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PREDiaiON OF CKOLOCIC AND HYDROLOC1C CONDITIONS 

AHEAD OK RAPID EXCAVATION OPERATIONS 

Technical Report Summary 

Objective; The objective of this project Is to develop nev or Improved 

techniques of geophysical well logging and cross-hole measurenonts to deter- 

mine geologic and hydrologlc conditions in advance of rapid excavation 

tunneling in hard rock environments at depths of several thousands of feet. 

Research Plan;  During the first year, just completed, emphasis was placed 

on designing, developing and calibrating a mobile geophysical well logging 

unit to be tested for use in vertical drill holes along the line of a tunnel. 

The development of this well logging capability will be extended into the 

coming project year, and in addition, techniques for making cross-hole 

measurements between pairs or sets of holes will be developed.  Later in 

the program, when tunnel rock fragmentation machinery is more clearly de- 

fined, research will be directed toward incorporating logging measurements 

in long hole drilling equipment that may be made an integral of the excava- 

tion system. 

Ma^or Accomrlishments;  A well logging system for making measurements of 

physical properties of rock penetrated by vertical drill holes was designed 

and partially developed by adapting on-hand Bureau of Mines equipment to 

special needs of geologiral-hydrological prediction problems associated 

with tunneling at depths of several thousand feet in hard rock.  Calibration 
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holes and models were developed for providing a meant of Improved quality 

control required for the quantitative r-asurements of interest. A new 

interpretive technique for determining P- and S-wave velocities from acoustic 

1       logs was developed and preliminary tests were performed to evaluate its 

effectiveness. 
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PREüICTION OF CEOIXKJIC AND HYDROLOOIC CON01TIOKS 

AHEAD OF RAPID EXCAVATION OPERATIONS 

1. Introduction 

M obLctlve ot  thU reM«ch project I. M develop ne- or Improved geo- 

p,,,.!«! weU logging mi eros.-hole M..Ure.c„t technt,Ue. for detecting, 

delineating, and evaluating gedoglc ,nd Hydrologie conditions at depths 

o, several thousand feet In hard rocU In advance of a rapid excavation 

tunneung project, „sasurements of Interest fall Into two categories: 

(1) those .sde 1» vertical holes drilled fro. the ground surfscc to the 

depth of the tunnel, and (2) those made In underground horizontal holes 

drilled ahead cf a tunneling .achine (1). The present research is directed 

,,      toward the first category in which geophysical logging measurements are 

11      Mde in vertical holes to assess the physical characteristics of roch in 

il      the mediate vicinity of the horehole. In addition to continuing these 

t ,**  „i-olect will be directed toward 
studies, research in the next year of the project will 

0      cross-hole measurements that will ma.e it possible to investigate the much 

n      urger volume of rode existing between psirs or sets of drill holes. 

IT      uter in the program, when the tunnel excavation system is more clearly 

defined, attention will be devoted to measure^nts of the second category 

[]      in which geophysical logs will be made in horizontal holes drilled ahead of 

«, tunneling machine, mhole geophysical measurement technics in both 

11      categories are urgently needed for ma.lng accurate predictions of geologic 

« u    A ~f *  ranld excavation tunneling system. 
and Hydrologie conditions ahead of a rapid excav 

.*-*— „dii make It possible to avoid Reliable knowledge of these conditions NiU make   p 
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•xpcnuivr or dUastrou« ■urpri««« and to keep th« tunneling Mchlnery 

operating at peak efficiency under the varying geologic conditions that 

can be expected to occur along the route of a tunnel. 

II. Technical Discussion 

Unknown or poorly defined geologic and hydrologic conditions, probably more 

than any other factor, will determine the degree of difficulty and the cost 

of excavating and supporting underground openings created by rapid excavation 

methods for military applications. Natural features such as unusual hydro- 

logic conditions, zones of intense fracturing and changes from one rock 

type to another, together with manmade features such as abandoned mine 

workings and uncharted oil, gas or water wells, constitute hazards that may 

threaten men and equipment and greatly affect the efficiency of future rapid 

excavation tunneling systems. The ro(.k in the vicinity of these hazards can 

be expected to be characterized by anomalous physical properties that, if 

measured by inhole techniques, v;ill provide sufficient warning to allow time 

for evading the hazard or for planning how to cope with successfully. Some 

of the physical properties that are considered to be diagnostic of hazards 

are; acoustic velocity and attenuation, elastic moduli, electrical resis- 

tivity, bulk density, fracture Intensity, magnetic susceptibility and tem- 

perature. Tools and techniques are being developed to measure and interpret 

these properties In terms of the hazards that they represent. 

