FORT NONltOE,WIRG?NU 
u.s.a., 

R00361t2 

Sl!'COND NERSEV IOAO TUNNEL IL?WERPOOL,,U,K,1 
R0001t16 l!IOO~~S RI00~51 R001018 

SECOND TRANSVEISE 0RIFT,UIIDERGROUN0 POMER HOUSE, 
K!IIANO SCHENE, 
IKEII.NO,BRIT?SM COLUIIIIIA,CANAOAl 

ROOZ2U 
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ScElIS9ERG MOT0°~AY TUNN::L fSE::LISSE ~G,. 
SIIIT ZERL ANO I 

R002821 

S~ELISSERG MOTO.IIAY T~NNEL 18UEL OR SOUTH SFCTIONI, 
ISEELIS8ERG,. 
SIIITZERLANOl 

R002821 

SEHAN l<AILWAY TUNNEL f,.JAPANI 
R000247 POQQq66 R001383 R00 27q4 R003614 

SEHSERING TUNN~L 
ROOl~O~ 

SENJU H!DORI•CHO TUNNEL,EIOAN NO,q LINE fTOKYO., 
JAPAN! 

R003148 

SfRP.A H!POLI TUNNF.L (1 ST TUOEJ (,,IT.GLYJ 
R001SOS 

SERRA RIPOLI TUNNEL f2NO TU AEl f.,IlALYl 
ROOlSOS 

srP•ouvI LLE HINF 1,, FRANCfl 
ROOln1 

SERVICE TUNNEL,SEI KAN UNDERSEA TUNNEL f,,JAPANI 
R002477 R002794 R00366l 

Sf~VICE TUNN EL FO~ THE ENGLISh CHANNEL TUNNEL l.,U, 
K, 1 

R002824 

SERVICE TUNNEL FOR THE ENGLIS~ CHANNEL TUNNEL 
<OOVER,KENT,U,K,I 

R002831 

SEV ER N CAOLE TUNN EL f,,U,K,J 
R00 l0~8 

S~MAGE SYPHON FO~ OfRLINER ENTWASSERUNGSWERKE 
<3 EPLIN, ,W.GE RHAHVl 

R000830 

SEWfR TUN>EL FOR COLOGNE <COLOGNE,fRA NCEl 
R003618 

SYA FTS F OR THE NURNBERG·LANGWASER UNDERGROUND f,,w. 
GER HA NY I 

R002835 

SH AFT FOR TSAHES CA9LE TUNNEL ITILBURY,LONOON,U,K,I 
R002851 

SHA >T FOR THAMES CAG LE TUNNfL fGRAVESEND,LONOON,U, 
K,I 

R0028S l 

S11AFT ro~ PECKHA'1 CAS L E. T UNNEL 1PEC KH AH,LONOON,U.K. 
) 

R002A~l 

, HAFT FOR CUTOFF WA LL TUN NEL,GATHRIGH T OAH 
<COV INGTON,VA:USAI 

RO 02853 

SHAFT FOR TH~ BEAU" ONT ENGLISH CHANNEL TUNNEL 
! SHAKESPEARE CLIFF, 
KENT ,U. K:, I 

R002831 

SHANDAKEN TUNNEL (NEW YORK,NY:USAI 
R001 227 

SHreuvA TUNNEL,SHIN-TAHAGAWA LINE (TQKYO.,JAPANJ 
RO O 3148 

SHrN KANHON CONNECTION c,,JAPANI 
~001q74 

SHIOOOHE TUNNEL,TOKAIOO LINE (TOKYO.,JAPANl 
R00ll48 

SIDE TRACK TUNNEL ,HOKKA I OO SIDE FOR HONSHU· 
HOKKAIDO RAIL WAY 

ICONTINUEDI 

CONNECTION !AL SO CALLEO SEIKAN UNOE~SE A TUNNeLl <,, 
JAPANI 

R002477 

SIHPLON TUNNEL 1,,SMITZERLANO·JTALYI 
ROOOS07 R001227 

SNOQUALNIE FALLS UNO ~RGROUNO POWER HOUSEl,MA:usA, 
ROD2646 

SNOlfY·GEEHI TUNNEL ISNOHY HTN, PROJECT l I., 
AUSTHLIAl 

ROOO 246 

SOUTHEASTERN ILLINOI S COAL HINE TUNNEL I ,IL :USAI 
RODO esg 

SOUTHERN FOUL WATER TNTERCEPT OR tBRISTCL,,U,K,I 
R0D312 2 

SOUTHERN TUNNEL,KIELOER WATER SCHEHE 1,,U,K.I 
R0027e3 

SOUTHWEST SEWER 13•A <CHICAGO ,ILLINOIS,USAJ 
RDDD228 Roooq&9 R001511 

SOUTH AFRICAN GOLD HINES (.,S,AFRICAl 
R0D1 ZG2 R001eqo 

SOUTH SASKATCHEWAN RIVER DAH 
R000420 Rooo1qq R00148q 

SQUIRREL Hill TUN Nl L 1,PA! USA I 
R0 012 27 

STARVATI ON TUNNEL (CENTRAL UTAH PROJECT l <,UT;USAI 
ROD0237 R000233 ROD 1zg7 R001~13 R00352 4 

STARVAT ION OAH OUTLET HORKS TUNNE L (CENTRAL UTAH 
PROJcCTI t,uT :usAl 

R003524 

STAR HINECWALLACE DEVELOPMENT ORIFTl (,1 0 :USAl 
ROU 096 g 

STATE STREET TUNNEL (, I L ;USA, I 
R00278~ 

STEENBRAS PUHPEO STO , AGE HYDROELECTRIC SCHEME <, 
CAPETOWN,S,lFRICAI 

R003672 

STILLWATER TUN~EL !,UT :USAl 
RD00230 R000231 R000847 

STIR;HLEY ANO COTTERIOGE SCWERAGE SCHEHE TUNNEL 
CCHA~LOTTE ROAC 
SECTION) ISTIRCHLEY,,U,K,I 

R003630 

STRAW9ERY TUNNEL t, UT:usAl 
R001227 

ST,LOUIS HETRO SEWER DISTRICT fST,LOUIS,HO:USAI 
R000222 RD00236 R0 00514 RO OD814 R001227 
ROO I 513 

ST .PAUL PASS TUNNEL IHT,-Io:usA, 
R0 0122 7 

ST. ANTHONY PARK STORH SEWER TUNNEL (ST, PAUL ,HN: 
USAI 

R0031,_Z 

ST, GOTTHARD TUNNEL IS~ITZERUIO•ITALYI 
R000507 RDD 1227 R002760 

ST. GOTTHARD nHNEL (NORTH HEADING] (, ,SWITZERLAND! 
ROO Dq9 6 R002780 

ST, GO TTHA RD TUNNEL !NORTH HEADING] l.,SWITZtRLANOI 
ROOQ9q6 RD02780 

ST, ?AUL STORH WATER TUNNEL PROJECT (ST, PAUL 
HJNNESOT A,U, S,A,1 

R002988 R003&23 

SUHIOAGAWA TUNNEL,EIOlN N0,9 
R0031 48 



SUNOERNAGU SUTLEJ TUNNEL l"(AS SUTLEJ LINK 
PAOJECTI ISUNOEIINA~All,Hl"ACH 
ll FRlOESH,INOIU 

IIGOOUI 

SUP(q HIGHWAY TWIii TUNHFL 1,,VENEZUELAI 
ROOl'IO'I 

SUPPLV TUNNEL FOIi DETROIT METROPOLITAN WATER OEPT, 
PROJECT !DETROIT 
,..t,u.s.•,) 

~o 036~o 

SUQGE CHA"8Ell 1 GRI"SEL II EAST PUHPEO STORA,E POWER 
Pl!OJEC T 
IGIII>ISEL,SWIT ZEIILANOI 

Roozno 

SURGE SHlFT,OINnRWIC PROJECT ISNOWOONIA,WALES,U,K,1 
ROOZ7U POOJ639 

SUSl(I TUNNEL,EIOA>I N0,'1 Ll~E ITOKYO,,JAPANI 
R0031~4 

SUHO TUNNEL I I NVIUSl I 
ROOIZZ7 

~WITCHING STATION FOR CONTQACT N0, .. 0031 [~ART 
PROJECT I 
ISlN FIIANCISCO, Cl,USAI 

1100l'll9 

SYnN[Y qlIL TUN>l[L ISYON[V,,AUSTIIALIAI 
•00099'1 

S70>18l<RKI HINE 1,,POLANOI 
0019'10 

TlILRl Ct'. TUNNELS,UNOERGAOU>IO PONER FLANT IVICTOIIU 
<ULS, 7.AH8ESI 
QIVfR,AFRICAI 

ROOll18 

TAILPAC€ TUNNEL,UNOfQGROU>IO POWEii HOUSE,KEHANO 
SCHEME IKEHANO, 
~IIITISH COLUH8ll,CANAOll 

RO O Z2ll 

TAILltlCE TUNNELS,OlNORWIC PROJECT ISNOWODNIA,NAL!S, 
u.~.1 

R002781 

TAILRACE TUNNEL,SNOOUALHIE FALLS U/G POWER HOUst I, 
WA:USAI 

IIOOZ&~& 

TA(ATSU(lYAHA TUNNEL 1,K08E,JAPANI 
RD01Zl4 

TA~iGAWA TUNNEL 1,,JAPANI 
R001343 

TARP.£Ll DAN TUNNELS ( ,.PAKISTANI 
R001897 

HR8EL A OA" PROJECT ,POWER TUN1€LS I .,PUtsTANI 
ROOUOO 

HReCLA OA" PROJECT,IUIGATION TUNNELS I tt!'AICISUNI 
ROOZ800 

TASMOU TULRACE TUNNELS 
ROOH99 

TlVERII TU04NEL I 11AUST~Ill 
ROOU66 

T£CHACHAPI TUNNEL N0.3 1,CAIUSAI 
R000'127 

TEES TUIINEL IALSO CALLEO KIELOER TUNNELS! c,,U,K,1 
RG027&& R002a,1 ROOZ966 

T[NCH[ TUNNIL INEOELLIN,COLUNIIAI 
RDOOZU 

TEST RAISE•SUOBURY HINE CIIICOl,ISUOBURY,ONTARIO, 
CANADA I 

ROOZ<;JZ 

THANES-LEE NATER HAIN TUNNEL ILONOON,ENGLANO,U,K,I 
R000209 ROOOZ4<; R0001t90 R001339 

THANES CABLE TUNNEL ITILIURY-,RAVESENO,LONOON,U,K,1 
ROOZHI 

THIMBLE SHOAL TUNNEL ICHESAPEAICE BAY,YAIUSAI 
R002711 

TIN,STAD TUNNEL IGOTHENIURG,,SWEOENI 
ROOOZZ8 R0027&a 

TOKYO GAS CO,STORAGE TANK CONPLE~ ISOOE,AURA,TOKYO 
BAY,JAPANI 

ROOSUI 

TOKYO SEWER TUNNEL ITOKYO,,JAPANI 
RO 00 Zl2 

TOKYO SU811AY NETWORK [CHIYOOA LINEl 1 11 JAPANI 
R001313 

TOKYO TEITO HST TUNNEL ITOKVO,,JAPANI 
RUU-.a 

TOMlOKA•CHO TUNl([L,EIOAN NO,f LINE ITOKYO,,JAPANI 
ROC31-.& 

TOONA TUIIUT TUNNEL t,,AUSTRALtAI 
ROOOZltl RODIZ27 

TOROIITO NIOTONN INTUIC!PTOII TUNIIEL I ,oCAHAOAI 
ROOOHO 

TORONTO SEWER lUNNEL ITORONTO,ONTARIO,CANAOAI 
RCOo-.zo ROOIO!! 

TORONTO SUIVAY TUNNELS ITORONTO,ONTARIO,CANAOAI 
' R000209 Raooz .. , RCCOl§O R0119 .. 1 

TOTLEY TUNNEL 1,.u, K, I 
. R001 Z27 

TRACE ,ou TUNIIEL I, IIY IUSAI 
R00l227 

TRANSFORNER HAlL CPONER PLANT,KAFUE GORGE 
HYDROELECTRIC SCHENEI 
l,oUNBUI 

ROOU18 

TRANS,-ORHER HALL,OINORNIC PROJECT ISNOWOONIA,NALES, 

Rll2711 ROO 3639 

TU"IH l PltESSURE TUIIIEL ISNONY KTN, PROJECT I 1., 
AUSTULUI 

RIGOZ-.6 

TUIIUT Z TAIL NATER TUNNEL ISNOn NTN, PROJECTI I,. 
AUSTIIALUI 

RODOZ1t6 

TUNNELS MIO CHANl[RS IN TH[ JOCK 1,taRALTARI 
RDOZ7U 

TUNN[LS ,a IK,xN,HAN R[S!RVOIR SCHfKE ,,,u.K.I 
RDl1H9 

TUNNELS ,-OR TOIIGARIRO PONO DEVELOPMENT PROJECT 1,, 
,NEIi ZEALAND> 

RIIIIZ9 

TUNN[LS ,oR MARSH CREEK SEWERAGE SCHNE 1ST, JOHN, 
N£N 8RUNSNICK, 
CANADA! 

ROOl5U 

TUNl4ELS ,oR TH! NURNBERG•LANGNASER UNOERGROUNO 1,, 
N, &ERNANYI 

ROl2U5 
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TUNNELS FOR MELAO\JRNE LOOP RAILWAY IHEL8.0URNE,. 
AUSTRALIAI 

R002640 

TUNNELS OF GRANO COULEE THIRO POWER PLANT IGRANO 
COULEE 0At1 7 

WA:USAJ 

ROOD S3S 

TUNNELS OF THE HA JES PROJECT 1,,PERUI 
R002764 ROO ?HJ 

TUNNELS OF FRANCEt5 REG I ONAL RAILWAY SYSTEM 
RESEAU EXPRESS 
RfGIONALl 1,,FRANCEI 

R000442 

TUNNEL BA6A (.,S.AFRICAI 
ROOt130 

TtJNNEL BA&B <, , S,AFRICA) 
R0 011 30 

TUNNEL BAB 1,,S.AFRICAI 
R001130 

TUNNEL FOR ,oRTH RIVER WATER POLLUTION CONTROL 
PROJE:T (NEW YOPK 
cITY,NY:usA. I 

R001230 

TUNNEL FOR CUTOFF WALL,GATMRlGHT OAH(COVINGTON,VA: 
IISAI 

ROD2853 

TUNNEL NO. 1,NAVA JO lNOI AN IRRIGATION PROJECT (, NM: 
USA I 

R000222 R000232 R000233 R0002~b R000257 
ROOOSl4 R00!297 R00!346 ROOl477 ROOl469 
R001513 

TUNNEL N0.3,NAVAJO INDIAN IRRIGATION PROJECT (,NH: 
USA I 

TUNNEL N0.2,NAVAJO INDIAN IRRI C. ATIO~ PROJECT (,NM: 
USA I 

R000257 R001477 

TUNNEL zwzq l.,S. AF RICAI 
R00t130 

TUSCARORA TUNNEL (,PA:USAI 
ROOl227 

TWIN FALLS POWER PROJ£CT,PENSTOCK Of !CENTRAL 
LA qFAO OR,, CA>IADAI 

R0024!4 

TWIN TUNNEL BETWEEN 16TH STREET ANO CIVIC CENTER 
STATIONS 
IBHT PROJECT! (SAN FRANCISCO,CA,USAI 

ROOO 226 

TYHOLT RAILWAY TUNNEL l.,NORWAYI 
R0012e2 

TY~AUGH HINE 1,,IULA~DI 
R001263 

TYNE SIPHO>I SEWER TUNNEL 1,,U,K.I 
R001530 R002080 

TYNE TUNNEL INEH CASTLE,.U.K.1 
R000227 R00024' 

UNDERGROUNO POWER HOUSE !YANUNA HYDEL PROJECT] 
IOEHRADUN,UTTAR PRAOESH, 
I NO IAI 

R0014~5 

UNOERGROUND OPENINGS ANO TUNNELS !NEVADA TEST SITE! 
1,NV:USAI 

R000861 

UNOEliGROUND OIL STORAGE RESERVOIR I PROVO l<ffl NERY! 
< ,.SKOLOVIK, 
FINL•ll□ I 

R001121 

UNDERGROUND POWER HOUSE,KEHANO SCHEHE , (KEHA>IO, 
8RITISH COLUMBIA, 
CINAaA I 

R002211 

UNDERGROUND LECTURE HALL,CENTER FOk AMERICAN ARTS 
AHO CULTURE, 
YALE UNIVERSITY,NEH HAVEN,CT:USA 

R003634 

UNIT PENSTOCK lUNNELS,KEHIHO SCHEME IK EHANO, 
BRITISH COLU"BIA, 
CAHAaA I 

R002211 

UNIT TAILRACE TUNNELS ,KE"INO SCHEME IKEMANO, 
8RITISH COLUMBIA, 
CANA)A I 

R002211 

UTILITY TUNIIEL,SEATTLE-TACOHA INTERNATIONAL 
AIRPORT ISEATTLE,WA,USAI 

R002188 

VAAL REEFS HINES SHAFTS IS.AFRIC~I 
R000252 

VALVo CHAHBER TUNNEL,UNDE RGRCUND POWER HOUSE , 
KEHANO SCHEHE, 
IKEMINO,BRlTlS~ COLUHBIA,CANADAl 

R002211 

VANCOUVER INTERCEPTO~ SEWER 1,,CANAOAI 
R000227 R000245 R00 1 S13 

VENTILATION SHAFT,DI~ORWIC PROJECT ISNONOONIA, 
MALES,U.k'.., ·> 

R002781 R002825 ROOZ838 R003639 

VENT-PUHP SHAFT FOR CONTRACT NO.S0022 I SART 
PROJoCTl 
ISAN FRANClSCO,CA;USA I 

VENT SHAFT FOR 16TH STREET ANO CIVIC CENTER 
STATIONS TUNNEL 
(BART PROJECT! (SAN FRANCISCo,c•.usA I 

ROOD 226 

VENT SHAFT FOR CONTRACT NO.H0031 !BART PROJECT I 
ISAN FRANCISCO,USAl 

R003519 

VERTICAL AIRNAY,OENISON HINE !ROHAN ISLAND,OUIRKE 
LAKE,ONTARIO, 
CANADA I 

R0025 rq 

VERTICAL HI GH PRESSURE SHAFT,O INORNIC PROJECT 
ISNOWDO>IIA,WALES,U.K.1 

R0027e 1 R0036Jq 

VERTICAL SHAFT fOR SEIKAN UNCERSEA TUNNEL,HONSHJ 
SIDE 1.,JAPANl 

R002794 

VERTICAL SHAFT FOR SEIKAN UNDERSEA TUNNEL,HOKKAIOO 
SIDE 1, ,JAPAN ! 

R002794 

VICTORIA LINE TUNNEL IL ONDON,ENGLAND,U.K.I 
ROG02Qq RDOD245 R001941 

VIEUX-PORT TUNN€L IHARSEILLES,FRANCEl 
RDDZ788 
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VIRGINU HINE SHAFT ( S , AFR I CAI 
R0002~2 

VISTA RIDGE TUNNEL IHULTNO•UH co:OR:USAI 
R000521 

VLAKFONTEIN HINE SHA FT 1S,AFRICA I 
ROD02~5 P000252 

VRYHEIO EHPANGENI TUNNFL 1,,S,AFRICAI 
R 001130 

VRYMEJ O E11PAN GENI TUNN EL !EXTENSION t,,S,AFRICAI 
R001!30 

WANGAN SEN TUNNEL (TOkYO,JAPAHI 
R0027~e 

wAR~IOR COAL FI£LO I GORG AS,WALKER en.' USAI 
R0008C~ 

WAS~RURN TUNNEL t,T x :us A,1 
R002Te8 

WAHINGTON METRO PP OJ EC T e-v (WASHINGTON,o. c :usu 
R000530 • 00189b R001917 

NAS>!HGT ON HETRO,C ROWN ORI FT OF ZOOLOGICAL PARK 
STATIOHIWASH,,O,C,USAI 

R003379 

WASHINGTON HETRO,A•CHIV[S STATION SEC,F 1•8,WEST 
TUBE,S,ENO 
(WA SH INGTON,O, C!USA l 

R00284~ 

WASHINGTON HETRO, l~CH 1VF. S ST ATION SEC,F 1•9,EAST 
TUBE. N.ENO 
IWA SHINGTON,O.ClUSA I 

R0028~8 

WA S>INGT ON HETPO,ARCH IVES STATION SEC.F 1-8,WEST 
Tuqf , N.ENO 
IWA SHINGTON,O, ClUSA I 

R002848 

WAS~INGT ON • ETRO,ARCHIVE S STATION SEC,F 1•8,EAST 
TU~f ,S,ENO 
I WA SHINGTON, 0 . C: US Al 

R0028~8 

WATfR HOLLOW TUNN EL I ,unuSAI 
R00023 2 R00 1346 R001513 

WE BSTE R STRE ET TUNNEL 1,CAIUSA, l 
IOAKLANO,CA :uSAI 

R0 00222 P000227 R000228 R0002~5 R002788 

WESTE~N REEF HI Ne SH AFT I S.AFRICA I 
R0002~2 

WE STOE TUNNFL (,,S.AFRICAI 
R001130 

WEST DELAWARE TUNN EL INEW YORK CJTY,NY:USAI 
ROOQ4qQ 

WEST ORIEFONTEIN NI>IE (W.RA~o .. s.AF~ICAI 
R002bq4 

WEST ORIVE,ALBERT PARK STORHWATER CULVERT IOURBAN, 
NAUL, 
SOUTH AFRICA! 

R003621 

WfST RAND CONSOLIOATEO "INES SHAFTS 15,AFRICAI 
R00D252 

W ►ITE PI HE COPPER HIKE 1,NI tUSA I 
ROOOZ36 R000258 R000331 ROOOq66 Rooeq69 
R001119 R001021 R001048 R001903 R001q11 

WILKET CREEK TUNNEL ISTORH DRAINAGE! ITORONTO,,CDN, 
I 

Rooozee Roooeso 

WINTON TUNNEL 1,WA;USAI 
R001227 

WOODHEAD RAILWAY TUNNEL I ,.U,K,I 
R001227 

WORK TUNNEL FOR HONSU-HOKKAIDO RAILWAY CONNECTION 
!ALSO CALLEO 
SElt<lN UNDERSEA TUNNEL 1 (.,JAPANI 

R003b1~ 

YOUliHI OGHENY TUNNEL IYOUCHIOGEHY RIVER RESERVOIR 
PROJECT! !CONFL~NCE, 
PA:USAI 

R001~83 

Y TUNNEL IANSTEROAH,,NETHERLANOSI 
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ROO l46 J R001 1t64 R002761 R002820 R002825 R00 28 36 R002838 
R003639 

POCK (UNSPECIFI£01 
R000247 0000508 R000514 R002&4b R003145 SYENITE 
R003618 R002799 

SALT TACONITE 
R000 4~0 POO Jn2 6 R00080 0 ROOU~q ROO H84 R0 02060 ROO 2060 

SA N CS TONE TACTITE 
R000208 R00021I 0000222 R000227 R0002l2 R0008 11lt 

R00023J qoo 236 R000241 R000245 R0002H 
R000254 P000 2 58 ROOOJO O P.000301 R000303 T ERRACE OEPOSil 
ROOOJ28 R0003Jl R00Cl69 ROOO 370 ROOO 372 R001056 
R000373 POOOHS R000376 R000377 R000l80 
R00 04 09 POC0416 R0 0 0426 R000tt3t R0004 .. 2 TILL ITE 
R000445 PJ 0 0 1,8 g R000 490 R000491 R000505 R0 00 2 09 R00 11 l0 
R0 00506 POOOS29 R0007% R000799 R000602 
R000804 ?000817 R00062 2 ROOO 826 R000829 TILL 
R000 8 45 ROOOB60 ROO O 865 R000866 R00 0%6 R000245 R000254 ROO 1230 R002988 ROO 3623 
R00 0%9 ~00 1018 R0010l0 R001050 R001058 
R001068 R00 1071 R001077 R00t066 R001108 TRAP 
R0 01119 ROOtl JO RD01151 ROD121l R001227 R001 481 R001720 R0020b0 
R001234 R0012l 5 ROO 12&9 ROD! 297 R001298 
R0013D 4 R001339 ROO 1346 ROOl 348 R001''39 TRAVERTINE ( ROCK I 
R0014S8 R00 1477 ROD 1481 R0011t83 R001489 R001921 
R001505 ~00 1509 ROO 1513 R001514 R0015l 7 
R001903 OCH914 R001917 RDO l 922 R0019l5 TUFA <ROCKI 
R001936 R1ill950 ROO 1986 R002 01t9 <tO 02 050 R000969 ROO 1227 
R002060 P002 06 4 R002 0nb R0D2 063 R002782 
R0027~3 P002799 R002H3 R00282 7 R002829 TUFF 
R0028J4 P00?8~5 R002647 R00291 0 ROD 31 .. 2 R000222 R00023n ROO O 241 R0002 •7 R000249 
RC03376 ROD 1486 ROD 3488 R001497 R003499 R000296 R00029 7 R000298 RO OOJOO R00030 2 
R0035 05 POOl'iQq ROO 3517 R003518 ROO 3522 R00030J R0 00304 ROOOJ0 5 ROOO 371 RD00821 
R003523 R003524 R00 3r,n R00.!645 R000823 ROD0861 R00097l RD 01 234 R001481 

ROOl 778 R0019 l5 R002060 RDn520 ROOJ521 
SANC 

R000241 H000154 R000511 R00l501 R003645 VOLCANICS 
ROOD 24 7 R0008 14 R000969 R0 01 05& ROO 1297 

SC"IST R002477 R002852 
~000236 ROOO 2 41 RD00258 ROOO 331 R000420 
R000 490 R00 0496 R00050T R000527 ROOOSll 
R0009E9 ROD0996 ROD1056 ROD 1071 R001117 
~ 0011 22 R001227 ROD 12JO ROOl 481 0001489 
R00 150& R00151J ROD 1897 R001 915 R001941 
R0 01 965 R0020S6 RDO 28t4 R00 2933 RD03J79 
R003489 R003512 

SERPENTINE 
R000241 POOOS05 R00148 1 R001942 

SERPENTINITE 
RO 00 529 

SH ALE 
R00020 7 R000214 R000221 R000222 R000227 
RO 00230 ROOOZ32 R0002JJ R000236 R000 2'•1 
R000245 R0 00 2'+9 R000251 ROO D 256 ROOD 259 
R000300 R00 0303 R000l04 R00 0420 R000~21 
RO 00<+ 90 ROOOS06 R00052 8 ROOOT99 R000802 
RO 00804 ROD OH It ROO OefT R0008<+7 R0 00850 
R000655 R000866 RODD %6 R000975 RD01 0 56 
RD01077 R001ll2 ROD 1135 RODl 227 R001235 
R001297 P001296 ROD 1339 R001385 R001467 
RD01477 R0 01481 R001483 R001 489 R001509 

<CONT INUEO l 
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. II. DOCUMENT ABSTRACTS 

ROOOZD7 HOLE INVADES NEW HEXICO, 
AUTHOR ANON, 
WESTERN CONSTRUCTION 
40 I Z l, 50-4, 19&5, 
L4NGUAGEI ENGLISH 

PFRFORHING ORGANIZATIONISl 
1,BOYLES eRoTHERS DRILLING co. 
2,DUGAN GFAHAH CO,INC:SALT LAKE CITV,UT!USA, 

FUNDING ORGANIZATIONIS) 
U,S,BUREAU OF RECLAMATION 

THIS IN-SITU P.EPORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE ON GOING 
EXCAVATION OF THE A70TEA TUNNEL (JUAN-CHAHA PROJECT! 
IN,CEN,NH., USA) THE ~OJECT INVESTIGATE□ IS 
UTILIZED FO~ COMBINATION !IRRI GATION-WATER SUPPLY! 
TUNNEL PURPOSES, T~E TBH HETHOC REPRESENTS THE 
E)CAVATION TECHNIQUE STUDIED. THE REPORTED 
FPAGHENTATION HETHOQ SEPVICING PROJECT EFFORTS 
INCLUDES MECHANICAL AeRASION !ROTARY ANO DRAG! , THIS 
OOCUNENT INCORPORATES ADDITIO~ALLY TUNNELING HACHINE 
CHA~ACTERISTlCS, GEOSTRUCTURAL CHARACTERISTICS FOR 
THE REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, 
PER TINE NT I NFORHA TI ON ON UNO ERGROUNO OPENIIIG SUPPORTS 
ANO HATERI4LS HANOL[NG SVSTEH Is ALSO PRESENTED, THE 
E>CAVATION CHARACTERISTICS FOR •ANCOS FORHATION A~E 
TREATED, ROCK TYPE S REVIEWED INCLUDE SHALE, 

ROOOZOS SLUSHER TRAIN ADAPTS TO GROUND, 
RUSSELL, J. K. 
WESTERN CONSTRUCrtON 
40 , 3 , , ee-n, 1965, 
LANGUAGEI ENGLISH 

PER FOR HING CRGANIZATI ONISI 
SHEA,J.F:cn.INc:cA:USA, 

FUNDING ORGANIZATIONISI 
CALIFORNIA, STATE OF,OEPT. OF WATER RfSOURCES,CA! 

US A. 

THIS IN-SITU REP0°T CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE COHPLETEO 
EXCIVATION OF THE WILKET CREEK TUNNEL ISTDRH 
DRAINAGE! (TORONTO, CON.I • THE PROJECT INVESTIGATED 
IS UTILIZED FOR EXFLORAT ORY TUNNEL PURPOSES. THE 
□RILL AND BLAST !Full FACE I HETHOC REPRESENTS THE 
EXCAVATION TECHNIQLE ~TLD IEO. THE REPORTED 
FRA GHENT ATION HET HOO SERVIC :NG PROJECT EFFORTS 
I~CLUOES CONV!cNTIONAL EXPL OSIVE IUNSPECil'IEDI 
EXCAVATION AOVANCE HENT RATE IS ALSO DISCUSSED, 
GEOSTRUCTURAL CHARACTERISTICS FOR THE REPORTED 
EXCAVATION ACTIVITIES ARE DESCRIBED, PERTINENT 
INFORMATION ON GROUND CONDITIONS ANO UNDERGROUND 
OPENING SUPPORTS ANO MATERIALS HANDLING SYSTEN IS 
ALSO PRESENTED, ROCK TYPES REVIEWED INCLUDE GRANITE, 
OCHER ANO SANDSTONE • 

ROOOZ09 TUNNELLING IN SOFT GROUND, 
NOSkIEWICZ, T, N. RANSAY, J. A, 
CONSULTII(; ENGR. I LONDON 
30 I 3 ,. J4-~, Jg, 1966) 
LANGUAGE! ENGLISH 

THIS IN-SITU REPORT CONTAINS REVIEW DATA, THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE CONPLETEO 
EXCAVATION OF THE DARTFORD VEHICULAR TUNNEL 
I DARTFORD, ENGLAND, U,K.), THE COMPLETE□ EKCAVATION 
OF THE KENSINGTON TUBE, LONDON UNDERGROUND CLONOON, 
ENGLAND, U.K,1, THE COMPLETE□ EXCAVATION OF THE 
LT,MILLIAM F,CALLAHAN JR, TUNNEL !BOSTON, HA,, USA), 
THE COMPLETED EXCAVATION OF THE POTTERS BAR RAILWAV 
TUNNELS IU,K,l, THE COMPLETE□ EXCAVATION OF THE 
THANES-LEE WATER HA[N TUNNEL (LONDON, ENGLA .. □, UoK,1, 
THE COMPLETED EXCAVATION CF THE TORONTO SUBWAY 
TUNNELS !TORONTO, ONTARIO, CANA □AI ANO THE COMPLETED 
EXCAVATION OF THE VICTORIA LINE TUNNEL !LONDON, 
E ~GLAND, U,K,1 T ~E PROJECTS INVESTIGATED HE 
UTILIZED FOR EXPLORATORY TUNNEL, METRO, RAILWAV, 
VEHICULAR TUNNEL IUNSPECifIE□ l AND WATER SUPPLY 
TUNNEL PURPOSES, THE SH[EL□ METHOD REPRESENTS THE 
EXCAVATION TECHN[QUE STUDIED, THE REPORTED 

I CONTINUED I 

FRAGMENTATION HETHOO SERV[CING PROJECT EFFORTS 
INCLUDES >ECHANICAL ABRASION IROTARYI , THIS OOCUHENT 
INCORPORATES ADDITIONALLY TUNNELING MACHINE 
CHARACTERlSTICS, TBM EXCAVATION ANO EXCAVATICN 
AOVANCE • E~~ RATES ARE ALSO DISCUSSED. GEOSTRUCTURAL 
ANO SOIL CHARACTERISTICS FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE DESCRIBED, PERTINENT INFORHATION ON 
GROUND CONDITIONS ANO UNOERGRoUN□ OPENING SUPPORTS IS 
ALSO PRESENTED, ROCK TVPES REV[EWEO lNCLU□E TILLITE • 

R000210 TECHNIQUES FOR TUNNELING, 
BRAUN. W. 1'1. 
CONSULTING ENGR, I LONDON 
35 < 3 ,, 59, 61, 65, 69, 73, 1371. 
LANGUAGE• ENGLISH 

THIS IN-SITU Re PORT CONT A INS REVIfW □A TA, THE 
UN□ERGROU~O OPENING DISCUSSED INCLUDES THE ABANDONED 
EXCAVATION OF THE ENGLISH CHANNEL TUNNEL IU,K,1 , THE 
PROJECT INVESTIGATE□ IS UTILIZED FOR EXPE~IHENTAL 
EXCAijATION ANO HINE PURPOSES, THE TBH HETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGHENTATION HETHOO SERVICING PROJECT 
EFFORTS INCLUDES MECHANICAL ABRASION !ROTARY! • THIS 
DOCUMENT INCORPORATES ADDITIONALLY TUNNELlNG HA CHI~E 
CHARACTERlSTICS, ROCK TYPES REVIEWED INCLUDE COAL , 

ROOOZ11 HVORAULIC FORE POLING SHIELD □RIVES CAVED-IN TUNNEL 
ORI FT, 
MONAGHAN, J. O. 
CONSTRUCTION HETHOOS EOUIPHENT 
46 I & I, 9&-101, 1964, 
LANGUAGE• ENGLISH 

PERFORMING ORGANIZATIONISI 
1,HUZLEY CONSTRUCTION I WINSTON BROS,CO, I 
2.HINNE SOTA FOLEY BR□S!ST.PAUL,MN:usA. 

THIS IN-S[TU REPORT CONTAINS ORIGINAL DATA, THE 
PROJECT INVESTIGATE □ IS UTILIZED FOR SEWER PURPOSES . 
THE SHIELC HETHO□ REPRESENTS THE EXCAVATION TlCHNIQUE 
STUDIED, THIS OOCUHENT INCORPCRATES ADDITIONALLY 
TUNNELING HACHINE CHARACTERISTICS. EXCAVATION 
ADVANCEHE~T RATE IS ALSO O[SCUSSEO, SOIL 
CHARACTERISTICS FOR THE REPORTED EXCAVAT[ON 
ACTIVITIES ARE DESCRIBED, PERTINENT INFORMATION ON 
NATERIALS HANDLING SYSTEH IS ALSO PRESENTED, ROCK 
TYPES REVIEWED INCLUOE SANDSTONE, 

ROOOZlZ U. S.-HAOE HACHINE SPEEDS TOKV□ TUNNEL. 
AUTHOR ANCN, 
CONSTRUCT JON HETH ODS EQ~IPHENT 
47 ( 5 ), 92-.ft, 1f36'5e 
LANGUAGEI ENGLISH 

PERFORHING ORGANIZATIONISI 
NISHIMATSU CON'STRUCTION co;TQKYO,JAPAN 

THIS [N-SITU REPORT CONTAINS ORIGINAL DATA. THE 
UNOERGROU ~O OPE NI NG DI SC USS ED INCL UOES THE COHPL ETEO 
EXCAVATIO~ OF THE TOKVO SEWER TUNNEL !TOKYO, JAPANI • 
THE PROJECT INVESTIGATE□ IS UTILIZE□ FOR SEWER 
PURPOSES, THE SHIELD NETHOO REPRESENTS THE EXCAVATICN 
TECHNIQUE STUDIED, THIS □OCUHENT INCORPORATES 
ADDITIONALLY TUNNELING HACHINE CHARACTERlSTICS. SO IL 
CHARACTERlSTICS FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE OESCRIOE□, 

R000213 BLAST OPENS NAY FOR FLOATING TUNNEL UNITS, 
AUTHOR ANON, 
CONSTRUCTlON NETHOOS EQU[PHENT 
47 I 1 1, 94-3, 1965, 
LA"GUAGEI ENGL:SH 

PERFORHING ORGANIZATION(Sl 
ATLAS,WILSON ANO JANIN,CANADA 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUkO OPENING DISCUSSED INCLUDES THE COHPLETE□ 
EXCAVATION OF THE LAFONTAINE BRIDGE TUNNEL !ALSO 
CALLEO LOU[S-HIPPOLYTE OR BOUCHERYILLE TUNNELi 
INONTREAL, QUEBEC, CON,) 80UCHERVILLE TUNNELi 
INONTREAL, QUEBEC, CANADA) , THE PROJECT INVESTIGATED 
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IS UT[LIZEC FOR HIGHWAY PURPOSES,. THE REPORTED 
FR•G"ENUT[ON "ETHOO SERVICING PROJECT EHORTS 
HCLUOES CONVENTIONAL EXPLOSIVE IOF PRIHER ANO 
~£0 GEL I , 

R000214 LOAOER BUCKET BOOH SPEEDS IhSTlLLATION OF TUNNEL 
fULI NE, 
AUT ~OR A NOH, 
CON5TRUCTIOh HETHOOS EQUIPHEHT 
H I 6 1, 106-9, 196~, 
LAHGUAGEI ENGLISH 

PERfOR"I PC; CRGANI 7.lTI ONISl 
l,KIENll-OESCHlHPS,CANAOA 

•UHOI NG ORGANlllTIONISI 
"ONTREAL TRANSPORTATION COHHISSIO~ ANO CITY OF 

MNTAEAL 

TH[S IN- SITU REPOAT CONTAINS ORIGINAL OAT&, THE 
UNDERGROUND OPEllING O!Sr.USSEO INCLUCES THE COHPL!TEO 
EXCAVATION OF THE HONTREAL HETRO !CANADA! , THE 
PAOJECT INVESTIGATED IS UTILIZED FOR NETRO PURPOSE!, 
THE DAILL AHO BLAST lfULL FACE! NETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED , THE REPORTED 
•RAG"ENTATICN "ETHOO SEAVICING PROJECT EFFORTS 
I•CLUOES CoNYENTIONll EXPLOSIVE (UNSPECIFIEOI , THIS 
OOCUHENT I NCORPOAATES AOOITI OhALL Y TUNNH tNG HACHI NE 
CHARACTERISTICS. PETROGAAPHY ANO ROCK TYPES REVIEWED 
I NCLUOE SHALE , 

AGOOZ1S A NEN NAY TO DRIVE TUNNELS, 
A UT HOR A NON, 
NEST, CONS TA, 
~l I S I, Sl-6, 1968, 
LANGUAGE! ENGLISH 

PERFORMING OAGANIZATIONISl 
DELAWARE V,",CORP, 

FUNOIHG ORGANilATlONISI 
S,CALIFOANIA 9 1£TROPOLITAN NATER OIST,Of,CAIUSA, 

THIS IN- SITU REPORT CONTAINS ORIGINAL OlTA, TH! 
UNOERGROuNO OP£HING OISCUSSEO INCLUDES THE ON GOING 
EXCAVAT ION CF THE SAUGUS TUNNEL IOI' IIETROPOLITAN 
WAHR OISTPICT OF SOUTHERN CALIFORNU CCA,, ~SAi , 
TH€ PROJECT I NVESTIGA TEO IS UTILIZED FOR WATER SUPPLY 
TUNNEL PURPOSES, THE SHIELD NETHOO REPRES!NTS THE 
FKClVATION TECHNIQUE STUDIED, EXCAVATION AOVANCEHENT 
RATE IS ALSO O,%USSEO, SOIL CHARACHIUSTIOS FOllt THE 
AEPORTEO EXCAVATION ACTIVITI[S ARE DESCRI8tD, 
PERTINENT INFOAHlTION ON HATERIALS HANDLING SYST!N IS 
ALS O PRESENTED, 

A000216 NATER SPRAT SPEEOS ALPiNE TUNNEL J08, 
AUTHOR ANON, 
ENG , NENS-AECOAO 
17S I ZI I , 111-Z, 117, 196S, 
LAH GUAGEI ENGLISH 

PERFORHING ORGAHIZATIONISI 
STRASSEN ANO TI[f9lU UNTEJN!HHUNG AG,ANO 

BAUG!SELLSCHA•T H,RELLA 
ANO COl ! UROPE 

THIS IN-SITU REPORT CONTAINS ORIGINAL CATA, THE 
UNOEAGAOUND OPENING OISCUSSEO INCLUDES THE COIIPL!T[D 
EXCAVUION CF THE FEL8UTAUElltN TUNNEL UIJSTIUAI , TH! 
PROJECT INV!STIGATEO ts UTILIZED FOR PIPLINE IUNSPECI 
P\JRPO!ES, THE DRILL AND BLAST CFULL FAC!I H!THOO 
RE PRESENTS TH[ !XCA~ATION TECHNIQUE STUOIEO, THE 
REPORTED FRAGIIENTAUON "ETHOO SERVICING PIIOJECT 
£"CRTS INCLUDES CONVENTI ONAL !Xl'I.OSIV[ CUNSPECIFIEDI 
• EXCAVATION AOVANC!NENT lltAT! 1S ALSO DISCUSSED, 
P[RTlNENT IN,OlltHATION ON HAT!RULS HANDLING SYST[H ts 
ALSO PRESENTED, ROCK TYP[S IIEVUll!O INCLUDE GltANtT! , 

R0002l7 OANISH SPECIA LITY-l'R! 'ASRICAT[O TUNNELS, 
AUTHOR ANON, 
ENG , NEWS-ll!CORO 
l9G C 13 I, 30-2, 1961, 
LANGua,e, EN,LISH 

PER fOIIHING OIIGANlZ,lTI CNCSI 
CHRISTIANI ANO NIELSEN A/S, COP!NHA,EN,O!NNARK 
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THIS IN- ~ITU REPORT CONTAINS ORIGINAL DATA, THE 
UNOERGROU~O OPENING DISCUSSED INCLUDES THE ON GOilG 
EXCAVATIO~ oF THE SCHELOE TUNNEL [ALSO CALLEO SCHELOE 
E3 OR J,F,K,TUNNELl (ANT•ERP, , BELGIUHI , THE 
PROJECT INVESTIGATED IS UTILIZED FOR HIXEO TRAFFIC 
TUNNEL IRULIIAY-HIGHNAY-BICYCLEI PURPOSES, THE TRENCH 
METHOD REFRE3.ENTS THE E)CAVATICN TECHNIQUE STUDIED, 
SOIL CHA~ACTERISTICS FOP THE REPORTED EXCAVATI CN 
ACTIVITIES ARE OESCR1BEO, 

R000211 SLURRY HOLE TRIED ON SUBWAY TUNNEL, 
au, HOR ANON. 
ENG, NEWS RECORD 
149 I 12 1, &G - 1, 1972 , 
LANGUA,EI ENGLISH 

PERfORH]NG ORGAIH ZATIONIS I 
NUTTAL,ED,LTOILONDON,U,K, 

FUNDING ORGANIZATlONCSI 
LONDON 1RANSl'ORT SrSTE"oLONOON,U,K, 

THIS IN-HTU REPORT CONTAINS ORIGINAL DATA. THE 
PROJECT INVESTIGATED 1S UTILIZED FOR HETRO PURPOSES, 
THE SHIELO HETHOO REP!tESE~TS THE EXCAVATION TECHNIQUE 
STUDIED , THE REPORTED FRAGHENTATIOIC IIETHOO SERVICIM. 
PROJECT EFFORTS I liCLUDES HECHANICAL A81US ION IROT ARY I 
, THIS OOCUHENT INCORPORATfS AODITlONALLY TUNNELihG 
HACHINE CHARACTERISTICS , EXCAVATION AOVANCENENT RATE 
IS ALSO DISCUSSEO, INFORHATION PEATINENT TO 
EXCAVATION COST IS GIVEN, 

RDaGZ19 GERMAN TUNNELING "ACHINE RELIEVES TIUFFIC CONliESTI ON, 
AUTHOR AN ON, 
CANADIAN MINING J, 
a,< 11 ,, r,-r, 196~. 
LANGUAGEt ENGLISH 

THIS IN-SITU REPORT CONTAINS REWIEW DATA , THE PROJECT 
INVESTIGAlEO IS UTILIZED FOR EXPERI"ENTAL EXCA VATIClt 
PURPOSES, EXCA VATION AOVANCENENT RATE IS ALSO 
DISCUSSED, 

RDDOZ20 GRANOUCIS TUNHELLIN, RECO~O S11 FT. IN 6 DAYS, 
NA"EN, C, 
CA,NADUN "INING J, 
19 I 6 1, 46-6, 1966, 
LANGUA,EI ENGLISH 

THIS IN-SITU IIEPORT CONTAINS ORIGINAL CATA, THE 
UNDERGROU•O OPENING DISCUSSED INCLUDES THE ON GOI NG 
EXCAVATION o, THE GRANOUC TUNNEL , THE CRILL ANO 
BLAST CFULL FACEI HETHOD REPitESENTS THE EXCAVATI tN 
TECHNIQUE STUOilll, TH! REPORTED FRAGMENTATION NETHOD 
SEIIVICIN, PROJECT EFFORTS INCLUDES CONVENTIONAL 
EXPLOSIVE CCILGELl THIS oocu"ENT INCORPORATES 
ADDITIONALLY TUNNELING HACHINE CHARACTERISTICS, 
EXCAVATION ADVANCEMENT RAT£ IS ALSO DISCUSSED , 
PERTIN!NT INFORHATION OH HATERlALS HAIIOLlPC; SYSTEM IS 
ALSO l'~ESENT!O, PETROGAAPHY AND ROCK TYPES RE VIENEO 
INCLUDE AJGILLITE 

,uao2z1 "ACHIN£ TLNNELING ON "ISSOURI AI YER OAHS, 
UHO[RWDOO, L, 9, 
J , CONSTRlCTION DIVISION, C PROC, ANER, SOC, CIVIL 
ENGINEERS I 
91 I C01 1, l-Z7, l96t;, 
I PAPER NO, ~31~ I 
LANGUAGEt ENGLISH 

PER,ORNING ORGAMIZATIONCS I 
l , HASON ANO WALSH CO, 
2.u.s.GOVT • 
1 ,HEALY,S,AICO, 
2 ,HONTREAL SERWlCE CORP, 
IIASON ,SILAS CO, 
1,00NOVjN 
2,FOL!Y lltOS , 
3, L YTL! 
~,NISSDURI VALLEY CONSTRUCTORS 
§,O.HE CONSTRUCTORS 
6,IIINSTON lltOS, 
1, CONOON- CUNNINGHAH INC, 
z , r ANO S CONTltACTING CO, 
3,JOHNSON,AL 
~,U!NIT,P[T[llt 
. , MORRISON• KNlllSEN,INC, 
1,ANlltICAN PIP[ 

CCONTINUEDI 
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Z,FOLEY BROS, 
3,GREEN 
4,JOHNSON•DRAKE•PIPER INC, 
5,PRAIRE CONSTRUCTORS 
6.WINSTON BROS. 
HITTRY CONSTRUCTION co:LOS ANGELES,CA:USA, 

FUNDING ORGANIZATIONISI 
U,S,ARHY CORPS OF ENGINEERS 

T•IS IN-SITU REPORT CONTA INS REVIEW DATA, THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE COMPLETED 
DCAVATION OF THE FORT PECK □AH TUNNEL N0,1 (HT,, 
U~AI, THE COMPLETED EXCAVATION OF THE FORT PECK OAH 
TUNNEL NO,Z fHT,, USAI, THE COMPLETED EXCAVATION OF 
THE FORT FECK OAH TUNNFLS IHT,, USA), FORT RANDALL 
OAH TUNNELS NO, 1-6 CSO., USAI, FORT RANDALL OAH 
TUNNELS NO, 9, 11, 12 ISC., USAI, FORT RANDALL OAH 
TUNNEL NO , 10 (SO,, US Al, THE COMPLETED EXCAVATION OF 
THE GARRISON OAH TUNNELS NO, 1-S IND,, USAl, THE 
COMPLETED EXCAVATION OF THE GARRISON OAH TUNNELS NO, 
1•6 INC,, USA I, THE COMPLETED EXCAVATION OF T~E 
GARRISON OAH TUNNEL NO , & INQ., USA), OAHE OAH 
OOWNSTREAH OUTLET TUNNELS ISO,, USAI, OAHE OAH 
OOWNSTREAM POWER TUNNELS CSO,, USA), OAHE OAH 
UPS TREAM OUTLET TUNNELS CSO,, USA I ANO OAHE OAH 
UPSTREAM PCW!R TU NNELS CSO,, USA) , THE PROJECTS 
INVESTIGATED ARE UTILIZED FOR FLOOD CONTROL, 
HYDROELECTRIC ANO REGULATORY TUNNEL IOAH) PURPOSES, 
THE DRILL ANO BLAST (FULL FACEl METHOD, HEADING ANO 
BENCH-PILOT SORE CENTER MET HOO, PERIPHERAL SAW ANO 
DRILL-BLAST METHOD ANO TBM HETHOO REPRESENT THE 
EXCAVATION TfCHNIOUES STUDIED, THE REPORTED 
FRAGHENTATION METHODS SERVICING PROJECT EFFORTS 
HCLUOE CONVENTIONAL EXPLOSIVE fUNSPECIFIEOI, 
MECHANICAL ABRASION CROTARYI ANO MECHANICAL ABRASION 
CEXPL OSIVE- ROTARYI THIS DOCUMENT INCORPORATES 
ADDITIONALLY TUNNELING HACHit,£ CHARACTERISTICS, TeM 
EXCAVATION ANO EXCAVATION AOVANCEHENT RATES ARE ALSO 
DISCUSSED, INFORMATION PERTINENT TO EXCAVATION COST 
IS GIVEN, GEOS TRUC TURAl ANO SOIL CHARACTERISTICS AS 
WELL AS SOIL MECHANICAL PROPERTIES FOR THE REPORTED 
ncAVATION ACTIVITIES ARE DESCRIBED, PERTINENT 
INFORMATION ON GROUND CONCITIO~S ANO UNDERGROUND 
OFEN ING SUPPORTS ANO HATERIALS HANDLING SYSTEM IS 
ALSO PRESENTED, THE EXCAVATICN CHARACTERISTICS FOR 
!lEARPAW SHALE, FORT UNION FORMHION, NIOBRARA CHALK 
CLIMESTO'E: OR SHALE) FORMATION ANO PIERRE SHALE ARE 
TREATED, PETROGRAPHY ANO ROCK TYPE~ REVIEWED INCLUDE 
CHALK fROCKI, CLAVSHALF , LIGNITE ANO SHALE THIS 
OOCUHENT INCO~PORATES ADDITIONALLY MECHANICAL 
PROPERTIES ILADI DATA. 

R000222 WHAltS AHEAD FOR TUNNELING ~ACHIN[S, 
HILL, G. 
J, CONSTRUCTION DIVISION f P~OC, AMER, SOC, CIVIL 
ENGINEERS > 
94 C CO2 >, 211-31, 19&8. 
I PAPER NO, 6178 l 
LAN GUAGE• ENGLISH 

THIS IN-SITU REPORT CONTAINS REVIEW DATA, THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE COMPLETED 
EXCAVATION OF THE HOHER-WAUSECA IRON HINE IHI. I, ThE 
COHPLETEO EXC AVATION OF THE ST.LOUIS METRO SEWER 
DISTRICT 1ST ,LOUIS, HO,, USAJ, THE COMPLETED 
EXCAVATION OF THE TUN Na NO, 1, NAVAJO INOI AN 
IRRIGATION PROJECT CNH,, USAI ANO THE COMPLETED 
EXC AVATION OF THE WEBSTER STREET TUNNEL fCA,, USA,1 
(OAKLAND, CA., USAl , THE PROJECTS INVESTIGATED UE 
UTILIZED FOR HINE, SEWER AHO UNSPECIFIED PURPOSES, 
THE TBH HETHOO REPRESENTS THE EXCAVATION TECHNIQUE 
STUDI ED . THE REPORTED FRAGMENTATION HETHOO SERVICING 
PROJECT EFFORTS INCLUDES MECHANICAL ABRASION IROTARYI 
• THIS DOCUMENT INCORPORATES ADDITIONALLY TUNNELI~G 
MACHINE CHARACTERISTICS. PETROGRAFHY ANO ROCK TYPES 
REVIEWED I~CLU□E COPPER ORE, GRANITE, IRON ORE, 
LIMESTONE, HUOSTONE, SANDSTONE, SHALE ANO TUFF , THIS 
OOCUHENT INCORPORATES ADDITIONALLY MECHANICAL 
PROPERTIES ILABI DATA, 

ROOD223 WORLOtS LAR GEST PRESTRESSEO TUNNEL, 
CAPLAN, 8, 
ENGINEERING CONTRACT RECORD 
11 I 1J 1, 65•&, 1964, 
LANGUAGE• ENGLISH 

PERFORMING CRGANI ZA TI OH ISi 
HARIHE INDUSTRIES LT□ :CANAOA 

!CONTINUED l 

1,ATLAS•WINSTON•JANIN,JOCNT VENTURE OF 
2,0ESOUROY ANO OUFRENSE,JOINT VENTURE OF 
3,HCHAHARA CONSTRUCTION 
4, SIHARO ANO FRERES 

THIS IN•!ITU RE FORT CONTAINS ORIGINAL DATA, THE 
UNOERGROUNO OPENING DISCUSSED INCLUDES THE ON GOING 
EXCAVATIO~ OF THE LAFONTAINE BRIDGE TUNNEL !ALSO 
CALLEO LOUIS-HIPPOLYTE OR BOUCHERVILLE TUNNELi 
CHONTREAL, QUEBEC, CON. I OOUCHERVILL.E TUNNEL I 
IHOHTREAL, OUEBEC, CANAOAI , THE PROJECT INVESTIGATED 
IS UTILIZED FOR HIGHWAY PURPOSES, THE GUT ANO COVER 
HETHQO ANO TRENCH METHOD REPRESENT THE EXCAVATICH 
TECHNIQUES STUDIED, THE REPORTED FRAGHENTATION METHOD 
SERVICING PROJECT EFF OHS INCLUDES HECHANICAL 
ABRASION IUNSPECIFI ED I GtOSTRUCTURAL ANO SOIL 
CHARACTEPISTICS FOR .HE REPORTED EXCAVATI~N 
ACTIVITIES ARE DESCRIBED, 

R00022~ THE SEERT~RUST SYST EH•PIPE FORCING SVSTEH SIMPLIFIES 
BUILDING PEDESTRIAN TUN~EL5, 
STEWART, J, 
AUSTRALAS, ENGR, 
43•4, lq&6, 
LANGUAGE• ENGLISH 

THIS IN-SITU•THEOPETICAL REPORT CONTAINS ORIGINAL 
CATA, T~E PROJECT INVESTIGATED IS UTILIZED FOR 
PEOESTRIH TUNIEL PURPOSES, THE SHIELD HETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGMENTATION HETHOO SERVICING PROJECT 
EFFORTS INCLUDES MECHANICAL ABRASION IPERCUSSIO NI • 
THIS OOC~HEHT I~CORPORAT[S ADDITIONALLY TUNNE LING 
MACHINE C~ARACTERISTICS, 

ROOOZZ5 FLOW SLIDES PROVE HAZARDOUS IN COLOMBIA TUNNELS. 
LI, C. Y. 
CIVIL ENGR, I N,Y, l 
34 C 12 1, 51-3, 1964. 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZATIONISl 
GANNETT FLEHING CORDDRY ANO CARPENTER,INC: 

HARRISBURG,PA;USA, 

FUNDING oRGANIZAT IONISI 
TENCHE lUNNEl ANO MIRAFLORES OAM,COLOMBIA,S,AMERICA 

THIS IN•SITU RE !ORT CONTAINS ORIGINAL OHA, THE 
UHOERGROUNO OPENI~GS DISCUSSED INCLUDE THE COMPLETED 
EXCAVATIO~ OF THE HIRAFLORES OAH DIVERSION TUNNEL 
fCOLUHBIAI ANO THE COMPLETED EXCAVATION OF TH E TENCHE 
TUNNEL IHEOELLI N, COLUHBIAl , THE PROJECTS 
INVESTIGATED ARE UTILIZED FOR ~INE ANO UNOERGRO UHO 
POWER STATION PURPOSES, GEOSTRUCTURAL ANO SOIL 
CHARACTERISTICS AS WFLL AS SnIL MECHANICAL PROPERTIES 
FOR THE REPORTED EXCAVATION ACTIV ITIES ARE DESCRIBED , 
PERTINENT INFORMATION ON GROUND CONDITIONS ANO 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESENTED, 

ROOD22& SOFT-GROUND TUNNELS FOR B•RT, 
THON, J. G, AMOS, N, J. 
CIVIL ENG,, I N, Y, I 
38 ( & ,, 52-S, 1q&8, 
LANGUAGE• ENGLISH 

PERFORMING ORGANIZATIONISl 
1,BROWN ANO ROOT INC, 
2,HORRISON-KNUHEN CO:INC, 
3,PERINI CORP, 

FUNDING ORGANIZATION(Sl 
SAN FRANCISCO BAY AREA RAPID TRANSIT,CAlUSA, 

THIS IN-~ITU REPORT CONTAINS ORIGINAL DATA, THE 
UNOERGROU~O OPENINGS DISCUSSED INCLUDE THE ON GOING 
EXCAVATIO~ OF THE TWIN TUNNEL BETWEEN l&TH STRtET ANO 
CIVIC CENTER STAT IONS !BART PROJECT I CSAN FRANCISCO, 
CA, USAl ANO THE ON GOING EXCAVATION OF THE VENT 
SHAFT FOR 16TH STREET ANO CIVIC CENTER STATIONS 
TUNN~L ceART PROJECT) !SAN FRANCISCO, CA, USA) • THE 
PROJECTS INVESTIGATED ARE UTILIZED FOR TWIN HIGH NAY 
ANO VENTILATION PURPOSES. THE SHIELD HETHOO REPRESENT 
THE EXCAVATION TECHNIQUE STUDIED, THE ~EPORTEO 
FRAGHENTATION METHOD 'SER~ICING PROJECT EFFORTS 
INCLUDES MECHANICAL ABRASION fROTARYI , THIS DOCUHENT 
INCORPORAlES ADDITIONALLY TUNNELING HACHI~E 
CHARACTERISTICS, TBH EXCAVATION AHO EXCAVATION 
AOVANCEHENT RATES ARE ALSO DISCUSSED, GEOSTRUCTURAL 

IC ONT[ NUEOI 



ANO SOIL CHARACTC:RISTICS AS OE'LL AS SOI L ~CHANICAL 
PROPERTIES FOR THE REPORTED EXCAVATION ACTIVITIES ARE 
OESCRIBED, PERTI~ENT INFORHATION ON GROUNO CO~OITID~S 
ANO UNDt:RCROUNO OPENING SU PPORTS AND HATERULS 
HANDLING SYSTEH IS ALSO PRES~NTEO, THE EXCAVATION 
CHARACT[RISTICS rn~ BAY HUD FORMAT IO~ AR! T~[ATED, 

Rooo,rr so,T•GROUNO TUNN! LLING•OESIGN ANO CONSTRUCTION, ,,,o~ GOLDIN JU!IILH CONV!NTrtN, PROC., OCT, 19• 22, 
19~~-
NOSkUWICZ, T, H, UNSAY, J, l, 
CAN, GOOD ROADS ASSN, 
1 !9-, .. , 10 ... 
LANCUAGll ENGLISH 

THIS IN-SITU REPORT CO~TAINS R!VHW OlTl, THE 
UNDERGROUND OPENINGS DISCUSSED INCi.UC[ THE ON GOI ~G 
EXCAVAT!DN OF TH[ 8ALT?MDRE HARBOUR TUNNEL 
18ALT?MORE, HO,, USAI, THE ON GOING EXCAVATION OF THE 
BAYTOWN TUNNEL ITX,, USAl, THE COMPLETED EXCAVAT ION 
OF THE BLACl( WAL L IZNOI TUNNEL CLOHODN, ENGLAND, UO, 
THE COMPLETED EXCAVATION of THE BROOKLYN BATTERY 
TUNNEL (NE~ YORI( CITY, NY,, USA>, THE COHPLETEO 
EXCAVATION Of THE CLYDE TUNNEL !GLASGOW, SCOTLAND, 
Ul(I, THE ON GOING EXCAVATION OF THE DEAS ISLAND 
TUNNEL !VANCOUVER, BRITISH COLUH8IA,, CANAOAl, THE ON 
GOING EXCAVATION OF THE ELIZA8ETH RIVER TUNNEL (ZMDl 
IVA., USA>, THE COMPLETED EXCAVATION OF THE HUHBER 
PIVER SEWER TUNNEL !TORONTO, ONTlRIO, CANADA>, THE 
COHPLETEO EXCAVAT[OH Of THE LINCOLN TUNNEL CNEW YORK, 
'IY, USA>, THE ON GOING EXCA IIATI ON OF THE NUS ,uNNEL 
IROTTEROAH, HOLLINO, NETHERLANDS), THE COHPLETEO 
EXCAYITION OF THE QUEENtS HIOTO~N TUNNEL INEW YORK, 
NY., USAl, THE COMPLETED EXCAVATION o, THE TYNE 
TUNNEL (NEW CASTLE, UoK,1, THE COMPLETED EXCAVATI ON 
OF THE VANCOUVEP INTERCEPTOR SEWER CCANAOAI AMO THE 
ON GOING EXCAVATION OF THE WEBSTER STREET TUNNEL 
ICA,, USA,1 IOA~LANO, Cl,, USA> THE PROJECTS 
INVEST IGITED l~ UT llI?EO FOR SEW!R ANO VEHICULAR 
TUNNEL CUNSPECl'IEOI PURPOSES, THf CUT AND COVER 
H£T NOO, STEH SHELL l'!f;THOO ANO TCIH ll!THOO RE~l!S!ltT 
TH£ EXCAVATION TECHNIOUfS STUOUO, TH! REPORT!O 
FRAGMENTATI ON METHOO SEAYIC?NG lll!OJ(CT EHDRTS 
Il<CLUOts MECHANICAL A81USION CROTUYl TBH 
EXCAVATION ANO EXCAV ATION IDVANC[H!NT RAT!S IRE ALSO 
OISCUSSEO, PERTINENT IN,ORHATION ON UNO!RGROUNO 
OPE NlNG SUPPORTS IS USO PRESENT !O, ROCK TYP!S 
REVIEWED INCLUDE COIL, LIMESTONE, SANOSTONI AHO SHALE 

ROOO Z28 PRESTRESSEO CONCRETE IN SU8•1QU!OUS TUNNEL 
CONSUUCTION, 
HALL, P, COUTURE, A. EARLE, G, 
PRE STRESSEO CONCRETE INST, J, 
10 I ~ l, ~~-n, H6S, 
LANGUIGEt ENGLISH 

PERFORHIHG CRGANil lTIOH(Sl 
LES GRANO$ TRiVA UX 0£ "IRSEILLE,,AANCE 

FUNCING OAGANIZATION(SI 
PROVINCE OF QUESEC,CANIOA 

THIS LAB REPORT CONTAINS REVIEW DATA, THE UHOERGROUND 
OPENINGS DISCUSSED INCLUDE THE COMPLETED EXCAVATION 
OF THE 8ALTIM~E HARSOUR TUNNEL 18ALTIMOR E, NO., 
USA>, THE COMPLETED EXCAVATION OF THE BANKH EA D TUNNEL 
<AL,, USAl, THE COMPLETED EXCAVATION OF THE 6AY TONN 
TUNNEL ITX,. ' USAl, THE COlt>LETEO EXCA iATION OF THE 
en Of HAVANA TUNNEL (CUBA>' THE ON GOING EXCAVATION 
Of THE BENELUX TUNNEL IROTTEROAH, NETHERLANDS>, THE 
COMPL!TEO EXCAVATION OF THE CH!SAPEAI([ BAY TUNNELS 
IVI,, USAI, THE ON GOING EXCAVATION OF THE COEN 
TUNNEL IAHSTEROAH, NETHEPLANOSI, TH[ COMPLETED 
EXCAVATION OF THE 0£1S ISi.ANO TUNNEL !VANCOUVER, 
RRITlSH COLUMBIA., CANADA>, T ►E COMPLETED EXCAVATION 
OF THE DETROIT•WINDSOR TUNNEL (USA•CANIOII, THE 
COHPLETEO EXCAVATION o, TH! ELIZABETH RIVER TUNNEL 
CZNOI IVA,, USA>, THE CONPUT!D OCAVATIOH o, THE 
HAMPTON ROADS TUNNEL CVA,. USAI, TH! COHPL!TEO 
EXCjVATION 01' THE KIEL CANAL TUNNIL ll'l!MDSBURG, 
GERl'ANVI, THE COt!PLETEO EXCAVATION o, TH! NUS TUNNtL 
IROTTEAOA", HOLLAND, NETHERLANOSI, TH! COMPL!TEO 
EXC'VATION o, THE PASADtNA TUNH!L CTX .. USA), THE ON 
GOING EXCAVATION OF THE SOUTHNEST SEWER 13•A 
!CHICAGO, ILLINOIS, USA>, TH! ON GOING !XCIVATION 01' 
THE TIHGSTAO TUNNEL IGOTMENIIURG, SNEOEHI , THE 
CONPL[TEO EXCAVATION OF TH[ WE9ST!R STREET TUNNEL 
cca .. USA,) (Olt<LANO, CA.. USA> AND TIIE OIi GOING 
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EXCAVATIO~ OF THE ~ TUNNEL IAMSTEROAH, NETHERLAIClSI , 
THE PROJECTS INVESTIGATED ARE UTILIZED FOR HIGMNAY 
PURPOSES, THE CUT ANO COVER METHOD ANO TRENCH HETHOD 
REPRESENT THE EXCA,ATION TECHNIQUES STUDIED, 
PERTINENT INl"ORHATIOH ON UHOE~Gl!OUNO OPENING SUPl'ORTS 
IS ALSO PRESENTED, 

ROOOZJO A RESEARC~ PROGRA ► FOR ROIO UNOUGROUNO 
CONSTRUCT ION, STILLWATER TUNNEL I A PRACTICAL 
LA80RATORY, 
U, So OEl'ARTHEHT OF TH! INTfR IOlt, &UREAU ~ 
RECLAMATICH, O(NVIR, COLORADO 
UPI',, 1971, 
LaNGUlG[ I [NGLISH 

PER,oRMIN, ORGANIZATIONISI 
U,S, BURUU o, RECLAMATION 

,uPIOING ORGANIZATIONCS> 
U,S • BUREAU o, REC LANI TI ON 

THIS IN•SITU-THEORETICAL ANO 1N·5ITU REPORT COHTAihS 
ORIGINAL ANO R£VIEW DATA, THE UNDERGROUND OPENING 
DISCUSSED INCLUOES THE PROPOSED EXCAVATION or THE 
STILLWAT( R TUNNEL ,uT.. USA, THE PROJECT 
INVESTIGAlfO IS UTILIZED FOR WATER SUPPLY TUNNEL 
PURPOSES, THE DRILL ANO Bl.AST <FULL FACEl METHOD ANO 
TBH METHOD REPRESENT THE EXCAVATION TECHNIQUES 
STUDIED, THE REPORTED FRAGMENTATION METHODS SERVICING 
PROJECT ErFORTS INCLUDE CONVENTIONAL EXPLOSIVE 
(UNSPECIFIED> AHO 1£CHINICAL ABRASION IROTARYl 
GEOSTRUCTURAL CHARACTERISTICS FOR THE REPORTED 
EXCAVATIOh ACTIVITIES IRE OESCRIBED, THE EXC AVATION 
CHARACTERISTICS FOR RED PINE SHALE CIN UNITl 
PITN,GROUPI IRE TREATED, PET ROGRAPHY ANO ROCK TYPES 
REVIEWED INCLUDE QUARTZITE ANO SHALE , 

R000231 SUMHIRY Of ST[LI.WATER RESEARCH PROGRAM, 
U, S, OEP~RTNENT o, THE I NTERIDR, BUREAU Ol' 
REC LA NA TI CN 
Jpp., 1972, 
LANGUAGfl ENGLISH 

,uNDIHG ORGAHIZAT?ONIS l 
U,S,BUR !AU o, RECLAMATION 

THIS IN• SITU 1tt,ou CONTAINS ABSTRACTED ONLY OITA, 
THE UNDERGROUND OPENING DISCUSSED INCLUDES THE 
PROPOSED EXCAVATION o, THE STILLWATER TUNNEL ,uT .. 
USU , THE PROJECT INYESTIGITEO IS UTILIZEO ,oR WATER 
SUPPLY TUNNEL PURPOSES, THE TBM HETHOD REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED , THE REPORTED 
'RAGHENTATION METHOD SERVICI NG PROJECT EFFORTS 
INCLUDES MECHANICAL ABRASION CROTARYI , 

RIIOZ32 TUNNELS, MACHIN[ EXCAVATION, RATE OF PROGRESS HACHI~E 
DATA, 
U, S, DEPARTll£HT OF THE INTERIOR, BUREAU Ol' 
RECLAMATION, DENVER, COLORADO 
72 I 9 >, 21PP,, 1972. 
I R!C•ERC•72-9, AVAIL, GPO 
1.ANGUAGEI ENGLISH 

P[RFORPIING ORGANIZATIONISl 
l,BOYLES IIROTHE:RS DRILLING CD, 
2,0UGAN GRAHAM CO,IHC ISALT LAl(E CITY,UTIUSA, 
1 ,COLOR AOO CONS TRUCTORS ,DENIER ,Co, 
Z,HORHER,A,S,CDNSTRUCTION co.,OENVER,CO. 
BOYLES BROTHERS DRILLING COICO IUSA. 
PENIX AND SCISSOH INC,, TULSA,OK 
Cl.YD[ ANO CO, 
t.BOYLES BROTHERS DRILLING COi 
2, GIBBONS ANO R!EO CO, 
UTAH CONSTRUCTION ANO MINI NG CO, 

FUNDING o,GINIZATIONCSl 
u.s,BUAfAU o, R!CLAHAT?OH 

THIS U-SITU RE ,oRT CONTAINS ORIGINAL OATA, THE 
UNO!RGRCUNO OPENINGS OISCUSSEO INCLUDE Tl£ COIIPLETED 
!XCAYAT ION OF THE AZOTEA TUNNEL ( JUAN-CHA Ill PROJECT I 
CH,CEN.NH,, USA>, THE COHl'LET!D EXCAVATION OF THE 
BLANCO TUNNEL I JUAN-CHANA PROJECT I IH, CEH, NN, , USA>, 
THE COHPL[TEO EXCAVATION OF THE OSO TUNNEL ICO, , 
USAI, THE CONPL!TEO EXCAVATION OF THE RIVER HOUNTAihS 
TUNNEL (ll[NOERSCN, NV., USAI, THE COMPLETED 
EXCAVATION OF THE ST'HYATION TUNNEL (CENTRAL UTAH 
l'ROJECT) cur .. USAI' THE COIIPLETED EXCAVATION OF THE 
TUNNEL N0, 1, NAVAJO INDIAN IRRIGATION PROJECT CNN, , 
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USA) ANO THE COHPLETEO EXCAVATION OF THE MATER HOLL OM 
TUNNEL (UT•, USO • THE PROJECTS !NVESTIGA TEO ARE 
UTILIZED FOR WATER SUPPLY TUN~EL PUQP0SFS . THE HANUAL 
HETHOO ANO TBH HET~00 REPRESENT THE EXCAVATION 
TECHNIQUES STUDIED, THE REPORTED FRAGHlNTATION HETHO0 
SERVICING PROJECT EFFGRTS INCLUDE MECHANICAL A~ASICN 
(ROTARY) AHO UNSPECIFIED. THIS 00CUHENT INCORPORATES 
ADO ITI0NHL Y TU NNEL! NG HACH !NE CHARACTERISTICS. TBH 
EXCAVATION RATE IS ALSO orscussEo. GE0STRUCTURAL AND 
SOIL CHARACTERISTICS FOP THE REP0RTFD EXCAVATICN 
ACTIVITIES ARE 0ESCRiijEO. PERTINENT INFORMATION ON 
UNDERGROUND 0Pc'NIHG SlJPP0RTS ANO NATERIALS HANDLING 
SYSTEM IS ALSO PRESENTED. PETR0GRAPHY ANO R0C~ TYPES 
REV IE MEO INCLUDE AGGLOMERATE, C0NGLOHERATE, 
RHYO0ACITE, RHY0LlT[, SANDSTONE, SHALE ANO SILTSTONE 
ThIS DOCUMENT INCORPORATES ADDITIONALLY MECHANICAL 
PROPERTIES CLABl DATA. 

R000233 FIVE CASE HISTORIES OF TUNNEL BORING. 
BELLPORT, e. P. 
HINING ENG. 
23 C 6 l, 4~-52, 1971. 
LANGUAGE• ENGLISH 

PERFORMING CRGANIZH ! GNCSI 
1.C0L0RA0O CONSTRUCTORS,0ENVER,CO, 
z.H0RNER,A.S.CONSTRUCTI0N co.,0EHVER,C0, 
BOYLES BROTHERS D~ILLING co:co:usA. 
FENIX ANO SCISS0N INC., TULSA,OK 
1.BOYLES BROTHERS DRILLING co: 
Z,GIBBONS ANO REED CO. 
FLOUR UTAH ENGINEERS AND CONSTRUCTORS INC:FLOUR,UT! 

USA, 

FUNDING ORGANIZATI0NCSJ 
U.S,BUREAU OF RECLAMATION 

THI~ IN-SITU REPORT CONTAINS REVIEW DATA, THE 
UNOERGR0UNO OPENINGS DISCUSSED IM:LU0E THE COMPLETED 
EXCAVATION OF THE AZOTEA TUNNEL !JUAN-CHANA PROJECT) 
IN.CEN.NH., USAI, THE COMPLETED EXCAVATION OF THE 
BLANCO TUNNE L (JUAN-CHAMA PROJECT! IN.CEN.HH., USA), 
THE COMPLETED EXCAVATION Of THE OSO TUNNEL IC0■, 
USAI , THE CCHPLETED EXCAVATION OF THE RIVER MOUNTAINS 
TUNNEL (HEN DERSON, NV,, USAI, THE COHPLETE0 
E>CAVATI0N OF THE ~TARVATION TUNNEL !CENTRAL UTAH 
PROJECT! CUT,, USAI ANO THE COMPLETED EXCAVATION OF 
THE TUNNEL N0,1, NAVAJO INDIAN IRRIGATION PROJECT 
(NH., USAI , THE PROJECTS INVESTIGATED ARE UTILIZED 
FOR WHER SUPPLY TUNNEL PURPOSES. THE TBH HETH0D 
REP~ESENTS THE EXCAVATION TECHNIQUE STUDIED. THE 
REPORTED FRAGHcNTATION HETHDO SERVICING PllOJECT 
EFFCRTS INCLUDES MECHANICAL ABRASION (ROTARY! • THIS 
0OCUHENT !~CORPORATE S ~DDITICHALLY TUNNELING HACHINE 
CHARACTERISTICS, TOH EXCAVATION RATE IS ALSO 
DISCUSSED. GEOSTRUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION A,T JVITIES ARE 0ESCRIBEO . 
PERTINENT INFORMATION ON PtJCEPGR0UN0 OPENING SUPPORTS 
ANO MATERIALS HAN0LING SYS':~ IS ALSO PRESENTED. THE 
EXCAVATION CHARACTERISTICS FO~ SAN JOSE FORMATION AJE 
TREATED. PETR0GRAPHY ANO ROCK TYPES REVIEWED INCLUCE 
LAVA FLOW, RHYOOACITE, RHYOLITE, SANDSTONE AND SHALE 
THIS DOCUMENT INCORPORATE S AO0ITIDNALLY MECHANICAL 
PROPERTIES CLABI 0AH , 

R000235 0YNAHICS OF ADVANCE OF AIR-WATER CONTACT IH CAISSON 
DRIVING OF TUNNELS, 

R000236 

AB0ULRAGIHOV, A. I. BABICH. YU. A. 
VLASOV, S. N, LISTENGARTEN, L. B. 
PIRVERDYAN, A. H. 
SOIL HECHo FOUND. ENG. 
< ,. , , 21J•6, 1q&e. 
C ENGLISH TRANSLATION OF OSN. FUNCJAH. HEKH. GRUHT OV , 
( 4 l, 23-4, 1968,, FOR ORIGINAL SEER-NO. R00234 
LANGUAGE! ENGLISH 

THIS THEORETICAL REPORT CONTAINS CRIGINAL DATA. THE 
CAISSON HETHO0 REPRESENTS THE EXCAVATION TECHNIQUE 
SlUDIE0. 

HARO ROCK TUNNELLING MACHINES. 
MUIRHEAD, I. R, GLOSSOP, L. G. 
TRANS. INST. HINING HET. 
77 < SEC. A J, A1-21, 1968. 
LAHGUAGEI ENGLISH 

PERFORHIHG 0RGINIZATI 0N(SI 
HAVOR AHO COULSON,LT0lSHEFFIELD,u.K. 

C CONTI NUE0 I 

THIS IN-SITU ANO THEORETIC AL REPORT CONTAINS REVIEW 
DATA. THE UNDERGROUND OPENINGS DISCUSSED INCLUDE THE 
COHPL ETEC EXCAVA T !ON OF THE AZOTEA TUNNEL IJUAN-CHAHA 
PROJECT l CN.CEN, NH,, USAI, THE COHPLETE0 EXCAVATHN 
OF THE BUNCO TUNNEL (JUAN- CHAMA PROJECT! CN.CEN.NH. 0 

USA), THE COHPLEH0 EXCA VATION OF THE CANYON TUNNEL 
ICA., US A 1, THE COMPLETED EXCAVATION OF lHE CHARitN 
TUNNEL CSWITZERLAN0I, THE C0HPLETE0 EXCAVATION Of THE 
GOSS TUNNEL (AUST RIAi, THE COHPLETE0 EXCAVATION OF 
THE LORAINE HINES IS.AFRICA I, THE COHPLETE0 
EXCAVATIOI OF THE HA~GLA 0AH DIVERS ION ANO POWER 
TUNNELS CFAKISTANJ, THE COHPLETED EXCAVATION OF THE 
NAVAJO l~RIGATIOI PROJECT CNHo, USAI, THE COHPLETE0 
EXCAVATION OF TH€ OAHE TUNNEL CUNSPECIFIE0I CS0., 
USAI, THE COMPLETED EXCAVATION OF THE OSO TUNNEL 
(CO., USAI, THE C0HPLETE0 EXCA VATION OF THE ST . LOUIS 
HETR0 SEWER DISTRICT (ST.LOUIS, HO., USAlo THE 
COHPLETE0 EXCAVATION OF THE TUNNEL NOo1, NAVAJO 
INDIAN IRRIGATION PROJECT INM., USA) ANO THE 
COHPLETEO EXCAVATION OF THE WHITE PINE COPPER HIIE 
CHI., USA) • THE PROJECTS INVESTIGATED ARE UTILIZED 
FOR EXPERIMENTAL EXCAVATION, EXPLORATORY ' TUNNEL. 
HIGHHAY, HYDROELECTRIC, IRRIGATION , HETRO, HINE, 
SEWER, UNSPECIFIED ANO MATER SUPPLY TUNNEL PURPOSES . 
THE DRILL ANO BLAST CFULL FACEI HETH00 ANO TBH HETH00 
REPRESENT THE EXCAVATION TECHNIQUES STUDIED. THE 
REPORTED FRAGHENTATION HETHOOS SERVICING PROJECT 
EFFORTS INCLUDE C0NVEITTI0NAL EXPLOSIVE (UNSPECIFIEOI 
ANO MECHANICAL ACRASI0• (ROTARY) THIS 00CU HENT 
INCORPORATES A0OIT I 0NALLY TUNNELING MACHINE 
CHARACTERISTICS, TSH EXCAVATION ANO EXCAVATION 
AOVANCEHEH RATES ARE ALSO DISCUSSED, PERTINENT 
INFORMATICN ON HATERIALS HANDLING SYSTEH IS ALSO 
PRESENTED. PETROGRAPHY ANO ROCK TYPES REVIEWED 
INCLUDE A~GILLITE, GNEISS, GRANITE, IRONSTONt, IRON 
ORE. LIHEST0NE, HUOSTONE, SANDSTONE , SCHIST, SHALE 
AHO TUFF , THIS 00CUHENT INCORPORATES ADDITIONALLY 
HECHANICAL PROPERTIES CLABI DATA. 

R000238 SPRAGS COORDINATE TUNNELER•S H0TORS. 
FINK. T, SNYDER, L. 
POWER TRA•SHISSI0~ DESIGN 
13 ( It ), &C.-8, 7'-t, 76, 1971. 
LANGUAGE• ENGLISH 

THIS THECRETICAL REPORT CONTAINS ORIGINAL DATA, THE 
TBH HETH00 REPRESEITTS THE EXCAVATION TEC HNIQUE 
STUDIED, THE REPORTED FRAGMENTATI0~ HETHO0 SERVICING 
PROJECT EFFORTS INCLUDES HECHANICAL ABRASION IR0TARYI 

R0002J9 EXCAVATION OF THROUGH CUT TO REPLACE HESSITER TUNNEL 
ON THE CANADIA N NATIONAL RAILWAYS . 
HILES, R, □• 
AMER, RY. ENG, ASSN, DULL. 
< 591 I, 559-6&, 1965. 
C BULL• NO. 591 I 
LANGUAGE! ENGLISH 

PERFORMI NG 0RGANIZAlI0NISJ 
STANF 0RC UNIVERSITY,STANFORD,CA,93405 

FUNDING 0~GANIZATJ0NISt 
CANA0IA~ NATIONAL RAILWAYS 

T~IS IN-!ITU REPORT CONTAINS ORIGINAL DATA. THE 
UN0ERGROU~D OPEN ING DISCUSSED INCLUDES THE COHPLCTE0 
EXCAVATION OF THE HESS IT ER TUNNEL IBHTISH COL UH BIA., 
CANA0AI • THE PROJECT INVESTIGATED I S UTILIZED FOR 
RAILWAY PURPOSES . THE TRENCH HETHO0 REPRESENTS THE 
EXCAVATI0~ TECHHICUE STUDIED. SOIL CHARACT ERISTICS 
FOR THE REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED. 

R0002~0 PRELOA0ING AND OEMATERING STABILISE AIRPORT TUNNEL 
SITE. 
AUTHOR ANCN. 
AUSTRALIAN CIVIL ENG. C0HSTR. 
7 C 11 ,. 11-J, 15, 196&. 
LANGUAGE• ENGLISH 

THIS IN-SITU REPORT CONTAINS ORIGINAL 
TRENCH METHOD REPRESENTS TH E EXCAVATION 
STUDIEO. SOIL CHARACT ERISTICS FOR THE 
EXCAVATION ACTIVITIES ARE DESCRIBED , 

DATA ■ THE 
T EC HNI QUE 

REPORTED 

R0002~1 SUHHARY OF THE FIRST INTER NATI ONAL S YHPOSIUH ON JET 
CUTTING TECHNOLOGY. 
AUTHOR AMON. 
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WAR~ICK COVENTRY, ENGLlNO 
lit PP. t 1972. 
lAHGUAGEI ENGLISH 

PER FOR"INC CRGANl7ATICNCSl 
FENIX ANO SCISSON INC,, TULSA,OK 
HYORONAUTICS INCIUSA, 
ROCK MECHANICS ANO EXPLOSIVES RESEARCH CENTER 

!UNIV, CF MISSOURI 
AT ROL lA, "O I USA! 
TERRASPACE,INCl30~ N,STONESTREET AVEIROCKVILlE, HO, 

ZOS~OIUSA 
I,I,T,RESEARCH INSTITUTE,CHICAGO,ILIUSA, 
OAK RIOGE NATIONAL LABORATORY ,USA, 
U,S,ARHY COLO REGIONS RESEARCH ANC ENGINEERING LAEi 

HANOVER,NHIUSA, 
ESSO PRODUCTION RESEARCH COIHOUSTON,TX, 
KAISER STEEL CORPIUSA, 
EXOTECH,RCCKVIlLE,HOIUSA, 
GULF RFSEAII.CH A140 OEVELOPHENT COIPITTSBU~G,PAIUSA 
HYORO•JET SERVICES, INCIAl1ARIUO,TXIUSA 
TULSA,UNIV!RSITY OF ,OKIUSA 
ONTARIO SANO COIONTARIO,IllUSA 
CONTIN!NTAl OIL COMPANY 

THIS IN•SITU, LA~•IN•SITU ANO LAB REPORT CONTAINS 
AASTRACTEO ONLY OITA, THf PROJECT INV!STIG4TEO IS 
UTILIZED FOA EXPERIMENTAL EXCAVATION, HINE AND 
UNOEAGROUNO TESTING PURPOSES, THE HYDRAULIC 
FRAGM ENTA TION METHOD RfPRESENTS THE EXCAVATION 
TECHNIQUE STUOIEO, THE REPORTED ,RAGMENTATIOH HETHOCS 
SERVICING PROJECT EFFORTS INCLUDE IMPACT A8RASION 
(WATER CANNON, INTEAHITTANT IHPACT, JET ABRASION 
I ~ATER·CONT!NUOUSl, JET AeRASIO ~ (NATER!, JET 
ABRASION (WATER CANNON, CONTINUOUS I MPACTI ANO JET 
ABRASION (CONTINUOUS WATER WITH STEEL SHOT) • 
PETAOGRAPHY ANO ROCK TYPES HVIEWEO INCLUDE ANHYDRITE 
CROCK!, 8ASHT, BROW~ STONE, CHERT «ROCo<l, COAL, 
CONGlOHERAH, DOLOMITE CROCK It GRANITE, ICE, 
l I HESTOHE, HARRLE, PER11AF~OST, SAMOSTONE, SANO, 
SCHIST, SERPENTINE, SHALE ANO TUFF , 

ROOOZ ~Z SHATTERING ROCK WITH INTENSE BURSTS o, ENERGETIC 
ELECTRONS, 
AVERY, R, T, KEEFE, 0 , BREKKE, T, L, 
FINHE, I, 
LAWRENCE RAOIATION lAB , 1 BERK[lEYt CALIFORNIA 
c; p,-. • 1973. 
( l8l• 1Jq1 I 
lAHGUA GEt ENGLISH 

P[RFORHI NG ORGANilA T? ONCS I 
LAWRENCE 8f.RKElEY lA8,IUNIV,o, CALIFoRNIAI, 

BERKELEY , CA;USA 

FUNDING ORGANI ZATION (Sl 
NATIONAL SCIENCE FOUNDATION,MASHINGTON,D , C, IUSA, 

THIS lAB REPORT CONTAI NS oRIGINAl DATA, THE REPORTED 
FRAGHENTATICN METH OD SERVICING PROJECT E,,OllTS 
INCLUDES THERHAl·RAOIANT CElECTRON BUMI • 
GEOSTRUCTURAl CHARACTE RI STICS FOR THE REPORTED 
EXCAVATION ACTIVITIES ARE OESCRI8EO, THE EXCAYATICN 
CHARACTERISTICS FOR SIERRA GRANITE ARE TREATED, ROCK 
TY~ES REYIENEO INClUD[ BASALT, GRANJT[ ANO "ARIL[, 

ROaa 2,~ SHIELDS FOR CONSTRUCTION o, LARGE TU NNElS IN SANDY 
GROUND, 
SAM0IL0V, V. P. 
SOI L HECHANICS F'OUNOATION ENGR , 
( l l , ~0- 1, 196,, 
I ENGlISH TUNSlATIDN OF OSN., ,uNDAN, "UH, GRUNTOV, 
( 1 1, 21- 3 , 196~. 1 ,oR ORIGINAL S!t II-NO. Ro oz,3 
lANGUA GE I !NG LISH 

THIS lN•SITU RE~ORT CONTAINS ORIGINAL DATA, TH[ 
SHI!lO M[THOO REPRESENTS THE · tXGAVATION TECHNIQUE 
STUDIED, EXCAVATION AOVANC[l4!NT RATE IS ALSO 
DISCUSSED, SOil CHARACTERISTICS ,oR TH( N[PORT[D 
E•CAVATION ACTIVITIES ARE O(SCRIBID, 

ROOa z, ~ TUNNEL DIIXVING l!ETHODS, 
NOSKI!MICZ, T, 11, RAMSAY , J, A, 
ENG, CONTRACT REC , 
T1 I l3 l, ~9-'>7 1 196_, 
LANGUAGE I ENGLISH 

THIS IN- SITU REPORT CONTAINS REVIEN DATl, THE 
UNO[IUiROUNO OPENINGS DJSCUSStO INCLUDE THE COMPl!TfD 
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EXCAVATION OF THE 8ALTI"ORE HARBOUR TUNNEL 
IBALTINCRf, HO,, USA!, THE CO"PlETEO EXCAVATION OF 
THE BOTOWN TUN"El n x .. USAI, THE COHPlETED 
EXCAVATIO~ OF THE BLACKNALL (ZNO) TUNNEL (LONDON, 
ENGLAND, UKl, THE COMPLETED EXCAVATION OF THE 
BROOKLYN eATTERY TUNNEL (Nf• YORK CITY, NY,, USA!, 
THE CONPLETEO EXCAVATI O~ OF TH£ CLYDE TUNNEL 
(GllSGow, SCOTLAND, UKI, THo COHPlETEO EXCAVATION OF 
THE OARHORO VEHICULAR TUNNEL IOAIHfORO, ENGLAND, 
U,K,1, Thf CONPLETEO EXCAVATION o, THE OEAS ISLAND 
TUNN£l IVANCOUVEA, BRITISH COLUN8IA,, CANAOAl 1 THE 
COMPLETED EXCAVAT lON OF TH€ ELIZABETH RIVER TUNNEL 
I ZNOl IVA,, USA 1, THE COHPlETEO EXCAVATION OF THE 
HUMBER RIVER SEMER TUNNEL ITORONTO, ON1ARIO, CANAOAI, 
THE COMPLETED EXCAVATION OF THE KENSINGTON TUBE, 
LONDON UNDERliROUND llONOON, ENGLAND, U,l(,l, THE ON 
GOING EXCAVATION OF THE LAFONTAINE BRIDGE TUNNEL 
!ALSO CALLEO lOUIS-HIPPOLYTE OR BOUCHERVIlLE TUNNELi 
IHONUEAL, QUEBEC, CON, I BOUCHERVIlLE TUNNEL l 
(MONTREAL, QUEBEC, CAHADAI, TH£ COHPlETED EXCAVATICN 
OF THE LHICOLN TUNNEL (NEN YORK, NY, USAI, THE 
COIIPlET[O EXCAVATJON OF THE lT,WILLIAH F,CAllAHAN JR, 
TUNIIEL (BOSTON, NA,, USA! 1 THE CONPLETED EXCAVATION 
o, THE HAAS TUNNEL IROTTEROAH, HOLLAND, NETHERLANOSI, 
THf COHPLETED EXCAVATION OF THE OAHE DAN OIYERSION 
TUNNEL ISD,, USAI I THE COMPLETED UCAVATION OF THE 
OAH! TUNNEl IUNSPECI,XEDl (SO,, USA!, TH[ COMPLETED 
EXCAVATION o, THE POTTERS BAR RAILWAY TUNNElS CU, 1(,1, 
THE COMPLETED EXCAVATION OF THE 0UEEN-S "IOTOWN 
TUNNEL INEM YORK, NY,, USA!, THE COMPLETED EXCAVATICN 
OF' THE THANES•LEE MATER HAIN TUNNEL ClONOON, ENGL ANO, 
U,K,I, THE COMPlETEO EXCAVATION OF THE TORONTO SUBWAY 
TUNN[LS fTORONTD, ONTARIO, CA14AOAl, THE COHPlETEO 
EXCAVATIO~ OF THE TYNE TUNNEL IN~M CASTL E, U,K,l, THE 
COHPlETED EXCAVATION OF THE VANCOUVER INTERCEPTOR 
SEMER (CANAOAI. THE COHPLETEO EXCAVATION or THE 
VICTOIUA LINE TUNNEL (LONDON, ENGLAND, U,K,l, THE 
COHPLETEO EXCAVATJON or THE VLAKFONT€IN HINE SHAFT 
IS,AFRICAI AND THE COHPLETEO EXCAVATION OF THE 
WEBSTER STREET TUNNEL ICA,, US A, l !OAKLAND, CA,, USAI 
, THE PROJECTS INVESTI GATED ARE UTILIZED FOR 
EXPERlNEHTAl EXCAVATION, "ETRO, RAILWAY, SE NER, 
VEHICULAR TUNNEl (UNSPECIFIED! ANO WATER SUPPLY 
TUNNEL PURPOSES, THE SHIELD HETHOO, TON NETHOO ANO 
UNSPECIFIED NETHOO REPRESENT THE EXCAVATION TECHNIQUE 
STUDIED, THE REPORTED FRAGNENTATION METHODS SERVICING 
PROJECT EFFORTS INCLUDE CONVENTIONAL EXPlOSIVE 
(,\HNDNlA GEl!TIHI, MECHANICAL ABRASION (ROTARY I• 
HECHANICAl l&RAS ION !ROTARY ANO PERCUSSIONI ANO 
MECHANICAL ASRASION CUNSPECIFIEOI , TBN EXCAVATION 
RATE IS ALSO DISCUSSED, GEOSTRUCTURAL CHARACTtRISTICS 
FOR THE REPORTED EXCAVATIO!ol ACTIVITIES AR£ DESCRIBED, 
PERTINE NT INFORHATION ON GROUND CONDITIONS AND 
UNDERGROU~O OPE NI NG SUPPORTS IS ALSO PRESENTED, 
PETROliRAP~Y AND ROCK TYPES REYIEMED INCLUDE COAL, 
lIMESTON!, SANDSTONE, SHUE ANO TILL , 

ROOO Z~6 SOHE ASPECTS OF HIGH SPEEQ HARO ROCK TUNNELlINli IN 
THE SNOWY NOUNTUNS, . 
ANDRENS, K, E, HC lNTYRE, A, R, 
KATTNER, R, H, 
CIVIL ENG, TRANS, 
6 I 2 1, ,1-10, 196~• 
L•NGUA;[r ENGlISH 

PERFORMING ORliANI ZATIONCS l 
UHIVUSITY OF CALJFORNIA,8ERK!l£Y , ColLEG£ OF. 

E!lf;INEEIUNG 
THEISS 8ROS, 
l.KAUE• 
2 ,PERINI 
;S,.Rl'Y"ONO 
~,N ALS H 
l,KUSE~ 
2,HORRISON 
3,«"ERINI 
~.RUNOND 

FUNOIN; ORGANIUT lON(Sl 
ATLAS COPCO 

THIS IN- SITU REPORT CONTAINS REVIEW DATA , THE 
UNDERGROUND OP[NIN,S OISCUSSEO INCLUDE THE COMPLETED 
EXC.YATIOII Of THf EUCUHBENE TUNUT TUNNt:L ISNONY HTS,, 
AUSTRALIAI, TH[ ON GOING EXCAVATION OF THE EUCUHBENE 
SNONY TUNNEL !SNOWY NTN, PROJ[CTI IAUSTIULUl , TN£ 
CONl'LET(D E•CAVATION Of' TH( GUTHEGA TUNNfl CSNONY 
MTN, PROJECT] fAUSTRAl.IAI, THf ON liOIIIG EXGAVATION Of' 
TH£ MURRAY l PJl£SSURE TUNNEL ISNONY HT N, PROJ ECT I 
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CAU STRALIA I, THE COMPLETED EXCAVATION OF THE 
HUR•UHBIOGEE-EUCUH0ENE TUNNfL rsNosi HTN, PROJECT! 
rAUSTRALIAI, THE ON GOING EXCAVATION OF THE 
SNOWY-GEEHI TUNNEL CSNOWY HTN, PROJECT I UUSTRALIA I, 
THE :OMPLETEO EXCAV ATION OF THE TOOHA TUHUT TUNNEL 
CAUSTRALIA I, THF COHPLtTEO OCAVATION OF THE TUHUT 1 
PRESSURE TUNNEL (SNOWY HTN , PROJECT> CAUSTRALIAI ANO 
THE COHPLETEO EXCAVA TIO N OF THE TUHUT 2 TAILWATER 
TUNNEL (SNOWY HTN, PROJECT I <AUSTRAL! Al , THE PROJECT 
INVESTI GA TED ARE UTILI7EO FOR UNSPECIFIED PURPOSES, 
THE DRILL ANO BLAST (FULL FACEI HETHOD REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED , THE REPORTED 
FPAGHENTATION HET HOO SERVICING PROJECT EFFORTS 
INCLUDES CONVENTIONAL EXPLOSIVE fAHHONIUH NITRATE! 
THIS OOCUMENT INCORPORATES ADDITIONALLY TUNNELING 
MACHINE CHA•ACTERISTICS, EXCAVATION ADVANCEMENT RATE 
IS ALSO DISCUSSED, INFORMATIO~ PERTI NENT TO 
€XCAVATIO N COST IS GI VEN, PERTINENT INFORMATION ON 
UNDERGROUND OPENING SUPPORTS ANO HATERIALS HANDLING 
SYSTEH IS ALSO PRESENTED, PETROGRAPhY ANO ROCK TY PES 
REVIEWED INCLUDE OIORITE ANO GRANITE • 

R000 2H SEI KAN UNDERSEA TUNNfL, FROH PROC, OF THE TUNNEL 
AN O SHAFT CONFEPENCE, MINNEAPOLIS, nNNESOTA, 
HAY 15-7, 1966, 
VOKOYAl1A, A. 
RAPID EXCAVATION-PROBLEMS A~O PROGRESS 
( CHAPT ER 10 I, 114-31, 1970, 
LANGUAGE! ENGLISH 

PERFORHING CRGAN!lATIOHCS) 
JAPAN RAILWAY COHSTRUCTIO~ PUBLIC CORP:SEIKAH 

TUNNEL RESEAl<CH 
OFFICE,TOKYO,JAPAN 

FUNDING ORGANIZATIONCSI 
JAPANESE NATIONAL RAILWAYS 

THIS IN-SITU PEPORT CONTAINS ORIGINAL OATA, THE 
UNOfRGROUNO OPENI NGS DISCUSSED INCLUDE THE ON GOI~G 
EXCA VATION OF THE INCLI~EO SHAFT FOR SEIKAN UNDERSEA 
TU NNEL, HONSHU SIOF. (JAPAN), THE COHPLETED EXCAVATIC N 
OF THE INCLINED SHAFT FOR SEIKAN UNDERSEA TUNNEL, 
HOKKAIDO SICE (JAPANI, THE ON GOING EXCAVATION OF THE 
PIL OT TUNNEL S FOR HONSHU- HOKKAIDO RAIL WAY CONNEC TION 
!ALSO CA LLE O SEIKAN UNDERSEA TUNNELi UAPANI ANO THE 
PPOPOSEO EXCA VATI ON OF THE SEIKAN RAILWAY TUNNEL 
IJAPANI , THE PROJECTS INVESTIGATED ARE UTILIZED FOR 
EXPLORATORY TUNNEL ANO RAILWAY PURPOSES, THE DRILL 
ANO BLAST (FULL FACfl HETHOO AHO TBH HETHOO REP~ESE NT 
THE EXCAVATION TECH NIQUES STUDIED , THE REPORTED 
FRAGMENTATION HETHO OS SERVICING PROJECT EFFORTS 
INCLUDE CONVENTinNAL EXPLOSIVE (UNSPECIFIEOI ANO 
MECHANICAL ABRASION <ROTAR YI , THIS DOCUMENT 
INCORPORATES ADDITIONALLY TUNNELING HACHINE 
CHARACTERISTICS, TBH EXCAVATION ANO EXC AVATICN 
ADVANC EMENT RATES ARE ALSO DISCUSSED, GEOSTRUCTURAL 
CHARACTERISTICS FOR ThE REPORTEO FXCA VATION 
ACTIVI TIES ARE OESCRI8ED, PEPTINENT INFORMATION OH 
GROUND CONDITIONS ANO UNOERCROUNO OPENINr. SUPPORTS 
AHO HAT EP.IALS HANDLING SYSTEH IS ALSO PRESENTED, THE 
EXCAVATION CHARACTERISTICS FOR KUNNUI FH, ANO 
KUROMATSUNAI FH. ARE TREATED, PETROGRAPHY AND ROCK 
TYPES REVIEWED INCLUDE ANO ESlTE , BASALT, ROCK 
(UNSPECIFIEOl , SAND STONE, SI LTSTONE, TUFF ANO 
VOLC ANICS THIS OOCUHENT INCORPORATES ADDITIONALLY 
HECHANICAL PROPERTIES <L ABI DATA, 

R000246 THE PH HETHOO FOR TUNNELING THR OUGH ROCK , FROH 
PROC, OF THE TU NNE L ANO SHAFT CONFERENCE, 
HIN~EAPOLIS, HINNESOTA, HAY 15-7, 1%6, 
VAN MAL SUH, E, 
RAPI D EXCAVATION-PR08LEHS ANO PROGRESS 
f CHAPTER 11 1, 132-49, 1970, 
LAN GUAGE ! ENGLISH 

PERFOR MING CRGANIZATION (SI 
PERH ALL AND ASSOCIATES,HONTREAL,CANAOA 

T~IS THEORETICAL REPORT CONTAINS ORIGI NAL CATA, THE 
TBH ANO CRILL-BLAST HETHOO REPRESENTS THE EXCA VATION 
TECHNIQUE STUDIED, THE RE PORTED FRAGHEHTATION METH OD 
SERVICING PROJECT EFFORTS INCLUDES HECHANICAL 
ABRASION (EXPLOSIVE- ROTARY ! TBH EXCAVATION ANO 
EXCAVATION AOVANCEHEN T RATES ARE ALSO OISCUSSEO, 

R000249 EXPERIENCE WITH THE HABEGGER HOLE, FROH PROC, OF 
THE TUNNEL ANO SHAFT CONFERENCE, ~INNEAPOLIS, 
HINkESOTA, HAY 15 -7 , 1%8, 

<CONTINUEOl 

8ROOBFC1<, H, W. 
RAPID EXCAVATION-PROBLEHS ANO PRO GRESS 
( CHAPTER 12 1, lS3-64 , 1970, 
LANGUAGE• ENGLISH 

PE RFO RHIN G ORGANIZA TIONCS) 
JAPAN RAIL~AY CONSTRUCTI ON PUBLIC CORP;SEIKAN 

TUNNEL RESEAR CH 
OFFICE,TOKYO ,JAPAN 

FUNDING ORGANIZATION (SI 
HEBEGGE~ LTO;THUN,SMITZERLAND 

THIS IN-SITU REFORT CONTA I NS ORIGINAL OATA, THE 
UNDERGROUND OPEN! NGS or SC US SEO INCLUDE THE ON GOI ~G 
EXCAVATIOh OF THE HEA ORACE TUNNEL, JU LIA 
HYDROELECTRIC SCHEHE (ST. MORI TZ, SWIT ZER LANOI ANO THE 
ON GOING EXCAVA TION OF THE PILOT TUNNEL S FOR 
HONSHU-HOKKAIDO RAI LW AY CONNECTION (ALSO CALLEO 
SEIKAN UNDERSEA TUNNELi (JAPAN) THE PROJ EC TS 
INVESTIGATED ARE UTILIZED FOR EX PL ORA TOR Y TUNN EL ANO 
HYDROELECTRIC P~RPOSES, THE TBH HET HOO REPRESE NT S THE 
EXCAVATION TECHNI QUE STUDIED , THE REPOR TEO 
FRA GMENTATION HETHOO SERVICING PROJECT EFFORTS 
INCLUDES HECHANICAL ABRASIO N (ROTARY) , THIS OOCUHENT 
INCORPORAlES ADOITIOhALLY TUN NELING MACHINE 
CHARACTER ISTICS, TBH EXCAVATION ANO EXCAVA TION 
AOVANCE MFNT RATES ARE ALSO DISCUSSED, PERTINENT 
INFORHATICN ON HATERIALS HANDLING SYSTEM IS ALSO 
PRESENTED, PETROGRAPHY ANO ROCK TYPES ~E VI EWEO 
INCLUDE ANOESITE , LIHESTONE, SHALE ANO TUFF , THIS 
DOCUHEHT INCORPORATES AOOITIONALLY MECHANICAL 
PROPERTIES <LABl OATA, 

R000251 DRIVING THE OSO TUNNEL WITH A HECHAhICAL HOLE, FRON 
PROC, OF THE TUNNEL ANO SHAFT CONF ERENCE , 
HlNHEAPOLlS, MINNESOTA, HAY 15-7, 1966 , 
STEVENS, V. L, 
RAPID EXCAVATION-FROBLEHS ANO PROGRESS 
( CHAPTER 14 1, 191-4, 1970, 
LANGUAGE• ENGLISH 

PERFORMING ORGAN! 2A T! ON <S I 
1, BOY LES BROS.DRILLING CO , 
2,CIHCO, SALT LAKE CITY ,UT:USA 
3,GIBBOhS ANO REEO CO , 

F~NOIHG ORGANIZATION(SI 
U,S, BUR EA U OF RE CLAMATION 

THIS IN-SITU REFORT CONTAINS ORIGINAL DATA, THE 
UNOERGRCU~O OPENING OISCUSSEO INCLUDES THE CO HPL ETEO 
EXCAVATION OF THE OSO TUNNEL (CO, , USAI , THE PROJEC T 
INVESTIGATED IS UTILIZED FOR WATER SUPPLY TUNNEL 
PURPOSES, THE TBH HETHOO REPRESE NTS THE EXCA~ATION 
TECHNIQUE STUDIED , THE REPORTED FRAGHEHIATION HETHOOS 
SERVICING PROJECT EFFORTS INCLUOE CONVENT IONAL 
EXPLOSIVE IUNSPECIFI EO I ANO HECHANICAL ABRASION 
<ROTARYI THIS OOCUHENT INCORPORATES AOOITI ONALLY 
TUNNELING HACHINE CHARACTERISTICS, TBH EXCAVATI ON ANO 
EXCAVATION AOVANCEHENT RATES ARE AL SO DI SCUSSED , 
GfOSTRUCTURAL ANO SCIL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE OESCRIBEO, 
PERTINENT INF OR HA TION ON GROUND CONDIT IONS ANO 
UNDE RGROUND OPENING SUPPORTS ANO HlTERIALS HANDLING 
SYSTEH IS ALSO PRESENTED, THE EX CA VATICN 
CHARACTERISTICS FOR LEWIS SHALE AR E TREATED, ROC K 
TYPES REVIEWED INCLUDE SHALE , 

R00 02S2 HIGH-SPEED SHAFT SINKING IN SOUTH AFRICA, FRO" 
PROC, OF THE TUNNEL ANO SHAFT CONFERENCE, 
MINNEAPOLIS, HINNESOTA , HAY 15-7, 1966. 
LAH BERT, R, N, 
RAPID EXCAVATION-PROOLEHS ANO PROGRESS 
( CHAPTER 15 1 , 1~5-214, 1970, 
LANGUAGE• ENGLISH 

PER FORHIHG ORGANIZATION<SI 
SHAFT SINKERS LTO;JOHANNESBURG , REPUBLIC OF S ,AFRlCA 

FUNDING ORGANIZATIONISI 
LOWESTOFT BOROUGH COUNCIL 

THIS IN-!ITU REPORT CONTAINS ORIGINAL OATA. THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE TH E COHPLETEO 
EXCAVATION OF THE BUFFELSFONTEIN HINE SHAFT 
CS,AFRICAI, THE COMPLETED EXCAVATION OF THE FREE 
STATE SAAIPLAAS HINE SHAFT <S,AFRI CA I, THE COHPLETEO 
EXCAVATIO• OF THE HARTEBEESFONTEIN HINE SHAFT 

<CONTINU EO I 



(S,AF,ICAl, THE COHPI.ETEO ncAVAUON OF THE 
H~RRIESPRUIT HINE SHAFT (S,AFRICAl; THE COHPLETEO 
EWC,vATION OF THE PRESIOENl SlEYN HIHE SHAFTS 
!S,AFRICAI, THE COMPL[TEO EXCAVATION OF THE VAAL 
REE'S HINES SHUTS !S,AFl<ICAI, THE COHPLEHD 
•xCAVHION o, THf VIRGlNU HINF. SHA,T IS ,VUCAI , THE 
COHPL[TED OCAVATION OF TH, VLA~'ONT!lN HIN! SHVT 
1s.,,uc11 t TH( COHPUT[O EXCAVATION o, THt WESTON 
RfU HIie SHVT IS, AFUCAI AIIO TH[ COHl'LeTID 
r•r. AVATION o, TH£ W(ST NANO CONSOLIOAT,o NINtS SHA,TS 
IS,l'RICAI , TH[ P-OJ!CTS INV[STIGAT!O AR( UTILIZED 
FOR HIN( PU•l'OS(S, TME o•ILL ANO ILAST 1,uLL ,,c11 
HfTHOO R[PA[S!NTS TH£ EXCAVATION T[CHNIQU[ STUOI!O, 
THE Rt,ORT!D 'RAGN!NTATION ~£THOO S[RVICIN~ PROJECT 
[F,ORTS INCLUDES CONV[IO'IO NAL EXPLOSIVE IAHNONIA 
~EL£TINl EXCAVATION AOVANCEHEHT RAT[ IS ALSO 
OISCUSS EO, PERTIN~ NT INFORMATION ON HAT(RIALS 
HANOLI~G SYSTfH IS ALSO PRE~ENTEO , 

ROOOZ~• THE •ClLIIELO• HOLES, FROM PROC, OF n1£ TUNNEL ANO 
SHAFT CONFERENCE, MINNEAPOLIS, NINNESOTA, HAY 1S• 7, 
1 %~. 
HORN, C. L, 
RAPID EXCAVlTION•PR08LEHS ANO PROGRFSS 
( CHAPTER 17 1, 227•42, 1970, 
L AHGUA GE l[NGL ISH 

THIS IN• SITU PE PORT CONTAINS REVIEW DATA, THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE COMPLETED 
EXCAVATION OF THE 8AY AREA IUPIO TO~IT Pl(OJECT 
(BARTi (SECTION UNSPECIFIED! (SAN FRA'-CISCO, ca •• 
USAl • THE PROJECT !HVEST!GATEO IS UTILIZED FOR 
TRA~SPORTATIOH PURPOSES, THE TBH HETMOO REPRESENTS 
THE EXCAVATION TECHN IQUE STUDIED. THE REPORTED 
•PAGMENTATION METHO D SER VICING PROJECT EFFORTS 
HCLUDES HfCHAHICAL UPASION (ROTARYI , THIS DOCUNENT 
INCORPORATES ADDITIONALLY TUNNELING HACHIIIE 
CHARACTERISTICS, T8H EXCAVHION ANO EXCAVATION 
AOVANCEHENT RATES ARE ALSO DISCUSSED. G!OSTRUCTURAL 
CHARACTERISTICS FOR TME REPORT[O EXCAVATION 
ACTIVITIES ARE DESCRIBED, THE EXCAVATICN 
CHAPACTERISTICS FOR ST, PETERS SANDSTONE ARE TREATED, 
P£TROGRAPHY Al40 ROC~ TYPES ltEVIEWCO IHCLUOE CHALK 
IROC~I, CLAY, SANDSTONE, SlNO, SILT ANO TILL , 

ROOQl'> ~ TH! • JARVA• HOt. E, FROM PROC, o, THt TUNNf'L ANO 
SHAH CoN,OCNC£, 14INNEAPOL1S, "INN!SOU, MAY 1'1• 7 1 
1 ~68, 
□ fLISI O, C, J, 
RAPID E<CAVATION• PR08LEMS ANO PROGRESS 
I CHAPT£1! 16 1, Z~3•7, 1970, 
LANGUA GE IENGL !SH 

PERFORMING OIIGANIZATI CN!SI 
SANON CONSTRUCT~RS INCISOLON,OHIUSA, 

THI S IN•SITC REPO~T CONTAINS REVIEII DATA, THE PROJECT 
INVESTIGATED IS UTILIZED FOR HINE PURPOSES, THE T8M 
HET~OO REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, 
THE REPORTED FRAG"ENTATION ~ETHOD SERVICING PROJECT 
~r,oRTS INCLUDES HECHANICAL ABRASION (ROTARY! • THIS 
DOCUMENT INCORPORATES ADDITIONALLY TUNNELING HACHINE 
CHlPACTERISTICS, PERTIIE:NT I NFORHATION ON HATERIALS 
HANDLING SYSTEH IS ALSO PRESENTED, ROCK TYPES 
REVIEWED INCLUDE LIHESTONE, 

POOQ 2~6 THE tUMRENCEt NOl.E, FRON PROC, OF TH! TUNNEL ANO 
SHAFT CONFERENCE, NINNf:APOLIS, ~INNESOTA, HAY 1,- 1, 
1 ~68, 
HAMILTON, N. H. 
RAPID EXCAVATION•PROBLEHS ANO PROGRESS 
I CHAPTER 1~ 1, z,e-•s., 1910 , 
l U GUAGEtENGL ISH 

FU~DIHG OR,AHIZATIONCSI 
GREATER CHICAGO,~!TIIOPOl.ITAII UNITARY OIST,o,, 

CHlCAGO,ILIUU, 
CHICACE, IL, USA 

THIS IN•SITU REPORT CONTU NS lltVHII DAU, TH! 
UNDERGROUND OP£HlHG OUCUSS! D I NCLUCES THE ON GOING 
EXCAVATION OF TH[ LAWIIENC[ AVENUE S[ll[R SYST[H 
!CHICAGO, IL,, USU • THE PROJECT INV!SUGATEO IS 
UTILIZED FOR SEWER PURPOSES. THE TIH METHOD llfPRES!NT 
THE EXCAVATION TECHNIQUE STUDIED, THE REPORTED 
FRAGH!NUTION ~THOD SERVICING l'ROJ[CT [,,o,us 
IHCLUOES MECHANICAL URASIO~ UOURYI , THU DOCUMENT 
I NCORPORAT!S AODJT IONALL Y TUNNELING HACHH[ 
CHARACTERISTICS , 
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RO OD2t;7 THE tHUG~ES TOOLt "OLE OEVELOPHEHT, FRON PROC, OF 
THE TUHNEL ANO SHAFT CONFERENCE, NIMHEAPOLIS, 
NINNESOTA, MAY 15·7, 196&, 
GLASS, J, H, SHOLTESS, C, O, 
RAPID EXCAVATlON•PR08LEHS ANO PROGRESS 
I CHAPHA 20 1, H6•71, 1970, 
LANGUAGl l[NGLISH 

,uNOIMG ORGAMllATIOMCSI 
U,S,!UR[AU o, RtCLAMATION 

THIS IN•SITU R!fOAT CONTAINS REVllW DATA. TH[ 
UNOUGROUMO DP!NtNGS OlSCUSSEO INCLUO[ THC COHPLET[O 
fXCAVATIO~ o, THf TUNHfL M0 ,1, NAVAJO INDIAN 
IRUGATION PROJECT (NH,, USU ANO THf CDHPLET!O 
EXCAVATION o, THE TUNNEL N0,2, NAVAJO INDIAN 
IRRIGATIO~ PROJECT INN,, USAI TH! PROJECTS 
INV[STIGATEO ARE UTILtZEO FOR IRRIGATION PURPOSES, 
THE CRILL AND &LAST 1,uLL ~ACEI HETHOO ANO TBN METHOD 
REPRESENT THE EXCAVATION TECHNIQUES STUOIED , THE 
REPORTED FRAGMENTATION NETHOOS SERVIC!r«; PROJECT 
EFFORTS INCLUDE CONVENTIONAL EXPLOSIVE IUNSPECIFIEOI 
AMO NECHANICAL A8RAS!ON !ROTARYI • THtS OOCUHENT 
lNCORPORA1ES ADDITIONALLY TUNNELING NACHINE 
CHARACTERISTICS. T8M EXCAVATION RATE IS ALSO 
DISCUSSED, 

ROOO Zt;& THE tR09BINSt HOLE-STATUS ANO FUTURE, FRC11 PROC, OF 
THE TUNNEL AMO SHAFT CONFERENCE, NINNEAPOLtS, 
HIMNfSOTA, "IY 15•7, 196&, 
ROBBINS, R, J, 
RAPID EXCAVATION•PROBl.ENS ANO PROGRESS 
I CHAPTER 21 l, Z72•9'>, 1970, 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZATION !S I 
1,CDLORAOO CONSTRUCTORS,O[MVER,CO, 
2,HORNER,A.s.CONSTRUCTI ON ca. ,DENVER,CO, 
FOUNDATION CO,OF CANADA 
INTER HOUHTUN CONSTRUCTION ColHORTH VANCOUVER , 

CANADA 
ORAVO CORP,tOR C0,1,U, S, A, 
HULY ,S,l,CO, 
WHITE PINE CQ,PER COHPANY,WHIT[ PlH£,HllUSA , 
PEIUNI CORP, 
HEL!DUO[ ANO H[UOPOLITAN BOARD o, WORKS 
KONUSU C01JAPAN 

'KifWIT,PETER AND SONS COlCOIUSA 
HYORO[LECTRIC COHNISSIO~,H08ART,TAS"ANlA 
HITTRY CONSUUCTtON CCILOS ANGELES,CAIUSA, 
HORRISO~•KNUOSOM CO,OF CANADA LlO, 
1,JOHNSON 

·z.K!EWIT 
3,HORRlSON•KHUOSEN 
ATKINSOM,GUY ,F, 
ETABLISSEH!NTS BILLIARD 
AZOTEA CONSTRUCTION 
SCH INOLER 
OCLSA l,.Sl'UNI 
OAHE CO"STRUCTORS 
BLES,M.J. , •• u.s.a., 
THEILER A"O ICAL8 
PRADER AG, 
OSO CONSTRICTORS 

THIS IN•SITU REPORT CONTAINS REVIEW DATA. THE 
UNOERGAOUNO OP[NlNGS DISCUSSf:O lNCL~DE TliE COMPLETED 
£XCAVATIO~ OF TH£ IIANGLA OAH PROJECT 11.JNSPECIFIEOI 
!PAKISTANI, THE CO"PLETE O EXCAVATION OF THE OAHE 
TUNNEL !UNSPECiftEDl !SO., USAI, THE COHPLETEO 
EXCAVATI ON o, THE SlN JUAH•CHANA l'ROJECT 
(UNSPECIFIED 1 ICO-NH, USAI ANO THE COHPLETEO 
EXCIVATIO~ OF THE MHITE PINE COPPER NINE IHI . , USAI , 
THE PROJECTS INVESTI'AT[Q ARE UTILIZED ,oR SEWER, 
TWIN HIGHWAY, UNDERGROUND POMER STATIO~, UNSPEcI,tEO 
IND WAl[R SUPl'LY TUNNEL PUR POSES, THE TIM METHOD 
l[Pl!SENTS TH! EXCAVATION T!CHNIQU! STUDIED, THE 
l[PORTEO 'lA,H!NTATlON METHODS lllVICIII& PROJECT 
[,,ORTS INCLUD! CONVl!NTID hAL CXl'LOSlVE !BLACK POWOEIII 
ANO H!CHANlCAL AIIUSION lROTARYI THIS OOCUHENT 
INCORPORATES AOOITIONALLY DRILLING EOUlPNt:NT ANO 
TUNICELING "ACHIN! CHARACTERISTICS, IXCAVATION 
ADVANCl!NlNT RATE IS ALSO DISCUSSED, PERTI NENT 
INFOlHATION ON ' UNDERGROUND Dl'(NIN, SUl'PORTS IS ALSO 
PRt:S!NTEO, PETROGRAPHY AHO ROCK TYPES REVIEWED 
INCLUDE CONGLON!RATE, LINESTONE, HARL, HUDSTONE, 
NOVACULITE, SllllSTONE, SCHIST ANO SHALE • THIS 
OOCUH!NT INCORl'ORAT[S AOOITIONALLY HECHANI CAL 
PROPERTIES ILAII DATA, 



66 

R000259 PANEL DISCUSSION ON t HOLE TUNNELINGt, FR.OH PROC. OF 
THE TUNNEL ANO SHAFT CONFERENCE, HIN"f:APOLI S, 
HIN~ESOTA, ~AY 15-7, 1966, 
PFLEIOER1 E. P. 
RAPID EXCAVATIOH•PROBLEHS ANO PROGRFSS 
I CHAPTER 22 l, 2%-315, 1970, 
LANGUAGEIENGLISH 

THIS IN-SITU REPORT CONTAINS REVIEW DATA. TH E RAISE 
OIHVI% IBORING HACHINE,1 METHOC, SIDE ORI<T HETHOO 
ANO T•H HETHOO REP~ESENT THE EXCAVA TION TECHN IQUES 
STUDIED, THE REPORTED FRAGHENTAT ]ON HETHOO SERVICING 
P,OJECT EFFORTS INCLUDES HEf.HANICAL ABRASION IROTARYI 
• THIS QOCUHEHT INCORPORATES AODITIOHIILLY TUNHELHG 
HAC~INE CHARACTSRISTicS. EXCAVATION ADVANCEMENT RATE 
IS ALSO DISCUSSED. PETROGRAPHY ANO ROCK TYPES 
REVIEWED INCLUDE GRANITE, GREENSTONE IHETAHORPHICI 
ANO SHALE. THI, oocu~ENT I>CORPORATES ADDITIONALLY 
HECHANICAL PROPERTIES ILABI DATA. 

R.0002&0 TUNNELING I~ A SUBF~f.EZING ENVIRD•HENT. FROH PROC, 
OF THE TUNNEL ANO S~ACT CONFERENCE, MINNEAPOLIS, 
HINNESOTA, ~AY 15-7, 1%8, 
HC ANERNEY, J. ~. 
RAPID EXCAVATION-PROBLEMS ANO PROGRESS 
( CHA PTER 30 1, 378-94, 1970. 
LANGUAGEaENGLISH 

FUNDING ORGANIZATIONISI 
U.S.ARHY COLD REGIONS RESEARC H ANC ENGINEERING LAB, 

IC RRELI 

TN!S IN-SITU RSPORT CONTAINS REVIEW DATA, THE TBH 
HETHOO REPRESENTS THE EXCAVATION TECHNIQUE STUOIEC, 
THE REPORTED FRAGHENTATIQN METHODS SERVICING PROJECT 
EF"FORTS IhCLUDE JET ABRASIO~ l~ATERI ANO JET ABRASICN 
ISTEAHI , THIS DOCUHENT INCORPORATES ADDITIONALLY 
TUNNELING HACHINE CHARACTERISTICS . PERTINENT 
INFORMATION ON HATERIALS HANDLING SYSTEH IS ALSO 
PRESENTED, PET~OGRAP~Y ANO ROCK TYPES REVIEWED 
IhCLUOE GRA>ITF ANO SILTSTONE. 

R00029J A PRELIMINARY STUDY OF THE NUCLEAR SURTERRENE. 
~081NSON, E. S. POTTER.. R, H,. 
HC lNTEER, ~. ~. ROWLfY, .J. C. 
ARMSTRONG, D, E, HILLS, R, L, SMITH, H. S. 
LOS ALAHOS SC IENTIFIC LA B., UNIV, OF CALIF , , LO~ 
ALAMOS, NEW HEXICO 
f>2PP,, 1971, 
I LA-4547-UC-38 I 
LANGUAGEt ENGLI5H 

PERFORHING CRGAN!7AT TCNISI 
LOS ALAHOS SCIEHTi f- IC LAO, IUNIV,OF CALIFORNIA I ,NH: 

87544 ,USA. 

FLNOING ORGANIZATION /SI 
ATOHIC ENERGY COHHISSION 

THIS LAB-THEORETICAL REPORT CONTAINS ORIGINAL DATA. 
TH E PROJECT INVESTIGATED IS UTILIZED FOR EXPERIHEHTAL 
EXCAVATION PURPOSES, THE SU3TERRENE HELTING HETHOO 
REPRE~ENTS TH E EXCAVATION TECHNIQUE STUDIED. THE 
REPORTED FRAGMENTATION METHOD SERVICING !KlOJECT 
EFFCRTS INCLUDES THERHAL-NUCLEAR (NUCLEAR HEATI~G) 
THI S DOCUMENT INCORPORHES ADDITIONALLY TUNNELING 
MACHINE CHARACTERISTICS, T8H EXCAVATION RATE IS ALSO 
DISCUSSED. 

R000294 THE~HODVNAHIC STABILITY CONSIDERATIONS IN TSE 
NO-eN-C SYSTEM, APPLICATIOS To PROTOTYPE 
SUBTERRENE PENETRATORS, 
KRUPKA, H, C, 
LOS ALAHOS SCIENTIF IC LA S,, UNIV OF CALIF., 
LOS ALAHOS, NEW HEXICO 
10PP., 1972. 
I LA-4959-HS I 
LANGUAGE• ENGLISH 

PERFORHIHG ORGANIZATIOHISI 
LOS ALAHOS SCIENTIFIC LAB. IUNIV,OF CALIFORNIAl,NH: 

67544,USA. 

FLHOING DRGANIZATIONISI 
ATOHIC ENERGY COMMISSION 

THIS THEORETICAL REPORT CONTAINS ORIGINAL OATA. THE 
SU8TERRENE HELTING HETHOD REPRESENTS THE EXCAVATION 
TECHNIQUE STUDIED, THE REPORTED FRAGMENTATION HETHOO 
SERVICING PROJECT EFFORTS INCLUDES SU8YERRENE , 

R000295 INTERNAL ~E~CTION PHENOMENA IN PROTOTYPE SUBTERRENE 
RADIANT HEATER PENETRATORS, 
KRUPKA, H, C. 
LOS ALAHOS SCIENTIFIC LAO,, UNIV, OF CALIF., 
LOS Al AHOS, NEW HEXICO 
8PP,, 197 z. 
I LA-5094-HS I 
LANGUAGE• ENGLISH 

PERFORHI NG ORGANIZATIONISI 
LOS ALA HOS SCIE H !FIG LAB. <UNIV, OF CALIFORNIA I ,NH; 

67544,USA. 

FUNDING OiGANIZATIOHISI 
ATOHIC ENEPGY CQHHISSIO• 

THIS THEO~ETICAL REPORT CONTAINS ORIGINAL DATA. THE 
SU8ToRRENE HELTI~G METHOD REPRESE NTS THE EXCAVATIGN 
TECHNIQUE STUDIED. TH[ REPORTED FRAGHENTATION HETHOO 
SERVICING PROJECT ~FFORTS INCLUDES SUBTERRENE • 

R00029& INTERNAL TEMPERATURE DISTRI8UTION OF A SUBTERRENE 
ROCK-HHTING PENETRATOR. 
GIOO, R, G, 
LOS AL AHO~ Sr. IE NT IFIC LAB., UNIV, OF CALIF., 
LOS ALAHOS, HEW HEXICO 
10PP,, 1973, 
I LA-~135•HS I 
LANGUAG EI ENGLISH 

PERFORHING ORGANIZATIONISJ 
LOS ALAMOS SCIE ~TIFIC LA8,<UHIV,OF CALIFORNIAl,NM; 

8 75t14 ,USA. 

FUNDING ORGANIZATIONISI 
NATIONAL SCIENCE FOUNDATION, WASH I NG TON, 0,C, ;USA• 

THIS IN-iITU-THEORETICAL REPORT CONTAiffS ORIGINAL 
DATA, THE PROJECT INVESTIGATED IS UTILI7EO FOR 
EXPERIMENTAL EXCAVATION PURPOSES, THE sueTERRENE 
HELTI>JG HETHOD REPRESENTS THE EXCAVATION TECHNIQUE 
STUDIED, THE REPORTED FRAGMENTATION HETHOO SERVICING 
PROJECT EFFORTS INCLUDES SUBTERRENE GEOSTRUCTURAL 
CHARACTE~ISTICS FOR THE REPO RTED EXCAVATION 
ACTIVITIES ARE OESCRI8ED. THE EXCAVATICN 
CHARACTEFlSTICS FOR 6AN0fL IE R TUFF ARE TREATED, ROCK 
TYPES REVIEWED INCLUOC TUFF THIS DOCUHENT 
INCOR PORA1E5 ADOITIONALLY MECHANICAL PROPERTIES OA TA, 

R000297 SU□TERR ENE PENETRATION RATE, HELTING POWER 
RELATIONS~ IP, 
GIO O, R. G, 
LOS ALA HOS SC I F. NT IFIC LAB,, UNIV. OF CALIF,, 
Los AL~HOS, NEW MEXICO 
10PP., 1<;7:~ . 
I LA-52D~·HS I 
LANGUA GE! ENGLISH 

PERFORHIHG ORGANIZATIONISl 
LOS ALAMOS SCIENTIFIC LAB, IUNIV,OF CALIFORNIA I ,HH: 

8 7544 ,USA. 

FUNDING O•GAHIZATIONISI 
NATIONAL SCIE NCE FOUNDATION,WASHIHGTON,D,C. :usA. 

THIS LAB REPORT CONTAINS ORIGINAL DATA, THE PROJECT 
INVESTIGATED IS UTILIZED FOR EXPERIMENTAL EXCAVATION 
PURPOSl:.S. THE SU8fERRENE HELTING METHOD REPRESENTS 
THE EXCAVATION TECHN IQUE STUDIED, THE REPORTED 
FRAGMENTATION METHOD SERVICING PROJECT EFFORTS 
INCLUDES SUOTERRENE INFORHATION PERTINENT TO 
EXGAVATIO• COST IS GIVEN, ROC~ TYPES REVIEWED INCLUDE 
TUFF , 

R000296 DESIGN ANC DEVELOPMENT OF PROTOTYPE UNIVERSAL 
EXTRUDING SUBTERRENE PENETRATORS. 
NEUDECKER, J, II, GIGER, A. J. 
ARHSTROHG, P, E, 
LOS ALAHOS SCIENTIFIC LA8., UNIV. OF CALIF., 
LOS ALANO~, NFW MEXICO 
16PP, t 1913, 
I LA-"205-HS I 
LANGUAGE• ENGLISH 

PERFORHING ORGANIZATION(SI 
LOS ALAHOS SCIE~TIFIC LAB,I UNIV,OF CALIFORNIAl,NH ; 

87'i4ft ,USA, 

ICONTINUEOI 



,uNDINC ORC•NtZATION(SI 
NITtONAL SCIENCE 'DUNDATION,WAS~INITON,0,C,IUSA, 

THIS LA&-THEORfTICAL RE PORT CONTAINS OIUCiINH DATA, 
TH! Su8TEAAENE HELTINC METHOD REPRESENTS THE 
EXCIVATION TECHNIQUE STL01ED, TH! ~EPORTED 
FRACHENTATION H[THOO SERVICING ,AoJtCT E,,oRTS 
INCLUDES SU8TERR£N! • ROCI( TYPlS MV1£WF.0 INCLUDE 
BASILT, CiltlNITE ANO TUFF. 

ROOO~OO HEIT LOSS CILCULITIONS 'OR SHALL DIAMETER SUBTERAENE 
PENETRATORS, 
HUfitPHY., O. J. CiIOOt R, G, 
LOS ILIHOS, SCIENTIFIC LIB,, UNIV, o, CALIF,, 
LOS ILIHOS, NEW HEXICO 
1,;,p,, 1973, 
I LA-~ ZO 7-HS I 
LINGUAGEI ENGLISH 

PE"RFORMING CRGINIZATIONISI 
LOS ALAMOS SCIENTIFIC LA8,(UNIV,OF CALIFORNill,NNI 

S 7'~~ ,USA , 

FUNDING ORGANIZATIONISI 
NIT[ONAL SCIENCE FOUNOATION,WISHINGTON,O,C,IUSA, 

THIS LAB ~EPORT CONTIINS ORIGINAL DATA, THE 
SUBTERRENE MEL T[NG METHOD REPRF.SENTS THE EXCAVATI 011 
T~CHNIOUE STUDIED, THE REPORTED FRIGHEIITITION METHOD 
SERVICING PROJECT E'FORTS INCLUDES SUBT!RRENE , 
P(TROGRAPHY ANO ROCK TYPES REVIEMEO INCLUDE IL8ITE, 
ALLUVIUM, ANMTHIH, BASALT, FELDSPAR, GRINITt, 
lATITE, LIMESTONE, OLIVINE, ORTHOCLISE, QUARTZ, 
RHYOLITE, SAHOST011£, SliAL( ANO TUH , TliIS DOCUHEHT 
INCORPORATES IOOITinNALLY MECHANICAL PROPERTIES OATA, 

ROOOJOl PHENOMENA ASSOCIITEO MITH THE PROC!SS OF ROC~ 
MELTING, IPPLICITION To THE SU8TERR!N£ SYSTEN, 
~RUPO, H• C, 
LOS ALANOS SCIENTIFIC LAO,, UNIV, OF CALIF,, 
LOS ALIHOS, NEW HEXICO 
lOPP,, 1973, 
( LA-~Z08-HS I 
LANGUAGE! ENGLISH 

PERFORHIIIG ORGANIZATIONISI 
LOS ALAMOS SCIENTIFIC LA8, <UNU,OF CILI,oqNil.l 1NMI 

e 75H,USl , 

FlNOINC ORGANIZA;IONISI 
NIT[ONAL SCIENCE FOUNOATION , WASHINGTON,O,C, IUSA, 

THIS LlB-THEORET !CAL IN() LAB REPORT CONTAINS 
I !STRICHO ONLY ANO ORIGINAL DATA, TH! SUBT!IUIENE 
•ElTlNG NET~OO RE? RESENTS THE EKCAVATION TECHNIQUE 
STUDIED, THE REPORTE D FRAGMENTATION IETHOO SERVICING 
PROJECT EFFORTS INC~UOES SUBTERRENE GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EKCIVATION 
ACTIVITIES ARE DESCRIBED, THE EKCIYATI ON 
CHHACTERISTICS FOR 8ANO£L IER TUH ANO SANTA FE 
FORHITIOH (OR GROUPl IRE TREATED , ROCK TVPES REYIEll!D 
t hCLUOE IL BITE, ALL UV IUH, USAL T, CORUNDUM, CI OPSIOE, 
FELDSPAR, GRANITE, GOPHITE, IRCN ORE, NAGNETIT!, 
OLIVINE, QUIIHZ, SANOSTONE Al() SlLtCI (A"ORPHOUSI • 

ROOOJOZ OEWELOPHENT ANO CONSTRUCTIO~ OF A NODULARI?ED "08ILE 
ROCK-MELTING SUBTERRENE DEMONSTRATION UNIT, 
MillIAMS, R, E, 
LOS ALAMOS SCIENTIFIC LIB,, UNIV. a, CALt,ORNIA, 
LOS ALAMOS, NEN MEXICO 
!PP,, 19TJ, 
I LA-~209-HS I 
LANGUAGE! ENG LISH 

PER FORNINC ORGIIIIZATIONISI 
LOS ALAMOS SCIENTIFIC LA9,(UNIV,OF CALI'OIINIAl, NMI 

e 75\lt,USA, 

FUNOIHG ORGANIZATIONISI 
NATIONAL SCIENCE FOUNOITION,MASHINGTON,D,C, IUSA, 

THI S IN-SITU REPORT CONTAINS ORIGINAL DATA. THE 
PROJECT INVESTIGATED IS UTILIZ~O FOR [XP[RlMENTAL 
OOAVATtON PURPOSES, THE SUBT!RREN[ MELTING METHOD 
REPRESENTS TH! EXCAVATION TECHNIQU! STUDIED, THE 
REPORTED FRIGIIENTATION NETHOO SERVICING PROJECT 
EFFORTS INCLUOES SUBTERRENE , GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTEO EXCAVATION 
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ACTIVITIES ARE DESCRIBED, THE EXCI VATlON 
CHARACTERJSTtCS FOR UNDElIEli TUH AR! TAUTED, ROCK 
TYPES R!VI!MED INCLUDE TUFF , 

ROOOJOJ LARGE SUBTERRENE ROCK-"ELTING TUNNEL EXCAVATION 
SYSTENS, A PRELIMINARY STUDY, 
HANOLD, R, J, 
LOS ALAMOS SCIE ►TIFIC LA&., UNIV, OF CALtF, , 
LOS ALAHOS, NEW H!XICD 
lltPP, , 1913, 
I LA-<;UO • MS I 
LINGUIGEI ENGLISH 

PERPORHI NG ORGANIZATIONISI 
LOS ALAMOS SCIEWTIP'IC LA8,IUNIV.OF CALUORNIAl,NMI 

87,44,USI. 

