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GEOCHEMISTRY OF WATER

WATER LOAD OF URANIUM, RADIUM, AND GROSS BETA
ACTIVITY AT SELECTED GAGING STATIONS, WATER
YEAR 1960-61

By E. C. MaLLory, JR., J. O. Jornson, and R. C. Scorr

ABSTRACT

Water samples were collected from 36 rivers during low, medium, and high
flows. The drainage areas above the sampling sites represent about 55 percent
of continental United States (including 86,000 square miles of Alaska) and 155,
000 square miles of Canada. During the 1960-61 water year the total uranium-
solute load ranged from about 100 pounds contributed by the Nezinscot River to
695,000 pounds contributed by the Mississippi River. The calculated total uran-
ium-solute load of the rivers sampled was used to estimate that about 2 million
pounds of uranium was carried in solution from the continental United States
to the oceans during this water year. The calculated radium-solute load for the
sampling period ranged from about 2.5X10-° pounds for the Nezinscot River to
25,000X10-° pounds for the Mississippi River. The gross solute load of radium
from the conterminous United States to the oceans for water year 1960-61 was
estimated to be about 67,000 10~* pounds.

INTRODUCTION

Investigations concerning the amount of radioelements in surface
waters have both scientific and practical values. Fix (1955) investi-
gated the usefulness of the uranium content of surface waters in the
western and southeastern parts of the United States as an aid for the
location of uranium deposits. Illsley (1961) used uranium analyses
of streams in south-central Idaho to show the suitability of hydrogeo-
chemical techniques for uranium exploration. Landis (1960) deter-
mined the uranium content of some surface waters in a part of the
central Great Plains. Scott and Voegeli (1961) gave a detailed account
of the uranium, radium, and beta activity in surface waters of Colo-
rado. The quantities of radioactive elements in surface waters are
especially important if such waters are used for irrigation, food pro-
cessing, or drinking. For example, the recommended tolerance for
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02 GEOCHEMISTRY OF WATER

radium-226 in drinking water is only 3 pc/l (picocuries per liter)

(U.S. Public Health Service, 1962).

This study was made for the following purposes:

1. To determine the amounts of uranium, radium, and gross beta activ-
ity in major streams of the United States during water year 1960-61.

2. To estimate the amounts of uranium and radium being transported
in solution to the oceans.

8. To furnish background data for future geochemical studies of the
naturally occurring radioelements and radioactivity and to provide
information from the United States for the studies of global bal-
ances of water and water-borne materials conducted as part of the
activities of the International Hydrological Decade.

Results of this study are from data collected primarily in water year
1960-61. The data concern uranium, radium, and gross beta activity in
major streams draining conterminous United States, Alaska, and small
parts of Canada. Most of the radioelements probably originate from
natural sources. Some beta activity, as shown later, is evidently not
from natural sources.

SAMPLING PROGRAM

Thirty-six sampling sites were selected close to or at Geological Sur-
vey stream-gaging stations. Each site was selected to provide represent-
ative samples of both natural radioactivity and flow along the sam-
pled streams. Sampling sites near the ocean were above high-tide level.
Because industrial radioactive waste was being released into the
Columbia River at Hanford, Wash. (Setter and Baker, 1960), the
sampling site was located as far as possible downstream from the
waste-disposal point. Effects from radioactive material released to the
environment by this installation would then be reduced to a minimum.
The Mohawk River carries radioactive industrial waste into the Hud-
son River (U.S. Public Health Service, 1960), therefore, the sampling
site was located on the Hudson above its confluence with the Mohawk.
Sampling sites or streams having regulated flows were avoided as
much as possible.

One hundred and eleven samples were collected. Sampling sites on
the Penobscot, Hudson, Delaware, Susquehanna, Altamaha, Apalachi-
cola, Pearl, Red River of the North, Missouri, Red River of the South,
Sabine, Neches, Trinity, Brazos, Colorado (Arizona), San Joaquin,
Klamath, Columbia and Yukon were Decade stations. Decade Rivers
(Roanoke, Cape Fear, Potomac, St. Johns, Suwanee, Mississippi, Rio
Grande, and Sacramento) were sampled at other than Decade sites.
Nine sampling sites were not on Decade Rivers.
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River-drainage areas and sampling sites are shown on plate 1. The
river-drainage areas, above the sites where samples were collected,
comprise a total drainage area of about 2,100,000 square miles. This
area is about 55 percent of the continental United States (ineluding
86,000 square miles of Yukon drainage in Alaska). In addition, about
155,000 square miles of Canada contribute to the flows of the Yukon,
Missouri, and Columbia Rivers.

