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PREFACE 

The "Hydrogeochemical and Stream Sediment Reconnaissance Procedures of 
t h e  Uranium Resource Evaluation Projec t"  i s  provided as  a supplement t o  
t h e  bas i c  da t a  r epor t s  of t h e  Hydrogeochemical and Stream Sediment 
Reconnaissance Program issued  by t h e  Oak Ridge Gaseous Diffusion P lan t  
(ORGDP). The purpose of this addendum i s  t o  provide t h e  reader  of t h e  
bas i c  da ta  r epor t  and t h e  d e t a i l e d  geochemical survey r epor t  with a 
r e a d i l y  obta inable  re ference  expla in ing  t h e  overa l l  ORGDP repor t ing  
program i n  de t a i  1. The document descr ibes  s p e c i f i c  procedures used 
concerning f i e 1  d and 1 aboratory method01 ogy and qua1 i  t y  con t ro l .  
D i f f e ren t  types of da ta  p re sen ta t ions  used i n  t h e  bas i c  da t a  r epor t s  a r e  
def ined  and explained i n  d e t a i l .  This  addendum w i l l  be updated and 
modified i n  accordance w i t h  cont inuing improvements made i n  t h e  ORGDP 
program which a f f e c t  a l l  phases of da t a  c o l l e c t i o n ,  v e r i f i c a t i o n ,  and 
r e p o r t  presenta t ion .  
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HYDROGEOCHEMICAL AND STREAM SEDIMENT 
RECONNAISSANCE PROCEDURES OF THE 

URANIUM RESOURCE EVALUATION PROJECT 

INTRODUCTION 

The Nat ional  Uranium Resource Eva lua t ion  (NURE) Program was es tab l ished 
by t h e  U. S. Atomic Energy Commission, now the  U. S. Department o f  
Energy (DOE), i n  t h e  s p r i n g  o f  1973 t o  assess uranium resources and t o  
i d e n t i f y  favorab le  areas f o r  d e t a i l e d  uranium exp lo ra t i on  throughout t h e  
Un i ted  States. The p r i n c i p a l  ob jec t i ves  o f  t h e  NURE Program are: (1) 
t o  prov ide  a comprehensive in-depth assessment o f  the  n a t i o n ' s  uranium 
resources f o r  na t i ona l  energy p lanning,  and (2) t o  i d e n t i f y  areas favor -  
ab le  f o r  uranium resources. A NURE Program r e p o r t  cover ing uranium 
resource assessment i n  116 Nat ional  Topographic Map Series (NTMS) lo x 
Z0 quadrangles, which conta in  100 percent  o f  the  c u r r e n t l y  est imated 
uranium reserves and probable p o t e n t i a l  resources, i s  ta rge ted f o r  1980. 
The complete resource assesement o f  t h e  272 h i g h e s t - p r i o r i t y  quadrangles 
i s  scheduled f o r  complet ion i n  1985, and t h e  f i r s t  comprehensive assess- 
ment r e p o r t  o f  t h e  e n t i r e  Uni ted States i s  scheduled f o r  complet ion i n  
1988. This program, which i s  be ing  administered by DOE, i s  expected t o  
increase t h e  a c t i v i t y  o f  commercial exp lo ra t i on  f o r  uranium i n  t h e  
Un i ted  States. 

The NURE Program cons is ts  o f  f i v e  pa r t s :  

1. Hydrogeochemical and Stream Sediment Reconnaissance (HSSR) 
Program, 

2. A e r i a l  Radiometric and Magnetic Survey, 
3. Surface Geologic I nves t i ga t i ons ,  
4. D r i l l i n g  f o r  Geologic In fo rmat ion ,  and 
5. Geophysical Technology Development. 

The o b j e c t i v e  o f  t h e  HSSR Program i s  t o  p rov ide  in fo rmat ion  t o  be used 
i n  accomplishing t h e  o v e r a l l  NURE Program ob jec t ives .  This  i s  accom- 
p l i s h e d  by a reconnaissance o f  sur face water, groundwater, stream sedi -  
ment, and lake  sediment. The survey i s  being conducted by th ree  
Government-owned 1 aborator ies.  Union Carbide Corporat ion, Nuclear 
D i v i s i o n  (UCC-ND), under con t rac t  w i t h  DOE, i s  conduct ing i t s  survey i n  
154 NTMS lo x 2' quadrangles which cover approximately 2,500,000 km2 
(1,000,000 m i 2 )  o f  t h e  Central  Un i ted  States (see Figure 1). This area 
inc ludes  most o f  t h e  s ta tes  o f  Texas, Oklahoma, Kansas, Nebraska, South 
Dakota, North Dakota, Minnesota, Wisconsin, Michigan, Indiana, I l l i n o i s ,  
and Iowa, as w e l l  as p a r t s  o f  Arkansas,_Missouri , New Mexico, and Ohio. 
Regional hydrogeochemical s tudies are  be ing  conducted i n  se lected areas 
throughout t h e  Un i ted  States. These s tud ies  are designed t o  charac- 
t e r i z e  the  hydrogeochemi s t r y ;  stream sediment geochemi s t r y ;  and/or 
rad iomet r ic  pa t te rns  o f  known, o r  p o t e n t i a l ,  uranium occurrences. 



Figure 1 

INDEX FlAP SHOWING T H E  ORGDP AREA OF 
R E S P O N S I B I L I T Y  FOR THE HSSR SURVEY 



URANIUM RESOURCE EVALUATION PROJECT 

The Uranium Resource Evaluation (URE) P ro jec t  was e s t ab l i shed  i n  1975 a t  
t h e  Oak Ridge Gaseous Diffusion Plant  (ORGDP), Oak Ridge, Tennessee. 
The purpose of t h e  Pro jec t  i s  t o  complete t h e  p a r t  of t h e  HSSR Program 
assigned t o  UCC-ND by conducting a systematic  determination of t h e  
d i s t r i b u t i o n  of uranium and assoc ia ted  elements i n  groundwater, stream 
sediment,  and stream water samples i n  t h e  Central United S t a t e s .  The 
U R E  P r o j e c t ' s  a rea  of r e s p o n s i b i l i t y  i s  154 NTMS 1' x 2' quadrangles 
( see  Figure 1 ) .  I n i t i a l  reconnaissance w i l l  be conducted only i n  geo- 
l o g i c a l l y  favorable a reas  assigned t h e  h ighes t  p r i o r i t y  by DOE. The 
remainder of t h e  a r e a  wi l l  be sampled a f t e r  completion of t h e  favorable  
quadrangles.  Reports f o r  individual  lo x 2' quadrangles wi l l  be open 
f i l e d  a s  soon as  poss ib l e  a f t e r  sampling, ana lys i s ,  and da ta  v e r i f i -  
ca t ion  have been accomplished. In these  r e p o r t s ,  t h e  s ign i f i cance  of 
t h e  d i s t r i b u t i o n  of uranium and assoc ia ted  elements i n  natural  waters  
and stream sediments wi l l  be assessed a s  ind ica to r s  of a reas  favorable  
f o r  t h e  occurrence of uranium minera l iza t ion .  Detai led surveys a r e  
conducted i n  favorable geologic t e r r a i n s  t o  provide d e t a i l e d  geochemical 
information on s p e c i f i c  geologic t a r g e t s .  

Program Concept 

The U R E  Pro jec t  reconnaissance i s  based on t h e  concept t h a t  geochemical 
techniques can i d e n t i f y  promising uranium-bearing areas  a t  v i r t u a l l y  any 
sca l e .  Concentrations of uranium increase  as  a mineralized a rea  i s  
approached. Figure 2 shows an hypothesized increase  i n  t h e  uranium 
concentrat ion versus a rea l  ex tent .  As wi l l  be noted, t h e  l a r g e s t  a r ea ,  
background, i s  where uranium concentrat ions a r e  r e l a t i v e l y  low. The 
province may be of t h e  order  of 260 km2 (100 mi2) t o  2,600 km2 (1,000 
mi2),  and t h e  uranium concentrat ion an order  of magnitude g rea t e r  i n  t h e  
province. S imi l a r ly ,  f o r  a d i s t r i c t ,  t h e  a rea  i s  26 km2 (10 mi2) t o  260 
km2 (100 mi2) w i t h  a corresponding increase  of uranium content .  A t  t h e  
depos i t  s c a l e ,  uranium content  increases  t o  ore  grade. The ob jec t ive  of 
t h e  U R E  Pro jec t  i s  t o  def ine  t h e  a rea l  ex ten t  of uranium provinces and 
d i s t r i c t s  using geochemical explora t ion  techniques. 

The URE P ro jec t  c o n s i s t s  of p i l o t  surveys followed by geochemical recon- 
naissance with samples of groundwater, stream sediment, and stream water  
c o l l e c t e d  and analyzed f o r  uranium and o ther  t r a c e  elements which more 
completely descr ibe  geochemical pa t t e rns .  This allows col l ec t ion  of 
fewer samples than i f  analyses were f o r  uranium only. 

P i l o t  surveys a r e  intended t o  provide information on t h e  following: 

1. Trace elements i n d i c a t i v e  of uranium minera l iza t ion ,  
2. Relat ionship between sample types and r e l a t i v e  importance of 

each, 
3. Range of geochemical concentrat ions from mineralized t o  back- 

ground a r e a s ,  
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4. Adequacy of labora tory  s e n s i t i v i t y ,  
5. Types of t reatments  t o  be given samples, 
6. Area t o  which p i l o t  survey a p p l i e s ,  and 
7. Adequacy of sample spacing. 

P i l o t  survey r epor t s  have been i ssued  f o r  t h e  Llano area  of Texas 
(Nichols ,  e t  a l ,  June 1976), t h e  Texas Panhandle (Nichols ,  e t  a l ,  
September 1976),  and Oklahoma (Bard, e t  a l ,  February 1979). 

Planning and Organization 

Deta i led  p r o j e c t  planning i s  an e s s e n t i a l  element in  car ry ing  out  an 
innovat ive  and cos t - e f f ec t ive  hydrogeochemical and stream sediment 
survey. The U R E  Pro jec t  Off ice  i s  loca ted  a t  ORGDP.  The e x p e r t i s e  and 
c a p a b i l i t i e s  of t h e  Y-12 P lan t ,  Oak Ridge National Laboratory (ORNL), 
and Paducah Gaseous Diffusion P lan t  (PGDP) a r e  a l s o  ava i l ab le  t o  provide 
e s s e n t i a l  s e rv ices  t o  t h e  p r o j e c t .  Functional support s e rv ices  provided 
wi th in  t h e  Nuclear Division a r e  shown i n  Figure 3 ,  and U R E  support  
organiza t ions  i n  Figure 4. 

Many of t h e  time-proven production procedures being used by UCC-ND were 
d i r e c t l y  appl icable  t o  t h e  U R E  Pro jec t .  An example of t h i s  a c t i v i t y  i s  
t h e  Y-12 Plant  production cont ro l  system, which was used i n  t h e  design 
of t h e  U R E  sample s torage  and r e t r i e v a l  system. Samples c o l l e c t e d  
during t h e  program a r e  e f f i c i e n t l y  scheduled, con t ro l l ed ,  and placed i n  
r e t r i e v a b l e  s to rage  f o r  add i t iona l  t e s t s ,  i f  required.  

P ro jec t  plans include t h e  maximum use of automated equipment t o  minimize 
c o s t s  and po ten t i a l  e r r o r s .  Automated equipment i s  included i n  t h e  
a n a l y t i c a l  l abora to r i e s  and da ta  management a c t i v i t y .  Automatic d i g i -  
t i z e r s  a r e  a l s o  used t o  determine accura te  l a t i t u d e s  and longitudes of 
sample s i t e s  on f i e l d  maps. 

Sampling i s  scheduled on a year-to-year bas i s  t o  provide geochemical 
da t a  i n  a t imely manner t o  meet t h e  requirements of o the r  DOE/NURE 
Program a c t i v i t i e s .  Some cons idera t ions  i n  planning include t h e  
following: (1) weather, (2)  uranium favorabi l  i  t y ,  and (3) a v a i l a b i l i t y  
of funds. Basin sampling i s  scheduled during time of low runoff ,  but  
not  during normal periods of f reez ing .  

FIELD GEOLOGY PROGRAM 

The ob jec t ive  of t h e  U R E  Reconnaissance Fie ld  Geology Program i s  t o  
c o l l e c t  samples t h a t  a r e  r ep resen ta t ive  of t h e  sur face  and subsurface 
geology a t  an average dens i ty  of one s i t e  per  26 km2 (10 mi2), and t o  
accura t e ly  eva lua te  and descr ibe  t h e  environment from which these  
samples a r e  taken. Types of samples t h a t  a r e  co l l ec t ed  include well and 
sp r ing  waters which provide information on f l u i d s  i n  contac t  with un i t s  
a t  depth and stream sediment and water f o r  i n t e r p r e t a t i o n  of t h e  
geochemistry of near sur face  un i t s .  
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Groundwater (well and spr ing)  samples and stream sediment samples appear 
t o  b e s t  represent  t h e  subsurface and su r face  geology, r e spec t ive ly .  
Stream waters were co l l ec t ed  i n  some of t h e  quadrangles sampled, but  
t h e s e  samples were discontinued because t h e i r  usefulness  i n  t h e  i n t e r -  
p r e t a t i o n  of su r face  geology over a 1 0 - s t a t e  a rea  i s  quest ionable.  
P l an t  samples ( co l l ec t ed  during t h e  p i l o t  surveys) and o the r  sample 
types  may have loca l  importance i n  t h e  i n t e r p r e t a t i o n  of uranium 
p o t e n t i a l ,  but  t h e i r  usefulness  over t h e  f u l l  1 0 - s t a t e  a rea  i s  doubtful .  

