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AN OVERVIEW OF THE 

NATIONAL.URANIUM RESOURCE EVALUATION 

HYDROGEOCHEMICAL AND STREAM SEDIMENT RECONNAISSANCE PROGRAM 

Stephen L. Bolivar  

ABSTRACT 

A Hydrogeochemical and Stream Sediment Reconnaissance (HSSR) 
f o r  uranium is cu r ren t ly  being conducted throughout t h e  conterminous 
United S t a t e s  and Alaska. The HSSR is p a r t  of t h e  National  Uranium 
Resource Evaluat ion sponsored by t h e  US Department of Energy. 

This  ambit ious geochemical reconnaissance program is conducted 
by four  Department of Energy l abora to r i e s :  Los Alamos S c i e n t i f i c  
Laboratory, Lawrence Livermore Laboratory, Oak Ridge Gaseous Diffusion 
P lan t ,  and Savannah River Laboratory. Each labora tory  was assigned a 
geographic reg ion  of  the  United S ta t e s .  The program is based on an 
extens ive  review of world l i t e r a t u r e ,  reconnaissance work done i n  
o the r  coun t r i e s ,  and p i l o t  s t u d i e s  conducted by each laboratory.  
Sample-collection methods and sample dens i ty  a r e  determined t o  o p t i -  
mize t h e  p r o b a b i l i t y  of d e t e c t i n g  p o t e n t i a l  uranium minera l iza t ion .  
To achieve t h i s  aim, each labora tory  has developed independent s tan-  
dardized f i e l d  c o l l e c t i o n  procedures t h a t  a r e  designed f o r  i t s  sec t ion  
of t h e  couiltry. Field parameters such a s  pH, conduct iv i ty ,  c l imate ,  
geography, and geology a r e  recorded a t  each s i t e .  Most a r e a s  a r e  
sampled a t  d e n s i t i e s  of one sample s i t e  per 10 t o  23 km2. 

The HSSR program has helped t o  improve e x i s t i n g  hydrogeochemical 
reconnaissance explora t ion  techniques. I n  add i t ion  t o  providing in-  
dus t ry  with da ta  t h a t  may he lp  t o  i d e n t i f y  p o t e n t i a l  uranium d i s t r i c t s  
and t o  extend known uranium provinces,  t h e  HSSR a l s o  provides mult i -  
element a n a l y t i c a l  data  t h a t  can be used i n  water q u a l i t y ,  s o i l ,  
sediment, environmental,  and base-metal explora t ion  s tud ie s .  



I. INTRODUCTION 

I n  1373, the  Atomic Energy Commission i n i t i a t e d  a National Uranium 
Resource Evaluation (NURE). The major ob jec t ive  of this program i s  the  assess- 
ment of the  nuclear f u e l  resources i n  the  conterminous US and Alaska (US De- 
partment of Energy, 1979). The NURE program is now administered by t h e  
Department of Energy (DOE) and c o n s i s t s  of hydrogeochemical and stream-sediment 
reconnaissance, a i rborne  radiometr ic  surveys, t o p i c a l  geologic s t u d i e s ,  tlworld- 
c l a s s "  ore  deposi t  s t u d i e s ,  subsuriace geologic inves t iga t ions ,  technology 
app l i ca t ions ,  and resource est imation methodology. 

This r epor t  addresses the  Hydrogeochemical m d  Stream Sediment Reconnais- 
sance (HSSR). Four DOE l abora to r i e s ,  Lawrence Livermore Laboratory (LLL), Los 
Alamos S c i e n t i f i c  Laboratory (LASL), Oak Ridge Gaseous Diffusion Plant  (ORGDP), 
and Savannah River Laboratory (SRL), have conducted the  hydrogeochemical pro- 
gram. Regions of r e s p o n s i b i l i t y  a r e  shown i n  Fig. 1. Each labora tory  devel- 
oped its own geochemical reconnaissance program f o r  uranium based on time and 
funding c o n s t r a i n t s  and emphasized the  determination of uraniom concent ra t ions  
i n  bot'fl n a t u r a l  waters and waterborne sediments. Tnis r epor t  summarizes t h e  
programs developed by the  LASL, ORGDP, and SRL. The LLL program is not d i s -  
cussed because of the  very small a r e a l  coverage hy this laboratory. 

Fig. 1.  Index map showing regions of responsibility, pilot study areas, 

and NTMS quadrangle boundaries for the HSSR program. 



11. RECONNAISSANCE GEOCHEMICAL EXPLORATION 

I n  t h e  HSSR program, reconnaissance geochemical explora t ion  can be read- 
i l y  defined a s  any method which employs a systematic  search f o r  favorable 
uranium t e r r anes  by de tec t ing  one or  more elements i n  sampling media. The 
a n a l y t i c a l  p rec i s ion  ( r ep roduc ib i l i t y )  required genera l ly  needs only t o  be 
q u a n t i t a t i v e l y  accura te  enough t o  d i s t i n g u i s h  above and below background 
(Lovering e t  a l ,  1956). However, it is necessary t o  be ab le  t o  analyze accu- 
r a t e l y  concent ra t ions  of uranium a s  low a s  0.01 p a r t s  per b i l l i o n  (ppb) i n  
water  samples because uranium concent ra t ions  i n  many environments a r e  extremely 
low. 

A l l  of  the  l a b o r a t o r i e s  use delayed neutron counting t o  analyze a t  l e a s t  
p a r t  of t h e i r  samples. This  method has proved t o  be p rec i se ,  a s  well  a s  rap id  
and inexpensive, f o r  very low l e v e l s  of  uranium. Other major methods of  analy- 
ses inc lude  neutron a c t i v a t i o n  ana lys i s  (LASL, ORGDP), plasma-source emission 
spectrography (LASL, ORGDP), fluorometry (LASL, ORGDP), x-ray f luorescence 
(LASL), atomic absorpt ion  spectrophotometry (ORGDP, SRL), and spectrophotometry 
( ORGDP ) . 

The media most commonly used i n  geochemical explora t ion  a r e  l i s t e d  i n  
Table I. Unfortunately no s i n g l e  medium is a panacea f o r  t h e  geo log i s t ,  and 
t h e  one se l ec t ed  depends on seve ra l  va r i ab le s ,  inc luding  t h e  type of ma te r i a l  
a v a i l a b l e  t o  sample, t h e  geology, t h e  c l imate ,  t h e  topography, and the  geo- 
chemistry of  t h e  element(s)  sought. 

Geochemical sampling can i d e n t i f y  t h e  presence and a r e a l  ex tent  of new 
uranium d i s t r i c t s  and can ex t ind  old uranium provinces, but  it cannot supply 
t h e  t h i r d  dimension--the depth of  the  body (Brown, 1971). Reconnaissance geo- 
chemical explora t ion  is only one means of l o c a l i z i n g  areas  of i n t e r e s t ;  f o r  
maximum success i t  is imperat ive t o  i n t e g r a t e  a l l  a v a i l a b l e  methods of explora- 
t i o n  and t o  u t i l i z e  a l l  geologica l ,  geochemical, and geophysical information 
a v a i l a b l e .  I n  t h e  HSSR, a r e a s  i d e n t i f i e d  a s  favorable i n  t h e  reconnaissance 
phase can then be used t o  guide de ta i l ed  follow-up surveys. 

111. THE SEARCH FOR URANIUM 

During t h e  complex decay of uranium t o  its various daughter products ,  
s e v e r a l  r ad ioac t ive  elements a r e  formed t h a t  can be detected e a s i l y  by d i r e c t  
rad iometr ic  methods. However, simple, r ap id  methods using a gamma-radiation 
de tec to r  such a s  a Geiger-Muller or s c i n t i l l a t i o n  counter  a r e  i n e f f e c t i v e  where 
a r e l a t i v e l y  t h i n  i n a c t i v e  overburden covers  an o r e  body (Bowie et  a l ,  1971). 
Because uranium is so luble  and because of t h e  recent  use of  highly s e n s i t i v e  
a n a l y t i c a l  technology such a s  neutron a c t i v a t i o n  a n a l y s i s ,  which permits f a s t  
and r e l a t i v e l y  cheap automation-type programs, t h e  use of geochemical methods 
f o r  explora t ion  has  yielded favorable r e s u l t s .  

Uranium i n  most rocks occurs a s  an oxide i n  t h e  +& valence. I n  weath- 
e r i n g  zones of  s u r f i c i a l  environments, uranium is oxidized t o  the  +6 valence, 
which is e a s i l y  leached from su r face  rocks and c a r r i e d  as t h e  uranyl  ion  i n t o  
s o l u t i o n  i n  most n a t u r a l  waters .  Hexavalent uranium genera l ly  s t a y s  i n  solu-  
t i o n  u n t i l  i t  is absorbed or  encounters a reducing environment where it is 
p r e c i p i t a t e d  a s  an oxide o r  hydroxide. Organic matter  i n  streams and l akes  
provides favorable  su r faces  f o r  t h e  p r e c i p i t a t i o n  of  uranium. However, uranium 
a l s o  w i l l  p r e c i p i t a t e  with f e r r i c  and manganic hydroxides, p a r t i c u l a r l y  where 
pH and carbonate ion  concent ra t ions  a r e  low (Dyck e t  a l ,  1971). 