Samples were collected by district personnel of the Water Resources
Division. Sampling was to be during low, medium, and high flows of
water year 1960-61. This was not easily accomplished because some
flows are rather unpredictable and of short duration. The Colorado
River is so greatly regulated above the sampling site at Yuma, Ariz.,
that only seasonal flows were obtained. Seasonal samples of the Colo-
rado were, therefore, collected when low, medium, and high flows nor-
mally would have been in progress if there had been no regulation.

During extremely adverse weather, some remotely located stations
were inaccessible; hence, some flow data were not obtained. In some
places a representative sample was, therefore, collected at a later date.

A 2- or 4-liter sample was collected for radiochemical analysis. A
solution of 8 ml of glacial acetic acid and 2 ml of chloroform was
immediately added to each sample. The acetic acid helps keep uranium
and radium in solution by lowering the pH, and the chloroform
inhibits algal and fungus growth. A second sample of similar size
was collected for the determination of other chemical constituents. To
reduce changes that occur during long storage, samples were shipped
a few days after collection and analyzed as soon as possible by the
receiving laboratory.

ANALYTICAL METHODS

Chemical and physical properties were determined by regular
water-analysis methods described by Rainwater and Thatcher (1960).
A table of the physical, chemical, and radiochemical data for ail
samples collected is included in table 1.

Uranium was analyzed according to the method described by
Barker and others (1965). The uranium was determined by evaporat-
ing a sample aliquot to dryness, fusing the solids in a fluoride-carbon-
ate flux, and then measuring the intensity of the uranium fluorescence
in the fused pellet.

Radium was analyzed accordmg to the method given by Barker and
Johnson (1964). The radium was coprecipitated by barium.sulfate
and determined by measuring the alpha activity of radium and its
radioactive descendents in the precipitate.
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Gross beta activity was determined by the method described by
Barker and Robinson (1968). A sample aliquot was evaporated to
dryness, and the beta activity of the residue was measured with a low-
background beta counter. Beta activity results are expressed in terms
of equivalent amounts of beta activity found in strontium-90-yttrium-
90 standards which are prepared as described by Barker and Robin-
son (1963).

Detailed discussions about the accuracies of these methods are given
by the authors. Briefly, the estimated accuracies are as follows:

Element Concentration Estimated maximum error
Uranium_______________.__ 04t04.0 pg/l oo 0.4 pg/l.
Above 4.0 pg/l__ . _________ About 10 percent.
Radium 226___________.___ 0.1-0.5 pefl_ e 0.1 pe/l.
Above 0.5 peflo - oo About 20 percent.
Beta activity.. .. ________ 0.3-2.0pefl. . 0.3 pe/l.
Above 2.0 pofla oo __ About 15 percent.

Planchets with residue prepared for the determination of gross
beta activity were also used for gross alpha measurements. Only a
small percentage of the alpha particles are detected because the resi-
due is essentially of infinite thickness with respect to the short-range
alpha particles. Thus, because of the low gross alpha activity in the
samples and the large errors inherent in the determination, statistically
reliable data were not obtained and are not published in this paper.

Analytical results are expressed as follows: uranium concentrations
are given in micrograms per liter (1 microgram=10-* grams). The
minimum detection limit of the uranium method is about 0.4 ug/l
(micrograms per liter). Less than detectable amounts of uranium are
reported, therefore, as <0.4 ug/l. An average uranium concentration
of 0.2 ug/1 has been used in calculations for water samples found to
contain <0.4 ug/l. Laboratory studies of a large number of dilute
surface-water samples have shown use of this figure to be reasonably
reliable.

Radium results are described in picocuries per liter (1 picocurie=
10-*# curies). One picocurie may also be defined as 8.7 X 10-* disintegra-
tions per second, or 2.22 disintegrations per minute. The radium
method has a minimum detection limit of 0.1 pc/l. Less than detect-
able amounts were reported as <0.1; for radium averages and other
calculations, <0.1 was considered as 0.05, or halfway between zero
and 0.1. Three of the samples were only half the size normally col-
lected for radioelement determinations, and using half-gize aliquots
for radium raised the threshold of detection to 0.2 pc/l. These three
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samples were considered to have a value of one-tenth when radium
calculations were made.

Beta results are also expressed in picocuries per liter. The minimum
detection limit for gross beta activity commonly ranges from 0.3 o
1.0 pe/l, because the size of the aliquot used is determined by the
specific conductance of the sample. Normally, the greater the con-
ductance the smaller the aliquot and, thus, the lower the sensitivity
and the higher the minimum detection limit.

