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A . l  INTRODUC T I ON AND INTER I M  A C T I ONS AT  THE  O L D  AND NEW R I F L E  S I TES 

A . l . l PURPOSE 

Th i s  a ppend i x  p ro v i d es  the i n f o rma t i on needed to u n d e rs ta n d  t h e  
c on c eptua l d e s i g n s  f o r  t h e  remed i a l  a c t i on a l te rna t i ves  add res sed  i n  
t h i s  en v i ronmenta l i mpac t  s ta tement  ( E I S ) . I t  i s  i ntended  t o  p ro v i de 
s uf f i c i en t  d e ta i l s  f o r  t h e  rea d e r  t o  eva l u a te t h e  f e a s i b i l i ty a n d  
a s s e s s  t h e  i mpa c t s  o f  e a c h  remed i a l  a c t i on a l terna t i ve .  I t  i s  n o t  
i n tended t o  pro v i d e  t h e  deta i l ed e n g i nee r i ng n e c e s sa ry t o  i mp l ement 
t h e  a l te rn a t i ves . Deta i l s  o f  t h e  p re f e rred remed i a l  ac t i on wi l l  be 
p re s en ted i n  the remed i a l  a c t i on p l a n  ( RA P ) . 

The remed i a l  a c t i on a l te rna t i ves  add re s s ed i n  t h i s  E I S  i nc l u d e  n o  
a c t i on ,  sta b i l i z a t i on a t  t h e  New R i f l e  s i te , d i s p o s a l  a t  t h e  E s tes  
Gu l c h s i te , and  d i s pos a l  a t  t h e  Lucas  M e s a  s i te .  A l l a l te rna t i ve s  
i nc l ude  i n te r i m  a c t i on s  t o  remed i a te ex i s t i ng h ea l th a n d  s a fety h a za rd s  
t o  t h e  R i f l e  c ommun i ty t h a t  p res e n t l y ex i s t  a t  t h e  O l d a n d  New R i f l e  
p roces s i ng s i tes . F i gu res  A . l . l  a n d  A . l . 2  s h ow t h e  l oc a t i on s  o f  the  
R i f l e  ta i l i n g s  s i tes , t h e  E s t e s  Gu l c h a n d  L u c a s  Mesa  a l te rnate  d i s posa l 
s i tes , a n d  the  p ro p o s ed b o r row s i te s . I t  s h ou l d  be  noted tha t the  
b o r row s i tes  i nc l uded  i n  t h i s  E I S we re s e l e c t e d  a s  t h e  s o u rc e s  o f  t h e  
nec e s s a ry b o r row mat e r i a l s f o r  i mp a c t s  a n a l y s e s  p u rp o s e s  on l y .  The 
borrow s i tes  to  be u s ed f o r  the remed i a l  ac t i on wi l l  be  s e l ected  d u r i ng 
t h e  f i na l  d e s i gn . 

A . l . 2  D E S I GN O B J E C T I VES 

The p u rpose o f  the remed i a l  a c t i on i s  t o  s t a b i l i ze and c o n t ro l  the 
u ra n i um m i l l  ta i l i ng s  ( re s i d ua l rad i oa c t i ve wa s te s )  and o t h e r  contami 
n a ted ma t e r i a l s  i n  a ma n n e r  wh i c h  c omp l i e s w i t h  t h e  U . S .  E n v i ronme n ta l 
P rotec t i on Agency ( E PA)  s t a nd a rd s  ( 40 Code  o f  Fed e ra l  Reg u l a t i on s  Pa rt 
1 9 2 ) . Con s i s tent  wi t h  th i s  p u rp o s e  a n d  t h e  E PA s ta nda rd s , t h e  f o l l ow i ng 
maj o r  d es i gn obj e c t i ves  h a ve been e s t a b l i s hed : 

o Red u c e  t h e  a ve rage rad o n  f l ux f rom t h e  s i te to  l eve l s  c o n s i s tent 
wi th  the  E PA s t a n d a rd s . 

o Des  i gn  c o n t ro l s to  be  e f fec t i ve  f o r  u p  to 1 000 yea rs to  t h e  
e x t e n t  rea s ona b l y  a c h i eva b l e, a nd, i n  a ny ca s e , f o r  a t  l ea s t  
200 yea rs . 

o En s u re t h a t  ex i s t i ng o r  a nt i c i pated b e n e f i c i a l  u s e s  o f  s u rf a c e  
a n d  g ro un dwa ters a re n o t  a d v e rs e l y a f fec ted . 

o Red u c e  contam i n a n t  l eve l s  ( rad i um-22 6 )  i n  a rea s re l ea s ed f o r  
u n res t r i c ted u s e  to  l ev e l s c on s i s te n t  wi th  t h e  E PA s ta nda rd s . 

o M i n i m i ze t h e  l a nd a rea to  be  o c c u p i ed by t h e  s t a b i l i zed 
ta i l i ngs . 

o P ro v i de f l ood p rotec t i on ,  run o f f  a n d  s ed i ment  c o n t ro l , a n d  
t rea tment  o f  wa s tewa t e r  a s  req u i red . 

A- l  
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o P revent i nad vertent h uma n i nt ru s i on i n t o  t h e  s ta b i l i zed 
ta i l i ngs . 

o M i n i m i ze p l a n t  root penet ra t i on a nd a n i ma l  b u rrowi ng i n to  t h e  
s t a b i l i zed ta i l i n gs . 

o P rotect  a ga i n s t  re l ea s es  o f  c ontam i na n t s  f rom t h e  s i te s  d u r i ng 
c o n s t ru c t i on .  

o M i n i m i ze t h e  a re a s  d i s t u rbed d u r i ng c o n s t ruc t i on a n d  h uma n 
expo s u re to  c ontam i na ted ma t e r i a l s .  

