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supply voltage and the nign level of nolse in the iunnel reinforeing .
‘hays at a depth sf & inches und 4 spacing. of o inches were eusily loca--g
ted to the satisfaction of ‘the field purbunnel. ‘”he pos%ibilities of

the instrument were Qemonatrated hy locﬂtin( “ few burs CRPUE deptn of

18 inchas, using eignal uvertone vuxiatlons. Tlid use ol 51gnu* ovur-
tone varlations required rareful adjustment df Lhe cut~off control. ;Tmo
locatlons, one at )—inch and one ut 18 incn uepth, ware actuully cnecxed
by drilling. ' _ - . : :

The t1eld tests: 1nd1c¢teg tnut several anoz Cﬂdngen ln tne equlp—
ment would be deslTJbLO.“ 1hesc cqqnges,;rhich'nill be dlscussed s‘.n.lbrs‘-«jif
cuently, will he m_ue when tae equlpment s returned to the Banar sffice.

Jperation.  After recntanL tne apylratu , removc tue cqussis from
tiie cabinet and inspsct txe rxring iar lco“e connections.; InaerL Lne
tubes in their designated aocxeta. ReplALe in the cabinet and attach the
ma,ﬂet—pickwqpcqble to its oesignated 30¢xet. Attuch tne pover cord to
its socket, and connect to 119- lzﬂ »olta A.C. Inlc* Lna “off—on" snttch .

on the. front.of tne. cnussis to the “on" pésitlon. Tueipxlot lnmp sﬁoU»“f?°
lirnt. Allow about 10- mlnutes ior Lne bet to “arm uo and stub111Zefﬂ;ﬁ v
Kotute the control knob on Lne 1ront o! tne panel to the. rignt. A sbrougﬁ“
sigﬁul should be neard in the earpapnes._ Fotute thﬁ Control knbh slonY

to the left until only a very ueak slgnul 13 nenrd in the pnonab. M0ve :
the alectraﬂmagnet HCTOSE - thL fuca of the concrate in-L directioq perpen—_
dicular to the Axis of the burs ta be. locatﬂd Jnd witn tne mubnet parallal
to tne bars. AS tne magngt puSses over the bar, un’ lncredeed =1gn41 will_"
be heard in ‘the eurrhones. he point of maXimum axgnul.lndicates ‘the po—f
sition of the rein!arciﬂg bar.- photograpk oiﬁthe qeparate components |
ie shown . in figure 1A and figurs 1B anows the equxpm nt iﬁ ope*atian. _

Maintenunce. XNo muintendnce 3ﬂould be ut empted Ln thb fxeld except 

the raplucément of tJbeS and inspection for looae conne txons.. If the f‘f

equipment: fails to cperite. properly, 1t suaulu be raLurned Ln the Denverjf

laboratory for repulr.

Devalopment Pracecure. There are three funoamentul pr;nciﬂles used

1o locuate pburied vireg nnd metala, namnly,
1. Chunge in frequency of un alectronic oscillator

due to the presence of matal.
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2. Application of an alternatingrcur;ant‘togepergize,the R
metal. ‘ | S i Ll %
3. The effect of dist,orti_ng tne fiele around en ‘élecjt'r‘oi—”‘

B

magnet.

The last-named princ1gle WS found to be tae most rmcticable &nd

adaptable for the subject Lpbaratus.

