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ABSTRACT 

The e a r l y  i d e n t i f i c a t i o n  o f  water  resource problems r e l a t e d  t o  

m in ing  a c t i v i t i e s  i n  a l a r g e l y  unmined area i s  necessary f o r  resource 

development balanced w i t h  env l ronmenta l  management. The Western Phosphate 

F i e l d ,  most o f  which i s  l o c a t e d  i n  southeastern Idaho, o f f e r s  an oppor- 

t u n i t y  f o r  e f f e c t i v e  c o n f l i c t  i d e n t i f i c a t i o n  and f o r  problem r e s o l u t i o n  

p r i o r  t o  ex tens i ve  m in ing  developments. The genera l  o b j e c t i v e  o f  t h i s  s tudy  

was t o  analyze water  resource impacts f rom the  i n t e r a c t i o n  o f  h y d r o l o g i c  

and m in ing  v a r i a b l e s  w i t h i n  t he  Western Phosphate F i e l d .  One of t h e  

ou tpu t s  o f  t h e  s tudy  i s  a model which may be used t o  p r e d i c t  water  resource 

impacts based upon key m in ing  and hyd ro log i c  v a r i a b l e s .  T h i s  r e p o r t  

summarizes t h e  r e s u l t s  presented i n  f o u r  theses and one d i s s e r t a t i o n  by 

graduate s tuden ts  o f  t h e  Co l lege  o f  Mines and E a r t h  Resources and t h e  

Col lege o f  Engineer ing a t  t h e  U n i v e r s i t y  o f  Idaho. 

The wate r  resource systems i n  t h e  Western Phosphate F i e l d  a r e  t h e  

r e s u l t  o f  t h e  i n t e r a c t i o n  o f  a number o f  environmental  f a c t o r s .  These 

may be c l a s s i f i e d  under t he  f o l l o w i n g  genera l  headings: geo log i c ,  topo-  

g raph ic ,  hyd ro log i c ,  c l i m a t i c ,  chemical and b i o t i c  f a c t o r s .  The m i n i n g  

a c t i v i t i e s  which have t h e  l a r g e s t  p o t e n t i a l  t o  a f f e c t  water  resource sys- 

tems a re  t h e  development o f  open p i t s  and waste p i l e s .  P r e d i c t i o n  o f  

water  resource impacts on and f rom m in ing  can o n l y  be accomplished i f  i t  

i s  known how changes i n  env l ronmenta l  c o n d i t i o n s  a f f e c t  f l o w  systems, 

because m in ing  n e c e s s a r i l y  a l t e r s  t he  environment o f  a mine s i t e .  

Past hydrogeolog ic  research  e f f o r t s  have i n d i c a t e d  t h a t  a r eg iona l  

p a t t e r n  o f  ground water  f l o w  e x i s t s  i n  t h e  "phosphate sequence" o f  geo log i c  

u n i t s  (Dinwoody, Phosphoria and We1 1s fo rmat ions) .  T h i s  hypo thes is  o f  



r e g i o n a l  f l o w  c o n t i n u i t y  was examined th rough a  s tudy  o f  stream ga ins  

and l osses  and t h e  l o c a t i o n s  of  sp r ings .  The s tudy  conf i rn ied t h a t  t h e  

f o l l o w i n g  p a t t e r n  o f  hydrogeolog ic  c h a r a c t e r i s t i c s  occurs th roughout  t h e  

Idaho phosphate area:  t h e  Dinwoody and Thaynes f o rma t i ons  suppor t  ground 

wate r  f l o w  systems, none of t h e  members o f  t h e  Phosphoria formation sup- 

p o r t  s i g n i f i c a n t  ground water  f l ow ,  and t he  Wel ls  f o rma t i on  has s u f f i c i e n t  

h y d r a u l i c  c o n d u c t i v i t y  t o  suppor t  ma jo r  ground water  f l o w  systems. 

D e t a i l e d  s t u d i e s  of two mine areas were conducted t o  o b t a i n  add i -  

t i o n a l  hydrogeolog ic  i n s i g h t  on f low p a t t e r n s  I n  t h e  "phosphate sequence" 

o f  geo log i c  u n i t s .  The Gay Mine of 3 .R. S imp lo t  i s  l o c a t e d  I n  a  complex ly  

f a u l t e d  and f o l d e d  area n o r t h  and west o f  most o f  t h e  e x i s t i n g  phosphate 

development. The s tudy  of t h i s  mine p rov ides  i n f o r m a t i o n  on a  complex 

s t r u c t u r a l  s e t t i n g  p l u s  e x i s t i n g  p i t  dewater ing problems. The n o r t h e r n  

c o n t i n u a t i o n  o f  Monsanto Company's Henry mine extends across a  p o r t i o n  

o f  t h e  v a l l e y  o f  t h e  L i t t l e  B lack foo t  R i ve r  t h a t  i s  u n d e r l a i n  by a  con- 

s i d e r a b l e  t h i ckness  o f  b a s a l t .  The format ional  p a t t e r n  o f  h y d r a u l i c  con- 

d u c t i v i t y  found th roughout  t h e  r e g i o n  was common t o  t h e  "phosphate seqc 

uence" i n  b o t h  mine areas. However, t h e  f l o w  systems a t  t h e  Gay Mine 

a r e  dominan t l y  c o n t r o l l e d  by a  p a t t e r n  o f  f o l d i n g  and f a u l t i n g  t h a t  

causes a  b l ock  o f  We l l s  f o rma t i on  t o  be h y d r o l o g i c a l l y  i s o l a t e d .  Ground 

wate r  l e v e l s  i n  t h i s  b l o c k  p rov ide  a  lower  l i m i t  t o  m in ing  w i t h o u t  a  

s i g n i f i c a n t  dewater ing program. Only d iscon t inuous  ground water  f l o w  

systems occur  i n  t h e  o v e r l y i n g  Dinwoody and Thaynes fo rmat ions .  

Ground wate r  i n  t h e  b a s a l t  i s  t h e  most impo r tan t  o f  t h e  t h r e e  f l o w  

systems i d e n t i f i e d  a t  t h e  No r th  Henry Mine s i t e .  The L i t t l e  B lack foo t  

R i v e r  l oses  f l o w  i n t o  t h e  b a s a l t  th rough  what i s  be l i eved  t o  be a  

x i i i  



p a r t i a l l y  co l l apsed  l a v a  tube.  Water l e v e l  records  show t h a t  t h e  b a s a l t  

a q u i f e r  i s  h y d r o l o g i c a l l y  connected w i t h  h i g h e r  h y d r a u l i c  c o n d u c t i v i t y  

zones i n  t h e  Rex Chert  Member o f  t h e  Phosphoria f o rma t i on .  However, t he  

t o t a l  volume o f  water  moving f rom t h e  b a s a l t  i n t o  t h e  Phosphoria fo rmat ion  

i s  be l i eved  t o  be sma l l .  

A l i m i t e d  s tudy  o f  phosphate waste p i l e s  showed t h a t  chemical 

l each ing  and assoc ia ted  a c i d  p roduc t i on  i s  n o t  a  problem. The pH of 

leacha te  was above 7 because o f  t h e  h i g h  carbonate con ten t  o f  t h e  u n l t s  

d i s t u r b e d  by min ing .  

T h e o r e t i c a l  p a t t e r n s  o f  ground water  f l o w  were u t i l i z e d  i n  t h e  

f o r m u l a t i o n  o f  conceptual  models of wa te r  resource systems f o r  t h e  

southeastern Idaho phosphate f i e l d .  The r e g i o n a l  c o n t i n u i t y  o f  h y d r a u l i c  

c o n d u c t i v i t y  d i s t r i b u t i o n  between fo rmat ions  o f  t h e  "phosphate sequence" 

was a l s o  used as a  bas i s  f o r  t h e  models. P o t e n t i a l  mine s i t e s  were 

c l a s s i f i e d  based upon t h e  d i p  o f  t h e  u n i t s  w i t h  r espec t  t o  topography, 

t h e  topographic  p a t t e r n  and l o c a t i o n  o f  t h e  mine s i t e s  and t he  o r i e n t a -  

t i o n  o f  s i t e s  w i t h  respec t  t o  p r e v a i l i n g  s torm p a t t e r n s  and assoc ia ted  

snow accumulat ion.  For  example, a  mine t h a t  i s  l o c a t e d  on a  no r theas t  

f a c i n g  s lope  near  t h e  t o p  o f  a  smooth r i d g e  where t h e  d i p  o f  t h e  u n i t s  

i s  p a r a l l e l  t o  s l ope  w i l l  have a  d i f f e r e n t  p a t t e r n  o f  ground water  f l o w  

than a  s i t e  near  t h e  bot tom o f  a  southwest f a c i n g  broken r l d g e  where t h e  

u n i t s  d i p  c o n t r a r y  t o  s lope.  The models t h a t  have been cons t ruc ted  may 

be used t o  eva lua te  b o t h  t h e  m in ing  impacts on t h e  water  resource systems 

and t he  h y d r o l o g i c  l i m i t a t i o n s  t o  m in ing .  The d e l i n e a t i o n  o f  impacts i s  

based on t h e  s i z e  and types o f  f l o w  systems which occur  a t  t h e  mine s i t e .  

A wa te r  qua1 i t y  model o f  t h e  upper B lack foo t  R i v e r  bas in  was 



cons t ruc ted  t o  p rov ide  a  bas is  f o r  t h e  p r o j e c t i o n  o f  stream water q u a l i t y  

impacts from var ious  l e v e l s  of m in ing  a c t i v i t i e s .  The steady s t a t e  

model i s  operated by i n p u t t i n g  t h e  poss- ib le  waste loads  and s i m u l a t i n g  

t h e  downstream e f fec t s .  



CHAPTER I 

INTRODUCTION 

Statement o f  t h e  Problem -- 

The e a r l y  i d e n t i f i c a t i o n  o f  water  resource problems re1  a ted  t o  

min ing  a c t i v i t i e s  i n  a  l a r g e l y  unmlned area i s  necessary f o r  e f f e c t i v e  

resource development balanced w i t h  conserva t ion  management, The Western 

Phosphate F i e l d ,  85 percent  o f  which i s  l oca ted  i n  t he  southeastern 

Idaho area, o f f e r s  an oppo r tun i t y  f o r  e f f e c t i v e  c o n f l i c t  i d e n t i f i c a t i o n  

and f o r  problem r e s o l u t i o n  p r i o r  t o  ex tens lve  mlne developments 

( f i g u r e  1-1).  The hydro log ic  and min ing  r e l a t e d  v a r i a b l e s  must be iden-  

t i f i e d  and t h e i r  i n t e r a c t i o n  evaluated i n  a  systemat ic  manner f o r  problem 

i d e n t i f l c a t i o n ,  The p resen ta t i on  o f  v a r i a b l e  i n t e r a c t i o n  i n  a  model 

format permi ts  use fu l  a p p l i c a t i o n s  by a d m i n i s t r a t i v e  and r e g u l a t o r y  per-  

sonnel. The importance o f  t he  Western Phosphate F i e l d  i n  Idaho, Utah, 

Wyoming, and Montana, i n  terms o f  n a t i o n a l  needs f o r  phosphate f e r t i l  i z e r  

and o the r  phosphate u t i l  i z a t i o n  , underscores the s i g n i f i c a n c e  o f  the  

pro to type hydro log ic  research i n  t h i s  area. 

Regional i zed  minera l  resource development, such as the  phosphate 

area o f  eas tern  Idaho, occur w i t h i n  a  geo log ic  framework t h a t  has reg lon-  

a l l y  common c h a r a c t e r i s t i c s .  As a  r e s u l t ,  ground water f l o w  charac ter -  

i s t i c s  a1 so have r e g i o n a l l y  common c h a r a c t e r i s t l c s .  The a n a l y s i s  o f  t h e  

hydro log ic  v a r i a b l e s  o f  reg iona l  ground water f l o w  i n  the  phosphate 

min ing area as r e l a t e d  t o  min ing a c t i v i t i e s  serves as a  p ro to t ype  f o r  

s i m i l a r  i n v e s t i g a t i o n s  i n  o the r  reg ions .  

Th is  research i s  the  out-growth o f  a  number o f  events t h a t  occurred 



PHOSPHORIA FORMATION OUTCROP 

F i g u r e  1-1. Loca t i on  of  Phosphoria Format ion ou tc rops  i n  t h e  sou theas te rn  
Idaho phosphate f i e l d  ( a f t e r  Ral s ton,  e t  a1 . , 1977). 



both  w i t h i n  t he  Sta te  o f  Idaho and across the  n a t i o n  i n  t he  e a r l y  1970's.  

The increased need f o r  p a r t i c u l a r  minera ls  and t h e  associated increase 

push f o r  mineral  resource development gene ra l l y  c o n f l i c t e d  w i t h  an i n -  

creased awareness o f  t h e  need f o r  environmental p r o t e c t i o n  du r i ng  minera l  

resource development. The assessment procedure known as the  Environmental 

Impact Statement grew i n t o  f u l l  bloom i n  t h e  1970's.  An example o f  t h i s  

was t h e  environmental impact statement e n t i t l e d  "Development o f  Phosphate 

Resources i n  Southeastern Idaho" publ ished i n  1977. One o f  t he  main 

c r i t i c i s m s  o f  t h i s  statement was the  l a c k  o f  a  sound understanding o f  

t h e  i n t e r a c t i o n  o f  hydro log ic  and min ing  v a r i a b l e s  upon which t o  base an 

assessment o f  p o t e n t i a l  impacts. A t  t he  same t ime,  a  U n i v e r s i t y  o f  Idaho 

study o f  ground water f low systems i n  t h e  phosphate area supported by the  

U.S.D.A. Fores t  Serv ice de l i nea ted  a  complex p a t t e r n  o f  ground water-sur-  

face  water systems i n  the  areas t o  be mined. The Fores t  Serv ice supported 

research, conducted from 1974-1 977, resu l  t ed  i n  t he  c o l l  e c t i o n  o f  water 

resource data a t  several  p o t e n t i a l  mine s i t e s .  P re l  im ina ry  hypotheses of 

reg iona l  pa t te rns  o f  ground water-sur face water f l o w  systems were form- 

u l a t e d  as a  p a r t  o f  t h i s  study. Numerous research c o n s t r a i n t s ,  however, 

prevented the  t e s t i n g  o f  these hypotheses o r  t he  fo rmu la t i on  o f  a  model 

o f  v a r i a b l  e  i n t e r a c t i o n  t h a t  would be understandable t o  1  ay and techn ica l  

people a1 i ke. The s t rong  pub1 i c  i n t e r e s t  i n  the  Western Phosphate F i e l d  

and i n  t he  r e g i o n a l i z e d  ana l ys i s  o f  hydro log ic  and min ing v a r i a b l e s  

r e s u l t e d  i n  t he  fund ing  of t h i s  p r o j e c t  by O.W.R.T. under T i t l e  I 1  i n  1976. 

Purpose - and Objec t i ves  

The general o b j e c t i v e  o f  t h i s  research was t o  fo rmula te  a  management 



a n a l y s i s  o f  water  resource  impacts f rom t h e  i n t e r a c t i o n  o f  key h y d r o l o g i c  

and m in ing  v a r i a b l e s  w i t h i n  t h e  Western Phosphate F i e l d .  S p e c i f i c  ob jec -  

t i v e s  a r e  noted be1 ow. 

1  . To de l  i n e a t e  t h e  c l  imato l  o g i c a l  , hydro1 o g i c  and hydrogeol o g i c  v a r -  
i a b l e s  impo r tan t  i n  t h e  Western Phosphate F i e l d .  

2. To d e l i n e a t e  t h e  min ing  r e l a t e d  v a r i a b l e s  t h a t  would i n t e r a c t  w i t h  
t h e  water  resource  systems i n c l u d i n g  bo th  su r f ace  and ground water .  

3 .  To i n t e g r a t e  these  v a r i a b l e s  and analyze t h e  combined e f f e c t s  on 
t h e  t o t a l  wa te r  resource  systems. 

4. To c o n s t r u c t  a  managenlent a1 t e r n a t i v e  model f o r  use i n  adm- in is t ra-  
t i v e  and r e g u l a t o r y  f u n c t i o n s .  

Method - o f  Study 

The p r o j e c t  was d i v i d e d  i n t o  severa l  phases. The f i r s t  phase was 

t h e  de l  i n e a t i o n  o f  hyd ro log i c  and m in ing  r e l a t e d  v a r i a b l e s  t h a t  would be 

impo r tan t  i n  t h e  a n a l y s i s  o f  p o t e n t i a l  wa te r  resource  impacts from m in ing .  

The second phase i n v o l v e d  t h e  c o l l e c t i o n  and a n a l y s i s  o f  a d d i t i o n a l  wa te r  

resource  and m in ing  da ta  a t  se lec ted  s i t e s  i n  southeastern Idaho. T h i s  

phase was d i v i d e d  i n t o  severa l  subpro jec ts .  The f i r s t  o f  these  was an 

a n a l y s i s  o f  r e g i o n a l  ground wate r  f l o w  systems. Th i s  i n v o l v e d  t h e  t e s t i n g  

o f  two ma jo r  hypotheses. The f i r s t  hypo thes is  was t h a t  ground wate r  f l o w  

systems occur red  i n  a  sys temat ic  manner r e l a t e d  t o  t h e  s t r a t i g r a p h i c  and 

s t r u c t u r a l  f e a t u r e s  o f  t h e  area.  The second hypo thes is  was t h a t  t h e r e  

was a r e a l l y  c o n s i s t e n t  ground wate r  c o n t r o l  by s p e c i f i c  l i t h o l o g i c  u n i t s  

i n  t he  "phosphate sequence" (Dinwoody, Phosphoria and Wel ls  f o rma t i ons )  

o f  geo log ic  u n i t s  w i t h i n  t h e  phosphate m in ing  area. A second subp ro jec t  

d e a l t  w i t h  t h e  hydro logy  o f  mine p i t s .  Several mine s i t e s  were inves-  

t i g a t e d  t o  p r o v i d e  a d d i t i o n a l  i n f o r m a t i o n  on t h e  i n t e r a c t i o n  o f  h y d r o l o g i c  



and min ing  v a r i a b l e s  i n  the  c o n s t r u c t i o n  and abandonment o f  open-pi ts.  

The min ing  s i t e s  were se lec ted  t o  compliment t h e  i n fo rma t i on  c o l l e c t e d  

as p a r t  of p rev ious  U n i v e r s i t y  o f  Idaho research i n  t h e  phosphate area. 

A t h i r d  subpro jec t  d e a l t  w i t h  t h e  hydro logy and hydrochemistry o f  waste 

p i 1  es. Th i s  hydrochemistry was completed by bo th  1  abora tory  leach ing  

experiments and f i e l d  water q u a l i t y  data c o l l e c t i o n  and ana l ys i s .  The 

research e f f o r t s  d e a l i n g  w i t h  the  hydro logy o f  mine waste p i l e s  were 

reduced because o f  concur ren t  i n v e s t i g a t i o n s  being conducted by t h e  

Intermounta in Research S t a t i o n  o f  t he  U.S.D.A. Fores t  Serv ice and t h e  

Department o f  A g r i c u l t u r a l  Engineering a t  t h e  U n i v e r s i t y  o f  Idaho. 

L im i ted  d r i l l i n g  and s tudy  of waste p i l e s  was done a t  severa l  mlne s i t e s  

t o  ga in  a  b e t t e r  understanding o f  t h e  impor tan t  v a r i a b l e s  f o r  management 

ana lys is .  

The t h i r d  major  phase o f  t h e  p r o j e c t  inc luded the cons t ruc t i on  o f  

a  model showing v a r i a b l e  i n t e r a c t i o n .  Th is  phase o f  t h e  s tudy was com- 

p le ted  based upon i n p u t s  from o the r  phases and r e s u l t s  f rom prev ious  

research. The t h i r d  phase a l s o  inc luded c o n s t r u c t i o n  o f  a  water q u a l i t y  

model f o r  t h e  Upper Blackfoot  R i ve r  basin.  The f i n a l  phase o f  t h e  p r o j e c t  

was t h e  p repa ra t i on  o f  papers, theses and t h i s  f i n a l  r e p o r t .  

The o v e r a l l  research p r o j e c t  had i n p u t  f rom s i x  i n d i v i d u a l s .  The 

reg iona l  ground water f l o w  systems subpro jec t  was completed by two graduate 

s tudents.  Gerry  Winter prepared h i s  Master ' s  t h e s i s  i n  Hydrology d e a l l n g  

w i t h  t he  t e s t i n g  of hypotheses of reg iona l  ground water f l o w  and reg ion -  

a l i z e d  c o n t r o l  o f  f l o w  p a t t e r n s  by s p e c i f i c  l i t h o l o g i c  u n i t s .  Harb Singh 

worked on the  c o n s t r u c t i o n ,  v e r i f i c a t i o n  and a n a l y s i s  o f  a  water  q u a l i t y -  

q u a n t i t y  model f o r  t he  Upper B lack foo t  R iver  bas in  as h i s  Ph.D. d i s s e r t a t i o n  



i n  C i v i l  Engineering. Tom Brooks and Tom Corbet completed t h e i r  Mas te r ' s  

theses i n  Hydrology on the  p i t s  and waste p i l e s  subpro jec t .  Tom Corbet 

worked coope ra t i ve l y  w i t h  t h e  J.R. Simplot  Company i n  ana l yz ing  ground 

water  f l o w  systems i n  and around e x i s t i n g  and p o t e n t i a l  p i t s  and waste 

p i l e s  a t  t h e  Gay Mine. Th is  mine prov ided a  unique o p p o r t u n i t y  t o  l o o k  

a t  an area more complexly f a u l t e d  and fo lded  than most o f  t h e  min ing 

reg ion .  Tom Brooks s tud ied  water resource systems near p o t e n t i a l  p i t  and 

waste p i l e  s i t e s  f o r  t h e  no r the rn  ex tens ion  o f  t he  Henry Mine o f  t h e  

Monsanto Company. The ground water f l o w  p a t t e r n s  a t  t h i s  mine a r e  com- 

p l  i ca ted  by t h e  presence o f  basa l t  f l o w s  and the  presence o f  a  major  

stream i n  t h e  min ing  area. Tom Brooks a l s o  spent a  l i m i t e d  pe r i od  o f  

t ime l o o k i n g  a t  t h e  proposed Sulphur Canyon Mine o f  t h e  J.R. Simplot  

Company. T h i s  mine s i t e  i s  more g e o l o g i c a l l y  complex than most s i t e s  

w i t h i n  t h e  reg ion  and thus o f  p a r t i c u l a r  i n t e r e s t .  

D r .  Chein Wai, Associate Professor  o f  Chemistry and Geology a t  

t h e  U n i v e r s i t y  o f  Idaho, d i d  research on t h e  hydrochemistry o f  mine wastes. 

H i s  s tud ies  inc luded l a b o r a t o r y  l each ing  experiments o f  wastes from var -  

ious  s i t e s  p l u s  l i m i t e d  f i e l d  sampling o f  water from severa l  t e s t  ho les 

d r i l l e d  i n  se lec ted  waste p i l e s .  

Mike Cannon completed h i s  Mas te r ' s  t h e s i s  i n  Hydrology d e a l i n g  

w i t h  t h e  c o n s t r u c t i o n  o f  a  mcdel showing v a r i a b l e  i n t e r a c t i o n s  i n  t h e  

phosphate reg ion  o f  southeastern Idaho. F i n a l l y ,  D r .  Dale R. Rals ton 

superv ised a l l  o f  these student  theses, prov ided t h e  o v e r a l l  d i r e c t i o n  

f o r  t he  p r o j e c t  and was p r i m a r i l y  respons ib le  f o r  t h e  f i n a l  product .  

A l i s t i n g  o f  papers and theses r e s u l t i n g  from t h i s  s tudy  i s  presented 

be1 ow. 
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CHAPTER I 1  

HYDROLOGIC AND MINING VARIABLES AND THEIR INTERACTION 

IN THE WESTERN PHOSPHATE FIELD 

Environmental  Fac to r s  Which A f f e c t  
Water Resource Systems 

Water resource systems i n c l u d e  bo th  ground water  and su r f ace  

wate r  f l o w  systems. Ground water  and su r f ace  wate r  f l o w  systems develop 

i n  t h e  n a t u r a l  environment over  geo log i c  t ime.  The f l o w  systems i n d l g -  

enous t o  t h e  phosphate f i e l d  of southeastern Idaho a r e  t h e  r e s u l t  o f  t h e  

i n t e r a c t i o n  o f  t h e  many phys i ca l  f a c t o r s  a c t i v e l y  a t  work w i t h i n  t h e  

environment.  These env i ronmenta l  f a c t o r s  i n c l u d e  geo log i c ,  topograph lc ,  

hydrogeolog ic ,  c l  i m a t i c ,  chemical , and b i o t i c  f a c t o r s .  I d e n t l f i c a t i o n  

o f  these  env i ronmenta l  f a c t o r s  and de te rm ina t i on  o f  t h e i r  i n f l u e n c e  on 

f l o w  system processes i s  impo r tan t  t o  t h e  development o f  f l o w  system 

models o f  t h e  phosphate min ing  areas. P r e d i c t i o n  o f  impacts o f  m in ing  

on water  resource  systems can o n l y  be accompl ished i f  t h e  r e l a t i o n s h i p s  

between env i ronmenta l  f a c t o r s  and f l o w  system development a r e  understood. 

For example, p o t e n t i a l  impacts o f  m in ing  t o  a ground water  f l o w  system 

can o n l y  be p r e d i c t e d  i f  i t  i s  known how changes i n  geo log ic ,  topograph ic ,  

and hydrogeolog ic  f a c t o r s  a f f e c t  a ground water  f l o w  system, because 

m in ing  a1 t e r s  these f ac to r s .  

Geol og i c  Fac to rs  

Geologic f a c t o r s  g r e a t l y  i n f l u e n c e  t h e  l o c a t i o n  and development 

of ground wate r  and surface water  f l ow systems. Some of t h e  geo log i c  

f a c t o r s  which a f f ec t  t h e  development o f  f l o w  systems a re :  



Areal e x t e n t  and th ickness  o f  rock  u n i t s .  These f a c t o r s  i n f l u e n c e  
t h e  development o f  1  ocal , in te rmed ia te ,  o r  reg iona l  ground water 
f l o w  systems. Thick,  a r e a l l y  ex tens ive  rock  u n i t s  a re  sometimes 
conducive t o  t h e  development o f  reg iona l  f l o w  systems. Freeze and 
Witherspoon (1967) noted t h a t  one o f  t h e  most impor tan t  f a c t o r s  which 
a f f e c t s  s teady-s ta te  reg iona l  ground water f l o w  pa t te rns  i s  t he  
r a t i o  o f  bas in  depth t o  a rea l  ex ten t .  They a l s o  noted t h a t  s t r a t i -  
graphic  p inchouts a t  depth can c r e a t e  recharge o r  d ischarge areas 
where they  would n o t  be ant icapated,  based on water t a b l e  c o n f i g u r a t i o n .  

2 .  Dips o f  rock  u n i t s .  Dips o f  rock  u n i t s  c o n t r o l  t h e  l o c a t i o n  o f  
outcrops and i n f l u e n c e  t h e  d i r e c t i o n  o f  ground water f l o w  paths. 

3. O r i e n t a t i o n  o f  rock  u n i t s  r e l a t i v e  t o  topography. The l o c a t i o n  o f  
rock  u n i t s  r e l a t i v e  t o  topography can a f f e c t  t he  amount o f  ground 
water conta ined i n  t h e  rock  u n i t ,  t h e  d i r e c t i o n  o f  f low w i t h i n  t h e  
rock  u n i t ,  and t h e  r a t e  o f  ground water f l o w  through t h e  rock  u n i t .  

4. Fo ld ing  of rock  u n i t s .  Fo ld ing  c o n t r o l s  t he  l o c a t i o n  o f  outcrops,  
and i n f l uences  the  d i r e c t i o n  o f  ground water f l o w  paths. 

5. F r a c t u r i n g  and f a u l t i n g .  These can c rea te  openings i n  rock  t h a t  
increase i t s  s t o r a t i v i t y  and a l l o w  ground water f l o w  systems t o  
develop. 

6. Outcrop pa t te rns .  Outcrop pa t te rns  can in f luence t h e  l o c a t i o n  o f  
recharge and d ischarge areas. 

Topographic Fac tors  

Topographic f a c t o r s  i n f l u e n c e  t h e  geometry o f  a  basin and t h e  

development o f  1  ocal , in te rmed ia te ,  o r  reg iona l  f l o w  systems. Some o f  

the  topographic  f a c t o r s  which a f f e c t  t h e  development o f  f l o w  systems are:  

1. The reg iona l  s lope o f  v a l l e y  f l a n k s  w i t h i n  a  basin.  A general increase 
i n  t h e  slope o f  t h e  v a l l e y  f l a n k  w i l l  r e s u l t  i n  an increased l a t e r a l  
f l o w  towards t h e  bottom of t h e  v a l l e y  (Toth, 1963). 

2 .  The amount o f  1  ocal re1  i e f  . Local re1 i e f  a f f e c t s  t h e  development o f  
l o c a l  f l o w  systems. 

3. R e l a t i v e  s i z e  o f  basins. Th is  can a f f e c t  t h e  s i z e  o f  f l o w  systems 
t h a t  can develop. 

4. O r i e n t a t i o n  o f  v a l l e y s  and r i dges .  O r i e n t a t i o n  a f f e c t s  c l i m a t i c  
c o n d i t i o n s  which i n  t u r n  a f f e c t  eros ion,  vegeta t ion ,  snow accumula- 
t i o n ,  r u n o f f ,  and recharge areas. 



Hydrogeol og i c  Fac to rs  

Hydrogeologic f a c t o r s  w i t h i n  a  bas in  d i r e c t l y  a f f e c t  ground water  

f l o w  r a t e s ,  f l o w  c a p a c i t i e s  of r o c k  u n i t s ,  and l o c a t i o n  o f  ma jo r  f l o w  

systems. Hydrogeologic f a c t o r s  i n c l u d e :  

1. R e l a t i v e  hydraul  i c  c o n d u c t i v i t i e s  o f  r o c k  u n i t s .  The hydraul  i c  con- 
d u c t i v i t y  d i s t r i b u t i o n  o f  geo log i c  u n i t s  w i t h i n  a  bas in  i s  necessary 
f o r  de l  i n e a t i o n  o f  ground water  f l o w  systems. Flow models developed 
by Freeze and Witherspoon (1967) demonstrate t h a t  t h e  r e l a t i v e  hydrau- 
l i c  c o n d u c t i v i t y  d i s t r i b u t i o n  i s  one o f  t h e  most impo r tan t  f a c t o r s  
c o n t r o l  1  i n g  ground water  f l o w  systems. 

2. R e l a t i v e  hydraul  i c  c o n d u c t i v i t i e s  para1 l e l  and pe rpend i cu la r  t o  
bedding p lanes.  T h i s  a f f e c t s  t he  p r e f e r r e d  d i r e c t i o n  o f  f l o w  and 
r a t e  o f  f l o w  w i t h i n  a  rock  u n i t .  

3 .  S p e c i f i c  y i e l d  o r  s to rage  o f  r o c k  u n i t s .  Storage va lues determlne 
t h e  amount o f  ground water  con ta ined  i n  sa tu ra ted  m a t e r l a l s .  Th i s  
va lue i s  e s p e c i a l l y  p e r t i n e n t  i n  dewater ing ope ra t i ons  a t  mine s i t e s .  

4. F l u i d  p o t e n t i a l  w i t h i n  r o c k  u n i t s .  F l u i d  p o t e n t i a l  determines d i -  
r e c t i o n  o f  ground water  f l o w .  Measurement o f  head i s  used t o  determ-ine 
f l u i d  p o t e n t i a l  a t  va r i ous  p o i n t s  w i t h i n  a  system. 

C l  i m a t i c  Fac to rs  

C l  i m a t i c  f a c t o r s  i nc l ude :  

1. P r e c i p i t a t i o n .  P r e c i p i t a t i o n  i n  t h e  form o f  r a i n  and snow d i r e c t l y  
a f f ec t s  t he  a v a i l  a b i l  i t y  o f  recharge i n  hyd ro log i c  systems. Temporal 
and s p a t i a l  d i s t r i b u t i o n s  o f  p r e c i p i t a t i o n  a f f e c t  t h e  t i m i n g  o f  
recharge events and t h e  l o c a t i o n  o f  recharge and d ischarge  areas, 

2. Wind v e l o c i t y  and d i r e c t i o n .  These a f f e c t  snow accumulat ion i n  
w i n t e r .  

3. Evaporat ion p o t e n t i a l .  Th i s  a f f e c t s  the  amount o f  su r f ace  water 
removed f rom f l o w  syste~i is  and l o s t  t o  t h e  atmosphere. 

Chemical Fac to rs  

Chemical f a c t o r s  a re  o f  p r ima ry  importance t o  wate r  q u a l i t y .  Chem- 

i c a l  f a c t o r s  i n c l  ude: 

1. A v a i l a b l e  n u t r i e n t s ,  r a d i o a c t i v e  elements,  and heavy meta ls  i n  t he  
rock ,  s o i l ,  and water .  



2. Chemical s t a b i l i t y  o f  e a r t h  m a t e r i a l s .  The chemical s t a b i l i t y  o f  
e a r t h  m a t e r i a l s  i s  o f  spec ia l  concern t o  water  qua1 i t y  where wate r  
pe rco la tes  th rough f r a c t u r e d  waste rock  as i n  mine waste p i l e s .  

3 .  pH balance between ground water and e a r t h  m a t e r i a l s .  The pH va lue  
o f  ground water  g r e a t l y  a f fec ts  i t s  l each ing  c a p a b i l i t y .  

B i o t i c  Fac to rs  

B i o t i c  f a c t o r s  i n c l  ude: 

1. Vegetal cover .  Vegetal cover  a i d s  i n  e ros ion  c o n t r o l  and he lps 
ma in ta i n  t h e  q u a l i t y  o f  su r f ace  f l o w  systems. 

2. T r a n s p i r a t i o n  p o t e n t i a l  o f  p l a n t s .  T h i s  a f f e c t s  t h e  amount o f  
ground water  and su r f ace  water  removed f rom f l o w  systems and l o s t  
t o  t h e  atmosphere. 

3. Storage c a p a c i t y  o f  vege ta t ion .  Vegeta t ion  s to rage  d i r e c t l y  a f f e c t s  
su r f ace  water  r u n o f f  r a t e s  and water  a v a i l a b l e  f o r  recharge. 

M in ing  Fac to rs  Which A f f e c t  Water Resource Systems 

Min ing  a c t i v i t i e s  a l t e r  o r  have t h e  p o t e n t i a l  t o  a l t e r  t h e  e x i s t t n g  

geology, topography, hydrogeology, b i o l ogy ,  and chemical e q u i l  i br ium 

w i t h i n  a  bas in .  Changes t o  these f a c t o r s  w i l l ,  i n  t u r n ,  a f f e c t  t h e  water  

resource  system. P o t e n t i a l  impacts t o  water  resource  systems i n c l u d e  

changes i n  t h e  occurrence,  movement, and q u a l i t y  o f  ground water  and 

su r f ace  water  f l o w  systems. M in ing  f a c t o r s  which have t h e  l a r g e s t  poten- 

t i a l  t o  a f f e c t  water  resource  systems occur  f rom t h e  development o f  open 

p i t s  and waste dumps. P i t s  and waste dumps have t h e  g r e a t e s t  p o t e n t i a l  

t o  a f f e c t  water  resource  systems because t h e y  c r e a t e  t h e  l a r g e s t  changes 

i n  geology, topography, and hydrogeol ogy. 

Open P i t  Fac to rs  

Excavat ion o f  mine p i t s  n e c e s s a r i l y  a l t e r s  t h e  geology and topog- 

raphy. Some f a c t o r s  o f  p i t  c o n s t r u c t i o n  i n c l u d e :  



1  . Areal  e x t e n t .  

2. Depth. 

3. Wall s lopes .  

4. Loca t i on  r e1  a t i v e  t o  geo log i c  s t r u c t u r e .  

5. L o c a t i o n  r e1  a t i v e  t o  topography (Mohammad , 1977).  

Waste Dump Fac to r s  

C o n s t r u c t i o n  o f  waste p i l e s  i n v o l v e s  severa l  f a c t o r s  t h a t  may 

a f f e c t  t h e  occurrence,  movement, and q u a l i t y  of f l ow  systems. These 

i n c l u d e :  

1. Area l  e x t e n t .  

2. Thickness. 

3. Slopes o f  waste dump sur faces .  

4. Hyd rau l i c  c o n d u c t i v i t y  o f  waste r ock .  

5. L o c a t i o n  r e l a t i v e  t o  topography. 

6. L o c a t i o n  r e1  a t i v e  t o  geo log i c  s t r u c t u r e .  

7. Chemical s t a b i l i t y  o f  waste r o c k  t o  l e a c h i n g  (Mohammad, 1977). 

P o t e n t i a l  Impacts o f  Phosphate M i n i n g  
On Water Resource Systems -- 

A  complete  d e s c r i p t i o n  of a l l  p o t e n t i a l  m in i ng  impacts  on t h e  

wate r  resources  i s  n o t  g i v e n  i n  t h i s  chap te r  because adequate p u b l i c a -  

t i o n s  a l r e a d y  e x i s t  on t h i s  sub jec t .  Two o f  these p u b l i c a t i o n s  a r e  

(1  ) t h e  f i n a l  env i ronmenta l  impac t  s ta tement ,  "Development o f  Phosphate 

Resources i n  Southeastern Idaho," by t he  U.S. Department o f  I n t e r i o r  

and U.S. Department o f  A g r i c u l t u r e  (1977) and ( 2 )  a  U n i v e r s i t y  of Idaho 

Ph.D. d i s s e r t a t i o n  on "Eva lua t i on  o f  P resen t  and P o t e n t l a l  Impacts of 



Open P i t  Phosphate M in ing  on Groundwater Resource Systems i n  t he  South- 

eas te rn  Idaho Phosphate F i e l d "  (Mohammad, 1977). The r e p o r t  by 

Mohammad (1977) i n v e s t i g a t e d  i n  d e t a i l  t h e  many e x i s t i n g  and p o t e n t i a l  

impacts on ground wate r  c rea ted  by p i t s  and waste dumps. The f a c t o r s  

which c r e a t e  t h e  impacts a r e  a1 so i d e n t i f i e d  by Mohammad. 

Phosphate m in ing  ope ra t i ons  i n  southeastern Idaho have t h e  poten- 

t i a l  t o  impact t h e  ground water  and sur face  water  resources.  I n v e s t i g a -  

t i o n s  conducted by Mohammad (1977) i n d i c a t e  t h a t  phosphate m in ing  impacts 

on ground water  f l o w  systems may i n c l u d e  changes i n  recharge, d ischarge,  

s torage,  wa te r  q u a l i t y ,  and f l o w  p a t t e r n s .  The g r e a t e s t  p o t e n t i a l  lmpacts 

t o  su r f ace  water  resources a r e  changes i n  f l o w  p a t t e r n s  and water  q u a l i t y .  

I n v e s t i g a t i o n s  a t  severa l  mine s i t e s  i n  t h e  s tudy  area i n d i c a t e d  

t h a t  excava t ion  o f  open p i t s  and c o n s t r u c t i o n  o f  waste dumps a r e  t he  

most i n f l  uenc ing f a c t o r s  1  eading t o  water  resource impacts (Mohammad, 

1977). Open p i t s  and waste dumps have t h e  g r e a t e s t  p o t e n t i a l  t o  a f f e c t  

water  resources because t h e y  c r e a t e  t h e  l a r g e s t  changes i n  t h e  e x i s t i n g  

geol ogy, topography, hydrogeology, vege ta l  cover,  and chemical e q u i l  i b- 

r i u m  o f  t h e  mine s i t e .  Some o f  t h e  p o t e n t i a l  h y d r o l o g i c  lmpacts f rom 

min ing  a c t i v i t i e s  a r e  presented i n  t a b l e  11-1. 

Water Qua1 i t y  

Increased c o n c e n t r a t i o n  o f  suspended sediments i n  su r f ace  waters  

i s  p o t e n t i a l l y  t h e  g r e a t e s t  water  q u a l i t y  problem f rom m in ing  ope ra t i ons  

i n  t h e  s tudy  area (U .S. Dept. o f  I n t e r i o r ;  U.S. Dept. o f  A g r i c u l t u r e ,  

1977). Increased sediments a r e  due t o  inc reased  e ros ion  on l ands  d i s -  

t u rbed  by 111-ining. Removal o f  p r o t e c t i v e  vege ta l  cover  and a? t e r a t i o n  of 

e x i s t i n g  topography make t h e  l a n d  v u l n e r a b l e  t o  e ros ion ,  e s p e c i a l l y  i n  
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areas of heavy p r e c i p i t a t i o n  and r a p i d  sur face  r u n o f f .  Waste dump areas 

are  p a r t i c u l a r l y  vu lnerab le  t o  eros ion.  

Increased concent ra t ions  o f  n u t r i e n t s ,  r a d i o a c t i v e  elements, t r a c e  

elements, and heavy metal  s  cou ld  be produced under c e r t a i n  cond i t i ons .  

The phosphate-bearing sediments con ta in  t he  t r a c e  elements a rsen ic ,  

cadmium, chromium, copper, 1  ead , molybdenum, selenium, vanadium, and z inc ,  

and t h e  r a d i o a c t i v e  elements uranium and radium. N u t r i e n t s  o f  n i t r o g e n  

and phosphorous a r e  a l s o  found w i t h i n  the  sediments. It appears, however, 

t h a t  n a t u r a l  f a c t o r s  tend t o  prevent  t o x i c  elements and n u t r i e n t s  from 

d i s s o l v i n g  t o  form h igh  concent ra t ions  i n  t h e  water.  The presence o f  

l a r g e  amounts o f  carbonate m a t e r i a l s  associated w i t h  the  Phosphoria sed i -  

ments g e n e r a l l y  ma in ta ins  a water pH i n  t he  range o f  approx imate ly  6 t o  

8 (U.S. Dept. o f  I n t e r i o r ;  U.S. Dept. o f  A g r i c u l t u r e ,  1977). I n  t h i s  

range, many t r a c e  elements exh i  b i t  t h e i r  minimum so l  u b i l  i t y .  

Ground water qua1 i t y  may be a1 t e r e d  due t o  min ing  operat ions.  

Increased concent ra t ions  o f  n u t r i e n t s ,  r a d i o a c t i v e  elements, and t r a c e  

elements cou ld  be produced under c e r t a i n  cond i t i ons .  It i s  n o t  known 

how f a r  these contaminants cou ld  t r a v e l  i n  a p a r t i c u l a r  ground water 

f l o w  system. However, concent ra t ions  o f  these contaminants would prob- 

a b l y  decrease w i t h  an increase i n  d i s tance  f rom t h e  source area, through 

adsorp t ion  o f  i ons  by sediments, by d ispers ion ,  and by pH c o n t r o l  f rom 

carbonate ma te r i a l s .  

Changes i n  Flow Pat te rns  

Min ing  opera t ions  have the  p o t e n t i a l  t o  a l t e r  bo th  ground water 

and sur face  water f l o w  pa t te rns .  Changes may i nc lude  c r e a t i o n  of new 

f l o w  systems, d e s t r u c t i o n  o f  e x i s t i n g  f l o w  systems, displacement o f  



e x i s t i n g  f l o w  systems, and a1 t e r a t i o n  o f  su r f ace  water  t o  ground water  

f l o w s  o r  ground water  t o  su r f ace  wate r  f l o w  re1  a t i o n s h i p s .  

Waste dumps have t h e  p o t e n t i a l  t o  c r e a t e  l o c a l  ground wate r  and 

su r f ace  water  f l o w  systems where recharge i s  a v a i l a b l e  t o  t h e  waste 

dump. Recharge t o  a  waste dump, f rom p r e c i p i t a t i o n  o r  f l o w  i n t e r c e p t i o n ,  

may p e r c o l a t e  th rough t h e  waste and e x i t  a t  t h e  t o e  o f  t h e  dump i n  t h e  

form o f  seeps o r  sp r i ngs .  

Mine p i t s  can c o n v e r t  su r f ace  wate r  f l o w  t o  ground water  f l o w  

where t hey  i n t e r c e p t  streams o r  o t h e r  su r f ace  water .  The su r f ace  water  

cap tu red  by t h e  p i t  may i n f i l t r a t e  and fo rm a ground water  f l o w  system, 

and/or i t  may be l o s t  th rough  evapo t ransp i ra t i on .  L ikewise ,  p i t s  can 

i n t e r c e p t  ground wate r  f l o w  systems and th rough p i t  dewater ing processes, 

t h e  wate r  may end up as su r f ace  f l o w .  P i t  dewater ing may lower  l o c a l  

ground water  l e v e l s ,  thereby  a f f e c t i n g  s p r i n g  and s t reamf lows.  

The number o f  combinat ions o f  p o t e n t i a l  impacts t o  ground wate r  

and su r f ace  wate r  f l o w  p a t t e r n s  i s  a lmos t  i n f i n i t e .  To e f f e c t i v e l y  

m in im ize  these impacts  i t  i s  most i m p o r t a n t  t o  understand t h e  u n d e r l y i n g  

causes and t h e  r e l a t i o n s h i p s  between impact -produc ing f a c t o r s .  

Causes and R e l a t i o n s h i p s  

A1 1 mine r e l a t e d  impacts on t h e  water  resource  systems a r e  t h e  

r e s u l t  o f  a1 t e r a t i o n s  t o  t h e  e x i s t i n g  n a t u r a l  environment.  Be fo re  

i n f l u e n c e  by man, h y d r o l o g i c  systems a r e  i n  dynamic e q u i l i b r i u m  w i t h  t h e  

many phys i ca l  f a c t o r s  c o n t r o l l i n g  them. When these phys i ca l  f a c t o r s  a r e  

changed, t h e  dynamic e q u i l i b r i u m  i s  t e m p o r a r i l y  upse t  and impacts  t o  t h e  

h y d r o l o g i c  systems r e s u l t .  ( I n  t h i s  c o n t e x t ,  t h e  te rm impact  means a 

change t o  t h e  h y d r o l o g i c  system, and i t  c a r r i e s  no qua1 i t a t i v e  conno ta t i on  



such as good o r  bad. ) Each t ype  o f  impact on a hyd ro log i c  system i s  t h e  

r e s u l t  of a  s p e c i f i c  combinat ion o f  f a c t o r s .  I f  i t  i s  understood which 

combinat ion of f a c t o r s  leads t o  a p a r t i c u l a r  hydro log ic  impact,  then i t  

i s  poss ib le  t o  design a mine s i t e  which minimizes any p o t e n t i a l l y  harm- 

f u l  impacts. 

For  example, a  mine waste dump has t h e  p o t e n t i a l  t o  (1 ) increase 

the  sediment l o a d  o f  nearby sur face waters, ( 2 )  inc rease t h e  t r a c e  e l e -  

ment and n u t r i e n t  concent ra t ions  o f  sur face  and ground waters, and 

( 3 )  change t h e  f l o w  p a t t e r n s  o f  sur face  and ground water.  These a r e  

d e f i n i t e  impacts t o  t h e  water  resources which may o r  may n o t  be harmful  

t o  t h e  environment. I f  resource a d m i n i s t r a t i o n  agencies determine t h a t  a 

g iven  l e v e l  o f  sediment load  i s  a harmful impact t o  t he  water  resources, 

s teps can be taken which m i t i g a t e  t h e  f a c t o r s  producing eros ion.  Obviously,  

one o f  t h e  major f a c t o r s  i s  t he  a v a i l a b i l i t y  o f  water t o  t h e  waste dump, 

s ince  w i t h o u t  water  t he re  would be no hydro log ic  impact.  Water may be 

a v a i l a b l e  t o  t h e  waste dump f rom e i t h e r  p r e c i p i t a t i o n ,  sur face  water d i s -  

charge on to  t h e  waste dump, ground water  d ischarge onto t h e  waste dump, 

o r  a cornbination o f  these. The r a t e  o f  water  a v a i l a b i l i t y  t o  t h e  waste 

durnp a f f e c t s  r u n o f f  and eros ion  r a t e s .  A second major  f a c t o r  a f f e c t i n g  

e ros ion  i s  t h e  topography o f  t h e  waste dump. Topographic features i n -  

c lude t h e  steepness and c o n f i g u r a t i o n  o f  s lopes. Other major f a c t o r s  

re1 a t i  ng t o  e ros ion  a r e  vegeta l  cover,  geo log ic  c h a r a c t e r i s t i c s  o f  t h e  

waste rock,  and the  hydrogeologic c h a r a c t e r i s t i c s  o f  t h e  waste rock .  

To min imize sediment concent ra t ions  from eros ion ,  r u n o f f  r a t e s  a r e  con- 

t r o l l e d  w i t h  vegeta t ion ,  con tour ing  o f  s lopes, and c o n t r o l  o f  water t o  

t h e  waste durr~p area. If leach ing  of t r a c e  elements and waste dump 



s t a b i l  i t y  a r e  n o t  problems, sur face  r u n o f f  r a t e s  can be c o n t r o l  1  ed 

f u r t h e r  by induc ing  i n f i l t r a t i o n  i n t o  t he  waste dump through the  c o n t r o l  

o f  waste dump topography and h y d r a u l i c  c o n d u c t i v i t y .  

T h i s  i s  a r a t h e r  s imple example o f  m in imiz ing  water  resource 

impacts through the  c o n t r o l  o f  producing f a c t o r s ,  b u t  the  same l o g i c  

can be appl i e d  t o  more complex problems. When ana lyz ing  complex hydro- 

l o g i c  problems, i t  i s  impor tan t  t o  r e a l i z e  t h e  r e l a t i o n s h i p s  between 

water resource system impacts and t h e  f a c t o r s  which produce the  impacts. 

Knowledge o f  these r e l a t i o n s h i p s  can be used t o  min imize t h e  de t r imen ta l  

hydro log ic  impacts a t  e x i s t i n g  mine s i t e s  and t o  p r e d i c t  impacts a t  

f u t u r e  mine s i t e s .  

The p o t e n t i a l  f o r  increased concent ra t ions  o f  t r a c e  elements and 

n u t r i e n t s  i n  sur face  and ground waters i s  a f a i r l y  complex example o f  a  

hyd ro log i c  impact f rom a waste dump. Again, t he  a v a i l a b i l i t y  o f  water  

t o  t h e  waste dump i s  a major f a c t o r  i n  l each ing  o f  t r a c e  elements and 

n u t r i e n t s  f rom t h e  waste. The t ime o f  con tac t  between t h e  water and the  

waste rock  a l s o  determines the  amount and types o f  m a t e r i a l s  leached f rom 

the  waste dump. Furthermore, t he  t ime o f  con tac t  between the  water and 

waste rock  i s  c o n t r o l  l e d  by the  l eng th ,  w id th ,  th ickness,  and hydraul i c  

c o n d u c t i v i t y  o f  t h e  waste dump and by t h e  f l u i d  p o t e n t i a l  g r a d i e n t  w i t h i n  

t he  waste dump. E f f o r t s  aimed a t  m in im iz ing  t h e  amount o f  water f l o w  

through the  waste dump and/or min imiz ing  t h e  t r a v e l  t ime f o r  water  

through the  waste a c t  t o  decrease t h e  p o t e n t i a l  f o r  l each ing  o f  t r a c e  

elements and n u t r i e n t s .  



CHAPTER I 1 1  

REGIONAL ANALYSIS OF GROUND WATER FLOW PATTERNS 

I n t r o d u c t i o n  

Past hydrogeolog ic  research e f f o r t s  have been s i t e  s p e c i f i c  b u t  t he  

r e s u l t s  o f  these s t u d i e s  a r e  s i m i l a r .  Ground water  f l o w  systems e x i s t  i n  

t h e  Thaynes and Dinwoody fo rmat ions  t h a t  u s u a l l y  occur  s t r a t i g r a p h t c a l l y  

above t h e  Phosphoria f o rma t i on  which con ta ins  t h e  phosphat ic  o r e  beds 

(Ral s t on  and o thers ,  1977).  The Phosphoria f o rma t i on  does n o t  suppor t  

any ma jo r  ground wate r  f l o w  systems b u t  t h e  Wel ls  f o rma t i on  t h a t  under- 

1  i e s  i t  was found t o  suppor t  such a system (Ra ls ton  and o the rs ,  1977). 

These s i m i l a r i t i e s  were found even though t h e  r e g i o n  has been e x t e n s i v e l y  

fo lded and f a u l t e d .  T h i s  s tudy w i l l  examine t h e  ground water  f l o w  systems 

of the  "phosphate sequence" f n  Caribou County, Idaho over  a  l a r g e r  area 

than any p rev ious  hydrogeolog ic  research  e f f o r t .  

