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HYDROGEOCHEMICAL AND STREAM SEDIMENT RECONNAISSANCE 

OF THE NATIONAL URANIUM RESOURCE EVALUATION PROGRAM 

January-March 1978 

by 

Thoma~ A. Weaver, Merle E. Bunker, 
and James M. Hansel, Jr. 

ABSTRACT 

The. modific.ations. to the Los Alamos . Scientific 
Laboratory (LASL) Hydrogeochemical and Stream Sediment 
Reconnaissance (HSSR) program, necessary to incorporate the 
expansion and revision of the overall HSSR program as re­
quired by the Department of 'Energy, have been· completed. 
To date, approximately 57% of the ·total area assigned to 
the LASL in the Rocky Mountain region and Alaska ha·s been 
sampled and plans are well underway to sample an additional 
28~ during FY 78. Contracts have been let to complete the 
sampling of the LASL area in the lower states and bids to 
sample an additional 33~ of Alaska are being evaluated. 
Twenty reports (2 in press and 18 in preparation) are 
presently scheduled to be open filed within six months, 
reporting uranium data only for 18 complete quadrangles and 
multielement. data for 11 complete quadrangles. In addi­
tion, data. releases are ·being prepared to open file the 
uranium data from portions of 13 quadrangles that are now 
outside the LASL r~porting boundary but which had been 
sampled· by the LASL prior to the establishment· of the new 
boundary in October 1977. By the end· of the quarter, all 
multielement analysis systems were operational. Water 
samples from 7780 locations and sediment samples from 4170 
locations were analyzed for uranium. Samples from approxi­
mately 6500 locations were analyzed by one or more of the 
multielement methods. 
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I. INTRODUCTION 
a·~ 

This report outlines the activities and progress of the Los Alamos Scien-
tific Laboratory (LASL) in the Hydrogeochemical and Stream Sediment Reconnais­
sance (HSSR) for uranium, sponsored by the Department of Energy (DOE) and 
managed by the DOE Grand Junction Office (GJO), during the January-March 1978 
quarter. The HSSR program, one phase of the National Uranium Resource Evalua­
tion (NURE), is designed to identify those areas that are geochemically favor­
able for uranium mineralization throughout the conterminous United States and 
Alaska. The ultimate goals of the NURE program are to provide a comprehensive, 
uranium-resource assessment of the entire country and to make the resulting 
information available on a timely basis to the private sector so that follow-up 
investigations of the more favorable areas can be conducted." The LASL is now 
responsible for the HSSR sampling in 66 National Topographic Map Series (NTMS), 
1:250 000-scale quadrangles in the Rocky Mountain region, covering New Mexico, 
Colorado, Wyoming, Montana, and (since October of 1977) parts of Texas, Okla­
homa, Ar;i~ona, Utah, and Idaho ann .i.n 153 N'rMS quadrangles in Alael!a. 

i:I. ACTIVITIES 

The modifications to the HSSR program required by the DOE GJO in October 
1 977 (Morris et al, 1 978) have caused the LASL to reorganize several data 
bases and reorder both the anatytical and report writing priorities. Several 
reports that were in progress had to be discarded and their respective data 
bases broken apart because they did not conform to 2° NTMS quadrangles. These 
reorganizations have set back the LASL HSSR e'ffort approximately three calen­
dar months (about five man years) during the first and second quarters ,of 
FY 78. The following sections detail the progress made during the quarter and 
the status of various portions of the LASL HSSR program as of March 31, 1978. 

Sampling 
Bid Invitations. Invitations to bid on the sampling of eight separate 

areas in the Ro·cky Mountain region were sent to 23 geochemical a.nd geolQgical 
consul tine; . firms. The eight areas, each approximately 35 000 km2, were to 
be .sampled at a nominal density of one sample location every 10 km2 in .ac­
cordance with LASL contract specification SP-4937 (dated December ·6, 1977). 
Cl.osing date for the acceptance ·of bid quo.tations was February 6, 1978. From 
·the 23 bid invitations sent, the LASL received 17 quotations. and 6 "no res­
ponses." The 17 quotations received are shown in Table I., with the bid for 
each ·area listed on a price-per-sample-location basis. In every case, con­
'tracts were let to the low bidder for each of the .eight areas. 