FUNDING ORGANIZATIONISI 
NATIONAL SCIENCE FOUNOATIOH,MASHINGTON,D,C, IUSI , 

THIS THEORETICAL RE,oli.T CONTAINS REVIEW DA TA. THE 
SUBTERREIIE MELTING HETHOO ANO T8H METHOD REPRESENT 
THE EKCAVITION TECMNIOUES STUDIED, THE REPORTED 
FRAGMENTATION "ETHOO SERVICING PROJECT EFFORTS 
INCLUDES SUBTERRENE , THIS OOCUHENT IIICORPORATES 
ADDITIONALLY TUNNELING MACHINE CHARACTERISTICS, T8H 
EXCAVATIO ► RATE IS ALSO DISCUSSED, INFORHATI CN 
PERTINENT TO (l(CAVlTION COST IS GIVEN, PETROGRAPHY 
ANO ROCK TYPES REVIEWED INCLUDE DOLOMITE IROC~I, 
GRANITE, IRON ORE, LIMESTONE, HUDSTONE, PEGHUITE, 
SANDSTONE, SHALE AND TUFF, 

ROOOJOlt DESIGN OESCRIPTIO ► OF HELTING-CONSOLIDATINli 
PROTOTYPE SUIIT!RRENE PENETRATORS, 
NEUDECKER, J , M, 
LOS ILAHOS SCIENTIFIC LAB,, UNI V, OF CALI,,, 
LOS ALANOS, HEN NEXICO 
1r,pp. , 1973. 
I LA-!i21,-HS I 
LANGUIGEI ENGLISH 

P!RfORNING ORGANIZATIONISI 
LOS ALANOS SCIE~TI,IC LAB,CUNIY,OF CALtFORNill,IINI 

87'5~\,USA, 

FUNDIN, ORGAIIIZATIONISI 
NATIONAL SCIENCE FOUNOATION ,MISHINGTON, O,C,IUSA, 

TNIS LAB-THEORETICAL REPORT CONTAINS ORIGINAL OATI , 
THE SUBTERRENE MELTING HETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED, THE REPORTED 
FRAGMENTATION NETHOO SERVICING PROJEcT EFFORTS 
INCLUDES SU8TEIUIENE , ~OCK TYPES REVI EIIEO INCLUDE 
ALLUVIU"• SHALE ANO TUFF, THIS OOCUIIENT INCORPORATES 
ADDITIONALLY MECHANICAL PROPERTIES (LABI OAU, 

11000305 DESCRIPTION OF FIELD TESTS FOR ROCK-NELTINC 
PENETRATICII, 
GIOD, R, G, 
LOS ILA"OS SCIENTIFIC LAB,. UNIV, OF CALI,,. 
LOS ALAMOS, NEN NEXICO 
it,PP,, 1913, 
I LA- 92\3-115 I 
LANGUAGE! ENGLISH 

P[RFOAMING OR,ANIZATIONISI 
LOS ALAMOS SCIEltTIFIC LAB,1UNIV,OF CALI'ORNUl,NNI 

e1,~1t,us1. 

,u110I NG ORGANIUT I ON IS I 
NIT IONA L SCIENC! FOUNDI TION, NISHINGTON,O,C, IUSA, 

THIS LIB-IN-SITU REPORT CONTAINS ORIGINAL DATA, THE 
PROJECT INVESTIGATED IS UTILIZED FOR EXPERIMENTAL 
EXCAVATION PURPOSES, THE SU8TERREIIE Ht:LTING METHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUDI ED, THE 
REPORTED P'RAGNENTATION METHOO SERVIC ING PROJECT 
E"ORTS INCLUDES SUBTERRENE • GEOSTRUCTURAL 
CHARACTERISTICS fOR THE REPORTED EXCAVATION 
ACTIVITIES ARE DESCRIBEO, THE EXCAVATitN 
CHARACTERISTICS FOR 9111DEL IER TUFF ARE TREATED, RQCI( 
TYP!S REVIEWED INCLUDE TUFF , 

ROOOJ 28 CONTI NUOUS HIGH VELOCITY JET EXCA VATION, PHASE I, 
CHAOWICH, R. '• KIJRKO, H, C, 
8ENOIK RESEARCH LABS, SOUTHFIELD, NICH, 
HPP., 1972, 
I AC-7~~-0llt, ~0-6 2~1 , AVAIL, Nl'IS I 
LANGUA,EI E"'LISH 
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PERFORMING ORGANI7ATION(51 
AENOIX RESEA RCH LA80RATORIE~,SOUT~F'"IEL0,HitUSA , 

FUNOING ORGANIZATION ISI 
ADVANCED RESEARCH PROJECT AGENCY I ARPA I 

THI S LAS REFORT CONTAINS ORIGINAL OATA, THE P.EPORTEO 
FRAGMENTATION HETHOC SERVICING PROJECT EFFORTS 
INC LUO ES J ET ABRASION (WATER-HECHANICALI 
GEOSTRUCTU RAL CHARACTERISTICS FOR THE REPORTED 
EXC AVATION ACTIVITIES ARE DESCRIBED, THE EXCAV ATICN 
CHARACTERISTI CS FOR BARRE GRANITE, BEREA SANDSTONE, 
DRESSER BASALT, HOLSTON ~AR BLE [ LIMESTONE OR 
FORHAT!ONJ(=TENNESSEE HARBLEl, SALEH LIMESTONE, SIOUX 
OUA RT ZITE (=JASPER QUARTZITE I, 
ST, CLOUOIGRAYIGRANOOIORITE ! •CHARCOAL GREY GRA NITE! 
ANO WESTERLY GRANITE ARE TREATED, ROCK TYPES REVIEWED 
INCLUDE BASALT, GRANITE, LI~ESTONE, QUARTZITE ANO 
SAHOSTONE, THIS OOCUHENT INCORPORATES ADDITIONAL LY 
MEC~ANICAL PPOPERTIES ILABI OATA, 

ROOOJ2q SPECIAL RIGS SPEED u 0 □RILL!>{; ANO MUCKING ON 
TUNNEL JOB, 
AUT~OR ANON, 
WORLD CONST,UCTION 
18 ( Z ) , ~2-~, l96S. 
LANGUAGE ! [~GLISH 

PERFORMING ORGANIZATION(Sl 
POIRIER ANO MCLAINE CORP. 

FUNDING ORGANIZATION(SI 
MONT REAL TRANSPORTA TI ON COHHISSION ANO CITY OF 

MONTREAL 

T~IS IN-SITU ANO LAB REPORT CONTAINS ORIGINAL OATA, 
THE PROJECT INVESTIGATED I S UTILIZEO FOR AC CESS 
TUN NEL !SHAFTS ANO AOIT ~ TO HAIN OPF.NIN Gl AHO 
UN SPECIFIED PURPOSES. THE ORILL ANO OLAST (FUL L FACEI 
HETHOO REPRESENTS THE EXCAVATION TECHNIQUF STUOIEO, 
TH E REPORTED FRAGHENTATIO~ METHOD SERVICING PROJECT 
EFFORTS INCLUDES CONVENTIONAL EXPLOSIVE !G ELATIN! 
THI S OOCU~ENT INCORPORATES ADDITIONALLY DRILLING 
EQUIPMENT CHARACT ERISTICS , EXC AVATION AOVANCEHENT 
RATE IS ALSO DISCUSSEO, PERTI NENT INFOPHATION ON 
GROUND COND ITIONS ANO UNDERGROUND OPENING SUPPORTS 
AN O MATERIALS HANDLING SYSTEM IS ALSO PRESENTED, ROCK 
TYPES REVIEWED INCLUDE GRANITE ANO OVERBURDEN 
IUNSPEC IFIE DI THIS DOCUMENT INCORPORATES 
AOOITIONALL Y HECHANICA L PROPERTIES CATA. 

ROOOJJO MARSEILLE GETS TWIN-TUBE TUNNEL, 
HEAD, H, T, 
WORLD CONSTRUCTION 
21 I 4 l, 31-3, 1968, 
LANGUAGE ! ENGLISH 

PER FORMING ORGANIZAT!ON(Sl 
COMPANIE INOUSTIRELLF 0° TRAVAUX ICITRAIENTREPRISE 

FOUGEROLLE ANO 
SOCIETE GENERAL OtENTRE~. , ES [SGEl,PARIS,FRANCE 

FLNOING ORGANIZATIONISl 
SERVICES TECHNIQUES OE LA VII LE OE MARSEILLE 

ICIRECT!ON OE LtURBANIS ME,, INCE 

THIS I N- SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNOERGROUNO OPENING DISCUSSED INCLUDES THE ON GOING 
EXCAVATION OF THE HARSEILLE TUNNEL IHARSEILLE, 
FRA~CEl • THE PROJECT INVESTIGA TE□ IS UTILIZED FOR 
TWI N HIGHWAY PURPOSES, THE TREHCH HETHOO REPRESENTS 
THE EXCAVATION TECHNIOUE STUDIED, PETROGRAPHY AHO 
ROCK TYPES REVIEWED INCL UDE 11.ARL , 

P.000331 ROCK FRACTURE RESEARCH SURFACTANTS. 
HC GARRY, F, J, HOAVENZAOEH, F. 
FEDERA L RAILROAD ADMINISTRAT I ON, OFFICE OF RESEARCH, 
DEVELOPMENT ANO DEMONSTRATIONS, WASH! NGTON, 0, C, 
lt7PP., 1973. 
( REPT, NO, FRA-IH-73-22, AVAIL, HIS I 
LAN GUAGE! ENG LISH 

PERFORMING ORGA NIZATICN!SI 
HA SSACHUSETTS INSTITUTE OF TECHNOLOGY,MA: usA. 

FLNDING ORGANIZATION ISI 
OEPT,OF TRANSPORTATIOH,FEOERAL RAILROAD 

ADHI NIST RATIOH, OFFICE OF RESEARCH OE VELOPHE NT 
ANO DEHONSTRATIONS, WASH, D, C, USA 

!CONTINUE□ I 

FEDERAL RAILROA[ AOHINISTRATION,DEPT,OF 
TRA•SfORTATIO~ , WASH INGTION D,CtUSA, 

THIS IN-~ITU ANO LAS REPORT CONTAINS ORIGINAL DATA, 
THE UNDERGROUND OPENING DISCUSSED INCLUDES THE 
COMPLETED EXCAVATION OF THE WHITE PINE COPPER MihE 
IHI., USAI, THE PROJECT INVESTIGATED IS UTILIZED FoR 
HINE PURPOSES, THE TBH HETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED. THE REPORTED 
FRAGHENTAT! ON METHODS SERVICING PROJECT EFFORTS 
INCLUDE CHEMICAL (SURFACTANTS!, HECHANICAL ABRASION 
IROTARYI ANO SUBTERRENE , THI S DOCUMENT INCORPORATES 
AOOITIONALLY TUNNELING MACHINE CHA RACTERISTICS, TBH 
EXCAVATIO~ RA TE IS ALSO O! SCUSSEO , PlRTINENT 
lNFORHATICN ON MATERIALS HANDLING SYSTEH I S ALSO 
PRESENTED, PETROGRAPHY ANO ROCK TYPES REVIEWED 
INCLUDE GNEISS, GR ANITE, MARBLE, SANDSTONE ANO SCHIST 

R000368 TUNNEL LING, FRACTUR I NG, □RILLING, ANO MI NING WI TH 
HIGH SPEE C WATER JETS UT ILIZING CAVITATIO N OAHAGE, 
JOHNSON, V. E., JR. KOHL, R. A. 
THIRUVE~G AOEM, A, CONN, A.~. 
PROC. 1ST INTERN, SYHP. ON J ET CUT TING TECHNOL, 
BHRA FLUIC ENGINEERING , CRANFIELD, ENGLAND, 1972 
AJ-37-SSPP,, 1972, 
I PAPER AJ I 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZATION(SI 
HYOROHAuTICS INC:USA, 

FUNDING oRGANIZATIONISI 
OEPT,OF TRAHSPORTATIO h OFFICE OF HIGH SPEED GROUND 
TRANSPORTATION WASHINGTON,0 ,C tUSA , 

THIS LAB REPO~T co~TAINS ORIGINAL DATA, THE PROJEC T 
INVESTIGATED IS UTILIZE □ FOR EXPERINENTA L lXCAVATION 
PURPOSES, TH" REPOR TED FRAGHENTATI ON HET HOO SERVIC I~G 
PROJECT EFFORTS INCLUDES JET ABRASION (HATER l , ROCK 
TY PES REVIEWED INCLUDE GRANITE , 

R00036q ENERGY RECUIREHENTS FOR ROCK CUTTING BY HibH SPE~O 
HAT ER JETS, 
BROOK, N, PAGE, C, H. 
PROC, 1ST INTERN, SYHP, ON JE T CUTTING TECHNOL, BHRA 
FLUID ENGINEERING, CRANFIELD , ENGLAND, 1972 
B1-1-12PP,, 1972, 
I PAPER 81 I 
LANGUAGE! ENGLISH 

PERFORM ING ORGANIZATION !S l 
LEEDS UNIVERSITY,DEPT,OF HlNI NG ANO MINERAL 

SC!ENCE ,U, K, 

THIS LAB REPORT CONTAINS ORIGIN AL DATA, THE PROJ EC T 
INVESTI GATE□ IS UTILIZE□ FOR EXPERIMENTAL EXCAVATICN 
PUR POSES. THE REPCRTEO FRAGHENTATION HETHOD SERVICING 
PROJECT EFFORTS INCLUDES JET ABRASION (WAT fR I 
GEOSTRUCTURAL CHARACTERISTICS FOR THE REPORTED 
EXCAVATION ACTIVITIES ARE OESCRIB EO, TH E EXCAVATICN 
CHARACT ERISTICS FOR ABERDEEN GRA~ITE, ANDES GRA NITE, 
BAT H LIME STONE, BRAIGOCH SLATE, □ARLEY DALE 
SANDSTONE, HORSFORTH SANDSTONE, KIRBYHOORSIDE 
LIHESTONE, S~IPTON LIMESTONE, ST.SEES SANDST ON E, 
HOOLTEN SANDSTONE ANO YORK SA NDSTONE ARE TREATED, 
PETROGRAP~Y ANO ROCK TYPES REVIENEO INCL UDE 
CLAYSTONE, GRANITE , LIHESTO NE, HARBLE , SANDSTONE ANO 
SLATE THIS O OC UHENT INCORPORATES AOOITIONALL Y 
HECHANICAL PROPERTIES ILA BI DATA, 

R000370 ROCK BREAKING WITH CONT INUOUS HIGH SPEED NATE~ J ET 
STREAM, 
KINOSHITA, T, HOSHI NO , K, TAKAGI, K, 
PROC , 1ST INTERN, SYHP. ON JET CUTTING TECHNOL. BHRA 
FLUID ENGINEERING, CRANFIELD, ENGLAND, 1972 
BZ- 13- 2ePP., 1q72, 
I PAPER 82 I 
LANGUAGE! ENGLI SH 

PERFORHING ORGANIZATION!Sl 
J APANESE NATIONAL RAILNAYS,RAI LWA Y TECHNICAL 

RESEARCH INSTITUTE, 
JAPAN 

THIS LAB REPORT CONTAINS ORIGINAL DATA, THE PROJECT 
I NVESTIGATED IS UTI LI ZED FOR EXPERIHENTAL EXCAVATION 
PURPOSES, THE REPORTED FRAGHENTATION HETHOO SERVICI ~G 
PROJECT EFFORTS INCLUDES JET ABRASION <NAT ER ! 

ICONTINUEO I 



PETROGRAPHY A NO ROCK TYP£S REVIENEO I ICLUOE ANOE SITE, 
BASALT, OIORITE, GA88RO, GRANITE AHO ~ANOSTONE , 

R000l1l HYORAULlC JETTING NITH CLEAR NATER FOR ROCK 
EXCAVAT lON, 
ASH, J. l• 
PROC, 1ST lNT!RN, SYHP, ON J!T CUTTING T[CHNOL , IHR A 
nu10 ENGINEERING, CRAN,I!LO , ENGLAND, un 
8l•U•'lll'P,. i97f, 
I l'Al'!R ll I 
LANGUAG(I ENGLISH 

P[R'ORNING 0RGANIZATI 0111S1 
U,S,ATOHIC (HE,GY COHH[SSIOH 

THIS LAB ~,oRT CONTAINS ORIGINAL DATA, THE P!tOJECT 
INVESTIGATED IS UTILIZED ,oR [XPERIHENTAL EXCAVATION 
PURPOSES , THE REPORTED FRAGNENTATIO~ IIETHOO SERVtCI~G 
PROJECT E"ORTS INCLUDES JET AB~ASION INATEU 
GEOSTRUCTURAL CHARACTERISTICS FOR TH£ REPORTED 
EXCAVATION ACTIVITIES ARE DESCRIBED. THE EXCAVATION 
CHARACTERISTICS FOR RAINIER HESA HEH8ER IOF PIAPI 
CAN YON FORNATIONJ ARE TREATED, PETROGRAPHY ANO ROCK 
TYPES REVIEWED INCLUDE OIORITE, GABBRO, GRANITE, 
RHYOLITE ANO TUFF , THIS DOCUMENT INCORPORATES 
ADD ITIONALLY MECHANICAL PROPERTIES ILABI DATA, 

R000l1Z HIGH•PRESSURE JET CUTTING, 
MATSUMOTO, K, HAMADA, H, FUKUDA, T, 
SHIZYO, A. 
PROC, 1ST INTERN, SYMP, ON JET CUTTING TECHNOL, 8HRA 
FLUID ENGINEERING, CRANFIELD, EIIGLAHD, 1972 
9~·Sl• T5PP,, l9T2, 
LANGUAGE• ENGL[SH 

PE RFORMING CRGIHI?ATION(Sl 
HONSHU•SHIKOKU BRIDGE AUTHORITY,JIPIN 

THIS LAB REPORT CONTUNS ORIGINAL on,. THE PROJECT 
INVEST IGU[O IS UTILI ZfO ,oR EXPEIU N[NTAL EXCAVATI CM 
PURPOSES, THE REPORTEO 'RAGHENTITIOh M[THOO SER~ICI ~G 
PROJECT £"ORTS INCLUDES JET UUSION (UHRI , 
PfTROGRAl'tlY ANO ROCK TYl'fS AEV?EWfO IHCLUDf GRAHITf, 
POR,HTRY ANO SINOSTON(, THIS OOCUHINT I NC ORPORATIS 
ADDITIONALLY MECHANICAL PROPERTIES ILA81 CATI, 

R000l73 THE [HECT c, CHANGE IN [NEAGY ANO MOH[HTUH LfV!LS OH 
THC ROCK REHOVAL UTE IN INDIANA L?NESTONf, 
SU"M!~S, D. A. HENRY, A, l• 
PIIOC, 1ST INTERN, SYHP, ON JET CUTTING TfCHNOL, 8HRA 
FlUIO ENGINEERING, CRIN,IELO, [NGLAN~, 1972 
es- 77-e&PP,, 1972, 
I PAPER BS l 
LANGUA GE• ENGLISH 

PERFORMI NG ORGANIZATI CNISI 
R~~N;~~H~;I~~s:~iR ~XPLOS ms RESE~RCH CENTER 
AT ROLLl,MlUSAl 

FUNDING ORGAHI ZAfION (S I 
U, S. GOVT I CEPT, OF DEFENSE 

THIS Ll8 REPORT CONTAINS ORIGINAL DATA, THE PROJECT 
INVEST?GITEO IS UT ILIZED FOR EXPERINENTll EXCAYIT?CN 
PURPOSES, THE REPORTED FRIGNEHTATION METHOD SERVICING 
PROJECT EFFORTS INCLUDES JET A!ilSION INITERI , 
GEOSTRUCTURAL CHIRICTERISTICS FOR THE REPORTEO 
EXCAVATION ACTIVITIES IRE DESCRIBED, TH£ EXCAVATION 
CHARACTERISTICS FOR BIRRE GRANITE, BEREI SANOSTONE 
ANO SALEH LIHESTOIIE IRE TREATED , ROCK TYPES REVIEWED 
INCLUDE LIMESTONE ANO SANDSTOIIE , 

R000l1~ ROCK CUTTING AHO BRE AKING USING HIGH SPEED NITER J ETS 
TOGETHER WITH T8H CUTTERS, 
HOSHINO, IC, NAGANO, T, TSUCHISHIHI, H, 
PROC, 1ST t~TCRN, STHP, ON J[T CUTTtN5 TICHNOL, INRA 
FLUID ENGI~fRING, CltAN,IfLO, tNGLANO, 1'71 
e,-1t-lDOPP,, 1971, 
I PIPER 86 l 
lANGUACEI [N,L[SH 

PfUORHING OltGIIIIlATUIIISI 
JAPANESE NATIONAL RAtLNIYS,RAILNIY TECHNICAL 

RESEARCH INSTITUTE, 
JIPAN 

THIS LAS ~EPORT COIITIINS ORIGINAL OITA, THE PROJECT 
J11VESTIGAT£0 IS UTILIZED Fo• fXPERillfNTAL EXC AVATION 

ICOIITINU[Dl 
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PURPOSES, THE REPORTED FRAGHEHTATION IIETHQ'.l SERVICIIIG 
PROJECT EFFORTS INCLUDES JET 18RASION INATERI , ROCK 
TYPES REVIEWED INClUOE ANOESITE ANO GRA NITE , THIS 
DOCUIIENT INCORPORATES AOOITIOIIALLY MtCHANIOAL 
PROPERTIE~ (LIil OITA, 

•oooi,, ROCK 8R[AKIGf 9Y PULSED HIGH PRESSURE NATER JETS, 
COOLEY, M, C, 
PROC, 1ST INTCl(H, SY,., ON JET CUTTING TtCHNOL, IHRA 
,LUID fNGIN!lRIHG, CRAN,tELO, £NGLANO , 1172 
87•101•12P,,, 1972, 
I PAPER 87 I 
LINGUAGfl ENGLISH 

P[R,ORNING ORGANIZATIONISl 
TERRASPACE,INCl30~ N,STONESTREET AVEIROCKVILLE,NO, 

ZOUO IUU 

FUNOING ORGANI?ATIOH(Sl 
U,S ,GOVTIOEPT, OF TRANSPORTATION 

THIS LAB ~£PORT CONTAINS ORIGINAL DATA, TNE PROJECT 
INY[STIGATED IS UTILIZED FOR EXPERINENUL [XCIVATION 
PURPOSES, THE REPORTED FRAGMENTATION HETHOO SERVICI ~G 
PROJECT EFFORTS INCLUDES JEf ABRASION INATERl 
GEOSTRUCTURIL CHARACTERISTICS FOR THE REPORTED 
EXCAVATION ACTIVIlJES ARE DESCRIBED, THE EXCAVITICN 
CHARICTERlSTICS FOR BEREA SANDSTONE IND INDIANI 
LIP4ESTONE ARE TREATED, PETROGRAPHY ANO ROCK TYP[S 
REVIENED INCLUDE GRANITE, LIN£STONE ANO SANDSTONE , 
THIS DOCUMENT INCORPORATES ADDITIONALLY HfCHINICAL 
PROPERTIE! ILABI OATA, 

R000376 ROCK BREAMAGE BY HIGH PRESSURE WATER JETS, 
SINGH, "• H. FI NlAYSOH, l. A• HUCK♦ P, J, 
PROC. 1ST INTERN, SYNP, ON JET CUTTING TECHNOL, BHRA 
FLUID ENGlHEERIIIG, CRANFIELD, ENGLA ND , 1972 
U - l13•2~PP,, 1172, 
I PAPER 88 l 
LANGUAGE I ENGLISH 

P[R,ORNING ORGANIZITION ISI 
I,I,T,RISEARCH INSTITUTE,CHICAGO,ILIUSA, 

,uNDING o•GAHIZATION(SI 
u.s.GOVTIOtPT,O, ot,ENSE 

THlS LA8 R[PORT CONTAINS ORIGINAL DATA , GEOSTRUCTURAL 
CHARACTERISTICS ,OR THE REPORTEO EXCIYATI CH 
ACTIVITIES AR[ OESCRl8ED, TNE EXCAVATION 
CHARACTERISTICS ,oR CONNECTICUT !RONNSTONE, FRENCH 
CREEi< GA88RO, llO UNA LIH€STONE, HASSXLLON SANDSTONE 
CIN POTTSVILLE ,oRNATIONl, HILFORO PINK GRANITE AHO 
HINNESOTT• DOLOMITE ARE TREATED, ROCK TYPES REYIEMED 
INCLUDE COLOHITE IROCKI, GABBRO, GRANITE, LIMESTONE 
ANO SIHCSTOME THIS OOCUHENT INCORPORATES 
ADDITIONALLY "ECHANICAL PROPERTIES ILA81 OATA, 

ROD0377 SOHE CONPIRISONS OF CONTINUOUS ANO PULS ED JETS FOR 
EXCAVATIO~, 
BRESEE, J, C, CRISTY, G, A, NC CLAIN, N, C , 
PROC, 1ST INTERN. SYHP, ON JET CUTTING TECHNOL, BHRA 
FLUID EN,tNEERING , CRANFIELD, ENGLAND, 1112 
89•125-32, 1972, 
I PAPER B~ l 
LINliUl,EI ENGLISH 

PERFORHING ORGINIZATIOHISI 
OAK RIDGE NATJO~L LA80RATORY,USA, 

THIS LA! REPORT CONTAINS ORIGINAL DATA, THE PROJECT 
INVESTIGATED IS UTILIZED FOR Ex,ERIHENTAL EXCAVATION 
PURPOSES , THE REPORTEO FRIG"EHTATION "ETHOO SERVICING 
PROJECT E'FORTS INCLUDES JET ABRASION IWATERI 
GEOSTRUCTURAL CHARACTERISTICS FOR THE REPORTED 
EXCAVATION ACTIVITIES ARE DESCRIBED, THE EXCAVATION 
CHIRICTCRJSTICS ,oR IEOFORO LIMESTONE AND BEREA 
SANDSTONE Alt[ TREATED, PETROGRAPHY ANO ROCI< TYPES 
RIVItWfD lHCLUDE GRANITE, LIIIESTONE ANO SANDSTONE , 
THIS OOCUHENT I NCORPORATES ADOITtONALLY Hl!CHANICAL 
PROl'tRTJES ILOI oar,. 

UIOl11 SONf RELATIONSHIPS IN THE COAL PENETRATION BY HIGH 
'RESSURE THIN NATIR JETS, 
~UZHICH, I, A, 
'ROC, 1ST INTERN, SYIP, ON JET CUTTING TECHNOL, BHRI 
FLUID fNGINEERilli , CIUN,IELO, ENGLINO, 1112 
t1-1-a,P,, 1972, 

ICONTINUEOI 
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( PAPER El I 
LANGUA GE ! ESGLISH 

PERFOR~ING CRGANIZATION!SI 
S•OCHINSKY MINING INSTITtJH,u.s.s.R. 

THIS THEORETICAL REPORT CONTAINS ORIGINAL DATA. THE 
PROJECT INVESTIGATED rs UTILIZED FOR EXPERIMENTAL 
EXCAVATION PURPOSE S. THE REPOR TED FRAGMENTATION 
HETHOO SE~VICTNG PROJECT EFFORTS INCLUDES JET 
AqRASION (WATERI • ROCK TYPES REVIEWED INCLUDE COAL 

ROODJ/q CCAL ANO ROCK P(NETRATlON 9Y FI NE, CONTINUOUS HIGH 
PRESSURE WAT ER JETS. 
Nlr<ONO~, G. P. GO LDIN , VU, A. 
PROC, 1ST I•TERN, SYMP, ON JET CUTTING TECHNOL. SHRA 
FLUID ENGINEERING, CRA NFIEL D, ENGLAND, 1g1z 
Ec-q-z~PP. , 1q1z. 
I PAPER f2 I 
LAN(UAGEI E~GLISH 

PERFORM! NG CRGANIZAT I ON!Sl 
SKOCHINSKY MINING INSTITUTF,u.s.s.R. 

THIS LAB-IN-SITU ,EPORT CONTAINS CRIGINAL DATA. ThE 
PROJECT INVESTIGATED IS UTILIZED FOR fXPERIHENTAL 
EXCAVATION PURPOSES . THE REPORTED F,AGMENTATION 
METHOD SERVIC ING PROJECT EFFORTS INCLUDES JET 
ABRASION !WATER) , GEOST RUCTURAL CHARACT ERISTICS FOR 
THE REPORTH EXCA VAT ION ACT JVITIES ARE DESCRI8ED. THE 
EXCAVATION CHAPACTERISTICS FOR INKERHANSKI LIHESTONE 
ANO KOR08CHtEVSKI lI~£STONF ARE TREATED. ROCK TYPES 
REVIEWED I•C LUO~ COAL, GRAhITE, LA8RADORITE {USED EV 
FRENCH ANO RUSSIANS CCR NORITE OR GA88ROJ, LIMESTONE 
ANO MARBLE, THIS lOCUHE NT INCORPORATES ADDITIONALLY 
MEC~ANICAL PPOPERTIES !LAS ! OA TA. 

R000380 SOME EXPERIMENTS ON TH E APPLJCATICN OF HIGH PRESSURE 
WATER JETS FOR MINERAL EXCA VATION. 
HOOCI E, K. AqTINGS TALL, G. 
P~OC. !ST I•TERN, SVMP, ON JET CUTTING TECHNOL. BHRA 
F LUID ENGINEERING, CRANFIELD, ENGLAND, 1g12 
E3-2c; .. 4ft, 1<;!72. 
I PAPER D l 
LANGUAGE• ENGLISH 

PERFORMING CRGANI7ATION!Sl 
SAFETY IN MIN ES qesEARCH ESTA ALISHHENT,U. K, 

THI S LA9 REPORT CONTAINS MIGINAL DATA, THE PROJECT 
INVESTIGATEC IS UTILIZED FOR EXPERIME NTAL EXCAVATICN 
PURPOSES, THE RE PORTE D FRAGMENTATION HETHOO SERVICI~G 
PROJECT EFFORTS I NCLUOES JET ABRASION !WA TER! 
GEOSTRUCTURAL CHARACTERISTICS FOR THE REPORTED 
EXCA VATION ACTIVITi eS ARE DESCRIBED, THE EXCAVATION 
CHARACTERISTICS FOR AOEROEEN GRANITE, CARRARA MARBL E, 
OARLEY DALE SANDSTONE, ~ENNANT SANDSTONE AND WOOLTEN 
SANDSTONE ARE TREAT ED. POCK TYPES REVIEWED INCLUDE 
GR HIT E, MARBLE A NO SA NOST ONE TH IS DOCUMENT 
INCCRPORATE S AOO!T!ONALLY 'ECHANICAL PROPERTIES ILAel 
DATA, 

P.0003e2 ON DESTRUCTION OF ROCKS AND • 0 TALS SY HIGH PRESSURE 
JETS OF WAHR. 
VOITS EKHOV SK Y, e. v. SOL OVKI N, E, e, 
GREBENN!K, o. I. KUVSHINOV, V, A, 
SHOJl(HET, G. YA . P.IKOI..AfV, V, P , 
LESIC, N, P, 
PROC, 1ST I~TERN, SVMP, ON J ET CUTTING TECH NOL. BHRA 
FLUID ENGINEERING, CRANFIELD , ENGUND, 1972 
G6-93-1!2PP., 1972, 
I PAPER G8 I 
LANGUAGE• ENGLI SH 

PERFORMI NG ORG ANIZATI CN (Sl 
INSTITUT E OF HV DRODV NAHICS,NOBOSIBIRK,USSR, 

THIS LAB REPORT CONTAINS ORIGINAL DATA, TH E PRO J ECT 
INVESTIGATED IS UTILIZED FOR EXPERI MENTAL EXCAVATICN 
PURPOSES , THE REPORTED FRAGMENTATIOh METHOD SERVICING 
PROJECT EFFORTS INCLUDES JET ABRASION (WATER ) 
PE TROGRAPHY ANO ROCK TYPES RE VIEWED INCLUDE GRANITE• 
THIS OOCUMENT INCORPORATES ADDITIONALLY MEC HANICAL 
PROPERTIES ILABl DATA, 

RD00383 THE~MALLY ASSISTED CU TTING OF GR ANITE. 
RAO, P', F, HC GA RRY, F, J, 
SOC. HINING ENG,, AIME, PROC, 12TH SYMP, ON ROCK 

!CON TINUED l 

MECHANICS, NOV. 16-8, 1qTO 
12'1-S7, 1~71, 
LANC,UA GEI ENGLI SH 

PERFORMING ORGANIZATION!SI 
HASSAC HCSETTS INSTITUTE OF TECHNOLOGY,MA:usA. 

THIS LAB ~EPORT CONTAINS OQIGIN~L DATA, THE REPORTED 
FRAGMENTATION METHOD SFRVICING PROJECT EFFORTS 
INCLUDES ROTARY HfCHANJCAL ABRASION-LASE R 
GEOSTRUCTURAL CHARACTERI STICS FOR TH£ REPORTED 
EXCAVATIO~ ACTIVITIES ARE OESCRIBEO, THE EXCAVATICN 
CHARACTERISTICS FOR BARRE GRANITE ARE TREATED, 
PETROCRAP~Y ANO ROCK TYPES REVIEWED INCLUDE G~ANITE , 
THIS DOCU~ENT INCORPORATES AOOITIONALL Y MECHANICAL 
PROPERTIES <LA8l OATA . 

R00038S SOME COHHENTS ON THE DESIGN OF MeDlU N TO HA RC ROC K 
TUNNEL BORING MAC~INES, 
ROSS, N, A. 
SOC. HINHG ENG., AIMl, PROC. 12TH SYMP. ON ROCK 
HECHANICS , NOV . tb-8 , 1970 
q77.92, 1S71. 
LAN GUAGE• ENGLISH 

FUNDING ORGANIZATION (Sl 
U,S.GOVTI DL PT.OF DEFENSE 

THIS THlCRETICAL REPORT CO NT AINS RlPUBLISHED DATA , 
THE PROJECT INVESTIGATED IS UTILIZED FOR UNSPECIFIED 
PURPOSES, THE TEH HET HOO REP~ESE NTS THE EXCA VATlCN 
TECHNIQUE STUDIED, THE REPOKTED FRAGHcNTATION MET HOD 
SERVICING PROJECT EFFORTS INCLUDES HE CHAN ICAL 
ABRASION !ROTARY) THIS DOCUMENT INCORPORA TES 
ADDI TIONALLY TUNNELING MA CHINE CHARACTERISTI CS . TBH 
EXCAVATION R~TE IS ALSO DISCU SSED. THIS DOCUH ENT 
INCORPORATES ADDITIONALLY MECHANICAL PROPE~TIES !LAB) 
DATh, 

R000407 THE USE OF UNDERGRO UND SPI C£ TO ACHIEVE NATIONAL 
GOALS, 
BAKER, R, F. OAY, 0, A. FITZ SI HONS, N. 
HILL, 0, W, MICHAELS, R, M, POERTNER , H, G. 
WILKINSON, H. C, 
UNOERGROU ~O CONSTRUCTION RES, COUNCIL, AH r R, SOC. . 
CIVIL ENG., NATIONAL SCIENC E FOUNDATION, 
WASHINGTON, 0, C, 
JJ~PP., 1972. 
LAN GUAGE • ENGLISH 

PERFORMI NG ORGANIZATIONISI 
UN OERGRCUND CONSTRUCT!OS RESEARCH COUNCIL 

FUNDING O~GAN I ZAT JON(Sl 
NATIONH SCIENCE FOUNOAliON,WA SHINGTO N,O.C, :USA, 

THIS THeOR ETICAL REPORT CO•IT AlNS RE III' W DtT A. TH( T6H 
METHOD REPRESENTS THE E>C AVATION TECHNIQUE STUDIED , 
THE REPOR TED FRAG MENTATION HETHOO SERVICI NG PROJECT 
EFFORTS INCLUDES HECHANICAL ABRASION IROTARYI • THI S 
OOCUHENT INCORPORATES ADDITIONALLY TUNNELING HACHINE 
CHARACTERI ST ICS. EXCAVAT ION ADVANC EMENT ~ATf I S ALSO 
DISCUSSED, 

R000408 THE MECHA NICAL CUTTING CHARACT ERISTICS OF THE LOW ER 
CHALK. 
ROXBOROUGH , F. F. RISPIN, A, 
TUNNELS AND TUNNELLI NG 
5 , 1 ,, i.s-r, ·,. t ':7J. 
LANGUAGEt ENGlISH 

PE RFOR MING ORGANIZATION(Sl 
NATIONA L COAL BOARO ,U.K. 

FUNOING O~GANIZATION(S I 
BRITISH TUNNEL! •G SOCIETY 

THIS LAB ~EPORT CONTA INS O~ IGINAL OlTA, THIS DOCU MENT 
INC ORPORATES ADDITIONALLY DRILLING EQUIPMENT 
CHARAC TER!STICSo GEOSTRUCTURAL CHARAC TERISTI CS FOR 
THE REPORTED EXCAVATION ACTIVITIES AR£ DESCRI BED. TH E 
EXCAVATIO N CHARACT ERISTICS FOR LOWER CHALK A~E 
TREATED. PETROGRA PHY ANO ~OC K TYPES REVIE~EO INCLUDE 
CHALK <>OCKI , THIS OOCUHENT INCO~PORATES 
ADDITIONA LLY HECHANICAL P~OPERTI ES (LAB) OATA. 

R000~0 9 MECHANICAL CUTTING CHARACTERISTICS OF LOWER CHALK, 
ROXBOROU GH, F, F . RISPIN, A. 
TUNNELS ANO TUNIELLING 

<CONTINU ED I 

., 
., 
., 
, 

., 

) 



5 ( J l, 261•7~, 1973. 
LANGUAGE I ENGLISH 

PERFORMING CAGAHIZATIONCSl 
NATIONAL COAL 80ARO,U.K. 
t .HAUMAGUHI LTD. 
t,HAEDA CONSTRUCTION CO. 
J.TAISEI CORP. 
A~GE HOCHTI!' AG/KUNZ AHn CO. 

,u11CIH~ ~GANilAT!ONIS) 
BRITISH TUNNELING SOCIETY 
STADT ,11taou11tG 
STADT ZURICH,lURICH,SWITlfRLAND 
G[Hf'.INOE Pf:SEUX,SWIT7flltLANO 
PAP!EAIA&AlK,AUSTRIA 
KUP,!lltl(AG9AU HITT[ABEAG,GHBH,AUSTRlA 
CEHUNOf' HAMIL, SWITlElltLA NO 
ELEKTAIZITATSMERK D,STAOT 8!11tN,SWITZ!ALANO 
STADT llt:RN,SWITZEALANO 
SCHW!IZ,BUNOESBAHN EN,SWITZ!ALANO 
!N!L, ITALY 
8AUOIAEKT10N OES KANTONS 2UG,S~ITZERLANO 

T ►IS IN•SITU REPORT CONTAINS REVIEW DATA, THE T8H 
HETHOO REPRESENTS THE EXCAVATI ON TECHNIQUE STUOI[O. 
THE REFORTEO FRAGNENTATIO~ METHOD SERVICING PROJECT 
[FFCATS I~CLUOES MECHANICAL ABRASION (ROTARY! , THIS 
DOCUMENT I~CORPOAAT ES AOOITICNALLY TUNNELING MACHINE 
CHA~ACTERISTICS, GEOSTAUCTURAL CHARACTERISTICS FOR 
THE REPORTEO EXCAVATION ACTlVITIES ARE OESCRI8EO, THE 
EXCAVATION CHA~ACTERISTICS FOR LOWER CHALK A•E 
TREATED. PETROGRAPHY ANO ROCK TYPES REVIEWED INCLUDE 
CHALK (ROCIO, CONGl011ERATE, NlRL, PHYLL!TE ANO 
SANDSTONE , THIS DOCUMENT INCORPORATES ADDITIONALLY 
MECHA ►ICAL PROPERTIES (LA8l DATA, 

R000•10 STUCIES OH THE CUTTING OF ROCK BY ROTARY CUTTERS. 
PART 2 •• CUTTING USING A SPHERICAL CHIP ANO A 11ILlED 
TOOTH CUTT EA, 
TAOOKA, So HAYA111ZU, H, 11lSAWA, S, 
KURlYAGAMA, M, 
TUNNELS AHO TUNNELLING 
~ ( 3 ,. 276•63, 1973. 
LAHGUAGEI ENGLISH 

PF.AfORNING CRGAHIZATIONIS) 
NATIONAL lltESEARCH INSTITUT'- OF POLLUTION ANO 

Rf: SOUltCES, SA?Tl11A, 
JAPAN 

HNOIHG OltCUUZATIONISl 
HAT I ONAL R[SURC H I NStTUTE o, POLLUTION ANO 

R!SOURCES, SAITAl1A JAPANA,AN 

THIS LAO-THEORETICAL REPORT CONTAINS REPUBLISHED 
DATA. TH£ PROJCCT INVESTIGATED IS UTILIZED FOR 
EXPERIMENTAL tXCA VATION PURPOSES, THE AEPORT[O 
FAAGHENTATION ~ETHOO SERVICI NG PROJECT EFFORTS 
INCLUDES NE;CHANJCAL ABRASIO ► (ROTARY! , THIS OOCU11ENT 
INCORPORATES AuOI TIONALL ~ TUNNEL!IIG IIACHI hE 
CHARACTERISTICS, GEOSTRUCTURAL CHAlltACTERISTICS FOR 
THE REPORTEC EXCAVAT :ON ACTlVITIES ARE 0[SCRI8EO, THE 
EXCAYlTION CHAIIACTf RIST ICS FOR FUKUSHIMA ANDl!SITE, 
Ko,u ANOESITE AHO SANAIRI GRANITE ARE TREATED. ROCK 
TYPES REVIEWED INCLUDE ANOESITE ANO GIUNITE • 

R0D0~L2 HETPOI LONCoNis PICAOILLY L,INE EXTENSION! HOUNSLOII 
WEST TO HEATHROW AIRPORT CEN·TRE,, PROGl!ESS AT 
HAL FNO ST AGE, 
AUTHOR A NON, 
TUNNELS AHO TUNNELLING 
~ I J 1, 29~•7, 1973, 
LA"GUAGEt !NGLISH 

P(RFORHING OAGANIZATION(Sl 
WANO C FRENCH CONSTRUCTlON,LTO. 
NOWL!N,JOHN ANO co.LTD, 
TAYLOR NOCOROW C ONSlRUCTION L TO, 

FUNOING ORGANlZATIONISI 
t.S!RVICES TtCHNIQU!S OE LA VILLE DE NARS!ILLE C 

0 IlltECTI CN OE 
L •uRUNISNt I FOIICE 

2 ,GRl!:AT[llt LONDON C OUl4CIL 
! , BRITISH GOVT• 

THIS IW•SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND Ol'ENlNGS DISCUSSED IIICLUDE THE ON GOING 

ICOHTINU!OI 
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EXCAYATIO~ OF THE HATTON CROSS•HEATHROW CENTRAL 
RAILWAY L]NK ILOH(ON, U.K,1, THE OH GOING EXCAVATION 
OF THE ~EATHROW CENTRAL STATION I RAIL NAY I ILONOOH, 
U,K,l ANO THE ON GOING EXCAYATIOh OF THE HOUNSLOW 
NEST•HAlTON CROSS RAILNAY LINK ILONOON, U,K.I • THE 
PROJECTS INVESTIGATED ARE UTILIZED FOR HETAO 
PURPOSES, THE CUT AND COVER METHOD ANO SHIELD 11ETHOO 
REPRESENT THE EXCAVATION TECHNIQUES STUDIED, THE 
REPORTED ,~AG11ENTATION HETHOO SERVICING PROJECT 
EVFORTS INCLUOB CONVENTIONAL EXPLOSIVE IUNSPECIF!EOI 
, PERTINEIIT INFORMATION ON UNDERGROUND OPENaG 
SUPPORTS AND NATIRIALS HANDLING SYSTEH IS ALSO 
PRESENT£0, 

RDGD~l~ DEVELOPME NT o, STABILITY RATIOS FOR TUNNELS DRIVEN 1N 
CLAY, 
ATTEWELL, P, 8, 800EH, J, 8, 
TUNNELS AND TUNlll!:LLING 
J I l l, 19~-4, 1911. 
LANGUAGE• ENGLISH 

PER,OR111NG ORGANIZATIOHISJ 
OUAHAH,lNIVERSITY Of 

FUNDING ORGANIZATIONISI 
OEPT.OF ENVIRDN"ENT,ROAC RESEARCH LAS, 

THIS LA8•THEORETICAL REPORT CONTAINS ORIGINAL OATA, 
SOIL CHA!ACTERlSTICS AS WELL AS SOIL MECHANICAL 
PROPERTIE! FOR THE REPORTEO EXCAVATION ACTIVITIES A~E 
OESCRl8ED. 

A00G~1~ DESIGN ANO CONSTRUCTION OF THE HONG ~ONG 
CROSS•HAR!OUA TUNNEL, 
INNES, K. 11. 
TUNNELS ANO TUNN£LLING 
J C ~ l, 2ft9•'i'i, 1971, 
LANGUAGE !ENGLISH 

PERFORMING OR,ANIZATIONISl 
SCOTT NILSON KIRKPATRICK ANO PARTNEAS,CONSULTING 

ENGINEERS, 
LONDON• L, K. 

FUNOING ORGANIZATIONISI 
HONG KONG CAOSS•HAR80UR TUNNEL COILTD, 

THIS IH•S ITU•THEORETlCAL REPORT CONTAINS REPUBLISHED 
DATA. THI UNOERCROUNO OPENING DISCUSSED INCLUDES THE 
ON GOING EXCAVATION OF THE HONG KONG CROSS HARBOR 
TUNNEL IHCNG KOMil , 

RDD0~16 DESIGN ANC CONSTRUCTION o, KINGSNAY THE SECOND 
P!f:ASEY ROAO TUNNEL AND MOLE NON PAOGRESS11G IN THIRO 
NERSEY ROAD TUNNEL DRIVE, 
HEGAW, T, N. 
TUNNELS ANO TUNNELLING 
J , ~ , , z,;r-10, 197t, 
LANGUAGE IENCLISH 

PERFORMING ORGANIZATION(Sl 
NOTT,HAY ANO ANOERSON,CONSULTING EHGINEERS,LONOON, 

U,I(, . 

FUNDING ORCANIZAT JONIS! 
"ERSEY TUNNEL JOINT COP!NIJTEE ,u,K. 

THIS IN•!ITU REFORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE ON GOING 
EXCAVATION OF THE PILOT T~NNEL ,□R SECOND HERSEY ROAD 
TUNNE L IV,K. I ANO THE DH GOING EXCAVATION OF THE 
SECOND 11E RSEY ROAD TUNNEL ILIVEIIPOOL, U.K.l , THE 
PROJECTS INVESTl,ATEO ARE UTILIZED FOR EXPLORATORY 
TUHN[L PURPOSES. THE DRILL ANO , SLAST l,ULL FACEI 
HETHOO ANO PILOT IIORE•CENTER METHO D REPRESENT THE 
EXCAVATION TtCHNIQUES STUOIEO. THIS OOCUHENT 
INCORPORATES AOOITIONALlV DRILLING EOUIPHENT AHO 
TUNNELING HACHIH[ CHARACTERISTICS, TBH EXCAVATION 
RAT! IS ALSO OUCUSS[D, GEOSTRUCTUIIAL CHARACTERISTICS 
FDR THE R£PO-TEO EXCAYATI°" ACTIVITIES ARE 0£SCRI8ED, 
PETROGRAPHY ANO ROCK TYPES ~EVIE11£0 INC~UOE SANDSTONE 

R001~20 11£CHANlCAL TUNNELLING IN CANADA. 
VERSlTY, T, 11. 
TUHNtLS AND TUNIELLING 
JI 5 1, 361, 1971, 
LANGUAG!I EN4;LllH 

CCOIITlNUEOl 
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P~HOP.Hltr. CRGAN!TlT!ONISI 
FOUNOAT(Oh en.OF CANADA 
~IE~RIT-JCHNSOH-POOLE,CAHlOA 
NORTHERN CONSTRUCTION CO. IJ,W.STEWART LTD.I 
INTER NOUNTUH CONST~UCTIOH CO!hOPTH VAl«:;OUVEP, 

CANAOA 

Fl"OING Ol!GANIZATIONISI 
TORONTO, NET ROPOLI TAN NUNIC IPALITY, TOPONTO, CA NADA 
DEPT.OF AGRICULTURE PRAIRF. FARH REHABILITATION 

AOHINISTRATION 
<SOLTH SASKATCHENA• RIVER CASI 
GFEATER VANCOUVER SEWE~AGE ANO DRAINAGE DISTRICT 
G~EATER VICTOPIA WATER OIST!3RITISH COLUNBIA,CANACA 

THI S IN-SITU PEPORT CONTAlltS ORIGINAL OAT&, THE 
UNDERGROUND OPENINGS DISCUSSED I NCLUOE THE CONPLETEO 
EXCAVATION OF TH~ GREATEP VICTORIA NATER SUPPLY 
TUNNEL !VICTORIA, B,C,, CANADA!, THE CONPLETEO 
EXCAVATION OF THE SOUTH SASKATCHEWA N RIVER DAN, THE 
CONPLETED EXCAVATION OF THE TORO~TO SEWER TUNNEL 
!TORONTO, ONTARIO, CANAOll ANO ,TH AVENUE SEWER 
TUNNEL !VANCOUVER, B,C,, CANADA! THE PROJECTS 
INVESTIGATED ARE UTILIZED FCR DIVERSION TUNNEL, SE WER 
AHO WATER SUPPLY TUNNEL PURPOSES, THE TBH IIETHOO 
~EPRESEHTS THE EXCAVITION TECHNIQUE STUDIED, THE 
REPORTED FRAG"l:NT AT ION H(THOO SERVICING P~OJECT 
EFFCRTS INCLUDES HECHANICAL ABRASION !ROHRYI • THIS 
OOCU"ENT INCORPORATES AOOITIOHALLY CRILLING EOUIPHENT 
ANO TUNNELING MACHINE CHARACTERI STICS. GEOSTRUCTURAL 
CHlRlCTERISTICS FOR THE REPORTEO EXCAVATION 
ACTIVITIES ARE DESCRIBED. THE EXCAVATION 
CHHACTERISl!CS •oR eEARPAW SHALE ARE TREATED. 
PETROGRAPHY ANO ROCK TYPE S REVIEWED INCLUDE SCHIST 
ANO SHALE. THIS OOCUHEHT INCORPORATES AODITIONlLLY 
.. ECHANICAL FQOP(RT !ES ILABI on A. 

R000~21 BEAS-SUTLEJ LINK PQOJECT IN INOIAI 2~ KN OF 
TUNNELLING. 
LANBA, S. S, 11ALHOHU,, R. K. 
TUNNELS ANO TUNNELLING 
J I 2 ,. 87-9~, 1971, 
LANGUAGE! ENGLISH 

THIS IN-SITU REPORT CONTAINS ORIGINAL OATA. THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE ON GOING 
EXCAVATION Of' THE PANOOH BAGGI TUNNEL CBEAS-SUTLfJ 
LIN< PROJECT I IPAHOOH, HIIIACHAL PRADESH, IHOIAI AND 
THE ON GOING EXCAVATION OF THE SUHDERNAGAR SUTLEJ 
TUNNEL (qEAS SUTLEJ LINK PROJECT! ISUNDERNAGAR, 
HINACH AL PSAOESH, INDIA! , THE PROJECTS INVESTIGATED 
ARE UTILIZED FOR HYDROELECTRIC ANO IRRIGATI CH 
PURPOSES, THE □~ILL ANO BLAST (FULL FACE! IIETHOO 
QfPSESENTS THE f. XCAVATION TECHNIQUE STUDIED, THE 
REPORTED F~AGH<:NT AT I UN NET HOO SERVICING PROJECT 
<:FFURTS INCLUDES CONVENTIONAL EXPLOSIVE IGELEXI , 
THIS OOCU"ENT 1·,.; ~QPORATES AOOITIONALLY DRILLING 
EQUIPNENT CH ARACTERISTICS. GEOSTRUCTURAL 
CHA~ACTERISTJCS FOQ THE REPORTED EXCAVATION 
ACTIVITIES ARE DESC~IBEO. PERTINENT INf'ORHATION ON 
GROUND CONDITIONS ANO UNO£ GROUND OPENING SUPPORTS IS 
ALSC PRESENTED. THE EXCAVATION CHARACTERISTICS FOR 
JAUNSIR PHYLLITE ARE TREATED. PElROGRAPHY ANO ROCK 
TYPES REVIEWED INCLUDE O'l' (HITE IRDCKI t GRANITE, 
LIHESlONE, PHYLLITE, QUARTZi ft ANO SHALE, 

P000~25 CONSTRUCTING THI: DEEP LEVEL DRAINAGE SYSTEH Of' 
HEXICO CITY. 
HARRIES, 0. A. 
TUNNELS AHO TUNNELLING 
3 ( 1 ), JS-41, 1971. 
LANGUAGE I ENGLISH 

PERFORHINC CRGANIZATI ONISI 
SIPHA-COGUSA 
t.CAHINOS Y URBANIZACIOffES,S.A, 
Z.CONSTRUCTORA BELTHER s.oE R.L. 
3.CONSTRUCTORA ESTRELU,S,1, 
~.CONSTRCTORA RAUDALES 
S.CONSTRUCTORA Y FRACC[ONADORA 
6.CoNSTRUCTORA UR8ANOS NEXICO 
r.INGENIEROS CIVILES ASOCIAOOS 

FUNDING ORGANIZATIONISI 
MEXICO CITY,CITY ADMINISTRATION OF,ltEXICO 

THIS IN-SITU REPORT CONTAHS ORIGINAL DATA. THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE OM GOING 
EXCAVATION OF THE DEEP LEVEL DRAINAGE INTERCEPTOR 

!CONTINUED I 

TUNNELS-NEX!CO CITY INE>.CITY , 11El1 ANO THE ON GO HG 
EXCAVlT[Oh Of' TH: OE~P LEVEL DRAINAGE OUT FALL 
TUNNEL-sE>ICO CITY IIE'JCO ClTY, N£X,1 , THE PR 0 .1€CTS 
IN•ESTIGITEO ARE UTILIZED FOR O~AINAGE TUNNt:L 
PURPOSES. THE SHIELD ~THO() REPRESENTS THE EXCA\'lTlCII 
TECHNIQUE STUDIED, T~E REPORTEO FRAGIENTAT[ON NfTHOO 
SERVICING PROJECT EFFORTS INCLUDES NtCHANlCAL 
ABRAS!ON !ROTARY! THIS OOCUNENT INCORPO~ATES 
ADDITIONALLY TUNNELING HA CH! NE CHIRACJERISTI CS . f8N 
DCAVATION RATE IS ALSO CISCUSSEO. GEOSTRUCTUQAL ANO 
SOIL CHARACTERISTICS FOR THE REPORT[□ EXCAVAT!CN 
ACTIVITIES ARE OESCRIBED , 

R000 .. 26 TUNNEL OUlLET SCHENE FRO" LOCH THOM IN RENFRENS•ll~E. 
SCOTLAND. 
HACOONALO, N, 
TUNNELS ANO TUN"ELL!NG 
2 I 6 I, JSt-J, 1qrQ. 
LANGUAGE! ENGLISH 

PERFORNIN~ ORGANI/ITIONlSI 
THYSSEN !GREAT Bl.IT AI NIL TO, 

FUNDING o,&ANIZ&T!ONISI 
U.S.AIR FORCE NEAPOHS LAB:AIRFOR CE SYSTENS co,"ANO 

IC? RTLA•O Ara. ""·. USA. 

THIS IN-SITU-THECHTICAL REPORT CONTAINS o~:,;CNU 
DATA. THE UNDERGROUND OFENING DISCUSSED IICLUD[$ TH[ 
OH GOING EXCAVATION OF TH E LOCH THOH WATll, I UNNEL 
IU~I • THE PROJECT INVESTIGATlO IS UTILIZED FOR WAT[R 
SUPPLY TU~NEL PI.RPOSES . THC DRILL AND BLAST (FULL 
FACE! HETHOO RE FRESENTS THE EXCAVATION TECt< NIOUl 
STUOI[O, lHE REPORTED FRAGHEHTlTION HETHOO SER,lCING 
PROJECT EFF ORTS INCLUDES CONVENTIONAL [KPLOS IVE 
IUHSPEC IF IEO I THIS UOCUHENT INCDRPORA TES 
ADDITIONALLY DRILLING EUU IPNENT CHA!;ACTIRI SllCS. 
GEOSTRUCTLRAL CHARACTERISTICS FOR THt RfPORTEO 
EXCAVATIO~ ACTIVITIES IRE DESCRIBED, PERTINENT 
INFORNATICN OH GROUND CONOITIONS AND UNOE~~~OUNO 
OPENING SUPPORTS ANO NAT ERIALS HANDLING SYSTEN IS 
ALSO PRESENTED. ROC~ TYPES REVIEWED INCLUDE BAS AL I, 
HARL ANO SANDSTONE. 

RtlQ .. Jl FULLFACE EORING FOR SWISS S£WAGE TUNNtL., AILA ~ 
COPCO FULLFACER DRIVES J.~N OlA. TUNNEL. 
AUTMOR AHCN. 
TUNNELS ANO TUNNELLING 
2 16 I, l&J-~, 1~70. 
LANGUAGE! ENGLISH 

THIS [N-SITU REPoqT CONTAINS ORIGINAL DATA. THE 
UHDERGROU~D OPENING DISCUSSED INCLUDES THf ON GOT>& 
EXCAVATION OF THE RORSCHACH SEWAGE TUNNEL IRORSCHAH, 
SWITZERLAHOI • THE PROJECT INVESTIGATLO IS UTILllED 
FDR SEWER PURPO~ES. THf TBH METHOD RLPRESENT S TME 
EXCAVATIO• TECHNIQUE STUDIED. THl RC PORTEO 
FRAGHENTATION METHOD SERV ICING PROJECT fFFORTS 
INCLUDES MECHANICAL ABRASION !ROTARY! • THIS OOCUHENT 
[NCORPORAlES ADDITIONALLY TUNNELING HACIIINE 
CHARACTERISTICS. TBN EXCAVATION RATE lS ALSO 
DISCUSSED, G(OSTRUCTURAL CHARA CTERISTICS FOR THE 
REPORTED EXC AVATION ACTIVITIES ARE OlSCNJUtD. 
PERTINENT IHFORNATION ON UNDERGROUND OPENING ~UPPORTS 
IND MATERIALS HANDLING SYSTEM IS ALSO PRESENTLO. ROCK 
TYPES REVIEWfO INCLUDE LI ~STONE AHO SANOSTOHt • !HIS 
OOCUHENT INCORP~RATES ADDITIONALLY HFCH~NIC AL 
PROPERTIES ILABI DATA. 

ROOl ~JS BUDAPESTIS UNDERGROUND RAILWAY LINE, 
VAJDA, Z. KELEHEN, J, 
TUNNELS AHO TUNNELLING 
2 l c; , • ~07-lt+, 1970. 
LANGUAGE t ENGLISH 

PERFORHING ORGANilATIONISI 
BUDAPEST,TECHNICAL UNIVERSITY OF,HUNGARY 

THIS IN-SITU RE PORT CONTAINS ORIGINAL DA Tl, THE 
PROJECT INVESTIGATED I S UTILIZED FOR RAILWAY 
PURPOSES, THE SHIELD 11£THOO REPRESENTS THE EXCAVATION 
TECHNIQUE STUDIED, THE REPORTED FRAG"ENTITION HETHOD 
SERVICING PROJECT EFFORTS IICLUOES CONVENTIONAL 
EXPLOSIVE IUNSPECIFIEOI SOIL CHARICTCRISTICS FOR 
THE REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED. 
PERT[NfNT INF0RIIATION ON UNDERGROUND OPENING SUPPORTS 
IS ALSO PRESENTED. 



RODG~J6 BACKGROUND TO KAIHII RAIL TUNNEL IN ~fW ZEALAND, 
AUTHOR ANON, 
TUNNELS ANO TUNtj(LLING 
2 I ~ 1, J1~••· 1970, 
LANGUAGE! ENGLISH 

ruNOING ORGANIZAHON(SI 
NJNISTRY CF' WOltKS,NEW ZEALAND 

THIS IN-SITU REPORT CONTAINS c.llIGINAL onA, THE 
UNOERGAOUNO OPENING DISCUSSED I NCLUOES THE ON GOI ~G 
EXCIVATION OF' THE KAI"AI RAILWAY TUNNEi. INEM ZEALAND! 
, THE TBN METHOD REP~ESENTS THE EXCAVATION TECHNIQUE 
STUDIED, THE REPOl!TEO F'l!AGHENTATION METHOD SERVICING 
PROJECT E''ORTS INCLUDES NECHANICAL ABRASION IROTARTI 

THIS OOCUIIENT INCORPORATES AOOITI ONALlY TUNICELING 
HACHINE CHARACTERISTIC~, PERTINENT IN~ORNATION ON 
UNOFRGRO\JNO OP(NING SUPPORTS ANO NATE~IALS HANDLING 
SVSTEN IS ALSO PltESENTFO, 

A000~3& THE BELLFGREYE OUTFALL TUNNEL,, GUERNSEY, CHANNEL 
ISLA>IOS, 
COATES, T, 
TUNNELS AND TUNNELLING 
Z I ~ ,, 20~-1~, 1970, 
LANGUAGE! ENGLISH 

PER FORNI NG ORGANIZATI ONISI 
NARPLES AIOGWAY LTDILONOON,U,K, 

THH IN-SITU REPORT COKTAINS ORIGINAL DAU. THE 
PROJECT INYESTtGATEO IS UTILI7ED ,oR SEIIER PURPOSES, 
TH£ ORILL AhO 8LAST IFULL FACEI "ETHOO ANO INCL.INEO 
STACE ll[THOO REPRESENT THE EXCAYlTION TECHNIQUES 
STUClED, THE REPORTEC FRAG"ENTATtON NETHOO SERVICING 
P 'OJECT E""ORTS INCLUDES C DNVE NTIONll EXF'LOSIYE 
IUNSPECIFIECI GEnSTRUCTURAL ANO SOIL 
CHUACTERISTICS FOR THF. REPORTED EXCAVATION 
ICTJVIT1£S ARE DE5CRI8lO. PERTINENT IN'ORHATION ON 
GROUND CONCITIONS AND UNCERGROUNO OPENING SUPPORTS 
ANO HATERIALS HANDLING SYSTEN IS ALSO PRll[NT[D. THE 
EXCAVATION CHARACTERISTICS FOR ST,PETER PORT GA81~0 
ARE TREATED. P£TROGRAPHY ANO ROCK TYP[I R[VtEWCO 
INCLUDE 80JlTE AIIO GA88RO , 

ROD0~39 U, s. RFSf;IRCH TO REDUCE TUNNELLING COSTS. 
WARt, E. J, LUCtCE, w. N, 
TUNNELS AND TUNNELLING 
2 I ~ 1, z3q.~3, 1970, 
LANGUAGE! ENGLISH 

PERFORHING ORGA NIZATIONISI 
1,0EPT,o, TRANSPORTATION,WASHINGTON,D.CI 
Z,UNITEO URCRAn RESEARCH LA80RATORtES,CTIUSA, 

F~NOING ORGANIZITIONISI 
DEPT.OF TRlNS?ORTlTION OFrtCE OF HIGH SPEED GROUND 
TRANSPORTHION WASHINGTOll ,D.C !USA. 

THIS LA8•THEoRETICAi. REPORT CONTAINS REVIEW DATA, THE 
PRO~CT INVESTIGATED IS UTILIZED ,CNI EXPERINENTAL 
EKCAVATION PURPOSES, THE REPORTED 'RAGNENTATICN 
HETHOOS SERVICING PROJECT EF,Ol!TS INCLUD[ CHE"ICAL 
ISURFICTANTSI, JET ABRASIO~ ISTEA"I• JET ABRASION 
IFLAPIEI ANO T1€RHAL•RADUNT ICOHOOT LIGHT•LAS£1U • 

R000~-2 TUNNELS OH FRAHCHS RUUU CXPRESS REGIONAL, 
eon, A. 
TUNNELS ANO TUNNELLING 
Z I l I, 16,•9, 19rO, 
LANGUAGE! ENGLISH 

P[lt'ORMIII. QIIGANIUTIONISI 
REGI[ AUTONONE OIS TRANSPORTS PARISI[NS,,IUNCE 

TtlS IN•SITU UPORT CONTAINS CIIIGINAL DATA, TH[ 
UNOfRGROUNO OPENING DISCUSSED INCLUC[S THE CO,.L[T,D 
EXCAVATION a, THE TUNCLS o, ,1tANC['S REGIONAL 
RULWAY STSTE" CltESUU EXPIIUS A[GIONUI C,RANCEI , 
TH[ PROJECT lNVfSTIGATfO JS UTILIZED ,011 METRO 
PURPOSES. THE SHULD ..:THOO AND T8H N[THOO RI! PRESENT 
THE EXCAVATION TECHNIQUES STUOIED, TH[ REPORTED 
'RAGHENTATJON "[THOO SERVICING PltOJICT E''ORTS 
INCLLOU NECHANICll A81tl!IO~ lltOTAUI • THIS DOCUH[NT 
INCOltPO~ATES ADDITIONALLY TUNNELING MACHI lit: 
CHAAACT[ltISTICS. G[OSTRUCTU~AL ANO SOIL 
CHAIIACTERISTICS ,aR THE RIPOIIT!D UCAVATION 
ACTIVITin ARE OESCRiecD, PERTINENT IN,OltllATtON ON 
UNOUGAOUND OPENING SUPPons l$ ALSO PR[UNTED. THE 

ICONTINU[D I 

R000~~9 

OGOU1 
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EXCAVATIO~ CHARACTERISTICS FOR LUTETIEN F'OR"lTION AND 
SOISSONNA IS FOR"lTION ARE TREATED. PfTROGOPHY AND 
ROCK TYPES REVIEWED I ~CLUOE ALLUVIUN, LIN[STONE ANO 
SANDSTONE , 

=~!~C~~~::~! P~AN~I~G FOR THE LIVERPOOL•NALLASEY 

TORPEY, k, N, 
TUNNELS OD TUNIELLING 
2 12 I, 79•65, 1970. 
L.AHGUA GE I ENGLISH 

PE R,ORHING ORGANIZATIONISI 
NUTTAL.L,ATKINSON AND CO, 
MARPLES RIDGWAY LTOILONDON,U.K, 

THIS IN•SITU R£ FOU CONTAINS ORIGINAL OAll, THE 
UNOERGltOU~D OPENINGS DISCUSSED INCL.UDE THE COMPLETED 
EXCAVATION o, THE PILOT TUNNEL FOR SECOND HERSEY ROAD 
TUNNEL IU,K,1 AND THE ON GOING EXCAVATION OF THE 
SECOND MERSEY ROAD TUNNEL ILIVUPOOL, U,K.I , TIIE 
PROJECTS INVESTIGATED ARE UTILIZED ,oR EXPLORATORY 
TUNNEL 00 HIGHWAY PURPOSES. THE DRILL ANO BLAST 
(FULL fACEI HETHOO ANO TBH METHOD REPRESENT THE 
£XCAYATIO~ TECHNIQUES STUOIEO. THE R.EPORTEO 
FRAGHENTAllON 'IETHODS SERVICING PROJECT EFFORTS 
INCLUDE CONvENT IONAL EXPLOSIVE IUNSF'ECIFIEOI AND 
HECHANICAL A!RASION IROTARYI , GEOS TRUCTURAL ANO SOIL 
CHARACTERISTICS FOR THE REPORTED EXCAVATICH 
ACTIVITIES ARE DESCRIBED, PERTINENT INFORMATION ON 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESENTED, THE 
EXCAVATION CHUACTERISTICS FOR HIOOL[ BUNTER 
SANOSTON[ FOR"ATION ARE TREATED, ROCK TYPE$ REVIEWED 
INCLUO[ SANDSTONE, 

TUNN[LLING ON H•E PONER PLANT EL NIHUlL NO, 3 lN 
ARG[NTUN, 
PEIUNO, C, 
TUNIIELS ANO TUNICLLING 
2 I 1 ,. 37•1, 1970, 
LAN,uA,(l(NGLISH 

PERFOA"IN, ORGANI2ATIONISI 
CONEVIAL,S,AIARGfNTINA 

,uNOING OAGANIZAT IONISI 
.GOVT,AUTHOIUTY AGUA Y ENERGIA ELECTRlCA,ARGENTINA 

THIS IN•!ITU RE'ORT CONTAINS OIUGINAL DATA. THE 
UNOERGROUIID OPENINI.S DISCUSSED INCLUDE THE CONPLETED 
EXCAVATIOa OF THE EL NIHUIL N0,3-INTAKE TUNNEL 
IN£NOOU, ARGENTINE ll[PUBL.ICI AND THE COHPLETE~ 
EXCAYATIOa a, THE EL NIHUIL N0,3•PRESSUR£ TUNNEL 
INENOOA, ARGENTINE REPU8L1CI , THE PIL.OT BORE-INVERT 
N[THOD, PILOT SORE-CENTER NETHOD AND RAISE ORIVHG 
180RING HACHINESI HETHOO REPRESENT THE EXCAVATION 
HCHNlQUES STUOIED, THIS DOCUMENT INCORPORATES 
ADDITIONALL.Y DRIL.LING EQUIPHEKT AND TUNNELING HACHINE 
CHAIUCT[RJSTICS, SOIL CHARACTERISTICS FOR TIIE 
REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, 
PERTINENT INFORMATION ON NHERIALS HANDLING SYSTEM IS 
ALSO PRESENTED, PETROGRAPHY ANO ROCK TYPES REVIEWED 
INCLUDE QUARTZITE, 

SECOND N[ltS[Y TUNNEL , . INSITU REPLACEMENT a, 16 ,T. 
DIA, BEARING IN "OL[ TUNNELLING MACHINE, 
HITCHINGS, 0, C, NC KfNZIE, J, C, 
TUNICLS AND TUNNl:LLING 
1 I It I • 173, 1961, 
L&NGUA,11 ENGLISH 

P(R,ORNING ORGANIZATIONISI 
HOTT,HAY AND AND[RSON,CONSULTING ENGlNEEllS,LONOON, 

u.K. 
,uNOING ORGANIZATIONISI 

NlltSEY lUNIIIL JOINT C~H"ITTEE,U,K, 

THIS IN•SITU ltEPOIIT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE ON GOING 
EXCAVATioa o, THE SECOND NERSEY ROAO TUNNEL 
ILIYERPOOL, U•K• I , THE PROJECT IN~ESTIGATEO IS 
UTILIZED FOR HlGHNAY PURPOSES, THE TBH NETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FltAGHENTATION NETHOD S[RVICING PROJECT 
l!:,,OltTS IICLUDU MECHANICAL ABRASION IROUAYI , THIS 
DOCU"[NT INCORPORATES ADDITIONALLY DRILLING EQUIPNENT 
ANO TUNNELING MACHINE CHARACTERISTICS, 



74 

RG00~56 PLANT COMPARISON IN NORWEGIAN SEWER TUNNEL. 
DRAKE, J. 
TUNNELS ANO TUNNELLING 
1 < 3 I, 138-9, L969. 
LA"GUA GE •ENGLISH 

PERFORMING ORGANIZATI CN!SI 
ASTRUP ANO AUBERT AIS,OSLO,~ORWAY 

THIS IN-SITU REPORT CONTAINS CRIGINAL DATA. THE 
UNOERGROUNO OPENING DISCUSSED INCLUCES THE COMPLETED 
EXCAVATION OF THE OPPEGARD SEWER TUNNEL !OPPEGARD, 
NOR WAY> • THE DRILL ANO BLAST !FULL FACEI HETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGMENTATION HETHOO SERVICING PROJECT 
EFFCRTS INCLUDES MECHANICAL ABRASION !ROTARYI , THIS 
OOCUHENT INCORPORATES ADDITIONALLY TUNNELING HACHINE 
CHARACTERISTICS. PERTINENT INF~HHION ON HATERIALS 
HANDLING SYSTEH IS ALSO PRESENTED. 

ROOO~e9 REVIEW OF EFFECTS OF HYPERVELOCITY JETS ANO 
PROJECTILES ON ROCK. 
CLARK,, G. e. Hi\AS, C• J. BRCWN, J. WI. 
MUIR,, C • 0• 
ROCK MECHANIC S ANO EXPLOSIVES RESEARCH CENTER , 
UNIVERSITY CF HISSOURI, ROLLA 
'-ZltPP. • 19&8. 
LANGUAGE I ENGLISH 

PERFORnNG CRGANIZU I ON(SI 
HI SSOURI,UNIVERSI TY OF,ROLLA,HO:U~A 

FUNDING ORGft NIZATION!SI 
ADVANCED RESEARCH PROJECT AGENCY I ARPA I 
DEPT . OF TRANSPORTATION OFFICE OF HIGH SPEEO GROUND 
TRANSPORTATION WASHINGTON,o.c:usA. 

THn LA O-THE ORETICAL REPORT CONTAINS REVIEW DATA, THE 
REPORTED FRAGHENTATICN HETHOOS SERVICING PROJECT 
EFFO RTS INCLUOf JET ABRASION !WATERI, JET A8RASION 
!~ATER CANNON, CONTINUOUS IMPACTI ANO JET ABRASION 
<PR OJECTILES, CONTI~UOUS IHPACTI GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EXCAVATICN 
ACTIVITIES ARE DESCRIBED, THE EXCAVATION 
CHA~ACTER ISTICS FOR CARLEY DALE SANDSTONE A~E 
TREATED, ROCK TYPES REVIEWED INCL UDE BASALT, 
LIMESTONE ANO SANDSTONE , THIS OOCUHENT INCORPORATES 
AOOITIONALLY HECHANICAL PROP ERTIES <LABI DATA. 

R000490 SCIENTIFIC ANO TECHNICAL APPLICATIONS FORECAST-196' 
EXC AVATION, 
WILlIAHSON, T. N, PARISH, V, W. 
OFFICE OF THE CHIEF OF RESE ARCH ANO DEVELOPMENT 
DEPARTMENT OF THE ARNY, WASHINGTON, O. C, 
ftl50PP.,. 1<Jhlt. 
LANGUAGE• ENGLISH 

PERFORMING ORGANIZATI CNISI 
HUGHES TOOL CO,IOIL TOOL OIVISION,RESEARCH DEPT.I, 

HOUSTON,TX:USA. 

FUNDING ORGANIZATION!S) 
DEPT.OF THE ARHY,OFFICE OF THE CHlEF QF RESEARCH 
ANO OEVELOPHENT, WASHINGTON,o.c .;usA . 

THIS THEORETICAL REPORT co•TAINS REVIEW DA TA. THE 
UNDE RGROU ND OPENINGS DISCUSSED INCLUDE THE COHPLETEO 
EXCAVATION OF THE DUTCH STATE KINES !HOLLAND, 
NETHERLANDS!, THE COHPLETEO EXCAVATION OF THE FORT 
RANCELL OAM TUNNELS (H0, 1 USA!, THE COMPLETED 
EXCAVATION OF THE HAROLD 0, R08ERTS TUNNEL !USA!, THE 
COHPLETEO EXCAVATION OF THE THAMES-LEE NATER HAIN 
TUNNEL !LONDON, ENGLAND, U.K.I ANO THE COHPLETEO 
EXCAVATION OF THE WEST DELAWARE TUNNEL (NEW YORK 
CITY, NY., USA! , THE PROJECTS INVESTIGATED ARE 
UTILIZED FOR EXPERIME NTAL EXCAVATIO~, HYDROELECTRIC• 
HINE ANO UNSPECIFIED PURPOSES. THE DRILL AND BLAST 
fFUlL FACE! HETHOO, PERIPHERAi. SAW AND DRILL-BLAST 
HETHOO, PILOT 80RE-CENTER METMOO, RAISE DRIVING 
!BORING HACHINESI HETH00 1 TBM HETHOO AND VERTICAL 
ROTARY METHOD REPRESENT THE EXCAVATION TECHNIQUES 
STUDIED. THE REPORTED FRAGHENTATION HETHOOS SERVICING 
PROJECT EFFORTS INCLUDE CONVENTIONAL EXPLOSIVE 
(UNSPECIFIED!, CONVENTIO~AL EXPLOSIVE (ANHON 
GE LIGINITEI, HE CHANICAL ABRASION <ROTARY!, HECHANICAL 
ABRASION IPERCUSSIONI ANO HECHANICAL ABRASION (ROTARY 
ANO ORAGI , THIS OOCUHENT INCORPORATES ADDITIONALLY 
DRILLING EQUIPHENT ANO TUNNELING HACHINE 
CHA~ACTERISTICS. TBH EXCAVATION AND EXCAVATION 

(CONTINUE OJ 

ADVAN CEMENT RATES ARE ALSO DISCUSSED. GEOSTRUCTURAL 
ANO SOIL CHARACTERISTICS FOR THE REPORTED EXCAVATitN 
ACTIVITIES ARE DESCRIBED, PERTINENT INFORHATION ON 
UNOERGROU~O OPE NI NG SUPPORTS ANO HAT ER IALS HAN□Ll ~G 
SYSTEH IS ALSO PRESENTED. THE EXCAVATION 
CHARACTERISTICS FOR MANHATTAN SCHIST ANO PIERRE SHALE 
ARE TREATED. ROCI( TYPES REVIEWED INCLUDE CHALK 
<ROCKI • COAL, OUBASE, OOLOHITE !ROCXI, GNEISS, 
GRA NITE, IRON 0~, JASPER, LIHESTONE, HARL, MUOSTONE, 
OUART ZITl, SALT, SA NDSTONE, SCHIST, SHALE ANO SLATE , 
THIS OOCUl'ENT INCORPORATES ADDITIONALLY HECHANICAL 
PROPERTIES !LAB! DATA, 

R000491 GREAT CHA•LES STREET ROAD TUNNEL, 
LYONS. A, c. SCOFIELD, J. 
TUNNELS ANO TUNNELLING 
1 ( 1 J, 23-6, 1969. 
LANGUAGEI ENGLISH 

PERFORHING ORGANIZA TI ON (S) 
HALCROW,SIR WILLIAM ANO PARTNERS,CONSULTING 

ENGINEERS,LONDON,U. K. 

FUNDING ORGANIZATION<SI 
BIRHING HAM , SURVEYOR AHO PLANNING OFFICE OF,U.K, 

THIS IN-SITU RE FORT CONTAINS ORIGINAL DATA. TH E 
UNDERGROUND OPE NI NG DISCUSSED INCLUDES THE COMPLETED 
EXCAVATION OF THE GREAT CHARLES STREET ROAD TUNNEL 
!BIRHINGHAH, U.K. l • THE PROJECT INVESTIGATED IS 
UTILIZED FOR TWIN HIGHWAY PURPOSES, THE PARTIAL FACE 
TUNNEL MACHINE METHOD REPRESENTS THE EXCAVATI ON 
TECHNIQUE STUDIED, THE REPORTED FRAGMENTATION "ETHOO 
SERVICING PROJECT EFFORTS INCLUD ES HECHANICAL 
A8RASIO" !ROTARY! THIS DOCUMENT INCORPORATES 
ADDITIONALLY TUNNELING MACHINE CHARACTERISTICS. TBH 
EXCAVATIO~ RATE IS ALSO DISCUSSED, P(RTINENT 
INFORHATICN ON UNDERGROUND OPENING SUPPORTS ANO 
HATERIALS HANDLING SYSTEM IS ALSO PRESENTED. ROCK 
TYPES REV IE MEO INCLUDE SANDSTONE 

R000,93 MEXICAN o•AINAGE TUNNELS. 
AUTHOR ANON, 
TUNNELS ANO TUNNELL ING 
1 I 1 I, 39, 1969, 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZATION< Sl 
HITCHELL CONSTRUCTION KINNEAR HOOOIE GROUP LTD: 

PET EReOROUGH 

THIS IN-SITU RE FORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPENING DISCUSSED INCL UDES THE PROPOSED 
EXCAVATION OF THE HEXICO CITY DRA INAGE TUNNELS 
(HEXICO CITY, HEXICOI • THE PROJECT INVESTIGATED IS 
UTILIZED FOR DRAINAGE TUNNEL PURPOSES, THE SHIELD 
HETHOD REPRESENTS THE EXCAVATION TECHNIQUE STUDIED , 
THE REPORTED FRAGHENTATION HETHOO SERVICING PROJECT 
EFFORTS INCLUDES HECHANICAL A8RASION <ROTARYI • THIS 
OOCUHENT INCORPORATES AOOITIONALLY TUNNELING HACHINE 
CHARACTERISTICS. GEOSTRUCTURAL CHARACTERISTICS AS 
WELL AS SOIL HECHANICAL P~OPERTIES FOR THE REPORTED 
EXCAVATIO~ ACTIVITIES ARE OESCRIBEO. PETROGRAPHY ANO 
ROCK TYPES REVIEWED INCLUDE HYPIOIOMORPHIC 

R000,9~ HINKLEY TUNNELS PRO VE ECONOHICS OF HACHINE FOR SHORT 
DISTANCE TUNNELS, 
PIRRIE, No O. 
TUNNELS ANO TUNNELLING 
1 < L I, ~6-7, l969. 
LAN GUAGE ! ENGLISH 

PERFORMING ORGANIZATION(SI 
HCILPINES,SIR ROBERTS SONS LTD, 

FUNDING ORGANIZATlON!SI 
CENTRAL ELECTRICITY GENERATING BOARD,U,I(. 

THIS IN-SITU REFORT CONTAINS ORIGINAL OITA. THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE COHPLETED 
EXCAVATION OF THE HINKLEY TUNNELS !HINKLEY PT., U.K,I 
• THE PRO.ECT INVESTIGATED IS UTILIZED FOR WATER 
CONVEYANCE !OTHER THAN WATER SUPPLY! P~POSES, THE 
TBH METHOD REPRESENTS THE EXCAVATION TECHNIQUE 
STUDIED, THE REPORTED FRAGHENTATION HETHOO SERVICING 
PROJECT EFFORTS INCLUDES MECHANICAL ABRASION !ROTARYI 
• THIS DOCUMENT INCORPORATES ADDITIONALLY TUNNELING 
MACHINE CHARACTERISTICS , PERTINENT INFORHATION ON 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESENTED, 

(CONTINUED! 



P[UOGRAPHT ANO ROCK TYPES REVIEWED INCLUDE LI~STONE 
IMO HUOSTOHE • 

ROOo~,, COO-T~OtS PONT$ "-E SCeEHE IN 8EL CIUN, 
AUTHOR A NON. 
TUNNELS ANO TUNNf:LLING 
1 , r ,, r,, 19~1. 
LAWGUAGfl !NGLISH 

PEUORH!!,G c•t.ANllAT! CNISI 
COHPAGNif O•E•TRE•RISES C,,,E. IBRUSSELS , ~[LGtUMI 

~EPR(SEkT!NG 
JOINT VENTURE OF Sit COMPANIES I 

FUNDING ORGASl7HIONISI 
M CI !BUREAU ~OUR LHTUOE OE CENTRALES OE PO~PAGE 

EN ARDEHNaSI 
EN AAOENHESl 

THIS IN- SITU RE?OPT CONTAINS tR!GINAL DATA, THE 
UNDERGROUND OPENINGS DISCUSSED rNCLUOE THE ON GoaG 
EXCAVATION OF THE COO-TROIS PONT$ H• E SCHEME, 
UH0£RGROUNO POWE~ STATION OFIBElCIUHI, THE PROPOSED 
EXCAVITIOH OF THE C~O-TROI~ PONT$ ~-E SCHEME, ACCESS 
SHAFT IBHGIUHI, THE COMPLETED EKCAVUION OF THE 
COO• TROIS FONTS H-E SCHEME, VENTILATION TUNNEL OF 
CBELGIUH). THE Pll,OPOSEO EXCAVATIO~ OF THE coo-TROIS 
PONT$ M-E SCHEME, PRESSURE TUNNEL OF (8£LGIUHI , THE 
PROPOSEO EtCAVATION OF THF COO-TROIS PONTS H-E 
SCHEHE, TAILRACE TUNNELS OF CBELGIUHI ANO THE ON 
GOING EKClVATION OF THE COO•TROIS PONTS H•E SCHENE, 
ACCESS TUNNEL Fn~ UNDERGROUND POWER STATION (BELGIUM) 
• THE PROJECTS INVESTIGATED ARE UTILIZED FOR ACCrss 
TUNNEL !SHAFTS ANO lOITS TO HAIN OPENINGI, 
HTOROELECTl!IC ANO ~FNTILATION PURPOSES . THE DRILL ANO 
BLAST !OTHER THIN Full FACE> 'IETHnO REPRESENTS THE 
EXCAVATION TECHNIOUf STUOifD. THf R(PORTED 
FRAGMENTATION 'IETHOC SERVICING PROJECT EHOl!TS 
ll(;LUOES COIIVENT[DHAl fXPLnSIVE CUNSPFCl'1[DI • 
Pfl!TIHENT IHfOIUIAUON OH UHDERGROUNC OPENING SUPPORTS 
IS ALSO PRESEHT~D. PET~OGRAPHT ANO ROCK TYPES 
REVIEW£□ INCLUOE SCHIST , 

R000~19 THE H[~SET OUTFALLS I ~TUC! PTOR UWII! AT 
WARRINGTON, LlNCS, 
PAll'. £5 , G. 
TUNNELS AHO TUNNELLING 
l t I 1, •1~•7, l~II, 
LANGUAGE! EHGLI5H 

Pf RFORMIHG CRGANIZAT !ONCSl 
WARRIHGTOH,COUHTY BOROUGH 01',U,M. 
MITCHELL EROTHERS,SOHS ANO CO,LTD. 

ru NOIHG ORGANIZAT!OH(SI 
WARR-HGTOH,COUHTT BOROUGH OF,U,M, 

THIS lh•SITU ~HO LA0 REPORT CONTAINS ORIGINAL DATA, 
THE UNOERGRn .., N,) OPE HING DI SC US SEO I NCLUOES THE ON 
GOING EXCAV~T:ON OF ThE NERSEY OUTFALL INTERCEPTOR 
SEWER TUNhELS (,IARR!NGTON, LANCASHIRE, U,K, I • THE 
P~OJECT INVEST! G~TEO IS UTILIZED FOR SEWER PURPOSES, 
THE SHIELD HETH,)) KePRfSEHTS THE EXCAVATION TECHNIQUE 
STUDIED, THE REl'OQT(D •RAGHENTATION l!t'THOD SERVICINC. 
PROJECT EFFORTS INr .uoES HANO NINING • GEOSTRUCTURAL 
,No SOIL CHARACTER r STICS f OR THE R!PORTl!O EXCAVATION 
ACTIVITIES ARE DESCRIBED, PERTIIENT INF'OIIIIATIO N ON 
GROUNO CONDITIONS ANO UNDERGRO~ND OPENING SUPPORTS 
ANO MATERIALS HANOLING SYSTEM IS Al.SO PIUSEHTEO, THE 
EXCAVlT JOfj CHUICTE RISTICS ,oR BUNTEII SANDSTONE AA[ 
TREATED, 

RQOOSOl GROUl<O FREEZING FOR TUNNELLING IN WATVI IIUl!ING SOIL 
AT OMTMUNO, GE~MANT , 
8111:AUN• 8. 
TUNNELS AHO TUNN~LLING 
, t 1 I, H•lZ, 1972, 
LANGUAGE• ENGLISH 

PER,ORHING 0Rc.AHIZATIONISI 
1.0E I LNAN•HINIEL GHBH ,OARTMUIID-KUl!L,HAUST[NB[CKE 1, 

P,o,eox llOtZO, 
••• OARTIIUHD-ASSELI N, W , GERHAHT 
2.WIK ANO LIESENHO,F , OORT•UNO- MANl[L , 

RUSCHUUNKSUASSE 99•1011 

P,0,80X 11,,,6 OORTHUND,V.GERMINY 

FUNDING OR'ANIZATIOHISI 
DORTHUNO,CITY o,, M, GERHAN Y 

ICONTXNUEDI 
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THIS IN-SITU REPORT CONTAINS ABSTRACTED ONLY AND 
ORIGINAL DATA, THE UNDERGROUND OPEN INGS DISCUSSED 
INCLUDE T~E COMPLETED !XCAVATION OF THE AL8ERG TUNNEL 
IIUSTRIAt, THE COHPLETEO EXCAVATION OF TH[ HORNISA 
STOIIAG[ SCHEH! , UNDERGROUND OPENINGS IHORNS[A, 
YORKSHIIE U, K, 1, THE COMPLETED !KCAVATION o, THE 
HORNSEA STORAGE SC H!HE , LEACHING MAINS PUMPING SHA'T 
INTA(E CHO~, SEA, YORKSHIR( , U,K.1 , TH[ COHPL!T[O 
EXCAVATIO~ OF T "f HORNSEA STO RAGE SCHUit:, LE ACHHG 
"AINS INTIKE-OUTFALL PIPE TUNNEL IHORNSEA, YORKSHIRE, 
U,K.1, THE CO"PLET(O EKCAVATION OF THE LOHSCHBERG 
TUNNEL ANO THE COHPLETEO [XCAVATION Of THE PRAGUt 
"ETRO SYSTE"• TUNNELS OF IP~AGUE , CZECHOSLOVAKIAI , 
THE PROJECTS INVESTIGATED ARE UTILIZED FOR ACCESS 
TUtlN(L ISHAFT~ ANO AOITS TO HAIN OPE•IHCI ANO SEWER 
PU~POSES. THE CIRCULAR COHCRtTE SlGHENTS SUNK BY 
UNOfRHlNI~G lllTHI• CIRCULAR SHEETPILE CUTOFF HETHOO 
ANO TBM HETHOO REPRESENT THE EXCAVATION TECHNIQUES 
STUDIED , THE REPORTED FRAGHeHTATIOH METHOD SERVICI•G 
PROJECT EFFORTS I NCLUOES HECHJNICAL ABRASION (ROTARTl 
• THIS DOCUMENT INCORPORATES ADDITIONALLY TUNNELING 
HA CHI HE CHARACTER IS IICS , EK CA VAT ION AOVAHCEHE NT RAT E 
IS ALSO OISCUSSEO , GEOSTRUCTURAL ANO SOIL 
CHARACTE~lSTICS AS WELL AS SOIL MECHANICAL PROPERTIES 
FOR THE REPORTED EKCAVAT ION ACTIVITIES ARE DESCRIBED, 
PERTINENT INFORMATION 0~ HHERIALS HANDL IIC SYSTEM IS 
ALS O PRES ENT ED. ROCK TYPES REVIEWED I NCLUDE FROZEN 
SOIL THIS OOCUHENT INCORPORATES AOOITIONALLY 
HECHAHICAL PROPERTIES !LABl DATA, 

ROQO~OS A US MOLE CONTRACTOR#$ VIEWS ON RAPI D EKCiVATION, 
PLANNING ANO CONSTRUCTION PRO BLE" S• 
NORMAN, N, E, 
TUNNELS ANO TUNNELLI NG 
t, ( l I, lt,•S, 1912 , 
LA NGUAGEI ENGLISH 

PERFORMING ORGANI2ATIONCSI 
SANO H CONST~UCTORS INCISOLON,OHIUSA, 

r uNOING ORGANIZATION(SI 
8AT AR[A RAPIO TRANSIT,SAN FRANCISCO,CAIUSA 

THIS IH- 5ITU R[PO~T CONTAINS REVI(W OATA, THE 
UNOERG~OUHD OPENING DI SCUSSlO INCLUDES THE COHPLETEO 
EXClVATIO~ o, THf BAY AREA RAPID TRANSIT PROJECT 
IURTl ISi:CTION UNSPfCIFI EOl CSAN FRAM::ISCO, CA,, 
U$~1 , THE PROJECT INVESTIGATED IS UTILIZED FOR "ETRO 
PURPOSES, THE HANUAL NETHOO ANO TBH METHOD REPRESENT 
THE EKCAVATION TECHNI QUES STUOIEO. THE REPO~TEO 
FRAG"ENTATION HETHOOS SERVICING PROJECT EFFORTS 
I NCLUDE ~A NO HINING AHO MECHANICAL ABRASION (ROTARY) 
SOI L CHUACTERISTICS FOR TH£ REPOIITEO EXCAVATION 
ACTIVITIES ARE DESCRIBED, PETR OGR APHY ANO ROCK TYPES 
REVIEIIEO INCLUDE SANDSTONE ANO SERPENTINE , 

ROOOSl6 EFFICIENT EXCAVATION WITH PARTICULAR REFERENCE TO 
CUTiIHG HEAD DESIGN Of HARO ROCK TUNNELLII«> 
MACHI NES, 
GAYE, F. 
TUNNELS AHO TUNNELLING 
~ c 1 >, 39-~a, 197Z. 
LANGUAGE! ENGLI SH 

PERFORMING ORGANI ZITIONISl 
GAYE, FELIX ICONS UL TANTS IN TUNNELING HACHINE,LONDON, 

u. t<. 

THIS IN-SITU ANO LAS REPORT CONTAINS RE PUBLISHED ANO 
REVIEW DATA. THE UNOERGROUNO OPENINGS DISCUSSED 
INCLUDE THE COM PL ETED EXCAVATION OF THE COOKHOUSE 
TUNNEL (S,A,l!ICAI, THE COMPLETED EXCA VATION OF THE 
OORCHESTn WATER TUNNEL C80STOH, HA., USU, TN[ 
COHPLET!O EXCAVATION OF THE LA ll~EHCE AV[NUf SEIIER 
SYSTEM <CHICA GO, IL,, USAI, THE COHPLETEO EXCAVATION 
o, TME NAGHA COPPU HI NE ISUPERIOlt, U., 1.6AI IND THE 
CONPLET!D !XCAVATJON OF TH! PORT HURON !WAT!R SUPPLTI 
TUNll!L IOETROIT, HI,, USAI • THE PROJECTS 
INVl!STIGATEO UE UTILIZED FOR NINE, SEMER ANO MATER 
SUPPLY TUNNEL PUIPOSES . THE T8H ME THOD REPRESENTS ThE 
EXCA VAT ION T[CHNIDUE STUDIED. THE REPORTED 
FRAGHENTATION NETHOO SERVICING PROJECT EFFORTS 
INCLUDES NECHANICAL ABRASION !ROTARY> , THIS DOCUMENT 
INCORPORATES ADDIT IONALLY TUNNt:LING NACHlNE 
CHARACTEPlSTICS, ,cosT~UCTURAL CHARACTERISTICS FOR 
THE RE PORTED EXCAVATIOH ACT IV ITIES ARE DESCRIBED. THE 
EXCAVATION CHARACTERISTICS FOR ANTRIH SHALE, HOLSTON 
MARBLE !LIMESTONE OR FORHAT I ONll•TENNESSEE HARBLEI, 
INDIANA LIHESTOIIE AND KASOTA SANDSTONE ARI! TREATED, 

ICOIITINUEOI 
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PETROGRAPHY ANO ~oc~ TYPES PEVIEWED INCLUDE ANOESITE , 
ARGILLITE, CONGLOHERATE, LIMESTONE, MARBLE, MUOSTONE, 
QUARTZITE, RHYOLIT E, SANDSTONE, SHALE ANO SILTSTONE , 
THIS DOCUMENT INCORPORATES ADDITIONALLY MECHANICAL 
PROPERTIES <LAql OATA. 

P000507 HISTORICAL ASPE CTS Of TUNNEL LING. 
HAR CING, H. 
TUNNELS ANO TUNNELLING 
<. I 1 1, 53-H, 19 7? . 
LANGU AGE! ENGLI SH 

THIS IN-SITU REPORT CONTAINS REVIEW DATA. THE 
UNOERGROUNO OPENINGS DISCUSSED INCLUDE THE COHPLETEO 
EXCAVATION Of THE ALBERG TUNNEL (AUSTRUl, THE 
COMPLETED EXCAVATI ON OF THE HOOSAC TUNNEL IHA., USAI, 
THE COHPLETEO EXCAVATION OF THE LOHSCHqERG TUN NEL, 
THE COMPLETED EXCAVATI ON Of THE HOUNT CE NIS CfREJUSI 
TUNNEL IFRANCE-ITALYI, THE COMPLETE D EXCAVATION Of 
THE SIMPLON TUNNEL ISWITZERLANO-ITALYI ANO THE 
COMPLETED EXCAVUION Of THE ST• GOTTHARD TUNN EL 
<SWITZERLANG-ITALYI • THE PROJECTS INVESTIGATED ARE 
UTILIZED FOR HIGHWAY ANO TWIN HIGHWAY PURPOSES, THE 
oR ILL ANO BLAST !OTHER THAN FULL fA CEI METHOD 
REPRESENTS THE EXCAVATION TEC HNIQUE STUDIED, THE 
REPORTED FRA GME NT ATION HET HOO SERVICING PROJECT 
EFFCRTS I~CLUOES CONVENTICNAL EXPLOSIVE <BLA CK 
POWCERI SOIL CHA~ACTE RISTIC S FOR THE REPORTED 
EXCAVATION ACTIVITIES ARE DESCRIBED, PETROGRAPHY ANO 
ROCK TYPES H VIE WEO IhCLUOE G~EI SS , KAOLIN ANO SCHIST 

R000506 PRA GUE METRC CONSTRUC TION PROCEEOS TH ROUGH DIFFICULT 
GEOLOGICAL CO NDITIONS. 
AUHOR ANON. 
TUNNEL S ANO TUNNCLLING 
~ ( 1 1, 63-S, 1q1 2 . 
LANGUAGE• ENGLI SH 

PERFORMING CRGANi l ATI CNI SI 
VOONI STAVBY Of PRAGUE ,PRAGUE ,C2ECHOSL OVA KIA 

THIS IN-SITU REPORT CONTAINS ORIGINAL DA TA. THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE ON GOING 
EXCAVATION CF TH E PPAGUE METRO SYSTEM, TUNNELS OF 
(PRAGUE, C7 EC HDSLOVAKIAI • THE PROJECT INVESTIGATED 
IS UTILIZED FOR HET RO PURPCSES. THE SHIELD METHOD 
REPRESENTS THE EXCAVATION TECHNIQUE STUOIEU, THE 
REPOPTEO FRAGHEHTATI ON METHOD SERVICING PROJECT 
F•FCRTS INC LUDE S MECHANICAL ABRASION IROTARYI , TBH 
EXCAVATION RATE IS ALSO DISCUSSED. GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EXC AVATION 
ACTIVITIES ARE DESCRI8EO, PERTINENT INFORHATION ON 
MATERIALS ~ANOLIHG SYSTEM IS ALSO PRESENTED, ROCK 
TYPES REVIEWED INCLUDE ROCK (UNSPECIFIEOI THIS 
DOCUMENT INCORPORATES ADDITIONALLY H[CHANICAL 
PROPERTIES ILABI DATA. 

ROOOS09 PUHPEO STORAGE PLAT AT RACCOON MOUNTAIN IN USA, 
KIMMON S, G. H. 
TUNNELS AN O TUIINELL!N G 
4 I 2 1, 108-13, 1972. 
LAHGUA GEI ENGLISH 

PERFORMING OR GANilHIONIS I 
TENNESSEE VALLEY AUTHORITY 

FUNDING ORGANIZATIONISl 
TENNESSEE VALLEY AUTHORITY,USA, 

T ►IS IN-SITU REPORT CONTAINS ORIGI NAL DATA. THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE ON GOING 
EKCAVATION OF THE RACCOON MOU NTAIN PUHPEO STORAGE 
PROJECT, UhOERGROUNO POWER HOUSE (RACCOON HTN,, TN., 
USAl, THE ON GOING EKCAVATION OF THE RACCOON HOUNTAIN 
PUMPED STORAGE PROJECT, TRANSFORMER VAULT !RACCOON 
MTN., TN., USA>, THE ON GOH:G EXCAVATI ON OF THE 
RACCOON MOUNTAIN PUHPEO STORAGE PROJECT, SURG CHAMBER 
!RACCOON MTN., TN,, USAI, THE ON GOING EXCAVATION OF 
THE RACCOON MOUNTAIN PUHPED STORGAE PROJECT , HAIN 
ACCESS TUNNEL !RACCOON NTN,, TN,, USAI, THE ON GOING 
EXCAVATION OF THE ~ACCOON MOUNTAIN PUMPEO STORAGE 
PROJECT, VENTILATION ANO EMERGENCY EXIT TUNNEL 
( ~ACCOON HTN., TN., USAI, THE ON GOING EXCAVATION OF 
THE RACCOON HOUHTAIN PUMPED STORAGE PROJECT, CABLE 
ANO VISITOR ACC ESS SHAFT !RACCOON MTN,, TN., USAI, 
THEO ► GOING EKCAVAT[ON OF THE RACCOON HOUNTAIN 
PUHPEO STORAGE PROJECT, INTAKE SHAFT AND POWE R PLANT 
CC"NECTING TUNNEL !RACCOON MTN,, TN., USAI, THE ON 

!CONTINUED I 

GOING EXC AVATION OF THE RACCOON MOUNTAIN PUHPEO 
STORAGE P~OJECr, SUR GE CHA>IBER ACCESS TUNNEL I RACCOON 
HTN., TN., USA>, THE ON GOING EXCAVATION OF THE 
RACCOON MOUNTAIN PUMPED STORAGE PROJECT, INTAKE SHA•T 
(RACCOON HTN., TN., USAl, THE OH GOING EXCAVATION OF 
THE RACCCON HOUNTAIN PUMPED STORAGE PROJECT, 
DISCHARGE TUNNEL ! RACCOON HTN., TN., USAI ANO THE ON 
GO ING EXCAVATION OF THE RACCOON MOUNTAIN PUHPEO 
STORAGE P~OJECT, PENSTOCK TUNNELS !RACCOON MTN , , TN., 
USA I THE PROJEC TS I NVESTI GArEO ARE UT Ill zrn FOR 
ACCESS TUNNEL I SHAFTS ANO AOITS TO HAIN OPENING!, 
PUHP STO~AGE ANO VCNTILATION ANO EMERGENC Y EXIT 
PURPOSES . THE DRILL ANO BLAST !LINE ORILLEOI METHOD, 
HEADING ANO BENCH HETHOO ANO RAISE ORIVIhG 
IHECH,PLAT FORHI HETHOD REPRESENT THE EXCAVATION 
TECHNIQ UES STUDIED. THE REPORTED FRAGMENTATION METHOO 
SERVI CING PROJECT EFFORTS INCLUD E CO NVE NT I ONAL 
EXPLOSIVE (TRIHTEXl ANO HfCHANICAL A8RASION I ROTARY I 
GEOSTRUCTURAL CHARACTERISTICS FOR THE REPORTED 
EX CAV ATION ACTIVITIES ARE DESCRIBED. PERTINE NT 
IN FOR MATI ON ON UNDERGROUND OPENING SUPPORTS AN O 
HATERIALS HANDLING SYSTEH IS AL SO PR ESENTED , 
PETROGRAPHY ANO ROCK TYPES REVIEWED INCLUDE LIMEST ONE 
• THIS oocuHENT INC OR PORATE S ADDITIONALLY MECHANIC AL 
PROPERTIE S DATA. 

ROOOSlO EFFICIENT EXCAVATION WITH PARTICULAR REFERENC E TO 
CUTTING HEAD OESIGN OF HARO ROCK TUN NE LLING MACHINES . 
GAY E, F . 
TUNNEL S A• D TUNNELLING 
4 I Z 1, l3S-43, 1972 . 
LANGUAGE! ENGLISH 

PERFORMING ORGANI2ATIONISI 
GAYE,FELI X;CONSULTANTS IN TUNNELING HACHINE,L ONOON , 

U,K . 

THI S LA B•IN-SITU REPORT CONTAINS ORIGINAL DATA. THE 
UNOERGROUhO OPEHING DISCUSSED INCLUDES THE COMPLETED 
EXCAV ATIOh OF THE CLOUD HILL QUARRY I BPEE OON, 
LEICESTER~HIRE, U,K. I • THE PROJECT INV ESTIGAT ED IS 
UTILIZED FOR EXPERIMENTAL EXCAVATION PURPOSES . THE 
TBH HETHOD REPRESENTS THE EXCAVATION TECH NIQUE 
STUDIED, THE REPORTED FRAGMENTATION HETHOO SERVICING 
PROJECT EFFORTS INCLUDES Hc CHANICAL ABRASION IROTARYI 
• THIS DOCUMENT INCORPORATES ADDITIONALLY TUNNELING 
MACHINE CHARACTERT,Tics. GEOST~UCTURAL 
CijARACTERISTICS FOR THr. REPORTED EXCAVATION 
ACTIVITIE S AR E DESCQ IBEO, THE EXCAVATION 
CHARACTE RISTICS FOR BREED ON LIHESTONE ARE TRE ATED. 
ROCK TYP ES REVIEWED INCLU0E IRON ORE. THIS DOCU MENT 
INCORPO RATES ADDITIONALLY ~ECHANICAL PROPERTI FS ILABl 
DATA, 

ROOOSll SPAIN I HAOIHO HETRO, CURRENT WORK, 
GONZALEZ, J. H, G. 
TUNNELS ANO TUNNELLING 
4 < 2 , • 147-51, 1972. 
LANGUAGEI ENGLISH 

PERFORMING ORGANIIATIOHISI 
MINISTR~ OF PUBLIC WOR~S , OEPT.OF RA I L CONSTRUCTION, 

HAORIO,SPAI N 

FUNDING ORGANIZATIONISI 
SPAIN ,GOVT, Of 

THIS IN-SITU REPORT CONTA INS ORIGINAL DATA. THE 
UNOERGROUIIO OPENING DISCU SSED INCLUDES THE ON GOihG 
EXCAVATION OF THE HAORI O SUBWAY TUNNELS IHAORIO, 
SPAINI THE PROJECT INVESTIGATED I S UTILI ZEO FOR 
HE TRO PURPOSES, THE HEADING ANO BENCH HETH OO ANO 
SHIELD HETHOD REPRESENT THE EXCAVATION TECHNIQUES 
STUDIED. THE REPORTED FRAGMEN TATION METHODS SERVIC ING 
PROJECT EFFORTS INCLU DE CONVENTIONAL EXPLOS IVE 
(UNSPECIFIEOI ANO HECHAN!CAL ABRASION !ROTARY> • !BM 
EXCAVATION RATE IS AL SO DISCUSSED, GEOSTRUCT URAL 
CHARACTER ISTICS FOR THE REPORTED EX CAVATION 
ACTIVITIES ARE DESCRI BED, THE EXCAVATION 
CHARACTERISTICS FOR HIGA, PENUELAS SHA LE, 
SARHANT IE IISE AND TOSCO ARE TREATED. PETROGRA PHY ANO 
ROCK TYPES REVIEWED INCLU DE CLAY ANO SANO• 

ROOOSl, CHAPTER YI, ECO~OMIC A~ALYSIS OF HEAT-ASSISTED 
TUNNEL BOHNG HACHINES. 
CARSTENS, J, P, DAVIS ON , w. R. BROWN, C. A, 
SMIT~, A. R. MC GARRY, F, J, 
UNITED AHCRAfT CORP., EA ST HARTFORD, CONNECTICUT 
277-311, 1970. 

ICONTIHUEDI 
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I Pf•197 Z~3, UA~L•REPT, J•970802•12, FIU•IH•71•63 I 
LANGUAGE• ENGLISH 

PERFORHING CRGANIZHI ONISI 
UHITEO AIRCRAFT RESEARCH LABIE,HARTFOAO,CTIUSA, 

FUHOIHG ORGAN17.ATIONISI 
U,S , GOVTIO[PT,O• TAlNSPO~TlTION 

THIS IN• SITU, LA8•IN•SITU•THEORETICAL ANO LAA REPORT 
CONTAINS ORIGINlL ANO REVIEW CATA, THE UNOEAGROUHO 
OPENINGS OISCUSSEO INCLUDE THE COMPLETED EXCAVATION 
OF THE AZOTEA TUNNEL IJUAN•CHAHA PROJt:CTl IN,CEN,NM., 
USAI, TH[ co•PLETEO EXCA VATION OF THE BAY AREA RAPID 
TRANSIT PIIOJ!CT (BART i !SECTION UNSP!CI,IEOI fSlN 
•RANCISCO, CA., USA!, THE COHPLET£0 EXCAVATION o, TH! 
aLANCO TUHNH IJUAN•CHAMA PROJCCTl IM,C[N,NH,. USAI, 
THE COHPLETEO EXCAVATION o, THE CHICAGO SEW(A SYSTEH 
!CHICAGO, IL,, USA!, THE COHPLETEO EXCAVATtON OF THE 
MHHER e ~I NE I NAUG,\UNEE, l<I,, USA), THE COHPL!T[O 
OC~VATION OF THE oso TUNNEl. ,co.. USAI. THE 
COMPLETED EXC~VATION OF THE PHILACELPHIA SEWER, TH£ 
COHPLETEO EXCAVATtOH OF THE ST.LOUIS METRO S!NER 
OISTIUCT (ST,LOUTS, • a., USA! AND THE COHPLETEO 
EXCAVATION 0~ THE TUNNEL N0,1, NAVAJO INDIAN 
IRRIGATION PROJECT INH,, USAI , THE RUSE OIUVING 
180RING HACHINESl METHOD ANO TBH H(THOO REPRESENT THE 
EXClVl TION TECHNIQUES STUDIED, THE Rf'PORTEO 
FRAGMENTATION 'IHHOO S SERVICING PROJECT [~FORTS 
IHCLUOE HE:CkANICAL ABRASION IROTARYI, THERHAl.•RAOU IIT 
(COHERENT LlGHT•USERl ANO THE'IMAL•RA OIANT IEL!CT'ION 
8EAHI THIS OOCUHENT INCORPORATES AOOITIOHALLY 
TUNNEl.ING HACHIHE C•ARACTERISTICS, TBH EXCAVATICN 
RAT F IS ALSO OISCUSSEO, GEOSTRUCTURAL CHARACTERISTICS 
FOR THE REPORTEO EXCAVATinN lCT IV !TIES ARE DESCRIBED, 
THE EXCAVATION CHARACTERISTICS FOR BARRE GRANIT! A~E 
TREATED, PETROGRAPHY ANO ROCK TYPES REVIEWED INCLUDE 
GR4NITE ANO ROCX IUNSPECIFIEOI THIS OOCIJHENT 
INCORPORATES ADDITIONALLY MECHANICAL PROl'f:"TIES ll.UI 
DATA, 

ROOO'Sll SEMIANNUAL TECHHICAL REPORT FOR ARPA CONTRACT 
H02100l'S REVIEW ANO CRITIClL ANALYSIS OF THE 
STATE•OF•THi•ART IN UNDERGROUND NORKS CONSTRUCTION■ 
OOOOS, R, k, 
AOVANCEO RESEARCH PROJECTS AGENCY 
1Z7PP,, 1971, 
f AAP.1•1<;79 I 
LlNGUAG£1 ENGl.ISH 

PERFOIIMING CRGANIZATIONISI 
1,0RACE•WI NS TON 
HlRZA ENGINEERING 
6ECHTEl. IHCl~O,ijEALE STIS•N 'RANSISCO,CA19~119 
HARO!M,PAUL ANtIHC, 
OIXON,l.,EICO, 

FU NDING OR~A~JlAf!ONISI 
OREGON STAT( Hlc~•AY OEPTIORIUSA, 
SEATTL! POWER ••D LIGHT COISEATlLl 1 NAIUSA■ 
TACOMA,CITY OF,•A!USA, 
EUGENE WATER ANO ~lECTAIC BOARO,EUGENE,ORIUSA, 

THIS IN• SITU REPoRr CONTAINS REVIEW DATA. THE 
UNOERGROUNO OPEHIHG~ ,,!SCUSS£0 INCl.UOE THE COMPLETED 
EXC.IVATION OF THE ClRH<N-SHITa DIVERSION ANO POWER 
TUIINEL fLAHE CO., OR,, USAI, THE COHPLETEO EXCAVATION 
OF THE EQUIPHEHT CHAMBERS AND TUNNELS IBOUMOlRY OAK 
PROJECTl IPENO OA~Il.LE CO., WA,, USA!, THE CO MPLETED 
EXC,\VATION OF THE LAGRANOE POWER TUNl£L (PIERCE CO., 
WA,, USAI, THE COHPLETfO EXCAVATION o, THE HOSSY ROC( 
DIVERSION TUNNELS CLEWIS CO,, WA ■ , USAI AND THE 
COMPLETED EXCAVATION Of THE VISTA RIDGE TUNNEL 
f IOJL THOMAH CO, ■ OR,, USAI , THE PROJECTS IH'll!STIGAT!D 
ARE UT IL ll[O FOR HIGHWAY •HO kY0110£Ll!:CTRIC PURPOSES, 
THE CRILL AND Bl.AST C,Ul.L FACE! NETNOO AND HEADING 
ANO BENCH HETHOO REPRESENT THE EXCAVATION TECHMIQU(S 
STUDIED, THE REPORHO FRAGHl!:NTATION HETHOO S!RVICING 
PROJECT EFFORTS INCLUDES CONVENTIONAL EXPLOSIVE 
IUNSPECIFIEOI • GEOSTRUCTURAL CHARACT[RISTICS POR THE 
REPORTEO EXCAVATION ACTIVITIES AR! OESCIIIBEO, 
PERTINEHT INFORMATION ON GROUND CONDITIONS ANO 
UNDERGROUND OPENIN, SUPPORTS rs ALSO PR(SENT!D, 
PHROGRAPHT AND ROC~ TYPES REVIEN!C IMCLUOI!: 8ASALT 
ANO LI NEST ONE • 

ROOO'Sl7 A STRUCTUl!•L INT[RPR!TATION OF THE GARLOCK F•IJLT ZONE 
AT THE T!HACHAPI CROSSIIIG, 
P[T,~S, Ce He~. 

CCONTINUEDI 

PROC, 1ST NORTH AMER, RAPID EXCAUTION TUNNELING 
COHF, 
1, 133•55 , 197l, 
LANGUAGE• ENGLISH 

PERFORMING ORGANl2ATIONISI 
P! TERS,C,H,FICONSUL TAHTS ,SAH FRAHSISCO,CAIUSA, 

FUNDING ORGANIZATION(SI 
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CALlFOOU, STATE OF, tEPT, OF WAT!A USOIJRCES,CAI 
USA, 

THIS IN•SITU•THlORETICAL ANO THEORlTICAL REPORT 
CONTAINS CRIGINll. ANO REVIEW OAU, THE UNDERGROUND 
OP!NINGS OISCUSSED INCLUDE THE COMPLETED EXCAVATION 
o, THE CARL!Y V■ PORTER TUNNEl. ADIT ICA■ AQUEDUCT 
SYSTEKJ tCA., USA! ANO THE CONPL ETEO EXC AVATION OF 
TN! TECHACHAPI TUNNEL NO,l ICA , , USAI , THE PROJECT S 
INVESTIGATED ARE UlILIZ[O FOR EXPLORATORY TUNNEL ANO 
NAT!R SUPPl.V TUNNEL PURPOSE S, THE DRILL ANO BL•ST 
truu FACEI NETHOO ANO HEADING ANO BENCH NETHOO 
REPRESENT THE EKCAVATIDN TECliNIQUES STUDIED, THE 
REPORTfC FRAGIIE NTATION METHOD SERVIC ING PROJECT 
EHORTS lhCl.UOES CONVENTIONAl. EXPLOSIVE IUNSPECIFI~OI 

GEOSTRlCTURAL CHARACTERIST ICS FOR THE REPORTED 
EXCAVATION ACTIVITIES ARE DESCRIBED , PERTINENT 
lN'ORMATJCN ON GR OUND CONDITIONS ANO UNOERGROUNO 
OPENING SUPPORTS IS ALSO PRESENTED, THE EXCAVATICN 
CHARACTERISTICS FOR PELONA SCHIST ANO TEJON LOOKOUT 
GRANITE ARE TREATED. PETROGRlPHY ANO ROCK TYPES 
REVIEWED INCLUDE OIORITE, FAULT GOUGE, GNEISS, 
GRANITE ANO SCH 1ST , THIS OOCUHENT INCORPORATES 
AOOITIONALLY HECHAMICA l. PROPERTIES DATA, 

RODOS21 GEOPHTSICll. MEASUREMENTS RELATED TO TUNNELLING, 
SCHWARZ, S, D, 
PROC, 1ST NORTH A"ER. RAPID EXCAVATION TUNNELING 
CONF, 
1, 19'S·ZOI, 197Z, 
LANGUAGE! ENGLISH 

P[RFORNlNG OAGANI ZATION(S I 
SHANNON ANO WILSON I NCI SEITTLE , WAIUSA, 

,uNOING ORCANIZATIONISI 
DETROIT,CIH OF,OEPT,OF WATER SUPPLT,OETROIT,HI; 

USA, 

THIS IN•HTU•THEORETlCAL RE PORT CONTAINS OIUGIHAL 
DATA, THE UNDERGROUND OPENING DISCUSSED INCLUDES THE 
COMPLETED EXCAVATION Or THE PORT HURON (WATER SUPPLY! 
TUNNEL IOETROIT , NI,, USAI • THE PROJt:CT INVESTIGATED 
rs UTI LI ZED FOR WATER SUPPLY TUNNEL PURPOSES , THE T8H 
NETNOO R[FRESENTS THE EXCAVATION TECHNIQUE STUDIED, 
TH! REPORTED FRAG MENTATION NETHOO SERVICING PROJECT 
£,FORTS INCLUO!S H[CHAHICAL ABRASIO N !ROTARY! 
GEOSTRUCTURAL CHARACTERISTICS rOR THE REPORTED 
EXCAVATIO~ ACTIVITIES ARE DESCRIBED, PERTINENT 
I NFORHATICN ON GROUND CONDITIONS IS ALSO PRESE NT ED, 
THE EXC.YATtON CH&R•CTERISTICS FOR ANTRIH SHAl.E A~E 
Tllf•TEO, PETROGRA,HV ANO ~OCK TYPES RE VIEWED INCLUDE 
SHALE, 

ROOD'SZ9 SOFT GROUND TUNNELS FOR THt BART PRO.JfCT, 
KUESEL, T, R. 
PROC, 1ST NORTH AMER . RA PID EXCAVATION TUNNELING 
CONF■ 
1, Z87·l1l, 197Z, 
LANGUAGE! ENGLISH 

PERFORMING ORGAN12ATION<SI 
PARSONS,IIIIINCKE•HDFF,QUAOE ANO ODUGL.S , EN,tNEERS , 

NEIi YORK ANO 
SAN FUNCISCOIUSA, 

FUNDING o•GANIZAT ION(SI 
BAY AR£A RA,ro 1RANSI1,SAN fRANCISCO,CAIUSA 

THIS IN•SITU•THEORETICAL REPORT CONTAIN; ORI GINAL 
DATA, TH! UND!,GROUNO OPEN ING DI SCUSSED INCLUDES THE 
COMPl.ETED EXCA VATION OF THE BAY AREA RAPID TRANSIT 
PROJECT f8ARTI [NARKET ANO PIISSION STREET SECTIONS I 
ISAN rRANCISCO, CA,, USAI • THE PROJECT IHVESTlGATEO 
rs UTILIZED FOR NETRO PURPOSES. TH! SHIEl.O PIETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPO"T!O 'RAGIIENTATION PIETHODS SERVICING PROJECT 
,,,oRTS r NCLUDE H•NO MI NI HG ANO HECHANICAL AIIRASI ON 
,,or&RYI • SOIL CHARACTERISTICS FOR THE REPORTED 
EXCAVATION ACTIVITI!S A~E DESCRIBED, PERTINENT 

I CONTI MU!OI 



78 

INFORMATION ON 
OPENING SUPPORTS 
ROCK TYPES 
SERPE NTINITE , 

GRO UND CONOITIOhS 
IS ALSO PRESENTED, 
REVIEWED IICLUDE 

ANO UNOERGROUHO 
PETROGRAPHY AHO 
•sAHOSTONE ANO 

ROOOS30 PERFORMANCE Of SOFT GROUND TUhHEL ON THE WASHINGTON 
MET RO, 
HANSNIREt M, H. COPOING 9 £ . J. 
PROC. 1ST NOPTH A~ER, PAPI□ EXCAVATION TUNNELING 
C CNF, 
1, Ht-e9, 1972, 
LAN GUAGE • ENGLISH 

PERFORMING CRGANIZATIONCSI 
ILLJNOIS,UNIVERSITY OF,UR8ANA,IL:USA 

FUNDING ORGANIZArio•<SI 
WASHINGTON HETRO ,WA SHINGTDN, □ ,c:usA, 

THIS IN-SITU REPOR T CONT A INS CRIGJNAL DATA, THE 
UNOERGRGUND OPFNING CISCUSSEO INCLUDES THE ON GOING 
EX CAVATION OF TH~ WASHINGTCN HETRO PROJECT B-V 
(WA SHINGTON, O,C,, USA) , THE PROJECT INVESTIGATED IS 
UTILIZE □ FOR HETRO PURPCSES, THE SHIEL□ HETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGMENTATION METHOD SERVICING PROJECT 
EFFORTS INCL UDES MEC HANI CA L ABRASION IUNSPECIFIE□ l , 
GEOSTRUCTURAL AND SOIL CHARACTFRISTICS FOR THE 
REPORTED tiCAVATION ACTIVITIES ARE DESCQIBEO , 
PERTINENT I IFORMATION ON UNDERGROUND OPENING SUPPORTS 
ANO MATERIALS HANDLING SYSTEM IS AL~O PRESENTED, 

R000531 THE THRESHOLO OF THE SEVENTIE5 , THE EAST b~RO STREET 
TUNNEL, 
ClSEV, E, F, 
PROC, 1ST NORTH AHER, RAPID f XCATION TUNNELING CONF, 
1, 419-JT, 1qrz . 
LANGUAGE I ENGLISH 

PERFOR •ING CRGANIZATJON( SI 
NEW YORK CITY TRANSI T AUTHORITY 

<UND ING oRGANIZATIONISI 
NEW YORK CITY TRANSIT AUTHORITY 

THIS REPORT CONT AINS ORIGINAL DATA, THE UNOERGROUHO 
OPE NING DISCUSSED INCLUDES THE ON GOING EXCAVATION OF 
TH E EAST 63RO STREET TUNNEL (NEW YORK, NY,, USA! 
THF PROJECT INVESTIGATE□ IS UTILIZED FOR VEHICULAR 
TUNNEL <RAILWAY ANO SUBWAY, 2 LEVEL> PURPOSES, THE 
Hf ADIN G AH C BENCH NETHOO REPRESENTS THE EXCAVATION 
TECHNIQUE STUDI ED, THE REPORTED FRAGHENTATION HETHOD 
5ERVICING PROJECT EffORTS INCLUDES CONVENTIONlL 
EKPLOSIVE !N,G,1 PERTINEIIT INFORHATIOH ON 
UNDERGROUND OPENING SUPPORTS ANO HATERIALS HANDLING 
SYSTEH IS ALSO PRfSENTEO, PETROGRAPHY AND ROCK TYPES 
REV IEWED INCLUO[ GNEISS, LIHESTONE AND SCHIST • 

R000534 CONTROLLED ELASTIHG TECHNIQUES FOR THE CHURCHILL 
FALLS UNOERGROUNO COMPLEX, 
G•GNE, L. L. 
PROC. 1ST NORTH AMER, RAPID EXCAVATION TUNNELING 
C CNF, 
1, 739-h4, H72, 
LANGUAGE I ENGLISH 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA , THE 
UNDERGROUND OPENI NG DISCUSSED INCLUCES THE COHPLETEO 
f'CAVA TION OF THE CHURCHILL FALLS UNDERGROUND 
CHAMBERS ICANAOA) THE PROJECT INVESTIGATED IS 
UTILIZE□ FOR HYDROELECTRIC PURPOSES, THE AUSTRIAN 
HETHOO, □RILL ANO BLAST !FULL FACE) METHOD AND PILCT 
BORE-INVERT HETHOD REPRESENT THE EXCAVATION TECHNIQUE 
STUDI ED , THE REPORTED FRAGMENTATION HETHOD SERVICING 
PROJECT EFFORTS INCLUDES CONVENTIONAL EXPLOSIVE 
<CILGEL) THIS OOCUHENT INCORPORATES ADDITIONALLY 
TUNNELING HA CHI NE CHARACTER ISTICS , EXCAVATION 
AOVANCEHENT RATE IS ALSO CISCUSSED, PfTROGRAPHY ANO 
ROCK TYPES REVIEWED I NCLUOE GNEISS , 

R000535 TUNNEL EXCAVATION GRANO COULEE THIRD POWERPLAIH, 
OUCI(, 0, J, 
PR OC , 1ST NORTH AHER, RAPID EXCAVATION TUNNELING 
CONF, 
t, 7bS-83, 1972, 
LANGUAGEI ENGLI SH 

PERFORMING ORGANIZATIONISI 
l,GIBBONS AHO REED COi 

! CO NTINUED) 

2,JELCO,INC, 
l,ORAVO 
2,LOC•HEEO 
3,HANNIX 
ft.VINNEL 

FUNDING O•GANIZAT!ONIS) 
U,S, 8UREAU OF RfCLAHATION 

THIS IN-SITU RE PORT CONTAINS ORIGINAL OAlA, THE 
UNOERGROU~O OPENING OISCUSSEO INCLUOES THE COMPL ETED 
EXCAVATION OF THE TUNNELS OF GRAND COULEE THIRD POWE R 
PLANT (GRANO COULEE OAH, WA,, USAI , THE DRILL AND 
BLAST (FULL FACEI HETHDD, PILOT SORE-CENTER METHOD 
ANO RAISE ORIVIHG IMECH,PLATFORHI METHOD REPRE SENT 
THE EXCAVATION TECHNIQUES STUDIEO, THE REPORTED 
FRAGH[NTATICN HETHOO SERVICING PROJECT EFFORTS 
INCLUDE S CONVENTIONAL EXPLOSIVE IUNSPECIFI EO I 
EXCAVATIO~ ADVA NCEMENT RA TE IS ALSO DISCUSSED . 
PERTINENT INFORMATION ON HATERIALS HANDLING SYSTEM IS 
ALSO PRESENTED, PETROGRAPHY AND ROCK TYPES PEVl £ WEO 
INCLUDE ~RANITE THIS DOCUMENT INCORPORATES 
AOOITIONAlLY MEC+iAN ICAL PROPERTIES ILABI OATA, 

R000794 MINING RY HYDRAULIC JET, 
BAKER, J, H, 
HJNING CONGR , J, 
45 ( 5 ,, 45-&, 'i2, 19c;q,. 
LANGUAG EI ENGLISH 

PE RFORHING ORGA NIZATION( SI 
AMERICAN GILSCNITE CO, 

FUNDING ORGANTZATJONISI 
AHE RICAH GILSONI TE CO, 

THIS IN-SITU REFORT CONTAINS ORIGINAL DUA. THE 
UNDERGROUND OPENIHG OISCUSStO INCLUOE5 THE COHPL ETED 
EXCAVATIOI OF THE AHERICAN GILSONITE HINE <CO,, US AI 
THE REPO•TED FRAGHENTA T ION HE THOO SERVICING PROJECT 
EFFORTS HCLUOtS JET ABRASION IWATERI • THIS OOCUHENT 
INCORPORATES ADDITIONALLY TUNNELING HACH I NE 
CHARACTERISTICS , GEOSTRUCTURAL CHARACTERI5TICS FOR 
THE REPORTED EXCAVATION ACTIVITIES ARE DE SCRIBE□ , 

PERTINENT INFORHATION ON UNDE RGROU ND OPE NING SUf'PCRTS 
AND HATE•IALS HANDLING SYS TEM IS ALS O PRESENTED. T~E 
EXCAVATION CHARACTERISTICS FOR VINTA H FORMATION ARE 
TREATED, • □cK TY PE S REVIEWED INCLUDE GlLSOH!TE • HtlS 
OOCUHENT INCORPORATES AODITIONALLY HECHANI CAL 
PROPERTIES DATA, 

R00079b THE MECHANICAL EXCAVATION OF ROCK- EX P[RI HENTS WITH 
ROLLER CUlTERS, 
TEALE, R, 
INT, J, ROCK MECH. HIN, SCI, 
1 ( ~ ,, 63-7& , 1g64. 
LANGUAGEI ENGLISH 

PERFORHING ORGANIZA TI ON(Sl 
NATIONAL COAL BOARO,U,K, 

FUNDING ORGANIZATION !SI 
NATIONAL COAL BOARO,UoK, 

THIS LAB REPOR T CONTAINS ORIGI NAL OATA, THE REPORTED 
FRAGHENTATION METHOD SERVICING PROJECT EFFORTS 
INCLUOES MECHANICAL ABRASIO~ IROTARO , THIS DOCUMENT 
INCORPORATES AOO!TIOMLLY TUNNELING MACHHE 
CHARACTERISTICS, GEOSTRUCTURAL CHARACTERISTIC$ FOR 
THE REPORTED EXCAVATION ACT IVITIES ARE DESCRIBED, THE 
EXCAVATIO~ CHARACTERISTICS FOR DARLEY DALE SAN DS TONE 
ANO PENNANT SANDSTONE ARE TREATED, ROCK TYPES 
REVIEWED INCLUDE SANDSTONE 

R000797 A LABORATORY INVESTIGATION OF ROCK CUTTING USIN G 
LARGE PIC •S, 
BARt<ER, J. S. 
INT• J. ROC)( "ECH. l'!IN. SCI• 
l C It ) , 519-34, 1964, 
LAHGUAGEI ENGLISH 

PERFOP.MING ORGANIZATION!SI 
NATIONAL COAL BOARD,U,K, 

FUNDING ORGAHIZATJON(SI 
NATIONAL COAL BOARD,HINING RESEARCH ES TABLISHME NT, 

U,K. 
BOARD, U.tt. 
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TH[S L•e REPORT COltT AlNS ORIGiltAL o•T.A. THE PROJECT 
INVESTIG•TED IS UTILIZED FOR EXPERIMENTAL Exc•v•TION 
PURPOSES. THE REPORTED F1t•GM£NHT ION IE:THOO SERYICHG 
PROJECT EFFORTS INCLUDES HECH.NICAL AeRASION CRoT•RYl 
• THIS DOCUMENT IIICOltPORATES ADDITIONALLY TUNNELUG 
H•CHINE CHARACTEltISTICS, THIS DOCUMENT INCORPORATES 
ADDITIONALLY HECHAHIC•L PROPERTIES ILABI DATA, 

ROOOH9 HUO ROCK TUNNEL 80RI NG NOYES AHEAD, 
•UTHOR ANON. 
ENGR, HINING J, 
163 I S lo 172•3, 1962, 
L•NGUAGEI ENGLISH 

THIS THEORETICAL REPORT COHHINS OSTIIACTEO ONLY 
OAT•• THE UNOCltGROUNO OPEltINGS DISCUSSED IltCLUDE THE 
CO~PLCTEO Exc•v•TION o, THE GREAT LAKE POMEll 
OEVELOPH[ltT CTASHANIA, AUSTllALIAl, HANGLA DAN 
DIVERSION lltO POMU TUNNELS IPOISTAIO, POTOMAC 
INTfllCtPTOR SEWERS •tto SOUTH SASKATCHEWAN RIVER DAN• 
THE PROJECTS INVESTIGA1£0 AR[ UTILIZED FOR 
MYo,oEL!CUJC, S[M!II ANO UNSP(C1'IEO ltUllPOSIS, THE 
TSM HETHOO REPRESENTS THE EiCAVATION TECHNIQUE 
STUDifD. THE R[POllTCO FUGHENTATION METHOD SERVICING 
PROJECT E"OllTS IltCLUOES HECHAltICAL AeltASION !ROTARY! 