Media 

Rocks 

TABLE I 

TYPICAL SAMPLE MEDIA USED I N  RECONNAISSANCE GEOCHEMICAL SAMPLING 

S o i l s  

Organic Matter 

Gases 

Ground Waters 

Stream Waters 

Stream Sediments 

Use - 
Helps t o  determine p o t e n t i a l  hos t  rocks;  used mainly i n  
d e t a i l e d  surveys. 

Extremely use fu l  i n  a reas  of low r e l i e f ,  t h i c k  overburden, 
and a r i d  c l imate ;  used predominantly i n  d e t a i l e d  surveys. 

Some biogeochemical processes concent ra te  c e r t a i n  elements 
i n  p l a n t  t i s s u e s ;  extremely use fu l  i n  semi-desert  areas and 
i n  d e t a i l e d  surveys.  

Due t o  r ad ioac t ive  decay, some daughter products  may be 
de tec ted  depending on atmosphere and s o i l  condit ions.  

Extremely use fu l  i n  a r i d  a r e a s  and give information on 
subsurface environment; commonly used i n  reconnaissance. 

Waters c i r c u l a t e  over large.  a r e a s  and a r e  extremely use fu l  
i n  searching f o r  so luble  elements; most used i n  reconnais- 
sance. 

Useful i n  a r e a s  of high r e l i e f  and give rough index of 
geology of catchment bas in ;  commonly sampled i n  reconnais- 
sance programs. 

Uranium is extremely we l l  s u i t e d  fo r  hydrogeochemical surveys because of 
i ts high s o l u b i l i t y  compared t o  most o ther  metals  (Bowie e t  a l ,  1971). General 
reviews descr ib ing  hydrogeochemical prospect ing a r e  found i n  Hawkes and Webb 
!l96Z), Bradshaw e t  a 1  ( l973) ,  and Levinson (1974) among o the r s .  However, ura- 
nium mobi l i t y  depends on s e v e r a l  f a c t o r s ,  inc luding  t h e  time of year ,  weather- 
i n g  and eros ion ,  pH, Eh, absorpt ion ,  t h e  s u b s t r a t a  permeabi l i ty  i n  con tac t  
with t h e  uranium-bearing water ,  and t h e  content  of  c l a y  minerals  i n  sediments. 
I n  t h e  HSSR program, time and funding c o n s t r a i n t s  r equ i re  t h a t  any f i e l d  
measurements taken a r e  a maximum a i d  i n  da ta  eva lua t ion ,  y e t  r equ i re  minimum 
f i e l d  time t o  conduct. The f i e l d  measurements rou t ine ly  taken by each 
l abora to ry  a r e  l i s t e d  i n  Table 11. 

Sample Media Used i n  t h e  HSSR Program 
I n  t h e  HSSR program, s tream water,  ground water ,  and stream sediments a r e  

t h e  major media used. However, p l a n t  t i s s u e s  were used by ORGDP and SRL i n  
p i l o t  s t u d i e s ,  and helium samples a r e  co l l ec t ed  by SRL i n  p i l o t  and reconnais- 
sance s t u d i e s  and by ORGDP i n  d e t a i l e d  surveys. Because much of Alaska is 
ex tens ive ly  covered by l akes ,  LASL c o l l e c t s  l ake  waters  and l ake  sediments. 
The type  of sample co l l ec t ed  i n  any area  depends on t h e  r e s u l t s  of  ex tens ive  



l i t e r a t u r e  research of s t u d i e s  i n  s i m i l a r  t e r r a n e  having comparable geology 
and geography (Table 11). 

Stream waters may be most usefu l  i n  t h e  broad-scale de t ec t ion  of anom- 
a lous  a r e a s  i n  both reconnaissanae and d e t a i l e d  explora t ion  programs (Saultoff, 
1956; Grimbert and Loriod,  1968; Boberg and Runnells ,  1971) .  This  medium is  
an invaluable  tno!. i n  heav i ly  fores ted  and mountainous te r rane .  According t o  
F ix  (19561, uranium i n  most n a t u r a l  waters can be considered t o  be a rough 
index of tine uranium content  of nearby geologic formations. However, n a t u r a l  
waters  must come i n t o  con tac t  with mineral depos i t s  and remain i n  contac t  w i t h  
them long enough fo r  some ore  and/or i n d i c a t o r  elements t o  d i s so lve  and form 
d i spe r s ion  pa t t e rns .  A knowledge of how complex hydrologic systems work is 
e s s e n t i a l  i n  t h e  d e t a i l e d  i n t e r p r e t a t i o n  of  geochenical  data.  

Ground waters ,  because of tineir long res idence  time i n  hydrologic systems 
and in t ima te  contac t  wit'n subsurface rocks,  have t h e  p o t e n t i a l  t o  conta in  more 
d isso lved  minerals  than su r face  streams, t h u s  providing invaluable subsurfzce 
dab. Samples of  well  water and spr ing  water may be p a r t i c u l a r l y  valuable f o r  
exp lo ra t ion  i n  a r i d  reg ions  where ground waters may be the  only aqueous medium 
a v a i l a b l e  t o  sample (aoyle  e t  a l ,  1971). This medium is a l s o  use fu l  i n  humid 
a r e a s ,  where sur face  s treams c o n t a i n  low uranium concent ra t ions  due t o  continu- 
a l  exposure of  outcrops t o  r a i n  and consequent leaching  and removal of  so lub le  
uranium, and d i l u t i o n  ( L i t t l e  and Durham, 1971). For optimum use, ground 
water samples should be taken from a q u i f e r s  a t  known depths (Denson e t  a l ,  
1956). 

Stream sediments (wet o r  dry)  a l s o  a r e  va luable  indica tors  i n  o u t l i n i n g  
geochemical provinces. I n  tk l a s t  12 years ,  stream sediment surveys have been 
t h e  ch ief  method f o r  geochemical reconnaissance explora t ion  (Rose, 1977). 
Ini'ormation from sediment samples can be r e l a t e d  d i r e c t l y  t o  t h e  catchment 
bas in  of  each stream. This medium i s  not a f f ec t ed  d i r e c t l y  by c l i m a t i c  changes 
as r e a d i l y  as su r face  waters  are. Consequently, uranium v a l u t ? ~  i n  sediment 
samples a r e  gene ra l ly  more cons i s t en t  and y i e l d  more e a s i l y  recognizable anom- 
a l i e s  than do uranium values  i n  su r face  waters .  I n  a r e a s  of high r e l i e f  or  i n  
d e s e r t  a r e a s ,  s t ream sediment samples may be t h e  only ava i l ab le  sample medium. 
I n  Sweden, stream sediments have been used extens ive ly  (Brundin and Na i r i s ,  
1972) and a s  a geochemical prospect ing medium they a r e  considered more use fu l  
than water samples by some aut'nors (Morse, 1971 ). I n v e s t i g a t o r s  d i f f e r  a s  t o  
b~hich type  of  sediment sample t o  col l tect ;  Norse (1971) favors  samples composed 
of elastics, and Dyck e t  a 1  (1971) favor organic-r ich samples. 

I n  some regions  of  Alaska, the  t e r r a i n  is extremely f l a t  and l a r g e  a r e a s  
a r e  underlain by permafrost.  The low r e l i e f  r e s u l t s  i n  complex and d is rupted  
dra inage  systems with poor c i r c u l a t i o n  and sediments t h a t  a r e  i r r e g u l a r l y  
depos i ted ;  t h e r e f o r e ,  l ake  waters and l ake  sediments may give the  b e s t  r e s u l t s  
i n  Cnese areas .  Because water samples from Alaskan l a k e s  genera l ly  3ave F e r y  
low uranium concent ra t ions ,  p r e c i s e  measurements of uranium a t  t h e  0.5 p a r t s  
per  b i l l i o n  (ppb) l e v e l a r e  needed. Dyck e t  a 1  (1971) have shown t h a t  l ake  
sampling i n  p a r t s  of  t h e  Canadian Shield is e f f e c t i v e  i n  de l inea t ing  a r e a s  
favorable  f o r  f u t u r e  explora t ion  and is f a s t e r  than stream sampling; however, 
they emphasized t h a t  l akes  should be sampled near  i n l e t s  or  o u t l e t s  t o  ob ta in  
b e s t  r e s u l t s .  Other surveys u t i l i z i n g  l ake  samples include MacDonald (1969), 
Meyer (19691, Boyle e t  a 1  (1971), and Dyck (1974). 

