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1-1 

1.0 INTRODUCTION 

This par t  of the report describes how the samples were collected and 

prepared f o r  analysis and what analysis was performed. The information 

in t h i s  par t  of the report i s  a compilation of the  various data release 

reports and sample procedure manuals released by the various 

laboratories.  

Although an e f f o r t  was made t o  be as accurate as possible,  t h i s  

information should be considered as a general guide and the spec i f ic  

repor t ( s )  f o r  the area and/or laboratories should be consulted f o r  

spec i f ic  information. 

Maps of the reconnaissance sample coverage are by quadrangles. As 

long as one sample i s  present, t h a t  quadrangle i s  marked. Appendixes 

A and B gives the  number of samples on a quadrangle basis. 

The coverage of the reconnaissance samples i s  shown in Figure 1 . l .  



Figure 1.1 

AREA COVERED BY RECONNAISSANCE SAMPLES 



Figure  1 .l, Continued 

AREA COVERED BY RECONNAISSANCE SAMPLES 



2.0 FIELD INFORMATION 

Information obtained in the f i e l d  was recorded on a f i e l d  form which 

was l a t e r  entered into  the computer f i l e .  During the program, the 

forms were modified t o  some extent. The most commonly used form f o r  

each of the laboratories are shown in Figures 2.1 - 2.4 and the area 

covered by each form i s  shown on Figure 2.5. 

2.1 Field Observations 

These represent the best j u d g m e n t  of the f i e l d  sampler a t  a location. 

Because these observations are subjective and made quickly i n  the f i e l d ,  

they should be held subordinate t o  formally documented information. 

2.2 Field basurements 

2.2.1 LANL 

The a i r  temperature, read in the shade a t  the time of sampling, was 

recorded to  the nearest whole degree Celsius. The water temperature was 

measured in the source water and recorded t o  the nearest one-half degree 

Celsius. The pH of the source water was measured w i t h  a cal ibrated,  

portable pH meter. The conductivity of the source water was measured 

w i t h  a cal ibrated,  temperature-compensated (25"C), portable meter. The 

scint i l lometer  readings were measured with a portable sc int i l lometer  on 



Figure 2 .1  
LANL FIELD FORM 



Figure  2.2 

LLL FIELD FORM 



Figure 2.3 
ORGDP FIELD FORM 



F i g u r e  2.4 

SRL FIELD FORM 



Figure 2.5 

AREA COVERED BY THE VARIOUS F I E L D  FORMS 
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SRL-WEST 

Figure 2.5, Continued 

AREA COVERED BY THE VARIOUS FIELD FORMS 



a f l a t ,  dry spot within a few meters of the sample location. Special 

measurements, such as dissolved oxygen, were made with a cal ibrated,  

commercially available, portable meter and probe. In lakes, the water 

temperature, pH, conductivity, and dissolved oxygen were a1 1 measured 

w i t h  a  s ing le ,  digital-readout u n i t ,  u t i l i z ing  a parameter se lec tor  

switch and a composite probe t ha t  was lowered from the sampling 

helicopter t o  j u s t  below the water's surface. 

2.2.2 L L L  

Field measurements f o r  water samples were temperature, p h ,  conductivity, 

Eh or  dissolved oxygen, and a1 kal ini ty. 

2 . 2 . 3  ORGDP 

The a i r  temperature was measured a t  the time the  sample was collected by 

hanging a mercury thermometer in a shady area adjacent t o  the sampling 

s i t e .  Field measurements of water samples were made of conductivity, 

dissolved oxygen, temperature, pH (using the Horiba U-7 Water Analyzer), 

and a lka l in i ty  (using the LaMotte A1 kal ini ty  Test Kit).  

2.2.4 SRL 

Field measurements of the  unfil tered water were made of temperature, 

conductivity, pH (using calibrated portable meters) and a1 kal in i  t y  

(using a t i t r a t i o n  k i t ) .  



3- 1 

3.0 SEDIMENT SAMPLES 

The following i s  a brief summary of the sample collection,  preparation, 

and analytical  procedures f o r  each of the laboratories. 

3.1 Sample Collection 

3.1.1 LANL 

Enough fine-grained, organic-rich, water-transported sediment t o  y i e ld  

a composite sample of 25 g a f te r  processing was taken from beneath the 

water level (where water ex i s t s )  a t  three adjacent spots a t  each spring 

o r  stream location. The sediment was p u t  in to  a new, clean, and 

or iginal ly  sealed,  r i p - t o p  polyethylene bag. In the case of lakes 

sampled in Alaska, the sediment was taken from as near the center of 

each 1 ake as possible by dropping a tethered,  s ta in less  s t ee l  bottom 

sampler overboard from a pontoon-equipped helicopter. Only a bottom 

sample from a single location was taken and sampling was limited t o  

lakes less  than 10 m deep and about 0.3 to 2.0 km in leas t  horizontal 

dimension. The bottom sampler was rinsed before each use and the raw 

sample was p u t  in to  a clean polyethylene bag. 

3.1.2 LLL 

About 2% kg of uncontaminated sed iwnt  was collected. 



3.1.3 ORGDP 

Enough ma te r ia l  was c o l l e c t e d  from the  ac t i ve  p o r t i o n  o f  the  stream over 

a t  l e a s t  a  15 m i n t e r v a l  t o  make up approximately 25 g  o f  c l ay  t o  s i l t  

s i z e  (-100 mesh) sediment. The sediment was p u t  i n t o  a  new K r a f t  paper 

sediment bag. 

