
DEPARTMENT OF THE ARMY 
. . .... ; .-

. " 'CORPS OF itNGINEERS 

BEACH EROSION BOARD 
OFFICE OF THE CHIEF OF ENGINEERS 

LITTORAL STUDIES 
NEAR SAN FRANCISCO 

USING TRACER TECHNIQUES 

TECHNICAL MEMORANDUM NO. 131 



LITTORAL STUDIES 
NEAR SAN FRANCISCO 

USING TRACER TECHNIQUES 

TECHNICAL MEMORANDUM NO. 131 
BEACH EROSION BOARD 
CORPS OF ENGINEERS 

NOVEM BER '962 

LIMITED FREE DISTRIBUTION OF THIS PUBLICATION WITHIN THE UNITED STATES IS MAD" 
BY THE BEACH EROSION BOARD, 5201 LITTLE FALLS ROAD, N. W., WASHINGTON II, 0, C. 



POREWORD 

Differences in concentrations of mineral composition of beach 
areas along the shoreline have on occasion been used to estimate 
direction of movement of littoral drift and other littoral processes. 
Extension of these methods to the use of naturally radioactive thorium 
as a means of detecting direction of littoral ~rift has been marle over 
a portion of the California coast from the Russian River to Point San 
Pedro. This report discusses these methods and the results which in
dicate the method to be rather quick for qualitative results and quite 
simple compared to normal mineralogical analysis. After separation 
of the heavy mine ral fraction from samples taken along the beaches, 
radioactivity present is determined by use of a two- cha nnel gamma-ray 
spectrometer with one channel adjusted on the 0.238 mev. peak from 
Pb212 in the thorium series and the other on the 0.118 me~ peak from 
Ra226 in the uranium series. As the method an~ its results appear of 
conside rable in t e rest in t he field of beach erosion and shore pro
ce sse s, it is now be i ng publ ished as a Beach Ero s ion Board Technical 
Memorandum. 

This r epor t was pr epared at the Wave Re search Laboratory of the 
In s titute of Bngineer ing Research at t he University of Ca l iforn ia . 
Much of the wo rk was done under support by the Nationa l Science 
PouQdat ion (Grant G-18123) but use was also made of data gathered 
concurrent ly by the University in pursuance of Contra c t ~-49 -05 5-
Bng- 8 with the Beach Erosion Board for the study of beach materials 
and source s of beach materials along the ea1ifornia coast. The 
author of the report, Ade1 Kamel, was at that time a candidate for 
a doct oral degree at the University (in fact this report formed in 
part his Ph. D. thesis) and is now a research engineer and assistant 
profe ssor at the Coastal Engineering Laboratory, University of 
Florida. 

Views and conclusions stated in this report are not necessarily 
those of the Beach Erosion Board. 

This report is published under authority of Public Law 166, 
79th Congress, approved July 31, 1945. 
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LITIORAL STUDIES NBAR SAN PRAH:ISCO 
US ING TRACBR TEa-INIQUES 

by 

Ade 1 M. Kamel, University of California 

ABSTRACT 

A method of assaying for naturally radioactive thorium as a 
means of detecting the direction of littoral drift of sand along 
a sea coast was investigated and applied to the portion of the 
Coa st of California from the Russian River mouth to Point San 
Pedro. The method proved to be very quick for qualitative re
sults and rather simple compared to mineralogical ana l yse s. 

The method involved the collection of surface and deep 
samples a long the rea ch of t he coast under study. The heavy 
mineral s f or a limited size fract ion of the sand samples we re 
sepa rated by bromoform and the radioactivity pre sent in them 
was count ed by the use of a two channel gamma -ray spect~y~ete r. 
One channe l was adjus ted on t he 0.238 mev. peak from Pb in 
thS ~hor iUlll se ries and the other on the 0.118 MeV. peak f rom 
Ra 2 in the u ra n i urn. se r ie s. 

In this study the three factors considered in de termining 
t he direction of littoral drif t along the coast were as follows : 

1. The concen t ration of thorium (in parts per million) 
in the he avy minerals of a limited size fraction of the 
sand samples analyzed. 

2. The percent of heavy mine rals in the same size 
fra cti on used in (1). 

3. Wave refraction diagrams. 

A decrease in the concentration of thorium and heavy minerals 
f rom t he source area indicated alongshore drift in the direction 
of dec rease of both parameters, while wave refraction patterns 
showed a littoral sand drift in the direction of the a l ongshore 
energy component of waves breaking at an angle to the shore. 

Based on the diatribution of beach sand samples and their 
thor ium and heavy minerals concentrations and wave refraction 
diagrams, the pattern of sand movement along the California Coast 
from the mouth of the Russian River to Point San Pedro was found 
to be from the north to the south except for a few locations where 
a reversal direction of littoral drift existed. 



I NI'RODUCT ION 

General Problem 

The source, movement, and deposition of sediments along shorelines 
have been studied extensively by geologists, geographers, and engineers. 
Johnson (1959*). defined the factors involved in the supply and loss of 
sand to a coast as follows: 

Source of sand supply: (a) Major streams, (b) small streams and 
gullies, (c) cliff erosion and slides, (d) onshore movement of sand by 
wave action, and (e) wind action. 

Sand losses: (a) Movement offshore into deep water, (b) losses into 
submarine canyons, (c) accretion against littoral barriers, (d) removal 
of sand for construction purposes, (e) wind action, and (f) abrasion by 
wave action. 

The process by which sediments are moved along the shore is known as 
littoral drift and it includes beach drifting and alongshore drift (Johnson, 
19l~). Coarse material is moved along a foreshore in zigzag paths under 
the influence of swash and backwash of the waves. The process of alongshore 
drift is due to alongshore currents set up within the breaker zone by break
ing waves approaching the shoreline at an angle (Fig. 1). Although the 
waves tend to become parallel to the coast as a result of refraction, they 
usually break at a slight angle to the shore with the result that a littoral 
current is induced and is effective in moving a mass of water (and the 
sed iment placed in suspension by the breaking waves) slowly along the coast. 
It is this current combined with the agitating action of the breaking waves, 
tha t is the primary factor ir, causing movement of sand along a coa st line. 
It is believed that the largest percentage of the littoral t ransport occurs 
shoreward of the breaking point of the waves. 

Knowledge of . sand sources and direction of littoral drif t along a 
coast a re of prime iaportance in beach erosion studies. These fact or s may 
be determined broadly by several distinct methods of appr oach, some of which 
are necessarily complementary to each other. These include: 

(1) The use of standard hydrographic methods of mapping the sea bed 
and shoreline, aerial surveys, wave data, and refraction diagram analyses, 
current measurements, sampling of suspended load and bed load sedimen t s, etc. 

(2) The use of natural tracers such as heavy mine ra l frac tions or 
shell inclusions in sediment samples, in relation to their sou['ce areas. 

(3) The use of radioisotopes as tracers for labeling sediment samples, 
either by incorporation of the activated rna terial in artific ia l sed iment , or 
by chemical or physical adhesion as a radioactive film on the particles of 
the real sediment, or by embedment within the particles (in the case of 
pebble s). 

*See re ference s p. 40 
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Waves breaking at an angle with beach generate longshore currents; north of 

Oceanside, California. 

Fig. 1 
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(4) The use of luminophors as t r ace rs for l a beling sediment samples, 
either by incorporation of t he fl uore scent materia l in a r tific ial sed iment 
or sh i ngle , or by adhe s ion as a l uminescent f i lm on pa r ticles of na tura l 
sediment. 

(5) Tbe use of hyd raul ic models wi t h mova ble bed s of artific i a l 
materials to simulate prototype sediment proce s ses. 

Along t he Cal i f ornia Coast , a method of us i ng rad i oa c tive trace r s 
presented it se lf in tha t the re are severa l loca tions on the coa s t where 
radioact ive ma t eria l is added na tura lly t o the bea che s. Thi s ma te r ial is 
thor i um (Th232 , 0.238 mev.) . It is added at disc rete places along the 
coa s t where rivers f l owi ng through t horium-r i ch gran i te outc r ops re a ch the 
coast or whe re the thorium-r ich gran i te i tse lf outcrops at the seacoast. 
Thi s t horium was us~d as a means of de tecting t he dire c t i on of littora l 
d r ift of sand along the portion of t he California Coast from the Russian 
Ri ve r mouth to Po in t San Pedro. 

Summary of Past Studies on Littoral Drif t 

Formula s f or rate of littoral dr ift : 

Many a ttempts have been made to determine t he amount of material 
migr ating along a shoreline. The principal f a ctors a f fec t i ng the rate of 
littora l transpor t have been studied in the laboratory (K rumbe i n, 1944; 
Saville, 1950; John s on, 1952; Sauva ge ~ Saint Marc; 1955). However, 
comple t e understanding of the problem is still lack i ng , although such 
i nformation is of utmost importance in the design and deve l opmen t of na vi
gation channels, ports, and beaches. Advance towards a better understa nding 
of this problem has been made in recen t years, but the effect of waves and 
currents on littoral drift still defies accurate predict i on of ce r t a in 
phenomenon. Existing formulas for estimating t he amount of littoral drift 
a l l are of a semi-theoretical or entirely empiric.al nature inasmuch as Some 
of the pbysical elements are not completely urtde rstood. Some of the more 
common formulas are: 

1 - The Los Angeles formula (1937): 

Q = 1/2 K1 We sin 2 a 

2 - Eaton (1951) gave the formula (identical to formul a 1 above): 

Q = K we sin 8 b cos a b 

3 - Caldwe ll (1956) gave the formula: 

Q = 210 EO. 8 
whe re: E = Et sin cp cos cp 

4 - Baj oruna s (1961) gave the formula: 

Q = a En sin 0.
0 

[1 _ e-bD cot 0. 0 ] 
0 

4 



Whe re : 

Q : littoral dr i f t factor 

W : Total work accomplished by all waves of given period 
and direc tion 

e = wave energy coe f f icient 

a., cp = angle be tween the wave and the bre aker line and t he sho re 

E = the alongshore energy 

E = deep wa te r wa ve energy 
o 

k, n, a, b = constan ts 

D = leng th of re ach 

subscript b = breake r 

subsc~ipt 0 = deepwater 

Ot her formula s are those by Iwagaki and Sawargi ( 1960 ) , a nd Ishihara 
and Sawarg i (1960 ) . 

The a bove author s agree that there is a rela t i onshi p be tween t he rate 
of lit tora l drif t and the energy component pa ra llel to the sho r e , a l though 
energy is not a vector and a thorough discussion of t hese ma t ters mus t 
nece s sa rily i nvo l ve the s t ress e xe rted on t he bo t t om by the wave s and the 
alongshore cur ren t s. The oscillat i ng wa t e r mot i on in a wave pl ace s sedi
ment in t o suspe nsion and the littora l curren t f urnishes a undire c tiona l 
move ment . Such motion mee ts the pra ctica l diff i cul t y that it has not been 
possible to deve l op re l iabl e t heor ie s f or materia l t r anspor t i n river s and 
channe ls wi th un id i r ec tiona l fl ow, although cons i derabl e ad vance s have been 
made by Einst ein (1950). As l ong as we are not able to solve th i s mate rial 
tran sport problem, it i s unlikely that the much more c omplex pr oblem in
volving oscilla ting wa ter motion will be solved in the near future . 

Rate s of littoral drift by me asur ing deposition or e r os i on : 

Anothe r and more direct approa ch to t he problem is the est imation of 
probable rates of trans port along natural shorel in~ from the amoun t of 
mate ria l trappe d by shore structures, e i the r na t ural or man-made, a nd from 
a know1ed~e of sources of supply. Studie s of this na t ur e a~ those by 

ohnson , 1952; 195 7; 1959) . Johnson ( 1952 ) has stud i ed the problem of 
accretion in the Santa Barbara harbor since the const ruc t ion of t he b reak
wa ter in 1929 . In 1957 he gave a swmnary of me asured rate s of lit tora l 
dr if t al ong coas ts of t he United States and pre sented the me t hod of ra te 
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determination (whether by scour or accretion), and in 1959 he summarized 
the various sources of supply and loss of sand to the coast and applied 
them to a reach of the coast of California. Quantitative estimates of the 
annual amounts of sand supplied or lost were presented. 

Similar studies are those by Grant and Shepard (1936, 1937, 1939 , 
1946; Shepard, 1951; Handin, 1951; Pincus, 1954; Chieruzzi, 1958). 

Na tural tracers: 

Mineral analyses of samples drawn from representative sites in a 
study area are helpful in the determination of the direction of littoral 
drift. The samples are subjected to sieve analyses and the heavy minerals 
f rom the fractions are proce ssed microscopically by X-ray, diffe rential 
thermal analyses or by magnetic separator, and classified according to their 
geological type. Their roundness, sphericity, color and corrosion prop
erties also are recorded. The fluvial sources of some of these minerals 
can be traced and their distribution along the coast may sometimes yield 
important qualitative information in regard to the trends of sediment 
transport. 

Rittenhouse (1944) determined the relative importance of various 
sources of sediment, which was largely sand, from the heavy mineral com
position of channel deposits of the Rio Grande and its tributaries. In 
this study, the hydraulic ratio basis of comparing mineral composition was 
used. This method appears to satisfy the three objections to methods in 
common use in rivers, namely: it uses both the frequency and absolute 
amounts of heavy minerals, it eliminates apparent differences in mineral 
composition tha t are a ssocia ted wi th dif ferences in texture of the bed 
deposits, and it effectively transposes the data from bed samples into 
usable data on mineral composition in the stream load. 