High, medium, and low flows were determined by dividing into
thirds the range of the minimum to maximum discharge for each sta-
tion during wateryear 1960-61. The top, middle, and bottom thirds of
the range represent the high, medium, and low flows, respectively. The
range of discharge in cubic feet per second for each flow and the length
of flow period (number of days) at each river station are shown in
table 2. The discharge when a river was sampled was compared with
this table to decide whether the sample belonged to high, medium, or
low flow periods.

Radiochemical data are shown in table 3 for low, medium, and high
flows at each sampling site. Sometimes a flow was sampled on dif-
ferent dates, and then uranium and radium values were averaged.
Analyses for duplicate flow samples are shown in table 1.

Uranium and radium values were estimated for eight unsampled
medium or high flows so that further calculations could be made.
Uranium values for unsampled medium flows were determined by
averaging the low- and high-flow uranium values as shown below:

Uranium (sg/1)
Low flow Medium flow High flow
(averaged)

River

Altamaha___________ . ______ <0. 4 0.4 0.4
Sabine_ . . oo <.4 <.4 <.4
Brazos. . oo e .7 .45 <.4
Guadalupe. . e .8 .4 <.4
Columbife - e e 1.1 .8 .5

The radium values for medium flows, obtained in the same way, are
as follows:

Radium (pe/l)

Low flow Mediom flow High flow
(av )

River

Altamaha__ . e 01 £0.1 <0.1
Sabine. - . e .2 .15 1
Brazos. . oo e ceeeae .4 . 65 9
Guadalupe. oo oo .2 .25 3
Columbia. - v e .1 .1 2

339-929—69—-—2
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High flows for the Carrabasset, Nezinscot, and Suwannee were not
sampled. Because uranium values for the low and medium flows for
these three rivers was <0.4 pg/l, uranium values for high flows were
considered to be the same.

Radium values for these high flows were extrapolated as shown:

Radium (pe/
River
Low flow Medium flow High flow
(extrapolated)
Carrabasset. - e 0.1 <0.1 <0.1
NezinseOote oo o oo oo <.1 <.1 <.1
Suwannee. - -« .o .1 .3 .3

An extrapolated high-flow radium value of 0.5 pc/1 for the Suwanee
River would have been high when compared to other rivers in this area,
so high flow was given the same value as medium flow.

GROSS BETA ACTIVITY

Gross beta activity in natural waters is now an important determin-
ation. Before the advent of manmade nuclear energy, practically all
beta activity of natural waters could properly be ascribed to beta-
emitting nuclides of the naturally occurring radioactive elements, in-
cluding potassium-40. This is no longer always true. In periods of
nuclear detonations, particularly atmospheric testing, the beta activity
of precipitation may be many times as great as when no testing is in
process, because most of the radioactive elements produced in atomic
detonations and nuclear powerplants are beta emitters. Fortunately,
most of the beta-emitting nuclides of fallout decay rapidly or are
absorbed in soils so that only a moderate increase of beta activity
from nuclear testing occurs in streams. Some of the “long-lived” beta-
emitting nuclides produced in nuclear testing and atomic powerplants
are strontium-90, cesium-137, cerium-144, and ruthenium-106. “Long-
lived” beta-emitting nuclides are detected in surface waters many
months after cessation of atmospheric detonations.

The normal beta activity of a river can usually be estimated, within
limits, by sampling and determining the beta activity at high, medium,
and low flows. Whenever samples contain appreciable amounts of
beta activity, they may be checked for type of growth or decay. If
periodic beta counting indicates radioactive decay, then a beta-decay
curve will show whether or not the beta activity may be attributed to
mixed-fission-product fallout or to naturally occurring radionuclides
(Eisenbud, 1963). Any sample showing mixed-fission-product activity
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must be eliminated from consideration when establishing normal back-
ground levels unless the proportion of fission-product activity can be
measured.

Natural beta activity was found in all samples collected. Beta-
activity averages for all rivers (table 3) show no apparent relation
to discharge, the averages for low, medium, and high flows being
8.8, 6.9, and 11.6, respectively. In addition, unidentified beta activity,
not directly attributable to natural radioelements, was detected ; this
probably originated as fallout.

Anomalous high beta concentrations were noted for some rivers of
the Southwest, Southeast, and Gulf coasts. Decay curves of beta activ-
ity were plotted for some of the samples collected in October 1960 and
March 1962. The decay curves were made by counting the beta activ-
ity of the samples several times over a period of 2 months or longer
and then plotting the data on logarithmic graph paper. The estimated
naturally occurring beta activity was subtracted, and then the decay
data indicated a decay rate similar to that commonly observed for
mixed-fission products.

