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Introduction.. In the cons.truction of~o~ for'.various}idams., 

~it .~as been a complicated operation '~to dr~li ~.~rou~:h~he.:"/iiii; ~}" 

concret6, lining of the-diversion tunnels,because of heavy relnforcement 

steel embedded the.rein. TO iavoid -thiS" complic~tlon •.in~i:.%he•::o~tiet ituanel 

a t .'And croon ;Ran ch ~ D~'n,: ::~t ~'as 

t i o n  be g i v e n  t o  ~ e  procureme 

re" nforcLng :bars pr ior  :to ~the 

ference between~D. S.~W~tex 

Ranch Dam, an~. R. F. Blanks, 

one nesearch Division, Denver office., :the pro 

"•'?' :i• ̧" .. 
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R 
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tronlc detector.wa~ assigned 'to ' " • t h e  e l e c t r o n i c s  s ection,~i, o f ~thle i l y d z a u i i c  :!i ~ 
!laboratory. 

,. Y" ""i 

: Summa~,i SeVe 

~tlgated ~before one 

inforclng~bars at ~t 
• ? . 

developed. 

• L a b o r a t o ~  !!eats o n  ~t'~o ~ ¢ o n c r e  tei~ b] ' 
4 

bars~demons tra~ed " 

4-3/.4 inches and will dlstin :bars6 Ja~ches.~apar% ~a% :t~a~:ce~t~l, /i 
~ I't was .also .estabils~ed".~that ~,t~'e ~..~n~itlon.~0f-~the .iconcrete had ~no e feet,.." 

': - -"~i:!~The ..instrument .proved. .... . to. .'be..very. • .~•~satls£act°ry' . . •.:In :field tests• ia::~e•" ii•~i!i!:.~:~J~: 

.diversion tunnel ~at .Anderson !Ranch :D~. ~De~p.~te !fluctuation ,in :toe :,, ~::~--:.....::. 

:-:.-. " ' :. .... : " , " .... •• ,.:," ". •• .. • . -: ,' , " :i': :' ~. "'L' .• " i...: • ;~'.:~. ~-:"- -' ~:'..;./.. •:.!.'~';~:,.•., ~ "..:"..33::'~ 
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supply volta£e and the ni£h level of noise in the tunnel, r~inforcin~ 

bars at a depth of 5 inches and a spacin~ of 6 inches were easily loca- 

ted to the s:~tisf~ction of the field persun~el. The po~sibilitles of 

the instrument were demonstrated by loc~Ltin[ a fe~ b~rs ~Lt, a dept~ of 

IS inches, usln~ signal overtone ~ariatlons. T~.lis use oi' si£nal over- 

tone variations required careful adjustment~u~ t le c~t-off cuntrol. T%'u 

lo¢~tions, one at 5-1nch and one at 18-inch dept/~, were ~%ctually checked 

by drilling. 

The field tests znd~c~teu t~tt severL~l minul c:lan{es in ~e equip- 

ment would be desirable. These ch.~n£es, which ':~[ll be discussed &ubse- 

cuently, will be maae "~'hen t~]e equipment i~ returned to the Denver offi'ce. 