Various combinations of  media may provide t h e  optimum explora t ion  method. 
For  example, i n  a r a i n - f o r e s t t e r r a n e ,  a stream water (and poss ib ly  stream 
sed imen t )  sample coupled with a vegeta t ion  sample might be bes t .  Each par- 
t i c u l a r  'physiographic province should be s tudied  sepa ra t e ly ,  and a l l  sampling 



TABLE I1 

FIELD MEASUREMENTS, NOMINAL SAMPLING DENSITIES, 
AND CHEMICAL ANALYSES FOR THE HSSR PROGRAM 

LASL ORGDP SRL 

Rocky 
Mountains Alaska 

F i e l d  Measurements 

pH ptI pH pH 
temperature temperature temperature temperature 
conduct iv i ty  conduct iv i ty  conduct iv i ty  conduct iv i ty  
ground radio-  ground radio- ground radio- ground radio-  

a c t i v i t y  a c t i v i t y  a c t i v i t y  a c t i v i t y  
d isso lved  t o t a l  a l k a l i n i t y  t o t a l  a l k a l i n i t y  

oxygen (phenolphthalein,  
mixed-indicator) 

d isso lved  oxygen 

Media and Nominal 
Sampling Dens i t i e s  

Stream waters 
Stream sediments 
Ground waters 

Lake waters 
Lake sediments 
Organic mat te r  

( p l a n t  t i s s u e )  
Helium 

Chemical Analyses 

Sediment 

Water 

10 km2 11.5 kin2 
10 km2 11.5 km2 
10 km2 -- 

( sp r ings  and 
wel l s )  -- 23 km2 
-- 23 km2 
-- -- 

Ag, A l ,  Au, Ba, Be, C a ,  Cd, 
Ce, C 1 ,  Co, C r ,  C s ,  Cu, Dy, 
Eu, Fe, H f ,  K ,  L i ,  La, Lu, 
Mg, Mn, Na, N i ,  Nb, Pb, Rb, 
Sb, Sc,  Sm, Sn, S r ,  Ta, Tb, 
Th, T i ,  U ,  V ,  W ,  Yb, Zn 

Ca, Co, C r ,  Cu, Fe, Mg, Mn, 
Mo, N i ,  Pb, T i ,  U ,  Zn 

26 km2 
13-26 km2 

26 km2 
( sp r ings  

wel l s )  
-- 
-- 

and 

p i l o t  only 

with ground 
water only 

Ag, A l ,  A s ,  B,  
Ba, Be, Ca, Ce, 
Co, C r ,  Cu, Fe, 
H f ,  K ,  L i ,  Lu, 
M g ,  Mn, Mo, Na, 
Nb, N i ,  P, Sc,  
Se ,  S r ,  Th, T i ,  
U ,  V ,  Y ,  Zn, Z r  

A g ,  A l ,  A s ,  B ,  
Ba, Be, Ca, Ce, 
C 1 ,  Co, C r ,  Cu, 
Fe, K;  L i ,  Mg, 
Mn, Mo, Na, N i ,  
P, Sc ,  Se,  S r ,  
T i ,  U ,  V,  Y ,  Zn, 
Z r ,  SO4 

13 km2 
13 km2 
13 km2 

( sp r ings  a 
wel l s )  -- -- 

i n  a few a r e a s  

with ground 
water only 

Ag, A l ,  Ba, Be, Ce, 
Co, C r ,  Cu, Dy, Eu, 
H f ,  K ,  La, L i ,  Lu, 
M g ,  Mn, Mo, Nb, N i ,  
P, Pb, Se,  Sm, Sn, 
S r ,  Th, T i ,  U ,  V ,  
W ,  Y ,  Yb, Zn 

A l ,  B r ,  C 1 ,  Dy, F, 
Mg, Mn, Na, U ,  V 



media should be thoroughly t e s t e d  i n  t h e  o r i e n t a t i o n  s t u d i e s  (Bradshaw e t  a l ,  
1973; Levinson, 1974), p a r t i c u l a r l y  if vegeta l  or  biogeochemical type media 
a r e  used. Biogeochemical s t u d i e s  have been used with some success e s p e c i a l l y  
i n  a r i d  a r e a s  (Bowie e t  a l ,  1971). For example, i n  t h e  Colorado Pla teau ,  a  
deep-rooted vetch,  Astragalus p a t t e r s o n i ,  r equ i r e s  cons iderable  selenium t o  
grow. Because selenium is as soc ia t ed  with uranium depos i t s  i n  t h i s  a r e a ,  t h i s  
s p e c i e s  can be used a s  an o r e  guide (Mass ingi l l ,  1979). However, biogeochemi- 
c a l  s t u d i e s  involve complex i n t e r r e l a t i o n s h i p s  between geology, s o i l  sc ience ,  
botany, and ecology and should be used with extreme caut ion  (Levinson, 1974). 

Anc i l l a ry  Elements 
I n  searching: f o r  uranium d e p o s i t s ,  t h e  major element of i n t e r e s t  is - 

obviously uranium. But c e r t a i n  o the r  elements may form a much wider d i spe r s ion  
h a l o  r e s u l t i n g  from t h e i r  chemical behavior and weathering c h a r a c t e r i s t i c s  and 
may a c t  a s  supplemental i n d i c a t o r s  of  uranium. The i n d i c a t o r s  or  pa thf inder  
elements most commonly used i n  uranium explora t ion  a r e  molybdenum, su lphur ,  
l e a d ,  a r s e n i c ,  vanadium, z inc ,  copper, n i cke l ,  coba l t ,  and thorium (Hawkes and 
Webb, 1962). Other elements,  such a s  gold ,  t i n ,  and tungsten can be analyzed 
f o r  t h e i r  own worth. Rare-earth elements provide a b a s i s  f o r  in-depth geo- 
chemical s t u d i e s ,  p a r t i c u l a r l y  with respec t  t o  uranium mobi l iza t ion  and ore  
genes is .  I n  genera l ,  t h e  more elements sought,  t h e  more p o t e n t i a l  value t h e  
a n a l y t i c a l  d a t a  have. The p a r t i c u l a r  elements se l ec t ed  f o r  ana lys i s  by t h e  
r e spec t ive  labora tory  depend on p i l o t  surveys,  a n a l y t i c a l  f a c i l i t i e s ,  and 
funding c o n s t r a i n t s  (Table 11 ) .  

I V .  SETTING UP AN HSSR PROGRAM 

From t h e  p r i n c i p l e s  f i r s t  appl ied by Russian s c i e n t i s t s  i n  the e a r l y  
1930s, geochemical explora t ion  has'evolved tremendously. Reviews of geochemi- 
c a l  explora t ion  f o r  uranium have been compiled by Boyle e t  a 1  (1971), Bowie e t  
a 1  (1971 ) , Grimbert (1 972),  Dal l lAgl io  (1 9721, and Rose (1 977),  among o the r s .  
I n  add i t ion ,  la rge-sca le  geochemical surveys have been conducted i n  Canada, 
Finland,  France, Norway, United Kingdom, and t h e  USSR, as  wel l  a s  t h e  NURE i n  
t h e  US. Most procedures and ideas  reviewed i n  t h i s  paper a r e  a  d i r e c t  conse- 
quence of  similar programs developed i n  o ther  coun t r i e s  and standard geochem- 
i c a l  sampling p r a c t i c e s  summarized by Hawkes and Webb (1962) and Levinson 
(1974). 

I n  a program with t h e  magnitude of  t h e  HSSR, c e r t a i n  problems a r e  inher -  
en t .  More than  one mi l l i on  samples w i l l  be co l l ec t ed  from more than 650 000 
loca t ions .  Sample ana lyses  must be ed i ted  so t h a t  they  a r e  a n a l y t i c a l l y  cor- 
r e c t  and s i t e  l oca t ions  a r e  checked f o r  accuracy before  t h e  da ta  a r e  repor ted  
t o  t h e  public .  Las t ly ,  t h e  samples need t o  be archived f o r  f u t u r e  reference.  

I n  t h e  HSSR, t h e  goal  is t o  sample t h e  conterminous US and Alaska s o  
t h a t  a r eas  favorable f o r  uranium explora t ion  a r e  de l inea ted  on a  r eg iona l  
s c a l e .  I n  a l l  l i ke l ihood ,  data  from t h e  HSSR program w i l l  not i d e n t i f y  ore  
bodies ,  but  r a t h e r ,  they w i l l  he lp  o u t l i n e  geochemical provinces and d e l i n e a t e  
a r e a s  favorable  f o r  d e t a i l e d  follow-up s tud ie s .  To accomplish t h i s ,  t h e  f i v e  
b a s i c  s t e p s  c i t e d  i n  Table I11 were followed. Because the  d i f f e r e n t  reg ions  
of  r e s p o n s i b i l i t y  conta in  ex tens ive  mountainous a r e a s ,  bas ins ,  piedmonts, and 
d e s e r t  t e r r a n e ,  each l abora to ry  developed i t s  own program. 