THIS OOCUl1ENT INCORPORATES ADDITIONALLY TUNNELING 
MACHINE CHA,ACTERISTICS, T8H EXCAVATION RATE IS ALSO 
DISCUSSED, PETROGRAPHY ANO ROCK TYPES REVIEMEO 
INCLUDE CLA~STONE, NUOSTONE, SAltOSTONE AND SH•LE , 
THIS DDCU"ENT INCORPORATES ADDITIONALLY "ECHANICAL 
PROPERTIES !LAB> OATl, 

ROOOIDO RAISE BORER, 
AUT~OI! ANON, 
ENGR. MINING J. 
163 I lZ >, 71•9, 196Z, 
LANGUAGE! ENGLISH 

PERFORNIHC; ORGAHIUTtONISI 
l,R088INS,JAHES SIANO •SSOCIATES 
t,SECURITY ENGINEERING DIVISION 

THIS IN•SITU REPORT CONTAINS ORIGINAL DATA, THE 
PROJECT INVESTIGATED IS UTILIZED FOR NINE PURPOSES, 
THE RAISE OSIVING !BORING HACMIN!SI "ETHOO REPRE$!NTS 
THE EXCAVATION TECHNIQUE STUDIED. THE REPOJHEO 
FRAGMENTATION NETHOC SERVICING l'IIOJECT EFFORTS 
UCLUOES HECHANIClL ABRASION !ROTARY! , THIS OOCUH[NT 
INCORPORATES lDDITIONALL Y TUNN!LING "ACHIN£ 
CH•RACTERISTICS, T8" EXCAVATION RATE IS ALSO 
DISCUSSED, ROC~ TYPES REVIEWED INCLUDE TACONITE, 

ROODIOl HARD ROC~ NOLE TEAMS UP WITH RAISt 9011111 TO H!LP 
OEVELo~ MOHEll•WAUSECA IRO~ NIii[, 
CANNON, I< . E, 
F.NGR, MINI NG J. 
161 I l 1, 1~•7• 196,, 
LANGUAGE I ENGL IS~ 

P[RFOIIMINC CRGA NIZATIONISI 
DRESSER INOUST'<I ES,SfCURITY ENGIIIEUINi OIYISIOlt o, 

FUROING ORGANIZATI Ohl SI 
DRESSEi I~OUSTRIES, SECURITY EHGil€ERIIIG DIVISION 

T ►IS IN•SITU REPORT CONTAINS CIUGINAL DATA, THE 
UNOEIIGROUNO OPENINGS DISCUSS£0 [NCLUOE THE ON GOING 
EXC.VATION CF THE HOMER•WAUSEC• IRON MINE IHI• I •110 
THE PROPOSED EXCAVATION OF THE HOIIEll•WAUSECA IRON 
NINE IHI,> , THE PROJECTS INVESTIGATED ARE UTILIZED 
FOR HIit£ PURPOSES, THE RAISE DRIVING (B ORING 
HACHINESI ~ETHOO ANO TSH METHOD REPRESENT THE 
EXC•VATION TECHNIQUf:S STUDIED, THE REPORTED 
FRAGIIENTATION NtTHOD SERVICING PROJECT t,,011TS 
INCLUOES MECHANICAL ABRASION IROTARYI , THIS DOCUMENT 
INCORPORATES ADDITIONALLY TUIINtLiltG M-.;NINE 
CHAIACT[RISTICS, T8H [XCAVATION RAT! rs ALSO 
DISCUSSED, IltF°"'MATIOlt Pt,TIN[NT TO EXCAVATION COST 
IS GIVEN. PETROGl•PHY ANO ROCK TYPES UVIENEO IIICLUOE 
IRON OIE, THIS OOCUNEltT INCORPORATES AOOlTIONALLY 
MECHANICAL PROPEITIES ILAII DATA, 

ROOOaoz FOR SHAFT SINKING••• SPECIAL CENTENNIAL UP~T. 
OELLIN,ER, T, 8, 
£NGA, MIMING J, 
161 I l >, 16•&6, 19,1, 
LAIIGUAG[t EN,LISH 

ICONTIHUIDI 
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THIS IN•SITU•THEORETICAL REPORT CoNTAiltS REVIEN DUA, 
THE PROJECT INVESTIGATED IS UTILIZED FOR UltSPECIFIED 
PURPOSES, THE TUM METHOD REPRESENTS THE EXCAVATICN 
TECHNIQUE STUDIED, THE REPORTED FRA,MENTATION HETHOO 
SERVICING PROJECT EFFOltTS INCLUDES NECHANICAL 
ABRASION IROTARYI • THIS OOCUNENT INCORPORATES 
ADDITIONALLY TUNNELING MACHINE CHARACTERISTICS, TBN 
EXCAVATION RATE IS ALSO DISCUSSED, PERTINENT 
INFORNATICN ON UNDERGROUND OPENING SUPPORTS ANO 
MATERIALS HANDLING SYSTEM IS ALSO PRESENTED, 
PETROGRAP ►Y ANO ROCK TYPES REVIEMEll INCLUDE 
LIMESTONE, SANDSTONE ANO SHALE , THIS DOCUMENT 
IltCORPORATES ADDITIONALLY MECHANICAL PROPEIITitS ILABI 
DATA, 

ROOOIOJ THE GEOTECHNICAL APPLICATION OF ARTIFICIALLY PRODUCED 
HYDRAULIC IR!AK•UP TO SOILS, 
OONJAN, J, 
ACTA TECH, ACAO, SCI,, HUNG, 
63 I 1-~ >, '!11-60, 1911, 
LAltGUAGEt EN,LISH 

THIS IN•SITU•TH[OIETICAL REPORT CONTAINS l[VIEM D•TA, 
THE REPORTED ,11AGMENTATION IIETHOO SERVICING PROJECT 
E,roRTS INCLUDES JtT ABRASION INATEJII SOIL 
CHMtACTERISTICS ,oR THE l!PORT[D EXCAVATION 
ACTIVITIES AR[ DESCRIBED, 

RODOID• UNDERGROUND GASIFICATION OF COAL, HYDRAULIC 
'RACTURING AS NtT~OO OF PREPARING A COALBED, 
CAPP, J, P, ELER, J, L, PEARS, C, D, 
LOWE, R, M, PLANTS, K, D, FIES, N, H. 
U, S. BUREAU OF NINES, REPORT OF INVEST1'ATION 
SOPP,, 19ED, 
( 8H•Rt•5666 I 
LANGUAGE• ENGLISH 

FUNDING OAGANIZATlONCSI 
'EDERAl euRE•u OF NINES 

THIS LA8·Ir+-SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPEltlN(; DISCUSSED INCLUDES THE COMPLETED 
EXCAYATIO~ OF THE WARRIOR COAL FIELD !GORGAS, WAL~ER 
CO,, USA) , THE PROJECT INVESTIGATED IS UTILIZED FOR 
EXPERI"EHTAL EXCAVATION PURPOSES, THE REPORTED 
FRAGNENT•TION NETHOO SERVICiltG PROJECT EFFORTS 
INCLUDES ["PACT ABRASION IHYORO•FRACTURINGl 
GEOSTRUCTUR•L AltO SOIL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, THE 
EXCAVATION CHAllACTERISTICS FOR AMERICA BEDS •NO PRATT 
ARE Tll[ATEO, PETROGRAPHY ANO ROCK TVPES REVIEWED 
INCLUDE COAL, 1•NOSTONt; AND SHALE, 

ll00D81~ JARVA "AC~INES a110 NUIIPHY CUTTERS ,oR TUNNeLING, 
AUTHOR aNCN, 
PITllOLEUN AHO HJNIIIG DIVISION, G, M, MURPHY 
INOUSTRI!S, INC. 
U,P,, 1913, 
LANGUAGE• ENGLISH 

P[llfORNING OR!;ANIZATIONISI 
. S AHO M CONSUUCTOIIS INCISOLON,OHIUSA, 

TULLV,JOIIN CICONPAIIV 
TOMARO CONSTRUCTION CO, 
CONSOltCATION COAL CO,HAHNA COAL DIVISION OF,CAOIZ, 

OHIUSA, 

FUNDING OAGAIIIZATIONISI 
SAN ~RANCISCO BAT AREA RAPID TRANSIT,CAIUSA, 
ST,LOUIS HETROPOLIT•N SEWER OISTIST,LOUIS,HOIUSA, 
CHICA,O,CITV Of' ■CHICAGD,ILIUSA, 
NILMAUK!E SEWER COHNISSION,HILWAUKEE,WIIUSA, 
CONSOLIDATION C DAL COtHAHNA C DAL DIVISION ,CADIZ, OH I 

USA, 
OH, USA 

THIS IN•SITU REPORT CONTAINS ABSTRACTED ONLY DATA, 
THE UIIOOGIIOUIID OPENINGS DISCUSSED INCLUDE THE 
COMPLETED EXCAVATION o, THE BAY AREA RAPID TRANSIT 
PROJECT l!ARTI !SECTION UNSPECI,I[Ol IIAlt 'RAIIClSCO, 
CA,, USA>, TH[ CONl'I.ETED EXCAVATION o, THE MILWAUKEE 
UNU TUNlltL IMILNAUl([E, MI,, UIAI, THE COMPLETED 
!XCAVATIOII OF THE OAK PIIRK NINE CCAOIZ, OH., USA> ANO 
THE COMPLETED [XCAYATION OF THE ST,LOUIS MITRO SEM[R 
DISTRICT CST ,L ans, "0• • usu , THE PROJECTS 
INYtSTIGATtD All! UTILIZED FOR NEtRO, NINE, SEMER ANO 
UNSl'[Cl'l!O PURPOSES, THE T9N IIETHOO RtPUStNTS THE 
EXCAVATION TtcHNiaut: STUDltD, THE REPORTED 
FRAGNtNUTIIIN ll!THOD StlVICIN& 1'1tOJtCT E"ORTI 

ICONTINUEDI 
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[NCLUOES HECHAN[CAL ABRAS[O> cROTARVl , THIS OOC,UHENT 
INCORPORATES AOOITIONALLV lUNNELING MACHINE 
CHARACTERISTICS, TBH FXCAVATION ANO ~XCAVATI CN 
AOVANCEHENT RATES ARE ALSO DISCUSSED, PERTINENT 
INFORMATION ON UNDE RGROUN D OPENING SUPPORTS ANO 
MATERIALS HANDLING SYSTFH IS ALSO PRESENTED, 
PETROGRAPHY ANO ROCK TYPES REVIEWEO INCLUDE 
LIMESTONE, SHALE ANO VOLCAN[CS TH[S DOCUMENT 
INCORFORATES ADDITIONALLY H(CHANICAL PROPERTIES ILA81 
DATA. 

R000817 INGERSOLL- RAND TUNNEL BORING MACHINES, TUNNEL DATA, 
AUTHOR ANON, 
INGERSOLL-RAND CORPORATION 
!PP,, 1972, 
LANGUAGE! ENGLISH 

PERFOqHING CR~ANIZATI ONISI 
INGERSOLL-RAN□ RESEARCH INC, 

THIS IN•SITU REPORT CONTAINS REPUBLISHED DATA, THE 
UNDERGROUND OPENINGS DISCUSSEO INCLUDE THE COHPLETEO 
EXCAVATION OF THE COO~HOUSE TUNNEL <S, AFRICAI, THE 
COH PLET EO EXCAVATION OF THE C•OSS IRONDEQUOIT TUNNEL, 
THE COHPLETEO EXCAVATION OF THE LAWRENCE AVENUE SEWER 
SYSTEH !CHICAGO, IL,, USAI, THE COHPLETEO EXCAVATICN 
OF THE HAGHA HINE OfVELOPHENT □RIFT !SUPERIOR, AZ,, 
USAI ANO THE COMPLETED EXCAVATION OF THE PORT HURCN 
!WATER SUPPLY I TUNNEL IOETROIT, HI,, USAI THE 
PROJECTS INVESTIGATED ARE UTILIZED FOR IRRIGATIO~, 
RAILWAY ANO SEWER PURPOSES, THE TBH HETHOO REPRESENTS 
THE EXCAVATION TECHNIQUE STUOIEO, THE REPORTED 
FRAGHENTATION ME THOD SEPVIC[NG PROJECT EFFORTS 
INCLVOES MECHANICAL ABRASIO• (ROTARY! , THIS OOCUHENT 
INCORPORATES AOO!T!ONALLY TUNNELING HACHHE 
CHARACTERISTICS. TBH EXCAVATION RATE rs ALSO 
DISCUSSED, PETROGRAPHY ANO ROCK TYPES REVIEWED 
INCLUDE CONGLOMERATE, LIMESTONE, HUOSTONE, QUARTZIT E, 
SANDSTONE, SHALE AHO S!LTSTON[ , 

R000820 DRESSER TUNNEL BORER BEST WAY THROUGH A HOUNTAIH, 
AUTHOR ANON, 
DRESSER DRILLER 
2, 1-12, 1972, 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZATIONISI 
HOUR UTAH ENGINEERS ANO COllSTRUCTORS INC:FLOUR,UT: 

USA, 

FUNDING ORGANIZATIONIS) 
U,S,BUREAU OF RECLAM ATION 

THIS IN•SITU REPORT CONTAINS OR IGINAL DATA, THE 
PROJECT INVESTIGAT ED IS UTILIZED FOR WATER SUPPLY 
TUNNEL PURPOSES, THE TBM HETHOC REPRESENTS THE 
EXCAVATION TECHNIQUE STUOIEO, THE REPORTED 
FRAGHENTATION HETHO D SlRVICIHG PROJECT EFFORTS 
I~LUDES MECHANICAL AB RASIO • IROTARYI • THIS OOCUHEHT 
INCORPORATES ADDITIONALL Y TUNNELING HACHINE 
CHARACTERISTICS, TBH EXCA✓OT!ON RATE IS ALSO 
DISCUSSED, PERTINENT INFO,HAT IO~ ON MATERIALS 
HANDLING SYSTEH rs ALSO PRESENTED. 

R000821 HOLE BREA~S THROUGH AFTER 29l•FT DAY ANO 1,114-FT 
WEEK, 
AUTHOR ANON, 
ENG, NEWS•REC, 
2PP. • 1969, 
LANGUAGE! ENGLISH 

PERFORMING CRGANIZAT!ONISI 
UTAH CONSTRUCTION AND HINING CO, 

FUNDING OOGANIZATION(SI 
u.s.BUREAU OF RECLAHATION 

THI S IN•SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPENING DISCUSS ED I ~CLUOES THE COMPLETED 
EXCAVATION OF THE RIVER HOUHTAINS TUNNEL !HENDERSON, 
NV., USAI • THE PROJECT INVESTIGATED IS UTILIZED FOR 
UNSPECIFIEO PURPOSES, THE TBM HETHOD REPRESENTS THE 
EXCAVITIOM TECHMIOUE STUDIED, THE REPORTED 
FRAGHENTATION 11ETHO C SERVICING PROJECT EFFORTS 
INCLUDES MECHANICAL ABRASION <ROTARY! • THIS DOCUMENT 
INCORPORATES ADDITIONALLY TUNNELING MACHINE 
CHARACTERISTICS, TBN EX CAVATION AND EX CAVATION 
AOVANCEHENT RITES lRE ALS O oncus SEO, PERTINENT 
INFORNATION ON MATERIALS HANDLING SYSTF N IS ALSO 

ICO NTINUEOI 

R00082Z 

R000823 

PRESENTED, ROCK TYPES PEVIEWED INCLUDE 
RHYODACITE, RHYO..ITE ANO TUFF 

BRECCIA, 

A NEW APPROACH TO THE OYNAHIC BREAKAGE OF ROCK, 
tc:ENMEO'f, P. A, 
TUNNELS ANO TUNNELLING 
4 I 5 1, 427-8, 1972, 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZATIONISl 
GEOTECHNICAL ENGINEFRING LTO;GLOUCESTER,U,K, 
SHAFT ORILLERS INC, 

THIS LAB REPORT CONTAINS ORIGINAL OAU, THE REPORTED 
FRAGHENTATION HETHOD SERVICING PROJECT EFFORTS 
INCLUOES ELECT~ICAL ABRASION IUNSPECIFIEOI 
GEOSTRUCTURAL CHARACTERISTICS FOR THE REPORTED 
EXCAVATION AC TIVITIES ARE DESCRIBED, PETROGRAPHY ANO 
ROCK TYPE! REVIEWED INCL\10£ BASALT, LIMESTONE ANO 
SANDSTONE THIS OOCUHENT INCORPORATES ADDITIONALLY 
HECHANICAL PROPER TIES ILABI OAf', 

TUNNELLIN~ ON THE NEW ROHE HETRO BETWEEN LAR GO 
COLLI ALBANI ANO STAZIONE TERMINI, 
BERTI, P. 
TUNNELS ANO TUNNELLING 
4 < 5 I, 430•5, 1H2, 
LANGUAGE• ENGLISH 

PFRFORHING ORGANIZATIONISl 
IHPRESIT ANO SGRIGOLA,ROHE,ITALY 

THIS IH•SITU RE PORT CONTAINS ORIGINAL OATA, THE 
UNOERGROUNO OPENING DISCUSSED INCLUOcS THE COMPLlTEO 
EXCAVHIO~ OF THE ROHE HETRO TUNNEL !ROHE, ITALYI 
THE PROJECT INVESTIGATE □ IS UTILIZED FOR RA ILWAY 
PURPOSES, THE HEADING ANO BENCH NETH OO ANO SHIELO 
HETHOO REPRESENT THE EXCAVATION TECHNIQUES STUDIED, 
THE REPORTED FRAGMENTATION HETHOOS SERVICING PROJECT 
EFFORTS INCLUDE CONVENTIONAL £XP LOSIVE IN, G, l ANO 
MECHANICAL ABRASION <ROTARY I GEOS TRUC TURAL 
CHARACTERISTICS FOR THE REPORTED EXCAVATICN 
ACTIVITIES ARE OESCRIOEO, PERTINENT IHFIRHAT!ON ON 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESENTED. THE 
EXCAVATIO~ CHARACTERISTICS FOR NAREHMANO ARE TREATED, 
PETROGRAP►.Y ANO ROCK TYPES REVIEWED INCLUDE TUFF. 

RD008Z4 THREE VALLEYS AOUEOUCT IN TUNNEL, 
COLLINS, S. P, 
TUNNELS ANO TUNNELLING 
-. < 5 ) , a.41-5, 1972. 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZAT IONISI 
BINNIE ANO PART >ERS,LONOON,U.~. 

FUNDING ORGANIZATION(SI 
THREE VALLEYS NATER COHHITTEE 1,,U,K,l 

THIS IH•SITU RE FORT CONTAINS ORIGINAL OATA, THE 
PROJECT INVESTIGATE□ IS UTILIZED FOR NATER SUPPLY 
TU~NEL PU~POSES, THE SHIELD HETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUOIEO, GEOSTRUCTURAL ANO SOIL 
CHARACTE RISTICS FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE OESCRIBEO, THE EXCAUATitN 
CHARACTERISTICS FOR WO OLWICH ANO READI NG BEDS A~E 
TREATED, 

R00 08Z5 TUNNEL ELASTEO UNDER BU ILDINGS, 
AUTHOR ANCN, 
TUNNELS AHO TUNNELLING 
4 C 5 1, ~~5, 1g72. 
LANGUAGEI ENGLISH 

PERFORHING ORGANIZATIOH(S l 
ROCK FALL CO,LTO;GLASGOH,U,K, 

THIS IN•SITU REFORT CONTAINS ORIGINAL OAIA. THE 
PROJECT INVESTIGATED IS UTILIZED FOR ACCESS TUNNEL 
!OTHER THAN SHAFTS ANO AUDITS TO HAIN TUNNELSII 
PURPOSES, THE DRILL ANO BLAST <FULL FACEI HETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUOIEO, THE 
REPORTED FRAGNENTATION METHOD SERVICIIG PROJECT 
EFFORTS INCLUDES CONVENTIONAL EXPLOSIVE CN,G , I , 
PERTINENT INFORNATION ON UNDERGROUND OPENING SUPPORTS 
IS ALSO PRESENTED, PETROGRAPHY ANO ROCK TYPES 
REVIEWED INCLUDE ~UOSTONE, 

• 
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ROOO&l6 RORSCHACH! UNO,RCUT Tl NG FOR HARO ROC~ TUNNELS• 
AUTHO J ANON. 
TUNNELS ANO TUNNELLING 
~ ( ~ t, ~&Z•S, 1972. 
LANGUlo GE I ENGLISH 

PEl!FORHING CRGANIZATIONISI 
MCALPINES,SIR ROBE~T~ SONS LTO, 

THIS IN-SITU PEPOl!T CONTAINS ORIGINAL OAU. THE 
UNOEl!GROUNO OPENING DISCUSSED INCLUDES THE CONPLETEO 
EXCAVATION OF THE RORSCHACt- SEWAGE TUNNEL (l!ORSCHAh 
SWITZERLAND! , THE PROJECT INVESTIGATED IS UTILIZED 
FOR SEWER PURPOSES, TH[ CUT ANO COVER HETH00 AkO 
OISE DRIVING CBOl!ING MACH[ NUI METHOD REPUUMT THt 
EXCAVATION TCCHNIQUES STUDIED. THE REPORTED 
, •• GNENTATION N!THOOS SERVICING PROJECT r,,oRTS 
INCLUDE CONVENTIONAL EXPLOSIVE IUNSPt:CI'1[01 ANO 
~tCHANICAL ABRASinN IROTARYI , TSH EXCAVATION RAT[ IS 
ALSO OISCUSS[O. G[OSTRUCTURAL CHARACTERISTICS ,oR TH[ 
REPORTED EXCAVATION ACTIVITIES ARE OESCRI~tO, ROCK 
TYPES REVIEWED INCLUO! LIN[STONE, HARL AND SANDSTONE 
THIS OOCUNfNT INCORPORATES ADDITIONAi.LY MECHANICAL 
PROPUHIES ILA~I DUA, 

R0008l7 TRAF,IC NOW STREA"ING THROUGH HONG KONG CROSS HARBO~R 
TUNN(L, 
AUTHOR A NON. 
TUNNELS ANO TUNNELLING 
, I ~ ,, ,&1-10, 191l. 
LANGUAGE! [NGI.ISH 

PERFOl!"ING Ol!GANIZATIONIS) 
1,CESTJN INTERNATIONAL Of LONDON, 
l,POUL Y.CONSTRUCTtON CO,LTO,OF hONGKOIIG 
J,RAYMONO INTERNATIONAL OF MEN YORK 

FUNDING ORGANIZATJON<SI 
HONG kONG GOVT• 

THI! IN-SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNOE~ROUNO OPENING DISCUSSED INCLUDES THE CONPLETEO 
E•CAVATION OF THE HONG KONG CROSS HARBOR TUNll[L IHOIIG 
~ONGI • THE PROJECT INVESTIGATED rs UTILIZED ,oR TNIN 
HIGHWAY PURPOSES. THE TRENC~ "ETHOD R[PR!SENTS THE 
EXCAVATION TECHNIQUE STUDIED, PERTINENT INl'OR"AT!CN 
ON UNDERGROUND OPENING SUPPORTS ANO NATERIAI.S 
HANDLING SYSTEN IS AL SO PRESENT[ D, 

ROOoeze 8ENTONITE TUNNELLING SHIELD, 
AUTHOR ANON, 
TUNN(LS 1140 TUl4NELLING 
, < I I, ~1 ~, 1'17Z, 
I.A14GUlGEI ENGLISH 

P[RFORHING ORGANIZATI ONISI 
NUTTAL,(O.LTOILONODN,U.K. 

FUNDING ORGAN IZATION(S I 
NATIONAL RESEARCH OEVELOPNENT CORP, 

THIS IN-SITU REPORT CONTAINS REVIEII DATA. THE 
UNDERGROUND OPENI NG DISCUSSED I NCLUCES TH[ ON GOING 
EXCAVATION OF THE N[II c~oss 1UNN[\. W.K,1 , THE 
PIIOJECT INV ES TIGAT EO IS UTIL IZEO ,oR 1€TRO PURPOSES. 
THE SHIElO HETllOO REPRESENTS THE HCAVATION TECHNIQUE 
STUDIED, THE REPORT~O F~GNENTATION 1€THOO SERVICING 
PROJECT EFFCRTS INCLUDES MECHANICAL ABRASION !ROTARY 
ANO DRAGI , TllIS DOCUl1£NT INCORPORATES AODITIONAl.1.Y 
TUNNELING "ACllINE CHARACTERISTICS. INFCRNATION 
PERTINENT TO EXCAVATION COST IS GIVEN, SOIL 
CHARACTERISTICS FOR THE !![PORTED EXCAVATION 
ACTIVITIES ARE DESCJleEo. PERTINENT IN,ORIIATION ON 
NITERJALS HANDLING SYSTEM IS ALSO PRESENTEO, · 

ROOO&Z9 NEN ZEALAND TUNNELS ,oR TONGARIRO POWEii OEVELOl'll!NT. 
GILMOUR, l• W. 
TUNNELS AND TUNNELLING 
, I 6 ,, sn-,, 19YZ, 
LANGUAGE! ENGLISH 

PUFORHING Oltl,ANIUTIONISI 
NORCONSTRUCTION,NORNAY 
COOELFA-COGE,AR IN,Z,11.TOI 
l,COD(LFA CONSTRUCTION O[L 'ARERD SP A,SU8SIOIARY 

r:IF 
2,CONSTRUZION1 GERERALI ,ARSURA ~P AeNILAN 

CCONTINUEOI 

81 

FUNDING OAGANIZATlONISI 
MINISTRY OF WORKS,NEW ZEALAND 

THIS IN-SITU REPORT CONTAINS REVIEM OITA. THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE CONPLETEO 
EXCAVATION OF THE TUNNELS FOR TONGAR[RO POWER 
OEVELOPNEl<T PROJECT (NEW ZEILANOI , THE PROJECT 
INVESTIGAlEO IS UTILIZED FOR HYDROELECTRIC PURPOSES, 
THE DRILL ANO Bl.AST (FULL FACEI METHOD REPRESENTS THE 
EXCAV•TIOa TECHNIQUE STUDIED, THE REPORT!O 
FRAGNENTATION METHOD SERVICING PROJECT EFFORTS 
INCLUDES CONV[NTIONAL EXPLOSIVE llHHDNIUH NITRATE! , 
TBH EXCAVATION RA TE IS ALSO OI SCUSSEO, GEOSTRUCTURAI. 
CHARACTERISTICS ,oR THE REPORTED EXCAVATION 
ACTIVITIES ARE OE SCRIBED, PERTINENT INFOIIIIATION ON 
UNDERGROUND OPENING SUPPORTS IND MATERIALS HANDLl~G 
SYSTEM IS AL SO PRES[NT[O, PETROGRAPHY AND ROCK TYPES 
RtVItWEO IWCLUCE CONGI.OH[RATE, GRAYIIACKE ANO 
SINDSTONt:, THIS ODCUHENT INCORPORATES ADDITIONALLY 
N[CHANICAL PROPERTIES DATA. 

1tooauo SHIELO TUNNEi.LING WITH Lt !CR PLUU, 
ENli!LNANN, 0, E. NORNHINNEli, 0, 
TUNNELS AND TUNN!LLING 
.. I. , . n,-n, l9YZ, 
LANGUAGE• ENGLISH 

PERFORHlNG ORGANIZITIDNISI 
WAYSS ANO FREYTAG KGINIEDERLASSUNG,HUNICH,GERHANY 

FUNDING OAGANIZAT JONISI 
DEUTSCHE BUNOESPOST FER,..ELDAHT ,,NUNCHEN,GERHANY 
BERLINER ENTNASSERUNGIIERKE,GERHANY 

THIS IN•SITU-THECRETICAL ANO IN•SITU REPORT C~NTIINS 
ORIGINAL CATA. T~E UNOERGROUNO OPENINGS DISCUSSED 
INCLUDE lHE COIIPLETEO EXCAVATION OF THE CABLE TUNNEL 
FOR GER NIN GENERAL POST OFFICE: INUNICH, W,GERMANYI, 
THE CONPlETED EXCAVATION OF THE HIXEO WATER SYPHON 
FOR 8ERLil<ER ENTWASSERUNGSWERKE !BERLIN, W.GERMANYI 
ANO THE COHPLETED EXCAVATION OF THE SEWAGE SYPHON FDR 
BERLINER fNTMlSS£RUNGSIIERKE !BERLIN, W,GERIIANYI • THE 
PROJECTS INYt:STtGATEO ARE UTILIZED FOR CABLE TUNNEL, 
SEWER AND VEHICULAR TUNNEL IRAILWAY AND SUBWAY, l 
LEVEL I PURPOSES. THE SHIELD NU HOD ANO T8N METHOD 
REPRES!NT THE EXCAVATION TECHNIQUES STUDIED. TH[ 
REPORTED 'RAGllt:NTATION NETHOO SERVICING PROJECT 
t,FOIITS INCLUDES MECHANICAL ABRASION IROTARYI • TSN 
EXCAVATION AND EXCAVATION ADVANCENENT RATES ARE ALSO 
DISCUSSED, G[OITRUCTU~AL ANO SOIi. CHARACTERISTICS'°" 
THE REPORTED [~CAVATION ACTIVITIES ARE DESCRIBED, 
PUTINENT INrORIIATION ON NATERIHS HANDLING SYSTEH IS 
ALIO PRESENTED, 'ETRO,RAPHY ANO ROCK TYPES REVIEN[O 
UICLUD[ NARI. , 

Rll0131 S!CONO DAJTFORO TUNNEL, 
AUTHOR ANON, 
TUNNl!LS ANO TUNNELi.ING , c, ,, ,n. 1112, 
LAIICUAGEI ENliLISH 

PER,ORNING oR,ANIZATtONISI 
BEATTY,BALFOUR AND CO,LTO IU.K, 

,uNOING ORGANlZAT JONISI 
DART,oRD TUNNfL JOINT CONHITTEE,u,K. 

THIS IN-SITU REPORT CONT~INS REVIEW DATA, TllE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE ON GOING 
nCAVATION o, THE SECOND DARTFORD TUNNEL Q/KI THE 
PROJECT INVESTIGATED IS UTILIZED FOi! TWIN HIGHWAY 
PURPOSES. THE PILOT BORE-INVERT NETHOO REPRESENTS THE 
EXCAVATION TECHNIOU£ STUDIED, THE REPOUED 
FRAGMENTATION NETHOO SERVICING PROJECT EFFORTS 
INCLUDES MECHANICAL ABRASION !ROTARY AND OAAGI • SOIL 
CllAAACTEI! ISTICS FOIi THE REPOllT!i:0 '£XCAVA Tl CH 
ACTIVITIES ARE 0£SCRI8ED, ROCK TYPES REVIEWED INCLUDE 
CHALK !NHERALI • 

•aaaeu N!CllANISEt PERIPHE!IAI. E)CAVATION NET!lOO ,OR 
UNDERc.ROUNo CNANBUS. 
AUTHOR ANON. 
TUNNELS ANO TUNNEI.Ll!IG 
~I• 1, 5-Z-3, 1972, 
LANGUAG!I ENGLISH 

Pt:RrORNINS ORGANI?ATIDNISI 
KUNZeALPR!O ANO COfNUNICH,GERNANY 

ICONTINUEDI 
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THIS REPORT CONTAINS ORIGINAL OATA, THE PROJECT 
INVESTIGATEO IS UTILIZED FOR EXPERIHENUL EXCAVATION 
PURPOSES, THE MULTI ORIFT HETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUOIEO, THE REPORTED 
FRAGHENTATION HETHOO SEPVICING PROJECT EFFORTS 
INCLUDES HECHANICAL AeRASION CEXP~OSIVE•ROTARY> 
THIS OOCUHENT INCORPORATES AOOITIONALLY TUNNELI•G 
HACHINE CHARACTERISTICS, ROCk TYPES REVIEWED !NCLUCE 
00\. OHITE (ROC Kl , 

R000633 RAIL TUNNEL IN POCK SPEEOS 8, C, TRAINS, 
AUTHOR ANON, 
TUNNELS ANO TUNNELLING 
~ ( 6 >, S~6, 1972, 
LANGUAGE• ENGLISH 

PERFORHING ORGANIZATION{S) 
STA•OARO GENF.RAL CO NSTRUCTION LTOlGRANVILLc ISLANC, 

VANCOUVER,e.c: 
CANAOI 

FUNDING ORGANIZATION(Sl 
BRITISH COLUMBIA RAILWAY,CANAOA 

THIS IN•SITU REPORT CONTAINS REVIEW DATA, THE PROJECT 
INVESTIGATED IS UTILIZED FOR RAILWAY PURPOSES. THE 
DRILL ANO BLAST (FULL FACE) HETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUOIEO, THE REPORTED 
FRAGHENTATION HETHOO SERVICING PROJECT EFFORTS 
INCLUDES CONVENTIONAL EXPLOSIVE IUNSPECIFIEO> , THIS 
OOCUHENT INCORPORATES AOOITIONALLY TUNNELING HACHINE 
CHARACTERISTICS, PERTINENT INFORHAT ION ON UNDERGROUND 
OFENING SUPPORTS ANO HATERIILS HANDLING SYSTEH IS 
ALSC PRESENTED, PETROGRAPHY ANO Roe~ TYPES REVIEWED 
INCLUDE GRANOOIORITE , 

R0008J5 SWITZERLAND N,9 • AUTOROUT E OU LEHAN, 
BETSCHEN, G, 
TUNNEL S ANO TUNNELLING 
~ ( 2 >, 158•64, 1973, 
LANGUAGE• ENGLISH 

PERFORHING CRGANI ZATION(S) 
SOCIETE GENERALE POUR LtINDUSTRIE,LAUSANNE, 

SW ITZERLA NO 

F~NOING ORGANIZATIONCS> 
SwITZERLAND,GOVT,OF, 

THIS IN•SITU REPORT CONTAINS ORIGINAL OATA, THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE COHPLETEO 
EXCAVAT[ON CF THE CHAUOERON TUNNEL INO,q AUTOROUTE CU 
LEHAN! {SWITZERLAND> THE PROJECT INVESTIGATED IS 
UTILIZED FCR TWIN HIGHWAY PURPOSES, TH£ P!LCT 
BORE-CROWN ~ETHOD REPRESENTS THE EXCAVATION TECHNIQUE 
STUOIEO, THE REPORTED FRAGHENTATIO~ HETHOO SERVICING 
PROJECT EFFORTS INCLUDES CONVENTIONAL EXPLOSIVE 
(UHSPECIFIEO> THIS OOCUHENT INCORPORATES 
AOOIT!ONALLY DRILLING EOUIPHENT CHARACTERISTICS, 
GEOSTRUCTURAL ANO SOIL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE DESCRI BED. 
PERTINENT INFORMATION ON UNOERGRO"NO OPENING SUPPORTS 
IS ALSO PRESENTED, THE EXCAVATION CHARACTERISTICS FOR 
HOLASSE ROCK ARE TREATED, ROCK TYPE~ REVIEWED INCLUDE 
HARLSTON£ , 

R000636 EXCAVATION CF TUNNELS BY THE USE Of SHOOTH•BORE 
CANNONS TO FIRE SOLID 10 LB CONCRETE PROJECTILES INTO 
THE ROCK, 
AUTHOR A NON. 
TUNNELS IND TUNNELLING 
5 { 2 1, 177-80, 1q7J. 
LANGUAGEI ENGLISH 

PERFORHING ORGANHATICN<S> 
P~YSICS I•TERNATIONAL CO, 

F"HOING ORGANIZITIONIS) 
BUREAU OF HIN~S,U,S,GOVT, 

THI S IN•SITU REPORT CONTAINS ORIGINAL DATA, THE 
PROJECT INVESTIGATED IS UTILIZED FOR EXPERIHENTAL 
EXCAVATION PURPOSES, THE REPORTED FRAGMENTATION 
HET~OO SERVICING PROJECT EFFORTS INCLUDES IMPACT 
AijRASION !PROJECTILE, INTERHITTANT IHPACT> , ROCK 
TYPES REVIEWED INCLUDE GRANOOIORITE, THIS DOCUMENT 
INCORPORATES IOOITIONALLY HECHANICAL PROPERTIES ILA8) 
DATA, 

R0006~0 SOFT CLAY TUNNEL AND CA IS SO N CONSTRUCTION IN 
BANGKOK, lHAILANO, 
KLINE, C, E, LOVEWELL, J, S, JENNY, R, J, 
GIFFORD, 0, 
TUNNELS ANO TUNNELLING 
5 ( 5 >, 460·71, 1973, 
LANGUAGE• ENGLISH 

PERFORHING ORGANIZATION(S) 
1,GAHHON LTOlHONG KONG 
2,KIN~EAR·HOOOIE 

FUNDING ORGANIZAT JON(Sl 
BANGKOK HUNICIPALITY,THAILANO 

THIS IN•SITU REFORT CONTAINS ORIGINAL DATA, THE 
PROJECT I•VESTIGATEO IS UTILIZED FOR SE WER PURPOSES . 
THE SHIELD HETHOD REPRESENT S THE EXCAVATION TECHNIQUE 
STUDIED, SOI L CHARACTER ISTIC S AS WELL AS SOIL 
HECHANICAL PROPERTIES FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE DESCRIBED, PERTINENT INFORMATION ON 
GROUNO CONDITIONS ANO UNDERGROUND OPENING SUPPORTS IS 
ALSO PRESENTfO, 

R000841 CLAW•ARHE[ DIGGER SHIELD , 
HIZZOTT I, P. C, 
TUNNELS ANO TUNNELLING 
5 ( 5 1. li66-7, iC:73. 
LANGUAGE• ENGLISH 

PERFORMING ORGANIZATION(Sl 
NEWCASTLE•UPON·TYNE,UNIVCRSITY OF 

THIS IN•SITU REPORT CONTAINS REVIEW OATA, THE PROJECT 
INVESTIGAlEO IS UTILIZED FOR SEWER PURPOSES, THE 
SHIELD HETHOO REPRESENTS THE EXCAVATION TECH NIQUE 
STUOIEO, THE REPORTED FRAGMENTATION METHOD StRvicI•G 
PROJECT EFFORTS INCLUDES HECHANICAL ABRASION !ROTARY> 

THIS DOC UMENT INCORPORATES AOOITIONALLY TUNNEL HG 
MACHINE CHARACTERISTICS, GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EXCAVATICN 
ACTIVITIES ARE DESCRIBED, THE EXCAVATION 
CHARACTERISTICS FOR C<J1N BRASH LIHESTONE, KELLAWAY 
BEDS ANO OXFORD CLAY ARE TREATED, ROCK TYPES REVIEWED 
INCLUDE CLAYSHALE ANO LIHESTONE, 

R000842 CREIGHTON NO, 9 SHAFT 7,137 FEET SUNK IN ONE LIFT, 
REDPATH, J, S, 
PROC, NORlH AHER, RAPIO EXCAVATIO• TUNNELLING CO NF . 
2, 643-62, 1972, 
LANGUAGEI ENGLISH 

PERFORMING ORGANIZATION<Sl 
GEO-ENGINEERING LABORATORIES,INC• 

THIS IN-SITU REFORT CONTAINS ORIGINAL DATA, THE 
UNOERGROU!O OPENI NG DISCUSSED INCLUDES THE COHPLETEO 
EXCAVATION Of THE CREIGHTON NO, 9 SHAFT, THE PROJECT 
INVESTIGATED IS UTILIZED FOR HYDROELECTRIC ANO HINE 
PURPOSES, THE RAISE DRIVING IHECH,PLATFORM) HETHOO 
REPRESEN TS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGNENTHION HETHOO SERVICING PROJECT 
EFFORTS INCLUDES CONVEtlTIONIL EX PLOSIVE IIJNSPEC!FIEO> 
• EXCAVATION ADVANCEMENT RATE IS ALSO DISCUSSED , 
PERTINENT INFORHATION ON HATERULS HANDLING SYSTEH IS 
ILSO PRESENTED, PETROGRAPHY ANO ROCK TYPES REVIEWED 
INCLU DE GABBRO, GRANITE ANO NORITE , 

ROOOe44 DECLINE DEVELOPHENT AT THE LAKESHORE PROPERTY, 
HENDRICKS, R, S, 
PROC, NORTH AHER. RAPID EXCAVATION TUNNELLING CONF , 
2, eq7.913, 1912, 
LANGUACEI ENGLISH 

PER FORMING ORGANI2ATION(Sl 
HECLA HINING COlCASA GRANOE :Az:usA. 

FUNDING ORGANIZAT JONIS> 
EL PASO NATURAL GAS COlEL PASO,TX;usA. 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA , THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE COHPLETEO 
EXCAVATION Of THE LAKE SHORE COPPER HINE , THE 
PROJECT INVESTIGATED IS UTILIZED FOR HIIE: PURP05ES, 
THE DRILL ANO BLAST IFULL FACE> HETHOO ANO RAISE 
DRIVING !BORING MACHINES> HETHOD REPREStNT THE 
EXCIVATIO~ TECHNIQUES STUDIED, THE REPORTED 
FRAGHENTATION HETHOOS SERVICING PROJECT EFFORTS 
INCLUOE CONVENTIO •AL EX PL OS IVE IIHHONIUH NIT RATE I ANO 

(CONTINUED! 



MECHANICAL URA SI ON ll!OURYI THIS OOCUHENT 
INCORPORATES ADOIT IONALLY TUN ... ELING ~CHINE 
CHAAACTCRlSTICS, EXCAVATION AOVANCE~ENT RATE IS ALSO 
OISCUSSCO, PERTINENT IN.-ORNATIOH ON GROUND CONDtTIO~S 
ANO UNDERGROUND OPfNING SUPPORTS ANO HATERIALS 
HANOLIIIG SYST[H IS ALSO PRf!ENTED, ll'ETROGRAl'HY AND 
ROC( TYPES UVI[WEO IIICLUOf HONZOIIIT( 1110 TlCTITE , 
THIS DOCUMENT INCORPORATES AOOITIONALLY NECHANICAL 
PROP[RTUS ILUI DA TA, 

R0008~4 o,,sHORE SHAFT CONSTRUCTlON IN TH[ NORTH SEA, 
ADAMSON, J, N, 
PROC, NORTH AHER, IUPIO EXCAVATION TUNNELLlNG CON,, 
Z, 9U•Z'I, 1'11Z, 
LaNGUAGEI ENGLISH 

PER'ORNING CRGANIZATIONISI 
C(N[NTATIOH SPECIALIST HOLDING co.LTD, 

,uNOIIIG ORGANllATlONCSI 
ALCAN LTOIU,(, 

TH[S IN•SITU REPOltT CONUINS OUGINAL DATA, TH[ 
UNDERGROUND OPENlHG DISCUSSED INCLUCES THE COHPL[TEO 
~XCAVATION o, THE LYNE NOUTH COAST SHA,T • THE 
PROJECT INVESTIGATED lS UTILIZED ,oR MATER SUPPLY 
TUNNEL PURPOSES, THE SHIELD HETHOO REPltESENTS THE 
EXCAVATION TECHNIQUE STUDIED, THE REPOltTEO 
FRAGNENTlTION HETHOD SERVlCIIIG l'ROJECT E"OIITS 
INCLUDES HECHANICAL A8RASIO~ IROTUYI , PETROGRAPHY 
ANO ROCK TYPES REVIEMEO INCLUDE SAN~STONE • 

R0008~6 TUNNELING EXPERIENCES, C[TY OF EONONTON, ALS!RTA 
CANADA, 
8EAUL[EU, A, C, 
PROC, NOltTH ANER, RAPIO fXCAVlTIO~ TUNNELLING CON,, 
Z, qJJ-6!, 197Z, 
LANGUAGE• E•GLISH 

PERFORMING CRGANilAT[OHISI 
EO"ONTOM,CITY OF, ALBERTA,CANAOA 

F~NOIIIG ORGANIUTIONISI 
EONONTDHtCITY OF ,AL EERU ,CANADA 

THIS lN•SITU REPORT CONTAINS CIIIGINAL OATA, TH[ 
UN0£RGltOUNO OPENIIIG DISCUSSED INCLUDES TH[ ON GOING 
FXCAVATION OF THE EONONTOII SANITARY TUNNELS 
lfDHONTON, ALBERTA I CANADA I TN( PflOJ[CT 
INV[STICATEO IS UTILIZED roR SEWER PURPOSES, TNE TBN 
H[T HOO REPRESE 111'5 THE f"XCAVATI ON TECHNIQUE STUOlfO, 
THE REPORTED Fl!ACHENTATIO~ HETHOO SEl!YICING PROJ!CT 
£.-,CRTS INCLUDES MECHANICAL ABRAS[ON (ROTUYI , THIS 
OOCl'HENT I~CORPOIUTES ADDITIONALLY TUHHtlING HACHIN[ 
CHARACTERISTICS, EXCAVATION AOYAHCEM[MT RAT( IS ALSO 
DISCUSSED, CEOSTRUCTURAL ANO SOIL CHARACTERISTICS ,01t 
THE REPORTED EXCAVATIOII ACTIVITIES AR! DESCRI8[0, 
PERTINENT I~FORHATTON OH UNOERGROUIID Ol'[IIING SUPl'ORTS 
ANO MATERIALS HANOLING SYSTEH IS ALSO PR[SENTEO, 

R0008'7 STILLWATER TUNNf:L PROJECT , 
ARTHUR, H, G, 
PROC, HORTH AMER, IUPIO EXCAVIITION TUNNELLING CONF, 
z. '165•81, 1qrz, 
LANGUAGE• ENGLISH 

FUNDING CIIGANIZlTI ON IS I 
U,S,SUREAU OF RECLAHATION 

THIS lN•SITU R[POU CONTAINS ORIGINAL DA TA, THE 
UNDERGROUNO OPENING OISCUSSf.O IIICLUOES THE PROPOSEO 
EXCAVATIOII o, THE STllLMlTElt TUNNEL CUT,, USU , THE 
PROJECT I~VESTIGAT[O IS UTILIZED ,oR IRRIGATION 
PURPOSES. THE DRILL ANO BLAST 1,uLL ,.eel N!THOO ANO 
T8N NETHOD REPl!ESIHT TH! EXCAVATION T!CHIIIQUtS 
S TUDI!D, THE R[PORT!O ,1UGHr IITA TION METHODS SUV IC I IIC 
PROJECT [F,ORTS INCLUD! CONVENTIONAL [XPLOIIVE 
IUNSl'!CI'1E01 AND NECHANICAI. AIRAUON IROTARYI , 
G!OSTRUCTURAL CHARACTERISTICS FOIi THt R[,oRTfO 
EXCAVATION ACTIVIT[ES AR[ OESCR18EO, l'[ltTININT 
tN,ORMATION ON UNO[ltGROUND Ol'!NING SUl'PORTS rs ALSO 
PRESENTED, THE EXCAVATION CHARlCTtRIITICS POR 
ROCKVILLE QUARTZ HONZONITI ANO To,aNCA ,DANATtON A•E 
TREATED. PETROGRAPHY ANO Roe• TYl'lS REYIEll[O INCLUDE 
OUAATZITE ANO SHALE , THIS DOCUMENT INOORPORATtS 
ADOITIONALLY Ht:CHANICAL l'ROl'ERTIES <LAIi GATA. 

Roooe~• THI! JAC.IMG Ht:THOO IN TUNNEL CONSTRUCTION, 
SULt11s•r, s. J, 

ICONTtllUEDI 

83 

PROC, 11011TH ANElt, UPID EXCAVATlON TUNIIELUIIG COW, 
Z, U!-9<;, 1972, 
LANGUAGE! ENGLISH 

,uNOING O~GANIZATIOIICSI 
CHtCAGO,CITY 0,,CHICAGO,ILIUSI, 

THIS IN•SITU RE,oRT COIITUNS Oll[GlMAL DATA, TIil 
UND[RGIIOUND o,UINGS DUCUSSEO INCLUDt TH[ COM~LETtD 
OCAVATIO• o, TH[ CHtCAI.O SEIIElt SYSTlH ICHICAGO, IL,, 
USAI ANO TH( 011 GOING EXCAVATION o, THE CNICAGO SEMllt 
SYSTt H ICHICACiO, IL,, USAI , THE l'ROJ!CTS 
INVESTIGATEO ARE UT?LllEO ,oR SEWER l'URPOSES, THE TSM 
HETHOO u,usEIITS THE UCAVUION TECHNIQUE STUOICQ, 
THE R[l'ORTEO 'RACNENTATION NETHOD SlRVICIIIG P~OJECT 
u,oRTS IICLUDES MECHANICAL U._SION IROURYI , IHU 
DOCUHENT INCORl'ORATES AOOIT10NALL¥ TUNN[lIIIG HACHINE 
CHARACTERISTICS, EXCAVATIOII ADVANCEMENT RAT£ IS ALSO 
OISCUSSlO, SOIL CHUACTEIIISTICS ,011 TIit: REPOUED 
EXCAVATIO• ACTIVITIES ARE OESCAI8£D, PERT[NENT 
[NFORHATICN ON UNOERGIIOUIID OPENING SUPPORTS IS ALSO 
PRESENHO, 

R0009\'I CONSTIWCTlON OIF'ICULTY INDEX roR TUNNEL 
CONSTRUCT JON, 

ROOOUO 

SULlNSICI, S, J, 
PROC, NORTH AH[R, RAPIO EXCAVAT[ON TUNNELLING CONF, 
z. ,,1-101~. 1,1z. 
LAIIGUAl,[t EIIGLISH 

,uNOIIIG OAGANIUT IONCSI 
CHICAGD,CITY O,,CHICAGO,ILIUSA, 

TH[$ IN•!ITU R[FOltT CONTAINS ORIGINAL OAH, TH£ 
UNOERGRCU•D OPENING DISCUSSED IIICLUOES THE ON GOlllG 
EXCAVATION OF THE CHICAGO SEWFR SYSTEM !CHICAGO, IL,, 
USU , THE PROJECT INUSTIGATEO IS UTILIZ£0 FnR Sl W[R 
PURPOSES, THE TIH NETHOO REPRESENTS THE EXC&VAIICN 
TECHNI QUE STUOIEO, THE REPOltTEO ,RACHENTATION Nll HOO 
SEltYIC[NG PROZCT r,,011Ts IIICLUOES MECHANICAL 
ABRASION IROTAR,I , THIS DOCUMENT INCORPORATES 
ADDITIONALLY TUIINELIN<i HACHlNl CHARACTERISTICS. T9H 
[XCAVATIO• AIIO [XCAVATION ADVAIICEHENT RATES AR< ALSO 
OISCUSSlD, SOIL CHAUCTERIST ICS FOR TH£ ll[PllU[O 
[XCAVATION ACTIVITIES ARE DESCRIBED, PrA TIN(NT 
[NrORNATICN ON UNDERGltOUNO OPENIIIG SUPPORTS AND 
IIAT[RIAlS HANOLIIIG SYSTEH !S ALSO l'RlSEIITEO, 

TUNNELING TORONTO 
JENUNS, G, F, 
l'ROC, NORTH AMER, 
t. 1017•3~, 1972, 
LANGUAGE! ENGLISH 

CAIIAOA 1qro. 
H080(N, P, S, 

RAPID EXCIVATION TUNIIELLING CONf , 

PERFOltHING ORGAIII ZATIONCS I 
MCNALLY ANO SONS,HAHILTON 

,uNDING ORGAIIIZATIOIIISI 
TORONTO,CITY O,,CANAOA 

THJS IN-SITU RC,,ORT CONJ AINS ORIGINAL DA TA• THE 
UIIO[IIGROUND Ol'tllINGS OISCU~SEO tNCLUOE THE ON GOING 
EXCAVATION 0, THE TORONTO NIOTOMN IIITERCEPTOR TUNllfl 
iCANADAI, THE COIIPLETED E>CAVATIOII Or THE TOROIITO 
SUBWAY TUNNELS CTORONTO, ONTARIO, CANADA I ANO THE 
COHPLETED [XCAVATION OF THE NtLKET CREEK TUNNEL 
!STORM "DRAIICAGE1 (TORONTO, CDll,1 THE PROJECTS 
INVESTIGATED ARE UTilIZ£ ll rOR RAILWAY AIID SFMER 
l'URPOSES, TH( SHIELD HETHnD ANO TIM HETHOO REPRESENT 
THC EXCAVATI OII TECHNIOUE~ STUDIED, THE REPORTED 
rRA,NEHTATION NETHOOS ~CRVICING PROJECT ffFOt<T S 
IIICLUOE HECHANICAL AIIIASinH tROTlRYI AND MECHANICAL 
ABRASION (ORAi.i THIS OOCUHENT IIICOIIPORATtS 
ADDITIONALLY TUNNELING HACHINE CHARACTERISTICS, 
GEOSTRUCTURAL ANO SOlL CHARACTERISTICS Fow THE 
REPORTED IXCAVATION ACTIVITIES ARE OCSCRIB£0, 
l'UTrNl!NT Illl'ORNAUON 011 UMOUIGROUNO o,ENIIIG SUPPORTS 
ANO NATERIALI HANDLIIIG SYSTEII IS ALSO PlltSlllTEO, THE 
EXCAVATION CHAIIACTtRtlTICS ,oR DUNDAS ,oRHAT!ON ARE 
TREATED, ROCK TYPES REV!EIIEO INCLUD[ SHALE, THIS 
DOCUHtllT 1NCORl'ORATES A001T10NALLY MtCNANIC-L 
PROl'[.TIES (LAIi DATA, 

ROOIH1 ROC• TUNN!LI R[C!NTI.Y COHPlfTfO Ill CHICAGO, 
UONS, J, IIIIT,AU., o. 
PROC, NORTH ANIR, RA,1D E~CA~ATIO~ TUIINELLING COHF, 
2, l06J•71, lt7f• 
LANliUAl.lt [NGLllH 

CCOlfT IIIUEOI 
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PERFORHII«; CRGAN!ZATION!Sl 
CHICAGO,CITY OF, HET RO POLITAN SANITA~Y OISTRICT, 

CHICAGO,IL :usA. 

FLN□ ING ORGANIZATION(SI 
CHICAGO,CITY OF , CHIC AGO,IL:USA. 

THIS IN-SITU REPO~T CONTAINS CRIGINAL OATA. THE 
UNO ERG RO UNO OPE NI NG 01 SCUSSE □ I NCLU CE S THE ON GOHG 
EXCAVATION OF THE CHI CAGO SEHH• SYSTEH !CHICAGO, IL., 
USA! • THE PROJECT INVEST!GHEO IS UTILIZED FOR SEHER 
PURPOSES, THE TBH HETHOO REPRESENTS THE E(CAVATI CH 
TECHNIQUE STUDIED. THE REPORTED FRAGMENTATION METHOD 
SERVICING PROJECT EFFORTS INCLUDES MECHANICAL 
ABRASION !l<OTARYI THI S OOCUHENT INCORPORATES 
AOOITIONALLY TUNNELING HACHINE CHARACTERISTICS. 
GEOSTRUCTURAL CHARACTERISTICS FOR THE REPORTED 
EKCAVATION ACTIVITI ES ARE nESCR I BED. PERTINENT 
INF ORHATION ON GROU~D CONDITIONS AN O UNDERGROUND 
OFENING SUPPORTS ANO MATERIALS HANDLING SYSTEM IS 
AL SO PRESENTED. THE EXCAVAT ION CHARACTERISTICS FOR 
NIA GARAN LIMESTONE (OR DOLOMITE OR GROUP! A~E 
TREATED. Roe~ TYPES REVI£HEO INCLUDE LIMESTONE. THIS 
DOCUMENT I NCORPORA TE S A □OIT!ONALLY H~CHAN JCAL 
PROPERTIES CLABI □A T A. 

ROODe52 CONSTR UCTIO~ PROCE□llRE S ANO EQUIPMENT FOR DROP SHAFTS 
MET~OPOLITAN SANITA RY DISTRICT OF GREATER CHICAGO. 
OI PONIO, J . LYNCH, J. 
PROC, NORTH AHEP, RAPIO EXCAVATION TUNNELLING CONF. 
2 , 1071-66, 1972. 
LANGUAGE! ENGLISH 

PERFORHING ORGANIZATICNISJ 
UNDER GROUND CO NSMUC TI ON RESEARCH COJNCIL 

FUNDING ORGAN I ZA TIONI SI 
C~ICAGO,CITY OF ,C HICAGO,ILlUSA. 

THIS IN-SITU REPOR T CONTAINS ORIGINAL DATA. THE 
UN□ERGROUNO OPENING S OISCUSSE□ INCLUDE THE ON GOING 
EXCA VATION OF THE CONNECTING TUNNELS FR OH CHIC AGO 
OEEP SEHER TUNNELS TO OROP ~HAFTS !CHICAGO, IL., USAJ 
ANO THE OH GOING EXCA VATIO N OF THE □ROP SHAFTS FOR 
CHICAGO DEEP SEWER TUNNEL !CHICAGO, IL, , USA I • THE 
PROJECTS INVESTIGATE □ ARE UTILIZEO FOR SEWER 
PURPOSES. THE ORILL ANO BLAST (FULL FACEI METHDO ANO 
RAISE DRIVING ! BOR IN G HACHINESl HETHOO REPRESENT THE 
EKCAVATION TE~HNIQUES STUOIEO, THE REPORTED 
FRAGHENTATION METHODS SERVICING PROJECT EFFORTS 
INCLUDE CON VENTIONAL EXPLO~I VE !UNSPECIFIED! A>O 
HE CHA NI CAL ABRASION !ROT ARY l THIS DOCUMENT 
I HC ORPORUES A□OIT IONALL Y ORlLL ING EQUIPMENT 
CHARACTERISTI CS. EXCAVATION ADVANCEMENT RATE JS ALSO 
DISCUSSED, GEOSTR UCTU RAL CHARACTERISTICS FOR THE 
RE PORTED EKCAVATION ACTIVITIES ARE OESCRIBEO, 
PERTINENT HFORMATION ON UNDERGROUND OPENING SUPPORTS 
IS AL SO PRESENTED, THE EXCAVATION CHARACTERISTICS FOR 
NIAGAl<AN LIMESTONE !OR DOLOHITE OR GROUP! ARE 
TREATEO. ROCK TYPES REVIEW,D INCLUOE LlHESTONE. 

R0 00653 ROLF. OF THE TUNNELING HACHH'. 
HAHILTON, H. H. 
PROC. NORTH AHER. RAPID E□ CA VUION TUNNELLING COIIF. 
2 , 109 3-111 z. 1972 . 
LAHGUA GE I ENGLISH 

PERFORHING ORGA NIZATION! SI 
INGERSOLL-RAH□ RESEARCH I NC. 

FUNDING ORGANIZATIONIS) 
DETROIT,CITY □F, □EPT .OF WATER SUPPLY,OETROIT,Hil 

USA . 

TMIS IN-SITU REPORT CONTAINS RE PUBLISHED DATA. T~E 
UN OERGROUHO OPEHitlG OISCUSSEO INCLUOES THE CoHPLETED 
EXC AVATION CF THE HURON PORT WAT ER INTAKE SHAFT !USAI 
• THE PROJECT INVESTIGATtO IS UTILIZED FO R HATER 
SUPPLY TUNNEL PURPOSES. THE TBH HETHOD REPRESENTS THE 
EXCAVATION TECHNIQUE STUOIEO. THE REPORTED 
FRAGHENTATION HETHOD SERVICING PROJECT EFFORTS 
INCLUDES HECHAN ICAL AeRASION !ROTARY ! • THIS OOCUHENT 
INC ORPORATES AO□I TIONALlY TUNNELING HACHTNE 
CHARACTERISTICS. TBH EXCA VATION RATE IS ALSO 
DISCUSSED, GEOSTRUCTURAL CHARACTERISTICS FOR THE 
RE PORT ED EXCAVATI ON ACTlVITIES ARE DESCRIBED. 
PERTINENT INFORHATION ON GROUND CON□TTIOHS AHO 
UNDERGROUND OPENING SUPPORTS AH□ MATERIALS HANDLING 
SYSTEH IS AL SO PRESENTED. THE EXCAVATICN 

!COHTIHUEO > 

CHARACTERISTICS F CR ANTRI H SHALE ARE TREATED. ROCK 
TYPES REV IE WE□ IHCLU□ E L IHEST ONE • THIS DOCUME NT 
INCORPORAT ES ADDITIONALLY HEC HAN ICAL PROPERTIES <LAS) 
OATA, 

R0006S4 THE ROHEO TUNNELS- □ETROIT, HICHIGAN A CURRENT REPO RT 
ON RAPID EXCAVATION IN DIFFICULT GROUND. 
TRAYLOR, T, H. 
PROC. HORTH AIIER. RAPID EKCAVAT!O h TUNNi:LLIHG CONF. 
2, 1113-2~. 1q12. 
LANGUIGEI ENGLISH 

PERFORHING ORGANIZATION!S l 
1,HANCTNI CONSTRUCT!OH, DETROIT,Hi lUSA. 
2. TA YLOF BROS :r NC: IN: USA 

FUNDING O~GANIZATJON!Sl 
OETROIT,C! TY OF,DEPT.OF WATER SUPPLY,DETROIT,HI : 

USA. 

THIS IN-!!TU REPORT CONTAINS ORIGINAL DHA. THE 
UNDERGROUND OPE NI NG DISCUSSED INCLU□ ES THE ON GO! hG 
EXCAVATIO~ or THE RO HE O TUNNELS (OAKLAHD-HACOHB 
SYSTEHI (OE HOIT, HI,, USAI THE PROJECT 
INVES TIGATE□ IS UTILIZEO FOR SE WER PURPOSES. THE 
SHIELD HETHO□ REPRESENTS THE EXCAVAT I ON TEC HNIQUE 
STUDIED. THE REPORTED FRAGMENT AT IO N METHOO SERVICI ~G 
PROJECT EFFORTS INCLUDES MECHANICAL ABRASION <ROTA RY) 

THIS DOCUHENT INCORPORATES lDO ITIOHALlY TUNNELING 
HACHIHE CHARACTERISTICS. TBH EXCAVATION AH O 
EXCA VATI O> ADVANCEMENT RATES ARE ALSO DISCUSS ED. SOIL 
CHARACTERISTICS FOR THE RE PORTE □ EX CAVA TI CH 
ACTIVITIE~ ARE DESCRIBE□• PERTINENT INFORHATION ON 
GROUND CONDITIONS AHO L~OERG~OU ND OPENING SUPPORTS 
ANO HATERIALS HA N □LIHG SYSTEH IS ALSO PRESE HT EO . 

R000855 MECHANICAL BORING OF A HIXEO FAC E TUNNEL. 
NOR.1'1AN, N. E• 
PROC. HORTH AHER. RAPID EXCAVATIOh TUNNELLING CoNr. 
2 , 112S-36, 197?.. 
L•NGUAGEI ENGL ISH 

PERFORHING ORG ANIZATION! S l 
s IN□ H CONSTRUCTORS INC:SoLON,OH : usA , 

THIS IH-!!TU RE PORT CO"lAINS ORIGINAL OATA . THE 
UNOERGRDU~O OPENING DISCUSSED INCLUDES THE ON GOING 
EKCAVATio~ OF THE HOSS POINT DRAINAGE PROJEC T 
!EUCERO, OH., USAI THE PROJECT lNVESTI GATEO I S 
UTILIZED FOR SEWER PURPOSES. THE TBM METHOO RfPRESE HT 
THE EXCAVATION TECHNICUF STUOIED . THE REPORTE□ 
fRAGHEHTATION HETHOD SERV ICING PROJ ECT EFFORTS 
INCLU□ES MECHANICAL ABRASION !ROTARY) • THIS OOCUHE NT 
INCORPORAlES ADOITIONALLY TUNNELING HACH H E 
CHARACTERISTICS. ROCK TYP ES REVIEWED INCLUDE SHALE • 

RO OOe5& NAST TUNNEL EXCAVATION HISTORY. 
GEARY, O. w. • JR. 
PROC. NOR111 AHER. RAP! □ fX CAVATION TUNNELLING COHF. 
2, 11J7-H, 1972 , 
LA~GUAGEI ENGLISH 

PERFORHING ORGANI ZAT!ON IS l 
KIEWIT,PETER ANO SONS co:ColUSA 

FUNDING Ol<GANIZAT ION!SI 
u.s. BUREAU OF RECLAHATION 

THIS IN- ~ITU REP ORT CONTAINS ORIGINAL DATA. THE 
UNDERGROUN□ OPENING OI SCUSSEO INCLUDES THE PROPOSED 
EXCAVATION OF THE NAST TUNNE L <co . , USAI • THE 
PROJECT INVESTIGATED IS UTILIZED FOR WATER SUPPLY 
TUNNEL PURPOSES. THE TBH HETHOD REPRESENTS THE 
EKCAVATIOH TECHN IQUE STUDIED. THE REPOqTED 
I· RAGHENTATION HETHO□ SERVICING PROJECT EFFORTS 
INCLUDES MECHANICA L ABRASION !ROTARY) • THIS DOCUME NT 
INCORPORATES ADDITIONALLY TUNNELING HACHINE 
CHARACTE RISTICS. TBM EXCAVATION RATE IS ALSO 
DISCUSSED, INFORM AT ION PERTINENT TO EXCAVATI ON COST 
IS GIVEN, PERTINENT IHFORHATIOH OH GROUND CONOITIONS 
AHO UNO E~GR OUNO OPENING SUPPORTS ANO MATERIALS 
HANDLING SYSTEH I S ALSO PRESENTED. PETROGRAPHY ANO 
ROCK TYPES REVIEWED INCLU□E GRANITE, 

R000858 SO ME ASPECTS OF THE ART OF RAISE BORING. 
HARRI SON, G. P. GREEN, N. E. BENNETT, W, E. 
PROC . NORTH AHER, RAP!□ EXCAVATION TUNNELLING CONF . 
2, 1161- 83, 1972. 
LANGUAGE! ENGLISH 

!CONTINUE OJ 



~IUOlltHINC. Dlt~&NI/ATlDHCSI 
HU~l$0N1 P,&NO CO,L TOIHIHING AND PMllNIUING 

CONTIACTn11ts, Tn11t ONTO , 
nHTUIO,CAHAOA 

Tttl~ I N•SITU REPORT CONTAIN• CRIGIHAL D&TA, THE 
PROJECT INVESTIGATEO IS UTI LIZEO ,oR NIN€ &NO 
UNSPECIFIED SUR POSES, THE RAISE DRIVI~G 
INECH,PLATFORHI H(THOO ANO RAISE DRIVING !BORING 
HAC~INESI HETHOO RF.PRESENT THE EXCAVATION TECHNIQUES 
STUOIEO , THE REPORTED FRAGHfNTATION HETHOOS SERVICING 
PRO.ECT EFFORTS l~CLUOE CONVENTIONAL EXPLOSIVE 
IUNSPEClFlEOI ANO HcCHANICAL ABRASION IROTARYI , THIS 
OOCUHENT INCORPORAT ES AOOJTIOl!ALLY TUNNELING MACHINE 
CHARACTERISTICS, EXCAVATIO~ AOVANCEHENT RATE IS ALSO 
DISCUSSED, GEOSTRUCTURAL CHARACTERISTICS FOR THE 
REPCRTEO EXCAVlTI ON ACTIVIT IES ARE OESCRIBEO, THIS 
OOCUHENT INCORPORATES AOOlTlONALLY MECHANICAL 
PROPERTIES (LABI OAT&, 

ROOO&S9 THE HECHANICAL HOLE • A BREA KTRHROUGH IN INCLINED 
SHAFT HINE CONSTRUCT[CN, 
BRIC~LE, E, W, HC GUIRE, E, J , 
PROC, NORTH AHER, RAPID EXCAVATION TUNNELLING CONF, 
z. 1185·%, 1972, 
LANGUAGE I ENGLISH 

PE RFOR•I,;c; CRGAN!ZATI CN(Sl 
SMITH TOOL COIENGINEERING QEPT,OF 

THIS IN • SITU REPORT CONTAINS CRIGlNAL D&Tl, THf 
UNOERGROUNO OPE NING DISCUSSED !NCLUDfS THf ON GOING 
EXCAVATION OF THE SOUTHEASTERN lLL[NOts COAL HINE 
TUNN EL Ill,, USAI , TH E PROJECT INVESTIGATED IS 
UTILIZED ,aA MINE PURPOSES, THE TBM METHOD REPRESENTS 
TH[ EXCA~ATION TECHNIQUE STUDIED, THE REPORTED 
r<&GMENTATICN METHOD SERVICING PROJECT ["ORTS 
X-CLVOES HECHANICH lBRlSIO~ IROTARYI , THIS OOCUNENT 
INCORPORATES &ODIT[ONALLY TUNNELING NACHINf 
CHARACTERISTICS, GEOSTRUCTURAL CHARACTERISTICS FOR 
THE REPORTED EXCAVATION AC TIVITIES ARE DESCRIBED, 
PERTINENT INFORMATIO N ON GROUND CONDITIONS ANO 
UNDERGROUND DP£NINC SUPPORTS ANO MATERIALS HANDLING 
SYSTEH IS ALSO PRESENTED, 

A000&60 UNDERCUTTING · A UNIOUE METHOD TO BORE NON•CIRCULAR 
OPENINGS, 
BARENOSEN, P, 
PROC, NORTH AMER, RA PID EXCAVATION TUNNELLING CONF, 
Z, 1197•123 G, i97Z , 
LAN GUAGE• ENGLISH 

PERFOR MING ORGANIZ ATION ISi 
ATLAS CO PCO l,BI STOCKHOLH, SWEDEN 

FUNDING ORGANIZAT!ON(SI 
RORSCHACH !TUNNELi MUNICIPAL AUTHORITIES 

THIS IN•SI TU RE PORT CONTAINS ORIGINAL DATA, THE 
UNOERGROUNO OPENING OISCUSSEO 11«:LUOES THE COMPLETED 
EXCAVATI ON OF THE RORSCHACH SEWAGE TUNNEL <RORSCHAH, 
SWITZERLANOI THE PROJECT IN VESTI,ATED IS UTILIZED 
FOR SEWER PURPOSES, THE PARTIAL FACE TUNNEL HACHINE 
HETHOO REPRESENTS THE EXCAVATION TECHNIQUE STUOI!O, 
THE REPORTEC FRAGMENTATION H[THOO ~ERVICING PROJECT 
EH MTS I ~CLUOES MEC HANICAL ABRASION fROTARYI , THIS 
oocu~ NT INCORPORAT ES &DO[TI ONA LL y TUNNELING HA CHINE 
CHARACTERISTICS, T9H fXC &VATION RATE IS ALSO 
OISCUSSEO, ROCK TYPES REVIEWED INCLUOE SAND STONE , 
THIS OOCU" ENT !NCOl!PORATES IDOITIO N.llLY N[CH&N IC&L 
PROP[l! T[[S ILABI DAT&, 

ROOOltl OPERATING O&TA , oR AN ALPINE "IN!R US[O AT TH! 
NEVADA TEST SIT! WITH & CONV!YOI! ,011t l!AIL HAULAGE 
~UC N Dis,oSAL, 
JONES, L, s. Gono, R. V, HARVEY, J. e. 
PROC, NORTH &NER, RA'10 EXCAVATION TUNNELLING CON,. 
Z, 1Z&7•78, 197Z, 
L&NGUAG!I CNGLISH 

PERFORMING ORGANIZATIONISI 
'!NIX AND SCISSON I11C., TULSA, OK 

'U"OING ORG&NIZAT[ONISI 
UNITEO STITES GOVT, 

THIS IN-SITU REPORT CONTAINS OIUGINAL on&. THE 
UNO!RGROUND OPENING DISCUSSED INCLUOfS TH! CO ... LET EO 
!XO&VATION a, THE UNO[RGl!OUNO OP(NINGS ANO TUNNl!LS 
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INIVAOA T~IT SITfl (NV,, UIAI • THE ,110JlCT 
INV[STIGA1[0 IS UTILIZED ,oR rx,ER[NlNTAL EXCAVATION 
PURPOS!S, TH! ·PARTUL FAC E TUNN!L MACHINE "[THOD 
REPRESENTS THE EXCAVAT ION TECHNIQUE STUDIED, TH E 
REPORTED ,RAGNl:NTATION HETHOO SERVICING PROJECT 
HFORTS Ut:LUO!S "ECHANIC&L A81!ASION (ROTARY I • THIS 
DOCUMENT I NCORPOl!ATES &OOITIONALLY TUNNELING MACH INE 
CHARACTERISTICS, TBH EXCAVATION ANO EXCAVATION 
AOVlNCEHEkT RATES ARE ALSO OI SCUSSEO, PETROCRAPHY AND 
ROCK TYPES REVIEWED INCLUDE TUFF • THIS OOCUHENT 
INCORPORATES ADDITIONALLY MECHANICAL PROPERTIES (LABI 
OAT&, 

ROOO&r.z A COHPARI~ON OF LABORATORY CUTTI NG RESULTS ANO 
ACTUAL TUNNEL BORING PERf"~NANCE, 
HUSTRULIO, W, l, 
PROC, NORTH AMER, RAPID EXCAVATION TUNNELLING CONF , 
z, 1zqq- 13z3, 191z. 
LANGUAGE• ENGLISH 

PERFORMING ORGANI Z&TION(S I 
COLORADO SCHOOL OF HINES,OEPT , OF MINING,COLOEN, COI 

&Olt01 

FUNDING ORGANIZATIONfSI 
u.S,GOVTIOEPT,Of OEFENSf 

THIS LA B• IN•SITU-THEORETICAL REPORT CONTAINS ORIGINAL 
DATA, THE UNOER~OUND OPt:NING DISCUSSED INCLUDES THE 
COMPLETED EXCAVATION Of THE RIVER "OUNTA[NS TUNNEL 
!HENDERSON, NV,, USAI • THE PROJECT INVESTIGATED IS 
UTILIZE:O ,oR IRRic;ATION PUPPOSES, THE TBH HETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTfO FRAGMENTATION METHOD SERVICING PROJECT 
[r,ORTS INCLUOU ~ECHANIC&L &8R&SION (ROTARY I 
PETROGRAPHY ANO ROC( TYPES RE VIEWED INCLUDE PERLITE, 
RHYOLIH IND SILEXITE , THIS DOCUMENT INCORPORATES 
ADDITIONALLY MECHANICA L PROPERTIES fL ABI OAT&. 

R000&63 WATER JETS ANO ROC( HANNERS FOR TUNNELING IN THE 
U.S. AND L,S,S,R. 
COOLEY, ~. C, 
PROC, NORTH AHER, RAPID EXCAVATION TUNNELLING CONF, 
Z, 13ZS• 60, l972, 
L&NGUA GEI ENGLISH 

PERFOR"lNG ORGANIZATION(SI 
JERRASPACE,INCl30, N,STONESTREET AVElROCKVILLE,HO. 

208SD IUSA 

FUNDING ORGANIZATlONfSI 
TERRASPICE INCINOIUSA, 

THIS LAB-IN-SITU-THEORETICAL REPORT CONTAINS REVIEW 
DATA, THE PROJECT INVESTIGATED IS UTILIZED FOR 
EXPERIMENTAL EXCAVATION PURPOSES, THE REPORTED 
FRAGHENTATION NETHOD SERVICING PROJECT EFf"ORTS 
INCLUDES JET ABRASION <WATERI , 

R0D086~ THERMAL FRACTURE OF ROCK • A REVIEW OF EXl'ERIHENTAL 
RESULTS, 
CARSTENS, J, P, 
PROC, NORTH &HER, RAPID EXCA VATIO N TUNNELLING CONF o 
2, 1363-9Z, 197Z, 
LANGua,e, ENGLISH 

PE l!POR"ING ORGANIZATIONISI 
UNITED AIRCRAFT RESEARCH LABIE ,HA RTFORO , CTIUSA , 

,uNOING oR,ANIZATION(SI 
UNITED AI•CIIA'T RESEARCH LABIE,HARTFORO,CTl06108 

THIS LAe-TH[ORETICAL RE,ORT CONTAINS REVIEW DATA, THE 
PROJECT JNY[STIGITED IS UTILIZED FOR EXPERIMENTAL 
EXCAVA TION PURPOSES, THE REPOl!TEO FRAGHENTlTION 
METHOD SERVICING PROJ ECT EFFORTS INCLUDES 
THER"AL•UDUNT I COHERENT LIGHT•LASERI , 

llt000865 RESEARCH ANO DfW:LOPHENT • KEY TO AOVANCES FOR RAPID 
EXCAVATION IN HARO ROCK, 
OLSON, J, J, ATCHISON, T, C, 
PROC, NORTH ANE., RAPID EXCAVATION TUNNELLING CDNF, 
z. 1393-1, .. 1. 1972, 
LANGUA,fl ENGL ISH 

PE RFOR"IN, ORGANIJATIONISI 
U,S,IU.!AU o, HINES,"INNE&POLIS,NN IUSA, 
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FLNDING ORG•NIZATION( SI 
BUREAU OF HINES,U,S,GOVT, 

THIS LAB-THEORETICAL REPORT CONTAINS REVIE• DATA. THE 
PROJECT INVESTIGAT ED IS UTILIZED FOR ~XPERIPIENTH 
EXCAVATION PURPOSES. THE REPORTED F~AGHEHTA TIOH 
HETHOO SERVICING PROJECT EFFORTS INCLUDES JET 
BRASION (MATER! , GEOSTRUCTURAL CHARACTERISTICS FOR 
THE REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED. THE 
EXCAVATION CHARACTERISTICS FOR BARRE GRANITE, BEREA 
SANDSTONE, DRESSER BASALT, HOLSTON MARBLE [LlHESTONE 
OR FORHATIONJ <•TENNESSEE HARBLEI, SALFM LIMESTONE, 
SIOUX QUA RTZITE <•JASPER QUARTZITE I, 
ST,CLOUO<GRAYIGRANOOIGRITE <•CHARCOAL GR!Y GRANITE ! 
AND WESTERLY GRANITE ARE TREATED , ROCK TYPES REVIEWED 
INCLUDE BASALT, GRANITE, LIHESTONE, MARBLE, OUA~TZITE 
ANO SANDST ONE THIS OOC~MENT INCORPORATES 
ADDITIONALLY MECHANICAL PROPERTIES (LABI DATA, 

PDDD866 EXPLOSIVE EXCAVATION RESEARCH. 
GATES, R, H, 
PROC. NORTH AMER, RAPID EKCAVATIO~ TUNNELLING CONF, 
2, 15&9-e~, 19r2. 
LANGUAGE! ENGLISH 

PERFORHING ORGANIZATION<Sl 
U,S.AKMY hATERMAYS EXPERI~ENT STATION,EKPLOSIVE 

EXCAVATION 
RESEARCH LABORATORY <E ERL l,LIVERHCRE,CA:USA 

FUNDING ORGANIZATION[Sl 
U,S,ARHV CORPS OF ENGINEERS 

THIS IN-SITU REPOR T CONTAINS CRIGINAL DATA, THE 
UNOERGROUNO OPENING OISCUSSEO INCLUDES THE COHPLETEO 
EXCAVATION OF THE RESERVOIR CONNECTION IF ORT PECK, 
HT., USA! , THE PROJECT INVESTIGATE□ IS UTILIZEO FOR 
CHANNEL OEPLUGGHlG, EXPERIMENTAL EXCAVATION ANO 
RAILWAY PURPOSES. THE TRENCH HETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED. THE REPORTEO 
fRAGM, NTATI CN H!THOC SERVIC ING ~OJECT EFFORTS 
I~CLUOES CONVENTIONAL EXPLOSIVE <ANFOI • PETRDGRAPHY 
ANO ROCK TYPES REVIEWED INCLUDE SANDSTONE ANO SHALE, 

R0009&& EUROPEAN DEVELOPMENT ANO EXPERIENCE WITH 
MECHHICAL HOLES IN HARO ROCK TUN~ELIHG, 
BARENOSEN, P. 
PROC, OEEP TUNNELS IN HARO ~OCK , CIVIC CENTER 
CAMPUS, NOV. 9-10, 1970, MILWAUKEE, WIS, 
93- 112 .. 1970. 
LANGUAGE! ENGLISH 

PERFORMING CRGANIT.ATION(Sl 
ATLAS COPCO A.o:sToCKHOLH,SWEOEN 

FlHDING ORGANI ZATION(SI 
ATLAS COPCO A~ ,TOCKHOLH,SWEOEN 

THIS IN-SITU-THEORf'ICAL REPORT CONTAINS ORIGINAL 
DAU, THE UN□ERGROUNO OPENINGS OISCUSSEO INCLUDE THE 
COMPLETED EKCAVAT!flN OF THE RORSCNACH SEWAGE TUNNEL 
IRORSCHAH, SMITZERLANDI, THE COHPLETED EXCAVATION Of 

THE SEIKAN RAILWAY TUNNEL fJAPANI AND THE COHPLETED 
EXCAVATION OF THE WHITE PINE COPPER HINE <HI,, USA! , 
THE PROJECTS INVESTIGATE□ ARE UTILIZE□ FOR 
EXPLORATORV TUNNEL, HINE AHO 'EWER PURPOSES. THE T8M 
HETHOO REPRESENTS THE EXCAVAT ION TECHNIQUE STUDIED. 
THE REPORTED FRAGHENTATIO~ MET~OO SERVICING PROJECT 
EFFORTS INCLUDES HECHANICAL ABRAS ION IROTARYI , THI~ 
OOCUHENT INCORPOII.ATES ADDITIONALLY TUNNELING HACHINE 
CHARACTERISTICS. TBM EXCAVATION RATE IS ALSO 
DISCUSSED, GEOSTRUCTURAL CHARACTERISTICS FOR T~E 
REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED. 
PERTINENT INFORHATIO~ ON GROUNO CONDITIONS IS ALSO 
PRESENTED, THE EXCAVATION CHA~ACTERISTICS FOR NHITE 
PINE ORE FCRHATION ARE TREATED, PETROGRAPHY ANO ROCK 
TYPES REVIEWED INCLUDE SANDSTONE AND SHALE • THIS 
DOCUMENT INCORPORATES ADDITIONALLY HECHANICAL 
PROPERTIES <LAOI DATA. 

R000968 EXPERIENCE IN EONONTON CANACA WITH EMPHASIS ON 
PNEUMATIC CONVEYANCE OF MUCk, 
CHRYSANTHOU, C. G. 
PROC , OEEP TUNNELS IN HARD ROCK, CIVIC CENTER, 
CAMPUS, NOV, 9-10, 1970, HILWAUKEE, WIS, 
131-~0. 1970. 
LANGUAGE! ENGLISH 

ICONTINUEO I 

PERFORHING ORGANIZATION(SI 
EOHrNTON,CITY OF, AL8ERTA,CANAOA 

FYNDING ORG ANIZ ATIONISI 
EO~ONTo,,CITY OF,ALBERTA,CANAOA 

THIS IN- SITU Rf PORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPENINC. DISCUSSED INCLUDES THE ON GOI~G 
EXCAVATION Of THE E □HONTON SANITARY TUNNELS 
I EOHONTON, AL8 ERTA, CAN ADA I THE PROJECT 
INVESTIGATED IS UTILIZED FOR SEWER PURPOSES. THE TBH 
METHO D ~EPRESENTS THE EXCAVATIO~ TECHNIQUE STUDIED. 
THE REPORTED FRAGMENTATION METHOD SERVICING PROJECT 
EFFORTS INCLUDES MECHANICAL ABRASION <ROTARY! • TBN 
EXCAVATION RATE IS ALSO DISCUSSED. PERTINENT 
INFORMATION ON MATERIALS HANDLING SYSTEH IS ALSO 
PRESENT ED, 

RQ00%9 RAPID EtCl".\TION IN HARD ROCK I A STATE-OF-THE-ART 
REPORT. 
BRUCE, •• E, HORRfLL, ~. J. 
PROC. DEEP TUNNELS IN HARO <OCK, CIVIC CENTER 
CAMPUS, NOV, q-10, Jq7Q,. tilLHAUKEE, N!S,. 
187-2n, l~TO. 
LANGUAGE• ENGLISH 

PERFORMING ORGANIZATION(SI 
u.S.AUREAU OF MINES,HINt;CAPOLIS,HN;~sA, 

FUNDING O~GANIZAT ION(SI 
8URCAU OF HINES,U.S, GOVT. 

THIS IN•SITU RE.PORT CONTAr"S REPUBLISHED DATA, THE 
UNDERGROU ND OPENINGS DISCUSSED INCLUDE THE COHPLETE □ 
EXCAVAT IO~ OF THE CALUHET INTERCEPTING SEWE R 118E, 
127THANO CRAWFOLO AVE. l ICHICAG0 1 IL,, USA 1, THE 
CO•PLETEC EXCAVATION OF THE CHICAGO SEWER TUNNEL 
!C HICAGO, IL,, USA 1, THE COltPLETEO EXCAVATION OF THE 
CLIMAX MINE <CO,, USAI, THE COHPLETEO EXCAVATION OF 
THE OORC ~ESTER NATER TUNNEL <BOSTON, HA,, USAI, TtE 
COMPLETED E~CAV.H JON OF THC INCLIIIED SHAFT ADIR ONDACK 
HINE <MHlEV!LLE, NY., USA l, THE COMPLETED EXCAVATICN 
Of THE LAWRENCE AVENUE SEWER SYSTEM !CHICAGO, IL., 
USAI, THE COMPLETED EXCAVATION OF THE HAGHA MI~E 
DEVEL OPHENT DRIFT <SUPERIOR, AZ., USA I, THE COMPL ETED 
EXCAVATIOt OF THE RICHMOND WATER TUNN(L (NEW YORK, 
NY., USAI, THE COMPLETED EXCAVATI ON OF THE RIVER 
HOUNTAINS TUNNEL !HENDERSON, NV., USAI, Tf£ COMPLETED 
EXCAVlTioa OF THE SOUTHWEST SEWER 1J-A (CHICAGO, 
ILLINOIS, USAI, THE COHPLETEO EXCAVATION OF THE ST AR 
MINEIWALL,CE DEVELOPMENT DRI FT] <IO,, USAI ANO THE 
CO~PLETEO EKCAVAl!ON OF TH E WHITE PINE COPPlR MI•E 
IHI., USAI • THE PROJECTS INVESTIGATED ARE UTILIZED 
FOR HINE, SEWER AH□ MATER SU PPLY TUNNEL PURPOSES , THE 
TBH METHOD REPRESENTS THE EXCA VATION TECHNIOUE 
STUDIED, TH E REPORIEO FRAGMENTATION HETHOO SERVICING 
PROJECT EFFORTS INCLUDES MtCHANICAL ABRASION IROTARYI 
, THIS OOCUHCNT INCORPORATfS ADDITIONALLY TUNN ELING 
HACHINC CHARACTERISTICS, TBH EXCAVATION RATE IS ALSO 
OISCUSSED, GEOSTRUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, 
PERTINENT INFO'!HATION ON GROUND COND ITIONS ANO 
UNOERGROUNO OPE NI NG SUPPORTS IS ALSO PRESlNTEO , 
PETRo GRAPty ANO ROCK TYPES REVIEWED INCLUDE 
ARGILLITE, COH tl.OMERATE, OlORITE , OOLOHITE (ROCKI, 
GNEISS, lIHESTONE, HONZONITE, QUARTZITE, RHYOOACITE , 
RHYOLITE, SANDSTONE, SCHIST, TUFA IROCKI ANO 
VOLCANICS. THIS OOCUPIENT INCORPORATES AOOITIONALLY 
MECHANICAL PROPERlIES <LABI DATA, 

R000970 TWO UNOER~ATER SHAFTS TO C NNECT TWIN TUNNELS IN 
ENGLANOtS HEOWAV ESTUARY. 
AUTHOR ANCN, 
TUNNELS lNO TUNNELLING 
~ < ~ I, 310-11, 1972, 
LANGUACE t ENGLISH 

PE RFORHIHG ORGANI ZA TIOH(SI 
MOODIE,KINNEAR AHO co.LTO;u.~. 

FUNDING ORGAHIZATION<SI 
CENTRAL ELECT RIC I TY GENERATING BOAR□ ,u.K. 

THIS IH-SITU REPORT CONTAINS ORIGINAL DATA. THE 
SHIELD METHOD RE FRESENTS THE EXCAVATION TECHNIQUE 
STUDIED. THE REPORTED FRAGHENTATIOH HETHOO SERVICING 
PROJECT EFFORTS INCLUDES HECHANICAL ABRASION <ROTARY! 
, THIS OOCUHENT INCORPORATES AODITIONALLY TUNNELHG 
HACHINE C~ARACTERISTICS. SOIL CHARACTERISTICS FOR THE 

<CONTINUEDI 



R[, o~TEO EXCAVATION ACTIVITIES ,ARE OESCRI8EO, 
PEfHI H[ NT INFORIIATI ON ON GROUNO CONOITIONS ANO 
UNDERGROUND OPENING SUPPOPTS IS ALSO PltESENTEO, 

R000 ~71 01,FICULTIES OYERCOHE IN DRIVING NATE~ TUNNEL, 
BEALE , P. A. ST.J. 
TUNNELS ANO TUNNELLING 
lo I ~ 1, J2l•7 , 1972, 
LANGUAGE! ENGLISH 

PERFOR"ING ORGANilATI ON<SI 
THYSSEN IGREAT aRITAINILTO, 

THIS IN•SITU REPOPT CONTAINS REPUBLISHED DATA, THE 
UNDERGROUND OPENING DISCUSS EO I NCLUO~S THE CONPLETEO 
EXCA VAT ION OF THE CROSS HANDS TUNNEL IU,K , I , THE 
P~OJECT INVESTJCATEO IS UTILIZEO FOR WATER SUPPLY 
TUNNEL PURPOSES, THE ORILL ANO BLAST IOTHER THAN FULL 
FACE! METHOD REPRESENTS THE E~CAYATION TECHNIQUE 
STUDIED, THE REPORTED FRAG"ENTATION "ETHOO SERVICI~G 
PR OJECT EFFORTS I NCLUOES CONVENTIONAL EXPLOSIVE 
(UNSPECIFl[DI THIS oocu"ENT INCORPORATES 
AOOITIONALLY TUNNELING MACHINE CHARACTERISTICS, TB" 
EXCAVATION RATE I S ALSO DISCUSSED, GEOSTRUCTURAL 
CHAPACTERISTICS FOR THE REPORTED FXCAYAT I ON 
ACTIVITIES UE OESCRteEO, PERTINENT INFOll"ATION ON 
GROUND CONDITIONS AHO UNOERGRDONO OPENING SUPPORTS 
ANO "A TERI ALS HANDLING SYSTEH IS ALSO PREStNT[O, THE 
EXCAVATION CHARACTERISTICS ,oR BRITISH COAL NEASUR[ 
AAE TREATED, 

R00117l ROC~ETS FOR RUSSIAN DRILLING, 
AUTHOR ANON, 
UN0£RGR OUNO SERVICES 
, I 1 I, 36, 1973, 
LANCUACEt ENGLISH 

THIS IN•SITU ANO LJB• IN•SITU REPORT CONTAINS REVIEM 
OITA, THE PROJECT IN VESTIGATED IS UTILIZED ,oR 
E1PERI"ENTAL EXCAVATION ANO UNSPECIFIED PURPOSES, THE 
CONPRESSEO AIR ME THOD REPRESENTS THE EXCAVATION 
TECHNIQUE STUD I ED, THE RE PO RTED FRAG"ENTATIDN HETHOOS 
SER VIC INC PROJECT EFFORTS INCLUDE JET AIRAS I ON IGA !I 
ANO MECH ANICAL ABRASION IUNSPECI'IEDI • 

R00197 l RAPID EXCA VATION BY ROC~ IIELTINC••LASL SUBTERRENE 
PROGRA "•• • , 
HANOLD, R, J, 
LOS ALAHOS SCIENTIFIC LABORATORY, UNIV, OF 
CALIFORNIA 
JSPP,. 1973, 
I LA• SloS9• • SR , AVAIL, NTlS 
LJNGUA CEt ENGLI SH 

PERF ORHING CR GANI ZA f I ONISI 
LOS ALAHOS SCIENTIFIC LAB,IUNIY,O' CALI,ORNIAl,NNI 

8 7SC. C. ,USA• 

FUNDING OR CANIZATIONISI 
UNITED STATES COYT, 

THIS LAB REPORT CO~TAINS REVIEW DATA, THE PROJECT 
INVESTIGATED IS UTILIZED FOR DRAINAGE IUNSP!CI,IEOI 
ANO nPER I HENTAL EXCAVATI ON PURPOSES, TH! R!PORTEO 
FltAGNtNTATI ON NET HOCS SERVICING ,110J!CT EH OATS 
INCLUDE CHEMICAL <SURFACTANTS I ANO SU6TERR!NE , 
CEOSTRUCTU•AL CHARACTERISTICS ,oR TH£ ~EPORTED 
EXCAVATION ACTIYitIES ARE OESUl8EO, THE EXCAVATION 
CHHACTERISTICS ' OR BANO£Ll[R TU,, AU TRUTEO, ROCK 
TYP(S RE VIEWED INCLUDE ru,, • 

ROOQ9 1~ DRILLING ROCKS WITH PLASHA J ! TS, 
BOUCH!, ~. E • 
COl.OIIADO SC►OOL o, NI ~ES, GOLD! N, COL o., Ne S, 
TH[SlS 
u,p,. 196~, 
LANGUA GE t ! NGLISH 

PERfOR"IHG ORCANIZATIONISI 
COL OIIAOO SCHOOi. o, HilltS, DEPT ,o, HINING, GOLO!N,COI 

8001 

f UHDING ORGAIUZATIO HIS I 
AH[RICAN PETROL!UH INSTITUTE 

THIS LAB R[PORT COHTAINS ORIGINAL OATA, TH[ l'IIOJECT 
INVESTI!,ATEO IS UTILIZEO fCR !Xl'flttNtNTIL UCAVATICN 
PIJIIPOSES, THE REPORT!O 'ltAGMENTATION NETHOO Sf:ltVICIIIG 
PROJECT El' ,oRTS INCLUDES TH!ltMAL•!LECTIUClL 
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<TRANSFER ~EO UC METHODS, PLASMA ARCI , THIS OOCUNIIIT 
INCORPORA1ES ADDITIONALLY TUNNELING MACHINE 
CHARACTERISTICS, GEOSTRUCTURAL CHARACTERISTICS FOR 
THE REPORTED EXCAVATION AC TIVITIES ARE DESCRIBED, 
PETROGRAPHY ANO ROC K TYPES REVIEWED INCLUDE GRANITE, 
LIMESTONE, "ARSLE ANO SHALE 

R00099~ CHANNEL TUNNEL MACHINERY, 
HILLBANK, P, 
TUNNELS ANO TUNNELLING 
5 I 6 1, ~61•2, 1~73, 
LANGUAGEI [ NGLISH 

PERFOR"IN~ ORGANI?ATIONISI 
1,CROSS CHANNEi. CONST~ACTORS,U,Kl 
2 ,E,HEILKA"P GH9H,(R,A,Fl, 
J,LA SA DES EIITERPRISES LEON BALLOT ,FRAICE 
4,LiENTERPAISES CAPAG•CENTRA,FRANCE 
S,LiENTERPRISES QUILLER> SAINT•HAUR,FRAICE 
6,Ll!NTERPRISES TRUCHETET• TANSINI,FRANCE 
7,TRAPP ET CI£ GHBH IR,A,F,1 ,FRANCE, 

,uNOING ORGANIZATION(SI 
BRITISH CHANNEL TUNNEL C~IU,K,A NO SOCIETE 

FRANCAISE OU TUNNEL SOUS 
LA NANCHE,,RAICE 

THIS IN•SITU REPORT CONTAINS REVIEW OAT&, THE 
UNDERGROU~O OPENING DISCUSSED INCLUO~S THE PltOPOSEO 
EXCAVATIO• o, THE ENGLISH CHANNEL TUNNEL IU,IC,1 , THE 
PlllO.JECT INVESTIGATED IS UHLI ZED roR VEHICULAR TUNNEL 
IRULWAY &NO SUBNAY, 2 LEVEU PURPOSESe THE TB" 
NETHOO REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, 
THE REPORTED 'RAG"ENTATION HETHOO SERVICING PROJECT 
E,F'ORTS INCLUOES HE.CHANICAL ABAISION IROUltYI , THIS 
DOCUMENT INCORPORATES ADDITIONALLY TUNNELING "ACHI•E 
CHARACTERISTICS, PERTINENT INFORNATION ON UNOERGROUNO 
OPENING SlPPORTS ANO NATEAIALS HANDLING SYSTEH IS 
USO PRESENTED, PETROGRAPHY ANO ROCK TYPES REVIE WED 
INCLUO! CHALK IHIHERALJ , THIS OOCU"ENT INCORPORATES 
ADDITIONALLY MECHANICAL P~OPERTlES DATA, 

RDI0995 SYDNEY ~&IL TUNNEL "ACHINERY, 
JESSOP, M, P, 
TUNNELS JNO TUNNELLING 
5 I 6 I, 56~, 197 3, 
LANGUAGEt ENl,LISH 

PERFOR"ING ORGANI lATIONISI 
CODELFA CONSTRUCTIONS PVT, LTO;AUSTRALIA 

THIS IN•SITU REPOAT CONTAINS ORIGINAL DA TA, THE 
UNOERGROUNO OPENING DISC USSED INCLUDES THE COHPLETEO 
EXCAVATION OF THE SYDN EY RAIL TUNNEL IS>OHEY , 
AUSTRALIA! , THE Plt0J£CT tH~ESTIGATED IS UTILIZED FOR 
RAILWAY PURPOSES, THE TRM "ET HOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED, THE REPORTED 
FRAC"ENTATION NETHOO SEPVICING PROJECT EFFORTS 
INCLUDES IIECHANICAL AIIRASICIN IROTARYI , THIS OOC UHENT 
INCORPORAl[S A001TI ONAL LY TUNNELING "ACHINE 
CHARACTERISTICS, P[RTINfNT I NFORMATION ON MATERIALS 
HANOL ING !YSTEH ts ALSO PRc.SENTEO, 

1100G996 AN AN!RICAN VIEW o, EUlllOPEAN TUNNELLIH,, 
DEGALL, A, A, 
TUNNtLS ANO TUNHELLING 
f I 6 1, 619•U, 197S, 
LANGUA,Et ENGLISH 

THIS U • SITU 11tE PDl!T CONTAINS ABSTRACTED ONLY DATA, 
TH[ UNOEJGIIOUNO OPENINCS DISCUSSED I ICLUOE THE 
COIIPLET!D EXCA VAT ION OF TN[ ELBE TUNNEL (HAHBURG, 
W, GERHANYI ANO ST, GOTTHARD TUNNEL (NORTH HEADING I 
ISMITZ!RLAND I THE PROJECTS IHVESTIGATEO AAE 
UT I LIZED 'OR UNSPECIFIED PURPOSES• THE DRI LL AND 
BLAST 1,ULl ,act> HETHOO A~O SHIELD METHOO REPRESE HT 
THE EXCAVATI ON T[CHNI QO ES STUDIED, THE ~[PORTED 
'RAGMtNTATlON "ETHOOS SE~VICING PROJECT EFFORTS 
INCLUDE CONVENTIONAL EXPLOSIIIE !UNSPECIFIED ► AND 
HECHANICAl ABRASION IROTARYI , PERTINENT INFORNATI CH 
ON UNO!RGROUNO OPENING SuP,oRTS ANO "ITERIALS 
HANOLINI, SYSTEM IS ALSO PRESE NTEO, PETROGRAPHY ANO 
ROCK TYPE! REVI[MEO INCLUDF GRANITE ANO SCHIST, 

RDD1016 IR!IKTHRou,H ON S[CONO HERSE Y ROID TUNNEL AS WORK 
co""ENC[S ON DUl'LICATI, 
AUTNOII ANON, 
CIVIL ENG, ,u1LIC WORKS REV, 

IC ONTI NU! DI 
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&5 I 7&5 I , J7S, 1970, 
LANGUAGE• ENGLISH 

PERFORMING ORGANHU IONISI 
NUTTALL,ATKINSON ANO CO. 

THI S IN-SITU PEPORT CONTAINS CRIGINAL OATA, THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE OM GOI hG 
fKCAVATION OF THE PILOT TUNNEL FOR DUPLICATE MERSEY 
TUNNEL IU,K,1 AHO THE CO MPLETED EKCAVATION OF THE 
SECOND MERSEY ROAD TUNNEL !LIVERPOOL, U,K, I • THE 
PROJECTS INVESTIGATE □ ~RE UTILI ZED FOR PILOT BME ANO 
TWIN HIGHWAY PURPOSE S, THE TBH METHOD PEPRfSENTS THE 
EXCAVATION TECHNIQUE STUDIED, THE REPORTED 
FRAGMENTATION METHOD SE~VICING PROJECT EFFORTS 
INCLUDES MECHANICAL ABPAS!Oh IROTARYI • THIS DOC UMENT 
INCORPORATES AO□ITIONALLY TUNNELING MACHINE 
CHARACTERISTICS. ROCK TYPE S REVIEWED INCLUDE 
SANDSTONE 

R001019 EQUIPMENT DEVELOPMENT TllE:NDS IN MODERN TUNNELLING 
ARSTRACTS OF PAPERS READ AT THE ROCK DRILLING DAY IN 
SWEDEN, 
~UENOSEN, P, 
CIVIL ENG, PUBLIC WORKS REV, 
,;,; I 17Z 1, 130'--,;, 1972, 
LANGUAGE! ENGLISH 

FUNDING ORGANIZATIONISI 
WHITE PINE COPPER co;wHITE P!NE,HI;usA, 

THIS IN-SITU REPORT CONTAINS ORIGINAL OATA, THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE ON GOING 
EXCAVATION OF THE WHITE PINE COPPER MINE IHI,, USAI • 
THE PROJECT INVESTIGA TED IS UTILIZED FOR Hit,E 
PURPOSES, THE PARTIAL FACE TUNNEL MACHINE METHOD 
REPRESENTS THE EKCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGHENTATION eETHOO SERVICING P~OJECT 
EFFORTS INCLUDES HECHANICAL ABR ASIO~ IROHRYI • THIS 
OOCUHENT I~CORPORAT~S ADDITIONALLY TUNHELINC MACHINE 
CHARACTERISTICS. TBH EXCAVATION RATE IS ALSO 
DISCUSSED, 

R0010 Z1 W~ITE PINE EORES TO HINE SHAFT BENCHMARK, 
AUTHOR ANON, 
ENG, HINING J, 
170 I S 1, 110-11, 19&9, 
LANGUAGE I ENGLISH 

PER FOR HI NG ORGAHI ZAT I ONISI 
ORAVO CORF,(OR co.1,u.s ,A. 

FUNDING ORGANIZATIOHISI 
EDHONTON,CITY oF,ALBERTA,CANAOA 

THI S IN-SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE COHPLETEO 
EXCAVATION OF THE WHITE PINE COPPER HINE IHI,, USAl 
ANO THE ON GOING E<CAVATION OF THE WHITE PINE COPPER 
HINE IHI,, USAI • THE PILOT BORE-CENTER METHOD ANO 
TBH METHOD REPRES ENT THE EXCAVATION TECHNIQUES 
STUDIED, THE REPORTED FR~GHENTATION HETHOO SERV ICING 
PROJECT EFFORTS INC LUDE S HECHANICAL ABRASION IROTARYI 
• nrs DOCUMENT INC ORPORATES ADDITIONALLY TUNNELING 
MACHINE CHARACTERISTICS, H .11 nCAVHION RATE IS ALSO 
DISCUSSED, 

ROOlOZZ RAPID EXCAVATION CONCEPTS NOW H FOCUS AS PARAMETERS 
AHO DIMENSIONS EHERGE, 
AUTHOR ANON, 
ENG. MINING J., 
171 111, 77-81, 1970, 
LANGUAGEt ENGLISH 

PERFORMING ORGANIZATIONISI 
HENORICKS,R.S,AHO HINER,G,H:WALLACE,Io:usA. 

THI S IN-SITU REPORT CONTAINS REPUBLISHED DATA, THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE COMPLETED 
EXCAVATION OF THE HELGA HINE ICOVER O#ALENE, IO,, 
USAI , THE PROJECT INVESTIGATED IS UTILIZED FOR HINE 
PURPOSES, THE RAISE DRIVING !BORING HACHINESI HETHOO 
REPRESENTS THE EXCAVATION TECHNICUE STUDIED, THE 
REPORTED FRAGHENU TI ON HETHOO SER VIC ING PROJECT 
EFFC'RTS INCLUDES HECHANICAL ABRASION (ROTARVI , TBH 
EXCA VA TION RATE IS ALSO DISCUSSED, INFORMATION 
PERTINENT TO EXCAVATION COST IS GI VEN, PERTINENT 
IN,ORHATION ON MATERIALS HANDLING SYSTEH IS ALSO 
PRESENTED, 

RD01DZ3 WATER JET IS PROPOSED AS ROC~ CUTTING HEOIUM FOR 
RAP ID TUWNELLINC, 
AUTHOI> ANON. 
ENG, HINHG J. 
172 f 1 J, e q, 1CJ7l. 
LANGUAGEI ENGLISH 

PERFORMING ORGANIZATIONISI 
I,I,T,RESElRCH INSTITUTE,CHICAGO,IL: USA. 

THIS LAB REPORT CONTAINS ORIGINAL DATA, T~E HYORAULIC 
FRAGMENTATION "ETHOO REPRESENTS THE EXCAVATION 
TECHNIQ UE STUDI ED, THE REPaRTEO FRAGMENTATION HETHOO 
SERVI CING PROJECT EFFORTS INCLUDES JET ABRASICH 
IWATERI , TBH EXCAVATION R-.TE IS ALSO DISCUSSED , 

R00102~ RUSSIA DEVELOPS ROCKET FOR USE IN ORlLLINC. 
AUTHOR ANCN. 
ENG, MINING J, 
172 I 12 1, J2, 1971 , 
LANGUAGE• ENCLISH 

THIS IN-SITU-THEORETICAL REPORT CONTAI~ ORIGINAL 
OATA, TSE PROJECT INVESTIGATED IS UTILIZED FOR 
EXPERIHENTAL EKCA VATION PURPOSES, THE REPORTED 
FRAGMENTAT ION "ETHOD SERVICING PROJECT EFFORTS 
INCLUDES JET ABRASION IGASI , TBH EXCAVATION RATE IS 
ALSO DISCUSSED, PETROGRAPHY AHO ROCK TYPES REV I EWED 
INCLUDE PER"AFROS T • 

R00102S SOFT GROUND TUNlfELLING TECHhO LOGY ON THE BART 
PROJECT• 
PETE~SON, E• FROBENIUS, P, 
CIVIL ENG,, ASCE 
'-1 I 10 >, 72-&, 1971, 
LANGUAGE• ENGLISH 

PERFORHINC ORGANIZATIONISI 
DELAWARE V,H.CO~P. 
UNIVERSITY OF MINNESOTA ,DEPT ,OF CIVIL ANO HIN ER AL 

EHG!HEERING 
1,KlEWI T SONS 
2,TRAYLM OROTHERS,SA~ FRANSISCO,CA;uSA 

THIS IN-SITU REPORT CONTAINS REPUBLISHED DATA , THE 
UNOERGROU~O OPE NINGS OJSCUSSEO INCLUDE THE COHPLETEO 
EXC AVAT!Oh OF THE BAY AREA RAPID TRANSIT P~OJECT 
IBARTI !SECTION UNSPECIFIED! ISAH FRAICISCO, CA ,, 
USAI ANO THE COMPLETED EXCAVATION OF THE BAY AREA 
RAPID TRANSIT PROJECT IBARTI IHAR~ET STREET SECTION ) 
ISA H FRANCISCO, CA,, USAI , THE PROJECTS INVE STIGA TED 
ARE UTI LIZED FOR IO£TRO PURPOSES, THE SHIELD HETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGHENTATION METHODS SERVICING PROJECT 
EFFORTS INCLUDE HANO HINING ANO HECHANICAL ABRASION 
IROTARVI • TIIIS DOCUMENT INCORPORATES ADDITIONALLY 
TUNNELING MACHINE CHARACTERISTICS, TBH EXCAVATION AHO 
EXCAVATION ADVANCEMENT RUES ARE ALSO DISCUSSED, 
GEOSTRUCTURAL AHO SOIL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, 
PERTINENT INFORHATION ON GROUND CONDITIONS ANO 
UNDERGROUND OPENING SUPP'lRTS ANO MATERIALS HANDLING 
SYSTEM IS ALSO PRESENTED, 

R001026 TUNNEL DRIVEN USING SUBSURCACE FREEZING, 
GAIL, C, P, 
CIVIL ENG., ASCE 
42 I S 1, JT-4 D, 1972, 
LANGUAGE• ENGLISH 

THIS IN-SITU REPORT COHTAI'IS REPUBLISHED DATA, THE 
PROJECT INVESTIGATED IS UTILIZED FOR SEWER PURP05ES, 
THE SHIELC NETHOO REPRESENTS THE EXCAVATION TECHNIQUE 
STUOioO, GEOSTRUCTURAL CHARACTERISTICS FO~ THE 
REPORTED EXCAVATION ACTIVITIES ARE DESCR IBED, 
PERTINENT INFORMATION ON GROUND CONDITIONS ANO 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESENTED. 

ROOtozq DESIGN ANO A?PLICATION OF ROLLING CUTTERS FOR RAISE 
ANO TUNNEL BORING, 
DIXON, R, L, WOROEN , E, P, 
HINING CONGR, J, 
s1, 4 0-e, 1g71, 
LANGUAGE• ENGLISH 

PERFORHING ORGAMIZATIONISI 
SHITH TOOL COIENGINEERING DEPT.OF 

ICONTIHUEOI 

., 

' 

1 



THIS THEORETICAL REPORT CONTAINS REVIEW OATA. THE T8M 
PIETHOO REPRESENTS THE EXCAVAT IO~ T~CHNIQUE STUOIEO, 
THE REPORTEC ,RAGHENTATION PIETHOD S£RVICING PROJECT 
EH CRTS IIICLUOES MECHAIIICAL ABIUS !ON IROTUYI , 

A001030 UNDERGROUND HINING, 
EONAROS, R, W, 
HINING CONGA, J, 
S7 I Z 1, ~9•S5, 1971, 
LANGUAGE I ENGLISH 

PERFORMING CRr.ANIZATIONISI 
KERR•MCGEE CORP, 
SHAFT DRILLERS INC, 

FUNOING ORGANilATIONISI 
&TONIC ENERGY COMMISSION 
HUOSON BAY MINING l~O SMELTING COICANAOA 
CONSOLIDATION COAL COIHANNA COAL DIVISION,CADIZ,Ol<f 

USA, 
OH, USA 

INTERHATICNAL HICKEL COi !IPICOl 

THIS IN•SITU REPORT CONTAINS REVIEW DATA, THE 
UNDERGROUND OPENING DISCUSSfD INCLUDES CREIGHTON NO, 
q SHAFT THE PROJECT INVESTIGATED IS UTILIZED FDR 
PIINE AHO UNSPECIFIED PURPOSES, THE TBM METHOD AND 
VERTICAL ROTARY PIETHOO REPRESENT THE EXCAVATICH 
TECHNIOUES STUOIEO, Thf. REPORTED ,RAGNEHTATION METHOD 
SERVICING PROJECT EFFORTS INCLUDES IECHANICAL 
ABRASION IROT UY I THIS DOCUMENT INCORPOIUTES 
ADDITIONALLY DRILLING EQUIPMENT ANO TUNNEUNG ~CHINE 
CHUACTERISTICS, PERTIN(NT I H,OIUll,T ION ON MATERIALS 
HANDLING SYSTEM IS ALSO PR[SENTEO, ROCK TYP!S 
AEVI[WEO INCLUOE COlL, POTl SH AHO SANDSTONE, 

1!0010 31 BORER FOR TUNNEL PROJECT IN GR EEC[, 
AUTHOR A NON, 
CAN, NIN, NETALL, 8ULL, 
~lo ( 711 I, 1 Of>, 1971, 
LANGUAGE• ENGLISH 

PERFORMING ORGANIZATI OHISI 
E001(• fTER, GREECE 

T ►IS IN•SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNOERGROUNO OPENING DISCUSSED INCLUOES THE PROPOSED 
£ XCl VA TION OF THE GHI ONA TUN N£L (ATHENS, GREECE I • 
THE PROJECT INVESTIGATED IS UTILIZED fOR WATER SUPPLY 
TUNNEL PURPOSES, THE TBH HETHOD REPRESENTS THE 
EXCAVATION TECHNIQUE STUOIEO, THE REPORTED 
FRAGMENTATION HETHOO SERVICING PROJECT EFfOIITS 
HCLUOES MECHANICAL ABRASIO~ IROTARYI , THIS OOCUNEHT 
I NCORPORAT!S AOOIT IONALL Y TUNH!:LI HG HA CHINE 
CHARACTERISTICS. T8H EXCAVATION RATE JS ALSO 
OISCUSSEO, ROC~ TYPES REVIEWED INCLUDE LIMESTONE , 

R0010J3 NEW TUNNEL eoRER TO OIG TORONTO SEWER. 
AUTHOR ANON, 
CAN, MINING J, 
'11 I 10 1, 115, 1970, 
LANGUAGE! ENGLISH 

PERFORNING ORGANIZATtONISI 
MCNALLY ANO SONS,HAHILTON 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA, TH[ 
UNOERGIIOUNO OPENING DISCUSSED INCLUDES THE PROPOSED 
EXCIVATION o, THE TORONTO SEWEii TUNNEL (TOIIONTO, 
ONTARIO, CANAOAI , TH! PROJECT INVESTIGATED IS 
UTILIZED FOR SEWl!R PURPOSES, THE TBN ll!THOO lt!PR!SENT 
TH! EXCAVATION TECHNIQUE STUDIED, THE lt[PORT£0 
fRI.GH[NTATION NETHOO SERVICING llltOJl!CT [Hons 
IICLU0£S l!ECHANICAL URASJOII (IIOTUYI • THU DOCUHEIIT 
INCORPORATES AODITIOIIALLY TUNNELING MACHINE 
CHA•ACT!IIISTICS, 

11001036 PNEUMATIC BCRING TOOLS IN CONSTRUCTIOIIAL !HGJNEEIIING 
AND MINING, 
SUONISHNil(OV, 8, V, l(OSTYUV, A, 0, 
TUPJT$YN, K, K, 
SOY. HIN, SCI, 
I l 1, 16'•e, 1970, 
I ENGLISH TUNSLUION o, fIZ, TUCH, PROIL, RAZIIA8, 
POLE?, ISKOP,. ( r 1, _,_,_., 117H FOR OUliINAL S[[ 

ROOta3S I 
LUIGUAGl!:I ENGUSH 

I CONTINUED I 

PERFORMING ORGANIZATIONISI 
INSTITUTE o, "INING,SIBERIAH BRANCH,ACAOEHV OF 

SCIENCES OF THE 
USSR I NOYOS IBIRS K, USSR, 
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THIS IN•SlTU REPORT CONTAINS REVIEW DATA, THE PROJECT 
INVESTIGATED IS UTILIZED FOR UNSPECIFIED PURPOSES, 
THE PN(UHATIC B(J(ING NETHOO IIEPRESENTS THE EXCAVATION 
TECHNIQUE STUDIED, THE REPORTED FRAGHENTATION "ETHOO 
SERVICING PROJECT EFFORTS INCLUDES JET ABRASION IAIRI 

THIS DOCUMENT INCORPORATES AOOITIONAl.LY MECHANICAL 
PROPERTIES (LABI DATA, 

R001GJ& THE TUNNEL UNDER THE BRIDGE, 
PHILLIPS, N, 
ENGINEERING 
lolo5•7, 1910. 
LANGUAGE! ENGLISH 

PERFORHING oR,ANIZATION(SI 
BRANO,C~ARLES ANO SON LTOILONOONoU,K, 

FUNOIN, ORGANilATlONISI 
CEBG !CENTRAL ELECTRICITY GENERATING BOAROI, 

TRA NSHISSI ON PROJECT 
ELECHCITY GENERATING BOAROl,U,K, 

THIS IN•SITU REPORT CONTAINS REPUBLISHED DATA, THE 
UNOERGROUNO OPENING OI SCUSSEO INCLUDES THE COPIPLEHO 
EXCAVATIO• OF THE SEVERN CABLE TUNNEL IU,K,1 , THE 
PROJECT INVESTIGATED IS UTILIZEO FOR CABLE TUNNEL 
PURPOSES. THE TeN NETHOO REPRESENTS THE EXCAVATION 
TECHNIQUE STUOIEO, THE REPORTEO FRAGMENTATION HETHOO 
SERVICING PROJECT [Ff~TS INCLUDES MECHANICAL 
ABRASION (ROTARY! THIS OOCUHENT INCORPORATES 
ADDITIONALLY TUNNELING MACHINE CHARACTERISTICS, RQCI( 
TYPES REVIEWED INCLUDE LIHESTONE, MARL ANO HUOSTONE • 

ROQl01o6 THE APPLICATION OF CONTINUOUS HINING NACHINES AT 
COALBROOK COLLERIES, 
BURNTDN, R, E, ,ERGUSON, J, G, 
J, S, AFRICAN INST, HINING NET, 
72 I Z 1, Z7•33, 1971, 
LANGUAGE! ENGLISH 

PERFORNING ORGAHIZATIONISI 
COALBROCK COLLIERIES,CLYDESDALE COLL IERIES LTO: 

TRANS VAL ,AFRICA 

THIS IN•SITU REFORT CONTAINS ORIGINAL DATA, THE 
UNOERGROUNO OPENING OISCUSSEO INCLUDES THE ON GOI~G 
EXCAOTION Of THE COAL8ROOK COLLIERIES (S,AFRICll , 
THE PROJECT INVESTIGATEO IS UTILI ZEO FOR HI~E 
PURPOSES, THE TBH IIETHOO REPRESENTS THE EXCAVATION 
TECHNIQUE STUDIED, THE REPORTED FRAGMENTATION HETHOD 
SERVICING PROJ£CT EFFORTS INCLUDES CONVENTIONAL 
EXPLOSIVE IAMNONIUN NITRATEI , GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE DESCRIBED, PERTINENT 1Nt;8RHATION OH 
HATERIALS HANDLING SYSTEH IS ALSO P tSENTEO, THE 
EXCAVATION CHARACTERISTICS FOR AHMELSBERGER 
QUARTZITE ARE TREATED, PEJROGRAPHY A ROCI( TYPES 
REVIEWED INCLUDE COAL, 

RI0101o7 HIGH SPEED DEVELOPMENT OF A Z,000 ,ooT 12 DEGREE 
DECLINf:. 
LANTON, "• 0, STEEN, P, 
CAN, INST, HIN, N!TALL, BULL, 
10,-u. u11, 
LANGUAG[I ENGLISH 

PERFORHIN, OllliANIZATIONISI 
ANGLO••CUYN HINES LTD, 

THIS XN• !JTU R[POIIT CONTAI~S ORIGINAL DATA, THE 
PROJECT INVESTIGATED IS UTILIZED ,OR HINE PURPOSES, 
THIS DOCUHENT INCORPORATES ADDITIONALLY DRILLING 
EQUIPMENT ANO TUNIIELING NlCHtNE CHARACTERISTICS, 
GEOSTRUCTURAL CHARACTERISTICS FOR THE REPORTED 
EXCAVATION ACTIVITIES ARE DESCRIBED, PERTINENT 
IN,ORIIATtON ON GROUND CONDITIONS AND HATERIALS 
HANDLING SYSTEM IS ALSO PRESENTED, 

110010-,1 NINE PLANNING ,oR RAISE BORING, 
DUIIK, II, R, 
CAN, INST, NIN, METALL, BULL, 
6:t I 187 ,. 1~•-•·· 196,. 
LANGuA,EI !N,LISH 

IC ONTINUED I 
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PERFORMING ORGANIZATION ISi 
SINGSTH,KEHART,NOVEHBER ANO HURO !ONE WORLO 

TRAOE CENTER,SUITE 
2341 l,NEW YORK,NY:t0048 
GEO-ENGINEERING LABORATORIES,INC. 

fUNOING ORGANIZATIONISI 
BRUNSWICK MINING ANO SMELTING co;BATHURST,NEW 

BRUNSWICK,CANAOA 
HAGHA COPPER CORPORATION,SUPERIOR,AZ;USA. 
KAISER RESOURCES LTO ;BRITISH COLUMBIA, CANADA 

THI ~ IN-SITU REPORT CONTAINS REVIEW OATA. THE 
UNOERGROUNO OPENINGS OISCUSSEO I>ICLUOE THE ON GOING 
EXCAVATION CF THE CUPRA HINE (QUEBEC, CANAOAI, THE ON 
GOING EXCAVATION OF THE HAGHA COPPER HINE !SUPERIOR, 
A z. , USA I, THE ON GOING EXCAVATION OF THE HINES Of 
BRUNSWICK MINING ANO SHELTING CO. (BATHURST, NEW 
BRUNSWICK., CANAOAI, THE ON GOING EXCAVATION OF THE 
NIGADOO RIVER HINES ANO THE ON GOING EXCAVATIO N Of 
THE WHITE PINE COPPER HINE IHI., USAJ , THE PROJECTS 
INVESTIGATED ARE UTILIZED FOR HINE PURPOSES, THE 
RAISE DRIVING ! BORING MACHINES) METHOD REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED. THE REPORTED 
FRAGHENTATION HETHOC SERVICING PROJECT EFFORTS 
INCLUDES MECHANICAL ABRASIO~ !ROTARYJ , THIS OOCUHENT 
INCORFORATES AODITIONALLV TUNNELING HACHINE 
CHARACTERISTICS, TBH EXCAVATION RATE IS ALSO 
DISCUSS EO, 

R001049 PREOICITING THE ECONOMIC SUCCESS Of CONTINUOUS 
TUNNELLI NG IN H~RD ROCK. 
HANDEMITH, H. J. 
CAN. INST. HIN. METALL. BULL. 
63 t 697 ), 595-9, 1970. 
LAN GUAGE 1 ENGLISH 

PERFORMING CRGANIZATION(S) 
UNIVERSITY OF CALIFORNIA,BERKELEY,COLLEGE OF 

ENGINEERING 

T~IS LAB REPORT CONTAINS REVIEW DATA. GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EXCA VATION 
ACTIVITIES AP, DESCRIBED. THE EXCAVATION 
CHARACTERISTICS FOR BARRE GRANITE ARE TREATED, 
PETROGRAPHY ANO ROCK TYPES REVIEWED INCLUDE BASALT, 
GRANITE ANO LIMESTONE • 

ROOlDSO BIG HOL E DRILLING IS CONING OF AGE UNDE RGROU ND. 
NORMAH, H, E. 
MINING ENG, 
20, 41-6, 1~66. 
LAHGUAGE1 ENGLISH 

PERFORM! NG ORGAHIZAT I ON(SI 
SHAFT DRILLERS INC. 
CALIFORNIA,UNIVERS ITV OF, SCHO OL OF ENGINEERING ANO 

APPLIED 
SCIENCE,LOS ANGcLES,CA, 
CEHENTATIONS PROJECTS LTD:U,K. 
CAHAY DRILLING co. 
l.CAHAY DRILLING CD, 
Z.FENIX ANO SCISSON 
TETON EXPLORATION DRILLING CO . 
KUEHN ANO RHODES 
LOFF LANO BROTHERS 
PERRY ANO FAUST DRILLING CO. 
1,LAYNE-TEXAS 
Z.PERRY ANO FAUST 
BUNKER HILL CO. 

FUNDING ORGANIZATIONCSI 
AMERICAN GILSONITE CO. 
REPUBLIC STEEL CORP:AOIRO~OAC• HINE,HINEVILLE,NY : 

USA. 
TEXAS GULF SULPHUR CO. 
BUNKER HILL CO, 
ALTOS HORNOS DE MEXIC O 
COMINCO AMERICAN 
HOHESTAKE-SAPIN ANO PARTNERS 
KER~-HCGEE DRILLING CO. 
UNION CARBIDE 
UNITED NUCLEAR CORPORATION 
WESTERN NUCLEAR CORPORATION 
HANNA MINING Co. 
CLEVELAND CLIFFS IRON CO. 
THE ANACONDA COHPANY 

ICONT!NUEOI 

THIS IN-SITU REPORT CONUINS REVIEW CATA, THE 
UNDERGR OU~O OPENINGS DI SCUSSEO INCLUDE THE COMPLETED 
EXCAVATION OF T~E BYPASS TUNNEL, UNDERGROUND POWER 
HOUSE, KEHANO SCHEHE IKEHANO, BRITISH COLUMBIA, 
CANADA!, THE COHPLETEO EXCAVATION OF THE HIGOON HlhE 
IHISSOURI, USAJ, THE COMPLETED EXCAVATION OF THE 
HOHER-WAUSECA IR ON HINE IHI, I, THE ON GOING 
EXCAVATION OF THE LAWRENCE AVENUE SEWER SYSTEM 
!CHICAGO, IL., USAI, THE ON GOING EXCAVATION OF THE 
MATHER 8 nNE INALGAUNEE, HI., USA), THE COHPLETE□ 
EXCAVATIO~ OF THE HOAB HINE I POTASH, UTo, USAI AN□ 
THE COHPLETEO EXCAVATION OF THE REPUBLIC STEEL CORP. 
IMINEVILLE, NY., USAJ , THE PROJECTS INVESTIGATED A~E 
UTILIZED FOR HINE. PI PLINE IUHSPECI , SEWER ANO 
UNSPECIFI ED PURPOSES. THE □RILL ANO BLAST !FULL FACE) 
HETHOO, RAISE □RIVING !BORING HACHINESI HETHOO, TBH 
HETHOO ANO VERTICAL ROTARY HETHOO REPRESENT THE 
EXCAVATION TECHNIQUES STUOIEO. THE REPORTED 
FRAGMENTATION HETHOOS SERVICING PROJECT EFFORTS 
INCLUDE CONVENTIONAL EXPLOSIVE IUHSPECIFIEDI ANO 
MEC HANICAL ABRASION (ROTARY! THIS DOCUMENT 
INCORPORATES ADDITIONALLY TUNNELING HAC H I NE 
CHARACTERISTICS. TBH EXCAVATION RATE IS ALSO 
DISCUSSED, PETRO~RAPHY AND ROCK TYP ES REVIEWED 
INCLUDE ENEISS, HEHATITE, IRON ORE AHO SANDSTONE• 
THIS DOCUMENT INCOQPORATES ADDITIONALLY MECHANICAL 
PROPERTIE~ ILABI DA TA. 

R001051 ROCK OISHTEGRATION-THE KEY TO HIN IN G PROGRESS. 
CLARK, G. B. 
HI HING ENG. 
23 I 3 I, ~7-51, 1971. 
LANGUAGE• ENGLISH 

PERFORHING ORGANIZATION IS> 
HISSOURI,UNIVERSITV OF,ROLLA,HO;USA 

THI S LAB-IN-SITU-THEORETICAL ANO THEORETICAL REPORT 
COHTAINS REVIEW DATA. THE PROJECT INVESTIGATcD IS 
UTILI ZED FOR EXPERIHENTAL EXCAVATION PURPOSES. THE 
HEADI HG AND BENCH-PILOT BORE CENTER HETHOD AND HATER 
JET ASSISTED FULL FACE TUNNELING HACHINE HETHOD 
REPRESENT THE EXCA VATION TECHNIQUES STUDIED. 

R001053 RECORD TUNNEL EXCA VA TION WITH BORING MACHINES. 
CANNON• O. E, 
Cl.VIL ENG., ASCE 
J7 ( 8 ,. ~5-8, 1%7. 
LA NGUAGE& ENGLISH 

PERFORMING ORGANIZA TIONISI 
1.SOYLE! BROTHERS DR ILLING CO• 
2.0UGAN GRAHAH CO.INC:SALT LAKE CITV,UT:USA. 
1 .COL ORAO O CONSTRUCTORS ,0 ENVER, C 0, 
2.HORNE~,A .S.CONSTRUC TION co.,OENVER,CO , 

FUNDING O~GANIZAT IONISJ 
u.s.BUREAU Of RECLAMATION 

THIS IN-SITU REPORT CONTA INS ORI GI NAL DATA. THE 
UNOERGROUNO OPENINGS DISCUSSED INCLUDE Tf£ COHPLETEO 
EXCAVATIO~ OF THE AZOTEA TUNNEL CJUAN-CHAHA PROJECT I 
(N, CEN.NH., USA I, THE COHPLETEO EXCAVATION Of THE 
BLANCO TUNNEL (JU~N-CHA~A PROJECT ) IN,CEN.NH., USAI 
ANO THE CONPLETEO EXCA VATI ON OF THE OSO TUNNEL ICO, , 
USAJ , THE PROJ ECTS INVESTIGATE□ ARE UTILI ZED FOR 
IRRIGATION PURPOSES• THE TBH MET HOD REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED. THE REPORTED 
FRAGMENTATION METHOD SERVICIHG PROJECT EFFORTS 
INCLUDES NECHANICAL ABRASION !ROTARY> • THIS DOCUMENT 
INCORPORATES AOOITIONALLY DRILLING EOUIPHENT ANO 
TUNNELING HACHINE CHARACTERISTICS. TBH EXCAVATION ANO 
EXCAVATION ADVANCEMENT RATES ARE ALSO DISCUSSED . 
GEOSTRUCTURAL CHARACTERISTICS FOR THE PEPORTED 
EXCAVATION ACTIVITIES ARE DESCRIBED . PERTINENT 
JNFORHATICN ON UNDERGROUND OPENING SUPPORTS I S ALSO 
PRESENTED• THE EX CAVA TI ON CHARACTERISTICS FOR LE WIS 
SHALE, HANCOS FORHATION ANO HESA HROE FORNATION [OR 
GROUP] ARE TREAl£0 , 

R0010~4 DIFFI CULT EXCAVATION AT CARLEY PORTER TUNNEL. 
VARELLO, Po J, 
CIVIL ENG., ASCE 
~o < 6 ,. 66-9, 1910. 
LANGUAGE& ENGLISH 

PERFORHING ORGANI ZATIONIS I 
l ,ATKINSON, GUY F:co;sAN FRANCISCO,CA, 

ICONTINUEOI 
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t.OIIAVO C0Rl'IPITTSIURG,l'A, 
J.GltOVES,S,J,ANO SON,NINNfAPOLIS,HNIUSA, 

FUNOING OIIGANIZATION(SI 
CALIFORNIA, STATE OF,OEPT. OF WATER IIESOURCES,CAI 

USA, 

HIS IN•SITU REPOIH CONTAINS REVIEN DATA, THE 
UNOE~ROUNO OPENING OISCUSSEO I IOCLUOES THE CONPlETEO 
EXCAVATION CF THE CUlET V,PORTER TUNNEL {CA.AQUEDUCT 
SYSTEM I ICA,, USA I • THE PROJECT INVESTIGATED IS 
uTtLIZEO FOR WATER SUPPLY TUNNEL PURPOSES, THE SHIELD 
H£THOO REPRESENTS THE EXCAVATION TECHNIQUE STUDIED. 
THE REPOIITED FRAGHENTATIO ► NETHOO SERVICING PROJECT 
EFFORTS INCLUDES CONVENTIONAL EXPlOSIVE IUNSP(CIFIEDI 
• THIS DOCUHENT INCORPORATES ADDITIONALLY TUNNELING 
MACHINE CIIARACTERISTICS. GEDSUUCTUIUL 
CHARACTERISTICS FDR THE REPORTED EXCAVATION 
ACTIVlTIES ARE OESCRI8EC. PERTINENT INFORMATION ON 
GROUIIO CONDITIONS ANO UNDERGROUND OPENING SUPPOIITS 
ANO MATERIALS HANDLING SYSTEM IS ALSO PRESENTED, 
PETROGRAPHT ANO Roe~ TYPES REVIEWED INCLUDE 
CLaYSTONE, GRaNITE ANC MUOSTOHE • 

R011D,s TH£ GI8RALTER HILL TUNNELS, NONNOUTH I GREAT 
8RITAIN I, 
BAKER, C, O, HOWELLS, 0, A. 
ENG• GEOL, 
J I 2 I, 121•31t, 1969. 
LANGUAGE• ENGLISH 

PE~l'ORMING CRGANIZATIONISI 
HUNl'HP(YS ANO SOHSeEl'SONeUeK, 

THIS IN•SJTU •CPORT CONTAINS ORIGINAL DATA, TH[ 
UNOERGROUND nPlNING DISCUSSED INCLUCES TH( CONPL[T[D 
EXCAVATION OF THE GIBRALTAR HILL TUNNELS INONHOUTH, 
U.K,1 • THE PROJECT INVESTIGATED JS UTILtz!O ,011 
HlGHWAY PURPOSES. TH( SHI(LO METHOD ll[P~(SfllTS THE 
rxcavaTIOH TECHNIQUE STUOIEO. TH! REPORTtO 
FRAGMENTATlCN NETHOO SERVICING PROJECT £,,ORTS 
INCLUDES CONVENTIONU EKPLOSIVE IUNSPECI,IEOI , Tl;IIS 
DOCUMENT INCORPORATES ADDITIONALLY DRILLING !QUIPNENT 
CHARACTERISTICS, TBN EXCAVATION RATE IS ALSO 
DISCUSSED. GEOSTRUCTURaL CHARACTERtSTICS FOR THE 
REPORTED EXCAVATION acT IVITIES ARE DESCRIBED. 
PERTINEIIT IhFORHATIOH ON UNDERGROUND OPENING SUPP.ORTS 
ANO MATERIALS HANDLING SYSTEM IS AlSO PRESENTEU, THE 
EXCAVATION CHARACTERISTICS FOR OLD RED SANDSTONE 
SYSTEM ARE TREATED. 

ROOl056 CROSSING THE SIERRA HADRE FAULT ZONE IN THE GLENDORA 
TUNNEL. SAN Ga8RIEL MOUNTAINS, 
PROCTOR, R, J. PAYNE, C. He KALIN, De C. 
ENG. GEOL. 
, I 1 I, S•63, 1971, 
LANGUAGEI EN GLISH 

PERFORHING OR,ANIZATtONISI 
SHEA,J.FICO.INCICA;usa. 

FUNDING ORGANIZaTIONISI 
CALIFORNIA, STaTE OF,OEPT. OF WATER RESOURCES,CAI 

USA, 

THIS IN•SITU R[POU COl<TA IHS CIUGINAL DUA, THE 
UNOEIIGIIOUNO OPENING DISCUSSED INCLUDES THE CONPLETEO 
EXCAVaTION o, THE GLENOORl TUNNEL ISAN GAIRl[L NTS,, 
CA,, USAI , THE PROJICT INVE'STIGATEO IS UTILIZED FOR 
WATfll SUPPLY TUNlll:L PURPOSES, TH! HEADING ANO BENCH 
METHOD ANC UNSPECl,tED METHOD R(PIIESENT THE 
EXCaVATION TECHNIQUES STUDIED, TH! REPORTED 
FRAGMENTATION M(THOO S(RVICJNG PROJECT E,,oRTS 
INCLUIIU CONV(NTlONAL DPLOSIVE IUIISPECI'1ED> • THIS 
OOCUIICIIT I NCOIIPOUTES ADOITJONALL V DRJLLIIIG EQUIPll!NT 
CHaRACTERISTics. TBII EXCAVATION ANO EXCAVATION 
AOVANCENENT RATES ARE ALSO DISCUSSED, GfOSTIIUCTURAL 
CHaRACTERISTICS Fo• THE REPORTED EXCAVATION 
ACT IVJTUS ARE D!SCRieED, PERTINENT INFa.NATIOII ON 
GROUND CONDITIONS ANO UNDERGROUND OPENJNG SIJ'PORTS 
ANO HATERJALS HANDLIIIG SYSTEM IS ALSO PIIESENT[O, TH! 
EXCAVaTION CHAllacTERISTJCS ,011 CRETACEOUS QUAIITZ·RICH 
GARNITE, NtSAVERDE 'ORKaTJON !OIi GROUP! aNO PUENTE 
FORMATION AAE TREATED, PfTROGRAPHY ANO IIOCK TYPES 
REVIEWED INCLUDE ANDISITf, OIORITE, Gll!ISS, GRANITE, 
SCHJST, SHALE, T!IIIIACE DEPOSIT ANO VOLCANICS , THIS 
OOCUll[NT J NCOIIPOll,ATES aoo n IO NALLY l!tCHaNICAL 
PROPEIITIES ILABI DaTa. 