PLANNING 

Planning f o r  reconnaissance sample c o l l e c t i o n  i s  done on 15- and 7 h i n  
U.S. Geological Survey (USGS) topographic maps, with county maps and 
a e r i a l  photographs being s u b s t i t u t e d  where topographic coverage i s  
unavai lable.  

The well g r i d  f o r  t h e  quadrangle i s  drawn onto these  maps with a l i n e  
spacing of 5 . 1  km (3.2 mi) t o  i d e n t i f y  t h e  idea l  s i t e  loca t ion  t o  t h e  
f i e l d  sampler. Tenta t ive  stream s i t e s  a r e  a l s o  drawn on these  maps t o  
i d e n t i f y  drainage basins 5.2 t o  52 km2 (2 t o  20 mi2) i n  an a rea  with an 
average sample dens i ty  of one sample per 26 km2 (10 mi2). 

Once t h e  sample i s  c o l l e c t e d ,  t h e  exac t  s i t e  l oca t ion  and sample number 
i s  p l o t t e d  on another  copy of t h e  topographic map which i s  s e n t  t o  Oak 
Ridge f o r  determination of t h e  l a t i t u d e  and longitude. The s i t e  i s  a l s o  
p l o t t e d  on a composite map which covers between 1/8 and 1/4 of t h e  
quadrangle a t  a s c a l e  of approximately 1:62,500, with t h e  ac tua l  dra in-  
age basin sampled drawn f o r  stream samples. 

F ie ld  Form 

The majori ty of t h e  f i e l d  information i s  recorded on a form (Figure 5) 
which u t i l i z e s  a quick checkoff system t h a t  minimizes t h e  misrecording 
of f i e l d  information and allows f o r  quick keypunching of t h e  information 
onto two o r  more computer punch cards.  Procedures f o r  completing t h e  
f i e l d  form, along w i t h  a complete breakdown of each item shown on t h e  
form, a r e  given i n  Appendix C of K/UR-12 (Uranium Resource Evaluation 
P r o j e c t ,  March 1978) and K/UR-13 (Uranium Resource Evaluation P ro jec t ,  
May 1978). 

For bas i c  da ta  r e p o r t s ,  t h e  most important information used i n  v e r i f i -  
ca t ion  of da ta  includes t h e  following: 

1. Map code; 
2. Sample type;  
3. Phase (P, 1, 2,  or 'G);  
4. Location ( l a t i  tude/longi tude)  as  determined by t h e  Tektroniz 

d i a i t i z e r :  
5. Surface &ologic u n i t  code f o r  we l l s ,  sp r ings ,  and sediment; 
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GENERA? SITE DATA 
L ~ a ~ h  identical I I Sample  umber  ere I 

r"i"i"i"ii"["j 
- 

Map Code 

Sample Type 

Stream Sediment 
Lake Sediment 

Stream Water 

Well Water 

Spring Water 
Lake Water 
Bog Wster 

Plant 

Soil (use ~ m a ~ k ~ )  
Rock 

Other I 
8 Replicate Letter (A-21 

Cwrection 
Voiding 

C m m l  Sample 
Sediment. High U 
Sedimem. LowU 
Water, High U 
Water. LowU 
Other 

Type ot Vsgsmtim 
(Wimin 1 Km Upstream) 
Conifer 
Conifer & Deciduous 
Deciduous 
Brush 
Grass 
Moss 
Lichen 
Other 

Densin, ot Vegstatim I Barren Km Uwtreaml 

Dense 
V Very Dense 

V V L t  PK Pink 
L Light RD Red 
M Medium GN Green 
D Dark BU Blue 

CL Clear BN Brown 

WH White 
GY Gray 

YL Yellow 
BK Black 

0 R  Orange 0 l  Mher 

CIBSSB~ D1 cmmminants 

None 
Mining (Use Remarks) 
Agr ic~ l tum 
Oil  Field 
Industry 
Sewage 
Power Plant 
Urban 
Other 1 

yyd S=mvM Mamrial 

Other 

Weather 

Lt Wind R Cldy 
Windy Overcst 

Gale Snowy 

Average Stream V e l o c q  ( m h c )  

m N = No Vlslble Movement 
P = Stagnant h o l  

mj watm witith (m) 

m] A v e m  Dewh (m) 

ws* Level 

Low F l d  

Daninant Ba( hstsr1e.l 

Boulder 
Cobble 
Pebble 
Sand 
Si l t  
Clay 
None (Use Remsrko) 

1 8  - 8  Number Df Plane Sarrplsd 

!Number of grabs for moss) 

Tmnk Diameter (ml 

11 m above gmund) 

(Average of Piante Sampled) 

Name Of Tres. 

Alto Verde 
Ash 
Beech 
Blrch 
Box Elder 
Cherry 
Cottonwood 
Elm 
Hackberry 
Hickory 
Hulsache 
Live Oak 

Deoiduws 

Locust 
M w l e  
Mesqutte 
Oak. Other 
Olwe 
Poplar 
Sycamore 
Salt Cedar 
Wainut 
Willow 
Other 

br 
Other 

Figure 5 
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STREAM OR LAKE SEDIMENT 
Sanple C d i t i m  

Dw 
wet 

Semple Treatment 

Sieved 
Other 

~ - 

% Omanic Material (Field Estimate) 

GENERAL WATER SAMPLES 
Water Sample T r e ~ m n t  - 

Filtered Only 
Acidified Only 

Depth of visibi l i ty (m) 

C = Clear 

Dissolved 0 2  (ppm) 

Temperatwe ("C) 

T m l  Alkalinity (ppn) 

P Alkalinity (ppm) 

M Alkalinity (ppn) 

APPsaranca of Water 

Clear 1 Alga Murky 

Omer 

l d s n t i f i m i m  of Roducing him 
(Geologic Unit Code) 

Cantidence of Rodwing H w i z M  Identification 
m 

High Degree 
Pmbable 
Possibie 

Smrce of Reducing Hwizon ldemification . 
user 
Geologic Inference 
Omer 

Drive Paint 

Unknown 
omer 

Uas d Well 

Municlpsi 
Household 
Stock 
lrrcgation 
Ai l  af abwe 
Hand S 
H and I 
S and 1 
None 
Omer 

hequmcy of ~ i n g  1 Constant (hourly) 
Frequent (dsi ly l  
Infrequent (weekly) 
Rare (no recent use) 

Depm to top of Pmducing Horizon 

EBB (Meters) 
Cmfidence of Rcducing Depth 

Fuwer Classificatim Source of Producing Depm Information 

Artesian Flow 
Electric 
Gasoline 
Wind Geologic Inference 
Hand 
Omer 

Total Well b p t h  

(Meterr) 

Cmfidsnce d 1-1 Dspm 

Omer 
Pipe Crmposition 

Sourm of Total D m h  Information 

Pianic 
Unknown 
Other 

Geologic Inference 
Sanple Locatim Other 

Meters fmm Well Head 
H =Holding Tank (Use Remarks) 

LAKE WATER 
Tvpe of Lake 

Where Sanple Taken 
Wi* Respect To Pressure ~ s n k  Natural 

Manmade 

F igure 5 ( C o n t ' d )  
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6. Producing hor izon  code f o r  we l l s ;  
7. To ta l  w e l l  depth; and 
8. Depth t o  t op  o f  producing hor izons.  

For i n t e r p r e t i v e  purposes, i n fo rma t i on  o f  value i s  as l i s t e d :  

1. Contamination (we l ls ,  spr ings,  and sedime,nt); 
2. Dominant bed m a t e r i a l  (sediment); 
3. Sample c o l o r  (sediment) 
4. Odor o f  sample (we l l s  and spr ings) ;  
5. F i e l d  measurements f o r  w e l l s  and spr ings [ c o n d u c t i v i t y  and temper- 

a tu re ,  pH, ( s p e c i f i c  conductance), T-a1 k a l  i n i t y ,  and M-A1 ka l  i n i t y ]  ; 
6. Use o f  we l l ;  
7. Confidence o f  producing depth; and 
8. Remarks. 

GROUNDWATER SAMPLING 

Groundwater (we1 1 s and spr ings)  reconnaissance sampl es are c o l l  ected 
from t h e  nearest  a v a i l a b l e  s i t e  t o  t he  node o f  a 5 .1  km (3.2 m i )  g r i d .  
Maximum d e v i a t i o n  from t h e  g r i d  node i s  2.5 km (1.6 m i ) .  Uniform geo- 
graphic  d i s t r i b u t i o n  o f  da ta  p o i n t s  [one pe r  26 km2 (10 m i 2 ) ]  i s  
obta ined i n  t h i s  way. 

Wel l  water  samples are taken as near t o  t h e  w e l l  head as poss ib le  
w i t h o u t  disassembl ing the  we l l - p ipe  system. Wel ls i n  which a sample 
cannot be taken be fore  t h e  water en ters  a f i l t e r i n g  o r  so f ten ing  system 
a re  n o t  sampled. Water i s  f l ushed  from the  p ipes and/or pressure t a n k  
f o r  as long  as i s  necessary t o  o b t a i n  a sample t h a t  i s  f r e s h  from t h e  
aqu i fe r .  

Two po lye thy lene b o t t l e s  and t h e i r  caps are thoroughly  r i n s e d  be fore  the  
sample i s  taken. Once t h e  sample i s  taken, a l l  a i r  bubbles are d i s -  
lodged frdm the  b o t t l e s ,  and t h e  cap i s  sealed t i g h t l y  and taped w i t h  
v i n y l  tape. The sample i s  sent  back t o  t he  l abo ra to ry  f o r  ana lys is  as 
soon as possib le.  

Measurements made a t  t he  sample s i t e  are s p e c i f i c  conductance, d isso lved  
oxygen, temperature, pH (us ing the  Hor i  ba U-7 Water Analyzer), and 
a l k a l i n i t y  (us ing t h e  LaMotte A l k a l i n i t y  Test  K i t ) .  The odor, c o l o r ,  
and appearance o f  t he  water a re  a l s o  noted. The t o t a l  depth, i d e n t i t y ,  
and depth o f  t he  producing ho r i zon  and discharge are taken from t h e  
owner/user o r  from a p u b l i c a t i o n  whenever poss ib le ;  t h i s  i n fo rma t i on  may 
a l so  be i n f e r r e d  from o the r  w e l l s  i n  t he  area. The type  o f  w e l l ,  power 
c l a s s i f i c a t i o n ,  casing, p i p e  composit ion, sample l o c a t i o n  ( i n  respect  t o  
w e l l  head and pressure tank),  and w e l l  use are a l s o  noted. 

Contaminants, such as corroded w e l l  cas ing o r  p ipes and p r e c i p i t a t e  
around p ipes and faucets,  a re  noted i n  t he  "Remarks" sec t i on  o f  t h e  
f i e l d  form, along w i t h  t he  f a c t  o f  whether t h e  w e l l  i s  very young o r  
o ld.  



For more in fo rmat ion  on URE P r o j e c t  groundwater sampling, t h e  reader i s  
r e f e r r e d  t o  "Procedures Manual f o r  Groundwater Reconnaissance Sampling" 
(Uranium Resource Evaluat ion P ro jec t ,  March 1978). 

STREAM SEDIMENT SAMPLING 

The o b j e c t i v e  o f  t h e  stream sediment reconnaissance i s  t o  c o l l e c t  
samples from drainage basins t h a t  average 26 kin2 (10 m i 2 )  i n  area. 
Because i t i s  impossible t o  c o l l e c t  samples from basins t h a t  are on l y  26 
km2 (10 m i 2 ) ,  basins between 5.2 and 52 km2 (2 and 20 m i 2 )  are sampled 
(Phase 2). I n  areas where i t i s  s t i l l  impossib le t o  o b t a i n  t h e  des i red  
coverage o f  Phase 2 basins, samples may be c o l l e c t e d  from l a r g e r  o r  
smal ler  basins and are designated as Phase G. 

Sampling s i t e s  are loca ted a t  l e a s t  25 m upstream from any man-made 
contaminat ion (roads, br idges, e tc .  ) w i t h  sampling proceeding upstream. 
Under unusual circumstances, a sample w i l l  be c o l l e c t e d  downstream from 
a road o r  br idge, u s u a l l y  a d is tance o f  a t  l e a s t  1 km, w i t h  sampling 
proceeding downstream. Sediment samples are  c o l l e c t e d  from the  a c t i v e  
p o r t i o n  o f  the  stream. Before c o l l e c t i n g  the  sample, the  polyethy lene 
sediment scoop i s  cleaned by s t i c k i n g  t h e  scoop i n  the  sediment several 
t imes. A t  l e a s t  s i x  scoops o f  sediment ma te r i a l ,  taken 2 t o  3 m apar t ,  
are co l l ec ted .  S u f f i c i e n t  ma te r i a l  i s  c o l l e c t e d  t o  o b t a i n  25 g o f  
(100-mesh sediment a f t e r  s iev ing .  Water i s  dra ined from the  sample bag, 
and t h e  t o p  o f  the  bag i s  f o lded  over and sealed w i t h  v i n y l  tape. 