3.1.4 SRL 

Using e i t h e r  a  bag o r  scoop sampler, sediment samples were c o l l e c t e d  

from t h e  a c t i v e  p o r t i o n  o f  t h e  stream. 

3.2 Sample Preparat ion 

3.2.1 LANL 

A f t e r  d ry ing  a t  <lOO°C, each sample was s ieved through a  100 mesh 

s t a i n l e s s  s t e e l  s ieve. The minus 100 mesh f r a c t i o n  was pu t  i n t o  a  

prewashed, 25 m l  po lyethy lene v a i l .  

3.2.2 LLL 

The sediments were oven-dried and s p l i t  i n t o  two f r a c t i o n s .  One 

f r a c t i o n  (1 kg) was re ta ined  as an h i s t o r i c a l  sample, and the  o ther  was 

sieve-sorted. The appropr iate s i z e  f r a c t i o n ,  determined du r ing  t h e  



pi lo t  s tudies ,  was blended. One gram was packed in a polyethylene 

' rabbi t '  f o r  neutron activation analysis,  approximately 1 g was sealed 

i n  a vail f o r  emission spectrochemical analysis,  and about 200 g was 

placed i n  a polyethylene bot t le  as an analytical his tor ical  sample. 

3.2.3 ORGDP 

Stream sediment samples were dried overnight a t  85OC, placed i n  a p las t ic  

envelope, and disaggregated by impact w i t h  a rubber mallet. The fract ion 

passing through a 100 mesh nylon sieve was collected and blended. 

Approximately 2 g were loaded i n t o  a polyethylene rabbit  f o r  neutron 

activation analysis. Another 0.25 g aliquant was placed i n  a 100 ml 

Teflon beaker t o  which was added 5 ml of concentrated n i t r i c  acid, then 

5 ml of concentrated hydrofluoric acid. The sample was placed on a 

hotplate a t  250°C and evaporated jus t  t o  dryness. Then, 20 ml of 30% 

n i t r i c  acid was added and the sample warmed. The contents of the beaker 

were transferred t o  a 50 ml centrifuge and diluted t o  volume with 

d i s t i l l e d  water. This was submitted for  analysis. 

3.2.4 SRL 

The sediment was sieved i n  the f i e ld  with a minimum of 1 lb  of -40 mesh 

sediment placed in  a new Kraft paper sediment bag. 

3.3 Analysis - Reconnaissance Samples 



1 LANL 

1.1 Delayed-Neutron Counting (LANL 1 )  

All sediment samples were analyzed f o r  t o t a l  uranium by delayed-neutron 

counting (DNC). A s p l i t  of each sample was transferred t o  a clean 4 ml 

rabbi t ,  weighed, and i t s  weight ( l ess  t ha t  of the rabbi t )  recorded. 

These rabbits were then loaded in to  a 50-sample t ransfe r  c l ip .  The 

reactor pneumatic t rans fe r  system and background radiation levels  were 

checked, and standards were run fo r  cal ibrat ion.  The t ransfe r  c l i p  was 

ins ta l led  and the samples were cycled through the system ( typ ica l ly ,  a 

20 sec  i r rad ia t ion ,  10 sec delay, and 30 sec count cycle was used). 

The uranium concentration was automatically measured, converted t o  ppm, 

and entered i n to  the data base. 

Element analyzed for :  U 



Figure 3.1 
AREA COVERED BY ANALYTICAL PROCEDURE LANL 1 



Figure  3.1, Continued 

AREA COVERED BY ANALYTICAL PROCEDURE LANL 1 



3.3.1.2 Energy Dispersive X-Ray Fluorescence (LANL 2 - 3)  

A computer-controled. energy-dispersive x-ray fluorescence system was 

used t o  analyze sediments. The system consists  of an automatic 

20-posi t ion sample changer, a l i  thium-dri f t ed  s i  l ican detector,  a pulsed 

molybdenum transmission-target x-ray tube, a multichannel analyzer, and 

a minicomputer. The sediment samples were prepared fo r  analysis by 

grinding 6 g of each minus 100 mesh sample t o  a minus 325 msh  powder. 

A computer program positions the 6 g samples i n  the x-ray beam, unfolds 

overlapping peaks, determines peak in tens i t i es  f o r  each element, and 

calculates the r a t i o  of the  in tens i ty  of each peak t o  t ha t  of the 

molybdenum Ka Compton peak. Concentrations of each element are then 

calculated using equations obtained by analyzing prepared standards. 

Elements analyzed for:  

LANL 2 

Ag 

LANL 3 



Figure 3.2  
AREA COVERED BY ANALYTICAL PROCEDURES LANL 2 - 3 



Figure 3.2, Continued 

AREA COVERD BY ANALYTICAL PROCEDURES LANL 2 - 3 



3.3.1.3 Arc-Source Emission Spectrography (LANL 4)  

A  5  mg p o r t i o n  o f  t he  -325 mesh sample t h a t  was a l ready analyzed by 

x-ray f luorescence was mixed w i t h  10 mg o f  a  b u f f e r  c o n s i s t i n g  o f  one 

p a r t  g raph i te  and one p a r t  Si02. The sample lbu f fe r  m ix tu re  was p laced 

i n t o  a  g raph i te  e lec t rode  t h a t  was used as the  anode o f  a  dc a r c  

having a  sho r t  c i r c u i t  cu r ren t  o f  6  A  f o r  10 sec, then 17 A f o r  50 sec. 