•0010 .. l'Ell,DRNANCES o, TUNNEL IOIIING NAOHINU, 
PIIOCTOII, 11, J, 
BULL, ass. ENG, CEOL, 
6 C r 1, tOIS-17, 1919, 
LANCUA,EI ENGLISH 

,uNOIHG o•GANIZAT lON ISi 
U,S,8Ulll&U M IIECLAMATION 
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THIS IN•!ITU R!FORT CONTAINS REVJEW OUA. TNE 
UNOERGRIIOIIO OPENINGS DISCUSSED INCLUDE THE COIIPLETEO 
EXCAvaTION OF THE aZOTEA TUNNEL IJUaN•CHANA PROJECT) 
I N.CEN. NH•, USAI, THE CONPLETED EXCAVATION OF THE 8AY 
AREA RAPID TRANSIT PROJECT IBaRTI [SECTION 
UNSPECIFIED) ISAN FRANCISCO, ca., USAI. THE ON GOllHi 
EXCAVATION OF THE HELCA MINE <COVER O#ALENE, 10,, 
USAI, OSO TUNNEL ICO,, USAI AMO THE COMPLETED 
EXCAVATIOII OF THE RIVER MOUNTAINS TUNNEL (HENDERSON, 
NV,, usa1 , THE PROJECTS INVESTIGATED AIIE UTILIZED 
FOR METRO, NINf AND UNSPECIFJEO PUIIPOSES. THE SHIELD 
METHOD ANO TBN METHOD REPRESEIIT THE EXCAVaTION 
TECHNIQUES STUDIED. TH! REPORTEO FRAGNEIITATION METHOD 
SERVJCJNG PROJECT EFFORTS INCLUDE NECHANJCAL lBOSICM 
(ROTARYI AND NfCHANICAL lBRaSION IUNSPECIFIEOI , THIS 
OOCUNENT INCORPORATES ADDITIONALLY TUNNELJNG MACHINE 
CHARACTERISTICS. T8H EXCAVATION RATE IS ALSO 
OJSCUSSfD, GEOSTRUCTURAL ANO SOIL CHARACTERISTICS FOR 
THE REPORTED EXCAVATION acTIVITIES ARE DESCRIBED. 
PERTINENT INFOANATION ON GROUND CONDITIONS &NO 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESENTED, THE 
EXCAVATION CHARACTERISTICS FOR eav MUD FORMATION AND 
NAIICOS FlmNATION ARE TREATED, PETROGRAPNY ANO ROCK 
TYPES REVIEWED INCLUDE "'ANITE, LJlltSTONE, QUARTZITE, 
RNYOOACITE, SAIIOSTONE ANO SLATE , THIS DOCUNENT 
JNCOIIPORalES ADDITIONALLY NECHANICAL l'IIOPEltTIES ILAII 
DAU, 

11101061 GIIUNSJDE•MC AL '1~E HEADING MACHINE CUTS 2D ,r, A OU 
I BlRNINGHaM TUNNEL PROJECT I, 
AUTHOR ANON. 
CONTRACT .ouRNAL I REPRINT ) 
1PP., 1968, 
LANGUAGE• ENGLISH 

l'ERFORNING OR,aNIZATJONISI 
NCALPINES,SIR ROBERTS so .. s LTD, 

THIS JN-~JTU REPORT CO,.TAINS ORIGINAL DATA. THE 
UNOERGROU'-1 OPENING DISCUSSED INCLUDES THE ON GOIN(; 
EXCAVATIO~ Of' THE GREAT CHARLES STREET ROAO TUNNEL 
UIRNINGHAN, U, ~. I , THE PROJECT INVESTIGATED IS 
UTILIZED FOR TMIN HIGHWAY PURPOSES, THE CUT ANO COVER 
METHOD ANO TBN NETHOD REPRESENT THE EXCAVATIGN 
TECHNIQUES STUDIED, THE REPORTED FRAGMENTATION METHOD 
SERVICJNG PROJECT EFFORTS INCLUDE NECHANJCAL ABRASION 
IROTARYI ANO NECHANICAL ABRASJON IUNSPECJFIEOI • THIS 
DOCUNENT INCORPORATES ADDITIONALLY TUNNELING NACHIIIE 
Cll&RACTERlSTICS, TBN EXCAVATION RATE IS ALSO 
DISCUSSED, GEOST•UCTURAL CHARACTERISTICS ,oR THE 
REPORTED EXCAVATION ACTIVITIES ARE OESCRIBEOe 
PERTINENT INFORMATION ON UNDERGROUND OPENJNG SUPPORTS 
AND NATERlaLS HANDLING SYSTEN IS ALSO PRESENTED, THE 
EXCAVATION CHAliACTERISTICS FOR KEUPER SANDSTONE aJE 
TREATED, ROCIC TYPES REV I£W£0 JNCLUOE SANDSTONE , 

RD01Dl9 GIIEENSIDE•NC ALPINE TUNNELL(II. 
NORSE, B, 
CDNT.ACTo•s PLANT REYIEN, I ll[PRlNT 
~PP,, 196i• 
LANGUA,EI !NGLISH 

THIS IN•!ITU IIEPOIIT CONTAINS ORI<,IIIAL OATa. THE 
UNDERGIIOUNO Ol't:NING DISCUSSED INCLUDES THE ON GOING 
EXCAVATIOJ o, THI! HJNKLE'I' TUNNELS IHINUEY PT,, UeKel 

THE PROJECT INVESTIGATED IS UTJLJZEO ,oR 
!XPERtNENTAL EXCAVATION PURPOSES, THE TBH METHOD 
IIEPRESENTS THE EXCavaTION TECIINIQUE STUDIED. THE 
REPORTED ,RAGN[NTATION NETHOO SERVICJNG PROJECT 
El'FORTS I ICLUO!!S NE CHAN IC AL UIRASIOII I ROTARY I • THIS 
OOCUNENT INCOIIPORATES ADOITIONaLLY TUNIIELIN<i HACHIIIE 
CHARaCTERJSTics. T8H EXCAVATION RATE IS aLSO 
DISCUSSED. ROCK TYPES REVIEMED JNCLUOE LillfSTOH!. 
THJS DOCUMENT INCORPORATES ADDITJOIIALLY 11£CHANICaL 
PROPERTIES ILABI DATa. 

R001011 O[NAG, VORTRIEISNASCHINEN, 
AUTHOR INON, 
DEHAG PUBLICATION ,011 aovERTJSEN[NT 

IC ONTJ NUEOI 
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2PP •, 1971. 
LAIIIGUAGE I GERMAN 

THIS IN-SITU REPORT CONTAINS REVIEW DATA, THE PROJECT 
[NVESTIGATEO IS UTILIZEO FOR METRO PURPOSES, THE TBM 
METHOD REPRESENTS THE EXCAVATION TECHNIQUE STUDIED. 
THE RE PORTED FRA GHE NTA TIO ► HE THOD S ERV IC I NG PROJECT 
EFFORTS INCLUDES MECHANICAL ABRASION <ROTARY> • THIS 
DOCUMENT INCORPORATES AOOITICNALLY TUNNELI NG MACHINE 
CHA~ACTERISTICS. PERTINENT INfORHATION ON MATERIALS 
HA NOLI NG SYSTEM IS ALSO PRESENT EO. ROCK TYPES 
REVIEWED INCLUDE SANDSTONE ANO sc~IST. 

R001073 DEHlG-TUNNELVORTRIE8S MASCHINEN FUR HARTGESTEIN, 
AUTHOR ANON, 
OEHAG-PU8LlCATION FOR ADVERTISEMENT 
7PP., 1970, 
LANGUAGE I GERMAN 

THIS IN-SITU REPORT CONTAINS REVIEW DATA. THE PROJECT 
INVESTIGATED IS UTILIZED FOR UNSPECIFIED PURPOSES. 
THE TeH NETHOD REPRESENTS THE EXCAVATION TECHNIQUE 
STUDIED. THE REPORTED FRAGMENTATION HETH OD SERVICI~G 
PROJECT EFFORTS INCLUDES HECHANICAL ABRA SION (ROTARY) 

THIS DOCUMENT INCORPORATES ADDITIONALLY TUNNELl ~G 
MACHINE CHARACTERISTICS, TBH EXCAVATION RATE IS ALSO 
DISCUSSED. PERTINENT INFORHATION ON MATERIALS 
HANDLING SYSTEH IS ALSO PRESENTED, 

ROOI07~ GRE£NSIOE-MC ALPINE ROCK TUNNELLER, 
AUTHOR ANON, 
MC ALPINE PUBLICATIONS FOR ADVE RTISING 
l+PP,, 1972. 
LANGUAGE I GERMAN 

THIS IN-SITU REPORT CONTAINS REVIEW DATA. THE PROJECT 
INVESTIGATED IS UTILIZEO FOR UNSPECIFIED PURPOSES. 
THE TSH HETHOO REPRESENTS THE EXCA VATION TECHNIQUE 
STUDIED, THE REPORTED FRAGHENTATI ON HETHOO SERVICING 
PROJECT EFFORTS INCLUOES MECHANICAL ABRASION IROTAR,l 
• THIS OOCUHENT INCORPORATES ADDITIONALLY TUNNELING 
MACHINE CHARACTERISTICS. T8H EXCAVATION RATE IS ALSO 
DISCUSSED, PERTINENT INFORHATION ON HATERIALS 
HANDLING SYSTEM IS ALSO PRESENTED. 

ROOI07~ THE HC ALPINE TUNNELLING IIACHINE, 
AlTHOR ANON, 
MC ALPINE PUBLICATION FOR A □VERTISING PURPOSES 
4PP., l973, 
LANGUAGE! E~GLISH 

THIS IN•SITU REPORT CONTAINS REVIEW DATA. THE PROJECT 
INVESTIGATE □ IS UTILIZED F OR UNSPECIFIED PURPOSES. 
THE TBH METHOD REPRESENTS THE EXCAVATION TE CHN IQUE 
STUOIEO. THE REPORTEO FRAGMENTATION NETHOO SERVICING 
PROJECT EFFORTS INCLUDES MECHANICAL ABRASION (ROTARYI 

THIS OOCUHENT INCORPORATES ADDITIONALLY TUNNELING 
HAC~INE CHARACT ERISTICS , PERTINENT INFORHATION ON 
MATERIALS HANDLING SYSTEM IS ALSO PRESENTED. 

ROOl07& GREENSIOE-HC ALPINE ROADWAY ANO TUNNEL HEADING 
MJCHINE HI( III, 
AUTHOR ANON. 
GREENSIOE, MC ALPINE PUBLICATION 
'4PP., 1972. 
LANGUAGE! ENGLISH 

THI S IN-SITU REPORT CO NTAINS REVIEW DATA. THE PROJECT 
INVESTIGATED IS UTILIZED FOR UNSPECIFIED PURPOSES. 
THE TBH METHOD REPRESENTS THE EXCAVATION TECHNIQUE 
STUDIED, THE REPORTED FRAGMENTATIO~ HETHOO SERVICIIIG 
PROJECT EFFORTS INCLUDES MECHANICAL ABRASION (ROTARY) 
, THIS OOCUHENT INCORPORATE S ADDITIONALLY TUNNELING 
HACHINE CHARACTERISTICS. PERTINENT INFORHATION ON 
MATERIALS HANDLING SYSTEH rs ALSO PRESENTED. ROCK 
T,PES REVIEWED INCLUDE PEAT 

ROD1077 THE HOLE STORY ON ROBBI NS. 
AUTHOR ANON, 
ROBB[NS ADVERTISING PUBLICATI ON 
3PP., 1970. 
LANGUAGE! ENGLISH 

THIS IN-SITU REPORT CONTAINS REVIEW DATA• THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE COMPLETED 
EXCAVATION OF THE ALTAHIRA TUNNEL IMAORID, SPAIN> • 
THE PROJECT INVESTI GATED rs UTILIZED FOR HETRO, HINE, 
UNSPECIFIEO ANO WATER SUPPLY TUNNEL PURPOSES. THE TSH 
HETHOO REPRESENTS THE EXCAVATION TECHNIQUE STUDIED• 

I CONTINUED I 

THE REPORTEU FRAGMENTATION METHOD SERVICING PROJECT 
EFFORTS HCLUDES MECHANICAL ABRASION !ROTARY I • THIS 
DOCUMENT INCORPORATES ADDITIONALLY TUNNELING MACHINE 
CHARACTERISTICS. TBN EXCAVATION RATE IS ALSO 
DISCUSSED. PERTINENT INFORNATION ON NATERIALS 
HANDLING SYSTEM IS ALSO PRESENTED. PETROGRAPHY ANO 
ROCK TYPE~ REVIEWED INCLUDE SANDSTONE ANO SHALE , 

R001078 THE DEVELOPMENT OF MC ALPINE TUNNELLING MACHINE• 
AUTHOR ANCN, 
ALAN CHADWICK ANO PARTNERS LTO., LONDON, ENGLAND 
3PP. t 
LANGUAGE! ENGLISH 

THIS IN-SITU REPORT CONTAINS REVIEW DATA. THE TBH 
METHOD REFRESENTS THE E-CAVATION TECHNIQUE STUDIED. 
THE REPO~TEO FRAGNENTATION IIETHOD SERVICING PROJECT 
EFFORTS I t-CLUOES HECHANICAL ABRASION I ROTARY I , THIS 
OOCUHENT INCORPORATES ADDITIONALLY TUNNELING HACHINE 
CHARACTERISTICS. GEOSTRUCTURAL CHARACTERISTICS FOR 
THE REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, 
PERTINENT !~FORMATION 0~ HATERIALS HANOLitf;; SYSTEM IS 
ALSO PRESENTED. THE EXCAVATION CHARACTERISTICS FOR 
LONDON CLAY ARE TREATED. 

R00108~ CORRELATICN OF CATA ON ~OCK DISINTEGRATION av LIQUID 
JETS, 
COOLEY, w. C • 
CONFERENCE ON RE SEARCH IN TUNNELING ANO EXCAVATION 
TECHNOLOG~, WAYZATA, NINN, 
2PP. , 1973. 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZATIONIS> 
SINGSTA O,KEHART,NOVENSER AHO HURl<A (ONE WORLD 

TRADE CENTER,SUlTE 
23411,NEW YORK,NY;100~6 

THIS LAB-THEORETICAL REPORT CONTAINS ORIGINAL DATA, 
THE PROJECT INVESTIGATED IS UTILIZED FOR EXPERINENTAL 
EXCAVATIO~ PURPO~ES, THE REPORTED FRAGNENTATICN 
HETHOO SERVICIN( PROJECT EFFORTS INCLU DES JET 
ABRASION (NATER> • 

R001065 EXPERIMENTAL STUDY OF MEC HANICS OF ROCK FRACTURE BY 
WATER JET, 
DANIEL, I, H, 
CONFERENCE ON RESEARCH IN TUNNELING ANO EXCAVATION 
TECHNOLOGl, WAYZATA, HINH. 
8 PP. • 1973. 
LANGUAGE! ENGLISH 

PERFORNING ORGANIZATIONl Sl 
I.I,T,RESEARCH INSTITUTE,CHICAGO,ILlUSA . 

THIS LAB REPORT CONTAINS ORIGINAL DATA. THE PRO JECT 
INVESTIGATED IS UTILIZED FOR EXPERIHENTAL EXCAVHION 
PURPOSES. THE REPORTED FRAGMENTATION HETHOo SERVICING 
PROJECT EFFORTS INCLUDES JET ABRASION CWATERI , 

R001066 HECHAHI CS OF HYDRAULIC ~OCK CUTTING, 
CROW, S. 
CONFERENCE OH RESEARCH IN TUNNELING ANO EXCAVATION 
TECHNOLOGY, WAYZATA, HINN, 
5PP., 1973. 
LANGUAGE• ENGLISH 

PERFORMING ORGAHI 2A TION IS l 
CAL[FORNIA,UNIVERSITY OF,LOS AHGELES ,CAlUSA 

THIS LAB-THEORETICAL REPO RT CONTAINS ORIGINAL DATA . 
THE PROJECT INVESTIGATED I S UTILIZED FOR EXPERIMENTAL 
EXCAVATION PURPOSES. THE REPORTED FRAGMENTATION 
METHOD SERVICING PROJECT EFFORTS INCLUDES 
THERNAL-HECHANICAL !DRI LLING ANO THERHAL 
FRAGMENTATION) • GE OST RUCTURAL CHARACTERISTICS FOR 
THE REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, THE 
EXCAVATION CHARACTERISTICS FOR WILKESON FORMATION !IN 
PUGET GROUP! ARE TREATED. ROCK TYPES REVIEWED INCLUDE 
SANDSTONE • T~IS OOCUHENT lNCORPOIUTES ADDITIONALLY 
HECHANlCAL PROPERTIES !LAB> DATA. 

R001087 THERMAL FRAGMENTATION OF HARO ROCK FOR RAPID 
EXCAV ATION. 
CLARI(, G • a. 
CONFERENCE ON RESEARCH IN TUNNELING ANO EXCAVATION 
TECHNOLOGY, NAYZATA, HI""• 
2PP. , 1973. 
LANGUAGE• ENGLISH 

CCONTINUEOI 
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PERFORHIHG ORGANIIAT! ONIS) 
HISSOvRl,UNIVERSITY OF, RO LLA,Ho:usi 

THIS LAB•THEORETICAL REPORT CONTAINS ORIGI NAL DATA, 
THE PROJECT INVfSTIGATEO IS UTILIZED FOR EXPERIMENTAL 
EXC~VATION PURPOSES, THE REPORTED FRAGHENTATION 
HETHOD SERVICING PROJECT EFFORTS INCLUDES 
THE~HAL•ELECTRICAL ITPAHSFERREO ARC HETHOOS, COVERED 
HETAL ARC) • 

R00l088 ROCK SHATTE~ING WITH ENERGETIC ELECTRONS, PHASE II, 
AVERY, R, T, 
CONFERENCE OH RESEARCH IN TUNNELING ANO EXCAVATION 
TECHNOLOGY, WAY7ATA, HINN, 
3PP,, 1973, 
LANGUAGEI ENGLISH 

PERFORHIHG CRGANIZATIONISI 
LAWRENCE EERKELEY LAB,IUHIV,OF CALIFORNUI, 

BERKELEY,CA:USA 

THIS LAB REPORT CONTAINS ORIGINAL CATA, THE PROJECT 
lHVESTIGATEO IS UTILIZED FOR EXPERIHENTAL EXCAVATICN 
PURPOSES, TH£ REPORTED FRAGHEHATION HETHOO SERVICING 
PROJECT EFFORTS INCLUDES T ~RHAL•RAOIANT (ELECTRON 
BEAHI • 

R001089 RAPIO fXCAVATION BY POCK HEL TING, 
DONLEY, J. C. 
CCNFERENCE ON RESEARCH IN TUNNELING ANO EXCAVATION 
TECHNOLOGY, WAYZATA, HINH, 
3PP., 1973, 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZATION ISi 
LOS ALAMOS SCIENTIFIC LAB,IUHIV,OF CALIFORNIAl,NHI 

87t;44,USA. 

FUNDING ORGANIZATIONIS) 
NATIONAL SC IENCE FOvNOATION,WASHINGTON,o.c.:usA. 

THIS LAB ~EPORT CONTAINS ORIGINAL DATA, THE PROJECT 
INVESTIGATEC IS UTILIZED FOR EXPERIMENTAL EXCAVATION 
PLRPOSES, THE REPORTED FRAGHENTATION HETHOO SERVICihG 
PROJECT EFFORTS INCLUDES SUBTERRENE , 

R001090 ROCK DISINTEGRATION BY THERHAL WEAKENING AND WATER 
JET IHPACT, 
RINEY, T, D, 
CONFERENCE ON RESEARCH IN TUNNELING AHO EXCAVATION 
TECHNOLOGY, WAYZATA, nNH, 
ltPP,, 1973. 
LANGUAGE! ENGLISH 

PERFORHING ORGA NIZATIONISI 
SVSTEHS,SCIENCE ANO SOFTWARE,LA JOLLA,CAlUSA, 

THIS LAB ~EPORT CONTAINS ORIGINAL DATA. THE PROJECT 
l NVESTIGATED IS UTILIZED FOR EXPERINENTAL EXCAVATION 
PURPOSES, T~E REPORTED FRAGMENTATION HETHOO SERVICING 
PROJECT EFFOqTs INCLUDES JET ABRASION (WATERI • 

ROOIO~I ENVIRONHENT•ENHANCEO OISINTEGRHICN o~· HARO ROCKS, 
WESTWOOD , A. R. C. HACf'11LLlt.H, N, H. 
CCNFERENCE OH RESEARCh IN TUNNELING ANO EXCAVATION 
TECHNOLOGY, WAYZATA, MINN, 
ZPP., 19 73, 
LANGUAGE! ENGLISH 

PERFORHING ORGANIZATICNISI 
HARTIN HA~IETTA LABlBALTIHORE,HO:USA 

FUNDING ORGANIZATION(Sl 
NATIONAL SCIENCE FOUNOATION,WASkINGTOH,O,C.lUSA, 

THIS LAB REPORT CONTAINS ORIGINAL DATA. THE REPORTED 
FRAGHEHT ATI ON HETHOO SERV IC! NG PROJECT EFFORTS 
I NC LUO ES CHEHICAL I SURF ACTA HTS) • ROCK TYPES REVIEWED 
INCLUDE GRANITE , THIS OOCUMEHT INCORPORATES 
ADDITIONALLY HECHANICAL PROµERTIES DATA, 

R001092 FAB~ICATE ANO TEST A CONICAL BORING DEVICE. 
HUG, H, A, 
CCHFERENCE ON RESEARCH IN TUNNELING ANO EXCAVATION 
TECHNOLOGY, WAYZATA, HINK. 
ft PP•, 19 73, 
LANGUAGE! ENGLISH 

ICONTINUEOl 
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PERFORHING ORGANIZATIONIS) 
ILLINOIS,UNIV~SITY OF,URBANA,ILlUSA 

THIS IN·HTU RE FORT CONTAINS ORIGINAL CATA, THE 
PROJECT INVESTIGATED IS UTILIZED FOR EXPERIHENTAL 
EXCAVATION PURPOSES, THE REPORTED FRAGMENTATION 
HETHOO SERVICING PROJECT [FFORTS INCLUDES HECHANICAL 
ABRASION (ROTARY! , 

R00109J RELATION OF TUNNEL BORING HACHIHE FEASIBILITY ANO 
Ro CK HARO NESS ANO ABRASIYITV, 
HENDRON, A. J,, JR. 
CONFERENCE ON RESEARCH IN TUNNELING AND EXCAVATION 
TECHHOl.OGY, WAYZATA, HINH, 
2PP,, 1973, 
LANGUAGE! ENGLISH 

PERFORHING ORGANIZATIONISI 
HILLER,FOSTER ASSOCIATES,INCl135 SECOND AVE: 

WALTHAM, HAlOZ 15• 

THIS THEORETICAL REPORT CONTAINS ORIGINAL DATA, THE 
PROJECT INVESTIGATED IS UTILIZED FOR EXPERIHENTAL 
EXCAVATIOh PURPO~ES, THE REPORTED FRAGHENTATION 
HETHOO SERVICING PROJECT EFFORTS INCLUDES HECHANICAL 
ABRA SI ON <ROTARYl • 

ROD1D9• ROCK•CUTTER BOREABILITY PARAHETERS, 
WANG, F, ·0, 
CON FERENCE ON RESEARCH IN TUHNELI NG ANO EXCAVATION 
TECHNOLOGY, WAYZATA, HINN, 
5PP,, 1973, 
LANGUA GE! ENGLISH 

PERFORMING ORGANIZATIONISI 
COLORADO SCHOOL OF HINES ,DEPT,OF HlNING,GOLOEN,COI 

80~01 

THIS LAB-THEORETICAL REPORT CONTAINS ORIGINAL DATA, 
THE PROJECT INVESTIGATED IS UTILIZED FOR EXPERIMENTAL 
EXCAVATIOh PURPCSES, THE REPORTED FRAGH[HTATICN 
HETHOO SERVICING PROJECT EFFORTS INCLUDES MECHANICAL 
ABRASION IROTARYI , 

RD01108 ROCK FRACTURE BY HIGH SPEED WATER JET, 
HUCK, P. J, SINGH, t1. N, 
IIT RESEARCH INSTITUTE, CHICAGO, ILLINOIS 
98'PP., 19 lO. 
I PB-197 651, IJTRI-Of>009•l1, FIU•RT-71•58, 
AVAIL, NT IS I 
LANGUAGE! ENGLISH 

PERFORHING ORGANIZATIONISI 
I,I.T.RESEARCH INSTITUTE,CHICAGO,IL:usA, 

FUNDING ORGANIZATIONIS) 
DEPT,OF TRANSPORTATION OFFICE OF HIGH SPEED GROUNC 
TRANS PORTA now WA SHI NGT ON ,D.C; USA. 

THIS LAB REPORT CONTAINS ORIGINAL CATA, THE REPORTED 
FRAGHENTATION METHOD SERVICING PROJECT EFFORTS 
INCLUDES JET ABRASION !WATER> GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EXCAVATICN 
ACTIVITIES ARE DESCRIBED, THE EXCAVATION 
CHARACTERISTICS FOR CONNECTICUT BROWNSTONE, FRENCH 
CREEK GAEBRO, INDIANA LIMESTONE, HASSILLOH SANDSTONE 
!IN POTTSVILLE FORHATIONl, HlLFORO PINK GRANITE ANO 
HINNESOTTA OOLOHITE ARE TREHEO. PETROGRAFHY AHO ROCK 
TYPES REVIEWED INCLUDE CONGL OHERATE, DOLOHITE !ROCK>, 
GABBRO, ~RANITE, LIHESTONE ANO SANDSTONE THIS 
DOCUMENT INCORPORATES ADDITIONALLY HECHANICAL 
PROPERTIES ILABl DATA, 

RD01117 A STUDY OF ROCK PROPERTIE , ANO TUNNEL BORING HACHJNE 
ADVANCE RATES IN TWO HICA >CHIST FORHATIONS, 
TARKOY, P, J. 
15TH SYHPOSIUH ON ROCK HE CttA NICS, CUSTER STATE PARK, 
SOUTH DAKOTA, SEPT, 17•19, 1973 
30PP., 19 73. 
LANGUAGE• ENGLISH 

PERFORHING ORGANIZATIONISI 
ILLINCIS,UNIVERSITY OF,URBANA,IL;USA 

FUNOIIIG ORGANIZAT IONIS) 
NATIONAL SCIENCE FOUNOATION,WASHINGTON,o.c.:usA, 

THIS LAB-IN-SITU-THEORETICA L REPORT CONTAINS ORIGINAL 
CATA, THE UNDERGROUND OPENING DISCUSSED INCLUDES T~E 

ICONTINUEOI 
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COHPLETEO EXCAVATION OF THE NORTH BRANCH INTERCEPTHG 
SEWER TUNNEL (NEW YORK CITY, NY,, USA1 • THE PROJECT 
INVESTIGATED IS UTILIZED F DR SEWER PURPOSES, THE TBM 
HETHOO REPRESENTS THE EXCAVATI ON TECHNIQUE STUDIED. 
THE REPORTED FRAGHENTATIO~ HETHOO SERVICING PROJECT 
EFFCRTS IhCLUOES MECHANICAL ABRASION IROTARY I , THIS 
OOCUHENT HCORPORATES ADDITIONALLY TUNNELING MACHINE 
CHARACTERISTICS. TRM EXCAVATION RATE I S ALSO 
DISCUSSED. GEOSTRUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED. THE 
EXCAVATION CHARACTERISTICS FOR "ANHATTAN SCHIST ANO 
WISSAHI CKON FORMATION IOR SCHIST! ARE TREATED. 
PETROGRAPHY ANO ROCK TYPES REVIEWED INCLUDE SCHIST . 
ThIS OOCUHENT INCORPORATES ADDITIONALLY HECHANICAL 
PROPERTIES DATA. 

R00!1 1 e ROCK TUNNELLING FOR HYDRO-E LECTRIC ANO HYDRA ULIC 
PURPOSES IN CENTqAL ANO SOUTHERN AFRICA. 
ENGELS, E.T. BURDEN, J . J . 
SOUTH AFRICAN TUNNELLING CO NFERENCE 
1, 39-45, 197 0, 
LAN GUAGE • ENGLISH 

PERFORMING CRGANIZAT I ON (SI 
WATERMEYER,LEGGE ,PIESDLO ANO UHLHANN 

THIS IN-SITU ANO TH~ORETICAL REPORT CONTAINS ORIGINAL 
DATA. THE UNDERGROUND OPEN I ~S DISCUSSED INCLUDE THE 
PROPOSED EXCAVA TION OF THE HEAORACE TUNNEL IKAFUE 
GORGE HYDROELECTRIC SCHHEMEl <ZAMBIA!, THE COMPLETED 
EXCAVATION OF THE HEAORAC E TUNN EL [NKULA FALLS 
HYDROELECTRIC SCHEHEI (HALAWI, AFRICA!, THE COHPLETEO 
EXCAVATI ON OF THE HEADRACE TUNNEL (VICTORIA FALLS 
'1 YO RO ELECTRIC SCHEHE l !ZAHBESI RI VER , AFRICA!, THE 
COHPLETEO EXCA VATI ON OF THE INYANKUNI TUNNEL 
<AHICAI, THE COMPLETED EXCHATJO~ OF THE MACHINERY 
HALL, UNDERGROUND POWER PLANT !VICTORIA FALLS, 
ZA HEESI RIVER, AFRICA ), MACHINE HALL POWER PLANT 
[ KAFUE GORGE HYDROELECTRI C SCHEME I I ZAMBIA 1, T~E 
COHPLETEO EXC AVAT ION OF THE PENSTOCK SHAFTS !VICTOR IA 
FALL S HYDRO ELECTRIC SCHEME! (ZA MBESI RI VER, AFRICA>, 
PEHSTOCK TUNNELS IKAFUE GORGE HYD ROELECTRIC SCHE ME! 
<ZAHBIAI, THE COMPLETED EXCAVATION OF THE TAILRACE 
TUNNELS, UNOEl!Gl!OUNO POWER PLANT (VICTORIA FALLS, 
ZAH eES I RIVER, AFRI CA ! ANO TRANSFORMER HALL (POWER 
PLANT, KAFUE GoRGE HYDROELECTRIC SCHEHEI <ZAH~ IAI • 
THE PROJECTS INVESTIGA TED ARE UTILIZED FOR DIVERSION 
TUNNEL ANO HYO~OELECTRIC PU!POSES. THE OR ILL A NO 
BLA ST CFULL FACE! METHOO, HEADING ANO BENCH HETHOO, 
~ULTI DRIFT HETHOO, RAISE DRIV ING (HECH.PLATFORHI 
HETHOO ANO TBM HETHOO REPRESENT THE EXCAVATION 
TECHNIQUES STUDIED. THE REPORTED FRAGMENTATION MET HOD 
SERVICING PROJECT EFFORTS INCLUDE COHVE HTIONAL 
EKPLOSIVE (UNS ~ECIFIEOI ANO HECHANICAL ABRASION 
IROTARYI THIS DOCUMENT INCOl!PORATES ADDITIONA LLY 
DRILLING EQUIPMENT CHARACTERISTICS. EXCAVATICN 
ADVANCEMENT RATE IS ALSO DISCUSSED. GEOSTRUCTUR AL 
CHA•ACTERISTICS FOR THE REPORTED EXCAVATICN 
ACTIVITIES ARE DESCRIBEil. PERTINENT INFORHATION ON 
GROUHO CONDITIONS ANO UNOERGRCUNO OPE NING SUPPORTS IS 
ALSO PRESE NT ED , THE EXCAVATION CHARACTERISTICS FOR 
BA SE MENT COMPL EX, NCHANGA RED GRANITE ANO PLAT EAU 
SERIES ARE TREATED . PETR or.R APHY ANO ROCK TYPES 
RE V IEWEO INCLUDE BASALT , GNEISS, ~A HITE ANO 
GRAhUl ITE • THIS OOCUHENT INCO,PORATES ADDITIONALLY 
HE CHA NICAL FRO PER TI ES ILA BI DA TA• 

R001119 ROAC TUN NEL CONSTRUCTION. 
HE G.IW, T, N, 
SOUTH AFRICAN TUNNELLING CO NF ERENCE 
1, 47-151, 1970, 
LAN GUAGEt ENG LISH 

FUNDING ORGANIZATIONISI 
HERSEY TUNNEL JOINT COHMITTEE ,U.K, 

THIS IN-SITU REPORT CONTAINS REVI EW DATA. THE 
UNOERGRCUNO OPENING DISCUSSED I NCLUOES THE ON GO ING 
EXC AVATION OF THE HERSEY RIVER TUNNELS ! LIVERPOOL, 
UKI , THE PROJECT IN VESTIGATED IS UTILIZED FOR TWIN 
HIGHWAY PURPOSES. THE PILOT BORE-CENTER METHOD ANO 
TBH METHOD REPRESENT THE EXCAVAT ION TECHNIQUES 
STUDIED. THE REPORTED FRAGHENTATION HETHOOS SERVICING 
PROJ ECT EFFORTS INCLUDE CO NVENT IO NAL EX PLOSIVE 
IUNSPECIFIED I ANO HEC HANICAL ABRASION ! ROTARY! , THIS 
DOCUMENT INCORPORATES AOOITIO• ALLY TUNNELING MlCHINE 
CHARACTERISTICS. PERTINENT INFORMATION ON UNDERGROUND 
OFENIHG SUPPORTS IS AL SO PRESENlEO, PETROGl!APHY AIIU 
ROCK TYPES REVIEWED INCLUDE CLAY ANO SANDSTONE• 

R0 01121 UNOERGROU~O OIL STORAGE IN FINL AND. 
KIL PI HEN, H. 
SOUTH AFRICAN TUNNE LLING CONFERENCE 
1, S9-r.4, 1970. 
LANGUAGES ENGLISH 

PERFORMINt ORGANIZATIONISI 
OY YL EihEN INSINOORI TOIHI STO,FINLANO 

FUNDING O~GAHIZATlON IS I 
NESTE OY PORVOO RE FINERY,PORVOD,FINLANO 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA. THE 
UNDER GROUND OPENING OI SC US SEO INCLU DES THE COMPLETED 
EXCAVATID• OF THE UNDERGROUND OIL STORAGE RESERVOIR 
!PROVO REFINERY) (SKOLOVI K, FINLAND! • THE PROJECT 
INVESTIGAlEO IS UTILIZED FOR OIL STORAGE PURPOSES. 
THE DRILL ANO BLAST (FULL FACE! HETHOD, HEADING AHO 
BENCH MEHOO ANO RAISE DRIVING IBORING MACHINES! 
METHOD REPRESENT THE EXCAVATION TECHNIQUES STUDIED. 
THE REPORTED FRAGHENTATION METHOD SERVICI NG PRO J ECT 
EFFORTS I•CLUOES CONVENTIONAL EXPLOSIVE (UNSPECIFIEOI 

THIS DOCUHENT INCORPORATES ADDITIONALLY ORILLHG 
EQUIPHENT ANO TUNNELING HACHINE CHARACTERISTICS, 
EXCAVATlOII AOVANCEHENT RATE IS AL SO DISCUSSED. 
PERTINENT IHFORHATION ON UNDERGROUND OPENING SUPPORTS 
ANO MATERIALS HANDLING SYSTEH IS AL SO PRESENTED . 
PETROGRAP ►Y AHO ROCK TYPES REVI EWED INCLU DE GRANITE • 
THIS OOCLMENT INCORPORATES ADDITIONA LLY HECHANI CAL 
PROPERTIE5 DATA. 

R001122 THE NEW AUSTRIAN TUNNEL LING HETHOD 0 

WAGNER, H. 
SOUTH AFRICAN T/JNNELLING CONFERE NCE 
1, 121-7, 1970, · 
LANGUAGE• ENGLI SH 

THIS IN-SITU REPORT CONTAINS ABSTRACTED ONLY DATA, 
THE IJNOERGROUNO OPENING DI SCUSSEO I t<;LUOES THE 
COHPLETED EXCAVA TI ON OF THE HA SSE NBERG TUNNEL 
ILEOBEN, AUSTRIA I THE PROJ ECT I NVESTIGATED IS 
UTILIZED FOR ttIGH WAY PURPOSES . THE NEW AUSTRAIN 
HETHOO REPRESENTS THE EXCA VATION TECHNIQUE STUDIED. 
THE REPORT ED FRAGMENTATION HETHOO SERVICING PROJECT 
EFFORTS I hCLUOES CONVE NTIONAL EXPLOSIVE I UNSPEC!FIED I 

PERTIN ENT INFORMATION OH GROU ND CONDITIONS ANO 
UNDERGROUND OPE NING SU PPOR TS IS ALSO PRESENTED . 
PETROGRAP~Y AHO ROCK TYPES RE VIEWED I NCLUDE LIHESTONE 
AHO SCHIST • 

R001130 HACHINE TLNNELLING IN HARO ROCKo 
CLAASSENS, Go Co D. PI KE, O. R. 
SOU TH AFRICAN TUNNE LLING CONFERENCE 
1, zoq-16, 1910. 
LANGUAGE• ENGLISH 

fUr«JI NG ORGANIZAT JON <SI 
REPUBLIC OF SoAFRICA,OEPToOF NAT E• AFFAIRS 

THIS IN-SITU AHO LAB-IN-SITU REPORT CONTAINS RE VIEW 
DATA, THE UNDERGROUND OPENI NGS DISCUSSED INCLUDE THE 
PROPOSED EXCAVATI ON Of THE COOKHOUSE TUNNEL 
IS.AFRICA!, THE COMPLETED EXC AVATION OF THE GAHTOOS 
CANALS TUNl£L <S.AFRICAI, THE COMPLETED EXCAVATION OF 
THE KAAPHUIOEN TUNNEL IS. AFRI CA I, THE CO MPL ETED 
EXCAVATIOII OF THE KRANSK LOOF TUNNEL (S oA FRI CA I, THE 
CO HPL ETEO EXCAVATION OF THE LANGEFO NTE IN TUN NEL 
IS .AFRICA !, TH E COHPLETED EXCAVATION OF THE HIO HA R 
TUNNEL IS.AFRICA>, THE COHPLETEO EXCA VATION OF THE 
ORANGE FISH INLET TUNNEL IS.AFR.ICAI t THE COHPLETEO 
EXCAVATION OF THE ORANGE FISH PLATEAU TUNNEL 
<S.AFRICA I, THE COHPLETEO EXCAVATION OF TH E ORANGE 
FISH OUTLET TUNNEL !S,AFRICAl, THE COHPLETED 
EXCAVATION OF THE REUNION UHLAZI TUNNEL !S , AFRICll, 
THE COHPLETEO EXCA VATION OF THE SANOORIFT TUNNEL 
(S, AFRICAI, THE COMPLETED EXCA VATION OF TH E TUNNEL 
ear.A IS, AFRICA>. THE COHPLETEO EXC AVATION OF TH E 
TUNNEL BA6B <S. AF~ICAI, THE COHPLETEO EXCAVATION Q< 

THE TUNNEL BAe IS.AFRICA>, THE COHPLETEO EXCAVAT I O~ 
OF THE TUNNEL zwzq IS.AFRICA), TH E COHPLETEO 
EXCAVATION OF THE VRYHEIO EIIPANGENI TUNNEL 
IS,AFRICAI, THE COHPLETEO EXCAVAT I ON OF THE VRYH EI D 
EHPANGENI TUNNEL IEXTENSIONI IS, AFRICAI ANO THE 
COHPLETED EXCAVAT ION OF THE WESTOE TUNNEL <S , AFRICAI 
THE PROJEC TS ~NVEST I GATEO ARE UTILIZED FOR 
IRRIGATIO~, RAILWAY ANO UN SPECI FIED PUR POSES. THE 
DRILL ANO BLAST I FULL FACE! HETH OD ANO TBH HET HOO 
REPRESE"T TH E EXCA VATION TECHNIQUES STUDIED , THE 
REPORTED FRAGHENTATION HETHOOS SERVICING PROJECT 
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EHCRTS INCLUO£ CONVENTIONAL EXPLOSIVE fUHSPECIFIEOI 
ANO HECHAHICAL ABRASION (ROTARYI IHFORHATICH 
PERTINENT TO EXCAVATION COST IS GIVEN, GEOSTRUCTURAL 
CHAaACTERISTICS FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE DESCRIBED. f£ RTINENT IHFORHATION OH 
GROUND CONDITIONS IS ALSO PRESENTED. THE EXCAVATION 
CHA"ACTERISTICS FOR BEAUFORT SERIES , OWYKA TILLITE, 
ECCA SERIES, ENON COHGLOHERATE, INSUZI ANOESITE AHO 
TABLE HOUNTAIN SANDSTONE ARE TREATED. PETROGRAPHY AHO 
ROCK TYPES REVIEWED INCLUDE CO~GLOHERATE, DIABASE, 
DOLERITE, GRANITE, HUOSTONE, SANDSTONE, SILTSTONE ANO 
TILLITE • THIS OOCUHENT INCORPORATES AOOITIONALLY 
HECHANICAL PROPERTIES (LABI OATA, 

R001132 HEC~ANICAL TUNNEL BORING, 
STEVENS, V. L, 

R001133 

R00 1135 

SOUTH AFRICAN TUNNELLING CONFERENCE 
1, 223-&, 1g10. 
LANGUAGE! ENGLISH 

PERFORMING CRGANI7.ATIONCSI 
1,80YLES 8ROS,ORILLING CO , 
2,CIHCO,SALT LAKE CITY,UTlUSA 
3,GI880NS ANO REED CO, 

FLNOING ORGANIZATION CSI 
U,S.BUREAU OF RECLAMATION 

THIS IN-SITU REPORT CONTAINS REVIEW DATA. THE TBM 
METHOD REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, 
THE REPORTED FRAGHEHTATIO~ HETHOO SERVICING PROJECT 
EFFCRTS INCLUDES MECHANICAL ABRASION <ROTARVI , THIS 
OOCUHEHT INCORPORATES AOOITI OHALLY TUNNELING HACHINE 
CHA"ACTERISTICS, TBM EXCAVATIO~ ANO EXCAVATION 
AOVANCEHENT RA TES ARE ALSO DISCUSSED, PERTINENT 
INFORHATION ON HATERIALS HANDLING SYSTEH IS ALSO 
PRESENTED, PETROGRAPHY ANO ROCK TYPES REVIEWED 
INCLUDE HUOSTONE AHO SHALE , 

OPERATION OF MIRTH TUNNfL BORING UNITS IN GRANITE. 
HILDEBRAND, W, 
SOU TH AFRICAN TUNNELLING CONFERENCE 
1, 227-30, 1970, 
LANGUAGE I ENGLISH 

PERFORHING CRGANIZATIONISI 
WIRTH,ALFRE O AHO COlKGlGERHAHY 

•~HOING ORGANI ZATION(Sl 
W!RTH,ALFREO ANO COIKGlGERHANY 

T~IS IN-SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNOERGROUNO OPENINGS DISCUSSED HCLUOE THE COHPLETEO 
EXCA VA TION CF THE 8AR8ARINE TUNNEL CGRANO EHOSSON 
HYORO-ELECHIC POWER STATION) I GRAHO EHOSSON, 
SWITZERLAHOI, THE COHPLETEO E>CAVATION OF THE CORBES 
TUNNEL [GRANO EHOSSON HYDRO-ELECTRIC POWER STATIO~ l 
<GRANO EHOSSON, SWITZERLAND>, LUCERNE HIGHWAY TUNNEL 
(LUCERNE, SWITlERLAHOI ANO THE COHPLETEO EXCAVATICN 
OF THE ZEHM HYDROELECTRIC POWER STATION TUNNEL 
<AUSTRIA! THE PROJECTS INVESTIGATED ARE UTILIZED 
FOR HYDROELECTRIC ANO TWIN HIGHWAY PURPOSES, THE 
PILOT BORE-CENTER HETHOO ANO TBH HETHOO REPRESENT THE 
E)CAVATION TECHNIQUES STUDIED, THE REPORTED 
FRAGHENTATION HETHOO SERVICING PROJECT EFFORTS 
INCLUDES HECHANICAL AERASIO ~ <ROTARY! , THIS OOCUHENT 
INCORPORATES ADDITIONALLY TUNNELING HACHlNE 
CHAHCTERISTICS, TSH EXCAVUIOH RATE IS ALSO 
DISCUSSED, GEOSTRUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, THE 
EXCAVATION CHARACTERISTICS F01 VALLORCINE GRANITE ARE 
TREATED. THIS DOCUMENT INCORPORATES ADDITIONALLY 
MECHANICAL PROPERTIES <LABI CA TA, 

THE CLAREHEhT TO DANVILLE ROAD TUNNEL, 
EDWARDS, J. H. GR.AHAH, O. R. 
SOUTH AFRICAN TUNNELLING CONFERENCE 
1, 237-~1, 1970, 
LANGUAGE! ENGLISH 

FUNDING ORGANIZATIOH(SI 
PRETORIA,CITY OF,S,AFRICA 

THI S IN-SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNOERGROUNO OPENING DISCUSSED INCLUDES THE ON GOIN; 
EXCAVATION OF THE CLAREHONT-OANVILLE ROAO TUNNEL 
(PRETORIA, S, AFRICA) , THE PROJECT INVESTIGATED IS 
UTILIZED FOR TWIN HIGHWAY PURPOSES. THE DRILL AND 
BLAST <FULL FACE l HETHOO REPRESENTS THE EXCAVATI OH 
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TECHNIQUE STUDIED. THE REPORTED FRAGHENTATION METHOD 
SERVICING PROJECT EFFORTS INCLUDES CONVENTIONAL 
EXPLOSIVE <ANFOI , EXCAVATION AOVANCEHEHT RATE IS 
ALSO OISCLSSEO. GEDSTRUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED. THE 
EXCAVATIO~ CHARAC TE RISTICS FOR OASPORT SEIUES {OF 
PRETORIA SYSTEM ! ARE TREATEO. ROCK TYPES REVIENEO 
INCLUDE OIABASE, QUARTZITE ANO SHALE , THIS DOCUMENT 
I NC OR PORA TES AOOI TIONALL Y MECHANICAL PROPERTIES ILA8l 
DATA, 

ROD1142 GROUND FREEZING TECHNIQUES AT SALERNO, 

R001l47 

R001151 

Raour.1 

BRAUN, 8, MACCHI, A, 
TUNNELS ANO TUNNELLING 
f> ( 2 l , 61- 3 , 8 7 , 8 q, 1 g 74. 
LAHGUAGEt ENGLISH 

PERFORMING ORGAHI ZA lIONISl 
IHPRESA CONSTRUZIONI ING,E,RECCHI SP .A:TURIN,ITALY 

FUND I NG O"GANIZAT ION (S l 
FERROVIE OELLO STATO-SERVIZIO LAVORI E 

CONSTRUZIOHI,ROME,ITALY 
ROHE ITALY 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA. THE 
UNDERGROUND OPENING OISCUSSEO INCLUDES THE COHPLETEO 
EXCAVATIO~ OF THE SANTA LUCIA TUNNEL ISALERNO, ITALYI 

THE PROJECT INVESTIGATED IS UTILIZED FOR RAILWAY 
PURPOSES, THE MANUAL HETHOD ANO UNSPECIFIED HETHOO 
REPRESENT THE EXCAVATION TECHNIQUES STUOIEO, THE 
REPORTED FRAGMENTATION HETHOO SERVICING PROJECT 
EFFORTS INCLUDES CONVENTIONAL EXPLOSIVE (N, G, l 
GEOSUUCTURAL ANO SOIL CHARACTERISTICS AS HELL AS 
SOIL MECHANICAL PROPERTIES FOR THE REPORTED 
EXCAVATION ACTIVITIES ARE DESCRIBED, PERTINENT 
INFORHATICN ON GROUND CONDITIONS AHO UNDERGR OUND 
OPENING SLPPORTS AHO MATERIALS HANDLING SYSTEM IS 
ALSO PRESENTEO, PETROGRAPHY AHO ROCK TYPES REV I EWED 
IHCLUOE OOLOHITE IROCKI • 

ROCK EXCAVATION 
DUNCAN ♦ N. J. 

BY HYDRAULIC SPLITT ER, 
LANGFIELD, E, R. 

PROC. 1ST NORTH 
CONF. 

AHER. RAPID EXCA VATION TUNNELING 

1, 1es-g1, 1972, 
LAHGUAGEI ENGLISH 

THIS LAB-IN-SITU REPORT CON TAINS ORIGINAL DATA, THE 
PROJECT INVESTIGATED IS UTILIZED FOR UNSPECIFIED 
PURPOSES, THE HYDRAULIC FRAGMENTATION HETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGHENTATION METHOD SERVICING PRryJECT 
EFFORTS I~CLUDES JET ABRASION (WAT ER > • 

FA8RICATICN ANO TESTING OF A WATER CANNON FD~ ROCK 
TUNNELING EKPERIMENTS. 
COOLEY, w. C• 
FEDERAL RAILROAD ADMINISTRATION, DEPT, OF 
TRANSPORTATION, WASHINGTON, 0, C, 
89PP,, 1974, 
( FRA-OR0-0-74-38, AVAIL. NTIS 
LANGUAGEI ENGLISH 

PERFORMING ORGANIZATIOHISI 
TERRASPACE,INC:304 N,STONESTREET AV E; ROCKVIL LE,HO, 

20850 ;uSA 

FUNDING ORGAHIZATIOH(Sl 
FEDERAL RAILROAC AOHINISTRATION,OEPT,OF 

TRANSFORTATIO~, WASHINGTION o.c;uSA, 

THIS IN-!ITU ANO LAB REPORT CONTAINS ORIGINAL DATA. 
THE PROJECT INVESTIGATED IS UT ILIZED FOR EXPERIMENTAL 
EXCAVATIO~ PURPOSES, THE ~YORAULIC FRAGMENTATI CH 
HETHOD REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, 
THE REPORTED FRAGMENTATION METHOD SERVICING PROJECT 
EFFORTS INCLUDES IMPACT ABRASION (NATER CANNON, 
INTERHITTANT IMPACT • GEOSTRUCTURAL CHARACTERIST ICS 
FOR THE REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, 
THE EXCAVATION CHARACTERISTICS FOR BARRE GRANITE, 
BEREA SANCSTONE AHO INDIANA LIMESTONE ARE TREATED, 
PETROGRAP ►Y ANO ROCK TYPES REVIENEO INCLUDE GNEISS , 
GRANITE, LIMESTONE ANO SANDSTONE• 

ALLUVIAL TUNNELLING MACHINE FOR FAST ADVANCE AT LOW 
COST• 
AUTHOR ANON, 
CAN. INST, HIN. HETALL, BULL, 

ICONTINUEOl 
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66 I 7 31 I t l 8 2, 197 3 • 
LANGUAGE I ENGLI SH 

PEPF~HING CRGANIZATI CNISl 
NUTTAL,EO.LTO:LONOON •U,K. 

THIS IN-SITU REPQR T CONTAINS REVIEW OA TA, THE T8H 
HETHOO REP~ESENTS THE EXCJVATio• TECHNIQUE STUDIED, 
THE RE PORTEC FRAGHENT AT ION METH O□ SE RV ICING PROJECT 
EFFOIHS IHCLUOES HECHANIU L Aql< ASI ON ( ROTARY) • THIS 
DOCUMENT INCORPOOTSS •ooITJ ONHLY TUNNELING HACHINE 
CHAPACTERISTICS, T8N EXCAVATION ANO EXC AVATION 
A~VlHCEHENT RATES ARE ALSO DISCUSSED. SOIL 
CHAPACTERISTICS FOR THE REPORTE D EXC AVATICN 
ACTIVITIES ARE OESCRI8EO, PERTINENT INFORMATION OH 
HATERIALS HANOLIHG SYSTEH I S ALS O PRESEHTEO, 

R001168 HOOIFIEO □RILLING EOUIPHENT. BR IEF REVIEW OF 
t,PROVEO EOUPHEHT FRON INTERNATIONAL NICl<El, 
AUT ~OR A NOH. 
CiflN. INST . J'tlN. f1ETALL, BUL L . 
&6, ( 733 1, 113, 1q13, 
LANGUAGE I ENGLISH 

PER FOR HI HG CRGANIZATI ONISl 
INTERNATICHAL HICKEL co.[INCO I 

FUNDING ORG ANIZATIONC SI 
INTERNATIONAL NICl<El co: IINCOI 

T~I S IN-SITU REPORT CONTAINS ABSTRACTED ONLY DATA, 
THE UNOERGROUNO OPENING OI SCUS5EO I NCLUDES THE 
COMPLETED EXCAVATIO~ OF THE NORTH HINE CINCO ! !COPPER 
CLI FF, ONTAPIO, CANAOAl • Tn PROJECT INVESTIGATE □ IS 
UTIL IZED FOR HINE PUR POSES. THE RAISE DRIVING ! BORI NG 
HACHINESI HETHOO REPRfSENTS THE EXCAVATION TECHNIQUE 
STUDIED. THE REPO~TEO FRAGMENTATION HETHOO SERVICI NG 
PROJECT EFFORTS INCLUDES HECHA NICAL ABRASION (ROTARY! 

THIS DOCUHENf INCORPORATE S ADDITIONALLY TUNNELING 
HA CHINE rHARACTERISTI CS. GEOSTRUCTURAL 
CHA •ACTERISTI CS FO~ THE REPORTED EXCAVATION 
ACTIVIT I ES AOE OESCRIBEO, THE EXC AVATI ON 
CHA•ACTERISTICS FOR SUDBURY GRANITE ARE TREATED, ROCK 
TYPES REVI EWED INCLUDE GRANITE, 

PQ01173 EXPERIMENTAL STUDY OF THE RELATION BETWEEN THE 
RELATIVE RESISTANC E OF ROCK ANO PUNCH PENETRATI.ON 
DEPTH. 
BEZRUC HICO, N, P, 
SOV. HIN. SCI . 
7 C It t, .. 2 .. -6, 1971, 
I ENGLISH TRANSLATI ON OF FI Z. TEKH, PR09l, RAZRAB, 
POLE!, ISl<OF,, I ._ l, 50-2, 1971; FOR ORIGINAL SEE 
Rlt 72 I 
LANGUAGE! ENGLISH 

THI S LAB REPORT CONTAINS ORIGINAL OATA. THE AUSTRIAN 
HETHOO REPRESENTS THE EXCAV ATION TECHNIQUE STUDIED, 
THE REPORTE D FRAGHENT ATIO~ HETHOO SERVICING PROJECT 
EF,ORTS INCLUDES IHPACT ABRAS ION CSHOCI< WIVE ORILLI , 

R001188 A THEOR Y OF HYDRAULIC R□CI< CUTTING, 
CRO W, S, C, 
INT, J . ROCK HECH. HI~ . SCI, 
10 C 6 1, 567-8~, 1 973. 
LANGUAGE• ENGLISH 

FUHOING ORGANIZATIONISl 
PLO~ RESURCH INC; KENT, WA l 9&0 J1 ,USA. 

THIS THEORETI CAL REPORT CONTAINS ORIGINAL DATA• THE 
AUS TR[A N HETHOO REPRESENTS THE EXCAVATI OH ·TECHHIQUE 
STUDIED, THE REPORTED FRAGME NTATION HETHOD SERVICING 
PROJECT EFF ORTS INCLUDES JET ABRASION CMAT E~l , 

R001212 STUDY OF HIGH POWEREO PLASHA FOR IN SITU HARO ROCK 
DISINTEGRATION, 
PCOLE, J, M, THORPE, M. L. 
TAFA DIVISION, HUH PHREY#S CORP. , eow, NEW HAHPSHIRE 
&3 PP11 1973. 
I A0-772 506, TAFA-7311-9 
LANGUAGE! ENGLI SH 

PER FORMING ORGANIZATIONCSI 
HUHPHERY CORPlHHl USA, 

FU"DIHG ~GANIZATIOHISl 
ADVANCED RESEARC H PROJECT AGENCY C ARPA I 

!CONT INUEO I 

THIS LAB REPORT CONTAINS OR IGINAL OATA. THE p;lQJECT 
INVESTIGATED IS UTIL IZED FOR EXPERIHENTIL EXCAVATICN 
PURPOSES . THE REP ORTED FRAGMENTATION HETHOO SERVI CI ~G 
PROJECT EFFORTS INCLUDES THERMAL-ELECTRIC AL 
C TRANSFERl< EO ARC HETHOOS, PL ASHA ARC l • GEOST RUCTURAL 
CHARACTERISTICS FOR THE REPORTED EXCAVATICN 
ACTIVITIES ARE DESCRIBED, THE EXCAVATICN 
CHARACTERISTICS FCR CONCROO Gl< ANITE, DRESSER BASALT, 
HANISTI OU E DO LOMITE IOR FORHATIONI ANO 
ST . Cl OUO C GRAY I GRA ~OOI OR ITE <= CHARCOAL GREY GRAN I TE I 
ARE TREATED . THI S OOCUHENT INCOR PORATES AOOITIONALLY 
MECHANICAL PROPERTIES CATA . 

R001213 PERCUSSIVE MATER JETS FOR RAPI D EXCAVATION, 
NEBEl<ER, E. B. RODRIGUEZ, S, E, 
SC I ENT IFIC ASSOCIATES, INC., SA NTA HONICA, CALIF. 
63PP,, 1'373, 
C A0-772 9l1 I 
LANGUAGE• ENGLISH 

PERFQRHINC ORGANIZATIONISI 
SCIENTIFIC ASSOCIATES INClCAlUSA, 

FUHOING O~GANIZATJON ISI 
U.S.APHY MOBILITY ECUIPHENT RESEARCH ANO 

OEVELOPHENT CENTER , FORT BELVOIR,VA: us•. 

THI S LAB REPORT CONTAINS Of!IG!NAL OATA . THE PROJECT 
INVESTIGATED IS UT ILIZfO FOR EXPERIMENTAL EX C~VA TICN 
PURPOSES. THE REPORT ED FRAGMENTATION HETHOO $£~VICING 
PROJECT EFFORTS INCLUDES JET ABRASION CMATE RI 
GEOSTRUCT~RAL CHARACTERIS TICS FOR THE REP OR TE D 
EXC l VATIO~ AC TIVITI ES ARE DESCRIBEO. PETROGRAPHy ANO 
ROCK TYPES REVIEWED INCLUDE GABERO, LIHESTO Nc ANO 
SANDSTONE . THIS OOCUHENT INCOR PO RATES ADDITI ONA LLY 
MECHANICAL PROPERTIES CLABI DATA , 

R00121" AN INVESTIGATION OF THERHAL-HECHANICAL FRAGHENTAT ION 
OF HARO ROCI<, 
CLARK , G. 8. LEHNHOFF , T. F, PAlEL, M. 
ALLEN, V. 
HISSOURI UNIVERSITY , ROLLA 
2 09PP . , 1':73. 
LANGUAGE! ENGLISH 

PERFORHINE ORGANIZATI ON IS l 
ROCI< HECHANICS ANO EXPLOS IVES RE SE ARCH CE NTER 

CUNIV, OF MISSOURI 
AT ROLLA,HOWSA I 

FUNDING ORGANIZAT ION!S l 
ADVANCE □ RESEARCH PROJECT AGENCY C ARPA I 

THIS LAB-IN-SITU REPORT CONTAINS ORI GINAL DATA, TH E 
PROJECT INVESTIGATED IS UTILIZED FOR EXPERIHENT AL 
EXCAVATION PURPCSES, THE REPORTED FRAGHENT ATI CN 
HETHOO SERVICING PROJECT EFFORT S INCLUDES 
THERHA L-HECHANICIL IORILLING ANO THERHAL 
FRAGHE NTATIONI THIS OOCUHENT INCORPORATES 
AOOITIO~ALLY □RILLING EQU IPMENT CHARACTERISTICS , 
GEOSTRUCTURAL CHARACTERI STICS FOR THE REP ORTED 
EXCAVATI ON ACTIVITIES ARE OESCRIBEO, ROCK TY PES 
REVIEWED INCLUDE GRA NITE , 

ROD 1227 TUNNEL I NG TECHNOLOGY , ITS PAST ANO PRESENT, 
NASIA TKA, T, H, 
U, S. BUREAU OF HINES, ~lSHINGTON, 0, C, 
12PP,, 19E8, 
I BH-IC-& H5 I 
LANGUA GE• ENGLISH 

THIS IN-SITU REPORT CONTAINS REPU BLISHED DATA. TH E 
UNDERGR OUND OPENINGS DISCUSSED INCL UDE THE COHPLETEO 
EXCAVATION OF THE ALLEGHENY PORTAGE TUNNEL IPA,, 
USAI, THE COHPLETEO EXCAVATION OF THE ALVA 8 , AOA HS 
TUNNEL, T~E COHPLETEO EXCAVATION OF THE APPALAC HIA 
PROJECT !TN,, USA I, THE COHPLETEO EXCAVATION OF THE 
ARLBERG TUNNEL IAUSTRIAI, THE COMPLETED EXCAVAT IO N OF 
THE AUBURN CCA NALl TUN~l CPA,, USAI, THE COHPLETEO 
EXCAVATION OF THE BERGEN TUNNEL CNJ., USA l, THE 
COHPLETEO EXC AVAT JON OF THE BIG CREEi< N0.3 TUN NEL 
(CA,, USAI , THE COHPLETEO EXCAVATI ON OF THE BlNGHlH 
CANYON TUNNEL CUT ., USAI, THE COMPLETED EXCAVATI ON OF 
THE BLECHIHGLY TUNNEL IUKl, THE COMPLETED EXCAVATION 
OF THE BLUE HOUNT 11 N TUNNEL IPA., USAl, THE COMPLETE□ 
EXCAVATION OF THE BLUE RIDGE TUNNEL IVA., USAI, THE 
COHPLETEO EXCAVAT ION OF THE 800TLEG CANYON TUNNEL 
!UT., USII , THE COMPLETED EXCAVATI ON OF THE CANYON 
TUNNEL (Cl,, USA!, THE COHPLETEO EXCAVATION OF THE 
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CARLTON TUNNEL fCQ., USA>, THE COHPLETEO E(CIVITION 
OF THE CHICAGO AVE.SEWER TUNNEL (CHICAGO, IL., USAI, 
THE CO•PLETfO EXCAVATION OF THE CLEAR CREEK TUNNEL 
!Cl ., USA>, THE CO•PLETEO EXCAVATION OF THE COLOR ADO 
RIVER TUNNEL <CA,. USll, T~E COHPLETEO EXCIVAT[ON OF 
THE CONO,UGHT TUNNEL f8RITISH COLUMBIA. , CANIOII, THE 
CONPLETEO E>CAVATION Of THE COOPER BASIN TUNNEL (Cl., 
USAI, THE CONPL[T[O EXCAVATION Of THf COWBURN TUNNEL 
IU. ••I, THE COMPL ETED EXCAVATION OF THE ELIZABETH 
TUNNEL fCA., USU, THf CONPL[TEO EXCAVUION Of THf 
EUCU•BENE TUPIUT TUNNEL !SNOWY HTS., IUSTIULIAI, THE 
COMPLETED EXCAVATION OF THE FLORENCE Ll~E TUNNEL 
tCA., USA>, THE COMPLETED EXCA VATION OF THE FUCINUS 
TUNNEL IITA LYI, THE COHPLETFO EXCAVATION OF THE 
GUNNI SON TUNNEL !CO,, USll, THE COMPLETED EXCAVATIO N 
or THE HOOSAC TUNNEL (NA., USA 1, THE COHPLETEO 
EXCAVATION OF THE [SERE ARC TUNNEL IF"RlNCEI, THE 
COMPLET ED EXCAVATION OF THE JAYBIRD TUNNEL ICA., 
USAI, THE COHPLETEO EXCAVATION OF THE KEHANO TUNNEL 
I BRITISH COLUN8Il., CA NAOAI , THE CONPLETEO EXClVlTICN 
OF THE KITTITINNY TUNhH IPA•• USAI, THE COMPLETED 
EXC AVATION OF THE LA OUIEBRA TUNNEL ICOLUHBill, Th[ 
COMPLETE D EXCAVATION OF THE LEBANON CANAL IPA,, USA 1, 
THE CONPLETEO OCAVATIOH OF THE LO£TSCHB[RG TUNNEL 
ISwITZERLANCI, THF CONPLETEO EXCAVATION OF THE 
LYOGATE TUNNEL (UKI, THE COHPLETEC EXCAVATION OF THE 
HILPUS CANAL IFl!ANCEI, THE COMPLETED EXCAVAT[ON OF 
TM[ HOFFIT TUNNEL <Co., USAI, THE CONPLETEO 
Er CAVA TIOH OF TME HOHT BLANC TUNNEL !FRANC El, THE 
COHPLETEO EXCAVATION OF THE NOUNTAIN DIVISION TUNNEL 
<CA., USII, THE r.ONPLETEO E>CAVUIOH OF THE NOUNT 
CfNIS CFREJUSI TUNNEL tFRlNCE-ITALYI, THE COMPLETED 
EXCAVATION CF THE HUSCONETCONG TUNNEL !HJ,, USII, THE 
COHPLETEO nCAVlT ION OF THE NEW CASCADE IWI., USA 1, 
THE COHPLETEO EXCAVATION OF THE NEW ELKHORN TUNNEL 
IWV., USAI, THE COHPLETEO EXCAVATION OF THE OWENS 
RIVER. TUNl,£L ICA, • USAI, THF. CONPLETEO EXCAVATI ON OF 
THE OWYHEE TUNNEL IOR.-I O., US AI, THE COMPLETED 
E>CAVATION OF THE PINE HOUNTAIN TUNNEL IVl,-KY,, 
USII, THE COHPLfTlO EXCAVATION OF THE ROOSEVELT 
TUNNEL !CO., USII, THE CO HPLETEO EXCAVATION OF THE 
SALTWOOO RAILWAY TUNNFL (U,K.I, THE COHPLETEO 
E>CAVATION OF THE SA NOY RI OGE TUN•EL IVA,. USAI, THE 
COMPLETED EXCAVATION OF TM[ SWANOAKEH TUNNEL I NEW 
YORK, NY., USAI , THE CO HPLfTEC EXCAVATION OF THE 
SIMPLON TUNN(L I SWITZERLA•O-ITALYI, THE CO .... LETEO 
EXCAVATION OF THE SQUIRREL HILL TUNNEL IPA,, . USAI, 
THE COMPLETED EXCAVATION OF THE STRAWBERY TUNNEL 
IUT., USAI, TH[ CO HPLETEO EXCAVATION OF THE ST,LOUIS 
HETP n SE WER OISTRTCT 1ST ,LOUIS, NO., USAI, THE 
COHPLETEO EXCA VATI ON OF THE ST.PAUL PASS TUNNEL 
<HT.-10., USA>, THE COHPLETEO EXCAVATION OF THE ST. 
GOTT HARO TUNNEL (SWITZF.RLA NO-ITAL YI, THE COMPLETED 
EXCAVATION OF TH E SUTRO TUNNEL (NV., USll, THE 
CONPLETED EtCAVITIO N OF THE TOONA TUHUT TUNIIEL 
fAUSTQALIA>, THE COH PLETEO EXCAVATION OF THE TOTLEY 
TUNNEL (U.K.1, THE CO~PLETEO EXCAVATION OF THE TRACE 
FORK TUNNEL <WV., USAI, THE CONPLETEO EXCAVATION OF 
THE TUSCARORA TUNNEL !PA., USAI, THE COHPLETED 
fXCIVATION OF !HF WINTON TUNNEL IWA., USA> IND THE 
COHPL ETEO EXCAVATION OF THE WOODHEAD RAILWAY TUNNEL 
!U.K,> THE PROJECTS INVE 5TIGA1EO ARE UTILIZED FOR 
HIGHWAY, HYOR.0£LECTRIC, IRRIGATION, HINE, RAILWAY, 
SEWER ANO WATER SVPPLY TUNNEL PURPOSES, THE OR.ILL ANO 
BLAST !FULL FACE) NETHOO, MANUAL NETHOO, PERIPHEOL 
SAW INC ORILL-8LAST HETHOO ANO T8H HETHOO REPRESENT 
THE EXCAVATlON TECHNIQUES STUDIED. THE REPORTED 
FRlGIENHTION HETHOOS SERVICING PROJECT EFFORTS 
INCLUDE CONVENTIONAL EXP\. OSI VE IN.Go I, CONVENTIONAL 
EXPLOSIVE CANFOlo CQNVENTICML EXPLOSIVE 
IU .. SPECIFIEDI, CONVENTION'AL EXPLOSIVE IC-• 1, 
CONVENTIONAL EXPLOSIVE !BLACK PONDER.I, CONVENTIONAL 
EXPLOSIVE !OYNA,.ITEI AHO MECHANICAL ABRASION IROTARYI 
• THI S OOCUHENT INCORPORATES IOOITIONALLY DRILLING 
EQUIPHENT ANO TUNNEL! NG NACH I NE CHlR.lCTERIST ICS. TBM 
EXCAVATION ANO EXCAVATION AOVANCENE"T RATES ARE ALSO 
DISCUSSED, INF OR Ml TI ON PERT! Hf NT TO EXClVlUON COST 
IS GIVEN, GEOSTRUCTURlL ANO SOIL CHARACTERISTICS FOR 
THE REPORTEC EXCAVATION ACTIVITIES ARE DESCRIBED. 
PERTINENT INFOR•ATION OH NATERIALS HlNOLIHG SYSTEN IS 
ALSO PRESENTED. PETROGRAP ► Y ANO ROCK TYPES REVIEWED 
INCLUDE ANOESITE, CHERT IROCKI, DIORITE, DOLERITE, 
GNEISS, GRANITE, GREENSTONE l!GNEOUSI, LIMESTONE, 
PORPHYRY, QUARTZITE, RHYOUTE, SANDSTONt:, SCHIST• 
SHALE, SLATE ANO TUFl <ROCKI. 

R0 01230 HARD-ROCK NOLES SUCCEED WHERE OTHERS FAILED, 
YOUNC, E. "• 
C ONSTRUCTIOh HETHOOS EQUIP NE NT, Rf PR[ HT 

ICONTI .. UEO I 

lPP,, 1973, 
LANGUAGE! ENGLISH 

PERFORNIHG ORGANI2ATl0NISI 
1,BALL,GOROON H,INC:OANVILLE,CAI 
2,BROWN ANO R001 I'C:IHOUSTOH,TO 
J,PERINI CORPIFRlNINGHlN,NAI 
~.S ANO H CONTRACTORS,CLEYELANO 

FUNDING ORGAHilATIONISI 
NEW YOR.X,CITY oF,NYIUSA. 
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THIS IN-!ITU REfDRT CONTAINS ORIGINAL OITA, THE 
U"OERGROUNO OPENING DISCUSSED INCLUDES THE COMPLE TED 
EXCAVATIO~ OF THE TUNNEL FOR NORTH RIVER WATER 
POLLUTION CONTROL PROJECT !NEW YORK TH£ ON GOHG 
EXC AVATION OF THE TUNNEL FOR NORTH RIVER WATER 
POLLUTION CONTROL PROJECT (NEW YORK CITY, NY. 0 USA, I 
THE PROJECT IHVESTIGATEO IS UTILIZEO FOR ACCESS 
TUNNEL (SHAFTS ANO AO!TS TO HAIN OPENING!, SEWER ANO 
VENTILATICN PURPO SES . THE CONPRESSEO AIR H[THOO ANO 
TBN NETHOO REPRESENT THE EXCAVATION TECHNIQUES 
STUDIED. THE REPORTED FRAGMENTATION NETHOOS SERVICHG 
PROJECT EFFORTS I NCLUOE JET 18RASIOII (Al RI ANO 
HECHINICAL ABRAS I ON IROTARYI THIS DOCU•ENT 
INCORPORATES ADDITIONALLY TUNNELING HACH I NE 
CHARACTERISTICS, TBH EXCAVATION RATf IS ALSO 
DISCUSSED, GEOSTRLCTURAL ANO SOIL CHARACTfRISTICS FOR 
THE REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, 
PERTINENT INl'ORNITION ON UNQERGROUHO OPENING SUPPORTS 
ANO HATERIALS HANDLING SYSTEM IS ALSO PRESENTE D, THE 
fXClVATION CHARACTERISTICS FOR VIRGINIA LINESTONE !IN 
HOEHKOPI GROUPI ARE T~ElT EO, ROCK TYPES R. EVIEWfO 
INCLUDE GNEISS, SCHIST ANO TILL , THIS DOCUMENT 
INCORPORATES AOOITIONALLY NECHIHICAL PROPERTIES ILIBI 
DAU, 

R00123• BIG JOHN EXCAVATOR 3038 FOR NIXED-FACE TUNNEL 
EXCAVATING. 
NEHCO NINING fQUIP"fHT MANUFACTURING CORP,, 
RACINE, WISCONSIN 
ZPP. 
LANGUAGE& ENGLISH 

THIS IN-S ITU REPORT CONTAINS ABSTRACTED ONLY UATA , 
TH£ UNDERGROUND OPENING DISCUSSED INCLUDES THE ON 
GOING EXCAVATION OF THE TA~ATSUKAYANA TUNNEL <<OBE, 
JIPlNI • THE PROJECT INVESTIGATED IS UTILllEO FOR 
UHSP[CIFIEO PUR.PO~ES, THE FULL FACE "ETHOO REPRESENTS 
THE fXCA~lTIOH TECHNIQUE STUOifO, THE REPORTED 
FRAG"E"TATIOM HETHOO SERVICING PROJECT EFFORTS 
INCLUDES NECHANICAL ABRASION !PERCUSSION ANO ORAGI 
THIS OOCLHENT INCORPORATES ADDITIONALLY TUNNELl•G 
NACHINE CHARACTERISTICS, TBH EXCAVATION RATE IS ALSO 
DISCUSSED, GEOSTRUCTURAL ANO SOIL CHARACTERISTICS FOR 
THE REPORTED EXCAWlTION ACTIVITIES ARE DESCRIBED, 
PER.TI HE NT INF OR HA Tl ON ON UNOERGROUNQ OPENING SUPPORTS 
IS ALSO PRESENTED. ROCK TYPES REVIEWED INCLUDE 
CONGLONERATE, HUOSTOME, SANDSTONE ANO TUFF 

R001235 BIG JOHN EXCAVATOR 1626 FOR NIXED-FACl 
TUNNEL EXCAVATING, 
NENCO NINING E~UIPHENT HANUFACTURIHG CORP,, 
RACINE. WISCONSIN 
ZPP, 
LANGUAGE• ENGLISH 

THIS IN-SITU R£ PORT CONTAINS ABSTRACTED ONLY OITA. 
THE UNOER&ROUHO OPENING DISCUSSED INCLUDES TME 
COHPLETEO EXCAVATION OF THE CAS~AIC TUNNEL, LOS 
ANGELES <CA., USA.I • THE PROJECT INVESTIGATED IS 
UTILIZED FOR UNSP[CIFIEO PURPOSES. THE SHIELD HETHOO 
REPl!ESENTS THE EXCIVlT ION TECHNIQUE STUDIED, THE 
REPORTED FRAGMENTATION NETHOO SERVICING PROJECT 
EFFORTS 1 •CLUOES NECHANICAL ABRASION IROHRYI , THIS 
OOCUNENT INCORPORATES ADDITIONALLY TUH .. ELING NACHINE 
CHIRlCTERlSTlCS, TBH E XCAVATION RATE I S ALSO 
DISCUSSED, PERTINENT INFORNATIO" OH UNOERGROUNO 
OPENING SUPPORTS IS ALSO PRESENT£0o ROCK TYPES 
REVIEWED INCLUOt: CON,LONERATE, LIMESTONE, SANDSTONE 
ANO SHALE • 

ROOtz,o JARVA TUHH£LINC. NACMINES INC CUTTERS. 
JARVI INC,, SOLON, OHIO 
l6PP, 
LINGUlGEI ENGLISH 

PERFORHING ORGANIZATION<SI 
JARVA TVN"ELIIIG "lCHlNES ANO CUTTE;RS,OH:USA, 

ICON TI NUEOI 
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FUNOING ORGANIZATION(SI 
JARVA TUNNElI~ HAC•HNES ANO CUTTERS,OHIU_SA. 

T>IS IN-SITU QEPORT 
SHIELO METHOD ANO TBH 
T£CHNIOUES STUD! EO. 
AOO!TIONALLY DRILLING 
CHAAACTF.RISTICS. fqM 
OISCUSSED. PERTINENT 

CONTA It<<; CRti;INAL OAT A, THE 
HfTHOO REPRESENT THE EXCAVATION 

THIS OOCUHE~T INCORPORATES 
EOUIP~ENT ANO TUNNELING MACHINE 

EXCAVATI O~ RATE IS ALSO 
!NfO•MATION ON MATERIALS 

PREStNTEO, HlNOL!NG SYSTEH IS ALSO 

~00 !l'ol TUNNEL SHIELDS <OR ALL MIXEO GROUND REOUIREHENH. 
M!LWAU•EE, ~ISCONSIN 
H IL WAUKEE BOILER HFG. COMP., HILWAUKH, WISCONSIN 
£.PP. 
LANGUAGE• ENGLISH 

PFRFOR•ING ORGANlllTICN(Sl 
MILWAUKEE BOILER HANUFACTURING COIHILWAUKEE,W!IUS A 

FUNDING ORGANIZATION(SI 
MILWAUKEE 80ILER MANUFACTURING COIH!LWAUKEE 1 WIIUSA, 

TH!~ IN-SITU REPORT CONTAINS RE?U8LlSHEO on~. THE 
PROJECT !NVEST!GHED IS UTILIZED FOR HIGHWAY, NINE 
ANO SEWER PURPOSES. THE SHIELO NETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED. THIS DOCUMENT 
INCORPORATES AOOITIONALLY TUNNELING MACHINE 
CHARACT ERISTICS. 

00012;; NETOOPOLITAN SANITA RY DISTRICT OF GREATER CHICAGO 
EXPERIENCES ANO FUTURE PLANS FOR HA,O ROCK TUNNELS, 
NEIL, F. 
PROC. DEEP TUNNELS IN HARO ROCK 
q-:,o, 1qro. 
LANGUAGE• ENGLISH 

PF.RFOR"ING CRGAN!ZATIONCS> 
S ANO H CONSTRUCTORS INC:SOLON,OHIUSA. 
1.HEALV,S.t:cn. 
2,~ENNY CONSTRUCTION CO. 
l.HCHUGH,J.CONSIRUCT!ON en. 
t.HEHY,S.A , 
?.~ENNfY CONSTRUCTION CO. 

ruNO!NG OR GAN! 7AIJON(SI 
C.OEATlR CHICAGO,H[TROPOLITAN SANlTARY DIST.OF, 

CHICAGO, IL ;us A. 
CHICAGE, IL. USA 

THI• IN- SITU REPORT CONTAINS ORIGINAL ~ATA 1 THE 
UNOtRGROUNO OPENIOGS DISCUSSED INCLUDE THE ON GOHG 
EXC•VATION OF THE CALUMET :NTERCEPT!NG SEWER c1eE, 
t27TH AN O CRAWfOL J AVE. l !CHICAGO, IL,, USAI, THE ON 
GOING EXCAVATION OF THE LAWNOAL( AVENUE ANO ,.PTH 
STREET S ,W.INTERCEPTI.C, SEWf'l !CHICAGO, IL,. USAl ANO 
THE ON GOING EXCAVATI O• nF THE LAWRENCE AVENUE SEWER 
SYSTEM !CHICAGO, IL., USA I THE PROJECTS 
INVESTIGA TE C ARE UT ILIZEO FOR SEWER PURPOSES, THE 
HEA~!NG ANO BENCH HETHOO AHC T~M ~ET HOO REPRESENT THE 
E•CAVAT!ON TECHNIQUES STUDIED, THE REPORTEO 
•RA(HENT ATI ON H[IHOO sr~V ICING PROJECT EFFORTS 
HCLUOES CONVENT!ONH OPLG'.:I VE (UMSPf.CIFIEOI , THIS 
OOCU~fNT INCORPORAT.ES AOOIT! ONl LLV TUNMfliNG !'IACHINE 
CHARACT ERISTICS, TSN EXCAVATION RATE IS ALSO 
0l$CUSSEO. GEOSTRU CT URAL ANO SOIL CHARACTERIST ICS l'OR 
THE REPORTEO E<CAVATION ACTIVITIES ARE OESCRl8EO. 
PER TINENT !NFORHATI ON ON HAHRIALS HANDLING SYSTEM IS 
ALSO PRESE•TEO, THE EXCAVATION CHARACTERISTICS FOR 
NIAGUAN LIMESTONE ( OR DOLOMITE OR GROUP! ARE 
TREATED, 

POOl!&Z HEW RAI SE-BORING EOUI FHE"1' WILL ACCELEPHE 
UNOERGROUNO DEVELOPMENT, 
AUlHO~ ANON . 
AUSTRAL. HI•• 
~~ f 4 ,. 6 2-3, 1911 . 
LANGUAGE• ENGLISH 

PERFORMING CRGANI1ATIONISI 
ANGLO-AHE•lCAN CONP,OF SOUTH AFRICA 

F~NOING Of<GANIZATION(SI 
ANGL O AHEOICAN CORP:GOLO DIVISION RESEARCH AHO 

OEVELOPNENT DEPT, 

HI S LAB REPORT CONTAINS REPUBLISH ED DATA, THE 
UNOfRGROUNO OP£NING OISCUSSE:O I NCLUOES THE COHPLE:TEO 
EXCAVlTlOH OF THE SOUTH AFRICAN GOLC HINES (S,AfRICAI 

(CONTINUED I 

THE PROJECT INVESTIG ATED IS UlILIZED FOR HIio£ 
PURPOSES, THI' RAISE ORIVING !B~ING ,U.CHI>IESI ME THOD 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRA GNENTA TION METHOD SERVICING PROJECT 
EFFORTS INCLUDES MECHANICAL ABRASION IROTARYI , THIS 
OOCUHtNT INC ORPORATES AOOITtONALLY TUNNELING MACHINE 
CHAR•CTERISTICS, TBN EXCAVATION RATE IS ALSO 
OISCUSSfO. 

R001Z63 RAISE BORING. EXPERIENCE IN GOLO MINES OF 
S, AFRICA AND OF TYNACH HINE, lltELAND, 
MILSOM, J. ti, OA-H, R, A, J, 
TRANS , !NH, HINING HET., SECT, A 
82 ( 80J 1, 1~2-~. 1973, 
LANG~AGEI ENGLISH 

PER~ORHING ORGANIZATION!SI 
ANG~O-AHERICAN CORP.OF SOUTH AFRICA 

rUNOING ORCANIZATIONISI 
ANGLO A~ERICAH CORPIGO\.D DIVISION RESEARCH ANO 

OEVELOPHENT DEPT, 

THIS IN-HTU REPORT CO~AINS ORIGINAL DATA, THE 
UNOERGROU•O OPENING DISCUSSED INCLUDES THE COHPU:TED 
EXCAVATIOh OF T~E TYNAUGH NINE (!RELANOI , THE 
PROJECT JNVESTIGHEO rs UTILIZED FOR HINE PURPOSES. 
THE RAIS E DRIVING (BORING NACHINESI IIETHOO REPRESE NTS 
THE EXCAVATION TECHNICUE STUDIED , THE REPORTED 
fRACHENTATION METHOD SERVICING PROJECT EFFORTS 
INCLUDES H!:CHANICAL ABRASION (ROTARYI • THIS OOCUNENT 
INCORPCRATES AOOITIO ►ALLY TUNNEL I HG MACH!hE 
CHARACTEtl !STICS. !kl'ORMlTION PERTINENT TO EXCAVATION 
COST IS GIVEN, GEOSTRUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE OESCRI8EO. THE 
EXCAVATION CHARACTERISTICS FOR WIT WATERSRAND 
QUARTZITE ARE TRtATEO. 

R0012&4 RAISE ANO SHAFT DRILLING, A CONTINUI NG DEVELOPMENT, 
R.OSBINS., R, J, 
J, S, AFRICAN INST. MINING HET, 
n 1 2 ,, 61-6, 1~13, 
LANGUAGE• ENGLISH 

PERFORMIN~ ORGANilATIONISI 
R088INS RAISE 00RING COISEATTLE,WAlUSA. 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA, THE 
PROJECT I•VEST!GA TEO IS UTILIZED FOR HINE PURPOSES . 
THE RAIS£ DRI VING IBORING HACH I NESI NETHOD REPRESENTS 
THE EXC•VATION TECHNIQUE STUDIED , THIS DOCUHENT 
INCORPORA1ES ADDITION ALLY ORilLING EQUIPMENT ANO 
TUNNELING MACHINE CHARACTERISTICS, 

R0012~5 FORCE REDUCTION IN EXCAVATION DEVICES . 
PETERSON, C, R, 
J. CONSTR. OIV. 
99, I C01 >, 21 - 33 . 1973 . 
LANGUAGE• ENGLISH 

PE RFORHING ORGANIZATION (SI 
MILLfR, FOSTER ASSOCIATES,INC :1lS SECONO AVE: 

WALTHJH,HA:0215~ 
INGERSOLL-RAND H£SEARCH INC. 

FUNDING ORGANIZATION<S I 
JEFFREY MINING HACH!NERY co;us,. 
1.COlORAOO SCHOCL OF MI•ES 
2.FLOW ~ESEARCH INC, 
3.NATIOIIAL SCIE•CE FOUNDATION 
~.ROBBI~S COMPANY 
s.u.s , e~REAU or ~INES 

THIS LAB ~EPORT CONTAINS ORIGINAL OATA, THIS DOCUMENT 
INCORPORA1ES AOOITIOHAlLY ORILLING EOU!PNENT 
CHARACTE~ISTICS, EXCAVATION ADVANCEME NT RATE IS ALSO 
DI scussrn . 

R001266 RECENT DEVELOPHENT OF NEW AUST~UN TUNNELLING 
HETHOO, 
NUSSBAU"• H, 
J. CO~STR. OIV. 
99 < CO I 1, 115-32, 197 3, 
LANGUAGE I ENGLI~M 

PE RFORMING ORGANIZATIONISI 
CRIP~EN,G,E,ANO ASSOCIATES,LTOl VANCOUVER, B.c : cANAOA 
PORR-UNION-UNIVERSALE-HINTEREGGER-NOUVREDER KRAUS-

<CONTINUEOI 



RELLA,AUSTRIA . 
neERRANl"AYER-SORAVIA-ISOLA,LARCH8AU"ER,AUSTRIA 

FUNDING ORGANIZATIONCSI 
TAUERNAUT08AHN AKTIENGESSELSCHAFT,SALZ8URG,AUSTRIA 

TMIS IN-SITU ANO LAS-THEORETICAL REPORT CONT AI ~S 
ORIGINAL DATA. THE UNDERGROUND OPENINGS DISCUSSED 
I•CLUOE THE COMPLETED EXCAVATION OF THE KATSCH8ERG 
TU NNEL IAUSTIHAI ANO TH[ COHPLETEO EXCAVATIO" OF THE 
TA VERN TUNNEL (AUSTRIAI • THE PROJECTS INVESTIGATED 
ARE UTILIZED FOP HIGHWAY PURPOSES. THE NEW AUSTRAIN 
H(TM OO REPRESENTS THE EXCAVATION TECHNIQUF. STUDIED. 
THE REPORT[( FRAGMENTATION METHODS SERVICING PROJECT 
[FFCRTS INCLUDE CONVENTIONAL EXPLOSIVE CUNSPECIFIEOI 
AHO "ECHANICAL ABRASION CPERCUSSIONI • THIS OOCUHENT 
INCORPORATES AODIT IONALLY DRILL ING EOUIPNENT 
CHA~A CTERISTICS. T~H EXCAVATION RATE IS ALSO 
orsrus~EO . GEOSTRUCTURAL CHARACTERISTICS F~ THE 
Qf~ORTED rxCAVATION ACTIVITIES AR E OESCRIBED. 
PfRTI NENT INFORMATION ON GROUND CO"OITIONS ANO 
UNOfRGROUNO OPENI NG SUPPO,TS IS ALSO PRESENTED. 

ROO IZH TH[ ART OF TUNNELLING IN VHNNA. 
~tU, 1:N, W. N. 
TUNNELS ANO TUNNELLING 
q < l ), 24-ll, 1q1~. 
LAN GUAGE! ENGLISH 

THIS IN-SITU ~EPORT CONTAINS REVIEW DATA. THE 
UNOERGROUND OPENING DISCUSSED INCLUDES THE COMPLETED 
EXCAVAT ION OF fHE KARLSPLAT? UNDFRGROUNO TRAFFIC 
CENTRE <VIENNA , AUSTRIA! • THE PROJECT INVESTIGATEO 
IS UTILIZED FOR HET RO PURPOSES. THE AUSTRIA" '1ETHOO 
ANO SHIELD NETHOO REPRESENT THE E•CAVATION TECHNIQUES 
STUDIED , THE REPORTED FRAGMENTATION HETHOOS SERVICING 
PROJECT EFFORTS INCLUDE HECHANICAL A BRASIOH IROTARYI 
AHO UNS PECIFIED THIS DOCUMENT INCORPORATES 
AOOITIONAL LY TU• NELING MA CHINE CHARACTERISTICS. T8N 
EXCAVATION RATE IS ALSO DISCUSSED , SOIL 
CHA ~ACTERISTICS FOR THE REPORTED EXCAVATI ON 
ACT JVITIES ARE DESCRIBED . PERTINENT INF~NATION ON 
GROUND CONOITIONS AHO UNDERGROUND OPENING SUPPORTS IS 
ALSO PRESENTED. 

ROOllfft CONCRETE PIFE JAC~IHG IN THt UNITED KINGO°", 
HOUGH , C. •• 
TUNNELS AHO TUNNELLING 
6 C 3 1. Sl•l, 197•• 
LANGUA GE • ENGLISH 

P[RfOR•U•G CRGAN!lATI ON(SI 
RfES I HUGH L TO:U . K. 

THIS IN- SITU RfM RT CONTAI ~S REVIEW CATA. THE SH!!LO 
HFTHO[ REPRESENTS THE EXCA VA TION TECHNIQUE STUOI[O. 
SOIL CH ARACTERISTI CS FOR THE REPORTED EXC AVATION 
ACTIVITIES ARE DESCRIBED . P[RTINEHT IN,OR"ATION ON 
UNOEA~ROUNO OPENING SUPPORTS IS ALSO PRESENTED. 

R001l t9 THf HEl!ERSRERG PROJECT, 
ANORASKAY, £, SCHHEEBELI, R. 
TU NN[L S ANO TUNNELLING 
f\ I l ,, 69-70, 75-4t , 1971ra. 
LANCUAGEI ENGLISH 

PERFOR•It«:; ORCANilATIDNCSI 
1.6ASLER ANO HOFHANN,ZURCIH,SNITZERLANO 
l.SCHAFIR ANO NUGGLIN,AGIZURICH,SVITZERLANO 

FUNDING ORGANIZATIONCSI 
SWISS FEDERAL RAILWAY S, SWIT ZERLANO 

THI S IN-SITU REPORT CONTAINS ORIGINAL OATA. THE 
UNOERGROUNO OPENINGS DI SCUSSED INCLUDE THE CONPLETED 
~XCAVATION OF THE HEI TERSBERC RAILWAY TUNNEL 
ISWITlERLANOI ANO THE COHPL£TEO EXCAVATIO N Of' THE 
KILL"ANCEN RAILWAY TUNNEL IHEITERS8ERG PROJECTI 
ISWIT ZER LANOI fHE PIIOJECTS INVESTIGATED OE 
UTILIZED fCR RAILWAY PURPOSE S. THE CUT ANO CO'ttR 
HETHOC , RAISE DRIVING ! BORING ~ACHINESl M!TH OO AND 
SHIELD HETHOD REPRESENT THE EXCAVATION TECHNIQUES 
S lUOIEO, THE REPORTED FRAGMENTATION HETHOO SERVICING 
PROJECT EFFORTS INCLUDES MECHANICAL A!RASION IROTARYI 

THIS OOCUHENT I 'IC ORPOIU TES AOOIT IO NALL y oRt'-LING 
EQUIPMENT ANO TUNNELihG HACHIN[ CHARACTERISTICS. SOIL 
CHARACTERISTICS FOR THE REP~TEO EXCAVATION 
ACTIVlTIES ARE OF.SCRIBED. PERTI NENT I NFORMATION 011 
GROUND CONDITIONS ANO UNOfRGROUNO OPENING SUPPORTS 
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ANO MATERIALS HANDLING SYSTEM IS ALSO PRESENTED. 
PETROGIUP ►Y ANO ROCK TYPES REVIEWED INCLUDE SANDSTONE 

R001270 TUNNELLING IN THE RUHR. 
JACON8-H000, E. W. 
TUNNELS ANO TUN>E:LLING 
6 I 3 I, 83-6, 197~. 
LANGUAGE I ENGLISH 

PERFORMING ORGANIZATIONIS> 
KUNZ,ALfRED ANO COI HUNIC➔ ,GERNANY 
HOCHTIEF,A.GIVEST GERMANY 
1. ANCUST PAPE KG,CASTRDP-RAUXEL 
z.eETON ANO NONIER8AU,G~H,INNSBRUCK 
3,THYSSEN SCHACHT8AU, GMB H,MULHEI N- RUHR 

FUNDING ORGANIZATI ONISI 
FEDERAL REPUBLIC OF W.CERMANY 

THIS IN-SITU REPORT CO NTAINS REPUBLISHED DATA. THE 
PRO.Jt:CT INVESTIGATED IS UTILIZED FOR RAILWAY 
PU~POSES. TH£ AUSTRIAN H[THOO, CUT ANO COVER HETHOO 
ANO PILOT 80RE-CRONN HETHOD REPRESENT THE EXCA~AT ICN 
T£CHNIQUES STUDIED . THE REPORTED FRAGHENTATION MET HOD 
SERVICING PROJECT EFFORTS INCLUDE CONVENTIONAL 
EXPLOSIVE CUHSP[CIFIED> ANO MECHANICAL ABRASICN 
IROTARYI • THIS OOCUHENT INCORPORATES ADDITIONALLY 
DRILLING EQUIPHENT AN O TUNNELING HACH!li( 
CHARACTER 1ST !CS. SOIL CHARACTERI STICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED. 
PERTINENT INFORltlTION ON UNDERGROUND OPENING SUPPORTS 
ANO HATERIALS HANDLING SYSTEM IS ALSO PRESENTED. ROCK 
TYPES REVIEWED INCLUDE HAl!L • 

RQ012! 2 GEOTECHNICAL 08SERVATIONS DURING CONSTRUCTION OF 
A TUNNEL !HROUGH ~OFT CLA Y IN TRDNOHEIN, NORWAY. 
HI RTPU,RK, H, 
FELSHECHAkIK UNO IHGENIEURGEOLOGIE 
Z I 1 I, 9- 21, 190. 
LANGUAGE I ENGLISH 

PERFORNING ORGANIZATIONISI 
NORNEGIAN STATE RAILNAYS,GEOTE CH NICAL OEPTl OSLO, 

NORNAY 

THlS IN-SITU REPORT CONTAINS REPUBLISHED DATA. THE 
UNDERGROUND OPEN INC DI $CUSSED INCLUDES THE COHPLETEO 
EXCAVATION OF THE TTHOL 1 RAILWAY TUNNEL <NORWAY> 
THE PROJECT INY!STIGATEO IS UTILIZED FOR RAI LWAY 
PURPOSES. TH[ DRILL ANO BLASl (FULL FACE! HETHOD ANO 
SHIELD METHOD REPRESENT THE [KCAVATIOlt TECHNIQUES 
STUDIED . fHE REPORTED ,RAGMENTATION HETHOOS SERVICl~C 
PROJECT £,,ORTS INCLUDE CONVENTIONAL EXPLOSIVE 
<UNSPECI'1EDI AHO MECHHICAL A81<ASION IDRAGI 
CfOSTRUCTURAL AND SOIL CHARACTERISTICS as WELL A:i 
SOIL HE CHANICAL PROPt:ltT IES ,oR THE REPORTED 
[XCAVATIO~ ACTIVITIES ARE DESCRIBED. PERTINENT 
IN,ORMATI CN ON GROUND CONOIT[OINS ANO UNOtRGROUNO 
OPfNINC SUPPORTS IS ALSO PRESENTED, 

R001297 BUREAU o, REC'-AHATION EXPEIUENCE IN USE OF BORING 
MACHINES IH TUNNEL EXCAVATION . 
BELLPORT, B. P, 
PAPER ,oR THE FALL NEETING o, THE SOCIETY OF 
HININ' ENGINEERS, ST. LOUIS, "ISSOURI 
Zl-3, " 6PP., 1970. 
LANGUAGEt ENGLISH 

PERFORNING ORGANIZAT[ONISI 
1.COLORAOO CONSTRUCTORS ,OE"VER ,CO. 
2.HORNER,A,S,CONSTRIJCTION CO.,OEN~ER,CO. 
BOYLES BROTHERS DRILLING co:colUSA. 
FENIX ANO SCISSON INC., TULSA,OK 
CL TOE A NO cq. 
1.8DYLES BROTHERS DRILLING COi 
2 . GIB80NS AND REED e n. 
UTAH CONSTRuCTION ANO HINIHG CO, 

FUNDING ORGANilATION(SI 
U.S. BUREAU o, RECLAMATION 
El PASO NATURAL GAS COIEL PASO,TXIUSA, 

THIS IN-SITU ANO LAB REPORT CONTAINS ORIGl~L ANO 
REPUBLISHED DATA. THE UNDERGROUND OPENINGS DISCUSSED 
INCLUDE THE CON'L[TED EXCAVAT ION OF THE AlOT(A TUN NEL 
(JUAN-CHA ,A PltOJ!'.CTI INoCEN.NN., USAI, THE COMPLETED 
EXCAVATION Of THI BLANCO TUNNEL (JUAN-CHAMA PROJ ECT! 
111,C[N.NH., USAI, THE COMP\.[TEO EXCAVATION o, THE OSO 
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TUNNEL ICO., USAI, THE CONPL£TEO EXCAVATION Of THE 
RIVEP HOUNTAIHS TUHHFL !HEHDfRSON,. HY., USAI, THE 
COHPLETEO EXCAVATION OF TrlE STARVATION TUNNEL 
[CENTRAL UTAH PROJECT) cur., USAI ANO THE CoHPLET£0 
EXCAVATION Of THE TUNNEL N0.1, NAVAJO INOIAH 
IRRIGATION PROJECT CNH., USAI • THE PROJECTS 
INVESTIGATED ARE UTILIZED FOR IRRIGATION PURPOSE!, 
THE TRH HETHOD REPRESENTS THE EXCAVATION TECHNIQUE 
STUOIEO. THE REPORTED FRAGHE•TATIOH HETHOO SERVICihG 
PROJECT EFFORTS .:NCLUCES HECHANICAl ABRASION UOTARVI 
• THIS OOCUHENT INCOaPORATES A00ITIONALLY TUNNELING 
HAC>IHE CHARACTFRISTICS. TBH EXCAVATION RATE IS ALSO 
DISCUSSED. GEOSTRUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE OESCRI8EO. 
PERTINEST ISFORHATION ON UNOERGROUNO OPENING SUPPORTS 
ANO HATERIALS HANDLING SYSTEM IS ALSO PRESE NTED. THE 
EYOVATION CHARACTERISTICS FOR LEWIS SHALE, HANCOS 
fOR>ATION, HESAVEROE FORMATION !OR GROUP!, ROCKVILLE 
OUHTZ HOHZCN!Tf ANO SAN JOSE Fo••ATION ARE TREATEO. 
PEHOGRAPHY ANO ROC~ TYPE S ~E VIEWED INCLUDE 
r.oHGLOKERATE, RHY004CITE, RHYOLI SANDSTONE, SHALE, 
SIL TS TONE HO VOLCANICS • THIS O ,aE NT INCORPIJUTES 
AOOJTIONALLT MECHANICAL PROPERTit <LABI OATA, 

00 01 2S& TUNNELS-HAC~INE EXCAVATION RATE OF PROGRESS-MACHINE 
OATA. 
SIIR!AU OF REC LAHAT!ON. 
RUREAL Of RECLAMATION, OENVER, COLO>iAOO 
t2PP.,. 1q74. 
I R[C-ERC•7S-7 I 
LU4GUAG( I ENGLISH 

PfR•ORMING ORGANIZATIONCSI 
FLOUR UTAS ENGINEERS ANO CONSTRUCTORS IN:IFLOUR,Ull 

USA. 
H[ALY,S.A.co. 
•IEWIT,PETER:SONS CO. 

•u•OIHG ORGANIZATION!SI 
U.S.ijUREAU OF RECLAHATIOH 

THIS IN•SITU REPORT CONTAINS AESTRACTEO ONLY OATA, 
THE UNOERG•OUNO OPENINGS OISCUSSEO INCLUDE THE 
COHPLETEO [XCAVATION OF THf CURRANT TUNNEL CUT,, 
USAI, THE COHPLETE □ EXC AVATION OF THE LAYOUT TUNNEL 
cur •• USAI, TH[ COKPLETEO EXCAVATION OF THE HIST 
TUNNEL <co •• USAI AHO THE CO..,LETED EXCAVATION OF THE 
TUNNEL ND.3, NAVUO INDIAN IRRIGATION PROJECT INH., 
USA! THE PROJECTS INVESTIGA1£0 ARE UTILIZED FOR 
IRRIGATION .INO WATER S~PPLY TUNNEL PURPOSES. TH'E T8H 
•ET"oo REPRESENTS THE EXCAVATIO~ TECHNIQUE STUDIED, 
THE REPORTEO FRAG•£HTHION HETHOO SERVICING PROJECT 
fHCRTS INCLUDES M[ChA,ICAL ABRASION CROTARO , THIS 
OOCUHE NT INCORPORATE S AOOrTI ONlLLY TUNNELING HACH I ~E 
CHARACTERISTICS, TBH EXCAVATION AND EXCAVATION 
AOVAHCEKENT RATES ARE ALSO CISCUSSEO. GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EMCAVATICN 
ACTIVITIES ARE OESCRI 0£0 , PE~TINENT INFORHATION ON 
GROUNO CONCI TI ONS ANO UNOE,G~OUHC OPENING SUPPORTS 
AHO SATERIALS HANDLING SYS 7EH IS ALSO PRESENTED, 
P(TROGRAPHY ANO ROCK TYPES REVIEWED INCLUDE 
COHGLOHERAH, GNEISS, GRANITE, GRANOOIORITE, 
L!HEST ONE, SA NOST ONE, SHALE lNO SILTSTONE , THIS 
OOCLHENT INCORPORATES AOO!TIOHALLY HECHANICAL 
PROPERTIES CLA81 DATA. 

ODOllD• EXPERIHENTS WITH WATER AS A OYNAHIC PRESSURE HEOIUH, 
F"AA-"'CR, I. w. ATTEWELL, P. 8. 
HINE QUARRY ENG. 
'-ZII-JO, 146.1. 
LANGUAGE! ENGLISH 

PERfORHING CRGANIZATIOHCSI 
SHEFFIELO,UHIVER,ITY Of,POST GRADUATE SCHOOL IN 

'1l~IWG,u.K. 

THIS LAS OEPORT CONTAI NS REPUBLISHED DATA, THE 
REPORTED fRAGHEHTATION HETHOO SERVICING PROJECT 
EFFCRTS Il(;LUOES JET ABRASION !WATERI • GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE DfSCRIBED, THE EXCAVATION 
CHARACTERISTICS FOR ABERDEEN LIHESTONE, CARIU~A 
HAR8LE, DARLEY OAL E SANDSTONE, GATUNA FORMATIOh, 
PENNANT SANOSTONf ANO REO SANDSTONE ARE TREATED. ROCK 
TYPES REVIEWED INCLUDE OIORITE, GPANITE, LIH£STON£, 
MAR0LE ANO SANOSfONE THIS OOCUHENT INCORPORATES 
ADDITIONALLY HECHANICAL PROPERTIES CFLOI DATA, 

R00131, APPLICATION Of RAISE BORING TO VERTICAL 
DEVELOPMENT AT HT. ISA. 
ROYO, R. J. HOWE, A. w. 
AUSTRAL. NH,ING 
63 < 4 ), 152-'5, 1971. 
LANGUAGE• ENGLISH 

PERFORMING ORGAHI IATION!SI 
HT.ISA NINES,AUSTRALIA 

FUNDING O~GANIZATIONISI 
KT, !SA NINES,AUSTRALIA 

THIS IN-SITU REPORT CONTAINS ORIGtNAL DATA, THE 
PROJE CT I~VESTIGATED IS UTILIZED FOR HINE PURPOSES . 
THE RA,SE OR,VING !00RING ~ACSINESI HETHOO REPRESENTS 
THE EXCWATION TECH•10UE STUDIED. THE RlPORTEO 
FRAGHfNTATICN HETHOD SFRVICING PROJECT EFFORTS 
INCLUDES MECHANICAL ABRASION !ROTARY\ , THIS OOCUHENT 
INCORPORA1ES ADOITIONALLY DRILLING ECUIPHENT ANO 
TUNNELING HACHINf CHARACTERISTICS, EXCAVATION 
AO VANr.EME NT RATE IS ALSO DI 'iCUSSEO. GEOSTRUCTURAL 
CHARACTfR !STICS FOR THE REPORTED EXCAVATION 
~CTIVITIES ARE OESCRI8EO, 

R001J39 VEh!CULA~ \UNNfLS IH HOCl(•OIRECTION FOR 
OEVELOPKfN1", 
ROBSIMS, Ft. J, 
J. CONST!<. OIV, I PROC. AMER, SOC. CIVIL 
ENG lHEERS I 
98 I CO2 1, 23'•50, 1972. 
( PAPER NO. 9173 I 
LANGUAGE• ENGLISH 

PER~ORHI~G ORGANI ZATION(SI 
ESSO PRCOUCTION RESEARCH co:HOUSTON,TX. 
KOHATSU COIJAPAN 
1 .ATKINSOH,GUY F. 
2.HUTTALL,EOHUNO SONS ANO CO. 
PRADER•LOSINGER ANO OTHERS 

THIS IH•SITU REPORT CONTAINS REVIEW DATA. ThE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE COHPLETEO 
EXCAVATIO• OF THE ENA TUNNEL CJAPANI, TMl COHPLETEO 
EXCAVATIOS OF THE HEITERSBERG RAILWAY TUNNEL 
CSWITZERLANDI, THE COHPLETEO EXCAVATION OF THE 
LEUGISLANO Hir.HWAY TUNNEL ISWITZERLANOI, THE 
COHPLETEO EXCAVATION OF THE HANGLA OAH DIVERSION ANO 
POWER TUNNELS IPAklSTAHI, THE COHPLETED EXCAVATION Of 
THE IIERSEY RIVER TUNHELS (LIVERPOOL, UKI, THE 
COHPLETEO EXCA VATION Of THE PARIS EX PRESS PIETRO 
(PARIS. FRANCEI AHO THE PROPOSED OCAVATIOH Of THE 
THAHES•LEE WATER ~UH TUNNEL CLONOOH, ENGLAND, U.K.I 
THE PROJECTS INVESTIGATED ARE UTILIZED FOR 
EXPLORATORY TUNNEL, HIGHWAY, HYDROELECTRIC ANO 
RAILWAY PURPOSES. THE DRILL ANO BLAST crULL FACEI 
HfTHOD, SHIELD HETHOO AND TBH HETHOO REPRESENT THE 
EXCAVATION TECHNIQUES STUOIEO. THE REPORTED 
, RAGHEHTATION HETHOOS SERVICING PROJECT EFFORTS 
INCLUOE CONVENTIO~AL EXPLOSIVE CUHSPECIFIEOI ANO 
NECHANICAL ABRASION CROTARVI THIS OOCUHENT 
I NC OR PORA TES AOOITIOHALL Y TUNNELING HACH I hE 
CHARACTERISTICS. T0M EXCAVATIO • ANO EX CAVA TI ON 
ADVANCEMENT RATES ARE ALSO DISCUSSED, GEOSTRUCTURAL 
AHO SOIL CHARACTERISTICS FOR TKE REPORTED EXCAVATION 
ACTIV ITIES ARE DESCRIBED. PERTINENT INFORNATION ON 
GROUND COHOITIONS ANO UNDERGROUND OPENING SUPPORTS 
ANO HATE~IALS HANDLING SYSTEH IS ALSO PRESENTED, 
PETRDGRAP ►Y AIIO ROCK TYPES REVIEWED IN(l.UOE CHALK 
CROCK I, CONGLOHERATE, GRANITE , ~IHESTbHE, HARL, 
SANDSTONE, SH~LE ANO TACONITE THIS OOCUHENT 
INC0RPORA1ES AOOITioNALLY HECHAHICAL PROPERTIES CFLOI 
CLARI DATA. 

R0013~1 RAISE BORING AT RHOkANA . 
HELLISH, H, CRISP, R, 
HIN[NG NAG. 
122 C 6 1, ~~1-~1, 1970. 
LA"GUA6E• ENGLISH 

PERFORNING ORGANIZATION !SI 
RHOKANA CORP.LT I. 

THIS [H•!ITU REPORT CONTAINS ORI,INAL DATA, THE 
UNOERGROU~O OPENI~G DISCUSSED INCLUDES THE COMPLETED 
E•CAVATION Of THE HINDOLA MINE CZAMBIAI , THE PROJECT 
INVESTIGATED IS UTILIZED FOR HINE PURPOSES. THE RAISE 
ORIVIIIG C80RING HACHINESI KETHOO REPRESENTS THE 
EXCAVATIO~ TECHNIQUE STUDIED . THE REPORTED 
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'RAGHENT AT ICN HETHOC SER VICING PROJ ~CT EFFORTS 
l•CLUOES MECHA NICAL ABRASIO> fROTIRYI • THIS DOCUMENT 
INC ORPORATES AOOIT!ONALLY TUNNELING MACHINE 
CH ARACTER I STICS . TBH f~CAVATION RA TF IS ALSO 
OISCUSSEO. GEOSTRUCTURAL CHARACTERISTICS FOR THE 
PEPORTEO EXCAVATION ACTIVITIES AR E DESCRIBED. THE 
F •CAVAT ION CHARACTERISTICS FOR BA Sf HE NT i,OHPLEX ANO 
<ATANGA SEOIHENTS AR~ TREATEO. THIS OOCU HENT 
INCORPORATES ADDITIONALLY MECHANICAL PROPERTIES fFLOl 
OAT A. 

•~ 01~• 2 TUNNEL uORER, 
AlTHO~ ANCN. 
HINING HAG. 
1?1 ( 1 ,, 73, tCJ7 0 , 
LANr.UAGE I f~CLISH 

THIS IN- SITU REPORT CO NTAINS ABST RA CTED ONLY DATA. 
THE PROJECT INVESTIGATEO IS UTILIZ[O FOR HI•£ 
PURPOSF~. TPE TBH HfTHOO REPR[S<HTS TH[ EXC AVATION 
TFCeNIGUF STUOI EO . THE REPOR1EO FRAGMENTATION HETHOO 
SFR VICINC. PROJFCT FHORTS I•CLUOES HECHANICAL 
ARRASION oROTARYI THIS OO CUHENT INCORPORATES 
ADDIT I ONALLY TUNNELING HACH"£ CHARACTER IS TICS . THIS 
OOCU HENT INCORPORATES AOOI TIONAL LY ME CHANICAL 
PROPERTIES f<LOl QA TA. 

POOI J•l THE nR•NGE-f!SH TUN NEL. 
C OOPEQ:. w. H. 
HINING NAG. 
12] C Lt 1 , 296-9, 1 '11 0, 
LANGUA GF. O EN[,LISH 

TSIS IN - SI TU PEPORT CONTAINS ORIGINAL DATA. THE 
UNOERGROUNO OPENING DISCUSSED INCLUDES THE ON GOING 
EYCAVATIO> C< T><E ORANGE-FIS" TUNNEL IS. AFRICA> • THE 
PROJECT I NV ESTIGATED IS UTILIZED FOP IRRIGATION 
PURPOSES . THE DRILL AND BLAST cruLL FACE) HETHOO 
PEPPESENTS THE EXC•VATION TECH NI QUE STUDIED. THE 
RE PORTED fPAGHF.NTATION METHOD SERVICING PROJECT 
fff CRTS INCLUDES C ONVE 'IT IO N AL f XPLOSIVE (UNSPECIFIED! 
• PERTI NENT INFORMATI ON ON UNOERGROUNO OPENING 
SUPPORTS ANO MATERIALS HANOLihG SYSTEM IS ALSO 
POESENTEO. 

000 13•• ECO NOMI C FACTORS IN TUNNEL BOl<ING. 
RoijeI•s. R. J. 
t1IN ING ~AG, 
t 73 f lt ,. 3 0 1- .\, 1<J70. 
LANGu•r.Eo ENC,L ISH 

O[RFOR>I OC. ORGA N!TAT!ONfSI 
ROB~I N$ RAI SE SORIN( COISFATTLE,WA1USA. 
Hf.LRO\JRNE ANO >IFTROPOLITAN ~OARD OF WORKS 

THI~ IN- SITU ~(l'ORT CONTAI NS REVIEW DATA, THE TBM 
" ETHQD O(PijfSfNTS THf EXCA VATION TFCHNIOUE STUDIED. 
THE ~EPORTEC fRH,HENTHION HCTHOO SERVICING PROJECT 
F.r•CRTS INCLUOFS HECHANICH ABRASION fROURY I • THIS 
DOCU MENT INCORPORATfS AOOITIOhALLY TUNNELING HACHINE 
CHA• ACTERISTICS. TBM EXC AVAT IO N RATE IS ALSO 
DISCUSSED. GEOSTRUC TUR AL ANO SOIL CHARACTER ISTICS FOR 
THE REPORTE C EXCAVATI ON ACTIVITIES ARE DESCRI BED. 
PERTINE NT INFORMATION ON GROUND CONDITIONS IS ALSO 
PRESENTED, 

~OOIJ,s TUNNELING MACHINE. 
AUTH OR A NON. 
HI HIN G HA G. 
1 22 , • ,, 3oq, 1q10. 
LANGUAGE I ENGLISH 

THI! IN-SITU REPORT CONTAINS REVIEW OITA. THE T8M 
METHOD REPRf SE NTS THE EXC AVATIOS HCHHIOUE STUDIED. 
THf REPORTED FRAGMENTATI ON •ETH OO SERVICING PROJ~CT 
EHCRT S INCLUDES HE CHANICAL AijRASION fROURYl • THIS 
OOCUHENT INCORPORAT ES AD DITIONALLY TUNNELING MACHINE 
CHA~ACTERISTICS. PERTINENT INFORNAT!OH ON MATERIALS 
HINOLING SYSTEH IS ALSO PRESENTED. 

P00\3~6 HEC~ ANICAL TUNNFL BORING. 
STEVENS , V. L, 
HI HING HAG. 
ll3 < c. ) , JOT, 1970. 
LA"GUIGE• ENGLI SH 

PERFO'I • I NG ORGANilH I ON (S) 
OY YLEil£N INSIHOORITOIH!STO,FIHLAN O 
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FUNDING ORGANIZATION fSI 
u.S.BUREAU OF RECLAMATION 
EL PASO NATU RAL GAS co;EL PASO,Tx:usA. 
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THIS IN-SITU RE PORT CONTA IN S ABSTRACTED ONLY DATA. 
THE UNDERGROUND OPENINGS DISCUSSED INCLUDE THE 
COMPLETED EXCAVAT IO N Of THE AZOTEA TUNNEL IJUAN-CHAHA 
PROJE CT] (N.CEN. NH. , USA> , THE CO HPLETEO EXCAVATICN 
Of THE OSO TUNNEL ICO., USAI ANO THE COMPLETED 
EXCAVATIOh Of THE WATER HOLLOW TUNN[L CUT., USAI 
THE PROJECTS INVESTIGATED ARE UTILIZED FOR IRR!GATICN 
PURPOSES. THE TBM METHOD REPRESENTS THE EXCAVATION 
TECHNIQUE STUDIED . THE REPORTED FRAGM ENTAT ION HETHOO 
SE~VICING PROJECT EFFOJl TS INCLUOfS MECHANICAL 
ABRASION (ROTARY I , THIS DOCUMENT INCORPORATES 
AOOITlONALLT TUNNELI NG HACHINE CHAPACTERISTICS. TBH 
EXCAVATIO~ RATE IS ALSO DISCUSSED, GEOSTRUCTUIUL 
CHARACTERISTICS FOR THE REPORTED EXC AVATION 
ACTIVITIES ARE OESCRIBEO. PEl'TINENT INFORMATION OH 
MATERIALS HAHOLI ~G SYSTfH IS ALSO PRESENTED. THE 
EXCAVATION CHA ~CTE~ISTICS FOR AZOR TEA SHALE A~O 
S ANDSTONE, OSO CA NYON FO~HATIO~ ANO WATER HOLLON 
HUO STONE ARE TREA TEO. ROCIC TYPES REVIEWED INCLUDE 
SANDSTONE • 

R0013~e TUNNEL EORING. NEW TUNNEL aORER AIHING AT 
RECORD PERFOR MANC E. 
AUTHOR ANCN. 
MIN ING •A(, 
121t ( Ii ) , &t03-5, 1911, 
LAHGUAGEI ENGLISH 

PE RFORM ING DRGANIZATION(SI 
FLOUR UTAH ENGINEERS AHO CONSTRUCTORS I~:FLOUR,UT: 

USA . 

FUNDING ORGANIZAT!O N(S I 
U. S,BUREAU OF REC LAMATION 

THIS IN- SITU REPORT CONTAINS REPUBLISHED DAU . THE 
UND ERGROUND OPENING DISCUSSED INCLUDES THE ON GOi hG 
EXCAVATION OF THE TUNNEL N0,1• NAVAJ O INDIAN 
IRRIGATIO~ PROJ€CT fNH., USAI THE PROJ ECT 
I NVESTIGAlEO IS UTILIZED FOR IRRIGATI ON PURPOSES . THE 
TBM HET~OO REfRESENTS THE EX CAVATION TECHNIQUE 
STUOIEO, THE REPORTED FRAGMENTATI ON HETHOO SERVICi hG 
PROJECT EFFORTS I NCLUDES MECHANICAL ABRASION fROTARYI 
• THIS OOC UHENT INCORPORATES AOOITI ONALLY TUNNELHG 
MACHINE CHARACTERISTICS . EXCAVATION ADVANCEMENT RATE 
IS ALSO CISCUSSED . GEOS TRUCTURAL CHARACTERISTICS FOR 
THE REPO~TEO EXCA VATION ACTIVITIES AR£ DESCRIBED. 
PERTINENT INFORMATION ON UNDERGROUND OPENING SUPPORTS 
ANO MATERIALS HAN OLI NG SVSTEH IS ALSO PR ESENTED. ROC K 
TYPES REVIEWED INCLUDE SANDSTONE ANO SILTSTONE 

R001J T~ TUNNELS OF NORWEGIAN STATE RAILWAYS. DESIGN, 
CONSTRUCTION ANO "AINTENANCE, 
HARTH ARK, H. 
TUNNELS AHO TUNNE LLING 
2 ( 6 l, 37q-a,, 1970. 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZATIONfSl 
NORWEGIAN STATE RAILWAYS,GEOTECHHI CAL OEPT: oSLO, 

NORWAY 

FUNDING ORGANIZAT !OHISI 
NORN[GIAH STATE RAIL WAYS,OSL O. HORWAY 

THIS IN- SITU RE PORT CONTA INS REVIEW DATA. THE 
UNOERGROUNO OPENINGS DISCUSSED INCLUDE THE OH GOI~G 
EXCAVATION OF T~E LIERAASEN RAILWAY TUNNEL fN ORWAY I 
AHO THE OH GOING EXCAVAT ION OF THE NORWEGIAN RAILWAY 
TUNNELS (NQRlfAYI THE PROJECTS INVESTIGATED HE 
UTILIZED FOR RAILWAY PURPOSES. THE □KILL AHO 6 LAST 
fFULL FACEI HETHOO REPRlSENTS THE EXCAVATION 
TECHNIQUE STUDIED, THE REPORTED FRAGMENTATION METHOD 
SERVICING PROJECT EFFORTS INCLUDES CONVENTIONAL 
EXPLOSIVE CUNSPECIFIEDl GEOSTRUCTURAL ANO SOIL 
CHARACTERISTICS FOR THE REPORTED EXCAVATION 
ACTIV ITIE S ARE DESCRIBED. PERTINE NT IHFOR HATI ON ON 
CROUNO CONDITIONS AHO UNDERGROUND OPENI NG SUPPORTS IS 
USO PRESENTED, ROCk TYPES REVIEWtO INCLUDE GNEISS • 

R001383 JAPAN. SEil(AH UNDERSEA TUNNEL. 
fAHAt<A• T. 
TUNNELS ANO TUNNELLING 
3 I~,, 362-,, 1971. 
LANGUACEI ENGLISH 
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PERFORe!NG ORGANIZ AT! GIHSI 
JAPAN ESF NATIONAL RA IL WAYS ,JAPAN 
Tf!TO OAP!O TO.ANSIT AUTHORITY,JAPAN 

•~"CIH& OR GANl7ATI ONISI 
IAPANI ~r Nl 1 IONAL RA ILWH S 
Tf!TO RAPI H TRANSIT AUTHOR!TY,JAPAN 

l>I! ~ IN-SIT II ANO LAO OfPORT CONTAIN~ RtPUAL!SHEO 
DATA . THf UNOtRG~OU NO OPENINGS DISCU~SFO INCLUOF THE 
ON (,OI NG FtC AVAT!ON Of TH£ [NA TUNNFL IJAPANl, THE ON 
f,OINr, f'CAVA I IOS nr rnr RO~~o TUN~L (SANYO l!NEI 
IJAPANI, !Hf. ON f,O!NC. EXCAVHION OF THE SEIKAN 
RA llWA Y TUNNfL IJAPANI, THf COHPLETEO EXCAVATION OF 
TH£ TANAGAWA IUNN(L I JAPAN! ANO TOKYO SUBWAY NETWORK 
(cHIY OOA LINE l IJAPANI • THE PROJECTS INVESTIGATED 
AS E UTIL!7(0 •oR EXPLORATORY TUNNEL, HIGHWAY, HETRO 
ANO RAILWAY PURPOSES. THE DRILL ANO BLA ST IFULL FACEI 
H(T HOO, HEIO!Nf, ANO BENCH HETHOO, SHIELD HETHOC, 
STEFL SHfLL HETHOD AN~ TBH HETHOO REPRESF "1' TH£ 
EXCAVATION T•~HNIOUES STUO!EO. THf REPORTED 
FRAG•ENTAT!ON NETHOOS SER VICING PROJECT EFFORTS 
INCLUDE CONVENTIONAL EXPLOSIVE IUNSPECIF"I£01 ANO 
•FCHANICAL AOP.AS!ON IROTARYI THIS OOCUHENT 
INCORPORATES AOOITIONALLY OllILLING EQUIPMENT ANO 
TUNNE LING NA CHINE CHA~ACTERIST!CS. GEOSTRUCTURAL ANO 
SOIL CHARACTERISTICS FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE OESCRI6f0o PERTIIENT INFORMATION ON 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESENTED. ROCK 
TY PES REVIEWcO INCLUDE GRANITE THIS OOCUHENT 
INCORPORATE S A O□Ill nNALL Y MECH A NI CAL PROPERTIES DATA• 

000 1J&• NOVEL SHIELD DEVELOPMENT IN 0£NHARK. 
ZAC HAQ I ASSEN, J, A. 
TUNNELS ANO TUNNELLING 
'4 < ? >, l Zfl- 7, 1q1~. 
LAHGUAGFt ENG LISH 

PfRFO~•I..-, ORGAN(7 AT !ONISI 
CCPENHAGE> HUHI Cl? AL ITY , OENHAPK 

•LNOING ORGA Nl 7AT I ONISI 
COPFNHAC.EN HUNICIPALITY, 0£N"4RK 

THI ~ I N-SITU RfPORT cnNTAINS ORIGINAL OATA. THf 
P• OJECT INV(STlGATEO IS UTILIZEO FOR PEDESTRIAN 
ru,NEL ANO PIPL ! Nf IUNSPfCI PURPOSES. THE CUT ANO 
COVIR HFTHDO ANn SHIELD HETHOO REPRESENT THE 
FXCAVATION TcCHNIOUfS STUDIED. THE REPORTED 
HAG"fNlAT! CN H(THOO SfOV IC!NG PROJECT EFFORTS 
INCLUDES MECHANICAL ABRASION ISAW•UNOERCUTTINGI 
THI~ OOCUNENT INCORPORAFS ADDITIONALLY TUNNELING 
"ACHIN[ CHARAC TERISTICS . EXC AVATION AO VANCEHENT RATE 
rs ALSO DISCUSSED. GEOST~UC TURAL ANO SOIL 
CH AOACTER!STICS >O R THE REPORTED EXCAVATION 
AC TIVITIES ARE DESCRIBED. PUTI NENT I NFORHATION ON 
UNDERGROUND OPENING SUPPORTS I~ ALSO PRESENTED. 

oco1 Je5 PORT HUR ON FRESH WAT ER TUNNEL. 
AUTHOR A NON. 
TUNNELS ANO TUNN ELLING 
It<~ 1, 317, 1972 . 
LANGUAGE• ENGLISH 

PERFORHING ORGANIZAT!ONISl 
G~EENFIELO ANO ASSDCIATES,LIVOHIA,HIIUSA. 

•lNO!NG ORGANilATIONfSI 
DETROIT HETR OPO L!TA N WATER C[?T!OETROIT,HIIUSA. 

THI ~ IN-SITU R~PORT CONTAINS REVIEW DATA . THE 
UNDE RGROUND OPENI NG O!SCUSSfO I NCLUCES THE ON GOING 
E•C AVA TIO N OF THE PORT HURON !WATER SUPPLY! TUNNEL 
IOETROIT, HI,• USAI • T\lE PROJECT INVESTIGATED IS 
UTI LIZE D FCR WA TER SU ~PLY TUNNEL PURPllSESo THE TSM 
HETHOO REPRESE NTS THE EXCAVATION TECHNIQUE STUDIED. 
THE REPORTED FR AGHENTATIO h HF.THOO SERVICING PROJECT 
EFFORTS INCLUDES MECHANICAL ASRAS!ON IROTARYI • THIS 
DOCU MENT INCOR?ORATES AOOITICNALLY TUNNELING HACHIHE 
CH ARACTERISTICS. TBH EXCAVATION RATE IS ALSO 
OI SCUSSEO. GEOSTRUCTURAL CHARACTERISTICS FOR THE 
Rf PORT f.O EXCA VAT ION ACTIVITIES ARE OESCRIB£0. 
PERT INENT INFORMATION ON GROUND CONDITIONS ANO 
UH0£RGROU NO OPENING SUPPORTS IS ALSO PRESENTED, THE 
EXCA VATION CHARACTERISTICS FOR ANTRIH SHALE ARE 
TRE ATED. ROCK TYPES REVIEWED INCLUDE LIH ESTO HE ANO 
SHALE THIS DOCUHENT INCORPORATfS AOOITIONALLY 
HE CHU ICAL PR OPE RT IES ILA81 OAT A• 

R001 389 TUNNELS FCR fHPINGHAH RESERVOI R SCHEHE. 
AUTHOR ANON. 
TUNNELS AhO TUNNELLING 
5 I 1 1, •2-3, 1973. 
LANGUAGE I ENGLISH 

PfRPORHlNG ORGANIZATION IS) 
NUTTAL,tOHUNO LTOIU , K, 

ruNDING O~GANIZATIONRI 
JOINT VENTURE• 
loHIO-NCRTHAHPTONSHIRE WATER 80ARD , U, Ko 
z.WELLA•O ANO NENt RI VER AUTHORITY 

THIS rs - SITU RfFDRT CONTAINS ORIGINAL DATA. THt 
UHDERGRoU•D OPENING DISCUSSED INCLUDES THE OH GO ING 
EXCAVATIO• OF THE TUNhELS FO EHPINGHAH RESERVOIR 
SCHEME IL.K ,I • THE PROJECT INVESTIGAT ED IS UTILIZED 
>OR HYDRCELECTRIC PURPOSES. THE SHIELD METHOD 
REPRESENTS THE EXCAVATION TECHNIQUE STUDI~O. THE 
REPORTED FRAGHE~TATION METHOD SERVICING PROJECT 
EFFORTS INCLUDES MECHANICAL ABRASION tROTARYI • THIS 
OOCUHENT INCORPORATES ADDITIONALLY TUNNELING HACH!l,E 
CHARACTERISTICS, GEOSTRUCTURAL CHARACTERISTICS FOR 
THE REPORTED EXCAVATION ACTIVITIES ARE OESC~I8EO . 
PERTINENT INFORMATION ON UNDERGROUND OPENING SUPPO RTS 
ANO NAlE•IALS HANDLING SYSTE~ IS ALSO PRESENTED . THE 
EXCAVATIO~ CHARACTERISTICS FO R UP.LIAS CLAY ARE 
TREATED. ROCK TY?ES REVIEWED INC LUD E CLAYSTONE • THIS 
DOCUMENT INCORPORATES ADDITIO NALLY ME CHANICAL 
PROPERTil~ CATA. 

R00139Z OETERHINI~G OF QUASIHOHOGENEOUS ZONE~ OF ELASTICI TY 
ANO OEFOR~ABILITY CHARACTERISTICS OF ROCK HASS I N 
TUNNEL, ON THE BASIS OF IN SITU INVESTIGATIONS. 
PAVLOVIC, H. 
PROC . INT. CONGR. ROCK HE CH,, 2ND , BELGRADE 
1, SPP., 1970, 
I PAPER NO, 1- 2 > 
LANGUAGE I ENGLISH 

THIS LAB-IN- SITU REPORT CONTAINS ORI GINAL DATA. T~E 
UNOERGROU•O OPENING OISCUSSEO INCLUDES THE COHPLET EO 
EXCAVATIOh OF TH£ RAMA TUNNEL tYUGOSLAVIA I THE 
PROJECT INVESTIGATED IS UTILl7(0 FOR HYOROlLECTRIC 
PURPOSES. THE DRI LL ANO BLAST ! FULL FACE I HETHOO 
REPRESENTS THE EXCAVATION TEC HNIQUE STUOIEO, THE 
REPORTED FRAGMENTATION HETHn□ SERVICING PROJECT 
FffORT S !1,CLUOES CONVE NTIONAL EXPLOSIVE (UNSPECIFIEOI 

PETROGRAPHY ANO ROCK TYPES REVIE WE D INCLUDE 
OOLOHITE IROCKI ANO LIHESTONE • THIS OOCUHE NT 
I NCORPORATES ADDITIONALLY HECHANICAL PROPERTIES tFLOI 
ILABI DATA. 

R001•3~ OEFORMATICH OF ROCK NASS AHO STRESS IN COICRETE 
LINING A~CUNO THE NACHIN£ HALL Of KISENYAMA 
UNDERGROUND POWER PLANT. 
YOSHIDA, H. YOSHIMURA, Ko 
PROC. I NT. COHGR. ROCK HECH., ZND, BELGRA O€ 
2, tliPP., 1970. 
t PAPER NO. ~-zq I 
LANGUAGE• ENGLISH 

TH IS lN•SITU REFORT CONTAI NS ORIGINAL OATA. THE 
UN DER GROUND OPENING DISCUSSED INCLUD ES THE COMPLETED 
£XCAVATIO~ OF THE KISlNYAHA UNOERGROUNO POWER ?LANT 
IJAPANI • THE PROJECT INVESTIGATED IS UTILI ZED FOR 
HYDROELECTRIC PURPOSES . THE REPORTED FRAGHENTATICN 
HE THOO SERVICING PROJECT EFFORTS INCLUDES 
CONVENTIONAL EXPLOSIVE IUNSPECI FIEO I • GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EXCAVATIGN 
ACTIVITIES ARE DESCRIBED. PERTINENT INFORNATION ON 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESlNTEO. 
PETROGRAPHY ANO ROCK TYPES RE VI EWED IICLUOE CHERT 
tROCK) ANO SLATE , THIS DOCUMENT INCOR PORATES 
ADDITIONALLY MECHANICAL PROPERTIES tLABI CATA. 