The apparent decay rate was estimated by the formula

A=Ag1?
Where A=the activity of the sample in counts per minute at any
time after formation of the nuclides,
A,=activity at unit time (counts per minute) after formation
of the nuclides,
and {=time in days after formation of the nuclides at which A is
measured.

A graphical solution of the counting data indicated that the anoma-
lous beta activity of some rivers was decaying as activity from fission
products 4-6 months old at the time of collection. Such fission products
probably were formed in nuclear explosions which occurred in north-
ern Russia during the fall and winter of 1961.

Figure 1 illustrates decaying beta activity (after beta activity attrib-
utable to natural radionuclides had been subtracted) for two rivers
on the South Atlantic slope. Extrapolation of the decay curves indi-
cated that the Roanoke River, which had a total beta activity of about
37 pe/1 when first counted (June 25, 1962), probably had an activity
of more than 80 pc/1 at the time of collection (Mar. 12, 1962). Also
shown is a similar decay curve for a sample from the Tar River.

Figure 2 indicates that earlier samples from the Roanoke and Dan
Rivers (collected Dec. 19, 1961) had lesser amounts of fission-product
activity. Similar decay studies were made for other streams in this
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FieURE 1.—Beta-decay curves for the Roanoke and Tar Rivers.

area. Most of the studies indicated that fission activity was produced
by the Russian test series in the fall of 1961. The reason for the higher
beta activities of the later samples is that in the spring there ocurs
a peak release of stratospheric fallout nuclides to the atmosphere.

The equation 4=4, t** (Glasstone, 1957), used in the extrapola-
tion of the fission product activity for figures 1 and 2, seemed to fit the
data, as well as other exponents, when correlated to the nuclear test
periods of the U.S.S.R. The equation appears to work fairly well for
fission products with ages of 1 hour to 200 days. In this study the
equation was used to extrapolate the data for older activities (380 days
maximum) to the time of the Russian blasts of 1961 with fairly good
results. Prior investigations by one of the authors (Johnson) indicate
that the equation for fission products from the Nevada test site during
atmospheric testing varied from 4=u4, ¢ to A=A, £, with the
average exponent of ¢ close to —1.2.
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F1ecUre 2 —Beta-decay curves for the Roanoke and Dan Rivers.

URANIUM-SOLUTE LOAD

The pounds of uranium carried in solution by each river past the
stream-gaging stations during water year 1960-61 was estimated as
follows: The total average discharge in cubic feet per second for a flow
period was multiplied by the micrograms per liter of uranium found
in that flow and by the factor 53.9X10- (The conversion factor
6.24X 108 can be used to change micrograms per liter to pounds per
cubic foot. The factor 86,400 changes the total discharge in cubic feet
per second to cubic feet per day. These two factors can be combined
to give the factor 5.39X10-.) Summations of the total solute loads for
low, medium, and high flows for water year 1960-61 are shown in
table 4).

In tables 6-8, flow volumes are shown both in cubic feet per second
and cubic meters per second. Amounts of materials transported are
in both pounds and kilograms. Kilograms and cubic meters per second
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are not rounded off in these tables because the rounding off process
produces totals that do not balance with pounds and cubic feet per
second totals.

Total average discharges were determined from data published in
the annual releases of basic-data streamflow records and related data
for each State by the Geological Survey in cooperation with various
respective State agencies.

Samples collected for other projects from the Colorado River be-
tween Dewey and Moab, Utah, in the heart of the Colorado Plateau
uranium operations, have been analyzed by the Water Resources Di-
vision. These analytical data show that uranium concentrations in
this region commonly are greater than 20 ug/l. However, after the
river passed through several large resorvoirs, the uranium concentra-
tions at Yuma, Ariz., ranged from 6.6 to 7.6 ug/l. Dilution accounts
for a large part, if not most, of the decrease of uranium in solution.
The mean flow of the Colorado River near Cisco, Utah, from October
1960 to September 1961 was 4,260 cfs (cubic feet per second) and, dur-
ing the same period, the mean flow of the Colorado River near Grand
Canyon was 11,960 cfs. Of unevaluated importance in the decrease
of uranium concentrations is the extraction of uranium from solution
by algae and other biota and the precipitation or ion exchange of
uranium with sedimentation in the reservoirs.

