
RADIOAcrrrYE PhOPEltTIE~ OF HOCKS son.is AND' 

WATEHS Oli' THE SOU;I'HEHN CALIPOillHA BEGIOl~. 

Thesis 

by 

J. Lloyd Bohn 

In Partial Fulfillment of the Requirements 

for the Degree of Doctor of Philosophy. 

CALIFOltNill. INSI'ITUTE 0]' 1l1ECHIWLOGY 

Pasadena. California. 

1928 

"* 



-1-

ABSTRACT. 

lU.DIOACTIVE PROPERTIES OF ROCKS, SOILS, AND 
vVATERS OF THE SOUTHERN CALIFORNIA REGION• 

This investigation includes measurements on waters 

from· Lake Arrowhead, Arrowhead Hot Springs, Harlem Hot Spgs., 

Pacific Ocean, and from numerous wells and tu..nnels of the 

Pasadena and neighboring water supplies. It also includes 

measurements on rocks, soils, and crude oil'• 

The activity of the water of Lake Arrowhead is found 

to be about one hundred times smaller than the minimwn that 

could be detected in the electroscopes used for cosmic ray 

measurements. This lake is,therefore,very suitable for the 

cosmic ray measurements. 

The Pasadena wells yield waters ap~roximately one thousand 

times as active as the Lake Arrowhead water; and is,theref.ore, 

not suitable tor cosmic ray measurements. 

The ratio between the activity of the soil at Lake 

Arrowhead and that of the soil on the campus, as obtained 

by Mi111ltan and Cameron, from their oosmic ray data, is in 

good agreement with the results in this report. 

The average radium content of the acid intrusive rooks 

in the vicinity of Devil ts Ge..te Dam, according to the measure­

ments so far made, is 2.3xlo-12gms. of radium per gm.of roe~• 

The emanation in crude oil vro.s found to be of the same 

order of magnitude as that found in well wa~ar. 

Pasadena tap water contains about 1 eman,,or lxlo-lO 

curies per lite~ while the average of the sources is about 

five times as great. 
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RADIOACTIVE CONTENT OF ROCKS, SOILS, 

AliD WATER. 

Introduction. 

Many extensive investigations on the distribution 

of radioactive material throughout the crust of the 

earth have been carried out by Strutt
1

, Joly2 , Elster and 

Geite13 and many others, but so far the Southern Calif­

ornia Region has been almost, if not entirely, devoid of 

au.oh investigation. If is, therefore, of prime import-

anoe to have data on this region that may be available 

for the various problems dealing with economic and phy-

sical geology. 

On account of the lack of data from this region, this 

problem was put before me by Prof. Killikan. 

A second· reason for taking up this investigation was 

of greater importanoe, even than the first, at least of 

greater immediate lmportance. Namely: that of finding 

the activity of the soil in the vicinity of cosmic 

ray measurements by Millikan and Camero~. Aloo it is 

essential to know the activity of the waters into which their 

eleatroacopes were lowered. 

:Muoh of the date.included in this report deals with the 

water supply of the City of Pasadena. Bumerous tw1nels 

and wells, as.well as rooks, in the vicinity of the tunnels 
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and from the drill oorea of the wells have been studied. 

The ·report also includes data on ~aters from the Pacific 

Ocean, Lake Arrowhead, Arrowhead Hot Springs, Harlem Hot 

Springs, and numerous sources east J:>f Pasadena. Measure­

ments on crude oil, on sever~l ores, and on soils are 

included. 

Some of the problems of interest are the relation 

between the activity of waters and the underground 

structure - especially the relation to fault lines. 

The p;oblem of the influence of the h~ti.t developed by radio .. 

active materials upon the surface history of the earth 

has not yet been satiafaotorily solved. Furthermore, the 

distribution of radium throughouu the crust of the earth 

is remarkably uniform, and so far no reason has been found 

for this distribution. 
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In this investigation I made use of only one of the 

radioactive gases; namely radium emanation - sometimes 

also designated by radon or niton. Of the three radio-

active elements that remain in the ga.seouo ~tate at 

ordinary temperature and pressure two are rather short 

liYed. Actinum emanation having a half-value period of 

only 3.92 seconds and thorium emanation of 54.5 seconds. 