The first nrinciple involves ' tne use of 4n electronln uscillator which 11.F

uets as s source of energy tnzt v¢*1es in frequency from 10) kilocvcles to
as hign as 3 mepacycles per secand. Il u piece of metal. is 1ntroduced into
the fleld of the oscillator coil tne frecuenc. of oscxllation w1ll change.
There is n decided advantage to this type af metector in that SRy, metal |
will affect the frequency. Magne*ic metals will’ anrease tne effective
inductunce of the coll- nnd will thus decreqse the frecuency of oscilla— _
tiona. A nan-magnetlc metal Hlll quve the inverse effect.- Tne cnange of
freguency can be detected by cowparlng tqis OoClllﬁtOT output witn another
fixed oscillator of approxlmately toe: sume frequency In tne luboratozw,_i
the frequency used was 140 kilaC3cles. Tne *ange of" tnis type of instru- 3
ment is direetly: related to the dlameter of the coll useu, i. e., to have_ a
ahn uppraximdte runpe of 6 1nches, c01l 6 incneo 1n dlameter ?oalu qave: 
to be used to-realize. even. a. slight change oi frequency.q A c011 of tnis
size would: apread out over too large an areu and 33 would not differenti—_
ste botween bars 6 inches apart., et ‘ ‘_] ‘,j L

A varla tian of t"ls ‘method using un aud;o—oscillator witn - amall
open-field, iron-core. lnductor for tuning h&s also tes ed. Tne freguencyf_
was approximetely 10, OOO cycles per second. The pr&sencu of iron vitn*n‘
the field of the inductor increasad the afiectlve inductunce ann tnereby ‘
decrensad. the frequeﬂcy of oscillatlon._ qu I*e]”,‘nOrever OlG not exahﬂ
tend out far enougn. The range for the: inatrument LI onlv aboat 2 anhes.

In applying the ‘econd prlncipls, the metﬂl itself is energided Ones
procedure is to pass-a current. tarouph tne metul and ase a small- explor—
ing coll to dptect the radisted. iield. It would be lmprJCthﬁl to- pass
a current- through the network of relnforci.g bars, so tais ¢uaptatlon wus

not tested. It is used for locating single buried telepnone cables."




" A test was made using 2. prooedure in- mhich a voltase wag uppliad be«
twean the bars and the suriaca of the concrete. Tnn eouipment Was deslgned
to indicate changes in- current .and. indirectly detect Vurintion oi rebist-
ance between the bars and’ the surface of the COncrete.“Tne positlon of :
minimum resistance would indicate the location of ‘the ambedded bar.‘ The , §
method was ahandoned when lt WA“ iounu tha t variwtions in watﬁr cantent ot L
tie concrete gave incorrect. result v o ' , i o
The taird principle, wuicn utillaes the dlstortian oF a tagnettc field
was applied . in tro ways,. The f;rst metnod used l JOJ cvcle voltage to drlve:;
oo smaell laminatad—cure electro-nutnet connecteo into one leg of ‘an induct~ ‘“
ance brioge. Aporoximately five wutts oI powex was dlel&DlB tor energizing"
tue bridge. The sunsitivity was high to ‘small movements of tne o1aer of onelﬁf
inch. It would nave been a Food inst1ument for tne | COMparison of ouint
thickness on sneet iran but uiu nat huve enouph f;nga for tue prebent.a
Equipment desipned accoroxnf o tﬂL tJlId pr;nciplc uemon&trﬁtLd fal
need f'or several cnunges.f The powcr Tor. driv1ng tnu &lectroumagnat w;g in-
creused to obtain more: uensxtivity. e longer mugnet th built to anreuse
the penetration. ‘Tne bridge. c1rcult was eliminuted beCanE 1t LIS tedious
to adjust or‘bdlunca. ‘High sensitiv1ty requlred sileuce 1n tne earphone:,
wnich could not be attained due tv stzuy UO-cyole picn-up from extraneous
Sources. ' _ _ _ P e
Ample power for ariving taa electro-magnet wus obtaineu ny converting
to the power. frequency of 60 cyclss. Tﬂdt cnange sxmplified the, problem
of eliminating stray fields.; The length of Lne magnet core S increased
from 4 inches to 36 1nches. In the case of the magnet entlrely in: air,

the magnetic patn includad approximately 36 incheb of iron And 42 inches of

4 . eir. With en iron bdr 6 inches from the Pole facea 3f the magnet o new

‘path was created with 60 inches of.iron plus le 1nches of air. The etiec~- s
tive decrease in the length o+ tne magnetic path produced an increase in
. the linea of mapnetic force. catting the picx«up ccils anu induced an in—ﬁ-.
creased voliege. o ‘ ‘ ' B o