P h o t o m u l t i p l i e r  tubes i n  a  d i rec t - read ing  spectrograph was used t o  

measure the  second order  313.0 nm l i n e  o f  Be, t he  f i r s t  o rder  670.7 and 

610.3 nm l i n e s  o f  L i  , the  background spec t ra  near these l i n e s ,  and the  

327.6 nm l i n e  o f  V. The 670.7 nm L i  l i n e  was used f o r  L i  concentrat ions 

up t o  10 ppm and the  610.3 nm l i n e  o f  L i  was used f o r  concentrat ions 

above 10 ppm. The V l i n e  was used t o  c o r r e c t  t he  Be value when V was 

present.  The s igna l s  f rom the p h o t o m u l t i p l i e r  tubes were read by a  

d i g i t a l  vo l tmeter  and were processed by a  desk-top c a l c u l a t o r .  The 

elemental concentrat ions o f  Be and L i  were detennined from t h e  spectra, 

based on the  r e s u l t s  o f  p rev ious l y  run c a l i b r a t i o n  stan'dards. 

Elements analyzed f o r :  Be and L i  



Figure 3.3 

AREA COVERED BY ANALYTICAL PROCEDURE LANL 4 



Figure 3.3, Continued 

AREA COVERD BY ANALYTICAL PROCEDURE LANL 4 



3.3.1.4 Neutron Activation Analysis (LANL 5) 

Imnediately upon completion of the uranium analysis of sediment samples 

by DNC, the  same 4 ml sediment s p l i t  was entered into  the neutron 

activation analysis (NAA) sequence. The f u l l  DNC/NAA timing sequence 

used a t  the LANL f o r  each sediment sample was: 20 sec i r rad ia t ion ,  10 

sec delay, 30 sec DNC analysis,  20 m i n  delay, 500 sec y-ray count for  

short-1 ived radionuclides, 96 sec re-i rradi a t i  on, 14 day delay, and 

f ina l ly  a 1000 sec y-ray count for  long-lived radionuclides. The y-ray 

counting was done by lead-shielded Ge(Li) detectors; the 4096-channel 

y-ray data were recorded and subsequently analyzed for  each individual 

element by computer. 

Elements analyzed for :  Al, Au, Ba, Ca, Ce, C1, Co, Cr, Cs, Dy, E u ,  Fe, 

H f ,  K, La, L u ,  Mg, Mn, Na, Rb, Sb, Sc, Sm, Sr ,  Ta, Tb ,  T h ,  T i ,  V ,  Yb, 

and Zn.  



Figure 3.4 
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3.3.2 LLL 

3.3.2.1 Neutron Activation Analysis (LLL 1 )  

Rabbits, each containing 1 t o  2 g of sample, were blown by compressed 

nitrogen through polyethylene tubing in to  and out of the reactor,  i n t o  

and out of a delayed neutron counter, t o  one of four gama ray detectors ,  

and f i na l l y  t o  storage. The activation analysis was controlled by 

computers which ident i f ied each rabbit  and routed i t  successively i n to  

the reactor f o r  a short  i r radia t ion - to the delayed neutron counter f o r  

uranium determination - t o  the  delay s ta t ion  t o  allow decay of 

short-lived isotopes - t o  one of the gama detectors coupled t o  pulse 

height analyzers - back t o  the  reactor f o r  a longer i r rad ia t ion  - and 

f innal ly  t o  storage. After storage for  one week the gama spectra of 

the  rabbits  were again examined fo r  longer-lived nuclides. 

Elements analyzed for :  Ag, Al, As, Ba, Br, Ca, Ce, C1, Co, Cr, Cs, Dy, 

Eu ,  Fe, Hf, Hg, K ,  La, L u ,  Mg, Mn, Na, Rb, Sb, Sc, Sm, Sr ,  Ta, Tb, Th ,  

T i ,  U, V, W ,  Yb, and Zn.  



Figure 3.5 
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3.3.3 ORGDP 

3.3.3.1 Fluorescence Spectroscopy (ORGDP 1) 

Twenty ml of the dissolved sediment sample was transferred t o  a 50 ml 

vial and extracted in to  2 ml of 2% TOP0 in Varsol. A 50 p1 aliquant 

was transferred onto a sodium fluoride pe l le t  which was then sintered 

for  20 min a t  900°C. The fluorescence intensi ty  of the sample and 

standard pe l le t s  was measured using an automated fluorometer. The 

in tens i ty  was read direct ly  by the calculator,  and the sample 

concentration was computed. Results were reported as ppm of the 

original sediment sample. 

Element analyzed for :  U 



Figure 3.6 
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3.3.3.2 Neutron Activation Analysis (ORGDP 2 )  

A t o t a l  uranium value was determined fo r  stream sediments by neutron 

activation using delayed neutron counting. Approximately 2 g of <I00 

mesh sediment material was loaded into  a polyethylene rabbit .  I t  was 

transferred through a pneumatic t rans fe r  system in to  a reactor where i t  

2 .was exposed t o  a neutron f lux  of 3 x 1013 n/cm -sec f o r  60 sec and then 

transferred t o  a neutron counter. Results were reported as ppm of the  

dry sediment. 

Element analyzed for:  U 



Figure 3.7 
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3.3.3.3 Emission Spectrochemical Analysis (ORGDP 3 - 7) 

Sediment extracts  were analyzed spectrochemically using a di rect-reading 

spectrograph w i t h  a Inductively Coupled Argon Plasma (ICAP) source. The 

sample was aspirated d i rec t ly  i n to  the source w i t h  no additional 

preparation required. 