2 

Invitations to bid on the sampling of .four areas in Alaska, covering a 
total of more than 450 000 km2, were sent out and the bids have been 
received. These are presently being eva.luat.ed·; when .contractors have been 
selected and contracts signed, the bid prices for these areas will be 
published. 

Status. The LASL reporting boundary, ·established by the .DOE GJO in 
October 1977, encloses 66 NTMS quadrangles in the Rocky Mountain region. The 
LA:;;L is responsible for sampling and reporting on these 66 qu~drangles and all 
153 ·NTMS quadrangles in Alaska. As of the end of the quarter, 34 of the 66 
lower-state (Fig. 1) and 27 Alaskan (Fig.. 2) quadrangles had been .completely 

.. 



TABLE I 

QUOTAT:ONS RECEIVED IN RESPONSE TO COMMERCIAL BID INVITATION FOR 
LASL PURCHASE ORDER NO. LP8-5786C 

Field Sampling for HSSR Program in Accordance with Specification No. SP-4937 dated 12/6/77 
(Closing Date for Acceptance of Bid Quotations was 2/6/78) 

Roswell/ Dalhart/Tucum- Gallup/ Grand Junction/ Miles City/ Forsyth/ Lewistown/ Choteau/ 
Contrac:;or Carlsbad cari/Clovis Shierock Cortez/Moab/Vernal Glendive Jordan Havre Cutbank 

A ~ !10.23] 12.43 17.48 12.24 14.43 12.73 26.35 

B 10.25 NB [10.25] [10.25] 10.25 10.25 10.25 NB 

c 11.28 10.56 10.56 11.35 ~ ~ [9.77] 13.44 

D NB NB NB NB 11.85 10.95 10.85 [10.61] 

E 11.91 10.41 13.45 11. 21 11.13 11.13 11.13 15.78 

F 10.22 11.87 11.63 10.74 12.52 12.23 12.87 13.34 

G 10.88 11.47 12.85 12.90 NB NB NB NB 

H 12.87 10.92 NB NB NB 15.92 NB NB 

I 12.37 12.29 12.49 NB NB NB NB NB 

J NB NB NB NB 10.89 10.89 10.65 11.91 

K 12.32 NB NB NB NB 12.73 NB NB 

L 13.90 NB NB 19.90 NB NB NB NB 

M 14.27 NB NB 14.27 NB NB NB NB 

N 17.00 10.90 14.50 18.00 14.95. 15.90 NB NB 

0 23.99 21.36 21.36 20.99 23.24 23.24 23.94 21.94 

p NB NB NB NB 21.85 21.83 21.83 21.83 

Q NB NB 24.99 NB NB NB NB 23.02 

Notes: Of the 23 bid invitations sent out, 17 responses were received with the bids shown above. The remaining six invitations 
brought no response. The low bid for each area is shown boxed in heavy lines and was accepted at the price-per-sample location 
shown. NB = No Bid. 
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Fig. 1. Status of LASL HSSR reconnaissance sampling in the lower states 
(as of 31 March 1978). 
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Fig. 2. Status d LASI.. HSSR reconnaissance sampling in Alaska (as of 31 March 1978). 
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sampled. Major portions of 16 of the 66 lower-state and 4 Alaskan quadrangles 
had also been sampled. In addition, halves of eight and smaller portions of 
five quadrangles outside the LASL reporting boundary (but inside the LASL' s 
original area of responsibility for all of New Mexico, Colorado, Wyoming, 
Montana, and Alaska) had been sampled prior to the establishment of that 
boundary. 