The l ow  p r e c i p i t a t i o n  rece i ved  i n  t h i s  research  area p r i o r  t o  t h e  

summer o f  1977 was p a r t i c u l a r l y  advantageous t o  t h e  t ype  o f  s tudy  under- 

taken. Ground water  f l o w  systems r e c e i v e  t h e i r  p r i n c i p l e  recharge f rom 

t h e  s p r i n g  snow me1 t. The low volume o f  recharge a v a i l a b l e  i n  1977 was 

r a p i d l y  d ischarged f rom those ground water  f l o w  systems w i t h  a  s h o r t  f l o w  

pa th  o r  a l ow  s to rage  c a p a b i l i t y .  Only  those ground water  f l o w  systems 

o f  s i g n i f i c a n t  l e n g t h  o r  s to rage  c a p a b i l i t y  con t inued  t o  d ischarge  d u r i n g  

t h i s  pe r i od .  T h i s  extended d ischarge  e x i s t s  due t o  t h e  c a p a b i l i t y  o f  t h e  

ground water  f l o w  system t o  s t o r e  and d ischarge  water  t h a t  was recharged 

over  more than  one recharge per iod .  

Extens ive o r e  reserves  e x i s t  i n  t h e  Western Phosphate F i e l d  o f  



Idaho where m ln ing  has n o t  been i n i t i a t e d .  L i t t l e  i n f o r m a t i o n  i s  a v a i l -  

a b l e  on t h e  ground wate r  f l o w  systems i n  these areas. The p o t e n t i a l  i m -  

pac t  o f  phosphate min ing  on t h e  hydrogeology and hydro logy  o f  t h e  area 

can o n l y  be eva lua ted  if t h e  c a p a b i l i t y  o f  t h e  f o rma t i ons  t o  suppor t  

ground water  f l o w  systems i s  understood. The purpose o f  t h i s  s tudy  i s  

t o  eva lua te  t h e  ground wate r  f l o w  systems presen t  I n  t h e  geo log i c  u n i t s  

s t r a t i g r a p h i c a l l y  near t h e  Phosphoria format ion.  

The genera l  o b j e c t i v e  of t h i s  s tudy  i s  t o  t e s t  t h e  hypo thes is  

t h a t  s i m i l a r  ground wate r  f l ow systems e x i s t  w i t h i n  t he  "phosphate se- 

quence" of geo log ic  u n i t s  throughout  a  l a r g e  area o f  t h e  Western Phosphate 

F i e l d  o f  Car ibou County, Idaho. These geo log i c  u n i t s  i n c l u d e  t h e  Dinwoody, 

Phosphoria and Wel ls  fo rmat ions .  

The s p e c i f i c  o b j e c t i v e s  o f  t h l s  s tudy  a re :  

1. Tes t  t he  hypo thes is  t h a t  ma jo r  ground water  f l o w  systems e x i s t  i n  
t h e  upper member o f  t h e  Dinwoody format ion.  

2. Tes t  t h e  hypo thes is  t h a t  major  ground water  f l o w  systems e x i s t  i n  
t h e  l owe r  member of t h e  Dlnwoody f o rma t i on .  

3 .  Tes t  t h e  hypo thes is  t h a t  t h e  c h e r t y  sha le  niernber o f  t h e  Phosphorla 
f o rma t i on  does n o t  suppor t  ma jo r  ground water  f l o w  systems. 

4. Test  t h e  hypo thes is  t h a t  t h e  Rex Cher t  member o f  t h e  Phosphorla f o r -  
mat ion does n o t  suppor t  ma jo r  ground wate r  f l o w  systems. 

5 .  Test  t h e  hypo thes is  t h a t  t h e  Meade Peak Phosphat ic Shale member o f  
t h e  Phosphoria f o rma t i on  does n o t  suppor t  ma jo r  ground wate r  f l o w  
systems. 

6. Tes t  t he  hypo thes is  t h a t  ma jo r  ground wate r  f l o w  systems e x l s t  i n  
t h e  upper member o f  t h e  Wel ls  f o rma t i on .  

7 .  Test  t h e  hypo thes is  t h a t  ma jo r  ground water  f l o w  systems e x i s t  I n  
t h e  lower  member o f  t h e  We1 1s f o rma t i on .  



Geography and Hydro1 ogy 

The s tudy  area i s  l o c a t e d  i n  southeastern Idaho and i s  a  p a r t  

o f  t h e  Western Phosphate F i e l d .  Research was conducted i n  t h e  area 

t h a t  l i e s  between Soda Spr ings,  Idaho, and t h e  Wyoming s t a t e  l i n e  as 

shown on f i g u r e  111-1. Areas t h a t  should be noted i n c l u d e  t h e  Aspen 

Range, S lug Creek v a l l e y ,  Schmid Ridge, Dry  Va l l ey ,  Dry Ridge, Webster 

Range, Wooley Range, and Rasmussen Ridge. E leva t i ons  i n  t h e  v a l l e y s  

and r i d g e s  range f rom about  6,500 f e e t  (1,980 meters )  above mean sea 

l e v e l  (M.S.L.) t o  n e a r l y  10,000 f e e t  (3,050 meters )  above M.S.L. w i t h  t h e  

r i d g e s  and v a l l e y s  hav ing a p redominan t l y  nor thwes t  t o  southeast  t r end .  

The major  dra inages a r e  t h e  S a l t  R i v e r  t o  t h e  eas t  o f  t h e  Webster Range, 

t h e  B lack foo t  R i v e r  between t h e  Webster and Aspen ranges, and t h e  Bear 

R i ve r  t o  t h e  west o f  t h e  Aspen Range. 

P r e c i p i t a t i o n  occurs p r i n c i p a l l y  as snow i n  t h e  s tudy  area. The 

p r e v a i l  i n g  w e s t e r l y  wind causes t h e  g r e a t e s t  snow accumulat ion on t h e  

eas t  s i de  o f  t h e  r i d g e s  w h i l e  decreas ing s i g n i f i c a n t l y  on t h e  west s lopes 

and v a l l e y  f l o o r s  (Ra ls ton  and T r i hey ,  1975). Since snow me1 t forms t h e  

g r e a t e s t  source o f  ground water  recharge i n  t h i s  area, t h e  e a s t  s lopes 

o f  t h e  r i d g e s  have t h e  g r e a t e s t  p o t e n t i a l  f o r  s i g n i f i c a n t  recharge. 

The summer o f  1977 was o f  p a r t i c u l a r  importance f o r  a  ground 

water  f l o w  system s tudy  because o f  t h e  p reced ing  recharge p e r i o d  i n  

which l i t t l e  p r e c i p i t a t i o n  occurred.  Annual p r e c i p i t a t i o n  f o r  Conda, 

Idaho i s  p l o t t e d  on f i g u r e  111-2 as i s  t h e  annual s t reamf low o f  t h e  

B l a c k f o o t  R i v e r  above t h e  B l a c k f o o t  Reservo i r .  The magnitude o f  t h e  

low p r e c i p i t a t i o n  p e r i o d  i s  more a c c u r a t e l y  shown by t h e  s t reamf low graph. 

P r e c i p i t a t i o n  f o r  t h e  1977 water  yea r  was lower  than  any p reced ing  water  
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F i g u r e  111-1. Loca t i on  map o f  s t udy  area showing stream g a i n - l o s s  
s i t e s .  
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yea r  a f t e r  1966 w h i l e  streamflow i n  t h e  B l a c k f o o t  R i v e r  was t h e  l owes t  

on record .  

Hydrogeol ogy 

The f o rma t i ons  compr is ing  t h e  ground water  f l o w  systems t h a t  were 

encountered i n  t h i s  s tudy  a r e  sedimentary i n  o r i g i n  ( t a b l e  111-1). The 

Phosphoria f o rma t i on  i s  mined i n  t h e  area f o r  t h e  phosphat ic  o r e  beds It 

con ta ins .  M in ing  ope ra t i ons  would t he re fo re  a f f e c t  any ground water  f l o w  

systems t h a t  i t  m igh t  suppor t .  The p o t e n t i a l  impact o f  m in ing  on o t h e r  

f o rma t i ons  i s  s i g n i f i c a n t l y  l e s s  due t o  t he  t h i ckness  of t h e  s t r a t i g r a p h l c  

s e c t i o n  represen ted  by t h e  Dinwoody and Wel ls  f o rma t i ons .  The f o rma t i ons  

o f  p r imary  i n t e r e s t  a r e  t hus  t h e  Dinwoody, Phosphoria, and Wel ls .  These 

f o rma t i ons  comprise t h e  "phosphate sequence". 

The Dinwoody f o rma t i on  c o n s i s t s  o f  an upper and lower  member t h a t  

a r e  i n  some areas separated by a  d i s t i n c t  tongue o f  t he  Woodslde Shale. 

The d i s t i n c t i o n  between t h e  f o rma t i ons  i s  n o t  always e v i d e n t  and hence 

n o t  mapped. 

The Phosphoria f o rma t i on  c o n s i s t s  o f  t h r e e  members. F requen t l y  

t h e  c h e r t y  sha le  member and t h e  Rex Cher t  member a r e  mapped as one u n i t  

a l t hough  where p o s s i b l e  t h e  d i s t i n c t i o n  between t h e  members was main- 

t a i n e d  f o r  t h i s  s tudy.  The t h i r d  member i s  t h e  Meade Peak Phosphat ic 

Shale member which con ta ins  t h e  phosphat ic  o r e  beds o f  economic i n t e r e s t  

i n  t h e  area. 

For t he  purpose o f  t h i s  s tudy,  t h e  Grandeur Tongue o f  t h e  Park 

Ci ty  f o rma t i on  i s  cons idered  t o  be a  p a r t  o f  t h e  upper member o f  t h e  

Wel ls  format ion.  The lower  member o f  t h e  Wel ls  format ion i s  cons idered  



Table 111-1. Geologic sec t i on .  Western Phosphate F i e l d .  

Format ion Thickness 
Name Un i tName Symbol ( f t )  (m) D e s c r i p t i o n  

A l l uv ium o r  c o l l u v i u m  Qua t e r n a r y  

01 i v i n e  b a s a l t  Quaternary  
o r  

T e r t i a r y  

B a s a l t  Q t b  Var ies  

T e r t i a r y  S a l t  Lake Ts l  L i g h t - g r a y  f i n e - g r a i n e d  
pebble conglomerate 
most1 y  c h e r t  and 1  ime- 
s tone 

Higham G r i t  
1  

T r h  Sandstone-congl omerat ic .  
l i g h t - g r a y ,  p i nk ,  buff 
and p a l e  green, medium t o  
coarse gra ined . 

Upper 
T r i a s s i c  

T r t t  200 
t o  
250 

Thaynes Timothy 
Sandstone 
Member 

B u f f  t o  gray  and maroon 
sandstone 

Lower 
T r i a s s i c  

Dark-gray and g r a y  1  ime- 
stone, t h i n  t o  t h i c k  
bedded w i t h  y e l l o w i s h -  
gray  t o  ye1 1  owish-brown 
sandstone 

Upper P a r t  T r t p v  
of Portneuf 
Limestone 
Member 

Lower 
T r i a s s i c  

Ankareh *' Lanes Tongue T r a l  Red t o  redd i sh  brown, 
ve ry  f i n e  g ra ined  t o  
f i n e  gra ined,  t h i n  
bedded sandstone 

Thaynes Lower P a r t  T r t p l  300 
Po r tneu f  t o 
Limestone 4 00 
Member 

Gray, f i n e l y  c r y s t a l l i n e ,  
massive l imestone and 
gray  t o  ye1 lowish-gray  
and f i n e  gra ined sand- 
s tone 

Lower 
T r i a s s i c  

Nodular T r t n  400 
S i l  t s t o n e  
Member 

O l i v e  t o  brownish-gray 
s i l t s t o n e  and sha le ,  
con ta ins  small dark-gray  
1  imestone nodules;  i n t e r -  
bedded w i t h  sandstone 
and 1  imestone 

Black Shale T r t b  300 
Member 

Gray t o  b lack ,  f i s s i l e ,  
hard p l a t y  shale;  i n t e r -  
bedded w i t h  t h i n  dark-  
gray  1  imestone and brown- 
i s h - g r a y  s i l t s t o n e  i n  
l ower  p a r t :  a  few t h i n  
bedded sha ly  and s i l t y  
b lack  1  imestone beds i n  
upper p a r t  

Ye1 lowish-brown t o  01 i v e -  
gray ,  ca lcareous,  t h i n  
bedded, p l a t y  s i l t s t o n e ;  
a  few t h i n  beds o f  sha le  
and 1  imestone 

P l a t y  T r t s  650 
S i l  t s t o n e  t o  
Member 750 

Black T r t l  550 
Limestone t o  
Member 800 

Dark-gray  t o  b lack  sha le  
and s i l t s t o n e  in terbedded 
w i t h  da rk -g ray  t o  b lack  
l imes tone  over dark-gray  



Table 111-1. c o n t ' d  

Format i o n  Thickness 
Name U n i t  Name Symbol l f t )  (m T D e s c r i p t i o n  

Lower Thaynes B lack  T r t l  550 t o  b l a c k  l imes tone  w i t h  a  
T r i a s s i c  ( c o n t ' d )  Limestone ( c o n t ' d )  ( c o n t ' d )  few t h i n  beds o f  da rk -  
( c o n t ' d )  Member gray  sha le  over  dark-gray  

( c o n t ' d )  t o  b l a c k  sha le  and s i l t -  
stone ove r  gray  l imestone 
w i t h  Meekoceras ammonite 
zone a t  base 

*2 
Dinwoody Upper 

Member 
Trdu 

Trw 

T rd l  

PPC 

Gray f o s s i l  i f e r o u s  1  ime- 
s tone in terbedded w i t h  
s o f t  o l i ve -b rown  c a l c a r -  
eous s i l t s t o n e ,  con ta ins  
tongues o f  Woodside Forma 
t i o n  as r e d  s i l t s t o n e  o r  
green and maroon sha le  

Woods i de 

D i nwoody Lower 
Member 

Ol ive-brown ca lcareous 
s i l t s t o n e  and sha le  w i t h  
t h i n  bedded 1  imestone 

Permian Phosphoria Cher ty  
Shale *3 
Member 

Thin-bedded dark  brown t o  
b l a c k  c h e r t y  mudstone, 
s i l i c e o u s  sha le  and 
a r g i l l a c e o u s  c h e r t  

Rex Che t 
 ember* 5 

Thick-bedded b lack  t o  
w h i t e  c h e r t  w i t h  some mud- 
s tone,  some l imes tone  
lenses near t o p  and bottom 

Meade Peak 
Phosphat ic 
Shale 
Member 

Dark-brown t o  b lack  mud- 
stone, 1  imestone, and 
phospho r i t e  

Park C i t y  

We1 1 s  

Grandeyr 
Tongue 4 

P P ~  

PPwu 

L i g h t - g r a y  do lom i te  and 
c h e r t y  do lom i te  and minor  
amounts o f  sandstone 

Permian 
and 
Pennsylvanian 

Upper 
Member 

L i g h t - g r a y  t o  redd i sh -  
brown sandstone, some 
in terbedded gray  1  ime- 
s tone and do lom i te  

Pennsylvanian Lower 
Member 

Pwl 

Mb 

Medium bedded gray  c h e r t y  
1  imestone, some i n t e r -  
bedded sandstone 

M i s s i s s i p p i a n  Monroe 
Canyon 
Limestone 
( a l s o  r e f e r -  
r e d  t o  as 
Brazer 
Limestone) 

L i g h t - g r a y  l imes tone  w i t h  
i nterbedded sandstone, 
o c c a s i o n a l l y  w i t h  g ray  
and green sha le  

Madison 
Limestone 
( o r  Lodge- 
po le  
Limestone) 

Dark-gray t o  b lack  f i n e l y  
c r y s t a l 1  i n e  t o  a p h a n i t i c  
l imes tone  i n  t h i n  beds 



Table 111-1. c o n t ' d  

Note: *1 = Appear on geo log ic  maps, n o t  o f  importance t o  s tudy.  
*2 = Occas iona l ly  mapped as one u n i t  (T rd ) .  
*3 = Occas iona l ly  mapped as one u n i t .  
*4 = Usua l l y  mapped as p a r t  o f  upper Wel ls.  

(Armstrong, F. ,  1969, 2 p la tes ;  Cressman, E., 1964, 105 p.; Cressman, E. and Gulbrandsen, R., 1955, 
18 p. ; Gul brandsen, R., and o thers ,  1956, 23 p .  ; Lowel l ,  W., 1952, 53 p. ; Montgomery, K. and 
Cheney, T., 1957, 63 p. ; Rloux, R., and o thers ,  1975, 6 p. ) 



as a  separate u n i t  i n  t h i s  study. 

The geo log ic  s t r u c t u r e  viewed today i s  t h e  r e s u l t  o f  major  over-  

t h r u s t i n g  associated w i t h  t he  Bannock Thrus t  Zone. Th i s  t h r u s t i n g  r e -  

su l  t e d  i n  sync1 i n a l  - an t i c1  i n a l  f o l d s  and some f a u l t i n g  du r i ng  t h e  Upper 

Cretaceous and Paleocene per iods .  The p lane o f  t he  ove r th rus t i ng ,  a t  

l e a s t  i n  t h e  Georgetown Canyon-Snowdrift Mountain area, i s  thought  t o  

be t h e  base of t he  Madison l imestone which l i e s  below those format ions 

o f  p r imary  i n t e r e s t  i n  t h i s  study. A d d i t i o n a l  f a u l t i n g  has occurred s ince 

t h e  Ol igocene w i t h  d i f f e r e n t i a l  subsidence and u p l i f t  occu r r i ng  most ly  

w i t h  normal f a u l t i n g ;  these f a u l t i n g  and eros iona l  processes have r e -  

su l  t e d  i n  t he  c u r r e n t  major v a l l e y s  and r i d g e s  (Cressman, 1964, p. 62-91 ). 

The northward t r e n d i n g  graben v a l l e y s  seen today were produced a t  t h i s  

t ime from ex tens ive  b lock  f a u l t i n g  (Armstrong and Cressman, 1963, p. 520). 

The complex s t r u c t u r e  and fo rmat ion  sequence o f  the  area a r e  i l l u s t r a t e d  

by the  geo log ic  s e c t i o n  view o f  f i g u r e  111-3. 

The f o l d i n g  t h a t  occurred i n  t he  area r e s u l t s  i n  t h e  convex s ide  

o f  t h e  f o l d  being placed i n  tens ion  w h i l e  t h e  concave s ide  I s  placed I n  

compression. Competent fo rmat ions  under t h l s  s t r e s s  m igh t  r u p t u r e  w i t h  

t ens ion  f r a c t u r e s  o r  small g r a v i t y  f a u l t s  on the  convex s i d e  and small 

t h r u s t  f a u l t s  on the  concave s i d e  w h i l e  incompetent fo rmat ions  w i l l  y i e l d  

p l a s t i c a l l y  ( B i l l i n g s ,  1954, p. 89 and 90). F i e l d  i n v e s t i g a t i o n s  of t h e  

hydrogeol og ic  p r o p e r t i e s  o f  the "phosphate sequence" w i l l  t h e r e f o r e  i n -  

d i c a t e  t h e  combined e f f e c t s  o f  bo th  t h e  pr imary  h y d r a u l i c  c o n d u c t i v i t y  

o f  t he  una l te red  formations and the  secondary hydraul i c  c o n d u c t i v i t y  

c rea ted  by the  s t r e s s  induced f r a c t u r i n g  and f a u l t i n g .  

Previous researchers found t h a t  t he  hydrogeologic c h a r a c t e r i s t i c s  
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o f t h e  'bhosphate sequence" a re  v e r y  s i m i l a r  even though t h e i r  s t u d i e s  were 

conducted i n  d i f f e r e n t  areas. Table 111-2 summarizes t h e  h y d r a u l i c  con- 

d u c t i v i t i e s  determined by p rev ious  i n v e s t i g a t o r s .  These va lues,  bes ides 

i n d i c a t i n g  s p e c i f i c  s i t e  va lues,  i n d i c a t e  t h a t  a n i s o t r o p i c  c o n d i t i o n s  

e x i s t  i n  a t  l e a s t  t h e  Meade Peak Phosphat ic Shale member o f  t h e  Phosphoria 

fo rmat ion .  

Prev ious i n v e s t i g a t o r s  concluded f rom t h i s  a n a l y s i s  of geology, 

ground water  1  eve1 s, s p r i n g  d ischarges,  stream ga in - l oss  measurements, 

and pump t e s t s  t h a t  t h e  fo rmat ions  compr is ing  t he  "phosphate sequence" have 

d i s t i n c t  ground wate r  f low system c h a r a c t e r i s t i c s .  The r e s u l t s  o f  these 

analyses a r e  summarized i n  t a b l e  111-3. No ma jo r  ground wate r  f l o w  

system was found i n  t h e  Phosphoria f o rma t i on  i n  any o f  t h e  s tudy  areas 

(Ral s t on  and o the rs ,  1977, p. 109) .  

The r e s u l t s  of these i n v e s t i g a t o r s  can be i l l u s t r a t e d  by t h e  d i a -  

grammatical s e c t i o n  view of L i t t l e  Long V a l l e y  presented i n  f i g u r e  111-4. 

Snow occurs m a i n l y  a long  t h e  r i d g e  t ops  and t h e  eas te rn  f l a n k s  o f  t h e  

r i d g e s .  Ground wate r  recharge w i l l  a l s o  occur  i n  these areas i f  t h e  

u n d e r l y i n g  f o rma t i ons  have s u f f i c i e n t  h y d r a u l i c  c o n d u c t i v i t y .  Some o f  

t h e  recharge w i l l  c ross  format ion c o n t a c t s  w h i l e  t h e  r e s t  f o l l o w s  t h e  

bedding p lane  o f  t h e  f o rma t i on  t o  d ischarge  a t  a  l owe r  e l e v a t i o n .  The 

presence o f  a  low h y d r a u l i c  c o n d u c t i v i t y  l a y e r  p reven ts  any s i g n i f i c a n t  

in te rchange of ground wate r  f l ow between those f o rma t i ons  above and 

below t h e  l a y e r .  D i f f e r e n t  ground water  f l o w  systems can e x i s t  a l t hough  

f o rma t i on  d isp lacement  a long  f a u l t s  may p rov ide  a  means f o r  ground wate r  

in te rchange.  
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Table  111-3. Flow system summary o f  p rev ious s tud ies ,  Western Phosphate F i e l d .  

Vandel l  ' s  R o b i n e t t e ' s  Edwards ' Mohammad's 
Format i o n  Member Conclusions Conclusions Conclusions Conclusions 

Thaynes Upper 

Midd le  

Lower -- 

Dinwoody Upper -- 

Lower - - 

Phosphoria Rex Cher t  A q u i f e r  - 
l o c a l  i z e d  h i g h  
t r a n s m i s s i v i t y  

Monroe 
Canyon 
Limestone 
(Brazer  
Limestone) 

Meade Peak Aqu ic lude 

Regional  
ground water  
f l o w  system 

In te rmed ia te  
f l o w  system 

In te rmed ia te  
f l o w  system 

In te rmed ia te  
f l o w  system 

In te rmed ia te  
f l o w  system 

Moderate 
hydrau l  i c  
c o n d u c t i v i t y  
w i t h  c o n f i n i n g  
beds 

Moderate 
h y d r a u l i c  
c o n d u c t i v i t y  
w i t h  c o n f i n i n g  
beds 

Regional  
ground water 
f l o w  system 

- - Aqu i fe r  

-- Aqu i fe r  

- - Aqu i f e r  

- - A q u i f e r  

I n te rmed ia te  Aqui t a r d  
f l o w  system 

In te rmed ia te  A q u i f e r  
f l o w  system 

In te rmed ia te  
f l o w  system 

Pos tu la ted  
reg iona l  
ground water  
f l o w  systom 

Aqu ic l  ude 

Aqu i f e r  
(a1 1  members) 

A q u i f e r  
(a1 1  members) 

(Vande l l ,  1978, I X ,  93-95, 111-112; Rob inet te ,  1977, p. 26-39, 43, 64, 67, 90; Edwards, 1977, 
p. 93-94; Mohamad, 1976, p. 31) 





Method o f  Study - 

I n t r o d u c t i o n  

The hypothesis  t h a t  t h e  Dinwoody, Phosphoria and We1 1  s  fo rmat ions  

e x h i b i t  s i m i l a r  hydrogeologic c h a r a c t e r i s t i c s  over  a  broad area was ex- 

amined u t i l  i z i n g  basic  p r i nc5p l  es o f  hydrogeology. A ground water f l o w  

system c o n s i s t s  o f  a  recharge area and a  d ischarge area connected by a  

cont inuous f l o w  path.  Several f a c t o r s  a r e  necessary f o r  t h e  ex i s tence  

o f  a  ground water  f l o w  system. F i r s t ,  t he  rock  through which t h e  water 

nioves must have s u f f i c i e n t  hyd rau l i c  c o n d u c t i v i t y  t o  pe rm i t  the  s i g n i f -  

i c a n t  movenient o f  water.  Second, t h e  fo rmat ion  must be exposed t o  an 

area where recharge can occur and water must be a v a i l a b l e  i n  t h a t  area. 

Th i rd ,  a  d ischarge area must e x i s t .  Four th,  t he re  must be h y d r a u l i c  

c o n t i n u i t y  between t h e  recharge area and the  d ischarge area. Recharge 

o r  d ischarge can a l s o  occur v i a  ground water movement t o  o r  f rom ad ja -  

cen t  fo rmat ions .  T h i s  i n t e r f o r m a t i o n  movement can be due t o  t h e  general 

hydrogeol og ic  c h a r a c t e r i s t i c s  o f  t h e  fo rmat ions  o r  t o  c o n d i t i o n s  found 

o n l y  a t  s p e c i f i c  s i t e s .  

The ex is tnece o f  ground water f l o w  systems i n  t h e  Dinwoody, 

Phosphoria o r  Wells format ions would be i n d i c a t e d  by t h e  ga in  o r  l o s s  

o f  streamflow and by t h e  presence o f  spr ings .  The d ischarge o f  se lec ted  

streams and spr ings  were measured i n  o rde r  t o  determine the  hydrogeologic  

p r o p e r t i e s  o f  these t h r e e  format ions.  A g a i n  o r  l o s s  o f  streamflow across 

a  fo rmat ion  i n d i c a t e s  t h a t  t h e  fo rma t i on  supports a  ground water f l o w  

system. Spr ing d ischarge i n d i c a t e s  t h a t  t h e  fo rmat ion  f rom which i t  

issues a l s o  supports a  ground water f l o w  system. A l a c k  o f  change i n  

s t reamf low o r  t h e  absence o f  spr ings  does n o t  n e c e s s a r i l y  i n d i c a t e  t h a t  



t he  formation does n o t  have s i g n i f i c a n t  hyd rau l i c  c o n d u c t i v i t y .  A f o r -  

mation w i t h  a  h igh  hyd rau l i c  c o n d u c t i v i t y  may n o t  support a  ground water 

f l o w  system i f  t h e  format ion i s  s t r u c t u r a l l y  i s o l a t e d .  Streamflow and 

spr ing  data were the re fo re  analyzed i n  con junc t ion  w i t h  l o c a l  geologic  

cond i t ions .  This  c o n s t i t u t e s  the  bu l k  of t h e  f i e l d  data s tud ies .  F i e l d  

data f o r  t h i s  study were c o l l e c t e d  i n  June, Ju l y ,  and August o f  1977. 

S i t e  Se lec t ion  

Stream gain-1 oss measurement s i t e s  were sel  ected based on several 

c r i t e r i a .  The pr imary requirement was t h a t  t he re  be streamflow across 

a t  l e a s t  p a r t  o f  t h e  "phosphate sequence" c o n s i s t i n g  o f  t he  Dinwoody, 

Phosphoria and Wells format ions.  It was des l red  t h a t  t he  stream channel 

be under la in  by a  niin.inium amount o f  a l l u v i u m  and co l l uv ium so t h a t  f l o w  

measurements would r e f l e c t  as n e a r l y  as poss ib le  any f l o w  change due t o  

the  exposed format ion.  F a u l t  areas were avoided where poss ib le  so t h a t  

t he  ground water f l o w  system c h a r a c t e r i s t i c s  would represent  t h e  reg iona l  

hydraul i c  p rope r t i es  o f  t he  g iven format ions.  These p re requ is i t es  com- 

bined w i t h  the  des i re  t o  expand the  c u r r e n t  hydrogeologic knowledge out-  

s i de  the  p rev ious l y  s tud ied  areas d i c t a t e d  t h a t  t he  eastern f l a n k  o f  t he  

Webster Range be the  pr imary study area. One main s i t e  was a l s o  selected 

i n  the  Aspen Range t o  f u r t h e r  extend the  areal  ex ten t  o f  t h i s  study. 

In fo rmat ion  was a1 so des i red  on the  hydrogeologic c h a r a c t e r i s t l c s  o f  the  

members of t he  Thaynes formation which l i e  above the  Dinwoody fo rmat ion  

i n  t he  normal geologic  sequence b u t  o n l y  one s i t e  was poss ib le ,  Sheep 

Creek on Rasmussen Ridge. Here t h e  Dinwoody format ion l i e s  above the  

Thaynes format ion.  It was a l so  requ i red  t h a t  a l l  t he  selected s i t e s  

have some means o f  reasonable access. 



Areas were selected for spring reconnaissance based mainly on the 

desire t o  expand the areal extent of the study where stream gain-loss 

measurements were not possible. Particular emphasis was placed on the 

Sulphur Canyon area since no previous hydrogeologic research had been 

conducted in t h a t  area. The southern portions of Slug Creek valley and 

Schmid Ridge were a1 so of interest since previous studies had only covered 

their  northern portions. Those springs previously studied by Robinette 

(1977) were of interest due to the low precipitation received as snow 

prior to the summer of 1977. Spring reconnaissance along the base of the 

east flank of the Webster Range was desired since i t  was anticipated that 

large spring areas might exist there. This concept was based on the 

existence of a sync1 inal structure a1 ong that flank (Cressman, 1964, 

plate 1 ) .  Such a structure might allow the formation of long ground 

water flow systems from high on the range to Crow Creek valley where the 

formations are again exposed. 

Data Collection 

Sites for stream gain-loss measurements were in i t i a l ly  selected 

by locating the contacts between members of a formation or between for- 

mations using existing geologic maps and  topographic maps. Formations 

were field verified where possible. A stream section suitable for a 

flow measurement was located or rebuilt a t  or near a contact and the 

flow was measured. 

Streamflow was measured by one of three different methods. The 

primary method utilized a single, sixty degree, V-notch flume constructed 

of fiberglass with a sidewall head scale. Flume discharges were deter- 

mined from a rating curve t h a t  shows a flow range from 0.05 t o  a b o u t  



37 gpm (0.003 t o  2.33 1  i t e r l s e c ) .  Twin f lumes were a1 so used i n  p a r a l l e l  

t o  extend t h e  range o f  these  h i g h l y  p o r t a b l e  t o o l s .  

A  second t ype  o f  f lume was a l s o  used b u t  o n l y  t o  a  l i m i t e d  e x t e n t  

due t o  i t s  much g r e a t e r  s i z e  and we igh t .  T h i s  was a  f o r t y - f i v e  degree 

t r apezo ida l  f lume w l t h  a  two- inch t h r o a t  cons t ruc ted  o f  f i b e r g l a s s  w i t h  

s i dewa l l  head sca le .  A  t h i n  metal  sca le  was used t o  measure v e r t i c a l  

heads s i nce  t h e  i n s t a l l e d  sca le  lacked  d i v i s i o n s  o f  a  hundreth o f  a  foo t .  

The f l o w  range o f  t h i s  f lume i s  f rom 10.3 t o  1,895 gpm ( - 6 5  t o  119.5 

l i t e r l s e c )  based upon i t s  r a t i n g  c h a r t .  F i e l d  use was l i m i t e d  t o  l o c a -  

t i o n s  c l o s e  t o  a  jeep  t r a i l  s i nce  t h e  flume was awkward t o  handle. 

A  pygmy c u r r e n t  meter and t o p s e t t i n g  r o d  were f r e q u e n t l y  used f o r  

measuring s t reamf low.  The bas ic  gear  cons i s ted  o f  a  conver ted f l a s h l i g h t  

f o r  a  power source and an earphone. The meter was used when t he  f l o w  

r a t e  was t o o  h i g h  f o r  t he  f lume o r  when channel o r  access conditions 

r u l e d  o u t  t h e  use o f  a  flunie. A l l  f l o w  measurements a r e  rounded o f f  t o  

two s i g n i f i c a n t  f i g u r e s .  

Corr~parison o f  measurements f o r  de te rmin ing  gain-1 oss c h a r a c t e r l s -  

t i c s  must be done w i t h  d i s c r e t i o n  as a  number o f  v a r i a b l e s  a f f e c t  t h e  

surface-ground water  f l o w  r a t i o .  The p r ima ry  v a r i a b l e s  a r e  t h e  w i d t h  

and depth o f  t h e  v a l l e y  a l l u v i u m  and t h e  h y d r a u l i c  c o n d u c t i v i t y  o f  t he  

a l l uv i um.  An inc rease  i n  t he  w i d t h  o r  dep th  o f  t h e  v a l l e y  a l l u v i u m  cou ld  

cause more o f  t h e  t o t a l  down v a l l e y  f low t o  occur  as ground water  r e s u l t -  

i n g  i n  a  decreased sur face water  component. The same r e s u l t  would occur  

i f  t h e  h y d r a u l i c  c o n d u c t i v i t y  of t h e  a l l u v i u m  increased.  A  decrease I n  

t h e  w id th ,  dep th  o r  h y d r a u l i c  c o n d u c t i v i t y  of t h e  v a l l e y  a l l u v i u m  cou ld  

cause an inc rease  i n  t he  surface f l o w  w i t h  a concu r ren t  decrease i n  t h e  



ground water f l ow .  These f a c t o r s  were recognized p r i o r  t o  conduct ing 

t h e  f i e l d  work; comments were noted w h i l e  making t h e  f l o w  measurements 

so t h a t  a  va lue judgement cou ld  be made du r i ng  t h e  data eva lua t i on .  The 

e r r o r  o f  t he  methods used f o r  measuring t h e  r a t e  o f  f l o w  i s  est imated t o  

be p l u s  o r  minus ten  percent .  

Springs were l oca ted  by e i t h e r  f i n d i n g  p r e v i o u s l y  mapped spr ings  

o r  by h i k i n g  an area o f  i n t e r e s t  and v i s u a l l y  l o c a t i n g  them. Once a  

s p r i n g  was found, t h e  s i t e  was l o c a t e d  on a  seven and one-hal f  o r  f i f t e e n  

minute quadrangle map. Locat ions were determined by a  combinat ion o f  

techniques:  pacing, compass bearings, v e h i c l e  odometer, topographic niap 

o r i e n t a t i o n ,  and comparison w i t h  known geology. Once t h e  sp r i ng  was 

loca ted ,  a  s i t e  was se lec ted  where t h e r e  was no apparent change i n  stream- 

f l ow .  The s i t e  was f lagged and a  f l o w  measurement was made by one o f  

t h e  p r e v i o u s l y  descr ibed methods. 

Ana lys is  Techniques 

For t he  purposes o f  t h i s  study, h y d r a u l i c  c o n d u c t i v i t y  was de f i ned  

t o  have one o f  two values, low o r  high. A l ow  hydraul i c  c o n d u c t i v i t y  

i n d i c a t e s  t h a t  a  fo rmat ion  o r  geo log ic  u n i t  w i l l  t r ansmi t  such a  small 

volume o f  water under p r e v a i l i n g  c o n d i t i o n s  t h a t  the  volume can n o t  be 

measured by t h e  f i e l d  measurement techniques used. Any measurable vo l  ume 

o f  stream ga in  o r  l o s s  o r  sp r i ng  d ischarge i n d i c a t e s  t h a t  t he  fo rmat ion  

has a  h igh  hyd rau l i c  c o n d u c t i v i t y .  

A stream w i l l  ga in  f l o w  as i t  crosses a  fo rmat ion  i f :  (1 ) t h e  

fo rmat ion  has a  h igh  hyd rau l i c  c o n d u c t i v i t y  and ( 2 )  t he re  i s  a  cont inuous 

f l o w  pa th  f rom a  recharge area a t  a  h igher  e l e v a t i o n  t o  t h e  fo rmat ion  

exposure i n  t he  stream a t  a  lower e l e v a t i o n .  F igu re  111-5 i l l u s t r a t e s  





t h e  c h a r a c t e r i s t i c s  o f  ga in ing ,  l o s i n g ,  and no ga in  o r  l o s s  sec t jons  of 

a  stream. 

The c h a r a c t e r i s t i c s  necessary f o r  a  stream t o  l o s e  f l o w  across 

a  fo rmat ion  a r e  b a s i c a l l y  t h e  same as f o r  a  ga in ing  stream. The forma- 

t i o n  must have a  h igh  hyd rau l i c  c o n d u c t i v i t y  and a  cont inuous f l o w  pa th  

from the  fo rmat ion  exposure a t  t he  stream t o  a  fo rmat ion  exposure a t  a  

lower e l e v a t i o n .  These c h a r a c t e r i s t i c s  a r e  i l l u s t r a t e d  i n  f i g u r e  111-5. 

A stream can have a  cons tan t  f l o w  across an exposed fo rmat ion  f o r  

severa l  reasons. The stream w i l l  no t  ga in  o r  l o s e  f l o w  i f  t h e  fo rmat ion  

has a  low hyd rau l i c  c o n d u c t i v i t y ,  regard less  o f  any o t h e r  f a c t o r s .  Con- 

s t a n t  streamflow can a l s o  r e s u l t  i f  t h e  fo rmat ion  has a  h igh  hyd rau l i c  

c o n d u c t i v i t y  and t h e r e  i s  no d i f f e r e n c e  between t h e  e l e v a t i o n  o f  t h e  

stream sur face  and t h e  po ten t i ome t r i c  sur face  o f  t h e  ground water a t  

t h a t  p o i n t .  Th i s  can occur where the re  i s  no recharge a t  a  h igher  eleva- 

t i o n  o r  where t h e r e  i s  a  f l o w  pa th  d i s c o n t i n u i t y  between t h e  recharge 

area and the  format ion exposure a t  t h e  stream. The same r e s u l t  j s  achieved 

i f  the  fo rmat ion  does n o t  have an exposure a t  a  lower e l e v a t i o n  where 

d ischarge cou ld  occur.  A f l o w  pa th  d i s c o n t i n u i t y  cou ld  separate t h e  f o r -  

mat ion exposure a t  t he  stream from an exposure a t  a  lower e l e v a t i o n  and 

prevent  any ground water f l ow .  The l a c k  o f  a  d ischarge s i t e  c rea tes  a  

s t a t i c  s torage c o n d i t i o n .  F igure  111-5 i l l u s t r a t e s  the  basic  no ga in  o r  

no l o s s  c o n d i t i o n s  t h a t  cou ld  e x i s t .  

A sp r i ng  can e x i s t  o n l y  i f  t h e  fo rmat ion  from which i t  issues has 

a  h igh  hyd rau l i c  c o n d u c t i v i t y .  Recharge t o  the  f o r m a t i o n ~ m u s t  occur a t  

an e l e v a t i o n  t h a t  i s  h igher  than t h e  sp r i ng  and the re  has t o  be f l o w  pa th  

c o n t i n u i t y  from the  recharge area t o  t h e  spr ing .  Spr ing d ischarge can 



o n l y  occur i f  t h e  fo rmat ion  i s  capable o f  accept ing recharge and y i e l d i n g  

d ischarge f rom ground water storage. Th is  d ischarge i s  determined by a 

number o f  f a c t o r s  as p rev ious l y  discussed i n  t h e  hydrogeology sec t ion .  

Stream Gain- loss C h a r a c t e r i s t i c s  

E igh t  stream segments were s tud ied  w i t h i n  t h e  Western Phosphate 

F i e l d  i n  Idaho ( f i g u r e  111-1). Three o f  these s i t e  i n v e s t i g a t i o n s ,  Wood 

Canyon, Sage Creek and Wel ls Canyon, a r e  descr ibed i n  t h i s  sec t ion .  Ad- 

d i t i o n a l  data a r e  presented by Winter (1 979). 

Wood Canyon 

Streamflow i n  Wood Canyon began a t  sp r i ng  #19 i n  sec t i on  32 I n  

t h e  b l  ack 1 imestone member ( T r t l  ) of t h e  Thaynes formation and proceeded 

downstream across t h e  sequence o f  format ions u n t i l  sur face  f l o w  ceased 

i n  t h e  upper member (PPwu) o f  t h e  We1 1s fo rmat ion  a t  p o i n t  I ( f i g u r e  111-6). 

Flow measurements f o r  gain-1 oss c h a r a c t e r i s t i c s  began a t  t he  syncl  i n e  

a x i s  i n  t h e  Thaynes fo rmat ion  s ince  any f l o w  changes between the  sp r i ng  

and t h e  a x i s  o f  t h e  syncl  i n e  would be d i f f i c u l t  t o  i n t e r p r e t  due t o  t h e  

f a u l t .  Stream ga in - loss  measurements a r e  shown on t a b l e  111-4. 

Table 111-4. Wood Canyon, stream ga in - loss  measurements. 

Measuring P o i n t  
Flow Measurement 

Q Pm 1 i ter /sec  



WOOD CANYON 
PLAN VIEW 

SECTION V l  E W  

X x ' 
Ft. 

-7000 

-6000 

-5000 

F i g u r e  111-6. Geolog ic  p l a n  and s e c t i o n  views o f  Wood Canyon showing 
stream measurement s i t e s  and s p r i n g  l o c a t i o n s  (mod i f i ed  
a f t e r  Gulbrandsen and o t h e r s ,  1956, P l a t e  1  ) .  



The b l  ac k  1  imestone member ( T r t l  ) o f  t h e  Thaynes fo rmat ion  between 

the  s y n c l i n a l  a x i s  a t  p o i n t  A on f i g u r e  111-6 and the  con tac t  w i t h  t he  

upper member (Trdu) o f  t h e  Dinwoody fo rmat ion  a t  p o i n t  B  does no t  appear 

t o  s i g n i f i c a n t l y  a f f e c t  t h e  streamflow. An a n a l y s i s  o f  t h e  geo log ic  

s t r u c t u r e  i n d i c a t e s  t h a t  t h i s  l a c k  o f  change i n  f l o w  cou ld  be due t o  t h e  

s y n c l i n a l  s t r u c t u r e  c r e a t i n g  a  bathtub e f f e c t  where t h e  fo rmat ion  cannot 

accept any more water i n t o  storage. No c a t e g o r i z a t l o n  can be made as t o  

t he  r e l a t i v e  hyd rau l i c  c o n d u c t i v i t y  o f  t h e  fo rmat ion  o r  i t s  p o t e n t i a l  as 

a  ground water f l o w  system. 

The stream loses  f l o w  as i t  crosses the  upper member (Trdu) o f  

t h e  Dinwoody fo rmat ion  between p o i n t s  B  and C on f i g u r e  111-6. Streamflow 

gains as t h e  stream crosses t h e  lower member (T rd l  ) of t h e  Dlnwoody f o r -  

mation between p o i n t s  C and D on f i g u r e  111-6. Both members (Trdu and 

T r d l )  have a  h igh  hyd rau l i c  c o n d u c t i v i t y  as p r e v i o u s l y  defined. Stream- 

f l o w  l o s t  t o  t he  upper member (Trdu) probably  en te rs  a  ground water f l o w  

pa th  t h a t  connects t he  upper and lower  members (Trdu and T r d l )  through 

v e r t i c a l  1  eakage and p o s s i b l y  f a u l  t displacement.  The upper member (Trdu) 

i s  a  competent fo rmat ion  so the s t resses  induced by f o l d i n g  cou ld  be a n t i c -  

ipa ted  t o  c r e a t e  f r a c t u r i n g  and f a u l t i n g .  

A d i s t i n c t i o n  was no t  made between the  two upper members (Ppc and 

Ppr) o f  t he  Phosphoria fo rmat ion  i n  Wood Canyon so these members w i l l  be 

r e f e r r e d  t o  as t h e  Rex Chert  member (Ppr).  There was no s i g n i f i c a n t  

change i n  streamflow across the  Rex Chert  member (Ppr)  o r  t h e  Meade Peak 

Phosphatic Shale member (Ppm) between po-ints D, E, and F on f i g u r e  111-6. 

Cross bedding leakage from the  lower member (T rd l  ) of t he  Dinwoody fo r -  

mat ion cou ld  have occurred o r  t h e  format ion cou ld  have been recharged 



d i r e c t l y  by p r e c i p i t a t i o n  b u t  n e i t h e r  process i s  apparent .  Ground wate r  

f l o w  i n  t h e  Rex Cher t  member was n o t  e v i d e n t  even though t h e  f o rma t i on  

i s  competent and would be expected t o  f r a c t u r e  and f a u l t  under s t r a i n .  

The incompetency o f  t h e  Meade Peak Phosphat ic Shale member (Ppm) would 

p rec lude  t h e  development of  secondary h y d r a u l i c  c o n d u c t i v i t y .  The 

Phosphoria f o rma t i on  as a  u n i t  e x h i b i t s  p o t e n t i a l  f l o w  pa th  c o n t i n u i t y  

and a  low h y d r a u l i c  c o n d u c t i v i t y .  T h i s  f o rma t i on  thus  does n o t  i n c l u d e  

a  ground water  f l o w  system i n  t h i s  area.  

Streamflow across t h e  upper merr~ber (PPwu) o f  t h e  Wel l s  f o rma t i on  

does n o t  change s i g n i f i c a n t l y  between t h e  c o n t a c t  w i t h  t h e  Phosphoria 

f o rma t i on  a t  p o i n t  F and p o i n t  G on f i g u r e  111-6. A l l  t h e  s t reamf low 

i s  l o s t ,  however, between p o i n t  G and p o i n t s  H and I. A major  f a u l t  

near p o i n t s  H and I i s  t h e  apparent  cause f o r  t h e  l o s t  s t reamf low.  Water 

movenient i s  p robab l y  a long  zones o f  inc reased  secondary h y d r a u l i c  conduc- 

t i v i t y  assoc ia ted  w i t h  t h e  f a u l t .  The d ischarge  p o i n t  f o r  t h i s  f l o w  

system i s  unknown. 

Sage Creek 

Streamflow i n  Sage Creek was con t inuous  f rom t h e  i n i t i a l  measuring 

p o i n t  a t  t h e  Woodside f o rma t i on  (Trw) c o n t a c t  w i t h  t h e  upper member (T rdu)  

o f  t h e  Dinwoody f o rma t i on  t o  t h e  f i n a l  measuring p o i n t  approx imate ly  

1,600 f e e t  (488 meters )  downstream o f  t h e  c o n t a c t  between t h e  Phosphoria 

f o rma t i on  and t h e  Wel l s  f o rma t i on  ( f i g u r e  111-7). The normal s t r a t i -  

g raph i c  sequence o f  fo rmat ions  occurs  a t  t h i s  s i t e .  Tab le  111-5 l i s t s  

t h e  stream ga in - l oss  measurements f o r  t h i s  s i t e .  

Streamflow inc reased  across t h e  e n t i r e  exposure o f  t h e  upper mem- 

be r (T rdu )  o f  t h e  Dinwoody f o r m a t i o n  f rom p o i n t  A  t o  p o i n t  D. T h i s  member 
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Tab le  111-5. Sage Creek, stream ga in - l oss  measurements. 

Flow Measurement 
Measuring P o i n t  gpm 1  i t e r / s e c  

Not measurable 

has a  h i g h  h y d r a u l i c  c o n d u c t i v i t y .  A con t inuous  ground water  f l ow p a t h  

e x i s t s  f rom t h e  stream t o  h i ghe r  e l e v a t i o n s  n o r t h  and south o f  t h e  s t ream 

where recharge occurs.  

The Woodside f o rma t i on  (Trw) c o u l d  n o t  be checked f o r  stream g a i n  

o r  l o s s  s i n c e  beaver dams a t  t h e  c o n t a c t ,  p o i n t  E, w i t h  t h e  l owe r  member 

( T r d l )  o f  t h e  Dinwoody f o rma t i on  p rec luded  measuring s t reamf low.  Stream- 

f l o w  s i g n i f i c a n t l y  increased across t h e  combined Woodside f o rma t i on  (Trw) 

and t h e  1  ower member ( T r d l  ) o f  t h e  Dinwoody f o rma t i on .  T h i s  i nc rease  i s  

a t t r i b u t e d  p r i m a r i l y  t o  t h e  Dinwoody f o rma t i on  s i nce  i t  i s  much t h i c k e r .  

The Woodside f o r m a t i o n  (Trw) i s  abou t  150 f e e t  (46 meters)  t h i c k  whereas 

t h e  1  ower merr~ber ( T r d l  ) o f  t h e  Dinwoody f o rma t i on  i s  abou t  900 f e e t  (274 

meters)  t h i c k  i n  t h i s  area.  T h i s  merr~ber ( T r d l  ) o f  t h e  Dinwoody f o r m a t i o n  

has h i g h  h y d r a u l i c  c o n d u c t i v i t y .  A con t inuous  f l o w  p a t h  e x i s t s  f rom t h e  

l owe r  reach  o f  t h e  stream t o  h i ghe r  e l e v a t i o n s  west o f  t h e  Webster syn- 

c l  i ne where recharge occurs.  

There i s  no s i g n i f i c a n t  change i n  t he  s t reamf low across  t h e  t h r e e  

members (Ppc, Ppr, and Ppm) o f  t h e  Phosphoria f o rma t i on  f r om p o i n t  F t o  



p o i n t  I .  A cont inuous ground water f l o w  pa th  e x i s t s  f rom t h e i r  exposure 

i n  t h e  stream channel t o  t h e i r  ou tc rop  west o f  t h e  Webster sync l i ne  where 

recharge cou ld  occur a t  a  h igher  e leva t i on .  These members (Ppc, Ppr, 

and Ppm) must have a low hyd rau l i c  c o n d u c t i v i t y  s i nce  streamflow d i d  . 

no t  increase.  

Streamflow decreased as Sage Creek flowed across t h e  upper member 

(PPwu) o f  t h e  Wells fo rmat ion  f rom p o i n t  I a t  t he  con tac t  w i t h  t h e  

Phosphoria forn iat ion t o  a p o i n t  1,600 f e e t  (488 meters) downstream a t  

p o i n t  J. The upper merr~ber (PPwu) of t h e  Wel ls formation has a h igh  

hyd rau l i c  c o n d u c t i v i t y .  A cont inuous f l o w  pa th  must e x i s t  t o  some un- 

known d ischarge area. 

Wells Canyon 

Streamflow began i n  t he  Rex Chert  member (Ppr) of t he  Phosphoria 

fo rmat ion  i n  t h e  NW% o f  t h e  NE$ o f  sec t i on  9 ( f i g u r e  111-8). A l l  su r face  

f l o w  was l o s t  across the  upper member (PPwu) o f  t he  Wel ls fo rmat ion  a l s o  

i n  sec t i on  9. Stream ga in - loss  measurements a r e  shown on t a b l e  111-6. 

Table 111-6. Wel ls Canyon, stream ga in - l oss  measurements. 

F l  ow Measurement 
Measuring P o i n t  CI Pm 1 i t e r / s e c  Comments 

A (Spr ing #82) 3.1 0.20 
B 1.6 0.10 May be low due t o  

s i t e  c o n d i t i o n s  
C 1.3 0.088 
D 6.0 0.38 
E 0 0 500 f e e t  (150 

meters) downstream 
of Fork 

F (Spr ing #83) 110 6.9 
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The i n i t i a l  streamflow measured i n  Wells Canyon was der ived  f rom 

a  sp r i ng  i n  t h e  Rex Chert  member (Ppr)  o f  t h e  Phosphoria fo rmat ion  a t  

p o i n t  A ( f i g u r e  111-8). Th is  member has a  h igh  hyd rau l i c  c o n d u c t i v i t y  

w i t h  recharge occu r r i ng  a t  a  h igher  e leva t i on .  A p o t e n t i a l  f l o w  pa th  

e x i s t s  between t h e  sp r i ng  and the  exposed member f l a n k i n g  t h e  Webster 

syncl  ine .  

Streamflow d i d  n o t  s i g n i f i c a n t l y  change across the Meade Peak 

Phosphatic Shale ~iiernber (Ppm) from p o i n t  A t o  p o i n t  B ( f i g u r e  111-8). 

Streamflow lilay have been low a t  p o i n t  B due t o  t he  presence o f  a  con- 

s i de rab le  amount o f  a l l u v i u m  a t  t h e  s i t e .  A p o t e n t i a l  ground water f low 

path e x i s t s  t o  h igher  exposures where recharge cou ld  occur on the  eas t  

s i de  o f  Snowdr i f t  Mountain b u t  streamflow d i d  n o t  increase. The member 

(Ppm) t h e r e f o r e  has a  low hyd rau l i c  c o n d u c t i v i t y .  