These two have disintegrated to practically zero value 

before any gas is drawn into the electroscope. In the 

main, then.what ~allows will deal only with radium emanation 

and, of course, in the case of rock, the radium with which 

it is in equilibrium. 

Some of the characteristics of radium emanation 

(which will now be designb. ted simply ao emanation) of 

interest in the pre:.:.ent investigation are the following. 

Occlusion in solid bodies: numerous solid bodies 

such as wax, celluloid, rubber, clay, platinum, etc., 

occluded emanation in considerable quantities. Glass 

and most metalo occlude vei"Y minute quantities. 

Charcoal,especially at low temperature absorbs pract-' . 

·ically all the emanation. Colloidal Bolutions also 

have absorbing qualities.· 

Solubility in water is given by the following eq. 



where Emw is quantity of Em in the water and V~ the 

volume of _water and Em,_and Va the corresponding symbols 

for air. 
Emw· Va --
Emo.. -- Vw 

The follorJ ing values of ~ for different temperatures 

are given by Meyer and Mache. 

o0 0 10 20 30 50 70 1000 

~ o.510 o.351 o.254 o.195 0.138 0.111 o.1oa 

Emanation is about 43 times more soluble in crude oil 

than in water. 

The influence oi· acids and salts on the solubility 

of eraana ti on in water was studied by Eve and 1'1olntosh~ 

and others. 

The coefficients of diffusion in air and water 

as found by various workers are approximately: 

For water at 18° C 

For air 

The desintegration of Ha EM is given by the eq. 
-)t" 

lI :: 11 e -t 0 

A table of values is given in Radioactivitat by 

Meyer and E. Schweidler that is ver-;; useful in 

a ·.ng time corrections ior the decay of Ra Em. 

The following cons,tants expressed in days and hours, 



where T is the half value period, ~the radioac~ive con­

s taut and "t'- the average life of an a tom are of value. 

tl' : 3.825d = 0.918 x lcfh 
T' ::: 5.5l8d - 1.324 x 1dh -

~ -=. 0.8122 
_, 

d ::: 7.551 x lan-1 

Units: At the Second International Congress at Brussels 

in 1910 the curie was designated. at:1 the quantity of 

emanation in equilibx·ium with one g.:cam of radium. The 
-/6 

Eman is equivalent to 10 curies. The concentration unit 

called the 1Jache unit is sometimes used. 
- 10 

I lvlache unit- 3.64xl0 curies per liter 3.64 

emans per liter • 

. The ionizing properties of rad.ium emanation are 

greatly increased ~hen its disintegration products are 

allowed to come to the equilibrium value. Thus the 

ionization is uuguontec1 by the .Product·liatl, ha.B, and RaC.-

:b1urthermore, the ionization is due chiefly to o<..rays and 

to a less extent by (3 ray-; the r rays have a negligible 

effect. The activity is plotted against time in Fig. 1 

and it is seen that a maximum accuru after 3 hours,and the 

activity remains fairly constant for about an hour. Thi.s 

. then,wotild be the ideal time to observe the electroscope 

leak and is the period chosen by some investigators in 

which to make their observations. Others pre.fer to make 

.. 
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their observations during the l0-20 minute period as it 

' vw.s fowid by Satterly that a slight maximum occurs at 

that time. Any period may be chosen BO long as the 

calibrations are made to correspond with the interval 

chosen. McLennan and Satterly7 found that the ratio be-

tween the electroscope leaks corresponding to the 3 hours 

period and the 10-20 minute period was 1. :14 and used this 

ratio to check their results when time permitted to allow 

the ema.na tiou to remain in the electroscope fo.r three 

hours. 

The writer started to take readings 15 minutes 

a.;.:ter the gas was admitted to electroscope 1fl and con­

tinued for 30 minutes. When electroscooe #2 was used 

the initial l"'eading was taken 30 minutes after the emanation 

was admitted ,and in case the quantity of emanation was 

small ,the final reading was taken one hour later. In 

case the quantity of emandtion was great the time re,~uired 

ior the leaf to pass 100 divisionu oi the microscope 

field was observed. Obviously some correction had to 

be made as, fo:r example, if 100 divisionE were passed 

in 16 minutes this doe,s not mean that the leak per hour 

would be 400 scale divisions, but rather 455 as shown 

be accompanying cu.:cve :F'ig. 2. This curve was obtained 

by averaging a large number of curves; the ordinates 

being obtained by dividing the leak ior time T by total 
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leak at Ts one hour after correcting for the natural leak. 