The sampling site on the Colorado is at gaging station 9-5210 at
Yuma, Ariz. However, to obtain a more realistic figure of the con-
tribution of radioelements to the Gulf of California, the surface-water
data for gaging station 9-5222, at San Luis, Ariz., about 26 miles
downstream, was used instead. No uranium figures were available
for this site, so the ones obtained from Yuma were used in calculations.

RADIUM-SOLUTE LOAD

Radium was measured in picocuries per liter. One picocurie is equiv-
alent to 10-*2 grams per liter. The following formula was used to cal-
culate the approximate amount of radium carried in solution by each
river past the stream-gaging stations during water year 1960-61:

Total average flow in cubic feet per second for flow period X average
radium value X 53.9 X 10-1

The conversion factor 6.24 X 102, used to change picocuries of radium
per liter to pounds of radium per cubic foot, multiplied by 8.64* gives
the factor 53.9X 10-,

Summations of solute-radium loads for low, medium, and high flows
and the total load for water year 1960-61 are shown in table 5. Radium
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values are expressed as pounds X 107 in order to simplify the tables.

Commonly, rivers carry only a few tenths of a picocurie per liter
of radium in solution. The samples collected July 20, 1961, from the
Colorado River and October 14, 1960, from the San Joaquin River
were the only samples in which the radium concentration exceeded
1 pe/l. A possible explanation for these anomalies could be that sum-
mer storms or large discharges of irrigation waste water would con-
tribute much suspended material to these rivers. Suspended material
carrying adsorbed radium could easily increase the radium concentra-
tion of streams through desorption brought about by chemical dis-
equilibrium conditions generated when two very different waters meet.

URANIUM AND RADIUM CONTRIBUTED TO OCEANS

Data determined on the sampled rivers were used to estimate the
amount of uranium in solution contributed to the oceans from the
conterminous United States. The method of estimation and resulting
conclusions are shown in table 6-8. In table 6, the average discharge
in cubic feet per second of a sampled river at the sampling site during
water year 1960-61 (column 2) was compared with the long-range
average discharge at the same site (column 1). Comparing column 2
with column 1 gave the excess or deficiency of flow for a river dur-
ing water year 1960-61 (column 3). Dividing the total of column 3
by the total of column 1 gave the percentage excess or deficiency
of flow of sampled rivers in a major basin area (column 4). The per-
centage excess or deficiency was used to adjust the total average
discharge for major basin areas (column 1 of tables 7 and 8).

In tables 7 and 8, column 2 shows total average discharge at sam-
pling sites of sampled rivers of major basin areas during water year
1960-61 (obtained from column 2 of table 6). Column 1 shows the
total average discharge of all the rivers for major basin areas, adjusted
according to the percentage excess or deficiency of flow of sampled
rivers. Total discharges from major basin areas were obtained from
information supplied by Wilson and others (1967). Dividing column 2
by column 1 gives the percentage of major basin discharge carried
by sampled rivers (column 3). Column 4, the total amount of uranium
or radium carried by sampled rivers for water year 1960-61, is
obtained from the last column of table 4 or 5. The estimated total
uranium or radium carried from the major basins for this water year
(column 5) was obtained by comparing the total uranium or radium
carried by the sampled rivers and the percentage of major basin
area discharge represented by the sampled rivers.
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Calculated total uranium load carried from conterminous United
States during water year 1960-61 was about 2 million pounds, and
calculated total radium load was about two-thirds of a pound.

SUMMARY

Beta activity, uranium, and radium were determined for 36 major
rivers in the continental United States during low, medium, and high
flows of water year 1960-61. Total solute-uranium and -radium loads
at sampling sites for the year were then estimated. The percentage
of major basin-area discharge carried by sampled rivers in the basins
was determined. Then, using the total solute load estimates of sampled
rivers, the amount of uranium and radium carried from basin areas
during the water year was estimated. The totals gave an estimation of
the uranium and radium carried in solution from the conterminous
United States.

The amounts of uranium and radium derived in this report are pre-
sented as estimates, not exact determinations. Obviously, accuracy
would have been increased by locating sampling sites closer to the
oceans and by sampling more rivers, but practical considerations
limited sampling to sites of on-going stream-gaging and water-quality
programs.

The research work for this paper has raised other questions. Is
there a correlation between increased radium, sediments, and high
flows? Do certain geologic formations which lie at the surface of
large drainage areas account for high radium or uranium solute
loads? How much uranium and radium in solution is being adsorbed
by sediments deposited behind large dams? The authors hope that
this study has presented facts or suggested questions which will
encourage further research.
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TaBLE 1.—Chemical analysis in parts per million and radiochemical analysis in picocuries per liter of river waters on indicated dates—Con.