3peratiot~. After receivin£ the appRratus, remove ti,e cn_=sis from 

the cabinet and inspect ~le ~;irin~ fur louse co:ulections. In~ert the 

tubes in their designated sockets. Replace in the cabinet and attach the 

magnet-pick-up cable to its designated socket. Attac.h %/ue po,t~er cordite 

its socket, and connect to llO-120 Volts A.C. Thxlo~ the ,,off,on" s'~Itch 

[~n the fro~t of tae ch=ssis to the ',on" ~p~sition, The~l~lot lamp shou!:i 

].ignt. Allo~ about 10 minutes For ~he set to warm up and s%x~bilize. ~, 

borate the cont~col knob on the ~ront o~ tn panel to the li~t. A stxo::g 

si~-n~Ll should be ne~rd in t,ne e~rp~,ones. Eot..~te the control knob slowly 

to h~e left until only a very ~°eak signal is heard in the phones. ~.ove 

the electro-magnet across th~ f~ee of the concrete in a direction pe~'pen- 

dicular to the axis of the b~rs to be located and ~ ~itln the ma£net parallel 

to the bars. As ~qe magnet passes over ~,e bar, an increased slgnal will 

be heard in the earphones. The point of maximum siFn~ indlcates the po- 

sition of" t~e relnforcin£ bar. A photograph of ~he separate components r 

is sno~n in figure 1A and fi£ure 1B sho~s the~equipment in operstlon. 

Maintenance. No maintenance snuuld be ~ttempted in the field except 

the replacement of tub~s and inspection for loose connections, if the 

equipment falls to oper'~te properly, it s.~,ould be reLurned to the Denver 

laboratory for repair. 

Developmen~ ?rocedure. There are ~ree fundamental princi~,les used 

to loca~e buried ~'ire~ "rod met,~is; namely, 

1. Chan£e in frequency of an electronic oscillc.tor 

due to the presence of met~tl, i 



FIGURE i 

A - Component parts 

B Se~ in opere~lon 

ELECTRONIC DETECTOR FOR LOCATING STEEL IN C(2~C~I~ 
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metal. 

I 

magnet. 

Application of an alternating current to energize the 

The effect o~' distorting the field around an electro- 

The last-named principle was found to be the most practicable and 

adaptable for the subject apparatus. 

The first principle involves t~le use of an electronic oscillator which 

~cts as a source of energy that varies in frequency from lOO kilocycles:to 

as high as 3 megacycles per second. If a piece of metal is introduced into 

the field ol the oscillstor coil, the frequency of oscillation will chan~e. 

There is a decided advantage to this type of detector in that any metal 

will affect the frequency. Magnetlc metals will increase the effective 

inductance of the coll and will thus decrease the frequency of oscilla- 

tions. A non-magnetlc metal will nave the inverse effect. The change of 

frequency can be detected by comparing this oscillator output ~i~l another 

fixed oscillator of" approximately tme same frequency. In hhe laboratory, 

the frequency used was iAO kilocycles. The range of tais type of instru- 

ment is directly related to the diameter of the co~l used;~i,e., to have 

an approximate range of 6 inches, a coil 6 inches in diameter would nave 

to be used to reallze even a sllght chanse oi' frequency. A coil of thls 

size would spread out over too large an area and so would not differenti- 

ate b~,tween bars 6 inches apart. 

A variation of this method using an audio-oscillator.with a small, 

open-field, iron-core inductor for tuning was aiso tested. T~le frequency 

was approximately i0,000 cycles per second. The presence o f~Iron wlthln 

the field of the inductor increased the eflective inductance and thereby 

decreased the frequency of oscillation. ~le fie]a, hov:ever, didnot ex- 

tend out i'ar enough. The range for the instrument was only about!2 inches. 

In applying the second principle, the metal itself is ener£1zed. One 

procedure is to pass a current ~nrou~h the met~l and use a small explor- 

ing coll to detect the radiated field. It ~ould be impractical to pass 

a current through the network of reinforcing, bars, so ~is adaptation was 

not tested. It is used for locating single buried telephone cables. 

4 
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A test was made using a. procedure in which a voltage was applied be- 

tween the bars and the surface 0f t21e concrete. The equipment wasdes£gned 

to indicate changes In current and indirectly detect vari:itlon of~reslst - 

ance between the bars and the surface of the concrete. The position Of 

minimum resistance would indicate the location of the embedded~bar. The 

met~od was ab,mdoned ~hen it was found that variations in water content of 

t~e concrete g~,~ve incorrect results. 