The average stream v e l o c i t y ,  w id th  and depth (unless dry),  water l e v e l ,  
s i z e  o f  t h e  dominant bed ma te r ia l ,  sample odor, number o f  grabs taken, 
and t h e  est imated percentage o f  organic ma te r i a l  i n  t h e  sample are  
recorded on the f i e l d  form. Contamination ( f e r t i l i z e r ,  road ma te r ia l ,  
s o i l  o r  slump mater ia l  from channel banks, mining and i n d u s t r i a l  
a c t i v i t i e s ,  etc . )  t h a t  i s  found w i t h i n  a t  l e a s t  100 m upstream from t h e  
s i t e  o r  appears on the  topographic map w i t h i n  t h e  bas in  are  noted i n  t h e  
"Remarks" sec t ion  o f  the  f i e l d  form. 

For more in fo rmat ion  on stream sediment sampling, the  reader i s  r e f e r r e d  
t o  t h e  "Procedures Manual f o r  Stream Sediment Reconnaissance Sampling 
(Uranium Resource Evaluat ion P ro jec t ,  May 1978). 

STREAM WATER SAMPLING 

S i t e  s e l e c t i o n  f o r  stream water reconnaissance sampling i s  the  same as 
f o r  stream sediment sampling. When stream sediment and stream water 
samples are  being co l lec ted ,  the  same s i t e  i s  used f o r  bo th  samples w i t h  
the  water sample being. c o l l e c t e d  f i r s t  t o  avo id  c o l l e c t i n g  any f i n e -  
gra ined ma te r ia l  t h a t  may be s t i r r e d  up i n  t h e  c o l l e c t i o n  o f  t h e  
sediment. Two polyethy lene b o t t l e s  and t h e i r  caps are thoroughly r i n s e d  
before  t h e  sample i s  taken. Samples are  c o l l e c t e d  as near the  f a s t  
moving p a r t  o f  the  stream as possib le,  avo id ing  c o l l e c t i n g  any organic 



material  t h a t  may be p resen t  i n  t h e  stream. Af ter  t h e  sample i s  taken,  
a l l  a i r  bubbles a r e  dislodged from t h e  b o t t l e s ,  and t h e  cap i s  s ea l ed  
t i g h t l y ,  taped with vinyl t ape ,  and s e n t  t o  t h e  laboratory f o r  ana lys is .  

OTHER SAMPLE TYPES 

Other sample types t h a t  a r e  a v a i l a b l e  f o r  co l l ec t ion  tend t o  be (1) only 
of loca l  importance i n  t h e  i n t e r p r e t a t i o n  of an a rea ,  o r  (2) predomi- 
nant ly used t o  d e l i n e a t e  s p e c i f i c  depos i t s .  These types of samples have 
not been c o l l e c t e d  by t h i s  p r o j e c t  t o  date .  

ANALYTICAL PROGRAM 

UCC-ND personnel have been rou t ine ly  analyzing urani um-contai ni ng 
mater ia l s  f o r  t h r e e  decades i n  t h e  a n a l y t i c a l  l abora to r i e s  a t  Oak Ridge, 
Tennessee. The uranium content  of t h e s e  mater ia l s  have ranged from 
t r a c e  l e v e l s  i n  s o i l  and water samples t o  high-purity uranium compounds 
and metal f o r  nuclear  r eac to r s  and weapons. These c a p a b i l i t i e s  were 
modified and developed t o  provide t h e  a n a l y t i c a l  capaci ty necessary t o  
support t h e  U R E  Project .  Procedures were se l ec t ed  f o r  use based on t h e  
elements t o  be determined and t h e  r e l a t i v e  accuracy and cos t .  

SELECTION OF ELEMENTS FOR ANALYSIS 

The s e l e c t i o n  of elements t o  be determined i n  water and sediment samples 
was based on a number of d i f f e r e n t  f a c t o r s .  Pas t  experience has shown 
t h a t  important a s soc ia t ions  f o r  sandstone depos i t s  e x i s t  between uranium 
and a r sen ic ,  molybdenum, selenium, and vanadium. A l i s t  of 19 o t h e r  
elements considered t o  be important f o r  t h e  N U R E  hydrogeochemical survey 
f o r  uranium was obtained from t h e  U.S. Geological Survey (USGS). 
Thir teen addi t ional  elements assoc ia ted  with uranium i n  t h e  minerals of 
nonsandstone depos i t s  were added t o  t h i s  l i s t .  Concentration ranges f o r  
each element normally occurr ing i n  na tura l  waters and sediments were 
reviewed t o  determine t h e  appl icabi  1 i t y  of t h e  ava i l ab le  ana ly t i ca l  
techniques. P r i o r i t i e s  were then assigned t o  each of the elements i n  
t h e  combined l i s t .  Elements were e l iminated  because of low p r i o r i t y  as  
uranium ind ica to r s  and lack  of adequate s e n s i t i v i t y  by the a n a l y t i c a l  
techniques used. The r e s u l t  was t h e  l i s t  of elements given i n  Table 1. 

SELECTION OF ANALYTICAL PROCEDURES 

A s e r i e s  of groundwater and stream sediment samples were c o l l e c t e d  f o r  
use i n  comparing t h e  s e n s i t i v i t y ,  cos t - e f f ec t iveness ,  and high sample 
throughput c a p a b i l i t i e s  of several  a n a l y t i c a l  techniques. Each sample 
was analyzed f o r  urani um by f 1 uorescence spectroscopy, thermal emission 
mass spectrometry, spark source mass spectrometry (SSMS) , and delayed 
neutron counting. Other element determinat ions were made by emission 
spectrography, sequent ia l  atomic absorpt ion  ana lys i s ,  SSMS, and neutron 
ac t iva t ion  ana lys i s .  A comparison was made of c o s t s ,  equipment, and 



Table 1 

DETECTION LIMITS OF VARIABLES DETERMINED IN WATER AND SEDIMENT SAMPLES 

Previous 
Detec t ion  

Yariable 
U-FL 

U-MS 

U-NT 

As 

Se 

Ag 
A1 

B 

Ba 

Be 

Ca 

Ce 

co 

Cr 

cu 

Fe 

H f  

K 

La 

L i  

Mg 
Mn 

Mo 

Na 

Nb 

Ni 

P 

Pb 

P t  

sc  

S i  

Sn 

Sr  

Th 

T i  

v 
Y 

Zn 

Z r  

501, 
C1 

Current  Method 

F l  u o r m e t r y  

M~SS-Spectrometry-Isotope D i l u t i o n  

Neutron Act ivat ion-Delayed Neutron Count 

Atomic Absorpt ion 

Atomic Absorpt ion 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission S p e c t r o m t r y  

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Flameless Atomic Absorpt ion 

Plasma Source Emission Spectrometry 

Plasma Source ~ m i s i i o n  Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Plasma Source Emission Spectrometry 

Spectrophotometry 

Spectrophotometry 

Current  
Detec t ion  L i m i t s  

Sediment Water 

(a)Oetect ion l i m i t s  expressed i n  percent  

( b ) ~ e t e c t i o n  l i m i t s  expressed i n  ppm. 



s e n s i t i v i t i e s .  Since t h e  a n a l y s i s  f o r  uranium i s  t h e  major e f f o r t  of 
t h i s  survey, i t s  measurement was optimized. Other procedures were 
chosen t o  determine t h e  elements se l ec t ed  f o r  ana lys i s  in  t h e  most 
c o s t - e f f e c t i v e  way poss ib le .  The pr inc ipa l  procedures se l ec t ed  and t h e  
s e n s i t i v i t i e s  f o r  each measurement a r e  l i s t e d  i n  Table 2. These pro- 
cedures w i l l  be discussed indiv idual ly .  

SAMPLE FLOW 

Fie ld  samples a r e  received i n  Oak Ridge a t  a  cen t r a l  rece iv ing  s t a t i o n  
where they a r e  entered i n t o  t h e  records management system and d i s t r i b -  
uted f o r  ana lys i s .  Quali ty  cont ro l  samples a r e  added, and a  dup l i ca t e  
of each water sample i s  put  i n  s torage.  Computer cards containing 
information about each sample a r e  provided f o r  use i n  t h e  labora tory .  
Af ter  processing,  t h e  unused por t ions  of sediment samples a r e  re turned  
t o  t h e  rece iv ing  s t a t i o n  f o r  s torage .  These s to red  samples wi l l  be 
a v a i l a b l e  f o r  r eana lys i s  o r  addi t ional  a n a l y s i s  as  required.  

DATA FLOW 

As each sample i s  processed through t h e  various procedures i n  t h e  
l abora to ry ,  i t  i s  i d e n t i f i e d  by t h e  s i x - d i g i t  number appearing on t h e  
sample conta iner  and t h e  computer card. Resul ts  of each determination 
a r e  recorded e i t h e r  i n  machine readable form o r  hard copy output .  The 
labora tory  da ta  system wi 11 eventua l ly  provide f o r  automatic i d e n t i f i -  
ca t ion  of samples from t h e  punched cards and recording of t h e  output  i n  
machine readable form t o  e l iminate  a l l  nonautomated da ta  t r a n s c r i p t i o n  
processes.  

QUALITY CONTROL 

A q u a l i t y  control  program has been s e t  up t o  monitor t h e  p rec i s ion  and 
accuracy of t h e  procedures used t o  analyze water and sediment samples 
f o r  uranium and o t h e r  t r a c e  elements. Control samples a t  two d i f f e r e n t  
concent ra t ion  l e v e l s  f o r  each sample type a r e  anonymously submitted f o r  
a n a l y s i s  on a  rou t ine  bas i s .  A q u a l i t y  cont ro l  group, which i s  admini- 
s t r a t i v e l y  separa te  from t h e  a n a l y t i c a l  l abora to ry ,  prepares t h e  cont ro l  
samples, analyzes t h e  r e s u l t s ,  and n o t i f i e s  t h e  labora tory  of any 
devia t ion  of r e s u l t s  from spec i f i ed  cont ro l  l eve l s .  This allows t h e  
labora tory  personnel t o  i d e n t i f y  and c o r r e c t  instrumental o r  procedure 
problems and t o  c o r r e c t  quest ionable r e s u l t s  p r i o r  t o  publ ica t ion .  

The r e s u l t s  f o r  a l l  q u a l i t y  control  samples a re  maintained in t h e  
computer da t a  base and can be summarized i n  several d i f f e r e n t  ways. 
Normally, control  c h a r t s  a r e  p l o t t e d  by computer f o r  each element. 
P lo t s  of a l l  samples, o r  of samples analyzed over a  s e l ec t ed  period of 
t ime,  can be obtained. The c o e f f i c i e n t s  of v a r i a t i o n  f o r  measurements 
made during t h e  period of t ime when f i e l d  samples from a s p e c i f i c  a rea  
were being analyzed a r e  repor ted  along with t h e  r e s u l t s  from t h e  a rea .  



Table 2 

PRINCIPAL ANALYTICAL METHODS 

1. F luorometr ic  Analyses - Uranium 
Water Samples - 0.2 t o  50 ppb 
Sediment Samples - 0.25 t o  50 ppm 

2. Mass Spectrometry - Uranium 
Water Samples - 0.02 t o  25 ppb 

3. Neutron A c t i v a t i o n  Analys is  (Delayed Neutron) - Uranium 
Sediment Samples - 0.02 t o  100 ppm 

4. Atomic Absorpt ion - Arsenic and Selenium 

5. Emission Spectroscopy - Mul t ie lement  Analys is  
Using I n d u c t i v e l y  Coupled Argon Plasma Source 
(See Table 1 f o r  t h e  l i s t  o f  elements) 

6. Spectrophotometry - Water Samples 
S u l f a t e  - 5 t o  300 ppm 
Chlor ide - 10 t o  300 ppm 



An addi t ional  qua1 i t y  cont ro l  program f o r  urani um measurements i s  con- 
ducted by t h e  Ames Laboratory. Resul ts  of uranium ana lys i s  of water  and 
sediment control  samples obtained from t h e  Ames Laboratory as  p a r t  of 
t h e  Mult i laboratory Analytical Quali ty  Control f o r  t h e  HSSR Program a r e  
repor ted  r egu la r ly  by DISi lva ,  e t  a1 (1979). Resul ts  i nd ica t e  any b i a s  
developed and analyses which were not i n  cont ro l .  

SAMPLE PREPARATION 

Water sample prepara t ion  and a l l  chemical analyses a r e  performed i n  a 
c lean  room t o  avoid contamination. The unused por t ion  of t h e  (100-mesh 
f r a c t i o n  of a l l  stream sediments and a dup l i ca t e  250-1111 b o t t l e  of a l l  
water  samples a r e  r e t a ined  i n  permanent s to rage  f o r  poss ib le  f u t u r e  use. 
Applicable de tec t ion  l i m i t s  f o r  t h e  elements determined and t h e  elements 
determined f o r  water and sediment samples a r e  shown i n  Table 1 .  

Water samples a r e  received i n  250-ml polyethylene b o t t l e s .  They a r e  
vacuum f i 1 t e r e d  through 0.45-pm c e l l  ul ose a c e t a t e  paper and then sub- 
mi t ted  f o r  ana lys i s .  