GEOCHEMISTRY OF WATER

pordures 38

(1/3) (q) wnuslg

(1/0d) (ey) wnIpsy

(1/od)
A1A1308 BTIUIBS-Ble e

Hd
(D 52 38 soyur)
0uBjONpPuU0d dyeedy
08 S8 SSOUPIBH
(*D ,08T 18 enpysel)
SPII0s PoA[OSSI(Q
¢0d) eysydsoydoyio

(CON) 0I8IiIN
() eprroniq

(1) epHoD

(*08) ere5mg
(t00) eyeuoqren

(tODH) ey8u0qIBILY
(31) wmyssejoq

(8N) wmipog

(3W) wnyseude
(80) wnpED

(wq) eseuvSuepy
(o) woay

(Iv) wnupumyy
(¢O18) B

MOY JO odA T,

FEING: §

1 93e1d uo
091 Sujpduregy

Gulf of Mexico basin

d -t D vt O D et € vt 1) G vt O vt G vt vt 7=t O o el O e vt
FSESEARRESERAREAESNERESERAE
PNOMSS ORI RON o ¢/ RIS Op RO R RO
v:v:q:«-:«v:d:wc.ecwnm»mm«qmacvvv#vnqm
VVVVVVVY YSsRaa=ge- " yyyvy 'V’

© OwMmmbs W ™ > VOO WM A
Ngdmﬁndgagﬁ:ggﬁﬁoghgu&vsmégﬁd
HORS |PNIBE 1REW IHDDO WO = THDW®

R dgSs ':-déréqﬁ ih'céh' Eh‘t—'h‘h’éh‘dc’«iddh‘h’vé

i }
re - [T~ 13- (=2 5.2 b= w >
HE338 (9539 232 ZYQLERRNFINERE
H i H
H [ :
H H i
Feb= OO IrtbetO OOY gt = M 00 &3 rd
§§cagsnmﬁ~E§g§£2§=§§g$—¢$—§§8
H H :
(=1 t = 1010 - frde i ]
g9388 [9NBL 23R RBEZIRIBEIRIRE
H H :
H H |
. T
A8 | IKSS88 1R 1] SNBSS IERE
d -P: : : . . : . : - : L R )
Vi A
Nowaw;mOchhmw5ccwoc~ac8vomuc
- :J'J':NdN!'ﬁNH'A"'J’ *
HONMA (IO | I WRHNNNOONNNNDBA
Soama mRan pmRnanaasses aanes
i H
mooo®w (0o w1 |}
““*d“idwcﬁ55333g33§§335$353§=
H i
@ow o o i °
”ﬁ”*"E“ﬁﬂ“if§5§535%8§=mﬁﬁﬂggg
H N
coocoe (0000 | 0000000000000 000
! :
' H
i :
> INSLO ' =t ol -4 vt v QT > -
geses jnses | Egmysragaaansane
©OWOO {NOVW | IBNCTRHNOOCONROFROOS
deﬁﬁ:Nﬁ'ﬁ :ﬁﬁﬁdﬁﬁﬁdéﬁﬁddd@ﬁﬁ
VamOS woor | | © ® o
déadvE—ééniigaggggggacd§¢wnﬁa
H H
Smwow IGd®® | | 4 MO BNNDY
e N N R
SSoimi Eﬁw— Egﬁa::ﬁg:nd Hedoired s
inowma : ww
FRgay {9 49 ggy eEaI8gUYarYagn
i H H
H H H
88888:8888:83o;8888888888~88N
=3 . . . : LI : . e : P d . t—-
H 1
1 B H
SPNRRS (Z28.. 1238 ISTRSVSRNARIKI=ER
c- R : . .P: : - : L R R
H - H
: ! H
ﬁgmﬁcggoggic—cEom$50w¢v30N8N¢
e A e
H H H
H H H
Comow i =} { o o &
“hnmmg“gﬂw5§=ﬁ§§"“3°w33§§5ﬁ°=
b ' H