Trask (1952) determined the source of sand deposited in Santa Barbara 
harbor by mineral grain studies. Mineralogical studies of this type gener
ally are inconclUSive, because the minerals in beach sand are so thoroughly 
mixed that distinctive differences do not wholly exist. However, if part 
of the sand is derived from an area in which the rocks differ in mineral 
composition from the rocks in places from which the remainder of the sand 
is de rived, the source of the sand is indica ted by the ra te of change in 
mineral content with respect to distance along the coast, as the original 
sand is progressively diluted with sand from other areas. Two studies of 
the mineral composition of the sand at Santa Barbara were made: (1) in 
the harbor itself in order to ascertain if the mineral content varied 
significantly in and near the harbor and associated beaches; and (2) along 
the coast west and north of the harbor for a distance of more than 250 
miles, in order to investigate migration of sand along the coast. The 
first study in the immediate area of Santa Barbara showed no distinctive 
difference in mineral content; consequently this study contributed little 
information of aid in understanding sand movement between the harbor and 
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the beaches to the east. The second study of sand along the coast west of 
Santa Barbara has shown very clearly that a significant proportion of the 
sand at Santa Barbara CQBes from a distance of more than 100 miles up the 
coast. This conclusion was based upon the fact that the mineral, augite, 
a black ferromagnesian silicate found commonly in basic igneous rocks, is 
present in appreciable but constantly dimiaishing amounts from its s ource 
near Morro Bay sout hward for more than 100 miles to Santa Barbara. By 
a similar analysis Trask (1955) showed that sand moves around Southern 
California promontories. 

McMaster (1960) made a study on sand movement along the Rhode Island 
coast. In this area beach sands are composed of a great variety of minerals, 
the most common of which are amphiboles, chlorite, garnet, staurolite, and 
black opaques in the heavy fractions· and feldspars and quartz in the light 
fractions. Counts of those fractions from samples collected at one-mile 
intervals were used as basic data for multivariate and trend analyses. The 
character of source materials and pattern of beach drift are believed 
responsible for areal differences in mineral composition. The decrease in 
heavy mineral percentages eastward with a general unifo llli ty of grain size 
as well as over-all decrease in abundance of amphiboles and feldspars and 
increase in garnet and black opaques seem to reflect an eastward drift away 
from the source area. 

Artificial tracers: 

1. Use of radioactive isotopes 

Methods of sampling and mineral analyses are somewhat cumbersome in 
that they require a considerable amount of field work and laboratory re
search. Purthermore, bed sampling is often impossible under rough sea 
conditions and in the surf zone. These lfmitations may be avoided by the 
use of udioisotopes for labeling specimens of sediment, since these can 
be used in any sea state and are quite expeditiously traced with suitable 
detectors. A considerable literature has developed over the last five 
years on the detection of the movement of sediment by radioactive tracers. 
Many experiments have been conducted to study the feasibility of using new 
techniques for determining the general direction in which littoral material 
moves (Hours, 1955; Inose, 1955; Putman, 1956; Steers, 1957; Krone, 1957, 
1959,1960; Porest, 1957; Smith, 1957; Artman, 1957; Reid, 19.58; Germain, 
1958; Dlvidsson, 1958; Gibert, 1958; Inman, 1959; Svasek, 1961 ; and Ij 1ma. 
1960). A brief review of these teChniques is as follows: 

Tracers. Glass, ground to the particle size distribution of the sedi
ment under study and labeled by incorporated radioactive isotope, has been 
the most commonly used sediment tracer (Putman, 1956; Reid, 1958; Germain, 
1958; Porest, 1957; Inose, 1955; and Hours, 1955). The method of prepara
tion preferred by most investigators is to incorporate an inactive isotope 
of the label in the glass, grind it to the desired size distribution, and 
activate the label by neutron irradiation just prior to placing the tracer 
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in the f i e ld . Boron-f ree soda glass is widely used. Gr ound gla ss has been 
used extensively f or t ra c ing sand movements. It also has been used for 
studying t he movement of sil ts (Putman , 1956) and muds (H i ranandani , 1960 ). 
Natural sediment ma terials have been labeled with sorbe d isotope s by in
vestiga tors concerned with a c lose r simulation of sand and gravel part icles 
(Smith, 1957), and bV investigator s seeking a me thod for labeling large 
quan t it ies of sand (Giber t, 1958 ; Arl man, 1957). Tracers f or pebble s ha ve 
been made both by drilling natura l or art ificial pebble s and inser t i ng an 
active label i nto them (Fore st, 1957; I nose , 1955; and Stee r s, 1956) , and 
by sorption (Smith, 1957). 

Labels. A number of radioa ct i ve labe ls have been invest i gated and use d 
in tracing sedimen t movemen t. Most such labe l s (Sc - 46. Zn - 65, Cr - 51, 
La - 140, Ta - 182, A - 110 , Au - 198 , I r - 192) emit gamma rad iation which 
can be detected in place . For detect i on most of the invest i gators have used 
bundles of Geiger~u11er detectors; however, two i nvest i gators used sc in
t illation detectors (Hours, 1955 ; Putman , 1956). None of t he inve st igators 
used d iscriminators wit h scintilla tors to rejec t background act i vi t y . Most 
studies of sediment movement by tracer techniques involve d sand (Putman, 
195~; Re i d, 1958 ; Germain , 1958 ; Forest , 1957; Inose , 1955; Hours, 1955 ; 
Gibert , 1958);; two used pebble s ( Fores t , 1957 ; Stee rs, 1956 ); one u sed 
silt (Putman, 1956); and one used mud (Hiranandaoi , 1960 >. In a ll applicati ons 
reported above measurement s were made of the red i str ibuti on by wave ac tion 
or t idal currents of mate r i al placed on the sea bot t om. 

2. Use of luminophors : 

Luminophors have been use d i n many i nstances as a mean s for the de te c
tion of sediment movement (Zenkovich, 1958 ; Vendrov' 19 5 7 ~ Russe ll, 19 6'1 ; 
Halcrow, 1961) . I n tbis method na tural sand particles a r e coated with a 
colloida l film of f i nely dispersed luminescent mate r ia l wh i ch appears 
fluorescen t when viewed in the darkness unde r ultra - violet ligh t . n 1e 
procedure by wh i ch t racer sed iment ba s been prepared in England (Russe ll, 
19 61) , consist s of mixing the sedime n t samples with fl uorescent dye and 
plast ic glue and then crUShing and s ieving the materia l to the de s ired 
granular d i stribution. 

Tracer pebble s ha ve been prepared art ificial ly f rom crushed concre te 
in which granula ted fluo re scent dye i n pla s t ic glue has been i ncorpora t ed 
a s a fine aggr ega te. Dye s u sed are Rhodamine B (red); PrirnuUne ( green); 
Uvitex (blue ) ; and Araldi t e. The varia t i on of colors ope ns up possibilitie s 
of d iscrimina t ing between sed iment moveme nt at various depth s or a t one 
de pt h as a func t i on of grain size . Also , influences of different densitie s 
or of ge ome t ric nonsimilarit i e s in particle shape can be studied effectively. 
Color differences have a lready been used to good advanta ge in tracing the 
velocity of progression of sand bars and in detec t ing the speed of ad vance 
of d ifferent fractions of se d i ment . Different colors of lumi nopho rs also 
are valuable f or dist ingu i shing t e st materials use d at dif f e ren t t i mes in 
the same loca l ity , or a t t he same t ime in adjacent a re as where t he re are 
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likely to be overlapping ef fects. As compared with radioisotopes , lumi
nescent tracers of fe r advantages of being less costly, capable of more 
abundan t and easie r production and of being safe to handle. 

PRI~IPLES OP NATUAAL RADIOACTIVI'IY 

Natural Radioactivity 

All elements found in nature with atomic numbers greate r than 83 
( bismuth) are radioac t ive . In addition , a few of the lighte r elements, 
namely, potassium, rubidium, samarium, leteium, rhenium , and perhaps one 
or two others, possess feeble radioactive prope rt ies in noma l state s 
(Glasstone , 1958). A substance or element, is rad i oactive when the atoms 
of which it is composed disintegrate spontaneously regardless of whether 
or not the emi ssion of radiat i on can be readily detected in the process. 
A radio-atom in decaying may emit one or more gamma r ays or it may emit 
none . But , no matter how many gamma-ray s are emitted, such gamma photons 
wil l have a chardcteristic wave length or energy. Abundance of gamma rays 
of diffe rent energy resulting f rom the breakdown of the two major natural 
radioactive decay seri es, i. e. uranium and t hori um, is indicated by the 
part ial l ist in Table 1. Only prominent ones emerge as peaks above the 
base spectrum. 

Radioactive Equilibrium 

An a tom that disintegrate s to form another a tom is cal led the parent, 
and the produc t is ca lled the daughte r. A rad io-atom is in a state of 
secula r equil ibrium with its disintegration product when the same numbe r of 
atoms of the daughter nuclide disintegrate a s are formed in a unit of t ime . 
Thus, in a radioactive decay serie s in equ i l i brium, the number of a toms of 
the nucl ide being formed i s exactly equal t o the numbe r of a t oms of that 
nuclide d isintegrating. The numbe r of disintegrations per unit time , 
t herefore , i s the same for each membe r in the decay series. As all membe rs 
of the decay ser i es do not decay at the same rate, a grea ter amount of the 
l ong- l ife nuclides wi ll have to be present to provide the same number of 
diSintegrations per unit time as those coming from the short-l i fe nuc l ide s; 
conse quently, the amoun t of nuc l i de present in a decay series in equilibrium 
is direc tly proport iona l to i ts half-l ife, 

Al Nl = X2N2 = A3N3 = ....•...•... = constant 

where N is the number of a toms of the daughtt'! r presen t and A is its dl!!cay 
constant. A state of non-equil i brium ex i sts whe n all or par t of one or 
more of the daughters or parent s is physical ly removed from the decay 
series. I f a nucl i de with a shor t ha l f-life is removed, equi librium can 
he rapidly regained. If a nuclide wi th a l ong half-life is removed, it 
may be millions of yea rs before comp le te equil ibrium is regained be tween 
a ll membe rs of the de cay cha in. 
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TABLE 1 
PRnC IPAL GMf,tA RAYS IN URANIUM AND TI-lORIUM SERIES* 

z Isotope A 

92 Uran ium 238 
90 Thor i um 234 
91 Protac tinium 234 
92 Ur anium 23 4 
90C Thorium 230 
88 Radium 226 
86 Emanation 222 
82 Polonium 218 
82 Lead 214 

83 Bismuth 214 

84 Polonium 214 
82 Lead 210 
83 Bismuth 210 
8 4 Polonium 210 

Energy in Mev of gamma rays 

URANIUM 238 SERIES 

0.05 Coincide n t with 22 percent of a l pha rays 
0. 093 20 percent of disintegrat i ons 
0. 82 Weak 
VI 0.053, V2 0.093, Y3 0 .0118 Vl/'12/ '13 II 1/0. 2/ 0 .4 
6.068 , (-.14,0. 24) 
0. 188 

'11°.053, Y2 0 . 2 42 , VlO . 257 , '14°. 295 , '15 0.352 

VI 0.609 , Y2 0 . 7 66, Y3 0 . 933 , '14 1. 120, V5 1 .238, 

'16 1.379 , '17 1.520, Y8 1. 761 , '19 1. 820 VI0 2 . 200 , 
'111 2.420 

0 . 0467 
No. V 
0. 80 

m ORIt}.{ 232 SERIES 

90 Thorium 232 0 .055 ( 0.075) Co~ncident with 24 pe r cen t of 

88 Radium 
89 Act inium 
90 Thor i um 
88 Radium 
86 Emana H on 
84 Polonium 
82 Lead 

83 Bi smuth 

84 Polonium 
81 Thallium 

alpha rays 
228 0 .03 
228 0. 058, 0 .129, 0 . 184, 0. 338 , 0. 462 , 0 .914, 0.969 
228 0.0843 
224 0.241 
220 
216 
212 VI 0.115, V2 0.176, Y3 0.238, Y4 0.249, V5 0.299 
212 with n .040 (- 4%), 0.144, 0.164, 0.288, 0.328, 

0.4 - 2.0.452, 0.472 with ,e = 2.20, 1.81 (- 7"10), 
1,34 (- 5%), 1.03 (- 61.), 0.83 (~91), 0.72(-f9"1o) 

212 
208 (Equilibrium disintegration of T1208 only 35% of 

other elements in series owing to branching of 
Bi212 ). 2.62 (~OO~, e/v - 0.002); 0.510 
(- 25%, e/v -0.08); 0.277 (10%, e/~.3) 

* From Hollander, Perlman, and Seaborg (1953). 
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Sour ce of Radioactivity 

For a na tural rock practica l ly all the gamma r ad iation comes f rom 
three sources . namely, K4C, U238 serie s, and Th232 se rie s '(Adams et aI , 
1958:)._ Figures 2, 3 and 4 show gamma s cintilla tion spectra f or potassium 
uranium , and thorium, respect i ve ly. Ura nium i s generally found with 
thor ium in na ture in a ratio of about 10 pa rts of thorium to one pa r t of 
ur anium. The gamma rays from U~38 and Th232 themselves are of such a l ow 
energy value as to make direct measurements impractica l. Where secular 
radioa ctive equil i br i um prevails, the abundance of U2 38 or Th232 can be de 
te rmined by measur i ng the activity of any daughter in the re spec tive serie s. 
This f ollows f rom the constant ratios that exist be tween t he concentra t ions 
of t he various members of a ser ie s in an e quilibrated sample. 

Techniques of t his type, capable of measuring a few pa rts per million 
of tho rium and ur an i um present in common rocks , have been deve loped by 
Hu rley (1956) and by Adams, et a1- (958). The main difference between 
the two gamma- r ay te chniques invo lve s the choi ce of spectra l ene rg ie s. 
Hurley used three channels centered at the fo l lowing energies: 0.18 and 
0 . 238 Mev. for uran i um and thorium, and 1.46 Mev. for potassium. With this 
cho i ce of ene r gies the potassium inter fe rence a t 0.18 and 0.238 Me v. could 
be neglected onl y f or samples containi ng more than -lOO ppm. of equivalent 
uranium i n equilibrium wit h its daughters. For Adams ' work higher energy 
gamma rays we re chosen: 1.86 Mev. f rom Bi21 4 in the uranium series and 
2. 63 f or T1208 in the thor ium serie s. Wi th these ene rg ies potass i um can 
be ignored e ven when pre sent in highe r concentra t i ons , be cause its spectrum 
c ontributes no appreciable gamma ray pulse above 1.6 Mev. Thus it is 
possible to de t ermine the abundance of uranium from only two spectral 
measurements. Although t his scheme has the advantage of less interference 
f rom highe r energy gamma r ay s , i t has t he di sadvanta ge of a lower counting 
rate . In the presen t work, the sand sample s ana l yzed had very low activity ; 
consequently the ene rgy level s used by Adams were undesir able. 