III. Rrseprch Plan 

During the first year of research Just completed, emphasis was placed on 

developing a geophysical well logging capability for measuring physical 

properties that are diagnostic of hazardous conditions in tunneling. Logging 
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•qulpMnt that hid  bfen developed under prevlou* Bureau of Mine« projirarm 

for ■Inlng application« was modified and adapted for specific application 

to rapid «xcavatlin tunneling problems. Techniques of data acquisition 

and preparation for computer analysis were streamlined. Quantitative 

accuracy of measurements was Improved by reducing Instrument drift and 

developing calibration model« and standards for quality control of measure- 

ments. Preliminary studies were made to develop computer techniques for 

analysing acoustic log waveformed to reduce the adverse effects of human 

Judgement in determining the transit time of first arrivals of compres- 

sional and shear wave energy. 

Research in the coming year will lead to the development of a mobile field 

logging instrumentation system that will be tested and evaluated for deter- 

mining physical properties of rocks penetrated by drill holes along the 

route of a tunnel.  Initial studies will also be made of techniques for 

enlarging the sample volume of rock to be evaluated by making measurements 

between pairs or sets of drill holes by use of the mobile instrumentation 

system. Finally, when rapid excavation tunneling machinery is more clearly 

defined later in the program, research will be directed toward developing 

a logging system that will be operational in horizontal holes drilled ahead 

of the tunnel face.  The logging system will be designed to be as compatible 

as possible with the tunneling machinery, with the final goal of incorporating 

the logging instrumentation in the long hole drilling equipment which may 

be made an integral part of the fragmentation system. 
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IV.    RtfiiuU« to 

A Ma«uro«enc sysiva has b«»n d«lincd iut Mkln* tnhol« «nd bvivwn-H.I* 

gt>o|>hyBlc4il McaMinuibcnt« for •••«••ing the ntiuibiliiy and »trcngth 

clinractcristics of rock alir.id of UM conntructton of i tunnel by rapid 

PXCAvadon teclmiquci. 

Early in the projoct a review of previous rcsonrcli wa» ».idc whlrh fndlrnlvd 

that acoustic nnd electrical measurencntr. can be expected to be Bwnt dlnp.- 

noötlc of minabllity characteristics (2). ConnequciUly, the Bystcm will 

be designed to make these two key measure-men Is in individual holes and OIHO 

between adjacent holes. The tollowlng additional measurement caoabilltias 

have been identified as desirable and are hcinR developed for use in indi- 

vidual holes only: Bulk density, porosity (by measuring water content in 

pores and fractures), fracture intensity, caliper, magnetic susceptibility, 

and temperature (3• ♦)• 

Logging equipment including probes, a cable hoist mechanism, a chart re- 

corder, and surface electronic control modules, that were previously acquired 

by the Bureau of Mines for application to mining problems, have been adapted 

for use in ARPA tunneling research.  A laboratory test tank has been developed 

for evaluating the performance of probes at elevated temperatures expected 

at depths of 5,000 feet (120° - 170OF).  In some cases, probes will require 

modification or redesign to reduce temperature drift to acceptable levels. 

The Bureau of Mines logging equipment on hand is being installed in a heavy 

duty mobile unit capable of carrying the extra weight associated with deep 
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Um$n r^.lrww«i*.   1W mm «bit« «Ü« I« W «»«ilapH «Hill AIM hnAN 

IMM WM tfMltfMtf, M4 M<l» l«r «M cMMfwil«« tev» WMI MIUHH. 

U 
A «M4 IMS MM ffeflilflwl f. t IMTI^II« ••» r»ll«Mllif »f «H«f«iMCi'^ 

-. 
of   r-  Mid  K-MNW ««ItxItUti   Ifwd JCM»tlC   I«« MOMNMM«*     ffl«MII 

to pick tlw ««•«l of f- Mtf >-*•«• «rrl*«!* «• iNirl«kl#-d»«*ilf «r vlml«« 

tracc dUpUy» of *cau*ile wtvtwm.    1« critic«! CMM «t M»^  "« 

tdM» cigMl Mplltud« U trvMly rvducod, IM rMntll» *f li«««i »*»l.»*i* «f» 

hlthly quosil*«««»«!©.    A am» CtclmlqiM for pI'Mng ^ ••* •^•••» «rrltwil», 

which do«« not roqulre human Judftpocnt and tlwr*foftf 1» fro« mt IMMM vrror« 

ha« b««n concfUcd, developed «od to«tod vlth »jrotl^ilc wavoforo dot«. 