- aasaasgasnass=SnasnagidanaSdasio

25 Neches...coeoeeeen
26 Trinity........_..

21 Missourl. . .......
22 Mississippi....---
28 Roed.ooccuocueanes
24 Sabine............

19 Apalachicola....__
20 Pearl.____.._....

18 Suwannee.........



WATER LOAD OF URANIUM, RADIUM, AND GROSS BETA ACTIVITY O 19

*SISA[BUE JO 9UII} 98 TOJIN]OS UT

0-91-7 €71 L €9 0°L 90F P8I ~TT T 29 27 28 [ 89T 879 2t 81 ¥w oo g "TTTTTLO01 H
9-L1-%  ¥°1 1 0T 8L 18¢ We 198 8" 87T 0° 11 w o 99z 8° 02 8 69 00° @0° 1° 81 N
09-%2-01 L° 1> ¥I 9°L 6¥0 092 288 T C €% 9° 98 g 0 62 9°¢ 61 02 g¢ II° 80° g* 979 T
We-L 1T ¥ T 9L 189 192 9% 0.0 6% %0 T 19 O I8 0 T8 g€ 3@ 000 000 g0 86 LT U pou oe
(qu0N) WATY POy
19-9-9 ¥ € c'e P4 €91 B L W' 1T g 0t €T 0 ] 9° 1T 8g ¥ 00" €0° ¥ 0°¢ H
19-11-6 9° T 67 €4 116 01 081 90° & 1° ¢° 2 0 1 ¥T 97 8L 0¢ 00° 67T 9° 69 N
9-61-% ¥1 T1° 9t 9°2 982 681 OLT 100 IT 10 972 1z 0 @1 9T ¢ 9% oF 000 800 10 L L S uoyny ¢g
JOALY uoynX
w-1-9 §° 3> ¢L 69 IIT 8F 8L 80" 6° 0 0 I 0 88 9T ¥ 2°¢ ¥ 00" 00 1° I H
09-08-6 ¥°1 1 LT 8L %02 [T ) | 9 8 09 8l 0 2 91 I ¥ € 00° €0° 0° 01 gy
19-16-¢ 8° > P1 40 801 89 I 9% ¥T O° 079 it o ¥ 8T 1% €9 T 00" 00 0 a g tttTTT B[UNIOD ¥
98-8 ¥> 1> 9T 1L o1 29 26 e ¢ 0 0% 0T 0 0L 80 9°¢ €L el 00" ©0° g 91 H
19-6-9 ¥> 1> 8T 9°L 611 e 18 80° € 0° 071 06 0 09 2'T 8¢ 9'¢ I 60 10° T 91 n
09-21-0T #'> T° 0% 9L 61 08 131 & 1T 30 09 0% 0 00T 9°T 9076 Tt F1 00" €0° 0 g€ [s S qjewrersyy eg
19-91-¢ ¥> 1> 67T 9L Ll¥1 09 g0t 09" ¢ 0° 0°¢ I 0 . ¥% 9L 879 € 060" €0° T 92 H
19-81-¢ ¥> 1> 61T 6°9 88l 9 86 ¥I° ¥ 0 09 06 O 8 LT €2 8°g 2T 00" 00° 0* 92 W
09-%1-01 %> 1° 1 L4 99T @ ¥ 0" € ¢ 0% 09 0 08 %% 88 €8 gL 00" €0° 0 € fpTTTTTT ojuemreney Zg
09-#1-01 1°¢ 2T e1 9°L 616 11¢ %99 g1 0' ¥° 8P1 € 0 991 979 3L 2 oy 00 90° 0° 0T H
196-¢ 08 1° I Tl 00% Hﬁ 962 981 12 19 0 892 8IT 0 LT %9 %91 € 49 00" 00° 0 8% W
wy-g 1L € ¥I 0'8 0ZP‘T 61€ 218 920 6% 00 098 LL O €81 28 T ¥ & 000 100 10 0 1 """ --wmubeoguey 1g
ugseq adojs ageg
9-06-4 99 8% LT 6°2 096'z 289 0002 ¥1° ¥ 9° 880 0¥ O ¢ 0’4 @€ 99 99T "7 80° 1 it H
o119 9L 1° IT 6L 096°¢ ¥06 00V 3 ¥0° 87T ¥° 988 #2 0 €82 08 819 88 LIS C0° €0° 1 8T W
09-02-21 479 [ ¥6 28 098'T 08% 00‘T "~~~ 80 €0 88¢ 8.8 0 102 0°9 91C ¥ €21 TI'0 91°0 10 1t L A operofopd 0g
Useq ALY oprIoje)
19-21-¥  6° ¥ €8 ¥, 999 161 ¥E¥ 1$° 6% §° e 081 0 LT 8% 29 11 19 00" 00° I 92 H
09-08-11 92 2 e 28 806  ¥¥C 060 """ 0T ¥ 18 PLI O 1% $'9 20T €1 9L 38 W 1 92 N
09-11-0T 9T 3° 9T I'8 009°T ¥8% 080°T ~~° " g g €07 €IE 0 897 L8 TG 8T ¥8 00" #0° 1 9z 7T “TepuBip Oy 62
09-62-0T #'> ¢€° 69 8L LIz 8 OFT 777 6T 9° 0¢ 99 O 6IT L€ 67 (X4 o 928" 02 £° 48 H
o082 8 1 LT 872 659 292 978 80° 9¢ 2° 69 g 0 09% %'¢ 8¢ 61 0L 00° 00° £0° e I
9% -¥ 8 e’ 0 97, ¥99 8.3 06€ 90° 88 T 14 %€ o 162 v¢ 82 12 L 00" €0° 0 et qpTTTT edniepeny g
09-11-1 %> 6° 6'R L', 83g 88T ¥IZ 80" 0' &’ 44 % 0 981 2% 8I T8 88 0T 00° 0 9% H
%-08-8 3T T 2¢ 9L 0SI'T 862 29 01 €T ¢ %1 931 0 661 2'¢ 92T 8T 08 00° 00" 00° L'L T
-5y ¥> 9 ¥ L°L WL 9% 09F 11° ¥'9 €° 68 @ 0 %1 0% €9 g1 00" 00° 1° ¢ 2 S soz8Ig L7