In Cal iforni a rocks pota s sium is f ound in the fol l owing f orms (Pabst, 
1938): Arcani te, Hanksite , Po t ash Al um, Vollai te , Krauslte, Me tavol t ine , 
Alunite , Jarosite, Arthoclase , Microcline, Phil l i psite , Celandorite, 
Apophyllite, Muscovite , Roscel ite , Biot i te , Phlogopi te , Lepidol i te, 
Gl auconite , and Nept unite . -Of t hese the followi ng have a specific gravity 
higher t han bromoform (2.87 at 20 OC ); Ja rosite (3. 15- 3.26), Ne ptunite 
(3. 19-3.23); Biotite (2.67-3.16) , and Muscovite (2. 76-3 . 0) . Knowing tha t 
uraniUlll is found in the fo rm of Monazite (9 . 15) , wh ich is s trongly radio
active , and that tho r ium is in the form of Thorite (5. 2-5 .4) , i t is ob
vious that the Monazi te and Thorite par ticles will se t tle much faster t han 
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Pota s sium in any of i ts f orms. Consequent ly, if we do not wait until the 
Potassium pa rticle s settle down ,* the he avy mine ra ls se para ted will not 
contain potass ium. 

In t he presen t work bromoform (2.87 at 20 0 C) was used for the follow
i ng reasons to se parate the heavy minerals inc l uding thorite, monazite, and 
z ircon f rom the sand sample s: 

1. Decrease source absorption effect. 

2. Elimination of the potassium minerals present in the sand samples 
since most of the potassium minerals have a specific gravity less than that 
of Bromoform (2 .87 at 20OC). The gamma spectrum of the potassium free heavy 
minerals will not have a 1.46 Mev. peak from K40 in the potassium series 
which i nte rferes with the 0.188 Mev. and 0.238 Mev. peaks in the u238 and 
Th232 series respectively. This elimination of the 1.46 Mev. K40 peak will 
enable us to use the 0.188 and 0.238 Mev. energy levels for counting the 
abunda nce of U238 and Th232 respectively present in the heavy minerals. 
The se energy leve l s, i.e. 0.188 and 0.238 Mev. have the advantage of giving 
a high counting rate which is ne cessary in the analysis of samples of such 
l ow activity. 

Pi gure 5a shows the spectra of a sand sample before separating its 
he avy minerals with bromoform, and Pigure 5b shows the spectra of the heavy 
minerals of a sand sample separated by bromoform. (Notice the disappearance 
of the 1.46 Me v. peak fromK 40 in the potassium.) 

3. The concentrat ion of thorium (in parts per million) in a limited 
size f raction of the heavy minerals of the sand samples and the concen
tra tion of heavy minerals (in percent) in the same size fraction of the 
sand samples are to be used as parameters for determin~ng the direction of 
littoral sand drift along the coast as explained in the next chapter. 

*Bxact calculation of the time required for each particle to settle by 
using Stokes' equation or Rubey's impact equation is impossible since 
the assumptions used in both equations are not completely satisfied in 
this case. A rough estimate of the settling time was made which gave 
the following ratios between the settling time of Monazite, Thorite, 
and Potassium -1:2.5:16. However, we cannot depend on these ratios 
and the use of another liquid of higher sp. gr. than 3.26 (Methylene 
Iodide, 3.32 at 20 0C) is recommended if potassium is known to be 
present in the sand samples. 
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INVBSTIGA TIONAL PROCB OORBS 

General Approach 

It i . well know tha t beach sands are among the best sorted of natural 
sediment s. They are subject to a progressive sorting when transported by 
alongshore currents and to a very effective l pcal sorting by · t~e oscillatory 
motion of the waves. The contention that sediment transported by alongshore 
currents travel chie f ly in suspension is supported by the textura l charac
t eristics of the beach sands. Silt and clay are absent ; very fine sand i s 
ra re. Any effects of progressive sorting along the shore must , therefore , 
be explained on the ba s is of transportation i n suspension. These effects 
may be due to sorting according to grain shape, size , and specific gravity . 
Progressive sorting according t o s ize , shaPe , and specific gravity may be 
due to a progressive decreaSe in the competency of the transporting agen t 
or t o fluctuations in the competency with a lagging behind of the large r, 
spherical , and heavier par t icle s wh i ch move only occasionally during period s 
of maximum competency . The competency of the alongshore current would seem 
to depend on the ability of the wa ve s to put sed iment of a certain grain 
size in suspension, and then on the ability of the current to move the sus
pended l oad . In the present study the choice of the concentrations of both 
thorium and heavy mineral s in pa rts per mil l i on and percent, respectively, 
in sand samples collected a t mid-tide from dif ferent place s along the beach. 
are believed to be two good parame ters for the study of the effect of pro
gressive sorting and consequently the determina t ion of the direction of 
littoral drift along the coast . 

A decrease from a source area in the concentration of thorium in ppm . 
and/or the concentratlon of the heavy minerals in percent should i nd i ca te 
alongshore drif t in the d irection of decreases of both parameters. 

Local sor t ing on the othe r hand , need not be a re sul t of transport in 
suspension, and its effec t mus t not be confused with those of progre ssive 
sorting. To e liminate the effec t o f local sorting on the sand samples, com
parisons between the concentra tions of thorium and heavy mineral s pre sent 
in the se mp1es should be made only for a ve ry limi t ed size f raction and 
not for the whole sample , e.g . , a size frac t ion from 74 to 177 microns . 

Since thorite is generally f ound in the size f raction f i ner than 125 
microns (Hut ton, 1951), and since the concentration of he vy minerals i s 
also h i ghe r in the f i ne f raction, it wa s f ound tha t the best size f raction 
suited for this study is tha t from 74 t o 177 microns . Por samples where 
there I s not enough fine material s, comparison was made for the size 
f rac t ion f rom 125 to 250 microns. 

Method of taking sand samples 

A series of sample s of beach and river sand s were collected along the 
Californi Coast be tween nor th of t he Russian Rive r and Point San Pedro, a 
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distance of more than 90 miles. The surface sand sample s .....ere taken by 
scraping the surface with a stra ight edge I drawn paralle l to the shore and 
pene t rating only a few millimeters in depth. Such a sample can be o f the 
required volume , ye t come from a gra in-size popula tion which i s similar in 
a ll it s areal parts, repre senting a unique hydraulic ccndition of deposition. 
Since littoral sand transpor t may change direction with time, and since the 
desired object is to de fine the d ire ct i on of sand movement , it is clea r tha t 
sand samples must be collec ted wh i ch re pre sent only one general d irection , 
that i s , all sample s for comparison mus t be of sand moving during one short 
t ime i nte rval. For this rea son all samples were t aken at mid-tide with i n a 
period of three days. 

Some deep samples also were collected at the same time and from the 
same locat i on a s the s ur face samples. These deep sample s were taken at a 
de pth of one foot by diggi ng a hole of about one squa re foot ar ea and one 
foot deep. 

I nstrwnenta tion 

The spe ctra of uran i um and thorium series (Figure 6) show that the 
peak caused by lead 212 in the thor ium series occurred in a region of 
fa itly constant response in the uranium se ries and might best fulfill t he 
needs for disc rimina tion of t he two series. Furthermore, higher count ing 
rates at this low-energy part of the spectrum make it desirable to work in 
this part of the spe ctrum. In a radioassay with ga mma rays of this low 
energy level, the t h ickne s s of the source must be small so that the photo
peaks are not swamped by compton-scattered radiation from within the source, 
othe rwise a correction should be made a s discussed in Appendix II I. 

Background determination 

The analysis of the radioactivity of the sand samples was done in a 
room that is not radioactively contaminated. The background counting in 
this room was very constant which is the required case for effective 
radiometric work when the assayed sample s are weakly radioactive. Since 
the gamma rays concerned are from natural sources of low activity, it is 
necessary: 

1. To maximize the total count-to-background ratio, for this reason 
a counting time of three hours on the average was used. 

2. To minimize instrumental drifts - which are critical in attempts 
to stay close to the top of the peak. This difficulty was overcome by 
running standards at frequent intervals. 

The average background during the analysis was found to be equal to 
4.308 cpm. at 0.188 Mev. and 4.888 cpm at 0.238 Mev. For a counting period 
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of 200 minutes on the average , the min imum de t ec table counting rate 

(M . D.C. ) = 2 ~ 22nb , where nb is t he background count in cpm. Po r 
the pre sent s t udy 

M.D.C. at 0 .188 Mev. = 0.417 cpm. 

M.D.C. at 0.238 Mev. = 0.444 cpm . 

Method of ana l ysis and tests 

The samples were wa shed with fresh water to remove sea - salt , dr i ed, 
and the n ana lyzed me chanically with s i e ve s by the c ustomary procedure of 
using a r otary shake r and a period of shak ing of 30 mi nute s. The size 
f raction 74 to 177 microns (for some sample s s ize f ract ion 125 to 250 was 
al so sepa ra ted) was pl a ced in bromoform, (speci f ic gravity 2.87 at 200 C) 
f or the separation of the heavy minerals (Krtunbein and Pettijohn , 1938). 
The he avy minerals so se parated were weighed and placed in a plastic con
ta iner which was then placed in the top of the detec t or for count ing. 

The radiation f rom the radioactive minerals present in the sampl e was 
de te rm i ned by count ing a t two bands centered at 0.238 Me v. and 0.188 Mev . 
f or thorium and uranium, re spectively, for a period of about th ree hours. 
Ea ch analysis incl uded one or more ca l i bra tion with a s tandard. The drift 
erro r depends on the time inte rval be tween the calibra tions. The c ounting 
e r ro r is the squa re root of the tota l count. 

The ope rat ing procedu~e was a s follows: A s tandard tho rium source 
(4100 C. P.M. ) was used t o correct for var ia t ions i n t he counting re s ponse . 
After seve ra l measurement s of this standard, a mean value fo r each channel 
was f ound , and some arbit rary value close t o the me an va lue was chosen to 
re presen t a da t um for t he channel. Henceforth, a ll readings were correc t e d 
wi th r e f.e rence t o this da tum . Thus , if the s tandard source wa s run be f or e 
and a f te r an unknown and showed t hat channel 2 is counting 5 pe r cent be l ow 
the datum le ve l, the reading for the unknown was correc ted upward by 5 
percent to make it homogeneous wi th the f ixed calibrat ion constan ts, which 
were also based on the datum values. 

At the start of a ba tch of sampl e s t he two channe ls were cente red on 
the valley and t he peak, r e spectively, by as ing a tho r ium-rich source and 
varying the base-line discrimi nator a smal l amount e ach way . A standard 
uranium s ource was t hen run , pr eceded and fol lowe d by t he standa rd t horium 
source, which was always used to cor rect the mea sured values for i nst rume nt 
drif t (See Appendix II for ad j usting the gamma - r ay spec t r omete r). Af ter 
this, the unknowns we re run a l ternately with the thorium stand a r d . 

The calculation of the quantities of thor i um and uran ium in an unknown 
was a follows: ''Counting rate" means net counting r ate after back ground 

19 



has been removed and corrected for drift by calibration with the thorium 
standard. 

T = weight of thorium in thorium standard in micrograms. 

Tl = counting rate from thorium standard in channel 1 in counts 
per minute. 

T2 = counting rate from thorium standard in channel 2 in counts 
per minute. 

U = weight of uranium in uranium standard in micrograms. 

Ul = count ing ra te from uranium standard in channel 1 in counts 
per minute. 

U2 = coun t ing ra te from uranium standard in channel 2 in counts 
per minute. 

Rl = counting rate from unknown sample in channel 1 in counts 
per minute. 

~ = coUnting rate from unknown sample in channel 2 in counts 
per minute. 

In the value found for R2 if X, Yare the counts per minute due to 
uranium and thorium, respectively, the solution of the following equations 
will give the required results: 

(Ul /U2) X + (Tl /T2) Y = Rl 

X + Y = R2 

= 

counts per minute 

Y = counts per minute 

Experimentally = (T
l
/T2) = 0.386 

(Ul /U2) = 2.832 

(Ul /U2) - (Tl /T2 ) = 2,446 

(1) 

(2) 

1 
1 1 

When 10 or more grams of heavy minerals were assayed, correction for sample 
size was made as indicated in Appendix III. 
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ANALYS IS OF RESULTS 

Samples were obtained at a number of localities to investigate the 
following problems: 

A. To study the direction of littoral drift along a reach of the 
California Coast. 

1. Sample Nos. 1 to S9 (Table 1, App. IV) were surface and deep 
samples collected at mid-tide during the period between June 
15 and June 18, 1961. (Fig. 7) 

2. Sample Nos. 60 to 69 (Table 2, App. IV) were bottom samples 
collected from the Pacific Ocean in the vicinity of the San 
Francisco Bar. (Fig. 11) 

B. To study the variation in thorium concentration along a beach 
prof He. 

1. Samples from a to h (Table 3, App. IV) were surface samples 
taken along a profile at location 30 at Drakes Bay on June 
6, 1961. (Fig. 13) 

C. To study the variation in thorium concentration with time at a 
specific location on a beach. 

1. Samples from a to d (Table 4, App. IV) were surface and deep 
samples taken at mid-tide at location No. 48 at different 
time s. (F ig. 14) 

In this study the three factors considered in determining the direction 
of littoral drift along the part of the California Coast from the Russian 
River to Point San Pedro are as follows: 

1. The concentration of thorium (in parts per million) in the heavy 
minerals of a limited size fraction of the sand sample analyzed. 