Roo1~3q ROCK BREAkAGE SY HIGH-SPEED IMPACT. 
S IHGH, H. H. 
PROC, INT, COIIGR, ROCK NECH,, ZNO, BELGRADE 
3 , 11PP., 1970,, 
t PAPER NO, ~-13 I 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZATIONISI 
I,I.T,RESEARCH INSTITUT E,CHICAGO,IL IUSA, 

ICONTINUEDI 



FUNDING ORGANI/HION(SI 
O[PT,OF TRANSPORTATION OFFICE OF HIGH SPEF.0 GROUN C 
TRANSPORTATION MASHINGTnN,0,CIUSA, 

THn LAR REPOPI CONTAINS ORIGINAL DATA, TH€ PROJECT 
INVEST!GAIEC rs UTJLI ZEO FOR (XPERINENTAL EXCAVATtCN 
PURPOSES, THf REPORTED FRAGMENTATION "ETHOCS 
~CRVICING P• OJCCI F.FFOPTS I~LUOE IHPACT ABRASION 
I ff.LL ET IHPACTI ANO JET ABRASION IWATERI 
GEOSTRUC TURAL CHARACTERISTICS FOR THE REPORTED 
EXCAVATION ACTIVITIES ARE OESCR IBEO, THE EXCAVATION 
CHARACTERISTICS FOR CON'lf.CTICUT 8ROWNSTONE, FRENCH 
CREEK GABB<O, INOIANA LIHE ~TONE, MASSILLON SANDSTONE 
(IN POTTSVILLE FORHlTIONl, HILFORO PINK GRANITE ANO 
MIN~ESOTU OOLOHITE ARF TREATED, PETROGRAPHY ANO ROCK 
TYPES REVIEWED INCLUDE DOLOHITE !Roe~,. GABBRO, 
GRA ► I TE , GRAYWACKE, LIHESTONE ANO SANDSTONE THIS 
DOCUMENT INCORPORATES AOOITIONALLY HECHANICAL 
PROPERT!(S ILABI DATA, 

•co1,ss THE UNOERGROUNO POWERHOUSE IN LOWER HIMALAYAS, 
DE HRADU N, INDIA, 
NAR:Al~. T. G. 
PROC. INT. CONG<! , ROC K HECH,, 2ND, BELGRADE 
•• 399, 1970, 
LANGUA GE! ENGLI SH 

THH IN-SITU REPOR T CONTAINS CRIGINAL DATA, THE 
UNDERGROUND OPENI NG DISCUSSED INCLUDES THE ON GOING 
EXCAVATION OF THE UNDERGl!OUNO POWER HOUSE IYAHUNA 
HVOEL PROJECT I IOF.HIU OUN, UTTAR PRADESH, INOUI , THE 
PROJECT INVESTIGATED IS UTILllEO FOR HYDROELECTRIC 
PURPOSES, THE HEA DING ANO DENCH HETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED. THE REPORTED 
F <AGHENTATI CH HET HOC SERVICING PROJECT EFFORTS 
INCLUDES CONVENTillNAL EXPLOSIVE IUNSPECtrlEOI • 
GEOSTRUCTURAL CHARACTERISTICS FOR TH£ REPORTED 
FXCAVATION ACTIVITIES ARE OESC~IAEO, PERTIN£NT 
INFORMATION ON UNDERGROUND OP EN ING SUPPORTS IS ALSO 
PRESENTED, ROCK rtPES REVIEWED It«:LUDE LIMESTONE ANO 
SLATE • 

P 00t~S& A STUOY OF FULL-FACE BORI NG IN U, S. A, ANO 
EUROPE WITH A VIEW TO UTILIZING THIS EQUIPMENT 
IN DIFFERENT KINDS OF NORWEGIAN ROCKS, 
BRO ►DER, S. D, 
NORWEGIAN HSTITUTE OF TECHNOLOGY, M, S, THESIS · 
1£.lPP. • 19&~. 
LANGUAGE• ENGLISH 

PERFORMING CRGANilATI ONISI 
NORWEGIAN INST(TUTE OF TECHNoLOGT CN,H,T,> 

THIS THEORETICAL REPOR T CONTAINS REVIEW OATA, THE 
P•OJECT INVESTIGATE D IS UTILIZED FOR nPERIHENTU 
EXCAVATION, HIGHWAY, IRRIGATION, METRO, HINE, 
RAILWAY, SEWER, UNDERGROUND POWER STATION ANO WA TER 
SUPPL~ TUNNEL PURPOSES, THE TBM HETHOD REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED, THE REPORTED 
FRAGHENTATI CN "E:THOO SER VICI NG PROJECT EFFORTS 
INCLUDE S MECHANI CAL ABRASION IROURYI • TH IS OOCUHENT 
INCORPORATE S ADDITIONALLY TUNNELING HACHINE 
CHA•ACTERISTICS, EXCA VATION ADVANCEMENT RATE rs ALSO 
OISCUSSEO, GEOSTRUC TURAL CHARACTE,ISTICS FOR THE 
REPORTED EXCAVAfJON ACTI VIT IES AR E OESCRI8EO. 
PF.TPOGRAPHY ANO ROCK TYPES REVIEWED INCLUDE 
CLAYSTONE, GNEISS, GRANITE, GRAYNACKE, CREENSTONE 
l"ETAMO•PHICI, I RON ORE, UHESTONE, QUARTZITE, 
~ANOSTONE ANO SLATE , THIS DOCUMENT INCORPORATES 
AOOJTIONALLY HECHANICAL PROPERTIES ILABI DATA, 

000106) R~C• SALT HINE, 
AUTHO• ANON, 
"IN£ ~UARRY ENG, 
1<,1-n, Vi~6. 
LANCUAGEt ENGLISH 

PERFORHINC ORGANIZATION(SI 
•EAOO•BANK ROCK SALT HINE,U,K, 

FUNOINC ORGANIZATIONISI 
IMPERIAL CHEHICU INOUSTRIES,SALT DIVISION OF,U.K, 

THIS IN-SITU REPORT CONTAINS CRIGINAL CATA, THE 
UNO ERG ROUNO O Pt: HING DISCUSS ED I NCLUOES THE COHP\.ETED 
EtCAVATION OF THE 0 11EAOOW8ANK ROCK SALT NINE 
!CHESHIRE, UK> , THE PROJECT INVESTI'1TEO IS UTILIZED 
FOR "I NE PURPOSES. THE H EAOI NG ANO BENCH HETHOO 
RE•RESENTS THE EXCAVATION TECHNIQUE STUOI EO, THE 
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REPORTEO FRAGHENTATION HETHOD SERVICING PROJECT 
EF,oRTS INCLUDES CONVENTIONAL EtPLOSIVE IUNSPEClFIEOI 

THIS OOCUHENT INCORPORATES ADDITIONALLY TUNNELHG 
HACHINE CHARACTERIST ICS, GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE OESCRIBEO, THE EX CAVATI ON 
CHARACTERISTICS FOR KEUPER HARL FORNATION ARE 
TREATED, ROCK TYPES REVIEWED INCLUDE ROCKSALT , 

R001~6~ THE "EAOONBANK ROCK SALT HINE. 
AUTHOR ANON, 
HINE QUARRY ENG, 
211-9, 19,6. 
LANGUAGE! ENGLISH 

PERFORMING ORGAN! ZATION CS I 
HEAOONBINK ROCK SILT HINE,U,K, 

FUNDING OAGANIZATIONISI 
I HPERIAL CHEMICAL INOUSTRIES,SALr DIVISION OF,U,K, 

THIS IN-!JTU REPORT CONTAINS ORIGINAL CATA, THE 
UNDERGROU~O OPENING DISCUSSED INCLUDES THE COHPLHEO 
EXCAVATION OF THE HEADOWBANK ROCK SALT HINE 
!CHESHIRE, UKI , THE PROJECT INVESTIGATED IS UTILIZED 
FOR HI NE •PURPOSES, THE HEADING ANO BENCH HETHOO ANO 
LON GWALL CUTTING MACHINE HETHOO REPRESENT THE 
EXCAVATIO~ TECHNIQUES STUDIED, THE f<EPORTED 
FRAGMENTATION HETHOOS SERVICING PROJECT EFFORTS 
INCLUDE CONVEIITIO~AL EXPLOSIVE !UNSPECIFIEOI ANO 
HECHANICAL ABRASION (SAW-UIC>ERCUTT!NGI THIS 
DOCUMENT INCORPORAT ES AOOITIONALLY DRILLING EQUIPMENT 
ANO TUNNELING HACHINE CHARACTERISTICS. GEOST~UCTURAL 
CHARACTERISTICS FOR THE REP ORT ED EXCAVATION 
ACTIVITIES ARE DESCRIBED. TH E EXCAVATION 
CHARACTERISTICS FOR l(EUPER "ARL FORMATION ARE 
TREATED, ROCK TYPES REVIEWED INCLUDE ROCKSALT, 

ROOl465 SHOCK-NAVE FLUIOICSI CONTROLS FOR THE FUTURE, 
YEAPLE, F, 0, 
PROO, ENG, 
56-&, 1%8, 
LINGUAGEI ENGLISH 

PERFO RMING ORGANllATIONISI 
FLUIOCNICS RESEARCH LABISALT LAKE CITY,UTIUSA, 

FU~OING ORGANIZATIONISI 
FLUIOONICS RESEARCH LABISALT LAKE CITY,uT;usA 

THIS LIB REPORT CONTAINS REVIEW DATA, THE PROJECT 
INVESTIGATED JS UTILIZED FOR lXPERlnENTAL EXCAVATION 
PURPOSES, THE REPORTED FRAGMENTATION NETHOO SERVICI~G 
PROJECT EFFORTS INCLUDES IMPACT ABRASION IS HOCK WAVE 
DRILL> GEOSTRUC TURAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, ROCK 
TVPES REVIEWED INCLUDE GRANITE, 

R001~67 NOTABLE WITfR TUNNEL. 
GRUNDY, C, F, 
WATER POWER 
2"•30, 1Q ';1. 
LANGUAGE! ENGLISH 

THIS IN-SITU REPORT CONTAI NS ORIGI NAL DATA, TH£ 
UNDERGROUND OPENING OISCUSSEO INCLUDES THE ON GOihG 
EXCAVATION oF THE BOWLAND FOREST TUNNEL IGBI THE 
PROJECT INVESTIGATED IS UTILIZED FOR WATER SUPPLY 
TUN"EL PURPOSES, THE CRILL AND BLAST IFULL FACE I 
HE THOO RfPRESENTS THE EXCAVATION TECHNIQUE STUDIED. 
THE REPORTED FRAG•ENTATION HETHOO SERV ICING PROJECT 
EF,ORTS HCLUOES CONVENTIOflAL EXPLOSIVE IUNSPEClFIEOI 

THIS DOCUMENT INCORPORATE S AOOITIONALLY ORILUNG 
EQUIP"ENT CHARACTERISTICS, GEOSTRUCTURAL 
CHARACTERISTICS fllR THE RE PORT ED EXCA VATICN 
ACTIVITIES ARE DESCRIBED, PERTINENT INFORNATION ON 
GROUND CONDITIONS ANO 1.WDERGROUNO OPENI NG SUPPORTS 
ANO MATER IALS HANOL[NG SYSTEH IS ALSO PRESENTED, ROCK 
TYPES REVIEWED INCLUDE GRIT, LIHESTONE ANO SHALE, 

ROD h68 TUNNELLING IN S loEOEH, ESSENT UL FEATURES OF 
INPROVEMEIITS SINCe THE 193as. 
AHLSTROM, R, 
NITER NATER ENGINEERING 
393-~00, 1954 , 
LINGUAGEI ENGLISH 

PERFOR"ING ORGANIZATIONCSI 
HJALA,A,8,AND HARRSELE,A,BISTOCKHOLH,SWEOEN 
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THIS IN•SITU REPORT CONTAINS CRIG!NAL CATA. THE 
UNOERGQOUNO OPENINGS DISCUSSED INCLUDE THE COHPLETEO 
EXCAVATION OF THE OISCH.<RGE TUNN(L (HARSELE 
HYQOO ·ELECT~IC POWER PLANT! <GUERNSEY, U,K, 1, THE 
COMPLETED EX CAVATION OF THE HAHMAR8Y RAILWAY TUNNEL 
!STOCKHOLM, SWEOENI, THE COHPLETEO EXCAVATION OF THE 
POWER PLANT DISCHARGE TUN•EL !JARPSTROMMEN 
HYO<OEL ECTRIC PROJECT I ISWECENI AHO THE COHPLETEO 
E)CA VAT!ON OF TH E POWER PLANT CISCHARGE TUNNEL 
IHHLTA HYOROELEC TRIC PROJECT! ISWEOENI • THE PROJECT 
INVESTIGAlEC AR E UTILI7f0 FOR HYDROELECTRIC ANO 
R•flWAY PURPOSFS , THE CRILL ANO BLAST !FULL ,ACEI 
HfTSOQ 1"0 HfAOING ANO REICH HETHM RFPRESENT THE 
FXCAVATION TECHN!ijUES STUOIEO. THE REPORT EC 
rRAGHeNTHION NET HOO SEPVICIN<. ~OJECT HFORTS 
HClUOES CONVENTIONAL EXPLOSIVE IUNSPECI'1E01 • THIS 
OOC UH[NT INCORPOQATES AOOITIO~lLY DRILLING EOUIPHENT 
CHA.ACTERISTICS, fXCAVATIO~ ADVANCEM ENT RATE IS ALSO 
nrscussrn. INFORMATION PERTINENT TO EXCAVATION COST 
15 r.IvEN . GEOSTRUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE OESCRI8EO, 
PERTINENT IsfORMATION ON UNDERGROUND OPENING SUPPORTS 
ANO MATERIALS HANDLING SVSTEH I S ALSO PRESENTED, 
PEHOGRAPHY ANO ROCK TYPES REVIEWED INCL UDE 
AMPHI80LITE, GN(ISS , GPANITf AN O QUARTZITE, 

•001,~g CONSTRUCTING A SOFT•GROuNO TUNN EL UNDER BOSTON 
HAREOR, 
RICHlROSON, C, A. 
CIVIL ENG. 
~PP., 1qb1. 
LAN GUAGE! ENGLISH 

P€RFOReING CRG AN[ZAT!ONISI 
PERINI CORP. 

FLNOING ORGANIZATION(S) 
"ASSACHUSETTS TURN PIKE AUT HORITY 

HIS !N•SITU QEPOQT CONTAI NS REPLBL!SHEO CATA . THE 
UNOfRGROUNO OPENING DISCUSSED INCLUDES THE ON GOING 
E<CAVATI ON Of THE LT.WILLIAN F.CALLAHAN JR. TUNNEL 
1qosTON, MA•, USAI ! Hf PROJECT INVESTtGHEO IS 
UT!LIHD FCR HIGHWAY PURPOSES, THE SHIELD HETHOO 
O(PRES~NTS TH E E<CAVATION TECHNIOUE STUDIED. THE 
REPORTED FRA,HENTATIOH METHOD SERVICING PROJECT 
fH(RTS IN:LUOF~ NEC HANICAL ABRASIOW IROTARYI TBH 
EXCAVATION RAT£ IS HSO OI~CUSSED. GEOSTRUCTURAL 
CHA~A CTf.RIST!CS •OR THE REPORTED F.XCAVATION 
ACT !VI TIES ARE OCSCRIBED. PERTINENT INFORMATION ON 
UNOERGROUNO OPEN!Nr. SUPPORTS ANO MATERIALS HANDLING 
SYSTEH IS AlSO PRE ,E NTl O. 

oca 1, 10 HOVING fARTH QUIC( ER ANO CHEAPER. 
AUHOR ANON. 
CIVIL ENG. 
c;&-1, 1q12. 
LANGUAGE! ENGLISH 

PERFORMINI, ORG ANIZATICN ISI 
H!LLEO,FOSTER ASSOCIATES,INC:1l5 SECOND AVE! 

WAlTHAH,"U:02l'ilt 
I NGERSOI.L•RANO RESEARCH INC. 

FUNDING ~GANIZATIONISI 
JEFFREY MINING HACH[NERY COlUSA. 

THI ! LA B REPORT CO NTAINS REVIEW DATA. THIS OOCUHENT 
INCORPORATES AOOITIOhALLY DRILLING EOUIP"ENT ANO 
TUNNELING H.ACHINE CHARACTERISTICS. EXCAVATION 
AOVANCEHEHT RATE IS ALSO OISCUSSEO. 

P0 01s1l THt•"AL FRAGMENTATION SYSTEM UNDER •Ew STUOY. 
AUTHOR A NON. 
PROO. ENr.. 
c;, 1q11 • 
lANGUAGEI ENGLISH 

PERFORMING ORGANIZATIONISI 
u.s.BUREAU Of NINES,SPO(ANE HININ( RESEARCH CENTER. 

SPOKANE• W l!USA. 

THI S REPORT CONTAINS REVIEW OlTlo THE Pl!OJECT 
INVESTI<.ATEO IS UT I LIZED FOR EXPERIMENTAL EXCAVATION 
PURPOSES . THE REPORTED FRAGMENTATION HETHOO SERVICING 
PROJECT ff FORTS I NCLUOES THER HAL• ELECTRICAL 
IUHSPECIFIEOI • GEOSTRUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCA VATI ON ACTIVITIES ARE OESCRIBEO. ROC~ 
TYPES REVIE WED INCLUDE BASALT AHO QUARTZITE• 

R001475 CRILL Wilk 9 BITS CUTS BORING TIHE. 
AUTHOR ANCN. 
NEW YORK TIMES 
19&&. 
LANGUAGE• ENGLISH 

PERFORHING ORGANIZATIONISI 
NEW JERSEY □RILLING CO. 

THIS IN•S ITU REPORT CONTAINS REPUBLISHED CATA. THE 
PROJECT INVESTIGATED IS UTIL[ZEO fOR BUI LOl~G 
FOUNDATI ON PURPOSES. THE □RILLING NETHOO REPRESENTS 
THE EXCAVATION TECHNIQUE STUOIEO. THE Rf.PORTED 
FRAGHENTATIOH HETHOO SERVICING PkOJECT EFFORTS 
INCLUDE S HECHANICAL ABRASION IPERCUSSIONI , THIS 
OOCUHENT INCORPORATES AOOITIONALLV DRI LLING EQUIPMENT 
ANO TUNNELING MACHINE CHARACTERISTICS. TBM EXCAVAT[CN 
RATE IS ALSO OISCUSSEO, GfOSTRUCTURAL CHARACTERISTICS 
FOR THE REPORTED EXCAVATION ACTIVITIES ARE OESCRI8EO. 
PERTINENT INFORNATION OH KATERIALS HANDLING SYSTEH IS 
AL SO PRESENTEO. ROCK TYPES REVIEWED INCLUDE GR ANITE 

R001476 A JU:VIEW Cf TUNNELLING TECHNIQUES IN THE GoLO 
MINI NG INCUSTRY OF SOUTH AFRICA. 
N[',,jJ1AN, S. C. 
TRANS. 7Tk COH, MINING HET. CONG., SOUTH AFRICA 
2, 629•53, 1961. 
LANGUAGEI ENGLISH 

PERFORMING ORGANIZATIONISI 
RANO HI•ES LTO:S.AFRICA 

THIS IN-SITU REPORT CONTAINS REVIE W CATA. THE PROJECT 
INVESTIGATED IS UTILIZED FOR HINE PURPOSES, THE CRILL 
ANO BLAST (FULL FACEJ HETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUOIEO. THf REPORTED 
FRAGMENTATION HETHOO SERVICING PROJECT EFFORTS 
INCLUDES CONVENTIO•AL OP\.OSIVE IUNSPECIFIEOI • THIS 
OOCUHENT INCORPORATES AOOITIONALLY DRILLING EQUIPMENT 
CHARACTfRlSTICS o PERTINENT INFORMATION ON MATERIALS 
HANDLING SYSTEH IS ALSO PRESENTED. 

R001~77 MOl.E VERSUS CONVENTIONALI A COHPARISON Of TMO 
TUNNE L DRIVING TECHNIQUES. 
BENNE TT, N. 8. 
HIGHMAY RESEARCH RECORD 
, 1es , • 1-a, 1%7. 
LANGUAGEI ENGLISH 

PERFORMING OR,ANIZATIONISI 
u.s.eUREAU OF RECLAMATION 

FUNDING ORGANIZAT!ONISI 
u.s.BuREAU OF RECLA MATION 

THIS IN-SITU REPORT CONTAI NS ORIGINAL CATA. TH E 
UNOERGROUNO OPENINGS DISCUSSED INCLUOt THE COHPLETEO 
EXCAVATIO~ OF THE TUNNEL N0.1, NAVAJO INDIAN 
IRRIGATIO• PROJECT INH 0 , USAI ANO THE COHPLETEO 
EXCAVATIOh OF THE TUNNEL N0o2, NAVAJO INOIAN 
IRRICATIOh PROJECT INHo, USAI THE PROJECTS 
INVESTIGATED ARE UTILIZED FOR IRR!GATION PURPOSES. 
THE CRILL AHO BLAST (FULL FACEI HETHOO ANO TBM METHOD 
REPRESE ~T THE EXC AVATION TECHNIQUES STUOIEO. THE 
REPORTED FRAGHE NTATIOh METHOD SERVICING PROJECT 
EFFORTS Il,CLUDES CONVENTil»IAL EXPLOSIVE (UNSPECIFIEO J 
• THIS DOCUMENT INCORPORATES ADDITIONALLY ORILLISG 
EQUIPMENT ANO TUNNELING MACHINE CHARACTERISTICS . 1811 
EXCA VATI O~ RATE IS ALSO DISCUSSED. GEOSTf<UCTURAL 
CHARACTERISTICS FOR THE REPORTED EXCAVATICN 
ACTIVITIES ARE DESCRIBE□ • PERTINENT INFORMATION ON 
CROUNO CO)()IT!ONS ANO UNOERGROUNO OPENING SUPPORTS 
AHO MATERIALS HANDLING SYSTEH IS ALSO PRtSE NTEO. THE 
EXCAVATION CHARACTERISTICS FOR SAN JOSE F~HATION A~E 
TREATED. PETROGRAPHY AHO ROCK TYPES REVIEMEO INCLUDE 
SANDSTONE, SHALE ANO SILTSTONE • THIS OOCUHENT 
INCORPORAlES AOOITIONALLY MECHANICAL PROPERTIES ILlBI 
OATl, 

R001~80 TUNNELING MACHINES Of TOOAY ANO TOHORROM. 
WILLIANSON, T, N. 
HIGHWAY RESEARCH RECORD 
I JH lo 19-2~, 1970. 
LANGUAGE! ENGLISH 

PERFORMING ORGA NI ZA TION IS I 
JACOBS ASSOCIATES,SAN FRANSISCO,CAIUSA. 
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'l,NCING ORGIN!lATI ON!S l 
COHN ITTEE ON SOil$ ANO POfK PROPfRTIE~ 

THI S IN-SITU REPOPT CONTAINS RE VIE W DATA . THE T8H 
MET soc ~[PRESENTS THE EXCAVAT I ON TECHN[QIJE STUDIED. 
THI! OOCU MFNT !NCORPORATn AD DITI ONAl lY TUNNElI~G 
MACHINE CHA" ACTEQISTICS , 

PfSCARCH I NYEST! i; AT I ON OF l A SER 
CARSTEN~, J, P, 8 .INASt C, 
qu •CARDI, F • R, HEl!KIAN, 
JURf W!Cl, 8 . R, SESSION S, 
UNI TEO A IRCPHT ~E5UR CH LA E: . • 
2 1t'- PP . , 1 972 . 
I uARl-l-91lJ2q-e I 
LA NGUAGE! ENGLISH 

PERFORMING CRGANilHICNISl 

ROCK KE"RFING , 
H, 

G, PEHRS, G. T. 
f • c. 
EAST HART FORD, CONN, 

UN!TFD AI ,CRAFT ~f.SEARCH lAB!f,HARTFORO,CTIUSA, 

FUND!NC. ORGAN llATIONI SI 
FfOERAl RAILROAD AO•IN ISTRATION,OEPT, nF 

TRAhSPORTAT!ON , WA SH!NGTICN 0,CIUSA, 

THI S LH REPORT CO NTUNS ORIGINAL, ~EPUBl!SHEO ANO 
REVIEW DAT A, TH F kEPORTEO FRAGHE NTAT ION METHOD 
SER VICING PSOJFr.T fFFORTS IICLUDH THERMll -RAOIHT 
<C Ot<EREhT L! GNT -LA SERI , THI S OOCUHfNT INCORPORATES 
AOO:TIONALLY TUNNEL ING MACHI NE CHARACTERISTICS, TBM 
EXCAVATION QHE rs AlS O OI SCUSSEO , INFORMAT[ ON 
•ERTINENT TC EXCA VATI ON COST IS GIVfN , GEOSTRUCTURAL 
CHA~ACT ER!STICS FOO TH E REPORTEO EXCAVATICN 
ACT IVITIES ARE DESCR l8FD, THE HCAV ATI CN 
CHAOACT(R IST I CS FOO BARRE GRAI.ITE, BEREA SANDSTONE, 
□RE SSER BASAL T, NEW HAVEN TRAP ROC~, SIOUX QUARTZITE 
<•JASPER QUART71 T(I ANO ST, Cl OUD IGRA YI GRANOOIORITE 
<=CHARCOAL GREY GRA NITE! ARE TREATED, PETROGRAPHY AND 
ROCK TYP€S REVIEWED I NCLUDE ANDESITE, ARGILlI TE, 
BASAL T, 8ENTONITE IROCKI, B~ECCIA, CHERT (Hl~RAU, 
ClAY, CONG LOMERATE , DOl OHITE IROC<l, GNEISS, GRA NITE, 
GOAY WA Ckf, HE MA TITE , IGNI HBRITE, LI"ESTONE, 
MAGNETI TE , HONlON!TE, HUOSTONE , POR PHYRY , QUARTZITE , 
QHYOOACITE, RHYOLITE, SAND STONE , SCHIST , SERPENTINE, 
SHALE, SILTSTONE , TRAP ANO TUFF , THIS DOCUMENT 
INCORPORATE~ AOOITIONAlLY MECHANICAL PROPEHIES H.ABl 
DAU, 

0001,el HET"00S OF FXCAVAT ION ANO ROOF SUPPORT USEO 
IN SOHE RECENTLY CONSTRUCTED TUN NELS , 
POLACK, S, P, 
u . s. OEPT. OF T'i( INTERIOR , euREAU OF HINES 
t.2'PP 11 1950. 
r R~-IC-7H,e I 
LANGUAGE t E•~l! ,H 

PERF ORMING CRGAN!7ATICN1Sl 
U, S. BUREAU OF •INES , SPO< ANE HlNING RESEARCH CENT[R, 

SPOKANE, WA lUSA. 

FlNOING ORG ANllAfIONI SI 
U, S. Bu REAU OF ~INES 

T>IS IN-SITU R[PORT CONTAI~S ORIGINAL DATA, THE 
UNOERGROUNO OPf~I NGS DISCUSSED INClUOE THE COHPl ETEO 
fXC AVAT ION CF THE BAL TIMORE ANO OHIO RAILRO AD TUNNEL 
I WV,, USA I, THE COHPLETEO OCAVAT !ON OF THE CROO~EO 
COH< TUNNEL !CROOKED CREEK RESERVOIRS! !FORD CITY, 
AM!T RONG CO, , PA,, USAl, THE COHPlETEO EXCAVATI ON Df 
THE EAST BRANCH TU NNEL IF.AST BRANCH DAHi IPA,• USA), 
THE CO HPl£TE O UCAV AT( ON OF THE PENN-LINCOLN PARKNAY 
TUNNELS IPITTS8URG, PA,, USA I, THE CO"PlETED 
OCAVATIOH OF THf. SALTSBURG RAILROAD TUNNEL IPA., 
U~Al A•O TH E CONPl ETED EXCA VATION OF THE YOUGHIOGHENY 
TUNNE L !Y OUGHIOGE NY RIV ER RESER VOI R PROJECT I 
ICONF LUE ttC E, PA., USAl , THE PROJECTS INVESTIGATED 
ARE UT l l llEO roR 'il&HNAY AND RAILWAY PURPOSES, THE 
ORilL AND 8 LA ST IFUll FACE! HETHOO , HEADING ANO BENCH 
HETSOO AHO PILOT BORE-CENTER NETHOD REPRESENT THE 
r,cAVAT!ON TECHNIQUES STUOIEO, THE REPORTED 
F<AGNENTATION METHO DS SERVICING PltOJECT EF,QRTS 
lNClUDt CONVFHT!ONAL l XPLO,IVE IANFOI ANO 
CONVENT IONAl EXPLOSIVE IUHSPECI'lEOI , THIS OOCU"£NT 
INCORPORATES AOOI T!ONALlY DRILLING EOUI PNENT 
CHARACTERISTICS. EXCAYATIO~ AOVANCEHENT RATE IS Al SO 
OISCUSSEO, GEOSTRUCT URAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE OESCRI!ED, 
PERTI•£HT INFORNAT!O> ON GROUND CONDITIONS ANO 
UHOERGROUHO OPENING SUPPORT~ ANO HATERI AlS HANDlI•G 
SYSTEN IS AlSO PRESENTED, PETROGRAPHY ANO ROCK TYPES 

!CONTIHUEOl 
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REVIEWED INCLUDE CLAYSTONE , COAL , CONGLOMERATE, 
lIMESTOHE, SANDSTONE ~NO SHAll , 

ROOt~e. COMNINUTICN OF •ock WIT ► CONTROLL ED STRESS NAYlS, 
HURTHA, ~. N. OOELlO, R, J, AllGOOO , J, k, 
NAVAL CIVll ENGINEERING lAS,, PORT HUENEME , CALIF , 
ltJPP., 1971 . 
( NCEl-YH-116• I 
l AHGUAGEt ENGLISH 

PERFOR"ING ORGANIZATION(Sl 
NAVAL C !Vil ENG !NEERING LAB:PORT HUoNEME,CA l'H0 •3 

FUNDING o•GANIZATIOH!SI 
u.s,GOVTIOFFICE OF NAVAL RESEARCH,EARTH SCIENCE 

DIVISION 

THIS LAB •EPORT CONTAINS ORIGINAL OITA , THE ORILl AND 
BLAST r OTHER THAN FULL FACE! HETHOO REPRESENTS THE 
EXCAV AT IO • TECHNIQUE STUDIED , THE REPORTED 
FRAGMENTATION METHOO SERYICI MG PROJECT EFFORTS 
INCLUDES CONVENTIONAL EXPLOSIVE (PRIHACOROI 
GEOSTRUCTURAL CHARACTERI STIC~ FOR THE REPORTED 
EXCAVATID> ACTIVITI ES A~E OESCRl8l0 , PERTINENT 
INFORMATICN OH MATERIALS HANDL ING SYSTEH I S AlSO 
PRESE NTE D, THE EXCAVATION CH ARACTERI STICS FOR BEOFORO 
lIHESTONE ANO EDIIAR DS LIMESTONE IIH FREOERICKS­
GROUPl A•E TREATED. ROCK TYPES REV I EW£D INCLUDE 
GRANITE, LIMESTONE, MARBLE ANO TACONITE THIS 
OOCUMENT INCORPORATES AODIT IO•ALLY MECHANICAL 
PROPE RTI ES DATA , 

ROOi•e& PENETRATICN IM GRANITE BY SHAPED CHARGE LINERS 
OF VA RIOUS METALS, 
ROLLINS, R, R, CLARK , G, 8, KAUA, H, N, 
ROCK " ECHANICS ANO EXPLOSIVES RESEARCH CE NTE R, 
UNIVERSITY OF HIS SOUR!, Rel.LA 
S8PP,, 1911, 
I RHERC-TR- 70-13 l 
LANGUAGE• ENGLISH 

PE RFOR"ING ORGAHlZATIONISl 
" ISSOURI ,UHIVERSITY OF,ROllA,"o;uSA 

THIS LAB REPORT CONT AINS ORIGINAL OATA, THE REPORTED 
FRAGMENTATION HETHOO SERVICING PROJECT ErFoRTS 
INCLUDES CONVENTIONAL EXPLOSIVE !C-•l , GEOSTRUCTURAl 
CHARACTERISTICS FOR THE REPORTED EXCAVATICN 
ACTIVITIES ARE OESCR !SEO, ROCK TYPES RE VI EIIEO INCLUDE 
GRANITE A~O RHYOLITE THIS DOCUHENT INCO~PORATES 
ADDITIONALLY HECHANICAl PROPERTIES ILABl OATA, 

ROOt.89 REPORT ON HARD-ROCK TUNhELllNG INVESTIGATION , 
HIRSCHFELD, R, C, 
DEPART"EMT OF CIVll ENGI NEERING , MASSACHUSETTS 
INSTITUTE OF TECHNOLOGY, CANSRIDGE, MAS SACHUSETTS 
r;6PP,, 1q f:'i, 
! UNPUBLISHED REPOR T I 
LANGUAGE• ENGLISH 

PERFOR"IMG ORGANlZATIONISl 
MASSACHLSETTS INSTITUTE OF TECHHOlOGY,HAIUSA, 

FU NDING ORGlHIZATJON(Sl 
U.S,GDVTTOEPT,OF COMHERCE 

THIS IN-SITU- THEORETICAL REPORT CONTAINS REVIEW OATA, 
THE UNDERGROUNO OPENINGS DISCUSSED INCLUDE THE 
COHPLETEO EXCAVATION OF THE AZOTEA TUNNEL (JUAN-CHANA 
PROJECT! IH,CEM.NM,, USAl, THE CO HPlETED EXCAVATICN 
OF THE BROOKLYN-STATEN ISLAND TUNNEL !NY., USAI , THE 
COMPLETED EXCAVATION OF T~ HUMSE R RIV ER SENER TU•NEL 
(TORONTO, ONTARIO, CANADA), THE COHPlETED EXCAVATI ON 
OF THE OAHE DAN DIVERSION TUNNEL ISO,, USAI , THE 
CONPlETEO EXCAVATION OF THE OAHE OAH POWEi< TUNHEl 
(PIERRE~ SO., USAI, THE COHPLETEO EXCAVATION OF THE 
PARISE PRESS "ETRO <PARIS, FRAMCE I, THE COHPLETED 
EXCAYAT o, OF THE POATINA TUNNEL ITASHANIA, 
AUSTUl IA,. THE C OH PlETED EXCAVA Tl ON OF THE sour H 
SASK ATCH EWAN RIVER DA M AHO THE COHPlETED EXCAVA TI CN 
OF THE TUNNEL NO,!, NA VAJO INDIAN IRRIGATION PROJECT 
INH., uSAI • THf PROJECTS INVESTIGATED ARE UTILIZED 
FOR EXPERIHENUL EXCAVATION, HY DROELECTRIC, HETRO, 
HINE ANO SENER PURPOSES, THE T8H HETHOO REPRESENTS 
THE EXCAVATION TECHNIQUE STUOIEO, THE REPORTED 
'RAGHENTAT!ON HETHOOS SERVICI HG PROJECT EFFORTS 
INCLUDE HECHAHICAL ABRASIOtl (ROTARY ! AHO HfCHAN!CAL 
ABIUS ION (ORAGI THIS DOCUMENT I NCO RPORA TES 
AOOITIONAllY TUNNELING MACHINE CHARACTERISTICS, TIN 
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EXCAVU ION RAT f IS n so 01 SCUSSEO. GEOSTRUCTURAL 
CHA<A CTfP I STIC~ FOR TSE O(PORT£0 ExCAVATICH 
ACTIVITIES ARE QESC RMEO. PERTINENT INFORMATION OH 
r,ROIJN~ CONDIT IONS AN O UNO(RGRCIINO OPENING su•P□RTS IS 
AL Sn PRlSENT[O, PETROGPAPHY AHO POCK TY•ES REVI(WEO 
I•CLUOF CL AVSTONF, GNFISS, GRANIT~, IRON ORE, 
ll•FSTONF, , un~TONL , Pf(,HHJH, SA NOSTON!, SCHIH ANO 
~HALF THI ~ DOCUMENT l~CORPOAAT[S ADD ITIONALLY 
H[CHAH ICAL fPOV IRIJF ~ CLARI OATA, 

1·no 1 ;. q,, A S TUOT 0 ~ A N(W C t'HtCF.Pl OF Tr!f'fHUL HARO ROCI( 
CRUS HING, 
TH1'1U l'U.LAI, t< . C H fU HG t J, ~ . 
1'-TH SYNPOSJU l'I ON 
STATE UN IVERSITY , 
? ~PP._ 1q7z. 
LANGUAGE! ENGLIS" 

ROCK HECHANIC S , aENNSYLVANIA 
H•I• JUNE, IHZ 

PfRFORHING CRr,ANI1ATJO l<!SI 
u . S. AUR(AU OF HINES, HINNEA•OLI S, N~:usA. 

<ONOI NG ORGA NIZATI ONCSI 
U.S. BU REA U or HINES 

THI ~ LAA HPORT CONTA INS ORI GINAL OATA. THc PROJECT 
IHY(STIGAT( O I S UTI LIZED FOR EXPERI•ENTAL EXCAYATICN 
PURPOSES , THE REPORTEO FRAGMENT ATIO~ "ETHOD SERVICING 
POQJEC T E ,FORTS INCL UOE S THERHAL•ELECTRICAL 
CT RAN S'ERREC ARC METHODS, GAS SHEILOEO "ETAL CR 
TUNGSTENI , GEOSTRUCTURAL CHARACTERISTICS FOR THE 
RE • ORTED EXCAVATION ACTIVllIES ARE OESCRI8ED, THE 
EXCAVATI ON CHAPACTERISTICS FO R DRESSER BASALT, SIO~X 
OUAPTllTE C•JASPER QUARTZITE I ANO 
ST , CLOUDCGRAYlGRANOOIOR!TE c•CHARCCAL GREY GRANITE) 
UE TREHEO, PHROGRAPHY ANO ROC• TYPES REVIEWED 
INCLUDE OUA•T ZIT E , 

OOO ISOO ~LA ST HO LE (R ILLING AT EAGLf HOU~TAIH HINE, 
HUCH£S , M. J. 
H!H!Nt. CONGR, J, 
,.,. ... fi , 'iO • 1 qc; f. 
LANGUA G~ • EN C. LIS" 

~ERFORMI NG rNC,AHI7AT ICNC SI 
•AISEA ST![L CORPIUSA, 

FUNDING ORGA NI7ATI ON CSI 
KAISER STfEL CORPIUSA, 

THI S IN- SITU Rf- •'ORT CONTAI NS ORIGINAL DATA, THE 
UNDERGROUND OPENING OISCUSSED INCLUCES THE COIIPLETEO 
FXC AVAT ION OF TH[ EAGLE "OUNTAIN HINE CCA., USAI • 
THE PROJECT INVESTIGAT ED IS UTIL! ZEO FOR "I"E 
PURPOSES, TH E DRILL AHO BUST CFULl FACEI IIETHOO 
RE•PESENTS THE EXCAVATION TECHNIQUE STUOIEO, THE 
RE~OR TFO fRAG NENTATION Hf TH OO SERVICING PROJECT 
FHCRTS Il<CLUDES CONVENTIONAL EXPLOSI VE CUNSPECIFIEDI 
• T~IS DOCU HENT I NCORPORATES AOOITIONALLY ORILLikG 
EOU I PHE HT AHO TUNHfLlNG MACHINE CHARACTERISTICS, 
EXCA~ATION AOVANC EHENT RATE IS ALSO O!SCUSSEO. 
INFOAHATION PERTINENT TO EXCA VATION COST IS GIVE~ , 
GEOS TRUCTURAL CHA RACTERISTICS FOR THE REPORTED 
EXC IVATl ON ACTIVITIES ARE OESCRIEEO , PETROGRAPHY AHO 
ROC• TV•ES RE VIEWE D INCLUDE IRON ORE, HONZONITE ANO 
QUARTZITE , 

R001505 THE NEW AUSTRIAN TUNNELLING METHOD. 
RA8CE WI Cl, L, V, 
WATER PO WE R 
~~ l -7, ~tt•S , 1q&,. 
LAN GUAGE• ENG LISH 

Tt<! S IN•SITU REPORT CONTAINS REPUB LI SHED DATA, THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE COMPI.ETEO 
EXC AVATION OF" THE XAUNEA TAL HYO~OELECTIUC SCHEME 
I AU STRIA). Tl< E co••LET(O EXC AVATI ON OF THE SENHfRI •G 
TUNNEL, THE COHPLETEO EXCAVATION OF THE SEARA IUPOlI 
TUNNEL 11ST TUBFI CifALYI, THE COHPLETEO EXCAVATICN 
or THE SERRA RI POLI TUNNEL CZNO TUBEI ClTALYI ANO THE 
COHPLETEO EXCA~ATION OF THE SUPER HIGHWAY TWIN TUNNEL 
C~ENEZUELAI • THE PROJECTS INVESTIGATED AAE UT lLIZEO 
FOR HIGHWAY, HYOAOEL ECTRIC AHO TWIN HIGHWAY PURPOSES. 
THf NEW AU STRAIN HETHOO REPRESENTS THE EXC AVAT ION 
TECHNIQUE STU DIED , THE REPORTED FRAGIIENTATION METHOD 
SERVICI NG •ROJECT EFFORTS INCLUOES CONVENTIONAL 
EtPLOSIYE IUNSPEC IFIEOI GEOSTRUCTURAI. 
CHAPACTERISTICS FOR THE REPORTED EXC AVATION 
ACTIVITIES ARE OESCAIBEO• PERTINENT INFORHATION ON 
GROUND CONDITIONS ANO UNOER<-!OUNO OPENING SUPPORTS 

(CONTINUEOI 

ANO MATE•IALS HAN DLING STSTEH IS ALSO PRE SE NTED. 
PETROGRA PH ANO ROC< TYPES REVIEWED INCL UDE 
ANPHIBOLITE, GNEI SS, GRAPHITE, LIMESTONE, HARL, 
HYLONlTE CHINEOL 1, SA NDS TONE AND SLATE 

R001~06 THE NEW A~STRIAN TUNNELLING METHOD, 
AABCEWICZ, L, v. 
WATER PONER 
19•2•, 19~5. 
LANGUAGfl ENGLISH 

THIS IH•SITU REPORT CONTAINS ORIGINAL DATA , THE 
PROJECl INVESTIGATED IS UTILI ZED FOR HIGHWAY 
PURPOSES, THE NE• AU STRAIN MET HOO RE PRESENTS THE 
EXCAVATIO• TECHNIQUE STUO I EO, GEOST RUCTURAL 
CHARACTERISTICS FOR THE REPORT ED (XCAYATICN 
ACTIVITIES ARE DESCRieEo. PERT INENT INFORHATIO• OH 
GROUND CONDITIONS AHO UHOERGROUNO OPENING SUPPOR TS IS 
ALSO PRESENTED, PETROGRAPHY ANO ROCK TYPES RE VIEWED 
INCLUDE LIMESTONE ANO SCHIST , 

R0015De USE OF A LINEAR C~TTER TO PREDICT LARGE 
DIAMETER TUNNEL SORING RATES, 
ROSS, N. HUSTRULIO, w. 
HINES NAG, 
10-11, 1q10. 
LANGUAG[I ENGLISH 

F"UNOING OAGANIZATIONCSI 
GAS ANO WATER OE•T:BASEL ,SWITZERLANO 

THIS LAe REPORT CONTAINS ORIGINAL DAU . THE •rnJECT 
INVESTIGATED rs UTI LIZED FOR EXPERIHE NT AL EXCAVATION 
PURPOSES. THE REPCRTED FRAGMENT ATIO N METHOD SERVICI•G 
PROJECT EFFORTS INCLUDES MECHANICAL ABRASION CROTART I 

GEOSHUCTURAL CHARACTER ISTICS FOR THE ~E• ORTEO 
EXCAVATIOh ACTIVITIES ARE DESCRIBf O, ROCK TYPES 
REVIEWED INCLUDE GRANITE AHO MARBLE, 

RODH09 DEVELOPMENTS IN CO NTINUOUS HINING MACH I NES, 
1(0GEl.11ANN, W, J, SI COTT, S. 
MINING CONGR, J. 
'iPP . • 1q11. 
LANGUAGE • ENGLISH 

PERFORHIN( ORGA"IZATIONCSI 
ALPINE fQUIP11( NT CORPIUSA. 

THIS IN•SITU REPORT CONTAI NS RE VIEW OATA, THE PROJE CT 
INVESTIGATED IS UTILIZED FOR 11INE PURPOSES, THE TBM 
HETHOO REfRESENTS THE E•CAVATION TECHNI QUE STUOIEO, 
THE REPORTED FRAGMENTATIO N 11ETH OD StRVICING PROJECT 
EFFORTS IkCLUOES 11ECHAHICAL ABRASION CROTARYI , THI S 
DOCUMENT INCORPORATES ADDITIONALLY TUNNEL ING HACHI•E 
CHARACTERISTICS, TBH EXCAVATION RA lE I S ALSO 
DISCUSSED . CEOSTRUCTURAL CHARACTERISTICS •OR THE 
REPORTED EXCA VATION ACTIVITIES ARE DESCRIB ED , 
PERT! NE"T INF ORN TI ON ON UNDERGROUND OPENING SUPPORTS 
IS ALSO PRESENTED, PETROGRAPHY AHO ROCK TYPES 
REVIEWED INCLUDE COAL, LIGNITE, HARL, PHOSPHOR I TE 
CRoCKI, SANDSTONE ANO SHALE THIS OOCUH(NT 
INCORPORAlES AOOITIONALLY HECHANICAL PROPERTIES ILABI 
DAT A. 

R0D15l1 CONTRACTO~ BUILDS LOW•COST, 
AUTHOR ANON , 
ENC. HEWS•REC, 
•Z-3, 1960, 
LANGU A,EI ENGLISH 

PERFOR"JNG ORGANIZATJONCSI 
OOHERTY,JOHklCOMPANY,CHICAGO,IL :USA, 

FUNOINt. ORGANIZAT JOH(Sl 
GREATER CHICACO, NETROPDLI TA N SANITARY DIST . OF, 

CHICAGO, IL 1US A. 
CHICA GE, IL. US A 

THIS IM•5ITU REPORT CONTAINS REY! ~W OATA, THE 
UNDERGROUkO OPENING DISCUSSED INCLUD ES THE ON GOihG 
EXC AVATIO" Of TH! SOUTHWEST SE WER ll·A CCHI CAGO , 
ILLINOIS , USAI • THE PROJECT I NVE STIGAT ED lS UTI LIZED 
FOR SEWER PURPOSES, THE T8H METHOD REPRESENTS ThE 
EXCAVATION TECHN I QUE STUDIED , THE RE•ORTCO 
FRAGMENTATI ON HETHOO SERVICING PROJECT EFFORTS 
INCLUDES MEC HANICAi. ABRASION CROTARYI • THI S oocu~ENT 
INCORPORATES lOO!TIOkALI. V TUNNELi NG MACHI •E 
CHARACTERISTICS. T811 EXCAVATION RATE IS ALSO 
DISCUSSED. PERTINENT INfDRl1ATIDN ON GROUND CONDITIONS 
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ANO UNOERG~OUNO OPENING SUPPORTS 
HANDLI NG SYSIEH IS ALSO PRESENTED. 

ANO MATERIALS 

OE VELOPHfNT OF TUNNELING HETHOOS ANO CONTROLS, 
ARHSTRONG , f , L, 
J. CONSTR. OIV. ( PROC. AH<:A, sac . CIVIL ENG. ) 
%, C coz >, 99-118, 1970, 
LANGUAGE• ENGLISH 

FLHCING ORGANIZATIONCS) 
U,S,BUREAU OF RECLAMATION 

THIS IN-SITU REPORT CONTAINS REVIEW OATA, TkE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE COMPLETED 
EKCAVATlON OF THE AZOTEA TUNNEL (JUAN-CHAMA PROJECT! 
IN,CEN,NH,, USA>, THE COMPLElEO EXCAVATION OF tHE 
8L ANCO TUNNEL (JUAN-CHAMA PROJECTJ CN,CEN,NM,, USA), 
THE COHPL£TEO EXCAVATION OF THE HUHBER RIVER SEWER 
TUNNEL ITOROMTO, ONTARIO, CAOOA), THE COMPLETED 
EXCAVATION OF THE OAHE OAM DIVERSION TUNNEL ISO,, 
USll, TH£ COHPLETfO EXCAVATION OF THE OSO TUNNEL 
,en,, USA), THE COMPLETED EXCAVAT ION OF THE 
PHILADELPHIA SE•EP, TH£ COHPLETEO EXCA VATION OF TH£ 
POATINA TUNNEL IUSHANIA, AUSTRALIA>, THE COMPLETED 
fXCIVATION OF THE RI VER MOUNTAINS TUNNEL (HENDERSON, 
NV,, USA>, THE COMPLETED EXCAVATION OF THE STARVATION 
TUNNEL !CENTRAL UTA~ PROJECT! !UT,, USAI, THE 
COHPLETFO EXCA VATION OF THE ST,LOUIS HfTRO SEWER 
DISTRICT !ST.LOUIS , MO,, USAI, THE COMPLETED 
E)CAVATION OF THE TUNNFL NO,!, NAVAJO INOlAN 
IRRIGATION PROJECT (NH., US A>, THE COMPLETED 
EXCAVATION OF TH£ VANCOUVER INTERCEPTOR SEWER 
ICANADAI ANO THf COHPL£TEO EXCAVATION OF THE WATER 
HOLLOW TUNNEL !UT,, USA) • THE PROJECTS INVESTIGATED 
ARE UTILIZED FOR IRRIGATION P\JRPOSES, TH£ T8H HETHOD 
REP~ESENTS THE EXCAV ATION TECHNIQUE STUDIED. TkE 
REPORTED FRAGHfNTATICN HETHOO SERVICING PllOJECT 
EFFORTS INCLUDES MECHANICAL ABR ASION CROTARYI , TeM 
EXCAVATION ~ATE IS ALSO DISCUSSED, PETROGRAPHY ANO 
ROCK TYPES RE VIEWED INCLUDE LIHESTONE, RHYOLITE, 
SANDSTONE, SCHIST ANO SHALE , THIS DOCUMENT 
INCORPORATES AOOITIONALLY HECHANICAL PROPERTIES (LABI 
OAH, 

R001St• THE OEVEL OP HENT nF LA~GE DIAMETER ROTARY DRILLING 
HACHINE S AN O EQUIPHENT FOR Tl-<£ HIN!NG ANO 
CONSTiUCTIO• I NOUSTPIES , 
ALLEN, J. ►• 
NINTH ANNUAL DRILLING SYMP , 
!OPP., 1959, 
LANGUAGft ENGLI SH 

PERF OR M! NG ORGANIZA TI ON!SI 
WILLIAHS,HUGH ~. MANUFACTURING CO, 

F~NO!NG ORGAN!lAfION(S) 
WILLIAHS,HUGHS B,HANUFACTUR!NG CO, 

THI S LAB-IN-S ITU REPORT CONTAINS ORIGINAL DATA, THE 
PROJECT INVESTIGAT ED I S UTILIZED FOR EX PERIHENTAL 
EXCAVATI ON, HINE ANO UNSPECIFIED PURPOSES, THE PJLCT 
~ORf•CfNTER NETHOO ANO TBH HETHOD ~EPRESENT THE 
EXC AfAT ION TEC HNIQUES STUDIED, THE REPORTED 
FRA GM!NTATI ON HETHOO SERVICING PROJECT EFFORTS 
INCLUDES "ECHANICAL ABRASIO~ (ROTARYI , THIS DOCUMENT 
INCORPORAT(S ADDITIONALLY DRILLING EQUIPHE NT ANO 
TUNNELING HA CHI NE CH-~ACTERISTICS, TBM FXC AVATION ANO 
E •CAVATION AOVANCEHINT RATES AR~ ALSO DISCUSSED, 
GEOSTRUCTURAL ANO SOlL CHARACTERISTICS FOR THE 
REPORTED EXCAVATI ON ACtlVITI ES IRE DESCRIBED, 
PERT INENT INF OR HATION ON MAT ERIALS HANDLING SYSTEM IS 
llSO PRESE NT ED, PETROGRAP HY ANO ROCK TYPES REVIEIIED 
IICLUOE GRANITE, LIHESTONE, SA NDSTONE ANO SHALE , 

QOOl516 MAC~INE TUNNELING IN TASHANIA, 
THop,,11 5 , H, H. 
HIN!NG [NG, 
~9 , 196], 
LANGUAGE• ENGLISH 

PE•HORHING ORGANHATION(S> 
HYDROELECTRIC COMMISSION,~08ART,TASMANIA 

F\JftOING ORGANIZATION!SI 
HYDR OELECTRIC COMHISSION,H08ART,TASHANIA 

THI! IN-SITU REPORT CONTA INS ORIGINAL DATA, THE 
UNDERGROUND OPEMING DISCUSSED INCLUDES THE COHPLETEO 
E )CIVATION OF THf. GREAT LAI(£ POWER D£VELOPH!NT 
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!TASMANIA, AUSTRALIA I , THE PROJECT INVESTIGATED IS 
UTILIZED FOR HYOROELECTlilC PURPOSES, THE TBH HETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUOHO, THE 
REPORTED FRAGHENTATION HETHOO SERVICite; PROJECT 
EFFORTS INCLUDES HECHANICAL ABRASION IRDTARYI , THIS 
DOCUMENT INCORPORATES AODIT Io NALLY TUNNELING HACH! NE 
CHARACTERISTICS , TBH EXCAVATION RATE IS ALSO 
DISCUSSED , INFORHATION PERTINENT TO EXCAVATION COST 
IS GIVEN. GEoSTRUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, 
PETROGRAP ►Y AND ROCK TYPES REVIEWED INCLUDE HUOSTONE 

R001517 A STUDY Of HYDRAULIC BURSTING Of ROCK ANO COAL, 
TUR SKI, A, E, 
COLLIERY ENG, 
106-lZ, 1!1•6, l97-Z01, 1965, 
LANGUAGE• ENGLISH 

PERFORMI NG ORGANilllIONISI 
NATIONAL COAL 80ARO,U,K, 

FUNOINt; OliGANIZAT IONISI 
NATIONAL COIL BOARD,U,I(, 

THIS LAB-IN-SITU REPORT CONTAI NS ORIGINAL DATA , THE 
PROJECT I~VEST!GATEO IS UTILIZED FOR EXPERIHENTAL 
EXCAVATION PURPCSES, THE HYORIULIC FRAGMENTATION 
METHOD REFRESENTS THE E>CA VATION TECHNIQUE STUOIED, 
THE REPORTED FRAGHENTATION METHOO SERVICING PROJECT 
EFFORTS INCLUDES JET AERASION IWATER-HECHANlCALI 
GEOSTRUCTURAL CHARACTERISTICS FOR THE REPORTED 
EXCAVATION ACTIVITIES IRE OfSCRI8ED, THE EXCAVATI GN 
CHARACTERISTICS FOR DARLEY OALE SANDSTONE, OAK OALE 
COAL, PENNANT SANDS TONE ANO TOPHARO COAL ARE TR EATED, 
ROCI( TYPES REVIEWED INCLUDE COAL ANO SANDSTONE , THIS 
OOCUHENT INCORPORATES ADDITIONALLY MECHANICAL 
PROPERTIES CLABI DATA, 

ROO 1519 BLASTING ROCK WITH WATER, 
AUTHOR AIICN, 
BUSINESS MEEK 
1PP,, t9M, 
LANGUAGEt ENGLISH 

PERFORMING ORGANIZATIONCSI 
E tOTECH ,ROCKVILLE, HO IUSA, 

FUNDING O~GINIZAT JONI S! 
U,S,IR"Y "OBILITV EQUJPH€NT RESEARCH ANO 

OEV ELOPHENT CENTER, fOIIT BELVO!R,VAIUSA, 

THIS LAB REPORT CONTAINS ABSTR ACTED ONLY DATA, THE 
PROJECT IWVESTIGATEC IS UTILIZED FOR EX PERIHENTAL 
EXCAVATION PURP(SES, THE REPORTED FRAG"ENTATION 
HETHOD SERVICING PROJ~CT EFFORTS I NCLUDES JET 
ABRASION IWATERI , 

ROO 1,;z~ TUNNEL BO~ING, 
MUR ER , 
WIRTH TECHNISCHE INFORHATIONEN 
lOPP, 
LANGUAGEI GERHAN 

PERFORMING ORGANIZITION (S> 
HURER,BIAGIERSTFELD,SWITZERLANO 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA, THE 
\)NOERGROU ►O OPENING DISCUSSED INCLUDES THE ON GOi hG 
EXCAVATION Of THE INCLI NEO TUNNEL S CEH"°SSON PROJECT! 
ISMITZERLINOI • THE PROJECT INVESTIGATEO I S UTILIZED 
FOR UNDERGROUND POWER STATION PURPOSES, THE ORILL ANO 
BLAST (FULL FACEI HET HOO REPRESENTS THE EXCAVATI (N 
TECHNIQUE STUDIED, THE REPORTED FRAG"ENTATION HET HOO 
SERVICING PROJECT EFFORTS INCLUDES CONVENTIONAL 
HPLDSIYE (UNSPEClFIEOI , THIS DOCUHt:NT INCORPORATES 
ADDITIONALLY TUNNELING HACHINE CHARACTERISTICS, TBM ­
EXCAVATION RAT E IS ALSO DISCUSSED, GEOSTRUCTURAL 
CHARACTERJSTICS FOR THE REPORTED EXCIVATI CN 
ACTIVITIES ARE OESCRI8ED, PERTINENT I NFORNITION ON 
HITERlALS HANDLING SYSTEM I S ALSO PRESENTED, THE 
EXCAVATIO► CHARACTERISTICS FOR VALLORCINE GRANITE A~E 
TREATED. ROCK TYPES REVIEWED INCLUDE GRANITE• THIS 
OOCUHENT INCORPORA TES ADDITIONALLY HfCHANICIL 
PROPERTIES ILAB I DATA, 

R0015Z7 SOVIET CAPABILITIES FOR BIG•HOLE DRILLING IND 
TUNNELING IN REMOTE AREAS, 
PUROY , J. 8. 

CCONTINUEOI 
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~EMOTE AREA CONFLICT INFORMATION CENTER 
72PP. , 19fi7. 
( HCIC-TR-se l 
L&NGUAGEI E•GLISH 

P(PFQRSING r.RGAN!ZATION(Sl 
~ATTELLE MEHO~IAL INSTITUTE,COLUH8US,oH:usA. 

FUNCING ORGANI1ATION(Sl 
ACVANCEO ~£SEARCH PR OJECT AGENCY ANO AIQFORCE 

SYSTEMS COMMAND, USAF 

THIS LAB-IN-SITU REPORT CONTAINS REVIEW DATA, THE 
UNOERGPOUN□ OPENINGS DISCUSSED INCLUDE THE COMPLETE □ 
FXC.IVUION OF THE OEGT YARSKIY MINE IUSSRl, THE 
COMPLETE □ f'CAVATION OF THf KARAGANOE HINE NO,Js-q1s 
CUSSRl, THE COMPL ETE □ EXCAVHION OF TH( KRIVOY BOG 
~ASIN TUNNELS fUSSRI, THE CO MPLETEO EXCAVATION OF THE 
LEVIKHINSK> HINE (USSR!, THE COMaL[TEO EXCAVATION OF 
TH£ SJRGALISSAYSKIY HINF CUS SR I ANO THE COMPLETE □ 
F<CAVATION CF THE SARANS(AYA HINF N0,122 (USSR! , THE 
PROJECTS I•VESTIGATE □ APE UTILIZED fOR HINE AN□ 
UNSPECIFIED PU~POSES, THE OPILL ANO BLAST (fULL FACEI 
SfT•OO REP•ESFNTS TH£ EXCAVATION TECHNIQUE STUDIED, 
THE REPORTED FRAGMENTATION METHOD SERVICINr. PROJECT 
FHCRTS INCLUDE S CONVENTIONAL EXPLOSIVE CUNSPECIFIE □ l 

, THIS DOCUMENT INCORPMATES ADDITIONALLY DRILLING 
~OUIPMENT AN O TUNNCLI hC. PIACH!NE CHARACTERISTICS, T811 
E<C AVATI ON RAT( IS ALSO OISCUSSED, THIS DOCUMENT 
INCORPORATES AOOIT!ONALLY 11ECHANICAL PROPERTIES fLA8l 
OAT A, 

>,;,; 1~JO ODOURS OVER THE TYNE, 
AUT~OR ANON. 
TUNNELS ANO TUNNELLING 
f..,,.. ), 11. 1s, 191,. 
LANGUAGE• ENGLISH 

PERFORMING CRGANIZATI CN(SI 
RRANO,CHAFLES ANO SON LT □ :LONOON,L,K, 
JOHNSTON CONST~UCTICN co:u,(, 
STREETER CONSUUCTI ON co: L,k, 

'UNOING ORGANIZAT!ONISl 
NORTHUl18RIAPI WATER AUTHORITl,U,k, 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA, T~E 
UNOERGROUNO OPfN!NG DISCUSSED INCLUDES THE ON GOING 
EXCAVATION Cf THo TYNE SIPHON SEWER TUNNEL 1u.~.1 
THE PROJECT INVESTIGATE □ IS UTILIZED FOR SEWER 
PURPOSES, THE SHIELD •ETHOO REPRESENTS THE EXCAVATION 
TECHNIOuf STUOlfO, THE REPORTED FRAGMENTATION NETHOO 
SERVICING PRO JLCI EFFORTS INCLUDES JET AftRASICN 
fAt•-MECHANICALI GfOSTRUCTURAL AN□ SOIL 
CHARACTERISTICS FOR THf REPORTED EXCAVATION 
ACTIVITIES ARE OESCRl6~0, PETROCRAPHY ANO ROCk TYPES 
REVIEWF □ INCLUOf HUOSTONE • 

POOl,Jl HOO(L TfSTS ON SHALLOW TUNNFLS IN SAN□ ANO CLAY, 
ATKINSON, J, H, CAIR~CR O~S , A, M, 
J IH[ S , R. (,. 
TUNNELS ANO TUN NELLING 
~ I '9 t, 28•32, 197~. 
L ANCUAC,! I E NCLISH 

PERFORMING ORG,NIZATIONCS I 
CAH8RIOGE UN!VERSITY!ENGINEERING DEPT, 

THIS LAft REPORT CONTAINS ORIG! NAL DATA, SOIL 
CHA~ ACTERISTICS FOR THE REPORT EC EXCAVATION 
ACTIVITIES ARE DESCRIBED, 

P00 1SJ2 A NEW TALE FROM MOOKEY HOLE, 
GOSSELIN, C, 
TUNNELS AN□ TUNt£LL!NG 
fi r It ) , &tJ-Lt, 197't, 
LANGUAGE! ENGLISH 

PERFORMING ORGAN!ZATIONISl 
FORAXY LTO , OF COLWICk,NOTTINGHA" ■U ■ K, 

FUNOING ORGANfZATIQNCSI 
WOOKEY HOLE CAVES LTOtU,K, 

THIS IN-SITU REPORT CONTAINS REVIEW DATA, THE PROJECT 
INVESTIGATED IS UTILIZED fOR ACCESS TUNNEL (OTHER 
THAN SHAFTS ANO AUDITS TO 11AIN TUNNELSll PURPOSES, 
PERTINENT !NfOR11lTION ON UNOERGROUNC OPENIN<i SUPPORTS 
lNg PIH£RULS HANDLING SYSTE~ IS •►so PRESENTED, 

R00153J GROUND SE TTLEHENT ABOVE A TUNNEL IN SILT - A 
CASE RECO ~□• 
HARRIS, G, H, 
TUNNELS ANO TUNNELLING 
6 C 4 1, c;o-J, 197ft, 
LANGUAGE• ENGLISH 

PERFORHIN~ ORGANIZATIONISI 
GEOCON LT □ ICANl Ol 

THIS IN-SITU RE FORT CONTAINS ORIGINAL DATA . THE 
UNOERGROU►O OPE NI NG OI SCUSSEO INCLUOES THE COPIPLETEO 
EXCAVATIO ► OF THt TUNNELS FOR '6RSH CREE~ SEWERAGE 
SCHPIE (ST, JOHN, NEM BRUNSWICK, CANAOAl , THE PROJECT 
INVESTIGATED IS UTILIZE□ FO~ SEWER PURPOSES, THE 
HEAO!NG ANO BENCH PIETHOO REP!!ESENTS THE EXCAVATICN 
TECHNIQUE STUOIEO, SOIL CHARACTERISTICS AS WELL AS 
SOIL HFCHAHICAL PROPERT IH FOR THE REPORTED 
EXCAVATIO> ACTIVITIES ARE DESCRIBE□, PERTINENT 
INFOR"ATICN ON GROUND CONDITIONS ANO UNDERGROUND 
OPENING SLPPORTS IS ALSO PRcSENTED, 

R0017I~ GRANITE TESTS NEM □R!lL RIG, 
ALFRED, ~. C, 
ROCK PROO, 
81-3, 1q&1. 
LANGUAGE• ENGLISH 

PERFORMING ORGAN!ZATIONISl 
CAPIP8ELL LIMESTONE C01SCtUSA 

FUNDING ORGANIZATIONISI 
CAPIP8ELl LIMESTONE co,sc:usA, 

THIS IN-!ITU REFO~T CONTAINS ORIGINAL OATA, THE 
UNDERGROUND OPENING OISCUSSEO INCLUDES THE COPIPLETEO 
EXCAVATION Of THE LIBERTY OUARRY (LIBERTY, SC., USA) 
THE PROJECT INVESTIGATED IS UTILIZE□ FOR PIINE 
PURPOSES, THE CRILL ANO BLAST <FULL FACEI METHGO 
REPRESENTS THE EXCAVAT ION TECHNIQUE STUD I ED , THE 
RE•ORTEO FRAGHENTATION HETHOO SERVICING PROJECT 
EFFORTS I NCLUOES CONVENT! ONAL EXPLOSIVE f UNSPEC I F"IEO I 
, THIS DOCUMENT INCORPORATES ADDITIONALLY ORILLI•G 
EOUIPPIENT ANO TUNNELING MACH INE CHARACTERISTICS. 
EXCAVATIO• AOVANCEPIENT RATE IS ALSO OISCUSSEO, 
INFORHAT!CN PERTINENT TO EXCA VATI ON COST IS GIVEN, 
GEOSTRUCTLRAL CHARACTERISTICS FOR THE REPOR TEO 
EXCAVATIO ► ACTIVITIES ARE OESCRI8EO, THE EXCAVATICN 
CHARACTERISTICS FOR CAROLINA GNEISS COR SERIESI A~E 
TREATED, PETROGRAPHY ANO ROC~ TYPES REVIEWED INCLUDE 
GNEISS • 

R001TZO NOVEL PIETeOQS OF ROCK F!ACTURE, 
LUCI(£, w. N, 
"INING CONGR, J, 
~q, h-q, 1q73, 
LANGUA,EI ENGLISH 

PERFORMING ORGANIZATION(SI 
l,OEPT,OF TRANSPORTATIOH,MASHI NGTON,D,CI 
Z,UN!TE □ AIRCRAfT RESEARCH LABOHTORIES,CTIUSA, 

FUNOING ORGANIZATION(Sl 
U , S,GOVTl□ fPT.OF TRANSPORTATION 

THIS LA8 REPORT CONTAINS REVIEW DATA, TME PROJECT 
INVESTIGATED IS UTILilE□ ~OR EXPERIIIElfTAL EXCAVATION 
PURPOSES, TME REPORTED FRAGHENTATIO ► HETHOOS 
SERVICING PROJECT EFFORTS INCLUOE JET ABRASICN 
(MATER) HO THERPIAL-RAO!ANT !COHERENT LIGHT-LASERI 
THIS OOCU11ENT INCORPORATES ADDITIONALLY TUNNELI•G 
MACHINE CHARACTERISTICS. GEOSTRUCTURAL 
CHARACTERlSTICS FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE DESCRIBED, THE EXCAvATICN 
CHARACTERISTICS FOR NEW HAVEN TRAP ROCK ARE TREATED, 
ROCK TYPE! REVIEWED INCLUDE GRANITE ANO TRAP 

RD017J~ PERCUSSIVE ROCK BREAKING av ROO-TVPE BITS, 
SOVETOV, G, A. KUZIN, YU, S, 
S0\1• ,..IN. SCI. 
q 1 1 1, ao-1. 1q n. 
( ENGLISH TRANSLATION or FIZ, TE~H. PROBL. RAZRAB, 
POLEZ, ISKOP., I 1 1, 86-e, lq7JI FOR 
ORIGINAL SEE R173J I 
LANGUA,EI ENGLISH 

PERFORMING ORGAHIZATIONISl 
ALL UNION SCIENTIFIC RESEARCH ANO PLANNING, 

T ECHN CLOG IC AL INSTITUTE 

(CONT INU(O I 



nf COAL,•IHING HACHINC CONSUUCTIOH IVNIIPTU 
GLCHlSHl,HOSCOW,USSR, 

rHI~ LAB ll(P~RT cnHTllHS ORIGINAL OAH, THE P<IOJ[CT 
IH•fSTIC.ATE O IS uTILIZ£0 rnR FXP[~l-rHTAL rxCAVATION 
•uAPOSfS. T•f 1!£POIIT(O ,uc.•(NT lT !OH 11trHOO S!IIVICHG 
PROJ(CT [Jfn!ITS l•CLUOES •HHANICH A90SION 
••c•cusstoHI T"IS oncu•t•T INCORPOIUTf S 
lOOITIONAclY nRILLIHG FQUIPHCNT CHAIIACTIIISTICS, 
G(OSTRUCTUNAl CHARACTCIIISTlC5 ,oR TH( •r,o•TtO 
C>C AVlT tnN lCTlVITtfS AR ( Of!OlllfO, IOC~ TYPES 
•cvrtwro IHCUJOr GRAHITC • 

•0011J1 UNOr1c.•nu•o COA L HINlHG USING TH( HYOUUUC HUHOO, 
Clltl ,.Lff. /.. w. 
CAN. PtSt. ,-y-.. '4(T., IU\..le, C Cl" ) 
t.1 t 1\l ) , ,,-7, 1,11a, 
LlNGUlC.£1 (NCLISH 

•r•,n••ING CRGANIIATIONCSI 
•&IS(A RfSOURC(S LTOlqRITISH COLU•&IA,CINAOI 

<yNOING OIIG••tTITIONl~I 
•AISCR RESOURCES LT019RITIS• COLUH8IA, CANADA 

T•IS IH•SITU REPORT CONTAINS CRIGINAL DATA, THE 
UHO[RGROUNO OPENING OISCUSS[O l•CLUCES THE ON ,01wi; 
£XCAVITION OF THE !,KOOTfNAY coaL,IELD 18ALHE~ COAL 
SEA•! CBRITISH COLU"BIA,, CANl[AI THF Pl!OJECT 
!Hy£ST !GATED IS UTILIZED FOR HIN[ PURl'O$fS, THE 
NYO<AULIC fRA~ENTITioN H[THno R[PR!S!NTS THE 
EVCAVATIOH T£CHNIQU( STUDIED, TH[ REPORTED 
FAAGH[NlATICN ltETHOO S[RUCING PROJECT tno,ns 
INCLUDES JCT URASION IWIHAI GtOSTRUCTURAL 
CHAPACTERISTICS FOR TH[ l!POIHO EXCAVATION 
ACTIVITIES AA[ O[SCRllfO, 

P00l771, OCWN UNO[R I" OXfOROS ► U[, 
AUTHOR lNON, 
TUNNELS ANO TU104t:LLING 
6 f l I , 9 • NO 11, 19 71,, 
LANGUAGll ENGLISH 

TN!S OOCUH(NT l'ICORPORATFS AOOITIOll.tLLY TUIINILIWG 
•AC ►INE CHARACTERISTICS , GEOSTRUCTURAL 
r. .. &AICTERISTICS roA THf. Rfl'ORTEO DCAOTION 
•CTIYITI ES •RE OCSCRIBIO , PfRTINENT INPORNAT[ON ON 
•&TUIALS ••NOc r .. r. SVST(" IS ALSO PRU(NT(0°, ROC~ 
Hl'(S RCVHWEO INCCUO[ CHALK CROC(I , 

~CO l11\ CAA~~ ON TUN~f~lt~~. 
"41R0ING, H. 
TUNNELS ANO TUNNELL!"' 
It C 1 1, 11-1, 1911t. 
LANGUAG(I (NCCl~H 

PFRFORHlNG CRGA .. IllTIONISI 
H0RTH[RN CONSTRUCTION CO, IJ,W,ST!WART LT0,1 
~•ITISH TUNNELING SOCJ[TY 
WORLD 9AN• "ISSION 

•LNOING ORGAN!TATIONISI 
TOIIONTn,CITY o,.caNAOA 
cITlNI RlVfR •UTHOIITY,LC8ANON 

T ►IS '"•SITU REPORT CONTAI .. s ORIGINAL ANO RfVllW 
OlTA, TH( UNOfR"'OUNO OPINJNGS OISCUSl[O INCLUOf THI 
COHl'L[TCO [XCAVAlION OP TH( lWAll TUNN[l ILIIANONI 
AWO TH( CONPLfT(O E•CIVATION o, lHf HIGHIUIY TUNNIL 
fVANCOUYU, BRITISH COI.UIIIIA .. CAIIAOAI • TH[ PlltOJICTS 
I •• ,u IGAT[O ur UTIL llfO , 01 HYOIO'-L [CTRIC AIIO .... ,. 
PUot•nus. T"r OIILL ~110 IL-~T IPUll ,act• """00 AIID 
SHIHO Of£TH00 UPdUNT TH[ OCAVATION T!CHNtQUU 
STUOtfO, THI' UP0UfD ,.,,.rNTATION H[THOD HlltVICIIIG 
,..OJ[CT EHORTI IIICLUO(S CONVENTIONAL O"-0ltVf 
14Ns•cc1,1ro, THIS OOCUN(NT INCOltl'OIIATII 
AOOITIOIIALLY TUNNlLIIIG MACHIN( CHAlltACT(IIITICS, 
GCOSUUCTUUL •NO SOIL C 14AIIACTCR IS TICS "0111 TH( 
., .. 011T(O c•CAVATION ACTIVITJfS AR( O(SClltJl(O, 
•ClltTINENT l""O•"•TION OH ~OUIID CONDITIONS ANO 
UNOfR,.ouNO Ol'F"ING SUl'PORY5 ANO "'ffRIALS HANDLING 
SYSTEM IS ALSO PUSENT(O, PrT.OGIAPHY ANO IOCII TYl'(I 
R[Vl(ll[O lllCLUOf L t•CSTONf , 

~DGl77• ROC• •OLTS IT CHURCHILL PALLS, 
w0O0, v. o •• J•. VAM •vswvK, •· 
TUll"lf:LS AND TUNll[LLJIII. 
• f 1 1, lflt Zl INO tlt 1•r1a. 
LIIIGU. Gf I (NGLUH 

ICONTINU[OI 
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FUNDING OIGINIZATIONISI 
QUESEC WOlltTH SHORE ANO LABRAOOA RIILNAY,CANAOA 

THIS lN•ltTU RlPOIT CONTAINS OAIGINAl DATA, THE 
UNOE~l.•cu~o OPENING OISCUSSEO INCLUDES TH! ON I.O!~G 
fXCAVATION o, TH( CHURCHILL FALLS UMD(RI.ROUNO 
CHAIISfRS ICAIIADll TH[ PNOJfCT INVESTIGITlO IS 
UTILIZfO 'OR UNOlRGROUNO POWER STATION PURPOSES, THE 
DRILL ANO SLAST IPULl fACfl NETHOO IEPR!S[NTS TH[ 
fXCAVATIOII T[CHNlOV[ STUOl[O, THC R[PORT[D 
"UON[NTATICN NETHOO SfRVICING PROJfCl [PfOltTI 
IICLUOU CONVCNT IO HAL EXP LOS I VC CUNSIICCl'lfO I • 
PUTINflll IWOIIII TJ ON ON IMOU,G~OUND OPllllNG SUPPORTS 
JI ALSO P•!S[NTIO, ROCK TYPII REVIINfO INCLUDE GNflll 

1001777 GRANGE•OUTH TUNNt:L S[W(R, 
H[II.Y, ~. 
TUNNELS AND TUNll!LLINC 
6 I l 1, 2' ANO Zt, 197~, 
LANGUAGE• !N,LISH 

P[R,oRNING oR,ANIZATIONISI 
8AITI!,SHAN ANO "OltTON.CDNSULTING ENCINEERS, 

GLASGCN,SCOTLAND,U,Ko 

FUNDING ORI.AHIZATlON(SI 
GRANCif"llVTH TOWN COUNCIL, SCOTLA NO, U,K, 

THIS lN•!ITU ~E•DRT CONTUNS OIIIGINAL on,. TH[ 
UNOER,Rou•o OPENING DISCUSSED INCLUDES THE COHPLET[D 
E•CAV&TIO• Of THE GRANG[HOUTH SEWER TU,_,EL TH[ 
PROJECT INVESTIGATED IS UTILIZED FOR SEWER ANO 
UNO!RGROUIIO PU~ING PURPOSES, lHf SHIELD METHOD 
REPR[S[NTS THE cxcav•TION TECHNIQUE STUOI[O, TN[ 
IEPORTEO 'RAGIIENTATION HtTHOO S[RVICJNG PROJECT 
c,,011Ts IICLUO[S J[T ,aaAslON CAIR•NfCHINICALI • SOIL 
CHl.ACT!RlSTICS AS WELL AS SOIL H[CHANICAL PROP[RTIIS 
FOi THf lllPORTfO !XCAVATION ACTIVITIES AIC DESCRISIO, 
PIRTINt:NT INfOR"ATION ON GROUIIO CONDITIONS AIID 
UND[IGROUHD Ol'[IIING su,,011rs IS ALSO PRlS[NTlD. 

RD01778 SU8T!RRlNI RO<:K NllTJNCi 0EV1ClSo 
ATlHIN[II, J, H, 
TUNN[LI AHO TUNlitLLING 
6 I 1 1, l~, l6•7, ANO ~0•1, 197~, 
LANGUAG[I [NGLJSH 

P[IPOll"INC ORGA Nt ZA TION IS I 
LOS ALAMOS sc1r•T1,xc lAI, IUNIV,Of CALIFORN!Al,N"I .,..,.,,usa. 

PUND1NG OIGANllATJONISI 
NAT[O~Al SCI!NC[ fOUNOATION,WASHlNGTON,O,C,IUSA, 

THIS LU l[POIIT C OIITAJNS ORIGINAL oau. TH[ PROJECT 
lNV[STIGAT(O 15 UT1LlZIO FO~ Ex,£Rl11£NTAL !XCAVATltN 
l'URPOS[S, TH[ Tl" N[THDCI .EPRESfNTS THE EXCAVATICN 
TCCHNIQU[ STUOtED, THE 1tlPORTID FllG"fNTATJON N~~HOO 
S[RVJCING PROJECT EFFORT! IIICLUO(S TH[RNAL•NUCLEAR 
(NUCLEAR H!ATINGI • '"IS OOCUll[NT JNCORPOIIT!S 
AOOITIONALLY TUNHfLIHC •ACH NE CHAIACT[RISTICS, Tl" 
ncAVITIO• UTE IS ALSO DISCUSltO, lltOCK TY,u 
REVI[WID IHCLUOf TuF•. 

R001779 INNSIRUCK "INl•TUNMI\. 
HlNN(llt, W, 
TUNNtLS 00 TUNl«LLtlli 
• I L 1, ,.,.-,, ANO O•fZ, 1'171,, 
LANGu,,r, [NGl.lSH 

PIIP0R•ING OltGINIZATIONIII 
OKRUNZ•CY!R,R,COUUST Al• 

P'UNOING OlliAIIIZIT JONIS I 
INNUSIUIG,CITY Of,AUSTRIA 

THIS JN•IITU RIPORT CONTAINS ORIGINAL DITA, THI 
UNOI.GROUIICI Ol'[NING DISCUSSED INCLUDES THt CONPLET[O 
fXCIVATIO~ o, THI JNIIIIIRUCK TUIINfL I UIIISBRUC~. 
AUSTIUI • TH[ PROJECT IOUTJGAT!O IS UTILIZ!D fOR 
CAIL[ TUNICt:L l'URl'CS[S, TH[ TIN NfTHOD •t,RtllNTS TN[ 
[XCAVATIOII T!CHNIQU[ STUDlfO, THE R[PORT[D 
fl&,llfllUTI OIi ICl[THOO S!lltWICINC. PltOJ[Cl £,,ORTS 
IIICLUOfS [LfCTIICAL Ul!UION CHIGH VOI.TAG!I • THU 
OOOUllfNT lllC0.'0•AHS AOOIT IONALL Y TUIOCLING MACHIN[ 
CHARACT!RIITICS, TIH t•CAVATION RAT! IS ALSO 
OlSCUSlfD, Gt'.OST•ucr~•L ANO SOIL CHAijAClfRJSTICS '°" 
TH[ •r,o•TtO t•CAVATION ACTIVITlfS AR[ OESCRll(D, 

ICONTINUIDI 
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PERTINENT IHFOIIHATION ON GltOUNC CONOITIONS ANO 
UNO(RGROUNO OPCNING SUPPOPTS IS AL SO PltESENTEO. 
PET ROGRIPffY ANO ROCK TYPES RfVIENEO INCLUDE 8P.ECCII 
IND LI"ESTONE , 

•ootaa~ PEPFOR"IMCE OF SHOTCRETE LININGS IT TH£ CLIMAX MINE, 
TOWN(q, ~. K• ~€NOOASKI, F. S. 
PFOC, RAPID EXCAVATION ANO TUNNELING CONf, 
7 , 1Qt3-Z6, 191._. 
LANGUAGCI ENGLISH 

P<RFOR"ING ORGAH[llfI ONISI 
CLINIX MOLY80ENUM COICLINIX,COILSI, 

•UNCING ORGINl71TI ONISI 
CLINIX NOLY80FHUM COICLINAV,COI USI, 

T~ I ~ IN-SITU REPORT CONTAINS ORIGINAL OITA, THE 
UNOf"CROUNO OP(NINC. OI SC: USSEO INCLUDES THE CONPL!UO 
• >CIVATION or TltE Cl!NU MIN[ ten., USAI • TH[ 
OROJECT INVFST!GATFO IS UTILIZED ,oR MINE PUrtPOSES, 
THE OR Ill 0 0 IILIST I FULL F IC[I N£THOD REPltESENTS TH! 
C>C IVIT ION TfCHNIQU[ STUOIED, THE REPOIIT!O 
<RAGM !NT AT I CM l!ET,.00 SER VIC I NG P!IOJfCT EF,ORTS 
INCLUDES CONVENT!ON&l HPlOSJVf UNFOI PERTINENT 
IN, ORMATION ON GROUND CONDITIONS ANO UNDERGROUND 
OPE NING SUP~ORTS IS ALSO PHSENTEO. 

R00taaq CUL MINE SEALANTS, 
FALEY, J. £. Sl'1PSON, P. E. 
PROC, RAPID EXCAVATION AHO TUNICElING CONF, 
l , 1027-~q, 1q14, 
lAN~UAGfl ENGLISH 

PER FORNING CRGANIZAT I OICISI 
U,S,8UREAU OF NINES,SPO~ANE NINING RESEARCH CENTER• 

SP0t<AN£ ,wA:usa. 

FUNDING ORGJNlllTIONISI 
AUREAU Of NINES,U,S,GOVT, 

THI S LAB-IN- SITU REPORT CONTAINS CIIIGIN&l on,. THE 
P~OJECT INVESTIGATED IS UTILIZED FOR MINE PURPOSES, 
GEOSTRUCTURIL CNIRICTfRISTICS FOR THE REPORTED 
EVCIVITION ACTIVITIES A~E DESCRIBED, PERTINENT 
INF OR NATION ON GROUNO CONOITIO►S ANO UNDERG~OUND 
nFENING SUPPORTS IS ALSO PRESENTED, ROCI( TYPES 
• FV1£WEO INCLU0£ COAL ANO SHALE , 

< 00l&qo ROAING Al HIGH THRUST ANO ITS POTENTIAL tN THE 
HARO-ROCK NINI NG INOUSTRY IN SQUTH A'RICA, 
WIL SO N• J. w. ~~AHA", P. C• 
PPOC, RAPID EVCIVATTON ANO TUNNELING CON,, 
~ . 10~1•71, 19,,. 
lANr.UAGE1 [NGLl~H 

PfHDR"ING CRGANl71TICNISI 
ANGLD-A•ERICAN CORP,OF SOUTH AFRICA 

THl5 IN-SITU REPORT CONTAINS CRIGINAl OATI, THE 
UNOF.RGAOUNO OPENING DISCUSSED INCLUDES THE COHPLETED 
F. >CAVATION OF THE SO UTH AFRICAN GOLO •INES IS,AFRICII 
• T~E PROJE CT INVfSTIGATED IS UTILIZED FOR NINE 
PURPOSES, TH E RA! St DRIVING (BORING NACHINESI NETHOD 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED. THE 
RE PORTED FRIGll[NT AT ION NETHOO ~ERVICING PROJECT 
FH CRTS INCLUDES MECHANICAL ABRASIO► IROlARYI , THIS 
OflCUMENT INCORPOIUTES ADDITIONALLY OIULlING EQUIPNENT 
ANO TUNICELING MACHINE CHARACTERISTICS, T8N EXCAVATIOIC 
RJ TE I S ALSO OISCUSSEO, INFIIRNATI ON PERTINENT TO 
EXCAVATION COST I S GIVEN, GEDSTRUCTURAL 
CHAPACTERISTI CS FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE OESCRI8ED. THE EICIVAHON 
~HHACTERISTICS FOR WITWATERSRAND QUARTZITE HE 
TREATED. ROCt< TYPES REVIEIIEO IICCLUOE OUUTZITE • THIS 
DOCUMENT INCORPORATES ADDITIONALLY NECHANICAL 
PROPERTIES lll81 DITl. 

P001eq1 LONG HOLE DROP RAISING. 
"ElGHEII" r • •• 
PROC, RIPID ErCAVllION lNO TUNNELING CONF. 
1 , 1073•32. 111-.. 
LINGUAGEI ENGLISH 

PERFORNIIIG ORGINilATIONCSI 
NORAD NINES LTD, IGECO OIVISIONl•"ANJTOUWAOGE, 

ONTARIO.CAICIOA 

ICDNTJNUl"DI 

THIS IN-SITU REPORT CONTAINS ORIGINAL OITA, THE 
UICOERGROUIIO OPENING DISCUSSED INCLUDES TH£ CONPLETED 
£XCAVITIO~ Of THE NIIRANO "INE (ONTARIO• CANIDII • THE 
PROJECT INVESTIGATED IS UTILIZEC FOR NINE PURPOSES. 
THE DRILL AND BLlST IFULL FACE! NETHOO REPltESENTS THE 
EXCAVITIO~ TECHNIQUE STUDIED , THE REPORTED 
FRAGMENTATION HETHOO SERVICING PROJECT EFFORTS 
INCLUDES CONVEIITI ONAL EXPLOSIVE IUNSPECIFIEOI , THIS 
DOCUMENT INCORPORATES ADOITIONILLY OAlLLINC; EQUIPHENT 
IICO TUNNELING NACHIICE CHARACTERISTICS, 'EDSTRUCTURAL 
CHARACTERISTICS FOR THE R~PORTED EXCAVATICII 
ACTIVITIES ARE DESCRIBED. 

R00U'll LONG V!RTICAL SHAFT RAISING IN .CANADA. 
BROWN, C. P. T. 
PROC, ltAPID [ICAVlTION AND TUNNELIIIG CON,, 
z, 1oaJ-9z. 1,,~. 
LANGUAGEI ENCLISH 

PERFORMING OltGANIZATIONISI 
RAIS[ CONTRACTING LTDICANADA 

fUNOINC OACANIZATIONISI 
DENISON IUltANIUUHINES LTDICANlDA 

THIS IN-!ITU REPORT CONTAINS ORIGINAL DATA. THE 
UNDERGROUND OPENI NG DISCUSSED 11«:LUDES THE CONPLETEO 
EXCAYITIDN OF THE DENISON NINES , , TH£ PROJECT 
INVESTI,ATED IS UTILIZED FOR HINE PURPOSES, THE RAISE 
DRIVING IH£CH,PLATFORHI NETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUDI ED, THE REPORTED 
FRAGMENTATION NETHOD SERVICING PROJECT EFFORTS 
INCLUDES CONVENTIONAL EXPLOSIVE IN,G, I • THIS 
OOCUNENT INCORPORATES ADDITIONALLY ORlllI ,c; EQUIPMENT 
IND TUNNELING NACHINE CHARACTERISTICS, EXCAVITIGN 
AOYANCENENT RITE IS ALSO OISICUSSEO, GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EXCAVATIGN 
ACTIVITIES ARE DESCRIBED, PERTINENT INFORNATION ON 
GROUIIO CONDITIOMS ANO UNOERGRDUNO OPENING SUPPORTS IS 
ALSO PRESENTED• 

RID1893 SHA'T SINKING CONSill[RATIOH AHO PR09LENS. 
PROVOST, I• G, GRISWOLD• G. C. 
PROC. RAP 10 EXCAVATION AND TUNNELING co 11, • 
z. 119S•lt13, 197,, 
LANGUAGEI ENGLISH 

PER,DR"ING ORGANIZATIONISI 
HA~RISON NESTERN CDRPl0£NVER•COIUSl, 

THI$ THEORETICAL REPORT CONTAINS REVIEW DATA, THE 
PROJECT INVUT IGAHD IS UTILIZED ,oR HINE PURPOSES, 
THE UIS! DRIVING 18DRINCi HACHIN!SI HETHOD REPRESENTS 
THE EXCAVATION T!CHNIQUE STUDIED. 

1100189, CONSTRUCTION o, PORT HURON, "ICHIGAN IHTAl(f SHAFT. 
HIRTNANN, a. E. PIGGOTT, D, E, 
PROC. RAPID !XClVATION ANO TUNNELING CONF. 
z, 1ZOl•11, 197'. 
LANGUAGE• ENGLISH 

PERFORMING ORGANIZATIOICISI 
HARTNllltl ENGINEERING !GENERAL UNDERGROUNl 

STRUCTURES I .COIUSA 

THIS IN•SITU REPORT CONTAINS ORIGIIIAL DATA. THE 
UNOERGROUIIO OPENING DISCUSSED INCLUDES THE CONPLETED 
EXCAVATION OF THE HURON PORT WATER INTllCE SHAFT IUSAI 
• THE PROJECT IIIVESTI,ITEO IS UTILIZED FOR 
HYDROELECTRIC PURPOSES. THE RAISE DRIYI ►G 
INECH,PLATFORN) NETHOO REPRESENTS THE EXCAYATICN 
TECHNI QUE STUDIED, GEOSTRUCTURIL ANO SOIL 
CHARACTERISTICS FOR THE REPOltTED EXCAVATICN 
lCTIVITIES ARE OESCRI9ED. PERTINENT lNFOltNATION ON 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESENTED, 

ROOU95 TUNNEL CONSTRUCTION FOR THE SAO PAULO SUIINAY. 
AMARAL. L. R, ,.,oe[NIUS, ,. 
PROC. UPIO EXCAVATION AND TUNNELING CONI' • 
Z, llll•JI• 197,, 
lANGUAc;E1 ENGLISH 

PERPORNING ORGlNJZATIONISI 
PARSO•S,SRIIICICERHO,F.QUAOE ANO OOUGLIS,ENGINEERS, 

NEIi YOltl( AIID 
SAN 'RANCISCOIUSA, 

fUNOING DRGANIZU JONIS! 
CONPANHIA 00 NtTROPOlITINO 0[ SAD PAU\.O•BRAZIL 

ICONTINU!OI 



THIS IN-SITU ~EPO~T CONTAINS ORIGIN AL DATA. THE 
UNOFRGROUND OP<NING DISCUSSED INCLUDES 0 THE COMPLETED 
F.XCIVATIOh CF THE SAO PAULO SUBWAY (BRAZIL) THE 
PROJECT INVESTIGATED IS UTILIZED FCR HETRO PURPOSES. 
THE SHI ELD HETHnO ANO TBH METHOD REPRESENT THE 
F.XCAVATION TECHHIQ~ES STLOIEO. THIS DOCUMENT 
INCORPORATES ADDITIONALLY TUNNELING HACHihE 
CHARACTERISTICS. TBH EXCAVATION RATE IS ALSO 
DISCUSSED. SOIL CHA~ACTERIST!CS AS WELL AS SOIL 
HEC~ANICAL PROPERTIES FOR THE REPORTED EXCAV ATION 
ACTIVITIES ARE DESCRIBED, PERTINENT INFOR'IATION OH 
GROUND CONDITIONS ANO UNDERGROUND OPFNING SUPPORTS 
ANO MATERIALS HANDLING SYSTEH IS ALSO PRESENTED, 

ROOI&~~ DEEP RETAINED SU~ WAY EXCAVATIONS IN THE NATION,S 
CAPITAL, 
WEVER, J, H, RI GGSBEE, J, H, 
•~oc. RAPID EXCAVATION ANO TUNNELING CON,, 
Z, 12J1-S1, 197i.. 
LANGUAG(I ENGLISH 

PERFORMING CRGAN!ZATICN(Sl 
1,BALL,GOROON HllNClDANVILLE,CA. 
Z.NORAIR ENGINEE~ING CORP114ASHINGTON,O.C, 
5.SHEA,J.F.COllHClWALNUT CREE(,CAo 

<LHCING ORGANIZATIONIS) 
WASHINGTON METROPOLITAN AREA TRANSIT AUTHORITY ( 

WA IO TA l, 
WASHINGTON, D. C :USA, 

THIS IN-SITU REPnRT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE CO MPLETED 
FXCA VAT ION OF TH~ WASHINGTON HETRD PROJECT B-V 
(WA SHINGTON, O.C, , USA) • THE PROJECT INVESTIGATED IS 
UTILIZED FO~ METRO PURPOSES. THE CUT ANO COVER IIETHOO 
REPRESENTS THE EXC AVAT ION TECHNIQUE STUOIEO. 
GF.OSTRUC TURAL ANO SOIL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTlVITIES ARE OESCR IBEDo 
PERT!NCHT INFOP.HATIO~ ON GROUND CONDITIONS ANO 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESENTED. 

R0018q7 INSTRUMENTATION OF TARBF.LA OAH TUNNELS, 
HILllS, S. F. SlA UY, K, A, o,ROURKE, J. E, 
SMITH, 0, 
P•oc. WAPIO EXCAVATION AHO TUNNELING CONF, 
2 , 127S-JG3, iq7~. 
LANGUAGE! EhGLI SH 

PERFORMING CRGANI7ATlONISI 
TIPPETTS,ABBETT,HCCARTHY,STRATTON ITAHSl,NEW YORK, 

NYIUSA. 

FUNOING ORGANI ZAT!n N(SI 
PAnSTAN,wATER AH) POWER AOARO AUTHORITY OFl(WAPOAl 

THIS IN-SITU REPORT CONTAINS ORIGINAL OATA. THE 
UNOERGROUNO OPENING DI SCUSSED INCLUDES THE COHPLETED 
~•CAVAT!ON OF THE TARBELA DAM TUNNELS (PAKI STANI • 
THE PROJECT INVESTIGATED IS UTILIZED FOR 
HYOROEL£CTRIC PURPOSES. THE HEADING ANO BENCH HETHOO 
AN O SHI[LO •FTHOO REPRE SE NT THE fXCAVATION TEC HNIQUES 
STUCIEO , tHf REPORT ED FRAGMENTATION NETHOO SERVICHG 
P~OJEC T UF OUS INCLUDES CONVENTIONAL EXPLOSIVE 
<UNSPECIFIED> • GEOSTRUCTURH CHARACTERISTICS <OR TH£ 
REPORTfO EXCAVUIOH ACT lVITIES ARE OESCRIBEO. 
PfRTINENT I~FORHATION ON UNDERGROUND OPENING SUPPORTS 
IS ALSO PRESENTE D. PETOOGRAPHY ANO ROCK TYPES 
Rf.VIEWED INCLUDE LIHES TQNE, PHYLLITE ANO SCHIST• 

RODI&,& MET HODS <OR PkEVENTING OECONPRESSION OF SOFT GROUND 
OURJNr. SOFT GROUND TUNNELING FOR THE PARIS METRO. 
n.oucum, J, ,. JANIN, J, 
PROC. RAPID EXCAVATION AND TUNNELING CONF. 
l , tll9-~e, 197~, 
LANGUAGE! ENGLISH 

PERFORHIPIG CRGANIZATION(Sl 
REGIE AUTONOHE DES TRANSPORT PARISIEN$ (R,A.T.P,1, 

PARIS,FAANCE 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA. THE 
UNOFRGROUHO OPENING DISCUSSED I..CLUOES THE CO"PLETED 
E~CAVATION O< THE PARIS EXP•ESS HETRO !PARIS, FRANCE) 
• THE PROJECT INVESTIGATED IS UTILIZED FOR NETRO 
PURPOSES. GEOSTRUCTURAL AHO SOIL CHARACTERISTICS FOR 
THE REPORTED EXCAVATION ACTIVITIES APE DESCRIBED. 
PERTINENT INFORHATION OH UNOF.RGROUNO OPENING SUPPORTS 
IS ALSO PRESENTED. THE EXCAVATION CHARACTERISTICS FOR 

<CONTINUED I 
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8EAUCHAHP SANO ARE TREATED. PETROGRAPHY ANO Roe~ 
TYPES REVIEWED INCLUDE HARL, 

R001&9q tXClVATION OF BEAR SWAHP UNOERGPOUNO POWERHOUSE. 
BRADY, J, J. 
PROC, RAPID EXCAVATION ANO TUNNELING CONF. 
2, 13S1-6C:, 191-.. 
LANGUAGE! ENGLISH 

PERFORHING ORGANI llTIONISI 
GAT ES ANO FOX COIIHC. 

FUNDING ORGANIZATIONISl 
NEW ENGLAND ELECTRIC POWER CO. 

THIS IN-SITU REPORT CONTAINS REPUBLISHED OATA, THE 
UNOERGROUl<O OPENING DISCUSSED INCLUDES Tl£ CONPLETEO 
EXCAVATIO• OF THE BEAR SWA'IP PROJECT INEW ENGLAND., 
USA> THE PROJECT INVESTIGATED IS UTILIZrn FGR 
HYOROELfCTRIC PURPOSES. THE DRILL ANO BLAST <FULL 
FACE> NETHOO, HEADING ANO BENCH HETHOO, PILCT 
BORE-CENTER NETHOO ANO RAISE O~IVING IBORING 
"ACHINESI HETHOO REPRESEIIT THE EXCAOTION TECHNIQUE~ 
STUDIED . THE REPORTED FRAGHEHTATtON HETHOO SERVICHC. 
PROJECT EFFORTS I ..CLUOES HECHANIC AL ABRASION I Ro TA RY l 

THIS DOCUMENT IhCOR PORATES AOOITIONALLY TUNNELHt; 
MACHINE C~ARACTERISTICS o EXCAVATION ADVANCEMENT RATE 
IS ALSO CISCUSSED. GEOSTRUC TURAL CHAkACTERISTICS FOP 
THE REPORTED EXCAVATION ACTIVITIES ARE OESCRIB£0 , 
PE RT I NE NT I NF ORHA TI OH ON UNOEkGR OU NO OPENING SUPPORT S 
IS ALSO P•ESEHTED. THE EXCAVATION CHARACTERISTICS FOR 
HOOSACK FCRMATION (OR SCHIST> ARE TREATED, ROC K TYPES 
REVIEWED INCLUDE HARLSTONE • 

R001qoo ROSSLYN STATION, VIRGINIA• GEOLOGY, EXCAVAT ION AND 
SUPPORT OF A LARGE, NEU SURFACE, HARO ROCK CHAHBER. 
BOCt( , C, G. 
PROC. RAP]O EXCAV ATION ANO TUNNELING CONF, 
z. 1373- 91, 197~, 
LANGuAGEI ENGLISH 

PERFORMING ORGANIZATIONISl 
BECHTEL ASSOCIATES ,PROFESS! ONAL CORP:WASHINGTONoO, 

C:USA, 

FUNDING ORGA N I UT ION (Sl 
WASHINGTON METROPOLITAN AREA TRAHSif AUTHORITY f 

WAHATA l, 
WASHJ NGTON, O, CILSA , 

THIS IN- SITU REPORT CONTAINS ORI GINAL DATA, TH£ 
UNDERGROUND OPENING DISCUSSED INCLUDES THE COHPL(TEO 
EXCAVATION OF THE BALTINCRE ANO OHIO RAILROAD TUNNCL 
(WV., USA l , THE PROJECT INVE STIGATED IS UTILIZED FO R 
HETRO PURPOSES, THE DRILL AHO BLAST (FULL FACfl 
HETHOD ANO HEADING ANO 6ENCH HETHOO REPRESENT THl 
EXCAVATION TECHNIQUES STUDIED , THE REPORTED 
FRAGMENTATION HETHOO SERVICING PROJECT EFFORT~ 
INCLUDES CONVENTIONAL EXPLOSIVE (UNSPECIFIED> • THIS 
OOCUHENT INCORPORATES AOOITIONALLY DRILLI NG EQUIPMENT 
ANO TUNNELING MACHINE CHARACTERISTICS. EXC AVATI ON 
AOVANCEHENT RATE IS ALSO OISCUSSEO , GEOSTRUCTURAL 
CHARACTERlSTICS FOR THE REPORTED EXCAVATI CN 
ACTIVITIES ARE DESCRIBED. PERTINENT IHFORHATION ON 
UNOERGROUl<O OPENING SUPPORTS IS ALSO PRESENTED. TH f. 
EKCAVATio, CHARACTERISTICS FQR CONCROD GR AN ITE, GREE~ 
RIVER FOR ~ATIQN, SYKESVILLE FORMATION ANO WISS AHIC(ON 
FORMATION (OR SCH lSTI ARE TREATED. PETROGRAPHY no 
ROC~ TYPES REVIEWED INCLUDE GNEISS • THIS oo<;uHEHT 
INCORPORATES ADDITIONALLY MECHANICAL PROPE•TfES DA TA. 

R001901 LARGE-SCALE TESTS OF TUNNEL 5U,P~RTS. 
PAUL, S. L. SIESS, C, P. GAYLORD, E, H, 
PROC, RAPID EXCAVATION ANO TUNNELING CONF. 
2 , 1595-•17, 197., 
LANGUAGE! ENGLISH 

PERFORMIH, ORGANIZATIONISI 
ILLINOI!,UNIVERSITY OF,URSANA,ILIUSA 

FUNDING ORGANIZAT ION(Sl 
FEDERAL RAILltllAO ADHINISTRHION,OEPT .OF 

TRANSFORTATIO!, WASHINGTION O. CIUSA. 

THIS LAB-THEORETICAL REPORT 
OATA. PEHINENT INFORMATION 
SUPPORTS IS ALSO PRESENlEO. 

CONTAINS REPUBLISHED 
ON UNOERGROUNO OPENI•G 
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R001qaz UPIO 0€CLINE QRI I/ING IN THf HIGH ARTIC,. 
Uf,QPATttt J• S. 
P~Q(. RAPID EXCAVATION ANO TUNNELING CONF, 
1, 11itflj•t;0l, l'i7C.. 
LANGUA~£1 ENGLISH 

P~HOR"ING ORGAHIHTI CNISI 
GEO•fHGJNfE~ING LABORATORI£S,INC, 

fUNGING ORGAHIZAIIONISI 
A~VI( "INES LTOICAN~OA 

THIS IN•S!lU REPOR T CONTAINS ORIGINAL DATA, THE 
UNOERGROUNO OPENING OISCUSSEO INCLUOE'S THE COHPLETEO 
EXCAVATION CF THE POLARIS PROJECT !LITTLE CORNMALLIS 
ISLA ND, CANAOAl , THE PROJECT INVESTIGATED IS 
UTILIZED FOR "!NE PURPOSES, THE DRILL ANO BLAST (FULL 
'ACE l "ET HOO REPRESENTS THE DCAVATION TECHNIQUE 
STUDIED, THE REPORTED •RAG"EhTATIOH 1£TH00 SERVICHG 
P"-OJECT EHORTS INCLUDES CONVENTIONAL I EXPLOSIVE 
I UNSPECIFIED I THIS OOCUNENT INCORPORATES 
AOOlTinNlLLY DRILLING EQUIP"ENT ANO TUNNELING HACHIHE 
CHA~ACT[RISTICS, TqN EXCAVATION ANO EXCAVATION 
AOONCEHENT RA TES AR[ ALSO DI SCUSSE 0, GEOSTRUCTURAL 
CHARACTERISTICS •oR THE REPORTED EXCAVATION 
ACTIVITIES ARE DESCRIBED, PERTINENT INFORMATION ON 
MATERIALS HANDLING SYSTEM IS ALSO PRESENTED, ROCK 
TYPES REVIEWED INCLUDE LIMESTONE, 

"-001903 TUNNELING IN A COPPER HINE• PORTENTS OF SUCCESS 
FRO• FAILURE, 
TALVENSAARI, R, O, 
PROC, RAPID EXCAVATION ANO TUNNELING CONF, 
?, 1H9·98, 197~. 
LlNGUlG[I ENGLISH 

P£R•ORHIN G ORGANIZATION(Sl 
WHITE PIN[ COPPER COHPANY,WHITE PINE,HIIUSA, 

F~NOtNr. OAGANtlATTONISt 
WHIT £ PINF. COPPER COIWHITE PINE,HIIUSA, 

T~IS IH•SITU RfPORT CONTAINS ORir.INAL OATA, THE 
U~OERGROUHO OP[NING OISCUSSfO I l<CLUOE S THE COMPLETED 
fXCA VAT!ON o, fHE WHITE PINE COPPER NINE (Hf 1, USA! • 
THE PROJECT INVESTIGATED IS UTILIZED ,oR HI~E 
PURPOSES, THE PILOT SORE-CENTER HETHOO AND T8H NETHOO 
RE P~OEN T THE EXCAVATION TECHNIQUES STUOtEO, THE 
REPCRTEO •RAGHENTATION HETHOOS SERVICil«l PROJECT 
[H CRTS I NCLUDF HECHANICAL A8RAS ION IROURYl ANO 
HEC HANJ CAL ABRASION ISA-·UHOERCUTTIHGI , THIS 
OOCUNENT INCORPORATES AOOITIONALL Y DRILLING tQUIPNENT 
ANO TUNNELI~G HACHINE CHARACTERISTICS. T~H EXCAVATION 
RATE IS ALSO DISCUSSED, INFORHATION Pf~TINENT TO 
~XCAVATION COST IS GIVEN, GEOSTRUCTURAL 
CHA ~ACTERISTICS •oR THE REPORTED EXCAVATION 
ACTIVITIES ARE DESCRIBED, THE f.XCAVATICN 
CHAUCTERISTICS ,oq NONFSUCH SHALE ARf TREATED, 
P[Uo,RAPtlY AHO ROCK TYPES RfVIEWEO INCLUDE SANDSTONE 
ANO SHALE • 

0001900 O[PORT ON lP"LIClTION o• A Lll!CE EXCAVATOR SHIELD 
TUNNELING STITEN AND PRECAST CONCRETE SEGMENT FINAL 
LINING •OR TH£ CASTIGLIONI TUNNEL, ITALY. 
TARSITANI, A. 
PROC, RAPID EXCAVJTIOM &NO TUNNELING CONF, 
l, 16ll-~O, 1971o, 
LANCUAGEI ENGLISH 

Pt:RFORHING ORGANI1ATION(SI 
1,ASTAOLI 
Z , OI•PENTA 
l,LOOIGIANI 
~.SCGENt: 

•uNOING ORGANilATION(SI 
ITALIAN NATIONAL RAILROAD AONINISTRATION 

THI S IH·SITU REPORT CONTAINS ORIGINAL OATA, THE 
UNO£RGROUNO OPf.NING DISCUSSED INCLUDE$ THE ON GOfNG 
EICAVATION OF THE CASTI<il.IONE TUNNEL !PART Of 
ROHE • •LORENCE RAI LROAOI IITALYl THE PROJECT 
INVESTIGATEO IS UTILIZED FOR RAILWAY PURPOSES. THE 
SHIELD •ETHOO REPRESENTS THE FXCAVlTION TECHNIQUE 
S1UO(EO, THIS OOCUHEHT INCORPORATES AOOITIONALLY 
TUNNELING "'CHINE CHUACTERI sncs. TB• EXCAVATION ANO 
Exc,vATION ADVANCEHENT RATES ARE ALSO OISCUSSEO, 
GE OSTRUCTURAL ANO SOIL CHARACTERISTICS ,OR THE 
•EPORTEO EXCAVATION ACTIVITIES ARE DESCRIBED, 

ICONTINU£01 

PERTINENT INFOANAT(ON ON UNDERGROUND OPENING SUPPORTS 
ANO NATERlALS HANDLING SVSTEH IS ALSO PRESENTED, ROCK 
TVPES REVIEWfO INCLUDE CONGLOMERATE• 

R00t9QS EXCAVATIO~ OF INCLINED SHAFT BY QEA"ING IN TWO 
STAGES, 
HAH8ACH, P, 
PROC, AAPlO EXCAVATION AND TUNNELING CONF, 
2, 16S1•6l, 19H, 
LANGUAGEI ENGLISH 

PERFORH(NG ORGAHIZATION(SI 
1,HOCHTIE• LTOIESSEN,GER•ANV 
Z.HURER co:GENEVA,SWITZERLANO 

FUNDING ORGANIZATION(Sl 
SCHLUCHSEEWER(E,FREIBURG,GERHANY 

THIS IN•SITU REPORT CONTAINS ORIGINAL ANO REPUBLISHED 
DATA, THE PROJECT INVESTIGATED (S UTILIZED FOR 
HVOROELECTRIC P~POSES, THE PILOT BORE-CENTER HETHOO 
ANO TBM HETHOO REPRESENT THE EXCAVATION TECHNIQUES 
STUDIED, TH£ REPORTED FRAGMENTATION HETHOD SERVICHG 
PROJECT EF,ORTS INCLUDES 11ECHAN[CAL ABRASION (ROTARYl 

THIS DOCUMENT INCORPORATES ADDITIONALLY TUNNELING 
HACHINE CHARACTERISTICS, TBN EXCAVATIO~ RATE IS ALSO 
DISCUSSED. GEOSTR~CTURAL ANO SOIL CHARACTERISTICS •oR 
THE REPORTED EXCAVATION ACTIVITI~S ARE DESCRIBED. 
PERTINENT INFORHATIO~ OH GROUND CONDITIONS ANO 
UNDERGROUND OPENING SUPPORT5 ANO MATERIALS HANOLihG 
SYSTEH IS ALSO PRESENTED, THE EXCAVATICN 
CHARACTERlSTICS FOR SCHWARZWALDER GRANITE AaE 
TREATED, AOCK TYPES REVIEWED INCLUDE GRANITE THIS 
DOCUMENT INCORPORATES lOO[TlONALLY MECHANICAL 
PROPERTIES IFLOl DATA, 

R00t906 THE PORT RICHHONO H, Yo PROJECT, THE EXCAVATING 
SHIELD IN SATURATED, "IXEO GLACIAL DEPOSITS. 
JACOBY, "• J, 
PROC, RAPID EXCAVAT[ON ANO TUNNELING CONF , 
2, 166'5•81, 197'. 
LANGUAGE! ENGLISH 

PER,ORMING ORGlNIZATION(Sl 
RICH NONO CONSTRUCTORS I 
1,CATAPANO,lNIIREW CO,INC, 
2,G~OVE,HACLEAN ANO co.INC, 
3,GROW TUNNELING CORP, 
4, HORR I ~ON•KNUOSEN CO, I NC. 

FUNDING ORGANIZATION(SI 
NEW YOR~ CITY,DEPT.OF WATER RESOURCES,NYIUSA, 

THIS IN•SITU REfORT CONTAINS ORIGINAL OlTA, TH~ 
UNOERGROUNO OPENING OISCUSSEO INCLUDES THE ON GOihG 
EXCAVATIO• OF THE PORT RICH•OND PROJECT (NY,, USAI 
TH£ PROJECT [NVESTIGATEO IS UTILIZED •oR SEWER 
PURPOSES. TH£ SHIELD HETHOO RlPR~SENTS THE EXClVATICH 
TECHNIQUE STUOIEO, TH€ REPORTED FRAGNENTATION HETH OO 
SERVI CI NG PROJECT EFFORTS INCLUDES MECHANICAL 
ABRASION IROTARrt THIS DOCUMENT INCORPORATES 
ADDITIONALLY DRILLING EQUIPMENT lNO TUNNELING NACHI•E 
CHARACTERISTICS, EXCAVATION ADVANCEMENT RATE IS ALSO 
DISCUSSED• GEOSTR UCTURAL ANO SOIL CHARACTERISTICS F CR 
THE REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, 
PERTINENT INFOR"ATION ON GltOUNO CONDITIONS AHO 
UNDERGROUND OPEN? NG SUPPORTS ANO NATERULS HANOLHG 
SYSTEM lS ALSO PRESENTED, 

Rl01907 AN INNOVATION IN "ACHINE TUNNELING, 
JACOBS, J, D, 
PROC, RAPID EXCAVATION ANO TUNNELING CONF, 
2, 1683•96, 197~. 
LANGUAGE• ENGLISH 

PER,ORNING ORGANIZATIONISI 
JAco,s ASSOCUTES,SlN FRANSISCO,CAIUSA. 

THIS IH•SITU•THEORETICAL REPORT CONTAI"5 REVIEW OA TA, 
THE SHIELD HETHOO RE~ESENTS THE EXCAVATION TECHNIQUE 
STUO[EO, THE REPORTED FRAGNENTATION NETHoO SERVICING 
PROJECT EFFORTS INCLUOES HECHANlCAL ABRASION IROTARYI 

R00190& IMPROVING HARO IIOCK TUNIIELI N(; THROUGH COMPARISON o, 
LABORATORY ANO FIELD TUNNEL B04tING STUDIES, 
WANG, F ,•O, HILLER, R. OZOEHIR, L, 
PROC. RAPID EXCAVATION AND TUNNELING CONF , 
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l, 11i.1-r;1, 1971t. 
LANG UAGE! ENGLIS" 

•ERFOR"ING ORGANIZATICN<SI 
COLOR ADO SCHOOL O• "1NES, DEPT.OF NI NING,GOLOEN,CO: 

•o 001 

•UNOING ORGANIZATI ON(S I 
NATIONAL SCIENCE •o~NOATION,MASHINGTON,o.c.:usA. 

THIS Ll8•IN·SITU REPORT CONTAINS ORIGINAL DATA, TH~ 
UNDERGROUND OPENING DISCUSSED I NC LUDES THE ON GOING 
OCAVHION o• THE NA ST •uNMEL ICO,, USAI THE 
PROJECT IMVEST! GlTf O IS UTILIZED FOR EXPfRIH£NTAL 
EXCAVATION ANO IRRI GAT ION PURPOSES . THE T~N NETHOD 
ANO VERTICAL ROTARY HETHOD REPRESENT THE EXCAVATICN 
TECHNIQUES STUDIED . THE REPORTEO FRAGHENTATIOM HETHOO 
~ER VIC ING PROJECT fFFORTS IMCLUDES NECHANICAL 
A~O SION <ROTARYI THI S DOCUHfNT INCORPORATES 
ADDITIONALLY TUNNELING MACHINE CHARACTERISTICS, ROCK 
TYPES R[VIEMEO !NCLUO( GRANITE • THIS OOCUHENT 
INCORPORATES AOOITI ONALLY HfCHANICAL PROPERTIES CFLDI 
OATA. 

Roo1qoq OE VCLOPH[NT OF A CONCIAL AORINr. UNIT. 
MUC , H. l. ~f~lCH, W. A. 
PROC, RAPI D EXCAV ATI ON ANO TU~NELING CON' , 
l , 17~9-7~, tCJ7't. 
LANGUAGE I ENGLI S" 

PERfORHING ORGAN!ZATION(SI 
MILLER, FOSTER ASSOCIATES ,I NCl1l5 SECOND AVE! 

WALTMA",ru ;oz1sr. 

•uNOING ORGANIZATI ON( SI 
ADVANCED HSEH CH PROJECT AGENCY C ARPA l 
NATIONAL SCIEi;cE FO~NOATI ON,WASHINGTON,O.c . :us A. 
U.S. BU REA U Of HINES 

THIS LAB•IN•S!TU REPORT CO NTAINS ORIGINAL DATA, THE 
PROJECT INVEST IGATED I S UTILIZED FOR EXPERIMENTAL 
EKCAVA TION PURPOS ES . THE REPORTED FRAGMENTATION 
METHOD SERVICING PROJECT EFFORTS [NCLUDES MECHANICAL 
A8RASION <ROTAOYJ , THIS DOCUMENT INCORPORATES 
AOOITIONALL Y DRILLING F~UIPMENT ANO TUNNELING MACHINE 
CHARACT ERISTICS. THIS DOCUMENT INCORPORATES 
AOOITI ONHLY HECHANIC AL PROPERTIES <HOI DAU. 

P00l910 ROC• MELT ING SURTERRE NtS••T~EIR ROLE IN FUTURE 
EXCAVATION TECHNOLOGY, 
Q:fWL EY, J . C, ~ ANOLO, ~, J, 8AHl(STON, C, A, 
NEUDECKER, J , •• 
••oc . RAPID EXCAVATION ANO TUNNELING CONF. 
, . 1717•9~. 197~. 
LANGU AGE! ENGLISH 

P'-1\FORM!HG ORGAN!lATl ON( Sl 
LOS ALAM OS SCIENTIFI C LA ~.(UNIV,OF CALIFORNIAl,NMI e,~,,.,,us,. 

FU~OIN G OIIGANIZATl,N(SJ 
NUIONAL SCIENCE FOUNOATION,WASHINGTON,O,C. IU~A. 

THIS I N-SITU RE~OPT CONTAINS ORIGINAL DATA. THE 
PROJECT INVESTIGHEO IS UTILIZ ED FOi! DRAINAGE TUNNEL 
ANO EXPERIMENTAL EXCAVATION PURPOSES, THE SU8TERRE~E 
MELTING METHOD REPRESENTS THE EXCAVATION TECHNIQUE 
STUDIED, THE REPO~T EO FRAGMENTATION HETHOO SERVICING 
PROJECT EFFORTS INCLUDES SURTERRENE PERTINENT 
INFOR"ATION ON UNDERGROUND OPENING SUPPORTS IS ALSO 
PRESENTED, PETROGRAPHY ANO ROCM TYPES REVIEIIEO 
I •CLUOE ALLUVIUM ANO 8ASALT , 

R001q11 PLANNING suewAYS RY TUNNEL OR CUT•ANO-COVER-S OHE 
COST-BENEFIT COHPARISONS, 
PA:OCTOR, R., J, HOFFMAN, G. l, 
PROC. RAPID EXCAVATION ANO TUNNELING CONF, 
l, 151-63, 1974t, 
LANGUAGE I ENGLISH 

PERFORMING ORGANIZATI CN(SI 
SOUTHERN CALIFORNTA,METROPOLJTAN NATER DISTRICT OF 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA, THE 
P~OJECT INVfSTl GATEO rs UTILIZED FOR MATER SUPPLY 
TUNNEL PURPOSES. THIS DOCUMENT INCORPORATES 
ADDITIONALLY TUNNELING MACHINE CHARACTERISTICS, TBH 
EXCAVATION ANO EXCAVATION ADVANCEMENT RATES ARE ALSO 
DISCUSSED, GEOSTRUCTURAL CHARACTERISTICS FOR THE 
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REPORTED EXCAVATION ACTIVITIES ARE DESCRI BED . 
PERTINENT INFORMATION ON UNDERGROUND OPENING SUPPO~TS 
IS AL SO PRESENTED, 

R00191Z LINING ANO FINISHING EISENHOWER MEMORIAL TUNNEL. 
RUEHHELE, W, A, 
PROC. RAPID EXCAVAT ION ANO TUN NELING CONF, 
1, 1'53•63, 197~. 
LANGUAGEt ENGLISH 

PERFORMI NG ORGANI ?ATION(SI 
1. 80YLE ~ BROTHERS OR IL LING CO . 
Z,DUGAN GRAHAM CO,INCISALT LAKE CITY,UTIUSA. 

THIS LAB•IN•SITU REPORT CONTAINS ORIGINAL DATA. T"L 
UNDERGROUND OPENING DISCUSSED INCLUDES THE COHPL[T EC 
EXCAVATION or THE EISENHOlltR HEHORIAL TUNNEL (ALSO 
CALLEO STRAIGHT CREE K TUNNtLI ICO, , USAI THE 
PROJECT lNVEST! GATEO IS UTILIZED FOk HI GH WAY 
PURPOSES . PfRTINENT INFORHATION ON UNDERGROUND 
OPENING !UPPORTS ANO HATERllLS HANDLING SYST( H I"> 
H SO PRESENTED, 

RI0191~ ROCK TUNNELLING SYSTEN ,oR SHALL CROSS SECTIONS. 
BRODBECK, H. W, 
PROC, RAPID EXCAVATION ANO TUNNELING CONF, 
1, z~q-~1 , t9H. 
LANGUAGEt ENGLISH 

PERFORMING ORGANI2ATION<SI 
ATLAS COPCO MASCHINEN AG:SWITZERLAND 

FUNDING ORGANIZATION(SJ 
ATLAS COPCO HASCHINEN AG, SMITZERLAND 

THIS LAB•lN•SITU REPORT CONTA I NS ORIGINAL DATA . THI S 
DOCUHENT INCORPORATES ADDITIONALLY TU NNELING MAC HHf 
CHARA CTERISTICS , INF~MATION PERTINENT TO EXCAVATICN 
COST IS GI VEN, GE OSTRUCTURAL CHARACTERISTICS FOR TH E 
REPORTEC EXCAVATION ACTIVITI ES IRE OESCRIBEO. ROCK 
TYPES REVIEIIEO INCLUDE CCNGLOHERATE, LIMESTONE ANO 
SANDSTONE, THIS OOCUHENT INCORPORATES ADDITIONALLY 
HECHANICAL PROPERTIES <LA81 DATA. 

R00191S SHALL DIAMETER TUNNELS IN MANHATTAN SCHIST, 
HC CUSKER, T. G, DIETL, B, 
PROC. RAPID EXC AVATION ANO TUNNELIN G CONF, 
l, Z6'5-&1, 19H. 
LANGUAGEt ENGLISH 

PERFORMING ORGANIZ ATIONCSI 
PERINI CORP. 

FUND ING ORGANIZATION(SI 
P[Rl NI CORP, 

THIS IN-!ITU Rf PORT CO NTAINS ORIGINAL DATA, THE 
UNDERGR OUND OPENING DISCUSSED INCLUDES THE COHPLETfU 
EXCAVATION Of THE NORTH 8RAIICH INTERCEPTING SE • EP 
TUNNEL ( NEW YORK CITY, NY,, USAI , T~I PROJ EC T 
INVESTIGATED IS UTILIZE D FOR SEWER Pul!POSES, THE 
DRILL ANO BLAST CFULL FACE! METMOO ANO tSH MET HOO 
,tPR[SENT THE EXCAVATION TEC HNIQUES STUDIED. TME 
REPORTED FRAGHENTATION HETHODS SERVICING PROJECT 
EFF ORTS IHCLUOE CONVENTIONAL [XPLOSIVE CUNSPECIF!EOI 
ANO HECHA NICAL A8RASION IIIOTARYl • · THIS. OOCUHENT 
INCORPORAlES AOOITl<INALLY TUNNELING HACH I NE 
CHARACT ERISTICS, T8H EXCAVATION RATE I S ALSO 
DISCUSSED. GE OSTRUCTURAL ANO SOIL CHARACTERISTICS FC• 
THE REPORTED EXCAVATION ACTIVITIES ARE DESCR18EO . 
PERTINENT INFORHATION ON HATERIALS HANDLING SYSTEN I S 
ALSO PRESENTED. THE EXCAVATION CHARACTERISTICS FOR 
INWOOD HA~8LE [IN NY,eITY GROUP! ANO HANHATTAN SCHIST 
ARE TREATED, ROCK TYP£S REVIEWED I NCLUOE CLASTICS, 
MARBLE AND SCHIST , 

ROG1916 HENDERSON TUNNEL HAULAGE AND MATERIALS HAIC>LING, 
OPITZ. E. H. 
PROC. RAPlO EXCAVATION ,.NO TUNNELING CONF , 
1, ~~S-56, 197', 
LANGUA,EI [NGL[SH 

P£R,oRMING ORGANIZATION(SI 
ORAVO CO~P.COR co.1,u.s.a. 

FUIIOING ORGANIZAT ION(SJ 
AMAX,USA. 
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THIS IN-SITU RE PO•T CONTAINS OR!GIN~L OATA. THE 
UNOERGROUNO OP•NINC DISCUSSED INCLUDES THE ON GOING 
EXCIVHION Cf TH~ SF.NOfRSON TUNNEL !CO., USAI • THE 
PROJECT INV(STIGAT£0 IS UTILIZE□ FOR HINE PURPOSES • 
TH£ □~ILL HO ALAST !FULL FACEI METHOD REPHSENTS THE 
••c •v•T ION T•CHN!QUE .$TUOIED. GEOSTRUCTURAL 
CHA~ACT ERISTICS FOR THE ~EPORTEO E•CAVATICN 
•er IVITifS IR E OF~CRI em. PERTINENT I NfORHAT ION ON 
UNOfRG•OIJNO OPENINC. SUPPORTS ANO HATEPULS HAND LING 
SYSTEM IS ALSO PRfSFNTEO. THE E•CAVATION 
CHAOAC TER ISTI C, roR IDAHO SPRINGS FORMATION A~O 
SI LVER PLUHE GR ANITE ARE TREATED. ROCK TYPES REVIEWED 
INCLUDE GRUIT~ • 

~00 1~1' •HERIAL HANOLING CONSIDERATIONS IN BORE □ 
TUNSEl S , 
f"!LLIP, Pit N. 
PROC. RAP!O EKCAVATION ANO TUNNELING CONF. 
1, .. ljj,-7~, 1974'. 
LAN GUAGE I ENGLISH 

PERFORMING CRGANIZATION!S) 
B[CHTfl AS SOCI ATES, PROFESS I CNAL CORP:WASHINGTON,0, 

C; USA . 

T .. I S THEORETICAL REPORT co•TAINS REVIEW DATA, THE 
UNDERGROUND OPENINGS CISCUSSEO INCLUDE THE COMPLETED 
E•CAVATI ON or THE GEN.EUR OPEAN RESEARCH HUCLEAI~E 
(CHNI TUNNEL !SwIT ZERLANOI , THE COHPLETEO EXCAVATION 
OF TH i: EASTERN SUBURBS TUNNEL S (SYDNEY, AUSTRUU>, 
TH[ CO HPLET ED E•C AVATI ON Of THE HALIFAX TUNNEL (NOVA 
SCOTI A, CANAOAI ANO THE CO MPL ETED EXCAVATION OF THE 
WA SS!NGTOH HET RO PROJECT 8-V !WASHINGTON, D,C,, USA> 
THE PROJECTS l•VESTIGATEO ARE UTILIZED FOR 
OPERIM[HTAL OCA VATinN ANO METRO PURPOSES. THE T8H 
•neoo REPRESENTS THE EXC AVATION TECHNIQUE STUDIED. 
THE REPORTED FUGHENTlTIOh HfTHOO SERVICING PRO J ECT 
EF FORTS INCLUO[S 11ECHANIC AL ABRASION !ROTARY AHO 
□ ~ A G > GEOST~UCTUPAL CHARACTFRISTICS FOR TH£ 
RE PORTED EXCAVATION ACTIVITIES ARE OESCRIBEO . 
PERTINENT l hf ORHAT ION ON HAT E~I ALS SANOLING SYSTEH IS 
ALS O PRfSfNrEO. RCCK TYPES REVIEWED INCLUCE 
r. RAYWt CKE , HUOSTON[ ANO SANDSTONE THIS OOC UH(NT 
INCORPORUES AOO!flONALLY HfCHANICAL PROPERTIES ILA(I 
DATA. 

'0 0 1 Sl6 CONT I NUOUS SPIRAL ijLA ST TUNNELING. 
PFTfPSON , C. R. MERRICK• J, 
PAO(. RAPID [KCAVATION ANO TUNNELING CONF. 
1, 1eC. -.I\ Ot.. , t q1i. , 
LAM GUAGEI ENGLI SH 

PfRFOR HING ORGAN!7ATI ON(S) 
RIPIOH ! hC. 

FLNOING ORG AH llATI OHC S I 
u.s . GOV T:OEPT. OF TRANSPORT ATION 

THIS LAA-I N- SITU REPORT COtHAINS ORIGINAL OATA. THE 
UNOfRGROUNO OPENING Ol~CUSSEO INCLUDE S THE COHPLE TEO 
EXC fVATION or THE WHIT E PINE COPPER NINE IHI., USA ) • 
TH E PRO J EC T INVESTIGATED IS UTILIZEO FOR EXPERIMENTAL 
E• CA VATI ON PURPOSES . THE TBH METHOD PEPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED, THIS OOCUHE"T 
INCORPORAT ES ADDITIONALLY TUNNELING MACHINE 
CHAPACTERISTI CS. EXC AVATION fOVANCEHE>IT RATE IS ALSO 
OI SCUSSEO. GEOS TRUCTURAL CHARACTERISTICS FOR THE 
RE POR TED EXCAVATION ACTIVITIES ARE OESCRI8EO, THIS 
DOC UMENT INCORPORATES ADDITIONALLY MECHANICAL 
PROPERTIES !LAB) □AU. 

0001q1q ROC• DISINTEGRAT I ON TESTS OF A WATER CANNON . 
CCOl E't', w. C, 
PROC. RAPID E•C AVATION ANO TUNNELING cnH,. 
1, eos-n , 1qr~. 
LAN (UAGE I ENGLISH 

PE RFORMING CRG AHlllT IONISI 
TERRASPACE,IHC:30~ N. STOHESTRE ET AVEIROC~VILLE,HO. 

209 50lUSA 

FUNDING ORGA NilATI OH( Sl 
FEDER AL RAILROAD AO>INISTRATION,OEPT,0' · 

TRANSPOR TA TION, MASHINGTION 0,C IUSA, 

THI! LA B-IN-SITU REPORT CONTAINS CRIGINAL o~u. THE 
REPORTED FRAGMENTATION HETHOO SERVI CI NG PRO J ECT 
FFFORTS INCLUDES IMPACT A8RAS ICN !WATER CANNON, 
! NTE RMITTAHT IMPA CT • GEOSTRUCTURAL CHARACTERISTICS 

ICONT INU EO I 

FOR THE REPO~TEO EXCA VATION ACTIVIT I ES AR~ OESCRIBEo. 
THE E>CAVITION CHARACTERIST ICS FOR GARRE GRANIT t ANO 
INDIANA LIMESTONE ARE TREATED. PETROGRA PHY ANO ROCK 
TYPES REVIEWED INCLUDE GNEISS, GRANITE ANO LIMESTONE 
THIS DOCUMENT INCORPORATES ADDITIONALLY ME CHANICAL 
PROPERTIE~ llABI CATA. 

~001920 UNOERGRCU"O TES TS OF THE REAH METHOD OF HOCK 
FRAGMENTATION FOR HIGH-SPEfO TUNNELING . 
LUNDQUIST, R. G. 
PROC. RAPID EXCAVATION AHO TUNNELING CONF . 
1, e2s-~o. t'l7~ . 
LANGUAGE• ENGLISH 

PERFORM ING ORGANIZATIONISI 
PHYSICS INTERNATIONAL CO. 

FUNDING ORGANIZH JO NIS) 
AOVANCEO RESEARCH PROJECT AGENCY C ARPA l 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA . TH E 
UNDERGROUND OPENING DISCUSSED INCLUDES THf ON GO lhG 
EXCAVATION OF THE HOPE VALLEY TUN NEL !CA., USAI • THE 
PROJECT IHVESTIGATEO IS UTILIZED FOR E•PERIHENTA L 
E>CAVA TION PURPOSES. THE DRILLING HE,HOO REPRES ENTS 
THE EXCAVATION TECHNIQUE STUOIEO. THE REPORTE D 
FRAGHENTATI ON HETHOO SERVICING PROJECT EFFORTS 
INCLUDES IMPACT AeRASION ! PROJECTILE, INT ER HITTANT 
IMPACT! GEOST RUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE OESCRIBEO, ROCK 
TYPES REVIEWED IHCLUOE GRANOOIORITE. THIS OOCUHEN T 
INCOR PO RATES AOOITIOHALLY M~CHANICAL PROPERTIES ILAB> 
OATA, 

R001'l21 THE APPLICATION OF •IRE SAWS TO UNOERGROUNO 
EXCAVATION. 
ZJN'<:t G, 
PROC. RAPID E•CAVATION ANO TUNNELING CONF. 
1, 84'1-~7, 197C., 
UNGUAGEI ENGLISH 

PERfORHING ORGANIZATIONCS) 
COLORADO SCHOOL OF HINES,UtPT.or HINING, GOL OEN, Co : 

eo~o1 

FUNDI NG ORGANIZAT!ON!Sl 
U,$,ARHY CORPS or ENGI NEERS 

THIS IN-SITU AHO THEORETICAL REPORT CONTAINS ORIGINAL 
DATA. THE UNOERGROUPCl OPENING DISCUSSED INCLUD,S THF 
COMPLETED EXCAVATION Of THE FORT RANCELL O,I M TUNN ELS 
CHO,, USAI, THE PROJECT INV ESTIGATED IS UT ILIZED FOR 
EiPERIHENTAL EXCAVATION ANO OUTLET IOAHSI PURPOSES , 
THE DRILL ANO BLAST !LINE DRILLED> HETHOO ANO SAW ING 
HETHOO REPRESENT THE EXCAVATION HCHNIQUES STUDIED. 
THE REPOR1EO FRAGMENTATION METHODS SERVI CING PROJ EC T 
EFFORTS INCLUDE CONVENTIONAL EXPLOSIVE ! UNS PECHIEO I 
ANO HECHANICAL ABRASION !ROTARY> PETROGRAPHY IND 
ROCK TYPES REVIEWED INCLUDE CHALK IROCKI, GRAN I TE. 
LIMESTONE, HARBLE, HETA80LITE ANO TRAVERTINE CROCK> • 

R001922 APPLICATION OF BOOM-TYPE EXCAVATO RS. 
KOGELHANN, W. J, 
PROC. RAPlO EXCAVATION ANO TUNNELING CONF! 
1, &Tl_i-Cilt, 197a., 
LANGUAGE I ENGLISH 

PERFORHING ORGANIZATtONISI 
ALPINE EQUIPMENT CORP IUSA. 

THIS IN-SITU-THEORETICAL REPORT CONTAINS RE VI EW OATA. 
THE UNOERGROUNO OPENINGS DISCUSSED ItCLUOE TSE 
COMPLETED EXCAVATION OF THE GRAY NO,~OCCOALIHihE 
rwv., us••· THE COHPLETEO EX CAVATIO• OF TH l 
LENGEOE-8ROISTEOT IRON ORE HINE ANO THE COH PL ETEO 
EXC AVATIO~ OF THE RHEINPREUSSEH ANO PATTBERG CO AL 
HINES IRHEINLAN0 1 GERHANYI • THE PROJECTS 
INVESTIGATED ARE UTILIZED FOR HINE PURPOSES . THE re~ 
METHOD REPRESENTS THE U'CAVAT!O • TECHNIQUE STUDI ED. 
THE REPORTED FRAG HENTATlON NETHOO SERVICING PROJE CT 
EFFOltTS INCLUDES MECHANICAL ABHSION <ROTARY AN D 
ORAGI THIS DOCUMENT INCORPORATES AOOITIONA LLY 
TUNIELlNG NACHINE CHARACTERISTICS , EKCA VA TI CN 
AOVANCEHENT RATE IS AL SO OISCUSSEO, GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED E XCAVATICN 
ACTIVITIES ARE DESCRIBED. PERTINENT INFORHATION ON 
UNDER GROUND OPENING SUPPORTS ANO MATERIALS HANDL!>G 
STSTEN IS ALSO PRESENTED. PETROGRAPHY ANO ROC K TYP€ ~ 

ICONTI NU EO > 



•tVIEWEO INCLUDE LIHONITE , SAHOSTONE U\O SHALE , THIS 
OOCUHENT INCORPOR ATE S AOOITIONALLY ME CHANICAL 
PRO PERT !ES IL AR I OA U, 

R001923 HINING HARO ROCK ORES ~ITH A FIXFO ORUM 
CONTI NUOUS HINER, 
FIFE, w. E. 
PROC, RAP! O E<CAVATION AHO TUNNELING COHF, 
1, 895- 91', 197~. 
LANGUA GE! EN GLISH 

PERFORMING ORGANIZATIONISl 
JEFFRfY HIHING HACHINERY COlCOLUM8US,OHIUSA, 

•UNOING ORGANIZATI ON I S I 
JfFF REY HINING MACHINERY co:uSA, 

THI! IN- SITU-THEOR ETICAL REPORT CONTAINS ORIGINAL 
OAH , THE UNOERGROUNO OPENINGS OISCUSSEO INCLUDE T~E 
COHPLE TE O E<CAVAT I ON OF THE &HELIE POTASH HI~E 
l>,FRAHCft ANO THE COHPL ETEO EXCAVATION OF THE 
SfRROUVILLE HINf !FRANCE ) , THE PROJECTS INVESTIGATED 
ARE UlILIZEO FOR HINE PURPOSES, THE MULTI DRIFT 
H(THOO REPR£SE•TS THE EWCA VATIO~ TECHNIQUE STUOIEC, 
TH[ REP ORT[( FRA GHlNTATION H[THOO SE RVICING PROJECT 
fF'F CRTS IHCL UOF.S MECHANICAL ABRASION !ROTARY) , THI S 
OOCUHENT I NCORPOQA TE S AOOITIONALLY TUNNELING MACHINE 
CHARA CTERISTICS, ~EOSTRUCTURAL CHARACTERISTIC~ FOR 
THE REPORT Er EXCAVATION ACTIVITIES ARE OESCRIBEO, 
rERTIN EHT lhF ORHATI ON ON MATERIALS HANDLING SYSTEH JS 
ALSO PRESEhTEO, ROCK TYPES REV I EWED INC LUDE IRON OPE 
ANO POTASH • THIS OOCUHfNT INCORP ORATES AOOI TIONAL LY 
MEC~ANICAL fP OPrRTICS CLARI DATA , 

RG019H 6 PIL<lT SCALE HACHINE FOR TUNNEL BORING RESEARCH. 
111 GNETT, 11 . J . HOIIIA~O, T, ~ . 
T•ANSPORT AhO ROAO RESEARCH LAB,, CAOWT HORNE, 
qfR<SH !PE 
7 1PP,, 1qn,, 
I aRL-6lZ I 
LAN GUAGFI EHGLISS 

P€RF ORNIN G CRGANllHl QN(SI 
OEPT,OF ENVIRONHENT,T RANSPORT ANO ROAO RESEARCH 

LAR. oF , eERKSHI RC, 
U,9(, 

THIS LA8 FEPOPT CONTAINS ORIGINAL OHA. THE PROJECT 
INVEST IG ATED I S uT: LIZEO FOO EXPERIHENTA L €XCAVATICN 
PURPOSES , THE PILOT BOPE-CENTER METHOD REPRESENTS THE 
f <C AV6T! ON T<CH NI OU f STlDI EO , THE REPORTED 
FRAGHENTATI ON H(T HOD SERVICI NG PROJECT EFFORTS 
l•CLUO ES NfC HAN I CA L AAPASION IRO THY AMO ORAGt , THIS 
OOCUHENT I•CORPORA TES AODIT ICNA LL Y TUNNELING HACHI~E 
CHA• ACT[ RISTI CS . TB H EXC JVATI O~ RATE I S ALSO 
OISCUS S EO , GEOSTRUCTURAL CHARACTERISTICS FOR THE 
RE PORTED ~XCAVATI ON ACT IVIT IES ARE DESCRIBED . ROCK 
TYPES REV IE WED IN CLUDE CHALK !HlNERALl THIS 
OOCUHENT INCORPORATES AOOITI ONALLY HECHANICAL 
PROPERTIES !LAB) DATA, 

RD019l~ AL PINE MINEO AH F~-A, CUTTER LOADER ANO TUNNELING 
MAC~ISE , 
AUfHOQ ANON. 
VEREINIGTE CSTERREir.HISCHE EIS EN UNO STAHLWER(E , 
ALPINE HONTAH AKrlENr.ESELLSCHAFT 
?q PP., 1cn -.. 
LANGUAGE• GER MAN 

PERFORM ING ORGANHATI ONISl 
VEAEINIGTE OSTfRREICHI SCHE EISEN-UNO STAHLWERKE­

AL PINE, ~ONTAN,AG I 
AUS TRIA 

rlNOING ORG AN llAT!ON!S I 
VEREl•Ir.TE OSTERREICHISCHE EISEN-~NO STAHLWERKE-

AL PI J,,E "' 0NT AN l G. " lUSTRII. 