This curve is not absolutely 001"rec t in that a leak i'rom 

0 to l·O is .not exactly equal to, say, a leak i'rom 90 to 

100. However, the distance travelled by the leak ia 

small and ,there:{ore , the erro~c al~o small and may be ne­

glected. Fig. 3 is the oorresponding curve ior electro-

scope jfl. 

Description of the Furnace. 

The furnace is almost identical with that used by 

f 
Joly. Fig. 4 repreoents a cross-section of the furnace 

drawn to natural size. The base, of Swedish iron, is four 

inches sqUci.re and about one and one-eighth inches thick 

and has four supporting legs of braDs. An annular groove 

about three-fourths of an inch deep is cut into it ~·01· 

admitting the pyrex cover. When in operation the groove 

is filled with mercury and the a.i?para tus is :Set in to a 

pyrex orys tallizing dish which is com:ple tely filled \Vi th 

water thus covering the base and the mercury outside of 

the pyrex cover. The purpose of the water being, ~f course, 

to keep the base and the mercury seal cool when the 

furnace is hot. Under the pyrex cover we have a.quartz 

crucible of about l50co capacity resting upon several 

layers of a,sbes tos for ,thermal ins ula ti on. Inside this 

quartz crucible is the heating element which is not ohown 
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in the diagram, but which is put into position similar 

to that used by Joly, i.e., a sort of basket arrangement 

with ~erti~al loops. One end of this heating elements, 

a platinum wire l.2mm in diameter and slightly more than 

a meter in length, is connected to the base and the 

other end to the insulated terminal shown in the diagram 

under the pyrex cover. I found an old spark plug with 

mica insulation Vel~ suitable for this terminal. Finally, 

on the inside we have the platinum crucible of 6lcc cap-

aci ty. 1.rhis crucible is. inbedded in either magneciwn 

oxide or alwninium oxide which serves several purposes; 

namely, that of electrically insulating the platinum cru-

cible from the heating element and of thermally imml-

ating· the heating element from the outside. The platinum 

wire is placed as clOcie to the platinwn crucible as poQs-

ible without danger of actual contact. The platinum 

aruc ible has a cover with two holes in it, one for obs er-

ving the mixture while fusing, and to obtain the temperature 

with an optical pyrometer·and the other for admitting air 
I 

to wash out the furnace to remove residual emanation. 1.rhe 

air inlet is clearly designated in the diag1 .. am. The out-

let for the emanation, aLr, carbondioxide, i.vatcr vapi1", 

$tc., upon fusion is through the tube in the center of the 

base. This leads to the absorbing tubes. The bulge in 

the glaBG tubing at the pottom se:-r~veb as a rebervoir for 

the conden~ed water. 
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ELECTliOSCOEES.. 

Two electroscopes V.Jere Ui.:iOd for determining the radio­

active content of water und thus one served ab o. check on 

the other when samples of the same source vrnre tested in 

both electroscopes. Eleotroscope designated as #1 was 

of the ordinary gold leaf type mounted on top of an eman­

ation chamber of about 600 c c capacity. The gold leaf 

(Fig. 5) was mounted on a flat nickled strip of brabs, 

which in turn was mounted on a brass rod that extented 

through a quartz insulation in the top of the emanation 

chamber. A charging device and windows for observing the 

gold leaf with a Leitz microscope were provided. 

Electroscope #2 was of the C.T.H. Wilson type and was 

used for the solid materials a8 well as for water. 

Here the emanation charnber and electroscope are combined 

into on.e. A gold leaf of limm width is mounted on a flat 

sttip of polished metal which in turn is suspended from 

the top of the electroscope by a a.mall quartz rod. A 

charging rod is provided. On account· of the hi'groscopio 

nature of quartz the admitted gaees must be free from 

vmter vapor. 

A.pparatus ior Separating Emanation from S.olutiono. 

This is a familiar pieoe of apparatus and requires 

no more desorlption than the accompanying sketch Fig. 6. 
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ME THO.De. 

Of the various methods for determing the radioactive 

contet1t of· rock5 and other materials there is, in my 01Jinion, 

at the present time, no method that is completely satis­

factory. 