Tne revised e‘ectro-mugnet wus built: of aporoximltalv 50" layers oi
30-gagea hot—rglled iron cut into strips 3/4~inch. wide and 36" inches’ long.
-~ The individual etrips were dipped‘in_a'lacquér paint and dried bg;ore LeseMm-

bling into a core, to eliminate eddy current losses. ‘A layer of friction




tape was wrapped araund the . laminated core u§ . a: binding and 1nsulat1ng
medium. Three layers of insulatpd rire of approximute Y 600 turns each
were then wound over the‘friction tnpe." The three layerb of ﬂlndlngs i
were connectéd'ln'parJllel’térf 6—volt seccndary of a trnnsformer, from
waich nearly 30 watts WdS suppllad.‘ Tne mtnaings were approximdtaly za
~inches long. A bend was mude iu the laminationb (fi&ure lA) abcut 7
"inches from each end to.form a long "*U":for: the exgloring probe.u The

feces were cut squﬂre ana filed smooth.‘ To complete the: probe, a c011

of 500 turns of ﬂmall nire Wub ucr¢mble wound near-each end ol the lamina—
tion, each to serve as a picﬁmup ceil. “The valtuee 1nduced in tnese coils '
wus fed Into the first ampliiie , A 6uC7 electronlc tJb “Tne comhined

voltuge waz too large, in thdt the grid of the firat btuge w»s overdriven o

and full amplifirﬂtion‘cauxd not be real;;ed. ‘;o correct tniQ-feature,‘Q}';3\'

another winding of 50 turns: wag udded. near the Center of the activuting
"coil end connectea in. pnase op0051t10n to. the two. pick~up coils.. The field “
nezr the center of tne 'ctivating coil remalns quite CQnstant qnd thus the

50-turn coil voltege does not’ impalr tne sensitlvity of the inatrument.‘_--f‘

The' final circuit is snown in fiEure 2. The output oi the" flrst stuee“p 

is resistanceucwphclty caupleu 1nto the grid of a 6J7 btige.u Tﬁi: btage
is different from- an ardinary ampli1ier in tbht the negutlve grid bias
voltape muy be incrensed to. sucn & vulue that &11 plnte current e cut off
or such that cnly the. pDSithe peuks of the input Sléﬂdl mill cause: tueﬁ
tube to conduct. Tnis is. represanted in figure 3. Curve LN ropresentsvh.}-
the plate current. plotted against gria voltage.J Poxnt NP rnpredents the “'_”
cut-off potential lor the grid, or,: tue valtuge at Wi Lch the glate current_: ‘
is zero. If s signql Ls. superimgoaeu on the steuuv grld voltuge, ana tne =
steady voltuge 1s:& dJustﬂu wore. nagative, a voltage may‘be found such tnat'l
only tne positive peﬁﬁa of the sxgnal will cause tqe plute circait to con~ 
duct. The curve "p" tepresents the ste ay sttte Tor gric valt¢ges and '
curve ¥ glves Lane plate cu*xent. II tne lnuut sifnal is lncrelsed us £
rurve "d" siynifies, the plate circult will conduct MOTE - current and . ior a
longer periad of time, a3 indicsted in curve "e.M The harmonics, or over- -
tones, sdded to the sipnal by tnls stege maxe 1t easinr for tne-ear-to
distinguish differences in nolse level in tne phones, The output signu1 '
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depth from tHeiface of tbe‘céncreté; The bars were“luid on approximately
6-, 3- and le-inch centers. at, difzerent locuuions in tne'tunnel but may

have sniited: from tnese po:it;ons ﬁﬂen tne Cuncreta mas pourea.'