The spectrochemical analysis of stream sediment f o r  some of the ear ly  

quadrangles was done using a dc arc  source instead of the ICAP. In t h i s  

procedure (ORGDP 3 and 4 ) ,  approximately 0.5 g of the <I00 mesh f rac t ion  

of the  dried sediment sample was ground in an A1203 mortar, and 15 mg 

was weighed and mixed on the balance pan w i t h  a level scoop of graphite 

(approximately 17 mg) .  This mixture was tamped in to  a thin-walled, 

undercut electrode with 2 m x 4 mn cra te r .  The electrodes were 

maintained a t  200°C unt i l  arced. They were arched unti l  the  sample was 

t o t a l l y  consumed (70 sec) ,  using a current of 15 A dc. The concentration 

of each element was read from the photographed spectra by visual 

comparison to  standards prepared by grinding oxides of the  desired 

elements in to  a matrix of 60% Si02, 15% A1203, 10% Fe203, 10% CaO, 

2% Na2C03, 2% K2C03, and 1% MgO. 



Elements analyzed for: 

ORGDP 3 ORGDP 4 

As 

ORGDP 5 ORGDP 6 ORGDP 7 



Figure 3.8 
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3.3.3.4 Atomic Absorption Spectroscopy (ORGDP 8) 

Arsenic and selenium concentrations in al iquots of dissolved sediment 

were de t en ined  using hydride generation flameless atomic absorption 

spectroscopy. An automated, microprocessor-controlled, atomic 

absorption spectrometer was used f o r  the analysis. Sixty dissolved 

sediment samples (diluted from 5 t o  35 ml) were Toaded i n  the  sample 

changer. Twenty m l  of each sample was pumped in to  the reactor followed 

by 15 ml  of 15% su l fu r i c  acid,  and 10 ml of 0.20% sodium borohydride i n  

0.5% KOH. The arsenic and selenium hydrides and excess hydrogen gas 

were collected i n  a rubber balloon and a f t e r  45 s ec  were sparged through 

a quartz atomizer tube heated t o  600°C. The absorption of the 193.7 nm 

arsenic l i ne  o r  the 196.0 nm selenium l ine  was measured, and the 

resul t ing peak height was recorded. A se r ies  of solutions w i t h  standard 

concentrations was analyzed as described and a least-squares f i t  t o  a 

second-order equation applied t o  the observed peak heights. The 

calculated coefficients were then used t o  calculate sample concentrations. 

During normal operations, every tenth sample was a known standard. 

Elements analyzed for :  As and Se 



Figure 3.9 
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3.3.4 SRL 

3.3.4.1 Neutron Activation Analysis (SRL 1 )  

Each sample received a 2 sec  i r rad ia t ion  and 2 sec  conbined gama-neutron 

count t o  ensure t h a t  the sample could safely  undergo i r rad ia t ion .  This 

t e s t  was immediately followed by 10 cycles of 6 sec i r rad ia t ions  and 6 

sec gama-neutron counts. Uranium concentrations were determined from 

the neutron counts. 

Element analyzed for:  U 



Figure 3.10 
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3.3.4.2 Neutron Activat ion Analysis (SRL 2 )  

A t  the same time t h a t  t h e  uranium concentrat ion was being determined by 

neutron counts (SRL I ) ,  sho r t - l i ved  (<2 min) ac t iva t ion  products were 

measured by t h e  gamma counts ,  followed by an addi t ional  400 sec  

i r r a d i a t i o n ,  followed by gama counting a f t e r  decay f o r  600 s e c  ( t o  

measure in termedia te- l ived  a c t i v a t i o n  products)  and 7 days ( t o  measure 

long-1 ived a c t i v a t i o n  products ) .  

Elements analyzed f o r :  A l ,  Ce, Dy, Eu, Fe, H f ,  La, Lu, Mn, Sc,  Sm, Na, 

Th, T i ,  V, and Yb 



FIGURE 3.11 
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3.3.4.3 Atomic Absorption Ana lys i s lCo lo r ime t r i c  Analys is /  Flame 

Emission Analysis (SRL 3) 

Add i t iona l  ana lys is  was performed by atomic absorpt ion (AA) ana lys is ,  

c o l o r i m e t r i c  ana lys is  (CA), and flame emission (FE) ana lys is  as shown 

i n  f i gu re  3.12. 

Elements analyzed f o r :  
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4.0 WATER SAMPLES 

The following i s  a br ief  summary of the sample col lect ion,  preparation, 

and analytical  procedures fo r  each of the laboratories.  

4.1 Sample Collection 

4.1.1 LANL 

Springs were sampled as near t o  t h e i r  point of emergence as possible; 

stream waters were taken from the fast-flowing current away from the 

bank; ponds (including small lakes and reservoirs)  were sampled from 

ju s t  below the surface,  near t h e i r  center; and well waters were taken 

near the  wellhead i f  the well was pumping. 

4.1.2 LLL 

No informati on. 

4.1.3 ORGDP 

Water samples were collected i n  two 250 ml polyethylene bot t les .  

Stream water samples were collected from the center of the  stream. 

Groundwater samples were collected as close t o  the  source as possible. 



4.1.4 SRL 

Water samples were collected i n  a 2 l i t e r  p l a s t i c  collection bo t t l e .  

4.2 Sample Preparation 

4.2.1 LANL 

Water samples were f i e ld  f i l t e r e d  through a 0.45 pm membrane f i l t e r  

(except i n  Alaska where t h i s  s tep was omitted) d i rec t ly  i n to  one each, 

prewashed and sealed, 41 m l  reactor ' r abb i t '  and 25 m l  vail (both 

polyethylene). Water samples i n  both the rabbi t  and vail were then 

acidif ied t o  a pH 4 w i t h  8N reagent-grade HN03 (except in Alaska where 

only the 25 ml vail was ac id i f ied) .  