In this investigation I have copied almost identically 

the method of Joly7 and, while it is probably as good as· 

any, it still is not quite satisfactory for the rea1.:.ion 

that a 4uuntity of the emanation is absorbed by the abBorp­

tion tubes, the rubber-bag, and other pt1rtc of the 

apparatus. Also slight ~uantitieo may remain in the 

furnace and em~nation way be lost upon grinding the 

material. However, theoe last tvrn errors, if present. ;J.t 

all, are quite neg~igible. I have drawn air thxough the 

furnace into a ~.>econd electroscope ~fter a run and found 

no residual emanation. According to the w ark of Gray 

and others on the loss o..C heli urn from pCJwdered rock we can 

assume the loss of emanation due to this cause negligible. 

A. compensating factor enters in that the electroscope is 

calibrated by the identical process followed in mak.ing 

determinations on rocks. If the quantity of titandurd ore 

io chosen so as to give approxiuately the same leak us 

the rock materialo
1
and the times and temperatures are 

duplicated as nearly as possible
1
we can aosume that the 

percentage or absorption in the apparatus is the same in 
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all oases and the results should be correct. 

Fletcher,,drives the emanation from rooks by'using 

an electric aro, but he uses very small quantities of 

material. 

The solution method used "by many investigators is· 

a rather tediouo p.:ocedure and often gives spur iouo re~rnl tB. 

It is often di~ficult to get the fuse~ material into 

solution--usually an alkaline solution (by leaching) and 

an acid solution results. Sometimes the process of 

fusion with carbQnates hau to be repeated. After sol-

ution the samples hu.ve to be kept about three weeks be-

fore measureing the emarn ... tion and errors may then result if 

the solution is not limifed, if traces of H2S O~are 

prese.t1t, or if a slight prec,ipitate, which occludeC the 

ema.na tion, ia present. 

Eve and Mclntosh
0 
found that v.ihen I\_SO'f- is added to a 

solution of tinguaite only Jg. of the emanation present 

could be liberated by boiling. Levine" found that by 

adding BaCl~ and ~O'f to mineral water probably less than 
-~1 

l;~ of the radiwn remained unprecipitated. 

I have used the solution method to some extent to see 

how the two methods compare. In calibrating the elec-

·troscopes I get a higher con~tant by Joly's method than I 

do by taking the same material and putting it into solution 

and again determining the constant and the results which are 
I 



again fairly consistent, are obtained by using difierent 

constants J..'or the eleatroscope for the two methods. 

Further remarks will appear later. 
! 

A discussion of various methods is given by Joly, 
'Z 

Buclmer, Mac he and Bu.mberger, and others. 

Gamma rays have been utilized by Hess'," Dorsey'"cJ.nd 
,~ .... 

Ludewig in determining the radium content of materials. 

I think a very satisfactory method could be devel-

oped by making use of an induction furnace and employing 

the absorbing power of cocoanut charcoal for emanation 

at low temperatu;ce and pressure. It could then be 
ofF 

driven by heating and passed into an electroscope. 
A 
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Samples of water are collected in pyrex flasks which 

are.securely stoppered immediately. The rubber stoppers 

are provided vv ith a hole into which is inserted a piece of 

glass tubing about five inches long. This tube is cealed 

at the upper end so. that when it iu connected to the 

emanation apparatus it may be b.:coken off. This prevents 

·the l0!.3S. of emanation which would otherwhrn occur. The 

size of the collecting fla~ks depends upon the activity of 

the water and also upon the electroscope used. In ffiObt 

cases I used two liter flasks when U$illg alee troscope 

#1 and 500c c ilasks when using electroscope ifa2. 

Distilled water is heated to boiling and poured into 

fla;;3k A (Fig. 6) into which a small stick of I~aOH had first 

been put. The purpol:3e of the Na.OH is to remove any co 2 

that might be in the water and which would pass into the 

electroscope. With stopcock (a} closed and (b) open the 

water is allowed to rise in tube (B) ao as to completely 

fill it. Stopcock (b) is then closed and flask (A) is 

lowered to a position near the lower _end o~ tube (-B). 

The flask (C) containing the water to be tested is placed 

into position and the tip of the glass tubing broken off. 