The third principle, waicn utilizes the distortion of a ma~net[c~fleld, 

was ao~lled in t~':o ways. Th~ first method used l,O00-cycle volta£e to drive 

a small lamlnated-core electro-ma£net connecteQ into one le~ of an induct- 

,tnce brla~e. Approximately five watts of power was aw~ilable ~br ener~izln~ 

t~e brid~e. T~e sensitivity was high to small movements of the order of: one 

inch. It would nave been a ~ood instrument for the comparison of oalnt 

~uicaness on sheet iron but did not have enouFh range [~or the present. 

Equipment designed accordin£ :to ti~e third principlo d~monstr:~ted 

need for several cium£es. The ~o~er for driving the electro-magnet w,,s in- 

cre,~sed to obtain more sensitivity. A longer~m,~gnet wt~s=built~to increase 

t~e penetration. T~e bridge circuit was elimlnated~because it~.was tedious 

to adjust for balance. High sensitivity required silence in flue earphone~, 

wnlch could not be attained due t.~ stray O0-cycle pick-up from extraneous 

sources. 

Ample po~er for drlvln£ the electro-magnet was obtained by converting 

to the power frequency of 60 cycles. That change s~_mpllfied the problem 

of eliminating stray fields. The length of the magnet core:zas increased 

from A inches to 36 inches. In the case of the ma£net~entirely in alr, 

the magnetic path included approximately 36 inches of iron:and Z2 inches of 

air. With an iron bar 6 inches from the pole faces of the magnet, a new 

path was created with 60 inches of Ironplus 12 inches oi" air. The ef£ec-. 

tire decrease in the length o~- the magnetic path produced an increase in 

the lines of magnetic force cutting the pick,up coils a, la induced an in- 

creased voltage. 

The revised eiectro-ma£net was built of aporoxlmately 50 layers of 

30-S~@e hot-rolled iron cut into strips 3/A-inch wide and 36 inches long. 

T~e Individual strips were dipped in a lacquer paint and dried before ,~ssem- 

blin£ into a core, to eliminate eddy current losses. A layer of friction 

5 



tape was wrapped around the laminated Core as a binding', and insulating 

medium. Three layers of insulated wire of approximately 600~turns each 

were then wound over the friction tape. The three layers of windln~:s 

were connected in parallel to a 6-volt secondary of a transformer, from 

w[~ich nearly 30 v;atts was sup[~lied. The wlndin#s were approximately 22 

inches long. A bend was made in the laminations (fi&ure 1A) about 7 

inches from each end to fo~n a long "U"~for the exploring probe. The 

faces were cut square and filed smooth. To complete the probe, a coil 

of 500 turns of small wire was scramble wound near each end of the lamina- 

tion, eacn to serve as a pick-up Coil. The voltage induced in tnese coils 

was fed into the first amplifier, a 6.,'~C7 electronic tube. The combined 

voltt~ge w~s too large, in that the grid of the fizst sta~e w~s overdriven 

and lull amplification could not be realized. To correct this feature, 

anoCher windin~ of 50 turns was added near the center of the activating 

coil and connected in phase op~uosltion to the two pick-up coils. The field 

near the center of the ~..ctlvating coll remains quite constant and thus the 

50-turn coll voltage ~oes not impair the sensitivity of the instrument. 

The final circuit is s~own ~in figure 2. The output of the first sta~.e 

is resistance-cap~.city coupled into the i grid of a 6J7 st,~ge. Thls sta~e 

is different from an ordlnsry amplifier in that the negative grid bias 

voltage m~y be increased to SUCh b. wLlue ~/lat all plate current iscut off, 

or sucn t/~at only the positive peaks of the~input sl{nal ~ll cause tk~e~. 

tube to conduct. This is represented in fi~ure 3, Curve "~a" represents 

the plate current plotted against grid volta@e. Point "P '' re[~resents the 

cut-off potential i'or the grid, or, the voltage at which the plate current 

is zero. If a signal ts superimposed on the ste~Ady~grim volt=ge, and the 

steady volt~ge is adjustea more negative, a voltage may be found such that 

only Lne positive peaks of the signal will cause the platte circult to con- 
o 

duct. The curve "b" xepresents the ste.dy st;~te fo~ grid volta~.es an d 

curve "¢" ~ives t:~e #late current. If the input si~nal is increased, as 

rurve "d" signifies, the plate circuit ~lll c@nduct more current and for a 

longer period of time, as indicated in curve "e." The harmonics, or over- 

tones, added to the signal by this sta6e make it easler for the earto 

distln~uish differences in noise level in the phones. The output si(nal 
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dept~h from the face of the concrete. ~The bars ~were~laid on approximately 