The burs at the 5—incc deptn,‘witq an origlnal thCing ofkg_rroxlmately

z

© inches, were. located: quite easily by signal strengta varlationa., oome

burs at tne 1% inch depta mere lccated by signal overtane valiatlons, hnd

the locatlions were checked bj actuully drilling inta the tunnel: walls far : .
1 bar at ench depta. The ‘use of sien&l overtone varlgtlon required‘extremely;f ,

careful adjustment of ‘the cut-off; contzol and Wus ' tSLLuub 3uerutlon.i‘A? ‘

variable tap trans‘armer with rhnge‘of b Lo 1; volta usaa to energlze the

electra—mugnet would. give control over tne fleln 11 tne probe and’ ,oulc LnQ'  ﬁT

crease tine sensitivity for. locating tne deeply mbadaed bara.rf '3 3 : ‘

The reinforeing bars overlanoed xn tuo areas,”'ne naar the top of the:jgr
tunnel on tne south side‘dnu the: cthpl near the bottom oi Ehe tunnel on- tne‘ﬁi':”
nortn side. The lap area Is™ 50 b;r diameteru‘n1de or; 1n‘th1 ‘cnae, approx~ -
imately & feet ide. Witain thn lap area, the' ef*ectiva distance. betmeen :
the bars is approxima tely e 3/5 1ntne s 4—3/8 Lnanes and ? incnea, req¥é;~;'
tively, in tne 6-,.8-,; xng lz—lnch spuce aTeus due to the couble hqr ef~.u.“
fect. CE | ‘ ‘  ' '_ ‘  ‘ L  H  ; '>  :

in the'lsp areas waere tne origlnal spucing whs” o'anu 8 inches,fA;?“f -
continuous indication: was obtxiﬂea 15 predlcted from tne laboruto:y te
and the burs could not be. :eparateu. bome variquiau 1n ule sign&l c:uld
be detected over tne urea with un originnl s;sc1ng of 1z lﬂcnes; '
not definite enough for accurute location..-" H .

One of the diffieultles eﬂcounterea was tn.:.v of voltgge fluctuutlons
in the 110-volt, 60-cycle,” alternating—current power., ,upuly :ervxng tne »
tunnels. Intermitient use of- macﬂinery connecteu to the ‘Sume liﬂe Causea‘
VOltdEe variations. o; as mucn 4550 volts. Po“er fluctuﬁtlons Cau;d be
minzmihed by navlng & Separute line Ior tne aetector equlpuent or by using
a voltage stabilxzing tranﬁiormer. The euditlon of a. transformer voulu '
increuse tae welght by an. obgectionux amount. In the locatlon tests, the
fluctuations were offset by worxing over ¢ smull ares saveral‘timqs._‘ ‘ |
The nolse made by the operation of jacknammers snd other macninery

interfered with the perception of signel variation in ihe earghones. This
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from. tnis st wFe-is further ampl led bv a oAC? stu;e 4qd caupiel to A
6Vo power output atage unu to tne earyhones.:__ L ‘ )

The ainuings on the: magneb ure connected t: tneluhmséls tnrougn tm‘;
conductor sqialded cubles apgrox1mutaly 10 *eet long, and 5nothex pair"‘_
brought from the: cnussis. Ior connectlon to the earphoies‘ f_? -Cthes Are ; 
taped together for convenleqce. : ‘ “ l _ :H

A suggestlon WJS mude tnht i 11£ner Irecueucy be‘ﬂubstltuted for tne;
.power irehuency to drive tne electro-magnet. ,;uere woulc be dn advanuage ﬁ
in thut tne ear 1s -more’ beﬂSLtLV“ to a: uignal ox l OOJ CYLlEa ‘tnzn one stj
60 cycles. 4An audio- uignal generator dnd ampll fer: were canﬂectsaato'tneig
;‘electro-mugnet and, sevaral frequenc1es Wer"”rlcu..Tqu resultbjm:*ew_Tt”i
negative since the. BEnSltiVltV was  bcreased probably due 1o, lﬂCTEiaEd ‘
eddy current loss in the c01e. In "aaitkon_:tne plcx up o' atrny bD—cycle-
field In the luboratory was still: tao:“rong.' Tue tests JH)Wed th;* tne‘ :
building: of &QﬂltLDHul equ1pment far driving ine naﬁnct 4t o q;gner'frem
guency was not warz¢nted ' : s