HIS I N-SITU REPORT CONTAINS AESTRACTEO ONLY OATA, 
TSE PROJECT ! NV FSTI CATE O IS UTILIZED FOR HIGH WAY, 
"IHl, RAILWAY ANO UNSPECIFIEO PURPOSES , TH[ rnH 
HETHOO REPRE SF~TS THE EXCAVATIO N TECHNIQUE STUOIEO, 
THE ~fPORTEO FRAG"ENTATIO~ "ETHOO SERVICING PROJECT 
Er,cRTS I NCL UO(S HE CHANICA L ABRASION (ROTARY) T8M 
EXCAVATION AATF IS AL SO OISCUSSEO, GEOSTRUCTURAL 
CHARACTERISTICS FOR TH£ REPORTED EXCAVATION 
ACTIVITIES ARE OESCAl8EO, PERTINENT INFORMATION ON 
UNOERGROUNO OPENING SUPPORTS ANO HATERIALS HINO LING 
SYSTEM IS ALSO PRESENT ED, PETROGRIPHY ANO ROCK TYPES 

!CONT INUEO I 

ll!i 

REVIEWE D INCLUOE CLAVSTONE , COAL, CONGLOMER ATE, 
GYPSUM !ROCK), l~CN ORE, LIGNIT E, PHOSPHORITE IROCKI, 
S ANDSTONE ANO TUFF , TH IS OOCUHENT INCORPORATE S 
AOOITIONALLY HECHANICAL PAOPE~TIES ILABI DATA , 

R001936 ALPINE MINER A~ 50 CONTINUOUS " INER ANO TUNNELING 
HACHI NE , 
AUT HOR AN CN, 
VOEST-ALPlNE, VERE INIGTE OS TER REICHI SC HE EI SEN- UNO 
ST AHLWERK E, JLPINE MONTA~ AKTIENGESELLSCHAFT 
2 0 PP., 1"17 .. , 
LANGUAGE& GERHAN 

PERFORMING ORGANIZATIONISl 
VE REINIGTE OSTERREICHISCHE EISE N-UNO ST AHLW ERKE­

ALPINE,HONTAN,&Gl 
AUSTRIA 

FUND I NG OAGANIUT ION I~ ) 
VERE l N!GTE OSTERREICHISCH E lISEN-UNO STAHL WERKE-

A LPI NE HONTAN AG,, AUSTRIA 

THIS IN-SITU REPORT CONTAINS A8STRACTEO ONLY OATA. 
THE PROJECT INVES TIGATED IS UTILIZED FOR HINE ANO 
UNSPECIFIEO PURPO ! ES , THE TBH METHOD REPRES£NTS THE 
EXCAVATIO~ TECHNIOUE STUOIEO. THE ~EPOAT EO 
FRAGMENTATION HETHOO SERVICING P~OJECT EFF ORT ~ 
INCLUOES MECHANICAL A8RAS ION I ROT ARY I , THIS DOC UM ENT 
I NCORPORATES AOOITIONALLY TUNNELING MACHINE 
CHARACTERISTICS, GEOSTRUCTURAL CHA~ACTERIST I CS FGH 
THE REPORTED EXCAVATION ACTIVITIES ARE OESCRI BEO, 
PERTINENT I NFoRHATION ON IMnE~GROUNO OPENING SUPPORTS 
ANO HATERIAL S HA ►OLING SYSTEM I S ALSO PRESENTED, 
PETROGRAPH ANO ROCK TYPES REVIEWED INCLUDE ANHYDRIT E 
!ROCK), COAL, IRON CRE , PHOSPHOIUTE IROCKI AH O 
SAND STONE , THIS DOCUMENT INCORPORATES AOOI TIONALLY 
MECHANI CAL PROPERTIES ILA81 OATA, 

RCC19lo1 TUNNELING, THE STATE OF THE ART , 
"AYO, R. S, jQAlR:, T. JENNY~ R. J. 
MAYO &NO ASSOCIATES, LANCASTER, PA, 
271PP,, 1968, 
I P8•178 036 I 
LANGUAGE! ENGLISH 

FU NO ING OR GANIZAT JON(S I 
NUNICH,CITY OF,MUNlCH,GERHANY, 

THIS IN-SITU REPO'H CO NTAINS RE VI EW OATA, THf 
UNOER GROUND OPENINGS DISCUSSED IHCLUOE GR EATER LONDON 
COUNCIL STORH WATER RELIEF SEWER IU,K,l, THE 
CONPLETEO EXCAVATION OF THE LT , WILLIAN F,CALLAHAN J R, 
TUNNEL IEOSTON, NA., USAt, THE CO MPLETED EXCA VH!CN 
OF THE ~ONTREAL HEIRO ICANAOAI, THE ON GOI >G 
EXCAVATio• or THE MUNICH RAPIO TRANSIT Li hf 
!GERMANY>, THE ON GOING EXCAVATION OF THE PA RIS 
EXPRE SS NETRO !PARIS, FRANCE I , THE ON GO !hG 
EXCAVATION OF THE RELIEF SEWER TUNNEL !WASHINGTON, 
O,C, , US A), THE COMPLETEO EXCA VATION OF THE RICHHONO 
MATER TUN NEL INEII YORK, NY,, US&l, THE CONPLETfO 
EXCAVATION OF THE TOR ONT O SUBWAY TUNNELS !TORONT O, 
ONTARIO, CANA DA) ANO THE COHPLErEO EXCAVATION OF TH( 
VICTORII LINE TUNNEL (LONDON, ENGLA NO, U,K,l • TH E 
PROJECTS I NVESTIGATED ARE UTILI ZE D FOR HIGHWAY, 
METRO, S EW! R ANO WAT ER SUPPLY TUNHL PURPOSES, THl 
DRILL ANO BLAST (FULL FACEI METHOD, HEA DING ANO BENCH 
NETHOD, S NiflO NETHOO ANO TBM METHOO REPRESENT THE 
EXCAVATIO~ TECHNIQUES STUDIED, THE REPORT[ O 
f'RAGHEMTATION METHODS SERVICING PROJECT EFFOk TS 
INCLUO[ CONVENTIONAL EXPLOSIV£ UNf'O), CO NVENTI ONAL 
EMPLOSIVE IUIISPECIFIEO) ANO MECHANICAL A8RAS ICN 
IROTA RYl THIS DOCUMENT INCORPORATES AOOITIONALLY 
TUNNELING HACHINE CHA~&CTERI STICS, TBH EXCAVAT ICN 
RATE IS ALSO OISCUSSEO, GEOSTRUCTURAL ANO SOIL 
CHARACTERISTICS AS WELL AS SOIL MECHANICAL PROPERTIE S 
FOR THE REPORTED EMCAVATION ACTIVITIES ARE OESCRIBEO , 
PERT I NE NT lNFORMA TI ON ON GkOUNO C ONO IT IO NS ANO 
UNOERGR OUNO OPEN ING SU PPORTS AHO MATERIALS HANDLlhG 
SYSTEM I S Al.SO PRESENTEO, ROCK TYPES REVIEWED INCLUOl 
LIMEST ONE, SCHIST ANO SLATE THIS OOCUHENT 
INCORPORAlES AOOITIONALLY M•CHANICAL PROPERTIES ILA81 
OAH, 

RCG19~2 ROC~ TUNN!LINC WITH HIGH SPEED WATER JETS 
UTILIZING CAVITATlON DAMAGE, 
KOKl, R, £ , 
HYORONAUT!CS. INC,, LAUREL, MO, 
1§2PP,, l'ifi&• 

ICONTINU EO I 
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f PP•t I 'I Of' I 
l lN f,U A(,f' I f h(,l l 'i.11 

PfNfnqHJNG CR~ANl7ATI OH(Sl 
H•OAONAUT!CS INCIU~A, 

fLNCING OA,GANI/ATIONISI 
OFPT , OF TRANSPORTATION OFf!Cf OF HIGH SPEED GROUNC 
TPANSPORTATinN ••SH INGTON,o.c:us•. 

THIS LA B 0£S00T CONTAI NS ORIGINAL DATA , THE PROJECT 
!NVESTIGAT[O IS UTILIZro FOR EXPERIMENTAL (XCAVATICN 
PURPOSES, T"f RfPORTEO FRAGHENTATION >IETHOO SF.RVICIHC 
PROJECT EFFORTS INCLUDES JET ABRASION IWATERl • ROCK 
TYPES AEY!EWEO !HCLUOE GRA•ITE, LIMESTONE, HARBLE, 
SERPE NT INE ANO SHALE THIS OOCUHEHT INCORPORATES 
ADD I TIONALLY HECHAHICAL PROPERTIES (LABl DATA, 

•0019• • 'EASI3ILITY nF FL•H c•JET TUNNELING, VOLUME II. 
s•sTE HS ANALYSIS AHO EXPERI~ENTAL INVESTIGATIONS. 
UNITEO AIRCOlFT COR P. 
UNJTEO A!RC~AFT CORP., RESEUCH LABS., EAST 
HARTFORD CONN . 
l~OPP., 1%&. 
I P6•17& 199 , UAC • L· G9 t0Sh0·10, VOL , 2 l 
lA N(UAG~I ENGLISH 

PERFORN!HC CRGA,.IZATION(Sl 
UNITED A!RCRArT RES EARCH LA B,ANO ARONHING 

ENGINEER! NG CORP, 

FUNOIHG ORGA H!7ATIOH(Sl 
O(PT.or TAAHSPORTA TI ON orFrcr Of HIGH SPEED GROUND 
fOAHSPORTATI ON ~A SH!NGTON , 0,CIUSA. 

TH I! LAR•THE ORETICAL REPORT CONTA INS ORIGINAL DATA . 
THE P~nJECT IMVESTIG ATE O IS UTILIZE( FOR EXPERIHENTAL 
r,c,vATIOH PUPPOS ~S. THE ~EPORTEO FRAGHENTATI0H 
"rtHOO SERVI C!MC, PR O.Jt;CT H•ORTS INCLUDES JEf 
AEIU.S[ O,-. fflAP'I ( , • 

•001q,q TH[ ELF CT ~OHYQRAULIC EFFECT! POTENTIAL 
AFPLICATI ON IM ROC~ FOG .. ENTATION . 
l(UT l (Q , H. I(• 

9U RfAU OF HINES, MA SHINGTON, O. C. 
&.OPP,, 19h9, 
I PB- 1&8 saq, BH· RI-7311 l 
LANGUAGE• ENGLI SH 

•ERFORH!NG CRGANIZAT! CNISl 
U. S.BUIIEAU OF "INES,HINNEAPOLI S,HHIUSA. 

FUNDING ORGANIZH!ONISI 
u.S,8UPEAU OF HINFS 

T>I S LAB REPOPT CONTAINS OIUG!MAL DATA. THE PROJECT 
!NY(STIGATEO IS UTILIZED •oA EXPf.RI•ENTAL EXCAVATION 
PURPOSFS. TH E REPORTED FRAGHENTATION HETHOO SERVICING 
0 ROJ ECT EFFQS!TS I NCLUDES IHPACT ABRASION 
IHECTROHYORlULICl , GEOS TRUCTURAl CHARACTERISTICS 
ro~ T•t REPCRTEO EXCA VATION ACTIVITIES ARE DESCRIBED. 
TH[ £ • c AVATIO N CHARACTERISTICS •cR ljOLSTON MARBLE 
(LINESTOH( OR FORHATIONll•TEHNESSEE HARBLEl ANO 
ST.CLOUC(GR•YlGRANOOIORITE l•CHA RCCAL GREY GRANITE) 
AA E TPEATEO. ROCK fY PES RE VIENED INCLUDE BASALT, 
GR ANITE, LINf STONE, HA RBLE ANO SLATE 

R00 19SO f>PfRINfNTAL CUTTING COHPONfNTS , NEM HfTHOOS Of 
CU TTING CCA L AND ROC~. 
0SOCM , A, 
RUR EA U OF •INES, WA SH INGTON, 0, C, 
ZTPP,, 1~Fi9, 
I PP-1qo Hll l 
LA•GUA G[ I ENGLl~H 

rnrs LIO-IN- SITU ANO LAB R£PORT CONTAI NS ORIGINAL 
OATA. THE UNOERC.ROUNO OPENING 01:SCUSSEO INCLUOF.S THE 
r.o•PLPEO EXC AVAT ION OF THE szo•BIER~I HIN£ (POLANDI 
THE PROJECT INVESTI GATED 1$ UTIUIZ[O FOR EXPERIHENTAL 
EXC AVAT ION PURPOSES , THE DRILLING HETHOD ANO TBH 
HET HOO REPRESENT THE EXCAVATION TECHNIQUES STUOIEC. 
T"E REPORTE D rRAG HEHTATI ON HET HOOS SERVICING PROJECT 
EF~OATS INCLUOF MECHANICAL ABRASION (ROTARYI ANO 
NECHANICAL ABOS! ON fUHSPECIFIEOl THIS OOCU"ENT 
I NCORPORATES ADO!TION ALLY CRILLING EQUIPMENT ANO 
TUNNELING MA CHINE CHARACTERISTI CS . EXC AVATICN 
ADVANCENENT RATE IS ALSO OI5CUSSEO. INFORHATICN 
PfRTINfNT TO EXCAVll!ON COST IS CIVEN. PETROGRAPHY 
ANO RCC~ TYPES REVIE WED INCLUDE COAL , IRON ORE, 
HUOST ONE, SANDSTONE ANO SHAL E • 

ADQ1q~2 FOIIHHION OF UNOERCROUNO CAV I TIES BY THE USE OF 
EXPLOSIVE~, 
OOGINA, I, S. EVSUOPOV, N. A. 
BUREAU OF RECLAMATION, DENVER, COLORADO 
16PP1 • 19~9, 
I ENGLISH TRANSLATION Of TRANSPORTNOE STROITEL • STVO , 
, ~ I, ~7-9, 19661 FOR IRICINAL SEE R19S1 l 
( P8•1&3 ZiJT, TRANS-eo o l 
LANGUAGEt ENGLISH 

THIS I••SITU•THEORETICAL R.:PORT CONTAINS O~IG!NAL 
DATA. THE PROJECT IN~EST!GATEO rs UTILIZED FOR 
EXPERIMENTAL EXCAVATION PURPOSES. THE ORIU ANO BLAST 
<OTHER THAN FOLL FACEl HETHOO REPRESENTS T ► E 
EXCAVATIO• TECHNIQUE STUDIED. THE RE POP.TEO 
FRAGMENTATION NETHOO SERVICI NG PROJCJ:T EFFORTS 
INCLUDES CONVENTIONAL EXPLOSIVE ITNTI • GEOSTRUCTURAL 
ANO SOIL CHARACTERISTICS AS WELL AS SOI L HECHAN I CAL 
PROPERTIE! FOR THE REPORTED EXCAVATION ACTIVITIE S Alf 
OESCR!BEO. 

R001957 CONCEPTUAL DESIGN OF A CORING SUBTE~RtN£ 
GEOPROSPECTOR. 
NEUOECKER, J. w. 
LOS ALAMOS SCIEKT!f!C LAB., UNIV, Of CAL!fORNU, 
LOS ALA•os, N, MEXICO 
t&tPPe, 191ft, 
( LA-5517•HS I 

LANGUAGE! ENGLISH 

PERFORMING ORCANIZATIONISI 
LOS ALA~OS SCIE~TIFIC LAB .IUNIV . Of CALlFORN!Al ,NH : 

& 1~~~ ,USA. 

FUNDING ORGANIZAT ION(SI 
ATOHIC ENERGY COHHISSION 

THIS LAB REPORT CONTAI NS ORIGINAL DATA . THE P~OJECT 
INVESTIGATED IS UTILIZED FOR EXPERIMENTAL EXCAVAI ICN 
PURPOSES. THE FULL FACE HETHOO REPRESENT S THE 
EXCAVATION TECHNIQUE STUDIED. THE REPORTED 
FRAGHE NTA TI CH NE THOO SERVICI NC PROJECT EFFORTS 
INCLUDES SUBTERRENE THIS oncuHENT INCORPOH ATES 
ADDITIONALLY TUNNELING MACHINE CH ARACTERISTICS. TBH 
EXCAVATION RATE IS ALSO OISCuSSEO, PERTINENT 
INFORHAT!CN ON UNDERGROUND OPENING SU PPORT S I S ALSO 
PRESENHO. 

R0019S& DEVELOPMENT OF A MOBILE ROCK•HELTI NG SUBTERIIENE 
f!ELO UNIT FOR UNIVERSAL EtTRUOI HG PENETRATORS. 
GRIGGS, J, E. 
LOS ALAHO~ SCIENTIFIC LAB., UNIV. OF CALIFORNIA, 
LOS ALAM05, N. MEXICO 
8PP. • 1'91a.. 
I LA•5S7J•HS l 
LAHCUACEr ENGLISH 

PE RFORHING ORGANI2AlION(Sl 
LOS AU HOS SCIEHIFtC LA8, IUNH,OF CALl,DRNU I ,NH: 

e 71Statt ,us•. 

FUNDING OAGANIZlTIONISl 
ATOHIC ENERGY CO"HISSION 

THIS IN-SITU REPORT CbNTAINS ORIGI NAL DATA. THE 
PROJECT INVESTIGATED !S UTILIZED FOR EIPHINENUL 
EXCAVATION PURPO!ES• THE REPORTEO FRAGHENTAT{ON 
HETHOD SE~VICING PROJECT EFFORTS IIICLU0£S SU8TERRFNE 

RD019h THt SHIN XANHON CONNECTION, 
BROMM, R, Lt 
TUNNELS 00 TUHIIEL~ING 
7 ( 1 I, !T, J9, ANO lol, 1975. 
LANGUAGEI ENGLISH 

PERFOR"tHG ORGAHI ZATIONIS l 
JAPANES! NATIONAL RAILNAYS ,JAPAN 

FUNDING ORGANIZAT IOH(Sl 
JAPANESE NATIONAL RAILWAYS 

THIS IN-5ITU REPORT CONTAI NS ORIGINAL DATA. TH( 
UNDERGROIHO OPE NI NG DISCUSSED INCLUDES THE COMPLETED 
EXCAVATION OF THE SHIN ~ANNON CONNECTION (JAPAN) • 
THE PROJECT IHVESTIGATEO IS UTILIZED FOR RAILWAY 
PURPOSES. THE CUT ANO COVER "ETHOO ANO DRILL AHO 
BLAST C,uLL FACEl fl[THOO MEPRtSE NT THE EXCAVATI CN 
TECHNIQUE5 STUDIED, THE REPORTED FRAGMENTATION HETHOO 

IC ONT[ NUEO I 



SERVICING PROJEC,T EFFORTS INCLUDES CONVENTIONAL 
OPLOSIVE IUNSP<CIFIEOl • INFORMATIO.N PFRTIN[NT TO 
OCAVAT IO• COST IS GIVEN, GEOSTRUCTURH 
CHA~ACT[PIST!CS FOR THE REFOPTEO EXCAVATION 
ACTIVITIES ARE OESCRIREO. PERTINENT INFORMATION ON 
UNOCRGOOUNO OPENING SUPPORTS IS ALSO PRfSENTEO, 

0001~7~ SC!l H[LTIN~ A PRACTICAL TRIAL, 
WILLIAMS. •• (. 
TUNN[LS ANO TUNNELLING 
, , 1 >, ~~-~. ,qrs. 
LANGUAGE• ENGLISH 

P~RFORMINC. CRC.AN!lAT!ON ISI 
CALIFORN!A,UNIVERSITY Of,LOS ANGELES,CAIUSA 

FUNDING ORGANIZAT[ON(SJ 
NATIONAL SCIENCE fOUNOATION,MASHINGTON,O .C.IUSA. 

THIS I N-SITU PEPORT CONTAINS CRIGINAL OATA. THE 
PROJECT INVEST!C.ATEO IS UTIL17EO FOR EXPEPIHENTAL 
EXC AVA TI ON PURPOSES. TH[ REPORTF.O FRAGNFNTATICN 
NETHOO SERVICING P~OJECT [fFORTS INCLUDES SU9TERRENE 
T k!S DOCU MENT INCORPORATES AOOITIONALLY ORILLHG 
EOUIPHENT CHARACTERISTICS. C.[OSTRUCTURAL ANO SOil 
CHA~ACT[R!STICS FOR THF REPORTED EXCAVATION 
AC TIVITIES ARE DESCRI8EO. PERTINENT INFORHATION OH 
UNOERGROUNO OP!:NING SUPPORTS IS ALSO PRfSENTEO, 

P00197n UNOERGROUNO ROCKET. 
AUTMOR -.NON. 
TUNNELS ANO TUNNELLING 
7 ( 1 •, 7J, 1q1c;. 
LANGUAGE• ENGLISH 

THIS LAB-I••SITU OEPOPT CONTAINS REVIEW OATA. THE 
PPOJECT !NVESTir.ATFO IS UTILI ZED FOR Cl9LE TUNNEL 
PURPOSES. THE REPORTED FRAGMENTATION NETHOO SERVICING 
P~OJE(T EFFORTS INCLUDES IHPACT A9RASION !ROCKET 
()HAUST ANC OP ILLI , THIS OOCU"ENT INCORPORATES 
400!TIO•ALLT DRI LLING EOUIPHNT ANO TUNNELING •ACHINE 
CHARACTERISTICS . r.EOSTRUCTURAL CHARACTERISTICS FOR 
THE REPORTED EXCAVATICN ACT JVITIES ARE OESCRIBEO. 

POC1q77 FOCUSED LAS EP qf AHS TO ASSIST ROCK EXCAVATION. 
.JURFWICZ, e. R. GRE( NWALO, L. E, 
J)~OWN, C. 0, 

UNITED AIRC~AFT RESFARCH LAB., EIST HARTFORD, CONN, 
CCNNECTICUT 
7lPP., 197•• 
I UARL-N-971~•J-ll, FRA-ORO ANO 0-7~-20 I 
LAN GUI GE I EhGLISH 

PERFOR~!Nr. CRGANIZATI ON ISI 
UNITED AIPCRIFT RESflRCH LAa:E .HARTFORD,CTlUSA. 

FUNOING ORGANIZATION(SJ 
FEDERAL RAILROAD AONINI STRIT I ON,OEPT,Of 

TRANSPORTATION, WASHINGTION O.CIUSA . 

THI S LAB REPORT CONTAINS ORI GINAL OATA, THE REPORTfD 
FRAGHENTATICN HETHOC SE~VICING PROJECT EFFORTS 
INCLUDES THERHAL-RAOIANT (COHERENT L!GHT-LASERI , 
GFOSTRUCTURAL CHARACTERISTICS FOR THE REPORTED 
fXCAVAT!ON ACTIVITIES ARE OESCR!8EO. THf EXCAVATION 
CHARACTERISTICS FOR 8A~RE GRANITE ANO SIOUX QUARTZITE 
<=JASPlR OUARTZITEI IRE TREATED. PETROGRAPHY ANO ROCK 
TYPFS RE VIEWED I NCLUDE DIABASE, GRANITE ANO QUIIHZITE 

THIS OOCUHENT INCORPORATES AOOITIOtlALLY HECHANICAL 
PROPERTIES <LABI CATI. 

R001~7q TUNN£LLING UNDER HINCHESTER, 
C Cl LI NS, S , P • 
TUNNELS ANO TUNNELLING 
6 ( S ,. 30·], 197&t. 
LINGUA Gr I fNGLISH 

PER FOR HING oqGA NIZ AT! OHISJ 
NUTTAL,EOHUNO LTOIU.K, 

FUNDING ORGANIZATIONISI 
BRITISH TELECOHHUNICATIOHS HEAOQU.RTERS, 

OEVELOPHENT OEPT. OF 
(OEVELOPHENT DEPT.] 

TMIS IN-SITU REPORT CONT AINS ORIGINAL OATA, THE 
UNOERGROUHO OPENING OISCUSSEO INCLUOES THE COMPLETED 
OCIVATION OF THE POST OFFICE COIIIIUNlCATIONS TUNNELS 
(MANCH ESTER, U.K,I THE PROJECT INVESTIGATED IS 
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UTILIHO FOR CABLE TUNNEL PURPOSES, lHE DRILL AHO 
BLAST !FULL FACEl NETHO O REPRESENlS THE EXCAVATlCN 
TECHNIQUE STUOIEO. THE REPORTED FRAGM ENTATION HETHOOS 
SE RVICING PROJECT EFFORTS INCLU DE CONV ENTI ONAL 
EX PLOSIVE IAHNON GELIGI NI TE I ANO JET ABRAS!CN 
IAIR-H£CHANICALI • THIS OOCUHENl INCO~PORATE S 
AOOITIONALLT TUNNELING MA CHINE CHARACT ERISTICS. 
Gl OSTRUCTURAL ANO SOIL CHARACTERISTICS FOR THE 
REPORTEC EXCAVAT I ON ACTIVIT! f S ARE OESCRIOEO. 
PERTINENT IIIFOR•ATION ON GROUND CONDITIONS ANO 
UNDERGROUND OP[NIIIG SUPPORTS ANO MAT ERIALS HANDLING 
SYSTEM IS USC PRESENTED. THE OCAVAT I CH 
CHARACTERISTICS FOR 8UNTER SANDSTONE ARE TREATED. 

R0019&0 CRYOGENIC TREAT•ENT OF SHAFTS INO TUNNELS. 
HARRIS, J. S, 
TUNNELS ANO TUNNELLING 
f, I ~ I, 1,q.70, 1q1~, 
LANGUAGE• ENGLISH 

PERFORHING ORGANI2ATION(SI 
HOOOIE,KINHEAR ANO CO.LTO;u .K. 
HONLEN,JOHN ANO CO , LTO!SCOTLANO,U.K. 

fUNOING ORGANIZATION<SI 
EDINBURGH CORP: SCOTLANO, U.K. 

THIS IN-~ITU RE rnRT CONTAINS ORIGINAL DATA. THt 
UNOERGROU~O OPENING OISCUSSEO I~LUO ES THE COMPL ETED 
EXCAVATION OF THE GRAIGENTINNY TUNNEL (SCOTLAND, 
U.K,l • T ►E PROJECT INVESTI GATED IS UTILIZED FOR 
SEWER PURPOSES, THE REPORTED FRAGHENTATION HETHOO 
SERVICING PROJECT EFFORTS INCLUDES JET ABRA S!CN 
(AIR-MECHANICAL I C.EOSTRUCTURAL ANO ~OIL 
CHARACTERISTICS FOR THE REPORTED EXCAVA f ICN 
ACTIVITIES ARE OESCRI8ED. PERTINENT INFORIIAT!ON ON 
GROUND CONDITIONS ANO UNDERGROUND OPENI NG SUPPORTS IS 
ALSO PRESENTED, 

R001981 OTTAWA SE~ER PROJECT. 
9RICKLE, E. 
TUNNELS ANO TUNNELLING 
f> IS 1, 71-9, l97~, 
LINGUAGEI ENGLISH 

PERFORMING ORGANilATION(SI 
SCH WEN GER CONSTRUCTION COIOTTAWA,CANAOA 

FUNDING OAGANIZATIONISI 
OTTAWA,AEGIONIL IIUNICIPALITY OF,CARLETON WORKS 

OEPT. 

THIS IN-SITU , REPORT CONTAINS ORI GINAL OATA. THE 
UNDERGROUNO OPENING OISCUSSEO INCLUDES THE ON GOING 
EXCAVATION Of THE OTTAWA SEWER PROJECT IOTTAWI, 
ONTARIO, CANAOAI THE PROJECT INVESTIGATED IS 
UTILIZED FOR SEWER PURPOSES. THE TBN HETHOO REPRESENT 
THE EXCAVATION TECHNI QUE STUOIEO. THE REPORTED 
FRAG•ENTATION METHOD SERVICING PROJECT EFFORTS 
INCLUDES MECHANICAL A BRAS ION IROHRY I , THIS OOCU II ENT 
INCORPORAlES AOOlTIONALL Y ORILLING EC UIPNENT ANO 
TUNNELING HACHINE CHARACTERISTICS. T8H EXCAVATI CN 
RATE IS ALSO DISCUSSED. GEOSTRUCTURAL CHARACTERISTICS 
FOR THE REPORTED EXCAVATION ACTIVITIES ARE DESCRIB ED. 
PERTINENT INFORIIATION ON GROUND CONDITIONS 00 
UNOERGROUN() OPENING SUPPORTS ANO ~ATERIALS H4NULING 
SYSTEM IS ALSO PRESENTED, PoTROGRAPHY ANO ROCK TYPES 
REVIEWED I NC LUOE SHALE • THIS OOCUHENT I NCO RP ORA TES 
AOOITIONALLY MECHANICAL PROPERTIES (LA81 DATA, 

11001982 NEW BRITISH TUNNELLER TO cur ITS TEETH IN COAL . 
AUTHOR AN CH. 
TUNNELS ANO TUNNELLING 
6 ( 6 I, 11-l, 19 7 .. , 
LANGUAGE! ENGLISH 

PER'ORHING ORGANIZATIONIS l 
THYSSEN IGREAT 9RITAINILT0o 

THIS IN-SITU REPORT CONTAINS REVIEW DATA. THE PROJECT 
INVESTIGATED IS UTILIZED FO~ MINE PURPOSES, THE TBH 
HETHOO REPRESENTS THE EXCA VATION TECHNIQUE STUO IEO , 
THE REPORTED FRAG•ENTATION HETHDD SERVICI NG PROJECT 
EFFORTS INCLUDES HECHANICAL ABOS? ON IROTARYI , THIS 
OOCUIIENT INCORPORATES AOOITlONALLY TUNNELING HACHihE 
CHARACTERISTICS, 

R001983 GROUND BREAKER ICTIOH. 
AUTHOR ANCN, 

ICDNTINUEOI 



118 

TUNNELS ANO TUNNELL ING 
6 f 6 I" 13, 1'Hlt. 
LANGUAGE! EN GLIS~ 

PERFORMING CRGANilAT!ONISI 
HCOOIE,Kih NEAP AND CO,LTD:u,<, 

THIS IN-SITU PEPO<T CONTAIN5 ABSTRACTE3 ONLY DATA, 
THE SHIELD HETHOO ANO TeH HETHOD PEPRESENT THE 
E•CAVATI ON TE~ HNIQ~FS STUDIED, THE REPORTED 
FRA GMENTATI ON HETHOO SERVICING PROJECT EFFORTS 
INCLUDES HECHA• IC AL ASR ASIO• IROTARYl • THIS DOCUME•T 
INCORPORATES ADDIT I ONALLY TUNNELING MACHINE 
CHAl<A CTERISTICS , 

R00198~ PARTIAL FA CE PROTOTYPE AT STnKE • ON·lRENl. 
LEE NEY t J. G • 
TUNNELS ANO T UNNELLI NC 
f, ( & ,, 20- 3 , 197t, . 
LANGUA GE • EN GL I SH 

PERF OR MING ORGAN!lAT I ON <Sl 
LEONARD FAI~CLOUGH LTD: BUCHAN DIVISION OF,U,K, 

THI~ IN- S ITU REPOR T CONTAINS CRIGINAL DATA , THE 
PROJECT INVES TI GATED IS UTI LI ZED FCR SEWER PURPOSES, 
THE PARTIAL FACE TUNNEL MACH I NE HETHOO REPRESENTS THE 
EXCAVATION TECH~IQUE STUD IED, THE REPORTED 
FRA GHFNTATION HETHOD SERVICING PRO J ECT EFFORTS 
I~CLUD ES HECHAN!CAL AePAS!Oh <ROTARYI , THIS DOCUMENT 
INCORPORAT E~ ADDITIONALLY TUNNELING MACHINE 
CHAl<ACT:RISTICS, EXCAVATIOh ADVANCEMENT RATE IS ALSO 
DISCUSSED. SOIL CHA~ACTERISTICS FOR THE RE~ORT£0 
EXCAVATION ACT IVITIES A~f DESCRIBED , PERTINENT 
INFORMATION ON GROUND CONOITIO~S ANO MATERIALS 
HANDL!,G SYSTEH IS ALSC PRESENTED, RO:~ TYPES 
REVIEWED INCLUDE HARL 

RCO l 965 THE RIT SEM STORY . 
GOSS ELIN, C. 
TUNNELS ANO TUNNEL LING 
6 ( 6 I, •Z- 3, 197,. 
LANGUAGE I ENGLISH 

FLNC!NG ORGANilA TION(S l 
SWEDI SH POWER aOARO,SMEOEN 

HIS I N•SIT U '<£PORT CONTAINS ORIGINAL OATA·. THE 
UND ERGROUND OPENI NG DISCUSSED INCLUDES THE ON GO!hG 
EXCAVATION OF THE RITSEH POWER STATION TUNNEL 
<RITSEH, SWEOENI THE PRO JECT INVESTIGATED IS 
UTILIZE D FOR HYDROE LECTRIC P~POSES , THE HEADING ANO 
BE NCH METHOD RE PRESENTS THE E>CAVAT!ON TECHNIOUE 
STUDIED, THE REP PR TEO FRAGME"TATICN HETHOO SERVICING 
PROJECT EFFORTS INCLUDES CONVENTIONAL E•PLOSIVE 
<UNSPECIFIEO l T~TS DOCUMENT INCORPORATES 
AOOITIONALL~ ORILLI>i EOUIPHENT CHARACTERISTICS, 
E•CAVATION ADVANCE MENT !ATE IS ALSO DISCUSSED, 
GEOST~U CTURA L ~HARACTER!STICS FOR THE REPORTED 
E1CAVATION ACTIVIT!ES ArE DESCRIBED, PERTINENT 
INFORHAT!ON ON UNOE~G ROll I OPENING SUPPORTS IS ALSO 
PRESENTED, PETPOGRAPHY AN I. ROCK TYPES REVIEWEO 
~NCLUDE HYLONITE (ROCKI ANO S,; H!ST , 

R001966 l<E \J\~REW HOT CRWAY SE WER, 
MC L~-N, R, 0. 
TUNNE\ S ANO TUNNELLING 
6 < 6 ,. 57-<J, 197~. 
LANGUA GE! ENGLISH 

FLNOING ORGANIZATION(SI 
GLAt~ow CORP:u. K. 

THIS l""SITU REPORT CONTAINS ORIGINAL DATA, THE 
PROJECT INVESTI GATE D IS UTILIZED FOR SEWER PURPOSES, 
THE DRILL ANO BL-ST ( FULL FACE ! METHOD REPRESENTS THE 
EXCAVATION TECHNIQUE STUOI EO , THE REPORTED 
FRAGMENTATI ON HcTHOO SERVICING PROJECT EFFORTS 
INCLUDES CONVENTIONAL EXPLOSIVE <UNSPECIFIED) 
GEOSTRUCTURAL ANO SOIL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE OESCRI8EO, 
PERTINENT INFORMATION ON GROUND CONDITIONS AHO 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESENTED, 
PETROGRAPHY ANO ROCK TYPES REVIEWED INCLUDE SANDSTONE 

R0019e7 CHINHOR TUNN ELLING TRIALS - AACKGROUNO ANO rROGRESS , 
HI G~ETT, H. J. BO OFN, J, a, 
TUNNEL S AHO TUNNELLING 

<CONTINUEOl 

~ ( 6 ), t5-7D, 197~. 
LANGUAG E• ENGL I SH 

PERFORMING ORGANIZATIOH< S I 
OEPT,OF [NVIRCNHENT, TRANSP0i T AHO ROAO RESEARCH 

LA8.0~,BERKSHIR£, 
U.K, 

THIS IN-SITU REPORT CONTAINS REPUBLISHED DATA, THE 
UNOERGROU~O OPENING DISCUS LO INCLUDES THt Os GO ihG 
EXCAVATIO• OF THE CHINNOR TU, NEL (CHINNOR. U,<, I • 
THE PROJECT INVESTIGATE □ IS UTILI zrn FOR E XPfRIHENTAL 
EXCAVAT!Oh PURPOSES , THE TRM MET HOD REPRESE NTS THE 
E XCAVA TIO• TECHNIOUE S TUD IE□ • THE REPORTED 
FRAGMENTATION METHOD SERVICING PROJECT EFFORTS 
INCL UOES •ECHA~ICAL ABRASION <ROTARYI • THI S OOCU MENT 
INCORPORATES ACOITIO,A LLY TUNNEcING MACHINE 
CHA RACTE~ISTICS, GEOST~UCTUR AL CHAR ACT ERISTIC S FCR 
THE RFPORlEO EXCIYAT!ON ACTIV ITIES ARE OESCRIOEO, 
PERTINENT INFORMATION ON UND ERGROUND OPE NING SUPPORTS 
IS ALSO PRESENTEC. ROCK TYPES RE VIEMtO INC LU DE CH ALK 
!HINERALl • 

R001 988 PERFOR~A~CE AND •OISE SUPPRESSION TESTS or A WAi e~ 
Cl.N~ION. 
COOLEY, w. C. 
OEPT, OF IRANSPOQTAT!ON, FEDERAL RAILROAD 
AOHINISTRAT!Oll, MASH!NGTON, 0, C, 
3~PP,, 1974, 
( FRA·ORD-0-75-9 l 
LANGUlG£1 f.NGL!SH 

PERFORMING ORGANIZAIION!S l 
TCRRASPACE,I~c:~o• N,STON(STREET AVc:ROCKVILU ,HO. 

zoaso :usA 

FUNDING Ol<GANIZAT !ON(SI 
u.S . GovT;OEPT.OF TRANSPORTATION 

THIS LAB •f.PORT CONTAINS ORIGINAL OA TA, THE RlPOR TED 
FRAGM(NTATION ~ETHOO SERV ICING PROJECT Ff<oRTS 
I NCLUDES JlT ABRASION <MA TER CANNONI , GEOSTRUCI URAL 
CHARACTERISTICS FOR THE OEPORIEO l XC AVATlGN 
ACTIVITIES ARE OCSCRIOEO , TH£ EXCAVAT ION 
CHARACTERISTICS FOR RARRE GR ANITE ARE TRE AT EO , ,OC < 
TYPES REVIEWEO INCLUDE GRAN ITE. 

R0019e9 THE RHAL-HECHANICA l FRAG~ENTATION• A PROHI S!NG Hll HOQ 
FOR HARD-FOCK EXCAVATION, 
CLAR<, G, 8, 
TUNNEL I NG TECHNOLOGY NEWSLETHR 
( 6 ) , r.-11, 19 71.+, 
LANGUAGFI ENGLISH 

PERFORMING ORGANIZATION(SI 
H!SSOURI,UNIVERSITY OF,ROLLA,Ho:us A 

FUNDING O•GANIZAT JON<SI 
ADVANCEC RESEA~CH PRO JECT AGENCY C ARPA 

TtlIS LAO-IN-SITU REPORT CONTA INS REPURL!SHEO DATA , 
TH£ PROJECT INVESTIGATED IS UTILI ZED FOR EKPERIHENTAL 
EXCAVATIO• PURPCSES, THE DRILLING ANO THER HAL 
FRACTURING HETHOO REPRESE NTS THE EXCAVATION TfCH NIQUE 
STUOIED. THE P-1::PORTE □ FRAGMENTATION METHO D SERVICING 
PROJECT EFFORTS INCLUDES THtRHAL·ELECTR ICAL 
<TRA NSFER•EJ ARC METHODS , CARBON ARCl • GEOS T~UCTURAL 
CHARACTERISTICS FOR THE REPORT ED tX CAVATION 
ACTIVITIES ARE DESCRIBED, ROCK TYPES RE VIEWED INCLUDE 
GRANITE , 

R001991 THERHOHYORAULIC ROCK OISIHTEGRAT! ON-THEORET!CAL 
ANALYSIS OF ROCK CUTTING BY COM9INEO THER HAl 
WEAKENING ~NO HIGH-SPEED WATER JET IMPACT, 
RINEY, T. 0, 
SYSTEMS, SGIENCE ANO SOFTWARE , LA JOLLA, CALIF. 
2•2PP,, 1974, 
1 sss-R-7~•Z5D7 1 
LANGUAGE! ENGLISH 

PERFORMING ORGANI2ATION(Sl 
SYSTEHS,SC!ENCE ANO SoFTWARE ,LA JOLLA,CA:USA, 

FUNDING O•GANIZATION!SI 
NATIONAL SCIENCE FOUNOAII ON ,WASHINGTON,O.c. :us A. 

THIS THECRETICAL REPORT CONTAINS ORIGINAL DATA. THE 
REPORTED FRAGMENTATION HETHOO SERVICING PROJECT 
EFFORTS I ~CLUOES JET ABRASION <MATER} • GEOSTRUCTURAL 

(COtlT INUEOI 
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R002049 

R0020~0 
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CHARACTERISTICS FOR THE REPORTED 0 XCAVATION 
ACTIVITIES APE OE SCRIBED. THE EXCA VATION 
CHARACTERISTICS FOR ST.CLOUO (GRAYIGRANOOIORITE 
<=CHARCOAL GREY GRANIT EI ARE TREATED. PETROGRAPHY ANO 
ROCK TYPES REVIEWED IhCLUOE GRAh!TE. THIS DOCUMENT 
INC ORPORATES AOOITIONALLY MECHANICAL PROPERTIES DATA. 

THE BRETBY TUNNELLING MACHihE. 
HAY, J. O. HUGH E'S , H. M. WRAT HALL, R. w. 
PROC. INST• C !VIL ENG . 
J O, 6«.q-7lt, 1q&c; . 
LANGUAGEI ENGLISH 

PERFORMING CRGANIZATION<SI 
NATIONAL COAL BOARD,U .K. 

FUNDING ORGANIZATION(SI 
NATIONAL COAL BOARO ,U. K. 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA. THE 
UNDERGROUND OPENING DISCUSSED INCLUCES THE COMPLETED 
EXCAVATION OF THE BREEDON LIMESTONE CUARRY TUNNEL 
ILE ICESTERSH IRE, OK I • THE PRO JECT INVESTIGATED IS 
UTILIZED FCR EXPERIMENTAL EXCAVATION PURPOSES. THE 
TBM METHOD REPRESENTS THE EXCAVATION TECHNIQUE 
STUDIED. THE REPORTED FRAG~ENTATIOh METHOD SERVICING 
PROJECT EFFORTS I MCL UOES NEC HAN I CAL ABRASION ( ROTARY I 
• THIS DOCUMENT INCORPORATE S A 00 IT IO NALLY TUNNEL! NG 
MACHINE CHARACTERISTICS. TBH EXCAVATION RATE IS ALSO 
DISCUSSED. GEOSTRUCTURAL CHARACTERI STICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED. 
PETROGRAPHY ANO ROCK TYPES REVIEWED INCLUDE Lil1ESTONE 
• THIS OOCU~ENT INCORPORATES ADDITIONALLY MECHANICAL 
PROPERTIES (LABI DATA. 

CUTTING ROCK WITH WATER JETS. 
HARRIS, H. O. MELLOR, M. 
INT• J. ROCK NECH. HH. SCI. 
11 ( 9 ) , J'1J-58, 197,., 
LINGUAGEt ENGLISH 

PERFORMING ORG ANI ZATICN(SI 
NATIONAL RfSEARCH COUNCIL OF CANACA,OTTAWA,CANIOA 

THIS LA6 REPORT CONTAINS ORIGINAL DATA. THE REPORTED 
FRAGMENTATION HETHOO SERVICING PROJECT EFFORTS 
IhCLUOES JET AqRAS!ON (WATER CANNON, CONTfHUOUS 
IHPACTI GEOSTRUCTURAL CHARACTERISTICS FOR THE 
REPCR TEO EXCAVATION ACTIVITIES ARE DESCRIBED, THE 
EXCAVATION CHARACTERISTICS FOR BARRE GRANITE, BEREA 
SANDSTONE ANO INDIANA LIHESTONE ARE TREATED. 
PETROGRAPHY ANO ROCK TYPES REVIEWED INCLUDE GRANITE, 
LIMEST ONE ANO SANDSTONE, THIS OOCUHENT INCORPORATES 
ADDITIONALLY HECHANI CA L PROPERTIES (LABI DAT A. 

A ROTATING WATER JET DEVICE ANO DITA DH ITS USE FOR 
SLOTTING BE~EA SANDSTONE . 
HARfi:IS., H. 0, BR IERLEY, w. H, 
INT, J. ROCK HECH . HIN. SCI, 
11 I q J, 35q-M,, 1974. 
LANGUAGE• ENGLISH 

PERFORHING ORGANIZATICN(SI 
NATIONAL ~ESEA~CH COUNCIL OF CANACA,OTTAWA,CANAOA 

HIS LAB REP ORT CONTAINS OUGIHIL OITA, THE REPORTED 
rRAGMENTATION METHOD SER VICING PROJECT EFFORTS 
INCLUOf:S JET ABRASION (WATER CANNON, CONTINUOUS 
IMPACT) • GEOS TRUCTURAL CHARACTERISTICS FOR THE 
REPORTED £XCAVATION ACTIVITIES ARE DESCRIBED, THE 
E)CAVATION CHARACTERISTICS FOR BEREA SANDSTONE ARE 
TREATED. PETROGRAPHY ANO ROCK TYPES REVIEWED INCLUDE 
SANDSTONE THIS DOCUMENT INCOR PORATES ADDITIONALLY 
MECHANICAL PROPERTI ES (LABI DATA. 

GROUND VIERATIONS FRON TUNNEL BLASTING IN GRANITE, 
OLSON, J. J. FOGELSON, Q. E. DICK, R. A. 
HENDRIC~SOH, A.O. 
u. S. BUREAU OF HINES, PITTSBURGH, Pl. 
25PP., 1972. 
( BH-Rl-7653 I 
LINGUAGEt ENGLISH 

PERFORHIHG ORGANllATICHISI 
u.s.ARHY CORPS OF ENGINEERS 

FUNDING ORGAHIZATIOH(SI 
UNITED STATES GOVT. 

ICONTIHUEO J 
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THIS IN-~ITU REPORT CONTAINS ORIGINAL DATA. THE 
UNDERGROUND OPENING or SCUSSED INCLUDES THE COMPLETED 
EXC AVATI ON OF THE NORAD UNDERGROUN D COMPLEX <COLORADO 
SPRINGS, CO. , USA I • THE PROJECT INVESTIGATED IS 
UTILIZED FOR MILITARY INSTALLATION PURPOSES . THE 
DRILL ANO BLAST (FULL FACEI HHHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUDI ED . THE REPORTED 
FRAGMENTATION METHOD SERVICING PROJECT EFFORTS 
INCLUDES CONVENTlOhAL EXPLOSIVE (UHSPECtr!EOI • THIS 
DOCUMENT INCORPORATES ADDITIONALLY DRILLING EOUIPNEHT 
CHARACTERISTICS . GEOSTRUCTURAL CHARACTERISTICS FOR 
THE REPOR TED EXCAVATION ACTIVITIES ARE DESCRIBED . THE 
EXCAVATlO~ CHARACTERISTICS FOR PI KES PEAK GRANITE A•E 
TREATED. PETROGRAPHY ANO ROCK TYPES REV I EWED INCLUDE 
GRANITE. THIS OOCUHENT INCORPORATES ADDI TIONA LLY 
MECHANICAL PROPERTIES (LABI DATA . 

R00Z056 EFFECTS OF TYPE OF CUT, DELAY, AH O EXPLOSIVE OH 
UNDERGROUND BLASTING IN FROZEN GRAVEL. 
DICK, R. A. 
U. S. BUREAU OF HINES, PITTSBURGH, PA. 
17PP., 1q10, 
I BH-RI-7l5b I 
LANGUAGE• ENGLISH 

PERFORMING ORGANI ZATION(S I 
U.S.BUREAU OF NINES,HIN~EAPOLIS,MNI USA. 

FUNDING ORGANIZATION(SI 
U,S,ARMY COLO REG IONS RESEARCH ANO ENGINEERING LAB, 

! CRRE LJ 

THIS IN- 51TU REFORT CONTAINS ORIGINAL DATA. THE 
UNOERGROUhO OPE NI NG DI SCUSSEO INCL UOE.S TH E COM PL ETEO 
EXCAVATIO~ OF THE CRREL OPERIMENTAL TUNNEL <FOX, 
AK,, USII , THE PROJECT !NVESTIGAf t D IS UTILIZED FOR 
EXPERIMENTAL EXCAVATI ON PURPOSES . THt D~lll ANO BLAST 
<FULL FACEI METt100 ANO TBH H£THOO ·~RESENT THE 
EXCAVATIO ~ TECH NI CUES S TUDIED. THf REPORTED 
FRAGHEHTAT!ON METHODS SERVICING PRO~T EF FORTS 
INCLUDE CONVENTIONAL EXPLOSIVE IUHSPEC!1'lEOI ANO 
MECHANICAL ABRA SI ON ( ROTARY I , THIS bOC UMENT 
INCORPORATES ADDITIONALLY TUNNELING MACHihE 
CHARACTERISTICS. GEOSTRUCTURAL ANO SOIL 
CHARACTERISTICS AS WELL AS SOIL MECHANICAL PROPE~ TIES 
FOR THE REPORTED EXCAVATION ACTIVITIES AR E DESCRiQEO. 
THE EXCAVATION CHARACTERISTICS FOR BIRCH CREEK SCHIST 
ARE TREAT ED. PETROGRAPHY AN O ROCK TYPES REVI E.EO 
INCLUDE SCHIST , 

ROOZ060 DRILLABILJTY STUDIES PERCUSSIVE DRILLING IN TH E 
FIELD. 
SCHMIO T, R. L. 
U. S. BUREAU OF HINES, PITT SBURGH , PA. 
31P?., 1972. 
( BH-RI-7684 I 
LANGUAGE• ENGLISH 

PERFOR"IHG ORGANIZATION(SI 
u.s.BUREAU OF HINES,HINNEAPOLIS ,HNlUSA. 

FUNDING ORGANIZATlONIS I 
U.S.BUREAU OF HINES 

THIS IN-SITU-THEORETICAL REPORT OO NTAIHS ORIGINAL 
DATA. THE REPORTED FRAGHENTAflON NETH OO SERV ICING 
PROJECT EFFORTS IflGLUO~~ MEC HANICAL ABRASICN 
IPERCUSSICNI • THf.S OOCUHENT INCO•PORATES 
ADDITIONALLY DRILl!NG ECUIP"ENT CHARACTERISTICS. 
EXCAVATIOh AOfANCEHENT RATE rs ALSO DISCUSSEO. 
GEOSUUCTURAL CHARACTERISTICS FOR THE REPORTED 
EXCAVATION ACTIVIlIES ARE DESCRIBED. THE EXCAVATION 
CHARACTERJSTICS FOR BAO RIVER OOLONITE, BIWABIK IRON 
FORMATION, DRESSER BASALT, OULUT~ GABBRO, NEGAUNEE 
IRON- FORNAT ION, ONEOTA OOLOHlTE !OR OOLONITE MEHBERI, 
RIB HILL QUARTZITE, ROCKVILLE QUARTZ MOHZONITE, SIOUX 
QUARTZITE <=JAS PER QUARTZITE I, 
ST.CLOUO(GRAYIGRAhODIORITE (=CHARCOAL GREY GRANITE! 
ANO WARMAN QUARTZ HONZCN!TE ARE TREATED, PETROGR APHY 
A NO ROCK TYPES RE VIEWED INCL UDE A NORT HOSITE, BASALT, 
DIABASE, DOLOMITE (ROCKI, GABBRO, GNEISS, GRANITE , 
GRANOOIORITE, !RO~ ORE, LIMfS TQHE, "ARBLE, MONZONITE, 
PEGMIT!TE, QUARTZITE, SANDSTONE, TACONITE, TRAP AND 
TUFF • THIS DOCUMENT INCORPORATES ADDITIONALLY 
MECHANICAL PROPERTIES (LIBI DATA. 

ROOZD61 CRATER SCALING IN GRANITE FOR SMALL CHARGES. 
□ •ANDREA, O. v. FISCHER, R. L. 
HENDRICKS CH, A. D, 

<CONTINUED) 
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U. S. BUREAU OF HINES, PITTSBURGH, PA .• 
28 PP., 1970. 
I BH•RI•740q I 
LANGUAGE I ENGLI SH 

PERFORMING ORGANIZATI ON ISI 
U,S, BURE AU OF HIHES, MIHHEAPOLIS ,H~I USA, 

FUNCING ORGANIZATION<SI 
u.S,BURcAU OF ~INES 

THIS IN-SITU RcPORT CONTAI NS ORIG INAL DATA, THE 
PROJECT INVESTIGAT ED IS UTILIZEC FOR EXPERIMENTAL 
EXCAVATION fURPOSES, THE TRE'ICH METHOC REPRESENTS THE 
EXCAVATION TECHNIDUE STIXIIEO. THE REPORTED 
FRAGMENTATI ON METHOC SER VICING PRO JECT EFFORTS 
INCLUOES CONVENTIONAL EXPLOSIVE IUHSPECIFIEOI 
PET~OGRAPHY ANO ROCt< TYPES PEVI EMED INCLUDE GRANITE , 
THlS OOCU HEH T lHCORPORATES ACOITIOHALLY MECHANICAL 
PROPERTIES CATA , 

R002062 MI~E ROOF VIBRATIONS FROM UNOERGROUNC BLASTS, 
OLSCN, J. J. DICK, R. A. CO NOON• J. L. 
HENCRICt<SON, A. O. FOGE LSON, 0, E, 
U, S, BUREAU OF MIHES, PlTTSBURGH, FA. 
SSPP., 1970. 
I BH-RI· 73JO I 
LAN GUAGE• ENGLISH 

PERFORMING CRGANIZATICNISI 
U,S,BUREAU Of HIHES,HINNEAPOLIS,MNIUSA, 

FUNCING ORGANIZATION(S) 
U,S,BUREAU OF HINES 

T~IS IN-SITU Q€PORT CONTA INS ORIGINAL OATA. T~E 
PROJECT INVESTIGATEC IS UTILIZED FOR HINE PURPOSES, 
THE CRILL HO BLAST IFULL FACE! METHOD RE PR~SE NTS THE 
EXCA VATION TECHNIQUE STUDIED, THE REPORTED 
FRAGHENTATICH HETHOO SFR VICIHG PROJECT EFFORTS 
I ~CLUOES CONVENTIONAL EXPLOSIVE IUNSPECIFIEO I 

1>002063 HINE ROOF VI BRATIONS FROH PRODUCTION BLASTS, 
SHULLSBURG HINE, SHU LL SBURG, WIS , 
OLSON, J . J . DICK , R. A. FOGEL SON, O. I::. 
FLETCHER, L, R, 
U, S, ~UREAU OF HINE S , PITTSBURGH, PA, 
35PP,. 1970, 
I BH•Qt -H&2 I 
LANGUAG~I ENGLISH 

PERFORHIHG ORGANIZAT ICNISI 
U, S , BURE AU OF HIHES, HIHNEAPOLIS, HN I USA , 

FLN OING ORGANIZATION ISI 
U,S, BUREAU OF HINES 

THIS IN•SITU REPORT CONTAINS CRIGINAL DA TA, THE 
UND EAGROUNO OPENING OISCUSSEO INCLUDES TH E COHPLETEO 
~x cA f JTfON OF THE EAGLE-PICHER INDUSTRIES SHULLSBURG 
HINE 1 THE PROJECT I•VESTIGATEO IS UTILIZED FOR HI~E 
PURPO!IIS , TH E DRILL AHO BLAST IFULL !'ACEI HETHOO 
REPRESt~TS THE EXCA VAT IOH TECHNICUE STUDIED, THE 
REPORTEb FRAGHENTATION HETHOO SERVICING PROJECT 
EFF ORTS INCLUDES CONVENTIONAL EXPLOSIVE IUNSPECIFIEDl 

ROC K TYPE S REVIEWE D INCLUOE GLASS I ROC KI A ►O 

LIHESTOHE , THIS OOCUHENT I NCORPORATES ACOIT I OHA LL Y 
MEC HANICAL FROPEIHIES ILABI OA TA, 

R0020f~ PREDICTION CF PENETRATION RATE FOR PERCUSSI VE 
DRILLING, 
SELIM, A, A, BRUC E, W, E, 
U, S, BUREAU OF HINES , PITT SBURGH , PA, 
21PP., 1970. 
I 8'4-Rl-7396 I 
LANGUAGEI ENGLISH 

PER FOR HI HG OR GAHIZATI ON ISi 
u.s .e,H;TNIN CITIES HINING RESE ARCH CENTER, 

HINNEAPOLIS,HHlUSA, 

FUNDING ORGA HIZATIOH(SI 
8UREAU OF NINES, U,S, GOVT, 

THIS LA8•THEORETICAL REPORT CONTAINS ORIGI NAL DATA, 
THE PROJECT INVESTIGATED IS UTILIZED FOR EXPERIMENTAL 
EXCAVATION PURPOSES , THE RE PORTED FRAGHE NTATIOH 
HET~OO SERVICING PROJECT EFFORTS INCLUDES MECHANICAL 
ABRA SION IROTARYI , GEOSTRUC TURA L CHARACTERISTICS FOR 

I CONTINUED I 

THE REPOR l ED EXCAVATION AC TI VITI ES ARE OESCRI BEO, THE 
EXCAVATIO~ CHARACTERISTICS FOR BIWABIK IR CN 
FORHATIO N, ORESSER BASALT, KASO TA SA ND STONE, HORTON 
GRANITE GENISS (OR QUA~TZ HONZONITE GENISSl, 
ROCt<VILLE QUARTZ HOHZONITE, SIOU) QUARTZITE l ■JASPER 

QUARTZITE I ANO ST ,CLOUOIGRAY I GRA HOO!OR!TE ( ■ CHARCOAL 
GREY GRANITE I ARE T ijEATEO, ROCK TY PES REVI EWED 
INCLU CE BASALT, GRANITE, QUARTZITE, SANDSTON E ANO 
TACONITE , THIS DOCUMENT INCORPORATES ADDITIONALLY 
HECHANICAL PROPERTIES <LABI OATA, 

R002066 TUNNEL BORIHG TEC HNOLOGY! OISt< CU TT ER EX PERIHENT S IN 
SEOIMENTA•Y ANO HETAHORPHIC ROCKS , 
HORRELL, R, J, BRUCE, W, E , LARSON, D, A, 
U. S, BUREAU OF HINES, PITTSBURGH , PA, 
32PP,, 1970, 
I BH• RI·H1D I 
LAN GUAGE I ENGLISH 

PERFORMING ORGANI2ATIONCSI 
u.S, B,M:TWIH CITIES MINING RESEARC H CE NTER, 

HIHNEAPOLIS,HNlUSA, 

FUNDING o•GANIZATIONISl 
BUREAU OF HIHES,U,S,GOVT, 

THI S LAE-THEORETlCAL REPORT CONTAINS ORIGI NAL QATA, 
THE PROJECT INVESTIGATED IS UTILIZED FOR EXPER IMENTAL 
EXCAVATION PURPCSES, THE REPORTED FRAGHENTATI CN 
HETHOD SEijVJCING PROJECT EFFORTS INCLUDES MECHAN ICAL 
ABRASIO~ IROTARYI , GEOSTRUCTURAL CHA~ACTERISTICS FOR 
THE REPORTED EXCAVATION ACTIVITI ES ARE DESCR I BED , THc 
EXCAVATIO ► CHARACTERISTICS FOR HOLSTON MARBLE 
I LIMESTONE OR FOR~ATIOHl(■TENHESSEE HA RBLE I , KASOTA 
SANDSTONE, MANISTIQUE DOLOMITE IOR FORMATION] ANO 
SALEH LI HEST ONE ARE T !EAT ED. ROCt< TY PES RE V I EME O 
INCLUDE DOLOMITE IROCt<I, LIMESTONE, MARBLE ANO 
SAHOSTONE, THIS DOCUMENT INCORPCRATES ADDITIONALLY 
MECHANICAL PROPERTIES IL ABI DATA , 

R002069 TUNNEL SORING TECHN OLOG Y• OISK CU TT t:R EXPER IMENTS IN 
HETAHORPHIC ANO I NGEOUS ROCKS , 
HORR ELL, R. J, LARSON, 0 , A, 
U, S, BUREAU OF HIHES, PITTSBURGH , PA, 
50PP. t 197'+• 
I BH•RI-7%1 I 
LAN GUAGE S ENGLISH 

PERFORMING ORGANIZATIOH(S l 
U,S ,BUREAU OF HINES,HINNEAPOLIS,HHlUSA, 

FUNDING QRGANIZAT IO NIS I 
U,S,BUREAU OF HINES 

THIS LA B REPORT CONTAINS ORIGINAL CATA, THE PROJECT 
INVESTIGATEC IS UTILIZED FOR EXPERIMENTAL EXCAVAT I ON 
PURPOSES , THE REPORTED FRAGHENTATIO N METHOD SERVICI ~G 
PROJECT EFFORTS INCLUDES MECHANICAL ABRASION IROTARYI 

THIS OOCUHENT IHCORFORATES AOOITIOHAlLY TUNNELHG 
MACHINE CHARACTERISTICS, GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EXCAVATICN 
ACTIVITIE S AR E DESCRIBE□• THE EXCAVATION 
CHARACTERISTICS FOR DRESSER BASALT, LAC OU BON NET 
QUARTZ HONZONITE, SIOUX QUARTZITE ( ■JASPER QUARTZITE! 
ANO ST , CLOUOIGRAYIGRANODIORITE <•CHARCOAL GRE Y 
GRANITE! ARE TREATED, PETROGRAP HY ANO ROCt< TYPES 
REVIEWED INCLUD E BASALT, GRA HODIORITE, HONZOHITE AHO 
QUARTZITE THIS OOCUHENT INCORPORATES ADD ITIONALLY 
MECHANICAL PROPERTI ES ILABI DATA , 

R0 02073 DATA FOR THE CUTTING OF VERMONT MARBLE WITH 
CONTINUOUS WATER JETS, 
HARRIS, H, □, 
INT, J, RCCK HECH , HIN, SCI , 
12 I 2 l, 27-31, 1975, 
LANGUAGE• ENGLISH 

PERFORMING ORGANIZATION(Sl 
HATIONAL RESEARCH COUNCIL OF CA NADA,OTTAWA,CANAOA 

THIS LA B REPORT CONTAINS ORIGI NAL DATA , THE REPORTED 
FRA GMENTAT ION METHOD SERVICING PROJECT EF FORTS 
INCLUDES J ET AB•ASION (WATER CANNON, CO NTINUOUS 
IHPACTI , GEOSTRUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCA VATION ACTIVITIES ARE DESCRIBED, THE 
EXCAVATIO~ CHA i.ACTERISTICS FOR VERHONT HARBLE HE 
TREATED, ROCK TYPES REVIE WED INCLUDE MARBL E THIS 
DOCUMENT INCORPORATES ADDIT I ONALLY HECHA NlCAL 
PROPERTIES (LAB) DATA, 

, 

.) 
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POOZD77 UNDERWATER SHOCKS DE IL CIWSHIHG 'ILOII. 
AUTHOR ANON. 
INO. •ES. 
17 ( '> 1. 19 ANO 20, 197'>. 
LINGUIGEI ENGLISH 

P[RrOII.MING ORGINIZATION(SI 
U,K.ITOMIC ENERGY IUTHORITY,HIRWELL,U,K. 

THIS LA8·IN•SITU REPORT CONTAINS REVIEW DATA. THE 
REPORTED FRAGMENTATION HETIIOO SERVICING PROJECT 
EFFORTS INCLUOES IMPACT ABRASION IELECTROHYORAULICI 
~OCK TYPES REVIEWED IkCLUOE QJIRTZ, 

11.002078 PROeLEMS IN SHArT-SI HKJHG. 
llNCASTER•JOHES, P, '• F, 
TUNNELS ANO TUNNELLING 
7 I ~ I, 26·8, 197'>. 
LANGUAGE! ENGLISH 

THIS lN•SITU R~PORT CONTAINS CRIGINAL OATI. THE 
UHOERGPOUND OP!NIN G DISCUSSED 11«:LUDES THE CONPL[T!O 
EXCAVATION CF THE HO.~ SHIFT, VAN OYK CWITWATERSRAND, 
S,IFRICAI , TH[ PROJECT IHVfSTTGAT[O IS UTILIZED FOR 
HlHf PURPOSfS, TH E DRILL AHO BlAST i,uu FACEI METHOD 
REPRESENTS THr EXCAVATION TECHNIQUE STUOIED, THE 
R[PORT£0 FRAGMENTATI ON METHOD SERVICING PROJ£CT 
cr,cRTS I hCLUOES CONV[NTIONH EXPLOSIVE CUNSPECIFIECI 

GEOSTRUCTURAL CH A~ACTERISTICS FOR THE REPORTED 
EXCAVATION ACTIV ITI ES ARE OESCRI9ED, PERTINENT 
INFORMATION OH GROUND CONOilIONS AND UNOERGROUND 
OFEl<ING SUPPORTS I ND MATfll.ULS HODLING SYSTEM IS 
ALSO PRESOTEO, THE F.XCAVATION CHARACTERISTICS FOR 
WITWATERSRAND QUARTlITE ARE TREATEO, ROCK TYPES 
REVIEWED IIICLUDE QUARTZITE 

AOOZOSO UNDER THE TYNE ICAIN, 
HARLE. B. A. OtRO•kE, O. I, 
TUNNELS AND TUNNELLING 
7 ( ~ ,. 66-70, 197'>. 
L ANCUACE r ENGLI SH 

PERFORMING CRCANIZITIONISI 
BRAHD.CHl~LES AND SON LTOILONOON,U.K, 

FlHOING ORGANIZATIONI SI 
MORTHUMBRIAH WIT£R AUTMORITY,U,K, 

THI S IN-SITU REPORT CONTAINS ORIGINAL DATA. THE 
UNOERCROUHO OPENING DISCUSSED INCLUDES THE COMPLETED 
EXCAVATION OF THE TYNE SIPHON SEWER TUNNEL CU,K,I • 
Tl!E PROJECT INVESTIGAT[O IS UTILIZED FOR SEWER 
PURPOSES. THE CAISSON NETHOO, ORILL AND BLAST CFULL 
FICFI NEfHOD ANO SHIELD HETHOO 11.!PRES!NT THE 
FWCAVITION TECHNIQUES STUOilD, TH£ R[POltT!O 
FRICM[NUTION MlTH OOS SERVICING PII.OJl!CT [FF OIITS 
INCLUDE CONVENTIONAL EXPL OSIVE CUNSPtCIFIEOl, JU 
URASlON CNATER•HECHUICAL I ANO MECHANICAL ABRASION 
I ROTARY I • THIS DOCUMENT Il«:011.PORATU ADO IT IONA LL Y 
TUNNILINC MACH IN[ CHHACTERISTICS. G!OSTltUCTUUL AHO 
SOIL tHARICT(RISTICS FOR TH! R!PORTEO EXCA VATI ON 
ICTIVltI!S IRE O[SCIHBED, P!RTI N[NT INFORNUION OH 
c11.nuNO CONDITIONS AND UND!RGROUND OPENING SUPPORTS IS 
ALSO l'IIESCNTEO, 

POOZDIJ £Xl'ERIMENTS IN HYORAULIC ROCK CUTTING. 
HURLBURT, G. H. CRON. S. C, LADE, P. V, 
INf, I• ROCK MECH, MIN. SCI, 
I Z I I. ZOl•lZ, l97S, 
LANCUAGEt ENGLISH 

P(RroRHING ORCANIZATI ONISI 
CALIFORNIA,UNIVEII.SITY OF',SCHOOL or ENCIN[ERIHG ANC 

APPLIED 
SCIENCE,LOS INGELES,CA. 

F~NOINC OACINIZATIONCSI 
NATIONAL SCIENCE rOUNDATION,WASHINGTON,D,C.IUSA, 

THIS LA8 REPORT CONTAINS ORIGINAL CATA, THE REPORTEO 
FRAGNENTATICN METHOD S!RVIClNG PROJECT trFORTS 
INCLUOES JET ACIRASION (lrATEII. CANNON, CONTINUOUS 
IMPACT I , GEOSTIIUCTUIUL CHARACTUISTICS ,oR THE 
REPORTED EXCIVITION ACTIVITIES ARE O!SCRIB!D• THE 
EXCAVATION CHAII.ACTERISTlCS FOR 8!RtA SANDSTON£ ANO 
WILKE SON HR NATION !IN PUGET GROUl'I lllE TREATED, 
PETROGRAptjY ANO 11.0CK TYPES R!Vt!W£D INCLUDE GRANIT! 
AHO SANOSTON£ THIS DOCUMENT UICOR,oRATfS 
IOOITtONALLY MECHANICAL 1'11.0PERTI!S CLA91 DATA, 

ROOZ1&2 "OLE WITH WITEI! JETS CHEWS UP GRANITE WITH EASE, 
AUTHOR ANON, 
ENG, NEWS-REC, 
10, 19TS. 
LANGUAGES ENGLISH 

PERFORHING ORCANIZATIONCSI 
FLOM RESEARCH INC IKENT .... :usa. 

FUNOING ORCANIZATIONISI 
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NATIONAL SCIENC l FOUNOA TI ON AND U, S. BUREAU OF MINES 

THIS LA9•1N-SITU REPORT CONTAINS REVIEW DAU, THE 
PROJECT INVfSTIGATED IS UTILIZED FOR EXPERIMENTAL 
EXCAVATIO~ PURPOSES, THE TSM METHOD REPRESENTS THE 
EXCAVATION TECHNIQUE STUOIEO. THE REPORTED 
FRACN[NTATION METHOD SERVICING PROJECT £HORT$ 
INCLUDES NECHAMICAL ABRASION !ROTARY AHO NATER JETI , 
THIS OOCLMENT INCORPORATES AODITIONILLY TUNNELING 
MACHINE CHARACTERISTICS. TBM EXCAVATION RATE IS ALSO 
DISCUSSEO, 11.0C~ TYPES REVIEWED INCLUDE GRANITE. THIS 
OOCUH!NT INCORPORATES ADDITIONALLY "ECHANICAL 
PROPEII.TIES CLABI OITA, 

ROOZtU UTILITY TRENCH Af SU•UC AIRPORT, 
AUTHOR ANCN, 
WEST• C ONSU, 
,, C T 1, &o. &Z, 19"9, 
LANGUAGE I ENGLISH 

PERFORMING ORGANIZATIOHCSI 
KIEWIT,PETERISONS CO, 

THIS I N•SITU RE PORT CO NT U NS RE HEW DATA. THE 
UNOERGROUNO OPENING DISCUSSED INCLUOES THE ON GOING 
EXCAVATION OF THE UTILITY TUNNEL, SEATTLE-TACOMA 
INTERNATIONAL AIRPORT !SEATTLE, WA, USAI THE 
PROJECT I~VESTIGATED IS UTILIZED roR ACCESS TUNNEL 
COTHER THAN SliHTS IND AUDITS TO MAIN TUNNELSII ANO 
UTILITY TUNNEL PURPOSES, THE COMPRESSED AIR METHOD 
ANO CUT AND COVER HETHOD REPRESENT THE EXCAVATION 
TECHNIQUES STUDIED, PERTINENT INFORMATION ON 
UNDERGROUND OPENING SUPPORTS AND MATERIALS HANDLING 
SYSTEH IS ALSO l'ttESENTED, 

11.00ZZOI KEHANO Pf.NSTOC( TUNNEL LINER BACKFILLED WITH 
PR!PACKED CONCRETE, 
DAVIS, R. E., JR, JCJINSON, G. 0, 
WENDELL, G. E, 
J. AM ER. CONCR, INST, 
•z, 287-308, 19,,. 
LANGUAGE• ENGLISH 

PER,ORMING ORGANIZATIONISI 
MORRISON-KNUDSON co.o, CANADA LTD. 

FUNDING OJGANilATIONCSI 
ALUNINIUH COM'INT OF CANADA 

THIS IN•SlTU R£'0AT CONTAINS ORililNAL DATA, THE 
UND!RGROU~D Ol'EHINC DISCUSSED INCLUDES lit COMPLETED 
EXCAVATION o, THE P£NSTOCK TUNNEL, • NANO SCHEME 
CKEHANO, BRITISH COLUMBIA, CfNIOAI , THE PROJECT 
INV[STIGATEC IS UTILIZED FOR HYOII.OtLlCtRIC PURPOSES. 
THE OIi.ILL ANO BLAST IFULL FICEI MEfHOO RE PRESlNTS THE 
EXCAVITIO• TECNNIQUE •TuOtED. THE REPORTED 
fNA,"ENTATION "ETNOO . S!RVICIN/i PROJECT EFFORTS 
INCLUDES COIIVE NTlDNAL EX Pl.OSI VE COYNA"IT• I 
PERTINENT INFO.IIATI~N ON UNDERGROUND OPENIN/i SUPPORTS 
IS ILSO PUSENTED, 

AGOZttt NOALD•S LARGEST UNOERGAOUNO POWER PLANT. 
WISE, L, L. 
ENG, NfWS•REC, 
1to9. u-,. 1''2, 

' LANlil.lAU I !NGLISlt 

,u,oRMINC ORGANIZATION IS I 
NOARISO►KNUOSON co.o, CANADA LTO. 

,uNoI N' OJGANUAT ION cs I 
ALUNtNI~M COM,.N'I' 0# CAIMOA 

THIS IN-SITU A[ fOAT CONTAINS REVIEW DATA, TH[ 
UNCUGROU~O o,tNINliS OISCUSS!D UCLUDE TH€ OM (;O JOG 
EXCAVATION o, TH( ACCESS TUNNEL, UNOERCiltOUNO . POWER 
HOUSE• llt:IIANO SCHEii( CICEHANlh HIT I SH -C OLUM9IA, 
CANADA!, THE ON GOING EXCAVATION DF THE BYPASS 
TUNNEL, UNO!ACiltOUNO 1'011£11. HOUSE, KlllAND SCHEHC 

ICONTINUEDI 
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(KE~AHO, BRITISH COLUMBIA, CANADA), THE ON GOING 
EXCAVATION OF THE EX FL ORATORY TUNNEL •FOR UNDERGROUND 
POWER HOUSE, KEHANO SCHf~E, (KEHANO, BRITISH 
COLIJHBIA, CANADAI' THE OH GOING EXCAVATION or THE 
FIRST TRANSVERSE DRIFT, UNDERGROUND POWER HOUSE, 
Kf.HANO SCHEME, IKEHANO, BRITISH COLUMBIA, CANADA!, 
THE ON GOING EXCAVA TION OF THE PENSTOCK TUNNEL, 
KFHAHO SCHEME (KEHANO, B~ITISh COLUMBIA, CANAOAI, TH£ 
ON GOING E>CAVATIOH OF THE POWER TUNNEL, KEHANO 
SCH[HE (KEHANO, qRITISH COL~HRIA, CAHAOAI, TH! ON 
GOING EXCAVATION OF THE SECONC TRANSVERSE OR.HT, 
UNDERGROUND POWEil HOUSE, l(EHANO SCHEHE, (KEHANO, 
APITISH COLUMBIA, CANADA I, THE OH GOING EXCAOTION Of 
THf TAILRAC[ TUNNEL, UNOERGROUNO POWER HOUSE, KEHANO 
SCHEHE CKEHANO, aRITISH COLUHqlA, CANAOAI, THE ON 
GOING E>CAVATION or THE UNOERGROUNO POWER HOUSE, 
KEHANO SCHEH , IKEHANO, BRITISH COLUMBIA, CANAOAI, 
THE o ~ GOING EXCAVATION Of TH€ UNIT PENSTOCK TUNNELS, 
K(HANO SCHEHf IKEHANO, BRITISH COlUHBil, CANADA), THE 
OH GOING EXCAVATION OF THE UNIT TAILRACE TUNNELS, 
KfHAHO SCHE•E IKEHANO, BRITISH COLUHBIA, CANAOAI ANO 
THf OH GOING EXCAVATION OF THE VALVE CHAMBER TUNNEL, 
UNOERGROUHO POW ER HOUSE, KEHANO SCHEME, IKEHANO, 
~•ITISH COLUHBIA, CANAOAI • THE PROJECTS INVESTI,ATEO 
ARE UTILIZED FOR EXPLORATORY TUNNEL ANO HYDROELECTRIC 
PURPOSE S. THE DRILL ANO BLAST IFULL FACEI METHOD 
REPQESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGHEHTATION HETHOO SERVICING PROJECT 
fF,CRTS INCLUDES CONVENTIONAL EX•LOSIV[ !OYNAHtTEI 
HI S OOC UHEHT INCORPORAllS ADDITIONALLY ORILLHG 
EOU!PNENT CHARACTERISTICS . EXCA~ATION ADVANCEMENT 
P.ATE IS ALSO DISCUSSED, PERTINENT INFORHAHON ON 
UNDERGROUN D OPENING SUPPORTS ANO MATERIALS HANDLING 
SYSTEH IS ALSO PRESENTED, PETROGRAPHY ANO ROCK TY PES 
REVIEWED INCL UDE OIORITE, 

POOZZ16 Tt<E 8€NTONITE TUNNELLING HACHINE, 
SARTlETT, J. v. BIGGART, A, R. 
TRIGGS, R, L, 
PROC. INST, CIVIL ENG, 
c;c. I PT• l >, 605-24, 1973, 
LANGUAGE t ENGLISH 

PERrORH!NG CRGANI7ATIOHCSI 
NlJTTAL,EO,LTOILOHDON,U,K. 

FUNOING ~GANIZATIONCSI 
LONDON TRANSPORT EX!CUTIVE ANO NATIONAL RESEARCH 

0 EVEL OPHE HT 
CORPILOHOON,U.~. 

THIS LAB•IN•SITU OcPORT ~OHTAINS CRIGINAL OATA, THE 
UNDERGROUND OPENING DISCUSSED INClUDES THE COHPLETEO 
fXCAVATION OF THE HEW CROSS TUNNEL CU,K,I • THE 
PROJECT INVESTIGATE D IS UTILIZED FM EXPERIMENTAL 
EXC AVA TION FURPOSES, THE SHIELD CUSING SLURRY! HETHOO 
REPH SENT$ THE EXC A >AT !ON TECHNI OUE STUD I ED, THE 
REPORTED FR AGH(NTATI ON HfTHOD SERVICING PROJECT 
fFFCRTS INCLUDES MECHANICAL A8RASIO~ (ROTARY> , THIS 
OOCLHENT INCORPORATES AOOITI OHALLY TUNNELING MACHINE 
CHA~ACTERIST!CS, TB" EXCAVATI O• RATE IS ALSO 
DISCUSSED, CEOSTRUCTURAL AN O SOIL CHARACTERISTICS FOR 
THE REPORTED EKCAVATION ACTIVITIES ARE DESCRIBED. 
PERTINENT I•FnRHATION ON UNDERGROLNO OPENING SUPPORTS 
ANO MATERIALS HANDLING SVSTEH IS ALSO PRESENTED, 

Rooz.03 WMLOtS LONGEST All"O RAIS~. 
AUT~OR ANON, 
CAN. MINING J, 
93 C 1l 1, 69, 191Z. 
LANGUAGEIENGLISH 

P£RF~HING CRGANlZATIOMIS! 
ASTRUP AHO AUBERT A/5,0SLq,NORWAV 

THIS IN•SITU REPORT CONTAINS A~STRACTEO ONLY DATA. 
TH E UNOERGROUNO OPENING D,ISCUSSEO UCLUOES THE 
CONPLETEO EXCAVATION 01" THE BORCUND WATER POWER 
PLANT, P£NSTOCK FOR !llEROALSELVCN, , NORWAYI , THE 
PROJECT INVESTIGATED IS UTILIZED FOR HYDROELECTRIC 
PURPOSES, THE OltILl ANO 81.A~T IOTHfR THAN FULL fACEI 
HfTHOO REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, 
THE RE PQll!TEO FIUGHENTATIO• METHOD SERVICING P~OJECT 
HFCRTS INCLUDES CONVENTIONAL [XPlOSIVE IUNVECI'I!OI 
, THIS DOCUMENT INCORPORATES ADDITIONALLY TUNNELING 
HACHINE CHARACTERISTICS, 

ROOZ~09 UNOERCROUND HVORO PLANT BOOSTS, 
JOHANSON, E. A. 

I CONTINUED I 

ELEC, NORLO 
139, 130-3, 1953, 
LANGUAGE• ENGLISH 

PERFORHING ORGANIZATIONISI 
RIO OE JANEIRO TRAHWAY,LIGHT ANO POWER CO,, BRAZIL 

THIS IN-SITU REFORT CONTAINS ORIGINAL OAH. THE 
UNOERCROUNO OPENINGS DISCUSSED INCLUDE THE ON GOING 
EXCAVATIO~ OF THE PARAIBA•PIRll PROJECT., FORCACAVA 
UNOERCRCUNO POWER STATION INLET TUNNEL IFORCACAVA, 
BRAZILi, THE ON GOING E>CAVAT!ON Of THE PARAIBA-PIRAI 
PROJECT,, FORCACAVA UNDERGROUND POWER STATICN 
IFORCACAVA, BRAZI ll ANO THE ON GOING EXCAVATION Of 
THE PARA IBA•PIRA I PROJECT,, FORCACAVA UNDERGROUND 
POWER STATtOH ACCESS TUNNEl <FORCACAVA, BRAZILi , THE 
PROJECTS INVESTIGATED ARE UTILIZED FOR ACCESS TUNNEL 
(SHAHS ANO ADITS TO HAIN OPENING!, HYDROELECTRIC ANO 
UNDERGROUND POWER STATION PURPOSES, THE UNSPECIFIED 
HETH OD REFRESEHTS THE E~AVATION TECHNIQUE STUDIED, 

ROOZ•1• CLIFF CLIMBER PROTECTS A POMERPLAHT, 
AUTHOR ANON. 
ENG, NEWS-REC, 
ze, t96e, 
L ANGUACE I ENGLISH 

PERFORHING ORGAHIZATION!S) 
OESOUROY CONSTRUCTION LTO:"ONTREAL,CANAOA 

FUNDING ORGANIZAT !OHISI 
TWIN fALLS POWER CORP,,LTD:CANADA 

THIS IN-SITU REPORT CONTAINS ABSTRACTED ONLY DATA. 
THE UNDERGROUND OPENING DISCUSSED IICLUOES THE 
CONPLETEO EXCAVATION OF THE TWIN FALLS ?ONER PROJECT, 
PENSTOCK OF ICENTRAL LABRADOR, CANAOAI • THE PROJECT 
INVESTIGATED IS UTILIZED FOR HYOROELECTRIC PURPOSES, 
THE DPILL ANO 8LAST (OTHER THAN ruLL FACE) HETHOD 
REPRESENTS THE EXCAVATION TECHNIQU£ STUOIEO. THE 
REPORTED FRAGHENTATION HETHOO SERVICING PROJECT 
EFFORTS INCLUDES CONVENTIONAL EXPLOSIVE !FORCITEl • 
PfRTIH[HT INFORHATICN ON UNDERGROUND OPENING SUPPORTS 
ANO MATERIALS HANDLING SYSTEH JS ALSO PRESENTED, 
PETROGRAPHY ANO ROCK TYPES REVIEWED INCLUDE GNEISS , 

R002477 PILOT BORE IS TEST ARENA FOR WORLOtS LONGEST RAILWAY 
TUNNEL, 
AUTHOR ANON, 
ENG, NEWS-REC, 
184 C 20 1, 30•1, 1970, 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZATION!SI 
JAPAN RAILWAY CONSTRUCTION PUBLIC CORPISEIKAN 

TUNNEL RESEARCH 
OFFICE,lOKYO,JAPAN 

THIS IN•SITU REPORT CONTAINS ABSTRACTED ONLY DATA. 
THE UNDERGROUND OPENINGS DISCUSSED INCLUDE THE ON 
GOING EXCAVATION OF THE BRANCH TUNNELS FROH PILOT 
BORE, HOKKAIDO ENO, HONSHU•HOKKAIDO RAILWAY 
CONNECTION !ALSO CALLED SEIKAN UNDERSEA TUNNELi 
CJAPANI, lHE COMPLETED EXCAVATION Of THE INCLINED 
SHAF'T FOR SEIKAN UNDERSEA TUNNEL, HONSHU SIDE 
IJAPANI, 1HE COHPLETEO EXCAVATION OF THE INCLINED 
SHAFT FO~ SEIKAN UNDERSEA TUNNEL, HOKKAIDO SIDE 
!JAPANI, THE ON GOING EllCAVlTIOH OF THE PILOT TUNNELS 
FOR HONSHL•HOKKAIOO RAILWAY CONNECTION !ALSO CALLE D 
SE ION ~NOERSEA TUNltELl !JAPAN), THE ON GOX.G 
EXCAVATION OF THE PILOT TUNNEL FOR HONSHU•HOKKAIOO 
RAILWAY CONNECTION IALSO CALLEO SEIKAN UNDERSEA 
TUNNEL 1, ►ONSHU SIDE ! JAPAN 1, THE ON GOING OCA VAT I CN 
OF THE PILOT TUNNEL FOR HONSHU•HOKKAIOO RAILWAY 
CONNECTION IALSO CALLEO SEIKAN UNDERSEA TUNNELi, 
HO)(Kl 100 SIDE ( JA PANI, THE ON GOING EXCAVATION or THE 
SERVICE TUNNEL, SEIKAN UNDERSEA TUNNEL (JAPAN! ANO 
THE ON GOING EXCAVATION OF THE SIDE TRACK TUNNEL, 
HOKKAIDO SIOE FOR HONSHU•HOICKAIOO UILWAY CONljECTIGN 
!ALSO CALLEO SEIKAN UNCERSEA TUNNELi IJAPANI • THE 
PROJECTS INVESTIGATED ARE UTILIZED FOR ACCESS TUNNEL 
!SHAFTS ANO AOITS TO HUN OPENING!, EXPLORATORY 
TUNNEL ANC SERVICE TUNNEL PURPOSES . THE TBH HETHOO 
REPR!SENTS THE OCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGMENTATION HETHOO SERVICil4; PROJECT 
EFFORTS INCLUDES MECHANICAL ABRASION !ROTARYI , THIS 
OOCUMEIIT INCOAPORUES AOOIT IONALl Y TUIINELING HACH I NE 
CHAR ACTERISTICS, TBM EXCAVATION RATE IS ALSO 
DISCUSSED, GEOSTRUCTURAL CHARACTERISTICS F'OR THE 

ICONTINUEOI 



Q(PORTEO E<CAVAT!nN ACTIVITIES ,ARE OESCRl8EO. 
P(RT JN[NT IHFOONAT! Oh ON r,QOUNO COHOITIOHS ANO 
N4Tf.PULS HAHOL!Ht. SYSTf• rs ALSO •H SF.IITEO, 
P(TQO',AAPHY ANO Rnc• TYPES •~Vlf11£0 I MCLUO( ANOE SITE 
ANO VOL CANIC S , THIS OOCU H£NT IHCO~PORAT(S 
AO OIT!ON&LLY HFCH ANICAL PROPf RT!ES CLlAl OAT& , 

• 002~]? •r• •n•! RFUL RAI SE ~ORFRS, 
l.llTt-10'4 AN OH. 
N!NJNG HAG, 
1,,0 t ,. >, 2 qq -3i;;n , 1 qr'4. 
LANGUAGE• EN GLISH 

TH IS IN-SITU REP n?T CONTUNS <RIGIHAl OAT&. THE 
UNDERGROUND OPENING DISCUSSED INCLUDES TH£ COH?LETEO 
nCAVATION CF THE TEST RAISE -SUDBURY HINE {INCOJ, 
<SUDBURY, ONTARIO, CA NAOA I , THE ~OJECT !NVESTIG&TEO 
I S UTIL17EO FOR FXPER!HENTAL EXCAVATION PURPOSES, THE 
RUSE ORIV!hG <80RING HA CH!NES> HETHOO REPRESE"NTS THE 
EKCAVAT!ON TECHNIQUE STUDIED , THE REPORTED 
FRAGHENT&TI CN HETHOD SERVICING PROJECT EFFORTS 
lhCLUOES HECHAN!CAL AB~AS!O~ CROTARYl , 

R002S34 AN FFFIC!EHT RIPPING OPERATION AT MNKTONHALL, 
AUTHOR ANON, 
HINE QUARRY 
3 ( 6 ), q, 1914. 
LANGUAGfl ENGL!S~ 

THIS IN-SITU RE?ORT CONTAINS CRIG!NAL CATA. THE 
UNDfRG~OUND O?ENING DISC USS EO I NCLUCES THE ON GO! hG 
EKCA VATION OF THE N0,1 SOUTH FACE-STAIRHEAO SEAH, 
HONKTOHHALL COLLIERY <SCOTLANO, U, K,l , THE PROJECT 
!NHSTIGATEO IS UTILIZED FOP HINE ?URPDSES , THE DRILL 
ANO BLAST < FULL FACE I HETHOD AHO LONGWlLL CU TTING 
HACHINE HETS OO RE PR ESE NT THE EXCA VA TION TECHNIQUES 
~TUOIED , THE REPORTEO FRAGHENTATION METHODS SERVICING 
P?nJECT EFFORTS INCLUDE COHVEHT!ONAL FKPLOSIVE 
IUHSP[Cl'llCI AHO 11£CHAH!CAL AOR&SION IROTlRYI , THIS 
OOCUHENT INCORPORAT [ S ADDITIONALLY TUNMELING HACHIN( 
CHl~ACTERISTICS, PE RT INE NT IN'OR H-TION ON HATFRI&lS 
HANrl!Nr, SYST EH IS ALSO PRESE NTED, 

P002~1q O~IVING LONGEST VERTICAL P&!SE. 
i,uTH()lii: ANON, 
WCOLO H!NtNG 
27 I 10 >, sq , 1q74, 
LANGUAGE• ENGLISH 

PERFORNING ORGANIZAT I CN (Sl 
RAISE CONTRACTING LTOICA NAOA 

<UHOI NG ORGAHIZAT!ON(SI 
OEH!SON CURANIUNlHINES LTOICANAOA 

THIS IN-SITU REPORT CONTAINS CRIGINAL DATA , THE 
UNDERGROUND OPEN! NG 01 SCUSSEO l NCLUOES THE COHPLETfD 
E<CAV&T!ON OF THE VERTICAL AIRWAY, DENISO N HihE 
<RO~AN ISLAND, OU ! RKE LA KE , ONTARIO, CANAOAl , THE 
PRO JECT !NVESTIC.ATEO I S UTILIZED FOR PI LOT SORE ANO 
VEHTILATtON PURPOSES . THE DRILL ANO 8LAST CFULL FACE > 
HnHOO ""PRESENTS THE EXCAVAT!Oh TECHNIQUE STUDIED , 
THE REPORTED FRAGHENTATION HETHDO !E RVICIHG PROJECT 
~HORTS I l<:LUO ES CONVENTIONAL EXPLOSIVE (POMERHEX-C> 
THIS DOCUHENT INCORPORATES AODITIONALLY TUNNELING 
HACHINE CHA~&CTERISTICS , 

R002631 GIA~T HOL E SPEEDS HANGL &tS FIVE DIVERSION TUNNELS, 
HARCtR I P, 8, 
ROACS SUEETS 
nq, rz, e1-2, 1<Jr,r;, 
LANGUAGE! ENGLI SH 

PERFORMING CRGANllATICNISI 
HlNGLA OAM CONTRACTORS 
1 ,AlK!NS Oh,GUY F,, COHPANY 
2,CHICAGO BRIOGE ANO IRON CO,, 
~.G~O~ES,S,J,,ANO SONS 
~.H&RHEY,CHARLES J., COMPANY 
~,LA"GENFELOER.C, J ,,ANO SON 
6 , DSTRANOER CONSTRUCTION COHPANY 
7,TRIPPEEA,R,A.,COHPANY 
&,IIALSH CONSTRUCTION COHPANY 

Tt-I S IN-SITU PEPO RT CONTAINS ORIG INAL OAT& , TH E 
UNOERGRCUNO OPENING S DISCUSSED INCLUDE THE OH GOING 
EXCAVATION OF THE HANGLA OAH PROJECT , , DIVERSION 
TUNNELS IPAKIST&Nl ANO THE ON GOING EXCAVATION CF TH E 
SEATTLE l>IHRCEPTOR SEIIER (SEATTLE, 11&, U,S,A, > , THE 
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PROJECTS ravESTIG&TCO H [ UT!LIZEO FOR OlVlRSION 
TUNNEL ANC HYOROELECT AIC ~JRPOSES, THE TBH HETHOO 
REPRESENT! THE (•C&VATro, TECHNIQUE STUOlEO. THC 
REPORHO FUGH[NTAT!ON O,Ef HDO SER VIC[N; PPOJECT 
HfORTS INCLUDES MECHANI CAL ABRA SION CROTUYI , T>1!S 
OOCUHENT I NCOR PORATES AOO ITIONALLY TUNNlLlNG NACHI•E 
CH&RACTEP IST!CS. PERTINENT !NFO~MAT!ON OH UNOlR.,;ROUNO 
OPEijisG S~PPORTS IS ALSO P~EStNTEO , 

~OOZ6J2 SOVIET $ HAFT BORER HAS UNIQUE HE&O. 
SH&V~UH, 8. 
ENG, HIN! •G J, 
160 1 e >, eq-qo, 1 q~q. 
LANGUAGEIENGLISH 

THIS tN- ~ITU ANO LAB REPORT CONTAINS A9STRAC1EO OHLY 
DATA, THE UNDERGROUhO OPENING OISCUSSEO IICLUDE S THE 
ON GOING EXCAVATION OF THE SARANSKAYA HINE N0 ,1Z2 
!USSR> , THE PROJECT !NVESrIGATEO IS UTILIZED FOR 
EX PERIHENTAL EXClVAT!ON &HO HIN E PURPOSES, THE T6N 
HETHOO REFRESENTS THE EXCAVATION TECHN!OUE STUDIED. 
THE REPOnED FRAGHENTAT !OH •ETH OO SERVICING PROJECT 
EFFORTS IhCLUOES •ECHANICAL ABRASION !ROTARY> • THIS 
DOCUMENT INCORPORlT[S ADDITIONALLY TUNNEL ING HACH!NE 
CHARACTEUSTICS, TBe EKCAVATION RATE IS ALSO 
DISCUSSED, GE OS TRUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATI ON ACTIVITIES AR~ OESC~!BED. 
PERTINENT !NFORHAT!ON OH HATERULS HANOUNG SYSTE• IS 
ALSO PRE~ EN TEO, THE EXCAVATION CHARACT ERISTICS FOR 
URAL ll"E ~T ONE ARE TRf ATEO. PETROGRAPHY ANO ROC~ 
TYPES RfVIEWEO INCLUOE LIHESTONE THIS OOCUH(NT 
INCORPORATES AOO!TIONALLY HECHANICAL PROPERTIES ILlBI 
DAU. 

RDOZ6~6 FIRST UNOFRGROUNO POIIER PLANT, 
AUTHOR ANCN, 
ENG, NEIIS•REC , 
147, 38, 19H. 
LANGUAGE lfNGLISH 

TH I S IN-SITU REPORT CONTAINS AaSTRACTEO ONLY DATA, 
THE UNDERGROUND OPEN! hGS DISCUSSlO INCLU0 € THE 
COMPLETE D EKCAVAT!ON OF THE SNOQUALHIE FALLS 
UNOERGROUNO POWER HOUSEfWA,, USAI ANO THE COHSLETED 
EXCAVAT lO~ OF THF TAILRACE TUNNE L, SNOQUALHIE FALLS U 
THE PROJECTS I NVESTIGnEO ARE UTILIZED FOR 
HYDROELECTRIC PURPOSES, ROCK TYPES REVIEWEO INCLUDE 
ROC~ (UNSPECIFIED), 

ROOZ6~9 THE CANON DEL PATO HYDROELECTRIC PROJECT, PERU 
HARNESSES A PLUIG ING RIVER, 
AUTHOR ANON, 
E HG• HE MS ·REC. 
1sr, st-~& 19S6, 
LANGUAGE• ENGLISH 

PERFORMING ORGANIZAT!ONISl 
1 , CORPORATION PEl!UANA OE~ SANTAIPERU 
2 ,SOCIETE D•EXPlO!TATIDNS INDUSTRIELL ESIFRANCE 

THIS I N-~ rTU REFORT CONTAINS ORic;tlCAL DATA, THt 
UHOERGROUNO OPENINGS DI SCUSS ED INCLUDE THE ON GO ihG 
EXC&VATIOh OF THE CANON OEL PAfO HYOROEL(CTRIC 
PROJECT,. NAIN TUNNEL UUALLANCAt PERU>, THE ON GOING 
EXCAVATION OF THE CAN ON DEL PlTC HYOROEl EC TRIC 
PROJECT,, POWER SHAFTS IHUALLANCA, PERU>, THE OH 
GOING EXCAVATION OF TH E CANON DEL PATO HYDRO ELEC TRIC 
PROJECT ,, IJHDERGROUNO POWERHOUSE IHUALLANCA, PERU> 
ANO THE ON GOING EXCAVATION OF THE CANON DEL P&TO 
HYDROELECTRIC PROJECT,, TAILRACE TUNNEL CHUALLANCA, 
PERU) THE PROJECTS 11<1/ESTIGATED ARE UTILIZE U FOR 
HYDROELECTRIC, OUTLET !O&HS I ANO UNOE~ GROUND ?OWER 
STATION PURPOSES, THE UNSPECIFI ED HETHOD REPRESENTS 
TH£ EXCAVATION TECHNIQUE STUOIEO• PERTINENT 
INFORHATICN ON UNDERG ROUND OPENING SUPPORTS IS ALSO 
PRESENTED, ROCK TYPES REVIE•EO INCLUDE GRANITE , 

R00Z69~ STOPE BORING TECHNIQUE IN SOUTH AFRICAN GOLD H[N!NG, 
AUTHOR ANON, 
HINING NH, 
UZ C 3 I, Z06-7 , 197~, 
LANGUAGE I ENGLISH 

FUNDING OAGA NIZATION(Sl 
RAND •IhES LTOIS.AFRICA 

THIS IN-SITU REPORT CONTAINS ORIGINAL OATA, THE 
UNOERGROU~O OPENING DISCUSSED INCLUDES THE ON GOI~G 
EXCAVATION OF THE WEST ORIEFONTEIN HI~ CW,RANO, 

CCONTINUEOl 
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S.HR ICA> • THI PROJECT INVE STI GATED IS UfILTZEO FCR 
"!HE PU OPOSES. THE QIJSE DRIVING <BORING HA CH INES) 
H£Tr00 REP<fSFNTS THE EXCA VAT IO• TE~HNIQUE STUDI ED . 
THE REPORTEC FPA G" EHTATION HfTHOO SERVICING PROJECT 
(FFCRTS lhCLUOES " EC HINICII. ABRA SI ON (ROTA RY I , 

ROOl7lO HOLE TUNNELING RESEA RCH AO~ OCATEO, 
AUTHOR A NON, 
r.lVIL fNG . 
'4 &- q . 1967. 
LA• GUAGE IEHGLISH 

P[R,QPHING CRGA NllATI CN(SI 
FEHIX IHO SC I SSON INC,, TULSA,OK 

•~NOI NG OQG ANI 7AT[ON<S) 
U, S. 8UPEAL OF RECL AHATION 

THI S IN- SITU REPOR T CO NTI IHS REVIEW DAU. THE 
UNO(RGQOUNO OPEN!Nf. OI SCUSSf O INCI.UCES THE COHPI.ETEO 
OCAVAT ION OF ! HE NAVAJO IRRIGATION PROJECT (NH., 
US A l , THE PR OJECT I NVES TIGAT EO IS UTILIZED FOR 
!RRlf.ATION PURPOSES . THE TBH HETHOO REPRESENTS TH£ 
f.KCAVATION TfCHNIOUE STUDIED, THE REPORTED 
FRlf.HENT ATIOH HETHOC SERVI CI NG PROJECT EFFORTS 
INCLUDES HE CH ANI CAL ABRASIO > !ROT ARY) • THIS OOCU HENT 
INC ORPOP ITE S I OO!T IONILLY TUNNELING MACHINE 
C.MHACHR!ST I CS. 

<OOZ77q THE OEVELr.P• ENTIL CH ALL ENGE AT HICE. 
LtAUT-' UO, f"I• 

TUNNELS ANU TUNNELLI NG 
l\ C ? I , ~- 1 0 1 19 7 h. 
LA NGUAf,E I ENGLI SH 

PERFOR MI NG CQGAN!lAT!ON<S) 
NI CE , CITY OF AHO FSIP,NICE,FRAHCE 

<LNC!NG ORGAN!lAT! n H< S I 
N!CE , CIT V OF,NICE,FRANCE 

T>!S I N-SI TU-THEQRET I CAL REPO~T CO NTAINS ORIGINAL 
OATA. THE u•O ERGROU NO OPENING DI SC USSED INCLUDES THE 
PP OPOSEO E•C AVATION OF THf HIGHWAV TUNNELS, NO RTH ANO 
~OUTH URBAN MOT OR WAY S INICE, FRANCE ) , THE PROJECT 
IHVESTIGITEO IS UTILIZED FOR TWIN HIGHWAY PURPOSE~ . 
THE UNS PECl'!EO HfTHOO RE PR ESE IITS THE EXCAVATION 
T~C•NIOUE STUOIEO. 

•co2110 BRE A(TH•nuc , I <M INEHT AT ST. GOTTHARD, 
NCONE , T. 
TUNNE LS ANO TU NNELL I NG 
& C 7 I, 1'--6, 19 7h. 
LAN GUAGE • ENC.LISH 

~ER fOq"J~~ COGANI/4Tl0N(S1 
ST, GO TTHAO O IN.S EC TION) CO NSO RTIUM 
1 . HAU AG, [RST r ( LO 
7 . HATT-HALL ER ,AG H(l HR,lU RlC H 
J. SCHAf !R ANO HU GGLI N IG , LIESTAL 
~.SURILPIN!A SA <G TORNO ANO CIE SAl,LUGAHO 
fo . Vll EHT IN SICHEQ AG, GURTNELL EN 
,.,SCHOKK[ ,A r. cnHRAO.ZURICH 
e.7UBLIH,EO . IHO Cl[ Ar,,lURICH 

FUN DI NG OR~AH !7AT I ON (S ) 
Fr lll'RAL 6UR[ AU FOR ROADS ANO WITEAWORKS, S W!TZERLANO 

THI~ IN-S ITU REPORT CONTAINS ORIGINAL OITA. Tkf 
UNQf~GROUNO OSfNINGS OISCU5SEO INCLUD E THE COMPLETED 
fKC IVAT I ON OF THE BIZBERG INCLINED SHAFT FOR 
ST, Gn!THARO TUNNEL <SMIT ZfRLANOI, THE COMPLETED 
fKCAVATIO N OF TH[ SAFETY TUNNEL (N,SECTIONl OF ST , 
C,OTTHARO TUNNEL ISW IT7 ERLAHO), THE COHPLETEO 
f XC AVATIOH or THE SAFETY TUNNEL I S.SEC TION] OF 
ST ,GOT TklRO TUNNt L (SWITZERLAND), THE ON GOING 
fXC AVA TION OF !Hf ST. GOTTHARD TUNN£L 
<S•IT lER LAN O- ITAL Y) ANO ST. GO TTHARD TUNNEL fNORTH 
HEAOIN GI <S•lf 7ERLA NO> • THE PROJE CTS INVESTICATEO 
IRF UTllllEC FOR SI FETV , TMIH HT CHWAY ANO VENTILATION 
PURPOSES, THE ORILL ANO BLAST IFULL FAC£1 "ETHOO ANO 
SHIELD "ETHOO RE PR ESE NT THE EXCAVATION TECHNIQUES 
STUO IE D. THf RfPORTEO FRAG" ENTIT!O~ ~ THOO SERVICING 
PROJE CT [ffORTS INCLUOES CONVENTIONAL EXPLOSIVE 
IUNSP ECIFIEOI • G[ OSTRUCTURAL CHARACTE RISTICS FOR THE 
REPORTED EXC AVATI ON ACTIVITIES ARE DESCRIBED. 
PERTINENT !NfOl!HAT!ON ON UNC ERGR OUNO OPENING SUPPORTS 
AHO MA TE RIALS HAl()LING SYSTE H I S ALSO PRESE NTED . 
P[T ROG RAPHY ANO ROCk TYPES REVIE WED INCi.UDE GolfISS , 
GRANITE AHO PIRACNEISS, 

RCO Vet S NOWOONIA POWERkO USE. 
NEALE, P, 
TUNNELS ANO TUNNELLING 
& < 2 I, 20- 2 , 1976 , 
LANGUAC EI ENGLISH 

PERFOR MING ORGANIZATIONIS> 
THYSSEH <GRE AT BRITAIN)LTO , 
NOWLEN ISCOTLANOI LTOIU,I(, 
1, BRA HO ,ALFRED 
2.HC&LPINE,CHARLES 
3, ZSCHO•l(E, CONRAO 

FUNDING ORGAHIZATIONI SI 
CENTRAL ELECTRIC I TY GENERATING BOARO,U , ~ 

THIS IN- !ITU REFOR T CO NT AINS ORIGINAL DATA . THE 
UNDER GROU ND OPENI NGS DISCUSSED INCLUUE THE COMPI. ETEO 
EXC IVATI O• OF THE ACCESS TUNNEL, O!NORWIC PROJECT 
I SHOW□ ONIA, WALES, U.K,1, THE PROPOScO EXCAVITION Of 
THE DIVEPS I ON TUNNEL, OINORWI C ~ROJECT IS NOWOON! A, 
WALES , U.1(.1, THE ON GOING EXC AVATI ON OF TH E HI GH 
PRESS URE TUNNEL , DI NORWIC PROJECT ISHOWOONIA, WALES, 
U,K,1, T•E OH GOING EKCAVATI ON OF THE LOW PRESSURE 
TUNNEL, OINORWIC PROJECT I SNOWDONIA, WALES, U.K.1 , 
THE ON GOI NG EXCAVATION OF THE NACHINE HALL , OINORWIC 
PROJ ECT I SNOWOONIA, WALES, U,I(,), THE PROPOSED 
EXCAV ATION OF THE OUTFALL TUNNELS, OI NORWIC PROJECT 
(SHOWOONIA, WILE S , U.K.I, THE PR OPOSED EXCAVATION Of 
THE PENSTOCK TUNNELS, OINORWIC PROJECT I SNOWOONIA, 
WAL ES, U.K. I, THE OH GO ING EXCAVATION OF THE PLA NT 
TUNNEL, OINORWIC PROJECTISNOWOONIA, WALES , U, K.>, THE 
PROPOSE □ EXCAVATION Of TH E SURGE SHAFT, OINORWIC 
PROJECT ISHOWOONIA, WAL ES, U. K.>, THE PROPOS ED 
EXCAVATION Of THE TIii.RACE TUNNELS , DI NORWIC PROJECT 
<S HOWOONIA, WALES, U, k,), THE ON GOI NG EXC AVA TIO N OF 
THE TRANSFORMER HALL, OINORWIC PROJ EC T (SNOWOONIA , 
WALES, U.1(,1, THE OH GOING EXCA VAT ION OF THE 
VE NTI L&T ICN SHAFT, OI~ORWI C PR OJECT ISHOWOONIA, 
WAL ES, U, I(,) ANO THE ON GOI NG EXCA VATION OF THE 
VERTI CAL HIGH PRESSURE SHAFT, O!NORWIC PROJECT 
ISNOWOONIA, W•LE S, U.K.I • THE PROJEC TS INVESTIGATED 
ARE UTILIZED FOR FOUNDATION TkEATHENT PURPOSES , THE 
DRILL ANO BLAST <FULL FACE ) METHOD ANO PILOT 
BORE-CENTER H[THO□ REPRESENT THE EXCA VAT ION TEC ~NIOUE 
STUDIED. THE REPORTED FRAGHENTATI ON HETHOO SER VI Cl•G 
PROJECT EFFORTS INCLU DE S CONVEH!ONAL EXPLOSI VE 
IUHSPECIFIEOI THIS OOCU HENT INC O•PORA TES 
AOOITIONALLY TUNNE LI NG HA CHINE CHA RACTERISTICS, TBH 
EXCAVATIO~ RATE IS ALS O OI SCUSSEO . PERTINENT 
IHFORHITIGN OH UNOERGROUNO OPENING SUPPORTS ANO 
HATERULS HAHOL ING SYSTEH IS AL SO PRESENTED , POCK 
TYPES REVIEWED INCL UDE SLATE . 

R002782 BOUI. BY IN fUI.L SWI NG THIS YEAR, 
SALTER, T, 
TUNNELS ANO TUNNELL INC 
& ( 2 1, 26-7, 1q16. 
LANGUAGE! ENGLISH 

FUNDING ORGANIZATIOHISI 
CLEVEL•NO POTASH LT□ I YORKSHI RE,U,I(, 

THIS IN-SITU qE POR T CONTA I NS ORIGINAL DATA, THE 
UNOERCROUNO OPE NI•GS DISCUSSED IHCLUOE THE ON GO ING 
EXCAVATION OF THE BOULBY HI NE ! CLEVEL AND POTA SH LTO, l 
(BOUl.8Y, YORKSHIRE, UKI, THE CONPLETEO EXC AVA TIO h OF 
THE BOULEY POTASH HINE, SHAFT H0 .1 <80ULBY, 
YORKSHIRE, U,K.> IND THE COHPLETE O EXCA VATI ON OF THE 
80UL8Y POTASH HINE , SHAFT N0,2 180ULBY, YORKSHIRE, 
U. K.) • THF PROJECTS INVESTIGATED ARE UTILIZED FOR 
HINE PURPCSES . THE DRILL AHO BLAST !FULL FACE> HETHOO 
REPRESENTS THE EXCA VATI ON TECHNIQUE STUO!EO, THE 
REPORTED FRAGIIENTATION H[THOO SEM VICINC PROJEC T 
EFFORTS IICLUDES CO NVENTI ONAL EXPLOSI VE IUNSPECIFIEO ) 

GEOSTRU::TURAL CHARACTERISTICS FOR THE REPORTED 
EXCAVATIO• ACTIVITIES ARE OESCRIBEO . P[RTIN[NT 
INFORHATICH ON GROUND CONDITIO NS ANO UNOE RG•OU NO 
OPENING 5UPPORTS ANO HAT ERIALS H•HOLING SYSTEM IS 
AL SO PRES ENTED, THE EXCAVA TION CHA~ICTERIST!CS FO R 
BUNTER s•N□STONE , KEUPER HARL FORHATION, LIAS ~H ILE 
ANO PERHIAN EVAPORITE FORHATION ARE TREATED, •OC K 
TY~ES REVIEWED INCi.UDE HA RL, POTASH, SANOSTONt A•O 
SHALE • 

ROOZ783 KIEi.DER WELL UNDER WAV, 
NEILE, P, 
TUNNELS AN□ TUNNELLING 

IC ONT! HUF 0 ) 



8 I 2 1, l ~-5, 1q7h, 
LANGUAGE I ENGLISH 

PERFnRHIN(, CRGANITATIO NI SI 
TVNE TEE S TUNNEL!N(, CONSORTIUM (TTTl 
1,nAR£SEL,C1STUTT~AAT 
7,HONK,A AND COi WARRiNGTON 
.,. swi ss ALUHINIJH Hl,lNG IUKl lTO, 
't • /l!lll IN, [O , Al, , S TUT 1 c. ,i~T 

FUNOI NG OIH,ANilATIONISl 
NORTHUHBRIAH WAI FR AUTHORIIY,U,K, 

THl! IN- SI TU REPORT CONTAINS ORIGINAL DATA, THE 
UNO fRGROUNO OPENINGS DISCUSSfO INCLUDE THE PROPOSED 
EXr.A VATION CF THE AIR SHA'T, NORTHERN TUNNEL, KIELCER 
WA TER SCHEHE ISHER8ERR•, ENGLAND, U,K,1, THE 
COMPLETE □ EXCAVATION OF THE NORTHERN TUNNEL, KIELOER 
WAHR SC HEHE IU, K,l, THE PROPOSED EXC AVHION OF THE 
NORTHERN TLNNEL, K!ELCER WHER SCHEME IU,K,1, THE 
COMPLETED EXCAVATION OF THE SOUTHERN TUNNEL, KIELCER 
WATER SCHEHE IU, K, I ANO THE ON GOING EXCAVATION OF 
THE SOUTHERN TU NNEL, KIELOER WATER SCH[ HE CU,K,1 
THF PROJECTS INVESTIGATED ARE UTILIZED FOR 
VENTILATI ON ANO WATER SUPPLY TUNNEL PURPOSES, THE 
DR ILL ANO BL AST IFUll OCEI METHOD ANO TSH METHOD 
REPRESENT THE EXCAVATION TECHNIQUES STUCIEC, THE 
R~PORTEC FR AGMENTATION METH ODS SERVI CING PROJECT 
~ff ORTS P.CLUOE CONVE •TIONAl EXPLOSI VE IUNSPECIFIEOI 
ANO HECHANICAL AqRAS!ON IROTARll THIS COCUHENT 
INCORPORAT ES AOOITIONALL, TUNNELING MACHINE 
CHA.ACTERISTICS . GEOSTRUCTURAL CHARACTERISTICS FOR 
THE REPORTED E)CAVATION ACTIVITIES ARE CESCRIBEC, 
PERTINENT INFORMATION ON UNDER GR OUND OPENING SUPPORTS 
ANO MATERIAL S HANOL!NG SYSTfM IS ALSO PRESENTED, ROC ~ 
TVPES RE VIEWED INCLUDE COAL, LIMESTONE, MUCSTONE ANO 
SANDSTONE • 

R00278• qp(AKTHROUGH ON TH F MAJES P•OJECT, 
AUTHOR ANON, 
TUNNELS ANO TUNNFLLING 
~ ( t I• ?O, 1 qrr.. 
LA NGuAC;( I [ NC, LI ~H 

11fR rilM MIN(, Ml (, ANI/ATtON(S) 
M AJ[ S CONSORT !UH 
1,A~ SKANSKA CF N[NTJUTERIET, SWECE N 
P, CONCORO r.oNSTRUCTJON LTOISOUTH AFRICA 
J , ENTRECA•ALf.~ Y TRAVERA ~A , SPAIN 
11t.11AC OH 
&.TARMAC CONSTRUCTION LTn:u.K. 
1 , THE FOUNDATION CO , OF CANADA LT OICANACA 

FUNOING ORGANI7.ATIONCS1 
GOVT.OF PERU ,OI RECCION EJECTIVE DEL PROYEETE 

ESPECIAL MAJES 

THIS IN-SITU R[PORT CONTAINS REVIEW DATA , THE 
UNDER GROUND OPE NI NG DISCUSSED INCLUDES THE ON GOING 
E)CA VA TION OF THE TUNN ELS OF THE HAJES PROJECT IPERUI 
• THE PROJECT INVESTIGATED IS UTILIZED FOR IRRIGATION 
PURPO SES , PfRTINENT !NFORHATION ON MATER I ALS HA ND LING 
SYSTEM IS ALSO PRESE NT fO, 

R002785 A ltQ MILLICH TUNNEL NE ARS COMPLETION , 
AUTHOR ANON, 
TUNNtL\ ANO TUNNELLING 
e < 1 ,. 20-1, 191~. 
LAN CUA GE I ENGLISH 

PERFOl!~INC CRGANI ZATIONISI 
PEAAl~N B•I □GE CNSWI PRI VATE LTDIAUSTRALIA 

FUNO!NC ORGAN!lATIONIS I 
NEW SOUTH WALFS,CEPT,OF MA IH RO AOS,AUSTRALIA 

Tels IN-SITU HEPORT CONTAINS RE VI EW DATA. THE 
UNOERCROUNO OPE N!IIG C!SCUSSEC INCLUDES TH E OH COI NG 
OCAVAT!ON CF THE ICIN GS CROSS TUNNEL ISYONEY, NSII , , 
AUS TRAL I A! , THE PROJECT INVESTIGATE□ IS UTILilFC FOR 
TWIN HIGHWAY PURPOSES, THE CUT ANO CO VE R HETHOO 
REPRESE NTS THE EXCA VAT ION TECHNIQUE STUDIED, 

•002786 WORKING WELL AT ARLRERG, 
AnHOR ANON, 
TUNNELS ANO TUNNELL ING 
~ I l 1, 21, 1q76, 
LAN GUAGE! ENGLISH 

CCOIITINUEOI 

PERFORMING ORGANIZATION CSt 
l,IL-EAL,SPITTAL/ORAU 
Z,INNEREBER ANO HAYER, INNSBRUC~ 
J,OOERANZMEYER,RIINNSHRUCK 
~.soRAVlA,SPITTAL/CRAU 
l,IL-OAU,SPITTAL/ORAU 
Z,!NH!P~ OER ANO MAYER,INNSBPUC~ 
.l , OOE ~HZMH!R, RI INNSBRU::K 
~. SIK ANO COMPANY,LEOBEN 
~. SORAVIA,SPITTAL/ORAU 
l,HINTEREGGER,SILZ~URG/OREGfNZ 
2, JAGER ,SCHRUNS 
l,"AYR(CER ANO KR AUS , SA LZ BURG 
<t.POrifi' 9 VI E NNA 
S,RELLA,VIEHNA 
6,UNION-BAU,VIE~NA 
7,UNIVE~SALE,VIENNA 
l,OEILHANN ANO HA NIEL , OORTHUNO 
2 , GEBHA~CT ANO KOCNIG, ESSEN 
l,PORR,VIENNA 
4,UH!VERSALE,V!ENNA 
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THIS IN-HTU REPORT CONTAINS REVIEW DATA, THE 
UNDERGROUND OPENI NGS DISCUSSED INC LUDE THE ON GOING 
EXCAVATION OF THE ALBERG TUNNEL (EASTERN SECTION) 
CAUSTRIAI, THE ON GOING EXCAVATION OF THE ALBERG 
TUNNEL (WESTERN SECTION I IAUSTR IA I , THE ON GOHG 
EXC AV ATIO N OF THE ALBONA SHAFT OF ALBERG TUNNEL 
IAUSTRIAI ANO THE COHPLETEC EXCA VATION OF THE 
HAIENWASEN SHAFT OF ALBERG TUNNEL IAUSTRIAI , THE 
PROJECTS INV ESTICATEO ARE UTILIZE □ FOR TIIIN HlGHW AT 
PURPOSES, THE DRILL AN O BLAST CF ULL FACEI METHOD , 
HEADI NG ANO BENCH METHOD ANO PILOT BORE-CROWN H,THOC 
REPRESENT THE EXCAVATION TECHNIQUES STUDIED , THE 
REPORTED FRAGMENTATION HETHOC SERVIC ING PROJECT 
EFFORTS IIICLUCES CONVENTIONAL EXPLOSIVE CUNSPECIFIECI 

THIS DOCUMENT INCORPORATES AOCITIONALLY DRILLI NG 
EQUIPMENT ANO TU NNELING HAtHINl CHARACTE RISTICS, 
PERTINENT INFORHAT!ON ON MATERIALS HANDL I NG SYSTEH IS 
ALSO PRESENTED, 

R002781 GROUND FREEZING AT GRAIN , 
AUTHOR ANON, 
TUNNELS ANO TUNNELLI NG 
8 I l I , 2 l - <, , l 9 7~. 
LANGUAGE• ENGLISH 

PERFORMING ORGANIZATION ISi 
LAING,JOHN CONSTRUC TION LTO: U, K, 

FUNDING ORGANIZATIONISI 
CENTRAL ELECTRICITY GENERAT ING BOAR C,U, K, 

THIS IN- ~!TU REPORT CONTAINS ORIGINAL CATA, THE 
UNCERGROUNC OPE NINGS 01 SC US SEC I NCLUCE THI' COMPLETE□ 

EXCA VATION OF THE COOLING WATER INTAKE TU NNEL ~0,1 , 
ISLE OF G~AIN POWER STATION I U, K, I ANO THE COMPLETE □ 
EXCA VATI O~ OF THE COOLING WATER INTAKE TU NN EL N0 , 2 , 
ISLE OF GRAIN POWER STATION cu . K. I THE PROJ,CTS 
INVESTIGATED ARE UTILIZED F OR WAHR CO NV EYANCE IQTH ER 
THAN WATER SUPPLY! PURPOSES. TH E SHIELO METHOD 
REPRESENTS THE EXCAVATION TECHNIQUE STUOIEO , THE 
REPORTED FR AGMENTATION METHOD SERVICING PROJECT 
EFFORTS HCLUCES MECHAN ICAL ABRASION IROTARYI • THIS 
COCUH ENT INCORPORATES ACO ITIO NlLLY TUNNELI NG MA CH INE 
CHARA CTERRTICS , TBM EXCAVATIO N RATE I S AL SO 
OISCUSSEO, GEOSTRUCTURAL ANO SOIL CH ARACTERISTICS FOR 
THE RE PORTED EXC AVATION ACT I VITIES AR E CESCR l 8EO , 
PERT INENT INFORM ATION ON GROUND CONDITIONS ANO 
UNDERGROUND OPE NING SUPPORTS IS ALSO PRESENTED, 

ROOZ788 IHMER SEO-lUBES ANO THE TEES, 
CULVERWELL, C, R , 
TUNNELS ANO TUNNELLING 
e , 1 , , 21- J1 , t97ti. 
LANGUAGE• ENGLISH 

PERFORMING ORGANIZATIONISI 
FREEMAN FOX ANO PARTNERS , U, K, 

FUNOINb OR GA NIZATJONISI 
CLEV EL AHC COU NTY COUNCIL,U . k, 

THIS IN-SITU-THEORETICAL ANO IN-SITU REPIVH COIITOl•S 
ORIGINAL ANO REVIE W CATA , THE UNOER~ROUI() OPEN I NGS 
OISCUSSEO INCLUDE THE COMPL ETED EXC AVATI ON OF !Ht 
BALTI MORE HARBOUR TUNNEL CBALTIHORE, HO, , USA>, TH! 
COMPLETED EXCA VATION OF THE BALTI MORE CHANNEL TU•NEL 
!CHESAPEAKE BAY , VA, , USA >, THE C OMPLETE□ EXCAVATION 

IC ONT!Nuf O I 
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o, TH£ AA••HOO TUNNfL CAL., USAl, THE COHPL!HO 
EXCAVATION rr TH( OlYTOWN TUNNEL ch . , USAl, THE 
COHPLHF.O r XC lVATION o, THF RAY AREA ~lPIO TRlNStT 
PROJECT IOHTl CHCTION UNSHC IF I EO I CSAN FUNC?$CO, 
Cl,, USAI, TH" CONPLETEO EXCAVATION n, THE 8ENELU~ 
TUNNEL IROT TLROAN, NETHf.RLANOSI, THE COHPL!TEO 
EWCAVATION OF THf COEN TUNNEL ClNSTEROAN, 
NETHERLANOSI, T•iE CONPLEHO EXCAVATION OF THE 
CROSS• HARBOUR TUNNEL IHONG~ONGl, THE CO "PI.ETEO 
EXCAVATION er THE OEAS ISLAND TUNNEL CVANCOUVER, 
9R ITISH COLUHBll,, CANAOll, THE COHPLETEO EXCAVATION 
OF THE OETROIT•WINOSOR TUHNfl CUSA•ClNAOAl, THI' 
COMPLETED EXC AVATION OF THE DETROIT RIVER TUNNEL 
IHICHIGAN- ONTARIO, USA•CANAOAl, THE CONPLETEO 
E<CAVATION OF THE EAST hJRO STREET TUNNEi. CNEW VORk, 
NY,, USAI, THE COHPLETEO EXCAVATION OF THE ELBE 
TUNNEL CHAHAURG, w. GE RMANY). THf CONPLETEO ncAVATION 
or THE ELilABETH RIVER TUNNEL [2N0l IVA,, USAI, THE 
COHPLETEO E>C AVATI ON OF THE ELIZABETH RIVER TUNNEL 
ltSTl IVA., USAI, THE COHPLETEO EXCAVlTION OF THE 
FREIORIC HSHASEN TUNNEL 18€RLI N ■ GERMANY), aE 
CONPLETEO E>C AVATI ON OF THE HAHPTOH ROAOS TUNNEL 
IVA,, USAI, THE COHPLETEO EXCAVATION OF THE HARLEM 
RIVER TUNNEL CNEW YORK, HY,, USA,>, THE CONPLETEO 
EXCA VATION CF THE HAVANA TUNNEL CHAVANA, CUBA!, THE 
CONPLETEO FXC AVATION OF THE HfXNENOORO TUNNEL 
IBA~ENORECHT, NETHERLANDS!, THE COMPLETED EXCAVATION 
OF THE IJ RIVER TUNNFL IANSTEROAH, HOLi.ANO, 
N~T~ERLANOS>, TH~ CO HPLETEO EX CAVATION OF THE 1•10 
HC8ILE RIVcR TUNNEL IALABANA, USAJ, THE CONPLETEO 
E XCAVA TIO• OF THE KEIHINICANALI TUNNEL, IKAWASAK l1 
JAPAN>, THf COHPL ET EO FXCAVATION or TH E LAFONTAINE 
qRIOGE TUNNEL !ALSO CAl lfO LOUIS•HIPPOLYTE OR 
BOUCHERVILLE TUNNEL l CH ONTREAL, QUEBEC, CON,l 
AOUCHERVILLE TUNNELi IHONTRFAL, OUEBEC, CANAOAI, THE 
COHPL£TE0 EXCAVATION OF THE LINFJORO TUNNEL (ARI.BORG 
THE COMP\.ETEO EXCAVATION OF THE HUS TUNNEL 
IROTT(ROAH, HOLLAND, NETHEltLANCSl, TH[ COHPLETEO 
fXCAVlTION OF THf PARANA IHERNANOIASl TUNNfL 
IA~C.ENTINAl, TH( COMPLETED EXCAVATION OF THE POSfY 
TUNNEL IAL SO CALLED OAKLANO•ALANEOA TUNNELi CCA,, 
USA,l, THE COHPLf.TEO fXCAVATION OF THE RENOSBURG 
TUN NEL IW,GERHANYI, THE COHPLETEO EXCAVATION OF THE 
ROTTEROAM ~ET RO TUNNEL (ROTTEROAN, NETHERLANOSI, THE 
COHPlETEO OCAVATION OF THE SCHELOF. TUNNEL (AL~O 
CALLEO SCHEI.DE E3 OR J,F,K,TUNNELl !ANTWERP, , 
9ELGIUHl, THE COMPLETED FXCAVATION OF THE STATE 
~TREET TUNNEL Ill,, USA,l, THE PROPOSED EXCAVATION OF 
THE TEES TUNNEL I ALSO CALLEO KIEi.DER TUNNELS I (U.K, I, 
THE COMPLETE □ EXCAVATION OF THE THIMBLE SHOAL TUNNEL 
ICHESAPEA~E BAY, U., USA I, THE COHPL ETEO EXCAVATION 
or T~E TINGSTA~ TUNNEL !GOTHENBURG, SWEDEN), THE 
COHl'\.ETEO EXCAVAT ION OF THE VIEUX-PORT TUNNEL 
1•A~SEilLES, FRANC~>, THE COHPLETEO EXCAVATION OF THE 
MAN GAN SEN TUNNEL ITOKVO, JAPAN!, THE COMPLETED 
Exc,vATIOH CF THE WASHBURN TUNNEL CTx., USA, 1 ANO THE 
COMPLETED E•CAVlTION OF TH E WEBSTER STR~E T TUNNEL 
tcA.. USA. l co•KLA HO. CA.. USA I THE PROJECTS 
fNVESTIGATEO ARE UTILIZED FOR COMPOSITE I 
RAtLWAY•HIGHWAY, HIGHWAY, HETRO, PEDESTRIAN TUNNEL, 
RAILWAf AHO TWIN HIGHWA Y PURPOSES, THE IHHERSE O TUBE 
( PRE-~ fllESSEO CONCRETE BOX l IIETHOO . INMER ~ED TUBE 
IREINFO.CiO CONCRETE BOxl HEfHoo ANO STEEL SHELL 
HfTHOO RlPRESENf TH( EXCl VlTION TECHNIQUES STUDIED, 
PEHOGRAP!lf A HO ROCK TVPES R fYJEWEO !t«:LUOE HARL , 

R002T!q EARLY HISTORY OF SAPPtR TUNNELLING, 
CL!FFOqO, H, O. 
TUNNELS AHO TUNNELLING 
8 I I l, ~J-1, 197~. 
LANGUAGEI ENGLISH 

THI ! IN-SITU REPORT CONTAINS REVIEW DATA, THE 
UNDERGROUND OPE NING OI SCUSSEO INCLUDES THE ABANDONED 
EXC AVATION OF THE ENGLISH CHANNEL TUNNEL tu.~. l • THE 
PROJECT INVESTIGATED I S UTILIZED 'DR VEHICULAR TUNN,L 
IUNSPECIFIECI PURPOSE S, THE T8N HETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED, THE REPORTED 
FRAGHENTATIC>I ~ETHOO SERVICING PROJECT EFFORTS 
INCLUDES MECHANICAL l8RASIO~ CROTARVl , THIS OOCUHEHT 
INCORPORATES lOOITIONALLY TUIINEUNG NACHlHE 
CHARACTERISTICS, T8H EXCAVATION RATE IS ALSO 
DISCUSSED, ROCK TYPES REVIEWED INCLUDE CHALK IROCKI • 

RDDZ7lZ FAST FINISH FOR OURAI TUNNEL, 
WALFORO, 0, 
TUNNELS ANO TUNNELLING 

!CONTINUED I 

8 C J ), 22-l, 1qlh, 
LAHGUAGEt ENGLISH 

P[RFORNING OkGANIZATlONISI 
CONSTAIN CIVIL ENGINEERING LTO. 

FUNOING ORGANI ZATIO N($) 
RULER OF OUBAI,OUBAI 

THIS IN•!ITU REPORT CONTAINS ORIGINAL DATA, THE 
UHOERGROUl<O OPENING DISCUSSED INCLUDES THE COMPLETED 
EXCAVATIO~ OF THE OU8AI TUNNEL !DUBAI, DUBAI) THE 
PROJECT INVESTIGATED IS UTILIZED FOR COHPOSITEr 
HIGHWAY•PEOESTRIAk PURPOSES, THE INNERSEO ruse 
(REINFORCED CONCRETE BOX! HETHOO REPRESENTS THE 
EXCAVATIO~ TECHNIQUE STUOIEO, 

R00279~ INNOVATIONS AT SEIKAN, 
TUNNELS ANO TUNNELLING 
e c J , , ~1-so, 197&, 
LANGUAGE! ENGLISH 

PERFORNING ORGANIZATIONCSl 
1,HAUHAGUNI LTC, 
2,MAEOA CONSTRUCTION CO. 
3 , TAISEI CORP, 
1,~AJINA CORP, 
Z,KUHAGAIGUMI CO.LTD , 
J,TEKKEN KENSETU CO ,LTO, 
1,AOKI CONSTRUCTION LTO, 
3,NISHINATSU CONSTRUCTION CO,LTO, 
~,DHBAYASHI•GUHI LTO. 
,,Ol(UNUAA CORP, 
S,PENTA-OCEAN CONSTRUCTION CO, LTO, 
6,SHINIZU CONSTRUCTION CO,LTO, 
1,FUJITA CORP, 
Z,HISUI CONSTRUCTION CO.I.TO. 
J,SATO KOGYO CO,LTO, 
~,THE lfNIKATA CORP, 
,,TOBIS~IMA CONSTRUCTXO H CO,LTO, 

FUNDING ORGANIZAT)OHISl 
JAPAN RAILWAY CONSTRUCTION PUBLIC CORPIJAPAN 

THIS (N•SITU REPORT CONTAINS ORIGINAL DATA, TH[ 
UNOERGROUNO OPENINGS DISCUSSEO INCLUDE THE COMPLETED 
E~CAVATION OF THE INCLINED SHAFF FOR SEIK AN UNDERSEA 
TUNNEL, HONSHU SIDE IJAFANI, THE C.ONPLETEO EXCAVATION 
OF THE INCLINED SHAFT FOR SEIKAN UNDERSEA TUNN EL, 
HOKKAIDO SIOE !JAPAN), THE ON GOING EXCAVATION OF THE 
PILOT TUNNELS FOR. HONSHU•HOKKAIOO RAILWAY CON NECTION 
£ALSO CALLED SEikAN UNDERSEA TUNNELi IJAPANl, THE ON 
GOING EXCAVATION OF THE SEIKAN RAILWAY TUNNEL 
IJAPANI, THE ON GOING EXCAVATION OF THE StRVICE 
TUNNEL, SEI~AN UNOER SEA TUNNEL IJAPANl, THE COMPLETED 
EXCAVATIO~ or THE VERTICAL SHAFT FOR SEIKAN UNDERSEA 
TUNNEL, HONSHU SIDE IJ4PANI ANO THt COHPLeT EO 
EXCAVATION OF THE VERTICAL SHAFF FOR SEIKAN UNDE RSEA 
TUNNEL, HOKKAIDO SIOE (JAPAN I THE PROJECTS 
INVESTIGATEO ARE UTILIZED FOR COMBINATION 
I EXPLORATION-VE NT I LA TI OH•SAFET Y•ORAI NA GE l TUNNEL, 
EXPLORATORY TUNNEL ANO RA IL WAY PURPOSES, THE DR ILL 
AHO 8LAST !FULL FACE! HfTHOO, HEADING ANO BENCH 
NETHOO ANO TBM NETHOO REPRESENT THE EXCAVAT!CN 
TECHNIQUES STUDIED, THE REPORTED FRAGMENTATION HETHOO 
SERVICING PROJECT EFFORTS INCLUDE CONVENTIONAL 
EXPLOSIVE IUNSPECIFIEOI ANO ME CHANI CAL ABRASION 
C ROTARYI , THIS OOCUHENT INCORPORATES ADOITI ONHL Y 
TUNNELING MACHINE CHA~ACTERISTICS, TBH EXCAVATION 
RAT[ IS ALSO OISC~SSfO, G[OSTRUCTURAL CHARACTERISTICS 
FOR THE REPORTED EXCAVATION ACTIVITIES ARE OESCRI BEO , 

A00ZT95 EARLY HISTORY OF SAPPER TUNNELLING. 
CLIFFORD, N, D, 
TUIINELS ANO TUNNELLING 
a c J , , n-1, 1 CJ 1&. 
LANGUAGE• ENGLISH 

PERFORMING ORGANIZATIONIS l 
SlPPEAS,BRITISH ARNY,U,K, 

FUNDING O~GANIZATIONISI 
BRITISH ARNY,U,K, 

THIS IN•SITU REPORT CONTAINS REVIEW OATA, THE 
UND!RGROUNO OPENING DISCUSSED INCLUDES THE COHPUT EO 
EXCAVATIO~ OF THE TUNNELS ANO CHAMBERS IN THE ROCK 
CGl8RALTA~) , THE PROJECT INVESTIGATED rs UTILIZt D 

CCONTINU[OI 



FO R NI LIT ARV I NS TALLATI ON PUPPCSfS , THE ORILLI~G 
• £Ttt00 ANO DRILL 4'0 ALtST CFULC FACEJ METHOD 
REPRESENT !Hf E~ CAVATION TECHN IQUE S STUDIED. THE 
PE PORT EO FRA GM[ NTA T I ON NEl HO OS SER VI C I NG PRO JECT 
E FFCRTS INCLUOE CONVENTI ON H C( PLOSIVE (UHS PE CIFIE OI 
AN O OUIC( Ll• E • 

•ooz7q7 NEW FA CE FOO PIPES . 
Lnru,-.r. 11. 
TU NNEL~ AHO TUNN(LL!NG 
e t 3 1 • 1 l '4-',• t tHh. 
LANGUA GE • (NGll~~ 

PfRrOR• I >«", CRU H!IATION I SI 
A•ER ! CAN P!Pf AHO CONS TRUCTION COICENTRIL!NE 

O!V!SIO• OF 

<L NO! NG ORC.AN!7AT!ON(St 
AHfR! CAN PIPE ANO C ONS TRUCTION c o:cENTIHLIHE 

D I VISI O• OF 

THIS IN- SITU REPORT CONTA IN S CR ! r. INAL DATA. PERTINENT 
I NFORNH ION ON lJNOERGROUNO OPENING SUPPORTS IS ALSO 
PRfSENTEO. 

POOZ / ~A GAS s,n~A~E IN NI~tt) CAVE~NS. 
WIT,..ER <i: PnON. P . A. LlNO fl l 0 '1, U. 
<ORF[LOT . C . 0, JANfLIO. J. 
lJN0fRGR<1UNO S PACE 
l f 1 J, • 4:>- C.'1, 1 'l fh, 
L•N GUA f, f I E N G L l $ ►i 

P(RFORNIN~ CR~AN l 7AT!ON C~ I 
CAL!FilRNIA,W<!Vf.R S ITY o,,uSA:HAGCONSULT A8, 

SIOC(HOLH ANO ROYA L 
INS TITUT E Of' TE CHNOLOr,Y,5TOCKHOLK,SWEOEH 

T HI S THEORfTICAL ~[PORT CONTAINS OR I GI NAL DATA , THE 
PRO JECT IN VE S T!GAT EO I S UT ILil[ O FOR GAS STORAGE 
PURPOSES. THE OPilL ANO OLA S T IFUll FACEI HETHOO 
~FP<ESE NT S TH[ r <C AVATION TcC HNIOUE STUDIED. THE 
R~ • ORHO FRA r. Hf. NT 61 I ON H£1H0 0 ~E RV I CI NG PROJECT 
f.HCRTS INCLUDES r.ONVFNTIONAl FXPLOSIVE IUNSPECIFIEOI 
, !NFORHAT!ON PF~TINENT TO EXCAVATION COST IS GIVEN. 