2. The percent of heavy 'r,11nera1s in the same size fraction used 
in 0). 

3. Wave refraction diagrams. 

The first factor, i. e., concentration of thorium in ppm., will 
represent the effect of progressive sorting caused by the littoral current 
on the beach sands. This will result in a dilution of the amount of thorium 
present in the sample in the direction of littoral drift. This will be 
noticed as a decrease in the concentration of thorium with distance from the 
source area, in the direction of littoral drift. The second factor, i. e., 
the concentration of heavy minerals in percent, will also represent the 
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ef fe ct of progre ssive sort ing by the littoral curren t . Since once in sus
pension, heavy mine ral particle s have t he t endency t o se t tle faster than 
l ighter particles, the result will be a decrease in the concent r ation of 
heavy mineral s in the direc tion of l ittoral drift. The th ird fac t or, i.e., 
wave refraction patte rns . gives a good indication of the di rection of sand 
drift ing along a coast s i nce it is agreed that the littoral drift is caused 
by the energy component of wave s breaking at an angle to the shore. Some 
ge ol ogica l observations will also be considered, wherever possible , to he lp 
in de termining the direction of littoral drift. 

In the sampl e s ana lyzed for both thorium and heavy minerals, it was 
f ound that both su rfa ce and deep samples (one foot deep) have the same 
t re nd (Pig. 7). The beaches under study are variable beaches (Trask, 1958). 
TheV vary not only from one season to another, but also from place to place 
on any given beach at any given time. The chief seasonal variations in 
individual beaches are in grain size, sorting, height of berm, and position 
and shape of the foreshore. Some of the beaches always have cusps, others 
ne ver, and some have cusps sometimes and not at other times. Though no con
sistent patte rn is indicated for all beaches, most of the beaches build up 
i n width during summer and erode during winter. However, as wave heigbt 
var ies from one day to another, the beaches may build or erode at any time. 
From the above discussion on variability of beaches, the sand samples 
analyzed will be considered to represent conditions during which they were 
collected, i.e., summer conditions. Consequently the samples analyzed will 
indica te the direction of littoral drift during the summe r. This may agree 
with t he predominan t direction of drift for some loca lities and may not 
agree for others. 

The predominant direction of drift along the part of the coast under 
s t udy is generally considered to be from north to south. This is based on 
analyses of wave refraction diagrams (Fig. 15) drawn for the predominant 
wa ves in this area which come from W.N.W. with a wave period of 12 seconds 
(National Marine Consultants, 1960). Actually such refraction diagrams 
represent both the predominant and summer conditions, since wave conditions 
for both are very similar (National Marine Consultants, 1960). 

A. TO STUD'l mE DIROCTION OF LITTORAL DRIFT ALONG A REACH OF TIlE 
CALIFORNIA COAST 

1. Prom north of the Russian River mouth to Bodega Head (Fig. 8) 

This reach includes the beach from Russian Gulch to the Russian River 
mouth (samples 1 to 5). The Russian River (samples 8 to 11), Bodega Head 
south of the Russian River mouth (samples 6 and 7), Shell Beach (sample 12), 
Wright Beach, Gleason Beach, Arched Rock Beach, and Salmon Creek Beach 
(samples 13,14,15,16, respectively). 
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For the part of the coast north of the Russian River mouth~ though 
the refraction diagrams indicate a southward drift, the concentrations 
of both thorium and heavies did not show any consistent significant 
decrease. The concentration of thorium and heavy minerals varied along 
the coast from 15 to 25 ppm. and from 56 to 59 percent, respectively, 
without any consistent trend. The littoral drift in this part of the 
coast is believed to have a reversal in direction. 

The Russian River samples showed a thorium concentration of 14 to 17 
ppm. upstream from the junction with Austin Creek which has a concentration 
of 7 ppm. and 19 ppm. downstream from Austin Creek (Fig. 8). Thorium found 
on the beaches just north and south of the Russian River mouth probably is 
brought to the coast by the Russian River as it flows through thorium-rich 
granite rocks. 

South of the Russian River mouth the concentration of thorium and 
heavy minerals decreases gradually and consistently from 15 ppm. and 83 
percent for sample 6, to zero ppm. and 3 percent for sample 12 at Shell 
Beach (Fig. 8). This indicates a southward direction of littoral drift 
and confirms the conclusion from the analysis of the wave refraction 
diagrams. 

For the part of the coast from Wright Beach south to Salmon Creek 
Beach, the concentration of thorium increased suddenly from zero at Shell 
Beach to 23 ppm. at Wright BeaCh. This is believed to be due to the sedi
ments brought to the coast by some small streams which enter the coast 
between Shell Beach and Wright Beach (samples 12 and 13, respectively) and 
which pass through thorium-rich granite rocks. The 23 ppm. thorium con
centration for sample 13 at Wright Beach decreases gradually to 17 ppm. 
(sample 16) at Salmon Creek Beach. Although the concentration of heavy 
minerals does not have significant differences, both the thorium concen
tration and wave refraction diagram suggest a southward direction of drift 
for this part of the coast. 

2. From Bodega Head to Tomales Point (Fig. 9) 

Bodega Head and Tomales Point are a continuation of the same geologic 
formation. The direction of sand drift in Bodega Bay depends on the local 
conditions. The samples collected and analyzed for Bodega Bay (samples 17 
to 21) showed a general decreasing trend in both the concentration of thorium 
and heavy minerals in a northwestward direction. The concentration of 
thorium decreased from 30 ppm. for sample 21 to 9 ppm. for sample 17; also 
the percent heavy minerals decreased gradually from 11 to 2 percent for the 
same two samples. This suggests a northwestward direction of littoral drift 
during the period when the samples were collected (summer season). However, 
the great preponderance of chert and gr~enstone among the pebbles on Point 
Reyes Beach indicates that most of the beach material comes from the main
land east of the Point Reyes Peninsula, because no rocks of this character 
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are found on the Peninsula. This meanS that these pebble s in some way have 
been tran sported across the mouth of Tomales Bay in water 5 to 10 feet deep 
(Tra sk , 1958). Wave re fraction diagrams also indica t e a southward direction 
of drift . In conclusion it is believed that l itto ra l sand movement in 
Bodega Bay is subject to reversals in direction. 

3. Point Re ye s Beach (Pig. 10) 

Po i nt Reyes Beach is a long straight beach. The refraction diagram 
drawn for W.N.W. waves with a period of 12 seconds (Pig . 15) shows that the 
direct ion of wave approach is parallel to the shore. However, wa ves ap
proa ch ing the shore from the north or south of the W.N.W. direction will 
result in a southward or northward littoral drift, respe ctively. 

Samples analyzed for the Point Reyes area incl ude sample 22 at 
McC lures Beach and samples 23 to 26 at Point Reyes Beach. The concen
t r ation of thorium for McClures Beach is 62 ppm. This relatively high 
conce nt ration is attributed to the thorium-rich granite rocks which out
crop at the seacoast in this area. The thorium concentra tion decreases 
gradually southward from 62 ppm. for sample 22 to 6 ppm. for sample 26 
(Fig. 10). The concentration of heavy minerals also shows a southward 
de crease from 60 to 7 per cent. This southward decrease in both thorium 
and heavy minerals concentrations suggest a southward direction of littoral 
dr ift. Howeve r, the pre sence of a few rounded pebble s of ac i d porphyry 
suggests t he migration of mate ria l f rom Point Reyes (Trask , 1958). 

In conclusion, it is believed that sand movement a l ong Poin t Re ye s 
beach is subject to reversals in direction. This conf irms the conclus ion 
derived from a study of the wa ve refraction diagrams f or this beach, since 
wa~e s approaching from the north will resu l t in a southward littoral.drift 
while wa ves approaching from the south will result in a northwa rd drift. 

4. Drake s Bay (Pig. 10) 

Except for sample 27 at the southwest end of Drakes Bay, a signif icant 
gradual ea stward dec rease occurs in both the concentrat ions of thor ium and 
heavy mine ra l s (Pig. 10). The thorium concentration decrease s from 21 5 ppm . 
f or sample 28 to 16 ppm. for sa mp le 32. The heavy minera ls concentratio n 
decrease s from 43 to 2 percent f or the same samples. The source of high 
concentra tion of t hor ium in this are a is believe d to be the thor ium-r ich 
granite rocks which outcrop at the seacoast nea r loca t ion 28 . Th is thorium 
is then diluted as it moves ea stwa rd. The dec r ease in both thorium and 
hea vy mine ra l concent rations to the east and the wave ref ra ction dia gram 
pattern all suggest a n eas twa rd direction of littoral drift in Drake s Bay . 
The southwes twa rd decrease in both thorium and heavy minera l conce ntra tions 
f or sample 28 to 27 (Pig. 10) is explained as follows: When a source of 
ma terial enters t he shore at a point, wave action will te nd to dilute this 
material on both side s of the point source. It has also been observed in 

26 



38' 
22 30· 

/ 

~ 

J 

J 

; 

5' 

128-71'.5 8129 .'1,_0 

1))-6I,-s 8 124-101,_0 

8 4 r 

C' 

/ 

rIT~JO~,,------------------------r---C---------------------------+--~~--~~------~ 

o 

5' 

FIG. 9 NUMBER AND LOCATION OF SAMPLES FROM BODEGA HEAD TO TOMALES POINT, 
THEIR THOR IUM AND HEAVY MINERALS CONCENTRATION, AND THE DIRECTION OF 
LITTORAL DRIFT. 

HYO-8716 

27 

20' 



I; 

12l' 00' 

FI G. 10 

Hy~e111 

-
DRAKES BAY 

~o ' 

\ 
\ 

NUMBER AND LOCATION OF SAMPLES FOR POINT REYES BEACH AND 
DRAKES BAY, THEIR THORIUM AND HEAVY MINERALS CONCENTRATION, 
AND THE DIRECTION OF LITTORAL DRIFT. 

28 

10' 

00' 



tracer experiments (Russell, 1961) that there always is some dispersion and 
spreading of the trace r material in a direction opposed to the net drift. 
The eastward d i rection of littoral drift for Drakes Bay has also been sug
gested by Trask (1958) where he observed that though the material at Drakes 
Cove gives no indication of the source of material, the presence of porphyry 
pebbles indicates an eastward direction of drift. 

5. Bolinas Bay (Fig. 11) 

It is believed that naturally radioactive thorium is added to the 
coast of Bolinas Bay from thorium-bearing granite rocks which outcrop at 
the seacoast at the southwest end of the bay. This material is then 
diluted in an eastward direction. This is confirmed by the decrease in 
the concentration of both thorium and heavy minerals. Thorium concentra
tion decreased from 142 ppm. for sample 33 on the southwe st side of Bolina s 
Bay to 30 ppm. at Stinson Beach (Fig. 11). Concentrations of heavy minerals 
decreased from 5 to 0.4 percent for the same locations. Wave refraction 
diagram strongly suggests an eastward direction of littoral drift. In 
conclusion, based on the eastward decrease in thorium and heavy mineral 
concentrations and on the wave refraction diagram, it is believed that the 
littoral drift direction for Bolinas Bay is eastward. This is also con
firmed by the presence of numerous pebbles of Miocene rocks along Stinson 
Beach, which can only come from the west. These pebbles have been trans
ported across the mouth of Bolinas lagoon in water at least 5 feet deep 
(Tra sk, 1958). 

6. San Francisco Bar (Fig. 11) 

Offshore bottom samples taken in the vicinity of the San Francisco 
Bar show a very high concentration of thoriUm and heavy minerals on the top 
of the bar as indicated by sample 68 which has 162 ppm. thorium and 27 
percent heavy minerals and by sample 65 which ha s 180 ppm. thorium and 44 
percent heavy minerals. The concentration of thorium and heavy minerals 
decreases considerably on bbth sides of the bar as shown in Fig. 11. 

A high concentration of both thorium and heavy minerals is also found 
in sample 48 in front of Fleischhacker Zoo at Ocean Beach (112 ppm. and 36 
percent). The concentration decreases considerably both northward and south
ward of Fleishhacker Zoo (Fig. 12). The very high concentration of thorium 
and heavy minerals for samples 68, 65, and 48 which are from the top of the 
San Francisco Bar, and the considerable decrease in these concentrations on 
both sides of the bar suggests very strongly the migration of material from 
the north to the south along the top of the bar. This ma terial then enters 
Ocean Beach in front of Fleishhacker Zoo and is diluted in both a northward 
and southward direction. This is clearly demonstrated by the extensive 
sampling and analyses of Ocean Beach sands as explained in the following 
paragraph. 
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7. Beaches south of Golden Gate (Pig. 12) 

Extensive sampling was made of Ocean Beach to determine the location 
where the littoral material migrating from north of the Golden Gate enters 
the beach. Both surface and deep samples analyzed for thorium and heavy 
mineral concentrations for both size fractions 74 to 177 micron and 125 to 
250 micron showed a high concentration for the beach in sample 48 at 
P1eishhacker Zoo. This high concentration decreased gradually and con
sistently southward from the source point at F1eishhacker Zoo (sample 48) 
to sample 53 near Sharp Park (Fig. 12). 

The increase in concentration for samples 54 to 58 is attributed to 
sediments brought by several small streams which enter the coast in the 
vicinity of Sharp Park and Rockaway Beach. These gullies flow through 
thorium-rich granite rocks. Th~ high increase in thorium concentration 
for sam~le 59 near Point San Pedro is attributed to the thorium-~aring 
granite rocks which outcrop at the seacoast in this area. 

The consistent gradual southward decrease in both the concentrations 
of thorium and heavy minerals for samples south of P1eishhacker Zoo indicate 
a southward direction of littoral drift during the summer for this part of 
the coast. The less consistent northward decrease in concentrations for 
samples north of flleishhacker Zoo may suggest a northward drift for this 
part of the coast. 

Ocean Beach is a fairly straight beach similar to Point Reyes Beach. 
Refraction diagrams drawn for the predominant wave conditions show that 
waves approach parallel to the shore. If waves along this part of the beach 
Come in at an angle from the south or the north, they should produce a south
ward or northward drift, respectively. Prequently the waves along this part 
of the beach come in at an angle from the south (Trask, 1958). Such waves 
should produce a northward littoral current, which should transport sand 
toward the north. 

Pig. 16 shows the direction of littoral drift along the reach of the 
California Coast between the Russian River and Point San Pedro based on the 
above analysiS. The source of radioactive material (streams or rocks) as 
well as the concentration of thorium and heavy minerals at different local
ities are also indicated. 