6-, B- and 12-inch centers at different locations in the tunnel, but'may 

nave s~ii'ted from these po=It~ons when the concrete Was poure'd~ 

Die bars at t~he 5-1ncn dept~q, with an original spacln~ of approxlmately 

6 inches, were located quite easily by signal strength ,variations. ~ Some 

bars at the l~-inch dept/~ wegeiilocated by signal ~overtone variations, and 

the locations were cl~ecked by actually drillln~'~into "Ole tunnel walls for 

a bar at each depth. The use of signal overtone variatlon required extremely 

careful adjustment of the cut-off, control an~ was atedious o ueration. A 

variable ta~, transformer ~ith range of" 6 to 12~volts usedto energize the 
• ! 

electro-magnet would give control over the fief(! ~ ~f the probe ann ~:ould in" 

crease the sensitivity for locating the deei~ly'i~iembedaed bars. 

The reinforcin~ bars overlaoped 'in t':~o areas, one near the top of the 

tunnel on the sou~ side ..~nd ti~e other near the bottom of :the tunnel on the 

norton side. T~e lap area is 50 bar dlameter~; wLie or, in O~is case, approx- 

imately ~ feet wide. Within the lap area, the ef:t'eetive dist'-ance between 

fect. 

in thelap areas where t/ue original sp~clng was 6 and 8 inches, a 

continuous indication was obtained :~ predicted from rile laboratory tests 

and the bars could not be separated. Some vari,~tiou in •le signal could 

be detected over the area with an original s~acing of' 12,incnes, but it w~s 

not definite enough for accurmte'location. 

One of the diffic~tlties encountered was U1:,t of voltage fluctuations 

in the l!O-voit, 60-cycle, alternating-current power supply serving :the 

tunnels. Intermittent use of machinery connecte'd to the ~same line caused 

voltage variations of ~s muc~1 as 50 :volts. Power fluctuations could~be 

minimized by having a separate line for the detector equipment or 5y using 

a voltage stabilizin~ translbrmer. The addition of a transformer v;ould • 

increase the weight by an objectional amount, in the location tests, the 

fluctuations were offset by ~;orkinc over a small area several times. 

The noise made by %/~e operation of jackhammers and other machinery 

interfered with the perception of signal variation in ~e earphones, This 

¢ 
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from this sta~e~is further amplified by z~ 6AC7 staf;e and coupled.to a 

6V6 power output stage and to ~e earphones. 

The wlndin@s on the magnet are connected to t/he ~chas~is ~tnrou~n 'two~ 
/ 

conductor shlelded.~cables approximately lO feet lon6, and another pair is 

brought from the cnassls for connection to the earphoneS. ~All cab!es "~re 

taped together for convenience, i 

A suggestion ~as made that a nigher frequency be .~ubstituted for Ine 

oower frequency to drive the electro-magnet. 'lhere:woald be a_~ advantage 

in theft the ear is more sensitive to a signal of 1,O00 Cycle~:tnan one of 

60 cycles. An audio-signal generator and amplifler were connected to tile 

electro-m,~gnet, and several frequencies wereitried. The results were 

negative since the sensitivity was decreased probably due to increased 

eddy current loss in the core. In aaait~on, the plck-up o~ stray 60-cycle 

field in the labor:~tory was still tooi strong. T~e itests sno.~ed thzt <the 

building of admition~ll equipment for driving the m~net at ~ higher fre- 

quency was not warranted. 