I n i t i a l l y ,  a  thorough l i t e r a t u r e  research was conducted. The geochemis- 
t r y  of uranium a s  well a s  reg ional  information on the  type of  geology, c l imate ,  



TABLE I11 

STEPS I N  SETTING UP AN HSSR PROGRAM 

1. Goals Outl ined.  

2. Leadership and Experience. 
Experienced management he lps  t o  minimize program c o s t s .  

3. L i t e r a t u r e  Research of  Se lec ted  Area. 
This research inc ludes  examination of a l l  a v a i l a b l e  information 
pe r t a in ing  t o  t h e  a rea  of study. Topics should inc lude  physiography, 
geology, s t r u c t u r e ,  hydrology, c l ima te ,  known types of minera l iza t ion ,  
geochemistry of e lement(s )  sought,  and case h i s t o r i e s .  

4. P i l o t  S tud ie s .  
A l l  variables--how t o  c o l l e c t  t h e  sample, which samples t o  c o l l e c t ,  
and how t o  t r e a t  t h e  sample--should be f u l l y  examined. A t  t h e  
conclusion of the  p i l o t  s tudy,  a manual of sys temat ic  procedures is 
prepared and followed during l a t e r  c o l l e c t i o n  of samples from 
comparable t e r r anes .  

5. Log i s t i c s .  
This inc ludes  s tudying t h e  f e a s i b i l i t y  of subcont rac t ing  and methods of 
q u a l i t y  assurance f o r  both f i e l d  and a n a l y t i c a l  data .  Report prepara- 
t i o n ,  disseminat ion of  da t a ,  and follow-up o r  d e t a i l e d  s t u d i e s  and how 
they a r e  t o  be implemented a r e  a l s o  considered. 

s t r u c t u r e ,  known types of o r e  depos i t s  i n  t h e  a r e a ,  proven methods of explora- 
t i o n ,  and var ious  types of equipment ava i l ab le  f o r  f i e l d  sampling and f i e l d  
measurements were a l l  examined. Based on t h i s  research ,  an i n i t i a l  program 
was s e t  up by each labora tory .  

Because uranium depos i t s  seldom occur under simple geochemical condi- 
t i o n s ,  it is necessary t o  t e s t  a l l  methodologies and sampling phi losophies .  
P i l o t  and o r i e n t a t i o n  s t u d i e s  provide t h e  framework t o  understand t h e  geometry, 
s i z e ,  and type of d i spe r s ion  p a t t e r n s  t h a t  may e x i s t  and how they a r e  i n f l u -  
enced by geology, c l imate ,  and topography (Lovering e t  a l ,  1956). P i l o t  stud- 
i e s  should be conducted i n  t h e  v i c i n i t y  of known uranium depos i t s  where t h e  
ex ten t  of d i spe r s ion  halos f o r  anomalies r e l a t e d  d i r e c t l y  t o  ore  bodies can be 
determined. Avoid areas  contaminated by human a c t i v i t y  so t h a t  n a t u r a l  geo- 
chemical p a t t e r n s  can be observed and compared t o  background l e v e l s  i n  unminer- 
a l i z e d  t e r r a n e  (Hawkes and Webb, 1962). This c o n s t r a i n t  may l i m i t  s t ud ie s  t o  
small  depos i t s .  The combination of p i l o t  p r o j e c t s  undertaken should cover the  
f u l l  range of environmental and c l i m a t i c  condi t ions  t y p i c a l  of t h e  reconnais- 
sance region.  It is a l s o  necessary t o  t e s t ,  modify, and improve t echn ica l  
parameters and l i m i t s  of t h e  program u n t i l  a methodology is developed t h a t  
s a t i s f i e s  t h e  goa l s  of the  o v e r a l l  program. Some cons idera t ions  i n  designing 
and undertaking an HSSR program a r e  l i s t e d  i n  Table I V ;  t h e  p i l o t  study a r e a s  
completed by t h e  l a b o r a t o r i e s  a r e  shown i n  Fig. 1. 



TABLE I V  

TECHNICAL PARAMETERS TO CONSIDER I N  DESIGNING AND UNDERTAKING AN HSSR PROGRAM 

A. Geology D. 
a )  l i t h o l o g i c  regimes 
b) s t r u c t u r a l  con t ro l s  
C) geomorphology 
d )  weathering p r o f i l e s  
e )  ore occurrenoes (mineralized 

a r e a s  ) E. 
f )  uranium concent ra t ions ,  

background vs  anomalous 
g) uranium and i n d i c a t o r  

element geochemistry F. 
h) d i spe r s ion  p a t t e r n s  
i )  a r ea  t o  which p i l o t  app l i e s  

B. Hydrology 
a )  c l i m a t i c  regimes 
b) seasonal  v a r i a t i o n s  
C )  p r e c i p i t a t i o n  
d) su r face  waters (drainage 

a r e a ,  flow r a t e s )  
e )  ground waters ( aqu i fe r s ,  

recharge r a t e s )  
G. 

C. Sample Types 
a )  sur face  waters  (s t reams,  l akes )  
b) ground waters ( sp r ings ,  wells)  
C)  sediment (wet--dry) 
d) o the r s  (gases ,  p l an t  t i s s u e )  
e )  amount of sample t o  c o l l e c t  
f )  r e l a t i o n  among d i f f e r e n t  media 
g)  inf luence  of topography 

Sample Spacing (Reconnaissance 
Sca le)  

a )  minimum 
b) maximum 
c )  optimum f o r  each sample type 

Sample Location 
a )  where t o  take  samples 
b) p o t e n t i a l  contaminants 

Sample Preparat ion 
a )  water--no t reatment ,  a c i d i f i -  

ca t ion ,  f i l t r a t i o n ,  ion- 
exchange concent ra t ions  

b) sediment--sieving, type of 
s i eve  ma te r i a l ,  drying 
cons idera t ions ,  crushing,  
acid leach 

C)  s torage  problems 
d)  adequacy of a n a l y t i c a l  

f a c i l i t i e s  

Sample Containers 
a )  water--glass b o t t l e s ,  poly- 

ethylene,  t e f l o n  
b) sediment--polyethylene, 

paper, o r  c l o t h  bags 
C)  s torage  problems 

The ind iv idua l  l abora to r i e s  have developed a f i e l d  procedures manual 
expla in ing  t h e  purpose of t h e  program f o r  t h e i r  area of r e spons ib l i t y ;  t h e  
ca re ,  c a l i b r a t i o n ,  and use of f i e l d  equipment; and genera l  procedures t o  be 
followed f o r  a l l  a spec t s  of t h e  program. Because varying methods of sample 
c o l l e c t i o n  and prepara t ion  a f f e c t  the  e f f ec t iveness  of geochemical surveys, 
f i e l d  procedures and equipment a r e  continuously being updated, and p i l o t  
s t u d i e s  a r e  conducted fo r  each new region so t h a t  the  manuals a re  revised a s  
necessary. 

The DOE l a b o r a t o r i e s  subcontract  t h e  major i ty  of t h e i r  sample co l l ec t ion  
r e s p o n s i b i l i t i e s .  The samples a r e  co l l ec t ed  according t o  systematic  and stan- 
dardized sampling procedures t h a t  a r e  out l ined  i n  sample c o l l e c t i o n  manuals. 
A l l  f i e l d  equipment necessary t o  c o l l e c t  samples and t o  take and record t h e  
required measurements, including sample conta iners  and da ta  forms, a r e  provided 
by t h e  l abora to r i e s .  A t  l e a s t  two s e t s  of  maps which conta in  e i t h e r  a g r i d  



o u t l i n e  o r  prese lec ted  sample l o c a t i o n s  a r e  a l s o  provided. F ie ld  personnel  a r e  
requi red  t o  a t t end  a  s h o r t t r a i n i n g  course where.tfle ob jec t ives  of t h e  program, 
sampling methodology, and ca re  and c a l i b r a t i o n  of f i e l d  equipment a r e  taught. 
Samplers a r e  requi red  t o  be a b l e  t o  read a  map and recognize geologic regimes. 
The DOE provides i d e n t i f i c a t i o n  cards  which a r e  issued by l abora to ry  personnel 
a f t e r  a  prospect ive  sampler a t t e n d s  t h e  t-rainillg course. In add i t ion ,  each 
l abora to ry  provides a  publ ic  r e l a t i o n s  brochure, w r i t t e n  f o r  t h e  layman, ex- 
p la in ing  t h e  HSSR. Laboratory personnel a r e  present  i n  a  superv isory  capaci ty  
during a l l  a spec t s  of the  sampling and provide he lp  w i t "  equipment malfunctions 
and gaining access  t o  p rope r t i e s ,  a s  .a?ll a s  with monitoring t h e  program. I n  
a d d i t i o n ,  LASL, ORGDP, and SRL r e q u i r e  f i e l d  crews t o  keep a composite l o  x 2O 
NTMS quadrangle map showing t h e  progress  of t h e  contract .  

Contract  a r e a s  gene ra l ly  cover one o r  more NTMS quadrangles. Access is 
provided by t h e  subcont rac tor  and usna l ly  involves use of four-wheel d r ive  
vehicles .  However, sample c o l l e c t i o n  i n  some mountainous t e r r a n e s  r equ i re s  
horses or  backpacking. Most a r e a s  i n  Alaska are? sampled by use o f  he l icopters .  