To date, 67% of the area assigned to the LASL in the lower states and 
27% of Alaska have been sampled (i.e., 57% of the total area assigned to the 
LASL has been sampled). Figure 1 also indicates that all of the unsampled 
area inside the LASL reporting boundary in the lower states has been con­
tracted to be sampled during FY 78. Plans are being implemented to also 
sample the remainder of the 4 partially sampled quadrangles and 35 additional 
quadrangles in Alaska during the FY 78 field season (Fig • . 2). These plans 
will result in 100% of the LASL area in the lower states and .r6o% of Alaska 
(for a total of .r85S of the area assigned to the 4ASL) being sampled by the 
end of FY 78. · 

Sampl ~ Analysis 
The LASL has completed the installation and checkout of the lo.at two 

mul LJ P.l P.mP.nt ana.l.ysis ayotem3: the tu·u-source emission spectrography system 
and the neutron activation analysis (NAA) system. The developmental progress 
made on these two and other analytical systems is described below. By the end 
of the quarter, all .multielement analysis systems were operational, although 
no reconnaissance samples had yet been run by NAA because developmental work 
was being done and either the reactor or its computer operating system were 
down for a large part of the quarter. However, 6850 waters were analyzed by 
fluorometry, 930 waters were analyzed by delayed-neutron countirig (DNC), 2440 
waters were analyzed by plasma-source emission spectrography, 4170 sediments 
were analyzed by DNC, 6070 sediments were analyzed by x- ray fluorescence, and 
2230 sediments were analyzed by arc-Ronrc~ emission spectrography. 

Fluorometry. Initial testing of a UA-3 fluorometric analyzer, manufac­
tured by Scintrex, Inc., of Concord, Ontario, was completed. This instrument 
uses a pulsed nitrogen laser excitation source to excite the fluorescence of 
organic compound and uranyl pyrophosphate ions, pyrophosphate having been 
added to the water sample. The organic fluorescence is allowed to decay to a 
low level and that of the uranyl complex is measured. Developed as a system 
for measurements in the field, the UA-3 used chemical additives that were 
inadequate for measuring uranium in waters that had been acidified to prevent 
loss of uranium to the container walls. A buffered pyrophosphate reagent that 
allows measurements on water samples containing up to 1% nitric acid was de­
veloped at the LASL. The initial testing of the UA-3 system showed that some 
difficulties existed in the laser design; modifications are being worked out 
with the company. A dedicated microcomputer, the Tektronix 4051 Graphic Sys­
tem, was acquired and programned to perform the data acquisition and operator 
prompting functions for both the UA-3 and Galvanek-Morrison fluorometers. 
This is expected to eliminate all manual data transcription. Actual trials 
with this system will be done when the instrument modifications are completed. 

The previous practice of analyzing three blanks, three low standards, 
three medium standards, and one high standard · on each tray of 20 pellets has . 
been provisionally modified. The blanks usually agree well; therefore, only 
two blanks will be used in the future. This space and another one formerly 
used for the extreme-high standard will be used for one additional sample to 



be analyzed in ·duplicate in each tray, a gain of 20% in the number of samples 
analyzed per tray. . 

During this quarter, an extensive review was made of the data on samples 
that were submitted· for DNC,because the fluorometric values were ·greater than 
10 parts per billion (ppb). In about 75~ of these samples, the agreement in 
uranium value between duplicate aliquots was found to be satisfactory. The 
analysis of known samples in the range from 10 to 40 ppb uranium indicates 
that accuracy is not impaired. As a result, concordant fluorometric values up 
to 40 ppb will henceforth be reported and the samples will not be analyzed by 
DNC. Fluorometric data for several previously run areas were reexamined and 
·the concordant values up to 40 ppb were reported, greatly reducing the number 
o.f water samples waiting to be analyzed by DNC. . 

In the near future, a sample of a commercially mixed NaF-LiF flux mate­
rial will be evaluated in comparison with the material mixed in this labora­
tory. If the larger batches of commercial mixture are more uniform, using 
them would save time and space in the water laboratory. 

Plasma-Source Emission Spectrography. This system works very well for 
relatively pure water samples such as those from Alaska, and over· 200 such 
samples can be run during a normal working day. However, some problems are 
caused by' high magnesium and calcium concentrations. This is not a memory 
effect on the magnesium and calcium determinations, but rather, the problem is 
with a number of other elements that develop high background readings following 
the analysis of one of these samples. The cause is believed to be salt de­
posits, forming on the nebulizer tip, that change the nebulizer argon gas flow 
rate and thereby increase the background signal. Various solutions--from 
trying to find a better nebulizer, to cleaning the nebulizer tip after each 
~ample with a small drop of water and/or, independently, t~ making the argon 
gas flow rate constant--are being explored. 