B. TO STUDY nIE VARIATION IN TIlORIUM COfCENTRATION ALONG A BEACH PROFILE 
(P ig. 13) 

The profile chosen for analysis in the vicinity of Location 30 on 
Drakes Bay (Fig. 10) showed a fairly constant concentration of both thorium 
and heavy minerals for a considerable distance on both sides of the mid-tide 
point. This is a fortunate condition since it shows that no significant 
error will be encountered if samples are collected exactly at mid-tide or 
several feet onshore or offshore from the point of mid-tide (Pig. 13). 
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The samples for this profile were collected during the low tide period on 
June 7, 1961. The average concentration for thorium and heavy minerals in 
t he vicinity of the point or mid-tide were found to be about 25 ppm. thorium 
and 19 percent heavy minerals which ag!'ees with the resu1 ts obtained for 
sample 30 which has a thorium concentration of 32 ppm. and 18 percent heavy 
minerals. Sample 30 was taken at mid-tide during the period between June 
15 and 18, 1961. 

Though little is known at present about sorting of sedimentary beach 
material due to its selective onshore-offshore transport by wind or shallow 
water waves (Ippen, 1955), the increase in the concentrations of heavy 
minera l s and thorium near the backshore of the profile under study may be 
attribu ted to wind sorting as it is generally observed that black sands 
tend to concentrate on the backshore of beache s; however, this phenomenon 
needs to be f ur t her investigated. 

C. TO STUIJ'i 1ME VARIATION IN THORIUM COtCENfRATION WITH TIME AT A 
SPEC I FIC LOCATION ON A BEACH (Fig. 14) 

The samples analyzed for the part of Ocean Beach in front of F1eish
hacke r Zoo were colle cted at mid-tide during the period between June 17 and 
December 18, 1961. These samples showed a lower thorium concentration dur
ing the fall season than during the summer season (Fig. 14). This may be 
because during the fall season waves along Ocean Beach frequently come in 
at an angle from the south. Such waves should produce a northward current, 
wh ich would transpor t sand northward. If sand is transported toward the 
north at Ocean Beach, the concentration of thorium at F1eishhacker conse
que ntly will decrease, since it is believed that the reason for high thorium 
concent ra tion is material migrating from the north along the top of the San 
Fra ncisco Bar and entering Ocean Beach in the vicinity of F1eishhacker Zoo. 

SUMMARY AND COM:LUSIONS 

Tracers have already shown themselves to be most useful in situations 
where there is uncertainty about the movement of sediments. There are 
beaches for example where there is doubt concerning the direction of littoral 
drift and where a tracer experiment which might reveal the direction of move
ment would be justified. 

The method of using radioactive thorium as a tracer for sand movement 
along a portion of the California Coast presented itself in that there are 
discrete places along the coast where rivers flowing through thorium-rich 
granite outcrops reach the coast or where the thorium-rich granite itself 
crops at the seacoast. 

This method of assaying for naturally radioactive thorium as a means 
of detecting the direction of drift of sand along a seacoast was investi
gated and applied to the reach of the Coast of California from the Russian 
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River mouth to Point San Pedro. The method proved to be very efficient for 
qualitative results and rather simple compared to mineralogical analyses. 

The difficulties in this technique are: 

1. The low counting rate for thorium and uranium at high energy 
levels (2.63 and 1.86 mev. respectively) to avoid the interference from 
the 1.46 mev. peak from K40 in the potassium minerals. This was avoided 
by assaying for the heavy minerals of the sand samples separated by bromo
form to get rid of the potassium minerals present and consequently counting 
for the 0.188 mev. peak from Ra 226 in the uranium series and the 0.238 mev. 
Pb212 peak in the thorium series which will give a higher counting rate. 

2. The method requires that the sand samples analyzed should be in 
good contact with the scintillation crystal in order to obtain sufficient 
counts for analysis, but the thickness of the sample layer must not be so 
great that the photopeaks are masked by Compton scattered radiation from 
within the sample. In order to get good contact between the sand samples 
analyzed and the scintillation crystal, the samples should be placed around 
the crystal, but this will require a large sample size which is not avail
able in this study since the weight of the heavy minerals. assayed is gener
ally less than 10 grams. For this reason the heavy mineral samples were 
placed on the top of the scintillation crystal and correction for the samp l e 
thickness was made as indicated in Appendix III. 

3. Since the gamma-rays concerned are from natural sources of low 
activity it was necessary to minimize the total count-to-background ratio, 
which was done by working in a laboratory of a constant low background. 

The three factors considered in determining the direction of littoral 
sand drift along the reach of the California Coast under study are: 

1. The concentration of thorium (in parts per million) in the heavy 
minerals of a limited size fraction of the sand samples analyzed. 

2. The percent of heavy minerals in the same size fraction used 
in (1). 

3. Wave refraction diagrams. 

A decrease in the concentration of thorium and heavy minerals from 
the source area indicated alongshore drift in the direction of decrease of 
both parameters. In order for the decrease in concentration of thorium and 
heavy minerals to indicate the direction of littoral drift, this decrease 
in concentration should be due to progressive sorting caused by the along
shore current on the beach sands. For this reason the effect of local 
sorting on the beach sands should be eliminated . This has been done by 
comparisons between sample concentrations for a very small fraction, i.e., 
74 to 177 microns. Wave refraction patterns give a good indication of the 
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di re ction of sand drifting along a coast since it is agreed that the lit
toral drift is caused by the alongshore energy component of waves breaking 
a t an angle to the shore. 

Precisi on of the method depends on the abundance of thorium in the 
sand samples. Comparisons of composition from one sample to another can 
at best indicate genesis_ if the changes are large. For example the virtual 
absence of thorium in one sample and the pre sence of say 15 ppm. thorium in 
an adjacent sample, strongly suggests a local source of thorium. On the 
other hand, if 15 ppm. of one sample is thorium, and 20 ppm. of another is 
thorium no significant conclusion may be drawn except if we have a consist
ent decreasing trend from one sample to another. 

Based on the distribution of beach samples and their thorium and 
heavy mineral concentrations and wave refraction diagrams, it is believed 
that the pattern of sand movement along the California Coast from the 
Russian River mouth to Point San Pedro takes the following form: For the 
part of the coast north of the Russian River mouth though the refraction 
diagrams indicate a southward drift, the concentrations of both thorium 
and heavy minerals do not show any consistent or significant decrease in 
any direction which suggests a reversal direction of littoral drift for 
this part. 

South of the Russian River mouth the concentration of both thorium 
and heavy minerals decreases gradually and consistently in a southward 
direction. This indicates a southward direction of sand movement which is 
also confirmed by the wave refraction diagram pattern for this part. 

For Bodega Bay, although a northwa rd direction of drift is indica ted 
by the northward decrease in concentration of both thorium and heavy min
erals, the great preponderance of chert and greenstone among the pebbles 
on Point Reyes Beach indicates that most of the beach material Comes from 
the mainland east of the Point Reyes Peninsula, because no rocks of this 
character are found on the Peninsula which shows a southward direction of 
drift. This is also confirmed by the wave refraction diagram pattern. 

Wave refraction diagrams drawn for Point Reyes Beach for W.N.W. waves 
with a period of 12 seconds which represents the predominant wave condition 
in this part, show that the direction of wave approach is parallel to the 
shore. However, waves approaching the shore from the north or south of the 
W.N.W. direction will result in a southward or northward littoral drift, 
respectively, which indicates that sand movement along Point Reyes Beach 
is subject to reversals in direction. 

For Drakes Bay the decrease in both thorium and heavy minerals 
concentration to the east, wave refraction diagram pattern and the presence 
of porphyry pebbles all indicate an eastward direction of littoral drift. 
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The eastward decrea se in thorium and heavy minerals concen t r a tion, 
wave refraction diagram pa ttern, and the presence of nume rous pebbles of 
Mi ocene rocks along Stinson Beach, which can only come from the we st, all 
indicate an eastward direction of sand movement along Bolinas Bay. 

The higb concentration of both thorium and heavy minerals for the 
samples taken from the top of the San Francisco Bar and the respective 
northward and southward decrease of both these concentrations north and 
south the top of the bar in front of Fleishhacker Zoo at Ocean Beach, 
suggests very strongly the migration of material from the north to the 
south along the top of the bar. This material then enters Ocean Beach in 
front of Fleishhacker Zoo and is diluted in both a northward and southward 
d irec t ion. 
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APPENDIX I 

HXPERIMENrAL EQUImENr 

The Gamma - Ray Spectromete r 

The device by which gamma rays of a specif ic energy can be discrimin
ated from all other ga mma rays i s ca l l ed a gamma-ray spectrometer. It 
consis ts of: 

(1) A scinti l la tion de tector , and (2) a pulse he ight analyze r. 

1. The s c intil l a t i on dete c tor 

Scintilla t ion count ing , one of the oldest radiation dete ct ion te ch
nique s, ha s gone through severa l developmental phase s. The visual ly de 
te c ted scintil la t ions of energet ic a lpha - par t icle s absorbed i n thin f i ms 
of z in-sulf ide crystal was fir st note d by Si r William Crooks and al so 
i ndependent ly by Elste r and Geite l in 1903. In the 1930' s the vi sual sc in 
ti lla t ion counter be came obsole te and the nex t 20 years were charac te r ized 
by t he rapid growth and development of e le ct ronic counting techniques. 
Gas-f i lled ionization chambe rs in which the i nc ident charged par tic le 
gene ra t ed ion pairs we re u sed as the ba s ic de tec t or. With the se ga s-filled 
systems, there a re three we l l defined operat i ng me thods - the i onization 
de tec t or , t he proport i ona l count er, and the Geiger~Mulle r counter. Wi th 
the de ve l opment of sens i t ive photomul tiplie r tubes, the scinti llat i on 
counter ha s re gaine d its f ormer place in research. 

A scint illation de tec t or utilizes minute f l ashes o f l ight produced 
when ga~ma emi$sion give s up energy to atoms in a crystal , organic polymer, 
or organic l iquid. Since there are greater densities of atoms in a sol id 
t han in a ga s, the chances f or collision be tween an incident emission and 
an a t om are greater and give the detector a correspond ing ly i ncrea sed 
ef ficie ncy. The light fl ashes are of shor t durat ion, and inte racti on at 
one part of the detector does no t para lyze the remainder . Some of the 
more co~~on devices are: 

a - Thallium act i va t ed NaI Crystal 

A sodium-iodi de crys tal with a trace of thallium produce s a light 
f l ash wi th an intensity that is proportional to the absorbed energy . 
Gamma-spe ctrome try is poss ible because the intensity of the l ight pu lse s 
is proport i onal to the gamma radiation. The cry s ta l used in t his de vice 
is 5 cm. long by 5 em. in dia meter. The ad vantages of high efficiency and 
the d if fe ring response f or different emission ene rgies make th i s dete ctor 
be st suited for low count ing measurements . 
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b - The Photomultiplie r tube 

The photomul Hplier tube se rve s to conve rt the sma ll light pulse it 
sees in the c lear crysta l into an avalanche of e lectrons which are re ce ived 
by the next instrumen t as an e le c tr i ca l pul se wh ose magn i tude depends upon 
the ene rgy of the ini tial gamma quantum . 

2. The pulse height analysis 

The electron pulse f r om the photomul tiplier tube appea rs someth ing l ike 
the fo l lowi ng fi gu re: 

-~~--

The maximum amp l itude of the pulse corre sponding to some vol tage potent ial 
(say X-Millivolts) 1s next amplified (say to y-volts at maximum height). 

Since it is dif ficult to measure the maximum height of this pulse whe n 
it lasts for such a brief period, the pulse is reshaped by an app ropr iate 
circuit ca lled t he widener circuit to give it an approxima t ely recta ngular 
shape as shown below: 

... 

The height of the widened pulse is equal to the maximum height of the pulse 
be fore it wa s re sha pe d • 

The reshaped pulse is now fed into a circuit called the discriminator 
which has been preset to detect pulses which fall within some definite 
voltage rang!!. 

Window{~ --

• 
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Th i s volta ge range i s te rme d a window. However , in orde r for this ci rcuit 
to ope r ate e ffective ly, i t must me a sure the pul se heigh t sometim after 
the maximum volta ge ha 5 rea che d the circuit an not while t he pulse is 
r ising up to its maximum va l ue. The pul se heigh t must be mea sured at 
about this point . 

In order to a chieve this re sul t an other c i rcu it is emp loyed called 
the gate generator c i r cuit. Th i s c i rcu it ge ne ra tes a signal and send s 
it to the disc r i minator wh i ch is mea sur ing t he height of the pu lse . The 
generation of this signal in t he ga te generator occur s at the f irst si gn 
of a pulse go ing to t he disc riminator f r om the ampl if ier, but th is gate 
signa l does not a r r i ve at the di s c riminator until shortly after the pulse, 
whose he ight is to be measu re d, ha s r ea c hed the disc r im ina to-r and ha s had 
time to r i se up to its maxi mum pote n tial. The rul se he i ght mea suring 
c i r c u i t, i.e., the discrimina t or , wil l not work unt il the gate signal has 
arrived , thus givi ng the pu l se time to reach i ts maximum height . The true 
value of t he max imum pu l se height i s compared wi th the two preset value s. 
If the pulse he ight is greate r than the lower preset volta ge, the thre sho l d, 
but not gre a t e r than the upper one, threshold plu s window , it ca u se s a uni
form pul se s i gn a l to be sent on to t he scaling uni t, and one q uantum of 
ga mma radiation, whose energy falls within the energy range represented 
by the window, has been detected. This energy r ange can be found after 
calibration of the spectrome te r. Pul se s having heights less than the lower 
preset vo1 t age or higher than the upper preset voltage are not recorded for 
this par ticular window. 

The gamma -ray spectrometer used in this study is a 3-channel Peder se n 
electron i c model (Figs. 17, 18). 
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FIG . 8 GE ERAL l EW OF T E GAMMA- RAY 
SPECTROMETER USED 
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APPENDIX II 

ADJUSTING !HE GMf.IA-RAY S'PECTROMBTER 

In this s tudy only 2 channel s were adj usted so that the upper channel 
coun t s at the 0. 188 mev. uran i um peak and t he lowe r channel count s at the 
0. 23 8 me v. thorium peak fo r the hea vy mineral s as sayed . There was no need 
to adjus t the third channe l to count at the 1. 46 mev. potassium peak . s ince 
it was el iminated by se para t ing the heavy mine ral s from the sand sample 
using bromoform. 