Stream sediment samples a r e  d r i e d  overnight  a t  85OC, placed i n  a p l a s t i c  
envelope, and disaggregated by impact with a rubber mal le t .  The f rac-  
t i o n  passing through a 100-mesh (150-pm) nylon s i eve  i s  c o l l e c t e d  and 
blended. Approximately 2 g a r e  loaded i n t o  a polyethylene r a b b i t  f o r  
neutron a c t i v a t i o n  ana lys i s .  Another 0.25 g a l iquan t  i s  placed i n  a 
100-ml Teflon beaker t o  which i s  added 5 ml of concentrated n i t r i c  ac id ,  
then 5 ml of concentrated hydrofluoric  acid.  The sample i s  placed on a 
ho tp la t e  a t  250°C and evaporated j u s t  t o  dryness.  Then, 20 ml of 30% 
n i t r i c  ac id  i s  added and t h e  sample warmed. The contents  of  t h e  beaker 
a r e  t r a n s f e r r e d  t o  a 50-1111 cen t r i fuge  and d i l u t e d  t o  volume w i t h  d i s -  
t i l l e d  water. This  so lu t ion  i s  submitted f o r  ana lys is .  

URANIUM ANALYSIS 

Fluorescence Spectroscopy 

Uranium i s  determined i n  water  and stream sediment samples by f luo-  
rescence spectroscopy. A 40-1111 a l i q u o t  of t h e  f i l t e r e d  water sample i s  
t r a n s f e r r e d  t o  a 60-1111 disposable p l a s t i c  cone and a c i d i f i e d  w i t h  1 ml 
of concentrated n i t r i c  ac id .  The uranium i s  ex t r ac t ed  by adding 1 ml of 
a 2% so lu t ion  of Trioctyphosphine oxide (TOPO) i n  Varsol and then 
shaking t h e  cone. A 50-p1 p i p e t t e  i s  used t o  t r a n s f e r  an a l iquan t  of 
t h e  organic phase onto a sodium f l u o r i d e  p e l l e t  which i s  then s i n t e r e d  
f o r  20 m i n  a t  900°C. The f luorescence i n t e n s i t h o f  t h e  sample and 
standard pel 1 e t s  i s  measured using an automated f 1 uorometer. The 
i n t e n s i t y  i s  read d i r e c t l y  by t h e  c a l c u l a t o r ,  and t h e  sample concen- 
t r a t i o n s  a r e  computed. Resul ts  a r e  reported a s  ppb i n  t h e  o r i g i n a l  
water  sample. 



Twenty m l  o f  the  d isso lved sediment sample i s  t r a n s f e r r e d  t o  a 50-ml 
v i a l  and ex t rac ted  i n t o  2 m l  o f  2% TOPO i n  Varsol.  A 50-p1 a l i q u a n t  i s  
t r a n s f e r r e d  onto a sodium f l u o r i d e  p e l l e t  and processed t h e  same as 
water samples. The u ran i  urn concent ra t ion  i s  ca l cu la ted  and repor ted  as 
ppm o f  t h e  o r i g i n a l  sediment sample. 

Mass Spectrometry 

Water samples from regions where t h e  uranium concent ra t ion  i s  expected 
t o  be below t h e  lower r e p o r t i n g  l i m i t  o f  f l uo romet r i c  ana lys is  a re  
analyzed by iso tope d i l u t i o n  thermal emission (IDTE) mass spectrometry. 
The inst rument  used f o r  t h i s  ana lys i s  i s  a 6- in . ,  60' magnetic sec tor  
inst rument  w i t h  photon count ing  which was designed and b u i l t  i n  Oak 
Ridge. 

A 10-ml p o r t i o n  o f  a f i l t e r e d  water  sample i s  sp iked w i t h  5-p1 o f  a 1 
ppm s o l u t i o n  o f  uranium-233 as an i n t e r n a l  standard. The spiked sample 
i s  a c i d i f i e d  w i t h  100p1 o f  concentrated n i t r i c  a c i d  and ex t rac ted  i n t o  
l m l  o f  2% TOPO i n  carbon t e t r a c h l o r i d e .  The aqueous l a y e r  i s  removed 
and t h e  organic phase i s  a i r  d r i ed ,  l e a v i n g  t h e  d ry  TOPO and uranium. A 
250-p1 p o r t i o n  o f  a 10% ammonium carbonate s o l u t i o n  i s  added t o  d i sso l ve  
t h e  res idue,  and 2 p1 o f  t h i s  s o l u t i o n  i s  p laced on a rhenium f i l a m e n t  
f o r  analys is .  The uranium-233, -235, and -238 isotopes are  measured. 
The uranium-233/uranium-238 value i s  used t o  c a l c u l a t e  t h e  concent ra t ion  
i n  t h e  sample. Results a re  repo r ted  as ppb o f  t h e  o r i g i n a l  sample. 

Neutron A c t i v a t i o n  

I n  a d d i t i o n  t o  t h e  ho t -ac id  leach process descr ibed f o r  f luorescence 
spectroscopy, a t o t a l  uranium value i s  determined f o r  stream sediments 
by neutron a c t i v a t i o n  us ing  delayed neutron count ing. Approximately 2 g 
o f  <loo-mesh sediment ma te r i a l  i s  loaded i n t o  a po lye thy lene r a b b i t .  
It i s  t r a n s f e r r e d  through a pneumatic t r a n s f e r  system i n t o  a r e a c t o r  
where i t  i s  exposed t o  a neutron f l u x  o f  3 x  1013 n/cm2-sec f o r  60 sec 
and then t r a n s f e r r e d  t o  a neutron counter. Results a re  repo r ted  as ppm 
o f  t h e  d ry  sediment. 

ARSENIC AND SELENIUM ANALYSIS 

Arsenic and selenium concentrat ions i n  water and a l i q u o t s  o f  d isso lved 
sediment a re  determined us ing hydr ide  generat ion f lameless atomic 
absorpt ion spectroscopy. An automated, microprocessor-contro l led,  
atomic absorpt ion spectrometer i s  used f o r  the  analys is .  E igh ty  
f i l t e r e d  water samples o r  60 d isso lved sediment samples ( d i l u t e d  from 5 
t o  35 m l )  a re  loaded i n  t h e  sample changer. Twenty m l  o f  each sample i s  
pumped i n t o  the  reactob 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 are c o l l e c t e d  i n  a rubber ba l l oon  and 
a f t e r  45 sec are sparged through a quar tz  atomizer tube heated t o  600°C. 
The absorp t ion  o f  the  193.7-nm arsen ic  l i n e  o r  t h e  196.0-nm selenium 
l i n e  i s  measured, and t h e  r e s u l t i n g  peak he igh t  i s  recorded. 



A se r ies  o f  so lu t i ons  w i t h  standard concentrat ions i s  analyzed as 
descr ibed and a least-squares f i t  t o  a second-order equat ion app l ied  t o  
t h e  observed peak heights.  The ca l cu la ted  c o e f f i c i e n t s  are then used t o  
c a l c u l a t e  sample concentrat ions.  Dur ing normal ope ra t i  on, every t e n t h  
sample i s  a known standard t h a t  must check t o  w i t h i n  f15% o f  t h e  
expected value. 

EMISSION SPECTROCHEMICAL ANALYSIS 

Water samples and sediment e x t r a c t s  a re  analyzed spectrochemical ly  us ing 
a d i rec t - read ing  spectrograph w i t h  an I n d u c t i v e l y  Coupled Argon Plasma 
(ICAP) source. The sample i s  asp i ra ted  d i r e c t l y  i n t o  t h e  source w i t h  
no a d d i t i o n a l  p repa ra t i on  requi red.  This  technique o f f e r s  t h e  advantage 
o f  t race - leve l  de tec t i on  l i m i t s  w i t h  an app l icab le  range o f  measurement 
o f  g rea te r  than f i v e  orders o f  magnitude f o r  most elements. 

Detec t ion  l i m i t s  f o r  the  ICAP source are g iven i n  Table 1. These l i m i t s  
were determined by ana lyz ing  blanks and standards, along w i t h  r o u t i n e  
samples du r ing  normal operat ion.  

The spectrochemical ana lys is  o f  stream sediment samples f o r  some o f  t h e  
e a r l y  quadrangle repo r t s  was done us ing  a dc arc  source i ns tead  o f  t h e  
I C A P ,  see Table 1. I n  t h i s  procedure, approximately 0.5 g o f  t h e  
(100-mesh f r a c t i o n  o f  t h e  d r i e d  sediment sample i s  ground i n  an A1203 
mortar,  and 15 mg i s  weighed and mixed on the  balance pan w i t h  a l e v e l  
scoop o f  g raph i te  (approximately 17 mg). This  mix ture  i s  tamped i n t o  a 
th in -wa l led ,  undercut e lec t rode  w i t h  a 2 mm x  4 mm c ra te r .  The elec- 
t rodes  are  maintained a t  200°C u n t i l  arced. They are arced u n t i l  t h e  
sample i s  t o t a l l y  consumed (70 sec), us ing  a c u r r e n t  o f  15 A dc, The 
concent ra t ion  o f  each element i s  read from t h e  photographed spectra by 
v i s u a l  comparison t o  standards prepared by g r i n d i n g  oxides o f  t h e  
des i red  elements i n t o  a m a t r i x  o f  60% Si02, 15% A1203, 10% Fe203, 10% 
CaO, 2% Na2C03, 2% K2C03, and 1% MgO. 

SULFATE AN0 CHLORIDE ANALYSIS 

S u l f a t e  and c h l o r i d e  concentrat ions i n  water samples are determined 
c o l o r i m e t r i c a l l y  us ing a Technicon Autoanalyzer. Samples are  loaded 
i n t o  an automatic sample changer f o r  simultaneous analys is .  The s u l f a t e  
ana lys i s  uses the  methyl thymol b l  ue-barium c h l o r i d e  reac t ion .  A known 
q u a n t i t y  o f  barium i s  added t o  t h e  water, and excess barium reac ts  w i t h  
methyl thymol b lue  t o  form a co lo red  complex. The c h l o r i d e  ana lys is  
uses t h e  mercuric t h i o c y a n a t e - f e r r i c  n i t r a t e  reac t ion .  The ch lo r i de  
reac ts  w i t h  t h e  mercury f r e e i n g  t h e  th iocyanate i o n  which forms a 
co lo red  complex w i t h  i r on .  The i n t e n s i t y  o f  t h e  r e s u l t i n g  c o l o r  i s  
measured f o r  each procedure and compared t o  the  appropr iate c a l i b r a t i o n  
curve. The concent ra t ion  i s  determined and fac to red  t o  t h e  o r i g i n a l  
sample basis .  



CONDUCTIVITY 

The conduct iv i ty  of water samples i s  measured i n  t h e  labora tory  using a 
Ye1 low Springs Instrument Company Model 3 1  conduct iv i ty  meter. The 
r e s u l t s  a r e  repor ted  i n  pnhos/cm. 

DATA VERIFICATION 

The l a r g e  quan t i ty  of f i e l d  and labora tory  da ta  c o l l e c t e d  by t h e  NURE 
HSSR Program necess i t a t e s  t h e  use of computerized da ta  v e r i f i c a t i o n  
procedures.  In a reconnaissance program, a sample r ep resen t s  a 
r e l a t i v e l y  l a r g e  a rea  and, t h e r e f o r e ,  must properly r e f l e c t  t h e  
environment from which i t  i s  taken. Thus, i t  i s  important t h a t  e r r o r s  
a s soc ia t ed  with da ta  c o l l e c t i o n  and labora tory  analyses a r e  minimized. 
In t h e  Oak Ridge HSSR Program, a s  many a s  190,000 samples may be co l -  
l e c t e d ,  each having about 60 a s soc ia t ed  p ieces  of information. While i t  
i s  not  p r a c t i c a l  t o  have t o t a l l y  e r r o r - f r e e  da ta ,  t h e  ou t l ined  proce- 
dures do ensure high-qual i ty  da ta .  I f  t h e s e  procedures were not  per- 
formed by t h e  organiza t ion  which c o l l e c t e d  t h e  d a t a ,  many e r r o r s  would 
go undetected and suspected e r r o r s  might not  be checked. These e r r o r s  
would r e f l e c t  adversely on t h e  N U R E  Program. 

FIELD DATA VERIFICATION 

Fie ld  forms (Figure 5) a r e  completed a t  t h e  time a sample i s  c o l l e c t e d  
by t h e  procedures given i n  t h e  sec t ion  on t h e  "Fie ld  Geology Program". 
Since t h e  majori ty of t h e  f i e l d  information i s  recorded on a checkoff 
system, misrecording of f i e l d  information i s  minimized. A water- 
r e s i s t a n t  labe l  i s  a t tached  t o  t h e  f i e l d  form and t o  t h e  sample 
conta iner .  These prepr in ted  sample numbers a r e  e n t i r e l y  computer 
cont ro l led .  

Ver i f i ca t ion  of t h e  f i e l d  form information i s  performed by a computer- 
ized  system, except f o r  a general review made by geo log i s t s  when t h e  
f i e l d  forms a re  f i l l e d  o u t  i n i t i a l l y .  The information t h a t  i s  checked 
i n  boxes i s  v e r i f i e d  by a computerized system t o  ensure t h a t  acceptable  
codes have been keypunched. Map codes, c o l l e c t o r ' s  i n i t i a l s ,  su r face  
geologic codes, and producing horizon codes a r e  compared t o  master 
l i s t s .  