R0 0 2 7~ q THE RIV~P LAR SULT!• UR POSE PROJECT IN IRAN. 
'1A RWJ CI( , A. 
WATE R POWfR 
lT < 4 I, 13J -4.t 1 , 1 ~75 . 
LANtU~Gfl Ehf.LIS~ 

P£RFORH !NG CRG ANl7AT!CNISJ 
RIVER LAR PROJEC J- cAR IUPP[RI OI VE RS ION WORKS 

CO NTRAC T 
I.H[IT KAHP G• BH: W(ST GER MANY 
?. HIITA-HFGERFElO AGlWEST G£RNANY 
J . STOHR,(ARL,(GIW£ST GERMANY 
RIVER LAR PR OJ EC T- DAN ANO ASSOCI AT E D WORKS CONTR ACT 
I.JHP~EOllO SPA,ITALY 
Z ,TESSA co ,I RAN 

FUN OJNG Ol>GA NI7ATJ ONIS I 
I [HQ AN REG! ON Al MAT ER ROA RO 

THIS IN-S II U REPORT CONTA I NS OR IGINAL OlTA, T HE 
UNO£RGROuNO OP(MINGS DISCUSSED I NCL UDE THf OH GOHG 
EXCAVUIOH OF THE RIVER LAR PROJECT•• LAR-KALAN 
OIVERSION TUNH£L CLAR-ULAN, IRANI, THE ON GO HG 
EXC AVATI ON OF THE RI VER LAR PROJECT,, GROUTING 
GAL LE~IE S ILAR RIVER VALLEY, !RANI, THE ON GOING 
EXCAVATION CF THE RIVE R lA R PROJECT., SPILLWAY INTA •E 
SHAFI CLAR RHER VALLEY, IRANI, THE ON GOING 
FXC AVATION er THE RIVER LAR PROJECT., SPILLWAY TUNNFL 
llH RIVER VALLEY, IRANI , THE ON GOING EXCAVATION or 
THE RI VER LAR PROJECT., IRRIGATI ON OUTLET WORKS INLET 
I LH U VER VALLEY , IRANI , THE ON GOING EXCAVATION OF 
TH£ RI VER LAR PROJECT., !RR !CATION OUTLET WORKS 
CMTR OL S HAFT ILAR RIVER VALL EY, IRANI, THE ON GOING 
£XClVAIION OF THE RIVER LAA PROJECT., IRRIGATION 
OUTLET WOR( S STILLING SHAFT ! UR RIVER VILLH, [RANI, 
TH E ON GOI NG E•CAVAT IOH OF THE RIVER LAR PROJE CT,, 
!RRIGITION OUTLCT WOR(S TUNNEL CLIR RIVER VALLEY 
IRA •J, THE ON GOING EXCAVATION OF THE RIVER LAR 
PROJECT,, LAR- KALAN DIVERS I ON TUNNE L LONER INTAKE 
ILAR-OLAN, !RANI, THE ON GOING E•CAVATION OF THE 
RIVER LAR PROJECT,, LAR-KALAN DIVERSION TUNNEL UPPER 
INTA(E CLA R-KALAN, IRANI, Ht: ON GOING EXCAVATION OF 
THE RIVER lAR PROJECT,, LAR-OLAN DIVERSION TUNNEL 
CONTROL SHIFT ILIA-KALAN ■ IRANI, THE ON GOING 

( CONTINUED I 
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fXCAVATIO• or THE IUV[R LA R PROJCCr, , "ALAN SU RG E 
S HAFT (KALAN, UANl , THE CN GOING E<C. AVArlON OF TH[ 
RIVER LA' PRO JEC T ., KALA N VlLUE CHAH8ER (~AL AN , 
IRINJ. H E ON GO ING EXC AVATio • OF THE Rl VeR LAR 
PROJECT., KALA N ('18EOOEC PEN ST OCK tOLAN , IRANI, THE 
ON GOI NG EXCAVATION OF TH€ ,IV~R LA~ PRO J £CT ., KALAN 
FREE- S TANCING PENSTOCKIIN TUNNELi (KALA N, IRANI ANO 
THE ON GOING EXCAVATIOh OF THE RIVcR LlR PROJEf.T ., 
OLAN PEN~TOC(l8URIEO IN CULVERT> IKAlAN, [RAHi , THE 
PROJEC TS INVESTIGATfO H E UTILIZED FOR DIVl~S[ON 
TUNNEL , GROUTING GAL LERY, IRRIGATION ANO SPILLWAY 
TUNN(L PU,POSES, THE DRILL AHO BLAST <FULL FACEI 
NETHOO PEPRfSENT S TH [ f.XCAVAT 10 • TECH NIQUE S TUD IED. 
THE Rf.POR TED FRAGMENTATION MET HOD SER VICI NG P RO JECT 
EFFORTS I•CLUOES C ONVE NT IONAL EXPL OSIVE CUNSPECIF!ED I 

GEOS TR LCTURAL ANO SOIL CHARACTERISTICS AS WELL AS 
S OI L HECHANICAL PRO PE RT JE5 FOR THE ~EPORTEO 
EXCAVATI ON ACTIVITIES ARE DESCR!8EO . P ERTINENT 
INFORHATI CN ON GROUNO CONOITIONS ANO UNOERGROUNO 
OPENING SUPPORTS IS ALSO PRESENT ED. T HE E•CAVAT!O N 
CHARACTE ~ ISTICS FOR GREE N Bf.OS, LARANA OALICHAI 
LIHfSTONE, SHEHSH AK FORMATIO N AUD l!A~ AI CONGLOHEP ATE 
ARE TREATED, PETROGRAPHY AHO ROCK TYPES REVIE WED 
INCLUDE CONGLOMERATE, OIORITE, LIHESTONE , HUO STO NE, 
PORPHYRY, SANOSTONC, \ HALE ANO SY(HITE • 

R00 2800 Mf A~UPES TO REPAH DAMA GE AT 1A~81.LA AFHR TUNN I.L 
COLLAPSE. 
AUTHOR ANCN. 
WATER POW ER 
?7 I 1 1, 3 .. -~, t97 S. 
LANGUAGE tENGLISH 

FU NO ING ORGANIZAT IONI S I 
PAKISTAh,WATER AN O POWER BOARD AUTHORIT Y or ;(WASOAl 

THIS IN - SITU REPORT C ONTAI NS OR I GI NAL DATA . THE 
UNOERG ROU hO OPENIN GS DISCUSS ED INCLUOo THf COMPLETED 
EXC AVATI ON OF THE TARBELA □AH PR OJ ECT , POWE R TUNNEL S 
!PAKISTANI ANO TH o COMPLET ED OCA WATI ON Of TH[ 
TARBE LA CAM PROJECT, IRRl r. ATIOH TUNNELS CPUIS TANI • 
THE PROJECTS INVES TIGAT ED AR E UTILIZE D FOR 
HYDROELECTRIC Al() IRRIGATION PURP OSES . 

R00281J lolo HILES CF TUNNELLING FOP GIANT NAJ ES PLA[N PRO J ECT, 
AUTHOR ANCN, 
TUNNELS ANO TUNNE LLING 
7 t 2 1, 11, t97S . 
LANGUAGE! ENGLI S H 

PERFOR"ING ORGANIZATIO NISI 
MAJES CCNSORTIUH 
I . AR S(INSK A C[ HENTJ UTERI El , SWEOE N 
z . CO NCO~O CONSTRUCTION LT O:SOUTH AFRICA 
J,EN TRECANALES Y TRAVERA SA ,SPAIN 
<, . HACOH 
&,TAR MA C CO NS TRUCTION LTO ;U ,K, 
7 .THE FOUNDATION CO. OF CANADA LTO; CANAOA 

THIS I M-S ITU REPORT CO NTHNS RE VIEW DATA. TH E 
UNOERGROu•D OPENING DI SCUSSED I NCLUD ES THE PROPOSED 
fXCAV AT IO ~ OF THE TUNNEL S OF T HE HAJI.S PROJECT IP ERUI 
• THE PROJECT INVE S TI GATED I S UTILIZED F O~ C ONPO S ITEI 
IRR I GA TIOI.- HYOROELECTR!C POWER PURPOSES. TH[ DR ILL 
ANO BLAST (FULL FACE I METH OD REPRESENIS THE 
EXCAVATIOh TECHNIQUE STUDIED. THE REPOR TE D 
FRAGMENTATION HETHOO SERWIC ING PROJECT EFFORTS 
INCLUDE S CONVENTIONAL EX PLOSIVE IUNSPECIFIEO I • THI S 
DOCUMENT INCORPOR ATES AODIT IONALLY TU NNELIN G HACHINE 
CHARACTERIS TICS. GEosaucTURAL CHARACTERIST ! CS FOR 
THE RE PORTED EXCAVATION ACTIVITIES ARE DESC RIBED, 
PETRO GRAP<Y ANO ROCK TYPES REVIE WED INCLUOE 
CONGLOHERATE, LIMESTONf, HU OS TONE, PORPHYRY, 
S ANDSTONE ANO SHA LE , 

ROD2811t BIG ROCK CRILLING OPERATION F OR CANADIAN POWER 
COIIPLEX, 
AUTHOR AN ON. 
TUNNELS ANO TUNNELLING 
7 ( 2 I, 1l• t()7'5,. 
LANGUAGE• ENGLISH 

PE RFORMING ORGANIZATIONCSI 
"ANNIX LTOICALGARY,AL8ERTA,CANAOA 

THIS IN-SITU REPORT CONTAINS ROIEII DATA. THE 
UNOERGROUhO OPENING S Ol~CUSSfO INCLUDE TH[ ON GOI•G 
E XCAVATION OF THE MICA OAH PROJECT, UNOER.~OUNO PONER 
HOUSE 18RITISH C OLUMBIA, CANAOAI, THE ON GOING 

ICONTINUEOI 
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(tCAVA TION er THE HICA DAH PROJECT, fA!LRACF TUNNELS 
(ijRJT!SH COLUNq!A, CANADA l, THE ON GOING EXCAVATION 
r,r THE MICA OAN PROJF.CT, PfNSTnCK TUNNELS !8RITISH 
r.r1LUH~IA, CANAOAI, THE ON GOING EXUVATION OF THE 
" !CA DAN PROJEC T, UND£Rr.HOUNO TRANSFORH(R CHA"Bf.R 
cARITISH COLUNO!A, CANA0Al, THF. ON GOIIIG OCAVATION 
nr THE MICA OAH PROJECT, "AN!FOLO TUNNEL~ IARITISH 
COLUH~!A, CAHUIAI. TH[ ON r.nu,G fXCAVATION o, THE 
l<ICA □A" PROJI CT , DPAFT TUqf TUNN[LS (8RITISH 
COLUHO!A, CANAOAI. THE ON GOING EXCAVATION or TH[ 
HICA oaH PROJFCT, DRAFT TUH[ GALLERY !BRITISH 
COL UHBIA, CAHAOAl, THE ON GOING EXCAVATION OF THE 
MICA a AH PROJE CT , ACCE SS TUNNELS !8RITISH COLVHBIA, 
CAHADAI, Tar ON f.OING EXCAVATION or THE "!CA OAH 
PROJECT, AIR SU PPLY TUNNELS !BRITISH COLUHBIA, 
CANAOAI, THE ON GOING EXCAVATION OF THF. H!CA DAN 
PROJfCT, DRAINAGE TUIINELS !BRITISH COLU"BIA, CANAOAl 
ANO THE ON GOING EXCAVAT!O~ OF THE HICA OAH PROJECT, 
ELEVATOR SHArT !BRITISH COLUH6IA, CANAOAl THE 
PROJECTS INVESTJGATEO ARE UTILIZED FOR ACCESS TUNNEL 
!SHAFTS ANO AOITS TO HAIN OPEN!NGl, ORAINAG" ANO 
INSPECTJON !OAH OR UHYOROELE CTR!C ANO VENTILATICH 
PURPOSES. TSE OPI LL ANO 9LAST ( FULL FACEI Hf.THOO ANO 
HEADING ANO BENCH HETHOO REPRESENT THE f.XCAVATICN 
TECSN!OUES STUDIED, THE REPORTED FRAGHENTATION HETHOO 
SERVICING PROJECT uroRTS INCLUDES CONVfNT!ONAL 
EXPLOSIVE !UNSPECIF{EOI , THIS OOCUHENT INCORPORATES 
AOOIT!ONALLY TUNNELING HACH IN£ CHARACTERISTICS, 
r.EQSTRUCTURAL CHA RAC TERISTICS FOR THE REPORTED 
~XCAVATION ACTIV ITIES AR E OESC~IBEO, PERTINENT 
!NFORHATJON ON UNOERGROUHO OPENING SUPPORTS IS ALSO 
PPESENTEO, PETROGR A•HY INC ROC• TYPES REVIEWED 
INCLUOf FULGUR!T(S ANO SCH{ST , 

000281~ GROUND FREE/ING USEO ON RENFREW MOTORWAY SEMER, 
AUT~OR ,ti NON. 
TUNNEL S ANO TUNNELLING 
, < z >, 1-;, 1qrr;. 
LAN GUAGE • t~GLt~H 

PERFORH!Hr, CPr.AN[7AT!ON(SI 
roRA<Y LTO,Of COLWIC•,NOTT!NGHAH , U,K, 

THI~ JN•SITU REPORT CONTAINS RfV!fW DATA, THE 
UNDERGROUND OPE NIN '. DISCUSSED INCLUDES THE ON GOING 
E•CAVAT{ON OF l'<E RENFRE W "OTOR WAT SEWER !U,<, l , THE 
PROJECT !NVf STIGAT EO IS UT!LllEO FOR SEWER PURPOSES, 
GEOST~UCTURAL CHAR ACTERI ST I CS FOR THt REPORTED 
EWCAVAT! ON ACTIVITIES ARE DESCRIBED, PERTINENT 
!NFORHATION ON UND ERG ROUND OPENING SUPPOIUS IS ALSO 
PRESENTED, 

•0 028l~ LON GEST H!Nl•Tu NN(L DR IVE CO HPLETED UNDER "4 
WO< !Hf.HA H I NTERCHA HGE • 
AUT~O• ANON, 
TUNNELS ANO TUNNELLING 
7 ( Z ,. 1-;, 191r;. 
LAHGUAGEI ENGLI SH 

PERFOR~ING CRGANIZAT!ON(Sl 
HOLE S•ITH TUNNELS, U • K, 

THIS IN·SIT U REPORT CONTllNS REVIEW DATA, THE PROJECT 
INVESTIGATED IS UTILIZED fOR SEWER PURPOSES, THE T8H 
"ETHOO REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, 
THE REPORTED FRAG"ENTATIO• HETHOO SERVICING PROJECT 
EFF"CRTS HCLUOES MECHANICAL ABRASION IROTARYl , THIS 
OoCIJHENT !'CORPORATES ADDITIONALL Y TUNNELING HACHINE 
tHl•ACTERIST!CS, SOIL CHARACTERISTICS FOR THE 
REPOltTEO EXCAVATION ACTIVIT !ES UE OESCRIBEO, 

•ooz&l7 PROGRESS ON THE SECOND DARTFORD TUNNEL: 
T["PLF.: • M. A• 
TUNNELS ANO TUNNELLING 
T ( l >, i~•T, 1q1~. 
LANGUAr.E1 ENGLISH 

PERrORHING ORGANIZATI ON (Sl 
BEATTY,BALFOUR ANO CO,LT01U,(. 

•~HO!NG ORGAN!lATIONISI 
ESSEX ANO KENT COUNTY COVNCILS,U,K, 

THI S IN•SITU REPORT CONTAINS ORIGINAL 04TA, THE 
UNOERGROUHO OPE NINGS DISCUSSED INCLUDE THE COHPLETEO 
EXC AVATION or THE PILOT TUNNEL FOR SECOND OARTFo•o 
TUNNEL IV,<, l ANO TH E ON GOING EYCAVATtON OF THE 
SECO ND OUTFOAO TUNNEL !UIO THE PROJECTS 
INVESTIGATED ARE UTILIZED FOR EX PLORATORY TUNNEL ANO 

I CONTINUED l 

TWIN HIG~WAY PURPOSES, TH E CUT ANO COVER "ET HOO AHO 
HECHAN!CAL EXCAVATOR HETHOO REPRESE NT THE EXCAVA TION 
TECHNIQUE~ STUDIED, THE REPORTED FRAGHENTATION •ETHOO 
SERVICING PROJ(CT EFFORTS INCLUDES MECHANICAL 
ABRASION IROTARYI THIS OOCUHENT INCORPORATES 
AOO?T! ONALLT TUNNELING HACHINE CHA~ACTERISTICS, 
PE RT I NE HT I NF ORHA TI ON ON UNOfRGROU NO OPENING SUPPORTS 
IS ALSO PRESENTED, 

ROOZ&tq BRENT CROSS UNDFRPASS TUNNELS, 
BENNE TT, H, 
TUNNELS ANO TUNNELLING 
7 I Z I, ~,_.5, 1q75, 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZATIONISl 
CEMENTATIGNS PROJECTS LTo :u.K, 

FUNO!NG □•GANI Z AT ION!SI 
l,8ARNET,LONOON BOROUGH OF,U , K, 
2,HA"HEISON GROUP,U,<. 

THIS IN•SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNOERGRou•o OPENINGS DISCUSSED INCLUDE THE ON GOING 
EXCAVATION OF THE BRENT CROSS UNDERPA SS , NORTH TUNNEL 
ILONOON, ENGLAND, U,K,l ANO TH£ ON GOING EXCAVATICN 
OF THE eRENT CROSS UNDERPASS, SOUTH TUNNEL (LONDON, 
ENGLANO, U,K,l THE PROJECTS INVESTIGATED AR E 
UTILIZED FOR TWIN HIGHWAY PURPOSES, THE CUT ANO COVER 
HETHOO ANO HYDRAULIC FRAGHENTAT!OH HETHOO REPRESENT 
THE EXCAVATION TECHNICUES STUO!EO, THE REPORTED 
•RAGNENTAT!ON HETHOO SERilCING PROJFCT ErFORTS 
INCLUDES CONVENTIONAL EXPLOSIVE IN,G. l 
GEOSTRUCTURAL CHARACTERISTICS FOR THE REPOUEO 
EXCAVATION ACTIVITIES ARE OfSCRIBEO , PERTINENT 
INFORMATICN ON LNOERGROUNO OPENING SUPPORTS I, ALSO 
PRESEHHO, 

ROO zezo TUNN[L Llh!NGS I CONPARAT IVo DESIGNS ANO COSTS, 
VON OER AL, I, 
TUNNELS ANO TUNNELLING 
7 ( 2 l, •&-~7, lq75, 
LANGUAliEI ENGLISH 

THIS IN• SITU• TH€ ORETICAL ~EPORT CON TA I NS ORIG! NAL 
DATA, GEOSTRUCTURAL CH ARACTE~IST!CS FOR THE REPORTED 
EXCAVATION ACTIVITIES ARE OESCR!BEO, PERTINENT 
INFORNAT!CN ON UNDERGROUND OPENING SUPPORTS IS ALSO 
PRESENTED, THE EXCAVATION CHARACTERISTICS FOR 
HUNSRUCK SLATE ARE TREATED, PETROGRAPHY ANO ROCK 
TYPES REVIEWED INCLUDE SLATE 

R00Z&2l SEElISBERG HOTORWAT TUN"fl, 
HONE, A. 
TUNNELS 00 TUNNELLING 
7 I 2 1, 6J•6, 1qn, 
LANGUAGE! ENGLISH 

PERFORHING ORCANIZATIONISl 
HARTI AG,BERN,SWITZERLANO 

FUNDING ORGANIZATIONISI 
SWITZERLANO,GOVT,OF, 

THIS !N•S!TU REPORT CONfA!NS ORIGINAL DATA. THE 
UNDERGROUND OPENINGS OIICUSSEO INCLUDE THE COMPLETED 
EXCAVATION OF THE ACCESS TUNNEL FO~ SEELISBERG 
HOTORWAY TUNNEL !SEELISBERGl SWITZERLANOI, THE ON 
GOING EXCAVATION OF THE SEELISBEkG MOTORWAY TUNNEL 
ISEELISBERG, SW!TZERLANOl ANO THE OH GOING EXCAVATICN 
OF" THE SEELISBERG HOTORMAY TUNNEL (BUEL OR snUTH 
SECTION!, ISEELISBERG, SWITZERLANOl TH£ PROJ €C TS 
!NVESTI,ATEO ARE UTILIZED FOR ACCESS TUNNEL <SHAFTS 
ANO AOITS TO HAIN OPENING) ANO TWIN HIGHWAY PURPOSES, 
THE DRILL AND BLAST IFULL FACEl "ETHOO REPRESENTS THE 
EXCAVATIO~ TECH NI QUE S TUOIEO, THE REPORTED 
FRAGHENTATION HETHOD SERVICING PROJECT EFFORTS 
INCLUD(S CONVENTIONAL EXPLOSIVE IUNS~ECIFIEOI , THIS 
DOCUMENT INCORPORATES AOOIT IO NALLY ORILLI NG EQUIPHEHT 
ANO TUNNELING HACHINE CHARACTERIS TICS, E~CAVAT!CH 
AOVANCEHE!T RATE IS ALS O DISCUSSED, PERTINENT 
I NF" OR HA TI ON ON GR OVNO CONDI TIO HS A NO UNDERGR OUNO 
OPENING SUPPORTS ANO MATERIALS HANDLING STSTE" IS 
ALSO PRESENTED, PETROGRAPHY ANO ROCK TYPES REVIEWED 
INCLUDE LINESTONE , THIS OOCUHENT !IICORPORATES 
ADOIT!DNALLY MECHAN{CAL PROPERTIES (LABI DATA, 

RODZ&22 PROGRESS ON THE ENPH!NGHAH RESER VOIR TUNNELS, 
COLE, R, G, SCHOFIELD, R, J. 

ICONT!HUE Ol 



TUNNELS ANO TUNNELLING 
7 ( 2 l, 73-8, 197~. 
LANGUAGE! ENGLI SH 

PERFO~MING ORGANIZATION<SI 
NUTTAL,EOMUNO LTO!U.K. 

THIS IN-SITU ~EPORT CONTAINS CRIGINAL DATA, THE 
UNOERGROUNO OPENINGS OISCUSSEO INCLUDE THE COMPLETED 
EXCAVATION OF THE EHPINGHAH RESERVOIR PROJECT, TUNNEL 
A <WANSFORO-WQTHORPE, U,K,1, THE ON GOING EXCAVATION 
OF THE EMPINGHAH RESERVOIR PROJECT, TUNNEL 8 
ITINWELL•EHPINGHAM, U,K,1, THE COMPLETED EXCAVATION 
OF THE EMPIHGHAH RESERVOIR PROJECT, SHAFT N0.1 
CWANSFORO, U,K,1, THE COHPLETEO EXCAVATION OF THE 
E~PINGHAH RESERVOIR PROJECT, SHAFT NO,l IWOTHORPE, 
U,K,1, THE COMPLETED EXCAVATIO~ OF THE EHPINGHAH 
RESER~OIR PROJECT, SHAFT NO,, CTINWELL, U,K,1 ANO THE 
COMPLETED EXCAVATION OF THE EHPINGHAH RESERVOIR 
PROJECT, SHAFT N0,6 <EMPINGHAH, U, ~. I , THE PROJECTS 
INVESTIGATED ARE UTILIZED FOR PUHP STORAGE PURPOSES, 
THE T8H HETHOO REPRESENTS THE EXCAVATION TECHNIQ~E 
STUDIED, THE REPORTED fRAGHENTATION HETHOO SERVICING 
PROJECT EFFORTS INCLUDES HECHANICAL ABRASION (ROTARY) 

THIS OOCUHENT INCORPORATES ADDITIONALLY TUNNEL! NG 
MACHINE CHARACTERISTICS, GEOSTRUCTURAL 
CHARACTERISTICS AS WELL AS SOIL MECHANICAL PROPERTIES 
FOR THE REPORTED EXCAVATION ACTIVITIES ARE OESCRIBEO. 
PERTINENT INF~HATION ON GROUND CONDITIONS ANO 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESENTED. THE 
EXCAV-TIOH CHARACTERISTICS FOR UP,LIAS CLAY A~E 
TREATED, PETROGRAPHY ANO ROCK TYPES REVIEWED I>ICLUOE 
CLAYSTONE , 

R00282l CUT ANO COVER AT OUBAI CREEK. 
OLFOIW, 0, 
TUNNELS AHO TUNNELLING 
7 f 2 ), ~3, 197S, 
LANGUAGE• ENGLISH 

PERFORMING CRGANIZUION(SI 
CONSTAIN CIVIL ENGINEERING LTO, 

FUNDING ORGANIZATION(SI 
RULER OF OUBAl,OUBlI 

THIS IN-SITU PEPORT CONTAINS CRI GINAL OATA, THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE OH ·G"Oil<G 
E)CAVATIOH OF THE DUBAI TUNNEL <DUBAI, OUBAII , THE 
PROJECT INVESTIGATED IS UTILIZfD FOR COHPOSITEI 
HIGHWAY·PEDESTRilN PURPOSES. THE MECHANICAL EXCAVATOR 
METHOD REPRESENTS THE EXCAVATION TECHNIQUE STUDIED. 

RD 02824 CHANNEL TUNNEL PILOT DRIVE COHPLETEO, 
AUTHOR, ANON. 
TUNNELS AND TUNNELLING 
7 ( ! ), 10, 1()75. 
LANGUA GE • ENGLISH 

FUNDING ORGANIZATIONISI 
U,K, GOVT!OEPT. OF EHVIRONHENT 

THI~ IN-SITU REPORT CONTAINS REVIEW DATA, THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE ABANDONED 
EXCAVATION OF THE ACCESS TUNNEL FDR THE ENGLISH 
CHANNEL TUNNEL <U,K.I ANO THE ABANDONED EXCAVATION OF 
THE SERVICE TUNNEL FOR THE ENGLISH CHANNEL TUNNEL 
IU,K,I THE P~OJECTS INVESTIGATED ARE UTILIZED FOR 
ACCESS TUNNEL ( SHAFTS ANO AOITS TO HAIN OPEHINGI ANO 
SERVICE TUNNEL PURPOSES. THE T8N HETHOO REPRESENTS 
THE EXCAVATION TECHNIQUE STUDIED, THE REPORTED 
FRACHENTATICN HETHOO SERVICING PROJECT EFFORTS 
INCLUDES HECHANICAL ABRASIO~ <ROTARY> • THIS OOCUHENT 
INCORPORATES ADDITIONALLY TUNNELING MACHINE 
CHAPACTERISTICS, PERTIHENT INFORHATION ON UNDERGROUND 
OPENING SUPPORTS IS ALSO PRESENTED, 

R002825 OINORWIC VENTILATION SHAFT NORK 8EGINS, 
AUTHO~ ANON, 
TUNNELS ANO TUNNELLING 
1 I 3 I, 10, 1975, 
LANGUAGEI ENGLISH 

PERFORHING ORGANIZATI ON<SI 
THYSSEN !GREAT BRITAIHILTO, 

FUNDING ORGANIZATION! SI 
CENTRAL ELECTRICITY GENERATING eOARO,U,K, 
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THIS IN-SITU REFORT CONTAINS REPUBLISHED ANO REVIEW 
DATA. THE UNDERGROUND OPENINGS DISCUSSED INCLUDE THE 
COHPLETEO EXCAVATION OF THE BOULBY POTASH HINE, SHAFT 
N0.1 <BOULBY, YORKSHIRE, U,K.1, THE COHPLETED 
EXCAVATIO ► OF THE BOUL8Y POTASH HINE, SHAFT NO,Z 
IBOUL BY, YOR KSHIRE, UoK,I ANO THE ON GOING EXCAVATICN 
OF THE VENTILATION SHAFT, OINORWIC PROJEC T 
<SNOWOONIA, WALES, U,K, I • THE PROJECT S INVESTIGATED 
AR~ UTILIZED FOR HINE ANO VENTILATION PURPOSES, THE 
DRILL ANO BLAST I FULL FACE I HE THOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED, THE REPORTED 
FRAGHENTATIOH 11ETHOO SERVICING PROJECT EFFORTS 
INCLUDES CONVE~TIONAL EXPLOSIVE <AHHON GELIGINITEI • 
PE RTI HENT I NFORHA Tl OH OH UNDERGROUND OPENING SUPPORTS 
ANO HATERIALS HANDLING SYSTEH IS ALSO PRESENTED, ROCK 
TTPES REVIEWED IHCLUOE SLATE , 

R00282& CHINNOR TRIALS-THE CONCLUSION, 
AUTHOR ANON. 
TUNNELS AND TUNIELLING 
7 I l l , 11, 19 75 • 
LANGUAGE• ENGLISH 

PERFORHINC OPGANIZATION<SI 
HCALP!NES,SIR RCBERTS SONS LTD, 

FUNDING ORGANIZATJONCSI 
TRANS PORT ANO ROAD RESHRCH LABORATORY, TUNNEL 

OIVISIOH,U,K, 

THIS IN•SITU REPORT CONTAINS REVIEN OATA, THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE COHPLETEO 
EXCAVATIO~ OF THE CHINNOR TUNNEL <CHINNOR, U,K.I 
THE PROJECT INVESTIGATED IS UTILIZEO FOR EXPERIHENTIL 
EXCAVATIO~ PURPOSES. THE TBH HETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUDIED, THl REPORTED 
FRAGMENTATION HETHOO SERVICING PROJECT EFFORTS 
INCLUDES MECHANICAL ABRASION <ROTARY) , THIS OOCUHENT 
INCORPORATES A OOITIONALL Y TUNNELING HACH HE 
CHARACTERJSTICS. GEOSTRUCTURAL CHARACTERISTICS FOR 
THE REPORTED EXCAVATION ACTIVITI ES ARE DESCRI 9ED, 
PERTINENT INFORHATION ON UNDERGROUND OPENING SUPPORTS 
IS ALSO PRESENTED, ROCK TTPES REVIEWED IHCLUOE CHALK 
IROCKI THIS OOCUHEHT INCORPORATES AOOITIONALLY 
HECHANICAL PROPERTIES DATA. 

ROOZ&Z7 TUNNELLING IN THE NORTH. 
AUTHOR ANCN, 
TUNNELS ANO TUNNELLING 
7 ( 3 >1 1J. 1975. 
LANGUAGE• ENGLISH 

PERFORHING ORGAHIZATIONISI 
THYSSEN !GREAT BRITAI~ILTO. 

FUNDING ORGANIZAT ION(S) 
NORTHUHBRIAH MATER AUTHORITY,U,K, 
1.8UILOING RESEARCH ESTA8LISHHENT,U,K. 
Z,NORTHlHBRIA WATER AUTHORITY,U.K, 
3,MATER RESEARCH COUNCIL,U,K, 

THIS IN•SITU REPORT CONTAINS RE VIEN DATA. THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE COHPLi:TED 
EXCAVATIO~ OF THE EHPINGHAH RESERVOIR PROJECT, SHAFT 
H0,1 (WINSFORO, U,K,I ANO THE PROPOSEO EXCAVATION OF 
THE KIELOER TUNIEL (U.K. I • THE PROJ ECTS INVESTIGATED 
ARE UTILIZED FOR EXPERIMENTAL EXCAVATION AHO NATER 
SUPPLY TUNNEL PlRPOSES, THE DRILL AHO BLAST I FULL 
FACEl METHOD AHO TBH METHOD REPRESENT THE EXCAVATION 
TECHNIQUES STUOIEO, THE REPORTEO FRAGMENTATION HETHOO 
SERVICING PROJECT EFFORTS INCLUDE CONVENTIONAL 
EXPLOSIVE IUNSPECIFIEOI ANO MECHANICAL ABRASION 
IROTARYI PERTINENT INFORHATION ON UNDERGROUND 
OPENING SUPPORTS IS ALSO PRESENTED, ROCK TYPES 
REVIEWED INCLUDE LIHESTONE, HUDSTONE ANO SANOSTONo, 

R002828 SILL FOR HONG KONG RAILWAY, 
AUTHOR ANON, 
TUNNELS ANO TUNNELLING 
7 I l 1, 13, 1975, 
LANGUAGEI ENGLISH 

THIS IN-SITU RE FORT 
UNOERGROUNO OPEHIHG 
EXCAVATION OF THE 
TUNNEL I HOHG KONG I 
UTILIZED FOR RAILWAY 

CONTAINS REVIEW DATA, THE 
DISCUSSED INCLUDES THE PROPOSED 

HONG KONG UNDERGROUND RAILMAY 
THE PROJECT INVESTIGATED IS 

PURPOS ES , 
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AOOZ&Z9 HAJOA AOIO TUNNEL PROPOSED FOR SOUTH AFRICA, 
AUTHOR ANON , 
TUNNELS IND TUNNELLING 
1 I 3 >, 13, 197S, 
LINGUAGEt ENGLISH 

THE UNDERGROUND OPENI NG DISCUSSED INCLUDES THE 
PROPOSED EkCIVITION OF THE OU TOITSKLOOF ROAD TUNNEL 
IOU TOITSKLOOF, W, CA PE P'IOV!NCE, SOUTH IFRI CAI , THE 
PROJECT INVESTIGATED IS UTIL I ZED FOR HIGHWAY IND 
PIL CT SORE PURPOSE S, GEOSTRUC TURIL CHARICTFRlSTICS 
FOR THE REPORTED EKCIVATION ACTIVITIES ARE DESCRIBED, 
THE EKCAVATION CH ARICTERI ST lr.S FOR CAPE GRANITE ANO 
TABLE HOUNTAIN SANDSTONE IRE TREATED, PETROG~APHV AND 
AOC~ TYPES REVIEWED INCLUDE GNEISS, GRANITE, 
SINOSTONE AHO SHILF , 

•oozelt CHANNEL TUNNFL- ENO OF AN ERA, 
JACOH8•HOOO, [, K, 
TUNNELS ANO TUNNELLING 
7 I 3 >, 21-3, M7'>, 
LANGUAGFt ENGLISH 

PERFO'IHI NG ORGINilA TI CN CS) 
1,ATKINSON,GUY F, 
Z, 8£1 TTY , eALFOU'I 
',CROSS CHANNEL CONTRACTORS 
~-••JTTAL,EOHUNO 

FUNDING OflGAN!ZAT!ONCSI 
8PIT1SH CHANNEL TUNNEL CO IU,K, 

THIS IN-SITU AF.PORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPENINGS 01 scuss'Eo I NC LUO E THE ABANDONED 
EkC AVATION OF THE BEAUHONT ABBOTSCLIFF TUNNEL 
IA880TSCLIFF, KENT, U.K,l, THE ABANDONED EXCAVATION 
OF THE BEAUMONT ENGLISH CH ANNEL TUNNEL IKENT, U,K,l, 
THE COHPLETEO EXCAVATION OF THE CROSS ADIT, ENGLISH 
CHANNEL TUNNEL !KENT, U,K.>, THE A81NOONEO EXCAVATION 
OF THF. SERVICE TUNNEL FOil THE ENGLISH CHANNEL TUNNEL 
COOVER, KENT, U,K,I AND THE COMPLETED EXCAVATION OF 
THE S HAFT FOR THE 8EAUHONT ENGLISH CHANNEL TUNNEL 
!SHAKESPEARE CLIFF, KENT, U,K,l THE PROJECTS 
INVESTIGATED ARE UTILilED FOR ACCESS-INSTRUMENTATION, 
ACCESS TUNNEL I SHAFTS ANO AO ITS TO HUN OPENING>, 
SERVICE TUNNEL ANO UNSPECIFIED PURPOSES, THE T9M 
•ETH OO REPRESENTS THE EkC AVATIO~ TECHNIQUE STUDIED, 
THE REPORTEC FRAGMENTATION METHOD SERVICING PIIOJECT 
EFFCRTS JNCLUDF.S MECHANICAL ABRASION l~OTARYI , THIS 
DOCUMENT INCORPORATES AODITIONILLY TUNNELING MACHIN[ 
CHARACTERISTICS, PERTINENT IN~ORMATION ON GROUND 
CONDITIONS IND UNDERGROUND OPENING SUPPORTS AND 
MUCRIALS HANDLING SYST[H IS ALSO PRESENTED, ROCI< 
TYPfS REVIEWFO INCLUD E CHALK IROCO , 

000?832 £XT£NOING THE PARIS METRO, 
80UCIRO, J, F, 
TUNNEL S ANO TUNN(LLIHC 
7 I l It 1t!•8, 1971§. 
LANCUAr.E• ENGLISH 

PERFORMING CRGANIZATI ONCSl 
REGIE AUT ONOHE OES TRANSPORT PIRISIENS IR,A,T,P,1, 

PIRIS,FRANCE 

THIS IN-SITU qEPORT CONTAINS ORIGI NAL DATA, THE 
UNDERGROUND OPENINGS OlSCUSSEO INCLUDE THE COMPLETED 
[VCAVITION OF TH E PARIS HETRO SYSTEM, TUNNEL OF THE 
CHATELET•GARE OE LYON SECTIONIPARIS, FRANCE>, THE 
COHPLETEO EXCA VAT ION OF THE PARIS METRO SYSTEM, 
SECTION tsC OF GARE OE LYON-NATIONAL TUHNELIPARIS, 
FRANCE>, THE COMPLETE D EXCA VATION OF THE PARIS METRO 
SYSTEH, TUNNEL FOR EXTENSI ON OF LINE 13 !PARIS, 
FRA~CE>, THE COMPLETED EVCAYATION OF THE PARIS METRO 
SYS TEN, TUNNEL FOR JUHCT ION OF LIMES H AND H 
CPAPIS, FROCE I ANO THE COIIPUTEO EXCAVATI OH OF THE 
PARIS METR O SYSTEM, EXTENSION OF LINE 1~ IPARIS, 
FRANCE I , THE PROJECTS IHVESTIGATfO ARE UTIL TZEO FOR 
HET~O PURPOSES, THE CUT ANO CO V£R IPRECAST SEGll(NT(O 
CONCRETE BOX) METHOO, SHIELD METHOD, TBH HETHOO AND 
UNSPEC IFIED HETHOO REPRESENT THE EXCAVAT ION TECHNIQUE 
STUDIED, THE REPORTED FRAGMENTATION H[THOOS SERVICING 
PROJECT EFFORTS IHCLUDf HECHINICIL A8RASION !ROTARY> 
ANO UNSPECIFIED , THIS OOCUHENT INCORPORATES 
AOOITIOHALLY TUNNELING MACHINE CHARACTERISTICS, T!H 
EVCAVITION RATE IS ALSO DISCUSSED, GEOSTRUCTURAL ANO 
SOIL CHARACTERISTICS FOR THE REPORTED EXCAVATION 
ACTIVITIES IRE OESCRIBEO, PERTINENT INl"ORHATION ON 
GROUND CONDITIONS ANO UNDERGROUND OPENING SUPPORTS 

ICONTINUEDI 

ANO HATE klALS HANDLING SYSTEM IS ALSO PRESENTED, THE 
EXCAVATID~ CHARACTERISTICS FOR 8EAUCHAHP SANO AH 
TREATED, ROCK TYPES REVIEWED INCLUDE LIHESTONE ANO 
HARL , 

ROOl834 TUNNELS IN MINING ANO CIVIL ENGINEERING - COMMON 
GROUND, 
BODEN, B, WEST, G, 
TUNNELS ANO TUNloELLING 
7 I 3 >, 60-7, 1975, 
LANGU AGE! ENG LISH 

PERFORMING ONGAHIZATIONIS> 

HARRAO, C, J, 

EOHONTON,CITY OF, ILBERTA,CANADA 

FUNDING ORGANilAT]ONCS) 
BIRMINGHAH,SURVEYOR AHO PLANNING OFFICE OF,U.K, 

THIS IN-SITU REPORT CONTAINS REVIEW DATA, THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE ON GOING 
EXCAVATIO~ OF THE CHINNOR TUNNEL ICHINNOR, U,K,l ANO 
THE PROPOSED EXCAVATION OF l'HE OANDON COLLIERY 
IOURHAH, U,~,l , THE PROJECTS INVESTIGATED A~E 
UTILIZED FOR EFFLUENT OUTFALL IOTH ER THAN SEWERAGE>, 
EXPERIMENTAL EXCAVATION, HINE, OILWAY AND SEWER 
PURPOSES. THE TBH HETHOO REPRESENTS THE EXCAVA TION 
TECHNIQUE STUDIED, THE REPORTEO FRAGMENTATION NETHOO 
SERVICING PROJECT EFFORTS INCLUDES MECHANICAL 
ABRASID~ (ROTARY) THIS DOCUMENT INCORPORATES 
ADDITIONALLY TUNNE LING MACHINE CHARACTERISTICS, TBH 
EXCAVATION RATE IS ALSO DISCUSSED, PERTINENT 
INFORNATICN ON MATERIALS HANDLING SYSTEM IS ALSO 
PRESENTED, ROCI( TYPES ROIEWEO INCLUDE COAL, 
LIIIESTONE, MARL, ~UOSTONE, SANOSTOHE ANO SILTSTONE 
THIS DOCLHENT INCORPORATES ADDITIONALLY MECHANICAL 
PROPERTIES (LAB) DATA, 

R00283S HURNBE RG LNOERGROUNO, 
HULLER, F, 
TUHllf:LS ANO TUNIELLIHG 
T I 3 I, 1§-9, 197'5. 
LANGUA;£1 ENGLISH 

PERFORMING ORGAHIZATIOHIS> 
ARCE HOCHTIEF AG/KUNZ AHO CO, 

THIS IN•5ITU REPORT CONTAINS OR I GINAL OITA, THE 
UNDERGROUND OPENINGS OISCusSEO INCLUDE TH E PROPOSED 
EXCAVATION OF THE SHAFTS ,.OR THE NURN8ERG-LINGWASER 
UNDERGROUND 111,GERMANY> ANO THE PROPOSED EXCAVATION 
o, THE TUNNELS ,oR THE NURN8£RG·LAHGWASER UNDERGROUND 
IW,GERHANYl , THE PROJECTS INVESTIGATED ARE UT I LIZED 
FOR RAIL~AY PlJRPOSES, THE SHIELD METHOD ANO T8H 
METHOD REPRESENT THE EXCAVAT ION TECHNIQUES STUDIED, 
THE REPORTED FRAGHENTATION METHOD SERVICING PROJECT 
EF,oRTS INCLUDES MECHANICAL ABRASION IROTARYI , THIS 
OOCU"ENT IICORPORATES ADOITIONALLY TUNNELING HACHINE 
CHARACTERISTICS , GEOSTRUCTURAL Alll SOIL 
CHARACTERISTICS FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE DESCRIBED, PERTINENT INFORMATION ON 
GROUND CONDITIONS AND UNDERGROUND OPENING SUPPORTS IS 
ALSO PRESENTED, THE EXCAVATION CHARACTEMISTICS FOR 
KEUPER SANDSTONE ARE TREATED, ROCK TYPES REVIEWED 
INCLUDE SANDSTONE , 

ROO 2836 TUNNEL LININGS I COHPARAT IVE DESIGNS AHO COSTS, 
VON DER AU, I, 
TUNNELS AND TUHloELLING 
7 I J 1 , 88-9~. 197~. 
LANGUAGE• ENGLISH 

THIS IN•SITU•THEORETICAL REPORT CONTAINS ORIGINAL 
DATA, GEOSTRUCTURAL CHA ~ACTERISTICS FOR THE REPORTED 
EXCAVATIO ~ ACTIVITIES ARE DESCRIBED, PERTINENT 
IN,ORHITICN ON UNOERGROUHO OPENING SUPPORTS IS ALSO 
PIIUENTEO, THE EXCAVATION CHARACTERISTICS FOR 
HUNSIIUCK SLATE ARE U!ATEO, PETROGRAPHY ANO ROCK 
TYPES REVIENED INCLUDE SLATE, 

U02U1 DART,.ORO CIUVE BEGINS, 
AUTHOII ANON, 
TUNNELS AND TUNNELL I HG 
11s1,u,1grs , 
LANGUAGE! Ell5LUH 

THIS IN•SITU REPORT CONTAINS REVIEN DATA, THE 
UNDER,ROUMI OPENINGS DISCUSSED INCLUDE THE ON GOI•G 
EXCAVATIO• 0,. THE DARTFORD TUNNEL !ESSEX ENDI 
(DARTFORD, ENGLAND, U,K,l AHO THE ON GOING EXCAVATICN 

ICONTIIWEOI 



OF THE DARTFORO TUNNEL {l(ENT ENO! fOAIHFORO, ENGLANC, 
U,K,I , THE PROJECTS INVESTIGATEO ARE UTILIZEO FCR 
UNSPECIFIED PURPOSES, THE HANUAL HETHOD AND SHIELD 
HETHOO REPRESENT TIIE EXCAVAT I CN TECH NlaUES STUOIEO, 
THE REPORTED FRAGHENTATION HETHODS SERVICING PROJECT 
EFFORTS INCLUOE HAND ~INING ANO HECHANICAL A8RASlCN 
fROTARYI THIS DOCUMENT INCORPORATES ADDITIONA LLY 
TUNNELING MACHINE CHA~ACTER I STICS, GEOSTRUCTURAL ANO 
SOIL CHARACTERISTICS FOR THE REPORTEO EXCAVATICN 
ACTIVITIES ARE OESCRI8EO, PERTINENT INFORHATION ON 
MATERIALS HANDLING SYSTEH IS ALSO PRESENTED, ROCK 
TY?ES REVIEWEO INCLUDE CHALK (ROCKI , 

R002838 OINCRWIC TO START WITH A CLEAN SLATE, 
AUT ~OR ANON, 
TUNNELS ANO TUNNELLING 
7 t 5 ) , 23-lt, 1975. 
LAN GUAGE ! ENGLISH 

PERFORMING CRGANIZATION ISI 
NOWLEM,JOHN AND CO,LTO, 

FLNOING ORGAN!lATIONfSI 
CENTRAL ELECTRICITY GENERATING 80ARO,U,K, 

THI~ IN-SITU REPORT CONTAINS ORIGINAL DATA, TH E 
UNDERGROUND OPFNINGS DISCUSSED INCLUOE THE ON GOING 
DCAVATION OF THE PLANT TUNNEL, OINORWIC 
PROJECT fSNOWOONg, WALES, U, K, 1 ANO THE ON GOING 
EXCAVATION OF THE VENTILATION SHAFT, OINORWIC PROJECT 
ISNOWOONIA, WALES, U,K,I • THE PROJECTS INVESTIGATED 
ARE LTILI ZEO FOR ACCESS TUNNEL !SHA FTS ANO ADITS TO 
HAIN OPENING I, EXPLORA TORY-CUM-ACCESS ANO VENTILATICN 
PURPOSES, THE DRILL ANO BLAST IF~LL FACEI HETHOO 
REP~E~ENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGMENTATION Hf.THO□ SER VI CING PROJECT 
EFFCRTS INCLUDES CONVENTIONAL EXPLOSIVE fUNSPECIFIEO I 

THIS DOCUMENT INCORPORATES ADDITIONALLY TUNNELI~G 
HACH I NE CHARACTERISTICS, GEOSTRUCTURAL 
CHA~ACTERISTICS FOR THE RE PORTED EXCAVATICN 
ACTIVITIES ARE DESCRIBEO, PERTINENT INFORMATION ON 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESENTED, ROCK 
TYPES REVIEWED INCLUD E SLATE, 

R0028~0 PROELEHS MULTIPLY UND ER HEL80URNE, 
AUTHOR A NON, 
TUNNELS AND TUNNELLING 
7 I 5 ,. 25, 1975, 
LANGUA GEt ENGLISH 

PERFORMING CRGA NIZ ATICNISI 
1,CONNELL,JOHN ANO ASSOCIATES,AUSTRALIA 
2 ,HATCH ASSOCI AT ES ,CANAOA 
3,JAC08S ASSOCIATES ,SAN FPAISISCO,USA 
~,HOTT ,HAY ANO AtlDERSOtl,U , K, 

FcNOING ORGANIZATIONI SI 
MELBOURNE UNDERGROUND RAIL LOOP AUTHORITY (HURLA!, 

HELBOURNE, 
AUST RA LIA 

T ► Ii IN-SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNO~,I\GROUNO OPENING DISCUSSED INCLUDES THE ON GOING 
EXCA.,. TION OF THE TUNNELS FOR MELBOURNE LOOP RAILWAY 
l~EL8011!1N~, AUSTRALIAI , THE PROJECT INVESTIGATED IS 
UTILIZ ED , oR HINE PURPOSES. THE T8H HETHOO REPRESENTS 
THE EXCAVAflOtl TECHNIQUE STUDIED, THE REPORTED 
FRAGMENTATION METHOO SER VICING PROJECT EFFORTS 
INCLUlES MECHANICAL ABRASIO~ (ROTARY) , THIS DOCUMENT 
INCORPORATES ADDITIONALLY TUNNELING MACHIN E 
CHARACTERISTIC S, TSH EXCAVATION RATE IS ALSO 
DISCUSSED. GEOSTRUCTURAL ANO SOIL CHARACTERISTICS FOR 
THE REPORTED EXCAVATION ACTIVITIES ARE DESCRI8EO, 
PERTHENT INFORMATION ON UNOERGROUNO OPENING SUPPORTS 
IS ALSO PRESENTED. THE EXCAVATION CHARACTERISTICS FOR 
WERRIBEE FORMATION ARE TREATED, PETROGRAPHY AHO ROCK 
TYPES REVIEWED INCLUOE BASALT ANO SILTSTONE, 

ROD28~2 INSTRUHENTATION ANO MONITORING, 
HUDSON , J, A, PRIEST, S, 
TUNNELS ANO TUNNELLING 
7 I 5 1, 6~-70 , 1975, 
LANGUAGES ENGLISH 

PERFORMING ORGANIZATI DN IS I 
OEPT,OF ENVIROHHENT,TRANSPORT ANO ROAO RESEARCH 

LA 8. OF ,eERl(SHIRE, 
U•K• 

!CONTINUED I 
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THIS IN-SITU-THEORETICAL REPORT CONTAINS ORIGINAL 
DATA, THE UNOERGROCNO OPENINGS DISCUSSED INCLUDE THE 
COMPLETED EXCAVATION OF THE CHIHHOR TUNNEL ICHINNOR , 
U,K.I ANO THE COHPLETEO EXCAVATION OF THE 
EXPERIHENTAL SHAFT FOR CHINNOR TUNNEL fCHINNOR, U,K,I 
, THE PROJECTS INVESTIGATED ARE UT ILIZEO FOR 
EXPERIHENTAL EIICAVATION PURPOSES, THE TBH HETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGMENTATION METHOD SERVICI NG PRO JEC T 
EFFORTS Il<CLUOES MECHANICAL ABRASION fROTARYJ , THIS 
DOCUHENT INCORPORATES ADDITIONALLY TUNNELING HACHI •E 
CHARACTERISTICS, PERTINENT I NFORHATI ON ON UNDER GROUND 
OPENING !UPPORTS IS ALSO PRESENTED. ROCK TYPES 
REVIEWED INCLUDE CHALK IROCKI THIS DOCUMENT 
INCORPORATES ADDITIONALLY MoCHANICAL PROPERTIES tLABI 
DATA, 

R0028"3 CHITRAL TUNNEL WORK BEGINS, 
AUTHOR ANCN, 

R002844 

ROO 28"5 

TUNNELS ANO TUNNELLING 
7 Ir, I, 15, 1975, 
LANGUAGE! ENGLISH 

PERFORHING ORGANIZATIONISI 
LOWARI TUNNEL ORGANIZATION,PAKISTA N 

THIS IN-SITU REFORT CONTAINS REVIEW 
UNDERGROUND OPENING OISCUSSEO INCLUOES 
EXCAVATION OF THE CHITRA L TUNNEL fOIH, 
THE PROJECT INVESTIGA TEO IS UTILIZED 
PURPOSES, 

3 1/2 M O~IFT CONTRACT. 
AUTHOR ANCN, 
TUNNELS ANO TUNl<£LLING 
7 I 6 ,. 15, 1975, 
LANGUAGE• ENGLISH 

PERFORHING ORGANIZATIONI SI 

DATA. THE 
THE PROPOSED 
PAKISTANI 

FOR HIGHW•Y 

1,THE CEHENTATION CO,INEW ZE ALANDI LTO, 
2,M/S GR!E N ANO HCCHALLIL ICONTRACTORSI LT □, 

FUNDING ORGANIZAT IONISI 
NEW ZEALAND GOV l;HINISTRY OF HINES 

THIS IN-SITU REFORT CONTAINS REVIEW DATA, THE 
UNOERGROUNO OPENING DISCUSSED INCLUDES THE PROPOSED 
EXCAVATION OF THE INCLINED DRIFTS, HUNTLY COLLIERY 
!HAMILTON, NEW ZEALANDI • THE PROJECT INVEST IGAT ED I S 
UTILIZED FOR HINE PURPOSES, THE SHIELD HETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUOIEO, THIS 
DOC UH ENT I NC OR PORA TES AOO[T IONA LL Y TUNNELING H~CHI>E 
CHARACTERISTICS, GEOSTRUCTURAL ANO SOIL 
CHARACTERISTICS FOR THE REPORTED EXCAVATICN 
ACTIVITI ES ARE OESCRl8EO , ROCK TYPES REVIEWED INCLUDE 
ALLUVIUM , 

CONTRACTO•S PREPARE FOR HONG KONG START , 
AUTHOR AN CN, 
TUNNELS ANO TUNNELLING 
7 I & ,. 15, 1975 , 
LANGUAGE• ENGLISH 

PERFORHING ORGAHIZATIONIS I 
1, GA MHON (HONG KONGI LTD, 
2,HOCHTIEF,GERHANY 
3,KUHAGAI GUHI CO,LTO;JAPAN 
4,SENTAB,SWEOEN 
5,SOCIETE FRANCAISE QtENTERPRISE ORAGAGES,FRANC E 

FUNDING ORGANIZAT IONISI 
HONG KONG HASS TRANSIT RAILWAY CORP;HONG KONG 

THIS IN-SITU REPORT 
UNDERGROUND OPENING 
EXCAVATION OF THE 
TUNNEL !PONG l(ONGI 
UTILIZED FOR RAILWAY 

CONTAINS RE VIEW OATA, THE 
DISCUSSED INCLUDES THE PROPOSE□ 

HONG KONG UNOERGROUHO RAILWAY 
TH E PROJECT INVESTIGAT E□ I S 

PURPOSES, 

R0028~6 PORT08ELLO LONG SEA SEWA GE OUTFALL TUNNEL, 
AUTHOR ANON, 
TUNNELS ANO TUNNELLING 
7 I f> 1, 23- .. , 1975, 
LANGUAGE! ENGLISH 

PERFORHING ORGA NI ZA TION IS I 
MOOOIE,KINNEAR 119731 LTD:u,K. 
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1:32 

ruNOING OIIGAN!lAf!ON(SI 
•fST SUSSEr O~llNlGE OIVI SION ,SOUTHERN WATER 

AUTl-tOQilY,U.(. 

THl 5 IN•SlltJ q(PORT CONTAINS CIUGINAL DATA, THE 
u•oERGROUNO OPENINGS OISCUSSEO INCLUOE THE CONPLETEO 
flCAYAT!ON OF TH[ ACCESS SHAFT TO PORT08ELLO SEWAGE 
TUN NEL IPORTOBELLO, sussrx, U■ K,l , THE CO"PLETEO 
ElCAVATI ON CF TH[ PORTOBELLO LONG SEA SE WAGE OUTFALL 
TUNNEL IPORT OB[LLO, SUSSEX, U ,K ■ I ANO THf PROPOSED 
r.xc1v. TION CF TH[ PORTOBEU C LONG SEA SEWAGE OUTFALL 
TUNNEL IPORTOaELLO, SUSSEX, U,K,I THE PROJECTS 
INVESTI GAIEO ARE UTILIZED FOR ACCESS TUN'€L !SHAFTS 
ANO AOITS TO "AIN OPENING) ANO SEWER PURPOSES ■ THE 
SHIELO N(THOO REPRESENTS THE EXCAVATION TECHNIQUE 
STUCIEO, THE R~PORTEO FRAGMENTATION 14!:THOO SERVICING 
PROJECT EFFORTS INCLUDES HANO NINING • THIS OOCUHENT 
INCORPORATES ADDITIONALLY TUNNELING MACHINE 
CHA~ACTERISTICS. TBN EXCAVATION RATE IS ALSO 
DISCUSSED. PERTINENT lNFORHATlON ON GROUND CONOITiois 
ANO UHO[RGROUNO OPENING SUPPORTS IS ALSO PQESENTEO, 
PETROGRAPHY AHO ROCK TYPES REVIEWEO INCLUOE CHALK 
IROC KI THIS OOCUHEHT l~ORPORATES AOOITIONALLY 
MECHANICAL PROPERTIES OITA, 

P0028~7 DOUBLE Of HAG AT KIELOER. 
AUH OR ANON, 
TUNNELS ANO TUNNELLING 
7 C 6 t, z a,-c;, 1q1-;. 
LANGUAGE! ENGLISH 

•ER'ORHING CRGANITAT IONISI 
T•YSSEN ! GRE AT qRITAINILTO, 
TY'€ TEES TUNNELING CONSORTIUM CTTT I 
1.8ARESEL,c: s TUTTGA•T 
l.HONK,A ANO Cnt NARR!NGTON 
,.swiss ALU•INUH HI i1NG IUKI LTD. 
~. lU Bl IN. EO. If,, ST•JT TGART 

FyNrlNG ORGAN!lATIONISI 
NnRTHUN8WlA" WAfE~ AUlHORITY.1J,~, 

THIS IN•SITU RE~MT CONTAINS ORIGINAL DATA. THE 
UNOERGROUNO OP, NINGS DISCUSSED INCLUOE THE COHPLETED 
F•CJVAT!ON OF THE EXPERIMENTAL TUNNEL FOR KIELOER 
TUNNEL IROGf RLY QUARRY, FROSTERLYl U,(■ I AHO THE 
PROPOSED EXCAVATION OF THE TEES TUNNEL !AL SO CALLED 
~IELOER TUNNELS! IU.K,I • THE PROJECTS INVESTIGATED 
ARE UTILIZEO FnQ E( PERINENTAL EXCAVATION AHO NATER 
SUPPLY TUNNEL PURPOSES, THE CRILL ANO BLAST (FULL 
FACEI HETHOC AND TBH HETHOO REPRESENT THE EXCAVITICN 
TECHNIQUES STUOIEO, THE REPORTED FRAGMENTATION NETHOO 
SERVICING PROJECT EFFORTS INCLUDE CONVENT! ONAL 
EXPLOSIVE IUNSPEC I FIEOI AND HECHANICAL ABRASION 
!ROTARY! THI~ OOCUMEHT INCORPORATES AOOITIONALLY 
TU NNELING NA CHINE CHARACTERISTICS, GEOSTRUCTURAL 
CHARICTfRISTICS FOR THE REPORTfO EXCAVATION 
ACTIVITIES ARE OESCR lBEO■ PERTI NENT INFOIIHATION ON 
UNDERGROUND OPENING SUPPORTS IS ALSO PRESENTEO■ ROCK 
TYPES REVIEWED INCLUDE l!HESTONE, HUOSTONE ANO 
SANDSTONE • ' 

R0028~& •AS"IHGTON NETRO • HIXEO GROUND UNDER THE ARCHIVES. 
WTHOR ANON, 
TUNNELS ANO TUN'Ell!NG 
7 C 6 ), 2S, 1q7'i, 
LANGUAGE• ENGLISH 

PER•ORHING ORGANITATIONISI 
SATO KOHGYO,JIPAN 

•~NO!NG ORGANIZATIONISI 
WASH!NGTO• ll(TIIOP?LITAN ARtA TRANSIT AUTHORITY I 

WIHATA 1, 
NASHINGTON,0,CIUSA. 

THIS IN•SITU REPORT CONTAINS ORIGINAL OITA■ THE 
UNOERGIIOUNO OPENINGS O!SCUSSEO I~LUOE THE COHPLETEO 
EXCAVATION OF TH( EHPINCHAH RESERVCIR PROJ ECT, SHAFT 
N0.6 IEMPINGHAH, U.K. 1, THE CO"PLETEO !XCAVATION OF 
THE WASHINGTON METRO, ARCHIVES STATION SEC ■ F 1•8, 
NEST TUBE, $,END INASHINGTON, D.C., USAl, THE 
CONPLETEO ElCAVHION OF THE WASHINGTON METRO, 
ARCHIVES STATION SEC,F 1•8, EAST TUBE, N,ENO 
IWA5HINGTON, O.C., USAI, THE COHPLETEO EXCAVATION OF 

THE WASHINGTON METRO, ARCHIVES STATION SEC., 1•8, 
WEST TUBE, N,ENO INISHINCTON, O.C., USAI AND THE 
COMP\.ETEO EXCAVUION OF THE WASHINGTON HETRO, 
ARCHIVES STATION SEC. F 1•8, EAST TU8E 1 S,ENO 

!CONTINUED I 

IWASll!NGTON, □ .c., USA I • THE PROJECTS INVEST 1CATEO 
ARE UTil!ZfO FOR METRO PURPOSES. THE SHIELO HETHOO 
REPRtSENTS THE ElCAVATlON TECHNIQUE STUOIEO, THE 
REPORTEO 'RAGHENTAT!DN METHOOS SERVICING PROJECT 
EF,ORTS INCLUDE HANO HINING, MECHANICAL A8RASIGN 
(PERCUSSICNI A'<D MECHANICAL AORASION !PERCUSSION AND 
ORIG) TH IS DOCUH£NT INCORPORATES AOOIT!ONAlLY 
TUNNELING HA CHINE CHARACTERISTICS, EXCAVATION 
ADVANC[HE~T RATE IS ALSO O!SCUSSEO. GEOSTRUCTUIIAL ANO 
SOIL CHARACTERISTICS FOR THE REPORTED EXCAVATICN 
ACTIVITIES ARE OESCRl8EO . PERTINENT INFORMATION ON 
UNOERGROUIIO OPENING SUPPORTS ANO HATERIALS HANOLlhG 
SYSTEM IS ALSO PR ESENTED. 

ROOZ850 HYDRAULIC DRILLS SPEED THE ~Al. 
AUTHOR ANCN. 
TUNNELS ANO TUNNELLING 
7 I & I, ~tt-6., 197-; . 
LANGUAGE I ENGLISH 

PERFORMING ORGINIZATIONISI 
l ■ CONSTRUZIONI STRAOALI E CIVILI S A:LUGANO 
Z,EVEQUCS S IIPONT•OE·LA•MORGES 
3.GE8R ARNOLD A C,8URGLEN 
~.GE8R eONETTI A G,ANOERHATT 
S,SAVRO,S AISI O~ 
1,FIRHA SCHMALZ A G,8ERN 
Z ■ KOPP A G,LUCERNE 
3. SOCOSA S I I LAUSANNE 
1.LOCHER ANO CIE AG 
Z ■ LOSINCER AG 
3.HURER AC 
~.PRACH AG 
5.REIFLER ANO GUGG I SBERG INC AG 
LOSINGER AC ■ SWITZERLANO 
TIEF8AU,8RUNOUNO AG,8ASEL,SNITZERLANO 

'UNOING ORGANIZATIONISI 
SWIT7ERLANO■ COVT.OF. 
KRAFTWERKE OBERHASLI,SWITZEPLAHO 
CAS AHO WATER OEPTIBISEL,SWITZERLANO 

THIS IN•SITU REPORT CONTAINS ORIGINAL DHA, THE 
UNOERGROUND OPENINGS DISCUS SEO INCLUDE TH E COHPLlTEO 
EXCAVATION OF THE BASEL UTILITY TUNNEL 18ASEL, 
SWITZERLAND), THE COMPLETED EXCAVATION OF THE ENO 
SHAFTS, EASEL UTILITY TUNNEL (BASEL, SWITZERLANOI, 
THE OH GOING EXCAVATION OF THE FURKA TUNNEL (OBERWALO 
[NOi IANOERHATT•BRIG, SWITZEIILANOI, THE ON GOING 
EXCA VATIO~ OF THE F~KA TUNN~L IREALP ENOI 
IANOERHATT•BRIG, SWITZERLANOI, THE PROPOSEO 
EXCAVATION OF THE HEAORACE TUNNEL, GRIHSELII EAST 
PUMPED STORAGE POWER PROJECT ICRIHSEL, SIIITZERLANOI, 
THE PROPCSEO EXCAVATI ON OF THE PENSTOCK TUNNEL, 
GRIHSEL II EAST PUHPEO STORAGE POWER PROJECT 
IGRIHSEL, SWITZERLAND) , THE ON GOING ElCAVATION OF 
THE RUCEN HIGHWAY TUNNEL IRU GEN , SWITZERLAND) ANO THE 
PROPOSED EXCAVITI CN OF THE SURGE CHA"BER, GRJHSEL II 
EAST PUNPEO STORAGE POWER PROJECT IGRIHSEL, 
SWITZERLAND! • THE PROJECTS INVESTIGATED ARE UTILIZED 
'OR ICC€SS TUNNEL I SHAFTS ANO IOITS TO -IIAllf OPENING I, 
PUHP STORAGE, RAILWAY, TNIN HIGHWAY, UTILITY TUNNEL 
ANO VEHICULAR TUNNEL IUNSPECIFIEOl PURPOSES. THE 
DRILL ANO BLAST (FULL FAC[I HETHOO, MECHANICAL 
EXCAVATOR METHOD ANO TOH "ETHOO REPRESENT THE 
EXCAVATIO~ TECHNIQUES STUDIEO. THE REPORTED 
'RAGNENTATIOIC HETHOOS SERVICINC PROJt:CT EFFORTS 
INCLUDE CONVENTIONAL EXPLOSIVE IUNSPECIFIEOI, 
"ECHANlCAL ABRASION IROTARYI ANO MECHANICAL ABRASICN 
!PERCUSSION ANO ORIG) • THIS OOCUHENT INCORPORATES 
AOO!TlONALLY DRILLING £QU1PN[NT AHO TUNNELING MACHINE 
CHARACTtRISTICS. TBH EXCAVATION RATE IS ALSO 
0 ISCUSS fO, SOIL CHARACTER UTIC S fOK THE ~EPORTEO 
EXCAVITIO~ ACTIVITIES ARE DESCRIBED , PERTINENT 
IN,ORHATICN ON CROUNO CONDITIONS ANO UNOFRGROUNO 
OPENING SUPPORTS ANO NATERIALS HANOLINi SYSTEM IS 
ALSO PR!SENTEO■ ROCK TYPES KEVIEWEO INCLUDE LIMESTONE 

ROOZ8~1 PR08LE"S OF TUNNELLING IN CHALK ■ 
HASWELL, C. K■ 
TUN1€LS A~D TUN~ELLING 
1 I 6 1, ~O-l, 191S. 
LANGUA,Et ENGLISH 

FUNOIN, ORGAHIZATIONISI 
CENTRAL ELECTRICITY GENERATING BOARO , U.K■ 

ICONTINUEOI 



,~rs IN-SITU REPORT CONTAINS ORI&INAL OITA. THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE COHPLETEO 
EXCAVATION OF THE NEM CPOSS TUNNEL IU.I(. l, THE 
COHPLETEO EXCAVATION OF THE SHAFT FOR THAHES CABLE 
TUNNEL (TILBURY, LO NOON, U, K. l, THE COHPLETEO 
EXCAVATION OF THE SHAFT FOR THAHES CABLE TUNNEL 
!GRAVESEND, LONDON, U,K,1, THE COHPLETEO EXCAVATION 
OF THE SHAFT FOR PECKHAH CABLE TUNNEL IPECKHAH, 
LONCON, U,K.> ANO THE COHPLETEO EXCAVATION OF THE 
THAHES CABLE TUNNEL !TILBURY-GRAVESEND, LONDON, U,1(,1 
, THE PROJECTS INVESTIGATED ARE UTILIZED FOR ACCESS 
TUNNEL !SHAFTS ANO AOITS TO HAIN OPENING!, ACCESS 
TUNNEL fOTHER THAN SHAFTS ANO AUDITS TO HAIN 
TUNNELS I l ANO CABLE TUNNEL F~POSES, THE COHPRESSEO 
AIR HETHOO ANO TBH HETHOO REPRESENT THE EXCAVATION 
TECHNIQUES STUOIEO, THE REPORTED FRAG""NTATION HETHOO 
SERVICING PROJECT EFFORTS INCLUDES HECHANICAL 
ABRASION fROTARYI • THIS OOCUHENT INCORPORATES 
AOOITIOHALLY TUNNELING HACHINE CHARACTERISTICS, 
GEOSTRUCTURAL CHARACTERISTICS FOR THE REPORTED 
EXCAVATION ACTIVITIES ARE DESCRIBED, PERTINENT 
INFORMATION ON GROUND CONDITIONS ANO UNDERGROUND 
OPENING SUPPORTS IS ALSO PRESENTED. PETROGRAPHY AHO 
ROCK TYPES REVIEMEO INCLUDE CHALK IROCKI • THIS 
OOCUHENT INCORPORATES AOOITIONALLY HECHANICAL 
PROPERTIES ILA~l DATA. 

P.002852 INVESTIGATIONS FOR THE ABERDEEN TUNNEL, 
CHAPPELL, B. A. TONGE, w. 4. 
TUNNELS ANO TUNNELLING 
7 < 6 >, 52-4, 191,. 
LANGUAGE! ENGLISH 

PERFORHING ORGANIZATIONISI 
HAUNSELL GEOTECHNICAL SERVICES,HELBOURNE,AUSTRALIA 

THIS LAB-1~-SITU ANO LAB REPORT CONTAINS ORIGINAL 
OATA. THE UNDERGROUND OPENINGS OISCUSSEO INCLUDE THE 
P•OPOSEO EXCAVATION OF THE ABERDEEN TUNNEL (HONG 
KONG-KOMLOO~, HONG KONGI ANO THE COHPLETEO EXCAVATION 
OF THE PILOT TUNNEL FOR ABEl<DEEN TUNNEL fHONG KONG) • 
THE PROJECTS INVESTIGATED ARE UTILIZED FOR 
EXPLORATORY TUNNEL AND TWIN HIGHWAY PURPOSES, 
PEHOGRAPHY ANO ROCK TYPES REVIEWEO INCLUDE GRANITE, 
HON l ONITE, RHYOLIT~ ANO VOLCANICS , THIS OOCUHENT 
INC OR PORAT ES AOOITI ON ALLY HECHANICAL PROPERTIES ILABI 
DATA. . 

P002853 GETTING IT RIGHT AT GATHRIGHT, 
AUHO~ ANON, 
TUNNELS ANO TUNNELLING 
7 ( 6 >, S7 1 1975 . 
LANGUAGE• ENG LISH 

PERFORHING CRGANIZATIONISI 
KEHPER FRONTIER CONSTRUCTORS,LOS ANGELES,CA:USA 

FUNDING ORGANIZATIONISI 
U ,S, ARHY CORPS OF ENGINEERS 

THIS IN-SITU REPORT CONTAINS ORIGINAL DATA. THE 
UNDERGROUND OPENl>IGS DISCUSSED INCLUDE THE PROPOSED 
EXCAVATION OF THE DRAINAGE AHO INSPECTION GALLERIES, 
GATHRIGHT OAH ICOVI HGTON, YA,, USA 1, THE COHPLETEO 
EXCAVATION CF THE SHAFT FOR CUTOFF WALL TUNNEL, 
GATHRIGHT OAH (COVINGTON, VA., USAI ANO THE ON GOING 
EXCAVATION OF THE TUNNEL FOR CUTOFF MALL, GATHRIGHT 
OAH IC OVINGTON, VA,, USAI , THE PROJECTS INVESTIGATED 
ARE UTILIZED FOR DRAINAGE ANO INSPECTION IOAH OR U 
FOUNDATION TRElTHENT PURPOSES, THE DRILL ANO BLAST 
(FULL FACEI HETHOO REPRESENTS THE EXCAVATICN 
TEC~NIQUE STUDIED, THE REPORTED FRAGHENTATION HETHOO 
SERVICING PROJECT EFFORTS INCLUDES CONVENTIONAL 
EXPLOSIVE ITOVEX 1001 , THIS DOCUHENT INCORPORATES 
AODITIONALLV DRILLING EQUIPHENT ANO TUNNELING HACHaE 
CHAl<ACTERISTICS, TBH EXCAVATION ANO EXCAVATION 
AOVANCEHENT RATES ARE ALSO OISCUSSEO, GEOSTRUCTURAL 
CHARACTERISTICS FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE DESCRIBED, PERTINENT INFORHATION ON 
GROUND CONDITIONS ANO UNDERGROUND OPENING SUPPORTS · 
AND HATERIALS HANDLING SYSTEH IS ALSO PRESENTED. 
PETROGRAPHY ANO ROCK TYPES REVIEMED INCLUDE LIHESTONE 

RD02908 SEGH£1fTED CONCRETE LINEAR STUDY. 
BIRKHYER, J. 
FIRST ANl«JAL CDNF, ON DOT RESEARCH ANO DEVELOPHENT IN 
TUNNELING TECHNOLOGY 
10-2. 1975. 

fCDNTINUEDI 

I OOT-TST-75-136 I 
LANGUAGE! ENGLISH 

PERFORNING ORGANilATIONISI 
BECHTEL INC:50,BEALE ST:SAN FRANSISCO,CA:94119 

FU>IOING ORGANIZAT JONISI 
U,S.GOVT;OEPT,OF TRANSPORTATION 
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THIS THECRETICAL REPORT CONTAINS lBSHACTEO ONLY 
DATA, GEOSTRUCTURAL CHARACTERISTICS FOR THE REPORTED 
EXCAVATION ACTIVITIES ARE DESCRIBE□, PERTINENT 
INFORHATICN ON GROUND CONDITIONS ANO UNDERGROUND 
OPENING SUPPORTS IS ALSO PRESENTED, 

R002909 STANO UP llHE OF TUNNELS IN SQUEEZING GROUND, 
BREKKE, T. L. FINNIE, I, NITCHELL, J. K. 
TAYLOR, R, L, 
FIRST ANNCAL CONF, ON OOT RESEARCH ANO OEVELOPHENT IN 
TUNNELi NG TECHNOLOGY 
22-3, 1975, 
I OOT-TST-75-136 I 
LANGUAGE• ENGLISH 

PERFORHING ORGANIZATIONISI 
UNIVERSITY OF CALIFORNIA,BERKELEY,COLLEG£ OF 

ENGINEERING 

FUNDING ORGANIZATIONISI 
U,S,GOVT:OEPT,OF TRANSPORTATION 

THIS THEORETICAL REPORT CONTAINS ABSTRACTED ONLY 
DATA, PEHINENT IHFORHATION ON GROUND CONDITIONS IS 
ALSO PRESENTED. 

R002910 HTORAULIC TRANSPORTATION ANO SOLIDS Sl::PARATION OF 
EXCAVATED HATERIALS IN TUNIIELS, 
NELSON, C. YA~DLEY, 0, 
FIRST ANNCAL CONF, ON DOT RESEARCH ANO OEVELOPHENT IN 
TUNNEL I NG TECHNOLOGY 
Zlt-5, 1975. 
I OOT-TST-75-136 I 
LANGUAGE• ENGLISH 

PERFORHING ORGANIZATIONISI 
UNIVERSITY OF HlNNESOTA,OEPT,OF CIVIL ANO HINERAL 

ENGINEERING 

FUNDING ORGANIZATIONISI 
U,S.GOVT;OEPT,OF TRANSPORTATION 

THIS THEORETICAL REPORT CONTAINS ABSTRACTED OHLT 
DATA, GEOSTRUCTURAL CHARACTE RISTICS FOR THE ~£PORTED 
EXCAVATION ACTIVITIES ARE DESCRIBED, PERTINENT 
INFORNATION ON HATERIALS HANDLING SYSTEM IS ALSO 
PRESENTED. THE EXCAVATION CHARACTERISTICS FOR ST. 
PETERS SANDSTONE ARE TREATED, ROCK TYPES REVIEWED 
INCLUDE SANDSTONE• 

R00291l EXPERIHENTAL VERIFICATION OF A PNFUHATIC TRANSPO RT 
SYSTEH FOR THE RAPID EXCAVATION OF TUNNELS, 
FAOOICK, R. R. HARTIN, J. W, 
FIRST ANN~AL CONF, ON OOT RESEARCH ANO DEVELOPMENT IN 
TUNNELING TECHNOLOGY 
26-30, 1975, 
I ODT-TST•75-136 I 
LANGUAGE! ENGLISH 

PERFDRHING ORGANIZATIONfSI 
COLORADO SCHOOL OF HINES,OEPT,OF HINING,GOLOEN, CO; 

80 .. 01 

FUNDING ORGANIZAT IOHfSI 
U,S,GOVTlDEPT,OF TRANSPORTATION 

THIS IN-SITU-THEORETICAL REPORT CONTAINS ABSTRACTED 
ONLY DATA. PERTINENT INFO~HATION ON HAT ERIALS 
HANDLING STSTEH IS ALSO PRESENTED, 

R092912 OEVELOP"ENT OF RATIONAL DESIGN HETHOOOLOGT FDR SOFT 
GROUND GROUTED TUNNELS, 
CLOUGH, G, 11, 
FIRST ANNUAL CONF, ON DOT RESEARCH AND OE\IELDPHENT IN 
TUNNELING TECHNOLOGY 
31-2, 1975, 
t OOT-TST-75-136 I 
LANGUAG€t ENGLISH 

ICONTINU EO I 
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PERFORMING CR GANI lATI ON ISi 
SlANfOIW LNIV£RSITY,STANfORD,CA,93~0S 

fUNOING ORGANilATIONfSI 
U,S,GOVTICEPT,Of TltANSPORTATION 

T ►IS LAB-IN-SITU-THEORETICAL REPORT CONTAI~S 
AESTRACTEO ONLY DATA, SOIL CHARACTERISTICS Fa, TH! 
REPORTED C•CAVATION ACTIVITIFS ARE 0£SCRI8EO, 

~oon1J STUDIES IN TUNNEL DESIGN ANO CONSTRLCTION, 

POOZS1~ 

COlltING, £, J, PAUL, $, L, 
, UST A NNOAL CON,, ON COT U SURCH ANO O!VELO~"!NT IN 
TUNNELING TECHNOLOGY 
1~-'I, 19P~. 
I OOT-TST-1~-1 I~ I 
LANGUAGE I [NGLTSH 

PERFORMING CRGANIZATICNIS I 
ItLINOIS,UNIVE,SITY Of,URBANA,ILIUSA 

fU"DING ORGANilATIONISI 
U,S,GOVTIDEPT,Of TRANSPORTATION 

THI ~ LAB-THEORETICAL REPORT CONTAINS ABSTRACTED ONLY 
DATA, GEOSTRUCTU~AL CHARACTERISTICS FOR THE REPORTED 
[iCAVATION ACTIVITIES ARE OESC~IBEO, P!RTINl:NT 
INFORHATION ON UNDERGROUND OPENING SUPPORTS IS ALSO 
PRESENTED. 

TECHNICAL ANO HANAGE"ENT ASPECTS OF TH£ TUNNELING 
RESEARCH AT THE FEDERAL HIGHWAY AO"INISTRATIONo 
HAJTENYI, S, I , 
flRST ANNUAL CONF . ON DOT RESEARCH ANO OEVELOP!ENT IN 
TUNNELING TECHNOLOGY 
39-~2, 197S, 
I OOT-TST-75-13& I 
LANCUAGE1 ENGLISH 

PERFOR"INC CRGANIUTIONISI 
U.S,GOVTICEPT,Of TRANSPORTATION,FEOERAL HIGHMAY 

ADHINISHATION, 
WASH t NGTON.o. c. 

fUNOING ORGANilATTON(SI 
U,S,GOVTICEPT,O' TRANSPORTATION 

THIS IN-SITu-THCORf.TlCAL R[POIIT CONTAINS USTRACHO 
ONLY DATA, THf PROJECT INVESTIGUP.:O IS UTILil!D ,oR 
TRANSPORTATION PURPOSES, TH[ CUT ANO COVER NETHOO 
AEPAOENTS lHE tiCAYATION TECHNIQUE STUDHD. 

ROOZ9IS GAOUTIN', TECHNOLOGY TN CUT ANO COVER ANO SOFT GROUNC 
TUNNEL I HG. 
HERNDON, J , LENAHAN, T, 
f!R~T ANNUAL CON'• ON DOT RESEARCH ANO DEVELOPMENT IN 
TUNNELING TEC HNOLOGY 
1tl-~ .. 197'>• 
( OOT-TST-7S-136 I 
LANGUAGE• ENGLISH 

PEHORHINC ORGANIZATIONISI 
HALLIBURTON SERYICES {P.o.eox 1~311 OUHCAN,OKl7]5]3 

fUNOING ORGINIZATIONIS) 
U,S,GOI/T;OEPT,Df TRANSPORTATION 

T ►IS IN-SITU-THEORETICAL REPORT CONTAINS ABSTRACT(O 
ONLY DATA, GEOSTRUCTURAL CHARACTERISTICS FOR THE 
REPORTED E~CAVATION ACTIVITIES ARE DESCRIBED, 
PERTINENT INFORMATION ON UIIOERGROUND OPENING SUPPORTS 
IS ALSO PRESENTED, 

POOZ920 DRILLING ANO PREPARATION Of REUSABLE, LONG RANGE, 
HORIZONT AL BORE HOLES IN ROCK AHO IN GOUGE 
MATERIALS, 
HARDING, J, C, 
FIRST ANNUAL CONF, ON DOT RESEARCH ANO OEVELOPN!NT IN 
TUNNELING TECHNOLOGY 
r.,;-1, 197,. 
I OOT-TST-7~-1]6) 
LANGUAGE! ENGLISH 

PERFORMING ORGANIZATIONISI 
MILL[R,FOSTEA ASSnCIATES,INCl1l, SECOND AVEI 

MALTHAM,NAIOtt,~ 

fUMOIN G ORGANIZATIONISl 
U,S,GOVTIOEPT,OF TRANSPORTATION 

ICDNTINUEOI 

THIS THECRETICAL REPORT CONTAINS ABSTRACTED ONLY 
CATA, THE DRILL ING METHOD REPRESENTS Th£ EXCAVATION 
TECHNIQUE STUDIED , THE REPORTED FRAGHENTATIOH HETHOOS 
SERVICING PROJECT EFFORTS INCLUDE HECHANICAL ABRASION 
IROTARYI ANO "ECHANlCAL ABRASION fPERCUSSIONl , THIS 
DOCUMENT INCORPORATES ADDITIONALLY DRILLING EOUIPHENT 
CHARACTERISTICS. INFOltMATION PERTINENT TO EXCAVATION 
COST IS I.IVEN, 

ROOt9t~ SUBWAY STATION DESIGN ANO CONSTRUCTION, 
GOZZO, S, 
'IUT ANNUAL CONF, ON DOT RESEARCH ANO DEVELOPMENT IN 
TUNNEL I NG TECHNOLOGY 
11, 197~. 
I OOT-TST-7~-136 I 
LANGUAGE• ENGLISH 

FUNDING ORGANIZATlONISl 
U,S,GOVTIOEPT,OF TRANSPORTATION 

THIS THEORETICAL REPORT CONHIHS ABSTRACTED ONLY 
DATA, THE PROJECT INVESTIGATED IS UTILIZED FOR 
RAILWAY PURPOSES, 

ROOZ933 CRAWLER O~lll HOOIFIEO TO WORK UNDERWATER, 
AUTHOR ANCN, 
ENG, NE IIS REC, 
196. Ir., 1976, 
LANGUAGE I ENGLISH 

PERFDRHINC ORGANIZATIONCS) 
PRECISION BLASTING LTOIU,K, 

THIS IN-SITU REPORT CONTAINS REVIEW DATA, THE PROJECT 
INVESTIGATED IS UTILIZED FOR HARBOUR DEEPENING 
PURPOSES. THE DRILL ANO BLAST fOTHER THAN FULL fACEI 
METHOD REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, 
THE REPORTED FRAGMENTATION METHOD SERVICING PROJECT 
EFFORTS INCLUDES CONVENTIONAL £•PLOSIVE CUNSPECifIEO) 
, THIS OOCU!ENT INCORPCRATES ADDITIONALLY 011.ILLihG 
EQUIPMENT ANO TUNNELING MACHINE CHARACTERISTICS, ROCK 
TYPES REVIEWED INCLUDE SCHIST, 

RQQ29]~ FINLANO#S SOLID GRANITE HAKeS 7~-HILE WAT ER TUNNEL A 
PUSHOVER, 
AUTHOR ANON, 
[NG. N[NS REC, 
196 I 7 ) , 16•7, 1976, 
LANGUAGEI EN,LISH 

PtR,oR"ING ORGANIZATIONISI 
OY TIEFUNDAHENTTI ABIHELSINKI,FINLANO 

FUNDING oRGANIZAT lONISI 
HELSINKI "ETROPOLITAN A REA NATER CO, 

THIS IM-!ITU RE~ORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE ON GOING 
EXCAVATION Of THE PAIJANNE TUNNEL-SECTION 1 
IASIKKALANSELKA, FINLANOI , THE CO"PLETEO EXCAVATICN 
OF THE PAIJANNE TUNNEL SECTION 2 IFINLANDI, THE ON 
GOING EXCAVATION Of THE PAIJANNE TUNNEL SECTION t 
IFINLAHO), THE ON GOING EXCAVATI ON OF THE PAIJANNE 
TUNNEL-SECTION 3 IHELSHKI, FINLANDI ANO THE PROPOSED 
EXCAVATION OF THE PAIJANNE TUNNEL MACHINE HALL 
CFINLANDI • THE PROJECTS INVESTIGATED ARE UTILIZED 
FOR ACCESS TUNNEL CSHAfTS ANO AOITS TO HAIN OPENING), 
MACHINE HALL IPUHPSI ANO NATER SUPPLY TUNNEL 
PURPOSES , THE DRILL ANO BLAST CFULL fACE I "ETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGNENTATIOH HETHODS SERVICING PROJECT 
fFFORTS INCLUDE CONVENTIONAL EXPLOSI VE IUHSPECIFIEOI 
ANO CONVENTIONAL EXPLOSIVE fAHHONIU" NITRATE ANO fUEL 
OIL) PERTINENT INFORMATION ON UNDERGROUND OPENUG 
SUPPORTS ANO MAT ERIALS HANDLING SYSTEM IS ALSO 
PRESENTED, PETROGRAPHY ANO ROCK TYPES REVIENEO 
INCLUDE GNEISS, GRANITE ANO GRAl«JLITE , 

R002965 THE HENDERSON PRO JECT, 
AUTHOR ANON, 
HININ' HAG, 
133 I 2 I• 90-Z, 9~-6, 19~. 
LANGUAGE• ENGLISH 

PEA,ORHING ORGA"IZATIOHISI 
ORAVO CORP.{OR co.1,u.S,A, 
AMAX INCIUSA 

CCOHTINUEDI 



F~NOlN!", 'lf!(;,tHlH[llNISI 
A .. ai.usA. 

THIS IN•SITU PEPllRT CONTlfNS ORIGiNAL DAT&, T ►E 
UNDER(",ROUND OPENING DISCUSSED lOOCLUDES THE COIIPLETED 
~•C&YATION CF THE HENDERSON TUNNEL ICO,, USAI , THE 
PROJECT INVESTIGATED IS UT IL? ZED ro R "lNE •uRPOSES, 
THE O'ULL 00 BLAST c,uu F&CEI "ETHOO UPRtSENTS TH[ 
E•CAVATlOH TECHNIQUE STUOIED, TH[ REPORTED 
FU r.N~NTIT I ON HE TH~ 0 SERYlC ING PIIOJECT EH OIITS 
l~CLUOES CONVENTIONAL ~XPLOSIVE IGELEXI 
G[OSTRUCTURAL CHARACTERISTICS FOR THE R[PORT[O 
E )CA VAT ION ACTIVITIES U£ DESCRJ BED, PEAT? NEHT 
INFOANATJON ON GROUND CONOITIO~S ANO UNO[RGROUND 
OPENING SUPPORTS IS ALSO PR[S[NTED, THE EtCIV&TIOH 
CHl•ACTEAISTI CS F OR SILVER PLUME GRANITE ARE TREATED, 
PETROGRIPHT INI) ROCK TYPES AEVI[MED INCLUO[ GRANITE 
AHO RHYOLIH , 

ROOZ98~ FULL•FACE PENETRATION, 
IJRAUtil, w. M. 
CONSULTlNG ENGINEER 
l9 I 10 >, Z9, 31, H, 197', 
LANGUlGEI ENGLISH 

P[RFOIIMING O~GINIZATIOHCSI 
TYNE T[ES TUNNELING CON&ORTlUH ITTTI 
l,BARESEL,CISTUTTGART 
2,MONK,A lHO COIMlAAlNGTON 
3,SMISS ILUHIHUN MJ~ING cv•t LTD, 
~, ZUBL JH,f 0, AG, STUTTGART 

ruNOlNG OltG&NIZlT I ONISI 
NOATHU"8AUH MHER AUTHORITY, U,k, 

THE UHDERGROUH, OPENING DISCUSSEO INCLUDES TEfS 
TUNNEL !ALSO CALL ED KJELDEII TUNNELS I CU,K, 1 , THE 
PROJECT lNVfST! GAT~O JS UTILIZED FOR WATER ~UPPLY 
TUNNEL PlRPOSES, THE R£PORTEO FUG"EICTATION l![THOO 
SERVICING PROJECT [,rons IHCLUDES NECHUICAL 
IYRASION IROTARYI , THIS OOCU"ENT INCORPORATES 
AOOlTlONILLY TUNNELING MACHINE CHARACTERISTICS■ 
PERTINENT INFORMATION ON UNDERGROUND OPENlNc; SUPPORT! 
ANO HIT[RJALS HANDLING STSTEN IS ALSO PRfSE'ffEO, 

ROOZ988 SLU~RY SYSTEM SAVES ON SHIFT SJNKINGI NATER J!TS CUT 
TUNNEL, 
AUTHOR I NON, 
ENG, HEMS REC, 
l9Z I l I, 18•9, 197(,. 
LINGUAGEIENGLISH 

PERFORMING ORGANIZATIOHISI 
1,ACTOM CONSTRUCTION CD,,HUGO,HlNN,,USA 
Z,HCCAOSSIN C,S, ,lNC,,OSSED,HlNN■ ,USI 

!,TAI STATE DRILLING IND EOUlPll[NT co,,"I"N'IPOll!, 
USA 

THIS IN•SJTU REPORT CONTAINS ORIGINAL OITA, THE 
UNDERGROUND OPENINGS DlSCUSS!O INCLUDE THE CONPLET[O 
EXCAVATION CF THE ST, PAUL STORM IIIT£R TUNNEL PROJ!CT 
ISf, PAUL Nl N1€$0T I, U, S,1, I ANO THE ON GOl NG 
[ICAVITION OF THE ST, PAUL STORM MATER TU~L PROJECT 
CST, PAUL MJHNl!SOU, U,S,A,) TNE l'ROJECTS 
JNVFSTIGAT[D ARE UTILIZED FOR SEWER PURPOSES, THE 
DAILL ANO BLAST IFULL ,,er, HETNDO, ORILL 80RlNG 
NETHOO AND HYDRAULIC ,oc;NENTATJON 1£THOO RE!'Rl!SENT 
TH! [ICAYATION TECNN1QU€S STUOl!O■ TH[ REPORTED 
FRAGNfNTATlON N[THODS SERVICING ,tlDJf'CT E,,0111S 
INCLUDE CONYENTlOIIIL EM PL OSI YE CUNSPEC1'1EDI, JET 
IBRISlON INATEW•CONTlNUOUSI ANO NECHINlC&L ABRASION 
IROT,UTI , THIS OOCUNENT I NCORPOAATES IOOIT IONALL Y 
DRILLING EQUIPMENT CHARACTERISTICS ■ c;EOSTRUCTURIL IND 
SOIL CHARACTERISTICS ,011 THE REPOAT[O EICIVATJON 
ACTlVlTJ[S lRt'. Ot'.SCRIHO, PUTlllf:NT llWOIUIATlON ON 
GROUND CONDITIONS ANO UNDERGROUND OPEICINc; SUPPORTS IS 
ALSO PRESENTED■ THE EXCAVATION CHARACT!RlSTlCI ,oR 
ST,PETER LIIIESTONE IRE TR[ITED, P£TRDGRAl'HY AND ROCK 
TYPES A[VJEW[O INCLUDE LIN[STON[ ANO TILL, 

ROUU 7 CHANNEL NAY 9£ STUT[D AGAIN, 
II.THOR ANON, 
TUNN[LS AND TUNNELLING 
IC 3 ,, 19, 1,, •• 
LANGUAG[ I [NC.LISH 

PER,OANlNG ORGANJZITlONISI 
CHANNEL IENGLlSNl TUNNIL C010EPT,0, [NVl .. ONNINT,U, 

K, GOVT, 

I CONTlNU[D I 

FUNOI NG O~f,IIIIZATlONISI 
u,<,Gov,. 
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EUROPE&• ECON ~ IC CO'I..U'IITT l[[C 1, Mc'lltl! COu'IUJn 
OF 

THIS IH•SlTU R[ODU CONTAINS Rl~lf• OHi, TH! 
UNDERGR OU~O 00£111 •GS DJ SCUSS£0 INCLUDE I '1C P-.o• )SH 
[XCAVITIO• or TH[ [Hr.LISH CH&NN[L TUNN[L (U,K,> IND 
THE AUNCONEO UCAVITlON or Pl[ (NGLlSH cs,'lll(L 
TUNNEL IU, K, I , Tt«' PROJE: T:. IHV!STl'4 TEO Ut 
UTlLll[O F,R VEHICULAR TUNN[L IUNSPfCirI[Ot PURPO,ES, 
TH[ TSN NfTNOO lt[PAUlHTS TH£ UCAWATION TECHNIQUE 
STU:>IED, Ttl[ IIVOAT[O 'RIG'ICNTlTION METHOD sov1,1 •.; 
PROJECT c,,oRTS INCLUDES N[CHANlCAL A8RASIDN IROTIR•> 
, THIS ODCUNINT IIICOAOORAT!S IODlTID~ALLY l'UNN(LI•G 
NICHJN[ C~AAACT( .. ISTfCS, 

R003119 tl[LllNKJ M[TRO T!ND!RS JSSU l D, 
AUTHDI! AN CN, 
TUNl«ll 00 TUNICLLJNG 
9 I I I , 19, 19 76, 
LANGU"[ I E NGLIIN 

FUNDIN' 0-GANIZATIONISI 
H!LSlNKl,ClTY 0,,.,,10 T-~NSIT o,,1c,,MrLslNKI, 

'1NLI •D 

TNlS JN•SITU a[POftT CD~TIINI R[VI[W DATA, TH( 
UNDUGJIOU•D OP£H1"G DISCUSS.0 fNCLUDU TH( PROPDS(O 
EXCAVITID• o, THE HELSIN<I NETRD, KLUUVI CL[FT 
S[CTlDNCHILSINKl, 'lNLINOI , THI l'ltOJ!CT INVlSTJGU[D 
IS UTlLlZlD FDlt N!TRO PUAl'OSES, 

ROOJ119 S[NEJI STA~TEO, 
AUTHOR ANCN, 
TUNNELS IND TUNNELLING 
a , 3 ,. a. 191&, 
L&NGUAGEI EN',LISH 

P[RFDRNlNG OR,&NIZATJONISt 
S¥DN[Y MEUOPOl.lTAN MAHR BOIRO,SYOHEY,lUSTRILU 

THIS lN•SITU REPORT CONTAINS REVIEW )Ill, Thf 
UHO[ltGRDUHO OPENING DISCUSSED INCLUU[S T~l PROPOSED 
EXCAV&TIO• OF TH£ HCATHCOTC:•[NC.101NE CU41U SENCR 
ISYDNEY, NSN., &USTIIALIAI , THE PROJECT INVUTlGAT[O 
IS UTILIZED '0A S[MER PUIIPOSES, THE TBN NETHOO 
REPRESENT! THE llCAVATION TfCHNIQuE STUOI[D, THE 
REPORTED 'AAGN[NTATlON METHOD S[IIVJCJIIG PROJECT 
t,,011,s lNCLUD[S N(CH&NICAL ABRASION ,,or,.,, • THJS 
OOCUll[HT INCOll'ORATEI AOOlTlDNALLY TUHN[LJNG NACHJNf 
CHARACTERISTICS, 

IUO 3UO OLLERTDN COAL '1ND, 
AUTHOR &NCN, 
TUNNELS &NO TUNN!LLill'i 
8 f I I, tll 197', 
LINGUAGfl [NGLllH 

THU IN•UTU Rf POAT CONT UNI UVl[N DAU, TH[ 
UNDIRGRDU•O Ol'fNlNGS OllCUIS[O IHCLUD[ TH[ CDNPLlTID 
EXCAVATION o, THE DEV[LCPNENT TUNNlLS, DLLlMTOII 
COLLIERY INOTTlNGH&NSHIRE, U,I(, 1 t TM[ ON C.OI ~G 
fXCAVATIOk o, THI D[YfLOPIIENT TUNNELi, OLL[RTON 
COLLl!AY CNOTTINGHAMIHiflt, UeK, I UQ THI PflOPOStO 
EXCAVATION o, TH£ O[V(LOl'M!HT TUNNELi, OLL!NTON 
CDLLIIRY INOTTlNGHANIHIRI, U,K,I • THI ,-.oJECTS 
INVIITlc;ATlD &fl[ UTILIZIO ,oR NlNl PURPDlll, 

ROIJ1Z1 HDNL[H CONTRACT, 
AUTHOR UON, 
TUNNELi AND TUN~LllNG 
a CI It 21, 1971, 
LANGUAG[I ENGLISH 

PfR,ORNlNG ORc;&NIZATIDNISl 
NONLIN ,JOHH AIID CD,LTD, 

,uHDING OIIGANIZ&TJONIII 
U,K,,OVT1,01TAL Dll'TI 

THIS lN•SITU Rf,DAT CONTAINS R(VJlN DATA, TH[ 
UNO[flliROUND Ol'INl NG DISCUSSED INCLUDII THI ON I.DI llli 
[XCAV&TION o, TH[ CAIL[ TUNNIL, llRO ITRIIT•IIIDOK 
ITR[IT ILDNODN, IIIGLAND, UeK,I , THI ,110J(CT 
lNYflTIGATtD II UTILIZtD ,o-. CAILl TUNICL l'UA,Ollt, 

11101122 NOOt,IlO DDICD, 
AUTHOII INONe 

ICONTIHUCDI 
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TUNNELS ANO TUNN!LL[NG 
5 I J I, 21, 1 '17&. 
LANGUAfiEI ENGLISH 

PFRFORNtNG ORGAH[ZATIOHISI 
80V[S C[V[l ENG[NE !UNG L TOlU.~. 

rUNO[NG ORGAN[ZATtONISI 
WESS£K WATER AUTHOltITY,Blt[STOL,U,K, 

HIS IN•SITU REPOU CONTAINS ltEVICW OUA, TH£ 
UNOERGltOUNO OPENING DISCUSSED INCLUDES THE ON GOING 
~XCAVATION OF THE SOUTHERN rout NATER INT(RCEPTOlt 
IB~ISTOL, U,~. I THE PROJECT INVESTIGATED IS 
UTILIZED FOR SEWER PURPOSES, THE TBN NETHOO REPR!S!NT 
THE (KCAYATION TECHNIQUE STUDIED, THE REPORTED 
FRAr.HEHTATION NETHOD SERVICING PROJECT EFFORTS 
lHCLUOES NECHAHICAL l!ltASION IROTARYI • THIS OOCUNENT 
INCORPORATES ADDITIONALLY TUNNELING MACHINE 
CHARACTERISTICS, 

POOJ1~Z HYO~lULIC TAANSPOltTATION ANO SOLIDS SEPARATION OF 
EKCAVATED HATERIALS IN TUNNELS, 
NELSON, C. R, YUOLEY, D, H, 
HAVIHLAI(, A. J. 1 J'h "ILLER, S. "• 
U, S, 0£PARTNEHT OF TRANSPORTATION, WASHINGTON, 0, C, 
19~PP., 197S, 
I OOT•TST•7&• 70 I 
LANGUAGE! ENGLISH 

PERFORMING CRGANIZATICNISI 
UNIVERSITY OF NINNESOTA,OEPT,OF CIVIL ANO NINtRAL 

ENGINEERING 

FUNDING ORGANIZATIONISI 
U,S,GOVTIOEPT.OF TltAHSPORTATIOH 
ST,PAUL PUBLIC WORKS OEPTIST,PA~L,NN, 

HIS I H•SITU•THEOHTICAL ANO tN•SlTU REPORT CONTAINS 
ORIGINAL DATA, THE UHO!RGROUHO OPENING DISCUSSED 
I•CLUOES TH£ COMPLETED UCAVATIOH o, TH! ST, ANTHONY 
PARK STORN SEWE~ TUNNEL IST,,.AUL, NN,, USAI , TH! 
PROJECT INVESTIGATED IS UTILIZED ,oR SEWER PU~OSES. 
THE ORILLI~G HETHOO AHO HEADING ANO BENCH N!THOO 
REPRESENT THE CKCAVATtON TECHNIQUES STUOl(D, TH[ 
~EPORTED FRAGMENTATION METHODS SERVICING PROJECT 
EFFCRTS INCLUDE COHVEHIONAL EXPLOSIVE IGELEXI ANO 
JET ABRASION fWATER) , [XCAVAHOH AOVANC[N[NT RATE IS 
ALSO DISCUSSED, GEOSUUCTUOL CHAUCTEIIISTICS U WELL 
AS SOIL MECHANICAL PROPEltTI[S ,oR THE REPORTED 
EXCAVATION ACTIVITIES Alt[ DESCRIBED, PERTINENT 
INFORMATION OH UHOERG!tOUNO OPENING SUPPORTS ANO 
HlTfRilLS HANDLING SYSTEM IS ALSO PRESENTED, THE 
[XCIVATtOH CHARACTERISTICS FOR ST, l'ETERS SANDSTONE 
ARE T,(ATEO, PETROGRAPHY Altl ROCK TYl't'.S ltEVIEMED 
t~CLUDE SANDSTONE THIS DOCUMENT INCOltPORATES 
ADDITIONALLY MECHANICAL PROPERTIES ILABI DATA, 

00031~~ PHEUHATIC•HYORAUltC MATERIAL TltANSPORT SYSTEM ,oR 
RAPIO EXCAVATION OF TUNNELS, 
FlOOICK, R, R, HARTIN, J, W, 
U, S, OEPARTN[NT OF TRANSPORTATION, WASHINGTON, 0, C, 
128PP•• 1974t, . 
I DOT•TST•7S•17 I 
LANGUAGE! E~GLISH 

PERFORMING CltGANIUTIONISI 
COLORADO SCHOOL OF NINES,DEPT, o, NI NtNG,GOLOEH,COI 

80~01 
OOHTINEHTU OtL COH,ANY 

FUNDING ORGANIZATIOHISI 
U,S,GOVTICEPT.OF TRANSPORTATION 
CONTINENTAL OIL CONPANY 

THIS IN•SITU ANO THEORETICAL REPORT COl4TAINS 
USTltlCTEO ONLY, ORIGINAL ANO REVUII DATA, TH! 
PROJECT INVESTtGAT[O IS UTILUED FOR n"!RINt:NT Al 
EXCAVAHON PUR,.OstS, UCA VATI ON ACVAHC!H!NT RATE IS 
ALSO DISCUSSED, "ERTIN!NT IN,ORNATION ON HAT!RIALS 
HANDLING SYSTE" IS ALSO ,.,s,Nrm. ROCK T,,.,s 
REVIEWED tNCLUO£ COAL ANO ltOCK IUNS"ECI't!OI THIS 
OOCU"!NT lNCOIIPORATES ADDITIONALLY MECHANICAL 
PROPERTIES ILABI DATA, 

ROD31~6 AN EVALUATION OF TH£ EF,ECTS a, AERODYNA"ICS ON 
SU8MAY TUNNEL DESIGN ANO O"ERATIICG ENERGY 
REQUJR!HENTS, 
KURTZ, 0, N, 

CCONTIIIU!O I 

U, S, DEPARTIIENT or TIIANSPOl<TATio•, MUHIIGTON, D, c;, 
HP",, 1916, 
I OOT•TST•76•H I 
LANGU£GEt [NGLIIH 

PER,ORHIH, ORGANIZATIONIII 
CALt,oANIA INSTITUTE o, TlCHNOLOGY,J[T l'llOPULSION 

l A80RATORY, 
1oeao.0AK ,.ovt DRIV£,PAIAQ[NA,CAl91101,USA 

FUNDING o•GANilATJONII) 
U,S,GOVTID["T,o, TRANSPORTATION 

THIS LAB•TH!OR(TICAL AHO LA8 RE,.ORT CONTAINS ORlGlHAL 
ANO R!VI[N DATA, TH[ UND!R GROUNO O"lHlNG DlSCUlltD 
INCLUDES THE C0N"Llfl0 t~CAVATION OF TH[ BAY ARll 
RAPID TRHSIT l'ROJ!CT IIARfl ISICTION UNIP£CHU01 
(SAN FROCISCO, CA,. UUI , THI PltOJiCT INVUTIQAT!D 
IS UTILIZ!D FOR N!TRO PURPOSlS, "lRTIHlNT IN,ORHATICH 
ON UNOERCAOUND OP[HJMG SUl'PORTS tS ALSO PRESENTED. 

R003tlt7 EXPERIMENTAL VERI,ICATION OF A "H[UHATIC TRANSPORT 
SYSTEM FOR TH[ RAPID EWCAVATION o, TUNNELS, PART 1, 
INSTALLATION OF TEST FACILITY, 
HARTIN, J, W, 'AOOICK, R, R, 
U, S, OEPIRTHENT o, TRANSPORTATIO., WASHINGTON, 0, C, 
HOPP,, 1 q7&, 
I 00T•TST•76•6J I 
LANGUAGE! ENGLISH 

P[RFORHIH, ORGANIZATIDHISI 
COLORADO SCHOOL OF HIN[S,OEPT,o, HINING,GOI.O[N,COI 

8Glt01 

FUNOI NG OAGANIZAT IONCSI 
U,S,GOVTIDEPT,OF TltANS"OltTATJON 

THIS IN•SlTU-TH!ORtTICAL ~!,.ORT 
DAU, PEITIN!IIT IN,.IRNA TI ON ON 
SYSTEM IS ALIO "RlllNT!D, 

CONTAINS ORIGINAL 
NATPULS NANIIL1 ~ 

SYSTEMS STUOY o, PR[CAST COIICR[Tt TUNfllL LilllRI, 
ISUK"YER, J, 
U, S, O!PlRTNlNT OF TIUllll'ORUTIO•, IIUHIIGTON, 0, C, 1~,p,,. 117', 
I DOT•TST•7••l0t I 
LANGUA,£1 ENGLISH 

"ER'ORNtNC ORGANIIATtONIII 
SECMT!l IHC1,a,BEALE STISAN 'RANltSCO,CAl._llt 
NA!DA KfNS[TSU,Jl,.AN 
SATO KOHGY0 1 JAPAH 
KUHAGU I JAPAN 
TEKK[N K£H$[TSUIJ•PAH 
1.KAS~I~A,J,V, 
2,NtSHHATSU 
l,l(UHAGAI,J,V, 
2,UTO 
TAISEI KEHSETSUIJAPIN 
KASMIHA KENS[TSU IJAPAH 
NllHI"ATSU K!NS[TIU1JAPAN 
TOISISHINA KINllTIUIJA"AN 
KUNA!.U GUHIIJHAN 
AOKI K(NS[TIUIJAPAN 
1,KUHIPA 
2,TOICYU 

FUNDlN' OWGANIZATIONIII 
ISAY AREA RA,.IO TRANSIT OtST•tCT,IAN 'RA .. ISCO,CAI 

uu 
U,S,GOV11DEPT,o, TRANl,.ORTATION 
JAPANll! NATIONAL RAILNAYI 
TUTO IUPID UA ~SIT AUT HOllITY, JA"AII 
JAPAN R•ILIIAY CONSTRUCTION COR,.IJA"lN 
YOKOHAMA,CITY o, 
TOKYU CPRIVAT! RAILIIAYl,JAPAN 

THIS lN•SITU•THEORITICAL, lH•IITU AND LAI IIL"ORT 
CONTAINS ORIGINAL ANO RlVIlll DATA, THl UNO(RGIIOUNO 
OPINlNGS CISCUISl:0 INOLUDI THI 00""L(TID IXCAVAT10N 
o, TH! SANCHO TUIINIL, llDAN N0,1 LINI ITOKYO, JAPAN!, 
THI CONPL!TlO IXCAVATION o, THI IAY ARIA RAl'lD 
TRANSIT PWOJ!CT IIAIU'I IIICT10N UNIP[CI,I! DI IIAN 
,RANCtlCO, CA,, UIAI, THI CON,.LITIO lXCAVATJON o, THI 
'Ll[T LIH! TUNN!L, ITAGl l !LONDON, ENGLAND, U,K,1, 
THI ON GOING EXCAVATION o, THI 'Ll!T LIN! TUNNEL, 
SUGI 2 CLONDON, (NGUND, U,K,1, THI CDN~LtTID 
!XCAVATlON 01' THI HANIURG ltAILROAO UNDlRPAII 
IHANIURG, W,GIRNANYI, THI COlll'LITlO IXCAVATION o, THl 

CCOMTJNUIOI 



HISIYA•SOIII TUNNEL, EIOAN NO. a LI NE· ITOt(YO, JAPAN I, 
THE CONPLETEO EXCAVATION OF THE HIRAKANA•CHO I 
TUNNEL, EIOAH 110,8 LHF CTOKYO, JAPAN I , THE COHPLETED 
EXCAVATION Of THE KANNO•SHITA 11 TUNNEL, YOICOHANA 
LINE NO,l IJAPANI, THE COIIPLETED EXCAVATION OF THE 
KASUNIGASEKI TUNNEL, EIOAN N(,9 LIM'. !TOKYO, JAPANI, 
KASUNIGAS[l(J TUNNEL, ElDAN No.e LINE (TOl(YO, JAPAN •• 
THE CONP\.ETEO EXCAVATION OF THE KEIHIN SANKU TUNNEL, 
EIOAN NO,~ LINE ITOKYO, JAPANI, THE CONPLETED 
EXCAVATION ~F THE KODENNA•CHO TUNNEL, SOBU LINE 
ITOKYO, JAPAHI, THE COMPLETED EXCAVATION OF THE 
KDNAllNA IZI TUNNEL, SHIN-TANAGANA LINE ITOl(YO, 
JAPANI, THE COHPLETEO EXCAVATION OF THE KOHAZANA Ill 
TUNNEL, SHIN•TAtUGANA LINE ITOKYD, .Jo\PANI, THE 
COHPLETEO EXCAVATION OF THE NETRO OE CARACAS 
ICA~ACAS, VENEZUELAI, THE COMPLETED EXCAVATION OF THE 
HJNAHI•AOYANA II TUNNEL, EIDAN N0.9 LINE (TOKYO, 
JAPANI, THE COMPLETED EXCAVATION OF THE HINAHI•AOYANA 
III TUNNEL, EIOAN N0.9 LINE ITOKTO, JAPANI, THE 
CONPLETEO EKCAVATION OF THE NJUHOTO•CHO TUNN£L, 
YOKOHAMA LJNE N0.1 IJAPANI, THE COHPLETEO EXCAVATION 
OF TH! NOSCON SUBNAY TUNNELS INOSCOM, u.s,S.R,1, THE 
COHPL!TEO EXCAVATION OF THE NAGATA•CHO II TUNNEL, 
EJDAN ND,S LIN! ITOKYO, JAPANI, THE COHPLETEO 
EXCAVATION OF THE HEN VICTORIA LINE, TUN'lf:L OF 
!LONDON, ENGLAND, U,K,1, THE COHPL!T!D !XCAVATION OF 
THE PJCCADILY LINE TUNNEL I LONDON, ENGLAND, U, K, 1, 
THE COHPLETED EXCIVATtO~ o, THE RH!IN TUNNEL 
IOUSSELOORF, W,GERHANYI, THE COHPL!TED EXCAVATION o, 
THE RO"IE "ETRO TUNNEL IROH!, ITALYI, TH[ CO"PLfT!D 
EXCAVATION OF TH! SAKURAGICHO SUBWAY TUNNEL 
IYOKOHAHA, JAPAN I, THE COHPLETIED EXCAVATJOH o, THE 
SENJU HJOORI•CHO TUNNEL, ElOAH N0,9 LINE ITO~YO, 
JAPANI, THE COIIPLETED t:XCAVATtON OF THE SHIUUU 
TUNNEL, SHIN•TAHA,ANA LINE ITOKYO, JAPAMI, THE 
COHPLETfO EXCAVATION o, THE SHIODOHE TUNle:L, TOKAJOO 
LINE ITOKYO, JAPAN I, THE CO"PLETED EXCAVATION OF THE 
SUHtOAGANA TUNNEL, ElOIN N0.9, THE CONPLETED 
EXCAVATION OF THE SUSAKI TUNNEL, fIDAN NO,~ LINE 
ITOKYO, JAPANI, THE CO"PLETED EXCAVATION OF THE TOKYO 
TEITO HST TUNNEL !TOKYO, JAPANI ANO THE COMPLETED 
EXCAVATION OF THE TOHlOKl•C~O TUNNEL, EIOAN NO,S LINE 
!TOKYO, JAPANI THE PROJECTS INVESTIGATED ARE 
UTILIZED FCR HETRO, RAILNAY AIIO SENER PURPOSES, 
GEOSTRUCTURAL ANO SOIL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE O!SCR~BED, 
PERTINENT INFORMATION ON Gl!OUNO CONDITIONS . ANO 
UNDERGROUND OPENING SUPPORTS IS ALSO PRES!IITEO, ROCK 
TYPES REVIEWED INCLUDE HARL• 

ROOH~9 ~EASJBILITY STUDY llF A $LUDY NALL TUNNEL THROUGH 
OVERTON PARK, 
TOPDRO,F, I• S. 
u. S, DEPARTNE NT 0~ TRANSPORTATIO~, WASHINGTON, 0, C, 
169PP., 197~•197&. 
( OOT•TST•T6•3S I 
LANGUA G! t OGLISH 

PERFOR"ING ORGANIZATJ DNCSI 
SlN,STAO,K!HART,NOV[H9[R ANO HURKA ION[ NORLO 

TRAD! CENTER,SUIT! 
23~11,NfN YORK,NY1100~9 

'UNOtNG ORGANJZAT[ONISI 
u.s.GOVTIOFPT,o, TIUNSPORTATION 

THIS THE~ETICAL REPORT CONTAINS CRIGIHIL DATA, THE 
UNOERGROUNO OPENING OISCUSSfO INCLUDES TH! PROPOSED 
EXCAVATION OF THE OVERTON PARK TUNNEL IN!HPHIS, TN., 
USAI • THE PROJ£CT lNV!STJ,AT!D IS UTlLtZEO 'alt TNllt 
HlGHNlY PURPOSES. THE CUT AHO COVER IREIHl'ORC!O 
CONCRETF.1 NEfHDO AND CUT AND COV!II IUNOER 110.0F SLUR.RY 
Mall, PIIECAST CONCRETE SEGNENTI H[THOO REPR!SENT THE 
EXCAVATION TECHIIIOUES STUOUO. INFOAHATtON PEltTINtltT 
TO EXCAVATION COST JS GlVl!'II. G!OSTRUCTUUL ANO son 
CHARACTERISTICS AS NELL AS SOIL H!CHAltICaL PROPER.TlES 
,oR THE IIEPORTEO EXCAVATJOlt ACTlVITJ!S ARE OESCltllEO. 

A003376 SYST[HS ANO COST ANALYSIS OF A DRILL aND Sl'LIT SYST!H 
FOR ROCK EXCAVATION. 
BUSHN!LL, C, J. GIGNAC, L, I', CLARK , c;, e, 
TUNNELING TECHNOL. NEMSLETTER 
I 1t, It 2•11, 197rh 
LANCUAC!t ENGLISH 

P!R,ORMING ORGANtzATl CNISI 
NISSOURl,UNIY[ltSJTY o,,1toLLA,1tDIUSA 

ICONTINU!O I 
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~UNDING OAGAHIZATJONISI 
NATIONAL SCI[NC! ,ou1tOAT[ON,NASHINGTON,O,C,IUSA. 

THIS LA8•lN•SITU REPORT CONTAINS ORIGINAL DATA, THE 
PROJECT lNVESTlGATEO IS UTlLIZIO ,011, lkPERIHlnTAL 
EXCAVATIO~ PURPOSES. THE ORILL ANO BLAST (FULL 'ACEI 
HETHOD A~D DRILL AND Sl'LIT NETHOD REPRESENT THE 
EXCAVATlO~ TECHNlOUES S 1UD1£D, l'ETROGRA PHY ANO ROCK 
TYPES REVIEWED INCLUDE OOLOIIITE !ROCK), GAUIITE, 
SANDSTONE ANO SHALE• 

Rl03377 FI ELD DEHONSTRATIDN OF HIGH PR[SSUlt! NATER Jft 
ASSISTED TUNNEL BORING. 
AUTHOR ANON. 
TUNNELING TECHHOL, HEMSLETTER 
I 11 1, Z, 1975, 
LANGUA(iEt ENGLISH 

PERFORNIN G ORGANJZATIONISI 
1, COLORADO SCHOOL 0, NttlES 
z.FLON AESEAltCH lNC, 
3.ROBBlhS COMPANY 

,uNOlNG DRGANIZATlONISI 
1,COLOUOO SCHOOL o, NUU 
z,,LON RESEARCH INC. 
J,NATtOIIAL SCI[ IICE ,ouNOArJON 
t,.RO88l"S COHl'ANT 
,,u,S,BUREAU o, HlNt:I 

THIS IN•SITU ROOIIT CONTAINS ORl(ilNAL DATA. THI 
PROJECT INV!STIGATIO 11 UTlLtZID ,()jt IXPIRIH!NTAL 
EXCAVATIO" PlMl;OS!S, TH! NAT[II JU AIIUT[O ,uLL 'ACE 
TUNNELING NACH XN! NITHOO R[PR[S!NTS THl EXCAVATION 
TECHNIQUE STUDIED, TH[ R[PORT[O ,11AGH[NTATION HfTHOD 
SERVICING PIIOJ!CT t,,011Ts lNCLUO!S ltECHANICAL 
ABltASlON IROTUY ANO MAT[II. JOI THU OOCUH!NT 
INCORPORATES ADOlTlO~ALLY TUNNELING HACH[~E 
CHARACTERISTICS, ~OCK TYP!S REVI[N!O INCLUOI CRANIT[ 

RG03378 COST CONPARISON B!fN[EN SU8T!RR!NE ANO CURRlHT 
TUNN!:LING 11£THODS, 
8LEOSOE, J. o. HILL, J, E, COON, R, '• 
TUNllt:LING T[CHNOL, H[IISL!TT[R 
I 11 I , 3•5, 197•, 
LANGUAG[I [NGLJSH 

P[lt,ORHlNG ORGANIJATIONISI 
NATHE NS ,A.A IINC, 

FUNOING o•GAHIZAT JON IS I . 
NATIONAL ICl!NCl l'OUIIOATION,NASHtNGTON,O,C,IUSA, 

THIS TH[Ol[TtCAL RE,ORT CONTAINS A81TIIACTEO ONLY 
DATA, THt UNOf;ltGROUIIO Ol'ININGS OJICUISIO lNCLUOI THI 
CONl'L!TID EXCAVATION 0, TNl GLlNOORA TUNNEL IIAN 
GUltl!L ""·· ca,. USAI. THI CO .. LITlD EXCAVATION o, 
THI NlltHALL TUN .. L IUIAI AIIO THI COlll'LITIO IXC.AVATHN o, THI RI•IR IIOUNTAJNI TUNNIL CHINDIRION, NV,, UIAI • 
THE PROJECTS 111Vl1TIGAT!0 ARI UTlLJllD ,oR NATlR 
SUPPLY TUNNIL PUlPOIII, THI DRILL ANO LAST 1,ULL 
,act• N[THOO AHO IUITIRR(N[ IIILTJNG IIITHOO 11.(PR[SINT 
TH! !tCAWATION TICHNIGU!S ITUOIIO, THI ll!PORTID 
,11AG1ttNTATtON NITHOOI SER.VICING r1tOJICT 1,,01tTS 
INCLUDI! COIIVINTIONAL u,i.ostVE (UNll'!Ol'Il:01 ANO 
SU IT! ltll! Nl , 

RGG3379 suesuR,ACE Ill! INV[ITtGATlON ., [LICTRONAGNITIO 
RADAR. 
ltU9IN, L, A, 
TUNNfLING T!CHNOL, NlNILITTER 
I 11 I, !1•6, 1 t7•, 
LANGUAG!I !NGLJIH 

P!lt,ORHtNG ORGANIJATIONIII 
!NICO,lltC 

,uNOlNG o•GANIZAT JONIS) 
NATIONAL ICI!NC[ rooNOA TI ON,IIUHINGTON,o.c, IUSA. 

THIS IN•StTU Rt,oRT CONTAINS ORJG1NAL DATA, THl 
UNOtRGROU~O OPINING OIICUll(O JICLUOlS TH! COHPL(T!O 
EXCAVATION o, TH( NASHJHGTON N(TRO, CRONN ORl'T o, 
ZOCH.OGICAL PAIIK STATIONIMASH,, O,C,UIAI , THI PROJICT 
INVIITIGATIO II UTILIZID ,011 ll!TRO PUlll'OllS, ROCK 
n,11 ll!VI!M!O INCLIIOI ICHtsT , 
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ROOJJSl KA"AI TUNNEL HOVE~ SLONLY, 
AUTHOR ANON, 
TUNNELS ANO TUNNELLING 
7 , 6 J • z a. 1 q 1r;. 
LANGUAGE! ENGLIS~ 

'UHOINC ORCANilATIOHISI 
MINISTRY CF WORKS,NEW ZEALAND 

THIS !~SITU REPORT CONTUNS REVIEW CATA, THE 
UNOERCROUNO OPENINGS DISCUSSED INCLUOE THE ON GOING 
E~CAVATION OF THE KA"AI TUNNEL, NESTERN INATA"ATAl 
FACE !NEW ZEALANOI ANO THE ON GOIN, OCAVAT[ON OF THE 
KAHAI TUNNEL, EASTERN (TAURANCAI FACE !NEW ZEALANOI , 
THE PROJECTS INVESTIGATED ARE UTILIZED FOR 
UNSPECI,tEO PURPOSES, THE CRILL ANO BLAST !FULL FACE! 
NET~OO AHC T'H NETHOO REPRESENT THE EXCAVATION 
T'CHNIQUES STUDIEO, THE REPORTED 'RAGHENTATION NETHOO 
SERVICING PROJFCT E,FORTS INCLUDE CONVENTIONAL 
EKPLOSIVE IUNSPECIFIEOI ANO MECHANICAL ABRASICN 
IROTARYI , THIS OOCUNENT IIC:ORPORATES AOOITIONALLY 
TUNNELING MACHINE CHARACTERISTICS, ,ERTINEHT 
INFORMATION ON GROUND CONOITIONS AHO UNO!RGROUNO 
OPENING SUPPORTS IS ALSO PRESENTED, 

P.OOJ4t3 PARIS REGIONAL RAPID TRANSIT CUTS DE!P UNDER THE OLD 
C !TY, 
AUTHOR A NON, 
ENG, HENS REC, 
10-1, 19&7, 
LlNCUlG£1 ENGLISH 

THI! IN•SITU PEP~RT CONTAINS ORIGINAL OATA, THE 
UNOERGROUHO OPENINGS OJ SCUSSEO I UCLUOE THE 011 COi NG 
E•CAVATJON OF THE PARIS RECtOhAL EXPRESS M£TRO,, 
NiHTERRE·DEFENSE SECTION !PARIS, FRANCEI, THE ON 
GOING EXCAVATION OF THE PARIS REGIONAL EXPRESS 
HETRO,, OEFENSE•SE[NE SECTION !PlRJ!, FRANCEI, THE ON 
GOING EXCAVATION OF THE PARIS P.EGIONAL EKPRESS 
HETRO,, SEINE TUNNEL !PARIS, FRANCEI ANO THE ON GOING 
EXCAVATION OF Tt!E PARIS REGIONAL EXPRESS HEUO,, 
SEINE TUNN£L•L•ET~ILE STATICN SECTICN (PARIS, FRANCEI 
, THE PROJECTS INVESTIGATE D ARE UTILIZfO ~OR H£TRO 
PURPOSES, THE CUT ANO COVER HETHOC, DREDGE lNO BU~Y 
H[THOO, SHEILD !USING COHPRESSEO AIR! ..:THOO ANO 
TUNNEL 80HNG MACHINE ICOHPRESSEO ltRl HETHOO 
REPRF.SENT THE EXCAVATION TECHNIQUES STUDIED; THE 
RlPORTED FPlGHl;;NUTION HETIIOOS SEl!VICING PROJECT 
EFFORTS INCLUDE HANO HINING•PEACUSSION MECHANICAL 
ABRASION ANO HECHANIClL ABIUSICN !ROURYI , THIS 
OOCUHENT INCORPORATES ADDITIONALLY TUNNELING MACHINE 
CHARACTE~ISTICS, SOIL CHARACTERISTICS ,oR THE 
REPORTED EKCAVATION ACTIVITIES ARE O!SCRIBEO, 
PERTINENT INFORMATION ON GROUND CONDITIONS ANO 
UNDERGROUND OPENING SUPPORTS IS ALSO PRES!NT!O, ROCK 
TYPES REVIEWED INCLUDE L[N[STONE • 

R00l4t4 HOLE 80AES AT 16 FTP!~ HOUR, 
AUTHOR ANON, 
[Nr., HE~S REC, 
29, 1967, 
LANGUAGE! ENGLISH 

THIS tN•SITU REPORT CONTAINS ORIGINAL OATA, THE 
PROJECT INVESTIGATEO IS UTILIZED ,oR NITfR SUPPLY 
TUNNEL PURPOSES, THE TBN NETHOO REPR!SENTS THE 
E~CAYATION TECHNIQUE STUDIED, TH! REPORT!D 
FRAGNf:HTATION IIETHOD SERVICING PROJECT !HORTS 
INCLUOES MECHANICAL ABRASION CltOTUYI , THIS DOCUMENT 
INCORPORATES AOOITJONAll T TUNNELING NACHU'E 
CHOACTERIST[CS, PEltTIIICNT INFORMATION ON HATEUALS 
HANDLING SYSTEM IS ALSO PRESENTED, ROC~ TYP!S 
REUIEwt:O INCLUDE LINESTONE , 

R003~8S S~BWAY BUILDERS RACE ON AMBITIOUS PROJECT, 
AUTHOlt ANON, 
ENG, NfWS REC, 
Z6•8, l967, 
LANGUAGE! ENGLISH 

HIS IN•SITU REPORT CONTAINS ORIGINAL DUA, THE 
PROJECT INVESTIGATED IS UTILI ZEO F Oil HIGHWAY ANO 
UNDlRGROUNO RAILWAY STATION PURPOSES, THE CUT ANO 
COYER METHOC &NO fBN HETHOO REPRESENT THE EXCAVATION 
TECHNIQUES STUOI£0, THE ltEPORTED FRACl1!NTAT[ON l!ITHOO 
SUV IC IHI, PRO.JtCT !''OltT1 [NCLUOE HAND NI HING AND 
N!CHANICAL URASION ll!OTARYI • THIS DOCUK!NT 
INCORPOltATES &OOITIONALLY TUNNELING MACHIN! 
CHARACTERISTICS, SOIL CHARACTE•ISTJCS FOR THE 

I CONTINUED I 

REPORTEC D C&VATION ACTIVITIES ARE OESCR!OEO, 
PERTI•ENT INFORHATIO~ ON GROUND CONDITIONS ANO 
UNOERGR !lU~D OPENING SUPPORH 'NO NATERULS HA•OLHG 
SYSTEM IS ALSO PRESENTED, 

R003~86 HOLE DIGS 8 NILES IN ll MONTHS, 
AUTHOR ANCH, 
ENC, NE WS UC, 
Z3, 19&7, 
LANGUAGE! ENGLISH 

PER,ORMING ORGANIZATIOHCSI 
l,COLORIOO CONSTRUCTORS,OENVEll,CO, 
Z,HORNEA,A,S,CONSTRUCTION CO,,OfNYlR,CO, 

FUNOIN1, OAGANilATION!SI 
U,S, BUREAU OF RECLANATION 

THIS [N•SITU •UPOIIT CONTAINS OUf.INAL DATA, TH( 
UNOERGltOU~O OPENINGS D[SCUIS!O INCLUDE TH[ ON ~n1~, 
OCAVATIO~ OF THE AZOTEA TUNNCL (JUU•CHAIIA Pl!OJCCTJ 
IN.CfN,NM,, UIAI, THf COMPLUfO txCAVITIOII Of fHf 
BLAt«lO TUIINEL ( JUAN•CHANA 'l!OJECT l IN,CfN, NH,, IJ10 
AHO THE ON GOING [XClYATION o, TH~ 090 TUNNlL (CO,, 
USAI • TH( PROJ!CTS INVEITIGATfD ARE UTILIZ!U fO• 
Illl!IGATIOII PURPOl[I, TH( MANUAL N!THOO ANO T9N HfTHOO 
REPRESENl TH[ [~CAVATION TlCHNIQUU STUDl!O, THt 
REPORT[O rRAG'lf:NTATION HfTHODS S!ltVIC[NG PROJ[CT 
EFFORTS tt«:LUOE HA'IO HIN!"' ANO HECHANIClL Ae~AHON 
! ROTARY! • THIS OOCUH!NT INCCM,ou TES AODIT I <lNALL y 
TUNNELING HACHINf CHUACffRUTICS, 50tL 
CHARACTERISTICS ,oR THE R~PORTEO !l~AVAIICH 
ACTIVITIES ARE DESCRIIED, PERTINENT INFORMATION ON 
GROUND CONDITIONS ANO UNDERGROUND OPENING SUPPORTS 
AHO HATF~IALS HANOL[NG SYSTEM IS ALSO PRES£NT(O, 
PETROGRAP~Y ANO ROCK TYPES REVIEWED tNCLUD£ SANDSTONE 
ANO SHALE. 

RGOJ~er BIG HOLE IS OONII IN THE HOLl, 
AUTHOR AHCN, 
ENG, HEWS REC, 
20, 1967. 
LANGUAGE• ENGLISH 

PERFORKING ORGANilATIONISI 
1,THE AAUNOEL CORP,,BALTIHORE,MO,U,S,A, 
t,OIXON.L.t,,CO,,SAN GABR[lL,CA,U,S,A, 
3,~IENIT,PETER SONS• CO,,OHAHA,111,U,~,A. 
4,HAC•OONALD ANO KRUS! IHC,,NONTROSL,CA,U,1,1, 

FUNDING O~GANIZATIONISI 
S,CALIFORHUtll[TROPOLITAN wATfl! oxn.o,,cuuu. 

THII I H•SITU REPORT CONTAINS ORIG[NiL OATA, TH£ 
UNDfRGROUIIO OP'-HlNG OISCUIStO IIICLUOE5 THf ON ~0111, 
EKCAVATIO~ o, THE N[NHALL TUNNeL IUSAI • THI PROJlCT 
INYIITI GATED IS UTILIZto ,ait NATtR SUPPLY TUNNlL 
PUl!POlt S, THU OOCUH[NT INCOOCIUTU ADDITIONALLY 
TUNHfLING MACH!Nt CHA~ACTll!IITICI, PL•TIH(NT 
IN,ORNATICN OH UNOl'-GROUHO OP[NlNG ,u,Po•Tc ANU 
HATI-IALS HANDLING IYlff.M 11 ALSO PRIS&HTlD, NOOK 
TYPIS RfVIIW(D IHCLUOC CONGLONt•ATI • THll DOCUMlNT 
I NCOU'OltA1U ADO[ TI ONALLY NlCHAIUCAL ,.a,ai.uu IL U I 
DATA, 

•ooJ481 HOL[ eo•r• TUHNtL NO, ,, H[N!RS No. ,. 
AUTHOR ANON, 
f.NG, NEWS REC, 
26•1, ~NO 33 , l96,, 
LANGUAG!t ENGLISH 

PER,oR~ING ORGANIZATIONISI 
'!NIX AHO SCISSOH I~C., TULSA,Ok 
SHE A•KA IS!R•MACCO ,RtDOI I«'., CALI' ORHU 

THIS IN•SlTU IIE PORT CONUINS OIU GINAL OAT&, TH[ 
UNDERGROUND OP!NINGS OJICUSStO INCLUO( THt ON GOI"' 
EXCAVATION o, TH! NAVAJO JNOIAN IRRIGATION PROJECT,, 
TUNll!L N0,1 INEW NEKICO, U,S,AI AND TH[ ON I.OU, 
EXCAVATIOH o, THE NAVAJO INDIAN IRRIGATION PltOJtr,Y,, 
TUNNEL N0,2 IH!N HIXICO, U.S, Al , TIC Pl!OJCCTS 
tNV!STIGATEO Alt£ UTlLIZ!O ,01t IRRIGATION PURPOS[I, 
THI DRILL ANO ILIIT 1,ULL 'ACEI M(THOO ANO TBN HCTHOO 
RE,R!SENT TH! UCAVATION HCHNJQUU STUDUD, THI 
R!P0~1[0 ,11AGNl'.NTATlON H~IHODS SlRVICIHG PROJECT 
E,,OltTS INCLUDE CONVOTIDNAL UPLOSIYI CAI.NONlUM 
NITAAT!I ANO ll[CHANJC&L AeRUION IROTAl!YI , THU 
DOCUll!NT IHCOl!POIIAT!S AOOITIONALLY TUNNILING HACHJNl 
CHARACT!~ISTICS, PIITININT lN,Dl!MATION ON UND(l!GROUHO 

IOOIITlNUlDI 



OFENIHG SUPPORTS ANO HATERI ALS HANDLING SYSTEH IS 
ALSC PRESENTED. ROCK TYPES REVIEWED LHCLUOE SANDSTONE 
• THIS OOCUHEHT INCORPORATES AOOITIOHALLY HECHANICAL 
PROPERTIES ILABl OA TA. 

P003419 HAC~INE WILL BORE HA~CPOCK TUNN EL , 
A~T~OR ANON. 
ENG. NEWS REC, 
24-S, 1964. 
LANGUAGE! ENGLISH 

PERFORMING CRGANIZATI CNISl 
1.HORRISON-KNUOSEN CO. 
2.PERINI CORP. 