The method used to obtain the gamma ray spe c trum gra phs used to illus
t rate this s t udy may be of some i ntere st. Instead of lowe ring the bias on 
a pulse gating circui t as in the usual method of swee ping the ga mma ray 
spe ctrum wi th a pulse he ight ana l yze r. the bia s on the gating cir cu i t was 
he l d constan t . While holding the pulse ga te at a f ixed leve l , the vo l tage 
on the phot omultiplie r in the scint illa t i on detec tor wa s linea rly increase d 
with r e spect to t ime . The output pulse f rom the ga te was fed to a l inearly 
moving graphic r ec or der. Al t hough this me t hod r esults in a l ogar i thmic 
spa c ing of t he photon energy on the graph, good resolution throughout the 
whole gamma spe ctrum is obtained. 

Ad justment outline 

1. Plot the re l ationship be twe e n anode vol t dial and photomu l t ipl ie r 
scale (Fig . 19). 

2. Plot the spec t ra for the s tanda rd samples (Pig. 20). 

3. Plo t the energy of the photon peak for the s tandards (Pig . 21) vs. 
the anode dial r ead ing at which the peak appears which yields a straight 
line on a semi-logarithmic paper. Sucy a graph facilitates the determina 
tion of the energies of photon peaks. 

4. Ready the spectrometer by setting aU dials and adjustments in the 
proper places. 

5. Place the calibrating sample (Cs 137) in the machine and find the 
voltage dial setting at which the big peak is centered on the lower channel. 

6. Leave the voltage dial alone and adjust the at t enuators on the upper 
channel until it is also centered on the same peak as the lower channel. 

7. With both channe ls exactly cente red on t he pe ak , adjust the channel 
width on the upper channel until it coun t s at the same ra te as the lower 
channel. 
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8. Place a thorium sample in the machine and find the voltage dial 
setting at which the lower channel is centered on the 0.238 mev. peak. 

9. Leave the voltage dial alone and place an equilibrium uranium 
sample in the machine. Center the upper channel on the 0.188 mev. peak 
by means of the attenuators. 

10. Check the upper and lower channels to be sure that they both 
reach a maximum peak count on the same voltage dial setting (Fig. 22). 
Any discrepancies are corrected by means of the channel calibration dials. 

11. The channel counts and ratios are corrected with the assays by 
means of standard ores. 
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APPENDIX III 

CORROCTION FOR SAMPLE SIZE 

When the thickness of the sample is great, the photopeaks are swamped 
by Compton-scattered radiation from within the source. It was found that 
for a sample weight of more than 10 grams, correction should be made by 
introducing a correction factor C which was obtained as follows: 

1. Increasing weights of heavy minerals (from the same sand sample) 
were assayed and counted (Table 1). 

The correction factor C = maximum counts per gram weight of sample 
C 

= Cm counts per gram weight of sample was 

plotted against the weight of the sample (Fig. 23). 

2. A weight of 11 milligram thorium oxide (THO) was added to increas
ing weights of heavy minerals from the same sample used in(l), assayed and 
counted on both channels. The net counting due to the addition of thorium 
oxide (THO) to the heavy minerals was plotted against the weight of heavy 
minerals (Fig. 24). 

3. The net counting from 11 milligram thorium oxide (THO) when assayed 
without the addition of any heavy minerals was recorded. 

4. For step 2 above, the correction coefficient C was calculated for 
different weights of the heavy minerals and was found to check well with 
that of Fig. 23. For this reason, the correction coefficients from Fig. 23 
were used in correcting counts for samples having a weight of more than 10 
grams. 
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TABLE 1 CORRECTION COEFFICIENT C 

Wt. of CPM CPM CPM CPM /gm. c lCm c lem 
h eavies at at at at at at 

W , 0.238 mev, 0 . 188 mev. 0. 238 m ev, 0.188 mev. 0. 238 m e v . 0.188 mev. 

3 L65 0.90 0.55 0 . 30 1. 00 
4 2.50 1.20 0.62 0,30 1. 00 
5 3.20 1.50 0,64 0.30 1.00 1.00 
6 3.90 1.85 0,65 0,31 1.00 1.00 
7 4.55 2.10 0.65 0,30 1.00 1. 00 
8 5.15 2.40 0,65 0.30 1.00 1.00 
9 5.95 2.60 0.65 0.29 1.00 1. 00 

(Jl 10 6.50 2.95 0.65 0.30 1.00 1.00 
<.D 

12 1.50 3.50 0.63 0.29 0.98 0 . 97 
14 8.50 4.00 0.61 0.29 0.94 0. 96 
16 9.50 4.80 0.59 0.30 0.91 0.95 

18 10040 5.15 0.58 0.28 0.89 0.95 

20 11 .20 5.60 0.56 0.28 0.86 0. 93 

25 13.00 7.00 0.52 0.28 0.80 0. 93 

30 14.80 8.10 0.49 0.27 0.75 0.90 

35 16.30 9.45 0.46 0. 2 7 0.71 0,90 

40 17.80 10.50 0.-'14 0.26 0.68 0. 88 

50 20.50 12.35 0.41 0 .25 0.63 0.82 

60 23.00 14.10 0.38 0.23 0.59 0. 78 

70 25.00 15 . 55 0.36 0. 22 0.55 0.74 

80 26.85 17.00 0.33 0.21 0.51 0.70 



APPENDIXIV - EXPERIMENTAL RESULTS 

A-I Results of the study of the direction of :ittoral drift 

Table 1 

1 2 3 4 5 6 7 
Sa mple Surface Size Weight of Correction 

No. or Location fraction heavies in Coefficient 
Deep analyzed size fraction C 1 C 2 gm 

1 SD Russian Gulch 1 2.301 1.000 1.000 
2 S Mouth, R. Gulch 1 1.100 1.000 1.000 
2 D " I' " 1 1.390 1.000 1.000 

3+4 S North R. R. 1 4.514 1.000 1.000 
4 D " I' " 1 2.230 1.000 1.000 
5 S " " " 1 7.319 1.000 1.000 
6 S South R. R. 1 10.676 0.995 0.992 
7 S South Goat Rock 1 6.573 1.000 1.000 
8 S Russian River 1 0.465 1.000 1.000 
8 D Russian River 1 2.717 1.000 1.000 
9 S Russian River 1 3.925 1.000 1.000 

10 SD Austin Creek 1 3.708 1.000 1.000 
11 D Russian River 1 1.038 1.000 1.000 
11 S Russian River 1 0.304 1.000 1.000 
12 SD Shell Beach 1 0.058 1.000 1.000 
13 S Wright Beach 1 2.927 1.000 1.000 
13 D Wright Beach 1 2.076 1.000 1.000 
14 S Gleason Beach 1 4.493 1.000 1.000 
14 D Gleason Beach 1 2.806 1.000 1.000 
15 S Salmon Creek 1 5.611 1.000 1.000 

Beach 
15 D " " 1 2.883 1.000 1.000 
16 S " " 1 1.352 1.000 1.000 
16 D " " 1 0.832 1.000 1.000 
17 S Doran Beach 1 3.395 1.000 1.000 
17 D Doran Beach 1 3.686 1.000 1.000 
18 S Doran Beach 1 3.689 1.000 1.000 
18 D Doran Beach 1 3.079 1.000 1.000 
19 S Doran Beach 1 3.008 1.000 1.000 
19 D Doran Beach 1 4.942 1.000 1.000 
20 S Dillon Beach 1 3.267 1.000 1.000 
20 D Dillon Beach 1 1.985 1.000 1.000 
21 S Dillon Beach 1 4.114 1.000 1.000 
21 D Di lIon Beach 1 4.960 1.000 1.000 
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Table 1 (contd.) 

1 2 3 4 5 6 7 
Sample Surface Size Weight of Correction 

No. or Location fraction heavies in Coeffic ient 
Deep analyzed size fraction C1 C 2 

gm 

22 S McChireaBeach 1 8.370 1.000 1.000 
22 D McClures Beach 1 8.090 1.000 1.000 
23 S Pt. Reyes Beach 3 2.035 1.000 1.000 
24 S Pt. Reyes Beach 3 2.035 1.000 1.000 
25 S Pt. Reyes Beach 3 7.157 1.000 1.000 
26 SD Pt. Reyes Beach 3 848 1.000 1.000 
27 S Drakes Beach 1 5.327 1.000 1.000 
27 D Drakes Beach 1 8.041 1.000 1.000 
28 S Drakes Beach 1 71.006 0.740 0.550 
28 D Drakes Beach 1 37.906 .872 .695 
29 S Drakes Beach 1 19.406 .945 .865 
29 D Drakes Beach 1 20.836 .940 .850 
30 S Drakes Beach 1 14.133 .970 .940 
30 D Drakes Beach 1 14.908 .968 .927 
31 S Drakes Bay 1 1.255 1.000 1.000 
31 D Drakes Bay 1 1.484 1.000 1.000 
32 S Drakes Bay 1 .834 1.000 1.000 
3'2 D Drakes Bay 1 .762 1.000 1.000 
33 S Bolinas Beach 1 2.264 1.000 1.000 
33 D Bolinas Beach 1 1.764 1.000 1.000 
34 S Bolinas Beach 1 1.961 1.000 1.000 
34 D Bolinas Beach 1 2.742 1.000 1.000 

35+36+37 S Stinson Beach 1 .699 1.000 1.000 
35 D Stinson Beach 1 1.008 1.000 1.000 
36 D Stinson Beach 1 .332 1.000 1.000 
37 D Stinson Beach 1 .471 1.000 1.000 
38 S Ocean Beach 2 21.252 0.940 0.845 
38 S Ocean Beach 1 20.585 0.942 0.851 
39 S Ocean Beach 2 31.193 0.900 0.742 
39 S Ocean Beach 1 31.453 0.900 0.740 
40 S Ocean Beach 2 10.963 0.995 0.990 
40 S Ocean Beach 1 5.418 1.000 1.000 
40 D Ocean Beach 2 11 .708 0.990 0.980 
40 D Ocean Beach 1 8.012 1.000 1.000 
41 S Ocean Beach 2 9.643 1.000 1.000 
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Table 1 (contd .) 

1 2 3 4 5 6 7 
Sample Surface Size Weight of Correcti on 

No . or Loca tion fr a ction heavies in c oeffic ient 
Deep a nalyzed size frac tion C1 C 2 

gm 

41 S Ocean Beach 1 9.373 1.000 1.000 
42 S Ocean Beach 2 6.982 1. 000 1. 000 
42 D Ocean Beach 1 3.593 1.000 1.000 
43 S Ocean Beach 2 6.295 1.000 1 . 000 
43 S Ocean Beach 1 2.070 1.000 1 .000 
44 S Ocean Beach 2 4.6 01 1.000 1. 000 
44 S Ocean Beach 1 2.110 1.000 1.000 
44 D Ocean Beach 2 5,804 1. 000 1.000 
44 D Ocean Beach 1 1.808 1.000 1.000 
45 S Ocean Beach 2 4.575 1.000 1.000 
45 S Ocean Beach 1 2.067 1.000 1.000 
45 D Ocean Beach 2 7.938 1.000 1.000 
45 D Ocean Beach 1 2.817 1 . 000 1.000 
46 S Ocean Beach 2 25.633 0.920 0.795 
46 S Ocean Beach 1 13.844 0.975 0.945 
47 S Ocean Beach 2 7.318 0.975 0.945 
47 S Ocean Beach 1 1.403 0.975 0.945 
47 D Ocean Beach 2 4.546 0.975 0.945 
47 D Ocean Beach 1 1.492 0.975 0.945 
48 S Fleishhacker 2 73.536 0.730 0.540 
48 S Fleishhacker 1 19.053 0.950 0.871 
48 D Fleishhacker 2 38.802 0.870 0.690 
48 D Fleishhac ker 1 13.840 0.975 0.945 
49 S Daly City 2 22.227 0.935 0.835 
49 S Daly City 1 8.922 1.000 1.000 
49 D Daly City 2 20.307 0.940 0.855 
49 D Daly City 1 8.511 0.950 0.875 
50 S Daly City 2 10.000 1.000 1.000 
50 S Daly City 1 4.394 1.000 1.000 
51 S N. Mussel Rock 1 11 .334 0.992 0.985 
52 S N. Mussel Rock 1 31 .311 0.900 0.740 
53 S Sharp Park 2 3.652 1.000 1 .000 
53 S Sharp Park 1 3.869 1.000 1.000 
53 D Sharp Park 2 7.740 1 .• 000 1.000 
53 D Sharp Park 1 8.010 1.000 1.000 
54 S Sharp Park 2 13.840 0.975 0.945 
54 S Sharp Par k 1 14.131 0.972 0. 940 
55 S Shar p Park 2 10.508 0.995 0.995 
55 S Sharp Park 1 1.077 1.000 1.000 
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Table 1 (contd . ) 

1 2 3 4 5 6 7 
Sample Surfac e Size We ight of Correction 

No . or L oca tion fraction heavies in c oeffici e nt 
Deep a nalyzed Si z e fr a ction C 1 C 2 

grn 

56 S Mor! Pt . 2 12.722 0. 982 0.965 
56 S Mori P te 1 1. 188 1. 000 1 .000 
57 S R ockaway Beach 2 28.038 0.910 0.770 
57 S R ockaway Beach 1 4.548 1. 0 00 1. 000 
57 D Rockawa y Beach 2 13.747 0. 97 5 0 0 945 
57 D R ockaway Beach 1 1.524 1 . 000 1.000 
58 S Sa n P e dro 2 50,.638 0 . 820 0. 6 30 
58 S San P edro 1 25.275 0.925 0.800 
59 S Shelter Cove 3 0.68 7 1 .000 1. 000 
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Table 1 (contd.) 

1 8 9 10 11 

Sampl e Ne t c ounting rate c pm. Corre cted c ounting r ate cpm. 
N o . 0.188 mev. 0.238 mev. 0.188 mev. 0.238 mev. 