4.2.2 LLL 

Water samples were f i e l d  acidif ied.  A 20 ml al iquot was removed from 

each ac id i f ied  water sample and the remainder was placed i n  an oven ( i n  

a polyethylene-bag-lined polyethylene bo t t l e )  unt i l  dry. The 

polyethylene bag was removed, rolled up and placed i n  a v ia l ,  and the  

vail was placed in a rabbi t  f o r  DNC uranium analysis. 



4.2.3 ORGDP 

Water sample preparation was performed in  a clean room t o  avoid 

contamination. The samples were vacuum f i l t e r e d  through 0.45 Dm 

cellulose acetate paper and then submitted f o r  analysis. 

4.2.4 SRL 

Water samples were pressure f i l t e r e d  in the f i e l d  and mixed with 2 

ounces of i o n  exchange resin f o r  a t  l e a s t  10 m i n .  For samples with a 

conductivity of l ess  than 500 mhos/cm, a fu l l  l i t e r  was used. I f  the 

conductivity was between 500 and 1000 pmhos/cm, then 500 ml was used. 

I f  the conductivity exceeded 1000 umhos/cm, only 200 ml of the f i l t e r e d  

water was used. The resin was submitted f o r  analysis 

4.3 Analysis - Reconnaissance Samples 



1 LANL 

1.1 Fluorowtry/Delayed-Neutron Counting (LANL 6 )  

Under normal procedures, the  25 ml water vial was vigorously shaken and 

duplicate 0.20 ml aliquots of water were t ransferred t o  platinum dishes. 

The a l iquots  were evaporated under heat lamps and a 0.4 g pe l l e t  of 2% 

LiF-98% NaF f lux was added t o  each dish. The pe l le t s  were f i r s t  

preheated under lamps, then fused over special propane burners. After 

each pellet/sample cools, i t  was excited w i t h  u l t rav io le t  radiation i n  

the  f l uo rowte r  and the fluorescence was read and recorded. The uranium 

concentrations were determined by using a computer routine which 

compared the fluorescence from each pe l le t  with those from other pe l l e t s ,  

run a t  the same time, containing uranium-standard solutions and blanks. 

The uranium concentration of the sample was then the average obtained 

from the duplicate al iquots.  When a sample run by the normal procedure 

was determined to  have <0.2 ppb uranium, i t  was routinely reanalyzed 

using duplicate al iquots tha t  had been p u t  through an additional 

evaporative concentration s tep t ha t  provided a l o x  concentration fac tor .  

When a uranium concentration lower than 0.02 ppb was found in  an 

a l iquot ,  i t  was a r b i t r a r i l y  assigned a value of 0.01 ppb. 

Only waters with >40 ppb  uranium (as  determined by fluorometry) o r  those 

with impurities t ha t  cause interference w i t h  uranium-induced fluorescence 

were analyzed by delayed-neutron counting (ONC). Samples were received 



i n  41 ml o r  25 ml va i l s  and were transferred to  clean 41 ml rabbits 

before being analyzed. Each water sample was weighed, and i t s  weight 

( less  t ha t  of the rabbi t )  were recorded. The vai ls  were then loaded 

into  a 25-sample t ransfer  c l i p .  The reactor pneumatic t ransfer  system 

and background radiation levels were checked and four standards were run 

for  calibration.  The t ransfer  c l i p  was insta l led on the pneumatic feed 

l ine  and the samples were cycled through the system ( typical ly ,  a 60 sec 

i r rad ia t ion ,  30 sec  delay, and 60 sec count cycle was used). The 

uranium concentration was automatically measured, converted t o  ppb ,  and 

entered in to  a computer data base. 

Element analyzed for :  U 



Figure 4.1 
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F igu re  4.1, Continued 
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4.3.1.2 Emission Spectrochemical Analysis (LANL 7) 

The sample solution was taken up from i t s  container, nebulized, and 

injected i n to  the p lasm source a t  a r a t e  of 9.2 x m3/sec. After 

the  computer determined t h a t  the photomultiplier tubes had s t ab i l i z ed ,  

a 15 sec exposure of the resul tant  spectrum was made on a direct-reading 

spectrograph. The resul t ing signals were read d i rec t ly  in to  a computer 

and converted automatically t o  give the elemental concentrations. 

Corrections fo r  in te r fe r ing  e lemnts  were made simultaneously by 

computer. When high (off-scale)  resul ts  were obtained, the computer 

cal led f o r  the  inser t ion of a f i l t e r  between the plasma source and the  

spectrograph, repeated the readings, and then converted and stored the 

corrected e l emnta l  concentrations. 

Elements analyzed for :  Ca, Co, Cr, C u ,  Fe, Mg, Mn, Mo, Ni, Pb, T i ,  

and Zn 



Figure 4.2 
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4.3.2 LLL 

4.3.2.1 Delayed-Neutron CountingIEmission Spectrochemical Analysis1 

Anion Optical Absorption Analysis (LLL 2) 

The dried water samples were analyzed by i r rad ia t ing  the sample f o r  a 

shor t  time (30 sec)  and determining the  uranium content by delayed-neutron 

counting (DNC). 

The induction-controlled plasma optical emission spectrograph (OES) was 

used t o  analyze the dissolved cations in  acidif ied water samples. 