· To max~ize the p~asma source stability, four.parameters must be rigidly 
·controlled: 1) the power .to the plasma, 2) the solution input rate, 3) the 
nebulizer argon gas flow· rate, and 4) .the coolant argon gas flow rate. Some 
electronic repa~rs, as well as a new matching network for the source, now give 
very stable power to the 'plasma. The solution input rate is now kept constant 
with a Gilson peristaltic pump. Auto~atic argon gas flow controllers are being 
ordered to stabilize the two argon gas flow rates. 

Arc-Source Emission Spectrography. A drift of the spectrum along the 
spectrograph exit slit~ presently requires stopping each hour to readjust the 
.spectrograph. Photomultiplier tubes and exit ·slits will be placed on the 
edges of two Hg lines, and the signals from these tubes will be used· to re­
adjust the spectrograph automatically during the time required to change 
electrodes between sample~. · 

A desk-top calculator for this system was received and is being used to 
collect and calculate. the sample results. A computer terminal is on order, 
which will allow writing. results on cassette tapes that can then be used to 
relay the results to the LASL Central Computing Facility ( CCF) data base. At 
the present time, all sample results must be read, checked, and entered on the 
CCF computer file by hand. This very ·time:..consuming task greatly reduces the 
number of samples.run per day. 

Neutron Activation Analysis and Delayed-Neutron Counting. The combined 
multielement and uranium analysis pneumatic sample-handling system, involving 
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one delayed-neutron counter and four Ge(Li) y-ray detectors, has been com­
pleted and is operational. During the quarter, multielement data acquisitio~ 
programs for both short and long half-life activities have been put into 
operation, utilizing· a PDP-11/20 computer. These prograiJlS write raw y-ray 
data on magnetic tape for analysis at the CCF·, using the OTTO analysis code. . . ~ . 
As many as 100 samples per day have been analyzed in this :way. This is an 
interim mode of operation, pending· completion of modifications to the on-line 
y-spectrum analy~is code RAYGUN for the PDP-11/60 computer. The RAYGUN code, 
c:>riginally acquired from LASL' s radiochemis_try group, has required much more 
extensive changes for the H.SSR ··application than had been anticipated. How­
ever, most of the problems have been solved, and by mid-April the analysis 
codes for both the short half-life and long half-life spectra should be 
operational. Preliminary results indicate that a complete spectral analysis, 
including peak identification and calculation of element concentrations, will 
take less than 60 s. 

Initially, there was concern· that the Ge(Li) spectra· might have to be · 
corrected for the time-dependent y-ray background froin the reactor. Thus, 
provision was made for the installation of massive lead shielding around the 
Ge(Li) detectors·~ Measurements now indicate that the overall background can 
essentially P.e ignor·ed. . . 

· The pneumatic transfer sy~tem being used at _the Omega West Reactor (OWR) 
for sediment samples is illustrated schematically in Fig. 3. A schematic of 
the control and data acquisition/analysis system for DNC and NAA is shown in 
Fig. 4. These systems allow 200 sediment samples per day to be analyzed for 
31 elements. · 

Data Management 
Since ~anuary 1978, multielement data have been loaded into the approp­

riate HSSR data bases upon completion of the analyses. This has required the 
development of additional computer programs .to store, retrieve, and display 
these data. Programs have also been written which allow uranium concentration 
histograms to be prepared for any subset o( a quadrangle data base that can be 
described. by latitude and longitude boundaries. 

Data from approximately 12 000 field data sheets t 13 000 uranium anal­
yses, and 1500 multielement analyses were loaded into data bases this quarter. 
Currently there are 67 active HSSR data bases and approximately 50 active com­
puter programs to manipulate these data. 

Reporting 
The LASL, through DOE GJO, open filed the following four HSSR-related 

reports during the quarter: 

GJBX-21(78) Hydrogeochemical and Stream Sediment Recon.naissannP. nr 
the National Uranium Resource Evaluation program, April­
June 1977, the Rocky Mountain states of New . Mexico, 
Colorado, Wyoming, and Montana and the state of Alaska, 
by D. E. Broxton apd H. P. Nunes, 28 p. 