R1 R2 R1 8/6 R 2 = 9/7 

1 308 458 308 458 
2 216 263 216 26 3 
2 254 338 254 338 

3+4 431 890 431 890 
4 218 464 218 464 
5 840 1.504 840 1.504 
6 1.086 1.932 1.091 1.947 
7 613 786 613 786 
8 331 192 331 192 
8 418 526 418 526 
9 355 734 355 734 

10 000 257 000 257 
11 290 295 290 295 
11 391 203 391 203 
12 0 00 000 000 000 
13 407 790 407 790 
13 000 350 000 350 
14 471 979 471 979 
14 31 1 547 311 547 
15 1.054 1.320 1.054 1.320 
15 983 794 983 794 
16 541 411 541 411 
16 493 307 493 307 
17 705 562 705 562 
17 558 1.007 558 1.007 
18 639 1.229 639 1.229 
18 683 1.124 683 1.124 
19 602 1.196 602 1.196 
19 950 1.482 950 1.482 
20 580 965 580 965 
20 691 1.006 691 1.006 
21 691 1.433 691 1.433 
21 1.216 2.427 1.216 2.427 
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Table 1 (contd.) 

1 8 9 10 11 
Sample Net counting r a te cpm. Corrected counting rat e cpm . 

No. 0.188 mev. 0.238 mev. 0. 188 m ev. 0 .238 mev. 
Rl R2 Rl = 8/6 R 2 = 9 /7 

22 2.995 6.039 2~ 99.5 6.039 
22 3.101 6.123 3.101 6.123 
23 . 605 .750 .6 05 .750 
24 .605 .750 . 60 5 . 750 
25 . 928 1.438 .928 1.438 
26 .177 .108 .177 .1 08 
27 3.528 4.744 3. 528 4 . 744 
27 8.564 12.699 8.564 12 .699 
28 82.671 104.202 117.176 187.640 
28 45.828 60.682 52.555 87. 31 2 
29 5.077 7.701 5.372 8.903 
29 5.644 11 .708 6.004 13.774 
30 2.680 5.015 2.763 5.335 
30 4.553 7.737 4.703 8. 346 
31 .591 .448 .591 . 448 
31 .832 .745 .832 .745 
32 .315 .232 .315 . 232 
32 .318 .254 .318 . 254 
33 3.434 4.292 3.434 4.292 
33 2.314 3.092 2.314 3.092 
34 2.408 2.610 2.408 2. 610 
34 2.693 3.795 2.693 3.7 95 
35+36+37 . 634 .430 . 634 .430 
35 .355 .409 .355 .409 
36 .514 .239 .514 .239 
37 .493 . 23 3 .493 .233 
;38 2.093 3.327 2.227 3.938 
38 3.483 6.122 3.797 7.194 
39 1.823 3 .. 924 2.026 5. 288 
39 3.102 5.532 3.447 7.476 
40 1.656 2.916 1.665 2.945 
40 1.902 3.472 1.902 3.472 
40 1.159 2.241 1.212 2.287 
40 1 .892 3.622 1.892 3.6 22 
41 1.066 2.335 1.066 2.335 
41 1.102 2.265 1.102 2.265 
42 1.170 1.913 1.170 1.913 
42 1.023 1.635 1.023 1.635 
43 0. 083 1.515 0.832 1.515 
43 0.885 1.422 0.885 1.422 
44 0. 71 6 1.299 0.7 16 1.2 99 
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Table 1 (continued) 

1 8 9 10 11 
Sample Net counting r ate cpm . Correc t ed counting r ate cpm . 

No . 0.188 mev . 0. 238 mev. 0.1 88 mev . 0. 238 mev . 
R l R2 Rl = 8/6 R 2 = 9 / 7 

44 0. 5 92 1. 562 0.592 1 .56 2 
44 0 . 754 1 .08 5 0.754 1.085 
4 4 0.622 1. 107 0. 62 2 1.10 7 
45 1 .01 5 1 . 8 31 1. 01 5 1.831 
45 1.524 2. 363 1.524 2.363 
45 1.734 2 .825 1.734 2 .8 25 
45 1 . 852 2. 580 1.852 2.5 80 
46 4.1 14 6.837 4.472 8 .597 
46 6 .55 7 1 0 .631 6.7 25 11.250 
47 1.202 2.335 1. 20 2 2 .355 
47 0.792 1.275 0.7 92 1.275 
47 1.223 2 . 564 1. 223 2.564 
47 0 .495 0.940 0.495 0.940 
48 11.75 0 20 .320 16 .096 37.630 
48 10 . 06 2 21~048 10.5 92 24 . 1 65 
48 7 .541 13.593 8. 668 19.700 
48 2.718 6. 050 2.788 6.402 
49 2 .047 4.648 2.189 5.566 
4 9 2 .36 5 4.402 2.365 4.402 
49 2 .818 5. 85 4 2. 998 6. 847 
49 2 . 4 37 6.6 34 2 .565 7.582 
50 0.906 2.1 92 0.906 2.19 2 
50 0 .87 5 1 . 8 09 0.875 1.809 
51 
51 3. 342 4.7 39 3.369 4.811 
5 2 
52 8 .800 11 . 4 1 3 9.781 15.420 
5 3 0.408 0.774 0 .408 0.774 
53 0.5 11 1. 183 0. 5 11 1.183 
53 2. 78 6 2.5 5 9 2.786 2.559 
53 2.91 3 3. 476 2.913 3.476 
54 3.355 6.334 3.441 6.703 
54 8 .49 9 14.68 6 8.744 15.624 
55 2.87 3 5.420 2 .887 5.447 
55 0.787 1.272 0.787 1.272 
56 2. 933 4.759 2. 98 7 5.035 
56 0 . 650 1.158 0.650 1.1 58 
57 3 .991 7.114 4. 386 9 .239 
57 1.679 3.312 1.679 3. 31 2 
57 3.893 5. 780 3.993 6.116 
57 0 . 865 1.593 0.865 1.593 
58 6.421 12.198 7.830 19.360 
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1 
Sample 

No. 

58 
59 

Table 1 (contd.) 

8 9 
Net count ing rate cpm. 
0.188 mev. 0.238 mev. 

Rl R2 

10.178 
1.167 

19.753 
2.637 

67 

10 11 
Corrected counting rate cpm. 

0.188 mev. 0.2 38 m ev. 
Rl = 8/6 R2 = 9/7 

11.003 
1.167 

24.691 
2.637 



Table 1 (continued) 

1 12 13 14 15 16 
Sample 2.832 R2 12-10 Y cpm = Th. in mg. Th. in ppm. 

No. cpm. cpm. 13/2,446 14 x 0,09 15/5 

1 1.297 0.989 0.404 0.036 15.64 
2 0.745 0.529 0.216 0.019 17.27 
2 0.957 0.703 0.287 0.026 18.70 

3+4 2.520 2.089 0.854 0.077 17.06 
4 1.778 1.560 0.638 0.057 25.56 
5 4.259 3.419 1.398 0.126 17.21 
6 5.514 4.423 1.808 0.163 15.27 
7 2.226 1.613 0.659 0.059 8.98 
8 0.544 0.213 0.087 0.008 17.20 
8 1.490 1.072 0.438 0.039 14.35 
9 2.079 1.724 0.705 0.063 16.05 

10 0.728 0.728 0.298 0.027 7.92 
11 0.835 0.545 0.223 0.020 19.27 
11 0.575 0.184 0.075 0.007 23.03 
12 0.000 0.000 0.000 00.00 
13 2.237 1.830 0.748 0.067 22.89 
13 0.991 0.991 0.405 0.036 17.34 
14 2.772 2.301 0.941 0.085 18.92 
14 1. 549 1.238 0.506 0.045 16.04 
15 3.738 2.684 1.097 0.099 17.64 
15 2.248 1.265 0.517 0.046 15.95 
16 1.164 0.623 0.255 0.023 17.01 
16 0.869 0.376 0.154 0.014 16.83 
17 1.591 0.886 0.362 0.033 9.72 
17 2.852 2.294 0.938 0.084 22.79 
18 3.480 2.841 1.161 0.104 28.19 
18 3.183 2.500 1.022 0.092 29.88 
19 3.387 2.785 1.139 0.102 33.91 
19 4.197 3.247 1.327 0.119 24.08 
20 2.733 2.153 0.880 0.079 24.18 
20 2.849 2.158 0.882 0.079 39.79 
21 4.058 3.367 1.376 0.124 30.14 
21 6.873 5.657 2.313 0.208 41.93 
22 17.102 14,107 5.767 0.519 62.01 
22 17.340 14.239 5.821 0.524 64.77 
23 2.124 1.519 0.621 0,056 27.52 
24 2.124 1.519 0.621 0.056 27.52 
25 4.072 3.144 1.285 0.116 16.21 
26 0.309 0.132 0.054 0.005 5.90 
27 13.435 9.907 4.050 0.364 68.33 
27 35.963 27.396 11.200 1.008 125.36 
28 531.396 414.220 169.346 15.241 214.64 
23 247.267 194.712 79.604 7.164 188.99 
29 25.213 19.841 8.112 0.730 37.62 
29 39.008 33.004 13.493 1.214 58.26 
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Table 1 (cont inued) 

1 12 13 14 15 16 
Sample 2.832 Rz 12-10 Y cpm = Th. iii mg. tho in ppm. 

No. cpm cpnt. 13/2.446 14 x 0.09 15/5 

30 15.109 12.346 5.047 0.454 32.12 
30 23.636 19.933 8.149 0.733 49.17 
31 1.269 0.678 0.277 0.025 19.92 
31 2.110 1.278 0.522 0.047 31.67 
32 0.657 0.342 0.140 0.013 15.59 
32 0.719 0.401 0.164 0.015 19.68 
33 12.155 8.721 3.565 0.321 141.78 
33 8.756 6.442 2.634 0.263 149.09 
34 7.391 4.982 2.037 0.183 93.32 
34 10.747 8.054 3.292 0.296 107.95 

35+36+37 1.218 0.584 0.239 0.021 30.04 
35 1.199 0.844 0.345 0.031 30.75 
36 0.677 0.163 0.067 0.006 18.07 
37 0.660 0.167 0.068 0.006 12.74 
38 11.152 8.925 3.649 0.328 15.43 
38 20.373 16.576 6.777 0.610 29.63 
39 14.976 12.950 5.294 0.476 15.26 
39 21.172 17.725 7.246 0.652 20.73 
40 8.340 6.675 2.729 0.246 22.44 
40 9.833 7.931 3.242 0.292 53.89 
40 6.487 5.275 2.150 0.194 16.48 
40 10.250 8.358 3.410 0.365 38.28 
41 6.613 5.547 2.268 0.204 21.15 
41 6.414 5.312 2.172 0.195 36.28 
42 5.418 4.248 1.737 0.156 22.34 
42 4.630 3.607 1.475 0.133 37.02 
43 4.290 3.468 1.418 0.128 20.33 
43 4.027 3.142 1.284 0.116 56.04 
44 3.679 2.963 1.211 0.109 23.69 
44 4.678 4.086 1.670 0.150 71.09 
44 3.073 2.319 0.948 0.085 14.64 
44 3.135 2.513 1.027 0.092 50.88 
45 5.185 4.170 1.705 0.153 33.44 
45 6.692 5.168 2.113 0.190 91.92 
45 8.000 6.266 2.562 0.230 28.97 
45 7.306 5.454 2.230 0.201 71.35 
46 24.347 19.875 8.126 0.731 28.52 
46 31.860 25.135 10.276 0.925 66.82 
47 6.669 5.467 2.235 0.201 27.47 
47 3.611 2.819 1.152 0.104 74.13 
47 7.261 6.038 2.468 0.222 48.83 
47 2.662 2.167 0.886 0.080 53.62 
48 106.568 90.472 36.988 3.330 45.28 
48 68.435 57.843 23.648 2.128 111.69 
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Table 1 (continued) 

1 12 13 14 is. 16 
Sample 2.832 R 12 .. 10 Ycpm = Th . in mg. Th. in ppm 

2 No, cpm. cpm. 13/2.446 14 x 0. 09 15/5 

48 55.790 47.122 19.265 1.734 44.69 
48 18.130 16.342 6.681 0.601 43.42 
49 15.763 13.574 5.549 0.499 22.45 
49 12.466 10.101 4.130 0.372 41.69 
49 19.391 16.392 6.701 0.603 29.65 
49 21.472 18.907 7.730 0.696 81.65 
50 6.208 5.302 2.168 0.195 19.50 
50 5.123 4.248 1.737 0.156 35.50 
51 13.625 10.256 4.193 0.377 33.23 
52 43.669 33.888 13.850 1.247 39.90 
53 2.192 1.784 0.729 0.066 18.07 
53 3.350 2.839 1.161 0 .104 26.88 
53 7.247 4.461 1.824 0.164 21.19 
53 9.844 6.931 2.834 0.255 31.83 
54 18.983 15.542 6.354 0.256 40.61 
54 44.247 35.503 14.515 1.306 92.42 
55 15.259 12.372 5.058 0.455 43.30 
55 3.602 2.815 1.151 0.103 95.64 
56 14.259 11.272 4.608 0.415 32.62 
56 3.279 2.629 1.075 0.097 81.65 
57 26.165 21.779 8.904 0.801 28.57 
57 9.379 7.700 3.148 0.283 62.22 
57 17.320 13.327 5.448 0.490 35.64 
57 4.511 3.646 1.491 0.134 87.93 
58 54.827 46.997 19.214 1.729 34.14 
58 69.925 58.922 24.089 2.168 85.78 
59 7.468 6.301 2.576 0.232 337.70 
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Table 1 (contd. ) 

1 5 17 18 
Sample Weight of Weight of P er cent heavies 

No . heavies in sample in size in size fraction 
size fraction frac tion qm. 5/17 

gm. 