A l l  streamflow passing p o i n t  B and from a  s ide  stream i n  t he  N& 

o f  sec t i on  9 i s  l o s t  t o  t he  upper member (PPwu) o f  t h e  Wells format ion.  

There was no streamflow a t  p o i n t  E ( f i g u r e  111-8). The upper member (PPwu) 

o f  t he  Wells fo rmat ion  has a  h igh  hyd rau l i c  c o n d u c t i v i t y .  A cont inuous 

ground water f l o w  pa th  must e x i s t  t o  a  d ischarge area b u t  t h e  l o c a t i o n  

i s  n o t  known. Po in t  F i s  t he  l o c a t i o n  o f  a  l a r g e  s p r i n g  (110 gpm o r  

6.9 1 i t e r / s e c )  near t he  mouth o f  Wells Canyon which i s  a  p o s s i b l e  d i s -  

charge area f o r  recharge a long t h e  top  o f  t h e  r i d g e  west o f  t he  Webster 

syncl  i ne . 

Summary - o f  Stream Gain- loss C h a r a c t e r i s t i c s  

A sumnary o f  t h e  stream ga in - l oss  c h a r a c t e r i s t i c s  i s  presented 

below. The hydrogeologic c h a r a c t e r i s t i c s  of t he  Thaynes fo rmat ion  a r e  



no t  we1 1  documented due t o  t h e i r  1  i m i t e d  exposure i n  stream channels.  

Both t h e  b l ack  1  imestone member ( T r t l  ) and t h e  p l a t y  s i l s t o n e  member 

( T r t s )  may suppor t  ground water  f l ow systems. The b lack  sha le  member 

( T r t b )  does n o t  appear t o  be capable o f  suppo r t i ng  a  f l o w  system a1 though 

t h e  nodu la r  s i l  t s t o n e  member ( T r t n )  w i l l  , i f  i n t e r c e p t e d  by a  f a u l t .  

Both members (Trdu and T r d l  ) o f  t h e  Dinwoody f o rma t i on  suppor t  

f l o w  systems th roughout  t h e  area. The c h e r t y  sha le  member (Ppc) and t h e  

Rex Cher t  member (Ppr )  o f  t h e  Phosphoria f o rma t i on  g e n e r a l l y  do n o t  sup- 

p o r t  ground wate r  f l o w  systems. The Meade Peak Phosphat ic Shale member 

(Ppm) d i d  n o t  suppor t  a  f l o w  system i n  any of t h e  areas. The upper mem- 

be r  (PPwu) o f  t h e  Wel ls f o rma t i on  suppor ts  f l o w  systems th roughout  t h e  

area.  

Tab le  111-7 summarizes the  g a i n - l o s s  c h a r a c t e r i s t i c s  o f  these  

fo rmat ions .  The Dinwoody f o rma t i on  u s u a l l y  d ischarges ground wate r  f rom 

i t s  f l o w  systems fo rm ing  t h e  pe renn ia l  f l o w  o f  those  streams c r o s s i n g  

t h i s  f o rma t i on .  Streamflow i s  u s u a l l y  l o s t  t o  t h e  upper member (PPwu) 

o f  t h e  Wel ls  f o rma t i on  t o  be d ischarged  a t  some unknown l o c a t i o n .  The 

1  ow hydraul  i c  c o n d u c t i v i t y  o f  t h e  Meade Peak Phosphat ic Shale member (Ppm) 

and o f  t h e  Phosphoria f o rma t i on  i n  genera l  a t  l e a s t  p a r t i a l l y  r e s t r i c t s  

v e r t i c a l  f l o w  f rom t h e  Dinwoody f o rma t i on  t o  t h e  Wel ls  f o rma t i on .  Two 

ma jo r  ground wate r  f l ow  systems a r e  thus  formed. One ground wate r  f l o w  

system e x i s t s  i n  t h e  f o rma t i ons  t h a t  s t r a t i g r a p h i c a l l y  l i e  above t h e  

Phosphoria f o rma t i on ,  m a i n l y  t h e  Dinwoody f o rma t i on .  The second ground 

wate r  f l o w  system c o n s i s t s  o f  t h e  f o rma t i ons  t h a t  l i e  s t r a t i g r a p h i c a l l y  

below t h e  Phosphoria fo rmat ion .  The downward d i s t r i b u t i o n  o f  h y d r o l o g i c  

p o t e n t i a l  i n d i c a t e s  t h a t  t h i s  area i s  i n  t h e  recharge p o r t i o n  o f  a  reg fon-  

a1 ground wate r  f l o w  system. 
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S p r i n g  C h a r a c t e r i s t i c s  

A t o t a l  o f  88 spr ings  were l oca ted  i n  t he  f i e l d  du r i ng  t h i s  study. 

I n fo rma t i on  on a l l  t h e  spr ings  v i s i t e d  du r i ng  t h i s  s tudy i s  g iven  by 

Winter (1 979). 

The p r i n c i p l e  i n fo rma t i on  de r i ved  f rom an a n a l y s i s  o f  a  sp r i ng  i s  

t h e  fo rmat ion  t h a t  supports t h e  ground water f l o w  system d i scha rg ing  a t  

t h a t  p o i n t .  The Phosphoria fo rmat ion  supports very  few spr ings  w h i l e  

those format ions t h a t  normal ly  occur above the  Phosphoria suppor t  t h e  

g rea tes t  number o f  spr ings .  The l a r g e s t  concent ra t ion  occurs f rom t h e  

lower member ( T r d l  ) o f  t h e  Dinwoody fo rmat ion .  Th is  . indicates t h a t  t h e  

Phosphoria fo rmat ion  a c t s  as a  b a r r i e r  t o  ground water f l o w  between those 

fo rmat ions  above the  Phosphoria f o rma t i on  and those below it. 

Most sp r i ngs  had a  d ischarge o f  l e s s  than 10 gpm (0.63 I i t e r / s e c )  

a1 though one sp r i ng  had a  measured d ischarge o f  500 gpm (32 1  i t e r / s e c ) .  

The m a j o r i t y  o f  t h e  sp r i ngs  issued f rom t h e  Thaynes and Dinwoody forma- 

t i o n s  b u t  t h e  d ischarges were small ( f i g u r e  111-9). The mean d ischarge 

was 25 gpm (91.6 l i t e r / s e c ) .  The Phosphoria fo rmat ion  conta ins  few 

ground water f l o w  systems as o n l y  t h r e e  spr ings  were found d ischarg ing  

from t h i s  formation. The i r  mean d ischarge was o n l y  2.0 gpm (0.12 l i t e r / s e c ) .  

E i g h t  spr ings  were found t h a t  d ischarge from t h e  Wel ls fo rmat ion  w i t h  a  

mean d ischarge o f  130 gpm (8.0 l i t e r / s e c ) .  Several of these were small 

spr ings .  The i r  occurrence i s  no t  be1 ieved t o  be i n d i c a t i v e  of t h e  l ong  

ground water f l o w  systems and l a r g e  sp r i ng  discharges a n t i c i p a t e d  f rom 

t h i s  fo rmat ion .  
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Discuss ion  - of Resu l ts  

Streamflow da ta  and s p r i n g  da ta  i n d i c a t e  t h a t  t h e  f o rma t i ons  con- 

s t i t u t i n g  t h e  "phosphate sequence" e x h i b i t  s i m i l a r  hydrogeo log ic  c h a r a c t e r  

i s t i c s  th roughout  t h e  s tudy  area. These c h a r a c t e r i s t i c s  a r e  e s s e n t i a l l y  

i d e n t i f i a b l e  by format ion.  Ground wate r  f l o w  systems can be d e l i n e a t e d  

f rom these data.  

Most members o f  t h e  Thaynes f o rma t i on  have ground wate r  f l o w  sys- 

tems suppo r t i ng  s p r i n g  d ischarges.  St reamf l  ow da ta ,  though ques t ionab le ,  

do suppor t  t h e  s p r i n g  da ta  except  f o r  t h e  b l ack  sha le  member ( T r t b ) .  

Streamflow d i d  n o t  change across t h i s  member a l t hough  t h e  accuracy range 

o f  t h e  measurement techn ique  used may have prevented t h e  d e t e c t i o n  o f  a  

f l o w  change. The nodu la r  s i l  t s t o n e  member ( T r t n )  o f  t h e  Thaynes forma- 

t i o n  can suppor t  a  ground water  f l o w  system i f  f a u l t e d .  

Ground wate r  f l o w  systems e x i s t  w i t h i n  t h e  upper and l owe r  members 

(Trdu and T r d l  ) o f  t h e  Dinwoody f o rma t i on  a t  every  s i t e  measured f o r  

t h e i r  s t reamf low c h a r a c t e r i s t i c s .  Numerous sp r i ngs  occur  i n  these  mem- 

bers  e s p e c i a l l y  t h e  lower  member ( T r d l  ) .  Streamflow da ta  i n  Smoky Canyon 

i n d i c a t e  t h a t  t h e  lower  member ( T r d l  ) has more than one ground wate r  

f l o w  system c h a r a c t e r i s t i c .  Reference t o  t h e  member a c t i n g  as a s i n g l e  

hydrogeolog ic  u n i t  i s  o n l y  j u s t i f i e d  w i t h  t h a t  r e s t r i c t i o n  i n  mind. 

Other  f o rma t i ons  may have s i m i l a r  c o m p l e x i t i e s  b u t  t h e  da ta  a r e  n o t  o f  

s u f f i c i e n t  enough d e t a i l  t o  analyze t h a t  aspect.  

The Phosphoria f o rma t i on  suppor ts  v e r y  few ground water  f l o w  sys- 

tems as i n d i c a t e d  by b o t h  streamflow and s p r i n g  data.  Streamflow changed 

across  t he  c h e r t y  sha le  member (Ppc) i n  one l o c a t i o n .  Here, t h e  member 

(Ppc) d ischarges  ground wate r  t o  t h e  stream w h i l e  t h i s  s t reamf low I s  l o s t  



across the  same exposure a  sho r t  d i s tance  f a r t h e r  downstream. A l l  t h i s  

occurs on o r  near t h e  a x i s  o f  t he  Webster s y n c l i n e  where f r a c t u r i n g  and 

f a u l t i n g  might  have increased t h e  hyd rau l i c  c o n d u c t i v i t y  o f  t h i s  u n i t .  

A t  l e a s t  two spr ings  were found t o  d ischarge f rom t h e  Rex Cher t  

member (Ppr) o f  t h e  Phosphoria f o r n a t i o n .  A t h i r d  sp r i ng  may a l s o  d i s -  

charge f rom t h i s  member (Ppr) bu t  t h e  s p e c i f i c  member cou ld  n o t  be iden-  

t i f i e d  i n  t he  f i e l d .  Streamflow data i n d i c a t e  t h a t  t h i s  member (Ppr) 

may o r  may n o t  suppor t  a  ground water f l o w  system. One s i t e  had both a  

stream ga in  and l o s s  across the same exposure. Th i s  occurred near t he  

a x i s  o f  t h e  Webster sync1 i n e  where f o l d i n g  may have induced f r a c t u r i n g  

and f a u l t i n g  w i t h i n  t h i s  member (Ppr) .  The l o s s  o f  streamflow t o  t h l s  

member (Ppr) i n  Smoky Canyon can n o t  be d i r e c t l y  a t t r i b u t e d  t o  major 

secondary hydraul i c  c o n d u c t i v i t y .  The fo rmat ions  a r e  n o t  f o l ded  t o  as 

g rea t  a  degree a t  t h i s  l o c a t i o n  as a t  o t h e r  s l t e s .  

The Meade Peak Phosphatic Shale member (Ppm) of t h e  Phosphorla 

fo rmat ion  does n o t  suppor t  any s i g n i f i c a n t  ground water f l o w  systems a t  

any o f  t h e  s i t e s  s tud ied .  One sp r i ng  d ischarges from t h i s  member (Ppm) 

from a  complex geo log ic  s t r u c t u r e  i n  Nor th  Sulphur Canyon. The pr imary  

hydraul i c  c o n d u c t i v i t y  o f  t h i s  member (Ppm) i s  low. Secondary hydraul i c  

c o n d u c t i v i t y  i s  a l s o  l ow  due, no doubt, t o  t h e  incompetency o f  t he  member. 

The s t resses  imposed by f o l d i n g  g e n e r a l l y  do n o t  cause ex tens ive  f r a c -  

t u r i n g  and f a u l t i n g  i n  an incompetent format ion.  

Streamflow was always l o s t  t o  some degree i f  n o t  e n t i r e l y  when 

t h e  stream crossed the  upper member (PPwu) of t he  Wel ls format ion.  A 

few spr ings  were l oca ted  t h a t  discharged f rom e i t h e r  the  upper o r  lower 

(PPwu o r  Pwl ) members of t h e  We1 1  s  formation. One s p r i n g  a1 so appears 



t o  d ischarge f rom t h e  Monroe Canyon l imestone (Mb). 

Ground water f l o w  systems i n  t h e  s tudy area may be separated i n t o  

two general ca tego r ies  by t h e i r  r e l a t i v e  p o s i t i o n  t o  t h e  Meade Peak 

Phosphatic Shale member (Ppm) o f  t h e  Phosphoria format ion.  Recharge t o  

t h e  Thaynes and Dinwoody format ions f rom p r e c i p i t a t i o n  moves downward 

t o  d ischarge a t  s i t e s  s t r a t i g r a p h i c a l l y  above t h e  Phosphoria fo rmat ion .  

Fu r the r  downward movement i s  v i r t u a l l y  prevented by t h e  low h y d r a u l i c  

c o n d u c t i v i t y  o f  t h i s  u n i t .  Numerous spr ings  and areas where streams ga in  

f l o w  a re  thus l oca ted  i n  the  Thaynes and Dinwoody formations. Approx i -  

mate ly  71 percent  o f  t h e  t o t a l  stream ga in  and sp r i ng  d ischarge occurred 

f rom t h e  Thaynes and Dinwoody fo rmat ions .  The Wells fo rmat ion  supp l ied  

27 percent  o f  t h e  t o t a l  w h i l e  t h e  Phosphoria f romat ion  supp l ied  about 

2  percent  o f  t h e  t o t a l  stream ga in  and sp r i ng  discharge. 

The upper member (PPwu) o f  t he  We1 1  s  fo rmat ion  i s  recharged by 

p r e c i p i t a t i o n  where exposed b u t  a l s o  through t h e  v e r t i c a l  movement o f  

ground water f rom those format ions above t h e  Phosphoria formation. Th is  

movement can o n l y  occur where the  Phosphoria fo rmat ion  has been d i sp laced  

o r  removed and a  cont inuous f l o w  pa th  e x i s t s .  The Wel ls f o rma t i on  and 

t h e  Monroe Canyon 1  imestone (Mb) normal l y  occur,  s t r a t i g r a p h i c a l  l y  , be1 ow 

t h e  r e s t  o f  t h e  fo rmat ions  exposed i n  t he  area. T h e i r  p o s i t i o n  and t h e  

recharge o f  t he  Wel ls fo rmat ion  by s t reamf low i n d i c a t e s  t h a t  these forma- 

t i o n s  form l o n g  ground water f l o w  systems o f  reg iona l  ex ten t .  

Concl us ions 

1. Th i s  s tudy  i n d i c a t e s  t h a t  t he  fo rmat ions  compr is ing t h e  "phosphate 
sequence" e x h i b i t  s i m i l a r  hydrogeologic  c h a r a c t e r i s t i c s  throughout  
t h e  s tudy  area. 



2. The p l a t y  s i l t s t o n e  member ( T r t s )  and t h e  b lack  l imestone member 
( T r t l  ) o f  t h e  Thaynes fo rmat ion  suppor t  ground water f l o w  systems 
i n  t he  area. 

3 .  Both the  upper member (Trdu) and the  lower member (T rd l  ) o f  t he  
Dinwoody fo rmat ion  suppor t  major ground water f l o w  systems. 

4. The c h e r t y  shale member (Ppc), t h e  Rex Chert  member (Ppr) and the  
Meade Peak Phosphatic Shale member (Ppm) o f  t he  Phosphoria fo rmat ion  
do n o t  suppor t  any major ground water f l o w  systems i n  t he  s tudy area. 

5. A major ground water  f l o w  system e x i s t s  i n  t h e  upper member (PPwu) 
o f  t h e  Wells fo rmat ion .  

6. The f l o w  system i n  t h e  upper mernber (PPwu) o f  t h e  We1 1s fo rmat ion  
i s  separated f rom t h e  f l o w  systems i n  t he  Thaynes and Dinwoody f o r -  
mations by t h e  low h y d r a u l i c  c o n d u c t i v i t y  o f  t he  Phosphoria fo rmat ion  
and i n  p a r t i c u l a r  t h e  Meade Peak Phosphatic Shale member (Ppm). 

7. A major ground water  f l o w  system e x i s t s  i n  t h e  lower member (Pwl ) 
o f  t he  We1 1 s  formation. 

8. Ground water f l o w  systems above the  Phosphoria fo rmat ion  a re  sepa- 
r a t e d  f rom those below t h e  Phosphoria formation. Th is  causes the  
upper f l o w  systems t o  be l o c a l  i n  ex ten t  w h i l e  t he  lower f l o w  system 
i s  reg iona l  i n  ex ten t .  

9. The ground water i n f o r m a t i o n  de r i ved  from t h i s  s tudy should be t rans-  
f e r a b l e  t o  o t h e r  areas where t h i s  "phosphate sequence" I s  present.  
Minor  v a r i a t i o n s  i n  the ground water f l o w  system c h a r a c t e r i s t i c s  o f  
t h e  sequence may occur i f  t h e  phys ica l  composi t ion o f  t h e  format ions 
va r i es .  Separat ion o f  t h e  two f l o w  systems by the  Meade Peak 
Phosphatic Shale member (Ppm) o f  t h e  Phosphoria fo rmat ion  should be 
c o n s i s t e n t .  



CHAPTER I V  

HYDROLOGIC ANALYSIS OF MINING PITS 

I n t r o d u c t i o n  

Ra ls ton  and o t h e r s  (1977) presented t h e  r e s u l t s  f r om s i t e  i nves -  

t i g a t i o n s  o f  f o u r  e x i s t i n g  o r  p o t e n t i a l  mine p i t  s i t e s  i n  t h e  Upper 

B l a c k f o o t  R i v e r  d ra inage  ( f i g u r e  IV-1 )  . Th is  r e p o r t  p rov ides  in fo rma-  

t i o n  on t h e  hyd ro log i c  c o n d i t i o n s  a long  ou tc rops  o f  t h e  Phosphoria 

f o rma t i on  t h a t  s t r i k e  p a r a l l e l  t o  t h e  r i d g e s  near t h e  v a l l e y  f l o o r s .  

A summary o f  these  f i n d i n g s  i s  presented i n  t h i s  chap te r .  

D e t a i l e d  s t u d i e s  o f  two a d d i t i o n a l  p o t e n t i a l  mine p i t  s i t e s  were 

completed as p a r t  o f  t h i s  research  i n  o r d e r  t o  p rov ide  d e t a i l  on more 

complex geo log ic  s e t t i n g s  f o r  mines. The Gay Mine o f  t h e  J.R. S imp lo t  

Company i s  l o c a t e d  i n  a  complex ly  f a u l t e d  and f o l d e d  area n o r t h  and west 

o f  most o f  t h e  e x i s t i n g  phosphate development. The s tudy  o f  t h i s  mine 

p rov ides  i n f o r m a t i o n  on a  complex s t r u c t ~ ~ r a l  s e t t i n g  p l u s  e x i s t t n g  p i t  

dewater ing problems. The n o r t h e r n  c o n t i n u a t i o n  o f  t h e  Monsanto Company's 

Henry Mine extends across t h e  v a l l e y  o f  t h e  L i t t l e  B l a c k f o o t  R i v e r .  T h i s  

v a l l e y  n o t  o n l y  c o n t a i n s  t h e  perenn ia l  L i t t l e  B l a c k f o o t  R i v e r  b u t  a l s o  a  

cons ide rab le  t h i ckness  of b a s a l t .  The d e t a i l e d  s tudy  o f  t h e  No r th  Henry 

Mine thus  p rov ides  i n fo rma t i on  on t h e  ground water f l o w  systems i n  a  

geo log i c  s e t t i n g  made more complex by t h e  stream and b a s a l t .  D e t a i l e d  

d e s c r i p t i o n s  o f  these s i t e s  a r e  presented f o l l o w i n g  t h e  rev iew  o f  p rev ious  

s tud ies .  

Review o f  Prev ious Mine P i t  S tud ies  - -- 

Ral s ton  and o t h e r s  (1977) de l  i nea ted  two ma jo r  ground water  f l o w  

5 8 
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systems i n  L i t t l e  Long Va l l ey ,  t h e  s i t e  o f  an e x i s t l n g  mine operated by 

t h e  S t a u f f e r  Chemical Company (see f i g u r e s  111-4 and IV-2 ) .  One o f  these  

f l o w  systems occurs i n  t h e  Dinwoody f o rma t i on  associated w i t h  a  s y n c l l n e  

p resen t  a long  t h e  eas t  r i d g e  of t h e  v a l l e y .  Th i s  f l o w  system i s  impor- 

t a n t  as i t  p rov ides  t h e  basef low f o r  t h e  Angus Creek. A  second f l o w  

system i s  p resen t  i n  t h e  sha l low unconso l ida ted  sediments and upper p o r -  

t i o n  o f  t h e  Wel ls  f o rma t i on  on t h e  western r i d g e .  T h i s  f l o w  system w i l l  

be d i r e c t l y  a f f e c t e d  by m in ing  b u t  s u p p l i e s  o n l y  a  r e l a t l v e l y  m inor  por -  

t i o n  of t h e  su r f ace  water  system i n  t h e  area. Ra ls ton  and o t h e r s  (1977, 

p. 35) concluded t h e  f o l l o w i n g  w i t h  r espec t  t o  m in ing  a long  t h e  west 

s i d e  o f  L i t t l e  Long V a l l e y .  

"The proposed m in ing  p i t  on t h e  western r i d g e  o f  L i t t l e  
Long Val l e y  w i l l  i n t e r c e p t  t h e  l o c a l  f l o w  system on t h i s  
r i d g e .  I f  t h e  p i t  i s  cons t ruc ted  t o  a  depth below t h e  
v a l l e y  f l o o r ,  i t  may i n t e r c e p t  a  smal l  p o r t i o n  o f  t h e  
d ischarge  f rom t h e  i n te rmed ia te  f l o w  system I n  t h e  
Dinwoody Format ion on t h e  eas te rn  r i d g e  t h a t  i s  no rma l l y  
t r i b u t a r y  t o  Angus Creek as subsur face f l o w .  Ground-water 
movement f rom t h i s  f l o w  system i n t o  t h e  p i t  would have 
t o  f o l l o w  a  pa th  across bedding th rough bo th  t h e  Lower 
Dinwoody Format ion and t h e  Rex Cher t  Member o f  t h e  
Phosphoria Format ion. The t o t a l  q u a n t i t y  o f  wa te r  t h a t  
m igh t  be d i v e r t e d  f rom t h e  Dinwoody f l o w  system i n t o  
t h e  p i t  would be smal l  because o f  t h e  low across-bedding 
h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  sedimentary r o c k  u n i t s . "  

F.M.C. ho lds  m in ing  leases  a long  t h e  west s i d e  o f  Lower Dry V a l l e y .  

Rocks a r e  exposed i n  a  rough l y  no r t h - sou th  ou t c rop  a long  t h e  eas t  l i m b  

o f  a  sync1 i n e  l o c a t e d  a long  t h e  a1 ignment o f  Schmld Ridge ( f i g u r e  IV-3) .  

Dry  Val l e y  i s  be1 ieved  t o  be t h e  recharge area f o r  an I n t e r - v a l  l e y  ground 

wate r  f l ow system i n  t he  Wel ls  f o rma t i on .  A t  l e a s t  a  p o r t i o n  o f  t h e  

wate r  recharged i n  Lower Dry V a l l e y  moves downdip i n  t h e  Wel ls  f o rma t i on  

t o  d ischarge  i n  t h e  ad jacen t  Slug Creek Va l l ey .  Vandel l  (1978) conducted 

pumping t e s t s  i n  Lower Dry V a l l e y  t o  es t ima te  t h e  h y d r a u l i c  c o n d u c t i v i t y  



Computed Discharge: 

Western Ridge Flow System 

Eastern Ridge Flow System 

Measwed Discilorge At Ar,gus Greek 
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Figure I V - 2 .  Computed and measured monthly discharge for Angus Creek 
at Narrows, Lit t le  Long Valley 
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of t h e  Phosphoria format ion.  She found t h a t  l o c a l  i z e d  zones o f  h i g h  

h y d r a u l i c  c o n d u c t i v i t y  were p resen t  i n  t h e  Rex Cher t  member o f  t h e  

Phosphoria f o rma t i on ;  however, t h e  o v e r a l l  h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  

f o rma t i on  was found t o  be low t o  ve ry  low. 

A s i m i l a r  ground water  f l o w  system was found t o  e x i s t  i n  Upper Dry  

Val l e y  a long  what i s  known as t h e  Champ leases.  Again water  i s  be1 ieved  

t o  move downdip i n  t h e  Wel ls  f o rma t i on  th rough t h e  Schmid s y n c l i n e  t o  

d ischarge  i n  t h e  ad jacen t  Slug Creek V a l l e y .  

The proposed development o f  t h e  phosphate mine a long  t h e  eas t  s i d e  

of t h e  Diamond Creek V a l l e y  prov ided an o p p o r t u n i t y  t o  i n v e s t l g a t e  t h e  

i n t e r r e l a t i o n s h i p  o f  ground water  f l o w  i n  t h e  conso l i da ted  sedimentary 

rocks  w i t h  ground water  f l o w  i n  t h e  unconso l ida ted  v a l l e y  a l l uv i um.  

Rals ton and o the rs  (1977) found t h a t  movement o f  ground water  f rom t h e  

a l l u v i u m  i n t o  t h e  proposed p i t  was a  g r e a t e r  p o t e n t i a l  problem than  

i n f l o w  f rom t h e  Phosphoria f o rma t i on  o r  o v e r l y i n g  Dinwoody fo rmat ion .  

Ra ls ton  and o t h e r s  (1977, p. 123) found d l s t i n c t  s l m i l a r l t i e s  

between t h e  ground water  f l o w  systems a t  each o f  t h e  proposed mine s i t e s  

( f i g u r e  IV-4 ) .  They concluded t h e  f o l l o w i n g  f rom t h e i r  s tudy  of these 

s i t e s  . 

1 )  "Each s tudy  area i n  t h e  phosphate area has a  un ique 
water  resource  system dependent upon g i ven  geo log lc ,  
topograph ic ,  h y d r o l o g i c  and hydrogeolog ic  c o n d l t l o n s .  
However, t h e  areas have d i s t i n c t  hydrogeolog lc  and 
hyd ro log i c  similarities i n  t h e  geo log ic  framework i n  
t h e  areas. The water  resource  system cannot be under- 
stood w i t h o u t  an a n a l y s i s  o f  ground-water f l o w  systems. 

2 )  None of t h e  proposed min ing  p i t s  w i t h i n  t h e  s tudy  
area w i l l  i n t e r c e p t  a  major  ground-water f l o w  system 
i n  t h e  sedimentary r o c k  format ions.  The m ln ing  w i l l  
cause a  dewater ing o f  t h e  Phosphoria Format ion I n  
severa l  areas w i t h  1  i t t l e  impact on t h e  t o t a l  water  
resource  system. 
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F igure  I V - 4 .  Diagrammatic cross s e c t i o n  o f  t h e  L i t t l e  Long V a l l e y ,  
Upper and Lower Dry V a l l e y  and Diamond Creek study 
a reas .  



3 )  Several o f  t he  mine p i t s  may i n t e r c e p t  ground- 
water f l o w  systems i n  unconsol i da ted  v a l l e y  f ill 
m a t e r i a l .  Any dewater ing o f  t h e  a l l u v i a l  aqu i fe r  
w i l l  a f f e c t  t h e  f l o w  o f  Diamond Creek n o r t h  o f  
t he  mine area w i thou t  m i taga t i ng  measures. 

4 )  Ground-water f l o w  systems t h a t  a re  c rea ted  i n  
mine waste p i l e s  w i l l  p robably  d ischarge water 
t h a t  i s  poorer  i n  q u a l i t y  than n a t u r a l  f l o w  sys- 
tems. Care must be taken t o  cons t ruc t  waste 
p i l e s  t h a t  w i l l  min imize groud-water f l ow . "  

Hydrogeol ogy - o f  t h e  East Gay Mine Area -- 

I n t r o d u c t i o n  

A d e t a i l e d  s tudy o f  t he  hydro logy near an a c t i v e  phosphate mine 

was i n i t i a t e d  a t  t h e  Gay Mine near Pocate l lo .  Th i s  mine i s  j o i n t l y  

operated by t h e  J.R. Simplot  Company and F.M.C. and 5s l oca ted  about 

30 m i l e s  (48 k i l ome te rs )  nor theas t  o f  Pocatel l o  ( f i g u r e  IV-5).  Impor- 

t a n t  a d d i t i o n a l  i n fo rma t i on  was gained from t h i s  s tudy because several  

cond i t i ons  e x i s t  a t  t h e  Gay Mine t h a t  were n o t  encountered -in prev ious 

U n i v e r s i t y  o f  Idaho s tud ies :  (1)  ground water f l o w  systems i n  t h e  Gay 

Mine area a r e  c o n t r o l l e d  p r i m a r i l y  by f a u l t  b lock  s t r u c t u r e ,  and (2)  

f l o o d i n g  o f  mine p i t s  by ground water has s e r i o u s l y  h indered min ing 

operat ions.  

The purpose o f  t h i s  s tudy was t o  develop an understanding o f  t he  

hydrogeology o f  t he  East Gay Mine area. The general o b j e c t i v e  was t o  

develop a  conceptual model of ground water f l o w  systems f o r  d e l i n e a t i n g  

water resource impacts on and impacts f rom min ing i n  the  East Gay Mine 

area. The s p e c i f i c  o b j e c t i v e s  a re  s ta ted  below: 

1. Describe i n  general the  ground water f l o w  systems present  i n  the  
v i c i n i t y  o f  t h e  Gay Mine. 



F igu re  IV-5 .  Loca t i on  map o f  t h e  Gay Mlne area. 
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2. Describe i n  d e t a i l  t h e  ground water f l o w  systems i n  t h e  new proposed 
mine area (Group 1 - p i t s  4,  5, and 6 )  ( f i g u r e  IV-6) .  

3. Descr ibe present  and p o t e n t i a l  i n t e r a c t i o n s  between min ing  and ground 
water f l o w  systems. 

4. Describe techniques t o  minimize de t r imenta l  i n t e r a c t i o n s  between 
min ing and ground water f l o w  systems f o r  t h e  Gay Mine I n  general 
and s p e c i f i c a l l y  f o r  t h e  Group 1 area. 

Several e x c e l l e n t  i n v e s t i g a t i o n s  o f  t h e  geology o f  t h e  s tudy area 

are  a v a i l a b l e .  The most comprehensive i n v e s t i g a t i o n  o f  F o r t  Ha l l  Reser- 

v a t i o n  geology was Mansf ie ld 's  c l a s s i c  r e p o r t  (1 920). Lehman (1 966) 

r e f i n e d  Mans f i e ld ' s  work f o r  t h e  immediate mine area. Since t h a t  t ime,  

Gay Mine personnel have improved t h e  geo log ic  map o f  t he  mine area as 

more i n fo rma t i on  has become a v a i l a b l e .  

Several unpubl i shed J .R. Simp1 o t  Company r e p o r t s  have addressed 

t h e  hydro logy o f  t h e  s tudy area. Raymond and W i l l  iams (1973) discussed 

p o t e n t i a l  recharge t o  ground water f l o w  systems i n  t h e  mine area and t h e  

dewater ing o f  perched water systems. I n  a r e p o r t  t o  mine personnel,  

Geraghty and M i l l e r  I nc .  (1971) discussed f l o w  systems w i t h i n  t he  Wel ls 

format ion.  

Hydrogeologic Framework 

The goal of t h e  geologic  p o r t i o n  o f  t h e  s tudy was t o  descr ibe  t h e  

s p a t i a l  d i s t r i b u t i o n  o f  hyd rau l i c  c o n d u c t i v i t y  so t h a t  t h i s  i n fo rma t i on  

cou ld  be used t o  analyze t h e  f l o w  o f  ground water. The hyd rau l i c  con- 

d u c t i v i t y  o f  t h e  Thaynes and Dinwoody format ions o f  T r i a s s i c  age, t h e  

Cherty Shale and Meade Peak members o f  t h e  Permian Phosphoria formation, 

and t h e  Wells fo rmat ion  of Pennsylvanian age a re  discussed Below. The 

Permian Granduer member of t h e  Park City fo rmat ion  i s  inc luded as p a r t  

of t h e  Wel ls format ion.  The Cherty  Shale member should n o t  Be confused 



F i g u r e  IV-6.  Loca t i on  o f  mine p i t s ,  d r i l l  ho les,  wa te r  l e v e l  
r eco rde rs ,  s t a f f  gages, Gay Mine East Area. 
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w i t h  t he  Rex Chert  member which does n o t  occur i n  t h e  Gay Mine area. 

The Thaynes fo rmat ion  has moderate hyd rau l i c  c o n d u c t i v i t y  based 

upon the  f o l l o w i n g  evidence: (1 ) Winter (19Z9) showed t h a t  most members 

o f  t h e  Thaynes fo rmat ion  have s u f f i c i e n t  hyd rau l i c  c o n d u c t i v i t y  t o  sup- 

p o r t  f l o w  systems and (2 )  t h r e e  small spr ings  i n  t h e  Gay Mine area issue 

from t h e  Lower Limestone member of t h e  Thaynes fo rmat ion .  

The Dinwoody formation has nioderate hyd rau l i c  c o n d u c t i v i t y  based 

upon the  f o l l o w i n g  evidence: (1 )  Winter (1979) showed t h a t  t he  Dinwoody 

fo rmat ion  supports f l o w  systems, (2 )  a  pump t e s t  i n  t he  Gay Mine area 

i nd i ca ted  t h a t  one w e l l  i n  t he  Dinwoody fo rmat ion  (F.M.C. w e l l )  can y i e l d  

100 ga l l ons  per  minute (gpm), and (3 )  a  ga in ing  perenn ia l  stream i s  pres- 

en t  i n  t he  Dinwoody fo rmat ion  n o r t h  o f  Group 1. 

The Cherty  Shale member o f  t h e  Phosphoria formation has low hy- 

d rau l  i c  c o n d u c t i v i t y  based upon t h e  evidence t h a t  t h e r e  i s  no leakage 

i n t o  t he  n o r t h  end o f  one o f  t he  mine p i t s  through t h i s  member, even 

though water i s  ponded on t h e  member near t h e  h ighwal l .  The Meade Peak 

member of t h e  Phosphoria fo rmat ion  a l so  has l ow  hyd rau l i c  c o n d u c t i v i t y  

based upon t h e  f o l l o w i n g  evidence: (1  ) Winter (1979) showed t h a t  t h i s  

member does n o t  support  f low systems, ( 2 )  no spr ings  were found i s s u i n g  

from t h i s  u n i t  i n  t h e  Gay Mine area, (3 )  t he  Meade Peak member "con f ines"  

water below i t  i n  t h e  p i t s ,  and (4 )  t h e r e  was no observed leakage i n t o  

t he  p i t s  from t h i s  u n i t .  

The upper Wells formation and Granduer member have h igh  hyd rau l i c  

c o n d u c t i v i t y  based upon t h e  f o l l o w i n g  evidence: (1 ) Winter (1 979) showed 

t h a t  major f l o w  systems occur i n  t he  upper Wells format fon,  ( 2 )  major  

spr ings  issue from t h i s  u n i t  i n  t h e  Gay Mine area; some o f  these spr ings  



are  warm and minera l  i zed  i n d i c a t i n g  reg iona l  f l o w  systems, ( 3 )  l a r g e  

q u a n t i t i e s  o f  water f low i n t o  t he  p i t s  f rom t h i s  u n i t ,  and ( 4 )  much water 

was encountered when d r i l l  i n g  i n  t h i s  u n i t .  The lower Wells fo rmat ion  

i s  a l s o  assumed t o  have h igh  h y d r a u l i c  c o n d u c t i v i t y  bases upon t h e  r e s u l t s  

o f  Ral s ton  and o the rs  (1977). 

These h y d r a u l i c  c o n d u c t i v i t y  values represent  each u n i t  as a  

whole. On a  small scale,  i n t r a - u n i t  d i f f e r e n c e s  i n  hydraul i c  conduc t iv -  

i t y  a re  probably  as g r e a t  as those between u n i t s .  A consequence o f  t h i s  

i s  t h a t  a  f a u l t  must no t  o f f s e t  t h e  e n t i r e  th ickness  o f  a  p a r t i c u l a r  

u n i t  t o  h inder  t h e  f l o w  o f  ground water;  o n l y  t h e  zones o f  h igh  hydraul i c  

c o n d u c t i v i t y  w i t h i n  t h e  u n i t  must be o f f s e t .  When app l y ing  t h i s  in forma- 

t i o n  i n  l a t e r  sec t ions ,  t he  key w i l l  be t h e  r e l a t i o n s h i p  o f  t he  u n i t  w i t h  

t h e  h ighes t  hyd rau l i c  c o n d u c t i v i t y  (Wel ls  f o rma t i on )  t o  t h e  o thers ,  and 

e s p e c i a l l y  t o  t h e  Meade Peak member which i s  e s s e n t i a l l y  a  b a r r i e r  t o  

ground water f l ow .  

Two d i s t i n c t  per iods o f  t e c t o n i c  deformat ion were respons ib le  f o r  

t h e  geo log ic  s t r u c t u r e s  present  i n  t h e  Gay Mine area. A pe r i od  o f  reg ion -  

a l  compression a long a  southwest-northeast a x i s  caused most of t h e  f o l d i n g  

present ,  t h e  nor thwest  t r end ing  reverse  f a u l t s ,  and t h e  east-west t r end ing  

t e a r  f a u l t s .  The northwest t r end ing  normal f a u l t s  formed du r i ng  a  l a t e r  

pe r i od  o f  reg iona l  tens ion.  The major  s t r u c t u r a l  f ea tu res  a re  shown i n  

f igures  IV-7 and IV-8. 

The general  f o l d  p a t t e r n  i s  a  se r i es  o f  nor thwest-southeast  

s t r - i k i n g  sync l i nes  and a n t i c l i n e s .  An -important except ion i s  t he  no r th -  

eas t  s t r i k i n g  Dry Hol low sync1 l ne  i n  t h e  nor thwest  p o r t i o n  o f  f i g u r e  IV-7. 

Major  f a u l t s  break the  f o l d  pa t te rns .  The major f o l d s  a f f e c t i n g  t h e  
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hydro logy o f  t h e  Gay Mine area a r e  descr ibed  below. 

Por tneu f  R i v e r  Sync l ine  - Th i s  i s  a  wide, shal low,  p o o r l y  de f ined ,  n o r t h -  
west s t r i k i n g  sync l  i ne .  The sync l  i n e  i s  h i g h l y  f r a c t u r e d  i n  t h e  
nor thwest  p o r t i o n  o f  t h e  mine area and tends t o  l o s e  i t ' s  i d e n t i t y .  
Much o f  t h i s  s t r u c t u r e  i s  covered by t h e  S a l t  Lake f o rma t i on  and i s  
p o o r l y  understood. 

Dry  Hol low A n t i c l i n e  - T h i s  no r t heas t  t r e n d i n g  a n t i c l i n e  p a r t i a l l y  con- 
t r o l s  t h e  ou t c rop  p a t t e r n  o f  t h e  Phosphoria f o rma t i on  i n  t h e  West Area, 
and i s  s t r u c t u r a l l y  r e l a t e d  t o  t h e  Gay Mlne sync l i ne .  

Gay Mine Sync l ine  - Th i s  i s  a c t u a l l y  a  bowl shaped s t r u c t u r e  formed by 
t h e  D ry  Hol low s y n c l i n e  and f a u l t i n g .  I t  i s  separated f rom t h e  East 
Area by t h e  Cent ra l  Gay Mine f a u l t .  

South 40 S n c l i n e  - Th i s  i s  a  v e r y  deep, t i g h t l y  fo lded,  nor thwest  t r e n d i q g  
s y n c l i n e  w i t  a  near  v e r t i c a l  southwest l imb .  The southwest l i m b  has --+ 
been tu rned  under by a Canrbrian t h r u s t  sheet.  

There a r e  two niajor types o f  f a u l t s  i n  t he  Gay Mine area: nor thwest  

t r e n d i n g  normal f a u l t s  and east -west  t r e n d i n g  t e a r  f a u l t s .  The east-west 

f a u l t s  tend t o  break r e g i o n a l  f o l d  t r ends  and thus  d i v i d e  t h e  area i n t o  

sub-regions. The most impo r tan t  f a u l t  o f  t h i s  t ype  i s  t h e  Centra l  Gay 

Mine f a u l t .  Th i s  f a u l t  separates t h e  East Area f r om t h e  Gay Mlne syn- 

c l  i n e  area by d i s p l a c i n g  t h e  u n i t s  n o r t h  o f  t h e  f a u l t  t o  t h e  west and down 

r e l a t i v e  t o  those on t h e  south s ide .  Th i s  t ype  of f a u l t i n g  i s  o f t en  asso- 

c i a t e d  w i t h  t h e  f o rma t i on  o f  v e r y  impermeable f a u l t  gouge. The nor thwest  

t r e n d i n g  normal f a u l  t s  a r e  general  l y  perpendicu l  a r  t o  bedding p lanes and 

a r e  t h e  niost common f a u l t  t y p e  w i t h i n  t h e  mine area. These f a u l t s  sepa- 

r a t e  t h e  East Area f rom t h e  Por tneu f  R i v e r  sync l  i n e  and l a r g e l y  c o n t r o l  

t h e  ou t c rop  o f  t h e  o r e  zones. 

The East Area can be cons idered t o  be "a b l o c k "  of h i g h  h y d r a u l i c  

c o n d u c t i v i t y  m a t e r i a l  exposed a t  l and  sur face .  The b lock  i s  composed 

l a r g e l y  o f  t h e  Wel ls f o rma t i on  ( f i g u r e s  IV-7 and IV-8) .  Fo ld l ng  has p laced 

t h e  t o p  o f  t h e  Wel ls  f o rma t i on  a t  a  r e l a t i v e l y  h i g h  e l e v a t i o n  i n  t h i s  area.  



The beds g e n e r a l l y  s t r i k e  northwest and d i p  about 30 degrees t o  t he  south- 

west. Normal f a u l t s  perpendicu lar  t o  bedding planes are  t h e  most common 

f a u l t s  w i t h i n  t h e  b lock.  These f a u l t s  probably  h inder  ground water f l o w  

downdip i n  t h i s  f o rma t i on  by o f f s e t t i n g  t h e  zones o f  h igher  h y d r a u l i c  

c o n d u c t i v i t y  w i t h i n  the  format ion.  The n e t  e f f e c t  i s  t h a t  hyd rau l i c  con- 

d u c t i v i t y  i s  g rea tes t  para1 l e l  t o  bo th  bedding planes and t o  f a u l t  planes, 

o r  a long l i n e s  t r e n d i n g  northwest-southeast.  

The area i s  bounded on t h e  south and west by t h e  South 40 sync l i ne .  

The nor theas t  l i m b  o f  t h i s  sync l i ne  i n c l i n e s  t h e  Phosphoria fo rmat ion  i n  

such a  way t h a t  i t  a c t s  as a  boundary i n  t h e  h o r i z o n t a l  d i r e c t i o n .  The 

area i s  bounded t o  t h e  eas t  and no r theas t  by normal f a u l t s  t h a t  drop t h e  

Por tneuf  R i ve r  sync l i ne  area r e l a t i v e  t o  t h e  East Area. Th is  p laces t h e  

Phosphoria fo rmat ion  o f  very  1  ow hydraul  i c  c o n d u c t i v i t y  aga ins t  t h e  We1 1  s  

fo rmat ion .  The area i s  bounded t o  t h e  n o r t h  by t h e  Cent ra l  Gay Mine 

f a u l t  which separates t h e  b lock f rom t h e  Gay Mine sync1 i ne .  Th i s  f a u l t  

a c t s  as a  boundary p r i m a r i l y  because i t  places the  Phosphoria fo rmat ion  

and lower  Dinwoody fo rmat ion  aga ins t  t h e  Wel ls fo rmat ion .  The gouge 

a1 ong t h i s  f a u l t  may a1 so 1  i m i t  f l ow .  

Ana lys is  - o f  Hydro1 og ic  Data 

Data on ground water l e v e l s ,  s p r i n g  d ischarge and pumpage f rom 

min ing  p i t s  were c o l l e c t e d  and analyzed as p a r t  of t h e  s tudy  of t he  Gay 

Mine area. The min ing  company i n s t a l l e d  several  pumps i n  t he  BB p l t  

t o  lower water l e v e l s  so t h a t  min ing  cou ld  proceed. The pumpage f rom 

t h i s  s i t e  prov ided a  unique o p p o r t u n i t y  t o  c o l l e c t  da ta  on t h e  h y d r a u l i c  

p r o p e r t i e s  o f  t h e  We1 1  s  format ion.  

Wel ls Formation. Hydro logic  data f o r  f l o w  systems w i t h i n  t he  



Wells format ion were taken  f rom e x i s t i n g  cased d r i l l  ho les  (W1, W2, W3, 

and W4), ho les  d r i  11 ed f o r  t he  s tudy  (88-4, Mon 2, and Mon 5) ,  ponded 

water  i n  t h e  BB-4 and W p i t s ,  and sp r i ngs  i s s u i n g  f rom t h i s  f o rma t i on  

(Queedup and H). Loca t ions  o f  these s i t e s  a r e  g i ven  i n  f i g u r e  IV-6; 

o t h e r  i n f o r m a t i o n  i s  presented i n  t a b l e  IV-1. 

Water e l e v a t i o n s  i n  f o u r  d r i l l  ho les,  88-4, W1, Mon 1  and Mon 5, 

were used i n  an a t tempt  t o  d e f i n e  t h e  water  t a b l e  as i t  e x l s t e d  p r i o r  t o  

pumpage f rom t h e  BB-4 p i t .  The a n a l y s i s  was h indered  by t h e  f a c t  t h a t  

two o f  these  ho les  were n o t  completed u n t i l  a f t e r  t h e  pumping had s t a r t e d ;  

e l e v a t i o n s  o f  water  l e v e l s  i n  these ho les  had t o  be e x t r a p o l a t e d  back t o  

prepumping l e v e l  s  based upon wate r  l e v e l  da ta  f rom t h e  o t h e r  ho les.  The I 

water  l e v e l  da ta  i n d i c a t e  t h a t  ground water  i n  t h e  Wel ls  f o rma t l on  i s  

moving i n  a  nor th -nor thwes t  d i r e c t i o n .  

Several i n v e s t i g a t o r s  have addressed t h e  ques t i on  o f  whether o r  

n o t  mine p i t s  i n  t h e  East Area a r e  hydraul  i c a l  l y  connected (Raymond and 

W i l l  iams, 1973 and Combe, 1970). The f i r s t  evidence t h a t  ground water  

f l o w  may be cont inuous between mine p i t s ,  and thus  across major  f a u l t  

zones, was presented by Combe i n  h i s  r e p o r t  concern ing a  pump t e s t  o f  

t h e  W1 w e l l .  He repo r ted  t h a t  t h e  wate r  l e v e l  i n  a  16- inch  w e l l  i n  t h e  

B B I I  p i t  was p robab ly  drawn down by t h e  pumpage f r om t h e  W p i t  w e l l .  

The l o n g  t e rm  pumpage from t h e  BB-4 p i t  p rov lded  an e x c e l l e n t  

o p p o r t u n i t y  t o  see if water  l e v e l s  a t  d i s t a n t  p o i n t s  i n  t h e  East Area 

were p a r t  o f  t h e  same f l o w  system. Water t o  be pumped f rom t h e  BB-4 p i t  

was c o l l e c t e d  i n  a  t r e n c h  runn ing  t h e  l e n g t h  o f  t h e  p i t  on I t s  west s lde ,  

and channeled t o  sumps. The i n i t i a l  pump, which was p u t  i n t o  o p e r a t i o n  

on May 24, 1978, d ischarged about  350-400 gpm (22-25 l / s e c )  f rom a  sump 



Table IV-1.  D r i l l  h o l e  data  f o r  t h e  geohydro log ic  s tudy  of  t h e  Gay Mine area, Western Phosphate 
F i e l d ,  Idaho. 

E l e v a t i o n  
Hole Loca t i on  Casino* Depth P e r f o r a t i o n s  Rock U n i t s  
No. (mine g r i d )  ( f e e t )  ( f e e t )  Casing ( f e e t )  Encountered 

BE-4 BE-4 P i t  
N 500 764 5737.40 175 6" s t e e l  t o  64'  6 - 6 4  W e l l s F o r m a t i o n  
E 532 527 (now 30) 

Mon 1 GG-2 P i t  
N 500 107 5745.40 40 3 "  PVC t o  37'  19%-20% W e l l s F o r m a t i o n  
E 529 270 

Mon 2 GG-2 P i t  
N 500 073 5745.32 129 6" s t e e l  t o  58 '  None We1 1s Format ion 
E 529 236 

Mon 3 

Mon 4 

Mon 5 

W1 

W3 

W4 

F.M.C. 

Group 1 
N 505 256 
E 529 535 

Group 1 
N 504 320 
E 528 580 

Group 1 
N 504 969 
E 529 368 

N 499 340 
E 536 930 

N 499 276 
E 536 878 

N 499 273 
E 536 877 

N 499 148 
E 536 544 

N 506 900 
E 532 442 

3 "  PVC t o  258' 

6" s t e e l  t o  2 0 1 ,  
3/4" PVC f rom 
su r face  t o  168'  
( n o t  sea led)  

3/4" PVC t o  231' 

18" s t e e l  t o  59'  

5" s t e e l  t o  36'  

5" s t e e l  t o  60'  

5" s t e e l .  t o  65 '  

10" s t e e l  t o  75'  

Che r t y  Shale Member 
Meade Peak Member 
We1 1 s Format ion 
(cased o n l y  t o  
Meade Peak, caved) 

Dinwoody Format ion 
Meade Peak Member 

Che r t y  Shale Member 
Meade Peak Member 
We1 1 s Format ion 

Meade Peak Member 
We1 1 s Format ion 

Meade Peak Member 
Wel ls  Format ion 

Meade Peak Member 
We l l s  Format ion 

Meade Peak Member 
We1 1 s Format ion 

Dinwoody Format ion 

FF-31 N 498 520 6022.34 21 5 ? ? Phosphoria Format ion 
E 528 815 We l l s  Format ion 

FF-32 N 4 9 8 2 1 0  6017.15 56 ? ? Phosphor ia Format ion 
E 528 835 

FF-33 N 498 175 6019.96 245 ? ? Phosphoria Format ion 
E 528 778 We l l s  Format ion 

FF-34 N 498 118 6016.27 205 ? ? Phosphor ia Format ion 
E 528 861 We1 1s Format ion 

FF-35 N 498 025 6015.09 227 ? ? Phosphor ia Format ion 
E 528 888 Wel ls  Format ion 

FF-36 N 497 926 6008.72 225 ? ? Phosphor ia Format ion  
E 528 910 We l l s  Format ion 

? Phosphoria Format ion 

* E l e v a t i o n s  accu ra te  t o  w i t h i n  2 0.2 f e e t  when compared t o  ho les  away f rom t h e i r  immediate 
v i c i n i t y .  



i n  t he  n o r t h  end. A t  t h i s  t ime,  t h i s  pumping r a t e  was s u f f i c i e n t  t o  d r a i n  

t he  d i t c h .  La ter ,  as min ing a c t l v i t y  removed and d i s tu rbed  inc reas ing  

amounts o f  t h e  con f i n ing  Meade Peak member, t h e  r a t e  o f  f l o w  i n t o  t h e  p i t  

Increased. On September 19, 1978, a  pump w i t h  a  capac i t y  o f  about 2300 gpm 

(145 l / s e c )  was i n s t a l l e d  i n  the south end o f  t h e  p i t .  Both pumps operated 

u n t i l  t he  p i t  was mined ou t  on February 7, 1979. 