Rrsult« Indicate that  the onmrl  of both f- and S-vaeoa CM hm detected mf 

ehe new pechod with  iivatly laproved reliability and aecoraer, owti im 

the presence of noise of the «a«» Mf.nitude a« Ihe «Ifnal.    Addlt:oM* tests 

of the method are being «ado with real vavrforM acquired by uao of a «pectal 

3-recelver acoustic probe  recently added to the Bureau of  Hin««  loRgin« 

system.    An eximple of  the  results of the«« prelinlnary tett« la ahawn fa 

figure  1.    The  figure shows a computer ploi of  the cross-correlat loo fifnTloo 

generated with a pair of ulidlug velocity  "boxcar" window« 30 •Uroscco.id» 

wide with Hannlng-tnpercd edges  flared to a ha«« width tf 45 Bicroaecond« 

(5^,  6).    The windows r.re moved down the  receiver wavvfor.-« a« »he cros>- 

corrslatlon Is  computed so that  Irrelevant  data representing velocitiv* 

Beyond  the window  limits  are excluded.     The  first   two major peak- of  the 

cross-correlation  function represent  the  time lags associated with I- ■•'■u 
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«rrl««l* «l l«w •! Ife» •«••IWM» m Urn ftvkt.   ttelMlif Is 

ttm IW Itg IM» »**• fcf •l*r»» ^ivMiag Ik» fkyftlMl •pMlag Wt«««« 

M 11» ff«*» kf IW  l«t IIM. 

iw 11 ttmtwm »in *• i««i#i twtWr Ittfe «MIIIMMI MM»!«««» IMI win 

to «M«iaM IMT • ■mny «f IMII lypt« «Uli ■■■<U<l»< fMc««rl«g ml 

wmpm imvmUt.   Mtil«! *t»i|mMI f«r »ifv^Kllalai ihm «multiP« •*! 

piMyrmiiiM »f ii—ni« iMwifsni 4mm f«r >ii»im»t «MI|«I» IMM» to** »»vifi»«' 

Mi ftoMtf «i mH*t.    If •••I* •! II» tot« «r^vUHlMi «to «ir-llw gwriitwr 

«MlfM«  iMrtWifMM Mt MfMMftBl* • («!«*• »tf^tt  I« rf.*»l<*»   #v4l-« |M> 

4mm fnc9—tm§ i« ito BMi ••••M W i«*«iliwi MJ 4r«ir«kl#.   rtvllntMry 

•f  l%l« M«tl ItotoH» for iH«f«tol«t F- Mi § MW Ml'<rlltM 

UM II «Mt «•««iitvl» « MjM »rvdktHrm^i la «vlociiir lag «Mlysl« 

vllli pf**t*%m («MM Ml*^'» Wwf II !• W'fvlc-M Mi Mftlacsrifg logins 

IMvffMl«.   ?toMf»f«9 M priwt I« Mll«*i « («Ml»!« itMrlfiiMi of Ito 

IrtlHlM«« MM II to« toM ««friclMilf iM*lM»i «"i (••IM I» 

«MM« MfMlMl  •!   11%  »tViimUß* Mi  llNllMlvM. 

11 
A^lkfl   i»     tl^t MPTl   «t S«M«lliali«« M«l*«l* «f 9««fltyaif«|   In««  tlMt 

Is vfiM «uMf««r*^UM l» MMIM« c«llkt«ll<M of »«!«lr«*ttl.    Thl» owi 

U «KCUII» critical f^r l«*t«ii«« •*»*«"«ww»«l<» of »erk fropori 10« ttol  arr 

l« to m*4 I« cvlI «i>0r«iIM »Hh ataer M^ihrd« M^nraUly c«lll»r4i*d («.ft. 

laboratory or m^ltn coMrvMlv» Mt^ittli mmmnmnH*},   W h^v« ik-svU^d 

two InitMoMM MM« of u»iia« «M r«iiiir*(lAi loitftlM •quirwm- 



ü 
u Firs;, I series of five test hole* p«n«trntlng a  vdfU-iy of diffnetu 

rock types wore developed in tt.u vielnlty of IVnver. Two tout holes were 

drilled In bcdlmentary rock, one at the Denver Icdnral Center and th.- 

other near the Ralston Ueservuir north of Golden, Colorado. ArranßCiaentH 

were made for access lo three additional test holes in very hard gMMitifl 

rock near Raymond, Colorado.  These hard-rock test holes were drilled by 

NOAA (Boulder Laboratories) .-.mi w.ro m-uW  available Lo us by that apency. 