Luboratory Tests. ,”»o concrete olocxs j feet Oj A ieﬁt 5 incnes by

& incnes vere arnpdreu in tne concrete labor;torv‘ ritn emoehaec rexnforc
ing bars arrunged to’ form'a griu. “Tae actual locgnion of - :»

saown . in. figure Aya qu reinforcement bar thtern WS determiqeai‘"_

of the dpparatus and compured witq the deslgnec loaatxou.‘ Ip Ekyck .

1 and 2 were lO”Jted thnln an er:oz of 1 iucd, out Oars j ahu 4 fu\e u
continuous inolcation in the earpqones._ Close greement o bJa locatlon
of bars 1 and zpwas reallzed fram elther -alde of the cancret¢.ﬂ Jhe bhrs
in btloeck 3 werujlocated quite eaeily fram thcfsuhface cloSest to the.if :
witnhin an er;or-of cne—u;lf ann. To locaﬁe Lne ;—1ncn bar% from the more
_ distént,surfape “eqULTCd consi eraole cxre 1n aagustlagj ;e ccntrol an
‘A;he‘app&rgtus. ‘The anrelae Lime Lngenthy ot tn 'bxgnal 1n tng eurgnoneb

1y

was glight.

field Tests.. On Jx miary. r? and 30 lQLG;VL}_L. Lle&ver, Eutinaering‘:

Aid, conducted field tests on the equipment in“the diversion tunnel at
Anderson'ﬁancn‘Dam.f A prelimiﬂary check of tne equ'oment diatlose tmoE
Lloose connections due to snipment which were. repa;red. ‘

The lining of the dlversion tunnel s approxlmatel* A incne; taxck
. with a layer of 1=1/4~ inch reinforcing’ bars at-5 1ncaea and one-at 1a 1nch'
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depth frbm‘the”fube'of\the éoﬁérete. Ihe bars here lnid on approximately
6-, 2- and lZ=inch’ centers ut dif*arent lacutlons in the tunnel but may
nave suli'ted from theSe positions wnen tne cuncrete mus pourad.‘n

i

R

The bars at lhe 5~ iﬂcn deptn, witn an original aQﬁCiﬂE of upproxlmately :
6 incnes, were located quite easily by signal strengtl variutions.‘ bome
burs at tae. ls-inch deptn were located bv signal overtane variations, and
tire locations were. cﬁecxed by actuaLly drilling in o tne tunnel walls iar
& bar at-euch ueptn. The usa af signal overtone varlLtion required extremely
oareful adjustment of the cut—off coﬁtxol &no wus‘a tedioub ope ation.hﬁA'
varisble tap trans.ormar with runge o b to 10 volta usac . energize tne
electro~magnet would give Cﬁntral over tne fiald of the probe ana waulc ln—
creuse the sensitlvtty for: loc&tint the deeply embedaed bars.:"ﬁf 7;5”‘

The reinforc1ng bars overlapped in tao areas, one’ near the top of tne T
tunnel on the. south side and the cther ne r the bottom oi tne tunnel on tne-_S{ f
nortn side. The lap: area is- 50 bar dlamateza'uide or 1n thls Case, approx~lir
imately 6 feet nlde. witnin the lan area, the effective distance batween e :
tre bars 1s approximately 4~3/B 1ncnes, —3/8 lncnes Lnd 3 anneb, respcc- f'"i ;
tively, in tne b—i d-; und lgmlnch spuce areus due ta the doubla bnr ef—‘
fect., R T e f . EFR D