It i s  necessary t o  moni tor  pump r a t e s  and on -o f f  per iods  i n  o rder  

t o  c o r r e l a t e  pumpage t o  changes i n  water l e v e l s .  Th i s  i n fo rma t i on  proved 

t o  be d i f f i c u l t  t o  c o l l e c t  over long  per lods  o f  t ime.  It was thus  decided 

t h a t  water l e v e l  f l  uc tua t l ons  I n  t h e  BB-4 we1 1  would p rov ide  an adequate 

record  o f  pump opera t ion .  The we l l  i s  open t o  t h e  Wel ls format ion i n  

t h e  v i c i n i t y  o f  t h e  p i t .  Pumping water f rom t h e  t rench  causes water t o  

f l o w  upward i n t o  t h e  t rench  from t h e  Wel ls format ion and thus i s  essen- 

t i a l l y  t h e  same as pumping d i r e c t l y  from t h e  Wel ls formation. For t h i s  

reason, i t  i s  expected t h a t  changes i n  t h e  water l e v e l  i n  t he  we l l  would 

be p ropo r t i ona l  t o  changes i n  t he  pumping r a t e  and would show the  same 

p a t t e r n  as water l e v e l  changes i n  t h e  t rench.  F igure  IV-9 shows hydro- 

graphs of t h e  BB-4 w e l l  and pond over  a  p e r i o d  t h a t  t h e  pumping opera t ion  

was c l o s e l y  monitored. The pumping r a t e  was 350 t o  400 gprn (22-25 l / s e c ) .  

Th is  f f g u r e  indicates t h a t  water f l u c t u a t i o n s  I n  t h e  BB-4 we l l  do accu ra te l y  

r e f l e c t  pumpfng r a t e s .  Th is  r e l a t i o n s h i p  w i l l  be assumed throughout t h e  

hydro log ic  ana l ys i s .  

Continuous water l e v e l  data were c o l l e c t e d  a t  t h r e e  we l l  s i t e s  

(88-4, W1 , GG1 ) by Stevens Type F water 1  eve1 recorders.  Add i t i ona l  

p o i n t  measurements were taken w i t h  a  ,s teel  tape a t  these p o i n t s  and a t  

Group 1  Mon 5. A p l o t  of these data i s  presented i n  f i g u r e  IV-10. 
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Examinat ion o f  f i g u r e  IV-10 r e v e a l s  t h a t  water  l e v e l s  i n  W and 

GG p i t  w e l l s  show a  v e r y  s i m i l a r  t r e n d  and bo th  c o r r e l a t e  w e l l  w i t h  t h e  

BB-4 w e l l .  It i s  impor tan t  t o  no te  t h a t  t h e  W and GG p i t s  a r e  on oppos i t e  

s ides  o f  t h e  BB-4 p i t .  Both p l o t s  show a  change o f  s lope  i n  response t o  

t h e  a d d i t i o n  o f  t h e  1  a rge r  pump on September 19, 1978. E a r l y  p a r t s  o f  

t h e  W1 p l o t  correspond w e l l  t o  t h e  e a r l y  88-4 reco rd  when t h e  pumpage was 

i r r e g u l a r .  

It i s  concluded t h a t  t h e  w e l l s  moni tored a r e  h y d r a u l i c a l l y  con- 

nected and t h a t  pumpage f rom t h e  BB-4 p i t  a f f e c t e d  an area a t  l e a s t  as 

l a r g e  as t h a t  represented by t h e  da ta  c o l l e c t i o n  p o i n t s .  A c o r o l l a r y  

i s  t h a t  t h e  major  f a u l t  zones t h a t  separate t h e  GG and W p i t s  f rom t h e  

BB-4 p i t  a r e  n o t  complete b a r r i e r s  t o  ground wate r  f l o w .  Thus t h e  f a u l t  

b locks  c o n t a i n i n g  each of  these  mine p i t s  does n o t  have i t s  own i s o l a t e d  

f l o w  system. Ins tead  t h e r e  I s  a  r e g i o n a l  wa te r  t a b l e  i n s i d e  t h e  geo log ic  

boundaries descr ibed  e a r l  i e r .  

Discharge f rom two sp r i ngs  (Queedup and H)  t h a t  i s sue  f rom t h e  

Wel ls f o rma t i on  remained v e r y  cons tan t  d u r i n g  t h e  s tudy  pe r i od .  Water 

f rom these sp r i ngs  i s  a1 so warmer and more h i g h l y  m inera l  i z e d  than water  

f rom any o t h e r  p a r t  o f  t h e  s tudy  area. These f a c t o r s  make i t  c l e a r  t h a t  

these sp r i ngs  a r e  d i scha rg ing  f rom a  deep, l o n g  f l o w  system t h a t  i s  d i f -  

f e r e n t  f rom t h e  f l o w  system represented by t h e  o t h e r  hyd ro log i c  da ta  

concernir lg t h e  Wel ls formation. These two f l o w  systems a r e  bo th  p resen t  

i n  t h e  W p i t  area. 

Phosphoria Format ion. The Phosphoria f o rma t i on  i n  t h e  Gay Mine 

area g e n e r a l l y  does n o t  have sufficient h y d r a u l i c  conductivity t o  sup- 

p o r t  ground water  f l o w  systems. Data on t h i s  u n i t  a r e  a v a i l a b l e  f rom 
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seven d r l l l  ho les constructed near t h e  now back f i l l e d  and reclaimed 

FF-3 p i t .  Two o f  these holes were used as observat ion w e l l s  f o r  pump 

t e s t s  i n  Decerr~ber and February o f  1972. Raymond and W i l l  iams (1 973) 

concluded t h a t  t h e  pump t e s t s  measured the  hyd rau l i c  p rope r t i es  o f  t he  

Meade Peak member o n l y  and t h a t  t h e  hyd rau l i c  c o n d u c t i v i t y  o f  t h i s  u n i t  

i s  on the  order  o f  1.3 f t / d a y  (.4 meter/day). They a l s o  r e p o r t  t h a t  water 

l e v e l s  i n  several o f  t h e  w e l l s  d i d  n o t  recover  t o  p re - tes t  e leva t ions .  

Dinwoody and Thaynes Formations. Hydrologic data f o r  f l o w  systems 

w i t h i n  the  Dinwoody and Thaynes format ions were taken f rom t h r e e  spr ings 

(D, J, K) and one e x i s t i n g  cased d r i l l  ho le  (F.M.C. w e l l ) .  Locat ions are  

g iven i n  f i g u r e  IV-8 and in fo rmat ion  i n  t a b l e  IV-1. 

Water l e v e l s  i n  t he  F.M.C. w e l l  were monitored f rom J u l y  19, 1978 

t o  November 6, 1978. The water l e v e l  decl -ine o f  almost seven fee t  (two 

meters) over t h i s  pe r iod  i s  t h e  r e s u l t  o f  na tu ra l  recession i n  t he  absence 

o f  recharge. ThSs magnitude o f  dec l i ne  i nd i ca tes  t h a t  t h e  f low system 

tapped by t h i s  we l l  i s  n o t  very  extensive.  

The recession t rends  and t h e  r e l a t i v e l y  low f l o w  r a t e  of spr ings 

(J and K) from t h e  Thaynes fo rmat ion  and sp r ing  (D) f rom t h e  Dinwoody 

format ion i n d i c a t e  t h a t  t h e i r  f l o w  systems a re  no t  extensive.  The eleva- 

t i o n s  o f  these spr ings  and o f  water l e v e l s  i n  the  F.M.C. we l l  a re  a l l  

h igher  than any water l e v e l s  measured i n  t he  Wells format ion.  

Ground Water Flow Systems -- 
The in fo rma t ion  contained i n  the  prev ious two sec t ions  a re  com- 

bined i n  t h i s  sec t i on  t o  form t h e  conceptual model o f  ground water f l o w  

systems i n  the  East Area. The basic  p r i n c i p l e s  o f  t h e  model a re  i n t r o -  

duced us ing  a schematic diagram ( f i g u r e  IV-11). D e t a i l s  of the  ac tua l  
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f l ow  system are then added t o  complete the  model. F i n a l l y ,  general i t i e s  

concerning t h e  model and t h e i r  i m p l i c a t i o n s  a re  discussed. 

General P r inc ip les .  The f o l l o w i n g  p r i n c i p l e s  are  ill us t ra ted  i n  

f i g u r e  IV-11. ( 1 )  The East Area f l o w  system can be considered t o  be 

contained w i t h i n  a  box t h a t  i s  open a t  t h e  top  and i s  f l l l e d  w i t h  h igh  

hydraul i c  c o n d u c t i v i t y  mater ia l  (Well s  fo rmat ion) .  The ma te r ia l  i n  t he  

box i s  p a r t i a l l y  sa tura ted  w i t h  water. ( 2 )  Layers w i t h  very low hydraul i c  

c o n d u c t i v i t y  ma te r i a l  (Phosphoria fo rmat ion)  e x i s t  i n  t he  box and may 

extend below t h e  zone o f  sa tu ra t i on .  Above these l aye rs  are  l a y e r s  o f  

moderate hydraul i c  c o n d u c t i v i t y  (Dinwoody and Thaynes format ions)  t h a t  

are a l so  saturated w i t h  water.  Flow above t h e  low hyd rau l i c  c o n d u c t i v i t y  

l a y e r s  i s  designated the  "upper f l o w  system"; f l o w  beneath these l aye rs  

( i n  the  Wells fo rmat ion)  i s  designated the  "lower f l o w  system". The 

lower f l o w  system i s  cont inuous w i t h i n  the  box, whereas t h e  upper f l o w  

system i s  d iscont inuous.  ( 3 )  Recharge t o  f l o w  systems w i t h i n  t h e  box 

i s  from p r e c i p i t a t i o n  f a l l i n g  on t h e  surface o f  the  box. Components of 

t he  recharge are  shown i n  t h e  diagram. ( 4 )  Major discharge i s  f rom one 

end o f  t h e  box. The l o c a t i o n  o f  t h e  discharge p o i n t  c o n t r o l s  the  d i r e c -  

t i o n  o f  water movement i n  t he  lower f l o w  system; the  water t a b l e  slopes 

toward the  discharge p o i n t .  Some discharge leaks through the  bottom and 

s ides o f  t he  box. ( 5 )  The system i s  i n  dynamic equ i l i b r i um;  t h e  i n f l o w  

t o  the  system i s  equal t o  the  ou t f l ow  p lus  changes i n  storage. Thus 

the  l o c a t i o n  o f  t h e  water t a b l e  i s  determined by the  r e l a t i v e  magnitudes 

of t h e  i n f l ow  and out f low r a t e s .  A r t i f i c i a l  discharge (pumpage) removes 

water from storage and thus lowers the  water t ab le .  

D e t a i l s  ---- o f  t h e  Real Flow System. The hydrogeologic boundaries of 



t h e  East Area f l o w  system a r e  those d e s c r i b e d  p r e v i o u s l y :  South 40 syn- 

c l i n e ,  normal f a u l t i n g  t o  t h e  e a s t ,  and t h e  Cen t ra l  Gay Mine f a u l t .  

Group 1,  Group 2, and a l l  a c t i v e  p i t s  o f  t h e  East Area a r e  l o c a t e d  w i t h i n  

t h e  boundar ies .  It must be remembered t h a t  a  boundary has been d e f i n e d  

as an a b r u p t  change i n  h y d r a u l i c  c o n d u c t i v i t y ;  t h e  r a t e  o f  f l o w  a c r o s s  a  

boundary i s  u s u a l l y  i n s i g n i f i c a n t .  On a  smal l  s c a l e  however, h y d r a u l i c  

c o n d u c t i v i t y  may change w i t h i n  a  u n i t .  For t h i s  reason, t h e  boundar ies  

may " l e a k "  i n  p l a c e s .  Some f l o w  may " l e a k  o u t  t h e  bott.omU o f  t.he system 

by f l o w i n g  downdip i n  t h e  Well s  fo rmat ion .  The amount o f  wa te r  f l o w i n g  

o u t  o f  t h e  system i n  t h i s  way w i l l  be r e l a t i v e l y  smal l  because normal 

f a u l t i n g  o f f s e t s  zones o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y  w i t h i n  t h e  u n i t .  

A n a l y s i s  o f  t h e  h y d r o l o g i c  d a t a  has shown t h a t  t h e  d i r e c t i o n  o f  

ground wa te r  f l o w  i n  t h e  lower  system i s  t o  t h e  n o r t h - n o r t h w e s t ,  o r  a l o n g  

l i n e s  o f  g r e a t e s t  h y d r a u l i c  c o n d u c t i v i t y .  I t  was a l s o  shown t h a t  f l o w  

i n  t h e  l o w e r  system i s  con t inuous  w i t h i n  t h e  system boundar ies .  The 

p i e z o m e t r i c  s u r f a c e  o f  t h e  l o w e r  f l o w  system i s  abou t  5,730 f e e t  (1 ,710 

mete rs )  above sea 1  eve1 . 

D ischarge  f r o m  t h e  system i s  by  ground water  f l o w  t o  t h e  n o r t h .  

The e x a c t  method o f  d i s c h a r g e  i s  n o t  known, a l t h o u g h  a  s t u d y  o f  t h e  

geo logy  r e v e a l  s  a  v e r y  p r o b a b l e  e x p l a n a t i o n .  The C e n t r a l  Gay Mine f a u l  t 

i s  t h e  n o r t h e r n  boundary t o  t h e  system p r i m a r i l y  because i t  drops t h e  

Phosphor ia fo rmat ion  on t h e  n o r t h  t o  a  p o s i t i o n  a d j a c e n t  t o  t h e  We l l s  

f o r m a t i o n  on t h e  south .  However, t h e  b l o c k  on t h e  n o r t h  s i d e  o f  t h e  

f a u l t  i s  t i l t e d  t o  t h e  west r e s u l t i n g  i n  a 500- foo t  (150-meter)  g r e a t e r  

d i sp lacement  on t h e  west edge o f  t h e  East Area f l o w  system than  on t h e  

e a s t  edge (Lehman, 1966) .  'The t o p  o f  t h e  Phosphor ia  f o r m a t i o n  i s  



adjacent t o  t he  top  of the Wells formation t o  t h e  east ,  bu t  i s  500 f e e t  

(150 meters) below i t  t o  t h e  west. This  r e s u l t s  i n  a  t r i a n g l e  o f  Dinwoody 

format ion on t h e  n o r t h  s ide  o f  t he  f a u l t  being exposed t o  t h e  Wells forma- 

t i o n  t o  t h e  south, thus p rov id ing  an avenue o f  escape f o r  ground water.  

Flow may a l so  cross the  f a u l t  a t  depths greater  than 750 f e e t  (210 meters) 

and f l o w  i n t o  the  Wells formation t o  t h e  nor th .  

Recharge i s  p r i m a r i l y  from snowmelt i n  t h e  spr ing.  The p a t t e r n  

o f  snow accumulation w i t h i n  the  mine area was not  def ined as p a r t  o f  t he  

study. However, o the r  s tud ies  i n  the  Southeastern Idaho Phosphate f i e 1  d  

have shown t h a t ,  because o f  wind pat te rns ,  snow tends t o  accumulate on 

nor theast  f ac ing  r i d g e  slopes (Ralston and Tr ihey,  1975). The Wells f o r -  

mation i s  t he  main r i d g e  forming u n i t  i n  t he  Gay Mine area. Th is  imp l i es  

t h a t  much o f  t h e  snowmelt w i l l  d i r e c t l y  recharge t h e  lower f l o w  system. 

Mine p i t s  remove the  Phosphoria fo rmat ion  and thus c rea te  an avenue f o r  

water t o  move through t o  t h e  Wells format ion.  P i t s  a l s o  tend t o  c o l l e c t  

sur face water and ground water in te rcepted from upper f l o w  systems. 

The upper f l o w  system w i t h i n  t h e  East Area i s  d i v i d e d  i n t o  two 

d i s t i n c t  par ts ,  both i n  the  Dinwoody format ion.  One o f  these f l o w  systems 

i s  loca ted  t o  t h e  eas t  o f  t he  Group 1  area ( f i g u r e  IV-7) .  Th is  f l o w  

system appears t o  be constra ined t o  "a b lock"  o f  Dinwoody fo rmat ion  w i t h  

an area of about one square m i le .  Because of f a u l t  displacement, t he  low 

hydraul i c  c o n d u c t i v i t y  Phosphoria formation bounds t h e  b lock o f  Dinwoody 

l a t e r a l l y  on the  no r th ,  west, and south. The Phosphoria formation a l s o  

l i e s  below the  Dinwoody formation i n  t h e  normal s t r a t i g r a p h i c  r e l a t i o n -  

ship. Recharge t o  t h i s  f low system i s  p r i m a r i l y  from snownelt du r ing  

sp r ing  r u n o f f .  Ground water probably moves t o  t h e  east  where the  land 



su r f ace  i s  a t  a  l o w e r  e l e v a t i o n .  The e l e v a t i o n  o f  t h e  water  t a b l e  i n  t h i s  

system i s  about 5,805 f e e t  (1,740 me te r s ) .  T h i s  i s  a l s o  t h e  o n l y  d i r e c -  

t i o n  n o t  bounded by t h e  Phosphor ia f o rma t i on .  D ischarge p robab l y  occurs  

as e v a p o t r a n s p i r a t i o n  i n  topograph ic  l ow  areas,  o r  as subsurface f l ow  

i n t o  t h e  S a l t  Lake f o rma t i on .  T h i s  system i s  recharged w i t h i n  t h e  bound- 

a r i e s  o f  t h e  East  Area f l ow  system b u t  d ischarges  o u t s i d e .  

The second p a r t  of t h e  upper f l o w  system i s  l o c a t e d  west o f  t h e  

BB-4 p i t .  Water i n  t h i s  system f l o w s  downdip t o  t h e  west and e v e n t u a l l y  

i n t o  t h e  Wel ls  fo rmat ion  where i t  i s  p laced  i n  c o n t a c t  w i t h  t h e  Dinwoody 

f o rma t i on  by f a u l t i n g .  D ischarge f rom t h i s  system t h u s  recharges t h e  

l owe r  f l o w  system. 

A t h i r d  f l o w  system was i d e n t i f i e d  o u t s i d e  o f  t h e  boundar ies o f  

t h e  East Area. It i s  l o c a t e d  i n  t h e  t o p o g r a p h i c a l l y  h i g h  Gay Mine syn- 

c l i n e  s t r u c t u r e  and occurs  i n  t h e  Thaynes f o rma t i on .  Recharge occurs  on 

t o p  o f  t h e  knob and f l o w  moves t o  t h e  eas t  and west. D ischarge i s  f r om  

s p r i n g s  J and K on t h e  eas t  and f rom a  s p r i n g  t h a t  feeds a  S imp lo t  wa te r  

pond on t h e  west.  

Imp1 i c a t i o n s  --- of t h e  Flow System Model. Imp1 i c a t i o n s  o f  t h e  f l o w  

system model a r e  as f o l l o w s :  

1 .  The ground wate r  l e v e l s  i n  t h e  upper f l o w  system a r e  h i g h e r  than  
those  o f  t h e  l owe r  system. There fo re ,  wa te r  f r om  t h e  upper system 
can be d ra i ned  t o  t h e  lower  system by g r a v i t y .  

2 .  The e n t i r e  East  Area f l o w  system c o u l d  be d ra i ned  by g r a v i t y  t o  a  
l e v e l  t h a t  would a l l o w  underground m in i ng  o f  deep o r e  reserves .  
T h i s  c o u l d  be accompl ished by c o n s t r u c t i n g  a  t unne l  system t h a t  
would d r a i n  t h e  Well s  f o r m a t i o n  t o  t h e  Por tneauf  R i v e r  v a l l e y .  

3 .  Design o f  dewate r ing  w e l l s  must t a k e  i n t o  c o n s i d e r a t i o n  t h e  l o c a -  
t i o n  o f  t h e  system boundar ies and a l s o  t h e  changes i n  t h e  s to rage  
c o e f f i c i e n t  as t h e  l owe r  f l o w  system changes f rom con f i ned  t o  
uncon f ined  c o n d i t i o n s .  



Conclusions 

1. The r e l a t i v e  hyd rau l i c  c o n d u c t i v i t y  o f  var ious  format ions w i t h i n  the  
"phosphate sequence" a t  t he  Gay Mine i s  s i m i l a r  t o  t h a t  found f o r  
o the r  p o r t i o n s  o f  t he  phosphate f i e l d  i n  southeastern Idaho. 

2. Ground water f l o w  systems w i t h i n  the  mine area a re  dominant ly con- 
t r o l l e d  by f o l d i n g  and f a u l t i n g  i n  the  area. The p a t t e r n  of f o l d i n g  
and f a u l t i n g  i n  t he  Gay Mine area i s  markedly d i f f e r e n t  than t h a t  
found a t  most o f  t he  o the r  phosphate mine s i t e s  i n  t he  phosphate 
f i e l d  i n  southeastern Idaho. 

Ground water f l o w  systems i n  the  East Gay Mine area may be depicted 
by a  simple model showing a  box o f  h igh  hyd rau l i c  c o n d u c t i v i t y  
ma te r i a l  d r a i n i n g  o u t  one end. I n  the  ac tua l  f i e l d  s i t u a t i o n ,  the  
h igh  hydraul i c  c o n d u c t i v i t y  We1 1  s  fo rmat ion  i s  bounded by f a u l t s  and 
f o l d s  on f o u r  s ides and i s  loca ted  so t h a t  i t  can rece i ve  recharge 
d i r e c t l y  from p r e c i p i t a t i o n .  Discharge f rom t h i s  b lock  o f  ma te r i a l  
i s  bel ieved t o  occur by ground water f l o w  t o  the  n o r t h  across a  f a u l t  
s t r u c t u r e .  

4. Discont inuous upper ground water f l o w  systems occur i n  t h e  Thaynes 
and Dinwoody format ions bu t  a re  o f  l i m i t e d  s i g n i f i c a n c e  i n  t he  mine 
area. These f l o w  systems may e a s i l y  be dra ined downward t o  t h e  Wells 
fo rmat ion  due t o  a  lower p o t e n t i a l  i n  the  under ly ing  f l o w  system. 

5. The e n t i r e  b lock  o f  h igh  hyd rau l i c  c o n d u c t i v i t y  ma te r i a l  may be 
dra ined by a  major tunnel i n t o  the  Portneauf v a l l e y  t o  the  east.  
This  would a l l o w  min ing o f  most s i g n i f i c a n t  a l t e r e d  ore beds i n  
t he  proposed min ing area. 

6. The warm spr ings (Queedup and H)  found t o  t h e  east  o f  t he  mining 
area are be l ieved t o  discharge from t h e  Wells formation from a  reg iona l  
ground water f l o w  system n o t  d i r e c t l y  associated w i t h  the  mine area. 
Both f l o w  systems a r e  present  i n  t h e  v i c i n i t y  o f  W p i t .  



'Hydrogeology of  t h e  No r th  Henry Mine 

I n t r o d u c t i o n  

Monsanto Company i s  o p e r a t i n g  an open -p i t  phosphate mine 18 m i l e s  

(29 k i l  ometers) no r t h -no r theas t  o f  Soda Spr ings,  Idaho ( f i g u r e  IV-12) .  

M in ing  w i l l  be extended northwestward t o  and beyond t he  L i t t l e  B l a c k f o o t  

R i v e r  when p resen t  reserves  south o f  t h e  r i v e r  a r e  dep le ted .  The mine 

ex tens ion  w i l l  i n c l u d e  c o n s t r u c t i o n  o f  mine p i t s ,  a  waste dump, l o a d i n g  

t i p p l e ,  and a d d i t i o n a l  roads f o r  o r e  removal.  

M in i ng  i n  t h e  proposed area cou ld  impact and be impacted by l o c a l  

water  resource systems. These systems i n c l u d e  t h e  L i t t l e  B l a c k f o o t  R l v e r  

and ground wate r  f l o w  i n  v o l c a n i c  and sedimentary a q u i f e r s .  The No r th  

Henry Mine area rep resen ts  a  un ique geolog ic-hydro1 og i c  s i t u a t i o n .  M in ing  

i s  proposed t o  extend below t h e  e l e v a t i o n  o f  t h e  pe renn ia l  L i t t l e  B l a c k f o o t  

R i v e r  i n  an area where b a s a l t  i s  an impo r tan t  a q u i f e r .  

The purpose o f  t h i s  s tudy  i s  t o  d e l i n e a t e  p o t e n t i a l  water  resource 

impacts on and f rom open -p i t  phosphate m i n i n g  i n  t h e  No r th  Henry s i t e .  

The genera l  o b j e c t i v e  o f  t h i s  s tudy  i s  t o  desc r i be  t h e  sur face-ground 

water  systems o f  t h e  No r th  Henry Mine area and t h e i r  p o t e n t i a l  i n t e r -  

connec t ion  w i t h  f u t u r e  open-p i t  m in ing .  The s p e c i f i c  o b j e c t i v e s  o f  t h i s  

s tudy  a r e  t o :  

1  . Descr ibe t h e  hydrogeolog ic  framework o f  t h e  No r th  Henry Mine area.  

2. Descr ibe  d ischarge  and ga in - l oss  c h a r a c t e r i s t i c s  o f  t h e  L i t t l e  
B l a c k f o o t  R i v e r  near  t h e  mine s i t e .  

3. Descr ibe ground water  f l o w  systems w i t h i n  t he  b a s a l t  i n  t h e  Nor th  
Henry area.  

4. Descr ibe ground water  f l o w  systems w i t h i n  t h e  sedimentary r o c k  
fo rmat ions  i n  t h e  Nor th  Henry area.  
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5.  Descr ibe  t h e  i n t e r r e l a t i o n s h i p  between t h e  L i t t l e  B l a c k f o o t  R i v e r  
and t h e  b a s a l t  and sed imentary  ground w a t e r  f l o w  systenis. 

6. D e l i n e a t e  p o t e n t i a l  wa te r  r e s o u r c e  impacts  a s s o c i a t e d  w i t h  t h e  
development o f  t h e  N o r t h  Henry Mine. 

F i e l d  d a t a  were c o l l e c t e d  p r i m a r i l y  d u r i n g  t h e  summers o f  1977 

and 1978. The f i e l d  d a t a  c o l l e c t i o n  i n c l u d e d :  ( 1 )  i n s t a l l a t i o n  o f  

p iezometers  i n  e x i s t i n g  and new ly  d r i l l e d  t e s t  h o l e s  and subsequent mon- 

i t o r i n g  o f  ground w a t e r  l e v e l s ,  and ( 2 )  measurement o f  s t ream d i s c h a r g e  

a t  s e l e c t e d  s i t e s  on t h e  L i t t l e  B l a c k f o o t  R i v e r .  

The N o r t h  Henry s t u d y  a rea  i s  w i t h i n  t h e  Western Phosphate F i e l d  

i n  sou theas te rn  Idaho, 18 m i l e s  (29 k i l o m e t e r s )  n o r t h - n o r t h e a s t  o f  Soda 

Spr ings  and 2  m i l e s  ( 3  k i l o m e t e r s )  e a s t  o f  Henry and t h e  B l a c k f o o t  R i v e r  

R e s e r v o i r  ( f i g u r e  IV -12) .  The proposed N o r t h  Henry Mine w i l l  f o l l o w  t h e  

o r e  s t r i k e  n o r t h w e s t  o f  t h e  L i t t l e  B l a c k f o o t  R i v e r  a l o n g  t h e  "Henry Ridge" .  

The genera l  s t u d y  a rea  i n c l u d e s  t h e  "Henry Ridge" ,  west of  t h e  r i d g e  t o  

Henry, e a s t  t o  Enoch V a l l e y ,  n o r t h  t o  Highway 34 and sou th  t o  Monsanto 's  

p r e s e n t  South Henry Mine s i t e .  Most o f  t h e  d a t a  c o l l e c t S o n  o c c u r r e d  near  

where t h e  s t r i k e  o f  t h e  o r e  c rosses  t h e  L i t t l e  B l a c k f o o t  R i v e r .  

Ridges and v a l l e y s  a r e  g e n e r a l l y  a l i g n e d  nor thwes t -sou theas t  

p a r a l l e l  t o  t h e  dominant g e o l o g i c  s t r u c t u r e ;  e l e v a t i o n s  w i t h i n  t h e  s t u d y  

a rea  range f r o m  6,200 t o  7,000 f e e t  (1 ,890 t o  2,134 m e t e r s ) .  The s p e c i f i c  

mine s i t e  would a l t e r  480 a c r e s  (1 94 h e c t a r e s )  a l o n g  t h e  "Henry Ridge" 

and t h e  a d j a c e n t  e a s t e r n  v a l l e y  and be l o c a t e d  on f e d e r a l ,  s t a t e ,  and 

p r i v a t e  l a n d s .  

Loca l  c l i m a t e  v a r i e s  w i t h  topography,  b u t  w i n t e r s  a r e  g e n e r a l l y  

c l o u d y  w i t h  measurable p r e c i p i t a t i o n  on abou t  o n e - t h i r d  o f  t h e  days w i t h  

snow p r e v a i l i n g  on t h e  h i l l s  and mounta ins .  S p r i n g  i s  t h e  w e t t e s t  and 



wind ies t  season accompanied by g radua l l y  warmer weather bu t  w i t h  cont inued 

n i g h t  f r o s t  i n  t h e  lower v a l l e y s  u n t i l  May. The summer cons i s t s  o f  cool 

n i g h t s  and warm t o  ho t  days w i t h  l o c a l i z e d  showers. Autumns are  p leasant  

l a t e  i n t o  November when l a t e  summer showers evolve i n t o  unse t t l ed  weather 

and snow. Annual p r e c i p i t a t i o n  averages 20 inches (51 cent imeters )  per  

year  w i t h  snowfal l  accumulation t o  depths as g rea t  as 10 f e e t  (3 meters).  

Mansf ie ld (1927) produced t h e  e a r l i e s t  i n v e s t i g a t i o n  o f  t he  o r e  

p o t e n t i a l  , geology, and hydrology i n  t he  Western Phosphate F i e l d .  The 

geology along t h e  o re  outcrop i n  t he  North Henry study area has been 

mapped i n  d e t a i l  by Monsanto geo log is ts .  Hydrologic r e p o r t s  i n  the  v i c i n -  

i t y  inc lude:  Dion (1974) on leakage from B lack foo t  Reservoi r  t o  the  Bear 

R iver  Basin, Syl ves ter  (1 975) on t h e  reconnaissance hydrogeology o f  L i t t l e  

Loqg Val l e y  and Upper Dry Val l e y ,  Mohammad (1 976) on p o t e n t i a l  impacts o f  

open-pi t  min ing i n  t h e  L i t t l e  Long Va l ley ,  Robinet te (1 977) on ground water 

f l o w  systems i n  Lower Dry Va l l ey ,  and Vandell (1978) on pump t e s t  r e s u l t s  

i n  Lower Dry Val l e y .  The s tud ies  by Robinet te and Mohammad are  summarized 

i n  Ralston and o thers  (1977). 

Hydrogeologic Framework 

The l o c a l l y  impor tan t  geologic  u n i t s  are t h e  ( 1 )  Quaternary a l luv ium,  

(2)  Quaternary basal t , ( 3 )  T r i a s s i c  Dinwoody format ion,  (4)  Permian 

Phosphoria fo rmat ion  which inc ludes  t h e  Rex Chert and Meade Peak members, 

and (5 )  Pennsylvanian We1 1  s  formation. F igure  IV-13 shows the  sur face 

geology and s t r u c t u r a l  fea tures .  A geologic  cross sec t i on  f rom "Henry 

Ridge" t o  Rasmussen Ridge i s  shown i n  f i g u r e  IV-14. 

The pr imary reg iona l  and 1  ocal s t r u c t u r a l  features s t r i k e  northwest- 

southeast i n  the  v i c i n i t y  of t h e  Henry Mine. A s e r i e s  o f  p a r a l l e l  
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a n t i c l i n e s  and s y n c l i n e s  a r e  t o p o g r a p h i c a l l y  expressed as r i d g e s  o r  v a l l e y s ,  

dependent upon t h e  e r o d a b i l i t y  o f  t h e  exposed r o c k  u n i t .  Wooley Range 

and "Henry Ridge"  were formed by t h e  o u t c r o p  o f  t h e  Wel ls  f o r m a t i o n  a l ong  

t h e  e a s t  l i m b  o f  t h e  Wooley V a l l e y  a n t i c l i n e  o r  west l i m b  o f  t h e  Georgetown 

s y n c l i n e .  Enoch V a l l e y  o v e r l i e s  t h e  e a s t  l i m b  o f  t h e  Georgetown s y n c l i n e  

( f i g u r e  IV -14) .  M a n s f i e l d  (1927) suggests t h a t  t h e  v a l l e y  e a s t  o f  t h e  

smal l  Dinwoody r i d g e  o v e r l i e s  a  west t r o u g h  o f  t h e  Georgetown s y n c l i n e .  

The phosphate o r e  ou t c rops  c o n t i n u o u s l y  a l ong  t h e  e a s t  s l ope  o f  t h e  Wooley 

and "Henry Ridge" .  I n  t h e  s tudy  area t h e  o r e  s t r i k e s  about  N. 40' W. f o r  

about  6,500 f e e t  (1981 mete rs )  and d i p s  55' t o  70' n o r t h e a s t .  

The Henry f a u l t  and Enoch V a l l e y  f a u l t s  a r e  o r i e n t e d  nor thwes t -  

sou theas t  as i s  most s t r u c t u r e  i n  t h e  r e g i o n  ( f i g u r e  IV-13) .  The Henry 

Th rus t  f a u l t  i s  concealed f o r  n e a r l y  t w o - t h i r d s  o f  i t s  15 -m i l e  ( 2 4 - k i l o -  

me te r )  l e n g t h  and d i s p l a c e s  a  few hundred f e e t .  The Enoch Val 1  ey  normal 

f a u l t  i s  about  35 m i l e s  (56 k i l o m e t e r s )  l o n g  and has a  downthrow o f  severa l  

thousand f e e t .  Several  minor  t r a n s v e r s e  f a u l t s  have been determined by 

f i e l d  o b s e r v a t i o n  and d r i l l  i n g  a1 ong Wool ey Val l e y  Range. 

A l l uv i um,  b a s a l t  and t h e  Dinwoody, Phosphor ia and Wel ls  f o rma t i ons  

compr ise t h e  su r f ace  geology i n  t h e  immediate s t udy  a rea  ( f i g u r e  IV-13) .  

A l l u v i u m  t h i c k n e s s  i s  as g r e a t  as 60 f e e t  (18 me te r s )  i n  "Henry V a l l e y "  

based upon d r i l l  l o g  da ta .  The b a s a l t  i s  w i d e l y  found i n  t h e  l owe r  v a l l e y s .  

The o l o v i n e  b a s a l t  t h i c k n e s s  i n  t h e  s tudy  area v a r i e s  f rom abou t  60 f e e t  

(18 me te r s )  o r  l e s s  i n  t h e  low lands  t o  about  200 f e e t  (61 mete rs )  near  

t h e  "narrows"  where t h e  b a s a l t  f i l l e d  t h e  a n c e s t r a l  v a l l e y  o f  t h e  L i t t l e  

B l a c k f o o t  R i ve r .  The b a s a l t  t h i c k n e s s  west o f  "Henry Ridge" i s  a t  l e a s t  

severa l  hundred f e e t  (Dion, 1974) .  Two l a v a  f l o w s  a r e  be1 i eved  t o  make 



up t h e  basa l t  i n  t h e  study area. 

Three s inkholes a re  present  i n  "Henry Va l l ey "  near t he  L i t t l e  

B lack foo t  R ive r  ( f i g u r e  IV-13). The s inkholes a re  expressions o f  weak 

zones i n  t he  basa l t  t h a t  have been o v e r l a i n  by a l luv ium.  The al ignment 

o f  t he  th ree  s t ruc tu res  suggests a p a r t i a l l y  co l lapsed lava  tube. One 

d r i l l i n g  l o g  i nd i ca ted  a vo id  i n  t h e  b a s a l t  up t o  10 f e e t  (3 meters) i n  

depth. The l a r g e s t  s inkhole (S1) i s  about 15 f e e t  (5 meters) long, 

8 f e e t  (2 meters) wide, and 10 fee t  (3 meters) deep. So i l  f a i l u r e s  a long 

t h e  per imeter  suggests t h a t  t h e  depression i s  g e t t i n g  l a r g e r .  The second 

s.inkhole (S2) i s  about 10 f e e t  (3  meters) long, 3 f e e t  (1 meter) wide and 

3 f e e t  (1 meter) deep and i s  loca ted  about 4 f e e t  (1 meter) west of S l . .  

Th is  s inkho le  i s  d i r e c t l y  1 inked by a small 30- foot  (9-meter) long channel 

t o  t h e  L i t t l e  B lack foo t  River .  Sinkhole th ree  (S3) i s  a c i r c u l a r  depres- 

s ion  of about 5 - foo t  (2-meter) diameter and 2 f e e t  (1 meter) deep i n  the  

center .  These s inkholes are  o f  major hydro log ic  importance. 

The a l l uv ium i s  composed o f  weathered sediment from l o c a l  topo- 

graphic highs and f i n e  c l a y s  and s i l t s  deposited by t h e  L i t t l e  B lack foo t  

River .  The d r i l l e r s  l o g  of a t e s t  ho le  i n  "Henry Va l l ey "  describes the  

composit ion o f  t h e  nonindurated sediment as s i l  t , c lay ,  gravel , sand, and 

pebbles. Por t ions  o f  t he  a l l uv ium should a c t  as aqu i fe rs .  Ground water 

i n  basa l t  normal ly  f l ows  along zones of h igh  hyd rau l i c  c o n d u c t i v i t y  be? 

tween i n d i v i d u a l  f lows such as the  red  c inde r  i n te rbed  zone found i n  the  

study area. Dion (1 974) noted t h a t  t h e  b a s a l t  i s  an excel 1 en t  a q u i f e r  i n  

t he  Blackfoot l ava  f i e l d ,  which i s  cont inuous w i t h  t h e  b a s a l t  i n  "Henry 

Val 1 ey" . 
The T r i a s s i c  Dinwoody formation cons i s t s  o f  about 900 f e e t  (274 



meters )  o f  in te rbedded l imes tone  and s i l t s t o n e  w i t h  d i scon t i nuous  sha l y  

zones. Both t h e  upper and lower  members o f  t h e  Dinwoody f o r m a t i o n  have 

been descr ibed  by Ral s t on  and o t h e r s  (1977) as a q u i f e r s .  The lower  member 

of t h e  Dinwoody fo rmat ion  under1 i e s  t h e  a1 l uv i um and b a s a l t  i n  "Henry 

V a l l e y "  and forms t h e  r i d g e  e a s t  o f  t h e  v a l l e y .  No data a re  a v a i l a b l e  

from t h e  s tudy  area t o  document l o c a l  h y d r a u l i c  c o n d u c t i v i t y .  

The Rex Cher t  member o f  t h e  Phosphoria f o rma t i on  i s  about  250 f e e t  

(76 meters )  t h i c k  and i s  composed o f  c h e r t y  mudstone, mudstone, s i l  i ceous  

sha le ,  c h e r t  and a r g i l l a c e o u s  c h e r t .  It g e n e r a l l y  e x h i b i t s  l ow  h y d r a u l i c  

c o n d u c t i v i t y  except  when f r a c t u r e d  and broken. D r i l l i n g  records  o f  one 

w e l l  i n  t h e  s tudy  area n o t e  h i g h l y  f r a c t u r e d  zones w i t h i n  t h e  Rex Cher t  

member. Vandel l  (1978) concluded f rom s t u d i e s  i n  Dry Val l e y  t h a t  t h e  

h i g h l y  f r a c t u r e d  zones w i t h i n  t h i s  member can suppor t  ground water  f l o w ,  

b u t  t he  zones a r e  l o c a l i z e d  f ea tu res ,  n o t  n e c e s s a r i l y  c h a r a c t e r i s t i c  o f  

t h e  Rex Cher t  member over  broad areas.  The Meade Peak member which i s  

s t r a t i g r a p h i c a l l y  under t h e  Rex Cher t  member i s  about  180 f e e t  (55 meters )  

t h i c k  and c o n s i s t s  o f  phosphor i te ,  mudstone and some l imes tone .  T h i s  

r ock  i s  dense and i s  cons idered an aqu i c l ude  (Ra ls ton  and o the rs ,  1977).  

Winter  (1  979) conc l  uded t h a t  n e i t h e r  member o f  t h e  Phosphoria f o r m a t i o n  

suppor ts  major  ground water  f l o w  systems i n  eas te rn  Caribou County. 

The upper u n i t  o f  t he  Pennsylvanian Wel ls f o rma t i on  i n c l u d e s  about  

1500 f e e t  (450 meters )  of sandstone, 1  imestones and do lom i te .  The lower  

u n i t  i s  composed o f  sandy-cher ty  1  imestone. Winter  (1 979) found t h a t  

bo th  members suppor t  ma jo r  ground wate r  f l o w  systenis i n  t h e  Western 

Phosphate F ie1 d. Several l a r g e  sp r i ngs  1  ocated a1 ong t h e  western f ace  

o f  "Henry Ridge" c o n t r i b u t e  s i g n i f i c a n t  f l o w  t o  t h e  L i t t l e  B l a c k f o o t  



Rive r .  The sp r i ngs  i s sue  from t h e  upper member o f  t h e  Wel ls f o rma t i on  

a long a  p o s s i b l e  f a u l t .  

Data Col 1  e c t i o n  Program 

Ground water  and surface water  da ta  were c o l l e c t e d  between June 1977 

and November 1978. The da ta  base c o n s i s t s  o f  stream d ischarge  a t  se lec ted  

s t a t i o n s  a long  t h e  L i t t l e  B lackfoot  R i ve r  and ground water  e l e v a t i o n s  

f rom p iezometers  i n s t a l  1  ed i n  se lec ted  d r i l l  ho les .  

The c r i t e r i a  f o r  s e l e c t i o n  o f  stream d ischarge  measurement s i t e s  

were: ( 1 )  l o c a t i n g  s i t e s  near f o rma t i on  con tac t s  t o  document stream 

ga in - l oss  c h a r a c t e r i s t i c s  assoc ia ted  w i t h  i n d i v i d u a l  u n i t s  and (2 )  l o c a t i n g  

sec t i ons  a long  t h e  r i v e r  s u i t a b l e  f o r  c u r r e n t  meter  measurements. D i s -  

charge measurements were made w i t h  a  pygmy c u r r e n t  meter f o l l o w i n g  t h e  

procedure descr ibed  by Buchanan and Somers (1 976). F i v e  s t a t i o n s  a l ong  

t h e  r i v e r  were se lec ted  ( f i g u r e  IV-15).  

S t a t i o n  A over1 i e s  basal t and was se lec ted  t o  document s t reamf low 

e n t e r i n g  t h e  immediate s tudy  area and proposed mine s i t e .  S t a t i o n  B  

i s  about 2,500 f e e t  (762 meters )  downstream o f  s t a t i o n  A .  The b a s a l t  

i s  covered by l e s s  than  20 f e e t  ( 6  meters )  o f  a l l u v i u m  a t  t h i s  s i t e .  

Discharge d i f f e rences  between s t a t i o n s  A and B  rep resen t  ga ins  o r  l osses  

acro'ss "Henry Va l l ey " .  S t a t i o n  C i s  near t h e  c o n t a c t  between t h e  Phosphorla 

f o rma t i on  and t h e  Wel ls  fo rmat ion .  The stream between B  and C f lows 

mos t l y  on b a s a l t  u n d e r l a i n  by t h e  Dinwoody and Phosphoria fo rmat lons .  

Discharge d i f f e r e n c e s  should represen t  ga ins  o r  l osses  o f  t h e  r i v e r  asso- 

c i a t e d  w i t h  ground water  f l o w  i n  t h e  lower  p o r t i o n  o f  t h e  Dinwoody f o r -  

mat ion,  t h e  Phosphoria format ion o r  t h e  b a s a l t .  S t a t i o n  D i s  l o c a t e d  

where t h e  We1 1  s  f o rma t i on  i s  o v e r l a i n  by b a s a l t .  Th i s  s t a t i o n  represen ts  



d i s c h a r q e  l e a v i n g  t h e  immediate v i c i n i t y  o f  t h e  proposed mine a rea .  F low 

d i f f e r e n c e s  between s i t e s  C and D a r e  a s s o c i a t e d  w i t h  ground w a t e r  f l o w  

i n  t h e  We l l s  fo rmat ion  and b a s a l t .  The f i n a l  s t a t i o n ,  E, i s  n e a r  t h e  

town o f  Henry and i n c l u d e s  t h e  d i s c h a r g e  f r o m  severa l  s p r i n g s  l o c a t e d  

l e s s  t h a n  one m i l e  upst ream from Henry.  

P iezometers  were i n s t a l  l e d  i n  s e l e c t e d  e x i s t i n g  d r i l l  h o l e s  ( h o l e s  

d r i l l e d  p r e v i o u s  t o  t h i s  s t u d y  f o r  g e o l o q i c  purposes)  and i n  new d r i l l  

h o l e s  ( h o l e s  d r i l l e d  d u r i n q  t h i s  s t u d y  f o r  h y d r o g e o l o g i c  pu rposes ) .  The 

depth ,  f o r m a t i o n s  encountered,  and e l e v a t i o n  o f  each p iezomete r  and open 

h o l e  a r e  g i v e n  i n  t a b l e  IV-2 .  P iezometer  l o c a t i o n s  a r e  shown i n  

f i g u r e  IV-15.  

Measurements o f  ground w a t e r  l e v e l s  were taken  a t  l e a s t  week ly  

d u r i n g  t h e  summer f i e l d  seasons and l e s s  f r e q u e n t l y  between summers. 

Hydrogeo log ic  d a t a  were o b t a i n e d  d u r i n g  t h e  c o n s t r u c t i o n  o f  t h e  new d r i l l  

ho les .  D r i l l  c u t t i n g s  were examined and changes i n  qround w a t e r  l e v e l s  

were measured. F i n a l l y ,  s i m p l e  s l u g  t e s t s  were used t o  check t h e  v a l i d i t y  

o f  p iezomete r  i n f o r m a t i o n .  A d e t a i l e d  d i s c u s s i o n  of  a l l  f i e l d  d a t a  i s  

p resen ted  by Brooks (1 979).  

Hydro logy  -- of t h e  L i t t l e  B l a c k f o o t  R i v e r  

The L i t t l e  B l a c k f o o t  R i v e r  i s  formed by  severa l  s p r i n g s  l o c a t e d  on 

t h e  west s l o p e  o f  Rasmussen Ridge and i n  Enoch V a l l e y .  The s t ream meanders 

westward t h r o u g h  "Henry V a l l e y " .  Some s t r e a m f l o w  i s  l o s t  i n t o  t h e  s i n k -  

h o l e s  i n  "Henry V a l l e y "  d u r i r l g  t h e  s p r i n g  and surmner. The s t ream f l o w s  

west  t h r o u g h  a  gap i n  "Henry Ridge"  and c o n t i n u e s  a l o n g  t h e  west  base o f  

t h e  r i d g e  t o  where i t  d i s c h a r g e s  i n t o  t h e  B l a c k f o o t  R e s e r v o i r .  The L i t t l e  

B l a c k f o o t  R i v e r  has l o w  g r a d i e n t  i n  Enoch V a l l e y  and "Henry V a l l e y "  and 
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has a  channel t h a t  i s  c h a r a c t e r i s t i c  o f  a  low energy system. The stream 

g rad ien t  increases west o f  "Henry Ridge" and the  streambed composi t ion 

i s  rock  and g rave l .  Discharge o f  t he  L i t t l e  B lack foo t  R i ve r  a t  s t a t i o n  B  

i n  1978 v a r i e d  f rom 58 c f s  (cubic  f e e t  per second) (1 ,640 l i t e r s / s e c o n d )  

du r i ng  peak f l o w  i n  A p r i l  t o  about 2 c f s  (56 l i t e r s / s e c o n d )  i n  l ow  f l o w .  

Streamflow measurements f o r  t h e  L i t t l e  B lack foo t  R i ve r  a r e  g iven  

i n  f i g u r e  IV-16 i l l u s t r a t i n g  ga ins  and losses  f rom s t a t i o n s  A t o  E. 

Losses were u s u a l l y  found between s t a t i o n s  A  and B, e s p e c i a l l y  d u r i n g  

peak f l o w  through June. Dur ing t h i s  pe r i od  water f rom the  stream was 

c o n t i n u a l l y  f l o w i n g  i n t o  t h e  sinkhole's. Cons is ten t  losses  occurred be- 

tween s t a t i o n s  B  and C.  These losses  suggest t h e  b a s a l t  and p o s s i b l y  t he  

unde r l y i ng  Rex Chert  member o f  t he  Phosphoria fo rmat ion  a r e  recharged by 

the  L i t t l e  B lack foo t  R i ve r .  Resu l ts  a r e  i nconc lus i ve  between s t a t i o n s  C 

and D. Both, ga ins  and losses were measured on d i f f e r e n t  dates du r i ng  

the  summer o f  1978. D i s t i n c t  ga ins  occur between s t a t i o n s  D and E. The 

spr ings  west o f  "Henry Ridge" near Henry s i g n i f i c a n t l y  inc rease t h e  

st reamf low i n  t he  L i t t l e  Blackoot  R i ve r .  

Ground Water Flow Systems -- P - 
Three d i f f e r e n t  ground water f l o w  systems may be i d e n t i f i e d  i n  

t h e  v i c i n i t y  o f  t he  Nor th  Henry Mine: a  l o c a l  ground water f low system 

i n  t he  indura ted  and nonindurated sedimentary rocks a long "Henry Ridge", 

a  ground water f l o w  system i n  the a l l u v i u m  and b a s a l t  a long "Henry Ridge" 

and t h e  f l o o d p l a i n  o f  t he  L i t t l e  B lack foo t  R iver ,  and a  reg iona l  ground 

water f l o w  system present  i n  t he  Wel ls fo rmat ion .  A l l  o f  these f l o w  

systems a re  o f  importance t o  t h e  min iqg  opera t ion .  The shal low f l o w  

system on the  "Henry Ridge" w i l l  be d i r e c t l y  i n t e r c e p t e d  by the  
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c o n s t r u c t i o n  o f  t h e  min ing  p i t s .  The ground water  f l o w  i n  t h e  a l l u v i u m  

and b a s a l t  i s  of spec ia l  s i g n i f i c a n c e  t o  m in ing  because t h i s  i s  p robab ly  

t h e  p r imary  source o f  water  e n t e r i n g  t h e  Phosphoria f o r m a t i o n  and u l t i -  

ma te l y  e n t e r i n g  t h e  p o r t i o n  o f  t h e  p i t s  t h a t  a r e  cons t ruc ted  below stream 

l e v e l .  The r e g i o n a l  ground water  f l o w  system i n  t h e  Wel ls  f o rma t i on  i s  

l e a s t  l i k e l y  t o  be a f f e c t e d  by min ing  b u t  i s  impo r tan t  i n  t h a t  i t  forms 

a s i g n i f i c a n t  p o r t i o n  o f  t h e  basef low o f  t h e  L i t t l e  B l a c k f o o t  R i v e r  a t  

Henry. 

Winter  snowpack and a d d i t i o n a l  p r e c i p i t a t i o n  throughout  t h e  yea r  

recharge t h e  s u r f i c i a l  f l o w  system a long  t h e  eas te rn  s lope  o f  "Henry 

Ridge".  Th i s  system i s  comparable t o  Mohammad's (1977) d e s c r i p t i o n  o f  

a s i m i l a r  r i d g e  area i n  L i t t l e  Long V a l l e y  (see f i g u r e  111-4). The 

recharge area i s  smal l  and r e s u l t i n g  d ischarge  i n  t h e  immediate s tudy  

area i s  sma l l .  T h i s  f l o w  system would appear as smal l  seeps and wet spots  

a long  t h e  c o n t a c t  o f  t h e  Wel ls f o r m a t i o n  and t h e  s lope  wash m a t e r i a l  a l ong  

t h e  h i g h  w a l l  o f  t h e  mine p i t .  Th i s  f l o w  system would be no more s l g n l f -  

i c a n t  i n  t h e  Nor th  Henry Mine area than  i t  i s  i n  e x i s t i n g  Henry Mine p i t s .  

The ground water  f l ow  system i n  t h e  a l l u v i u m  and b a s a l t  r ece i ves  

most o f  i t s  recharge i n  "Henry V a l l e y "  i n  t h e  s p r i n g  and summer ( A p r i l  

th rough  September) when a  p o r t i o n  o f  t h e  L i t t l e  B l a c k f o o t  R i v e r  f l o w s  

i n t o  t h e  a1 l uv i um/basa l t  s i nkho les  (S1 , S2, S3). A d d i t i o n a l  recharge 

i s  c o n t r i b u t e d  by s u r f i c i a l  f l ow  a long  "Henry Ridge" and i n f i l t r a t i o n  

o f  water  (snowmelt, p r e c i p i t a t i o n  and s t reamloss)  downward th rough t h e  

a l l u v i u m  i n t o  t h e  u n d e r l y i n g  b a s a l t .  