A flame is next applied to C and stopcock (a) cautiously 

opened; just p~rtly at first and ~hen the water starts to 

boil it is completely opened. 'The boiling c ontinueb .Lor some 

time, in fact,. until the water in tube B has corne to the 

boiling goint. 
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Vigorous boiling is usually aontinued for about 10 

or li.6 minutes to make aertain that all the emanation is 

driven off·. If the qua.nti ty of gas evolved is large 1 t 

may be stored in a rubber bag by ma.king use of the three 

way stopaoak at the top of the apparatus. After the 

water has boiled for a suffiaient time the flask (C) 

is removed from the apparatus and by lowering flask (A) 

air is allowed to bubble through tube (B). Thia tends 

to remove residual emanation from the NaOH solution. 

It is an added precaution that is hardly neoessary. 

The gas is next drawn through Hf,So4 and p 2o5 into an 

exhausted eleaeroscope. 

PRODEDUBE FOE SOLID MATERIALS • 

The aolid material is ground so as to pass through 

a sieve of 60 mesh per inch. .&.bout 4t grams of the 
/ 

ground 'material ls mixed with at least four ti~es that 

weight of mixed sodium and potassium carbonates and 

several grams of powdered boric acid. The boric acid 

helps to increase the effervescence and also seems to 

make the melt more limpid. This mixture is pla.oed into 

the platinum furnace and about 20 amperes passed through 

the heating element. The melting of the aarbonates 

and the fusing of the material must be closely observed 

and the current regulated to prevent the melt from 
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overflowing. Kost of_ the effervescence takes place 

be.tween 800 and 90o0 c. The current is gradually in-

oreased, after the effervescence ceases, so as to raise 

·the temperature slightly.over ll00°c. The current aorres-

pon~ing to this temperature is about 28 amperes. 

During the precess of fusion the emanation is lib­

erated from the solid material and is oarried, with air 

and the evolved co2 , through two tubes of soda lime 

and into a foot-ball bladder~ After the melt has been heat-

ed to the required temperature the air and emanation are 

drawn through the absorbing tubes in the reverse direction 

into a previously evacuated electroscope. Before entering 

the electroscope it is made to paso through H~o4 and a 

tube of P2o6• In order that the gold leaf of the eleot­

rosaope may not be broken and also that the gases may pass 

through the absorbing tubes rather slowly;. the entrance 

to the eleotrosaope is made very small. This oan be done 

by putting a piece of glass tubing with a pin ·h~le in it 

at the entrance. About 13 minutes are required to fill 

eleatroaoope f2. After the rubber bag is exhausted the 

air inlet to the furnace is opened and the eleotrosaope is 

completely filled by drawing air through the furnace and 

the absorbing tubes. Thie removes the residual emanation 

that may be in the furnace. 

An optical pyrometer is used to obtain temperature. 
'O A. aorreation of ab-out 15 c should be made for the pyrex oover. 
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CALIBRATIOli. 

Carnotite of known uranium content was used for the 

purpose of calibration. For the aalibration to be used with 

the solution method for rooks and the water analysis a 

carefully weighJ quantity of Carnotite was fused with 

sodium and potassium carbonates and then put into solution. 

Thia solution was put into a flask and boiled to remove all 

the emanation and was then securely ooi:Sked. ..lfter a number 

of days the solution was treaie4 by the process given under 

the heading: "Procedure for water analysis.• 

A sample oaloulation is here given: 

.0107 gms. Carnotite of 1.58% franium content 

, 2 d•ys 172/3 hours : time stored • 

• 391 •part of emanationtflacumilated. 
-7 

3.4 x 10 gms of Radium in equilibriwn with 1 gm. of uranium 

Leak of electroscope : 4.0 div, per hour 

Emanation entered electroscope.at 8:16 

Initial readtng : 1.4 at 

Final reading a 34.4 at 

'8:45 

9:46 

Leak due to emanation : 33.0 - 4.0 29.0 div. per hour • 

• 0107 x .Ol.58 x .391 x 3.4 x l0-7 = .776 x lo-12 gms. Ra 
29.0 

· per scale div. : calibration constant. 

For the gold leaf used in most of the water analysis 

the average of the calibration constants for eleotroaaope 

#2 was .78 gms. Ra per aaale division. 