1 2.301 6.33 36.35 
"2 1.100 2.86 38.48 
2 1.390 3.64 38.17 

3+4 4.516 8.02 56.25 
4 2. 230 3.76 59.30 
5 7.319 12.55 58.30 
0 10.676 12.80 83.40 
7 6.573 10.00 65.73 
8 0.465 21.93 2.12 
8 2.717 125.30 2.17 
9 3.925 151.30 2.59 

10 3.708 14.40 25.80 
11 1.038 28.40 3.65 
11 0.304 7.98 3.81 
12 0.058 1.90 3.05 
13 2.927 10.80 27. 10 
13 2.076 11.30 18.37 
14 4.493 15.40 29.17 
14 2.806 10.50 26.72 
1'5 5.61 1 20. 33 27.60 
15 2.883 11.80 24.43 
16 1.352 4.90 27.60 
16 0.832 3.41 24.43 
17 3.395 173.50 1.96 
17 3.686 202.20 1.82 
18 3.689 51.90 7.11 
18 3.079 72.00 4.28 
19 3.008 48 .. 60 6.19 
19 4:.942 47.50 10.40 
20 3.267 49.10 6.65 
20 1.985 19.20 10.34 
21 4.114 38.30 10.74 
21 4.960 21.00 23.62 
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Table 1 - (contd.) 

1 5 17 18 
Sample Weigh t of Weight of Per cent heavies 
No . heavies in sample in size in size fraction 

size fraction fraction qm. 5/17 
gm. 

22 8.370 13.93 60.07 
22 8.090 10.71 75.50 
23 . 2.035 24.20 8.41 
24 2.035 24.20 8.41 
25 7.157 91.80 7.80 
26 .848 11.60 7.31 
27 5.327 180.00 2.96 
27 8.041 94.10 8.54 
28 71.006 163.90 43.32 
28 37.906 219.60 17.26 
29 19.406 59.70 32.51 
29 20.836 59.39 35.08 
30 14.133 79.50 17.78 
30 14.908 95.40 15.63 
31 1~255 31.85 3.94 
31 1.484 24.10 6.16 
32 .834 28.00 2.98 
32 .762 30.12 2.53 
33 2.264 49.60 4.56 
33 1. 764 62.11 2.84 
34 1.961 200.10 0.98 
34 2.742 73.30 3.74 

35+36+37 .699 191.50 0.36 
35 1.008 98.50 1.02 
36 .332 85.13 .39 
37 .471 44.02 1.07 
38 21.252 180~10 11.80 
38 20.585 62.93 32.71 
39 31.193 267.30 11.67 
39 31.453 99.50 31.61 
40 10.963 37.10 29.55 
40 5.418 15.41 35.18 
40 11.708 64.63 18.12 
40 8.012 20.95 38.33 
41 9.643 28.12 34.29 
41 5.373 13.54 39.68 
42 6.982 35.28 19.83 
42 3. 59 3 9.80 36 .66 
43 6 .295 37. 89 16.60 
43 2 .070 5.74 36 .04 
44 4.601 19. 42 23 .71 

72 



Table 1 (contd.) 

1 5 17 18 
Sampl e Weight of Weight of Per cent heavies 

No. heavies in sample in size in size fraction 
size fraction fraction qrn. 5/17 

gm. 

44 2.110 5.86 36.79 
44 5.804 61.11 9.99 
44 1.808 32.80 5.51 
45 4.575 22.93 20.77 
45 2.067 7.83 26.40 
45 7.938 55.79 14.23 
45 2.817 18.51 15.23 
46 25.633 100.62 25.48 
46 13.844 43.72 31.69 
47 7.318 39.18 18.67 
47 1.403 3.89 36.02 
47 4.546 25.40 17.90 
47 1.492 15 .. 88 9.38 
48 73.536 92.96 79.64 
48 19.053 53.42 35.61 
48 38.802 64.27 60.34 
48 13.840 46.55 29.73 
49 22.227 119.81 18.55 
49 8.922 102.54 8.70 
49 20.307 106.10 19.10 
49 8.511 116.63 7.30 
50 10.000 82.73 12.09 
50 4.394 37.18 11.81 
51 
51 11.334 23.60 48.01 
52 
52 31.311 66.00 47.44 
53 3.652 10.52 34.78 
53 3.869 5.37 72.05 
53 7.740 11.80 65.59 
53 8.010 10.12 79.13 
54 13.840 22.39 61.79 
54 14.131 20.43 69.16 
55 10.508 13.41 78.42 
55 1.077 1.60 67.31 
56 12.722 18.30 69.52 
56 1.888 1.99 59.40 
57 28.038 44.48 63.01 
57 4.548 7.77 58.56 
57 . 13.747 27.33 50.40 
57 1.524 2.30 66.26 
58 50.638 105.82 47.85 
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T able 1 c ontd . ) 

1 5 17 18 
Sample Weight of Weight of Per cent heavies 

No . heavies in s ample in .size in size frac tion 
size fraction fraction qm . 5/17 

gm. 

58 25.275 50.37 40 .18 
59 0 .• 687 1.99 34 .57 
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A-2 Results of study of the direction of littoral drift in the vicinity 
of San Francisco bar 

Table 2 

1 2 3 4 5 6 7 
Sample Surface L ocation Size Weight of Correction 

No. or fraction heavie:s in Coefficient 
deep analyzed size frac tion C 1 C 2 

gm. 

60 SD Pacific .Ocean 1 0.728 1. 000 1.000 
in vicinity of 
San lfrancisc 0 

Bar 
61 SD " 1 2. 339 1.000 1.00 0 
62 SD " 1 1.974 1.000 1. 000 
63 SD " 1 1 .51 8 1 .000 1 .000 
64 sn " 1 1.276 1 .000 1 .000 
65 SD " 1 37.844 0.871 0. 695 
66 SD II 1 2.446 1.000 1 .000 
67 SD II 1 3.587 1.000 1.000 
68 SD II 1 21.283 0. 940 0 .845 
6 9 SD " 1 8.627 1.000 1.000 
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1 

A - 2 Results of study of the direction of littoral drift in the 
vicinity of San Francisco bar 

Table 2 (con'~d .) 

8 9 10 11 
Sample Net counting rate cpm. Corrected counting rate cpm. 

No. 0.188 mev. 0.238 mev. 0.188 mev. 0.238 mev. 
R1 R2 R1 = 8/6 R2 = 9/7 

60 0.300 0.309 0.300 0.309 
61 0.207 0.417 0.207 0.417 
62 0.419 0.492 0.419 0.492 
63 0.402 0.529 0.402 0.529 
64 0.644 0.831 0.644 0.831 
65 32.196 54.393 36.964 78.263 
66 .. 582 .886 .582 ~886 

67 .724 1.071 .724 1.071 
68 17.172 33.420 18.268 39.550 
69 2.766 4.847 2.766 4.847 
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1 
Sample 

No. 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

A - 2 Results of study of the direction of littoral drift in the 
vicinity of San Francisco bar 

Table 2 (continued) 

12 13 14 15 16 
2.832 H2 12-10 Y cpm. = Th. in mg. Th. in 

cpm. cpm. 12/2.446 14 x 0.09 15/5 

0.875 0.575 0.235 0.021 28.84 
1.181 0.974 0.398 0.036 15.39 
1.393 0.974 0.398 0.036 18.24 
1.498 1.096 0.448 0.040 26.35 
2.353 1.709 0.699 0.063 49.37 

221. 641 184.677 75.502 6.795 179.55 
2.509 1.927 0.788 0.071 29.03 
3.033 2.309 0.944 0.085 23.70 

112.006 93.738 38.323 3.449 162.05 
13.727 10.961 4.481 0.403 46.71 
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1 
Sample 

No . 

60 
61 
62 
63 
64 
65 
66 
67 
68 
69 

A 2 Rel!JUlts of study of the direction of littoral drift in the 
vic inity of San Franc isco bar 

Table 2 (contd .) 

5 17 18 
Weight of Weigh t of Per cent heav iea 
heavieR in sam ple in s ize in size fraction 
.si ze fraction fraction qm 5/17 

gm . 

0.7 28 58.90 1 . 23 
3.339 86.90 2 .69 
1 . 974 86.90 2 .27 
1 .518 40.00 3 .79 
1 . 27 6 17.50 7 .29 

37.844 86 . 20 43 . 90 
2.-446 60 .50 4.Q..( 
3 .587 64.40 5.57 

21 .283 80.00 26 .60 
8.627 4.3 . 30 19.92 
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B -1 Reau1t11 of the atudy of the variation in thorium along 
a profile 

Table 3 

1 2 3 4 5 6 7 
Sample surface Location SU::e Weight of Correction 

No . or fraction heaV'iea in Coefficient 
deep analyzed size fra-ctlon C1 C 2 

e· 
a S Location No. 1 39.174 0 .. 867 0.690 

:}O J 1-40' 
b S Location No. 1 -4 . 912 1 .000 1 .000 

30 ~ 180' 
c S Location No .. 1 10 . 393 0 .995 0.995 

30 . 205' 
d S Lo~t lon No . 1 5.7'{9 1 .000 1. 000 

30 , 220' 
e S Location No .. 1 10 .334 0.995 0. 995 

30 , 250' 
f S Location No. 1 7 . 735 1 .000 1.000 

30, 280' 
g S Location No . 1 0.858 1.000 1. 000 

30. 310' 
h S L oclLtion No. 1 6 .963 1.000 1. 000 

30 . 325 ' 
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B-1 Results of the study of the variation in thorium along 
a profile 

1 

Sample 
No. 

a 
b 
c 
d 
e 
f 
g 
h 

Table 3 (contd.) 

8 9 

Net counting rate cpm. 
0.188 mev. 0.238 mev. 

R1 R2 

22.894 32.106 
2.282 3.925 
1.639 2.551 
1.987 3.184 
1.287 1.912 
0.516 0.461 
1.961 2.872 
1.456 2.396 

80 

10 11 

Corrected counting rate cprn. 
0.188 rnev. 0.238 mev. 
R1 = 8/6 R2 = 9/7 

,2.6 ... 406 46.530 
2 .. 293 3.945 
1.639 2.551 
1.997 3.200 
1.287 1.912 
0.516 0.461 
1.961 2.872 
1.456 2.396 



B-1 Results of the study of the variation in tho dum a long 
a prof He 

Table 3 (continued) 

1 12 13 14 15 16 
Sample 2.832 R 12-10 Y cpm. = Th. in mg. Th. in ppm. 

2 
No. cpm. cpm, 13/2,446 14 x 0.09 15/5 

a 131.773 105.367 43.077 3.877 98.97 

b 11.172 8.879 3.630 0.327 31.46 

c 7.224 5.585 2.395 0.216 37.57 

d 9.062 7.065 2.888 0.260 25.16 

e 5.415 4.228 1,728 0.155 20.04 

f 1.306 0.790 0.323 0.029 33.80 

g 8.133 6.172 2.523 0.227 32.60 

h 6.785 5.329 2.179 0.196 39.40 
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1 
Sample 

No. 

a 
b 
c 
d 
e 
f 
g 
h 

B -1 Results of the study of the variation in thor ium along 
a profile 

5 
Weight of 
heavies in 
size fraction 

p. 

39 .174 
10.393 
5.749 

10 .. 334 
7 .735 
0 .858 
6 .963 
4 .975 

Table 3 (contd .) 

17 
Weigh t of 
samples in size 
fraction qm • 

83 .37 
49.49 
35 . 95 
-44 . 93 
50 . 8 3 

4 .44 
40 . 34 
24 . 81 
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18 
Per cent heavies 
in size f'rac tion 

5/ 17 

46 . 99 
21.00 
15.99 
23.00 
15.22 
19 .30 
17. 36 
20.05 



Sample 
No. 

a 

a 

b 

c 

c 

d 

d 

C-1 Results of the study of the variation in thor1wn con
centra tion with time at a certain l ocation 

Table 4 

Weight of 
Date of Surface Location Size heavies Correction 

Collec tion or fra-ction sfze c oefficient 
Deep analyzed fraction Cl C2 

6/18 / 61 S Fleishhacker 1 19.053 0.950 0.871 

6/18/61 D I' 1 13.840 Q.975 0. 945 

1/10/61 S " 1 4.913 1.000 1 .000 

12/2/61 S " 1 18 .296 0 .950 0 .880 

12/2/S1 D " 1 23.796 0.925 0.815 

12/18/61 S " 1 10.317 1.000 1 .000 

12/18/61 D II 1 9.980 1.000 1.000 
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1 
Sample 

No . 

a 

a 

b 

c 

c 

d 

d 

C - 1 Results of the study of the variation in thor ium con
centration with time at a certain location 

Table 4 (contd.) 

8 9 10 11 
Net counting rate cpm. Corrected counting rate cpm. 
0.1 88 mev. 0.238 mev. 0.188 mev. 0.238 mev. 

R1 R2 R1 - 8/6 R2 = 9/7 

10.062 21.048 10.592 24.165 

2.718 6.050 2.788 6.402 

1.109 2.098 1.109 2.098 

4.707 8.433 4.952 9.583 

7.795 12.487 8.427 15.321 

4.183 5.531 4.183 5.531 

5.307 8.901 5.307 8.901 
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c - 1 Result s of the study of the variation in thor ium con-
centra tion wi th time at a certain location 

Table 4 (continued) 

1 12 13 14 IS 16 
Sample 2. 832 R2 12-10 Y-cpm. = Th . in mg. Th. i n ppm. 

No. cErn. c12m• 13,2.446 14 x 0.09 15/5 

a 68.435 57.843 23.648 2.128 111.69 

a 18.130 15.342 6.272 0.564 40.75 

b 5.941 4.832 1.975 0.178 36.23 

c 27.139 22.187 9.071 0.816 44.60 

c 43.389 34.962 14.293 1.286 54.04 

d 15.664 11.481 4.694 0.422 40.90 

d 25.208 19.901 8.136 0.732 73.35 

85 



C -l RsuI tI of tb.e .twiy of the iation in thorium con· 
centration with t ime .at a certain location 

Table", {contd.> 

1 5 17 18 
Sample Weight of Weight of Per cent heavle. 

No . h eavlea in. IJample in .ize in aize fraction 
.. l%.e fraction fraction qm . 5/17 

gm. 

a 19 .. 053 53.42 35.61 

a 13.8"'0 46.55 29 •. 73 

b -4.913 13.40 36 .66 

c 18.296 47 .. 03 38 .90 

c 23.796 38.90 61.17 

d 10.317 23.96 ,(3.06 

d 9.980 16.9' 58.90 
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