The ground water  f l o w  p a t t e r n  -in t h e  a l l u v i a l / b a s a l t  a q u i f e r  system 

i s  shown on f i g u r e s  IV-17, IV-18, and IV-19. F i gu re  IV-17 i s  a  con tou r  
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map o f  water  l e v e l  e l e v a t i o n s  ob ta i ned  f rom piezometers i n  t h e  alluvial/ 

b a s a l t  system. F lgures  IV-18 and IV-19 show t h e  r e l a t i o n s h i p  between t h e  

geology and t h e  ground water  l e v e l s  i o  t h e  va r i ous  u n i t s  by  means o f  two 

c ross  sec t i ons  r o u g h l y  p a r a l l e l  and a t  r i g h t  angle w i t h  "Henry Ridge".  

F i gu re  IV-17 shows t h a t  ground water  f l o w s  westward i n  t he  b a s a l t ,  th rough  

t h e  narrows and i n t o  t h e  B l a c k f o o t  l a v a  f i e l d  ( f i g u r e  IV-19) .  D ion (1974) 

found t h a t  ground wate r  w i t h i n  t h e  B l a c k f o o t  l a v a  f i e l d  f l o w s  southward 

toward Soda Spr ings.  Water r echa rg ing  t h e  b a s a l t  a q u i f e r  i n  Enoch V a l l e y  

and "Henry V a l l e y "  may d ischarge  i n t o  t h e  L i t t l e  B l a c k f o o t  R i v e r  near 

Henry, t h e  B l a c k f o o t  Reservo i r ,  o r  f l o w  f u r t h e r  sou th  t o  d ischarge  near  

Soda Spr ings.  The b a s a l t ,  though con t inuous  th rough t h e  "narrows",  does 

t h i n .  T h i s  c o n d i t i o n  may r e s u l t  i n  some stream g a i n  f rom t h e  b a s a l t  

ground water  f l o w  system. 

Dion (1974) a l s o  s t a t e d  t h a t  t h e  b a s a l t  composing t h e  B l a c k f o o t  

l a v a  f i e l d  con ta ined  f a i r  t o  ve ry  p r o d u c t i v e  a q u i f e r s  w i t h  y i e l d s  up t o  

3,500 gpm (220 l / s e c )  and s p e c i f i c  c a p a c i t i e s  as much as 3,500 gpm pe r  

f o o t  (67 l / s e c  per  meter )  o f  drawdown. Hydrographs o f  b a s a l t  p iezometers  

61V and 62V show t h a t  t h e  a q u i f e r  responds r a p i d l y  t o  ma jo r  recharge 

events  suggest ing t h a t  t r a n s m i s s i v i t y  r a t e s  f o r  b a s a l t  a r e  h i g h  w i t h i n  

t h e  immediate s tudy  area.  

The a l l u v i a l / b a s a l t  f l o w  system i s  under weak a r t e s i a n  c o n d i t i o n s .  

Small i nc reases  i n  p i ezome t r i c  head ( l e s s  than 5  f e e t )  (1.5 meters)  were 

measured d u r i n g  t h e  d r i l l i n g  o f  b a s a l t  ho les  R1, 01, 02 and R2. The 

ground water  l e v e l s  dropped a f t e r  t h e  d r i l l  ho les  i n t e r c e p t e d  t h e  Rex 

Cher t  member o f  t h e  Phosphoria fo rmat ion .  

The a l l u v i a l / b a s a l t  ground water  f l o w  system p rov ides  a  p o t e n t i a l  



path f o r  water t o  move f rom t h e  L i t t l e  B lack foo t  R ive r  i n t o  t h e  Rex Chert 

member of t he  Phosphoria format ion and u l t i m a t e l y  i n t o  any mining p i t s  

t h a t  may be constructed near t he  r i v e r  below the  channel e leva t i on .  I t  

i s  thus very  important  t o  descr ibe t h e  hyd ro lg i c  p a t t e r n  o f  f l o w  near 

where the  basa l t  i n t e r c e p t s  t h e  Rex Chert member. The hydrogeologic cross 

sec t ions  as presented i n  f i g u r e  IV-18 and IV-19 show t h a t  t he  b a s a l t  

f i l  l e d  the  ancest ra l  canyon which was c u t  deeply i n t o  the  consol idated 

sedimentary u n i t s .  Measurements o f  p o t e n t i a l  i n  p i  ezometers show a  steep 

ground water g rad ien t  i n  both t h e  v e r t i c a l  and ho r i zon ta l  d i r e c t i o n s  near 

the contac t  o f  t he  b a s a l t  w i t h  t h e  sedimentary rock.  Th is  g rad ien t  

r e f l e c t s  the sharp d i f f e r e n c e  i n  t r a n s m i s s i v i t y  between the two rock  

types. I n  each observat ion we l l  d r i l l e d ,  t h e  water l e v e l s  dropped as 

d r i l l  i n g  preceded from the  basa l t  i n t o  t h e  Rex Chert member. The ground 

water l e v e l s  decrease both  northward and southward w i t h i n  the  Rex Chert 

member from the  L i t t l e  B lack foo t  R iver  i n d i c a t i n g  t h a t  ground water f lows 

down t h e  s t r i k e  i n  bo th  d i r e c t i o n s  ( f i g u r e  11-17), 

Several f a c t o r s  i n d i c a t e  t h a t  t h e  t o t a l  q u a n t i t y  o f  water movlng 

northward and southward i n  the  Rex Chert member i s  small : (1 ) the  o v e r a l l  

hyd rau l i c  c o n d u c t i v i t y  o f  t h e  Rex Chert member i s  low and ( 2 )  t h e  l a c k  

o f  l o g i c a l  northward, southward, o r  downdip discharge areas i n d i c a t e  

t h a t  t h e  t o t a l  q u a n t i t y  o f  ground water f l o w  must i n  f a c t  be smal l .  These 

two p o i n t s  a re  discussed i n  d e t a i l  i n  t h e  f o l l o w i n g  paragraphs. 

Vandell (1978) prov ides what i s  bel ieved t o  be maximum values 

of hyd rau l i c  c o n d u c t i v i t y  f o r  t h e  Rex Chert member o f  the  Phosphoria fo r -  

mation. Her r e s u l t s  a re  based upon a  se r ies  o f  pump t e s t s  t h a t  were con- 

ducted i n  Lower Dry Val l e y  i n  a  s t r u c t u r a l  con f i gu ra t i on  s i m i l a r  t o  t h a t  



found i n  t h e  No r th  Henry area. V a n d e l l ' s  pump t e s t  r e s u l t s  gave maximum 

va lues  f o r  h y d r a u l i c  c o n d u c t i v i t y  o f  30 t o  70 f e e t  per  day (9-20 meters /day)  

f o r  f r a c t u r e d  Rex Cher t .  She d i d  i n d i c a t e  t h a t  these  va lues  rep resen t  

o n l y  ve ry  l o c a l i z e d  f r a c t u r e  zones and do n o t  r ep resen t  t h e  Rex Che r t  

member over  a  l a r g e  area. W i n t e r ' s  s t udy  (1  979) o f  stream g a i n  and l osses  

i n  sp r i ngs  i n d i c a t e  t h a t  t h e  Rex Cher t  member conducts l i t t l e  water .  

Other i n v e s t i g a t o r s  have c l a s s i f i e d  t h e  Rex Cher t  member as an aqu ic lude .  

The f r a c t u r e  areas i n  t h e  c h e r t  found i n  t h e  No r th  Henry area a r e  be l i eved  

t o  be ve ry  l o c a l i z e d .  The o v e r a l l  h y d r a u l i c  c o n d u c t i v i t y  i s  b e l i e v e d  t o  

be low.  The s teep  h y d r a u l i c  g r a d i e n t  ev i den t  f rom t h e  b a s a l t  i n t o  t h e  

Rex Cher t  member demonstrates t h e  l a r g e  d i f f e r e n c e  i n  h y d r a u l i c  conduc- 

t i v i t y  between these u n i t s .  

Ground water  l e v e l s  i n  t he  Rex Cher t ,  bo th  n o r t h  and sou th  o f  t h e  

L i t t l e  B l a c k f o o t  R i ve r ,  a r e  lower  than  water  l e v e l s  i n  t h e  b a s a l t  a long  

t h e  r i v e r  v a l l e y .  The h y d r a u l i c  g r a d i e n t  f rom t h e  b a s a l t  i n t o  t h e  Rex 

Cher t  i n d i c a t e s  t h a t  some f l o w  does occur  a long  t h e  s t r i k e  i n  bo th  a  n o r t h  

and sou th  d i r e c t i o n .  It i s  impo r tan t  t o  examine t h e  p o t e n t i a l  d ischarge  

areas f o r  such f l o w  i n  o rde r  t o  es t ima te  t h e  t o t a l  q u a n t i t y  o f  water  

movement i nvo l ved .  M in ing  has been p reced ing  a long  i n  t h e  M idd le  Henry 

Mine and South Henry Mine f o r  a  cons ide rab le  p e r i o d  o f  t ime.  P i t s  t o  

t h e  sou th  o f  t h e  No r th  Henry a long  s t r i k e  extend t o  e l e v a t i o n s  as l o w  as 

t h e  e l e v a t i o n  o f  wa te r  su r f ace  found i n  obse rva t i on  w e l l s  i n  t h e  s tudy  

area. These p i t s  a r e  g e n e r a l l y  d ry .  Any s i g n i f i c a n t  wa te r  movement i n  

t h e  Rex Cher t  member down t h e  s t r i k e  t o  t h e  south would be e v i d e n t  i n  

e x i s t i n g  m in ing  p i t s .  A d ischarge  area f o r  any water  movement t o  t h e  

n o r t h  a long  s t r i k e  i n  t h e  Rex Cher t  i s  n o t  r e a d i l y  apparent .  The l a n d  



sur face n o r t h  o f  "Henry Ridge" i s  below the  e l e v a t i o n  o f  water sur face 

i n  t h e  observat ion w e l l  i n  t he  Rex Chert i n  t h e  immediate study area. No 

spr ings are  ev ident  along t h e  n o r t h  end o f  "Henry Ridge". It i s  thus 

assumed t h a t  l i t t l e  water moves t o  t h e  n o r t h  along s t r i k e  i n  t he  Rex Chert 

member. Flow downdip through t h e  sedimentary rock  u n i t s  has been docu- 

mented w i t h  major i n t e r - v a l l e y  f l o w  systems occu r r i ng  a t  several l o c a t i o n s  

i n  t he  Western Phosphate F i e l d .  However, i t  i s  no t  reasonable t o  assume 

t h a t  water moves downdip t o  the  east  i n  t h e  Rex Chert member t o  discharge 

a t  some d i s t a n t  p o i n t  because o f  two major f a c t o r s :  (1 ) t h e  hydraul i c  

c o n t i n u i t y  o f  t he  fo rmat ion  i s  i n t e r r u p t e d  by a  major  f a u l t  loca ted  eas t  

o f  t h e  study area; (2 )  t h e  outcrop o f  t h e  Phosphoria fo rmat ion  on the  

eas t  arm o f  t h e  sync l i ne  i s  a t  a  h igher  e l e v a t i o n  t o  t h a t  a t  t h e  Henry 

Mine. A l l  o f  these f a c t o r s  support t h e  conclus ion t h a t  t he re  i s  l i t t l e  

water movement from t h e  b a s a l t  i n t o  t h e  Rex Chert member i n  t h e  immediate 

v i c i n i t y  o f  t h e  L i t t l e  B lack foo t  R iver .  

The Meade Peak member o f  the  Phosphoria fo rmat ion  genera l l y  has 

been c l a s s i f i e d  as an aqu ic l  ude throughout t h e  Western Phosphate F i e l d .  

S i t e  spec i f i c  data from t h e  North Henry area support  t h i s  conclus jon.  

Test ho le  W1 was completed i n  the  Meade Peak member and below the  expected 

water l e v e l  bu t  water d i d n ' t  en te r  t h e  ho le  u n t i l  t h e  day a f t e r  d r i l l i n g  

was completed. The de lay  per iod  i s  c h a r a c t e r i s t i c  o f  a  low t r a n s m i s s i v i t y  

ma te r i a l .  Vandell est imated t h e  hyd rau l i c  c o n d u c t i v i t y  o f  f r a c t u r e d  

Meade Peak member t o  be l e s s  than 25 f t / d a y  (7.6 meters/day) and l e s s  

than 1  .6 f t /day  (0.5 meter/day) when un f  rac tured . Mohammad (1 977) de te r -  

mined by s lug  t e s t  values o f  hydrau l ic  c o n d u c t i v i t y  o f  0.3 t o  2.2 f t / d a y  

(0.1 t o  0.7 meter/day). Winter (1979) found no stream gains o r  losses 



across t h e  IYeade Peak member and o n l y  one small s p r i n g  i n  t h e  e n t i r e  

Western Phosphate F ie1  d  . A1 1  of these  data overwhelmingly  suggest t h a t  

t h e  Meade Peak member of t h e  Phosphoria f o rma t i on  has ex t reme ly  l o w  

h y d r a u l i c  c o n d u c t i v i t y  n o t  o n l y  i n  t h e  v i c i n i t y  o f  t h e  Nor th  Henry Mine 

b u t  throughout  t h e  Western Phosphate F i e l d .  

The t h i r d  ground water f l o w  system i n  t h e  v i c i n i t y  o f  t h e  No r th  

Henry Mine i s  a  p o s t u l a t e d  r e g i o n a l  f l o w  p a t t e r n  i n  t h e  Wel ls  f o rma t i on .  

A number o f  au tho rs  have i n d i c a t e d  t h a t  b o t h  t h e  upper and lower  members 

o f  t h e  Wel ls f o rma t i on  have h i g h  h y d r a u l i c  c o n d u c t i v i t y .  Data f r om t e s t  

we l l  s  i n  t h e  No r th  Henry area i n d i c a t e  t h a t  t h e  upper p o r t i o n  o f  t h e  Well s  

f o rma t i on  has a  lower  ground wate r  p o t e n t i a l  than  t h e  o v e r l y i n g  Phosphoria 

f o rma t i on  o r  t h e  b a s a l t .  Ground water  can move downward w i t h i n  t h e  imme- 

d i a t e  v i c i n i t y  o f  t h e  proposed mine f rom t h e  b a s a l t  and Phosphoria forma- 

t i o n  i n t o  t h e  Wel ls  f o rma t i on .  

There a r e  severa l  ma jo r  sp r i ugs  d i scha rg ing  f rom t h e  Wel ls  forma- 

t i o n  about 1.5 m i l e s  (2.5 k i l o m e t e r s )  downstream o f  t h e  Narrows where 

t h e  L i t t l e  B l a c k f o o t  R i v e r  f l o w s  th rough "Henry Ridge". The e l e v a t i o n  

o f  t h e  sp r i ngs  range f rom about 6,130 t o  6,150 f e e t  (1,870 t o  1  ,875 

meters) .  The sp r i ngs  d ischarge  about  2,000 gpm (125 l / s e c )  a t  o r  near  t h e  

L i t t l e  B l a c k f o o t  R i v e r  and have s i gns  o f  h i g h  m i n e r a l i z a t i o n .  These 

sp r i ngs  a l s o  d ischarge  water  t h a t  i s  n o t i c e a b l y  warmer than  t h e  streamflow. 

The l a r g e  minera l  depos i t s  assoc ia ted  w i t h  t h e  sp r i ngs  i n d i c a t e  t h a t  t h e  

Wel ls  f o rma t i on  hos ts  a  l ong  o r  r e g i o n a l  ground water  f l o w  system. Most 

o f  t h e  recharge f o r  t h i s  f l o w  system probab ly  occurs eas t  o f  t h e  s tudy  

area. The marked d i f f e r e n c e  i n  water  q u a l i t y  and water  temperature of 

t h e  d ischarge  f rom t h e  Wel ls  fo rmat ion  f rom t h a t  found i n  t h e  b a s a l t  and 



Phosphoria fo rmat ion  i n d i c a t e s  t h a t  t h e  reg iona l  f l o w  system i s  hydro- 

l o g i c a l l y  d i s t i n c t  f rom the  o the r  two f l o w  systems descr ibed i n  t h e  

v i c i n i t y  o f  t h e  mine. The e leva t i ons  o f  t he  spr ings  may be i n d i c a t i v e  

o f  t h e  reg iona l  water t a b l e  i n  t he  Wells fo rmat ion  and may pose a  lower 

l i m i t  t o  min ing w i thou t  major dewaterlng. 

Re la t i onsh ip  between t h e  L i t t l e  B lack foo t  
R iver  and t h e  Ground w a t e r  Systems --- -- 

A r e l a t i o n s h i p  was found between recharge t o  t he  b a s a l t  s inkholes 

from t h e  L i t t l e  B lack foo t  R i ve r  and the  water l e v e l s  i n  t h e  b a s a l t  and 

t h e  Phosphoria fo rmat ion .  Three separate h igh  f l o w  events occurred dur ing  

t h e  1978 f i e l d  season t h a t  r e s u l t e d  i n  recharge I n t o  t he  s inkholes.  

Ground water l e v e l s  were c l o s e l y  monltored t o  record  responses t o  changing 

sur face water cond i t i ons .  

Water i n  a  s tock  pond i n  Enoch Val l e y  was re1 eased on J u l y  11 , 1978, 

causing f l o w  i n t o  t he  s inkho les  and subsequent r l s e  of ground water l e v e l s .  

Piezometer 61V ( b a s a l t )  i nd i ca ted  t h e  g rea tes t  water l e v e l  r l s e  ~ 4 t h  

PH5 (a l l uv ium) ,  PH6 ( b a s a l t ) ,  and 62V ( b a s a l t )  f o l l o w i n g  s u i t  w i t h i n  

24 hours. Piezometer 391 i n  t he  Meade Peak member south o f  t he  r i v e r  had 

a  b a r e l y  d i s t i n g u i s h a b l e  water l e v e l  r i s e  (0.01 ft. o r  3  mm); t h e  water 

l e v e l  i n  piezometer 401 i n  t he  Meade Peak member n o r t h  of t he  r l v e r  

remained t h e  same (measured on J u l y  9  and 12) .  A l l  piezometers except 

401 and 391 showed a  d e f l n i t e  r e l a t i o n s h i p .  

It ra ined  about 0.9 i nch  (2 cm) on August 13, 1978, and water 

began t o  f l o w  i n t o  t h e  s inkholes.  Ground water measurements were then 

taken d a i l y  f rom August 14 th  t o  August 17 th  ( f i g u r e  IV-20).  Water l e v e l s  

i n  piezometers 61V, PH5, 62V, PH6, 391 and 401 a l l  peaked on t h e  16 th  then 
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began t o  d e c l i n e  w i t h i n  24 hours (excepth PH6). T h i s  event  more conv inc-  

i n g l y  i n d i c a t e d  a r e l a t i o n s h i p  between t h e  s i nkho les  and piezometers 

401 (up 0.09 ft. o r  27 mm) and 391 (up 0.08 f t .  o r  24 mm). 

Beavers began damming .the c u l v e r t  near  stream gage s t a t i o n  B i n  

e a r l y  September and t h e  r e s u l t  resembled s p r i n g  f l o o d i n g .  A1 1 s i nkho les  

were r e c e i v i n g  water  f rom t h e  L i t t l e  B l a c k f o o t  R iver .  The dam was broken 

a t  noon, September 11 and water  l e v e l s  dropped i n  piezometers 61V, PH6, 

62V, 02, and PH5 w i t h i n  about 24 hours. Water l e v e l s  i n  piezometers 401 

and 391 dec l i ned  a f t e r  about 3  days. 

Ground wate r  i n f o r m a t i o n  from p-lezometers 401 and 391 represen t  

t h e  Meade Peak member o f  t h e  Phosphoria format ion.  They respond more 

s l o w l y  than b a s a l t  and a1 1 uvium piezometers b u t  401 and 391 w i l l  r e a c t  

w i t h i n  72 hours o f  a  ma jo r  recharge event  i n t o  t h e  s lnkho les .  Surface 

water  f rom t h e  L i t t l e  B lack foo t  R i v e r  t s  t h e r e f o r e  recha rg ing  t h e  

Meade Peak member, v i a  t h e  b a s a l t  aqu i f e r .  

Concl us ions  

The d i s t r i b u t i o n  o f  h y d r a u l i c  c o n d u c t i v i t y  w l t h i n  t h e  "phosphate 
sequence" o f  conso l i da ted  sedimentary f o rma t i ons  i s  s l m i l a r  i n  t h e  
No r th  Henry Mine a rea  t o  t h a t  found elsewhere i n  t he  southeastern 
Idaho phosphate f i e l d .  However, l o c a l  i z e d  zones of h l ghe r  hydraul  l c  
c o n d u c t i v i t y  were found t n  t h e  Rex Cher t  member i n  t h e  Nor th  Henry 
area t h a t  a r e  n o t  c h a r a c t e r i s t i c  o f  t h e  u n i t  throughout  t h e  reg ion .  . 
These f r a c t u r e  zones were be l i eved  t o  be l o c a l f z e d  f e a t u r e s  s f m i l a r  
t o  those found by Vandel l  (1 978) i n  Lower Dry Val l e y .  

2. A l o c a l  ground water  f l o w  system was i d e n t i f i e d  i n  t he  sha l low a l -  
l uv i um and t h e  upper p o r t i o n  o f  t h e  sedimentary rock  u n i t s  on t h e  
eas te rn  s i d e  of "Henry Rldge". Th l s  f l o w  system i s  s l m i l a r  t o  t h a t  
found on t h e  west r i d g e  of L i t t l e  Long V a l l e y  by Moharnmad (1 976). 
The t o t a l  volume o f  f l o w  i nvo l ved  i n  t h i s  system i s  be1 ieved t o  be 
smal l  and o f  1  ittl e consequence w i t h  r espec t  t o  min ing.  

3 .  An impo r tan t  ground water  f l o w  system was identified t n  t h e  a l l u v i u m  
and b a s a l t  i n  Henry Val l e y  and a f l o o d p l a i n  of t h e  L i t t l e  B l a c k f o o t  
R i ve r .  Th is  f l o w  system i s  recharged from p r e c i p i t a t i o n  on t h e  area, 



f rom i n f i l t r a t i o n  a long  t h e  channel o f  t h e  B lack foo t  R i v e r  and f rom 
st reamf low d i r e c t l y  i n t o  severa l  s i nkho les  i n  "Henry V a l l e y " .  Most 
o f  t h e  water  i n  t h i s  f l ow  system moves t o  t h e  west i n  t h e  b a s a l t  
th rough  t h e  L i t t l e  B l a c k f o o t  R i v e r  narrows and on i n t o  t h e  B l a c k f o o t  
l a v a  f i e l d .  Ana l ys i s  of severa l  smal l  f l o o d  events  con f i rmed t h e  
qu i ck  water  l e v e l  response i n  t h e  b a s a l t  t o  recharge i n t o  t h e  s inkho les .  

4. A  hydraul  i c  i n t e r c o n n e c t i o n  has been shown between t he  a q u i f e r  system 
i n  t h e  b a s a l t  and f r a c t u r e  zones i n  t he  Phosphoria f o rma t i on  b o t h  
n o r t h  and sou th  a l ong  t h e  s t r i k e  o f  t h e  u n i t .  T h i s  i n t e r c o n n e c t i o n  
has been conf i rmed by e v a l u a t i o n  o f  water  l e v e l  f l u c t u a t i o n s  f rom 
shor t - te rm f l o o d  events .  The t o t a l  volume o f  water  movement f rom t h e  
b a s a l t  i n t o  t h e  Phosphoria f o rma t i on  I s  be l i eved  t o  be small based 
on two f a c t o r s :  ( a )  t h e  o v e r a l l  h y d r a u l i c  c o n d u c t i v i t y  of  t h e  Phosphoria 
f o rma t i on  l s  l ow  and ( b )  d ischarge  areas f o r  f l o w  a long s t r i k e  i n  e i t h e r  
n o r t h  o r  sou th  d i r e c t i o n s  cannot be i d e n t i f i e d .  

5. A  r e g i o n a l  ground water f l o w  system occurs  i n  t h e  Wel l s  f o r m a t i o n  i n  
t h e  v i c i n i t y  o f  t h e  mine. Spr ings d i scha rg ing  from t h i s  f o rma t i on  
inc rease  t he  f l o w  o f  t h e  L i t t l e  B l a c k f o o t  R l v e r  s i g n i f l c a n t l y  down- 
stream o f  t h e  proposed m in lng  area.  The h lghe r  t o t a l  d l sso l ved  s o l i d s  
and h i g h e r  temperature o f  t h i s  d ischarge  c o n f i r m  t h a t  t h e  f l o w  i s  o f  
r e g i o n a l  e x t e n t  w i t h  v e r y  l i m i t e d  In terconnectSon w i t h  t h e  sha l l owe r  
ground water  f l o w  systems i n  t he  v i c l n i t y  o f  t h e  mine. The e l e v a t i o n  
o f  sp r i ngs  (6,130 t o  6,150 f e e t )  (1,870 t o  1,876 meters)  may rep resen t  
t h e  r e g i o n a l  wa te r  t a b l e  I n  t h e  Wel ls  format ion and t hus  pose a  lower  
l i m i t  t o  m in ing  w i t h o u t  ma jo r  dewater ing.  



CHAPTER V 

HYDROLOGIC ANALYSIS OF MINE WASTE PILES 

I n t r o d u c t i o n  

Mohammad (1 976) presented t h e  r e s u l t s  o f  s i t e  i n v e s t i g a t i o n s  o f  

more than  twen ty  waste dumps i n  t h e  sou theas te rn  Idaho phosphate m in i ng  

area. H i s  s t u d i e s  i nc l uded  measurement o f  s p r i n g  d ischarges  and q u a l i t y  

and t h e  i d e n t i f i c a t i o n  o f  f a c t o r s  c o n t r o l  I i n g  f l o w  systems. Eugene E. 

Farmer, h y d r o l o g i s t  w i t h  t h e  U  .S  .D.A. Fo res t  Serv ice  a t  t he  In te rmounta in  

Fores t  and Range Exper iment S t a t i o n ,  i n i t i a t e d  a  d e t a i l e d  s tudy  of waste 

p i l e  hydro logy  i n  1976. H i s  s tudy  a t  t h e  Maybe Canyon Mine o f  Beker 

Corpora t ion  was s t i l l  j n  progress a t  t h e  t ime  o f  w r i t i n g  o f  t h i s  r e p o r t .  

The Farmer s tudy  should  p rov i de  a  ve r y  d e t a i l e d  a n a l y s i s  o f  wa te r  move- 

ment th rough  sa tu ra ted  and unsa tu ra ted  mine wastes. Dr. Myron Molnau o f  

t h e  A g r i c u l t u r a l  Eng ineer ing  Department o f  t h e  U n i v e r s i t y  o f  Idaho a1 so 

i n i t i a t e d  a  hydro logy  s tudy  o f  phosphate mine wastes i n  1976. Dr .  Molnau 

i n v e s t i g a t e d  t h e  snow accumulat ion and assoc ia ted  e r o s i o n  on t h e  same 

p i l e  as t h e  U.S.D.A. Fores t  Serv ice  s t udy .  The r e s u l t s  o f  t h i s  s tudy  w i l l  

be presented i n  a  r e p o r t  e n t i t l e d  "Snow and Eros ion  i n  t h e  Phosphate 

M in i ng  Area o f  Idaho - F i n a l  Repor t " ,  which w i l l  be pub l i shed  i n  December 

1979 by Edward Chacho and Myron Molnau. 

The scope o f  t h e  waste p i l e  p o r t i o n  o f  t h e  p resen t  s tudy  was reduced 

because o f  t h e  concur ren t  i n v e s t i g a t i o n s  by Farmer and Molnau. Two ob jec -  

t i v e s  were pursued. 

1.  Measurement o f  ground wate r  l e v e l s  i n  severa l  p i l e s  t o  determine t h e  
degree t o  which t h e  wastes were sa tu ra ted .  



2. Leaching exper iments  t o  determine t h e  p o t e n t i a l  wa te r  q u a l i t y  changes 
assoc ia ted  w i t h  ground water  movement th rough  t h e  wastes. 

The l e a c h i n g  s t u d i e s  were conducted a t  t h e  U n i v e r s i t y  o f  Idaho by Dr.  Chien 

Wai o f  t h e  Chemistry Department. 

Ground Water Leve ls  i n  Mine Waste P i l e s  ---- 

Test  w e l l s  were cons t ruc ted  i n  t h e  South Henry Mine waste p i l e  by 

Monsanto Corpora t ion  and i n  a  Gay Mine waste p i l e  by t h e  J.R. S imp lo t  

Company. The c ross -sec t i on  o f  t h e  South Henry waste p l l e  presented i n  

f i g u r e  V-1 shows t h e  t e s t  w e l l  l o c a t i o n s  w i t h  r espec t  t o  t h e  o r i g i n a l  

l a n d  sur face  and t h e  wastes. Both w e l l s  f u l l y  pene t ra ted  t h e  waste p i l e .  

Water l e v e l s  were measured by Monsanto approx imate ly  weekly d u r i n g  t h e  

p e r i o d  o f  Apr i l -September,  1979. The wate r  l e v e l  hydrographs f rom bo th  

s i t e s  show a  response t o  s p r i n g  snow m e l t  ( f i g u r e  V-2).  The wate r  l e v e l s  

i n  b o t h  we1 1  s  a r e  near  t he  c o n t a c t  of t h e  wastes w i t h  t h e  o r l g i n a l  l a n d  

surface. 

The t e s t  w e l l s  i n  t h e  Gay Mine waste p i l e s  showed s i m i l a r  r e s u l t s  

as t h e  Henry Mine s i t e s .  The wate r  l e v e l  i n  one w e l l  was above t h e  con- 

t a c t  o f  t h e  wastes and t h e  o r i g i n a l  su r f ace  d u r i n g  t h e  p e r i o d  o f  observa- 

t i o n  i n  June-Ju ly ,  1978. The h i g h e r  wate r  l e v e l s  were assoc ia ted  w i t h  

t h e  nearby d ischarge  o f  wa te r  f rom p i t  dewater ing.  The t e s t  w e l l s  a r e  

b e l i e v e d  t o  be n e a r l y  d r y  under more normal c o n d i t i o n s .  

The development of ground wa te r  f l o w  systems i n  phosphate waste 

p i l e s  i s  dependent upon s i t e  s p e c i f i c  f a c t o r s .  Mohammad (1976) noted 

t h a t  t h e  f a c t o r s  which l e a d  t o  t h e  development o f  l o c a l  f l o w  systems 

w i t h i n  a  waste p i l e  i nc l ude :  ( 1 )  t h e  a v a i l a b i l i t y  o f  wa te r  f o r  recharge,  

( 2 )  s u i t a b l e  i n f i l t r a t i o n  r a t e s  a t  t h e  p i l e  su r face ,  and ( 3 )  f a v o r a b l e  
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F i gu re  V-1. Cross s e c t i o n s  of t h e  South Henry Mine waste p i l e  showing 
t e s t  we1 1  s.  





waste dump c h a r a c t e r i s t i c s  such as l a r g e  catchment areas, low topographic  

s lope o f  t h e  unde r l y i ng  l a n d  sur face ,  and a  f l a t  o r  ve ry  g e n t l e  waste 

p i l e  su r face .  Cannon (1 979) discussed t h e  importance o f  p i l e  l o c a t i o n  

w i t h  respec t  t o  l o c a l  geology and assoc ia ted  ground water  f l o w  systems. 

H i s  comments a re  summarized i n  t h e  nex t  chap te r .  

Both waste p i l e s  t h a t  were i n v e s t i g a t e d  as p a r t  o f  t h i s  s tudy  were 

l a r g e l y  unsaturated.  The water  l e v e l  p a t t e r n  a t  t h e  South Henry s i t e  i s  

be1 ieved  t o  be c o n t r o l l e d  by t h e  f l o w  system i n  t h e  s o i l  and unde r l y i ng  

Dinwoody fo rmat ion .  A perenn ia l  s p r i n g  d ischarges from t h e  Dinwoody f o r -  

mat ion near  t he  waste p i l e .  The mine wastes a t  t h e  Gay Mine s i t e  would 

be expected t o  be unsa tu ra ted  because o f  t h e  low l e v e l  o f  p r e c i p l t a t l o n  

i n  t h i s  area and t h e  downward h y d r a u l i c  g r a d i e n t  i n  t h e  unde r l y i ng  

Dinwoody fo rmat ion .  

Leaching --- o f  S o i l s  f rom Phosphate Mlne Waste P i l e s  .--- 

Chemical and M ine ra log i ca l  Composit ion 
o f  t h e  ~ h o s p h m  Wastes -- - 

Four r e p r e s e n t a t i v e  waste dump s o i l s  were c o l l e c t e d  f rom s i t e s  i n  

t h e  phosphate min ing  d i s t r i c t  f o r  t h i s  l each ing  s tudy .  S o i l  samples were 

d r i e d  i n  an oven, ground w i t h  a  mor ta r  and p e s t l e ,  and then s l f t e d  th rough 

a  U.S. No. 80 s tandard t e s t i n g  s i eve .  The less-than-80-mesh s i z e  f r a c t i o n  

o f  t h e  samples were used f o r  a l l  l each ing  exper iments.  The concen t ra t l ons  

o f  c e r t a i n  t r a c e  meta ls  i n  t h e  wastes a re  g iven  i n  t a b l e  V-1. The phosphate 

mine wastes c o n t a i n  s i g n i f i c a n t l y  h i g h  l e v e l s  o f  Cd, C r ,  Zn, and U i n  com- 

par i son  w i t h  c o n t i n e n t a l  c r u s t  average. 

The p r i n c i p a l  rock  types  o f  t h e  phosphate f i e l d  a r e  phosphate rock ,  

carbonate rock ,  mudstone, and c h e r t  (U.S. Dept. o f  I n t e r i o r ,  U.S. Dept. o f  



Table V-1 . Concent ra t ions  o f  some t r a c e  elements ( I n  ppm) i n  t h e  
phosphate mine wastes. 

Henry Mine waste p i l e  s o i l  35 1950 185 130 34 1350 73 
Weathered waste p i l e  s o i l  

f r om Gay Mine 115 1280 115 180 45 2300 69 
Carbonaceous r i c h  s o i l  from 

Gay Mine waste p i l e  102 1430 198 70 36 2350 64 
B a l l a r d  Mine waste p i l e  s o i l  17 530 67 140 27 600 27 
Cont inen ta l  Crus t *  0.2 100 55 950 30 70 2.7 

*U.S. Dept .o f  I n t e r i o r ,  U.S. Dept. o f  A g r i c u l t u r e ,  1977 

A g r i c u l t u r e ,  1977).  The phosphate rock  o f  t h i s  area i s  composed m o s t l y  o f  

carbonate f l  u o r a p a t i t e .  The carbonate r o c k  con ta ins  p r i m a r l l y  do lom i te  

and c a l c i t e .  The mudstone i s  a  m i x t u r e  o f  qua r t z ,  f e l d s p a r ,  muscov i te ,  

c l a y  m ine ra l s ,  i r o n  ox ide  m ine ra l s ,  and p y r i t e .  The c h e r t  i s  p r i m a r i l y  

m i c r o c r y s t a l l i n e  q u a r t z .  X-ray d i f f r a c t i o n  s tud ies  showed t h a t  t h e  min-  

e r a l s  p resen t  i n  t h e  waste dump s o i l s  a r e  a p a t i t e ,  qua r t z ,  do lom i te ,  c a l -  

c i t e ,  s i d e r i t e ,  and i n  some cases f l u o r i t e ,  gypsum, and t r a c e s  o f  c l a y  

m ine ra l s .  P y r i t e  was n o t  de tec ted  i n  these samples. The s o i l  samples 

used i n  t h i s  l each ing  exper iment appear t o  be a  m i x t u r e  of d i f f e r e n t  r o c k  

types  o f  t h i s  area. The Ca and Fe con ten t s  o f  t h e  waste samples a r e  g i v e n  

i n  t a b l e  V-2. Average Ca and Fe i n  phosphate rock ,  carbonate rock  and 

mudstone f rom t h e  Meade Peak member o f  t h e  Phosphorta f o r m a t i o n  a r e  a l s o  

g i ven  i n  t h e  t a b l e  f o r  comparison. Accord ing t o  these data,  carbonate 

r o c k  and phosphate r o c k  a r e  h i g h  i n  Ca and low i n  Pe r e l a t i v e  t o  mudstone. 

The waste dump s o i l  samples have Ca and Fe con ten t s  i n te rmed ia te  between 

t h a t  o f  mudstone and t h a t  o f  phosphate rock  o r  carbonate r o c k .  Calcium 

i n  t h e  mine wastes i s  p robab ly  a  good measure of t h e  amount o f  a p a t i t e  and 



Table V-2. Ca and Fe con ten ts  o f  t h e  phosphate mine 
wastes 

Henry Mine waste p i 1  e s o i l  7.3 2.24 
Weathered waste p i l e  s o i l  

f rom Gay Mine 14.1 1.50 
Carbonaceous r i c h  s o i l  f rom 
Gay Mine waste p i l e  9.6 1.55 

B a l l a r d  Mine waste p i l e  s o i l  4.3 2.35 
Mudstone* 3.1 3.43 
Carbonate Rock* 21.5 0.78 
Phosphate Rock* 32.4 0.78 

*From t h e  Meade Peak member o f  t h e  Phosphoria 
fo rmat ion .  U.S. Dept. o f  I n t e r i o r ,  U.S. Dept. o f  
Ag r i cu l  t u r e ,  1977. 

c a l c i t e  i n  t h e  system. I r o n  i s  1 i k e l y  i n  t h e  fo rm o f  s i d e r i t e  and i r o n  

ox ides.  

E f f e c t s  - o f  Phosphate Mine Wastes -- on t h e  pH o f  Water -- 
When t h e  phosphate mine wastes were mixed w i t h  d i s t i l l e d  water,  

t h e  pH o f  t h e . r e s u l t i n g  s o l u t i o n s  was found t o  be e i t h e r  n e u t r a l  o r  s l i g h t -  

l y  bas ic .  F i gu re  V-3 shows t h e  v a r i a t i o n  o f  pH o f  water  as a f u n c t i o n  o f  

t ime o f  con tac t  w i t h  t h r e e  d i f f e r e n t  t ypes  o f  mine wastes. The exper iment 

was c a r r i e d  o u t  a t  room temperature under atmospheric pressure and t h e  

system was s t i r r e d  us ing  a magnetic s t i r r e r .  

The Henry Mine waste and t he  carbonaceous r i c h  s o i l  f rom t h e  Gay 

Mine waste p i l e  bo th  gave near n e u t r a l  s o l u t i o n  i n  t h e  beginnfng o f  t h e  

exper iment and ended up a t  pH around 7.4 a f t e r  80  hours o f  m i x i ng  w i t h  

d i s t i l  l e d  water .  The weathered waste s o i l  f rom t h e  Gay Mine r e s u l t e d  I n  

a more bas ic  s o l u t i o n  w i t h  a f i n a l  pH around 8 a f t e r  80 hours o f  m ix ing .  

Apparen t l y  t h e r e  i s  no s i g n i f i c a n t  amount o f  a c i d  produc ing m ine ra l s  
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F lgu re  V - 3 .  pH o f  water  w i t h  r espec t  t o  t ime  o f  c o n t a c t  w i t h  t h e  
phosphate mine wastes. 

p resen t  i n  t h e  phosphate mine wastes. The exper imenta l  observation i s  

c o n s i s t e n t  w i t h  t h e  d i s s o l u t i o n  o f  carbonate rocks i n  water .  I n  a pure 

w a t e r - c a l c i t e  system a t  room temperature and under atmospheric p ressure ,  

t h e  f i n a l  pH o f  t h e  s o l u t i o n  shou ld  be around 8.3 a t  e q u i l i b r i u m  (Reece, 

1975).  The weathered waste dump s o i l  obv ious l y  con ta ined  a s i g n i f i c a n t  

amount o f  carbonate rock  as i n d i c a t e d  by i t s  h i g h  Ca con ten t .  A bas ic  

s o l u t i o n  i s  t h e r e f o r e  expected t o  r e s u l t  from l e a c h i n g  of t h i s  s o i l  as 

t h e  r e s u l t  o f  d i s s o l u t i o n  o f  carbonate rock  i n  water .  Since a l l  phosphate 

waste s o i l s  examined i n  t h i s  s tudy  con ta ined  v a r y i n g  amounts o f  carbonate 

rock ,  wa te r  i n  c o n t a c t  w i t h  such wastes i s  u n l i k e l y  t o  become a c i d i c .  

Leaching - o f  Meta ls  -- from t h e  Phosphate Mine Wastes 

Leaching exper iments were c a r r i e d  o u t  i n  beakers t o  s tudy  t h e  r a t e  

o f  removal o f  meta ls  f rom t h e  phosphate mine wastes. Each exper iment  



began w i t h  20 grams o f  mine waste mixed w i t h  100 m l  o f  d i s t i l l e d  water .  

Water samples ( 5  m l  each) were taken f rom t h e  system a t  va r i ous  t ime  

i n t e r v a l s  f o r  chemical a n a l y s i s .  The sar~iples were f i l t e r e d  through a  

0.45 pm f i l t e r  paper and a c i d i f i e d  w i t h  n i t r i c  a c i d  imned ia te l y  a f t e r  

c o l l e c t i o n .  Ca, Cd, C r ,  Cu, Fe, Mn, Pb, and Zn i n  water  were measured 

by atoniic abso rp t i on  spectrophotometry.  

Calcium and magnesium can be leached o u t  f a i r l y  r a p i d l y  f rom t h e  

mine wastes i n  t h e  i n i t i a l  24 hours o f  t h e  exper iment and then  g r a d u a l l y  

approach e q u i l i b r i u m  i n  t h e  nex t  few days. F igures  V-4 and V-5 show 

t y p i c a l  l each ing  curves f o r  Ca and Mg observed f rom Henry Mine waste s o i l  

and from the  weathered waste s o i l  f rom the  Gay Mine. Depending on t h e  

n a t u r e  of t h e  mine waste, Ca concen t ra t i on  I n  s o l u t i o n  would v a r y  f rom 

severa l  pprn t o  over  10 pprn a f t e r  3  t o  4  days of leach ing .  Magnesium con- 

c e n t r a t i o n  would reach  1  t o  2  pprn d u r i n g  t h e  same p e r i o d  o f  leach ing .  

Such l e v e l s  o f  Ca and Mg a r e  expected from t h e  d i s s o l u t i o n  o f  carbonate 

rocks  i n  water .  

The concen t ra t i ons  of Cd, Pb, and Zn leached f rom t h e  waste dump 

s o i l s  a r e  g iven  i n  t a b l e  V-3. Only low l e v e l s  o f  Zn were de tec ted  i n  

t h e  l each ing  s o l u t i o n .  Cd and Pb were below ou r  d e t e c t i o n  l i m i t s .  None 

o f  these t o x i c  t r a c e  meta ls  i n  l each ing  s o l u t i o n  exceeds t h e  l e v e l s  recom- 

mended by U.S. Pub1 i c  Hea l t h  Serv ice  f o r  d r i n k i n g  water  standards 

(u.s.P.H.s., 1962). Besides these t h r e e  meta ls ,  Cu and Mn concen t ra t i ons  

i n  s o l u t i o n  were found t o  be l e s s  than  0.05 pprn and 0.01 ppm, r e s p e c t i v e l y .  

I r o n  was de tec tab le  i n  some samples a t  l e v e l s  1  ower than 0.2 ppm. Chromium 

i n  t h e  Henry Mine waste and i n  t h e  carbonaceous r i c h  s o i l  f rom t h e  Gay 

Mine were below o u r  d e t e c t i o n  l i m i t  o f  0.01 pprn b u t  i t  was de tec tab le  i n  
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Figure  V -5 .  Leaching o f  Ca and Mg from t h e  weathered phosphate mine 
waste from t h e  Gay Mine. 



Table V-3. Cd, Pb, and Zn leached f rom the  phosphate mine waste s o i l s .  

Metal Concentrat ions (Pa r t s  Per M i l l  i o n )  i n  So lu t i on  

5 hours 23 hours - 11 7 hours 
C d Pb Zn Cd Pb Z n Cd Pb Zn 

Henry Mine 
waste s o i l  <0.01 <0.05 0.07 ~ 0 . 0 1  <0.05 0.10 <0.01 <0.05 0.18 

Carbonaceous 
r i c h  s o i l  
f rom Gay 
Mine waste 
p i 1  e <0.01 <0.05 0.09 <0.01 <0.05 0.12 <0.01 ~ 0 . 0 5  0.17 

Weathered 
waste s o i l  
from Gay 
Mine <0.01 <0.05 0.09 <0.01 <0.05 0.12 <0.01 <0.05 0.16 

the  Gay Mine weathered waste s o l u t i o n  a t  about 0.09 ppm a f t e r  117 hours o f  

1 eaching. 

One sample from leach ing  o f  Henry Mine waste dump s o i l  was analyzed 

f o r  uranium us-ing neutron a c t i v a t i o n  ana l ys i s .  A f t e r  one day o f  leaching,  

uranium i s  c h a r a c t e r i s t i c  o f  phosphate mine waste i n  t h i s  area, t h i s  e l e -  

~nent  niay be a p o t e n t i a l  t r a c e r  f o r  s tudy ing  the  e f f e c t s  o f  phosphate mine 

waste p i l e s  on ground water q u a l i t y .  Fur ther  experiment t o  t e s t  t he  f e a s i -  

b i l i t y  o f  us ing  uranium as a t r a c e r  f o r  ground water s tudy o f  t h i s  area 

i s  i n  progress. 



CHAPTER V I  

CONCEPTUAL MCIDELS OF INTERACTIONS OF M I N I N G  AND WATER 

RESOURCE SYSTEMS I N  THE SOUTHEASTERN IDAHO PHOSPHATE FIELD 

Water Resource Systems of t h e  Phosphate Area -- 

Previous hydrogeo log ic  i n v e s t i g a t i o n s  conducted i n  L i t t l e  Long 

V a l l e y ,  Lower Dry  V a l l e y ,  and Diamond Creek V a l l e y  have suggested t h a t  

d e f i n i t e  r e l a t i o n s h i p s  e x i s t  between geo log i c  fo rmat ions  i n  t h e  "phosphate 

sequence" and ground water  f l ow systems. I n  each o f  these  areas i t  was 

found t h a t  t h e  Thaynes and Dinwoody f o rma t i ons  suppor t  s i g n i f i c a n t  ground 

wate r  f l o w  systems. It was a1 so determined t h a t  t h e  Phosphoria f o rma t i on  

does n o t  suppor t  any ma jo r  ground water  f l o w  systems b u t  t h e  u n d e r l y i n g  

Wel ls  f o rma t i on  does suppor t  such f low systems (Ral s ton  and o the rs ,  1977).  

A comprehensive hydrogeol o g i c  s tudy  conducted by Winter  (1 979) f u r t h e r  

demonstrated t h a t  d e f i n i t e  r e l a t i o n s h i p s  e x l s t  between ground wate r  f l ow 

systems and geo log i c  f o rma t i on  type .  Winter  (1  979) conc l  uded f rom h i s  

s tudy  t h a t  t h e  "phosphate sequence" o f  sedimentary r o c k  u n i t s  (Dinwoody, 

Phosphoria and We1 1 s f o rma t i ons )  e x h i b i t  s i m i l a r  hydrogeolog ic  p r o p e r t i e s  

ove r  a l a r g e  area. He a l s o  concluded t h a t  those  f o rma t i ons  which occur  

above t h e  Meade Peak member o f  t h e  Phosphoria f o rma t i on  suppor t  l o c a l  

and i n te rmed ia te  ground water  f l o w  systems w h i l e  those f o rma t i ons  below 

i t  suppor t  r e g i o n a l  t ype  ground water  f l o w  systems. S tud ies  a t  t h e  Gay 

Mine and No r th  Henry Mine (Corbet,  1979 and Brooks, 1979) i n d i c a t e  t h a t  

t h e  r e l a t i v e  h y d r a u l i c  c o n d u c t i v i t y  va lues  o f  these u n i t s  a r e  c o n s i s t e n t  

even i n  areas where t h e  geo log i c  s t r u c t u r e  i s  v e r y  complex o r  where t h e  

mine s i t e  hydro logy  i s  c o n t r o l l e d  by an unusual s e t t i n g  t h a t  i nc l udes  



major stream l o s s  i n t o  a  b a s a l t  a q u i f e r .  

S i m i l a r i t i e s  i n  geologic ,  topographic,  hydrogeologic ,  and c l  ima t i c  

f a c t o r s  o f  t h e  s tudy area and t h e i r  r e l a t i o n s h i p s  w i t h  f l o w  systems a re  

discussed i n  t h i s  sec t ion .  It w i l l  be shown t h a t  a  d i s t i n c t i v e  p a t t e r n  

o f  sur face  water and ground water f l o w  systems have developed i n  t h e  

Western Phosphate F i e l d  due t o  t he  In f l uence  o f  these f a c t o r s .  

Factors -- o f  Flow System Development with-in - t h e  Regfon 

Geology - and Hydrogeol ogy 

The sedimentary sequence o f  t h e  Dinwoody, Phosphoria and Wel ls 

format ions forms the  basic  s t r a t i g r a p h i c  sequence a t  a l l  mfne s i t e s  ~ 5 t h -  

i n  the  s tudy area. These sedimentary rock  u n i t s ,  toge ther  w f t h  t h e  un- 

conso l ida ted  depos i ts  o f  co l l uv ium and a l luv ium,  f o r  the  most impor tan t  

geologic  u n i t s  o f  t he  s tudy  area, w i t h  respec t  t o  water resource systems 

a t  mine s i t e s .  

The Dinwoody format ion o f  T r i a s s i c  age c o n s i s t s  o f  an upper member 

and a  lower  member. Both members of t he  Dfnwoody formation a c t  as aqui -  

f e r s  i n  t he  s tudy  area and support  major ground water f l o w  systems. 'The 

upper and lower Dinwoody format ions a r e  c l a s s i f i e d  as a q u i f e r s  based on 

t h e i r  a b i l  i t y  t o  i n t e r c e p t  recharge, t r ansmi t  ground water, and d ischarge 

ground water t o  ad jacent  geologic  format ions o r  t o  spr ings  and o the r  

sur face water bodies. 

The Phosphoria fo rmat ion  o f  Permian age cons i s t s  o f  t h e  c h e r t y  

shale member, t h e  Rex Chert  member and the  Meade Peak Phosphatic Shale 

member. For t h e  purpose of t h i s  study, the  c h e r t y  shale member f s  con- 

s idered t o  be a  p o r t i o n  of t he  Rex Chert  member. The Rex Chert  member 



o f  t h e  Phosphoria format ion g e n e r a l l y  has a  very  low hyd rau l i c  conduc t iv -  

i t y  except where i t  has been s i g n i f i c a n t l y  a l t e r e d  by f r a c t u r i n g  and 

j o i n t i n g .  Loca l i zed  f r a c t u r e d  zones w i t h i n  t h e  Rex Chert  have been found 

i n  Lower Dry V a l l e y  and a t  t h e  Nor th Henry s l t e .  The Meade Peak member 

o f  t h e  Phosphoria fo rmat lon  does n o t  support  any major  ground water  f l o w  

systems a t  any s i t e  i n  the  Western Phosphate F i e l d .  

The Wel ls fo rmat lon  o f  Pennsylvanian age I s  d i v l d e d  i n t o  an upper 

member and a  lower member. Both members o f  t h e  Wel ls fo rmat ion  suppor t  

major  ground water f low systems i n  t h e  s tudy  area. Sect ions o f  t h e  Wel ls 

fo rmat ion  e x h i b i t  h i g h  hyd rau l i c  c o n d u c t i v i t y  and r e a d i l y  accept recharge. 

Quaternary depos i ts  o f  c o l l u v i u m  and a l l uv ium suppor t  ground water  

f l o w  systems a t  a  number o f  s i t e s  I n  t h e  phosphate area. V a l l e y  f i l l  

a l l u v i u m  c o n s i s t i n g  o f  g rave l ,  sand, s i l t ,  and c l a y  c o n s t i t u t e s  many 

impor tan t  a q u i f e r s .  Major v a l l e y s  such as Upper Va l ley ,  B lack foo t  R i v e r  

v a l l e y ,  Dry Val l e y ,  Slug Creek Val l e y  and Geogetown Canyon, and many 

o t h e r  smal le r  v a l l e y s ,  con ta in  a q u i f e r s  w l t h l n  a l l u v i u m  whlch p l a y  impor- 

t a n t  r o l e s  i n  ground water-sur face water r e l a t i o n s h i p s .  