Samples a r e  f lagged i f  any numeric information,  such as  water  width, i s  
not  within s tandard ranges. Reasons f o r  t h e  unusual r e s u l t s  a r e  then 
inves t iga ted .  Consistency checks which compare two f i e l d s  a r e  a l s o  
performed. For example, samples a r e  flagged i f  t h e  t o t a l  and M 
a l k a l i n i t y  d i f f e r  by more than lo%,  o r  t h e  pH i s  l e s s  than 8 and t h e  P 
a l k a l i n i t y  i s  g r e a t e r  than zero. The f i n a l  check on f i e l d  conduc t iv i ty ,  
d isso lved  oxygen, water temperature,  pH, and t o t a l  a1 kal i  ni t y  t akes  
p lace  i n  t h e  p r inc ipa l  component analyses when t h e  labora tory  da ta  a r e  
v e r i f i e d .  A complete l i s t  of continuous da ta  checks i s  given i n  Table 
3. 



Table 3 

DATA VERIFICATION FOR CONTINUOUS VARIABLES 

Variable 

F ie ld  Data 

Air  Temperature 

Lati tude 

Longitude 

Stream Flow 

Stream Width 

Average Depth 

Number of Grabs 

Depth of V i s i b i l i t y  

Water Temperature 

Water Conductivity 

Discharge 

Waters Dissolved Oxygen 

Only i 
P Alkal in i ty  

M A lka l in i ty  

Total A1 kal i n i ty  

Only 

i 
Wells Depth of Producing I Horizon 

Well Depth 

Ver i f i ca t ion  

Day 5 31, 1 < Month 5 12,  76 5 Year < 85 

-15 5 Air Temp. < 40 

20 5 Lat 5 50, Within one degree of 
s tandard f o r  i t s  quadrangle 

Within two degrees of standard f o r  i t s  
quadrangle 

51 

$10 

54 

5 5 Grabs 5 20 

0 < Depth Vis. < 5 

-5 < Water Temp. < 40 

10 < Water Cond. 5 19,000 

55,000 

. S  5 Diss. Oxygen 5 14 

4 5 pH 5 11, I f  P a l k a l i n i t y  > 0 then pH 
should be < 0 o r  > 8 

0 2 P Alkal in i ty  5 100 The l a r g e r  o f  t h e  two 
20 < Alka l in i ty  5 2,000 I measurements must not 

exceed the smal ler  by 
20 5 Alka l in i ty  5 2,000 more than .1 times t h e  

I smal l e r  value. 



General ly ,  f i e l d  form e r r o r s  stem from i l l e g i b i l i t y  o f  recorded informa- 
t i o n  o r  from keypunching. Since t h e  preceding checks are  made bo th  a t  
t h e  t ime o f  data e n t r y  and p r i o r  t o  t h e  data ana lys is ,  t h e  e r r o r  r a t e  o f  
data g iven i n  repo r t s  should be minimal. 

MAP VERIFICATION 

When samples are co l l ec ted ,  t h e  sampling l o c a t i o n  w i t h  the  computer 
p r e p r i n t e d  sample numbers are  p laced on 7 1/2 and 15-min topographic 
maps. Upon completion, t h e  map i s  reviewed by geo log i s t  and then 
forwarded t o  the  d i g i t i z i n g  techn ic ian  a t  Oak Ridge. 

The i n t e r a c t i v e  Tek t ron ix  d i g i t i z i n g  system a t  Oak Ridge cons is ts  o f  a 
minicomputer w i t h  support ing pe r iphe ra l  equipment which inc ludes  an 
e l e c t r o n i c  d i g i t a l  t a b l e t  which i s  s e n s i t i v e  t o  an e l e c t r i c a l  p o i n t e r .  
The f i e l d  map i s  p laced on t h e  t a b l e t  (38 i n .  x 3 1  i n . )  and t h e  sampling 
l o c a t i o n s  touched by t h e  p o i n t e r .  Sample numbers are entered f o r  each 
sampling l oca t i on .  The average r a t e  i s  about 1 p o i n t  every 30 sec. On 
a 7 1/2-min topographic map, a sampled l o c a t i o n  i s  accurate t o  w i t h i n  
approximately 50 f t .  

A f t e r  a group o f  maps have been d i g i t i z e d ,  about 50% o f  t h e  maps a r e  
r e d i g i t i z e d  and compared t o  t h e  o r i g i n a l  r e s u l t s .  I f  e r r o r s  a re  encoun- 
tered,  t h e  e n t i r e  group o f  maps i s  r e d i g i t i z e d .  A d d i t i o n a l l y ,  v e r i f i -  
c a t i o n  o f  the  sampling l oca t i ons  i s  performed by o b t a i n i n g  computerized 
p l o t s  a t  the  same scale as t h e  topographic maps and over lay ing  t h e  
o r i g i n a l  d i g i t i z e r  map. 

LABORATORY DATA VERIFICATION 

Er ro rs  can be expected i n  processing t h e  l a r g e  volume o f  l abo ra to ry  
data. The source o f  the  e r r o r s  can stem from sample contamination, 
s e l e c t i v e  record ing  o f  sample numbers, o r  keypunching l abo ra to ry  
r e s u l t s .  While the  percentage o f  l abo ra to ry  e r ro rs  i s  smal l ,  these 
e r r o r s  can be l a r g e  i n  magnitude. The l a r g e  magnitude e r r o r s  c rea te  
f a l s e  anomalies and can s e r i o u s l y  i n t e r f e r e  w i t h  the  eva lua t ion  o f  an 
e n t i r e  data set.  Unfor tunate ly ,  i t  i s  no t  poss ib le  t o  merely examine 
t h e  anomalous samples. Background values can be important  i n  t h e  
eva lua t i on  o f  anomalous values. For example, background uranium values 
i n  a group o f  h igh  uranium values can be an i n d i c a t i o n  o f  a zone o f  
p r e c i p i t a t i o n .  

Detec t ion  o f  suspected e r r o r s  i s  automated by use o f  s t a t i s t i c a l  pro-  
cedures such as p r i n c i p a l  component ana lys is  (Kane, e t  a l ,  J u l y  1977). 
The automated p r i n c i p a l  component procedure i d e n t i f e s  e r r o r s  i n  samples 
having unusual ly h igh  o r  low values. However, t h e  main advantage i s  
t h a t  samples having two o r  more measurements t h a t  have an unusual 
r e l a t i o n s h i p  are a l so  i d e n t i f i e d .  



Variables a r e  selected for  principal component e r ror  analysis which have 
a minimum of about 70% of the data above the laboratory detection l imit .  
Values below the detection l imi t  are assumed t o  be one-half the detec- 
t ion 1 imit. To approximate normality, logarithms of the concentrations 
are  used i n  the analysis f o r  variables other than pH. 

The principal component analysis produces an ordered l i s t  of extreme 
samples using eigenvalue related s t a t i s t i c s .  The out l ie r  nature of the 
sample may be due t o  incorrect laboratory r e su l t s ,  computer processing 
e r rors ,  sample contamination, errors  in  f i e ld  measurements, or  t o  real 
geochemical anomalies observed for  t ha t  sample. Additional unusual 
samples are  ident i f ied i f  single element measurements are  outside a 
three-standard deviation confidence interval .  

The laboratory and f i e l d  data from the unusual samples ident i f ied by the 
preceding procedure are reviewed. Approximate1 y 1% of these sampl es 
which appear t o  be the most unusual are  selected for  reanalysis. These 
are  then compared and any resu l t s  which were considered t o  be i n  e r ror  
i n  the  original analysis are  corrected. A summary of the unusual 
samples and resu l t s  of the reanalysis are  given in the quadrangle 
reports. 

GEOSTATISTICS 

DATA ANALYSIS 

S ta t i s t i ca l  methodology i s  used i n  the HSSR Program for identifying 
local and regional geochemical trends which may be related t o  uranium 
provinces and d i s t r i c t s .  However, pr ior  t o  detailed interpreta t ion 
appropriate s t a t i s t i c a l  summarization of the data i s  an important f i r s t  
s tep for  any subsequent data evaluation. Since as many as  190,000 
samples are scheduled t o  be collected by U R E  Project personnel, i t  i s  
necessary t o  computerize most s t a t i s t i c a l  procedures t o  enable timely 
release of the  data. These automated procedures are developed through 
the interaction of geologists, s t a t i s t i c i a n s ,  and computer sc ien t i s t s .  
This team e f f o r t  i s  designed to  e f f ic ien t ly  produce meaningful geologic 
resu l t s  t ha t  are s t a t i s t i c a l l y  sound. 

In the analysis of any data s e t ,  i t  may be useful t o  identify the 
association between chemical parameters t o  construct geochemical models 
or  t o  associate sampling s ta t ions  t o  construct regional patterns.  
Techniques such as  correlation analysis,  factor  analysis, regression 
analysis,  and c lus te r  analysis of variables are helpful in the determi- 
nation of the relationship between chemical parameters. These analyses 
ident i fy  possible chemical associations,  which are  used t o  construct 
uranium-related geochemical models. Using the uranium-related para- 
meters and other selected variables,  i t  i s  then desirable t o  determine 
the regional patterns i n  the data. Techniques such as contour plot t ing,  
trend surface analysis and weighted sum contours are  used i n  conjunction 



w i t h  summary s t a t i s t i c s ,  histograms, and p r o b a b i l i t y  p l o t s .  F i n a l l y ,  
l o c a l  d i f f e rences  o r  pa t te rns  can be assessed by a c l u s t e r  ana lys is  o f  
s t a t i o n s  o r  by  a p r i n c i p a l  component analys is .  

A b r i e f  d e s c r i p t i o n  i s  presented o f  t h e  s t a t i s t i c a l  methods t h a t  have 
been found usefu l  i n  t h e  ana lys i s  o f  the  URE geochemical data sets. 
F igure  6 shows how these procedures r e l a t e  t o  t h e  e n t i r e  r e p o r t  pre-  
p a r a t i o n  process. 

DATA SUMMARIES 

Tabular S t a t i s t i c a l  Summary 

Tables o f  standard s t a t i s t i c a l  measures are g iven f o r  each chemical 
parameter determined i n  each sample type i n  t h e  appendixes o f  t h e  Basic  
Data Reports. The "Measurable Values" column i n  each t a b l e  r e f e r s  t o  
t h e  number o f  values above the  l abo ra to ry  l i m i t  o f  detect ion.  The 
"Below Detec t ion  L i m i t "  column r e f e r s  t o  t h e  number o f  samples w i t h  
concentrat ions below t h e  l abo ra to ry  l i m i t .  I f  t h e  chemical parameter 
was no t  measured i n  several samples, t h e  measurable values and t h e  
values below the  l abo ra to ry  de tec t i on  l i m i t  do no t  t o t a l  the  number o f  
samples. The explanat ion and use o f  t h e  summary s t a t i s t i c s  g iven w i t h i n  
t h e  t a b l e  can be obta ined from Snedecor and Cochran (1967). With t h e  
except ion o f  the  minimum, maximum, median, and mode, a l l  computations i n  
t h e  data summaries use on l y  determinat ions above the  de tec t i on  l i m i t .  

The mode o f  t h e  popu la t ion  was est imated by the  midpoint  o f  t h e  i n t e r v a l  
having t h e  greates t  number o f  observat ions. The i n t e r v a l  s i z e  was t = 
[x(0.75) - x(0.25)]/15 where x(p) i s  t h e  sample p - t h  p e r c e n t i l e .  I f  any 
concent ra t ion  was below t h e  l abo ra to ry  de tec t i on  l i m i t ,  c, t h e  i n t e r v a l  
s i z e  was t h e  maximum o f  c  and t. 

S t a t i s t i c s  computed from t h e  logar i thms o f  t h e  concentrat ions are o f t e n  
usefu l  f o r  geochemical data. The f i n a l  f o u r  columns g i ve  means and 
standard dev ia t ions  computed from the  natura l  logar i thms o f  t h e  
elemental concentrat ions. The "Mean" and "Standard Deviat ion"  use on l y  
da ta  above t h e  de tec t i on  l i m i t .  The d e l e t i o n  o f  l ess  than values i n  t h e  
computations r e s u l t s  i n  a mean t h a t  i s  too  h igh  and a standard dev ia t i on  
t h a t  i s  t oo  low r e l a t i v e  t o  t h e  o v e r a l l  popu la t ion  mean and standard 
dev ia t ion .  Also, i t i s  poss ib le  t h a t  l a r g e  erroneous values would have 
t h e  opposi te a f f e c t .  The f i n a l  two columns g i ve  robust  est imates o f  t h e  
mean and standard dev ia t i on  o f  t h e  chemical parameters. "Robust" 
imp l i es  t h a t  the  i n f l uence  o f  less- than values and unusual ly  l a r g e  
values i s  minimized. I f  the re  are  no less- than values, t h e  robust  mean 
computes t h e  mean o f  the  middle 90% o f  the  data. I f  p>5% o f  t h e  values 
are  below t h e  de tec t i on  l i m i t ,  t h e  mean o f  t h e  middle (100 - 2p)% o f  t h e  
da ta  are  used. Analogous est imates o f  t h e  standard dev ia t i on  a r e  given, 
b u t  t h e  data are assumed t o  be lognormal ly  d i s t r i b u t e d .  The es t imat ion  
procedure i s  no t  used i f  p >40% o f  t h e  data are  below t h e  de tec t i on  
l i m i t  s ince u n r e l i a b l e  est imates might  be obtained. 
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Probabi 1  i t y  and H i  stogram P l o t s  

The use o f  normal and lognormal p r o b a b i l i t y  p l o t s  i s  a  standard 
technique f o r  determin ing the  d i s t r i b u t i o n  o f  chemical concentrat ions i n  
na ture  (e.g.r, S i n c l a i r ,  1976 o r  Tennant and White, 1959). For para- 
meters o the r  than pH, t h e  lognormal p r o b a b i l i t y  p l o t  i s  presented. For 
p l o t t i n g  convenience, when t h e  sample s i z e  was greater  than 70, o n l y  40 
t o  50 p o i n t s  were p l o t t e d  from t h e  20th  t o  80 th  pe rcen t i l es .  