V. FIELD MEASUREMENTS 

There a r e  many chemical f a c t o r s  t h a t  con t ro l  t h e  s o l u b i l i t y  o f  uranium 
i n  water ,  s e v e r a l  of which a r e  l i s t e d  i n  Table V. A review of t h e  l i t e r a t u r e  
shows disagreement a s  t o  which measurements a r e  most important ;  uranium i tse l f  
is  the  b e s t  i n d i c a t o r  of uranium deposi ts .  Of the measurements l i s t e d  i n  
Table V ,  t h e  following a r e  r e l a t i v e l y  easy t o  rou t ine ly  measure i n  t h e  f i e l d .  

@ - In  gene ra l ,  a s  pH decreases,  uranium content  increases .  However, 
because uranium is so lub le  over such a wide range of  pH (Grimbert and 
Loriod, 19681, pH is important t o  i n t e r p r e t a t i o n  only when extreme 
va lues  a r e  encountered (Os t l e  and B a l l ,  1973). 

gcnduct iv i ty  - Uranium concent ra t ions  i n  waters from a given region  general-  
l y  c o r r e l a t e  with concent ra t ions  of major components (approximated by 
conduc t iv i ty ) ,  i . . ,  an inc rease  i n  conduct iv i ty  w i l l  u sua l ly  correspond 
t o  an inc rease  i n  ilranium content  i n  n a t u r a l  waters (HacDonald, 1969; 
Dall 'Aglio,  1971; Dyck, 1975). 

temperature - The temperature of  water a f f e c t s  the  r a t e  of chemical and 
b i o l o g i c a l  r eac t ions  which may in f luence  the  concent ra t ion  of  uratium 
(Fix ,  1956; Ost le  and B a l l ,  1973). 

TABLE V 

SOME PARAMETERS TO BE CONSIDERED I N  FIELD MEASUREMENTS 

PH dissolved oxygen 

conduct ivi ty En 

temperature bicarbonate 

ground r a d i o a c t i v i t y  ch lo r ide  

a l k a l i n i t y  s u l f a t e  



equiva lent  uranium - Sc in t i l l ome te r  measurements of "sh ie ld  i n u  and "shield 
out" readings al low an equivalent  uranium value t o  be c a l c u l a t e d ,  which 
then can be used a s  a  ground t r u t h  t i e  f o r  a i rborne  rad iometr ic  data .  A 
high equivalent  value may be an ind ica t ion  of minera l iza t ion  of uranium 
and thorium daughter products (Whitehead and Brooks, 1969).  

I n  gene ra l ,  f i e l d  measurements a r e  taken by use of smal l ,  l i gh twe igh t ,  
bat tery-operated por tab le  f i e l d  instruments  (Figs. 2A and 2B). Typical pH 
meters weigh about 0.5 kg, can be e a s i l y  c a l i b r a t e d  in  t h e  f i e l d ,  a r e  tem- 
pe ra tu re  compensated, and have a  e.1 pH precis ion.  Spare probes can r e a d i l y  
be exchanged. Conductivity meters ,  s i m i l a r  in s i z e  and weight t o  t h e  pH 
meters ,  can measure up t o  50 000 i.lmho/cm (51%) and a r e  e a s i l y  c a l i b r a t e d  by 
use of a s tandardized K C 1  so lu t ion .  

Fig. 2. Typical field instruments used in the HSSR program ( A=pH meter, 

B=conductivity meter, C=water quality monitor). 



A l l  temperatures a r e  measured with p reca l ib ra t ed  thermometers. The a i r  
temperature i n  t h e  shade is recorded t o  t h e  nea res t  Celsius  degree. The water  
temperature i s  usual ly  recorded t o  the  nea res t  0 .5 '~ .  

Severa l  t ypes  of instruments  t h a t  combine pH, conduct iv i ty ,  temperature,  
and dissolved oxygen measurements a r e  a l s o  ava i lab le .  These water q u a l i t y  
monitors a r e  gene ra l ly  l ightweight  instruments  having t h e  v e r s a t i l i t y  of  making 
s e v e r a l  d i f f e r e n t  measurements with only one piece of equipment (Fig. 2C). 
They a r e  i d e a l  f o r  use i n  a r e a s  of d i f f i c u l t  access.  Temperature ( 0  t o  40°c, 
+0.5'C), conduct iv i ty  (0-2000 ~ . h o / c m ,  25 umho/cm), pH (0 t o  14,  c0.1 pH), and - 
disso lved  oxygen (0  t o  20 p a r t s  per mi l l i on  (ppm), 21.0 ppm) can usual ly  be 
measured. Most types  a r e  b a t t e r y  operated and can be recharged. A lka l in i ty  
measurements a r e  usua l ly  performed with f i e l d  t i t r a t i o n  k i t s .  Ground radio-  
a c t i v i t y  is measured with por tab le  sc in t i l l ome te r s .  

V I .  SAFPLE COLLECTIOtJ 

In  a  program of  t h i s  magnitude, thousands of  sediment samples a r e  handled 
during peak periods. Because samples a re  analyzed f o r  both uranium and a 
v a r i e t y  of other  elements,  any ma te r i a l  t h a t  comes i n  contac t  with t h e  sample 
could d r a s t i c a l l y  a f f e c t  t h e  t r a c e  element data .  Consequently, a  method t o  
c o l l e c t  (u sua l ly  some s o r t  of p l a s t i c  scoop) and t r a n s p o r t  t h e  sample ( e i t h e r  
a  p l a s t i c  o r  paper bag) had t o  be determined. A l l  l a b o r a t o r i e s  analyze t h e  
f ine-s ized  f r a c t i o n  t h a t  passes through a 100 mesh screen. 

Some water samples conta in  abundant suspended mater ia l .  This ma te r i a l  
may r e q u i r e  f i l t r a t i o n  because t h e  suspended matter  may conta in  a d d i t i o n a l  
uranium t h a t  is not  i n  so lu t ion .  A l l  l a b o r a t o r i e s  f i l t e r  t h e i r  water samples. 
Depending on the  weight and s i z e  l i m i t a t i o n s  of sample g e a r ,  s e v e r a l  d i f f e r e n t  
f i l t e r  models a r e  used. One l ightweight  type used by LASL is  shown i n  Fig. 3A. 
A s l i g h t l y  d i f f e r e n t  and heavier  model used by SRL u t i l i z e s  a  f luorocarbon gas 
c a n i s t e r  t h a t  can apply pressure  up t o  40 p s i  (Fig. 3B). 

LASL - 
The LASL c o l l e c t i o n  procedures a r e  w r i t t e n  f o r  samples c o l l e c t e d  e i t h e r  

i n  t h e  Rocky Mountain s t a t e s  or  i n  Alaska (Sharp and Aamodt, 1978). 
Water samples. In  t h e  Rocky Mountain s t a t e s ,  50 m l  of water a r e  col-  

l e c t e d  in two 25-1111 v i a l s  t h a t  have been prewashed w i t h  d i l u t e  n i t r i c  acid. 
Ground-water samples from both we l l s  and sp r ings  a r e  co l l ec t ed  a s  near  t h e  
emergence source a s  possible .  Holding tanks a r e  not  sampled. Stream waters  
a r e  c o l l e c t e d  from t h e  flowing cu r ren t  away from t h e  bank. A l l  waters a r e  
f i l t e r e d  through a 0.45-?.I membrane and a c i d i f i e d  t o  pH - <1.0 with 8 M reagent-  
grade n i t r i c  acid. A l l  water measurements a r e  made with instruments  previously 
discussed (Fig. 2).  

I n  Alaska, 50 m l  of  water a r e  c o l l e c t e d ,  but  because of  t h e  water p u r i t y  
and due t o  t h e  high c o s t s  per  sample loca t ion ,  t h e  time-consuming opera t ion  of 
f i l t r a t i o n  i s  omitted. Measurements a r e  usua l ly  taken with a  water q u a l i t y  
monitor (Fig. 2C). In add i t ion  t o  s tandard f i e l d  measurements (Table I I ) ,  
d i sso lved  oxygen is determined f o r  a l l  Alaska water samples. 

Sediment Samples. Up t o  1 kg of sediment is co l l ec t ed  from a t  l e a s t  
t h r e e  ad jacent  spo t s  a t  each loca t ion .  The sample i s  usua l ly  co l l ec t ed  with a  
polyethylene scoop. The sediment must be water t ranspor ted  and taken below 
t h e  water l e v e l  (if water i s  p resen t )  and must conta in  enough organic-r ich,  
fine-grained p a r t i c l e s  t o  fill a 25-ml polyethylene v i a l .  In  lake  a r e a s  i n  



SAMPLE CONTAINER y 
FILTER HOLDER, BOTTOM 

A 
FILTER, 
25mm DIAMETER FILTER 

Fig. 3. Typical filter assemblies used in the HSSR program (A=LASL standard 50-mk! 

syringe filter assembly, B=SRL pressure filter assembly). 