Geologic s t r u c t u r e  o f  t he  s tudy area i s  dominated by f o l d s  and 

f a u l t s .  S t r u c t u r a l  features have g r e a t l y  i n f l uenced  t h e  development o f  

ground water and sur face water f l o w  systems. Major sur face  drainages 

para1 1  e l  f o l d  axes o r  f o l  1  ow f a u l t  s t r u c t u r e s .  Stream va l  1  eys general 1 y 

occur  w i t h i n  t h e  eroded cores o f  a n t i c l i n e s  and r i d g e s  g e n e r a l l y  f o l l o w  

sync1 i n a l  axes. Good examples of these a r e  Dry Ridge, Dry Va l l ey ,  Schmid 

Ridge, and Slug Creek Va l ley .  An except ion  t o  t h i s  p a t t e r n  i s  found i n  

t h e  v i c i n i t y  o f  t h e  Gay Mine where ex tens ive  b lock  f a u l t i n g  has precluded 

t h e  development o f  a  we l l  de f i ned  r i d g e  and v a l l e y  system. 



S t r u c t u r a l  f e a t u r e s  c o n t r o l  t o  a  l a r g e  e x t e n t  t h e  l o c a t i o n  o f  

ground water recharge and d ischarge  areas. Ground water e n t e r i n g  a  geo- 

l o g i c  format ion tends t o  f o l l o w  bedding p lanes  because h y d r a u l i c  conduc- 

t i v i t i e s  a r e  h i ghe r  para1 1  e l  w i t h  bedding than  ac ross  bedding p lanes.  

Va l l eys  i n  t h e  s tudy  area o f t e n  l i e  on a n t i c l i n a l  axes, which p rov ides  a  

s t r u c t u r a l  avenue f o r  ground water  t o  f low from one v a l l e y  t o  another  

under r i dges .  Recharge t o  r o c k  ou tc rops  of h i g h  hydraul  i c  c o n d u c t i v i t y  

on r i d g e s  may a l s o  f o l l o w  f o l d  s t r u c t u r e s  and d ischarge  i n  d i s t a n t  v a l l e y s .  

F a u l t  s t r u c t u r e s  a f f e c t  t h e  l o c a t i o n  o f  many spr lngs .  

Topography and C l  imate 

Topography and c l  imate  g r e a t l y  i n f l u e n c e  f l o w  system development 

i n  t h e  s tudy  area. B a s i c a l l y ,  t h e  topography i s  dominated by r i d g e  and 

v a l l  ey  systems which t r e n d  nor thwest -southeast .  C l  imate c h a r a c t e r i s t i c s  

o f  t he  area cause major  precipitation i n  t h e  fo rm o f  snow t o  accumulate 

on t h e  eas te rn  and no r the rn  s lopes o f  these r i d g e  systems. Snow d r i f t s  

on r l d g e s  may accumulate t o  more t han  30 f e e t  ( 9  meters)  i n  depth and be 

as l o n g  as s i x  m i l e s  (U.S.D.A. Fo res t  Serv ice,  1978). Eastern and no r the rn  

r i d g e  slopes, and o t h e r  l e e  slopes, accumulate a  l a r g e  snowpack; t he re -  

f o r e  these areas become major  recharge areas f o r  ground water and sur face  

water  f 1  ow systenis. 

Topography and bas in  c o n f i g u r a t i o n  a f f e c t  t h e  devel  opment o f  1  oca l  , 

in te rmed ia te ,  and r e g i o n a l  f l o w  systems. Dominant topographic  p r o f i l e s  

of t h e  s tudy  area can be d i v i d e d  i n t o  t h r e e  ma jo r  d i v i s i o n s  based on sca le  

o f  observa t ion  o r  bas in  s i z e .  I n  t h e  l a r g e s t  d i v i s i o n  a r e  t h e  major  d r a i n -  

age bas ins  o f  t h e  Snake R i ve r  and Bear R iver .  The dra inage d i v i d e  between 

these bas ins  c u t s  across t he  s tudy  area i n  an east-west d i r e c t i o n  ( f i g u r e  VI-1).  
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F i g u r e  VI -1 .  Loca t i on  o f  d ra inage  d i v i d e  and mine s i t e s ,  
Western Phosphate F i e l d  i n  Idaho. 



The l a r g e s t  p o r t i o n  o f  t h e  phosphate area l i e s  w i t h i n  t h e  Snake R i v e r  

dra inage bas in .  The o v e r a l l  topographic  p r o f i l e  o f  t h e  s tudy  area w i t h i n  

t h e  Snake R i v e r  dra inage c o n s i s t s  o f  a  general  s lope  f rom t h e  d ra inage  

d i v i d e  i n  t h e  southeast  t o  t h e  Snake R i ve r  i n  t h e  nor thwest .  Maxium 

r e l i e f  a long  t h i s  p r o f i l e  i s  about 5,400 f e e t  (2,520 meters).  The over -  

a l l  topographic  p r o f i l e  o f  t h e  area w i t h i n  t h e  Bear R i v e r  d ra inage  bas in  

c o n s i s t s  o f  a  general  southwestern s lope  from t h e  d ra inage  d i v i d e  t o  t h e  

Bear R i v e r  v a l l e y  w i t h  a  maximum re1  i e f  of about  4,000 f e e t  (1,200 meters).  

Superimposed on t h e  o v e r a l l  topographic  s l ope  i s  t he  second ma jo r  

topographic  d i v i s i o n  o f  t h e  main t r i b u t a r y  bas ins such as Diamond Creek, 

Lanes Creek, Dry V a l l e y  Creek, S lug Creek, Angus Creek, Georgetown Creek, 

and severa l  o thers .  Topographic r e l i e f  o f  these  bas ins i s  i n  t he  range 

of 1,000 t o  3,000 f e e t  (300 t o  900 meters) .  

The t h i r d  major  topographic  d i v i s i o n  encompasses t h e  smal l  1 oca l  i zed  

dra inage bas ins  t h a t  have developed on t he  s lopes o f  major  t r i b u t a r y  

basins.  These dra inages a r e  c h a r a c t e r i s t i c  o f  broken topography such as 

t h a t  found around Sulphur  Peak and o t h e r  p o r t i o n s  o f  t h e  Aspen Range and 

i n  t he  h i 1  l y ,  broken topography o f  t h e  F o r t  Hal 1  I n d i a n  Reservat ion near  

t h e  Gay Mine. Topographic r e l i e f s  of these f e a t u r e s  a r e  i n  t h e  o rde r  o f  

hundreds o f  f e e t .  

T h i s  topographic  c o n f i g u r a t i o n  o f  t h e  s tudy  a rea  i n f l u e n c e s  t h e  

development o f  1  oca l  , i n t e r ~ i i e d i a t e ,  and r e g i o n a l  f l o w  systems. I f  t h e  

phosphate area was coniposed e n t i r e l y  of homogeneous i s o t r o p i c  m a t e r i a l s ,  

t h e  ground water  f l o w  systems cou ld  e a s i l y  be d e l i n e a t e d  based on t h e  

t h e o r e t i c a l  concepts o f  1 0 t h  (1 963). Regional ground water  f l  ow systems 

would develop f rom t h e  up land areas o f  t h e  major  bas ins t o  t h e  Snake and 



Bear r i v e r  v a l l e y s .  I n te rmed ia te  f l o w  systems would e x i s t  f rom t h e  ma jo r  

r i d g e s  t o  t he  major  t r i b u t a r y  v a l l e y s  and l o c a l  f l ow systems would be 

found i n  t h e  areas o f  l o c a l  r e l i e f .  A c ross -sec t i ona l  v iew o f  t h i s  s i t -  

u a t i o n  i s  presented as f i g u r e  VI-2. Obvious ly ,  t h e  s tudy  area i s  n o t  

homogeneous and i s o t r o p i c ,  b u t  t h e  topograph ic  p r o f i l e  as descr ibed  w i l l  

1 a r g e l y  i n f l  uence t h e  development o f  ground water  f l o w  systems. 

It i s  i n t e r e s t i n g  t o  no te  t h a t  t h e  r i d g e  and v a l l e y  systems w i t h -  

i n  t h e  s tudy  area a r e  p redominan t l y  o f  two types.  One t ype  o f  r i d g e  and 

v a l  1 ey  system has v e r y  even s lopes w i t h  few topographic  i r r e g u l  a r i  t i e s .  

The bes t  examples o f  t h i s  a r e  t h e  Dry  Rldge-Dry Val  l e y  system and t h e  

Snowdr i f t  Ridge-Georgetown Canyon system. The o t h e r  t ype  o f  r i d g e  and 

v a l l e y  system i s  v e r y  broken by 1 ocal  topography. The Sulphur  Peak area 

i n  T.9S. R.43E. i s  an example o f  t h t s  t ype  of topography. From f l o w  

systems theo ry ,  r i d g e  systems w i t h  few 1 oca l  topographic  i r r e g u l a r i t i e s  

cou ld  be expected t o  have few l o c a l  ground wate r  f l o w  systems. The areas 

w i t h  broken, i r r e g u l a r  topography cou ld  be expected t o  have many l o c a l  

ground. wa te r  f l  ow systems. 

General - Flow Systems o f  t h e  Phosphate Area -- - 

Local  ground water  f l  ow systems a r e  t y p i c a l  l y  cha rac te r1  zed by 

i n t r a b a s i n  f l o w ,  s h o r t  f l o w  paths,  smal l  sp r i ngs  and seeps, and i n t e r -  

mediate s i z e  sp r i ngs  w i t h  a l a r g e  i n n u a l  range i n  d ischarge.  Local  ground 

wate r  f l o w  systems have r e l a t i v e l y  smal l  q u a n t i t l e s  o f  wa te r  i n  s to rage .  

Dur ing  summer months and pe r i ods  of d rought ,  sp r i ngs  o f  l o c a l  ground wate r  

f l ow systems o f t en  d r y  up. Local  f l o w  systems a r e  most o f t e n  assoc ja ted  

w i t h  areas of  h i g h  p r e c i p i t a t i o n ,  and t hey  a r e  more f r e q u e n t  i n  hummocky 
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terrain than in terrain of constant slope. 

Local flow systems are found on the side slopes of most ridges in 

the Western Phosphate Field. They are most frequent on north and east 

facing sl opes of ridges where the heaviest snowpacks accumul ate. South- 

west facing slopes wlth low precipitation and with smooth regular slopes 

have the fewest local ground water flow systems. 

Intermediate ground water flow systems are characterized by pre- 

dominantly intrabasin flow and by intermediate to large springs which 

show an annual fluctuation in discharge. Some springs of intermediate 

flow systems may dry up during periods of extreme drought. Intermedlate 

flow systems generally have large amounts of water in storage. They 

often discharge into alluvial valleys and support baseflows of perennial 

streams. The source of intermediate ground water flow systems is typically 

the highland area receiving major precipitation. Ground water circulation 

depths are greater than in local flow systems. Geologic structure, topog- 

raphy, and hydraulic conductivity act as conduits to flow. Discharge 

points often occur at the contact of two geologic units with large dif- 

ferences in hydraulic conductivity. Faults may intercept intermediate 

flow systems and create channels for surface discharge. 

In the study area, intermediate ground water flow systems generally 

occur from the major snowpack areas on the ridge tops to discharge areas 

near the bottom of ridge slopes or into creeks or alluvium in valley floors. 

The Dinwoody formation typically supports intermediate flow systems. The 

formation contact between the Dinwoody and Phosphoria formations is a 

likely discharge area for these systems because of the large difference 

In relative hydraul ic conductivity between the formations. 



Regional ground water f l o w  systems a r e  charac ter ized  by i n t e r b a s i n  

f low, l oqg  f l o w  paths, and l a r g e  spr ings  w i t h  n e a r l y  cons tan t  annual f lows.  

Recharge areas f o r  reg iona l  f l o w  systems a r e  upland areas o f  h i g h  p r e c i p i -  

t a t i o n  and upper v a l l e y s  t h a t  c o n t a i n  l a r g e  q u a n t i t i e s  o f  ground water.  

Discharge areas a r e  i n  v a l l e y s  o f  ad jacent  o r  d i s t a n t  basins and i n  major 

topographic lows o f  t he  reg lon .  Regional f l o w  systems c o n t a i n  l a r g e  

q u a n t i t i e s  o f  ground water i n  s torage.  Springs which issue f rom reg lona l  

f l o w  systems a re  sometimes thermal o r  h i g h l y  m ine ra l i zed  because o f  deep 

c i r c u l a t i o n  and long f l o w  paths. Thick, a rea l  l y  ex tens ive  geologic  forma- 

t ions  w i t h  h igh  hydraul i c  conduc t i v l  t y  are  conducive t o  development o f  

1  arge reg iona l  ground water  f l  ow systems. 

I n  t h e  s tudy area, the  Wel ls fo rmat ion  and the  unde r l y i ng  Brazer 

1 imestone have c h a r a c t e r i s t i c s  f avo rab le  t o  devel opment o f  reg iona l  f l o w  

systems. These fo rmat ions  have zones o f  h igh  hyd rau l i c  c o n d u c t l v l t y ,  a re  

several  thousand f e e t  t h i c k ,  and probab ly  under l  i e  t h e  e n t i r e  s tudy area. 

Outcrops o f  these format ions a r e  found on r i dges  i n  t h e  s tudy area where 

they  rece i ve  recharge from snowmelt and, probably  even more important ,  

they  under l  i e  some o f  t h e  h igh  t r i b u t a r y  v a l l e y s  such as Upper Va l ley ,  

Dry Va l ley ,  and Slug Creek Va l ley .  

Summary o f  Water Resource Systems and Flow Pat te rns  -- -- , . 

D e f i n i t e  p a t t e r n s  o f  sur face water and ground water f low systems 

a re  ev iden t  f rom hydro1 og i c  s tud ies  i n  the  southeastern Idaho phosphate 

f i e l d .  These ground water and sur face water f l o w  pa t te rns  a r e  l a r g e l y  

c o n t r o l  1  ed by geology, hydrogeol ogy , topography, and a v a i l a b i l  i t y  o f  

recharge. 



P r e c i p i t a t i o n  on l e e  slopes supports f l o w  i n  small sur face channels 

and recharges ground water f low systems i n  the  Thaynes, Dinwoody, and 

We1 1  s  format ions and i n  c o l l u v i a l  deposits. Recharge which en te rs  the  

co l l uv ium genera l l y  perco la tes  downward w i t h i n  the  co l l uv ium t o  the  bed- 

rock  contac t .  Ground water w i t h i n  sa tura ted  co l l uv ium moves down s lope 

forming l o c a l  f l o w  systems. These l o c a l  f l o w  systems d ischarge t o  small 

spr ings,  seeps, and t o  vegeta t ion .  Many o f  these l o c a l  ground water f l o w  

systems d r y  up du r ing  summer months. 

Recharge which en te rs  the  Thaynes and Dinwoody fo rmat ions  forms 

1  ocal and in te rmed ia te  ground water f l o w  systems. Recharge comes mos t l y  

from d i r e c t  p r e c i p i t a t i o n  and from discharge by small l o c a l  ground water 

f l o w  systems. Ground water w i t h i n  these format lons moves down g rad ien t  

f o l  low ing bedd-ing planes and f a u l t  s t r u c t u r e s .  Discharge from t h e  f l o w  

systems i s  t o  spr ings  and streams where bedding planes and f a u l t s  i n t e r -  

cept  t h e  topographic surface. Some o f  t he  ground water w i t h i n  these f l o w  

systems moves across bedding planes t o  en te r  the lower nierr~ber o f  t he  

Dinwoody fo rmat ion .  Fu r the r  c ross  bedding f l o w  i s  v i r t u a l l y  prevented 

by the  r e l a t i v e l y  low h y d r a u l i c  c o n d u c t i v i t y  o f  the  Phosphoria fo rmat ion .  

Ground water w i t h i n  t h e  lower member o f  the  Dinwoody fo rmat ion  then com- 

monly discharges a long t h e  Dinwoody-Phosphoria contac t  i n  t he  form o f  

spr ings  and increased s t reamf l  ow. 

The Meade Peak member o f  t h e  Phosphoria fo rmat ion  supports no 

s i g n i f i c a n t  ground water f l o w  systems. The Rex Chert member may support 

l o c a l i z e d  f l o w  systems where i t  i s  h i g h l y  f rac tu red .  The Phosphoria 

formation forms an e f f e c t i v e  hydro log ic  b a r r i e r  between f l o w  systems 

w i t h i n  the  Thaynes and Dinwoody format ions from those w i t h i n  the  Wells 



f o rma t i on  and Brazer  l imes tone .  A p o s s i b l e  excep t ion  t o  t h i s  i s  where 

cons iderab le  d isp lacement  has occurred due t o  f a u l t i n g .  

The Wel ls  format ion suppor ts  niajor ground water  f l o w  systems w i t h -  

i n  t h e  s tudy  area. Evidence suggests t h a t  these  f l o w  systems a r e  reg iona l  

i n  e x t e n t .  Recharge t o  r e g l o n a l  ground water  f l o w  systems i n  t h e  Wel ls 

f o rma t i on  occurs as p r e c i p i t a t i o n ,  s t reamf low l o s s ,  and f rom a l l u v i a l  

v a l l e y  a q u i f e r s .  The h i g h  niounta-lns and v a l l e y s ,  which r e c e i v e  t h e  g rea t -  

e s t  p r e c i p i t a t i o n ,  a r e  t h e  p r i n c i p a l  recharge areas f o r  r e g l o n a l  f l o w  

systems. Discharge f rom r e g i o n a l  f l o w  systems 1s c o n t r o l  1  ed I a r g e l y  by 

topography and s t r u c t u r e .  The Snake R i v e r  V a l l e y  and t h e  Bear R i v e r  

Val 1  ey  a r e  p robab ly  p r ima ry  d ischarge  areas f o r  reg1 onal  ground water  

f 1  ow sys tems . 
A1 1  u v i a l  m a t e r i a l s  i n  v a l l  eys c o n t a i n  l a r g e  q u a n t i t i e s  of ground 

water.  Sur face wate r  and ground water  f l o w  systems w i t h i n  a l l u v i a l  

m a t e r i a l s  r e a d i l y  i n t e r a c t .  Some stream reaches w l t h i n  v a l l e y s  l o s e  t o  

unde r l y i ng  a l l u v i u m  w h i l e  o t h e r  reaches g a i n  wate r  f rom t h e  a l l uv i um.  

Water Resource Systems - a t  Selected Mine S i t e s  -- 

It has been demonstrated t h a t  su r face  wate r  and ground water  f l o w  

systems w i t h i n  t h e  phosphate area e x h i b i t  many s i m i l a r  f l ow p a t t e r n s  and 

c h a r a c t e r i s t i c s  which a r e  l a r g e l y  c o n t r o l  l e d  by geology, hydrogeology, 

topography, and a v a i l a b i l i t y  of recharge. The purpose o f  t h i s  s e c t i o n  i s  

t o  p resen t  a d d i t i o n a l  s i m i l a r i t i e s ,  whlch e x l s t  on a  l o c a l  l e v e l ,  between 

f l o w  systems a t  mine s i t e s  and environmental  and min ing  f a c t o r s .  S i x  

mine s i t e s  w i t h i n  t h e  southeastern Idaho phosphate f i e l d  were examined 

t o  ach ieve t h i s  purpose. The s i x  mine s i t e s  were s tud ied  t o  (1) determine 



r e l a t i o n s h i p s  between environmental  c o n t r o l l i n g  f a c t o r s  and f l o w  system 

development and ( 2 )  determine r e l a t i o n s h i p s  between min ing  f a c t o r s  and 

f l o w  system impacts. The s l x  mine s i t e s  examined du r i ng  t h i s  s tudy  a r e  

t h e  (1 ) Henry Mine, ( 2 )  Dry Ridge-Maybe Canyon Mine, (3 )  Conda Mine, 

( 4 )  Gay Mine, ( 5 )  Wooley V a l l e y  Mine, and ( 6 )  Georgetown Canyon Mine (see 

f i g u r e  VI-1) .  The f i r s t  f i v e  mlnes l i s t e d  a re  c u r r e n t l y  i n  opera t ion ;  

Georgetown Canyon Mine i s  no t .  D e t a i l e d  i n v e s t i g a t i o n s  o f  t h e  Henry Mine 

and Gay Mine a r e  presented i n  t h e  prev ious  chapters.  An i n v e s t i g a t i o n  

o f  t h e  Wooley V a l l e y  Mine was repo r ted  by Ra ls ton  and o the rs  (1977). 

Re la t ionsh ips  between Environmental Fac tors  
and Flow Svstems o f  Mine S i t e s  

Hydrogeol ogy. A1 1 mine s i t e s  s tud ied  con ta in  t h e  "phosphate se- 

quence" o f  sedimentary rock  u n i t s  c o n s i s t i n g  o f  t h e  Wel ls formation, 

Phosphoria f romat ion,  and Dinwoody fo rmat ion .  The sedimentary rock  u n i t s  

i n  each area, except t h e  Gay Mine, a r e  p a r t  o f  a  s teep l y  d ipp ing  syncl  i n e -  

a n t i c l i n e  sequence. I n  t h e  Gay Mine area, t h e  sedimentary sequence occurs 

i n  a broad g e n t l y  d ipp ing  syncl  i n e  which has been e x t e n s i v e l y  b lock  

f a u l t e d .  A gene ra l i ze  geo log ic  c ross  sec t i on  o f  each niine area i s  p re-  

sented i n  f i g u r e s  VI-3 through VI-8. These c ross  sec t i ons  a r e  in tended 

t o  show o n l y  t h e  bas ic  geo log ic  s t r u c t u r e  and topographic p r o f i l e  charac- 

t e r i s t i c s  of each mine s i t e  so t h a t  any s i n i i l a r i t i e s  and c o n t r a s t s  be- 

tween mine s i t e s  w i l l  be ev ident .  

The geo log ic  sec t ions  which occur  a t  these mine s i t e s  may be 

grouped i n t o  t h r e e  bas ic  types.  The types a r e  where ( 1 )  t h e  sedimentary 

sequence d ips  i n t o  t h e  major  s lope o f  t h e  r i d g e  and t h e  Dinwoody and 

Phosphoria fo rmat ions  occur t o p o g r a p h i c a l l y  h igher  than t h e  Wel ls formation, 
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F i g u r e  V I - 5 .  G e o l ~ g i c  s e c t i o n s  t h r o u g h  n o r t h  and s o u t h  Conda Mine 
a reas  ( a f t e r  Armstrong,  1 9 6 9 ) .  
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(2 )  t h e  sedimentary sequence d ips  w i t h  t h e  major r i d g e  s lope and the  Wel ls 

formation occurs t opog raph i ca l l y  h igher  than t h e  Phosphoria and Dinwoody 

formations, and ( 3 )  ex tens lve  f a u l t i n g  has occurred and the  format ions 

may d i p  w i t h  o r  aga ins t  t he  topographic  s lope o r  l i e  almost h o r i z o n t a l .  

These th ree  types o f  geologic  s t r u c t u r e  significantly a f f e c t  ground water 

f l o w  systems. 

-Dip Cont ra ry  t o  Slope Type- The f i r s t  geo log ic  sectSon type  i s  

c h a r a c t e r i s t i c  o f  t h e  Dry Ridge-Maybe Canyon Mine s l t e  and o f  t h e  pro-  

posed mine s i t e s  I n  Lower Dry V a l l e y  and Diamond Creek Val l e y .  A t  each 

o f  these s i t e s  the  Phosphoria fo rmat ion  d i p s  i n t o  t h e  r i d g e  s lope and 

t h e  Thaynes and Dinwoody format ions occupy t h e  top  o f  t h e  r idges .  The 

Dry Ridge-Maybe Canyon Mine i s  l oca ted  on t h e  southwest s lope o f  Dry 

Ridge, which i s  the  western 1  imb o f  t h e  Georgetown sync1 i ne .  Here, min ing 

occurs a long t h e  c r e s t  o f  a  secondary r i d g e  system which i s  loca ted  be- 

tween Maybe Canyon and Dry Va l ley .  The c r e s t  o f  t h i s  r i d g e  i s  capped by 

the  r e s i s t a n t  Rex Chert  member o f  t h e  Phosphoria format ion,  which forms 

massive d i p  slopes i n t o  Maybe Canyon. The summit o f  Dry Ridge i s  l oca ted  

eas t  o f  Maybe Canyon and i s  composed of t he  Thaynes and Dinwoody forma- 

t i o n s .  I n  the  v i c i n i t y  o f  t h e  mine p i t s ,  t h e  Meade Peak member o f  t h e  

Phosphoria fo rmat ion  d i p s  approx imate ly  25 degrees t o  40 degrees east .  

Sync l ina l  s t r u c t u r e s  under r i dges  a r e  gene ra l l y  found where rock  

u n i t s  d i p  i n t o  t h e  topographic  slope. These s y n c l i n a l  s t ruc tu res ,  com- 

b ined w i t h  t he  r e l a t i v e l y  low hyd rau l i c  c o n d u c t i v i t y  o f  t h e  Phosphoria 

format ion,  a c t  as basins which may ho ld  s i g n i f i c a n t  q u a n t i t i e s  o f  ground 

water w i t h i n  t h e  Dinwoody formation. These fac to rs  apparent ly  c o n t r i b u t e  

t o  t h e  many l o c a l  and in te rmed la te  ground water f l o w  systems which a r e  



found i n  t h e  Dinwoody f o rma t i on  i n  Schmid Ridge, on t h e  west f l a n k  o f  t h e  

Webster Range i n  Diamond Creek V a l l e y  (Edwards, 1977) and a long  b o t h  f l a n k s  

o f  t h e  Webster sync1 i n e  i n  t h e  southern p o r t i o n  o f  t h e  Webster Range 

(Win te r ,  1979).  A  s i m i l a r  f l o w  sys te~ i i  was i d e n t i f i e d  by Mohammad (1977) 

on t h e  eas te rn  r i d g e  o f  L i t t l e  Long V a l l e y .  On t h e  eas te rn  r i d g e ,  t h e  

Dinwoody f o r m a t i o n  rece i ves  recharge from snow m e l t  which f o l l o w s  t h e  

s y n c l i n a l  s t r u c t u r e  under t h e  r i d g e  and d ischarges  i n t o  upper Angus Creek. 

-Dip w i t h  Slope Type- The second geo log i c  s e c t i o n  t y p e  i s  char -  

a c t e r i s t i c  o f  t h e  Henry Mine, Georgetown Canyon Mine, Wooley V a l l e y  Mine 

and t h e  n o r t h e r n  p o r t i o n  o f  t h e  Conda Mine. A t  these  mine s i t e s  r o c k  

u n i t s  d i p  w i t h  t h e  r i d g e  s lope.  Outcrops o f  t h e  Wel ls  f o rma t i on  occur  

t o p o g r a p h i c a l l y  h i g h e r  than t h e  Phosphoria and Dinwoody fo rmat ions .  The 

Wel ls  f o r m a t i o n  and sometimes b o t h  t h e  Wel ls  and Brazer  f o rma t i ons  occupy 

t h e  r i d g e  t o p s  and s lopes above t h e  mine p i t s  and t h e  Dinwoody f o r m a t i o n  

i s  found on s lopes  below t h e  mlne p i t s .  

I n  mine areas where r o c k  u n i t s  d i p  w i t h  t h e  topograph ic  s lope ,  

ground wate r  f l o w  systems a r e  s i g n i f i c a n t l y  i n f l u e n c e d  by s t r u c t u r e  and 

ou t c rop  p a t t e r n .  The h i g h  h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  Wel ls  and Brazer  

format ions pe rm i t s  r a p i d  i n f i l t r a t i o n  o f  snow m e l t  on t h e  r i d g e  tops .  

Recharge which e n t e r s  these  f o rma t i ons  p e r c o l a t e s  downward a long  bedding 

p lanes o r  zones o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y  d i r e c t l y  I n t o  r e g i o n a l  

ground wate r  f l o w  systems. The f a c t o r s  o f  h i g h  h y d r a u l i c  c o n d u c t i v i t y ,  

s teep  d i p  angles,  and l a r g e  t h i ckness  and a r e a l  e x t e n t  o f  t h e  f o rma t i ons  

a l l  c o n t r i b u t e  t o  t h e  f o rma t i on  o f  f l o w  systems t h a t  r a p i d l y  t r a n s m i t  

water  f rom t h e  r i d g e  t ops  t o  r e g i o n a l  ground water  f l ow systems. Mine 

s i t e s  which a r e  l o c a t e d  downslope f r om the  Wel ls  f o rma t i on  have amazing ly  



l i t t l e  su r f ace  r u n o f f  which en te r s  t h e  mine areas. Th i s  I s  e s p e c i a l l y  

t r u e  a t  t h e  Georgetown Canyon Mine where a  ve ry  l a r g e  snowpack accumulates 

on t h e  r i d g e  t o p  and s lopes above t h e  mine p i t s .  The Wel ls  fo rmat ion ,  

i n c l u d i n g  t h e  Grandeur Tongue of t h e  Park City fo rmat ion ,  and t h e  Brazer  

f o rma t i on  have such a  h i g h  h y d r a u l i c  c o n d u c t i v i t y  I n  t h i s  area t h a t  ve ry  

l i t t l e  su r face  r u n o f f  f rom snowmelt reaches t h e  mine p l t s .  Streams on 

t h e  s lope  above t h e  mine p l t s  r a p i d l y  l o s e  f l o w  t o  these fo rmat ions .  

Mans f i e l d  (1927) noted t h e  development o f  smal l  sinkholes on Snowdr l f t  

Ridge. l a r g e  s o l u t i o n  channels and a  cave a r e  ev lden t  I n  t h e  f o o t w a l l  

o f  mine p i t s  i n  Georgetown Canyon Mine, r e v e a l i n g  very  h i g h  h y d r a u l i c  

c o n d u c t i v i t y .  

I n  mine areas where r o c k  u n i t s  d i p  w i t h  t he  topographic  s lope, 

t he  Dinwoody f o rma t i on  i s  l oca ted  downslope fro111 t h e  mlne p l t  area.  I n  

t h i s  topographic  p o s i t i o n ,  t h e  Dtnwoody f o rma t l on  i s  n o t  f avo rab l y  s i t u a t e d  

t o  r ece l ve  l a r g e  amounts o f  recharge Prom p r e c i p i t a t i o n .  Under t h i s  con- 

d i t i o n  t h e  Dinwoody format ion suppor ts  fewer o r  sma l l e r  ground water  f l o w  

systems than when i t  occupies s y n c l i n a l  s t r u c t u r e s  under r i d g e  tops.  The 

sp r i ngs  and seeps whlch i s sue  f rom t h e  Dinwoody f o rma t l on  below the  mine 

p i t  areas o f  t h e  Georgetown Canyon Mine, Henry Mine, and Wooley V a l l e y  

Mine a re  general  l y  very  smal l  . 
- F a u l t  B lock Type- The t h i r d  t ype  o f  geo log ic  s e c t i o n  occurs i n  

t h e  Gay Mine area.  Here ex tens i ve  b l o c k  f a u l t i n g  has c rea ted  an i r r e g -  

u l a r  topography where d i p s  of r ock  u n l t s  a re  moderate b u t  may occur  i n  

a lmost  any d i r e c t i o n  w i t h  r espec t  t o  topographic  s lope.  E i t h e r  t he  Wel ls  

format ion o r  t h e  Dinwoody fo rmat ion  may occur  t o p o g r a p h i c a l l y  above t he  

Phosphoria fo rmat ion .  Complex geol o g l c  s t r u c t u r e  o f  t h i s  area g r e a t l y  



compl i ca tes  ground water  f low systems. D e f i n i t e  r e l a t i o n s h i p s  between 

geo log i c  f a c t o r s  and ground water  f l ow systems a r e  d i f f i c u l t  t o  i d e n t i f y .  

Several  smal l  f l o w  systems e x i s t  i n  t h e  Dinwoody formation i n  t h e  

Gay Mine area c o n t r o l l e d  by l o c a l  faulting. A l a r g e r  f l o w  system e x i s t s  

i n  a  s t r u c t u r a l l y  i s o l a t e d  b l ock  of Wel ls  f o rma t i on  rock .  Recharge t o  

these systems i s  p r i m a r i l y  f rom d i r e c t  p r e c i p i t a t i o n .  A  thermal , minera l  - 
i z e d  s p r i n g  i n d i c a t e s  t h a t  some r e g i o n a l  ground water  f l o w  occurs  i n  t h e  

area, p robab l y  c o n t r o l  l e d  by deep f a u l t i n g .  

Geologic s t r u c t u r e  appears t o  g r e a t l y  a f f e c t  ground wate r  f l o w  

paths i n  f a u l t  b l o c k  reg ions ,  based on t h e  observa t ions  f rom t h e  Gay Mine. 

I n  p a r t i c u l a r ,  i t  appears t h a t  t h e  l o c a t l o n  o f  t h e  Phosphoria f o rma t i on  

w i t h i n  f a u l t  b l ocks  a f f e c t s  t h e  d i r e c t i o n  and r a t e  o f  ground water  move- 

ment. Ground water  i s  more I i k e l y  t o  f l o w  a long  bedding p lanes w i t h i n  

f a u l t  b l ocks  t han  across bedding p lanes.  D iscon t inuous  zones of h i g h  

and l o w  hydraulic c o n d u c t i v i t y  r e s u l t  f rom t h e  o f f s e t  o f  geo log ic  forma- 

t i o n s  by f a u l t s .  Under these c o n d i t i o n s ,  ground water  f l o w  systems may 

f o l l o w  to r t ouous  pa ths  and ground water  p o t e n t i a l s  may be g r e a t l y  d l f f e r -  

e n t  than  expected. 

Topography. A l l  mine areas examined i n  t h l s  s tudy,  except  t h e  Gay 

Mine, a r e  l o c a t e d  on d e f i n l t e  r l d g e  systems w i t h  ad jacen t  v a l l e y s .  The 

mine s i t e s  which occupy r i d g e s  may be c l a s s i f i e d  i n t o  t h r e e  bas ic  t ypes  

based on t h e  l o c a t l o n  o f  t h e  mine p i t s  r e l a t i v e  t o  t h e  topography o f  t h e  

r i d g e .  These types  a re :  (1 ) mine s i t e s  which occupy r i d g e  t ops ,  ( 2 )  mine 

s i t e s  which occupy t h e  f l a n k  of  a  r i d g e ,  and ( 3 )  mine s i t e s  which occupy 

t h e  base o f  a  r i d g e  o r  t h e  edge of a  v a l l e y  f l o o r .  A  f o u r t h  topograph ic  

t y p e  i s  needed f o r  areas such as t h e  Gay Mine where d e f i n i t e  r i d g e  and 



v a l l e y  systems do no t  e x i s t  and mine p i t s  may occupy severa l  topographic  

p o s i t i o n s .  Each o f  these topographic  c l a s s i f i c a t i o n s  has assoc ia ted  

w i t h  i t  d i s t i n c t  t ypes  o f  su r face  water  and ground water  f l o w  systems. 

-Ridge Top Mlne Type- The f i r s t  c l a s s i f i c a t i o n  i nc l udes  a l l  wine 

s i t e s  on r i d g e  tops .  Only recharge t o  f l o w  systems can occur  a t  these 

mine s i t e s .  Recharge may be t o  l o c a l ,  i n t e rmed ia te ,  and reg iona l  ground 

water  f l o w  systems, th rough  d i r e c t  p r e c i p i t a t i o n  and snow me l t .  A l l  f l u i d  

p o t e n t i a l  g r a d i e n t s  a r e  d i r e c t e d  downward and l a t e r a l l y ;  none a r e  d i r e c t e d  

upward. T h i s  means t h a t  no ground water  d ischarge  p o i n t s  can occur  on 

r i d g e  t ops  except f o r  r e l a t i v e l y  smal l  seeps a t  a  d i s t ance  downslope. 

The Dry Ridge-Maybe Canyon Mlne, which occupies t h e  r i d g e  t o p  between 

Maybe Canyon and Dry V a l l e y ,  f a l l s  i n t o  t h i s  ca tego ry  as does a  p o r t i o n  

o f  t h e  Conda Mine on Woodall Mountain. No s i g n i f i c a n t  ground water  f l ow  

systems d ischarge  i n t o  mine p i t s  a l ong  these  r i d g e  tops.  P r e c i p i t a t i o n  

and snow me1 t e n t e r i n g  t he  mine p i t s  e f t h e r  recharge ground water  f l o w  

systems th rough seepage o r  a r e  l o s t  t o  evapo t ransp i ra t i on .  

-Ridge F lank Mine Type- The second topographic  c l a s s i f i c a t i o n  

encompasses a l l  mine s i t e s  on t h e  f l anks  o f  major  r i d g e s .  F l u i d  p o t e n t i a l  

g r a d i e n t s  a t  these s i t e s  may be d i r e c t e d  e i t h e r  upward o r  downward depend- 

i n g  upon l o c a l  topographic  i r r e g u l a r i t i e s  and geo log i c  s t r u c t u r e .  F l u i d  

p o t e n t i a l  g r a d i e n t s  w i t h i n  these r i d g e s  a r e  dominan t l y  downward because 

t h e  r i d g e s  a r e  p r i m a r i l y  recharge areas f o r  l o c a l ,  i n t e rmed ia te ,  and reg ion -  

a l  ground water  f l o w  systems. Upward f l u i d  p o t e n t i a l  g r a d i e n t s  occur  a t  

ground water  d ischarge  p o i n t s  such as spr ings .  Small d ischarge  p o i n t s  i n  

t h e  form o f  seeps and sp r i ngs  a r e  found on t h e  r i d g e  s lopes o f  severa l  

mine s i t e s  i n c l u d i n g  t h e  Wooley Val l e y  Mine, Conda Mine, and South Henry Mine. 



Seeps and smal l  sp r i ngs  a r e  more p r e v a l e n t  on s lopes  w i t h  broken 

l o c a l  topography than on those w i t h  con t inuous  smooth s lopes.  T h i s  i s  

p a r t i c u l a r l y  e v i d e n t  when comparison i s  made between t he  Sulphur Peak 

area and t h e  Georgetown Canyon Mine area. The r e g u l a r  smooth s lopes o f  

t h e  Georgetown Canyon have few sp r l ngs ,  where t h e  Sulphur Peak area has 

many. Mine p l t s  l o c a t e d  on r i d g e  f l anks  may I n t e r c e p t  ground wate r  

d ischarge  o r  t hey  may Induce ground water  recharge depending upon t h e i r  

l o c a t i o n  r e l a t i v e  t o  p e r t i n e n t  f l o w  systems. Ground water  f l o w  syste~i is  

which d ischarge  i n t o  mine p i t s  a r e  g e n e r a l l y  l o c a l  i n  e x t e n t  on t h e  upper 

p o r t i o n s  o f  r i d g e  s lopes  and become l o c a l  t o  i n te rmed ia te  near  t h e  lower  

p o r t i o n s  o f  r i d g e  s lopes,  based on f l ow  systems theo ry .  

-Ridge Base Mine Type- The t h i r d  topograph ic  c l a s s i f i c a t i o n ,  f o r  

mine s l t e s  l o c a t e d  a t  t h e  base of  a  r i d g e  o r  a t  t h e  edge o f  a  v a l l e y  f l o o r ,  

i s  c h a r a c t e r i s t i c  o f  proposed mine s i t e s  i n  Lower D r y  V a l l e y  and -ln Diamond 

Creek V a l l e y .  Proposed mine p l t s  i n  t h e  No r th  Henry Mine a rea  a l s o  f a l l  

i n t o  t h i s  c l a s s i f i c a t i o n .  F l u i d  p o t e n t i a l  g r a d i e n t s  a t  mine s i t e s  i n  t h i s  

c l a s s i f i c a t i o n  may have e i t h e r  upward, downward, o r  l a t e r a l  components. 

F l u i d  p o t e n t i a l  g r a d i e n t s  which have been measured i n  these  l oca -  

t i o n s  show dominan t l y  downward g r a d l e n t s .  Measurements made by Edwards 

(1977) a t  t h e  proposed mine s i t e  i n  Diamond Creek V a l l e y  show a  downward 

g r a d i e n t  w i t h i n  t h e  Phosphoria f o rma t i on .  Ground wate r  e l e v a t i o n  mea- 

surements made by Brooks (1 979) I n  t h e  v i c i n i t y  o f  t h e  proposed No r th  

Henry Mine, show downward p o t e n t l a 1  g r a d i e n t s  f rom t h e  o v e r l y i n g  b a s a l t  

and a l l uv i um,  th rough t h e  Dlnwoody and Phosphoria fo rmat ions ,  and i n t o  

t h e  Wel ls  f o rma t i on .  Measurements made i n  Lower Dry V a l l e y  by Vandel l  

(1 978) a1 so show downward g r a d i e n t s  towards t h e  We1 1  s  format ion.  Very 



l i t t l e  information i s  available concerning f l u id  potential gradients within 

the Wells formation. 

Mine p i t s  which penetrate s ign i f jcan t ly  below the elevation of 

nearby val 1 ey f loors  may intercept regional ground water flow systems 

within the Wells formatjon. A good tndfcation of the elevation of region- 

al ground water flow i s  the elevation of springs I n  valley f loors  which 

discharge water t ha t  i s  e i t he r  thermal or  mineralized or t ha t  have h i g h  

volumes of flow. Valleys I n  which the water table  i s  a t  o r  near the 

ground surface have charac te r i s t i cs  of broad, level valley f loors  w i t h  

meandering streams. Significant p i t  dewatering operations coul d be 

required where p i t s  penetrate below the water table .  

The elevation of Slug Creek can be assumed t o  be near the level 

of the water t ab le  fo r  areas of Slug Creek Valley and western Schmid 

Ridge. Evidence f o r  t h i s  i s  the regional ground water discharge into  

Slug Creek Val ley (Vandell , 1978). In the Enoch Val 1 ey and Henry areas ,  

the water table  probably occurs a t  an elevation of 6,100 f e e t  (1830 meters) 

or  higher, based on the elevation of thermal and mineral ized springs in 

1 ower Li t t l  e Bl ac kfoot River and on ground water el evations measured by 

Dion (1 974) in the v ic in i ty  of the Blackfoot Reservoir. 

-Gay Mine Topographic Type- Relationships between topographic fac- 

t o r s  and flow systems a re  more d i f f i c u l t  t o  Identify in mine types charac- 

terized by the Gay Mine. The topographic prof i le  of the  Gay Mine area has 

the greates t  influence on local ground water flow systems. Many shallow 

local ground water flow systems occur in the area on northern and eastern 

slopes of small h i l l s  and valleys.  These are  created where a snowpack 

accumulates behind topographic wind barr iers .  The local flow systems i n  



t h e  Gay Mine a re  e a s i l y  i d e n t i f i e d  by groves o f  quaking aspen and by 

smal l  seeps and sp r i ngs .  These l o c a l  ground water  f l o w  systems o f f e r  

no known hyd ro log i c  problems t o  min ing,  w i t h  t h e  p o s s i b l e  excep t i on  o f  

smal l  seeps i n t o  mine p i t s  o r  waste dumps. Re la t i onsh ips  between topo-  

g raph ic  f a c t o r s  and intermediate and r e g i o n a l  ground water  f l o w  systems 

a re  n o t  c l e a r .  

C l imate.  The p r ima ry  c l i m a t i c  f a c t o r  a f f e c t i n g  su r f ace  water  and 

ground water  f l o w  systems a t  mine s i t e s  i s  p r e c i p i t a t i o n  i n  t h e  form o f  

snow. As p r e v i o u s l y  exp la ined ,  n o r t h  and eas t  f a c i n g  r i d g e s  accumulate 

t h e  g r e a t e s t  snowpack. The p r in ia ry  r e l a t i o n s h i p  between c l i m a t e  and 

water  resource systems a t  mine s i t e s  i s  t h e  g r e a t e r  abundance o f  recharge 

a v a i l a b l e  t o  n o r t h  and eas t  fac ing  s lopes,  due t o  t h e  p r e c i p i t a t i o n  

d i s t r i b u t i o n .  

No r th  and eas t  f a c i n g  s lopes have many more l o c a l  ground water  

f l o w  systems and su r f ace  streams than  do sou th  and west f a c i n g  slopes. 

They a l s o  suppor t  g r e a t e r  growths o f  vege ta t i on .  These c o n d i t i o n s  a r e  

r e a d i l y  apparent  when corr~parisons a r e  made between e a s t  and west f a c i n g  

s lopes  o f  e i t h e r  Dry Ridge, Sch~i i id Ridge, o r  t h e  Aspen Range. 

Re la t i onsh ips  between M in ing  Fac to rs  
and Flow System Impacts -- 

Mine P i t s .  Impacts o f  mine p i t s  on water  resource systems a r e  -- 

dependent on t h e  t ype  (sur face water  o r  ground wa te r )  and s i z e  (1  oca l  , 

in te rmed ia te ,  o r  r e g i o n a l )  o f  f l o w  systems i n t e r c e p t e d  by t h e  p i t s .  The 

l r r~pacts  o f  water  resource systems on m in ing  ope ra t i ons  a r e  dependent on 

t h e  same f a c t o r s .  

Throughout t h e  s tudy  area, su r f ace  wate r  and ground water  f l o w  



systems a r e  c l o s e l y  r e l a t e d .  Surface water  en te r s  ground water  f l o w  

systems i n  some areas w h i l e  i n  o thers ,  ground water d ischarges a t  t h e  

surface t o  form sur face  f l o w  systems. For t h i s  reason, mine p i t s  which 

i n t e r c e p t  ground water  f l o w  may a l s o  a f f e c t  su r f ace  water  f l ow .  

I n t e r c e p t i o n  o f  l o c a l  ground water  f l o w  systems by mine p i t s  cause 

few problems t o  mine ope ra t i ons  and produce t he  l e a s t  hyd ro log i c  impacts.  

Mine p i t s  may i n t e r c e p t  l o c a l  ground water  f l o w  systems w i t h i n  t h e  upper 

c o l l u v i u m  and s o i l .  T h i s  may l ead  t o  smal l  amounts o f  water  i n  p i t s  o r  

i t  may cause p i t  w a l l  s t a b i l i t y  problems. These c o n d i t i o n s  a re  most 

l i k e l y  t o  occur  i n  t h e  s p r i n g  d u r i n g  t imes  o f  r a p i d  snow m e l t .  T h i s  t ype  

o f  l o c a l  f l o w  system e n t e r s  some mine p l t s  a t  t h e  Wooley V a l l e y  Mine 

d u r i n g  s p r i n g  r u n o f f .  I n t e r c e p t i o n  o f  l o c a l  ground water  f l o w  systems 

by mine p i t s  may d r y  up smal l  seeps o r  sp r i ngs  down g r a d i e n t  o f  p i t s  and 

p o s s i b l y  d e p l e t e  mo i s tu re  i n  s o i l  cover  below t h e  p i t s .  

I n t e r c e p t i o n  o f  i n t e rmed ia te  ground water  f l o w  systems by mine 

p i t s  cou ld  i n  some cases l e a d  t o  s i g n i f i c a n t  dewater ing ope ra t i ons .  

I n te rmed ia te  ground water  f l o w  systems a r e  most l i k e l y  t o  occur  w i t h i n  

t h e  Dinwoody fo rmat ion .  Win te r  (1979) noted t h a t  a  cons ide rab le  number 

of  sp r i ngs  and streams a re  supported by ground wate r  d ischarge  f rom 

i n te rmed ia te  f low systems w i t h i n  t h e  Dinwoody fo rmat ion .  Mine p i t s  which 

i n t e r c e p t  i n t e rmed ia te  ground wate r  f l o w  systems have t h e  g r e a t e s t  poten-  

t i a l  t o  a f f e c t  t h e  f l o w s  o f  smal l  sp r i ngs  and streams. I n te rmed ia te  f l o w  

systems c o n t a i n  more ground water f l o w  near t h e  base o f  r i d g e  s lopes and 

near t h e  Dinwoody-Phosphoria con tac t  than  i n  o t h e r  l o c a t i o n s .  

Regional  ground water  f l o w  systems have t he  l a r g e s t  p o t e n t i a l  t o  

f l o o d  mine p i t s .  Discharge froni  r eg iona l  ground water  f l o w  systems i n t o  



mine p i t s  i s  most 1  i k e l y  t o  occur  i n  t h e  We1 1  s  f o rma t i on  and i n  v a l l e y  

f i l l  m a t e r i a l  when mine p i t s  extend below t h e  e l e v a t i o n  o f  v a l l e y  f l o o r s .  

P i t s  which i n t e r c e p t  r eg iona l  ground water  f l o w  systems probab ly  have 

l i t t l e  impact on s p r i n g  f l o w s  un less  ex tens i ve  p i t  dewater ing o p e r a t i o n s  

a r e  c a r r i e d  ou t .  Experience a t  t h e  Gay Mine i n  "W P i t "  i n d i c a t e s  t h a t  

i f  l a r g e  f l o w  systems a r e  i n t e r c e p t e d ,  dewater ing ope ra t i ons  may n o t  be 

economical l y  f e a s i b l e .  

Sur face water  f l o w  systems a r e  easy t o  recogn ize  and c o n t r o l  b e f o r e  

p i t  c o n s t r u c t i o n .  Stream cha r~ne l s  which c ross  proposed mine p i t s  can be 

c o n t r o l l e d  by d i v e r s i o n s  o r  underdra ins  w i t h  minimum envi ronmenta l  impacts .  

For these reasons, no s i g n i f i c a n t  impacts caused by su r f ace  f l o w s  i n t o  

mine p i t s  were observed i n  t h i s  s tudy.  Procedures f o r  c o n t r o l l i n g  su r -  

f ace  wate r  f l o w s  wi thmin imun impacts a r e  w e l l  documented and may be found 

i n  severa l  government pub1 i c a t i o n s  (U . S. Environmental  P r o t e c t i o n  Agency, 

1973; 1977).  

Surface water  bodies a r e  c r e a t e d  i n  some p i t s  when t h e y  have been 

"abandoned". T h i s  water  i s  due t o  ground water  o r  sur face water  f l o w  

i n t o  t h e  p i t  and f rom d i r e c t  p r e c i p i t a t i o n .  No d e t r i m e n t a l  impacts  t o  

ground water  f l ow  systems due t o  t h e  f l ooded  p i t s  were observed i n  t h i s  

s tudy.  

Waste Dumps. Some d e f i n i t e  r e l a t i o n s h i p s  e x i s t  between waste dump 

f a c t o r s  and hydro1 o g i c  impacts.  Mohammad (1  976) conducted s t u d i e s  on 

more than twenty  waste dumps i n  t h e  southeastern Idaho phosphate m in ing  

area. S i x  o f  t h e  waste dumps developed l o c a l  ground water  f l o w  systems. 

Fac to r s  which l e d  t o  t h e  development o f  f l o w  systems w i t h i n  t h e  waste 

dumps i nc l uded  t h e  a v a i l  a b i l  i t y  o f  water  f o r  recharge, s u i  tab1 e  i n f  il t r a -  

t i o n  r a t e s  a t  t h e  dump sur face ,  and f a v o r a b l e  waste dump c h a r a c t e r i s t i c s  



such as l a r g e  catchment areas, low topographic  s lope  o f  t h e  u n d e r l y i n g  

l and  sur face ,  and f l a t  o r  ve ry  g e n t l e  waste dump sur face .  

The s l ope  s t a b i l i t y  o f  waste dumps i s  c o n t r o l l e d  t o  a  l a r g e  e x t e n t  

by t h e  amount o f  water  con ta ined  w i t h i n  t h e  dumps, by t h e  steepness o f  

t h e  u n d e r l y i n g  topographfc  sur face,  by t h e  eng ineer ing  p r o p e r t i e s  of t h e  

waste, and by t h e  geo log i c  c h a r a c t e r i s t i c s  o f  t h e  u n d e r l y i n g  sur face .  

Waste dumps which r e c e i v e  l a r g e  q u a n t i t i e s  o f  recharge and a r e  l o c a t e d  

on s teep d ip - s l opes  a r e  much more 1  i k e l y  t o  have s lope  s t a b i l  i t y  problems 

f rom basal movement o f  t h e  dump than those which r e c e i v e  1  i t t l e  recharge 

and a r e  l oca ted  on s lopes where t h e  geo log fc  u n i t s  d i p  i n t o  t h e  s lope.  

Reasons f o r  t h i s  a re  t h e  smooth sur faces  assoc ia ted  w i t h  d i p  s lopes and 

t h e  g r e a t e r  amount o f  water moving th rough t h e  base o f  t h e  waste dump. 