In order to aheak up on this value; Mr. Rans"om, 
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formerly at the Chicago Radium Institute, and now at this 

institute, kindly allowed me to use a standard radium 

solution he had in his possession. With this solution I 

obtained a constant of .776 gms. of radium per scale divis­

ion. It is, therefore, quite certain that the calibration 

is correct. 

To calibrate by the fusion method ~ quantity of car­

noti te was mixed with several gms. of rock, which had been 

previously tested and for which the electroscope leak per 

gram of rock was known. The reason for adding the rock was 

to obtain more effervescence and to meet as mearly as poss­

ible the actual conditions of making determinations on 

rooks. The natural leak of the electroscope and the leak 

due to the rock were subtracted from the total leak, and 

the remainder was taken as the leak due to the standard 

ore. The calculation of the electroscope constant was 

then similar to the preceding case. 
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Data 
Activity expressed in curies per liter 

Pasadena Water Supply. 

Source Electroscope fl 

Garfield 

Villa 

Sunset 

Sheldon 

Oakland a.t 
Glenarm 

Los Robles .art·· 
-llltt~re-

Huntington 

Busch 

Wells 

9.2 x 10-10 

8.4 

• 4.8 

3.5 

7.5 

0.10 

3.7 

Electroecope #2 

9.1 x io-10 

8. ~3 

7.9 

6.4 

'A ,.. ...... o 

7.1 

3.7 

- Tunnels 

Richardson 5.6 5.5 

Wilson 5.5 

Devils Gate 5.0 5.6 

Eaton #3 3.6 3~8 

Post 2.l 

1.6 

0.11 0.13 

Eaton Div. o. 78 

Average 

9.2 x io-10 

8.2 

6.4 

4.8 

3.6 

7.3 

0.10 

3.7 

5.6 

5.5 

5.3 

3.7 

1.9 

0.12 

o. 78 



:Penyugal 

Granite 

Palm 
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Sierra Madre. 

Wells. 

2.8 

Baldwin lw.ncho 

6 .. 3 

3.3 

3.0 

3.5 

3.0 

3.2 

3.6 

7.1 

3.2 

Arrowhead Hot S~rings. 

2..3 2.1 

1.9 2.1 

3.7 

Harlem Hot Springs. 

18.0 

2.9 

3.2 

3.6 

6.3 

5 .. 2 

7.1 

3. :3 

3.0 

3.3 

2.2 

2.0 

3.7 

18.0 



rrer~1p1e fl5 

Temple ~'f9 

Venice :Pier 

Depth 

~urface 

25 ft. 

40 

50 

Jar fl 
- -

Jar.#2 

Lowest value 

Highest value 
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~ontebello Oil :Fields. 

Crude Oil 
-10 

10 

1.9 X/D l. 8 X tO 

2.0 

Sea YJater. 

Lake Arrowhead 

2.3 

.77 

1.10 

Electroscope 1J.~2 

.63 

1.04 

• 4£1 and. • 51 

.21 

.Electrosco:pe fl 

lL 10 -II. 

1.9 )( tD 

2.2 

180 

£70 

x 10-lO curies per liter. 

Tap Water• 

Average of 20 determinations 

.25 :x: 10-10 

l.9o x io-10 

.97:x io-10 

- /0 
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Rooks in vicinity of Devils Gate Dam. 

All acid Intrusives. 

l. Granodi§f.i te Average 

2. .lplite ff 

3. Quartz diorite gneiss • 
4. Granodiorite from ArroyoSeoo 

Soila. 

Campus Average 

Arrowhead 

0 -12. w•6 x 10 gms. Ra. 

2.0 

2.4 

!.3 

Gm. Rook 

-12. 
2.3 x 10 . gms. Ra. 

gm. soil 

3.9 
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DISCUSSION. 