in tne 1up Breas where the 3Iiglnal spuciag “La & and- 8 1nches,‘a   ‘
continuous Lndlcation Wiy obt¢inea ) predlcted from»tne labor¢toty teqts

and the bars could nat he. ~eparateo. bome varintlan 1n Lue sltnaLV

be detected over tie sreu witn un originhl spacing oi lz incnps, but Lt h45
not definite enoufh for. accurute location.- '

i Eob S s

dne of the dif’icultles ﬁncountercd was Lﬂat of volt¢ge 1luctuations : :
in the 110-volt, bD—c}cle, alternuting —current ‘power Supyl} sezv1ng tne"Vs T g
tunnels. Intermittanu use of macninery connectec 'to the sume. line Cnuaed f
voltape variations of as mucn a5 50; vclts. Poher iluctuutlona cau*d be

minimized by haviag e beparaue line for tne dotectsr equlymant or by using ' ;

‘8 voltage stabilizing - ‘trapstormer. Tne addition of « transformer Vould SRR A

increase the weight by an. objectlonai-amount. In thP location tesi., the ' i_.

fluctuations were offset by working over & snull ares’ several times.“‘
The nolse made by the operation of Jackhammers and other macninery -

interferqed with the perceptxon of signel variatman in the e&rphanﬂs.‘ ‘This




interference could be minimized by using rubber cups on the euryhonos. ﬂ
Better.still, a visusl. indicutor such ag & 605 electronﬂmv tabe (tuning
eye), could be suhstituted for ‘the: earphones. ‘This tube, incsrporeted

into the circult, vould be rugged nd quite sensitive.-:;t.vouLd not be
‘ ensitive meter. '

injured by an over- v:ltage, nﬂicn vould burn out"
The field tests served to: demonstrate also the need for aO e re— 7

arrungement in t € ecuipment,‘ RS built, it is too nPuvy ior‘one operator .

to move conveniently._ It can he built“in tmo parts and connected hy:a
eable. It was uugpested at the project tnat tne divxsdan be made in “uch

maner that the part c:ntuxning only the lighter and more 1rabile com—‘

ponents, SUCH 13 Ve cuum tubes, could be carried us ‘a oack on t'e opara-'f

tor!s back. The purt containing the nexvier componentb, suc“ ne truna—ﬂ”

formers, WOulQ be ncra.rupped and could be h;ndled mltn leas cure. xne

necessity of Bupplyint nign volture o the tubes mukeb tnxs part;culnr

arrungement inunvlsaole oecau:e Lt would expose the operator to tne danger‘

of snock. Use of tne. eouipment at Anderson Rnnch Lam 1s expectea to ds-

velop Sugres tions wacu will: nelp Ln determinlnt"tae iin&x urr_ngement

T e
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UNITED STATES . = -
DEPARTMENT OF TIE INTERIOR = R
BUREAU OF RECLAMATION = -

Anderson Dam, Idaho .-

o Marenl, gy
berver Office - Attention: Chief Engineer. =

Construction Engineer -

sport on the oparstion and use of Elsctronic Detector for
%:.?thg reinforcement bars - ‘Anderadn Rench Dam, Baise = -

construction of Anderson Ranch

drilling ani grouting the rock sur-

grouting work in the spring of 1942 after the mdngmmplatcd. .
Bocause of the delay in concreting operetions and the desire for sarly
river diversion to allow daa foundatien wark to ‘procesd, the Contractor

™s given pammission to defer the drilling and grouting to a later date. '

cating the reinforcement
e _ ‘between them, Anticipating that
ALhe tunnel would be started in Jarmary 1946, an

he Coldack Compeny. of Clendale, Californis in October

had, or could manufacture, sn ‘elestronic inatru-
“he reinforcement could be located. The Goldaek.
expsrinents and reported they could furnish equip- -
& full apmroval by the Coverrment, of its performance.
to the attention of Mr, R, P, Blanis in the Denver:
that suitable equipment could be developed in the