. . ' 

GJBX-22(78) Data management and handling for the Hydrogeochemical and 
Stream Sedimemt Reconnaissance program at the Loa Alamos 
Scientific Laboratory, by J. Cheadle III, 3 p. 
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GJBX-27(78) Hydrogeochemical and Stream Sediment Reconnaissance of 
the National Uranium Resource Evaluation program, July­
September 1977, the Rocky Mountain states of New Mexico, 
Colorado, Wyoming, and Montana and the state of Alaska, 
by H. P. Nunes and T. A. Weaver, 14 p. 

GJBX-28 ( 78) Uranium hydrogeochemical and stream sediment reconnais­
sance in southwestern Montana, by D. E. Broxton, 95 p. 

A complete bibliography of LASL HSSR-related reports (both open filed 
and in progress) is given in the appendixes. Appendix A contains all pilot 
and reconnaissance data reports, Appendix B contains reports related to LASL 
HSSR analytical and data handling methodology, and Appendix C lists L~SL HSSR 
progress reports. Figures 5 and 6 illustrate the areas for which reports con­
taining reconnaissance sampling data have been open filed or are scheduled to 
be open filed within six months for the lower states and Alaska, respectively. 

Meetings 
Robert R. Sharp, Jr., the LASL HSSR Program Manager, attended an HSSR 

operations and technical policy meeting in Grand Junction, Colorado, on 
March 22-23, 1978. 

Personnel 
Group G-5, Geochemical Applications, has added the following staff 

members: Jack D. Purson (B.S. in geology), Richard G. Warren (M.S. in both 
geology and cosmochemistry), Sue I. Jacobsen (M.S. in geology), and Spencer S. 
Shannon, Jr. (Ph.D. in geology). Anthony T. Garcia (data analyst) and Maxine 
L. Sanchez (secretary) have also joined the group. At the present time, there 
are 14 staff members and 11 support persons in Group G-5. 

III. ANALYTICAL PROCEDURES 

The sections below describe briefly the analytical procedures presently 
being used for the multielement analyses of LASL HSSR samples. Since some 
samples from areas being presently reported were collected and analyzed for 
uranium as much as three years ago, and since there has been much evolution in 
the analytical procedures for elements other than uranium over the last six 
montho; each l.ASL HSSR data rP.pnrt. will contain "boiler plate" (in the ap­
pendixes of each report) that accurately describes the analytical procedures 
used when the samples being reported were analyzed. 

Uranium Determination in Water Samples by Fluorometry 
Under normal procedures, the water-sample vial is vigorously shaken and 

duplicate 0.20-ml aliquots of water are transferred to platinum dishes. The 
solutions are evaporated under heat lamps and a 0.4-g pellet of 2% LiF-98% NaF 
flux is added to each dish. The pellets are dried under heat lamps, then 
fused over special propane burners. After each pellet/sample cools, it is 
excited with ultraviolet radiation in the fluorometer and the fluorescence is 
read and recorded. The uranium concentrations are determined by using a com­
puter routine which compares the fluorescence from each pellet with those from 
other pellets, run at the same time, containing uranium-standard solutions and 
blanks. The uranium concentration of the sample is then the average obtained 

11 
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from the duplicate aliquots. The lower limit of detection for each aliquot by 
the normal procedure is 0. 2 ppb; however, in areas at high latitudes (such as 
those in Alaska) many samples have uranium concentrations below this value. 
Consequently, when a sample run by the normal procedure is determined to have 
<0.2 ppb uranium, it is routinely reanalyzed using new duplicate aliquots that 
have been put through an additional evaporative concentration step that pro­
vides a 10X concentration factor. This additional procedure, using the same 
basic fluorometric method, reduces the lower limit of detection of uranium in 
natural waters to 0.02 ppb. When a uranium concentration lower than 0.02 ppb 
is found in an aliquot, it is arbitrarily assigned a value of 0.01 ppb. If 
·the uranium value reported is 0. 01 ppb, both aliquots had uranium concentra­
tions below the detection limit. Whether concentrated or not, the fluoro­
metric analytical precision is ~30% at the lower detection limit, ~20% at one 
order of magnitude above this, and ~1 O% at two or more orders of magnitude 
above the lower detection limit. The basic fluorometric method used is de­
scribed in detail by Hues and others (1977). 