FUNDING ORGANIZAT!ONISI 
NEW YORK CITY, BOARO OF WATER SUPPLY,NYlUSA , 

THI5 IN-SITU REPORT CONTAINS ORIGINAL DATA, THE 
P~OJECT INVESTIGATED IS UTILIZED FOR ACCESS TUNNEL 
(SHAFTS ANO AOITS TO HAIN OPENING! ANO WATER SUPPLY 
TUNNEL PURPOSES . THE TBH 11£TH00 ANO UNSPECIFIED 
HET~OO REPRESENT THE EXCA VATION TECHNIQUES STUDIED. 
THE REPORTEC FRAGMENTATION METHOD SERVICING PROJECT 
EFFORTS INCLUDES HECHAHICAL A9RASION IROTARYI • THIS 
OOCUHEHT INCORPORATES AOOITIONALLY TUNNELING HACHINE 
CHARACTERISTICS, GEOSTRUCTURAL CHARACTERISTICS FCR 
THE REPORTEC EXCAVATION ACTIVITIES ARE OESCRIBED. 
PERTINENT INFORHATION ON UNDERGROUND OPENING SUPPORTS 
ANO MATERIALS HANDLING SYSTEM IS ALSO PRESENTED, THE 
EXCAVATION CHARACTERISTICS FOR MANHATTAN SCHIST ARE 
TREATED. PETROGRAPHY ANO ROCK TYPES REVIEWED INCLUDE 
SCH 1ST , 

R003490 HAN GLAtS HOLE•S A ~ONSTER, 
AUTHOR ANON, 
ENG, NEWS REC , 
17, l9f>J. 
LANGUAGE! ENGLISH 

PfRFORHING ORG ANI ZATIONISl 
1,ATKINSON,GUY FlSAN FRANCISCO,ANO OTHERS 

THIS IN-SITU REPORT CONTAINS ORIGINAL OAT A, THE 
UNDERGROUND OPE NING DISCUSSED INCLUDES THE PROPOSED 
EXCAVATION OF THE MANGLA OAH DI VERSION ANO POWER 
TUNNELS I PAKI STANI • THE PROJECT INVESTIGATED IS 
UTILIZED FOR HYDRO ELECTRIC PURPOSES, THE T~H 11ETHOO 
Rf. PRESENTS THE EXCAVATION TE CHNIQUE STUDIED, THE 
REPORTED FRAGH~NTATION HETHOO SERVICING PROJECT 
EFFCR!S I NCLUOES MECHANICAL ABRASION (ROTAR Y) , THIS 
DOCUMENT INCORPORATES AOOITIO~ALL Y TUNNEL ING HA CHINE 
CHA RAC TE RISTICS. PE RT INENT I NF OR HAT ION OH UNDERGROUND 
OFENING SUPPORTS IS ALSO PRESENTED. PETROGRAPliY A~O 
ROCK TYPES REV IE WED I NCLUOE LI HEST ONE , 

PO OH ~l A HYBRID HOLE WRAPS UP OAH€ TUNNELS, 
AUT~OR ANON. 
ENG, NEWS REC, 
r;&-e . 1q&1. 
LANGUAGE! ENGLI SH 

PERFORMING CRGANIZATI ONISI 
HITTRY CONSTRUCTION COlLOS ANGELES,CAlUSA. 
1,JOHNSON 
z.KIEMIT 
J , HORRISON-ICNUOSEN 
OAH~ CONSTRUCTORS 
PRAIRIE CCNSTRUCTORS 

FUNDING ORGANIZATIONISI 
U.S,ARHY CORPS OF ENGINEERS 

THIS IN•SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPENINGS DISCUSSED I NCLUOE THE CO HPLETEO 
EXCAVATION OF THE OAHE OAH OOWHSTREAH OUTLET TUNNELS 
ISO., USAI, TH E COMPLET ED EXCA VATION OF THE OAHE OAH 
OOWNSTREAH POWER TUNNELS (SO,, USAI, THE COHPLETEO 
EXCAVATIOII oF THE OAHE DA H UPSTREAM OUTL F.T TUNNELS 
ISO. , USAI ANO THE COHPLETED EXCA VATION OF THE OA~E 
DAN UPSTREAH POWER TUNNELS ISO., USAI , THE PROJECTS 
INVESTIGATED ARE UTILIZED FOR HYDROELECTRIC ANO 
OUTLET IOAMS I PURPOSES. THE TBH HETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STLOIEO, THE REPORTED 
FRAGMENTATION HETHOO SERVICING PROJECT EFFORTS 
INCLUDES MECHANICAL ABRASIO~ IROTARYI , THIS OOCUHENT 
INCORPORATES ADDITIONALLY TUNNELING MACHINE 
CHARACTERISTICS, PERTINENT IHFOR"ATION ON UNDERGROUND 
OPENING SUPPORTS ANO HATERIALS HANDLING SYSTEH I S 
USO PRESENTED. ltOCIC TYPES REVIEWED INCLUDE SHALE , 

R003492 8IGGEST TUNNELER GOES TO OA s e , 
AUTHOR ANON • 
ENG. NEW S REC. 
2f>, 19'>9. 
LANGUAGE• ENGLISH 
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THIS IN-SITU REFORT CONT~INS ORIGINAL DATA, ThE 
UNOERGROUNO OPENING OISCUSS~O INCLUDES THE PROPOSED 
EXCAVAT Io• OF THE OAHE TUNNE L IUNSPECIFIEOI ISO,. 
USAI • TH~ PROJECT INVEST IGATED IS UTILIZED FOR 
HYDROELECTRIC PURPOSES, THE TBH HETHOO REPRESENTS THE 
EXCAVATION TEC~NIQUE 5TUOIEO, THE REP ORTED 
FRAG"ENTATION NETHOO SERVICING PROJECT EFFORTS 
INCLUDES MECHANICAL ABRASION !ROTARY I , THIS OOCUHENT 
INCORPORATES ADDITIONALLY TUNN ELING HA CHI ~E 
CHARACTER IST res. 

RDOJ493 THE HOLE COHES THROUGH, 
AUTHOR ANCN, 
ENG. HEW S REC, 
za, 1qs1. 
LANGUAGE! ENGLI SH 

PERFoRHING ORGANIZATIONISI 
OAHE CONSTRUCTORS 

THIS REPORT CONTAINS ORIGINAL DATA, THE UHOERGROUNO 
OPENING CISCUSSED INCLUDES OAHE DAM FLOOD CONTROL 
TUNNELS ISO., USAI THE PROJECT INYESTIGA Trn IS 
UTILIZED FOR FLCOO c o•TROL PURPOSES , THE T8H HETHOO 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED. THE 
REPORTED FRAGMENTATION HETHOO SERVICING PRO JECT 
EFFORTS I•CLUOES MECHANICAL ABRASION IROTtRYI • ROCK 
TYPES REVIEWED INCLUDE SHAL E , 

R003~9~ HECHANICAL HOLE, 
AUTHOR AN CN, 
ENG, NEWS REC, 
26, 1gss. 
LANGUAGE• ENGLISH 

PERFORHING ORGANIZAT IONISI 
HITTRY CONS TRUCTION CCl LOS ANGELES,CAlUSA . 

FUNDING oRG ANIZAT IONISI 
U,S,ARHY CORPS OF ENGINEE{S 

TH.IS IN- SITU RE PORT CONT U NS ORIG! NAL DATA. THE 
UHOERGRCUNO OPENING DISCUSSED INCLUDES TH£ OH GOI NG 
EXCAVATION OF THE OAHE OAH UPSTREAM OUTLET TUN NELS 
ISO., USAI • THE PROJECT INVESTIGATED IS UTILIZtD FOR 
OUTLET IOAHSl PlJRPOSES. THE TBH HETHOO REPRESENTS THE 
EXCAVATION TECHNIQUE STUOIEO, THE REPORTED 
FRAGHEHTATICN HETHOO SERVICING PROJECT EFFORTS 
INCLUDES l'ECHANICAL A8RASION I ROTARYI , THIS DOCUMENT 
INCORPORATES AOOITIO•ALLY TUNNELING HA CHINE 
CHARACTERISTICS, EXCAVATION AOVANCEHENT RATt 15 ALSO 
DISCUSSED. GEOSTRUCTURAL CHARACTERISTICS FOR THE 
REPORTEO EXCAVATION ACTIVITIES ARE DESC RIGEO, 
PERTINENT INFORMATION ON UNDERGROU ND OPENI NG SUPPORTS 
ANO HATERIALS HANDLING SYSTEH IS ALSO PRESENTEO. THE 
EXCAVATIO• CHARACTERISTICS FOR PIERRE SHAU. ARE 
TREATED, ROCK TYPES REVIEMEO INCLUDE SHALE 

ROOJ~95 NEW HACHINE SPEEDS LARGE BORE TUNNELING. 
AUTHOR ANON. 
ENG. NEWS REC. 
z .. -s. 195 ... 
LANGUAGE! ENGLISH 

PERFOR"ING ORGANIZATIONISI 
HITTRY CONSTRUCTION C CILOS ANGELES,CA:us A. 

FUNDING ORGANIZAT IONISl 
U,S,ARHY CORPS OF ENGINEERS 

THIS IN-!ITU REFORT CONTAINS ORIGINAL DATA. THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE ON GO ING 
EXCAVATIO~ OF THE OAHE OAH UPSTREAH OUTLET TUHHELS 
ISO., USAl • THE PROJECT INVESTIGATED IS UTILIZED FOR 
OUTLET IOAHSI PURPOSES, THE TBH HETHOO REPR.ESENT S THE 
EXCAVATION TECHNIQUE STUDI ED, THE REPORTED 
FRAGHEHTHION PIETHOO SER VICING PR.OJECT EFFORTS 
INCLUDES MECHANICAL ABRASION CROTARYI • THIS OOCUHENT 
INCORPORATES ADDITIONALLY TUNNELING MACHINE 
CHARACTERISTICS, CEOST~UCTURAL CHARACTERISTICS FOR 
THE REPORTED EXCAVATION ACTIVITIES ARE OESCRIBEO. 
PERTINENT INFORMATION ON UNOERGROUHO OPENING SUPPORTS 
AND MATERIALS HANDLING SYSTEH IS ALSO PRESENTED, THE 

ICONTINUEOI 
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fXCAVATIOH CHARACTEPISTICS coo PLE•P.~ SSALf A~E 
TOEATED, P.OC< TYPES OEVIEW~O INCL UDE SH•LE 

•noJ•q~ us~• TUNNELS UNOE~ THE CONTINENTIL DIVIDE, 
AUTHOR ANON, 
CIVIL ENG, 
~3, 196~. 
LANGUAGE I ENr.LJ$H 

PERFORMING CP.GANHATI CN!Sl 
1.BOYLES EROTHERS DRILLING ca: 
Z,OUGAN G~AHAH IHClStLT Lt<E CITY,UT:usA 
J,GIBBONS AHO REEO 

FUNDING ORGAHIZATION!S l 
U.S,BUREAU OF RECLAMATION 

THI~ IN-SITU REPORT CONTAINS CRI GI HAL OITA, THE 
UHOERGROUNO OPENING DISCUSSED INCLUDES THE ON GOING 
EXCAVATION OF THE AZO TEA TUH!ft:L !JUAN-CHAMA PROJECTl 
IN,CEH,NM., USAI THE PROJECT INVESTIGATED IS 
UTILIZED FOP DIVERSION TUNNEL PURPOSES, THE TEM 
HETHOC REPHSENTS THE EXCAVATI ON TECHNIQUE STUDIED , 
THE REPORTEC FRA GHENTATION HETH OO SERVICING PROJECT 
EFFCRTS INCLUDES MECHANICAL A9RASIOH IROTARYI , ROCK 
TYPES REVIEWED INCLUDE HUOSTOIIE, 

ROOJ4q7 HACHIHE TUNNELING UNOER HOUSTO~. 
"1URPHY, W. O. 
CtVIL ENG, ,,-s. 1964, 
LANGU AGE! ENGLISH 

PERFORMING CRGAHIZ•TIOH!Sl 
1,BORING ANO TUNNELING COMPANY OF AMERICA ! 

BORTUNCCl 
Z,HOLLANO ENGINEEOING CORP, 

FUNDING ORGANIZATION!Sl 
TfXAS HIGHWAY OEPARTHENT:Tx,u.s,A, 

THIS IN-SITU REPORT CONTAINS ORIGINAL OATA, THE 
UNO(RGROUNO OPENING DISCUSSED INCLUDES TH E COMPLETED 
EXCAVATION OF THE HOUSTON STORM SEWER TUNNEL 
(HOUSTON, TEX., USAI , THE PROJECT INVESTIGATED IS 
UTILIZED FOR DRAINAGE TUNNEL PURPOSES . THE TBH HET ~OO 
REP~ESEHTS THE E~CA VATION TECHNIQUE STUDIED; THE 
REPORTEO FR AGMENTATION METHOD ~ERVICIHG PROJECT 
l'FFCRTS INCLUD ES MECHANICAL ABRASION !ROTARY) , SOIL 
CHARACTERISTICS FOR THE REPORTED EXC AVATION 
ACTIVITIES ARE DESCRIBED, PERTINENT INFORMATION ON 
GROUND CONCITIONS ANO UNOERGROUNO OPENING SUPPORTS 
ANO HITERIALS HANDLING SYSTEM IS ALSO PRESENTED, ROCK 
TYPES REVIE~ED INCLUDE SANDSTONE 

R0034~~ MACHINE TUNNELING IN TASMANIA, 
THOMAS , H. M. 
CIVIL ENG, 
60, 1%3, 
LAN GUAGE• ENGLISH 

Ph FORHIHG ORGANilATION< Sl 
~~~ROE LECTRIC COHHISSION,~OBART,TASHANIA 

FUNDING o•GANIZATION!Sl 
H YDROELECTIHC C OMHI SSION, HOOA RT, TASMANIA 

HIS IN-SITU ~PORT CONTAINS ORIGINAL OATA, THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE COMPLETED 
EXCAVATION OF THE TASMANIA TAILRAC E TUNNELS THE 
PROJECT INVESTIGATED IS UTILIZED FOR WATER CONVEYANCE 
!OTHER THAN WATER SUPPi.Y i PURPOSES, THE TBH METHOD 
REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, THE 
REPORTED FRAGHEHTATIDN HETHOD SERVICING ~OJECT 
EFFORTS INCLUDES MECHANICAL AORASION IROTlRYl THIS 
OOCUHEHT ?~CORPORATES ADDITIONALLY TUNNELING MACHINE 
CHAR ACTERISTICS , PERTINENT lNFORHATIOH ON GROUND 
COHOITIOHS ANO MATERIALS HANDLING STSTEM IS ALSO 
PRESEIHEO, ROCK TYPES RE VI EWED IHCLUOE HUO STOIIE ANO 
SANDSTONE THIS OOCUHENT INC OR PORA TES A OOIT IONALL Y 
MECHANICAL PROPERTIES ILABI OATA, 

R003501 HUN0ER RIVER TUNNEL AT TORONTO, 
WHITE, G, A, 
CI VIL ENG, 
leJ, 1962. 
LANGUAGE• ENGLISH 

ICOHTINUEDI 

PE, 0 0RHikG O~GANIZATIOSISJ 
FOUNOAT JON CO. OF ONACA 

T"IS IN•SITU REPORT CONTAISS ~EPU9l.!SHEO OATA, !Sf 
UNDC:RGRou•D OPENING OISCllSS EO INCL UDES THE OH ,,,,1 •~ 
EXCAVlTIO~ Of T~E ~0M9ER ~!~£~ S~ WiR TU ~~EL (TO~n~ro, 
ONTARIO, CANADA) TSE PROJ~CT I NV c ST IGATE O IS 
UTILIZE D •oR SEWER PURPOSES , THE TOH NETSOO REP~ESE NT 
THE OOVHION TECHN! Ol'c STUO!EO, THE ~[P0"1EC 
FRAGNENIATIOII P'ETHO) SES/ICING P,OJECT lPORIS 
INCLUDE S •ECt<ANlx:U ABRASI01 IROTARYJ , THIS Oclc UHENT 
INCORPORATES AOQITlONAL.Y TUNNELING •ACHIN! 
CHARACTERISTICS, lBH E'C~VAT!O h ~ATE IS ~LSO 
DISCUSSED, PERTINENT I•FORHATION ON H~T l~J ALS 
HANDLING ~YSTEH IS ALS O P<:cSENTEO, ~ETROGRAl'HY ANO 
ROC( TYPES REVIEWED INCLl JE LIHtSTONE, SUOSTllNt AHO 
SANO , THIS DOCUMENT I NCORPOR ATrS -'OOIT l,lNHLY 
HECHltHCAL PROPERTIES ILAE ) DATA, 

ROOJ'iOJ SUBWAY BUILDERS START TU NNCLIHG UNO[, SAO 0 AULO , 
AUTHO R ANON. 
ENG, NEWS REC, 
16, 197J, 
LAN GU AG E• ENGLISH 

PERFORMING OkGANIZAT!ONI Sl 
MET ROPOLITAN SAO PAULO C0,1S40 PAULO,BRAZIL 

FUNDING ORGANIZATION(Sl 
11£TROPOLITAN SAO PAULO CO , :SAO PA ULO, BR AUL 

THIS IN-!ITU REPORT CONTAINS ORIGINAL OAI A, TH[ 
UNDER GROUND OPENING DISCUSSED INC LUDES TH( ON GOihG 
EXCAVATION OF THE SAO PAULO SUBWAY !SAO HENTO 
STATION-LLZ SUT JON I ISAO PAULO, BRAZILi THE 
PROJECT INVESTIGATED IS UTIL I Z50 FOR METRO PUR•n~ES, 
THE CUT AND COVER HETHOO ANO TBH HETHOO RlPRESf•T THE 
EXCAVATI U~ TECHNIQUES STUDIE D, THE REPOR TED 
FRAGMENTATION HETHOO SERVICING PROJECT [ f fORT S 
:NCLUDES MECHANICAL ABRA S! CN IRO IA R'1 Pl Rr!Nf NT 
INFORHATICN ON UNOERGROUNO OPENING SUPP OR T, ANO 
MATERIALS HANDLING SYS TEM IS ALSO PRESE NT ED, 

ROO 350~ LASER STEERS BIG HO Lf IN BAU ROC~ UN OER LAK E, 
AUTHOR ANCN, 
ENG, NEkS REC, 
zr..-s , 1910 . 
LANGUAGE! ENGLI SH 

PERFORMING ORGANIZATIOH ISI 
GREENFIELD AHO ASS OC IAT ES ,LIVONIA,Hl:USA, 

FUNDING ORGAHIZATIONISI 
DETROIT METROPOLITAN WATf~ O(PT; DE TROIT ,HI :us,, 

THI S I N-SITU ANO LA B REPORT CONTAINS OMir,INAL UATA, 
THE UNDERGROUND OPENINGS OISCUSSEO INCLUCf TH[ ON 
GOING EXCAVATION OF THE DETROIT MAJ ER ~UP PL Y 
PROJ ECT,, LAKE HURON TUNNEL , DETROIT, HI,. USA. , THE 
COHPLETED EXCAVATION OF THE DETROIT MA TER StJPPLY 
PROJECT., PUMPING SHAFT IDEIROIT, HI,. USA ), THI ON 
GOING EXCAVATION OF THE OEIROIT WATER ~UPPLY 
PROJECT,, PUMPING SHAFT <OEIROIT, HI,, USAI AND TSE 
ON GOING EXCAVATION Of THE DETROIT WATE R SUPPLY 
PROJE CT., ACCESS CHA MBER IO t TROJT, HI., USA) THE 
PROJECTS INVESTIGATfO AR E UTILIZED FOR ACCESS TUNNEL 
!OTHER THAN SHAFTS ANO AU UITS TO HAIN TUNNl LS l l, 
PUHPlHG SHA FT ANO WATER SUPPLY TUNNE;L PURPOSES, THE 
BLASTING !NO DRILLING! HETIIIJO, DRILL ANO ~AST <FULL 
FACE) HETHOO, MECHANICAL EXCAVATOR HETHO U AHO 
PNEUMATIC BORING METHOD ~tPRESENT THE EXCAVATICN 
TECHNIQUES STUDIED, THE REPORTED FRAGMENTATION HET HOC 
SERVICING PROJECT EFfOR rs INCLUDE CONVt NT I ONAL 
EXPLOSIVE !UNSPECIFIED I IND MECHANICAL ABRA '.; ! CH 
!ROTARY) THIS DOCU MENT INCORPORATES ADD I TIO NALLY 
TUNNELING HACHINE CHARACTERISTICS, GEOSTRUCTURAL AND 
SOIL CHARACTERISTICS FOR THE REPORTED EXCAVATION 
ACTIVITIES ARE DESCRIBED, PERTINENT INfORHATl llN ON 
GROUND CONDITIONS ANO UNDERGROUND OPENING SUPPOkTS I S 
ALSO PRESENTED, THE EXCAVATION CHARACTERISTICS FOR 
ANTRIM SHALE ARE TREATED, ROCK TYPES REVIEWED INCLUDE 
SHALE, 

ROO J505 HOLE READ]ES FOR TWIN HERSEY 80RE AFTER 
TROUBLE-PRONE FIRST DRIVE, 
AUTHOR ANCH, 
ENG, NEWS REC, 
ZZ•J, 1970, 
LANGUAGE• ENGLISH 
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ruNOING IIRG.NillrtOHISI 
l'FRSET ruhNEL Jl)INT C'l~"ITTEE,U.K,. 

THIS IN•SITU REPORT COHTAINS ORIGINAL OITA, THE 
UNOERGAOUND OPENING O[SCUSSEO INCLUDES THE ON GOtaG 
r.,c&YATION or THE HERSEY RJYfA TUIINfLS (LIVERPOOL, 
UKI , THE PROJECT JNVESTJGHEO IS UTlLilfO 1'01! PJLCT 
ijORE ANO TM[N H[GHIIAY PURPOSES, THE reH HETHOO 
REPRESENTS THE cicAvATJON TECHN10UE STUOIEO. THE 
Af PORUO ,oc"ENT AU ON H[ THOO SEltVJCING PROJECT 
EFl'CRTS INCLUOfS H[CHANICAL 18RASION IPOTARYI , THIS 
oncu"ENT INCORPOIUTES AOOlTlONILLY TUNNELING HACHIIIE 
CHOACTElllSTICS. GEOSTRLCTUUL ANO SOIL 
CHARACTERISTICS ,oR THE REPORTED EXCAVATION 
ACT JVIT I!S ARE OESCUIIEO, F£RTlllENT lNFO""ITION ON 
C.ROUNO CONOITIONS ANO UNOEPGIIOU~ Ol'EIIING SUPl'OltTS 
ANO HATEltULS HANOLING SYSTEM IS ALSO Pft[SEIITEO. ROCK 
TYl'ES REYIEIIEO l1CLUOE SANDSTONE• 

P09J50t, IIORLOIS LARGEST NOLE BORES J&flNEU TUNNEL, 
AtT~OR ANON, 
ENG. N[IIS REC. 
lZ, 1911, 
LANGUIGtl ENGLISH 

PfRFORNING ORGANil&TIONIS) 
HAEOA CONSTRUCTION CO. I.JAPAN 

FUNOINC ORCANIZATIONISI 
JAPANESE NATIONAL ltAILNAYS 

THIS IN•SITU REPOPT CONTAINS ORIGINAL OITA. THE 
UNDERGROUND OPENING OISCUSSEO IhCLUCES TIE ON GOihG 
f.lCIVATIOH OF THE N(W SANYO SUPER EIPft(SS ltAIL LINE 
TUNNEL IJAPIHI • THE PROJECT INVESTIGATED IS Ul'1LIZ£0 
FOR 1£TRO P~RPnSES. THf; SHIELD "ETHOD REl'RESENTS THE 
~ICAVITION TECHNIQUE SfuOIEO. THE REPORTED 
FRAG"ENTATIOH NCTHOO SERVICING PltOJ[CT t,,oRTS 
IhCLUOtS HfCHAHICIL ABRASIO~ IROTARYI , THIS OOCUN[NT 
INCORPOltATES AODITIOIIALLT TUNNCLING MACHINE 
CHARACTERISTICS, SOIL CHARACTtRISTICS FOR THE 
R£POltTEO EXCAVATION ACT1VIT1ES ARE O[SCRIIEO. 
PERTINENT INFORH&TlOH ON UND!RGROUIIO OPENING SUl'l'Ol!TS 
ANO HolTERl&LS HlllOLIHG SYSTfH IS ALSO l'R(Stllf!D. ROCK 
TYPES IEVIENEO INCLUDE ALLUVIUM• 

P003t;07 PIPES JACKEO BEHIND HINI•NOLt. 
AUTHOR A HON, 
ENG. N(IIS REC. 
,,;-6, 1969. 
LANGUACEt ENGLISH 

PERFORMING ORGlNilATIONISI 
l.JAY•OEE CONTRACTORS INC.,SOUTHFIELDoNICHIG&N 
z.HICHIGAN SEWER CONPANY,SOUTHF1£LD,NICHIGAN 

FUNDING 01!,ANIZATIONISI 
G~UTU CHICAGO,"ETROPOLITAN SANITARY DISY,OF, 

CHICAGO, IL IUSA. 
CHICAGE, IL. USA 

THIS IN-SITU REPORT CONTAINS GRI,tNAL DATA. THE 
UNDERGROUND OPENING DISCUSSED INC:lUOES THE ON GOING; 
EICAVATION CF THE CHICAGO SEN!R STSTEN !CHICAGO, IL., 
U!AI • THE PROJECT INVESTIGATED IS UTIL1Z£0 FOR SENER 
PuttPOSES. THE TBH NETHOO ltEl'lttSENTS TH! tXCAVATletl 
TECHNIQUE STUDIEO, THl RCl'ORTEO l'l!AGHENTATION ll(THOO 
SEltVICING PROJECT t,,ottTS IIIClUDlS HICHANICAL 
HIASI ON ll!OTARYI , THIS OCJCUll[IIT INCORl'OIUT[S 
ADDITIONALLY TU-LING NACH1111! CHAltACT[ltIITICS, 
PfRTINf:NT IN,ORNATION ON UIIDERGROUII> CPlNING SUl'l'OIITS 
AND HATERULS HANOUIIG SYST(N IS ALSO Pl![SENUD, 

R003t;II NOLE ~lltEAKS THltOUGH A,Tllt t93 ,T, DAY AND l,ll- ,T. 
N[fko 
&UT HOii A !ION. 
ENG. NEIIS REC. 
za-9, ,, ... 
LANGUA~I ENGLISH 

l'!ltfOltNING Oll'liANIZlTI ONCSI 
UTAH CONSTRUCTION lND NININC. COo 

,uNOING ORGANIZATtONISI 
U,S,IUlt[AU 0, RECLA!ljTIOII 

THtS lll•SITU REPOltT CONTAINS o•tGINAL DATA. TH! 
UNIIEIIUOVIIO OPENlNC OUCUSHO INCLUDES THE C019l.ETlD 
EXCAVATION OF THI: •tvu MOUNTAINS TUlalEL CHEND[HONt 
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NV,, USII • THE Tl" H[l' HOC 'IU•-ut-.rs TH[ [ICAUTJM 
TfCHNIDUf STU01£0. THf ltf'O,T[O rRa,ll(~TlflON N(THOO 
SERVICING PROJ!CT trrCJltTI IIICLUOfl Nf;HINIC&L 
ilRASio• l~OTARYI • THIS DOCUN[NT 111eo••o••Tll 
ADDITIONALLY 0~1LL1NG [OUl'NlNT ANO TUNNlLI"'- ~ICNl"l 
CHA,ACT[RlSTlCS, ,tRTJIIIIIT IN,o,NATION ON UNOtR~lOUNO 
OPENING SLPl'ORTS ANO NATf•IALI HANDLING ITITtN II 
ALSO PRf5ENU0, l'(TROGRAl'HT AHO ,ocK TYIIII ltiltlllO 
lNCLUO[ IHYOOlCITf ANO •HYOLITl THII tOCUNlNT 
INCORl'OAIT£1 1001T10NALLT N(CHANIC•L l'l!O,tRTitl 1Ll81 
DAU, 

IIOOH09 TUN'ltL ING NACHlll[ HOLlS T""OUGH l'OUlt HONTHI UltLY, 
A UT HOit IN ON. 
£NG, NENS R[Co 
ll•I, Uh9, 
LAIIGUAG[ I EIIGLlSH 

PE1t,0RNINC ORGANillTIONISI 
O[LANAltf Y.N,COJI', 

FUNDING ORGANll&TIONCS) 
SDUTHERl CiLHORIIU,NETROPOLITAN IIATE, OISlRICT o,, 

THIS 1N•SITU UJORT CONTAINS OQIGINIL OAT& , THE 
UNOERGROU•O OP[Nt•GS DISCUSSED IHCLUOl THE COMPLETED 
EXCAVATION OF TH£ CISUIC TUll'«L, LOS ANl.fl[S ICA., 
USA,lo THE CONPL[TED EXCAVATION OF THE CASTAIC 
TUNNEL, N0,2, LOS ANGELES ICA, U,5,A,1 ANO THE ON 
GOING EICAVATION OF THE CISTAIC TUNNEL, N0,1, LOS 
ANG[l,ES ICA, U,S.A.> , THE l'ROJ[CTS INYESTlGHl.0 Al[ 
UT1UlEO fOI! MATER SUPPLY TUNNEL PURPOSES, THC SHI ELD 
NETHOD REFRESENTS THE EXCAVATION nCHHIQU[ ~ruoao. 
TH[ REPOIITEO 'RAGHlNTATION NETHOO SERVICING PROJECT 
El',Ol!TS IICLUDU N[CHANICIL UUSION IUNS .. CIFIEDI , 
THIS DOCIINENT 1NCOlll'OU TES ADOITIONALL Y T UNNELI hG 
NACHJN[ CHARACTEltISTICS, SOIL CHAltACTEltlSTICS FOQ THE 
ltlPOIITED EXCAVATION ACTJYITl[I Altf DllCKI8fO, 
l'[ltTlll[IIT IN'Olt"ATION ON Gl!OUND CONDITIONS ANO 
UHOUGltOUND OPINING SU..,Ol!TS AND "UEIIUU HANDLlhG 
SYIT[N IS ALSO ... ISENTID, ROCK TY,lS lllYlfM(O INCLUDE 
SANDITOlll , 

•ot3910 MOL[ lOAl'TI TO VAIIT1111i IOIL• 
AUTHOII &NCH, 
ENGo 1101 ltlC. 
.. •• 1911, 
LANGUAG[I [NGLISH 

l'[.,OltNING ORGANIZATJONISI 
lolAOE AIIO CONl'ANTIHANIURG,NlST G[IIHANT 
2oHOL211&N,PHILI'P A.G.IHAM8UltG,M£ST G(RMAHY 

THU lll•HTU ll[POl!T CONTAINS ORIGINAL DAU, THE 
l'ROJECT INVESTIGATED IS UTILIZED FOR "ETl!O PUR~OSES, 
THE T911 METHOD REl'll[SENTS THE EKCAYATION TECHNIQUE 
STUDIED, THE A[l'lll!T[O ,RAGH[NTATION NETHOO SERVICING 
PROJECT Cf FORTS I NCLUOES N!CtlANICAL ABltASION ll!OTIIIYI 
, THIS DOCUIIENT JIICORPOIIATES ADOXTIONALLT TUNNELlhG 
MACHINE C~ARACT[ltlSTics. SOJL CNAIIACTEIIISTICS l'nR THE 
IIEPOIIT[D EXCAVATION lCTlVITIES AltE D[SCR11£U. NOCK 
TYPES lt[VIENED INCLUDE NAIil • 

ROIHU THIIIO IIOLf DIGS URTD IU811U, 
AUTHOR AIICN• 
[NGo NIIII •!C• 
U, UH• 
LAHGUAG[I IIIGLlSH 

1'111,0IINING OltGANIZATJONIII 
l,KIUJT IOIII 
z.TIIAYLc• IIIDTHt•s·•·· '"'IIIIICO,CAIU1A 

THII IN•IITU ltl,ORT COIITUNI OIIJGINAL oau. THI 
UNOfRL.CUIID O'IICING OIICUIStO INCLUOlS THI CO"l'LLTfO 
UDAVATIOII fW TIil IU UIU Ul'lD TUIUT l'IIOJICT 
(IA.Tl (NAltltlT ITllllT IICTIONI CIAN ,11ANCIICO, ca •• 
UIAI • TH[ ,,_OJICT 111WIIT1GATID II UTlLJlfO ,011 NlTRO 
PUIIPOSUo THI TIii lll!THOO UNIHNTI THt IIICAVATJON 
TICNNUUf STUOUII, THC llll'lllUIO PRHIIUTATIDN Nl THOO 
SIRVICI* PRO.aCT ,,,car, INCLUOII llfCHAIIJCIL 
AIIIAIIOII CIIOTARYI • TNIS DOCUNlNT INCOlll'OIIATII 
lODZTIOIIALLY TUNIC!LING NACHtNl CNl.ACT!IIIlfJClo 
l'!IITllll!NT lWMIIUlON OIi UIIDUNOUNO Ol'INING IUPl'OIITI 
ANO IIATIUALI IClNOUIII IYITf.11 II auo PUICNUO. 

IIHMU HAIIDIU>CK 110&.I 11111 RUDY TO 1011110 
AUTNDII ANON. 
[IIGo lll!d IIUo 
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7l, 19&7. 
LINGUAGEI ENGLISH 

PERFORMING CRGAHIZATI ONCSI 
1,NORRISO~•(NUOSEN CO. 
!,PERINI CORP, 

THH IN-SITU REPORT CONTAINS ORIC.INAL OAH. THE T8H 
HETHOO REPRESENrS THE EXCAVATION TECHNIQUE STUOIEO, 
THE REPORTEC FRAGMENTATION HETHOO SERVICING PROJECr 
EFFORTS INCLUDES NECHANICAL ABRASION IROTARYI , THIS 
OOCUNENT INCORPORATES AOOITIOHALLY TUNNELING MACHINE 
CHARACTERISTICS, TBH EXCAVATION RATE IS ALSO 
OISCUSSEO, ROC~ TYPES REVIEIIEO INCLUDE SCHIST , 

R0DJ51J HCLE SPADES THROUGH SOFT CROUHO, 
AUTHOR ANON. 
ENG. NEWS REC, 
zr, 1967, 
LANGUAGE• ENGLISH 

P£RFORN1NG CRGAIIIZATIONCSI 
1,PACIFIC MECHANICAL CONSTRUCToRSIINC,ISEATTLE,MI, 

U .s,A, 
!,TRAYLOR BROTHERS, IHC,IEVANSVILLE,IN,U,S,A, 

THIS IN•SITU REPORT CONTAINS CRIGINAL OITA, THE 
UNOERGROUND OPENING OISCUSS(O INCLUDES THE ON GOUG 
EXCAVATION OF THE SEATTLE INTERCEPTOR S[WER CSEATTL[, 
WA, U,S,A.I , THE PROJECT INVESTIGATED IS UTILIZED 
FOR SEWER PURPOSES, TH[ MECHANICAL EXCAVATOR l!t:THOO 
R[PRES [NTS THE EXCAVATION TECHNICUE STUDIED , THE 
R[PORTEO FRAGNENTATION METHOD SERVICING PROJECT 
EFFCRTS INCLUDES "ECHANICAL ISRASION CORIGI , THIS 
DOCUMENT I~CORPORATES AOOITltNALLT TUNNELING HACHI~E 
CHARACTERIST?CS, SOIL CHARACTERISTICS FOR THE 
REPORT[O EXCAVATION ACTIVITIES ARC OESCRIBCO, 
PERTINENT INFOR"ITION ON UIICERGROUND OPENING SUPPORTS 
ANO "ATERIALS HANDLING SYSTEM rs ALSO PRESENTED, 

R,0351~ H~Lf TAKES UN0£RGROUN0 WORK OFF ROAO CONTRACTORS 
HA HOS, 
AUTHOR A NON, 
ROlCS ANO STREETS 
1 c;~-e. 1973, 
LlNGUjGEI EN(,LISH 

P£RFORHING ORGANI1.ATIONCSI 
HOLE CONSTRUCTION COHPANT,INC,IROl'ULUS,MI,u.s.A, 

THH IN-SITU REPORT CONTAINS CRlC.INAL Olli. THE 
PROJECT INVESTIGATED IS UTILIZED fOlt SEWER PURPOSES, 
THE ~ECHANICAL EXCAVATOR HETHOO REPRESENTS TH[ 
EXCAVATION TECHN[QUE STLOIEO, THE REPORTED 
FRAGH~NTATION HETHOD SERVICING PROJECT EF,-ORTS 
INCLUDES MECHANICAL A8RASION COIUGI • THIS OOCUNENT 
INCORPORATES lDOITIONALLT ORIUING !OUIPNl!:NT 
CHA ~AC TERISTICS, 

ROOJ'il~ BUILOING THE SU~WAYS ANO TUNNELS, 
AUTHOR A NON, 
WEST, C ONllTR, 
~J ANO ~6, 1973, 
LANGUAG[I [NGLISH 

PERFORJ<ING ORGANIZATIONCSI 
1,8AOWN ANO ROOT 
l ,PE A IHI 

FUNDING ORGlNIZATIONCSI 
BAT AREA RAPID TRANSIT,SAN FRANCISCO.CAIUSA 

THIS IN•SITU REPORT CONTAINS ORIGINAL OITA, THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE COIPLCTEO 
EXCAVATION OF THE BAY AREA RA,IO TRANSIT PROJECT 
(SARTI (SECTION UNSPECI"tED I CUN ,.RANCISCO, ca .. 
USAI, TH£ COMPLETED EXCAVATION OF THE BAY AREA RA,ID 
TRANSIT PROJECT IUUI INARKH STREET HCTIDNI CSAN 
FRA~CISCO, CA,, USAI ANO THE CONPL!T!O EXCAVATION OF 
THE BERKLEY HILLS TUNNEL ISAN FRAIICISCO, CA, USA I • 
THE PROJECTS INVEST1,1TEO AR[ UTILIZ[O ,oR access 
TUNNEL ISHA,t S ANO AOITS TO HAIN OPENING! AIIO NCTRO 
PURPOSES, THE CONPR[SSEO AIR HETHOO, CUT ANO COVER 
"£TH00 AND TIN N[T"OO REPRES[NT TH! EXCAYATIGN 
T[CHNIQU[S STUDIED, TH[ REPORTED ,RAGNENTlTION NETHOO 
SERVICIN, PROJECT ["'ORTS INCLUDES NCCHANICAL 
ABRASION CRDT&RYI THIS DOCUNENT INCORPORAT[S 
&DDITlONALLY TUNNELING MACHINE CHARACTCRISTICS. 
,EOSTRUCTURAL CHARACTERISTICS FOR THE RCPORT[O 
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EXCAVATIO~ ACTIVITICS ARE 0[SCA18E0, ,cRTIN[NT 
INFORHATICN ON GROUND CONDITIONS ANO UNO[RGROUNO 
OPENING SLPPORTS IS ALSO PR£SlNT[D, 

ROOJ517 COMBINING NOLE, BELT, SHOTCRITE, 
IIITTE, J, 
NEST, CONSU, 
39-~3, 1970. 
LANGUAGE! ENGLISH 

PERFORHING ORGANI ZATIONCS I 
1.WATTSON R.A.,co. 
Z,NINSTON BROS,CO. 

FUNDING OAGANIZIT IONCSI 
SOUTHERN CAL[FORNIA,HETROPOLITAN WATER DISTRICT o,, 

THIS IN•HTU UPORT CONHINS ORIGINAL OITA, THE 
UNDERGROU~D OPE NI NG DISCUSSED INCLUDES THE ON c;OING 
EXCAVATION o, THE BIL 80A OUTLET TUNNEL PRUJ[Cl 
CS,CALI'O~NIA, U,S.AI , THE PROJECT INY[STlGATE~ IS 
UTILIZED FOR ICAT(II SUPP\.Y TUNNEL PURPOSES, THI TBN 
METHOD REPRESENTS THC EXCAVATION T!CNNIQUE STU01£0, 
TH! REPDATEO 'RA,N[NTATION N[THOD SERVtCIN' PROJECT 
E,,ORTS HCLUO[S HlCHANICAL UIIASION cour., • THIS 
OOCUN[NT tNCoR,oRATCS AOOITIDNALLY TUNNELING NACHI-C 
CHARICT!RISTICS, C!OSTRUCTURAL CHARACTIAIITICI ,oR 
TH[ ACPORTEO !XCAVATtON ACTIVITI[S &R, OlSCRI8ED, 
PERTINENT INFORNATION ON lMO[RGROUNO o,rNlNC SUPPORTS 
ANO MATERIALS HANDLING SYST[N IS ALSO PR!ltNT£D, THC 
EXCAVATID~ CHARACT!RISTtCS ,oR IAUGUI ,oRHATION AJ! 
TRl!ATEO, PUROGIU fHY ANO ltDCK TYPU ll!YUll!D INCLUDE 
CONGLOMERATE, SANOSTON! ANO IILTITONE, 

ROOJ,18 NORTHERN CALI,ORNIA MATlR TUNNEL, 
AUTHOR ANON, 
11£S TERN C CNS TR, 
63-~ AHO 67, 1967, 
LANCUA,Et ENGLISH 

PERFORMING ORGANIZATIONCS I 
1,BALL,GOROON H, ENTERPRISES 
Z,GlTES ANO ,ox,INC, 
3,GRANITE CONSTRUCTION CO,ILDOHIS,CAIUSA 

FUNOI NG ORGAN I ZAT JON IS I 
S,CALIFORNIA,HETROPOLITAN WATER O[ST,OF,CAIUSA, 

THIS I N•SITU REFORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OP!NIHCS OISCUSSEO INCLUDE THE DH GOING 
EXCAVATlOh o, TH[ CRYSTAL SPRINGS 8YPASS IIAT!lt TUNNfL 
CSAN HAT!O co., ca., uu,. THE COHPL[T[D IXCAVATrOM o, THE MINOOLA NIN£ IZA"IUAI, TH[ ON GOING EXCAVATION 
o, THC NAST TUNNEL ICO., USAI, TH! ON GDlhG 
EXCAVA TI OH o, THE ORANGE•FISH TUNNEL IS ,l'RICAI ANO 
THE ON GOING EXCAVATION o, THE RONEO TUNNELS 
I OULANO•NACONB SYST!Nl IOfTROIT, HJ., USAI , THE 
PROJEC TS INVESTIGAT£0 ARE UTILI ZED ,oR TRANSfORHfA 
STATION ANO WATER IUPPLY TUNN!L ,uct,os,s. TH[ 
DRILLING H[THOO AHO TBH N!TNOO RlPRISINT THI 
!XCAVA TI ON TtCHN[QU[S STUOI!O, TNf RCPORTlD 
,ctAGHENTATION N!THOOS SERVICING PROJICT E,,oRTS 
INCLUDE CONY[ WT JOHAL EXPLDSIV_E IUHIP[CJ,ao, ANljl 
H!CHANlCAL ABRASION (ROTARY! • THII oocu~r~f 
INCORPOll,T[S AOOITlONALLY DRILLING rau1,HENT ,_o 
TUNNELING HACHIN[ CHARACTERISTICS, GfOIT~UCTURll 
CHAIUCT[RllTICS ,OR THE IIE,ORT!O lXCAVATlbN 
ACTIVITIES ARC OESCRIB!O, P[RTINIHT IN,OIIHATION bN 
GROUND CONOJTIONS ANO UNOlAGROUNO Ol't:NING su,,011,s 
ANO HATERIALS HA-OsING IYST[H JS &LIO PRrs,11f10. 
PETROGRAPNY AND ROC~ ,,,rs RlVIIN!D IHCLV91 IAND5TON[ 

ROOJ,19 BARTiS FIRST COlll'RESS!O AIR JO .. 
AUTHOR ANtN, 
NEST• CONSTR, 
16•1 ANO eo, UM, 
LAN"-!AGCI !NGLIIH 

,ER,-OltNING ORGANIZATtONIII 
1,C!ROMN AND ROOl INC, 
Z,NOlltlltSON•KNUOUN OOIINC, 
1,'IIIIINI CORP, 
GlltMICK,8!N O., INC, 

,uNOJNI OltGANIZATIONIII 
BAY Alt[A .,,10 TRANIJT,S&H ,u11c1,co,CAIUIA 
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THIS IN-SITU REPORT CONTAINS ORIGINAL DATA. THE 
tlNOfR!;qOuNO OPENINuS DISCUSSED INCLUDE THE ON uOING 
EICAVATlON OF TH£ BAY AREA 11.APIT TRANSIT PROJECT 
ICOHTIIACT ho.soozz., l'iTH TO 8TH STREET I (SAN 
FOhCISCO, ca.' I/SAi, THE ON· GOING EXCAVATION o, THE 
UY UU RA PIO TIUNStT PROJECT !CONTRACT NO.NOl31., 
HTH TO RANDALL STREET! (SAN FRANCISCO, ca, usu, THE 
ON GOING EXCAVATION OF THE CONSTRUCTION SHAFT, FOR 
CONTRACT NO.H0011 I aan PROJECT I (SAN f"RANCISCO, CA, 
USAI, TH[ ON GOING EXCAVATION OF THE CROSS-PASSAGES 
FOR CONTRACT NO,SUZZ !BART PIIOJECTI ISAN FRANCISCO, 
ca. USAI, THE ON C.OING EXCAVATION OF THE 
CROSS-PASSAGES FOR CONTRACT NO,HOOJl !BART PROJECT! 
(SAN ,.aNCISCO, ca, USAI, TH£ ON GOING EXCAVATION OF 
TH£ PUMPING STATION FOR CONTRACT N0,N0031 !BART 
PROJECT I ISIN FRANCISCO, CA, USAI, THF. ON GOI'9G 
f)CAVATION OF TH£ SNITCHING STATION FOR CONTRACT 
NC, MOO 31 ! BART PROJECT I ISAN 'RANCUCO, CA, USU, THE 
ON GOING EXCAVATION OF THE VENT-PUNP SHAFT FOR 
CONTRACT NO,SOOZZ (BART PROJECT! CSAN 'RAIICISCO, CA,, 
USAI ANO THE ON GOING EXCAVATION OF THE VENT SHAFT 
FOIi CONTRACT NO,NOO J1 18AIIT PROJECT I ISAN 'llAIICISCO, 
USA I , TH£ PROJECTS INVESTIGATED ARE UTILIHD FOR 
ACCESS TUNNEL ISHAFTS ANO AOITS TO NUN OPENINGI, 
COHPOSITEIVENTILATION•PUHPING, CONSTRUCTION, NACHINE 
HALL IPUHPSI, H£TRO, UNOERGROUNO RAILWAY STATION ANO 
VENTILATION PURPOSES, THE TBM METHOD ANO TRENCH 
14ETHOD REPRESENT THE EKCAVATION TECHNIQUES STUOIEO. 
THE REPORTED FRAGNENTATION METHODS SERVICING PROJECT 
~FFOIITS INCLUDE MECHANICAL A~RASlON IROT.RYI ANO 
HECHANICAL ABRASION IORAGI THIS DOCUMENT 
INCORPORATES ADDITIONALLY TUNNELING NACHINE 
CHAPACTERISTICS, PERT? !£NT INF OR NATION ON GROUNO 
CONDITIONS AND UNOERGIIOUNO OPENING SUPPORTS ANO 
H•TERIALS HiNDLING SYSTEN IS ALSO PRESENTED. 

R00]5ZO HOLE SETS FAST PACE I ► NEv•o• ROCK, 
IUT ►OR ANON. 
NEST, CONSTR, 
38-9 AND 52, 19&8. 
LANGUAGE I ENGLISH 

PER'ORMING ORGANIZATIONISI 
UTAH CONSTRUCTION •ND NINING CO. 

FUNDING ORGANIZATIONISI 
U,S,BUREAU OF RECLAMATION 

T ►IS IN-SITU REPORT CONTAINS ORIGINAL o•T•· THE 
UNDERGROUND OPENING OISCUSS£0 INCLUDES TH£ ON GOihG 
Ex c ivATION OF THE IIIVER NOONTAINS TUNNEL (HENDERSON, 
NV., USAI , THE PROJECT INVESTIGATED IS UTILIUO ,011 
WATER SUPPLY TUNNEL PURPOSES, THE TIN HtTHOO 
REPRESENTS THE EKCAVATION TECHNIQUE STUDIED. TH! 
REPORTED FRAGMENTATION NETHOO SERVICING PII.OJ[CT 
EFFORTS INCLUDES MECHANICAL ABRASION IROTARYI , THIS 
OOCUNENT INCORPORATES ADDITIONALLY TUNNELING MACHINE 
CHARACTERISTICS, SOIL CHARACTERISTICS FOR THE 
REPORTED EXCAVATI ON ACTIVITIES ARE OESCRIBEO. 
PERTINENT lNFOIIHATI ON ON GROUND CONDITIONS AND 
UNOERGIIOUNO OPENING SUPPORTS ANO MATERIALS HANDLING 
SYSTEM IS ALSO PRESENTED, ROCK TYPES REVIENEO INCLUDE 
OACITE, RHYOLITE AND TU,F • THIS ODCUNENT 
INCORPORATES ADDITIONALLY NECffANICAL PROPERTIES ILA81 
llATA, 

RD0l5U HOLING THROUGH AT RIVER MOUNTAINS I NEVADA I, 
AUTHOR ANON, 
NEST, CONSTR, 
29-32, 1969 
LANGu•GEI ENGLISH 

PERFORMING CR'ANIUTI ONCSI 
UTAH CONSTIIUCTION ANO MINING CO, 
NULLEN,S,S,INC1SEATTL!,NA,USA 
NORRISON•KNUDSEN CONP.NYIBOISE,IOIU,S,A, 

FUNDING ORG•NIZATIONISI 
U,S,IUltf:AU OF RECLAMATION 

THIS IN-SITU R£PORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OP[NINGS DISCUSSED INCLUDE THf ON GOING 
EICAVATION OF THE LAKE NfAO INTAKE TUNNEL ISAOOL[ 
ISLAND, NV, U,S,A,1, TH[ ON GOfNG EXCAVATION o, THE 
PU"PING PL.NT NO.t (SOUTHERN N[VAOA HATEII P-OJ[CTI 
ISAOOI.E ISLAND, NV, U,S,A,1 &NO THE COIIPl.[TEO 
EXCAVATION OF THE 11.IVfR MOUNTAINS TUNCL CH!NOERION, 
NV,, us•1 TH[ ~OJECTS INVESTIGATED AR[ UTILIZED 
FOR MACHINE HALL CPUNPSI ANO NATER SUPPLY TUNNEL 
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PURPOSES. THE TBN METHOD REPRESENTS THE EXCAVATION 
TECHNIQUE STUDIED, THE REPORTtD ,RAGNENTATlON HETHOD 
SERVICtNG PROJ£CT EFFORTS INCLUDES NECHANICAL 
ABIUSI ON I ROTARY I , THIS OOCUN[NT INCOR,OIUHS 
ADDITIONALLY TUNNELING HACHINE CHARACTERISTICS. 
PERTINENT lNFOIU\ATION ON I.IIOERGROUND OPENING SUPPORTS 
ANO HATEllllLS HANDLING SYSTEM IS ALSO PREIENT[O, 
PETROGRAP~Y 00 IIOC~ TYPES UVX!IICO INCLUOf 
RHYOOACIT!, AHYOLITf AIIO ru,, • THIS DOCUNINT 
INCORPORATfS ADDITIONALLY MECHANICAL PIIOPfRTifS ILAII 
DAU, 

ROOJ•zz AZOTEA•TOlGH TUNNEL TO ,INIIH. 
AUTHOR ANCN. 
NUT, CONSTI!, 
31·• ANO 11, UH. 
LAHGUAGEI [HI.LISH 

P[R FOIUll NG ORGANI ZA TION IS I 
1,80YLEl 9IIOTH[RS DRILLING LOI 
Z,DUGAN GRAHAN INCIIALT LAKE CITY,UTIUSA 
J,Gil80NS AND REED 

FUNDING ORGANllATJONISI 
U,S.BUREAU Of' RECLAHUIOH 

THIS IN•SITU REPORT CONTAINS ORIGINAL DATA. THE 
UNDERGROUND OPENING DISCUSSED INCLUDES THE CONPL~TEO 
EXCAVATION OF TH l AZOTEA TUNNEL CJUAN•CHANA PROJECT I 
C N,CEN,NN., USAI THE PROJECT lNVESTIGATEO IS 
UTILIZED FOR NATER SUPPLY TUNNEL PURPOSES, TH E TON 
METHOD REfRESENTS THE EXCAVATION TECHNIQUE STUDIED, 
TH[ REPORTED FRAGMENTATION ltET~OD SERVICING PROJECT 
EFFORTS IICLUDt:S MECHANICAL ABRASION IIIOTARYI , THIS 
OOCUHENT INCORPORATlS ADDITIONALLY TUNNELING MACHINE 
CHARACTERISTICS. GEOST~UCTURAL CHARACTERISTICS fOR 
THE R!POATEO EKC•VATION ACTIVITIES ARE OESC~I~EO, 
PERTINENT IN,ORNATION ON GROUND CONDITIONS ANO 
UNDERGROUND OPENING SUPPORTS ANO NATfRIALS HANDLING 
SYSTEM 1S ALSO PRESENTED, THE EXCAVATICN 
CHARACTERISTICS FOR LENIS SHALE, HANCOS fORNATION AND 
NEUVERDE FORMAT ION I 01! GROUP I U! TIICATED, kOC~ 
TYPES R!VlfNEO INCLUO[ UNOSTON! ANO SHU[ , 

AIOl•t1 RfCOROI T~N8LI •T NAVAJO NO, 3, 
,uuR, H, 
N[IT, CONITII, 
27-JD, 1972, 
L&NGUAQ(I INGLIIH 

Pr.,o.HING ORGANillTIONIII 
,LUOR U1AH,INCIIAN NATIO,CAIUS• 

,u110ING OIIG.NIZATIONIII 
U,1,IUR!AU o, RECLAMATION 

THIS IN•SITU itE,oRT CONTAINS ORIGINAL DAU, TH[ 
UNOUGROUNO OP[NINGS O ISCUSS[D INCLUDE THE CONPLlTED 
EXCAVATION o, THE NAVAHO INDIAN IRIIIGATION ,RoJECT,, 
TUNNEL No,3 INN, USAI ANO THE ON GOING [IICAVATION OF 
THE NAVAJO tNOI•N IRRIGATION PROJECT, TUNN[L NO,lA 
INN,, USAI , THE ,AoJECTS INV!STIGAT[O ARI UTILIZED 
,oR N•TER SUPPLY TUMNIL PURPOSES, TH[ TIN NflHOO 
UPR!S[lfTS TH! EXCAVATION T!CHNIQU[ STUDIIO, THC 
REPORTED 'RAGl9:NTAT ION NtTHOD Sf!IVICING PAOJICT 
f'f"ORTS INCLUOIS H£CHANICAL UIUIION l!IOTHYI , THU 
DOCUNINT INC011,01t•TII ADDITJONALLY TUNNfLING N•CHJN( 
CHt•ACTIRIITICI, SOIL CMARACTIRtlTICI ,011 THC 
u,04tUO UCAVA TION ACTlVITIU Ht DC ICIIUfD, 
P[•TtNElfT INFGRNATION ON U'IDEIIGIIOUNO OPINING IUPPONTI 
ANO NATEAIALI HANDLING SYSTIN II &LIO ,AIIINTIO, 
P[TIIOGRAPHY ANO ROCK TYPII RIVI[NIO INCLUDI 
SANOITONI, IHAL[ •NO IILTITONI THII DOCUHINT 
tNCORPORA1[1 ADDITIONALLY HCCHANICAL ,.o,r!ITIII ILAII 
DAU, 

1001,z- THI ,,era ON SIN IOR[D TUNNlLI, 
HLLPOltT, I, , , 
NUT, CONITR, 1--•· -z. ,1, 1171, 
LANGuAliltl [NGLIIH 

,1RfORNING ORGANIZATIONCII 
IOYLII 8ROTHIRI D•ILLJNG COICOIUIA, 
CLYDI ANO CO, 

,u11DI~ OIIGANIZATIONIII 
U,l,IURIAU 0, AICLAN&TION 
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THIS IN-SITU REPORT CONTAINS REPUBlISHEO OITA. THE 
UNOERGROUNO OPENINGS OISCUSSEO INCLUDE THE COHPLETEO 
EXCAVATION OF THE f3LINCO TUNNEL I JUAN-CHANA PROJECT I 
CN.CENo NN., USAI, THE COMPLETED EXCAVATION OF THE 
NAVAJO I"OUN IRUGATION PRO.£CT., TUNNEL NO, 1 !NEW 
NEXICO, u.S,AI, THE CONPLETEO EXCAVATION OF THE OSO 
TUNNEL rco., USAI, THE COMPLETED EXCAVATION OF THE 
RIVER NOUNTAINS TUNNEL !HENDERSON, NY,, USAI, THE 
COHPLETEO EXCAVATION OF THE STARVATION TUNNEL 
I CENTRAL UTAH PltOJECTl IUT •, USU A"O THE COHPLETEO 
EXCAVATION OF THE STARVATIO~ OAN OUTLET NORK$ TUNNEL 
ICENTUL UTAH PltOJECTI IUT., USA! • THE PROJECTS 
INVESTIGATED ARE UTILIZED FOR NATER SUPPLY TUNNEL 
PURPOSES, THE DIUlL ANO !!LUT IFI.LL FACEI NETHOO ANO 
T8N HETHOO REPRESENT THE EXCAVATION T!CHNIQUES 
STUOIEO, THE REPORTED 'RAGN[NTATION NETHOOS SERVICING 
PROJECT EFFORTS INCLUOE CONVENTIONAL EXPLOSIVE 
IUNSPECIFIEDI UIO MECHANICAL ABRASION (ROTARY! , THIS 
DOCUMENT INCORPORATES AOOITIONALLY TUNNELING MACHINE 
C~APACTERISTICS. EXCAVATION AOVANCENENT RATE IS ALSO 
DISCUSSED, GfOSTRUCTURAL ANO SOIL CHARACT£RISTICS FOR 
THE REPORTED EXCAVATION ACTIVITIES ARE DESCRIBED, 
PE RT INENT INFORNATION ON GROUND CONOITION5 ANO 
UNOERGRoUHD O"'NING SUPPORTS ANO NATERIALS HANDLIN(; 
~YSTEN IS ALSO PRESENTED, THE EXCAYATtCN 
CHARACTERISTICS FOR ST.CLOUOCGRAYIGRANOOIDRITE 
!•CHARCOA L GREY GRANITE! ARE TREATED. PETROGRAPHY ANO 
ROC M TYPES REVIEMEO INCLUDE CLAY, QUARTZ, SANDSTONE, 
SHAlE ANO SILTSTONE , THIS OOCUNENT INCORPORATES 
AOOITIONALLY HECHANICAL PROPERTIES ILABI DATA. 

P0035Sb F" ASTER, CHEAPER TUNNELING, 
wooc, ,. ""· 
NEW SC IEIII' IST 
'18-100, 1970, 
LANGUAGE• ENGLI SH 

THIS IN-SITU REPORT CONTAINS ORIGINAL DA TA• THE 
UND ERGROUND OPENING DISCUSSED IhCLUOES THE ON GOING 
EXCA VATION OF" THE MEXICC CITY DRAINAGE TUNNELS 
INE XICO CITY, MrXICOI • THE PROJECT INVESTIGATED ts 
UTI LIZEO FOR DRAINAGE TUNNEL PURPOSES, THE SHIELO 
!USING SLURRY! HETHOO REPRESENTS THE EXCAVATION 
TEC HN I QUE STUOIEO, THE ~PORTEO FRAGNEHTITION METHOO 
SERVICING PROJECT EFFORTS INCLUDES MECHANICAL 
ABRASION IROTAl!YJ , THIS OOCU"ENT INCORPORATES 
ADDITIONALLY TUNNELING NACHINE CHARACTERISTICS, · 

POOl57 T HECHANICS OF CUTTINr. ANO AORINGo PART III 
KINEHlTICS CF AXIAL ROTATIOh MACHINES, 
HElLOR, H, 
COLO REGIONS RESEARCH AHO ENGINEERl~G LAI,, HANOVER, 
N[W HA NP SHUE 
't~P F> e ♦ 1976. 
I CRR[L•T~-1~ I 
UN GUAGEtENGLISH 

PERFORHIHG CRGAN[ZATIONISI 
U.S ,JRHY COLO REGIONS RESlARCH ANO !NGINEERING LA81 

HANOVER,NHIUSA, 

F~HOING ORGANIZATIOHISI 
U, S.ARHY COLO REGIONS RESEARCH ANO E"(;INEERlNG LA!, 

ICRRHI 

THIS IN-SITU REPORT CONTAINS CUGINAL DAU. nE 
qfPORTEO fRAGHENTATION METHOD SERVICING PIIOJECT 
EfF CRTS INCLUOfS MECHANICAL AIRASIOII 
IUPL OSI VE-ROT UY I , 

~003612 REgOll~CEfUL TUNNELING BEATS SEVERE O[~ING 
CHALLl!NGE, 
PA• KINSON, G, 
CONSTR, IIETHOOS EQUIPMENT 
S6 I T I, 62-3 9 197', 
L•NGUAGEtENGLISH 

P[RfORMING ORGANIZUlONCSI 
TU"NEL S,A, orc.v. ITUSAI IS!Y[N coN,."v JOINT 

Y!NTU.E CONTRACTOR! 

fUNOING 0111,ANIZ•TIONCSI 
COHINCO ANtRICAN 

THIS IN-SITU •EPORT CONTAINS ORIGINAL OATA. TH! 
UNOER!,ROUNO OPENINGS OISCUSSEO lllCLUOE THI ON GOING 
EXCAVATION o, TN[ OE[, L!Y[L OltAINAGI INTtllCt,TGlt 
TUNNELS• MUICO CITY I ND.CITY, MUI ANO TN! ON GOOG 
EKCAVATION OF THE Ott, LtYEL DRAlNAG! our,ALL 
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TUNNEL- HEXICO CITY IHEXICO CITY, MEX.I • TliE PROJECTS 
INVESTIGAlEO ARE UTILIZED FOR CONBINEO SEW£R 
PURPOSES, THE HEADING ANO BENCH NETHOD ANO SH£ILO 
I USING CONPRESSEO AIRI HETHOO R!P~ES!NT THE 
EXCAVATIO~ TECHNIQUES STUOIEO, THE RtPORTEO 
FRAGHENTAllON NETHOOS SERVICING PROJECT EFFORTS 
INCLUOE CONVENTIOUL EXPLOSIVE IUHSPECIFHOI ANO HANO 
NINING , THIS OOCUNENT INCORPORATES ADDITIONALLY 
ORlLLI NG EQUIP I![ NT AHO TUNNELXNG NACHINE 
CHARACTERISTICS, SOIL CHARACTERISTICS fOR THE 
R!PORTtO EXCAVATION ACTIVITIES ARE OESCRIBlO, 
PERTINENT INFORNATION ON UNDERGROUND OPENING SUPPORTS 
ANO MATERIALS HANDLING SYSTEH II ALSO l'RESlNTID. 

RGOl6i] COAL HINihG HlAO!RI OOUBL! AS TUNNILlRI 'OR CITY 
SUBWAY SYST!M, 
NELSON, !, 
CONITR. H!THOOI EQUIPMENT 
,6 I 1 I t 106•1, 191Ct. 
LANGUA!,Elf"GLISH 

PER,oRHI NG ORGANilATIONIII 
, uitCLO~GH,LEONARO INotlTliHICH, ,U. K, I 
NUTTAL,!0'-/ND ILONOON,,U,K,I 

THIS IN•SITU R!PORT CONTAINS OIUGINAL DATA, THI 
UNOElt GROUNO OPIMINGS DISCUSSED INCLUDE THC ON GOI~G 
!XCAVATIO• o, THE LIVERPOOL UNOIRGROUNO EXTENSION, 
LOOP TUNNEL IL[YERPOOL, U,K,1, TH[ ON GOlhG 
EXCAVATI O~ OF THE LI VERPOOL UND!RGROUNO EXTlNSION, 
UNOERGROUNO STATIONS !LIVERPOOL, U,K,1, TH! ON GOihG 
EXCAVATION Of THE LIVERPOOL UNDERGROUND EXTENSION, 
LINKING TUNNELS !LIVERPOOL, U,K,1, THE ON GOl~G 
EXCAVATION OF TH£ LIVERPOOL UNDERGROUND EXTENSION, 
ACESS SHAFTS !LIVERPOOL, U,K,1 ANO THE OH GOI~G 
EXCAVATION OF THE LIVERPOOL UNDERGROUND EXTENSION, 
ABOVE GR CUNO RAIL SERVICE CONNECTION !LIVERPOOL, 
U,K,I , THE ~OJECTS INVESTIGATEO AR£ UTILIZED FOR 
ACCESS TUNNEL (SHAFTS ANO AOITS TO HAIN OPENINGI, 
NETRO ANO UNDERGROUND RAILWAY STATION P~POSES . THE 
LONGWALL CUTTING MACHINE HETHOO ANO SHAFT 
EXCAVlTIOh•CONCRETE UNDERPI NNING HETHOO REPRESENT THE 
EXCAVATIO~ TECHNIQUES STUDIEO, THE REPORTED 
FRAGNENTATION 1£THOO SERVICING PROJECT EFFORTS 
INCLUDES ll[CHANICAL ABRASION IROTARYI , THIS DOCUMENT 
INCORPORATES AOOITIONALLY TUNNELING NACHaE 
CHARACTERISTICS, PERTI NENT INFOR"ATION ON UNO!RGROUNO 
OPtNING SUPPOIITS l$ ALSO PRESlNTfO, ROCK TYPU 
REYI[N!O INCLUO[ IAHOSTONC, 

R0036llt JOf SIT!S, 
AUTHO R AN ON, 
CONSTR, N!THOOS !QUI,H[NT ,1 I 7 I, 12'-1, 197ft. 
LANGUAG!l!NGLIIH 

PfR fORNING ORGANIZATIONII> 
HYOROIL!CTRIC CONNISIION,HOIART,TAS"ANIA 

THIS lll•SITU Rr,oRT CONTAINS REVIfN DATA, THt 
UNOCRGROUND o,tNIHGS DIICUSS[O INCLUDE TN! CDNPLETlO 
EXCAVATION o, TH[ INTAKE ANO TAILRACC TUNNlLS ,011 
GORDON RivtR ,oN[R STATION ITAINANUI t TH! ON GOOG 
EXCAVATION Of TN[ "ILOT TUNNlLS fOR HONIHU-HOKOIOO 
RAILWAY CONNECTION IALIO CALL!O IIIKAN UNOIRIIA 
TUNll!LI IJAPANI, TNE ON GOlNI, UCAVATION Of TH! 
SEIKAN RAILWAY TUNNtL IJAPANI ANO THE ON GOING 
fXCAYATIO~ o, THE NORK TUNN!L '011 HONSU-HOKKAIOO 
RAtLNAY CONNECTION (ALSO CALLED S!IKAN UNO! ~lfA 
TUNllfL I IJAPANI , TH£ PROJ£CTt INvtlTIGATfO U! 
UTILIZED FOR HY0ROEL£CTJIC9 PILOT BOR[ ANO RAILMAY 
PURPOSES, TH[ TBH NETHOO RE~ES[IITS TH! EXCAVATION 
TECHNIQUE STUOIID, TH[ REl'OHTEO 'RAGM!NTATION N!THOO 
SERVICI NG PROJECT [f,ORTI [IICLUOES NECHANICAL 
ABRASION IROTARYI • P!HTlNEIIT INFORMATION ON 
UNOtRGRDUNO o,tNING SUPPORTS 11 ALSO PU:IINTtD. 

ROl311f TOOLS ANO TUNlllLI HELP EARN ,AT CONSTRUCTION 
BONUSES. 
ILOONIEltl,, It, 
CONITR. "ITHODI IOUlPNINT 
ft I 10 I, ltl-1, l'71t, 
LANGUAOltlNGLllH 

PIR,ORNING ORGANIZATIONIII 
NANlllX LTDICALGAltY,ALIIRTA,CANADA 

fUNQING OAGANIZATJONCII 
1,C, HYDRO, OAIIADA 

ICONUNUr.DI 



THIS IN-SITU REPORT CONTAINS RE.1/IEW OATA, THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE COMPLETED 
EXClVATION OF THE HICI OlH PROJECT, UNOER,ROUND POWER 
HOUSE !BRITISH COLUHBil, CANAOAJ, THE COMPLETED 
EXCAVA TION CF THE HICA DAN FROJECT, TAILRACE TUNNf:LS 
<B~ !TISH COLUHqII, ClNIOI I, THE COMPLETED F.XClVATION 
OF THE HICA OAH PROJECT, PENSTOCK TUNNELS (BRITISH 
COLUH8IA, CANAOAI, THE COHPLETEO EXCIV&TION OF TH[ 
HlCl OAH PRCJECT, ACCESS TUNNELS !BRITISH COLUHBH, 
CANAOU ANO THE COHPlETEO EXCAVATION OF THE MICA DAM 
PROJECT, ELEVATOR SHAFT (BRITISH COLUMBIA, CANlOll , 
THE REPORTED FRAGHENTATIO~ HETHOO SERVICING PROJECT 
EFF CRTS I 'CLUDES MECHANICAL A BUSI ON !ROTARY> , THIS 
OOCUH[NT I~CORPORATES ADDITIONALLY TUNNELING MACHINE 
CHARACTERISTICS, PERTtNENT INFORMATION ON NATERIALS 
HANDLING SYSTEH IS ALSO PRESENTED, 

R003618 ROUGH TUNNELING THROUGH BUSV CITV IS EASEO BY 
HOOIFIEO HACHINES, H[THODS, 
INGERSOLL, R, 
CONSTR, HETHODS EQUIPHENT 
S1 f 7 I, 62-3, 1975, 
LANGUAGEIENGLISH 

PERFORMING CRGANIZATION(SI 
ED.ZUBLIN AG IM,GERHANVI 

THIS I Pl-SITU REPORT CONTI INS ORIGINAL OAT lo THE 
UNDERGROUND OPENING DISCUSSED I~CLUOES THE COMPLETED 
EXCAVATION OF THE SEWER TUNNEL FOR COLOGNE <COLOGNE, 
FR.A l(;E I • THE PROJ £CT INVEST IGA TEO IS UTILIZED FOR 
SEWER PURPOSES. THE SHfILD (USING DRILL AHO BLASTI 
METHOD REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, 
THE REPORTED F~AGKENTATto~ KETHOO SERVICING PROJECT 
EFFORTS INCLUDES CONVENTIONAL EXPLOSIVE (UNSPECIFIEDJ 
, THIS DOCUMENT INCORPORATES IDDIT10NALLY TUNNELING 
MACHIN[ CHARACTERISTICS, PETROGRAPHY AICJ ROC~ TYPES 
REVIEWED INCLUDE CLAY ANO POCK !UNSPECIFIEOI , 

Rn0361q 8UILD-ANO-ROLL TECHNIQUE GETS HEAVY l'JPELIIIE ACROSS 
UNSTABLE LA•E 8AN~, 
EDIGE~, 0, 
CONSTR , METHODS EQUJPHENT 
~ T ( T I, 75, 197,, 
LANGUAGE IE NGL I SH 

PERFORMING ORGANIZATIONCSI 
ROYAL IORIUN VO~ER CROUP IIIOTT !IIOAM,N!THERLANDSI 
l ,DREDGINC ANO CONSTRUCTION CO,LTD, IU,K,1 
Z,VISSER EN SMIT (N!TH!RLANDSI 

THIS IN-SITU P!PORT CONTAIN, ORIGINAL DATA, THE 
PROJECT INVESTIGATED IS UTILIZED ,CR SEM!R PURPOSES, 
THE TRENCH HTHOO REPRESENTS TH[ UCAVAUON TECHNIQUE 
STUDIED, 

R0036ZO CRA~LER CUTTER PLUS SHOTCRETING PROTECT ENVIRONNENT, 
CUT COSTS, 
AUTHOR A NON, 
CONSTA, METHODS EQUIPMENT 
~7 I 7 >, 76-7, U75, 
LANGUAGE IENGLISH 

PEP:FOR"ING ORGlNIZATICNCSI 
BETON-UND NONIERBAU IDUSSLEDOP:F,N,G!ANAMYI 

THIS IN-SITU REPORT CONTAINS Ol!I,INAL DATA, THE 
PROJECT INVESTIGATED IS UTILJZEO FDR RAILNlY 
PLRPDSES, THE NEIi AUSTRlIN HEThDO REPRESENTS TH£ 
EXCAVATION TECHNIQUE STlDIEO, THE REPORTED 
FRAGNENUTION NETHOO SERV JCING "ROJl!CT EFFORTS 
INCLUDES Nl!CHANICAL ABRASION IUMS"f:CIFIEOI • 
PERTIN!NT u,ORNAUON ON UNOUGP:OUND Ol'[NtNG su,PORTS 
IS ALSO PAES!NT!Oo "l!TROGRAPHY ANO RDCk TY"l!S 
REVIElll!D INCLUOf NARL • 

A003621 JACkIN, DRIVES DELIVER UNOERGROUND CULVERT 
SlCTIONS, 
NC CLUI![, J, s. 
CDNSTR, MtTHDDS EQUJ,.MENT 
,1 I 7 It 16-T, 197., 
LANGUAGEll!NGLISN 

PfRFDOING Ol!GANIZATI DNISI 
CflU!NTATION cA,ucu CONTRACTS ""' LTO. 

FUNDING IIRGANlZATlONISI 
DUltlAN,CITY ocr,NATaL,SOUTH AFRICA. 
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THIS IN- SITU REPORT CONTAINS ORIGINAL DATA, TH£ 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE ON ,oJ~G 
EXCAVATION o, THE EAST DRIVE 110,1, lLB[~T PARK 
STOIIHlllTO CULV[RT IOURBAN, NATAL, SOUTH AfRICll, TH( 
ON GOING !XClVATION Of' TH! UST OIUVE NO,Z, ALBUT 
,UK STORHNAHR CULVERT IOURBAN, NATAL, SOUTH "klCat 
IND THE COHPLl!TED EXCAVATION o, TH[ MllT Ol'IV(, 
ALBERT Pl~~ STORMIIATER CULVERT IOURBAN, NATaL, l~UfH 
AFRICA > , THl 'ROJl!CTS 1NVUT1GlTED AltE UTILI1t O fOR 
DRAINA GE IUNSl'l!Cl'IEOI PURPOSES, THl PILOT 
80RI-C£NTER ANO MANUAL METHOD R(,AllfNTS TH[ 
!XCAVATIO~ T!CHNlOUf ITUOI[U, PERTINENT IN,o«HATJ<N 
ON UNDERGROUND 0"1!NU4' IUPl'OIHI IS ALSO ,,,IUNTr.D , 

AD036U WATU J!lTIIOG Ol'!NS DUP STORM TUNNIL, 
BROMN, D, C, 
CONSTR, MITHOOI (QUil'M[NT 
U I l I, ~•-•• 1916, 
LlNGUAG!l!NGLISH 

PfR,ORNING OP:GANIZATIDNfSI 
l,ACTDW CONSTRUCTION CO,,HUGO,HlNN,,USA 
Z,NCCADSSAN C,S,,INC, ,OSS!O,JIINll,,UH 
!,TR I STATE DRILLING ANO EQUIPMENT CO,,HINNEAPOLIS, 

USA 

THIS IN-!ITU REPORT CONTAINS ORIGINAL DATA, TH[ 
UND!P:GROU~D Ol'!NINGS OISCUSS[O INCLUDE THE COHPLETEO 
EXCAVATION o, THE ST, PAUL STORt1 WAT[lt TUNNEL PROJECT 
CST, PAUL MINNESOTA ■ U,S,l,1 ANO THf ON GOi hG 
EXCAVlTIOh o, THE ST, PAUL ST ORN WATER TUNN!L PROJECT 
(ST, PAUL MINNl!SOTA, U,S,A,1 THf PROJEC TS 
INVESTIGATED ARE UTILIZED FOR SEMER PUqPOSE S, THE 
DRILL BORING NETHDO ANO HEAOING ANO RF.NCH HETHOO 
REPRESEIIT THE EXCAVATION TECHNI QUES STUDIED, THE 
REPORTED FRAGHENTATION NE:THODS SERVICING PROJECT 
E"OIITS INCLUDE CONV[NTIONAL EXPLOSIVE !UNSPECVIEDI, 
J[T ABRASION IWAT(lt-CONTINUOUSI ANO M[CHANIClL 
ABRASION IP:OTaRYI , P[TltOGRAPHY ANO '-OCk TY PlS 
REYlENED INCLUDE LIN!ITON( ANO TILL , 

RGD3626 STOP:INGNATURAL GAS UHO[ltGROUND, 
AUTHOlt ANCN, 
GROUND ENG1N£fRING 
7 I , I , u-u, 197~. 
LANGUA,El!NGI..ItH 

PCRPOP:HING ORGANIZAlIONIII 
DR!D,IIIG AND CDNITltUCTIOH (KING-1,NOlt'OLK,U,K,t 

,uNOING OAGANIZAT)ONIII 
BRITISH GAS CORPO•ATION 

THIS IN-SITU REPORT CONTAINS ORIGINAL OATA, THE 
UNDEltGRDUNO OPENINGS OJSCUSSEO INCLUDE THC COHPLET[D 
!XCAVATIO~ o, THE ACCESS SHlPTS FOR THE 
DDRTMUNO-MENGEOE SE MER TUNNELS IOORTHUNO, W,GERHANYJ, 
THE ON GOING EXCAVATION o, THE OORTMUNO-HENGEDE SEWER 
TUNNEL, SECTION A (DORTHUNO, W, GERHANYJ ANO THE 
COHPI.ETEO EXCAVATION o, THE DORTNUNO-H[NGEOE SEWER 
TUNNEL, SECTION 8 (OORT NUNO, 11, GERHANYI , THE P'ROJ[CT 
INVESTIGATED AR[ UTILIZED ,oR GAS STORAG£, PUMPING 
SHA,T ANO MATfR CONVEYANCE COTHER THAN NATER SUPPLYI 
PURPOSi!S, ROCK TYPU RtVltW[D INCLUDE SALT , 

RID5630 GROUND 'IIE!ZING AT ITlRCHL(Y, 
HAIIRIS, J. I, RUD, R, J, 
GROUND [NGINl!!RING 
B I , 1, ~6-8 1 197!J, 
LANGUAG!IENGLISH 

PER,ORMING OltGANIZATlONIII 
Sl'f CUL JST COIIUACTORI, 
1,,oRAKY LTD, INOTTlNGHlM,,U,Kol 
Z,LILLtY,,,J,C,IHIDI.ANOIILTO, C,,U,K,1 
l,Rr£1,c.11,,LTO CICCLIIMALL,sTa,,oROSHIJll,U,K,I 

,uNOtN4 o•GAIIIUTIONISI 
S[VRN•T•INT NAT!R AUTHORITY 1, ,U,K,1 

THJI IN-llTU RI ,oRT CONl'UNI OIUG111AL DATA, THr 
UNDUGillOUIID Ol'CNINO OIICUIRD IIICLUDII THI CONl'LITtO 
rroavATJON o, TH( ITlROHLIY ANO 00TTlR1D" IIWkNAGI 
SCHUE TUNNIL ICHAILOTTI •o•a HCTLDNI IITIRCNLlY• 
U,K,I , TIii ,RoJICT lNYflTIGATIO II UTIL IUD ,oR 
IIUllGATtO• ,URPCIII, THI JACKING IPU,AIAICAT(O 
SECTlDIIII NITNOO AND IIAIIUAL IIITNOO Rll'ltlS[NT THI 
fXCAVATlO• TICNNlQUll ITUDI!D, 'IRT[IIENT llWOIINATIOII 
011 UIIDIRG•OOIID OPlNltte SUl'PORTS 11 ALSO PM:lfllTtO, 
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ROOJfdl l)NOE AC.IIOUN~ usnqrLLI ~llnHcrs fUN•EL pRIYf. Ill 
UNSTI BLf SANOS, 
1unnR A NON, 
GRnUNO ENGI•EFRIN~ 
q I Z 11 40•3, 1qln, 
L INGUAGE •ENGLISH 

PERr~RNIN~ ORGA•IlATtONISI 
SOLETINCHE ENUEPAISE 

rUNOtNG ORGAN!lAIIONISI 
REGIE AUTONOH• DES TRANSPORTS PARISIENS,PARIS, 

FAAIICE, 

THIS IN•S!TU ~EPO~f CONTAINS OIIIGINAL DATA, fHE 
UNO(RGROUNO OPENING DISCUSSED INCLUDES TH( CONPLEHO 
E<CAVAT!ON Cf fHE IIEGIONAL EXPRESS TRANSPO~T SYSTEH 
IR,£,R,1, TUNNELS•SECTION 19C IPUlS, FRANCEI • THE 
PqOJECT INYFSTIGATEO IS UTILIZED FOR HIGH~AY 
PURPOSES, G~OSTIIUCTURAL CHARACTERISTICS FOR THE 
REPORTED EXCAVATION ACTIVITIES ARE OESCRI8EO, 
PERTINENT INFOQ•ITION ON UNOERGRO~NO OPENING SUPPORTS 
IS ALSO PIIESENTEO, THE E(CAVATION CHARACTERISTICS FOR 
BEAUCHAMP SINO ARE TIIEATEO, 

R003nl? IONIRC GETS US8H 11 0 FOk TUNNELING RESEARCH, 
AUTMOJl ANON. 
ENr,, ~INING J, 
173 I 7 1 1 37, 197Z, 
l ANGUA GE lfNGl ISi< 

PfRrORMI NG OR GAN ilATIONISI 
IONAHC SHELTERS LTD, 

•LNCING ORGANIZITION(SI 
U,S,AUREAU o• 1INE~ 

THI$ LAB•IN•SJTU REPORT CONTAINS A9STRACTfO ONLY 
DATA, THE PROJECT INVESfIGATEO IS UTtLIZfO FCR 
fWPfRINfNTAL ,,r,AVHION PURPOSU, THE THERMAL 
<qAGHENTATION HETHOO ,rPRES!NTS THE EXCAVATION 
TFCHHJOUE 5TUO!EO, THE Rt,o,Tf0 ,.A,"IENTATIOH N(THOO 
~£•VICING P~OJECT E"ORTS l~CLUOE! THERNAL•ff.(CTIUCAL 
IUHSPECIFIEDI • 

•OOlhlJ GO ING UNDERGROUND AT KIOO C~EEK, 
AUTHOR ANON, 
ENG, HINlNG J, 
!7J I 7 1, 7~•9, 197Z, 
l IN GUA GE IENGL I SH 

P~~fOR HING OIIGAHlZATIONISI 
•100 CRfEK MINE 

THIS !N•SITU •EPORT CONTAINS ORIGINAL DATA , THE 
UNDERGROUND OPENINGS DISCUSSED INCLUDE THE ON GOING 
EWCAYATJON c• THc (JOO CREE• HINE, HAIN SHAFT, THE 
COHPLETEO £WCAVATION OF THE KIDD CREEK HIN~, ACCESS 
QAMP, THE ON GOING EXCAVATION OF THE KIDD CREEK NINE, 
ACCESS RAHP, TH( ON GOING EXCAVATION OF THf KIDD 
CREEK HIN£, HAIN LEVEL HEADINGS, THE ON GOING 
r.<C AVATIOH CF THF. KIDD CREEK HINF., SUl3LEVEL HEADINGS, 
THE OH GOING E<CAVATICN OF THE •too c,EEK HINE, SLOT 
RAISES ANO THE ON GOING E<CAVATJON OF THE ~100 c,EEK 
HTNE, ORE PISSES , TH[ DRILL IND BLAST <FULL 'ACEI 
HETHOO ANO RAISE DRIVING 180UNG NACHINESI IIETHOD 
l>fPPES(NT THE EXCAVATION TECHNIQU£S S,UOIEO, T ►E 
RFPORT[O FRAGll!!~TATION IIETHODS SERVICING PROJECT 
UFORTS INCLUDE CONVE~TIONAL !XPLOSIV[ IUNS,ECJl't[OJ 
A~O M!CH.NICAL AUUICN IIIOTARYI , 

P00361~ TP.EES. TRADITION GOYfllN DESIGN OF UNDERGROUND 
L fCTUIIE HALL• 
AUTHOR ANON, 
£NG, NEIIS-IIEC, 
11~ 1 u , , zt IND zr, 1u,. 
LANGUAGE! ENGLISH 

•ERFORNING CIIGANIZATIONISI 
HEGIN,11,JIINCINIUGAlUCK,CTIUSA 

•UNOING ORCANIZATIONISI 
YALE UNIVERSITY 

THIS IN•SITU REPORT CONTAINS ABSTRACTED ONLY DATA, 
THE UNOERGlOUNO OPENING DISCUSSED INCLUOfS THE 
COMPLETED EXCAVATION OF THE UNOERc,oUNO LECTURE HALL, 
CfNT!R FOR ANERICAN ARTS AIIC CULTURE, YALE 
UIIIVERSITY, NEW HAVEN, CT., USA , TH[ PROJECT 

I CONTINUED I 

!NVESTIC.ATfO IS UTILIZED ,o , UNOE~G~OUHO L(CTU•l HALL 
PURPOSES. THE OREOGf ANO ,un IIHNOU RfPR[llNfS T>t[ 
[XCAVATIOh TECHNIQU! S1UUIEO, TH! IIEPnRT[O 
l'RAGNENTATlON NfTHOO SE • V1C1NG PROJECT 1,,01111 
INCLUOES ELECTIICAL A8RASION IHIGH l'R(OUENr.YI , 
PERTINENT INl'o,NATION ON UHJ~IIOROUNO Ofll[NING su,POIITS 
IS ALSO PRESENTED, 

R003,J5 SNISS START 111D•"ILLION AI ~POIIT RAIL LINf, 
AUTHOII ANCH, 
ENG, N[M5 •R!C, 
19$ I 19 I, 13, 1975, 
LANGUAGE lfNGLISH 

FUNDING ORGANlZAT IONISI 
l,SNISS FEDERAL RAILWAYS, , HlTZERLANO 
Z,SNJTZERL.NO,GOVEIINNENT UF, 
3,ZURICH,NUNICJPALITY OF, / URICH,SWITZERLANO 

THIS IN•SITU REPORT CONTAINS DATA, THE PROJECT 
lNVfSTIGATED IS UTILIZfO FO~ FLOOD CONTQOL ANO NETRO 
PURPOSES, THE CUT AHO COVER lltTHOO REPRESENTS THE 
EXCAVATIO, TECHNIQUE STUDIED, PERTINENT INFORH•TION 
ON UNDERGROUND OPENING SUPPORTS IS ALSO PRESENT!O, 

R003637 u~eAN RAil SYSTEH STAYS UP TO DATE ANO KEEPS ITS 
RIOfU, 
AUTHOR ANCN, 
ENG, N[WS•REC, 
195 I Z3 I, 19, 197'>, 
LANGU-GEIENGLISH 

THIS IH•SITU REPORT CONTAINS OITA, TH[ P~DJ!CT 
INV[STIGAT[O IS UTIL17!0 ,oq ll!TRO AHO UNOIRGROUNO 
IIAILNAY STATION PURPOS!S, 

RDOJ6l& TNO HtTHOCS T!ST!D ,~ BUILDING UNOERC.lrD(/110 
LIQuE,I[O NATu,AL GAS STOPAGC TANKI, 
AUTHOR AHCN, 
ENG, HEMS •UC, 
199 I 2~ f, 14, 1979, 
LANCUIGftfNGLIIH 

PfR'O"HI HG ORGAN I ZA TTON IS I 
KAJIIIA CORPO"ATION 
!COS IGA(AT a,ITIANf LTD, 

,uNDING OIIGANI?ATIONl9f 
TOKYO G-S COMPANY ITOKYO,JAPANI 

THIS IN•!JTU RE,oRT CONTAINS ORIGINAL DATA, THC 
UNO!RGROUHO OP[NI NGS OISCUS$£0 INCLUO! THE CON~LHfO 
EXCAVATION o, THE N[RS[Y OUTl'ALL INT!RCEPTOR Sf~[R 
TUNNELS 1-ARIIINGTON, LANCASHIRE, U,K, 1 AND THE ON 
GOING EXCAVATION o, THE TOKYO GAS CO STORAGt TANK 
CONPLn (SOOfGAURA, TOKYO BAY, JAPANI • 4Hr PROJoCTS 
INVESTIGATED ARE UTILIZE~ FOR GAS s,o.lG[ ANO HrJRO 
PURPOSES, TH! Cl~CULAR CONCRETE SCGME~TS SUN~ BY 
UNOER"INHG WITHIN CIRCULAR SH!E.TPIL[ Curo,, HUHOO 
ANO PIIECAST CONCRETE S!GHr.NTS ANO ClRQ~LIP IHAl'T TYP[ 
SLURIIY NALL N[THOO R!P"ES!NT TH[ cXCl~ATION TtCHN!OUt 
STUDIED, THI!: llfPOUCO l'UGHENTAT10Nl hfTH0D SllhlCHG 
l'ROJfCT El'l'OUS INCLUDES QUICK 1111 • l'll!TIN!NT 
IN,OIIIIATlCN ON UND[~rAtOLNO OPENIM, SUPPORTS IS ALSO 
PRU!NTtO, 

•1D1631 HIGH HEAD PUlll'ED STORAGE Pl. AN T NIDlS UltOEII N[LSH 
SLATE OU.ORY, 
AUTHOR ANON, 
ENG, NEMS•ltt'.C, 
U'I I 2 1J 1, 27•1, 197', 
LANGUAGEtfNGLISH 

PERl'DRNING ORGAHIZATIONIII 
CONSOIITIUHIH[AO[D IY tI• SLl'•Eo MCALPINE ANO SON~ 

ILON0CNtU,IC,1 

,uNDING o•GANIZATJONIII 
GOVT.AUTNORITY AGUA Y lNr~CIA '-Ltc,,1c,,A.GtNTlNA 
CINTRAL ELICTRICITY GlNER• TINC; BOAIIU,U,IC, 

THU IN• SITU RE ,oRT CONT A I NI ORI GI H.U OA U, THI 
IINDIRGIIOUNO OPINI IIGI DUCUl'l[O 1'1CLUO£ THI ON GO ING 
EXCAVATJ Ol 0, THI ACCESS TUNlflL, ~JNO~W1C P~OJfCT 
ISNOIIDONJI, WALES, U,K,1 , T~E ON GOIN~ EXCAVATION 01' 
TN! OIVOSION TUNlll'.L, Ol ~OIINIC PROJICT IINONOOHU, 
MALES, U,.,1, THE ON GOING oKCAVATION o, THI DOIIORNlC 
PROJICT, VALVE STATION~ f~AL[S, 11,K,1, THI ON GOING 
EXCAVATION o, THE HIGH 'REIIURI TUNNIL, DINORIIIC 
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PROJECT CSNOWOONIA, MALES, U,K,1, THE OH GOING 
E~CAVATION OF THE LOIi PRESSUR[ T~NNEL, OINORWIC 
PPOJECT ISNOWOONIA, MALES, U,X,1, THE ON GOING 
EXCAVATION OF THE OUTFALL TU~ELS, OINORNIC P~OJECT 
CSNOIIOONIA 1 WALES, U,K,1, THE ON GOING EXCAVATION OF 
TH! PENSTOCK TUNNELS, DINORIIIC PROJECT ISNOIIDONIA, 
WALES, U,K,1 1 THE ON GOING EXCAVATION o, THE SURGE 
SHAFT, OINOANIC PROJECT ISNONOONIA, •ALES, U,K,11 THE 
ON GOING [XCAVAT[ON OF TH[ TRANSFOR"tR HALL, OINORNIC 
PROJECT ISIIONDONU, MALES, U,K,1, THE ON GOING 
EXCAVATION OF THE VENTILATION SHAfT, OINORWIC PROJECT 
ISNOWOONIA , MALES, U,K,I ANO THE ON !;OING EXCAVATION 

OF THE VERTICAL HlGH PRESSURE SHAFT, OlNOANIC PROJECT 
CSNOMOONIA, MALES, U,K,1 • THE PROJECTS INV!STIGATEO 
ARE UTILIZED FOR ACCESS TUNNEL IS ►AFTS ANO AOITS TO 
MAIN OP[NINGI, DIVERSION TUNNEL, OUTLET IOAHSI, 
~R!SSUAE TUNNFL, PUHP STORAGE ANO VENTILATION 
PURPOSES, THE DRILL ANO BlAST IFULL FACEI HETHOO ANO 
UNSPECIFIED METHOD REPPESEHT THE EXCAVATION TECHNIQUE 
STUDIED, THE REPORTED FRAGMENTATION HETHOO SERVICING 
PROJECT E,,oRTS lNCLUOES CONVENTIONAL EXPLOSIVE 
CUNSPEClFIEOI , ROCK TYPES REVIEll[O INCLUOE SLATE 

R0036~1 PILED WALL ANO P.OOF CLEARS THE WAY FOR SUBWAY 
TUNNEL I NG, 
AUTHOJ ANON, 
CONSTR, METHODS EQUIPMENT 
55, f>e•'I, 1973, 
LANGUAGEtENGLISH 

P[RF~MING CRGANIT.ATIONCSI 
HlLCRON,SlR WILLIAN ANO PARTNERS,CONSULTJNG 

ENG Ilft:ERS, LONDON, U, K, 

THIS IN•SITU REPORT CONTAINS ORIGINAL DAU, THE 
UNDERGROUND OPENING DISCUSSED I NCLUCES THE ON GOING 
E•CAVATIOH OF THE HATTON CROSS•H[ATHRON CENTRAL 
AA IlNAY LINK I LONDON, U,K, I THE ""OJECT 
INVESTIGATED JS UTILIZED FOR METRO PURPOSES, THE 
HYDRAULIC EXCAVATOR METHOD ANO M[CHANlCAL [XCAVATOCI 
METHOD ~PRf1ENT THE EXCAVATION T!CHNJQU(S STUOJEO, 
THE REPOltTEO FRAGHEIITATION NETHOO SERVICING PROJECT 
~fFORTS INCLUDES HECHlHICAL lBRlStON CROTARYI • THIS 
DOCUMENT INCORPO~ATES AOOITJOHALLY TUNNELING MAClflNE 
CHAXACT!RJSTICS, PERTINf:lfT JN,ORHATION ON HATERIALS 
HANDLING SYSTEH 15 ALSO PRESENTED, 

R0036~2 OEEP•IIATER TUNNELING OPERATIONS TJE•JN WITH PINPOINT 
ACCURACY, 
LfE, R, !, 
CDNSTR, HETHODS EQUIPMENT 
55, 76•9, 1973, 
LANGUAGftENGLISH 

PERF~NIIIG ORGANIZATtONISI 
1,KJlNlT !ON$ CO,, PETER,IOICAHA,NEBRAS~A,U,S,A,I 
z .RA YHONO I NfEltNlT I ONlL,, HOUSTON,TEXAS,u.s. A, I 
l,TtDEWATER C014STRUCTION CORP, CNORFOI.IC,,U,S,A,I 

TH£S IN•SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNOERGROUNO OPENIIIG DISCUSSED JNCLUDF.S THE ON GOiltG 
f.XCAVATION a, TH£ SECOND Hl~PTON ROADS TUNNEL 1,011:T 
NONROE, VIRGINIA U,S,A, I , THE PCIOJECT INVESTIGATED 
15 UTILIZED FOR HIGHWAY PURPOSES, THE OR!DGE ANO 9URY 
METHOD REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, 
PERTINENT INFORMATION ON UNDERGROUND OPENING SUPPORTS 
IS ALSO PRESENTED, 

~0036-l GRAOE•CLINBING NOLE BORES MOUNTAIN TUNNEL, 
AUTHOR ANON, 
CONStR, Hf:TNOOS EijUIPHENT 
S5, 83, l973, 
LANGUAGEtENGLJSH 

THIS IN•SJTU REPORT CONTAINS ORlGINAL DATA, TNt 
P■OJ[CT INV[STIGATEO JS UTJLIZ[D flllt METRO PURPOstS, 
THE TBM HETHOD REPRES!NTS THE lXC&V&TlON T[CHNJQUE 
STUDIED, THE REPOIITED fRlGMENTlTJON Nt:TNOO S[IIVJCIIIG 
PROJe:CT EFFORTS INCLUDES H!C HANICAL UUltON IROUUI 
• THIS OOCUNENT INCD•PoRAT[S AODlflONALLY TUNNILING 
H•CHIN! CHA■ACT!RIST1CS, 

AOOl6-- JUNBO-HOUNTEO SClBBL!RS lt£ADY VALVE CHANIER, 
AUTHOR ANON, 
CONSTR, METHODS EQUIPN[NT 
H, •-••• H73, 
LANGUAG[IENGLJSN 

ICDlff INU[ Dt 

PERFORMING ORGANIZATIONCSI 
PRADER AG, 

FUNDING OAGAHIZATIONISI 
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ClLlFOR~IA, STAT! OF,O!PT, o, NATER RflOURClt,C•I 
USA, 

THJS IN•SITU u,DRT CONT~JNS ORJG1NlL DATA, THf 
UNDERGROUND OP[NlNG DIICOSSfD JNCLUOES THf ON ~~l•~ 
[XCOATIO• OF THE PVRAl!lO DAN, VALV( CHIHl!R 
IUHACHAPI MOUNUJNI, CALUORNU, U,S,l,1 , Pf.RTlN!NT 
INfORNATICN ON UNDERGROUND OPENING SUPPOllTI IS ILSO 
PR!SlNTED, 

110056-IJ OCEAN FLOOR SHAfT DRILLING HOV[S 9ETT(R WHEN STARTED 
'RON !£LON, 
WAKA9UASH1, Jo 
CONSTR. MHHOOS [OUtPNl!NT 
55, 19•91, 191], 
LANGUAGftENGLISH 

P[R,ORHJNG ORGANIZATIONISI 
KUMAGAI GUHIIJAPAN 

FUNDING OAGANIZATJONCSI 
CHUBA ELECTRIC POii[■ CO,HANAOO,JAPAN 

THIS IN•SITU REFORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OPENINGS DISCUSSED lNCLUOE THE COHPLETEO 
EXCAVATION o, THE HANAOK• NUCLEAR REACTOR COOLING 
SYSTEM CHANAOKA, JAPAHlt THE COMPLETED EXCAVATION OF 
TH[ INTAKE SHAFT 'DR HAHAOl(A NUCLEAR REACTOR COOLI~G 
SYSTEM CHAMAOICA, JAPANI, THE COMPLETED EJCAVATION OF 
THE MAIN TUNNEL ,oR HAHAOKA NUCLEAR REACTOR COOLING 
SYSTEM l~AHAOKA1 JAPANI, THE COMPLETED EXCAVATION OF 
THE PILOT SORE ,oR HAMADKA NUCLEAR REACTOR COOLING 
SYSTEM CHAHAOKA, JAPAN) ANO THE COMPLETED EXCAVATION 
OF TN! 'lLOT SHAfT FOR HAHAOKA NUCLEAR REACTOR 
COOLING SYSTIM CHlHAOKA, JA,aNI , THE PIID.JECTS 
INVESTIGATED AR[ UTIL1Z£0 ,011 NATER CON~[YANC[ COTHlR 
THAN NATfa soP,LYI ,URPOS[S, TH[ "ANUAL HrTHOO, PILOT 
90R[•C[NTU ANO IIANUU M[THOO ANO tHJELO NfTHOO 
RE;PRUtNT TH! fXCA\IUION TfCHNIOUU ITUOilD, UIE 
R!POlltf[O fUGNCNUTION ,_THODI SfR\IICJ,c; Pl!O J[CT 
E,,o■rs JNCLUOI HAICO NININc; ANO NtCHANJClL l6~A1[0N 
llltOTARYI , THJS OOCUN!NT INCOlltPORlTtl ADDITIONALLY 
TUNNELING MACHIN[ CHARACT!HIITICI, G[OITRUCTURAL AND 
IOZL CHAaACTIRIITtCI ,011t THI llttPOKTtO IXClVATlCN 
ACTJVITlfl ARI O!IClltlllO, P[RTININT IN,OlltHATlON ON 
UNOllltGROU~O OPINt•G IUPl'OlltfS ANO HATlRIALI HANOLINQ 
SYST[M II ALIO PR[IENTID, '[TlltDOlltAPNV AND ROCK TYPtl 
llt!\II[NIO lNCLUOI SANDSTONE ANO SANO, 

RIDJ6-6 l!NTONITE SLURRY ANO CON\lfNTION-L TUNNELING JOIN 
HANOI TO fUltROII THROUGH SO,T URTH, 
NELSON, B, 
CDNSTR, MfTHOOS EQUIPMENT 
,,. uo-z. 197J, 
LANGUAGElfHGLJSH 

P!RFORNING OR,ANIZATJONISI 
NUTTAL,IOMUNO LTDIU,K, 

FUNDING O~GANIZATIONCSI 
NATIONAL RfSEARCH ANO O[VELOPN!Nf CORP,,U,K, 

THIS IN-SITU Rf,ORT CONTAJNI ORIGINAL DATA, TH! 
UND[lltGROUNO OP[NXNG DISCUSSED INCLUOEI THf: COMPLETED 
!XCAVAT IO~ OF THE LONDON SUBNAY TUNNEL ILQljDON, U, K, I 
, TH! PROJf:CT INVlSTIGATlO IS UTILl!ED ,oR HET•o 
PURPOSES, TH[ l[NTONIT[ SHEILD NtfHOO llt[l'R!IENTS Th! 
[XCAVATlOk T!CHNIO\lt STUOltO, TH[ lltEPOlltTfO 
fRAGH[NTATION N!THIIO SflltVICIN, PROJECT r,,oRTS 
INCLUDES MECHANICAL A9RAIJON IROTARYI , THII OOCUN[NT 
INCOltPOAA1U AOOJTlOMLLr TUNNlLlNG "ACHO[ 
CHARACTElltJSTJCI, I01L CHARACTIRJST1CI fOR TH! 
REPORT•o EXCAVATION ACTIVITI[I Alltl DIIClltil[O, 
PERTllflNT IIIP'OIU!ATJDN ON UNJtlltGIOUND OPINING SUPPOlltTI 
II ALSO PlltQENTIO, 

■1156~7 LONG GANT•Y lltIDING AIOVl ,RfSH CONCRITI ILIMtNAfl) 
TUNICIL POUlltlNG DILAYI, 
AUTHOII ANON, 
CDNITR, N(THOOI [OUIPNIIIT 
, •• 62•!, 1,, ... 
LAN&IJIG(llNliLIIH 

P[R,ORNIN& ORGANJZATIONIII 
TUNNEL CINIITIIU:1111111 

ICONTINUlOI 
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t.Racco FERRERA ANO CO,ILIVONIA,"I,USA 
Z,GREENFIELO CONSTRUCTION C0,1LIVCNlA,NI,USA 
3.S.A.HEALEY CO.IMCCOOK,IL,USA 

THI~ IN-SITU REPORT CONTAINS ORIGINAL DATA. THE 
PROJECT INVESTIGATED IS UTILIZED FOIi SENER PURPOSES, 

P0036•S MINI-TUNNELER DRIVES FULLFACE BORE, 
HTHOA ANON, 
CONSU, l'IETHOOS EQUIPMENT 
c;&, 68, 1971it. 
LANGUAGE !ENGLISH 

PEAFOR"ING CRGANIZATICNISI 
INSANA CONSTRUCTION CO, CNYIUSA) 

THIS IN•SITU REPOIH CONUINS ORIGINAL DATA, THE 
P~OJECT INVESTIGATED IS UTILIZED flm SENER PURPOSES, 
THE TBN METHOD REPRESENTS THE EXCAVATION TECHNIQUE 
STUDIED, THE REPORTED FRAG~ENTATION IIETHOO SERVICING 
PROJECT EFFORTS INCLUDES MECHANICAL A~ASION l~OTAIUI 
, THIS DoCU~ENT INCORPORATES AOOITIO,'IALLY TUNNfLHC 
MACHINE CHARACTERISTICS, PUTINf:NT IN'MMATION ON 
HATERIALS HANDLING SYSTEM IS ALSO PRESENTED, 

R0036~0 'ROTEN LAKE BOTTOM PERMITS UPSIO[-OONN SHAFT 
DRILLING, 
HAHPTON, II, 
CONSTR, "ETHOOS EQUIPMENT 
~6, 106-1, nr•. 
LlNGUAGrt ENGLISH 

PERFORMING CRGANIZATIDNCSI 
MILE HIGH DRILLING CO,,INC, IOENVER,CO,USAI 

F~NOING ORGANIZATIONCS) 
DETROIT METROPOlITAN WATER Cf:PTIDETRO[T,"IIUSA, 

TH[S IN-SITU IIEPORT CONTAINS OR[GlNAl DATA. THE 
UNDERGROUND OPFNINGS DISCUSSED IIIClUOE THE COl!PLETEO 
~XCAVATION OF THE [HTAkE SHAFT FO~ O'ETROIT 
METROPOLITAN WATE't OE PT ,~O.JE:C TCOETROIT, Kl, U,$,A, I 
ANO T~E COKPLETEO fXCAVATlO• OF THE SUPPLY TUNNEL FCR 
DETROIT KETROPOlITAN NATER DEPT.PROJECT IOETIIOIT "I, 
u.s.A.I • THE PROJECTS INVESTIGATED ARE UTILIZED FCR 
WHER SUPPLY TUNNEL PURPOSES, THE FREEZE NALL 80R[ NG 
METHOD REPRESENTS THE EXCAVATION TECHNIQUE STUDIED, 
THE RE PORTED FRAGIIENTA T ION METHOD SERVICING PROJECT 
EFPCRTS INCLUDES MECHANICAL ABRASICN IROTARYI , THIS 
OOCUIIENT INCORPORATES ADDITIONALLY TUNNELING MACHINE 
CHARAC TERISTICS, PERTINENT IN,ORMATlON ON UNDERGROUND 
OPENING SUPPOIHS ANO MATERIALS ~ANDLlNG SYSTEM lS 
ALSO PRESENTED, 

R0036~7 "1:CHANICS OF CUTTING ANO BORING, PART [II, 
klNEHATICS CF CONTINUOUS BELT KACHtNfS, 
HELLOR, K, 
COLO REGIONS RES, ANO ENG~. LAB., HANOVER, NH 
21tPP•• 1976. 
C CRREL-R-76-17 I 
LANGUAGE! ENGLISH 

PEA,oR"INC; ORGANIZATlONISI 
U,S,ARIIY COLO ltEGlONS RESEARC" ANO ENGlHEEltING LABI 

HANOVEll,NHIUSA, 

FUNDING ORGANilATlONISI 
U,S,ARIIY COLO lt!GlONS RESEARC" ANO fNGINEERING lAB, 

ICUEL I 

TH[$ THEORETICAL REPORT CONTAINS ORIGINAL DATA, THE 
HECHANICAL EXCAVATOR METHOD REPREst:NTS TNE EXCAVATION 
TECHNIQUE STUDIED, THE REPORTED ,RAG'l!NTATtON "[THOO 
SERVICING PROJECT EFFOIITS IIICLUOES MECHANICAL 
AUAStON IRCTUY) , 

R003660 RECORD CLAIKEO FOR NZ TUNNEL, 
AUTHO• ANON, 
TUNNELS AND TUNNELLING 
9 I ~ I, H, 1916, 
LANGUAGE I ENGLISH 

PERFORMING OIIGANIZAfJONCSI 
CODILFA•COGfFAR CN,Z,ILTOt 
l,C00fLFA CONSTRUCTION DEL FAIIEIIO SP A,SUBSIOIARY o, 
t,CONSTIIUZIONI G[R!RALI FARSURA SP A,NILAN 

ICONTINUfO I 

FUNDING ORGANIZAT lONCSI 
"lNISTRl OF NORKS,NEN ZEALAND 

THI5 IN-SITU REPORT CONTAINS ORIGINAL DATA, THE 
UNDERGROUND OP[NING DISCUSSED lMCLUO!S THE CDHPLET!D 
EXCAVATION OF THE HOANHANGO Ta TONGARIRO TUNNEL CN[lt 
ZEALAND> , THE PROJECT lNVESTIGAT[O IS UTILIZED FOIi 
HYDROELECTRIC PURPOSES, THIS OOCU"ENT INCORPORATES 
ADDITIONALLT TUNNELING KAC"INE CHARACTfRISTlCS, 
PERTlllENT INFOR"ATION ON GROUND CONOITIONS IS ALSO 
PltESENTEO, 

R003661 OVERCO"ING FLOODING AT SEI~AN, 
AUTHOR ANON, 
TUNNELS ANO TUN"ELLING 
8 C lo I , IS, 11, 19 76, 
LANGUAGE• ENGLISH 

PER,oR"IHG DRGANIZATIONCSI 
JAPAN RAILNAY CONSTRUCTION PUSLIC COIIPIS[lKAN 

TUNN[L IIUURCH 
o,FICE,TOKYO,JAPAN 

THJS IN-SITU R[,OIIT CONTAINS OIIIGINAL OiTA, TH( 
UNO[~GROUND Ol'CNJNGS OllCUllfO INCLUDE TN[ ON GOJ~, 
EXCAVATION 0, TH! PILOT TUNNEL '°" HONIHU•Ho•••Joo 
RAILNAY CONNfCTION CALIO CALLlD llI•AN UNO[ilfA 
TUNICL 1, ►01(0100 110! IJAPANI ANO TH[ ON GOHG 
EXCAVATION OF THf l!IIVJCf TUNNEL, l[IKAN UNOLIISfA 
TUNNEL (JAPAN) , TH! PltOJtCTI lNYUUUUO U[ 
uTILil[O ,oR ,.TIIO PUIIPOlfl, PIRTININT tN,aRNATlON ON 
GROUND CONDITIONS IS ALSO PltESfNTEO, 

A003666 [XT!NSION OF TH! ,1ccADILLT LIN!, 
HARTLE¥, 0, C, 
TUNNELS AND TUNNELLING 
8 C ~ •• ,,-11, 1916, 
LANGUAGE• ENGLISH 

PERFORHlNG ORGANI U TION CS I 
NOWLEM,JOHN ANU CO,LTD. 

THIS lN-!ITU REFORT CONTAINS DATA, THE UNO!RGROUHD 
OPENING DISCUSSED INCLUDES T~E COIIPLETEO EICAVATICN 
OF THE PICCADILLY LlNE EXTENSION !LONDON 
UNOERGRCUNOI,, HATT ON CROSS-~EATHROlt SIECT lON. THE 
PROJECT INVESTIGATED lS UT !L IZ! O FOR "ETRO PURPOSES, 
THE SHIELO IIIECHANICAL EXCAvATOR,' METHOD REPRES£NTS 
THE EXCAVATION TECHNIQUC: STUIIUO, THl REPORTED 
,RAG"ENTATION "ETHOD S!RVICING PROJECT E,FCRTS 
INCLUDES "ECHANICAL ABRASION CROTARYI , PERTINENT 
IH,oRNATION ON UND!RGROUHO OPENING su,,oRTS ANO 
NAT!RlALS HANDLING SYST!H IS ALSO PRfSfNT!O, 

•003668 TH! ,uTUAI FOR ROCK STORAGE, 
AUTHOII ANON, 
TUNN!LS ANO TUNNt:LLlNG 
I ( ' I , 11, 19 76 , 
LANGUAGE! fNGLII" 

,uNOlNG o•GANIZATtON(II 
CROIIUTY P[TR0l lUN,ICOTLA14D 

THIS IN•SITU R!POU CONTAINS OlUGINAL OaTA, THI 
,RoJICT lNVflTtGATID ti UTILIZED FOR OIL ITO•AGI 
PU~PDl!S, 

IIIDH69 IALTINOU "l!TIIO IOL TOIi HILL 1101, 
AUTHOII ANCH, 
TUNICLS AND TUNNELLING 
8 I 9 I, 17, 1916, 
LANGUAG!I fNGLtSH 

FUNDING o•GANIZATIONIII 
IALTINO•t RfGIO~AL TRANltT IYIT!MIIALTIIIOR!,NO,u.s. 

A, 

THIS Ill-SITU 111,0.r CONTAINS ORIGINAL DATA, TH! 
UIID(IGROUNO o,[NtNG DIICUISEO IICLUOII THI ,Ro,oS[D 
[XCAVATJON OF TH! 8111.TON HILL TUNllfL CIALTlNOllt, NO, 
U,S,A,1 , THI PIIOJfCT tNYESTlGAT!O 11 UTtLillJ fOR 
ll[TIIO PU.POSll, THE CON,~SSfO AlR ICETHoO R[,rit[StNTS 
THI EXCAVATION TICHNIQU( ITUOtfO, SOIL 
CHARACTERISTICS ,011 THI 111,oltTlO lXC~VATICN 
ACTIVITIES Altl OEICAIIIO, PERTINENT JIWOIINATION ON 
UNDIIGROUIIO OPINING su,PORTS JI ALIO PUIINTfO, 

R003611 'IRIT UK INNlRl[O TUii TUNNEL, 
AUTHOII ANON, 

ICONTtNUlOI 



TUNNf\.S AIIO TUNNELLING 
t I• I, 1P, 1,,., 
LUGUA"I [NGLISH 

.,[UOIINtllG IIIIU'IUUI CNCSI 
CNalSTl&Nl Nl[LS[N 

'UNOING OIIG•Nll•TtClNCSI 
NOIITHt•• INILANO (llCTalCITY S[NYtCttN,INrL•110,u ••• 

TN! S IN-SITU u "'nu COMUINS CUGINAL OAU, TH[ 
UHOt•G•OVND O,.,.'ll'IG Ot1CUIHD lhClUtU TH[ ON GnJIIG 
tCCAVATION o, THl ~IL.COT ,oNfR STATION, OtltCULATING 
w•TrR s•IT(H nuT,.Ll ICANRtc~,r•GUI, N,INILINO, u.~., 
• TM( ... OJ!CT IIOV[STIGITIO II UTILt?[O ,oa r,,LutNT 
OU1'1U IOTHU THIii HWIIUGfl .,Ull,0111, TH( tllH(IUID 
TUii ,.,ar-sT•tSIIO CONC-IT( IOJI N[THOO ., ... fllNTI 
'"' r•C&VITIDN TICHtllOUC 1ruo110. ~•TZNINT 
INPO.HITION ON UNOININOUND o,INll!ll IU..-TI &ND 
NIT(Nt&Lt HANDLING SYITIN 11 &LIO ,1tlllllTID, 

aoOJl11 INCTIC TUNNILt, 
AUTHOR ANOtl, 
TUNNfLI ANO TUNH(LLtNG 
I C • I, 11, 1', l ' ''• 
LANGUAGII fNGLISH 

PUNOl'IG «-GINIZAT[ONCSI 
.,ou• ,., ,ao.n:CT 

T ►ts JN-SJTU ~ .. llltT COIIT UIIS ou, tNU oau. Tlil 
UNOfllG•OUtlO O"'fNING OISCUU fO t NCLUDU THf ... 0.,09'0 
OCAVITtON OP TH£ GAS TUIOt!L, CONNMALLIS ISLINO TO 
L[TTL( COIINWILLIS [$LANO CUI-CANADAI • TH( .. aOJ[CT 
lNV(STt,aT[D ts UT[Ltt(O ,o. GAS TNINS'OltT ,u ... o,rs. 
TN[ TIN NITNOD -["'N[S[NTI TH( (JCAVATIOII TICHIIIQU[ 
SIUDI[D, TN( .,,01tT(D ,.1,111NTATION ICITHOO l[-WICING 
... OJ[CT ,,,oaT1 INCLUOfS IIICHANlCAL AMAIION CIIOT1•,1 

•01,,,, SOUTH a,•1c•N N(IIS, 
IUTHO• AMON, 
TUNN[LS AIIO TUNNCLLING 
I I• 1 0 tS, 1111, 
LINGUIG(I (NGLISN 

.[.fOIINING o•c•NillTtoNCII 
1,Hu••r, IND srrw••T1c,,, TONN, •• ,,-,c• 
t,IIVIGl IND lOV[ND•C 
J,.UC '41N?NG AND CONTUCT ?NG 
.. ,004IHO LONG/ININ NIIIITU 
l,IOICU C?YtL INGtNIUtllO c,n, LTD• 
f,LTD r.ONIUUCTUN 

'UNOING OltGOIUTI ONllt 
SOUTH ''•ICIN • •tLN&YI Ill.I 
SOUTH Wllf .,.101 UTU &110 n,curczn 001t,OIUTION 

T"U tN-UTU Rt PORT CDNTUNI OUGINAL DAU, TH[ 
UNOUG.DUNO O"!N( NCS OIICUUIO tNCLUDl DlANGt-l'llH 
TUNN(L ,,.a,•rc,,. TH[ ON ,otNG !XCAVATION o, TN[ 
•u&CINA NTO•o,owu ICHINI IACCHI GALLt•YI IIWACA!Cl 
PllLI, 1,AP•ICAI, TN[ ON GOING lXCAVATtON 01' THI 
•u&CANI .,,o,o,o«• SCHIii[ , ... r,suu TU Nlll:~ I cauACANI 
'ILLS, l,&,•lCII, TM[ OIi GOING [XCAVATI ON 01' TH! 
•u&CAN& NTDNOl'OM£11 ICHfll( l'OMIIIHOUSI CIVUNS I 
ltulCINA ''LLI, s.,,a1c11 , TNI ON GOING [XCAVATION o, 
TM( •uac.u,a HYD•O"Ollllt ICIICNI IT UlllAC[ TUNNEL I 
IRUAtANI ,ALLS, •• ,,.re•• IND TH( ON c;o111, IXCIVATION 
Ill' THf stttN■•as ""'""''0 tTo••~r HYDROILICTltIC ICHflll 
IC&•ETDNllt S,1,•tCAI , THI ,itOJICTI INVIITt,&T[O &Jf 
UTlLIZID ,c. r••Lo•aTORT TUNICLt HYDltOILICTNtC, 
IC[TIO, "'NUIUU TUNIIIL, UIID[CROUIIO .,OMU IUTION ANO 
UNO(RG•OUNO IUILIIAT ITITlON ,u.,o,rt. THI o•tLL ANO 
ILAST ''"'-L ,,cr1 NITNDD, DRILL IOltlNO NITNOO INO 
•1111 ORIVtN, IIOltING IIACNICII ICITNOO •r,all[NT THI 
UCIVI '11111 TICHNlQUII ITUOUD, , THI ,11 .. 011no 
,.ACHINTITICN NlTHODI IIRVICINO MOJrtT r,,01,1 
tNCLUOI ICICN&NlCAL IIIAIIOII CIOTARYI AIIO "'CHANtOAL 
•••&tlON IUNl~Cll'llOI , THtl OOCUIIIIIT tltCO-"'OIIATII 
IOD1TIONALLT TUICNILllfCI IIACNJ.. CNAN&CTIIIITIOI, 
"OITIIUCTUUL CHUACTHllTICI ,ca TIii •C,HUO 
IXCAVATION ACTIWITIII ,.., Drtc•z•o· ~INT!IIIIIT 
l~Ollll&TlON OIi IIUOULI NANOLIIIO 1¥1TIN II Al;IO 
NUCNTCO, "'ITRO .. ON, HO IICll TY,CI 11¥111111 
1NCLUH a111z11 , 

•UUU IIIIOtN•I U11011G•a11110 Nl'4IOl(I• 
lllllOOL'• I, 

IODIITINUIOI 

TUNll(LS AND TUNll(LLIIIG 
I C 4 1, ,~-•. ,,, •• 
LAHGUa,r, INGLISN 

PUNOING ORGANUAT JDIICSI 
ITOCKHOLII HAit IOUN AUTHOltIT" IT OC (HOLN• SIIIDIII• 
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THII lN-!lTU Ill ,OIT CONUIIII OIIG,INAI, DAU, THI 
UNOl•G•OUNO 0,111111, DtSCUIIID IIICLUDII TNI ON ,oI"4'1 
IXCAYITID ~ o, THI LDUOOIN ,.OJICT,, UIIOINGIIOUOIO 
ITo•a,1 CAVIINI ILDUDOIN, INIOINI • TIii l'IIIJCCT 
INYIIT l GATID II IITU.tflO ,OIi OIL ITOIIAr& ~ffll, 
THI NUD1NG, AND NCN lllfNl'.ID u,ulf."'I fNI 
IJCAYATION TICNNIOUI ITUOIID, TNI U~OIITIO 
'NIONUTATIOII NCTNOO HUU;IIIO NIJUf l"Oltfl 
INCLUDU CONVUTIOIIAL Ul'L OU III IUNS,1c1,a •• , THU 
DOOUllfNT 1NCO•"'DNATll ADDITIONo\LLV DlllLLIC &ouJ,Nl•T 
CHUACTU IIT101, IOSL CHUIIOTlltllflCI ,1111 TIii 
•r•o1tT[D IXOAVA1ION AOTJVlTllt ... OIICl~IID, 
"'INTlNIIIT l"'OIIIIATIDII I~ N&fllJA~I NAIIOLIN!l lflTf.11 11 
ALlo •HUlfflO, 

•01111, LITTlNI, 
ICULLtN, L, HIIITH, a, 
TUN.LI OD TUIIICLLINCI 
I C I I, 71, U7t,, 

~R,ONN1NG OlGANlZATIONIII 
1,AICIUl1 ,.,, KG,CAITlo,-a,u•rL 
1,lfTON AND IIClllr•uu,0•11.111111,.uc• 
l,THYSIIN ltHACHTIAUtCINIH,NULNll,C.RUN• 
1,IIHU,JULlut 
2,1..UN IND IZL,IIIGllt Al. 

THtl IN-SITU lll"'ONT CDlffAINI Dltll.JIIAL DATA, TNf 
... DJ(CT 1NVIITIGATIO ti UTJLlllO ,o. IIIT•D ,ua,0111. 
THt N(N IUITRltN "'THOD •• ,.,1rNTI THI ••cAYATJON 
T[CNNlOur ITUOllD, IOIL CHA.ACT[NJITICI ,o. TH( 
lt["'OllT[D IXCAY11ION AOTIYJTIII ANI Dl"NlllD, 
,1.TJN[NT l"'IIIIIIATIDII ON UNOIRINOUND ONNIIIO 1u,,oaT1 
lS ALSO ... ,u NTID. ,cno,u,11Y ANO NOCK n,11 
•rvJ(ll(O JNCLUOr NANL ANO "UDlfDNI. 

UU711 MOIILO .. LOIIGUT TUNIIIL, 
AUTHO• UCII, 
.. DUIID rN,, 
I I ll"'T It It 111', 

,uNOJNO DROAIUUT IONCII 
11,utLtc o, ,.,,arca,01,r,,, 11,,11 ,,,,,u 

THll tM•IJTU •1,01, ca11,,, ••••• ,.,c,,o DIILT OITA, 
THI u110uo•ou• D'INJ NG DUOUlltO I ICLUOU ,.., 
COIC,LITIO UCIVATJON 0, flll OONCll•PII N ruNNCL 
,, • Al'UCAI • THI ,.o.-oT JMYUTJOAflO n UT l LJ rra ,aa 
NATII ,u,'L¥ TUIIN[L 11U1,0111. TIii u111,1c1,110 IIITHOII 
•r••11r11r1 THI 1aCAVAfl011 TICNNJQU& lfUDl&O, THI 
Nl•OltTlO PNAQNINTATJON IIITHOD llltVlOIMG ••OJIDT 
'"OltTI ' "CLUDII UN1,1oa,uo , .. OITltUCTUIUL 
CHIIUOTI I JITIOI ,CIII TIii u,oUID UOohAT lON 
ACTIYITIIS Altl D[tC•tllO, ,11flNllff llWDltllATION ON 
u1101-••ou11a 0,1112110 ,u,,1111,1 11 ALIO ,_1,1NT10, aac• 
rv,11 NIVlllllO IIIOLIIOI DOLl.lfl, 
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APPENDIX 1 

UEHPIC's Current Scope of Coverage of the Literature on Excavation Technology 

( 1 May 1976) 

The scope of UERPIC's current literature coverage can be expressed in terms 

of the ICET Activity Classification Categories in Excavation Technology as follows>:' : 

1. Interaction with Society 

1. 2. Environmental Factors 

1. 3. Health and Safety 

1. 6. Legal Relations 

1. 6. 3. Contractual Relations 

1. 7. Education and Evaluation 

1. 7. 1. Academic Education and Training 

2. Site Investigation and Measurement of Earth Properties 

2.1. Geology 

2. 2. Geophysics 

2. 3. Hydrology 

2. 4. Topography 

2. 6. Rock Mechanics 

2. 7. Soil Mechanics 

3, Excavation Methods ( soil and rock) 

3. 1. Explosive 

3. 2. Mechanical 

3. 3. Thermal 

3, 4. Chemical 

4. Ground Control and Stablltzation 

4.1. Excavation Design 

4. 2. Supports in Open Cuts 

4. 3. Tunnel Supports and Lining 

5. Materials Handling 

5.1. Excavated Materials Handling 

,:, 11 ICET" is the acronym for the Federal Government 1sjnteragency Committee on 
Excavation Technology. The associated numerical designations are those given in 
the originalICET classification. 



'This current scope of coverage is reflected in UERPIC 1s list of data elements extracted 

from the literature on excavation technology and incorporates more than 90% of the key 

words listed in the U. s. G. S. Thesaurus of Index Words in Excavation Technology. 

The remaining elements of the ICET Activity Classification Categories in 

Excavation Technology represent a large volume of highly specialized literature which 

is beyond UERPIC 's present processing capacity. These latter categories, however, 

incorporate less than 10% of the key words listed in the U.S. G. s. Thesaurus of Index 

Words in Excavation Technology. In particular, the ICET elements which lie outside 

the current scope of UERPIC's coverage are listed as follows: 

1. Interactions with Society 

1. 1. Analysis and Planning 

1.4. Disruptions 

1. 5. Economic Factors 

1. 6. Legal Relations 

1. 6.1. Terraspace Ownership and Rights-of-Way 

1. 6. 2. Distribution of Risk 

1. 6.4. Patent Rights 

1. 7. Education and Evaluation 

1. 7. 2. Publication and Distribution of R & D Results 

1. 7. 3. Stimulation to Encourage Use of Subsurface 

1. 7. 4. System and Component Demonstration 

1. 7. 5. Evaluation of System Performance 

2. Site Investigation and Measurement of Earth Properties 

2. 5. Cultural Factors 

5. Materials Handling 

5. 2. Construction Materials Handling 

6. Maintenance 
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APPENDIX 2 

Current UERPIC Data Elements Extracted from the Literature on 
Rock Properties and Underground Excavation Technology 

I. Bibliographic Citation 

1. Title 
2. Author ( s) 
3. Source 
4. Language 

II. Principle Organizations 

1. Performing Organization ( and Location) 
2. Funding Organization (and Location) 

III. Contractual Relations 

IV. Type of Report 

1. Lab Report 
2. In-Situ Report 
3. Theoretical Report 
4. Lab-In-Situ Report 
5. Lab-Theoretical Report 
6. In-Situ-Theoretical Report 
7. Lab-In-Situ-Theoretical Report 
8. Comprehensive Report 
9. Workshop Report 

V. Originality of Data 

1. Original Data 
2. Republished Data 
3 . Abstracted Data 
4. Review Data 

VI. , Reported Stage of Project Completion 

1. Completed 
2. In-Progress 
3. Proposed 
4. Abandoned 

VII Tunnel-Underground Opening Name and Location 

VL._I Tunnel-Underground Opening Design, Attitude and Geometry 

IX. Utilization of Tunnel-Underground Opening 

1. Building Foundation 
2. Cable Tunnel 
3. Diversion Tunnel 
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4. Drainage Tunnel 
5. Experimental Excavation 
6. Exploratory Tunnel 
7. Highway 
8. Hydroelectric 
9. Irrigation 

10. Metro 
11. Military Installation 
12. Mine 
13. Outlet (Dams) 
14. Pedestrian Tunnel 
15. Pipeline ( Unspec. ) 
16. Power Station 
17. Pump Storage 
18. Railway 
19. Sewer 
20. Underground Parking 
21. Water Supply Tunnel 

X. Excavation Technique 

1. Austrian Method 
2. Caisson Method 
3. Compressed Air Method 
4. Cut and Cover Method 
5. Drill and Blast ( Full Face) Method 
6. Drilling and Thermal Fracturing Method 
7. Drilling Method 
8. Full Face Method 
9. He a.ding and Bench Method 

10. Hydraulic Fragmentation Method 
11. Inclined Stage Method 
12. Longwall Cutting Machine Method 
13. Manual Method 
14. Multi Drift Method 
15. Partial Face Tunneling Machine Method 
16. Peripheral Saw and Drill-Blast Method 
17. Pilot Bore - Center Method 
18. Pilot Bore - Crown Method 
19. Pilot Bore - Invert Method 
20. Raise Driving (Boring Machines) Method 
21. Raise Driving (Mech. Platform) Method 
22. Shield Method 
23. Side Drift Method 
24. Steel Shell Method 
25. TBM and Drill-Blast Method 
26. TBM Method 
27. Trench Method 
28. Vertical Rotary Method 

XI. Energy Application Method 

1. Air Jet Abrasion 
2. Cavitational Abrasion 
3. Chemical Solution 



164 

XII. 

XIII. 

XIV. 

xv. 

XVI. 

XVII 

XVIII. 

XIX. 

xx. 

XXI. 

XXII. 

4. Chemical Surfactants 
5. Chemical Weakening 
6. Drag Mechanical Abrasion 
7. Electrical Abrasion 
8. Electrohydraulic Abrasion (Impact) 
9. Explosives ( Conventional) 

10. Explosives (Nuclear) 
11. Flame Jet Abrasion 
12. Jet Abrasion 
13. Mechanical and Air Jet Abrasion 
14. Mechanical and Water Jet Abrasion 
15. Nuclear Heating Energy 
16. Pellet Abrasion (Impact) 
17. Percussion and Drag Mechanical Abrasion 
18. Percussion Mechanical Abrasion 
19. Projectile (Continuous Impacting) Jet Abrasion 
20. Projectile (Intermittant Impact) Abrasion 
21. Rocket Exhaust and Drill Abrasion (Impact) 
22. Rotary and Drag Mechanical Abrasion 
23. Rotary and Percussion Mechanical Abrasion 
24. Rotary Mechanical Abrasion (TBM) 
25. Rotary Mechanical and Water Jet Abrasion 
26. Saw (Undercutting) Mechanical Abrasion 
27. Shock Wave Drill Abrasion (Impact) 
28. Steam Jet Abrasion 
29. Subterrene 
30. Thermal-Electric Energy 
31. Thermal Mechanical Energy 
32. Thermal- Radiant Energy ( LASER) 
33. Water Cannon ( Continuous Impacting) Jet Abrasion 
34. Water Cannon (Intermlttant Impact) Abrasion 
35. Water Jet Abrasion 

General Power Source for Excavation 

Drilling Equipment Characteristics 

Tunneling Machine Characteristics 

Boreability and Specific Energy 

Excavation Advancement Rate 

TBM Excavation Rate 

Total Construction Advancement Rate 

Excavation Cost 

Total Construction Cost 

Environmental Factors 

Communication Systems 

.. 



XXIIl. 

XXIV. 

XXV. 

XXVI. 

xxvn. 

Excavation Environmental Security 

Instrumentation 

Surface Ground Conditions 

Subeurf ace Ground Conditions 

1. Squeezing Ground Conditions 
2. Running Ground Conditions 
3. Slides of Opening in Soft Ground 
4. Rock Falls in Opening 
5. Water Flow During Excavation 
6. Gas Conditions 

Tunnel and Underground Opening Supports 

1. Component of Opening Supported 
2. Vertical Support Elements 
3. Horizontal Support Elements 
4. Rock Stabilization at Depth 
5. Rock/Soil Stabilization of Excavation Surface 
6. Laggings 
7. Liners 
8. Support Methods 
9. Rib or Post Spacing 

10. Bolt or Anchor Spacing and Depth 
11. Lining Thiclmess 

X}:VIII. Hydraulic Stabilization 

XXIX. Materials Handling System 

1. Cactus Grab 
2. Chainbar Scraper Conveyor 
3. Conveyor Belt 
4. Conveyor Belt and Hoist Buckets 
5. Conveyor Belt and Mine Cars and Trucks 
6. Hand Lashing 
7. Hand Lashing and Mine Cars and Trucks 
8. Hoist Bucketl!I 
9. Loader and Trucks 

10. Mine Cars and Trucks 
11. Pipelines and Air 
12. Pipelines and Water 
13. Truck Mounted Loader 
14. Water and Flume 

XXX. Excavated Material Utilization 

XXXI. Excavated Material Disposal 

XXXII. Regional Landform Associated with Excavation 

XXXIII. Site Investigation Method 

16fi 
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XXXIV. Engineering Survey Technique 

XXXV. Ground Water Characteristics 

XXX'VI. Geostructural Characteristics 

XXXVII. Soil Characteristics 

XXXVIIl. Soil Mechanical Properties 

XXXIX. Stratigraphic Formation Characteristics 

XL. Rock Type(s) 

XLI. Geographic Location 

XLII. Petrography 

1. Grain Bond 
2. Grain Shape 
3. Macroscopic Structure 
4. Mineral and/or Chemical Composition 
5. Moisture Absorption 
6. Permeability 
7. Porosity 
8. Rock Quality Designation (RQD) 
9. Sample Geometry 

10. Specific Gravity 
11. Texture and Its Alteration Due to Weathering 

XLilI. Rock Mechanical Properties ( Lab and/or In-Situ) 

1. Abrasive Hardness 
2. Scleroscopic Hardness 
3. Compressive Strength ( Unconfined and Triaxial) 
4. Creep Deformation 
5. Impact Toughness 
6, Modulus of Deformatio;n (Compressive and Tensile) 
7. Modulus of Elasticity (Young's Modulus) 
8. Modulus of Rigidity (Shear Modulus) 
9. Modulus of Rupture 

10. Poisson's Ratio 
11. Schmidt Hammer 
12. Set ( After Unloading) 
13. Shear Strength 
14. Speciflc Damping Capacity 
15. Tensile Strength 
16. Wave Propagation Velocity (Longitudinal and Transverse) 

XLIV. Rock Thermophysical Properties ( Lab and/or In-Situ) 

1. Specific Heat ( At Constant Pressure) 
2. Thermal Conductivity 
3. Thermal Diffusivity 
4. Thermal Expansion ( Linear and Volumetric) 
5. Thermal Radiative Properties (Emittance, Reflectance) 
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XLV. Rock Electromagnetic Properties ( Lab and/or In-Situ) 

1. Elect r ical Resistivity ( Conductivity) 
2. Dielectric Constant 
3. Dielectric Loss 
4. Magnetic Permeability 
5. Remanent Magnetization 
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APPENDIX 3 

UERPIC's Documentation Sources for the Literature on 
Underground Excavation Technology 

Documents accepted as data sources are from books and proceedings of symposia 

and congresses on rock mechanics and underground excavation. Also represented are 

national and international publications such as: 

Amer. Soc. of Civil Engineers Journals and Transactions (USA) 

Assoc. of Engineering Geologists Bulletin ( USA) 

Bauingineur ( D) 

Bureau of Mines Reports (USA) 

Bureau of Reclamation Reports ( USA) 

Canadian Mining Journal ( CDN) 

Canadian Symp. on Rock Mechanics ( CDN) 

Colliery Engineering ( UK) 

Construction Methods and Equipment ( USA) 

Engineering and Mining Journal (USA) 

Engineering Geology ( NL) 

Engineering News Record (USA) 

Geotimes (USA) 

Ground Engineering (UK) 

International Journal of Rock Mechanics and Mining Sciences ( UK) 

J l. South African Inst. of Mining & Metallurgy ( ZA) 

Mining Congress Journal ( USA) 

Mining Engineering ( USA) 

Pit and Quarry ( USA) 

Rapid Excavation and Tunneling Conference Proceedings ( USA) 

Rock Mechanics (A) 

Transactions of the Institution of Mining and Metallurgy (UK) 

Tunneling Machine Manufacturer's Literature (WORLDWIDE) 

Tunnels and Tunneling (UK) 

Tunnels and Underground (J) 

Tunnels et Ouvrages Souterrains ( F) 

Underground Space ( USA) 

U.S. National Committee on Rock Mechanics Annual Symposia (USA) 

Water Power (UK) 

Western Construction (USA) 

V 



I. 

• 

• 

UERPIC also scans profiled data tapes periodically generated by the following 

services: 

Chemical Abstracts ( American Chemical Society, USA) 

COMPENDEX (Engineering Index, Inc., USA) 

Defense Documentation Center ( USA) 

GEO. REF ( American Geological Institute, USA) 

GOEDEX ( GEODEX International, Inc., USA) 

Geomechanics Abstracts ( UK) 

National Technical Information Service ( USA) 

Physics Abstracts ( !rut itute of Electrical Engineers, UK) 

TRIS-ON-LINE (U.S. Department of Transportation, USA) 

Other Special Bibliographic Services (DASIAC, NMIMT, etc.) 
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