The histograms i d e n t i f y  t h e  concent ra t ion  range and frequency w i t h  which 
ranges o f  values occur. Combined w i t h  t h e  p r o b a b i l i t y  p l o t s ,  i t i s  pos- 
s i b l e  t o  r e l a t e  i n d i v i d u a l  values t o  t h e  sampled populat ion.  For bo th  
o f  t h e  preceding p l o t t i n g  procedures, values below t h e  lower l abo ra to ry  
de tec t i on  l i m i t  were assumed t o  be one-half  t h e  de tec t i on  l i m i t .  

P e r c e n t i l e  P l o t s  

I t  i s  poss ib le  t o  assess d i f f e rences  i n  l e v e l s  o f  elemental concentra- 
t i o n s  i n  geologic  u n i t s  by p l o t t i n g  t h e  minimum, 25th p e r c e n t i l e ,  
median, 75 th  p e r c e n t i l e ,  85 th  p e r c e n t i l e  and t h e  maximum f o r  each major 
geo log ic  u n i t .  The r e s u l t i n g  p e r c e n t i l e  p l o t s  enable t h e  eva lua t i on  o f  
anomalous concent ra t ion  l e v e l s  i n  t h e  d i f f e r e n t  geologic  u n i t s .  The 
p e r c e n t i l e  p l o t  i s  analogous t o  a  p r o b a b i l i t y  p l o t  (a1 though no rma l i t y  
o r  l ogno rma l i t y  i s  n o t  assumed), b u t  i s  more usefu l  i n  d i s p l a y i n g  a  
v i s u a l  image o f  popu la t i on  d i f fe rences.  

Two types o f  p l o t s  a re  used depending on t h e  range o f  t h e  data. The 
usual p l o t  d isp lays  i n  e n t i r e  range o f  t h e  da ta  from t h e  minimum t o  t h e  
maximum w i t h  t h e  upper p e r c e n t i l e s  l abe led  by  an angled l i n e  t o  t h e  
r i g h t  o f  t h e  cen te r l i ne .  The numerical value o f  t h e  85 th  p e r c e n t i l e  i s  
g iven w i t h  a  dash appearing on both  s ides o f  t h e  cen te r l i ne .  A few very  
l a r g e  values may make t h e  range o f  v a r i a t i o n  too  l a r g e  f o r  e f f e c t i v e  
d isp lay .  I n  these cases, t h e  da ta  are  p l o t t e d  from t h e  minimum t o  t h e  
85 th  p e r c e n t i l e .  The maximum value f o r  t h e  d isp layed geologic  u n i t s  a re  
g iven a t  the  t o p  o f  t h e  d isp lay ,  t h e  remainder o f  t h e  l a b e l l i n g  i s  t h e  
same as t h e  f i r s t  type o f  p e r c e n t i l e  p l o t .  Pe rcen t i l e  p l o t s  a re  n o t  
g iven f o r  a  geologic  code i f  the  number o f  samples w i t h  t h a t  code i s  
l ess  than f i v e ;  however, these samples are inc luded i n  t h e  p l o t  us ing  
a l l  codes. 

Contoured Canadian Symbol Maps 

Geochemical maps which use symbols t o  represent  ranges o f  concentrat ions 
are  presented pr imar i - ly  as a bas ic  summary o f  t h e  data and are  usefu l  i n  
i n d i c a t i n g  areas o f  i n t e r e s t  i n  uranium exp lo ra t i on  (Jenks, 1973). The 
Canadian Geological Survey symbol system (e.g., Hornbrook and Gare t t ,  
1976) i s  used where t h e  symbols are d i v i d e d  i n t o  two groups o f  seven and 
one a d d i t i o n a l  symbol (a shaded s t a r ,  as shown i n  Table 4). 



Table 4 

Symbol 

4- 

X 

. 

. 
0 

0 

0 
0 
0 
0 
0 
@ 
Q 

STATISTICAL DISTRIBUTION SYMBOLS AND PERCENTILE 
RANGES FOR GEOCHEMICAL PLOTS 

No. - 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

Percenti 1 e Ranqe 
c - < D.L.(~) 

D,.L. <<C - < 2.0 

2.0 < c 5 5.0 

5.0 < c 5 9.0 

9.0 < c - < 16.0 

16.0 < c - < 28.0 

28.0 < c - < 42.0 

42.0 < c - < 58.0 

58.0 < c - < 72.0 

72.0 < c - i 84.0 

84.0 < c - < 91.0 

91.0 < c < 95.0 - 

95.0 < c - < 98.0 

98.0 < c - < 99.0 

99.5 < c 

(a)~etection Limit 



The f i r s t  group of seven increase  i n  s i z e  from a small c ross  t o  a l a r g e  
open c i r c l e .  The cross  denotes samples with concent ra t ions  below t h e  
labora tory  de tec t ion  l i m i t .  In t h e  second group of seven symbols, t h e  
d o t  i n  t h e  c i r c l e  becomes progress ive ly  l a r g e r  w i t h  t h e  increase  of t h e  
concent ra t ion  range. The f i n a l  shaded s t a r  symbol denotes samples with 
concent ra t ions  appreciably above t h e  typ ica l  concentrat ion range. Thus, 
t h e  symbols increase  i n  s i z e  and/or shading a s  t h e  concent ra t ion  range 
inc reases .  

I t  i s  d e s i r a b l e  t h a t  i n t e r v a l s  a s soc ia t ed  with symbols be t h e  same over 
l a rge  a r e a s ,  regard less  of t h e  p a r t i c u l a r  da ta  s e t  being reported.  
Thus, a l l  symbols may not appear on a given map, but  over a wide geo- 
graphic a rea  t h e  e n t i r e  symbol range would be used. 

Wherever poss ib l e ,  t h e  same symbol i n t e r v a l s  a r e  used f o r  ad jacent  
quadrangles t o  a i d  comparison of  t h e  two areas .  A common symbol range 
i s  used i f  t h e  50th p e r c e n t i l e  value f o r  an element i n  t h e  new quad- 
rangle f a l l s  within t h e  7 t h ,  S th ,  o r  9 th  symbol in t e rva l  f o r  t h a t  
element i n  a previously reported adjacent  quadrangle. I f  t h e  new d a t a  
s e t  i s  not  compatible w i t h  t h e  o l d  symbol i n t e r v a l s ,  new i n t e r v a l s  a r e  
determined f o r  t h a t  element. The new symbol i n t e r v a l s  a r e  taken from 
t h e  histogram p l o t s .  The mid po in t s  of t h e  i n t e r v a l s  r ep resen t  t h e  0 .5 ,  
1 .05,  3.5, 7.0,  12 .5 ,  22, 35, 50, 65, 78, 87.5, 93, 96.5, 98.75, and 
99.5 p e r c e n t i l e  values f o r  t h a t  d a t a  s e t .  

To ano ta t e  t h e  high and low a r e a s  on t h e  Canadian symbol p l o t s ,  t h e  85th  
and t h e  15th  p e r c e n t i l e  (or  t h e  de tec t ion  l i m i t  i f  more than 15% of t h e  
da ta  a r e  below t h e  de tec t ion  l i m i t )  f o r  each parameter i s  contoured. 

The algori thm used i n  generat ing t h e  contours  involves i n t e r p o l a t i n g  t h e  
random sample po in t s  from a rec tangular  g r i d  having i n t e r v a l s  of s i z e  
equal t o  p l o t t i n g  s c a l e  t 250,000 min. The value of each g r i d  p o i n t  i s  
e s t ab l i shed  by weighting a l l  t h e  sample p o i n t s  by t h e  weighting funct ion  

where d i s  t h e  d i s t ance  between t h e  g r i d  po in t  and a sample poin t .  
Values of c = 10 mi (16 km) and p = 3 were determined t o  produce t h e  
most appropr ia te  contours.  Contour l i n e s  a r e  not given i f  a g r i d  po in t  
i s  not  wi th in  10 m i  (16 km) of a sample po in t .  For va r i ab le s  o t h e r  than 
pH, t h e  logarithm of t h e  concent ra t ion  i s  used i n  t h e  i n t e r p o l a t i o n  
computations. 

ASSOCIATION BETWEEN CHEMICAL 

Corre la t ion  

Corre la t ions  can be used t o  
two va r i ab le s .  Pearson and 

PARAMETERS 

determine t h e  degree of a s soc ia t ion  between 
Spearman c o r r e l a t i o n s  a r e  computed f o r  a l l  



p a i r s  of va r i ab le s  f o r  each individual  sample type  (Kane, e t  a l ,  1977). 
A sample i s  omitted i n  c a l c u l a t i n g  a c o r r e l a t i o n  between two va r i ab le s  
i f  e i t h e r  va r i ab le  has a concent ra t ion  below t h e  labora tory  de tec t ion  
l i m i t .  

I t  i s  of i n t e r e s t  t o  t e s t  t h e  hypothesis t h a t  t h e r e  i s  no c o r r e l a t i o n  
between two va r i ab le s .  I f  t h i s  hypothesis i s  r e j ec t ed ,  some degree of 
a s soc ia t ion  may be assumed f o r  two va r i ab le s  i n  t h e  region of sampling. 
For t h e  Pearson c o r r e l a t i o n ,  a t - s t a t i s t i c  i s  computed and t h e  s i g n i f i -  
cance ranae indica ted  (Snedecor and Cochran. 1967. Paae 184). S i a n i f i -  
cance l e v e l s  f o r  t h e  spearman c o r r e l a t i o n  a r e  cdmpu&d b y  'a 
descr ibed  i n  Zar (1972). 

A s tandard Pearson c o r r e l a t i o n  (Snedecor and Cochran, 1967, Page 172) i s  
meaningful only f o r  normally d i s t r i b u t e d  data .  Thus, logarithms of a1 1 
element concent ra t ions  a r e  taken where t h e  p robab i l i t y  p l o t s  i n d i c a t e  
t h a t  t h e  lognormal d i s t r i b u t i o n  i s  appropr ia te .  I t  i s  important t o  note 
t h a t  t h e  Pearson c o r r e l a t i o n  measures only t h e  l i n e a r  r e l a t i o n s h i p  
between t h e  va r i ab le s  and t h a t  poss ib l e  nonlinear  r e l a t ionsh ips  a r e  not  
assessed.  

The Spearman nonparametric c o r r e l a t i o n  i s  a l s o  computed (Snedecor and 
Cochran, 1967, Page 193) because t h e  normal and lognormal approximation 
may not  always be appropr ia te .  The Spearman c o r r e l a t i o n  i s  based on a 
ranking of concent ra t ions  and i s  not as  s e n s i t i v e  t o  o u t l i e r s  o r  
erroneous da ta  a s  i s  t h e  Pearson c o r r e l a t i o n .  

C lus t e r  Analysis of v a r i a b l e s  

The c l u s t e r  ana lys i s  of t h e  c o r r e l a t i o n  matr ix (Parks,  1966) provides an 
e f f i c i e n t  method t o  determine groups of co r re l a t ed  va r i ab le s .  Dendro- 
grams, such a s  Figure 7 a r e  examined i n  conjunction with t h e  c o r r e l a t i o n  
matr ix t o  determine groups of va r i ab le s  t h a t  a r e  r e l a t ed .  In genera l ,  
v a r i a b l e s  i n  d i f f e r e n t  groups a r e  not a s  highly co r re l a t ed  a s  va r i ab le s  
wi th in  t h e  same group. The c o r r e l a t i o n  matr ix should be examined 
d i r e c t l y  f o r  s i g n i f i c a n t  r e l a t i o n s h i p s  between p a i r s ,  as  we1 1 a s  whether 
t h e  c o r r e l a t i o n  i s  p o s i t i v e  o r  negative. 

The Pearson c o r r e l a t i o n s  a r e  computed a s  described i n  t h e  Corre la t ion  
sec t ion  and t h e  va r i ab le  groups a r e  formed using t h e  metr ic  one minus 
t h e  absolu te  value of t h e  c o r r e l a t i o n .  With uranium f i r s t ,  t h e  var i -  
ab le s  a r e  ordered i n  t h e  c o r r e l a t i o n  matrix according t o  t h e  indica ted  
grouping. The c o r r e l a t i o n  matr ix i s  divided by l i n e s  t o  ind ica t e  t h e  
groups. The c l u s t e r i n g  i n  no way a l t e r s  t h e  c o r r e l a t i o n s  and can be 
thought of a s  a convenient organiza t ion  of t h e  co r re l a t ions .  