Alaska, t h e  sediment i s  co l l ec t ed  with a  s p e c i a l l y  designed 11-kg, suc t ion-  
operated bottom sampler t h a t  can be dropped from t h e  s i d e  of a  he l i cop te r  
(Fig. Q). After c o l l e c t i o n ,  sediments a r e  put  i n t o  a  r ip- top  polyethylene bag 
and double labe led  with t h e  sample loca t ion  number. The samples a r e  d r i ed  a t  
<lOO°C and sieved t o  -100 mesh by t h e  subcontractor .  Ground r a d i o a c t i v i t y  - 
measurements a r e  taken a t  a l l  s i t e s .  

ORGDP 
The ORGDP c o l l e c t s  e i t h e r  ground-water (Oak Ridge Gaseous Diffusion 

P lan t ,  1978a) o r  stream-water, stream-sediment samples (Oak Ridge Gaseous 
Diffusion P lan t ,  1978b). 



Fig. 4. Bottom sampler used to obtain lake sediments in Alaska. 

Ground Water. Well o r  spr ing  waters a r e  co l lec ted .  Af ter  f lu sh ing  t h e  
system and r i n s i n g  t h e  water con ta ine r s ,  two 250-I& polyethylene b o t t l e s  a r e  
f i l l e d .  The samples a r e  taken a s  c l o s e  t o  t h e  wellhead a s  poss ib l e ,  but  a l l  
t r e a t e d  water and holding tanks a r e  avoided. The samples a r e  then sen t  t o  
ORGDP f o r  f i l t e r i n g  through a 0.45-rn c e l l u l o s e  a c e t a t e  paper and analys is .  
A l l  f i e l d  measurements (Table 11) a r e  made wi th  a  water q u a l i t y  monitor 
(Fig. 2C) t h a t  has been i n  operat ion f o r  a t  l e a s t  two minutes. This i n s t r u -  
ment i s  c a l i b r a t e d  da i ly .  I n  add i t ion ,  t o t a l  a l k a l i n i t y ,  phenolphthalein 
a l k a l i n i t y ,  and mixed-indicator a l k a l i n i t y  a r e  determined with an a l k a l i n i t y  
t e s t  k i t .  

Stream Samples. Stream sediment o r  stream samples a r e  co l l ec t ed  from 
a l l  bas in  loca t ions .  Stream waters a r e  c o l l e c t e d  a t  t h e  po in t  of maximum 
flow. After  a  water sample is c o l l e c t e d ,  t h e  same f i e l d  measurements a r e  made 
a s  f o r  a  ground water sample. Sediment samples a r e  gathered wi th  a  scoop and 
co l l ec t ed  p a r a l l e l  t o  t h e  long i tud ina l  a x i s  of t h e  stream. The sample c o n s i s t s  
of  a  composite of s e v e r a l  samples taken 2 t o  3 m apa r t .  The sediment is 
co l l ec t ed  from t h e  a c t i v e  por t ion  of t h e  stream and a l l  o rganic ,  windblown, 
and f loodpla in  ma te r i a l s  a r e  avoided. A t  l e a s t  25 g of t h e  -100 mesh f r a c t i o n  
a r e  required.  After  c o l l e c t i o n ,  t h e  sample is placed i n  a  paper envelope, 
sea led  with v i n y l  tape and s e n t  t o  ORGDP. It is then dr ied  a t  8 5 O ~  and sieved 
t o  -100 mesh. 
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SRL - 
The SRL samples a r e  c o l l e c t e d  according t o  procedures out l ined  by P r i ce  

and Jones (1979). Sample procedures vary according t o  sample type and c l imate  
and a r e  grouped according t o  ground water ,  sur face  stream taken i n  humid a r e a s ,  
o r  su r face  stream taken i n  a r i d  a reas .  

Ground Waters. Spr ing  and well-water samples a r e  co l l ec t ed  a s  near  t h e  
source as poss ib le .  Well systems a r e  thoroughly flushed before sampling. A l l  
t r e a t e d  waters  (e.g., ch lo r ina ted )  and samples from holding tanks a r e  avoided. 
Af t e r  r i n s i n g  sample con ta ine r s ,  about 2R of  water a r e  co l l ec t ed .  Samples a r e  
f i l t e r e d  through a 0.8-l~m Nuclepore membrane i n  t h e  f i e l d  by use of a pressure  
f i l t e r  appara tus  (Fig. 38).  Temperature, pH, and conduct iv i ty  measurements 
a r e  taken on t h e  u n f i l t e r e d  water samples by instruments  s i m i l a r  t o  those shown 
i n  Figs.  2A and 2B. About 50 mP, of f i l t e r e d  water a r e  used f o r  a l k a l i n i t y  mea- 
surements t h a t  a r e  made with a f i e l d  t i t r a t i o n  k i t .  

Because o f  both t h e  low uranium concent ra t ions  i n  water samples i n  t h e  
e a s t e r n  US and sample preserva t ion  problems, SRL developed a f i e l d  ion- 
exchange procedure. About 1 II of water with a conduct iv i ty  of 500 pmho/cm o r  
less is mixed with 10 g ( 4  g dry weight) of 100- t o  200-mesh high p u r i t y  
cation-anion exchange r e s in .  For samples e x h i b i t i n g  conduct iv i ty  va lues  
g r e a t e r  than 500 pmho/cm, a smaller  volume of water is used. The ion exchange 
r e s i n  is mixed f o r  about 10 minutes using a bat tery-operated s t i r r e r .  The 
r e s i n  is then allowed t o  s e t t l e  i n t o  t h e  o r i g i n a l  2-02 b o t t l e ,  which is sen t  
t o  SRL f o r  a n a l y s i s  of i ts  contents .  

Dissolved helium is measured fo r  a l l  ground water samples. The col-  
l e c t i o n  technique,  modified from Dyck e t  a 1  (19761, uses  a c l ean ,  10-02 s o f t  
d r ink  b o t t l e .  The f i l l e d  b o t t l e ,  l e s s  2 mP, of water ,  is then capped, i nve r t ed ,  
and then sen t  t o  SRL f o r  ana lys i s .  

Surface Streams Taken i n  Humid Areas. Sample procedures and measure- 
ments f o r  stream water samples a r e  i d e n t i c a l  t o  those  f o r  ground water samples. 
I n  add i t ion ,  60 us2 o f  f i l t e r e d  water a r e  co l l ec t ed  i n  a 2-02 b o t t l e  containing 
1 mll of 8N u l t r a p u r e  n i t r i c  acid.  

A sediment sample is co l l ec t ed  e i t h e r  by use of  a spring-loaded jaw scoop 
( f o r  s i l t y  t o  rocky stream bottoms) or  by a bag sampler cons i s t ing  of a s t a i n -  
less s t e e l  t ube  with an a t tached b a i l  and bag ( l e s s  rocky bottoms). A t  l e a s t  
f i v e  sediment samples spaced along 30 m of t h e  stream a r e  composited. A s t a i n -  
l e s s  s t e e l  s i e v e  is used t o  f i e l d  screen  t h e  sediments and the  -40 mesh f r ac -  
t i o n  is re t a ined .  About 0.5 kg of t h e  -40 mesh f r a c t i o n  is then placed i n t o  a 
Kra f t  paper bag and labe led .  Samples a r e  dr ied a t  90 t o  100°C before sending 
them t o  SRL. 

Surface  Streams i n  Arid Areas. P i l o t  surveys have determined t h a t  s o i l  
samples from a r i d  a reas  gene ra l ly  a r e  a s  e f f e c t i v e  as stream samples from a r i d  
a r e a s ,  a l though dry wash a r e a s  a r e  avoided when stream beds coex i s t  i n  t h e  same 
g r i d  square. The sample procedure f o r  dry sediments is t h e  same a s  f o r  wet 
sediments; however, t h e  sample is usual ly  co l l ec t ed  with a shovel or  trowel.  
I f  s i g n i f i c a n t  amounts of  windblown sand a r e  p ~ e s e n t ,  a compasite of  a t  l e a s t  
15 sepa ra t e  a r e a s  is used. The sample is then s ieved t o  a -18 t o  +40 and -40 
mesh f r a c t i o n s .  Both s i z e  f r a c t i o n s  a r e  then s e n t  t o  SRL. 

V I I .  FIELD OBSERVATIONS 

I n  a reconnaissance program, chances a r e  high t h a t  any p a r t i c u l a r  sample 
l o c a t i o n  w i l l  n o t  be r e v i s i t e d .  Therefore,  it is e s s e n t i a l  t o  record a l l  f i e l d  



measurements and observat ions a t  t h e  s i t e  so t h a t  t h e  information can l a t e r  be 
used i n  da ta  evaluat ion.  