Laborator7 Tests. iT:~o concrete bfocks 3 feet by 21feet,3 inches by 

S inches were prepareo in the concrete ~labor:~tory, "~Itn emoecaea raznfor c- ~ 

ing bars arranged t o form a grio. The actual locatlon of the bars is 

shown in figure A. The reinforcement bar pattern wiJ.s determined by use 

of the apparatus and compared wit.~ the designed location. In block A, bars 

~ ~ but:bars:3 and'i& ~ave a 1 and 2 were located ~ithin an error of ! i~cn, 

continuous indication in the earphones. Close agreemenh £n~the location 
, , 

of bars I and 2 w~s realized from either.side of the concrete. ~hebars 

in block B were located quite easily from the !:surface closest to t~e bars ~ 

within an error Of one-half ~nc,~. To locate the .~-~ncn bars from h~e more 

distant surface required considerable care in adjusting ~'~e control on 

the apparatus. The increase<~in In%ensity of the~si@nal in ~e earphones 

was slight. 

Field Tests. On January 23 and ~30, 1940, L. Y. Cleaver, Englneerin@ 

Aid, conducted field tests on theequlpment in't/he diversion tunnel ~at 

Anderson ~ancn Dam. A preliminary check of tae equ~oment disclosed two 

loose connections due to shipment, which were repaired. 

~, • i~ The llnin~ of the diversion tunnel is a~rox~mate .F 4 inche~ thick 

with a layer of l-i/4-1nch reinforcin~ bars at 5 inches and one at 18-inch 

9 
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depth from the face of the concrete. The bars were lald ~on approximately 

6-, q- and 12-inch centers at different locations in the ~tunnel, but may 

cave s~:Ifted from these positions when the concrete was poured. 

~le bars at the 5-1ncn depth, with an original spaclnE of approximately 

6 inches, were located quite easily by slgnal strengt.h~vari~tlons. Some 

bars at the 1B-inch depti~ were located by signal overtone variations, and 

the locations were checked by actually drilling into t~le tunnel walls for 

a bar at each depth. The use of si~nal~overtonevariatlon requlred.extremely 

careful adjustment of the cut-off control ant wa~ a~tedlous operation. A 

variable tap transformer vith range of 6 to 12 volts used ~o energize t~e 

electro-magnet ~ould give centrol over the field of the 9robe and ~.ould in- 

crease the sensitivity for locating the .deeply embedaedbars. 

The reinforcing bars overlapped in, two areas, one near the top of the 

tunnel on the south side and the other near the bottom of the tunnel on tne 

nor~ side. The lap area is 50 bar diameter~ wide or, i n this case, approx~ 

imately 6 feet wide. Within the lap area, ithe effectlve dlstancebetween 

the bars i~ approximately 2 " • -3/8 inches,, 4-3/8 inches and 9 inches, respec- 

tively, in the 6-, 8-, and il2-inch sj.~ce areas due~to the double bar ef- 
fect. 

in the la# areas where the original sp'~clng~as 6 and 8 inches, a 

continuous indication was obt.~ined a~ predicted from the labor~tory tests 

and the burs could n~t be ~eparated. Some vari~tion in Ole signal:could 

be detected over the ',rea with an ori£.inalspacing of 12 incnes, but it.~as 

not definite enouE~h for accurate location, ' 

One of the difficulties encountered was ul~t of volt,a~e fluctuations 

in the llO-volt, 60-cycle, alternatlng-current power supply servinR the 

tunnels. Intermittent use Df macninery connected to the same line caused 

voltage variations of ~s much as 50 volts. Po~er fluctuations could be 

minimized by ~*avins a separate line for the detector equipment or by using 

a volta~.e stabilizin{ transformer. The addition of a tr.%nsformer would 

increase the weight by an objectlonal amount. In The location test~, the 

fluctuations were offset by ~orklng over a smull area several times. 

The noi~e made by the operation of jackhammers and other machine, 7 

interfered with the perception of signal variation in ~e earphones. This 

11 



interference could be minimized by usln~ rubber cups on the e&~r~,hones. 