Aliquots of each sample were placed in  an automatic computer-controlled 

sample changer which sequential ly readed an identifying computer card, 

t ransferred a premeasured amount of unknown t o  the  plasma torch,  rinsed 

the sample tube, and recorded the  spectral  output. This procedure was 

repeated three times f o r  each sample and the  average resu l t s  were 

recorded on a floppy disk. A standard solution was run a f t e r  each 

s ix th  sample t o  measure long-term instrunental d r i f t .  The composition 

was derived, considering such factors  as the  al iquot r a t i o  and 

instrumental d r i f t .  

Chloride and su l f a t e  analysis were performed w i t h  an instrument called 

a Technicon AutoAnalyzer (TAA) on unacidified water samples. This 

instrument automatically adds chemicals t o  al iquots of samples and 

determines the  anions by photo absorption analysis. 



Ele iwnts  ana lyzed  for:  

DNC - OES - TAA - 



Figure 4.3 
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4.3.3 ORGDP 

4.3.3.1 Fluorescence Spectroscopy/Mass Spectrometry (ORGDP 9) 

Uranium was determined in water samples by fluorescence spectroscopy. 

A 40 m l  al iquot of the f i l t e r e d  water sample was t ransferred t o  a 60 m l  

disposable p l a s t i c  cone and acidif ied w i t h  1 m l  of concentrated n i t r i c  

acid. The uranium was extracted by adding 1 m l  of a 2% solution of 

Trioctyphosphine oxide (TOPO) in Varsol and then shaking the cone. A 

50 p1 pipet te  was used to  t rans fe r  an aliquant of the  organic phase onto 

a sodium fluoride pe l le t  which was then s intered f o r  20 m i n  a t  900°C. 

The fluorescence intensi ty  of the  sample and standard pe l l e t s  were 

measured using an automated fluorometer. The in tens i ty  was read 

d i rec t ly  by the  calculator,  and the sample concentration was computed. 

Results were reported as ppb  in  the original water sample. 

Water samples from regions where the uranium concentration was expected 

t o  be below the lower reporting limit of f l u o r m t r i c  analysis were 

analyzed by isotope dilution thermal emission (IDTE) mass spectrometry. 

The instrument used fo r  t h i s  analysis was a 6-in, 60' magnetic sector  

instrument w i t h  photon counting which was designed and bu i l t  i n  Oak 

Ridge. A 10 ml portion of a f i l t e r e d  water sample was spiked w i t h  5 p1 

of a 1 ppm solution of uranium233 as an internal  standard. The spiked 

sample was acidif ied with 100 p1 of concentrated n i t r i c  acid and 

extracted i n to  1 ml of 2% TOPO i n  carbon te t rachlor ide .  The aqueous 

layer  was removed and the  organic phase was a i r  dried,  leaving the dry 



TOP0 and uranium. A 250 p1 portion of a 10% amonium carbonate 

solution was added t o  dissolve the  residue, and 2 p1 of t h i s  solution 

was placed on a rhenium filament fo r  analysis. The uranium-233, -235, 

and -238 isotopes were measured. The uranium-233/uranium-238 value was 

used t o  calculate the  concentration i n  the sample. Results were reported 

as ppb of the original sample. 

Element analyzed for:  U 



Figure 4.4 

AREA COVERED BY ANALYTICAL PROCEDURE ORGDP 9 



Figure 4.4, Continued 

AREA COVERED BY ANALYTICAL PROCEDURE ORGDP 9 



4.3.3.2 Emission Spectrochemical Analysis (ORGDP 10 - 13) 

Water samples were analyzed spectrochemically using a direct-reading 

spectrograph w i t h  an Inductively Coupled Argon Plasma (ICAP) source. 

The sample was aspirated direct ly  into  the source w i t h  no additional 

preparation required. 

Elements analyzed fo r :  

ORGDP 10 ORGDP 11 

Ag 
A1 

B 
Ba 
Be 
Ca 

Co 
Cr 
Cu 
Fe 

Li 
Mg 
Mn 
Mo 
N a 

N i  
P 

Sc 

T i  
V 
Y 
Zn 
Zr 

ORGDP 12 ORGDP 13 



Figure 4.5 
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4.3.3.3 Turbidimetric AnalysislColorimetric Analysis (ORGDP 14 - 16) 

Sulfate and chloride concentrations in water were determined colorimetri- 

cal ly  using a Technican Autoanalyzer. Samples were loaded i n t o  an 

automatic sample changer f o r  simultaneous analysis. The su l fa te  

analysis uses the methyl thymol blue-barium chloride reaction. A known 

quantity of barium was added to  the water, and excess barium reacts w i t h  

methyl thymol blue t o  form a colored complex. The chloride analysis 

uses the mercuric thiocyanate-ferric n i t r a t e  reaction. The chloride 

reacts w i t h  the mercury freeing the thiocyanate ion which forms a 

colored complex with iron. The intensi ty  of the result ing color was 

measured f o r  each procedure and compared t o  the appropriate calibration 

curve. The concentration was determined and factored t o  the original 

sample basis.  

Sulfate concentration in water samples f o r  some of the ear ly  quadrangles 

(ORGDP 14) was determined turbidimetrically. Five ml of the f i l t e r e d  

water sample was diluted t o  25 ml using an automatic d i lu t e r  and the 

contents of a Sulfa-Ver powder pillow (Hach Chemical Co) was added t o  

the aliquot. Standards containing 8 t o  40 ppm su l fa te  were used t o  

ca l ib ra te  the concentration readout of the spectrophotometer a t  420.0 nm. 

The concentration of samples was read and factored t o  the original sample 

basis. Samples exceeding 300 ppm su l fa te  were diluted and reanalyzed. 

For samples containing less  than 50 ppm su l fa te ,  the undiluted sample 

was analyzed. 