To do t h i s ,  esch l abora to ry  has developed da ta  forms on which t h e  sampler 
can record t h e  sample type ,  l oca t ion ,  weather, poss ib le  contaminants,  f i e l d  
measurements, and geologic observat ions.  F ie ld  observa t ions  a r e  number coded 
and can be recorded i n  minimal time. Each form has a d d i t i o n a l  space f o r  com- 
ments o r  c l a r i f i c a t i o n  of  information. Figure 5 is an example of t h e  form 
used by LASL; it can be adapted f o r  any type of  sample normally co l l ec t ed .  
The SRL used separa te  da ta  forms f o r  ground water samples and su r face  samples 
i n  the  eas t e rn  US p r i o r  t o  October 1978 but has adopted a s tandardized  form 
f o r  a l l  s i t e s  i n  more recent  sampling. The ORGDP u ses  t h e  same data form fo r  
ground water ,  stream water ,  o r  sediment samples. The content  of  a l l  da t a  forms 
f o r  a l l  l a b o r a t o r i e s  is s imi l a r .  

I n  a d d i t i o n ,  each l abora to ry  has systematic  coded numbering systems. The 
LASL and ORGDP use prenumbered adhesive s t i c k e r s  whereas t h e  SRL employs a 
system t h a t  r e q u i r e s  wr i t i ng  t h e  sample number on tho sample containers .  Each 
sample is coded so t h a t  t h e  s t a t e  and quadrangle from which is co l l ec t ed  can 
he i d e n t i f i e d  eas i ly .  

The following observa t ions  a r e  gene ra l ly  recorded a t  each sample loca-  
:ion. 

l oca t ion  - A l l  l a b o r a t o r i e s  supply subcontractors  w i t h  a t  l e a s t  two copies  
of f i e l d  maps. These maps a r e  gene ra l ly  7.5 minute (1 :24 O O O ) ,  15 minute 

Fig. 5. Representative data  form used in the HSSR program. 



(1:62 500),  o r  county road maps. Each map contains a sample g r i d  and/or 
premarked sample loca t ion .  Af ter  sample c o l l e c t i o n ,  l oca t ions  a r e  t rans-  
f e r r e d  from t h e  f i e l d  map t o  an unrol led copy t h a t  can then be d i g i t i z e d  
a t  t h e  r e spec t ive  labora tory  f o r  t h e  l a t i t u d e s  and longi tudes  of t h e  
sample loca t ion .  The SRL a l s o  r equ i re s  a photograph of the  s i t e  and 
d i r e c t i o n s  f o r  reaching t h e  s i t e .  

weather - Seasonal  c l ima t i c  condi t ions  may d r a s t i c a l l y  a f f e c t  uranium con- 
c e n t r a t i o n s  i n  su r face  waters and, t o  a much l e s s e r  e x t e n t ,  i n  sediments 
(F ix ,  1956; Germanov e t  a l ,  1958; Doi e t  a l ,  1975; Rose e t  a l ,  1976). 
Consequently, hydrogeochemical surveys should be completed as r ap id ly  as 
poss ib le .  During periods of high runoff ,  normal uranium concentrat ions 
may be d i l u t e d  whereas a f t e r  a prolonged drought, uranium concent ra t ions  
i n  runoff  may be increased f o r  a s h o r t  period (Peacock, 1961; Lopatkina, 
1964). 

r e l i e f  - Severa l  elements,  inc luding  uranium, i n  both su r face  waters  and 
sediments tend t o  have r e l a t i v e l y  s h o r t  d ispers ion  p a t t e r n s  i n  a reas  of 
high r e l i e f  (Chamberlain, 1964). Furthermore, access  t o  water may be 
d i f f i c u l t  and sediment may be absent  l o c a l l y .  Therefore, sample densi- 
t i e s  may have t o  be increased s o  t h a t  adequate coverage can be obtained. 

geology - Uranium content i n  both water and sediment genera l ly  r e f l e c t s  
t h e  l o c a l  geology. For example, a stream flowing over carbonate t e r r ane  
would be expected t o  have h igher  uranium content  than a s i m i l a r  stream 
flowing a c r o s s  s i l i c e o u s  t e r r a n e  because of  complexing of uranium with 
carbonate ions  (Levinson, 1974). Sediments from a c i d i c  igneous rocks 
gene ra l ly  have g r e a t e r  uranium concent ra t ion  than sediments from other  
rock types  (Rogers and Adams, 1970). Also, ground waters t h a t  c i r c u l a t e  
along f r a c t u r e s  and f a u l t s  may con t r ibu te  s i g n i f i c a n t  amounts of  uranium 
a s  well  a s  o ther  t r a c e  metals  (Doi e t  a l ,  1975; Dyck, 1975). Consequent- 
l y ,  t h e  l o c a l  geology may be t h e  most he lp  i n  t h e  i n t e r p r e t a t i o n  of the  
data .  

contamination - A l l  sources of  contamination, such a s  mine waters ,  t a i l i n g s ,  
t r a s h ,  and man-made s t r u c t u r e s  (br idges ,  cu lve r t s ,  and well  cas ings)  a r e  
avoided where possible .  However, any p o t e n t i a l  contaminant, such a s  
uranium-rich phosphate f e r t i l i z e r s  (Boberg and Runnells,  1971 ) , is  noted 
on t h e  da ta  form. 

vepletation - I n  t e r r a n e  conta in ing  abundant vegeta t ion ,  r e l a t i v e l y  shor t  
d i spe r s ion  t r a i n s  i n  su r face  water can e x i s t .  This  genera l ly  r e s u l t s  
from organic  matter  absorbing uranium from the water and, consequently, 
i nc reas ing  t h e  uranium concent ra t ion  i n  sediment (Dal l lAgl io ,  1971 ; Dyck 
e t  a l ,  1971). 

VIII. SAMPLING DENSITIES 

I n  reconnaissance explora t ion  sampling, d e n s i t i e s  may range from one 
sample per  1.6 km2 t o  one sample per 160 km2 o r  even g r e a t e r  (Levinson, 
1974). Dispersion haloes even f o r  small depos i t s  can o r d i n a r i l y  be detected 
as f a r  a s  s e v e r a l  hundred meters i n  ground water and up t o  s e v e r a l  km i n  some 
streams. Large depos i t s  i n  t h e  western US can be detected many ki lometers  
downstream (Fix ,  1956). For a catchment a rea  of 8 t o  32 km2, t h e  surface 
drainage and/or sediment d ispers ion  p a t t e r n  f o r  a s i g n i f i c a n t  ore body may 
vary from 300 t o  3200 m (Hawkes and Webb, 1962). Ost le  (1954) was ab le  t o  
de t ec t  anomalies i n  sur face  waters over 10 km downstream from waste dumps. 



Canadian surveys show t h a t  f o r  a r e a s  ex tens ive ly  covered by l a k e s ,  s i m i l a r  
information can be obtained on a g r i d  of one sample loca t ion  per 8 km2 
compared t o  one sample loca t ion  per 16 km2 (except f o r  a r e a s  where depps i t s  
a r e  very l o c a l i z e d ,  G a r r e t t ,  1977). Clear ly ,  t h e  se l ec t ed  dens i ty  depends on 
geology, hydrology, and cl imate.  Complete coverage is not  always poss ib l e  f o r  
regions having poor access.  One should choose a spacing so t h a t  a t  l e a s t  two 
o r  more samples f a l l  within t h e  a n t i c i p a t e d  zone of an anomaly (Lovering e t  
a l ,  1956). Based on an extens ive  research  of s i m i l a r  s t u d i e s  i n  s i m i l a r  
t e r r a n e s ,  t h e  l a b o r a t o r i e s  have se l ec t ed  t h e  nominal sample d e n s i t i e s  shown i n  
Table 11. 

The fol lowing sec t ions  b r i e f l y  descr ibe  the  type of media sampled by 
each l abora to ry  f o r  its' physiographic province. An extens ive  review of t h e  
geology and known and p o t e n t i a l  uranium hos t s  can be found i n  US Department of  
Energy In t e r im Report (1979). 

LASL - 
Some 250 000 sample l o c a t i o n s  w i l l  be taken from 2.7 mi l l i on  km2 of 

land i n  LASL's a rea  of r e s p o n s i b i l i t y .  The area  inc ludes  most of t h e  Rocky 
Mountain s t a t e s  and a l l  of  Alaska (Figs.  1 and 6 ) .  Much of the  Rocky Mountain 
region c o n s i s t s  of rugged mountain ranges separated by intermontane bas ins .  
I n  t h e s e  mountains and on t h e i r  f lanks ,  fast-f lowing stream waters  and t h e i r  
sediments a r e  t h e  major sample media. Well-water samples a r e  t h e  major sample 
media i n  t h e  intermontane basins.  