Better still: a visual indicator such as a6U5 electron-vsy,tube (tuning 

eye), could be substituted for tae earphones. This tube, incorporated 

into the circuLt, ~,ou~d be ruf. ged and qulte sensitive° it "~ould not be 

injured by an over-v~lta~e, w~icn ~.ould burn out a 'sensltive meter. 

Tt:e field tests served to demonstrate also,the need for some re- 

arrangement in the equipment. As built, it is ~too~ heavy for one operator 

to move conveniently. It can be builtlin ~t~o parts and connected by a 

cable. It ~'Jas suggested at the project that tn~ division be m~de in s~ch 

manner that the part containin~ only t/~e lIEtlter and more fragil e com- 

ponents, suca ,%=- v.~:cuum tubes, co ald be carried as a pacKon t!:e opera- 

tor!~ back. The part contatnin~ the he'~vler components, such ~a~ trans- 

formers, would be more ru£~ed and could be handleC wiU~ less care. The 

necesslty of sapplyln£ ni~a volt,-tge to the tubes makes this particular 

arrangement inadvisable because it would expose the operator to ,the dan£er 

of snocK. Use of the equipment at Anderson R~mch Dam is expected to de- 

velop sug.~estions which will i~elp in determinin~ trle final arr~n£ement. 
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DEPA~,~ OF TF~ Ih~EKIOR 

BUREAU ~ '  REC~TION 

OP~TION AHD USE OF ~CTRC~IC DE- 
TECTOE FOR LOCAT~:G 
• REI~O~CIN3 BARS. 

At~RSOI.Ir RANCH D;2!. 
BOISE PT./CJECT, IDAHO 

"/arch IL, 19A7 
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Subject: 

UNITED STATES 
~AK~a~rr OF ~ D~RIOR 

BUREAU OF R~CLAMATION 

Andersen Dam, Idaho 

March 14, 1%7 

Denve~ Office - Attention: Chief Engineer 

C~tnucti~ F ~ n e e r  

Rep~ on t h e  o p e r a t i o n  and u s e  o f :  Eleet~onic D e t e c t o r  for  
loemtlm~ mminfc~cemmnt hams - Anders~n Ranch Dum, Boise 
Pr.Jeet. 

r e w ~ t ~  t h e  ~ t l e t  tm~nel. ~ ~ an,',1 ~routin g the rock sum- 

. ~ , ~ , w ~ . . o . ~  r~e selay In eonemetlng operstions and the d e s i r e  ~,,,," i : . ~ , "  
~ _ ~  ~ - =  ~ ~ d ~  z ~ . t ~  ~=k to ~ - o ~  ~ ~ - - ~  

e~ ..= ~ ~  an~ grou~zng ~o a later date. 

m -n~.cn was ~4 heavily reinforced, it was 
d ~ i 1 " ~ l ~  ~lesla.~.id_e same ~ Of' l o c a t i n g  the l ' ~ l . r ~ o ~  
%hm Erou~ could be dmilled between them. 

.~lag ~ ~X~a~ in ~.%be tunnel would be mtarte4 Anticipating that 

A~ to de~e~ it %hey had, ~ c~ ~aet~, an eaeetrcmic ~ .  " 

,,_ _ o = .  m u ~ S . , ~ u  s u ~ a ~ A e  e q u i p m e n t  c o u l d  b e  d e ~ l o , ~ d  4 .  + h .  
==,ma-s ~m,~,,, Xabemt~7. ~ .... - 

3.  Tm dmmlop~at  af  the d~ .ee tor  was ~ in ~ m b e r  1945 and 
~ l a  J ~  1 ~ 6 .  Mr. L. T .  C ~ a w r ,  w ~  w n e e d  ~ the 