Elements analyzed for: 

ORGDP 14 ORGDP 15 ORGDP 16 



Figure  4.6 
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4.3.3.4 Atomic Absorpt ion Spectroscopy (ORGDP 17) 

Arsenic and selenium concentrat ions i n  water were determined us ing 

hyd r i  de generat ion f lameless atomic absorpt ion spectroscopy. An 

automated, m i  croprocessor-contro l  led,  atomi c absorpt ion spectrometer was 

used f o r  the  analys is .  E igh ty  f i l t e r e d  water  samples ( d i l u t e d  from 5 

t o  35 ml)  were loaded i n  the  sample changer. Twenty m l  o f  each sample 

was pumped i n t o  the  r e a c t o r  fo l lowed by 15 m l  o f  15% s u l f u r i c  ac id,  and 

10 m l  o f  0.20% sodium borohydride i n  0.5% KOH. The arsen ic  and selenium 

hydrides and excess hydrogen gas were c o l l e c t e d  i n  a rubber ba l loon and 

a f t e r  45 sec were sparged through a quar tz  atomizer tube heated t o  

600°C. The absorpt ion o f  the 193.7 nm arsen ic  l i n e  o r  the  196.0 nm 

selenium l i n e  was measured, and the  r e s u l t i n g  peak he igh t  was recorded. 

A se r ies  o f  so lu t i ons  w i t h  standard concentrat ions was analyzed as 

described and a least-squares f i t  t o  a second-order equat ion app l ied  t o  

the  observed heights. The ca l cu la ted  c o e f f i c i e n t s  were then used t o  

c a l c u l a t e  sample concentrat ions. During normal operat ion, every t e n t h  

sample was a known standard. 

Elements analyzed f o r :  As and Se 



Figure  4.7 
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4.3.4 SRL 

4.3.4.1 Neutron Activation Analysis (SRL 4) 

Each resin sample received a 2 sec i r rad ia t ion  and 2 sec combined 

gamna-neutron count t o  ensure t h a t  the sample could sa fe ly  undergo 

fur ther  i r rad ia t ion .  This t e s t  was i n e d i a t e l y  followed by 10 cycles 

of 6 sec  i r rad ia t ion  and 6 sec  gana-neutron counts. Uranium 

concentrations were determined from the neutron counts. 

Element analyzed for :  U 



Figure 4.8 
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4.3.4.2 Neutron Activation Analysis (SRL 5 - 6) 

A t  the  same time tha t  the uranium concentration was being determined by 

neutron counts (SRL 4 ) ,  short-lived (<2 min) activation products were 

measured by the gamna counts. 

Elements analyzed for :  

SRL 5 SRL 6 

A1 A1 
Br B r 



Figure 4.9 
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5.0 PILOT/ORIENTATION SAMPLES 

or i  entation samples were collected a t  the s t a r t  of the program t o  

develope the  sampling and analytical  methodology a t  the  four 

laboratories.  Figure 5.1 shows the  location of the  various surveys and 

Table 5.1 gives more spec i f ic  information on the number and types of 

sample collected and the analysis performed. 



Table 5.1 

PI LOT/ORIENTATION SURVEYS 

AREA 

iWKE CREEK DESERT BASIN 

iALXLR RIVER BASIN 

ROACH LAKE BASIN 

DEEP CREEK MOWTAIHS 

ARTILLERY PEAK 

BOULDER BATHOLITH 

STERLING U D  G E E L E I  NIhS W A W  

DAKOTA 

NORTHWEST TEXAS 

ABORATOA 

LLL 

LLL I SEOIHEHT I 245 I LLL (ABR.1 I 

S W L E  
TYPE 

LLL S E D I E M  

WATER 135 

BOTIWlC4L 42 

S E O I H  72 / L L I  (MR.)  

105 LLL (AGR.1 

NUlBfR OF 
SWPLES COLLECTED IWI\LYSIS 

LLL l rnR.1  WATER 

DRGW 

I 27  

LLL ( M R . 1  WATER 12 

SEOIYSNI 122 O R G W 1 . 2 . 3 . 8  

ORGW 9, 10. 14,  17 W E R  140 

ORGW 1. 1 0  BOTPNLCAL 266 
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Table 5.1, Continued 

PILOT/ORIENTATION SURVEYS 



Figure 5.1 

LOCATIONS OF PILOT/ORIENTATION SURVEYS 



6.0 DETAILED SURVEY SAMPLES 

Detailed survey samples were designed t o  characterize the hydrogeochemistry; 

stream sediment geochemistry; and/or radiometric pattern of known or  

potential  uranium occurrences. Figure 6.1 shows the location of the  

various surveys and Table 6.1 gives more spec i f ic  information on the 

number and type of samples collected and the analysis performed. 