Uranium Determination in Water Samples b~ DNC 
Only waters with >40 ppb uranium (as determined by fluorometry at the 

LASL, where this is thP. upper limit of detection without reuallhr•nt.fon) or 
those with 1tnpurities that cause interference with uranium-induced fluores­
cence are analyzed using DNC. Samples are received in 41-ml reactor rabbits 
or 25-ml vials (used exclusively in some of the early work) and are trans­
ferred to clean, labeled, 41-ml rabbits before being analyzed. Each water 
sample is weighed, and its weight (less that of the rabbit) and location 
number are recorded. The rabbits are then loaded into 25-sample transfer 
clips. The reactor pneumatic transfer system and background radiation levels 
are checked and four standards are run for calibration. The transfer clip is 
installed on the pneumatic feed line and the samples are cycled through the 
system (typically, a 60-s irradiation, 30-s delay, and 60-s count cycle is 
used). The uranium concentration is automatically m·easured, converted to ppb, 
and entered into a computer data base. The lower detection limit for uranium 
in water by DNC as used at the LASL is 0.5 ppb. The statistical error of this 
method is ~20J at a uranium concentration of 1 ppb, .rfi% at 10 ppb, and ~If% at 
40 ppb or greater. Statistical treatments of urani~m concentration~ obtained 
from the same suites of samples analyzed both by fluorometry and DNC have 
shown that there is no significant difference between the results of the two 
analytical methods as used at the LASL. This analytical comparability is re­
checked periodically. 

Elemental Determinations in Water Samples by Plasma-Source Emission 
SpectrogrRphy 

The concentrations of Ca, Co, Cr, CU, Fe, Mg, Mn, Mo, Ni, Pb, Ti, and Zn 
in water samples are determined at the LASL by inductively coupled plasma­
source emission spectrography. To R 11 ow complete system cqui 1 i hrA t. ion 1 the 
inductively coupled plasma and photomultiplier tubes are powered for at least 
1 h prior to making any analyses. Argon coolant and sample carrier gas lines 
are adjusted and calibrated using a zinc standard. The sample solution is 
taken up from its container, nebulized, and injected into the plasma source at 
a rate of 9.2 x lo-9 mj/s. After the computer determines that 1-he photo­
multiplier tubes have stabilized, a 15-s exposure of the resultant spectrum is 
made on a direct-reading spectrograph. The resulting signals are read di­
rectly into a computer, and converted automatically to give the elemental 
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concentrations. Corrections for interfering elements are made simultaneously 
by computer. When high (off-scale) results are obtained, the computer calls 
for the insertion of a filter between the plasma source and the spectrograph, 

·repeats the readings, and then converts and stores the corrected elemental 
concentrations. The lower analytical detection limits generally achieved are 
(in ppb): Ca (20), Co (55), Cr (25), Cu (4), Fe (25), Mg (2), Mn (3), Mo (25),· 
Ni (25), Pb (200), Ti (4), and Zn (50). However, when one or more interfering 
elements are present in especially high concentrations in a sample, the lower 
detection limit for one or more elements may shift to a higher value. Analy­
tical precision for the elements as determined in water by this method is ~0~ 
at the lower detection limit, improving to .r10~ one order of magnitude above 
the lower detection limit and to <5~ two orders of magnitude above the detec­
tion limit. 

Uranium Determination in Sediment Samples by DNC 
All sediment samples are analyzed for total uranium by DNC. A split of 

each sample (dried and sieved to -100 mesh) is transferred to a clean 4-ml 
rabbit, weighed (less the tare), and its weight recorded along with the appro­
priate location number. These rabbits are then loaded into 50-sample transfer 
clips. The reactor pneumatic transfer system and background radiation levels 
are checked, and standards are run for calibration. The transfer clip is in­
stalled and the samples are cycled through the system (typically, a 20-s irra­
diation, 10-s delay, and 20-s count cycle is used). The uranium concentration 
is automatically measured, converted to parts per million (ppm), and entered 
into the data base. The lower limit of detection of this method is 0.5 ppb 
(not ppm) uranium, below the range of uranium concentrations in natural sedi­
ment samples. Above the 1 ppm level, the uranium values in sediment measured 
by DNC at the LASL have a one-sigma error of less than 4~. The specially de­
signed delayed-neutron detectors, built by the LASL and used for these ana­
lyses, are described by Balestrini and others (1976). 