P a r t  of t h e  Colorado P la t eau  is a l s o  i n  t h e  LASL region ,  and t h i s  a rea  
conta ins  s e v e r a l  uranium d i s t r i c t s ,  inc luding  t h e  Grants mineral b e l t  i n  New 
Mexico, which is t h e  l a r g e s t  uranium-producing a rea  i n  t h e  US. The c l imate  i n  
t h e  P la teau  region and i n  t h e  southern p a r t  of  t h e  LASL area  of r e s p o n s i b i l i t y  
is semi-arid. I n  these  a r e a s ,  wel l  water samples a r e  co l l ec t ed  when poss ib l e ,  
a l though i n  spa r se ly  populated a r e a s ,  dry stream beds may be t h e  only ava i l ab le  
sampling media. 

Alaska conta ins  a d i v e r s i t y  of physiographic provinces (Fig.  6 ) .  The 
northern and much of t h e  i n t e r i o r  of t h e  s t a t e  is under la in  by regions of  
permafrost.  These a r e a s  a r e  ex tens ive ly  covered by l akes  and, consequently, 
p r imar i ly  l ake  water and sediments a r e  sampled. Two mountain ranges c ross  t h e  
s t a t e ,  t h e  Brooks Range i n  the  no r th  and t h e  Alaska Range i n  t h e  south.  I n  
these  a reas  of fast-f lowing streams, water and sediment samples a r e  
co l l ec t ed .  The southeas tern  p a r t  of  the  s t a t e  is not  only rugged but  a l s o  
heavi ly  vegetated.  Therefore, pr imar i ly  stream waters and stream sediments a r e  
c o l l e c t e d  here. 

Based on s e v e r a l  p i l o t  s t u d i e s ,  LASL se l ec t ed  a sample dens i ty  of  one 
l o c a t i o n  per 10 km2 f o r  the  Rocky Mountain s t a t e s .  A l l  sample l o c a t i o n s  a r e  
p rese l ec t ed  by LASL personnel.  Surface streams a r e  chosen t o  represent  drain-  
age a r e a s  of  about 10 km2. S i t e s  which cannot be reached i n  t h e  f i e l d  a r e  
r e se l ec t ed  t o  approximate t h e  o r i g i n a l  drainage area  a s  c l o s e l y  a s  poss ib le .  
For sampling l a k e s  i n  Alaska, a 23-km2 g r i d  p a t t e r n  is t r ans fe r r ed  onto 
f i e l d  maps, and he l i cop te r  p i l o t s  then s e l e c t  l o c a t i o n s  near t h e  center  of  
each g r i d  square.  Streams a r e  sampled a t  twice t h i s  dens i ty .  

OR GDP 
- The t o t a l  a r ea  of r e s p o n s i b i l i t y  f o r  ORGDP is about 2.6 mi l l i on  km2 
(Figs.  1 and 6) .  Samples i n  t h e  northern regions a r e  co l l ec t ed  mostly from 
streams i n  marshlands. Much of t h e  ORGDP a r e a  i s  wi th in  t h e  Great P la ins  and 
Cent ra l  Lowlands, which is comprised of gene ra l ly  low-lying topography. This  



Fig. 6. Major physiographic provinces for the HSSR. 

a rea  i s  extens ive ly  farmed and, although abundant, sur face  streams do not 
o f f e r  optimum samples. However, t hese  lowlands a r e  under la in  by l a r g e  
ground-water a q u i f e r s  and, consequently, ground-water samples predominate. 

The southern area  with i ts  semi-arid cl imate c o n t r a s t s  sharp ly  t o  t h e  
mid-continental ITS. There are a l s o  some known sandstone-type d e p o s i t s  i n  t h e  
Coastal  P l a in  of  Texas. Ground water provides t h e  b e s t  sample media here 
because s treams gene ra l ly  a r e  dry and may conta in  windblown mater ia l .  

2 The sample dens i ty  of  one loca t ion  per 26 km predominantly r e f l e c t s  
c o l l e c t i o n  of ground water. A l l  ground-water l oca t ions  a r e  chosen according 
t o  a g r i d  system. A wel l  l oca t ion  is se l ec t ed  i n  a g r i d  f o r  which wel l  log 
information e x i s t s .  I f  a s i t e  cannot be reached, an a l t e r n a t e  is picked by 
t h e  sampler,  but  it i s  'ine sampler 's  r e s p o n s i b i l i t y  t o  s e l e c t  a s i t e  near t o  
and r e p r e s e n t a t i v e  of t h e  o r i g i n a l  and t o  c o l l e c t  t h e  necessary well  l og  
information (e.g., producing horizons,  depth ,  and pump type).  

Stream sample s i t e s  a r e  se l ec t ed  according t o  cons idera t ions  of drainage 
bas ins  and drainage pa t te rns .  S i t e s  a r e  chosen by ORGDP personnel  f o r  basins 
t h a t  d r a i n  from 3 t o  30-km2 a r e a s  and average about 26 km2. Any s i t e  lo- 
ca t ions  t h a t  samplers a r e  unable to  reach a r e  r e se l ec t ed  t o  s imulate  t h e  
o r i g i n a l  s i t e  as near ly  a s  possible .  

S RL - 
The SRL a r e a  of r e s p o n s i b i l i t y  inc ludes  a l l  o r  p a r t s  of  37 s t a t e s  i n  t h e  

eas t e rn  US and western US. The procedures described i n  t h i s  r epor t  genera l ly  
r e f e r  t o  SRL's opera t ion  i n  t h e  eas t e rn  US because they have only r ecen t ly  



begun sampling i n  t h e  western US (Figs. 1 and 6 ) .  Regions i n  t h e  eas t e rn  iTS 
c o n s i s t  predominantly of r o l l i n g  h i l l s  and piedmont-type topography. The c l i -  
mate i n  these  a r e a s  is  gene ra l ly  humid with s i g n i f i c s n t  r a i n f a l l  and abundant 
vegetat ion.  Born stream and ground-water sample media a r e  a v a i l a b l e ,  'out;. 
access  onto p r iva te  property may be l o c a l l y  d i f f i c u l t .  

The SRL region of r e s p o n s i b i l i t y  i n  the western US inc ludes  p a r t  of  t h e  
Basin and Range physiographic province. Much of t h i s  a rea  is semi-arid and 
s p a r s e l y  populated. Consequently, a v a i l a b i l i t y  of  t h e  ground-water medium may 
be a t  a minimum and stream beds may be d ry  and f i l l e d  wit'n windblown debris .  
I n  a d d i t i o n ,  much of the  area has i n t e r i o r  drainage,  and evapor i tes  and playas 
a r e  common. 

The P a c i f i c  Coast and S i e r r a  Nevada c o n s i s t  predominantly of nortii- 
t rending  mountain ranges separa ted  by v a l l e y  systems. Fast-flowing streams 
a r e  abundant, bu t  access  i s  a major problem. 

The SRL l o c a t i o n s  a r e  3e lec ted  based on a random grid.  A sample loca-  
t i o n ,  r e  a r d l e s s  of the  sample type ,  is se l ec t ed  by t h e  subcontractor  f o r  10 5 t o  30-km a r e a s ;  Yne average spacing i s  one s i t e  f o r  every 13 km2. Rules 
of thumb a r e  t h a t  no two adjacent  g r i d  squares can be l e f t  vacant ,  no two 
s m p l e  po in t s  can be c l o s e r  than 1.5 km, s treams can d ra in  no more than t h r e e  
times t h e  a r e a  of t h e  g r i d ,  and the  l a r g e s t  stream which heads i n  a g r i d  is 
u s u a l l y  sampled. 

I X .  DATA AVAILABILITY 

The NURE HSSR program i s  one of t h e  l a r g e s t  r e c o n n a i s s a x e  geochemical 
exp lo ra t ion  programs attempted. By the  completion of t h e  program, more than 
one mi l l i on  samples w i l l  be co l l ec t ed  from more than 650 000 loca t ions .  A l l  
da ta  a r e  reported by lo x 2' National  Topographic Kap S e r i e s  quadrangle 
boundaries F i g .  I .  Each quadrangle conta ins  from 1000 and 3000 (normally 
1500) sample loca t ions ;  each sample loca t ion  c o n s i s t s  of one water and/or one 
sediment sample. Uranium and a s  many a s  43 a d d i t i o n a l  elements a r e  reported 
f o r  each l o c a t i o n ,  dependi-ng on sample type (Table 11). A l l  information is 
considered c o n f i d e n t i a l  a'ld not  !^or pr iva te  use u n t i l  it is open f i l e d .  These 
da ta  a r e  then made a v a i l a b l e  t o  the  public. The magnetic t apes  can be 0b- 
t a ined  from: 

GJOIS Pro jec t  
UCC-ND Computer Applicat ions Dept. 
4500 North Building 
Oak Ridge National  Laboratory 
P. 0. aox X 
Oak Ridge, Tennessee 37830 
Phone: (615) 574-5463 

The r e p o r t s  a r e  a v a i l a b l e  from: 

Bendix F i e l d  Engineering Corporation 
Technical Library 
Grand Junct ion  Office 
P. 0. Box 1569 
Grand Junct ion ,  Colorado 81501 
P'none (303) 242-8621, Ext. 278 
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