L
;

emary 16, Ur, L. T. Cleaver, who worked on the
the t s brought it to Anderson Rench Dam en Jamary .
for fisld trials, se tests were conducted in the tunnel under
verse conditions possible. HNojise froc the different types of
zade it almost impoesible to carry on a conversation, ‘
extrems weriation of power line voltage, Several tssts were made
it was found that the instrument would perform satisfactorily, ).

then retwmned to Denver leaving the instrument on the prcject to- -
with complate instructions for its use. -

ypRfEEs
LRI

3. The develomemt of the detector was started inw'fl‘m ang



b Other nNeCcessary work cawsed conaidmble dclny in tha lt.a.rting
and progress of the grouting opoutiom, and by ‘the mdddle ‘of Jumry
1946 it becams spparent that ths progrem’ for grouting in the huvﬂ;
reinforosd section ef the tumnel would be d.hyod a year,
for the detector was not amtu, but 1t. rmimd on tho projoct w—
outthemrl%f». B o , S

yoltage bf the aloet.ric . pOWST ‘line: was nnre unil‘omti-n it. ha.d ‘n-m

duringmnnimryﬁoldmungofﬂnd«tm

6o Ur, A, Vo hne, a Burun nployu on the, proj.eb mut.uu
o . agsisted. llr. Cleaver with the fiadd =
testing f the detector in Jamury 1946; and bas oparated the eipmmt

at all times dwing its use for spotting grout ‘holes in the tunnel. Mro.o

lene bad a docibel meter of his.oem which he 't r!.dwt. in plees - of ‘the

‘head phones. In his opinion the use of the meterwas mud praferred . - -

because visual cbservation -was much maore. rolhblttluntud&tﬂobluh o
vation. This was upadally tm n'hon the: mi ‘of ‘the drilla was -
_tho

Iy, m'.fmnd ‘that.: the mtm el
‘be determined. at;uf,m,. e 8

barawmspudatb— S
ateelwiﬂa&imhnm-

6. It can ba reparted that , the instrament parforml the work for

whidxitm doaigud It is scmewhat heavy and bulky, and its use-

4P 1t coﬂdhmmaouhhm“ -

vimlindimtor,mdmnn :
-t ‘would ‘be more prmcticel.
Asmcmﬂmctedmﬂmmumwomhit, On several
cccasions it was necessary to delay- the start of drilling. oputt.inu
uutnanutmﬁownmt emplo;oemnvamblc

2




1
A

9. -Attached hereto are two photographs shom.ng t.he slact.ronic do—
tector being use't in t.he tumel

10. The d:ateetor was retnrnad t.o the Denm offiue on Fabmry 26,
1947, | | o Y

: 1. The dmlnment of the alectranic detecter is covered in L
- Hydraulic Laboratory Report Ho. 196, An. Electrenic Detector for: Inoatin,g

Reigi‘orcing Bars Fmbadded in Concrm, B:{ C R, Dlmz, dated Fabruary
1946, :

In dupl. w/~ e‘n'cis.‘ B R T

5

. - - T e S
i s e e A S ‘__t-“«‘:_ =y

Boise, Id.mho w/- ancls. _ R R N

-Distr. lianager, :
Boise, Id.aho w/- encls,

1oy T



R et it b e b 3 i e Sy i N~ R SN

3702 - ELECTRONIC DETECTOR - ‘Inspectors A. V, lane and C. A. Jungqulst are
operating the electronic detector to. accumtoly determine: tho ‘location.of
imbeddsd reinforcement in the outlet:tunnal concrete linj.ng -and: thenby

determining’ locat:.om for drmj.ng gxout. holes.
L. &, Murphy . L S _ Jamzary 3.3, 1%7




vith theolccbmicdetoctor, as’ uhom, is bo.uevad hy t.ha Opamto'r to" be
‘more satisfactory in: t.hs miny t.r.mnol. o “
‘L‘R.lhn-phy_ el L T T e Jamnrle l9l+7