Table 6.1 

DETAILED SURVEYS 

SONOM PASS 

T H W  WWGL - VEATCH 

T H O M  WWGE - SHEEPRXK HOWTUN 

FAWINGTON 

COTTONUWD 

LAIWIIE RANGE 

BUFFPU - LIGNITE 

CUSTER 

SLIM B m E S  

EOGEHDNT 

ORGOP 

TWWS - PECM 
ERRELL ORGOP S E O I l M i  

ORGW 

ORGDP 

WATER 

SEDIMMI  

YATER 

155 

SEDIUENT 

U T E R  

SEDIMENT 

WATER 

ORGW 1,  2 ,  7, 8 

163 

3 1 1  

59 

ORGOP 9,  13, 16, 17 

O R G W 1 , 2 , 7 , 8  

ORGDP 9,  13,  16,  17 

346 

104 

419 

109 

ORGDP 1. 2 .  7, 8 

ORGDP 9 ,  13, 16, I7 

O R G D P 1 , 2 , 7 , 8  

ORGDP 9, 13,  16, 1 7  



T a b l e  6.1, Continued 

DETAILED SURVEYS 

SARLE NUIBLR OF 
A R I l  LABOPATOR7 TYPE SMPLFS COLLECTED MALYSIS 

STILLYELL MUlTA lHS ORGOP SEDIMENT 228 ORGDP 1. 2. 7. 8 

WATER 10 ORGW 9. 13 ,  16. I1 

DRYDEN ORGOP SED!HENT 76 ORGDP1.2 .7 .8  

WIER 34 ORGW 9,  , 3 ,  18, 17 

YIMITA U P L ~  ORGW SEOlHLHT 425 O R b W l , 2 . 7 . 8  

I WATER 546 OLGOP 9,  13, 16. 17 

TEXAS GULF COAST ORGOP SEDIKNT 125 0 9 G O P l . 2 , 1 , 8  

WATER 820 O R G O P 9 . 1 3 , 1 6 . 1 1  

I YAlEil 1,034 LAYL 6 

TUIMASSEE CREEK. 8AO6ER CRIEX, UWL SEDIUEKI 620 L M L l , Z . q . 5  
CASTLE ROCK GULCH, M O  8UFFbLO GULCH 

YATER 6 2  LBNL 6. 7 

YAlLEClTO CREEK 

VIE T M H  

S W  WDRES - OSCURl II)UKTAIHS 

Y l M I T E  MINE 



Table 6.1, Continued 
DETAILED SURVEYS 

UP 
HVlBER 

25 

26 

27 

ASIA 

J E W  LAKE 

O M  RIVER - DIWVLLLE T R I B S l C  B S I N  

A I C H  COUNTY GORCEIXITL 

M O P A T O R I  

S i e  

SRL 

SRL 

S W L L  
TYPE 

S E O I E H i  

S L O I K H I  

lmUYM 

NWBLR Of 
SMPLES COLLECTED 

1 , W O  

3 8 0  

lmIHWH 

M U Y S I S  

SRL 1 .  2 

SRL 1, 2 

UIKNDYH 
(WATEil - ORGOP 13) 



Figure 6.1 

LOCATIONS OF DETAILED SURVEYS 



7.0 BENDIX SAMPLES 

Samples were collected by Bendix ( o r  t h e i r  contractors)  as par t  of the  

'world-class'  and 'intermediate grade' special studies.  Figure 7.1 

shows the  location of the various surveys and Table 7.1 gives the  number 

of samples collected.  



Table 7.1 

BENDIX SPECIAL STUDIES 



Figure  7.1 

LOCATIONS OF BENDIX SPECIAL STUDIES 



APPENDIX A 

COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



T a b l e  A-1 

C O M P I L A T I O N  O F  S E D I M E N T  GEOCHEMICAL INFORMATION 



Table A-1, Continued 

COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



T a b l e  A-1 , C o n t i n u e d  

C O M P I L A T I O N  O F  SEDIMENT GEOCHEMICAL INFORMATION 



Table A-1, Continued 

COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



Table A-1 , Continued 
COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



Tab le  A-1, Continued 

COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



Table A-1 , Continued 
COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



Table A-1 , Continued 
COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



Table A - 1  , C o n t i n u e d  

C O M P I L A T I O N  OF SEDIMENT GEOCHEMICAL INFORMATION 



Table A-1, Continued 

COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



Table A-1, Continued 

COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



Table A-1, Continued 

COMPILATIDN OF SEDIMENT GEOCHEMICAL INFORMATION 



Table A-1 , Continued 

COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



Table A-1 , Continued 
COMPILATION OF SEDIMENT GEOCHFMICAL INFORMATION 



T a b l e  A-1, C o n t i n u e d  

COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 
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COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 
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COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



T a b l e  A-1 , C o n t i n u e d  

COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



Table A-1, Continued 

COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



Table A-1, Continued 

COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



Table A-1 , Continued 
COMPILATION OF SEDIMENT GEOCHEMICAL INFORMATION 



T a b l e  A-1, C o n t i n u e d  

C O M P I L A T I O N  O F  SEDIMENT GEOCHEMICAL I N F O R M A T I O N  



APPENDIX B 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table B-1 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table 8-1, Continued 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table 0-1 , Continued 
COMPILATION O F  WATER GEOCHEMICAL INFORMATION 



Table B-1 , Continued 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table B-1, Continued 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table 0-1, Continued 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table B-1, Continued 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table B-1 , Continued 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table 0-1, Continued 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 



T a b l e  B-1, Continued 

C O M P I L A T I O N  O F  WATER GEOCHEMICAL INFORMATION 



T a b l e  B - 1 ,  Continued 
C O M P I L A T I O N  OF WATER GEOCHEMICAL INFORMATION 



Table B-1, Continued 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table B-1, Continued 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 
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COMPILATION OF WATER GEOCHEMICAL INFORMATION 
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COMPILATION OF WATER GEOCHEMICAL INFORMATION 
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COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table 8-1, Continued 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table 0 -1 ,  C o n t i n u e d  

COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table B-l  , Continued 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table B-1, Continued 
COMPILATION OF WATER GEOCHEMICAL INFORMATION 



Table 0-1, Continued 

COMPILATION OF WATER GEOCHEMICAL INFORMATION 
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COMPILATION OF WATER GEOCHEMICAL INFORMATION 