Elemental Determinations in Sediment Samples by Energy Dispersive X-Ray 
Fluorescence 

A computer-controlled energy-dispersive x-ray fluorescence system is 
used to determine Ag, Bi, Cd, Cu, Nb, Ni, Pb, Sn, and W in sediments. The 
system consists of an automatic 20-position sample changer, a silicon lithium­
drifted detector, a pulsed molybdenum transmission-target x-ray tube, a multi­
channe 1 analyzer, and a minicompu t~r. The sediment samples are prepared for 
analysis by grinding 6 g of each minus 100-mesh sediment sample to a minus 
325-mesh powder. A computer program positions the 6-g samples in the x-ray 
beam, unfolds overlapping peaks, determines peak intensities for each element, 
and calculates the ratio of the intensity of each peak to that of the molyb­
denum K~ Compton peak. Concentrations of each. element are then calculated 
using equations obtained by analyzing prepared standards. Detection limits 
are: 5 ppm for Ag, Bi, Cd, and Pb; 10 ppm for Cu and Sn; 15 ppm for Ni and W; 
and 20 ppm for Nb. The relative standard deviation is 10J or less at the 
100-ppm level and ZO~ or less at the 20-ppm level. Details of the method and 
equipment used are described by Hansel and Martell (1977). 

Elemental Determinations in Sediment Samples by Arc-Source Emission 
Spectrography 

A 7 .5-mg portion of the minus 325-mesh sample that has already been 
analyzed by x-ray fluorescence is mixed with 7.5 mg of a buffer consisting of 
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one part graphite and one· part Si02• 'rhe sample/buffer mixture is placed 
into a graphite electrode that is used as the anode of a de arc having a short 
circuit current of 17A. A 60-s exposure of the resulting spectrum is made on 
a direct-reading spectrograph. Photomultiplier tubes are used to measure the 
second order 313.0-nm line of Be, the first order 670.7- and 610.3-nm lines of 
Li, the background spectra near these lines, and the 327.6-nm line of V. The 
670.7-nm Li line is used for Li concentrations up to 30 ppm, while the 610.3-nm 
line of Li is used for concentrations above 30 ppm. The V line is used to 
correct the Be value when V is above 1000 ppm. The signals from the photo­
multiplier tubes are read by a digital voltmeter and are processed by a desk­
top calculator. The results are simultaneously printed on paper and written· 
on cassette tape for later transmission to a computer data file. The elemental 
concentrations of Be and Li are determined from the spectra, based on the 
results of previously run calibration standards. The lower detection limit 
for both elements is 1 ppm; precision at the lower detection limit is JSO% for 
both and improves to ~25% at one order of magnitude above the lower limit .. 

Elemental Determinations in Sediment Samples by NAA 
Immediately upon completion of the uranium analysis of sediment samples 

by DNC, the same 4-ml :;~ediment splits arP. P.nt.ered into the· NAA sequence. The 
oonoentrationa of 31 additional elements are determined by this procedure. 
The full DNC/NAA timing sequence used at the LASL for each sediment sample 
is: 20-s irradiation, 10-s delay, 20-min ·delay, 500-s y-ray count, 96-s 
re-irradiation, · 14-day delay, and finally a 1000-s y-ray count. The y-ray 
counting is done by lead-shielded Ge(Li) detectors; the 4096-channel y-ray 
data are recorded and subsequently analyzed for each individual element by 
computer. Th~ data for each sample are automatically printed out along with 
the statistical error associated with the concentration determined for each 
particular element in that sample. The lower detection limits for the various 
elements are the values for those elements at which the statistical counting 
error for each approaches 50%. CUrrent "typical" lower detection limits for 
the elements determined by NAA are reported in Nunes and Weaver ( 1978) ; how­
ever, the actual detection limit for an element depends upon the composition 
of the sample, and this limit may be higher or lower than the "typical" value. 
At concentration values one order of magnitude above the lQwer detection 
limits, the relative errors are generally less than 10%. 
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