With several exceptions, the results obtained from 

all the wells, tunnels, and springs are included' between 

the values of from 2 to 9xlo-10curies per 11 ter:. This 

would indicate that all these waters come from rock 

formations of approximately the same radium content•· The 

activity of waters is, ofoourse, not an exact measure of 

the activity of the seat of these waters, as,for example, 

a large pool of water in a certain rock formation could not 

be e:xpeoted to absorb as much emanation fDDm the rook forma­

tion as would an equal amount of water in the same formation, 

but sprtt'a. out into the form of a thin sheet. Another factor 

is the time the water is in contact with the rock formations.i 

It is,therefore expected that the results would be only approx-

11 Eaton diversion" is a shallow stream and its low activ-

ity is easily explained by the fact that most o+ the emanation 

is lost to the a.ir by the agitation of its waters'~1 Post tuimel 

has a rather low value for the same reason~ 

In the case of the Arroyo Seco tunnel the low value is 

probably due .to its waters being mostly surfaoe water~i . 

The Huntington Hotel well has a value of only o.1oxio-lO 

curies per liter; while the nereby well at Los Robles and 

Allandale has a value of 7.3xlo-10curies per liter. This 

variation is somewhat puzzling. Some of the emanation is 

lost as the water is rather forcibly ejected from the pump, 

but the loss due to that cause is not sufficient to account 

for the extremely low value• It may be possible that the 

water comes· from a rather large undergroundpool that is in 

contact with relatively small rock surface., 
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The sam:ples of ·crude oil had an emanation content of 
-10 2.lxlO curies per liter. However, due to the m.ethod of 

collecting the samples this value must be considered as 

being slightly belov1 the real value.1 The samples could be 

collected only by opening a valve and releasing the oil at 

high pressure. The oil then came out as a spray rather than 

as a steady flow and some of the emanation escaped. However, 

due to the absorbing property of the oil the loss of emana.­

t ion was not nearly so great as it would have been in the 

case of water• In any case, the quantity of emanation in 

the crude oil was of the same order as that found in well 

wa terS';~ 

Samples of the oil were stored !or one month and then 

tested for radium with a. negative result~~ 

Harlem Hot Spring yields water at 90°F and with an 

activity of 18xlO-lOeuries per liter. This is twice the 

maximum activity found in Pasadena~~ The sources of the 

thermal waters of Harlem and the Arrowhead hot springs are 

are very likely deep seated. The waters reach the surface 

through a fault or structural break in the granitic roeks;;<i 

The Harlem Spring at the present time has to be pumped; and, 

according to the attendant at the Spring,the temperature of 

the water dropped in disarese steps from l30°F.to the present 

temperature of 90°F. with successive earthquake shooks~ It 

can, therefore, be safely assumed tha.t there is a mixture of 

deep sea. ted and {.Bu.r:fa:ce; ua. tersi:1 
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The average activity of the rooks measured is 

_ 2.0x1o•l2grams of radium per gram of rook. This is in 

good agreement with results obtained by others~i 

The soils of the institute campus and Lake Arrowhead 

have an activity of 2.3xlo-12 and Z~9xlo-12gms.of radium 

per gram of soil,respectively. These results seemed rather 

high at first,but repeated experiments yield the same resultt~i 

Fu.rthermore,the ratio between the two is in close agreement 

with the ratio obtained froa cosmic ray data'~, The ratio from 

cosmic ray data is 1.5,while the ratio here obtained is lr~fl. 

This is good agreement when it is remembered that no account 

is taken of the thorium content of the soils';" 

~he measurements on Lake Arrowhead vvater may at firat 

seem ra th.er inconsistent, but due tb_ethe fact that three of 

the samples were 500cc samples and of low activity,the results 

even show the accuracy of the measurements." The values obtained 

from the two 211ter samples are .49 and -;~3xle-13curies per 

liter. 

The results show that Lake Arrowhead is suitable tor 

cosmic ray measurementif;_·and that the Pasadena reservoirs are 

not. 

The activity of J?asadena tap water is found to vary con­

siderably, and on the average has an activity of only about 

1/6 of the average activity of the sources. The loss of eman­

ation is due to the water being stored in reservoir~ 

For curiosities sake, two samples.taken at random from 

commercial water containers (Radium Spa},were measured. 
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This investigation is to be continued for some time, 

and more data will be added later~· Also it may be possible 

find certain correlations and thus arrive at some definite 

oonclusions';1 

The writer wishes to express his thanks to various 

members of The California Institute of Technology for their 

willingness to disc.:u.s difficulties and to offer valuable 

suggestions.-: I am estyecially indebted to Mr. Engel for care­

fully selecting rook samples, and to Mr., Ransom for allowing 

me the use of a standard radium solution!":~ 
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