=6"~...'P~ T ,'_.~ ~ . .~n-,,,~. ~,o~ i~ ,, ~..~ ~ ~ ~ ~ ~  

air ~ - ~ =  - ~ -  , : '  - ,  .... • p,s.~, olse f~ the diffe,~aZ types of  
.. ~r~ ~ u  A~ ~ m  3.11~R~slb.1.1 to ~ On & ~ n e A ~  a l.- 
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• ~ t h a t  t h e  ~:~" ~ou-.mm~ :~n ~une . ~ v  : ~ r  .... 19A6 i t  ~ a~nm _ ~ ~  4. , . . . . . . . .  , ~_  : . ~ .~  
~ ~ d  s e ~ i o n + ~ f  t h e - ~ W ~  be  d ~ . m . . ~ ,  ~ . ~ a u + + , ~  
fo r  the cletee~ wasx~ ac~, hut'lt:rma:knod~o th~,prooNl(d~+'~ 
o~t t.he year Io,/,6. 

5. When grouting was ,.resumed in the :~,: ' 
dete=tor wa~ uaed to acmm~t41~spot :t.ho Z 

, ~ o ~  ~ ~  ~ ~ c  ~ .  ~a~: .~u. I=F° .u~  ~ ~ ~  ~' :.: 
~ £i~d ta~t,~ng .oi" ,tho d ~ e ~ 6 ~ .  :~ 

7. I t  w ~  , f o m ~ % ~ t  .the : lm~t£on  of  ,thlO :talmw~,~',+~d~:':~n-- 

d~-eatJ~r ~ +:the hme~ ~ou) ,,wu : t h o  , r ~ ~  ~ ~  "~J"T'~ 

p e ~ a t e n  bi~s : that  . w ~  ~and.:Ir, o 
When the  b£t fom~d ~acn i n  th s  ~ 

~ I n  a n : a ~ m  :e l  about , ~ , s q u ~  

~emm space, the Imrtrmmnt p r ~ n ~ , ~ I t t ~ f a ~ .  

• ~f it w~o with a ~ In~ea~, m m o . u . -  

occas ions  i t  was n e ~ m z 7  t o  delay the  .a'c, ax, t o f  ~ opemt£ons  
u n t i l  an e x t r a  ~ emp,loyee ~ ava i lab . lo .  

2 

+ : !i 
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9. Attached h~Or'~L~@'~WO p h o t o g r a p h s ~ s h ~  the,e leatro~ic ,  do-, 
toctor  being used in the tunnel.  

I0. The detector was returned to the Denver offlce on~February:26~ 
19A7. 

31. The d ~ n L l o ] ~ e n t  of ~the a l e ~ c  d e A ~ r  i s  covered  i n  - 
~ u l L c  Laboratory Report No. 196, Ele~ronlc ~te@tor for~X~m~tn~ 
Reinforcin~ Bars FA~ded in Cc~crete, By C. R. Oaum, :'(~tOl~rF~l~ ~3j 
19A6. 

In dupl. w/- encls. 

Boise, Idaho w/- encls. 

- -D i s t r .  Manager,_ 
Boise, Idaho w/ encls. 
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37o2 - ~ R 0 ~ X ¢ .  _J~E~CT~.- l,apee~or. A. V.~ ;An= ,~d C. A.  ~ J = n g ~ ~ ,  
opex~ting the ,e le~A~ ic  det.ec~or, to ,.accurat~.ly detArm~e ~:~f~to l o ~ t ~  ~of i: ii 
i=bedded r e ~ ~  in the outlet,~tunnel ¢onc~e~e~lJ.nl~, a n d ~ : ~ .  ! 
d~exv~Inin~ loeaticcm for d r i / l i n g  ~ u t  holes.  ~: 
L. R. llur~ Jamm~:.13, :~19&7 



..,,4 

i i , ~ ~ ~ -  Use of~a decibel ~ ~insteact of headphor~ 
~ . ~ 1 t ~ ~ c  d~ect-or,  u shmmj :£s  bo~Lerved -by ..the .ope~tor  to ,be 
,~ 8at~sfaetor7 in ~tl~ noisy tunnel, 
; L. ~H. }A~n-I/-~, Jan~r-j 13, ;Ic~7 