The h y d r a u l i c  c o n d u c t i v i t y  and s t r u c t u r e  o f  t h e  geo log i c  u n i t s  u n d e r l y i n g  

waste dumps a f f e c t  t o  a  l a r g e  e x t e n t  t h e  a b i l i t y  o f  wa te r  t o  d r a i n  v e r -  

t i c a l l y  f rom t h e  waste dump, thereby  a f f e c t i n g  water  con ten t  and s t a b i l i t y  

o f  waste dumps. I n  t he  s tudy  area, waste dumps l o c a t e d  on t h e  Wel ls  f o r -  

mat ion have a  g r e a t e r  p o t e n t i a l  t o  d r a i n  i n t o  t h e  unde r l y i ng  f o rma t i on  

than those l o c a t e d  on t h e  Dinwoody o r  Thaynes fo rmat ions  because o f  t h e  

h i ghe r  h y d r a u l j c  c o n d u c t i v i t y  o f  t h e  Wel ls  f o rma t i on .  Waste dumps l o c a t e d  

on t h e  Rex Cher t  member o f  t h e  Phosphoria f o rma t i on  have a  l ow  p o t e n t i a l  

t o  d r a i n  i n t o  t h e  u n d e r l y i n g  f o rma t i on  than those l o c a t e d  on t h e  Dinwoody 

o r  Thaynes format ions because of t h e  h i ghe r  h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  

Wel ls  fo rmat ion .  Waste dumps l o c a t e d  on t h e  Rex Cher t  member o f  t h e  

Phosphoria f o rma t i on  have a  l ow  p o t e n t i a l  t o  d r a i n  v e r t i c a l l y  because of 

t h e  g e n e r a l l y  l ow  h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  fo rmat ion .  A d d i t i o n a l l y ,  

waste dumps w i l l  d r a i n  b e t t e r  i f  water  can e n t e r  t h e  f o rma t i on  para1 l e l  



t o  bedding p lanes r a t h e r  than pe rpend i cu la r  t o  bedding p lanes,  thus  dumps 

l o c a t e d  on fo rmat ions  which d i p  i n t o  t h e  s lope  d r a i n  b e t t e r  than  those  

l o c a t e d  on d i p  s lopes.  

For  waste dump s t a b i l i t y  purposes, good s i t e s  f o r  waste dumps i n  

t h e  s tudy  area a r e  on g e n t l e  southwestern s lopes composed o f  t h e  Wel ls  

f o r ~ i i a t i o n  o r  on d r y  p o r t i o n s  o f  v a l l e y  f l o o r s .  Gent le  s lopes and v a l l e y  

f l o o r s  a r e  good s i t e s  because g e n t l e  s lopes  o f  t h e  u n d e r l y i n g  topograph ic  

su r f ace  a r e  b e t t e r  f o r  waste dump s t a b i l i t y  than  s teep s lopes.  Southwestern 

s lopes a r e  p r e f e r r e d  f o r  waste dump s i t e s  because o f  t h e i r  g e n e r a l l y  d r i e r  

c o n d i t i o n  than  no r theas te rn  s lopes and l o c a t i o n  on t h e  Wel ls  f o rma t i on  

a l l o w s  f o r  v e r t i c a l  d ra inage  o f  dumps. V a l l e y  f l o o r  l o c a t i o n s  a r e  good 

f o r  waste dump s t a b i l i t y  i f  t h e  u n d e r l y i n g  geo log i c  f o rma t i on  a l l o w s  good 

v e r t i c a l  d ra inage  o f  t h e  waste dump and i f  t h e  s i t e  i s  n o t  a  ground wate r  

d ischarge  area.  Poor l o c a t i o n s  f o r  waste dumps a r e  on s teep  d ip - s l opes  

composed o f  l ow  h y d r a u l i c  c o n d u c t i v i t y  r o c k  such as t h e  Rex Cher t .  Nor th -  

eas te rn  s lopes which accumulate l a r g e  s n o w d r i f t s  a r e  a l s o  poor  l o c a t i o n s .  

Fac to rs  i n  t h e  l o c a t i o n  and c o n s t r u c t i o n  o f  waste dumps a l s o  a f f e c t  

t h e  p o t e n t i a l  f o r  e ros ion  o f  waste dumps. The con tou r i ng  o f  waste dumps 

t o  m in im ize  t h e  r a t e  o f  su r f ace  r u n o f f  reduces t h e  p o t e n t i a l  f o r  e ros ion ,  

b u t  i t  a l s o  induces i n f i l t r a t i o n  i n t o  t h e  waste dump. T h i s  s i t u a t i o n  

inc reases  t h e  p o t e n t i a l  f o r  i n s t a b i  1  i t y  problems and l each ing  o f  undes i r -  

a b l e  c o n s t i t u e n t s  f r om t h e  waste dump. E f f o r t s  aimed a t  m i n i m i z i n g  t h e  

amount o f  water  reach ing  waste dumps min im ize  bo th  t h e  problems o f  e r o s i o n  

and o f  water  f l o w  th rough waste dumps. I f  waste dump s t a b i l i t y  i s  n o t  a  

problem, waste dumps should be contoured t o  m in im ize  su r f ace  r u n o f f  because 

h y d r o l o g i c  impacts c rea ted  by waste dumps w i t h i n  t h e  s tudy  area appear t o  



be r e l a t e d  more t o  e ros ion ,  w i t h  r e s u l t i n g  sediment load  t o  sur face waters, 

than t o  poor  chemical q u a l i t y  o f  water leach ing  f rom waste dumps. Water 

qua1 i t y  analyses conducted by Mohammad (1 977) on water  leached through 

waste dumps show h ighe r  concent ra t ions  of s a l t s  and some meta ls  than 

na tu ra l  sp r i ng  water;  however, the  concent ra t ions  measured were no t  de te r -  

mined t o  be harmful . 
Laboratory s tud ies  show t h a t  water leach ing  through the  waste 

ma te r i a l  soon becomes bas ic  due t o  t h e  presence o f  l a r g e  q u a n t i t i e s  of 

carbonate minera ls .  Under basic  pH cond i t i ons ,  many t r a c e  elements con- 

t a i n e d  i n  waste ma te r i a l  e x h i b i t  very  low s o l u b i l i t i e s  and there fo re  do 

no t  reach h igh  concent ra t ions  i n  ground water.  

Water Resource Systems Model s  

I n t r o d u c t i o n  

The most d i f f i c u l t  t ask  i n  p r e d i c t i n g  p o t e n t i a l  hydro log ic  impacts 

f rom min ing  i s  t o  i d e n t i f y  t he  water resource systems which occur a t  t h e  

mine s i t e .  I n  p a r t i c u l a r ,  the  ground water f l o w  systems o f  proposed 

mine areas a re  d i f f i c u l t  t o  i d e n t i f y  be fore  min ing opera t ions  begin. The 

conceptual,  q u a l i t a t i v e  models presented i n  t h i s  sec t i on  can be used t o  

i d e n t i f y  t h e  ground water f l o w  systems t h a t  a re  most l i k e l y  t o  occur a t  

any g iven  mine s i t e .  Furthermore, t he  model s  evaluate p o t e n t i a l  hydro1 og i c  

impacts t o  t h e  water resource systems from min ing  and they i d e n t i f y  pos- 

s i b l e  l i m i t a t i o n s  t o  min ing,  based on the  s i z e  and types of f l o w  systems 

w i t h i n  t h e  mine s i t e .  

The models presented i n  t h i s  sec t i on  a r e  based on ground water 

f low systems theory  and on t h e  reg iona l  , in te rmed ia te ,  and l o c a l  f l o w  



system r e l a t i o n s h i p s  o u t l i n e d  p r e v i o u s l y .  The f a c t o r s  found t o  e x e r t  

t h e  g rea tes t  i n f l u e n c e  on f low systems w i t h i n  the  s tudy area are  v a r i a -  

t i o n s  i n  topography, geology, c l  imate , and hydraul i c  c o n d u c t i v i t y  o f  

geologic  format ions.  Combinations o f  these f a c t o r s  a re  used t o  determine 

t h e  ground water f l o w  systems which a r e  most l i k e l y  t o  occur a t  any g i ven  

mine s i t e .  The models a re  v a l i d  o n l y  f o r  areas which con ta in  t h e  "phos- 

phate sequence" o f  sedimentary rock  u n i t s  i n  w e l l  de f i ned  r i d g e  and v a l l e y  

systems such as those found i n  t h e  southern and eas tern  p o r t i o n s  o f  t h e  

s tudy  area. The models cannot be used t o  r e l i a b l y  p r e d i c t  ground water 

f l o w  systems i n  areas which a r e  doni inant ly  f a u l t  c o n t r o l  l e d  and show no 

d e f i n i t e  r i d g e  and v a l l e y  systems, such as the  Gay Mine area. 

Assumptions 

Several assumptions a r e  necessary f o r  appl i c a t i o n  o f  these model s 

t o  ground water f low systems. It i s  assumed t h a t  t h e  r e l a t i v e  h y d r a u l i c  

c o n d u c t i v i t i e s  of t h e  geologic  u n i t s  a re  c o n s i s t e n t  over the  s tudy  area; 

t h e  Thaynes and Dinwoody format ions e x h i b i t  moderate hyd rau l i c  conduc t iv -  

i t y .  The study of ground water f l o w  systems i n  t he  "phosphate sequence" 

conducted by Winter (1 979) i n d i c a t e s  t h a t  t h i s  i s  a va l  i d  assumption. 

It i s  assumed t h a t  r e l a t i o n s h i p s  between the environmental  f a c t o r s  

o f  geology, topography, hydrogeol ogy and c l  imate, and ground water f 1  ow 

system development a re  t h e  same wherever t h e  same combinat ion o f  f a c t o r s  

e x i s t s .  Ana lys is  o f  s i x  e x i s t i n g  mine s i t e s  i n  t h e  area i n d i c a t e s  t h a t  

areas which have s i m i l a r  environmental c h a r a c t e r i s t i c s  have s i m i l a r  ground 

water f l o w  systems. Ground water f l o w  system theo ry  a l s o  suppor ts  t h i s  

assumption. 

It i s  assumed t h a t  r e l a t i o n s h i p s  between water resource systems, 



mining f a c t o r s ,  and hydro log ic  impacts a re  s i m i l a r ,  wherever t he  same 

combinat ion of f a c t o r s  e x i s t s .  Ana lys is  o f  s i x  e x i s t i n g  mine s i t e s  i n  

t he  area i n d i c a t e s  t h a t  a  g iven hydro log ic  impact i s  caused by a  g iven 

combinat ion o f  m in ing  fac to rs  and water resource system f a c t o r s .  For 

example, a  mine p i t  may reduce the  f low o f  a  s p r i n g  i s s u i n g  from the  

Dinwoody fo rmat ion  i f  the  mine p i t  i n t e r c e p t s  t h e  ground water f l o w  t o  

t h a t  spr ing .  

Procedure 

Mine Type Designat ion.  To use t h e  water resource systems models, 

f o l l o w  the  steps o u t l i n e d  below and en te r  the  p e r t i n e n t  mine s i t e  i n f o r -  

mation where i nd i ca ted .  

-Step 1- I s  t h e  mine s i t e  l oca ted  w i t h i n  a  d e f i n i t e  r i d g e  and 

v a l l  ey system (Example: Dry Ridge-Dry Val 1  ey, SchmSd Ridge-Slug Creek 

Val 1  ey, Wool ey Range-Enoch Val 1  ey, o r  Webster Range-Upper Val 1  ey)? 

Answer: Yes o r  - No. I f  the  answer i s  no t h e  models do n o t  d i r e c t l y  app ly  

(see t h e  d iscuss ion  on f l o w  systems i n  f a u l t  b lock  areas).  I f  t h e  answer 

i s  yes, cont inue.  

-Step 2- From f i g u r e  VI-9 s e l e c t  t h e  topographic  l o c a t i o n  o f  t h e  

mine s i t e  on the  major r i d g e  system. Choices a re  (1 ) r i d g e  top,  (2) r i d g e  

f l a n k ,  o r  (3 )  r i d g e  bottom. Se lec t ion  should be made based on t h e  l oca -  

t i o n  o f  t h e  mine p i t s .  If the bottoms o f  t h e  mine p i t s  w i l l  be no more 

than 300 f e e t  (90 meters) below the  t o p  o f  t he  major  r i d g e ,  i t  i s  c l a s s i -  

f i e d  as " r i d g e  top" .  For example, t he  Dry Ridge-Maybe Canyon Mine i s  

c l a s s i f i e d  as r i d g e  top,  even though i t  i s  n o t  l oca ted  a t  the  summit o f  

Dry Ridge. The mine occupies the  c r e s t  o f  a  l a r g e  secondary r i d g e .  Do 

no t  c l a s s i f y  a  mine as r i d g e  top  unless i t  i s  a t  the  c r e s t  o f  the  major 
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F i g u r e  111-9. D iagrammat ic  s e c t i o n s  showing p o s s i b l e  t o p o g r a p h i c  l o c a t i o n s  o f  
m ine  s i t e s .  
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Figure VI-10. Diagrammatic sections showing possible topographic conditions 
of major ridge slopes. 
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r i d g e  o r  un less  i t  occupies a  secondary r i d g e  and t h e  bottom o f  t h e  mine 

p i t s  w i l l  be s u b s t a n t i a l l y  above ad jacen t  v a l l e y  f l o o r s .  Mines a r e  

c l a s s i f i e d  as " r i d g e  bottom" if mine p i t s  w i l l  ex tend below t h e  e l e v a t i o n  

o f  t h e  ad jacen t  v a l l e y  f l o o r .  A l l  mine s i t e s  l o c a t e d  between r i d g e  t o p  

o r  r i d g e  bottom a r e  c l a s s i f i e d  as " r i d g e  f l a n k " .  

-Step 3- From f i g u r e  VI-10, s e l e c t  t h e  l o c a l  topograph ic  c o n d i t i o n  

o f  t h e  ma jo r  r i d g e  s lopes.  Choices a r e  (A) broken r i d g e  s lopes and 

( B )  smooth r i d g e  s lopes.  Broken r i d g e  s lopes  a r e  cha rac te r i zed  by num- 

erous v a l l e y s ,  smal l  r i d g e s ,  and k n o l l s  whfch i n t e r r u p t  t h e  ma jo r  s l ope  

o f  t h e  r i d g e .  These topograph ic  i r r e g u l a r f t i e s  a r e  i n  t he  o rde r  of 100 

t o  300 f e e t  (30 t o  90 meters )  i n  r e 1  i e f .  Many p o r t i o n s  o f  t h e  Aspen 

Range f i t  t h i s  c l a s s i f i c a t i o n .  The western s lopes o f  Dry  Ridge and 

Snowdr i f t  Mountain a r e  good examples o f  smooth r i d g e  s lopes.  

-Step 4- From f i g u r e  VI-11, s e l e c t  t h e  geo log i c  c o n f i g u r a t i o n  o f  

t h e  r o c k  u n i t s  a t  t he  mine s i t e .  Choices a r e  (A) d i p  w i t h  s l ope  and 

(B) d i p  c o n t r a r y  t o  s lope.  Geologic c o n f i g u r a t i o n  should be chosen w i t h  

r espec t  t o  t h e  l o c a t i o n  of  t h e  mine p i t s  on t h e  r i d g e .  I f  geo log i c  f o r -  

mat ions a r e  s l i g h t l y  over tu rned  and t h e  Wel ls  f o rma t i on  o r  Brazer  l i m e -  

s tone i s  l o c a t e d  a t  t h e  t o p  o f  t h e  r i d g e ,  choose d i p  w i t h  s l ope  (A) .  I f  

t h e  geo log i c  u n i t s  a r e  h o r i z o n t a l  and t h e  Dinwoody f o rma t i on  i s  l o c a t e d  

ups lope f rom t h e  mine p i t s ,  choose d i p  c o n t r a r y  t o  s l ope  (B) .  

-Step 5- S e l e c t - t h e  s lope  aspec t  o f  t h e  mine s i t e .  T h i s  should 

be t h e  s lope  aspect  o f  t h e  major  r i d g e  s lope .  Choices a r e  (A) n o r t h  

and/or eas t  f a c i n g ,  and (B) sou th  and/or west fac ing .  

-Step 6- The mine s i t e  shou ld  now have a  one d i g i t ,  t h r e e  l e t t e r  

code which des igna tes  a  s p e c i f i c  mine t ype .  An example i s  2ABB. T h i s  



(A 
(8) 
Trt  
T rd  
P P ~  
P P ~  
PPW 
Mb 

Dip with slope 
Dip Contrary to slope 
Thaynes Formation 
Dinwoody Formatlon 
Rex Chert Member of the Phosphoria Formatlon 
Meade Peak Member of the ~hosphoria Formation 
Wells Formation 
Brazer Limestone 

F i g u r e  VI-11.  D iagrammat ic  s e c t i o n s  showing p o s s i b l e  g e o l o g i c  
c o n f i g u r a t i o n  o f  m ine  s i t e s .  



p a r t i c u l a r  des igna t i on  means t h a t  t he  mine p i t s  w i l l  be l o c a t e d  on a  

r i d g e  f l a n k  w i t h  broken l o c a l  topography, t h e  fo rmat ions  d i p  c o n t r a r y  

t o  t h e  topographic  s lope,  and t he  s lope  faces e i t h e r  south o r  west o r  

both.  

Flow Systems, M in ing  L i m i t a t i o n s ,  and Hydro log ic  Impacts b x  Mine 

Type. A diagrammatic ske tch  of each mine t ype  i s  presented i n  f i g u r e  VI-12. 

For each mine t ype  t h e r e  i s  a  d e s c r i p t i o n  o f  t h e  p robab le  ground water  f l o w  

systems t h a t  w i l l  be encountered a t  t h e  mine s i t e .  Expected l i m i t a t i o n s  

t o  m in ing  c rea ted  by ground water  f l o w  systems and expected impacts t o  

ground water  and su r f ace  water  f l ow systems a r e  a l s o  g iven .  

-Mine Types IAAA, IABA, 1  BAA, and 1  BBA- These mine types  a1 1  have 

s i m i l a r  ground water  and su r f ace  water  f l o w  systems. The most dominant 

f a c t o r s  c o n t r o l l i n g  f l o w  systems a t  mine s i t e s  w i t h i n  t h i s  group a r e  t h e  

r i d g e  t o p  l o c a t i o n  of t h e  mine s i t e  and t h e  amount o f  p r e c i p i t a t i o n ,  i n  

t h e  f o r m . o f  snow, which accumulates a t  t h e  mine s i t e .  A l l  mine p i t s  and 

waste dumps l o c a t e d  on o r  near  t h e  r i d g e  t o p  a re  w i t h i n  recharge zones 

f o r  l o c a l ,  i n t e rmed ia te ,  and r e g i o n a l  ground water  f l o w  systems. They 

a r e  a1 so i n  t h e  p r ima ry  recharge area f o r  smal l  streams. Ground water  

d ischarge  areas do n o t  occur  a t  these s i t e s ,  w i t h  t h e  excep t ion  o f  v e r y  

smal l  l o c a l  f l o w  systems. Discharges f rom these l o c a l  f l o w  systems d r y  

up d u r i n g  summer months a f t e r  t h e  e n t i r e  snowpack has me l ted .  

There a r e  few hyd ro log i c  l i m i t a t i o n s  t o  m in ing  c rea ted  by d i s -  

charge o f  su r face  water  and ground wate r  f l o w  systems i n t o  mine p i t s  

because o f  t h e  r i d g e  t o p  l o c a t i o n .  Water e n t e r i n g  p i t s  can o n l y  come 

from d i r e c t  p r e c i p i t a t i o n  and snowmelt i n  t h e  immediate area.  Water 

d ischarge  i n t o  p i t s  d u r i n g  summer months i s  n e g l i g i b l e .  The g r e a t e s t  



I 
R

ID
G

E
 B

O
T

T
O

M
 M

IN
E

S
 

I 
R

ID
G

E
 F

L
A

N
K

 M
IN

E
S

 
I 

' 
R

ID
G

E
 T

O
P

 M
IN

E
S

 
I 

I DI
P

 
C

O
N

T
R

A
R

Y
 

I DI
P

 W
IT

H
 S

L
O

P
E

 
I D

IP
 

C
O

N
T

R
A

R
Y

 
I D

IP
 W

IT
H

  SL
OPE

^ D
IP

 C
O

N
T

R
A

R
Y

 
(D

IP
 W

IT
H

 S
L

O
P

E
 

T
O

 
S

L
O

P
E

 
TO

 
S

L
O

P
E

 
T

O
 

S
L

O
P

E
 

I 



h y d r o l o g i c  problems t o  min4ng may be stab41 i t y  problems i n  p i t  w a l l s  and 

i n  waste dumps dur4ng pe r i ods  o f  r a p i d  r u n o f f .  Waste dumps l o c a t e d  on 

s teep d ip -s lopes  and i n  areas o f  h l g h  snow accumulat lon a r e  e s p e c i a l l y  

prone t o  l n s t a b 4 l i t y  d u r i n g  pe r i ods  o f  r a p i d  snowmelt. P i t s  may accumu- 

l a t e  vas t  q u a n t i t i e s  o f  snow which cou ld  r e s t r i c t  m in i ng  ope ra t i ons  t o  

summer months on l y .  

Hydro log ic  impacts from these mlne s i t e s  w i l l  be caused p r i m a r i l y  

f rom i n t e r c e p t i o n  o f  recharge by p i t s  and waste dumps. P r e c i p i t a t i o n  and 

l o c a l  r u n o f f  cap tu red  by mine p i t s  cou ld  reduce l o c a l  su r f ace  water  f l o w  

and lnc rease  recharge t o  ground water  f l ow systems; however, t h e  magni- 

tude  o f  t h i s  change i s  p robab ly  sma l l .  Waste dumps which c o l l e c t  l a r g e  

s n o w d r i f t s  may develop l o c a l  ground water  f l o w  systems d u r i n g  t h e  snow- 

m e l t  season. These waste dump f l o w  systems may d4scharge wate r  t h a t  i s  o f  

l owe r  q u a l i t y  than  n a t u r a l  s p r i n g  wate r .  Eros ion of  unvegetated waste 

dumps d u r i n g  pe r i ods  o f  r a p l d  s n o m e l t  i s  l i k e l y  and -increased sediment 

l o a d  o f  smal l  l o c a l  streams may r e s u l t .  For these mlne types ,  waste dumps 

w i l l  have g r e a t e r  impacts t o  t h e  l o c a l  water  resource  systems than w i l l  

mine p i t s .  Impacts t o  i n t e r m e d i a t e  and r e g j o n a l  ground water  f l o w  systems 

a r e  expected t o  be min imal .  

-Mine Types IAAB, IABB, 1  BABY and 1BBB- These mine s i t e s  a r e  a1 so 

l o c a t e d  on r i d g e  tops .  They have t h e  same c h a r a c t e r i s t i c s  as t h e  f i r s t  

group, w i t h  t h e  excep t i on  o f  hav ing sou th  o r  west s lope  aspect .  Mine 

s i t e s  i n  t h i s  group w i l l  have t h e  same types  o f  f l o w  systems, m in ing  

l i m i t a t i o n s ,  and hyd ro log i c  impacts as t h e  f i r s t  group, b u t  t h e  magnitude 

o f  m in ing  1 i m i t a t i o n s  and hyd ro log i c  impacts w i l l  be l e s s  because o f  l e s s  

snow accumulat ion on southern and western s lopes.  



-Mine Type 2AAA- Ground water f l o w  systems encountered i n  t h e  

mine p i t s  w i l l  be l o c a l  i n  ex ten t .  No reg iona l  ground water  d ischarge  

w i l l  be p resen t  i n  t h e  mine area. Small seeps, sp r ings ,  and streams 

w i t h i n  t h e  Dinwoody f o rma t i on  may be numerous downslope f rom mine p i t s .  

Hydro log ic  l i m i t a t i o n s  t o  m in ing  a r e  minimal i n  p i t  areas. Ground 

water  d ischarge  i n t o  p i t s  w i l l  be sma l l .  P i t  w a l l  s t a b i l i t y  problems 

cou ld  be caused by l o c a l  ground water  and surface water  f l o w  d u r i n g  

s p r i n g  months. Large snow accumulat ions cou ld  occur  i n  p i t  areas. Waste 

dumps downslope from mine p i t s  cou ld  develop s t a b i l  i t y  problems i f  they  

a re  on steep d ip -s lopes  and i f  t hey  accumulate l a r g e  q u a n t i t i e s  of  snow. 

Mine p i t s  may cause hyd ro log i c  impacts where t hey  i n t e r c e p t  l o c a l  

ground water  f l o w  systems. Small seeps and sp r i ngs  immediate ly  downslope 

f rom mine p i t s  may d r y  up o r  have reduced f low; however, t h e  a f f e c t e d  

sp r i ngs  do n o t  g e n e r a l l y  suppor t  basef low f o r  pe renn ia l  streams. Waste 

dumps cou ld  develop l o c a l  ground water  f l o w  systems by i n t e r c e p t i n g  r e -  

charge f rom p r e c i p i t a t i o n  o r  f rom seeps and spr ings .  Eros ion of unvege- 

t a t e d  waste dunips i s  1  i k e l y ,  e s p e c i a l l y  where t h e y  occupy steep d ip -s lopes .  

-Mine Type 2AAB- C h a r a c t e r i s t i c s  o f  t h i s  mine t ype  a r e  s i m i l a r  t o  

those o f  2AAA except t h a t  t h i s  t ype  has a  southern o r  western s lope  

aspect.  Hydro log ic  l i m i t a t i o n s  t o  m in ing  and impacts t o  water resource 

systems a r e  s i m i l a r  b u t  sma l le r  i n  magnitude because of l e s s  recharge 

a v a i l a b l e  t o  l o c a l  ground water  f l o w  systems. 

-Mine Types 2BAA and 2BAB- These mine types  a re  l o c a t e d  w i t h i n  

recharge zones f o r  a lmost  a l l  ground water  f l o w  systems. Few, i f  any, 

sp r i ngs  a r e  found i n  t h e  v i c i n i t y  o f  t he  mine p i t s .  I f  sp r i ngs  do e x i s t  

t hey  a re  from sha l low f l o w  systems which g e n e r a l l y  d r y  up d u r i n g  summer 



months. No reg iona l  ground water discharge w i l l  be present  i n  the mine 

area. Water discharge i n t o  mine p i t s  may occur i n  the  spr ing  dur ing  

per iods  o f  r a p i d  r u n o f f ;  most water en te r i ng  mine p i t s  w i l l  be from 

d i r e c t  p r e c i p i t a t i o n  i n t o  p i t s  and from snowmelt a  sho r t  d is tance upslope 

from t h e  p i t s .  Small seeps and spr ings may occur w i t h i n  the  Dinwoody 

and Thaynes format ions downslope from the  mine p i t s .  Seeps and spr ings  

are  more 1  i k e l y  i n  type 2BAA than i n  type 2BAB. 

No ser ious l i m i t a t i o n s  t o  min ing are  caused by discharge o f  ground 

water o r  sur face water f l o w  systems i n t o  mine p i t s .  P i t s  i n  mine type 

2BAA may accumulate l a r g e  q u a n t i t i e s  o f  snow. Waste dumps may have s t a b i l -  

i t y  problems i f  they are  deposi ted on smooth d ip-s lopes.  

The largest p o t e n t i a l  hydro log ic  impact i s  from poor qua1 i t y  water 

produced by eros ion  o f  waste dumps. Waste dumps i n  mine type 2BAA may 

develop l o c a l  ground water f l o w  systems. Mine p f t s  w i l l  n o t  reduce the 

f l o w  o f  spr ings  which supply stream baseflow. 

-Mine Types 2ABA and 2BBA- Discharge from l o c a l  and in te rmed ia te  

ground water f l o w  systems i s  l i k e l y  t o  be encountered, e s p e c i a l l y  i f  the  

mine s i t e  i s  loca ted  near the  lower p o r t i o n  o f  t he  r i d g e  f l a n k .  Mine 

type 2ABA w i l l  have more l o c a l  ground water f l o w  systems than type 2BBA 

because o f  t h e  broken topography. Discharge from reg iona l  ground water 

f l o w  systems i s  n o t  l i k e l y  t o  occur a t  these mine s i t e s .  

Spring and stream f l ows  which issue from the  lower Dinwoody forma- 

t i o n  above the  mine p i t s  may i n t e r f e r e  w i t h  min ing operat ions.  Discharge 

w i l l  be greates t  du r ing  spr ing  r u n o f f  and e a r l y  summer. The q u a n t i t y  o f  

water en te r i ng  the  p i t s  w i l l  no t  be too  great  t o  c o n t r o l ,  bu t  i t  may 

c rea te  eros ion and s t a b i l  i t y  p rob l  ems i n  p i t  wa l l  s. Water enter- iug m-lne 



p i t s  cou ld  p o s s i b l y  be d ra ined  i n t o  t h e  unde r l y i ng  Wel ls  fo rmat ion  th rough 

d r i l l  ho les .  

Impacts t o  water  resources cou ld  be i n  t he  form o f  reduced s p r i n g  

and stream f low i n  t h e  immediate area because o f  ground water  i n t e r c e p t e d  

by p i t s .  D i v e r s i o n  o f  smal l  streams may be r e q u i r e d  i n  some p i t  areas.  

Some sp r i ngs  a f f e c t e d  by min ing  may suppor t  basef low f o r  smal l  streams, 

b u t  t h e  sp r i ngs  and streams a f f e c t e d  u s u a l l y  f low o n l y  s h o r t  d i s t ances  

and i n f i l t r a t e  i n t o  t h e  Wel ls  format ion.  Eros ion o f  waste dumps has a  

h i g h  p o t e n t i a l  t o  inc rease  sediment l o a d  o f  smal l  streams. 

-Mine Types 2ABB and 2BBB- The h y d r o l o g i c  condition of these 

mine types i s  s i m i l a r  t o  t h a t  o f  types 2ABA and 2BBA, except  these mines 

have a  southern o r  western exposure. Shallow, l o c a l  ground water  f l ow 

systems may c o n t a i n  l e s s  f l o w  because o f  t h e  s lope  aspect,  e s p e c i a l l y  i n  

t ype  2BBB. The lower  Dinwoody formatdon i s  1  i k e l y  t o  suppor t  i n t e rmed i -  

a t e  ground water  f l o w  systems which d ischarge  t o  sp r i ngs  above mine p i t s .  

Regional ground water  d ischarge  i s  n o t  l i k e l y  t o  occur  a t  these mine s i t e s .  

L i m i t a t i o n s  t o  m in ing  w i l l  be p r i m a r i l y  f rom d ischarge  o f  ground 

water  i n t o  mine p i t s  f rom t h e  lower  Dinwoody fo rmat ion .  Water e n t e r i n g  

mine p i t s  c o u l d  p o s s i b l y  be d ra ined  i n t o  t h e  u n d e r l y i n g  Wel ls  fo rmat ion .  

Impacts t o  water  resource systems a r e  s i m i l a r  t o  those i n  types 

2ABA and 2BBA. 

-Mine Types 3AAA and 3BAA- Ground water  f l o w  systems encountered 

a t  these mine s i t e s  w i l l  be p redominan t l y  r e g i o n a l  I n  e x t e n t .  Broken 

topography of t y p e  3AAA may develop l o c a l  ground water  f l o w  systems i f  

enough recharge i s  a v a i l a b l e .  

Ser ious l i m i t a t i o n s  t o  m in ing  w i l l  occur  i f  mine p i t s  i n t e r c e p t  



discharge from regional ground water flow systems. Regional ground water 

flow will 1 ikely be encountered i f  mine p i t s  extend s ignif icant ly below 

the elevation of nearby valley f loors .  Elevation of the water table should 

be measured with t e s t  wells before final p i t  depths are planned. Eleva- 

t ions of nearby springs with large discharges should be noted. The Wells 

formation, Dinwoody formation, and valley alluvium could a l l  contribute 

to  ground water discharge into mine p i t s .  The shallow, local ground water 

flow systems upslope from mine p i t s  will not s ignif icant ly influence 

mining operations. 

Discharge of regional ground water flow systems into mine p i t s  

should not a f fec t  regional ground water elevations and spring flows unless 

extensive dewatering operations are  carried out. Local seeps and springs 

may be el iminated; however, these small discharge points generally do not 

supply baseflow for  perennial streams. Large waste dumps deposited on 

the valley f loor  may develop local ground water flow systems. Erosion 

of waste dumps on valley f loors  should be minimal i f  they are revegetated 

and do not occupy a floodplain. 

-Mine Types 3AAB and 3BAB- Ground water flow systems encountered 

a t  these mine s i t e s  are  l ike ly  t o  be only regional in extent. Type 3AAB 

may have some shallow local flow systems tha t  discharge to  seeps or 

springs during the snowmelt season. Mining limitations and impacts are  

similar to  types 3AAA and 3BAA. 

-Mine Types 3ABA, 3BBA, 3ABB, and 3BBB- Ground water flow systems 

encountered a t  these mine s i t e s  will l ike ly  be loca l ,  intermediate, and 

regional in extent.  Local and intermediate ground water flow systems are 

located within the colluvium and Dinwoody formation upslope from the mine 



pi t s .  Regional ground water flow occurs within the Wells formation and 

possibly within the valley alluvium. Discharge from a l l  types of ground 

water flow systems and from streams may occur i n  the mine area.  Inter-  

mediate flow systems from the Djnwoody formation discharge a t  springs 

which support baseflow fo r  small streams. 

Hydrologic problems t o  mining could be great .  Spring and stream 

discharge from the Dinwoody formatjon i s  l i ke ly  to enter  mine p i t s .  

Erosion and s t a b i l i t y  problems in p i t  walls may r e su l t .  Diversion s t ruc-  

tures  may be needed fo r  some streams. Regional ground water discharge 

may enter  p i t s  i f  they extend s ign i f ican t ly  below the valley f loor  and 

large scale dewatering operations could be required. 

Hydrologic impacts may be greates t  t o  local and intermediate ground 

water flow systems which support baseflow f o r  perennial streams. Impacts 

to  regional spring discharge should be minimal unless extensive p i t  de- 

watering operations a r e  conducted. Large waste dumps in valley f loors  

may develop local ground water flow systems. Erosion potential for  val- 

ley floor waste dumps i s  low i f  dumps a re  revegetated and do not occupy 

a floodplain. 

Discussion -- of Model Predicit ions.  The descriptions f o r  each mine 

type give the probable ground water flow systems which will be encountered. 

The expected mining l imita t ions  and impacts on the water resource systems 

are  based on the predicted ground water flow systems. Mining l imita t ions  

and hydrologic impacts a t  any par t icular  mine s i t e  may be more or  l e s s  

depending upon the exact location and type of ground water flow systems 

which occur in the area.  Field investigation of the mine s i t e  to  measure 

spring discharge, streamflow, and ground water elevations in a l l  geologic 



f o rma t i ons  should be made t o  v e r i f y  t h e  presence o f  t h e  p r e d i c t e d  f l o w  

systems. I f  t h e  ground water  f l o w  systems e x i s t  a t  t h e  mine s i t e  as 

shown by t h e  models, then  t h e  l i m i t a t i o n s  t o  m in ing  and t h e  p i t - r e l a t e d  

hyd ro log i c  impacts w i l  I occur  as g i ven  by t h e  model s. Hydro log ic  problems 

caused by p i t  c o n s t r u c t i o n  a r e  d i f f i c u l t  t o  m i t i g a t e  because p i t  l o c a t i o n  

and c o n s t r u c t i o n  a r e  governed by l o c a t i o n  o f  t h e  phosphate o re .  Impacts 

r e l a t i n g  t o  waste dumps may v a r y  f r om those p red iced  depending upon waste 

dump placement and c o n s t r u c t i o n  techniques.  

Table VI-1 shows t h e  rank  o f  each mine type,  f rom h i g h e s t  t o  lowes t ,  

f o r  t h e  parameters o f  ( 1 )  p o t e n t i a l  d ischarge  o f  l o c a l  ground wate r  f l o w  

systems i n t o  p i t s ,  ( 2 )  p o t e n t i a l  d ischarge  o f  i n t e rmed ia te  ground water  

f l o w  systems i n t o  p i t s ,  ( 3 )  p o t e n t i a l  d ischarge  o f  r e g i o n a l  ground wate r  

f l o w  systems I n t o  p i t s  , ( 4 )  p o t e n t i a l  hydro1 o g i c  l i m i t a t i o n s  t o  m in ing  

due t o  f l o w  systems enter-ing p i t s ,  ( 5 )  p o t e n t i a l  impacts  t o  sp r i ngs  which 

supp ly  baseflow f o r  pe renn ia l  streams, and ( 6 )  p o t e n t i a l  waste dump e r o s i o n  

and i n s t a b i l  i t y  f r om water  movement th rough  dump (assuming waste dump 

i s  unvegetated and downslope f rom p i t s ) .  

Re1 i a b i l  i t y  - o f  Model s 

The models presented i n  t h i s  paper should p r e d i c t  ground water  

f l o w  systems a t  proposed mine s i t e s  w i t h  a h i g h  l e v e l  of r e l i a b i l i t y ,  when 

t h e  mine s i t e s  a r e  l o c a t e d  w i t h i n  t h e  s p e c i f i e d  environment.  The models 

can o n l y  be used i n  areas where t h e  "phosphate sequence" o f  sedimentary 

rocks  occur  i n  d e f i n i t e  r i d g e  and v a l l e y  systems and t h e  geo log i c  s t r u c -  

t u r e  must be dominated by f o l d s  and n o t  by f a u l t  b locks .  The models a r e  

based on ground water  f l o w  systems t h e o r y  and on t h e  observed r e l a t i o n -  

sh ips  between f l o w  systems and env i ronmenta l  f a c t o r s  o f  t h e  s tudy  area. 



Table VI-1.  Rank o f  mine types  f o r  v a r i o u s  parameters.  

I RANK I PARAMETER I 

P o t e n t i a l  f o r  d i scharge  
o f  ground water  f l ow  systems i n t o  p i t s  

\ 

L i m i t a t i o n s  
Local  I n t e rmed ia te  Regional t o  m in i ng  

P o t e n t i a l  
f o r  impacts  
t o  s p r i n g s  
which sup- 

p l y  base 
f l o w  t o  

pe renn ia l  
s t  reams 

P o t e n t i a l  
f o r  waste 

dunip e ros i on  
and i n s t a -  

b i l  i t y  f rom 
water  move- 
ment th rough  

dump 

! 

I ' 
! 

i H I G H  

I 
k i  

I 

3ABA 
2ABA 
3BBA 
2BBA 
3 A B B  
2 A B B  
3BBB 
2 B B B  
2AAA 
2 A A B  
2 BAA 

3 A  BA 
3BBA 
3 A B B  
3BBB 
3AAA 
3 BAA 
3AAB 
3BAB 

3ABA 
3BBA 
3ABB 
3 B B B  
3AAA 
3 BAA 
3 A A B  
3 B A B  
2ABA 
2 BBA 
2ABB 
2 B B B  

1  BAA 
1  AAA 
1  BBA 
1  ABA 
2 BAA 
2AAA 
2BBA 
2ABA 
1  BAB 
1  AAB 
1  BBB 
1  ABB 

MEDIUM 

2 BAB 
3AAA 
3 BAA 
3 A A B  

2AAA 
2 BAA 
2AA B 
2 B A B  

1 ABA 
1  BBA 
1  AAA 
1  BAA 
1  ABB 
1  BBB 
I AAB 
1  BAB 

1 AAA 
1  ABA 
1  BAA 

A1 1  A1 1 1  BBA 
Others  Others  I A A B  

1  A B B  
1 BAB 
1 BBB 

A1 1  
Others  

3AAA 
3 BAA 
3AA B 
3BAB 
3ABA 
3BBA 
3ABB 
3 B B B  



The models accurately represent the  general ground water flow systems 

observed in s i x  mine a reas ,  which fu r ther  insures t h e i r  r e l i a b i l i t y .  The 

predicted hydrologic l imi ta t ions  t o  mining and hydrologic impacts created 

by mining should be highly re1 iable  a s  they a r e  based on flow systems 

theory and on observed l imi ta t lons  and impacts. The predicted impacts 

from waste dumps will not be a s  r e l i a b l e  as  those predicted fo r  p i t s  

because many addit ional  var iables  en te r  in to  the construction and locat ion 

of waste dumps. 

In some cases ,  the  models may not accurately predic t  the  ground 

water flow systems a t  mine s i t e s  because of the  influence of var iables  

t h a t  were not included i n  model formulation. These var iables  could be 

geologic f ac to r s  such a s  f a u l t s ,  j o in t s ,  or  local fo lds  t h a t  would cause 

var ia t ions  i n  local hydraulic conductivity.  All models a r e  s impl i f ica-  

t ions  of real systems. They portray the general cha rac t e r i s t i c s  of a 

real system b u t  may not represent the  system i n  ce r ta in  areas  due t o  the  

influence of unknown var iables .  The var iables  used i n  these models, 

which include geologic s t ruc tu r e ,  topographic p ro f i l e ,  hydraulic con- 

duc t iv i ty  d i s t r i bu t i on ,  p rec ip i ta t ion  d i s t r i bu t i on ,  and ground water 

e levat ions ,  a re  f e l t  t o  be the  most representative var iables  fo r  real 

systems and therefore  they should give re1 iabl e resul t s .  

Conclusions 

1 .  Ground water flow system theory provides the  theoret ical  bas is  f o r  
the  formulation of conceptual models of water resource systems of 
the  southeastern Idaho phosphate f i e l d .  Ground water flow system 
theory demonstrates how the  environmental f a c to r s  of geology, topog- 
raphy, hydraul i c  conductivity,  and f l u id  potential  control ground 
water flow. 



2. D e f i n i t e  r e l a t i o n s h i p s  between env i ronmenta l  f a c t o r s  and development 
of water  resource  systems have been observed i n  t h e  Western Phosphate 
F i e l d .  Past hydrogeolog ic  s tud ies  have shown t h a t  r e l a t i o n s h i p s  
e x i s t  between geo log l c  f o rma t i on  t ype  and ground water  f l o w  systems. 
T h i s  s tudy  demonstrates t h a t  a d d i t i o n a l  r e l a t i o n s h i p s  e x i s t  between 
topographic ,  geo log ic ,  and c l i m a t i c  f a c t o r s  and f l o w  system development. 

3. Re la t i onsh ips  between e x i s t i n g  water resource  systems, m in ing  a c t i v -  
I t i e s ,  and wate r  resource  impacts have been observed. The degree o f  
hydro l  og i c  impacts f rom m in ing  i s  r e 1  ated t o  t h e  s i z e  ( l o c a l  , i n t e r -  
mediate,  o r  r e g i o n a l )  and types (ground water  o r  su r face  water)  o f  
f l o w  systems encountered a t  t h e  mine s i t e .  Hydro log ic  l i m i t a t i o n s  t o  
m in ing  a r e  dependent p r i m a r i l y  on t h e  s i z e  and types  o f  f l o w  systems 
i n t e r c e p t e d  by mine p i t s .  

4. Conceptual models have been developed which can be used t o  i d e n t i f y  
water  resource  systems a t  e x i s t i n g  and proposed mine s i t e s  i n  t h e  
southeastern Idaho phosphate f i e l d .  The models d e l i n e a t e  ground wate r  
f l o w  systems based on t h e  geo log i c  s t r u c t u r e ,  topograph ic  con f i gu ra -  
t i o n ,  topograph ic  l o c a t i o n ,  and c l i m a t i c  c o n d i t i o n s  o f  t h e  mine area. 

5. The models eva lua te  p o t e n t i a l  m in i ng  impacts on t h e  water  resources 
and t h e y  p r e d i c t  p o t e n t i a l  hyd ro l  og i c  I i m i t a t i o n s  t o  min ing,  based on 
t h e  s i z e  and types  o f  f l o w  systems which occur  a t  t h e  mine s i t e .  The 
e v a l u a t i o n  of m in ing  impacts and p o t e n t i a l  m in ing  l i m i t a t i o n s  r e l i e s  
on t h e  r e l a t i o n s h i p s  which have been observed between e x i s t i n g  water  
resource systems, m in ing  a c t i v l t l e s ,  and impacts on water  resource 
systems. 

6. The models a r e  expected t o  d e l i n e a t e  ground water  f l o w  systems a t  
mine s i t e s  w i t h  a h i g h  degree o f  r e l i a b i l i t y ,  when t h e  mine s i t e s  
a re  l o c a t e d  w i t h i n  t h e  s p e c i f i e d  environment.  P red i c ted  hyd ro log i c  
impacts f rom m in ing  and hyd ro log i c  1 i m l t a t i o n s  t o  m in ing  a r e  a1 so 
expected t o  be re1  i a b l e .  



CHAPTER V I I  

CONSTRUCTION AND APPLICATION OF A WATER QUALITY MODEL 

FOR THE UPPER BLACKFOOT RIVER BASIN 

I n t r o d u c t i o n  

A c t i v i t i e s  i n v o l v i n g  e x p l o r a t i o n ,  m in ing  and p rocess ing  o f  phosphate 

can cause env i ronmenta l  impacts on n a t u r a l  and c u l t u r a l  environments.  The 

n a t u r a l  environment i n v o l v e s  1  and resources,  water  resources,  a i r  resources,  

vege ta t i on ,  w i l d l i f e ,  and f i s h e r i e s .  The impacts may be s h o r t  te rm o r  

l o n g  term, r e v e r s i b l e  o r  i r r e v e r s i b l e ,  adverse o r  b e n e f i c i a l .  Wi th  s u i t -  

a b l e  management p r a c t i c e s  i t  i s  p o s s i b l e  t o  comple te ly  avo id  c e r t a i n  

impacts  w h i l e  m i n i m i z i n g  o the rs .  It i s  a n t i c i p a t e d  t h a t  t he  wate r  qua l -  

i t y  o f  t h e  streams i n  southeastern Idaho may d e t e r i o r a t e  w i t h  t h e  a n t i c -  

i p a t e d  i nc rease  i n  phosphate m in ing  a c t i v i t i e s .  The purpose o f  t h i s  

p o r t i o n  o f  t h e  s tudy  i s  t o  p rov ide  a  techn ique  which can a s s i s t  t h e  man- 

agement o f  f u r t u r e  phosphate m in ing  ope ra t i ons  so t h a t  adverse a f f e c t s  

on t h e  water  q u a l i t y  o f  streams may be min-imized. 

The phosphate m in ing  area i n  southeastern Idaho i s  d ra i ned  by 

p a r t s  o f  f o u r  ma jo r  d ra inages :  t h e  Por tneu f ,  B lack foo t  and S a l t  r i v e r s  

a l l  t r i b u t a r y  t o  t h e  Snake R i v e r  and t h e  Bear R i v e r  which i s  t r i b u t a r y  

t o  t h e  g r e a t  S a l t  Lake. These stream bas ins  i n c l u d e  about  90 percen t  

o f  t h e  p o t e n t i a l  m in i ng  area. Q u a n t i t a t i v e  p r e d i c t i o n s  o f  water  q u a l i t y  

parameters r e s u l t i n g  f rom v a r i o u s  1  eve1 s  o f  m in ing  and/or o r e  p rocess ing  

would a i d  i n  t h e  f o rn i u l a t i on  o f  management p l ans  f o r  these ope ra t i ons  i n  

these  bas ins .  A  mathematical  water  q u a l i t y  model can be u t i l i z e d  as t h e  

b a s i s  f o r  these p r e d i c t i o n s .  



Cons t ruc t i on  and v e r i f i c a t i o n  o f  such a  model r e q u i r e s  h i s t o r i c  

da ta  on t h e  water q u a l i t y  c o n s t i t u e n t s ,  hyd ro log i c  parameters and mete- 

or01 o g i c a l  elements and i n f o r ~ i i a t i o n  on system c o e f f i c i e n t s  and system 

geometry. The USDA Fores t  Serv ice,  Idaho Department o f  Hea l t h  and Welfare,  

U.S. Geolog ica l  Survey, and Alumet have c o l l e c t e d  these da ta  f o r  t h e  Upper 

B lack foo t  R i ve r  bas in .  T h i s  area,  t h e r e f o r e ,  was se lec ted  f o r  development 

o f  a  p ro to t ype  water q u a l i t y  model. 

The general  o b j e c t i v e  o f  t h i s  p o r t i o n  o f  t h e  s tudy  was t o  c o n s t r u c t  

and v e r i f y  a  water  q u a l i t y  model f o r  t he  Upper B l a c k f o o t  R i v e r  bas in  t o  

a i d  i n  p r e d i c t i n g  t h e  impacts o f  d i f f e r e n t  l e v e l s  o f  phosphate min ing  and 

process ing.  Th i s  model would then p rov ide  a  bas i s  f o r  c o n s t r u c t i o n  o f  

s i m i l a r  models f o r  o t h e r  bas ins  i n  t h e  area.  The s p e c i f i c  o b j e c t i v e s  a re :  

1 .  To c o n s t r u c t ,  c a l  i bra te ,  and v e r i f y  a  water  qua1 i t y  model f o r  t h e  
Upper B lack foo t  R i ve r  bas in .  

2. To app ly  t h e  model t o  a r b i t r a r y  p o i n t  i n p u t s  o f  l a r g e  dosages o f  
expected p o l l u t a n t s  and p r e d i c t  t h e  water q u a l i t y  changes a t  c e r t a i n  
p o i n t s  on t h e  r i v e r .  

3 .  To suggest procedures f o r  appl i c a t i o n  o f  t h e  model t o  evo lve  s u i t a b l e  
management p r a c t i c e s  f o r  phosphate min ing  and process ing.  

4. To recommend improvement of data c o l l e c t i o n  f o r  improvement and b e t t e r  
a p p l i c a t i o n  o f  t h e  model. 

D e s c r i p t i o n  o f  t h e  Study Area -- 

The Upper B lack foo t  R i v e r  bas in  comprises t he  catchment area above 

t h e  w e i r  j u s t  below t h e  Narrows and near t h e  Caribou Nat iona l  Fores t  

Serv ice  boundary ( f i g u r e  V I I - 1 ) .  The bas in  covers an area of 157 square 

m i l e s  (407 square k i l o m e t e r s ) .  The p r ima ry  streams a r e  Diamond Creek, 

Lanes Creek, and Angus Creek. The phys i ca l  c h a r a c t e r i s t i c s  o f  t h e  bas in  

a r e  two v a l l e y s  c a l l e d  t he  Upper V a l l e y  and Rassmusen Val l e y  surrounded 
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by s teep and h i g h  mountainous ranges. 

C l imate  i n  t h e  Upper B lack foo t  R i v e r  area i s  i n f l uenced  by P a c i f i c  

a i r  c u r r e n t .  The mountain ranges t r e n d  n o r t h  and south and a r e  n e a r l y  

a t  r i g h t  angles t o  t h e  p r e v a i l i n g  eastward a i r  f l ow .  The average annual 

p r e c i p i t a t i o n  v a r i e s  f rom 20 t o  35 inches (50 t o  90 cen t ime te rs ) .  An 

average o f  54 percen t  o f  t h e  annual p r e c i p i t a t i o n  f a l l s  f rom November t o  

A p r i l  which i s  m a l n l y  as snow. J u l y  i s  u s u a l l y  t h e  d r i e s t  month and June 

i s  t h e  we t t es t .  Temperatures over  t h e  s tudy  area range f rom - 4 9 ' ~  t o  

90°F. 

Many o f  t h e  smal l  streams a t  h i ghe r  e l e v a t i o n s  f l o w  o n l y  d u r i n g  

snow m e l t  o r  h i g h  l n t e n s i t y  r a i n  storms b u t  o t h e r s  a r e  f e d  by l a r g e  sp r i ngs  

t h a t  a r e  p e r e n n i a l .  Large streams, such as Diamond Creek, Lanes Creek and 

Angus Creek and some o f  t h e i r  l a r g e r  t r i b u t a r l e s ,  commonly have perenn ia l  

f l ow.  The complex ground water  f l o w  p a t t e r n s  descr ibed  i n  p rev ious  chap- 

t e r s  p rov ide  t h e  basef low f o r  most o f  these streams. 

The p resen t  s tudy  concerns i t s e l f  w i t h  t h e  impacts o f  phosphate 

min ing  on t h e  water  q u a l i t y  o f  streams i n  the  Upper B lack foo t  R i v e r  bas in .  

The o t h e r  a c t i v i t i e s  be ing  c a r r i e d  on I n  t h e  bas in  and hav ing impacts on 

water  qua1 i t y  i n c l u d e  g raz ing ,  logg ing ,  i r r i g a t l o n ,  w i l  d l  i f e  and r e c r e a t i o n .  

The e x i s t i n g  and proposed phosphate mines i n  t h e  Upper B lack foo t  R i v e r  

bas in  a r e  shown on f i g u r e  V I I -1 .  

The p r ima ry  f a c t o r s  c o n t r o l l i n g  water q u a l i t y  degrada t ion  f rom a  

phosphate min ing  o p e r a t i o n  a r e  noted below. 

1 .  Fo res t  c l e a r i n g  f o r  e x p l o r a t i o n  d r i l l  i ng ,  min ing,  mine waste and road 
c o n s t r u c t i o n .  

2. R a i l  and road c o n s t r u c t i o n .  

3. Ore removal . 



4. Mine waste pi les .  

5. Ore stockpiles. 

6. Oil ,  fuel and  grease i s  used for  mining and  transportation machinery. 

7 .  Ore processing, including beneficiation and  calcination. 