Factor  Analysis 

R-mode f a c t o r  ana lys i s  i s  a means of  summarizing t h e  r e l a t ionsh ips  among 
a group of va r i ab le s  with a reduced number of new va r i ab le s  c a l l e d  
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factors  (JSreskog, e t  a l ,  1976; McCammon, 1975, Page 21; Morrison, 1967, 
Page 259). I f  the s t a t i s t i c a l  models are appropriate, the s e t  of 
factors  w i  11 provide a concise description of the i ntervariabl e struc- 
tu re  of the original variables. Each fac tor  represents some t r a i t  
common t o  those original variables t h a t  correla te  highly w i t h  the 
factor.  A factor  score i s  a real izat ion of t h i s  common t r a i t  and i s  
jus t  a l inear  combination of the original variables. 

An i t e ra ted  principal axis factor  analysis i s  performed for  a sample 
type (Barr, e t  a l ,  1976). The resul t ing matrix of loadings, correla- 
t ions  of original variables w i t h  factors ,  called the fac tor  pattern 
matrix i s  rotated using the VARIMAX method (Morrison, 1967, Page 284) 
and i s  presented i n  table  form. To t e s t  model adequacy, a residual 
matrix (Morrison, 1967, Page 271) i s  computed by subtracting the repro- 
duced correlation matrix from the observed Pearson correlation matrix. 
This aids in the f inal  model selection process. The factor  scores are 
then geographically plotted and contoured. 

ASSOCIATION BETWEEN SAMPLING STATIONS 

Weighted Sum Maps 

General regional patterns can be obscured by automatic contouring 
algorithms because of natural variations i n  s i  ngle-element concentra- 
t ions.  Combining several uranium-related elements on a contour map may 
smooth the data suf f ic ien t ly  and enable the regional patterns t o  be 
identified.  This technique d i f f e r s  from most smoothing methods i n  t h a t  
the multielement character is t ics  of a sample, rather than mathematical 
methods, are  responsible for  the smoothing. 

In forming a weighted sum of elements, i t  i s  f i r s t  necessary t o  s e l ec t  
the elements t h a t  are related t o  uranium. Additionally, a re la t ive  
importance for  each element must be assigned. To sum the uranium- 
re la ted variables,  which may have large differences in  the range of 
variation,  i t  i s  also necessary t o  standardize a l l  variables. The 
difference in scale can be adjusted by dividing each observed concen- 
t ra t ion  f o r  a variable by the in te rquar t i l e  range of the variable. The 
i nterquarti 1 e range (75th percent i le  - 25th percenti le)  was used instead 
of the standard deviation because of the large amount of l ess  than 
(censored) data typical ly  present in  geochemical studies. I f  the 25th 
percent i le  was a censored value one-half the detection l imi t  i s  used i n  
the calculations.  Robust estimates of the mean and standard deviation 
are  used when less  than 40% of the  data for  each element i s  below the 
laboratory detection l imit .  

After the standardizing constants a r e  determined, the weighted sum for  
each sample i s  computed by multiplying the concentration of an element 
by the weight used for  the  element and then dividing the interquar i le  
range for  the element. This sum i s  multiplied by a constant (e.g. ,  10 
or  100) t o  enable plot t ing numbers of the desired magnitude. Finally, 
the weighted sum numbers are plotted geographically and contoured. 



Clus te r  Analys is  o f  Sampling S ta t i ons  

The s i m i l a r i t y  i n  compositon o f  samples can be used t o  formulate a  
geochemical p a t t e r n  f o r  a  survey area. C lus ter  ana lys is  can be used i n  
geology (Parks, 1966) t o  associate s t a t i o n s  which are most s i m i l a r ,  w i t h  
respect  t o  an a r ray  o f  chemical parameters. Dendrograms, as i n  F igure  
8, can be used t o  cons t ruc t  a  sample s t a t i o n  assoc ia t ion  h ierarchy.  
Samples represent ing s t a t i o n s  which are  connected by l i n e s  on t h e  den- 
drogram can be considered associated a t  t h e  l e v e l  i n d i c a t e d  on the  
v e r t i c a l  scale. The lower t h e  l i n e  connect ing samples t h e  more c l o s e l y  
associated t h e  samples. D i v i d i n g  t h e  dendrogram i n t o  d i f f e r e n t  p a r t s  
produces a  na tu ra l  grouping o f  t h e  sampling s ta t i ons .  Each group i s  
assigned a  symbol and the  s t a t i o n s  p l o t t e d  geographical ly .  The 
r e s u l t i n g  c l u s t e r  ana lys is  p l o t  enables geographic o r  geologic  s i g n i f i -  
cance t o  be at tached t o  s t a t i o n  groupings. A d d i t i o n a l l y ,  c l u s t e r s  o f  
s t a t i o n s  can be compared w i t h  o ther  c l u s t e r s  by comparing t h e  summary 
s t a t i s t i c s  f o r  t h e  s t a t i o n  groups. 

Var iab les  i n  t h e  c l u s t e r  analyses are  weighted so t h a t  l e v e l s  o f  
importance can be assigned t o  d i f f e r e n t  var iables.  For example, i f  i t 
i s  des i red  t o  c l u s t e r  samples t h a t  have s i m i l a r  uranium concentrat ion,  
uranium would have a  h igh  weight. However, i t i s  s t i l l  poss ib le  t h a t  
samples having s i m i l a r  uranium concentrat ions cou ld  c l u s t e r  i n  d i f f e r e n t  
groups because o f  d i f fe rences i n  o the r  elements. 

For a l l  var iab les ,  a  l o g  t rans format ion  was considered i n  an at tempt t o  
make t h e  standard dev ia t i on  constant  f o r  d i f f e r e n t  concentrat ion l eve l s .  
The t rans format ion  se lec ted  and t h e  sub jec t i ve  weights appear i n  t h e  
margin o f  the  c l u s t e r  p l o t s .  A l l  c l u s t e r  analyses use e i t h e r  t h e  rank 
score me t r i c  (Bayne, e t  a l ,  1979) o r  t h e  Euclidean d is tance w i t h  t h e  
m i  nimum standard dev ia t i on  w i t h i n  t h e  c l u s t e r s  as t h e  c l u s t e r i n g  
c r i t e r i o n  (Kane, e t  a l ,  November 1977). 

REPORT PRESENTATION AND DATA RELEASE FORMAT 

The compi la t ion  o f  f i e l d  and l abo ra to ry  data o f  a  lo x 2' NTMS quad- 
rang le  i s  presented i n  t h e  form o f  a  bas i c  data repo r t ,  as requ i red  by 
DOE as soon as poss ib le  a f t e r  t h e  complet ion o f  t h e  quadrangle sampling, 
l abo ra to ry  ana lys is ,  data v e r i f i c a t i o n ,  and data summarization. 

REPORT REQUIREMENTS 

W i t h i n  t h e  Basic Data Report, t h e  fo l l ow ing  major sect ions are  requi red:  

1. Geology - A sec t i on  desc r ib ing  t h e  geology o f  the  area, w i t h  
emphasis on i t s  r e l a t i o n  t o  known o r  poss ib le  uranium occurrences. 

2. Sample C o l l e c t i o n  - A sec t i on  which gives t h e  t ime the  samples were 
c o l l e c t e d  and analyzed. This  sec t i on  a lso  conta ins a  d e s c r i p t i o n  
o f  major sources o f  contaminat ion w i t h i n  the  quadrangle. 



Figure 8 

DENDROGRAM OF SAMPLE CLUSTERS FOR GROUNDWATER SAMPLES 
USING A NATURAL FACTORS MODEL 



Chemical Analys is  - A sec t ion  which gives a  general d e s c r i p t i o n  o f  
sample prepara t ion  f o r  chemical ana lys is .  Th is  sec t ion  prov ides a  
reference f o r  t h e  a n a l y t i c a l  procedures used. 

Q u a l i t y  Contro l  - A sec t i on  desc r ib ing  t h e  use o f  c a l i b r a t i o n  
con t ro l ,  and check samples t o  check t h e  accuracy and p r e c i s i o n  o f  
analyses. Also inc luded i s  a  d e s c r i p t i o n  o f  t h e  p r i n c i p a l  compo- 
nent  e r r o r  ana lys is ,  which i d e n t i f i e s  t h e  samples w i t h  t h e  most 
unusual s e t  o f  chemical data which are  submitted f o r  reana lys i s  as 
a  check aga ins t  poss ib le  a n a l y t i c a l  e r ro r .  

Geochemical Results - A sec t i on  summarizing t h e  geochemical 
r e s u l t s ,  w i t h  areas o f  known o r  p o t e n t i a l  uranium occurrences 
po in ted  out. Uranium and c o n d u c t i v i t y  are requ i red  t o  be discussed 
f o r  water samples and uranium and thor ium are  requ i red  f o r  stream 
sediments. Geographic p l o t s  o f  these va r iab les  p l u s  a  s i t e  
l o c a t i o n  map o f  each sample type and a  geologic  map i s  inc luded as 
p la tes  a t  1:250,000 scale. 

Appendixes - Groundwater and stream sediment data are presented i n  
Appendixes A and B, respect ive ly .  A m ic ro f i che  o f  a l l  f i e l d  and 
l abo ra to ry  data i s  inc luded i n  Appendix C. 

ADDITIONAL INFORMATION 

Data f o r  var iab les ,  o ther  than those requi red,  may be inc luded i n  t h e  
geochemical r e s u l t s  sec t i on  i f  one o f  t h e  f o l l o w i n g  two c r i t e r i a  are 
met: 

1. There i s  a  known o r  observed r e l a t i o n  between the  v a r i a b l e  and t h e  
d i s t r i b u t i o n  o f  uranium i n  t h e  quadrangle o r  i n  s i m i l a r  geologic  
environments elsewhere. 

2. I f  the s t a t i s t i c a l  c o r r e l a t i o n  t a b l e  i nd i ca tes  a  s i g n i f i c a n t  cor- 
r e l a t i o n  c o e f f i c i e n t  between uranium and the  var iables.  

P r o b a b i l i t y ,  frequency, and p e r c e n t i l e  p l o t s  a long w i t h  geochemical 
d i s t r i b u t i o n  maps ( a t  t h e  scale 1:1,000,000) and a  p a r t i a l  data l i s t i n g  
f o r  se lected va r iab les  are  inc luded i n  t h e  appendixes f o r  a l l  va r i ab les  
discussed. 

COMPUTER TAPE FORMAT FOR DATA RELEASE 

The ORGDP URE P ro jec t  record  i s  normal ly processed as a  v a r i a b l e  l eng th  
record  w i t h  a  m ix tu re  of character ,  b inary ,  and f l o a t i n g  p o i n t  data. 
However, f o r  ease o f  processing by o the r  i n s t a l l a t i o n s ,  an a l t e r n a t e  
format i s  used f o r  t h e  data tapes which are  re leased by the  URE Pro jec t .  
The data on the  tape i s  arranged i n  a  sequent ia l  f i l e  cons i s t i ng  o f  
2,668-byte f i xed - leng th  records ordered by a  s i x - d i g i t  sample number. 
The f i r s t  record on t h e  f i l e  i s  an i d e n t i f i c a t i o n  record  which conta ins 



approximately 70 characters of bibliographic information describing the 
quadrangle being reported. This identification record is the same 
length as all other in the file and is provided for identification. 
Each additional record corresponds to a geochemical sample and contains 
field and laboratory data arranged in a fixed-length header section 
followed by fixed-length segments. The header portion (526 bytes) of 
the record contains general field site information for each sample type 
followed by selected laboratory analytical results. Indicators in 
Positions 495 to 526 of the header segment indicate the presence or 
absence of data within the fixed length segments. These additional 
segments of the record contain general water field data, well water 
field data, botanical field data, multielement laboratory analysis, 
field analysis data, or comments, depending on the sample type described 
in the header section. 

A brief description of each data element within a sample record i s  
presented in Table 5. Included are the specific data elements and 
standard variable codes, the field format, and the relative location of 
data within the record. The field form shown in Figure 5 identifies the 
field data codes appearing in a record. For field measurements, missing 
values will be indicated by a -1. Specific procedures, which may be 
used to determine geochemical measurements reported for a sample, are 
listed in Table 6. For these measurements, missing values are stored as 
-99999. The IBM-created tape specifications are: 9 Track, LABEL= 
(l,SL), DEN=800 BPI, DCB=(RECFM=FB, LRECL=2668,BLKSIZE=5336), EBCDIC 
characters on tape - (no binary or floating point data). 