020 GEOCHEMISTRY OF WATER

TaBLE 2.—Range of discharge and total time of low, medium, and high flows for
each sampling site during walter year 1960-61

& Low flow Medium flow High flow
am-
pling River . Num- Num-
site Renge (cfs) ber of Range (cfs) ber of Range (cfs) ber of
days days days
1 3, 500-28, 767 321 28, 767-54, 033 40 54, 033-79, 300 4
2 65-1,520 320 1,520-2,975 29 2, 975-4, 430 16
3 12-828 340 828-1, 644 22 1, 2, 460 3
4 1,920-26, 580 341 26, 580-51, 240 21 51, 240-75, 900 3
5 2,900-31,833 345 31, 833-60,767 18 60, 767-89, 700 2
6 2,990-129,327 347 129, 327-255, 663 15 3 , 000 3
7 465—17 270 346 17,270-34,085 16 34, 50, 900 3
8 03—3, 2 352 3, 202-6, 301 10 -9, 400 3
9 91-4,494 310 4,494 8,897 24 8, 897-13, 300 31
10 860-7, 973 347 7, 973-185, 087 17 15, 087-22, 200 1
11 820-6,780 344 6, 780-12, 740 15 12, 740-18, 700 6
12 278-4,519 312 4, 519-8, 759 42 8, 7569-13, 000 11
13 601—5 101 283 5, 101-9, 600 72 9, 600-14, 100 10
14 760—11, 673 328 11,673-22,587 26 22, 587-33, 500 11
15 1,170-6,113 343 6, 113-11, 057 16 11, 057-16, 000 6
16 3,010-29, 140 327 29, 140-55, 270 18 55 270-81, 400 20
17 98-3,632 319 3,632-7,166 24 7 166—10 700 22
18 6,780-11,620 258 11, 620-16, 460 86 16, 460—21, 300 21
19 8, 850-50, 567 333 50,567-92,283 26 92, 283-134, 000 7
20 1, 640-29, 660 306 29, 660--57, 680 52 57, 68085, 700 7
21 6, 090-21, 160 96 21,160-36,230 236 230-51, 300 33
22 187, 000-650, 667 243 650, 667—1 114 333 o 1, 114 333‘1 578, 000 58
23 5, 200 295 00 53 100-134000 17
24 1,400-18 400 253 18, 400—35, 400 97 35 400-52, 400 15
25 584-13,856 241 13, 856-27, 128 94 27, 1%—40, 400 30
26 580-16,420 288 16, 420-32, 260 34 32, 260-48, 100 43
27 932-26,455 303 26, 465-51, 977 39 51, 977-77, 500 23
28 750-16,500 345 16, 500-32, 250 17 ) X 3
29 9-1,323 317 1, 323-2, 636 42 2, 636-3, 950 6
30 2-2,038 347 2, , 074 3 4,074-6,110 15
31 30-550 216 560-1,070 61 1, 070-1, 590 88
32 4,600-12,700 321 12, 700-20 800 22 20, 800-28, 900 22
33 2,150-37,100 334 37, 100—72, 050 29 72, 050-107, 000 2
34 80, 200—286, 500 312 286, 500492, 700 23 492, 400—699 000 30
36 Yukon......_ lb’ 000-179,333 247 179, 333-343, 667 80 343, 667! 508, 000 38
36 Red (North)-..- 119—1 186 286 1, 186—2 253 54 2, 253-3, 320 25
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