The five test holes penetrate rock types that represent broad range of 

geological conditions that sl.onld be considered in y.re-tunnel ing assess- 

ment studies.  Rock cores for laboratory tests are available from hole* 

at both sites. 

Ü 

11 

Second, we have designed and constructed, with partial support from ARPA 

funds, a set of full-scale concrete models for caUbrntlng density, MglMtic 

susceptibility and sonic velocity Loggln] probes.  Table 1 gives the design 

specifications and physical properties of special blends of concrete usr.d 

to construct the models. 
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TAULK  1.   - Cti-plivölial  Lo^ßini'. lallbratlon MuJi'lc  - 

iVNign Spccl f Uat'n. s aüd  Pliyslral   I'i-opi'! tics 

Holt- Knlk HlfMtlC Acoustic    Total Wntor  Content 
Modfl     Si/c arnl Simpe     m.im.     IVm;ity    Surutptil'i 1 i ty __V. h'ti t y       Vn^  and  Combined 

(i*) (^,/cc) (cj'.s  unit.;)        (it/sec) (volume   percent) 

Solid tylindtr i 

diameter  4   It 

height       8  ft 

Rectangular 

1.7U 605  x   10 12600 

block 2 2.36 1685 x 10 ü 13500 

length 13.3 ft 3 2.36 1685 x io-e 13500 

width  4  ft 5 2.36 1685 x io-Q 13500 

helj-ht 8  ft 8 2.36 1685 x io-6 13500 

Solid cylinder 3 3.06 9090 x io-s * 

diameter 4 ft 

height  8 ft 

26 

21 

21 

21 

21 

28 

* Laboratory  measurements   in   progress, 

11 



The models wore constructed by pouring carefully blended mixes of concrete 

into subsurface pits excavated for that purpose at the Denver Federal 

Center.  Subsurface construction has several advantages over conEtruction 

above the ground, including easy access, low cost, good foundation stability, 

weather protection, and reduction of radiation leakage for neutron and 

gamma-gamma log calibration. 

Model Number 1 was made with low density aggregate concrete with approximate!;• 

0.2 percent (by volume) magnetite added. 

Model Number 2 was made with standard concrete containing approximately 1 

percent magnetite (by volume).  This model contains 4 holes with different 

diameters which will be used to determine empirical corrections fur hole- 

diameter effects.  Hole diameter corrections are rcpecially ini|orti.nt for 

certain types of slim-line radiation logging probts which can not be 

heavily shielded or callimatcd because of physical npacc constralntc. 

Model Number 3 is constructed with concrete containing a lilt;h percentage 

of hemetite to provide the derived HIRII valu.. of bulk density. ApproxiaaU-lv 

5 percent maanctltc (by volun.) was added t». the mix to provld« high aagncttc 

susceptibility. 

A supply of water, electrical power, a punp, ..nd t-nV-, for nixing slaulaUJ 

drilling mud are a.allablc at the sll of tlic «od«-!* * . that the lr*l hole* 

may be filled with wter. mud, or tht-y mny  b« ««ptied to «k-lrmlnp vt*>;ii || 

corrections for hnlc-fllling ardltau 

II 



IJ A report  Is  In prcpnrat  „n describing the denign and coo.tructlun of rW 

» calibration „HJ, |.,  and the detailed r.-.t. ol  Uborator>  a^lj«, „f 

samples  that »«re obtained to defrulne *• phvicml properll... 

Ü 
Calibration t..t. of Bur.4iu of Mine. loMi0, «,ulp«nt «odifi^ ,or AtfA 

|j rc...r.b will be «ade  in th, co-lng proj.tt  ye«, and rr.ul». «11 It 

described In future sealannuat or annual rrpoii». 
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