Table 5 

LOCATION OF DATA ELEMENTS WITHIN A SAMPLE RECORD FOR 
URANIUM RESOURCE EVALUATION PROJECT GEOCHEMICAL SAMPLES 

Variable 
Data Description Code 

FIXED HEADER INFORMATION - LENGTH 526 BYTES 

I .  Sample Number S-N 
2. Record Length Counter 

3. Map Code: 1:258,000 MAP 

4. Si te :  Unique within Map Code SITE 

5. F i l l  Area 

6. Replicate Number REP 

4. I n i t i a l s  of Sampler COLL 

8. Sample Phase PHAS 

9& Type of Qual i ty  Control Sample CONT 

10. Sample Type TYPE 
11. Geologic U n i t  Code a t  S i t e  S-GC 

12. Contaminants a t  S i t e  CAMT 

13. Dominant Bed Material a t  S i t e  BED 
14. Sample Color SC 

15. Type Vegetation a t  S i t e  TV EG 

16. Density of Vegetation a t  S i t e  DVEG 

17. Local Relief a t  S i t e  RELF 

18. Weather Conditions WIND/SKY 

19. Water Level a t  S i t e  SLVL 

20. Flag t o  Indicate i f  Analytical 
Results a r e  Requested by Landowner 

21. Sample Odor ODOR 
22. F i l l e r  Area 

23. Hour Sample Taken HOUR 

24. Date Sample Taken (Stored a s  YYMMDD) YEAR/ 
MONIDAY 

Field  
Format 

Relative 
Posi t ion 

( a ) ~ ( n )  denotes an alphanumeric s t r i n g  of length n. 



Table 5, Continued 

LOCATION OF DATA ELEMENTS WITHIN A SAMPLE RECORD FOR 
URANIUM RESOURCE EVALUATION PROJECT GEOCHEMICAL SAMPLES 

Variable 
Data Description Code 

25. Air Temperature a t  S i te  (Centi- ATEM 
grade) 

26. Latitude of S i t e  (Stored as LAT 
fractional degrees) 

27. Longitude of Si te  (Stored as LONG 
fractional degrees) 

28. Stream Flow a t  S i te  (-l=stagnant) FLOW 
29. Stream Width a t  S i t e  WIDE 
30. Stream Depth a t  S i t e  S-DP 
31. Arsenic & Selenium Lab Batch ETAS 

Number: 
32. Sulfate & Chloride Lab Batch BTSC 

Number: 
33. Lab Procedure Number fo r  

Selected Measurements 
Current Lab Procedures: 

01 Uranium by Mass Spectro- U-MS 
metry 

02 Uranium by Fluorescence U-FL 
05 Uranium by Neutron Acti- U-NT 

vation 
10 Orthophosphate OPO 

11 Nitrate NO3 

12 Tin SN-A 
13 Mercury HG 
14 Helium/Neon Ratio H/N 
15 Radon RN 

34. Lab Batch Number fo r  Selected 
Eleasurements 

35. Selected Element Concentration 

Field 
Format 

+XXXXX.XXX - 

+XXXXX.XXX - 
+XXXXX.XXX - 
+XXXXX. XXX - 

X(5) 

X(5) 

+XXXXX. XXX - 

Relative 
Position 



Table 5, Continued 

LOCATION OF DATA ELEMENTS WITHIN A SAMPLE RECORD FOR 
URANIUM RESOURCE EVALUATION PROJECT GEOCHEMICAL SAMPLES 

Variable Field Relative 
Data Description Code Format Position 

The preceding three data elements 
repeat 13 more times (next 221 
bytes) 
F i l l  Area 
Alternate Sample ID 

Stream Order Number 
Basfn Identification 

Chloride Concentration 
Sulfate Concentration 
Laboratory Conductivity 
Arsenic Concentration 

Selenium Concentration 

Lake Area 
Type of Lake 

Sediment Condition 

Sediment Treatment 

F1'11 Area 
Number of Grabs t o  Collect Sediment 
Sample 
F i l l e r  
X Organic Material 
F i l l  Area 

Basin Centroid Latitude (Stored as 
fractional degrees) 

Basin Centroid Longitude (Stored as 
fractional degrees) 

ASID 

STOR 
BNID 

CL 
SO4 
CT- L 
AS 

SE 

AREA 
TLAK 

COND 

STRT 

GRAB 

ORGA 

CLAT 

CLON 



Table 5, Continued 

LOCATION OF DATA ELEMENTS WITHIN A SAMPLE RECORD FOR 
URANIUM RESOURCE EVALUATION PROJECT GEOCHEMICAL SAMPLES 

Variable F ie ld  Relat ive 
Data Description Code Format Posit ion 

The following 7 count f i e l ds  indicate the presence (>O) or  absence (=O) o f  
data f o r  the segment. I f  the count i s  0, the segment which normally 
contains the data w i l l  contain blanks. 

95. General Water Count: x(4) 495-498 

96. Well Water Count: x(4) 499-502 

97. Botanical Count: x(4) 503-506 

98. Extra Multielement Analysis Count: x(4) 507-510 

99. Multielement Count: x(4) 511-514 

100. F ie l d  Analysis Count: x(4) 515-518 

101. F i l l e r  Area x(4) 519-522 

102. Comment Count: x(4) 523-526 

GENERAL HATER SEGMENT - LENGTH 112 BYTES 

Treatment o f  Water Samples 
Appearance o f  Water 

F i l l e r  

Depth o f  V i s i b i l i t y  (-1-Clear) 

Water Temperature 

Ph Measured by a Meter 

Ph Measured by Lo-Ion Paper 

F ie l d  Conductivity 

Discharge Rate o f  Water 

Total '~l k a l i n i t y  

P A l ka l i n i t y  
M A l ka l i n i t y  

Geologic U n i t  Code o f  Producing 
Horizon 

WTRT 

APPR 

VISB 

WTEM 

PH 

LIP 
CT- F 

DISC 

T-AK 

P-AK 

M- AK 
P-GC 

X(1 

X(1) 

X(2) 
+XXXXX. XXX - 
+XXXXX. XXX - 
+XXXXX.XXX - 
+XXXXX. XXX - 
+XXXXX. XXX - 
+XXXXX.XXX - 
+XXXXX. XXX - 
+XXXXX.XXX - 
+XXXXX. XXX - 

X(4) 



Table 5, Continued 

LOCATION OF DATA ELEMENTS WITHIN A SAMPLE RECORD FOR 
URANIUM RESOURCE EVALUATION PROJECT GEOCHEMICAL SAMPLES 

Data Descr ipt ion 

116. Confidence o f  Un i t  Code 

117. Source o f  U n i t  Code 

118. F i l l  Area 

119. Dissolved Oxygen (-l=no reading) 

WELL WATER SEGMENT - LENGTH 42 BYTES 

120. Type o f  klell 

1 2  Well Power C lass i f i ca t i on  

122. Well Casing 

123. Well Pipe Composition 

124. Well Sample Location w i t h  Respect 
t o  Pressure Tank 

125. Use o f  Well 

126. Frequence o f  Use 

127. F i  11 Area 

Variable 
Code 

CPGC 

SPGC 

TWEL 

PCLS 

CASE 

PIPE 

PRT 

WUSE 

PUMP 

F i e l d  
Format 

X(1  1 
X(1) 
X(2) 

+XXXXX.XXX - 

Relat ive 
Pos i t i on  

625 

626 

627-628 

629-638 

128. Meters from Well Head Where Sample WLOC - +XXXXX. XXX 647-656 
Taken 

129. Depth o f  Well Producing Horizon 

130. Confidence o f  Depth 

131. Source o f  Depth 

132. Confidence Well Depth 

133. Source Well Depth 

134. We11 Depth 

BOTANICAL SEGMENT - LENGTH 36 BYTES 

135. Number o f  Plants Sampled 

136. Type Deciduous Tree 

137. Type Conifer 

D-P 

CD-P 

SD-P 

CWDP 

SWDP 

W-DP 

NP 

DECD 

CONF 



Table 5, Continued 

LOCATION OF DATA ELEMENTS WITHIN A SAMPLE RECORD FOR 
URANIUM RESOURCE EVALUATION PROJECT GEOCHEI4ICAL SAMPLES 

Variable 
Data Descr ipt ion Code 

138. Type Bush BUSH 

139. Type Moss MOSS 

140. Type Algae ALGE 

141. F i l l  Area 

142. Trunk Diameter TDIA 

143. P lan t  Height  HITE 
EXTRA MULTIELEMENT SEGMENT - LENGTH 297 BYTES 

144. Date o f  Analysis (YYMMDD) 

145. Procedure Used (Procedure 03 on ly)  

146. Batch # Lab Used 

147. Mult ie lement Concentrations: ( in 
the  order: AG, AL, B, BA, BE, CA, 
CO, CR, CU, FE, LI, MG, MN, MO, NA, 
NB, NI, P, PB. PT, SC, TH, TI. U, 
V, Y, ZN, ZR) 

148. F i l l  Area 
MULTIELEMENT SEGMENT - LENGTH 517 BYTES 

149. Number o f  Elements Measured 

150. F i l l  Area 

151. Date Mult ielement Spectrographic DAY L 
Work Received from Lab (Stored as 
YYMMDD) 

152. Lab Procedure Used t o  Obtain 
Mu1 t i e 1  ement Analysis (Procedure 08) 

153. Lab Batch Number f o r  Mu l t i -  B ATC 
element Measurements 

F i e l d  
Format 

X(1 )  

X(1)  

X(1) 
X(9) 

+XXXXX.XXX - 
+XXXXX. XXX - 

Re la t i ve  
Pos i t i on  



Table 5, Continued 

LOCATION OF DATA ELEMENTS WITHIN A SAMPLE RECORD FOR 
URANIUM RESOURCE EVALUATION PROJECT GEOCHEMICAL SAMPLES 

Variable Field Re1 a t i  ve 
Data Description Code Format Position 

154. Multielement Concentrations i n  ~O(+XXXXX.XXX) 1031 -1 530 
order: AG, AL, B. BA, BE, CA, CO, 
CR, CU, FE, LI, MG, MN, MO, NA, NB, 
WI, P, PB, PT, SC, TH, TI,  U, V, Y,  
ZN, ZR, K, SR, ST, SN, CE, HF, LA. 
W negative value for an element 
(other than -99999) 3 ndi cates that  
the concentration was below level 
of detection. 

FIELD ANALYSIS SEGMENT 

155. Number of Fields fo r  this segment 

156. Measurement Procedure Number 

Presently, the f ie ld  analysis lab 

procedures are: 

31 Total Gamma-Scintillometer 

32 Gamma Spectrometer (Total 
Counts, e Potassium, 
Potassium, e Uranium, 
Uranium, e Thorium, Thorium) 

Total Counts 

e Potassium 

Potassi um 

e Uranium 

Uranium 

e Thorium 

Thorium 

- 34 Uranium 

- 35 Fluoride 

- 36 Nitrate 

- 37 Sulphate 

QTOT 
EK 

CP K 

EU 
CPU 

ETH 

CPTH 
FU 

FFL 
FN03 

FS04 



Table 5, Continued 

LOCATION OF DATA ELEMENTS WITHIN A SAMPLE RECORD FOR 
URANIUM RESOURCE EVALUATION PROJECT GEOCHEMICAL SAMPLES 

variable Field Relative 
Data Description Code Format Position 

38 Phosphate FPO 
39 Ferrous Iron FFE2 

40 Total Iron FFET 
41 Turbidity TURB 

157. Count of Elements Analyzed by 
this Procedure 

158. f i e ld  Elements 

159-173. The preceding three data 
elements may repeat up to  five 
more times (next 420 bytes) 
depending on the count of the 
to ta l  number of f ie lds  present. 

COMMENT SEGMENT 

174. Comment (Comments are l e f t  COMM 
jus t i f ied  and padded on the 
r igh t  with blanks) 



Table 6 

QUANTITATIVE MEASUREMENTS ASSOCIATED WITH ORGDP SAMPLE 

Procedure 
Number 

01 
02 

03 

04 
05 

06 
07 
08 

10 
11 
12 
93 

14 
15 

31 
32 

34 
35 

36 
37 
38 

39 
40 
41 

Data Description 

Uranium by Mass Spectrometry 
Uranium by Fluorescence 
Multielement Measurements by DC Arc Source 
Spectrography (Ag, Al, B, Ba, Be, Ca, Co, 
Cr, Cu, Fe, C i ,  My, Mn, Mo, Na, Nb, Ni, P, 
Pb, Pt, Sc,Th,Ti, U, V,  Y, Zn, Zr) 
Arseni c/Selenium 
Uranium by Neutron Activation 
SulfatelChloride 
Laboratory Conductivity 
Multielement Measurements by Inductively 
Coupled Plasma Source Spectrography (Ag, 
Al. B. Ba. Be. Ca, Co. Cr, Cu, Fe, Li, . . 
Mg,Mn, MO, ~ a ,  ~ 6 ,  N;, P; Pb; Pt: SC, 
Th, Ti, U, V, Y, Zn, Zr, K, Sr, Si, Sn, 
Ce, Hf, La) 
Orthophosphate 
Nitrate 
Tin (SN-A) by Atomic Absorption 
Mercury (HG) by Atomic Absorption 
He1 i um/Neon Rati o 

Radon 
Total Gamma Measured in the Field 
Field Gamma Spectrometer Measurements 
(Total Counts, e Potassi um, Potassium, 
e Uranium, Uranium, e Thorium, Thorium) 
Uranium Measured in the Field 
Fluoride ~easured in the Field 
Nitrate Measured in the Field 
Sulfate Measured in the Field 
Phosphate Measured in the Field 
Ferrous Iron Measured in the Field 
Total Iron Measured in the Field 
Turbidity Measured in the Field 

Location i n  
Computer Record 

129- 366 
129- 366 
730-1009 
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