8. Possible fa i lure  of water and sediment control f a c i l i t i e s  as a resul t  
of inadequate design and/or unusual climatic events. 

9. Leakage of ore s lurry pipes, i f  used. 

Present S t a t u s  of Water Qua1 i t y  -- 

The present (1 975) water qua1 i t y  conditions in the Upper Blackfoot 

River basin were established based upon d a t a  collected by various agencies 

during the period of September 1974 t o  Augus t  1976. The data for  eight 

s i t e s  in the basin for 27 water quality indices are  given in tables VII-1, 

VII-2 and VII-3. The s t a t i s t i ca l  values of the observed water quality 

data were evaluated against the water quality standards prescribed by the 

Idaho Department of Environmental and Community Services and  the U.S. 

Environmental Protection Agency. The following conclusions may be stated 

with respect t o  the present water quality.  

1 .  The water quality i s  good with respect t o  the following constituents:  
total  and fecal col iform, dissolved oxygen, pH, total  dissolved sol ids ,  
ammonia (NH3-N), n i t r i t e  (N02-N), conductivity, fluoride, arsenic,  
cadmium, chromium, copper, salinium, vanadium, and zinc. The concen- 
t ra t ions  of t race elements and  fluoride are very low due to  the basic 
nature of the water in the basin. 

2. Water i s  generally alkaline and  hard and  below standards for some uses. 

3. The water temperatures are low and good for  cold water f i sh .  

4. The turbidi ty i s  low except during peak flows when high values have 
been recorded. 

5. The concentrations of suspended solids are sat isfactory except during 
peak flow periods when they are high and below standards for  certain 
uses. 
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. Accord ing t o  s tud ies  by d i f f e r e n t  workers,  n i t r o g e n  below 0.1 mg/l 
and phosphorus below 0.01 mg/l may p reven t  a lgae  growth. Concentra- 
t i o n s  o f  t h e  two n u t r i e n t s  i n  t h e  water  o f  t h e  Upper B l a c k f o o t  R i v e r  
can r e s u l t  i n  moderate a lgae  growth, b u t  accord ing  t o  t h e  Idaho 
Department o f  Hea l t h  and Welfare (McSorley, 1979) t h e r e  i s  ve ry  1 i t t l e  
a lgae  i n  t h e  streams. Th i s  i s  p robab ly  due t o  t h e  low temperatures o f  
t h e  wate r  which i n h i b i t  i t s  growth. 

Water Qua1 i ty  Model 

Mathematical  -- Basls  and Cons t ruc t i on  

A survey was conducted of t h e  a v a i l a b l e  mathematical  models f o r  

s i m u l a t i o n  o f  wa te r  q u a l i t y  i n d i c e s  i n  streams. These models v a r i e d  

e s s e n t i a l l y  i n  t h e  i n d i c e s  s imu la ted  and t h e i r  a b i l i t y  t o  s imu la te  s teady-  

s t a t e  o r  dynamic i n p u t s  and ou tpu t s .  The model which c o u l d  be bes t  a p p l i e d  

t o  t h e  Upper B lack foo t  R i v e r  bas in  c o n s i d e r i n g  t h e  a v a i l a b l e  da ta  and t h e  

s i m u l a t i o n  needs, was t h e  one used by Chen and Wel ls  (1975) f o r  t h e  Bo ise  

R i ve r .  T h i s  model was modi f ied wherever necessary t o  s u i t  t h e  da ta  and 

t h e  needs o f  t h e  s tudy  area. 

The fundemental concept on which t h e  water  qua1 i t y  models a r e  

based i s  Law o f  Conserva t ion  o f  Mass which s t a t e s  t h a t :  

Change = I n  - Out + Generat ion - Loss. 

Where t h e  f i r s t  two terms, I n  and Out, r ep resen t  t h e  outcome o f  p h y s i c a l  

processes and t h e  l a s t  two terms, Generat ion and Loss, g i v e  t h e  mass 

changes due t o  b i o l o g i c a l  and chemical  processes t a k i n g  p l ace  i n  t h e  

aqua t i c  ecosystem. 

C e r t a i n  s i m p l i f i c a t i o n s  and assumptions a r e  necessary i n  mathema- 

t i c a l  r ep resen ta t i ons  o f  compl i ca ted  and dynamic processes such as wate r  

q u a l i t y  changes. Wi thout  these  s i m p l i f i c a t i o n s  and assumptions, t h e  



system would be unmanageable because o f  t h e  l a r g e  da ta  requi rement  and 

l a r g e  computer t ime  r e q u i r e d  t o  s o l v e  t h e  i nvo l ved  mathematical  equat ions.  

S i m p l i f i c a t i o n s  and assumptions e n t e r i n g  t h e  model f o r  t h e  s tudy  area a re :  

1 .  The concept o f  Cont inuously  S t i r r e d  Tank Reactor (CSTR) as a p p l i e d  
i n  chemical eng ineer ing  has been used. 

2. A s t eady -s ta te  c o n d i t i o n  i s  assumed. 

3. The ecosystem i s  taken  t o  be a s l n g l e  system. 

4. The system i s  assumed l i n e a r .  

5. Parameters of  t h e  f unc t i ona l  r e l a t i o n s h f p s  a r e  assumed no t  t o  change 
w i t h  t ime  and over  a  segment. 

6. The system i s  taken  t o  be one-dfmensional. 

7. Eddy d i s p e r s i o n  i s  assumed i n s i g n i f i c a n t  and i s  ignored  i n  streams. 

8. Hydrodynamic c h a r a c t e r i s t i c s  a r e  a f unc t i on  o f  t h e  stream geometry 
o n l y  and can be expressed as a s imple f unc t i on  o f  t h e  f l o w  i n  any 
segnient . 

The general  mathematical  equa t i on  f o r  a  water  q u a l i t y  parameter 

which e n t e r s  t h e  model i s :  

where : 

C = concen t ra t i on  o f  a  water qua1 i t y  c o n s t i t u e n t  (M/LJ). 
AC = change i n  concen t ra t i on  o f  a  water  q u a l i t y  c o n s t i t u e n t  over 

a  r i v e r  segment ( M / L ~ ) .  
~t = smal l  change i n  t ime  (T ) .  

Q = d ischarge  e n t e r i n g  t h r o u  h upstream face o f  segment (L3/T).  3 V = vo l  ume o f  t h e  segment (L ) . 
K i  = r e a c t i o n  c o e f f i c i e n t  f o r  i t h  biocheni ical  process r e s u l t i n g  i n  

gene ra t i on  o r  l o s s  o f  t h e  c o n s t i t u e n t  ( l / T ) .  
CD = c o n c e n t r a t i o n  o f  non-point  o r  d i s t r i b u t e d  source (M/L3). 
AQ = change i n  stream d ischarge  across segment due t o  d i s t r i b u t e d  

and p o i n t  sources ( L ~ / T ) .  
CB = c o n c e n t r a t i o n  added t o  o r  wi thdrawn f rom t h e  stream p e r  u n i t  

t i m e  by a d i s t r i b u t e d  source o r  s i n k  a long  t h e  bottom ( M / L ~ . T ) .  



C g j  = c o n c e n t r a t i o n  o f  j t h  p o i n t  source ( M / L ~ ) .  
A j = d ischarge  o f  j t h  p o i n t  source ( L ~ / T ) .  
AQD = d ischarge  o f  d i s t r i b u t e d  o r  non-po in t  source ( L ~ / T ) .  

The t e rm  ciKiC, r ep resen t i ng  t h e  biochemical  processes i n v o l v e d  

i n  l o s s  o r  gene ra t i on  o f  a water  q u a l i t y  c o n s t i t u e n t ,  was developed f o r  

each c o n s t i t u e n t  f rom t h e  processes i nvo l ved .  I n  c e r t a i n  cases l i k e  

temperature and oxygen, t h e r e  were exchanges a t  t h e  i n t e r f a c e  o f  wa te r  

and a i r .  Equat ions rep resen t i ng  these  exchanges a r e  i nc l uded  i n  t h e  

model . 
A schematic diagram o f  t h e  r e a c t i o n s  t a k i n g  p l a c e  i n  t h e  a q u a t i c  

ecosystem under s tudy  i s  g i ven  i n  f i g u r e  V I I - 2 .  As mentioned e a r l i e r  

a1 gae i s  negl i g i  b l  e which r e s u l t s  i n  negl  i g i b l  e zooplankton which feed 

on a lgae.  These have, t h e r e f o r e ,  n o t  been cons idered i n  t h e  ecosystem 

and t h e  model . 
The Upper B l a c k f o o t  R i v e r  bas in  was d i v i d e d  i n t o  23 segments 

chosen such t h a t  res idence  t ime  i n  each segment was about  t h e  same as 

t h e  computat ional  t ime  i n t e r v a l  a t  which was 1 hour.  These segments 

a r e  shown i n  f i g u r e  V I I - 3 .  

The s o l u t i o n s  o f  t h e  mathematical  equa t ions  f o r  t h e  f o l l o w i n g  

wate r  q u a l i t y  parameters were c a r r i e d  o u t  f o r  each segment node by a 

computer program. A m u l t i - s t e p  niethod was used f o r  these  s o l u t i o n s  due 

t o  each r l v e r  segment be ing t r e a t e d  as a CSTR. 

Temperature, t o t a l  suspended so l  i d s  (TSS) , c o l  i f o r m ,  Biochemical  
oxygen demand (BOD), d i s s o l v e d  oxygen (DO), pH, C02, t o t a l  d i s -  
so lved  so l  i d s  (TDs) , P04-P, NH3-N, N02-N, N03-N, t o t a l  a1 ka l  i n i t y ,  
t o t a l  hardness, t u r b i d i t y ,  C r ,  Zn, Cu, V ,  Cd, As. 

The computer program comprised o f  a main program and seven sub-pro- 

grams. T h e i r  ope ra t i ona l  s teps a r e  i n d i c a t e d  i n  f i g u r e  V I I - 4 .  Flow 
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diagram o f  t h e  computat ional  s teps  i nvo l ved  i n  t h e  program i s  a t  f i g u r e  VII-5. 

Data f o r  t h e  Model ---- 

The f o l l o w i n g  da ta  were needed f o r  t h e  wate r  q u a l i t y  model. 

1. Systems geometry and c o n n e c t i v i t y  da ta .  

2. Weather data.  

3. Hydro log ic  da ta .  

4. Water qua1 i t y  da ta .  

5. System c o e f f i c i e n t s .  

System Geometry - and C o n n e c t t v i t y  Data. The c o n n e c t i v i t y  da ta  were 

prepared f rom maps and f rom f i g u r e  VII-3 showing t h e  segmentat ion o f  t h e  

bas in .  The system geometry c a l c u l a t i o n s  were based on t he  work done by 

Leopol d  and Maddock (1  953) on t h e  re1  a t i o n s h i p s  between d ischarge  and 

w id th ,  mean dep th  and mean v e l o c i t y  Jn a  stream. These r e l a t i o n s h i p s  

a r e  o f  t h e  forms: 

where : 

w  = w i d t h  
d  = mean dep th  
v  = mean v e l o c i t y  
Q = d ischarge  
a, b, c ,  f, k, and m  a r e  numer ica l  c o e f f i c i e n t s .  

The numerical  c o e f f i c i e n t s  f o r  va r i ous  reaches o f  t h e  main stem o f  t h e  

Upper B l a c k f o o t  R i v e r  and Diamond Creek were determined f rom g raph i ca l  

r e l a t i o n s h i p s  o f  da ta  f o r  w, d, v  and Q ob ta ined  f rom t h e  d ischarge  
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observa t ions  made by d i f f e r e n t  agencies.  

Weather Data. The weather da ta  r e q u i r e d  f o r  t h e  model c o n s i s t e d  o f :  

1  . Dry Bul b  temperature.  

2. Dewpoint temperature.  

3. Atmospheric pressure.  

4. Cloud cover .  

5.  Wind speed. 

These da ta  were ob ta ined  o r  eva lua ted  from t h e  da ta  c o l l e c t e d  by Gre ine r  

Environmental Sciences, I nc .  a t  a  weather m o n i t o r i n g  s t a t i o n  i n  Diamond 

Creek V a l l e y  near  t h e  proposed mine by Alumet, t h e  da ta  c o l l e c t e d  by 

U.S. Department of Commerce a t  t h e  Na t i ona l  C l i m a t i c  Center i n  P o c a t e l l o ,  

Idaho, and t h e  da ta  c o l l e c t e d  by USDA Fo res t  Se rv i ce  d u r i n g  water  q u a l i t y  

and d ischarge  measurements. 

Dry b u l b  temperature,  dewpoint  temperature and wind speed da ta  

were ob ta ined  f rom c o r r e l a t i o n  analyses between P o c a t e l l o  and Dlamond 

Creek da ta .  Atmospheric p ressure  was eva lua ted  by r e d u c t i o n  o f  Pocatel  l o  

pressures us ing  s u i t a b l  e  Lap1 ace equat ion .  'The c l oud  cover  da ta  were 

based on i n f o r n i a t i o n  c o l l e c t e d  by USDA Fo res t  Serv ice .  

Hydro log ic  Data. The sources o f  these da ta  were t h e  Fo res t  Serv ice,  

G re ine r  Environmental  Sciences, Inc .  and spec ia l  p r o j e c t  s t ud ies .  

Water Q u a l i t y  Data. The Fo res t  Serv ice ,  Idaho Department of H e a l t h  

and Welfare,  G re ine r  Environmental  Sciences, I n c .  and t h e  U n i v e r s i t y  o f  

Idaho have c o l l e c t e d  water  q u a l i t y  da ta  a t  va r i ous  s i t e s  i n  t h e  Upper 

B l a c k f o o t  R i v e r  bas in .  These da ta  were used t o  prepare t h e  i n p u t  da ta  

r e q u i r e d  f o r  t h e  c a l i b r a t i o n  and v e r i f i c a t i o n  o f  t h e  model. 

The 1  oca t i ons  of weather, hydro1 o g i c  and water  qua1 i t y  m o n i t o r i n g  



s t a t i o n s  f o r  which da ta  were u t i l i z e d  i n  t h e  model a r e  shown i n  f i g u r e  V I I - 6 .  

Systems C o e f f i c i e n t s .  The system c o e f f i c i e n t s  can e i t h e r  be ob ta ined  

from va r i ous  sources i n  l i t e r a t u r e  o r  can be ob ta ined  by ac tua l  measurements 

i n  t he  s tudy area. Many o f  t h e  c o e f f i c i e n t s  a r e  fundemental i n  na tu re  and 

can be es t lmated  w i t h  s u f f i c l e n t  accuracy f r om t h e  aggregate o f  a v a i l a b l e  

i n fo rma t i on .  The c o e f f i c i e n t s  used by Chen and We1 1  s (1 975) f o r  Boise 

R i v e r  model were checked w i t h  t h e  c o e f f i c i e n t s  l i s t e d  i n  the  model s tudy  

of Chattahoochee-Fl i n t -Apa lach i co la  R i v e r  bas in  (Alabama, Georgia and 

F l o r i d a )  as repo r ted  by Yearsley (1975). Based upon t h i s  examinat ion, i t  

was considered t h a t  t h e  c o e f f i c i e n t s  used f o r  Boise R i v e r  model were a l s o  

su i tab1 e  f o r  t he  Upper B l  ack foo t  R i v e r  model . 

Cal i b r a t i o n  of t h e  Model --- 

Two per iods ,  May 1976 and September 1976, were se lec ted  f o r  c a l  i bra-  

t i o n  and v e r i f i c a t i o n  o f  t h e  model. May was a  h i g h  f l o w  p e r i o d  w h i l e  

September was a  l ow  f low per iod .  These pe r i ods  had been se lec ted  cons id -  

e r i n g  t h e  amount and q u a l i t y  of a v a i l a b l e  me teo ro log i ca l ,  hyd ro log i c  and 

water q u a l i t y  data.  The da ta  f o r  September 1976 was used f o r  c a l i b r a t i o n .  

V e r i f i c a t i o n  o f  t h e  Model --- 
The da ta  f o r  May 1976 were u t i l i z e d  f o r  model v e r i f i c a t i o n .  A  copy 

o f  t h e  computer p r i n t o u t  o f  i n p u t s ,  ou tpu t s  and weather, h y d r a u l i c  and 

hyd ro log i c  c a l c u l a t i o n s  i s  presented by Singh (1  979). The observed water  

q u a l i t y  da ta  and t h a t  s imu la ted  by the  model f o r  four  p o i n t s  on t h e  main 

stem o f  t h e  stream have been t a b u l a t e d  i n  t a b l e  V I I - 4 .  Comparison of t h e  

two se t s  o f  da ta  shows a  s a t i s f a c t o r y  s i m u l a t i o n  f o r  a l l  t h e  water q u a l i t y  

I n d i c e s  except  t u r b i d i t y .  T u r b i d i t y  i s  dependent n o t  o n l y  on t he  concen t ra t i on  
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o f  suspended s o l i d s  b u t  a l s o  on t h e  g r a i n  s i z e s  which canno t  be s i m u l a t e d  

by t h e  model . 

A p p l i c a t i o n  o f  t h e  Model 

The mathemat ica l  model which has been developed can s i m u l a t e  t h e  

downstream e f f e c t s  o f  v a r i o u s  l e v e l s  o f  waste i n p u t s  i n t o  t h e  s t ream 

system. A1 t e r n a t i v e  management p l  ans and a s s o c i a t e d  l e v e l  s  o f  waste 

l o a d i n g  may t h u s  be eva lua ted .  The v a l u e s  o f  wa te r  q u a l i t y  parameters  

a l o n g  t h e  s t ream below t h e  p o i n t  o r  p o i n t s  o f  d i s c h a r g e  a r e  c a l c u l a t e d  

based upon t h e  i n p u t  o f  a n t i c i p a t e d  waste l o a d s  i n  terms o f  t h e  w a t e r  

q u a l i t y  i n d i c e s  i n c l u d e d  i n  t h e  model. U t i l i z a t i o n  o f  t h e  model a l l o w s  

e f f i c i e n t  management o f  phosphate m i n i n g  o p e r a t i o n s  w h i l e  mee t ing  wa te r  

q u a l i t y  requ i rements  f o r  downstream uses.  The model a l s o  g r e a t l y  reduces 

t h e  r e q u i r e d  l e v e l  o f  wa te r  q u a l i t y  m o n i t o r i n g .  

The fo l lowi 'ng example i s  p resen ted  t o  i l l u s t r a t e  t h e  t e c h n i q u e  o f  

model a p p l i c a t i o n .  A r b i t r a r y  waste i n p u t s  hav ing  c o n s t i t u e n t  c o n c e n t r a -  

t i o n s  much h i g h e r  t h a n  a n t i c i p a t e d  from m i n i n g  were superimposed on t h e  

system and t h e  e f f e c t s  o f  t h e s e  i n p u t s  were s i m u l a t e d  a l o n g  t h e  s t ream 

w i t h  t h e  model. The w a t e r  q u a l i t y  i n d i c e s  s e l e c t e d  f o r  t h i s  e x e r c i s e  

were t o t a l  suspended s o l  i d s  (TSS), t o t a l  d i s s o l v e d  s o l  i d s  (TDS), b iochemica l  

oxygen demand (BOD), and z i n c .  The a c t u a l  and a r b i t r a r y  c o n c e n t r a t i o n s  

o f  these  s e l e c t e d  wa te r  q u a l i t y  parameters  a r e  p resen ted  i n  t a b l e  VII-5 .  

The p o i n t s  o f  i n p u t s  f o r  t h e  a r b i t r a r y  wastes were s e l e c t e d  a t  p l a c e s  where 

m i n i n g  o p e r a t i o n s  w i l l  be expanded o r  i n i t i a t e d .  These i n p u t  p o i n t s  were 

Diamond Creek, S t e w a r t  Creek, Diamond Creek between Y e l l o w j a c k e t  Canyon 

and Mosqu i to  Creek and Angus Creek. D i f f e r e n t  cases o f  waste i n p u t s  were 

t r i e d  t o  de te rm ine  t h e  e f f e c t s  r e s u l t i n g  f r o m  d i f f e r e n t  mines w i t h i n  t h e  

b a s i n .  
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Table VII-5. Actual and a r b i t r a r y  concent ra t ions  of  s e l ec t ed  water 
q u a l i t y  parameters,  Upper Blackfoot River bas in ,  f o r  
Case 1 and Case 2*. 

Segment 
No. Stream 

Concentrations (mg/l ) 
Actual /Arbi trary TSS TDS BOD Zinc 

1 Diamond Creek Actual 109 207 
Arb i t r a ry  500 500 

1 Stewart Creek Actual 72 205 
Arb i t r a ry  500 500 

7 Unnamed Creek Actual 35 205 1 . 0  .005 
Arb i t r a ry  500 500 10.0 . Z O O  

9 Cabin Creek Actual 12 205 .50 .005 
Arb i t r a ry  500 500 10.0 . Z O O  

9 Unnamed Creek Actual 50 205 .80 .005 
Arb i t r a ry  500 500 10.0 . Z O O  

10  Unnamed Creek Actual 50 205 .80 .005 
Arb i t r a ry  500 500 10.0 . Z O O  

11 Unnamed Creek Actual 7 1 21 0 1 .0  .005 
Arb i t r a ry  500 500 10.0 . Z O O  

17 Angus Creek Actual 19 190 
Arb i t r a ry  200 500 

* Case 1 = a r b i t r a r y  d ischarges  in  segments 1 ,  7 ,  9 ,  10, 11 and 17. 
Case 2 = a r b i t r a r y  d ischarges  i n  segments 7 ,  9 ,  10 and 11. 



The r e s u l t s  of model s i m u l a t i o n s ,  under c o n d i t i o n s  o f  no i n p u t  

( p resen t  c o n d i t i o n )  and w i t h  a r b i t r a r y  waste i n p u t s  a t  se lec ted  p o i n t s  

a re  shown i n  f i q u r e s  V I I - 7 ,  V I I - 8 ,  V I I - 9 ,  V I I -10 ,  V I I - 11 ,  and V I I - 12 .  

The s i m u l a t i o n s  a r e  f o r  May 31, 1976, r e s u l t i n g  from s teady -s ta te  i n p u t s  

s t a r t i n g  on May 27, 1976. 

Conclusions 

The model can be used t o  p r o j e c t  t he  stream water  q u a l i t y  impacts 

f rom va r i ous  l e v e l s  o f  m in ing  a c t i v i t i e s  on a  s teady -s ta te  b a s i s  by 

i n p u t t i n g  t h e  p o s s i b l e  waste loads and s i m u l a t i n g  t he  downstream e f f e c t s .  

The water  q u a l i t y  model i s  s t a t e - o f - t h e - a r t  i n  1979 and i s  l i m i t e d  by 

t h e  assumptions l i s t e d  p r e v i o u s l y .  It should prove t o  be an asse t  i n  

management of phosphate m in ing  ope ra t i ons  f o r  water q u a l i t y  o b j e c t i v e s .  
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CHAPTER V I I I  

CONCLUSIONS 

1 .  The water  resource  -Impacts on and f rom phosphate m in i ng  occur  f rom 

t h e  i n t e r a c t i o n  o f  s p e c i f i c  h y d r o l o g i c  o r  env i ronmenta l  f a c t o r s  w i t h  

m in i ng  f a c t o r s .  The env i ronmenta l  f a c t o r s  which a f f e c t  water  resource  

systems i n c l u d e  t h e  geo log ic  s e t t i n g ,  topography, hydrogeolog ic  frame- 

work, c l i m a t e ,  s o i l  and wate r  chem is t r y  and b i o t i c  p a t t e r n .  The 

m in i ng  f a c t o r s  a r e  p r i m a r i l y  t h e  excava t i on  o f  open p i t s  and t h e  con- 

s t r u c t i o n  o f  waste p i l e s .  

Prev ious s t u d i e s  i n d i c a t e d  t h a t  a  d i s t i n c t  p a t t e r n  o f  ground wate r  

f l o w  systems e x i s t  i n  t h e  Western Phosphate F i e l d  based upon a  

r e g i o n a l  s i m i l a r i t y  i n  t h e  env i ronmenta l  f a c t o r s  l i s t e d  above. A 

r e g i o n a l  e v a l u a t i o n  o f  s t ream gain-1 oss and s p r i n g  1  oca t i ons  conf i rmed 

t h a t  t h e  f o rma t i ons  compr is ing  t h e  "phosphate sequence" e x h i b i t  s i m i l a r  

hydrogeolog ic  c h a r a c t e r i s t i c s  t h rough  o u t  t h e  s tudy  area.  The Thaynes 

and Dinwoody f o rma t i ons  were found t o  have s u f f i c i e n t  h y d r a u l i c  con- 

d u c t i v i t y  t o  suppor t  ground wate r  f l o w  systems a t  a  number o f  s i t e s .  

The c h e r t y  sha le  member, Rex Cher t  member, and Meade Peak member o f  

t h e  Phosphoria f o rma t i on  were found t o  n o t  suppor t  any major  ground 

wate r  f l o w  systems i n  t h e  phosphate m in i ng  area.  F i n a l l y ,  t h e  Wel ls  

f o rma t i on  was found t o  have s u f f i c i e n t  h y d r a u l i c  c o n d u c t i v i t y  t o  sup- 

p o r t  ground wate r  f l ow a t  most s i t e s .  Ground wate r  f l o w  systems above 

t h e  Phosphoria f o r m a t i o n  a r e  separate  f rom those  below t h e  Phosphoria 

format ion.  T h i s  causes t h e  upper f low systems t o  be r e l a t i v e l y  l o c a l  

i n  e x t e n t  w h i l e  t h e  l owe r  f l ow  system i s  more r e g i o n a l  i n  e x t e n t .  



3 .  S i t e  i n v e s t i g a t i o n s  a t  t h e  J.R. S imp lo t  Company Gay Mine have p rov ided  

impo r tan t  ground wate r  i n f o r m a t i o n  on t h e  "phosphate sequence" i n  an 

unusual geo log i c  s e t t i n g .  Ground water  f l o w  systems w i t h i n  t h e  mine 

a r e  dominan t l y  c o n t r o l l e d  by f a u l t i n g  and f o l d i n g  i n  t h e  area.  How- 

ever ,  t h e  r e l a t i v e  h y d r a u l i c  c o n d u c t i v i t y  o f  t h e  v a r i o u s  f o rma t i ons  

w i t h i n  t h e  "phosphate sequence" a t  t h e  Gay Mine i s  s i m i l a r  t o  t h a t  

found f o r  o t h e r  p o r t i o n s  o f  t h e  phosphate min ing  area.  Ground water  

f l o w  systems i n  t h e  eas t  Gay Mine area may be d e p i c t e d  by a  s imp le  

model c o n s i s t i n g  o f  a  box f i l l e d  w i t h  h i g h  h y d r a u l i c  c o n d u c t i v i t y  

m a t e r i a l  w i t h  water  d r a i n i n g  o u t  one end. I n  t h e  a c t u a l  f i e l d  s i t u a -  

t i o n ,  t h e  h i g h  h y d r a u l i c  c o n d u c t i v i t y  Wel ls  fo rmat ion  i s  bounded by 

f a u l t s  and f o l d s  on f o u r  s i des  and i s  l o c a t e d  so i t  can r e c e i v e  r e -  

charqe d i r e c t l y  from p r e c i p i t a t i o n .  The water  t a b l e  i n  t h e  Wel l s  f o r -  

mat ion  forms a  lower  l i m i t  t o  m in ing  w i t h o u t  ma jo r  dewater ing.  Discon- 

t i n u o u s  upper ground water  f l o w  systems occur  i n  t h e  Thaynes and D in -  

woody f o rma t i ons  b u t  a r e  o f  l i m i t e d  s i g n i f i c a n c e  t o  t h e  m in ing  

ope ra t i on .  

4. Hydro log ic  i n v e s t i g a t i o n s  a t  t h e  proposed No r th  Henry Mine o f  Monsanto 

found a  s i m i l a r  d i s t r i b u t i o n  o f  h y d r a u l i c  c o n d u c t i v i t y  w i t h i n  t h e  

"phosphate sequence" as found elsewhere i n  t h e  phosphate f i e l d .  How- 

ever ,  l o c a l  i z e d  zones o f  h i g h e r  hydraul  i c  c o n d u c t i v i t y  were found 

i n  t h e  Rex Cher t  member i n  t h e  No r th  Henry area t h a t  a r e  n o t  cha rac te r -  

i s t i c  o f  t h e  u n i t  th roughout  t h e  reg ion .  These f r a c t u r e  zones a r e  

be l i eved  t o  be l o c a l i z e d  f e a t u r e s  s i m i l a r  t o  those found i n  l owe r  Dry 

V a l l e y  by p rev ious  i n v e s t i g a t o r s .  Three ground wate r  f l o w  systems 

were d e l i n e a t e d  i n  t he  No r th  Henry area:  ( a )  a  l o c a l  f l o w  system i n  



t h e  sha l low a l l u v i a l  and upper p o r t i o n  o f  t h e  sedimentary rock  on t h e  

eas t  s i d e  o f  "Henry Ridge", ( b )  a  ground water f l o w  system i n  t h e  

a l luv ium/basa l  t i n  Henry Val 1  ey and ( c )  a  r e g i o n a l  ground water  f l o w  

systeni i n  t h e  Wel ls fo rmat ion .  The a l l u v i a l / b a s a l t  f l o w  system i s  of 

p a r t i c u l a r  importance because wate r  f rom t h e  L i t t l e  B lack foo t  R i v e r  

may recharge t h e  f l o w  system and move f rom t h e  b a s a l t  i n t o  t h e  zones 

o f  h i ghe r  hydraul  i c  c o n d u c t i v i t y  w i t h i n  t he  Phosphoria fo rmat ion .  

T h i s  water  may thus e n t e r  mine p i t s  t h a t  a r e  cons t ruc ted  below t h e  

stream l e v e l .  However, t h e  t o t a l  volume o f  wa te r  movement f rom t h e  

b a s a l t  i n t o  t h e  Phosphoria f o rma t i on  i s  be l i eved  t o  be sma l l .  A por -  

t i o n  o f  t h e  stream recharge t o  t h e  b a s a l t  occurs f rom water  movement 

d i r e c t l y  i n t o  a  s e r i e s  o f  s i nkho les  t h a t  p robab ly  represen t  t he  sur -  

face  express ion o f  a  p a r t i a l l y  co l l apsed  l a v a  tube.  Most o f  t he  ground 

water  i n  t he  b a s a l t  a q u i f e r  d ischarges t o  t h e  B l a c k f o o t  l a v a  f i e l d  

west o f  t he  mine area. The reg iona l  ground water  f l o w  system i n  t h e  

Wel ls  format ion d ischarges west o f  t he  proposed mine area and i s  

probably  h y d r o l o g i c a l l y  separate f rom t h e  m in ing  a c t i v i t i e s .  The 

e l e v a t i o n  o f  t h e  sp r i ngs  d i scha rg ing  f rom t h e  Wel ls  f o rma t i on  p robab ly  

represen t  t h e  r e g i o n a l  water  t a b l e  and thus denote t h e  lower  l i m l t  

t o  m in ing  w i t h o u t  a  dewater ing program. 

5. Test  w e l l s  i n  t a i l i n g s  and waste p i l e s  a t  two mlne s i t e s  show t h a t  

most o f  t he  mine wastes a r e  unsaturated.  Ground water  f l o w  systems 

w i t h i n  waste p i l e s  a r e  dependent upon s i t e  s p e c i f i c  c h a r a c t e r i s t i c s .  

6 .  Leaching exper i~nen ts  u t i  1  i z i n g  s o i l  samples ob ta ined  from phosphate 

mine waste p i l e s  showed t h a t  a c i d  dra inage f rom these p i l e s  i s  n o t  a  



problem. The l e a c h i n g  exper iments  i n d i c a t e d  t h a t  t h e  e f f l u e n t  would 

have r e l a t i v e l y  low c o n c e n t r a t i o n s  o f  most elements and be s l i g h t l y  

bas i c .  

Ground wate r  f l o w  system t h e o r y  p rov ides  t h e  b a s i s  f o r  t h e  f o r m u l a t i o n  

o f  conceptual  models of wa te r  resource systems f o r  t he  sou theas te rn  

Idaho phosphate f i e l d .  The t h e o r y  o f  ground wate r  f l o w  systems dem- 

o n s t r a t e s  how t h e  env i ronmenta l  f a c t o r s  o f  geology, topography, hydrau- 

l i c  c o n d u c t i v i t y  and f l u i d  p o t e n t i a l  c o n t r o l  ground water  f l o w .  D e f i -  

n i t e  r e l a t i o n s h i p s  between env i ronmenta l  f a c t o r s  and t h e  development 

o f  water  resource  systems have been observed i n  t h e  Western Phosphate 

F i e l d .  Re la t i onsh ips  between e x i s t i n g  water  resource  systems, m in ing  

a c t i v i t i e s  and water  resource impacts have a l s o  been observed. The 

l e v e l  o f  h y d r o l o g i c  impacts f rom m in ing  i s  r e l a t e d  t o  t h e  s i z e  and 

t ypes  o f  ground wate r  f l o w  systems encountered a t  t h e  mine s i t e .  

Hydro log ic  l i m i t a t i o n s  t o  m in ing  a r e  a l s o  dependent p r i m a r i l y  on t h e  

s i z e  and types  o f  f l o w  systems i n t e r c e p t e d  by mine p i t s .  

8. Conceptual models have been developed which can be used t o  i d e n t i f y  

wa te r  resource systems a t  e x i s t i n g  and proposed mine s i t e s  i n  t h e  

sou theas te rn  Idaho phosphate f i e l d .  The models d e l  i n e a t e  ground 

wate r  f l o w  systems based upon geo log i c  s t r u c t u r e ,  topograph ic  c o n f i g -  

u r a t i o n ,  topograph ic  l o c a t i o n  and c l i m a t i c  c o n d i t i o n s  o f  t h e  mine 

area. The models eva lua te  p o t e n t i a l  water  resource  impacts on and 

f rom m i n i n g  based on t h e  s i z e  and types  o f  f l o w  systems t h a t  occur  

a t  a  mine s i t e .  Ground water  f l o w  systems a t  t h e  mine s l t e  a r e  

d e l  i nea ted  w i t h  a  h i g h  degree o f  r e 1  i a b i l  i t y .  P red i c ted  h y d r o l o g l c  



impacts from mining and hydrologic l imi ta t ions  t o  mining a r e  a l so  

expected t o  be re1 iabl e .  

9. A water qua l i ty  model has been constructed and cal ibra ted fo r  the  

stream system i n  the  Upper Blackfoot River basin. The model can be 

used t o  project  stream water qual i t y  impacts from various levels  of 

mining a c t i v i t i e s  on a steady-state basis  by the input of possible 

waste loads and the  simulation of the  downstream a f f ec t s .  The water 

qua l i ty  model i s  s ta te-of- the-ar t  in 1979 and should prove t o  be an 

asse t  in the management of phosphate niin-ing operations fo r  water 

qual i  t y  object ives .  



REFERENCES CITED 

Armstrong,  F.C., 1969, Geo log ic  map o f  t h e  Soda S p r i n g s  quadrang le  
s o u t h e a s t e r n  Idaho :  U.S. Department o f  t h e  I n t e r i o r ,  Geo log ica l  
Survey, Map 1-557, 2 p l a t e s .  

Armstrong,  F. C .  and Cressman, E. R. , 1963, The Bannock T h r u s t  Zone 
s o u t h e a s t e r n  Idaho:  U . S .  Department o f  t h e  I n t e r i o r ,  G e o l o g i c a l  
Survey, P r o f e s s i o n a l  Paper 374-5, 22 p .  

B i l l  i n g s ,  M. P.  , 1954, S t r u c t u r a l  Geology, second e d i t i o n :  P r e n t i c e - H a l l  , 
I n c . ,  Englewood C l i f f s ,  N.J., 514 p. 

Brooks,  T.D., 1979, Hydrogeology o f  t h e  Proposed N o r t h  Henry Mine,  
s o u t h e a s t e r n  Idaho:  M.S. t h e s i s  i n  p rog ress ,  U n i v e r s i t y  o f  Idaho.  

Buchanan, T. J .  , and Somers, W.  P., 1976, D ischarge  measurements a t  gag ing  
s t a t i o n s :  Techniques o f  Water Resources I n v e s t i g a t i o n s  o f  t h e  
U.S. G e o l o g i c a l  Survey,  ch.  A8, 65 pp. 

Cannon, M . R . ,  1979, R e l a t i o n s h i p s  between m i n i n g  and w a t e r  r e s o u r c e  
systems i n  t h e  s o u t h e a s t e r n  Idaho phosphate f i e l d :  M.S. t h e s i s  
i n  p rog ress ,  U n i v e r s i t y  o f  Idaho.  

Chen, C.W.  and We l l s ,  J .T . ,  J r . ,  1975, Bo ise  R i v e r  wa te r  q u a l i t y  - e c o l o g i c a l  
model f o r  urban p l a n n i n g  s t u d y :  T e t r a  Tech, I n c .  

Combe, C.E., 1970, Repor t  on W-p i t  pump t e s t :  unpub l i shed  F.M.C. C o r p o r a t i o n  
memorandum, 11 p. 

Corbet  , T. F. , J r .  , 1979, Hydro logy  o f  t h e  Gay Mine a rea ,  sou theas te rn  
Idaho:  M.S. t h e s i s  i n  p r o g r e s s ,  U n i v e r s i t y  o f  Idaho.  

Cressman, E. R .  , 1964, Geol ogy o f  t h e  Georgetown Canyon-Snowdri f t  
Mounta in  a rea ,  s o u t h e a s t e r n  Idaho:  U.S. Department o f  t h e  I n t e r i o r ,  
G e o l o g i c a l  Survey,  B u l l e t i n  1153, 105 p .  

Cressman, E . R . ,  and Gulbrandsen, R.A., 1955, Geology of t h e  D r y  V a l l e y  
quadrang le ,  Idaho:  U.S. Department o f  t h e  I n t e r i o r ,  G e o l o g i c a l  
Survey,  B u l l e t i n  1015-1, 18 p .  

D ion,  1V.P. , 1974, An e s t i m a t e  o f  leakage f r o m  B l a c k f o o t  R e s e r v o i r  t o  
Bear R i v e r  Bas in ,  s o u t h e a s t e r n  Idaho:  Idaho Department o f  Water 
A d m i n i s t r a t i o n ,  Water I n f o r m a t i o n  B u l l e t i n  No. 34, 24 p. 

Edwards, T. K. , 1977, Hydrogeol ogy o f  t h e  proposed phosphate m i n i n g  
a rea  i n  t h e  Diamond Creek d ra inage ,  Car ibou  County, Idaho:  
L l n i v e r s i t y  o f  Idaho, M.S. t h e s i s ,  111 p .  



Freeze, R.A.  , and W i  therspoon, P.A. , 1966, T h e o r e t i c a l  a n a l y s i s  o f  
r e g i o n a l  groundwater f l o w ,  I : A n a l y t i c a l  and numer ica l  s o l u t i o n s  
t o  t h e  mathematical  model : Water Resources Research, Vol . 2, 
No. 4, p.  641-656. 

Freeze, R.A.  , and Witherspoon, P.A. , 1967, T h e o r e t i c a l  a n a l y s i s  o f  
r e g i o n a l  groundwater f l o w ,  I 1  : E f f e c t  o f  wa te r  t a b l e  c o n f i g u r a -  
t i o n  and subsur face p e r m e a b i l i t y  v a r i a t i o n s :  Water Resources 
Research, Vol . 3, No. 2, p. 623-634. 

Geraghty and M i l  1 e r ,  I nc .  , 1971 , Ava i l  a b i l  i t y  o f  groundwater i n  t h e  
East Area, Gay Mine: Unpubl i shed  P r i v a t e  Consu l t i ng  Repor t ,  
9 P. 

Gul brandsen, R.A.  ; McLaughl i n ,  K.D. ; Honkala, R.S. ; and Clabaugh, S.  E., 
1956, Geology o f  t h e  Johnson Creek quadrangle,  Car ibou County, 
Idaho: U.S. Department of  t h e  I n t e r i o r ,  Geo log ica l  Survey 
B u l l e t i n  1042-A, 23 p.  

Hammer, S i l v e r ,  George Assoc ia tes e t . a l . ,  1975, Regional  assessment 
s tudy  o f  t h e  Chattahoochee-Flint-Apalachicola bas in :  N a t i o n a l  
Commission on Water Q u a l i t y .  

Idaho Department o f  Environmental  and Community Serv ices ,  1973, Water 
q u a l i t y  s tandards and wastewater t rea tment  requi rements.  

Lehman, N.E., 1966, Geology and m ine ra logy  o f  t h e  F o r t  H a l l  phosphate 
d e p o s i t ,  Idaho: M.S.  Thes is ,  U n i v e r s i t y  o f  Ar lzona,  184 p. 

Lowel 1 , W.R., 1952, Phosphat ic r ocks  i n  t h e  Deer Creek-Well s Canyon 
area, Idaho: U .S .  Department o f  t h e  I n t e r i o r ,  Geo log ica l  Survey, 
B u l l e t i n  982-A, 52 p. 

Leopold,  L.B. and Maddock, T. ,  1953, The h y d r a u l i c  geometry o f  stream 
channels  and some phys iograph ic  i m p l i c a t i o n s :  U.S. Geo log ica l  
Survey Pro fess iona l  Paper 252. 

McSorley, M. ,  1978, Personal communication t o  Singh: Idaho Department 
o f  Hea l t h  and Wel fare.  

Mans f i e l d ,  G.R. ,  1920, Geography, geology and minera l  resources  o f  t h e  
F o r t  Hal 1 I n d i a n  Reservat ion,  Idaho: U .S. Geo log ica l  Survey 
B u l l e t i n  713, 152 p. 

Mans f i e l d ,  G. R. ,  1927, Geography, geology,  and m ine ra l  resources of  p a r t  
o f  sou theas te rn  Idaho: U.S. Department of t h e  I n t e r i o r ,  Geo log ica l  
Survey, P ro fess iona l  Paper 152, 453 p. 

Mohammad, O.M.J., 1976, Eva lua t i on  o f  t h e  p resen t  and p o t e n t i a l  impacts  
o f  open p i t  phosphate m in ing  on ground wate r  resource  system i n  
sou theas te rn  Idaho phosphate f i e l d :  U n i v e r s i t y  of Idaho, Ph.D. 
D i s s e r t a t i o n ,  166 p. 



Montgomery, K.M. and Cheney, T.M., 1967, Geology o f  t h e  S t e w a r t  F l a t  
quadrang le ,  Car ibou  County,  Idaho:  U.S. Department o f  I n t e r i o r ,  
G e o l o g i c a l  Survey,  B u l l e t i n  1217, 63 p. 

Ral s t o n ,  D.R.  ; Cannon, M. R . ,  and W i n t e r ,  G . V . ,  1979, Ground w a t e r  f l o w  
systems i n  t h e  Western Phosphate F i e l d  i n  Idaho:  Symposium on 
Mine Hydro1 ogy , Denver, Col orado.  

Ral s t o n ,  D .R .  ; Mohammad, O.M. J .  ; R o b i n e t t e ,  M.  J .  ; and Edwards, T. K., 
1977, S o l u t i o n s  t o  w a t e r  r e s o u r c e  problems a s s o c i a t e d  w i t h  
o p e n - p i t  m i n i n g  i n  t h e  phosphate area o f  s o u t h e a s t e r n  Idaho:  
Comple t ion Repor t  f o r  Groundwater Study C o n t r a c t  No. 50-897, 
U.S. Department o f  A g r i c u l t u r e ,  F o r e s t  S e r v i c e ,  125 p. 

Ral s t o n ,  D . R . ,  and T r i h e y ,  E.W.,  1975, D i s t r i b u t i o n  o f  p r e c i p i t a t i o n  i n  
L i t t l e  Long V a l l e y  and Dry  V a l l e y ,  Car ibou  County, Idaho:  Idaho 
Bureau of Mines and Geology, I n f o r m a t i o n  C i r c u l a r  No. 30, 13 p. 

Raymond, L.C., and W i l l i a m s ,  J.S., 1973, Dewater ing o f  o r e  bod ies  a t  
t h e  Gay Mine, F o r t  H a l l  I n d i a n  Reserva t ion ,  Idaho:  unpub l i shed  
r e p o r t ,  8 p. 

R ioux,  R.L. ; H i t e ,  R.J. ; Dyn i ,  J.R. ; and Gere, W.C. ,  1975, Geo log ic  map 
o f  t h e  Upper V a l l e y  quadrar lg le,  Car ibou  County Idaho:  U.S. Depar t -  
ment o f  I n t e r i o r ,  G e o l o g i c a l  Survey,  Map 60-1194, 6 p. and 1 p l a t e .  

Reece, D . E . ,  1975, A s t u d y  o f  l e a c h i n g  o f  m e t a l s  f r o m  sediments and o r e s  
and t h e  f o r m a t i o n  o f  a c i d  mine w a t e r  i n  t h e  Bunker H i l l  Mine:  
M.S. Thes is ,  Department o f  Chemis t ry ,  U n i v e r s i t y  o f  Idaho.  

R o b i n e t t e ,  M ichae l  Joseph, 1977, Ground w a t e r  f l o w  systems i n  Lower Dry 
V a l l e y ,  Car ibou  coun ty ,  Idaho:  U n i v e r s i t y  o f -  Idaho,  M.S. ~ h e s i s ,  
115 p. 

S ingh,  Harbha jan,  1979, C o n s t r u c t i o n  and a p p l i c a t i o n  of  a w a t e r  q u a l i t y  
model f o r  t h e  Upper B l a c k f o o t  R i v e r  b a s i n  i n  Car ibou  N a t i o n a l  
F o r e s t ,  Idaho:  U n i v e r s i t y  o f  Idaho,  Ph.D. D i s s e r t a t i o n  i n  p rog ress .  

S y l v e s t e r ,  K.A., 1975, A p r e l i m i n a r y  e v a l u a t i o n  o f  ground w a t e r  i n  
Upper D r y  Val l e y  and L i t t l e  Long V a l l e y ,  Car ibou  County,  Idaho:  
Idaho Bureau of  Mines and Geology, Pamphlet 159, 97 p .  

Toth ,  J . ,  1963, A t h e o r e t i c a l  a n a l y s i s  o f  groundwater  f l o w  i n  smal l  
d r a i n a g e  b a s i n s :  J o u r n a l  o f  Geophys ica l  Research, Vol . 68, No. 16, 
p. 4795-481 2. 

U.S. Department o f  Commerce, N a t i o n a l  Oceanic and Atmospher ic A d m i n i s t r a t i o n  
(NOAA) ; C l  i m a t o l  o g i c a l  Data - Annual Surnmary, Idaho.  
a )  1961, v o l .  64, No. 13,  p. 178 
b )  1962, v o l .  65, No. 13, p. 180 
c )  1963, v o l .  66, No. 13, p. 179 



d )  1964, v o l .  67, No. 13, p.  209 
e )  1965, v o l .  68, 110. 13, p.  205 
f )  1966, v o l .  69, No. 13, p.  190 
g )  1967, v o l .  70, No. 13, p.  196 
h)  1968, v o l .  71, No. 13, p. 198 
i )  1969, v o l .  72, No. 13, p. 192 
j) 1970, v o l .  73, No. 13, p. 208 
k )  1971, v o l .  74, No. 13, p. 206 
1 )  1972, v o l .  75, No. 13, p. 196 
m) 1973, v o l .  76, No. 13, p. 4 
n )  1974, v o l .  77, No. 13, p. 4 
o )  1975, v o l .  78, No. 13, p. 4 
p )  1976, v o l .  79, No. 13, p. 5 
q )  1977, v o l .  80, No. 13, p.  5 

U.S. Department o f  t h e  I n t e r i o r  and Department o f  A g r i c u l  t u r e ,  1977, 
F i n a l  env i ronmenta l  impact s ta tement  - development o f  phosphate 
resources  i n  southeastern Idaho: Geo log ica l  Survey, Bureau of 
Land Management and Fores t  Serv ice ,  p.  P-1. 

U.S. Department o f  t h e  I n t e r i o r ,  Geo log ica l  Survey: 
a )  1974, Sur face water  supp l y  o f  t h e  Un i t ed  S ta tes ,  1966-70: 

Water Supply Paper 2134, p a r t  13, p. 118. 
b )  Water Resources Data f o r  Idaho, 1971, P a r t  1,  Sur face Water 

Records, p .  102. 
c )  Water resources da ta  f o r  Idaho, 1972, P a r t  1, Sur face Water 

Records, p. 101. 
d )  Water resources da ta  f o r  Idaho, 1973, P a r t  1 , Sur face Water 

Records, p .  102. 
e )  Water resources da ta  f o r  Idaho, 1974, P a r t  1 , Surface Water 

Records, p. 112. 
f )  Water resources da ta  f o r  Idaho, Water Year 1975, p. 146. 
g )  Water resources da ta  f o r  Idaho, Water Year 1976, p. 213. 
h )  P r o v i s i o n a l  da ta ,  unpubl ished,  1977 water  year .  

U.S. Environmental  P r o t e c t i o n  Agency, 1973, Processes, procedures, and 
methods t o  c o n t r o l  p o l l u t i o n  f rom m in ing  a c t i v i t i e s :  EPA-430/9- 
73-01 1 , October,  390 p. 

U.S. Environmental  P r o t e c t i o n  Agency, 1977, Water q u a l i t y  management 
guidance f o r  m ine- re la ted  p o l l u t i o n  sources (new, c u r r e n t  and 
abandoned) : EPA-440/3-77-027, December. 

U .S.  Pub1 i c  Hea l t h  Serv ice ,  1962, D r i n k i n g  water  s tandards:  U .S. Department 
of Hea l t h  and Welfare,  PHs Pub. No. 956. 

Vande l l ,  T.D., 1978, Ana l ys i s  o f  t h e  hydrogeology o f  t h e  Phosphoria 
f o rma t i on  i n  Lower D ry  V a l l e y ,  Car ibou County, Idaho: U n i v e r s i t y  
o f  Idaho, M.S. Thes is ,  116 p. 

Wai, C.M.,  1979, Personal communication concern ing l each ing  exper iments  
on phosphate waste dump m a t e r i a l s :  U n i v e r s i t y  o f  Idaho, Chemistry 
Department. 



Winter ,  G . V . ,  1979, Ground water f l ow systems o f  t h e  phosphate sequence, 
Caribou County, Idaho: M.S .  Thes is ,  U n i v e r s i t y  o f  Idaho, 120 p.  

' Winter ,  G .V .  and Rals ton,  D.R. ,  1979, Ground water  f l o w  systems i n  t h e  
"phosphate sequence" o f  southeastern Idaho: Seventeenth Annual 
Engineer ing Geology and S o i l s  Engineer ing Symposium, Moscow, Idaho. 

Yearsley,  J.R., 1975, A steady s t a t e  r i v e r  bas in  water  q u a l i t y  model : 
U.S. Environmental P r o t e c t i o n  Agency, unpubl ished.  



Idaho Water Resource Research I n s t i t u t e  
13, Type of Report and 

Period Covered 

e r  resource systems i n  t h e  Western Phosphate F i e l d  a r e  t h e  r e s u l t  o f  t h e  i n -  

resource systems a r e  t h e  development o f  open p i t s  and waste p i l e s .  P r e d i c t i o n  o f  water 
resource impacts on and from min ing  can o n l y  be accomplished i f  i t  i s  known how changes 
i n  environmental c o n d i t i o n s  a f f e c t  f l o w  systems, because min ing  necessa r i l y  a l t e r s  t h e  
environment o f  a  mine s i t e .  

Detai  1  ed s tud ies  o f  two mine areas were conducted t o  obta-i n  a d d i t i o n a l  hydrogeol og i  c  
i n s i g h t  on f l o w  pa t te rns  i n  t he  "phosphate sequence" o f  geo log ic  u n i t s .  A l i m i t e d  study 
o f  phosphate waste p i l e s  showed t h a t  chemical l each ing  and associated a c i d  product ion  i s  
no t  a  problem. Models o f  groundwater f l o w  were constructed.  These may be used t o  
evaluate bo th  t h e  min ing impacts on t h e  water  resource systems and t h e  hydro log ic  l i m i t a -  
t i o n s  t o  mining. The d e l i n e a t i o n  o f  impacts i s  based on t h e  s i z e  and types o f  f l o w  
systems which occur a t  t h e  mine s i t e .  A water qual i t y  niodel o f  t h e  upper B lack foo t  
River bas in  was a l s o  cons t ruc ted  t o  p rov ide  a  bas i s  f o r  t h e  p r o j e c t i o n  o f  stream water 
qual i ty impacts from var ious  l e v e l s  o f  min ing  a c t i v i t i e s .  
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