A . l . 3  I NTER I M  A C T I ONS AT THE O L D  A N D  N EW R I F L E  S I TES ON L Y  ( NO A C T I ON 
A L  TERNATI VE )  

A . l . 3 . 1  Majo r d e s i gn fea t u res  

Und e r  t h i s  a l te rna t i ve ,  no  s te p s  wou l d  be  t a k e n  towa rd 
remed i a l  a c t i on a t  t h e  ta i l i ng s  s i te s  a nd t h e  v i c i n i ty p ro p e r
t i e s . Howeve r ,  t h i s  a l t e rna t i ve d oe s  c o n s i d e r  t h e  c omp l e t i on 
o f  i nte r i m  a c t i on s  a c t i v i t i es a t  t h e  O l d  a n d  New R i f l e  p ro 
c e s s i ng s i tes  by A u g u s t  1 989 to  remed i a te ex i s t i ng sa fety 
ha za rd s  to  the R i f l e  c ommu n i ty .  The a c t i on s  i nc l ud e  s u c h  
a c t i v i t i e s a s  e s t a b l i s hment  o f  temp o ra ry a nd c o n s t ru c t i on 
fa c i l i t i e s ,  remo va l o f  a s b e s t o s  a nd o t h e r  c hemi ca l s  a n d  ma te
r i a l s ,  d emo l i t i on of u n s ta b l e  a nd u n s a fe m i l l  s t ru c t u re s , a n d  
i mp ro v i ng  s i te  sec u r i ty .  Va nad i um-c o ntami na ted ma te r i a l s  wo u l d  
b e  t ra n s fe rred t o  a vanad i um p roc e s s i ng fa c i l i ty f o r  rep ro 
ce s s i ng ;  a l l  o t h e r  c h em i ca l s ,  a c i d s  a nd ma te r i a l s  wou l d  b e  
t ra n s fe rred to  l i c e n s ed d i s p o s a l  s i te s . T h e  maj o r  a c t i v i t i e s  
f o r  th i s  i n te r i m  a c t i o n  a re d i s c u s s ed i n  deta i l  i n  Sec t i on 
A . l . 3 . 3 .  The f o l l owi ng a c t i v i t i e s a t  e a c h  s i te a n d  t h e  b o r row 
s i te a re requ i red : 

At t h e  O l d  a nd New R i f l e  s i tes  

Upgrad i ng ( a s  n e c e s s a ry )  o f  the  a c c e s s  road f rom e a c h  
ta i l i ngs  s i te to U . S .  H i ghway 6 .  

- Sea l i ng ,  remo v i ng  o r  p l ugg i ng o f  a l l ex i s t i ng a ba nd o ned 
u t i l i t i e s  and we l l s .  

I n s ta l l a t i on o f  p e rma n ent  s ec u r i ty f e n c e s  w i t h  l oc k ed 
g a t e s  a nd wa rn i ng s i gn s  at ea c h  s i te to  i n h i b i t  i na d 
vertent h uma n i n t ru s i o n .  

- C o n s t ruc t i on o f  wa s tewa t e r  reten t i on ba s i n ( s )  a t  ea c h  
s i te t o  p rotect  a ga i n s t  re l ea s es o f  a ny c ontam i n a n t s  
f rom t h e  s i tes  d u r i ng i nte r i m  a c t i o n s. 
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C on s t ruc t i on o f  d ra i nage  c on t ro l  mea s u re s  a t  e a c h  s i te 
t o  d i rec t  a l l wa s t ewa t e r  a n d  s t o rm-wat e r  runof f  t o  the  
retent i on ba s i n ( s )  d u r i ng  i n te r i m  ac t i on .  

I n s ta l l at i on a n d  o p e ra t i on o f  a wa s t ewa te r  t rea tment 
fac i l i ty ( i f  n e c es s a ry )  a t  ea c h  s i te t o  p rotect a ga i ns t  
t h e  i na d v e rt e n t  re l ea s e  o f  c ontam i n a n t s  d u r i ng  i nt e r i m  
a c t i on s . 

Imp l emen t a t i on o f  mea s u res  t o  c on t ro l  e ros i on a n d  s ed i 
men ta t i on f rom d i s t u rbed a re a s  a t  e a c h  s i te d u r i ng t h e  
i n t e r i m  a c t i o n s . 

C on s t ruc t i on of  t empo ra ry c o n s t ru c t i on fa c i l i t i e s ,  s uc h  
a s  a s bestos  c o n t ro l  a rea s , a i rt i gh t  a s be s t o s  ba r r i e rs . 
d ec ontam i n a t i on enc l os u re systems a t  a s be s t o s  c on t ro l  
a rea e n t ra n c e s  a nd ex i ts ,  c o n s t ru c t i on wo rk e r  fa c i l i 
t i es , a n d  a n  equ i pment  s tag i ng a rea . 

A s b e s tos  remova l f rom a l l m i l l  s i te a reas  and  p a c k a g i ng 
f o r  d i s p o s a l . I n c l u d e s  p o s t - remova l c l ea n  up  o f  wo rk 
a re a s  and  s p ray i ng of remova l s u rf a c e s  wi t h  an e n c a p s u
l at i ng ma te r i a l  t o  p revent f i b e rs f rom bec om i n g  a i r
b o rne d u r i ng  d emo l i t i on .  

C o l l ec t i ng a nd t ra n s f e r  o f  a l l vanad i um-contami nated 
wa s t e s  t o  a vanad i um p ro c e s s i n g f a c i l i ty f o r  rep ro
c e s s i ng .  

Demo l i t i on o f  a l l b u i l d i ngs . f o u n d a t i on s . s t ru c t u res , 
c o n veyors . b i n s , tank s . s ca l e s , d rums . ex i s t i ng f e n c i ng 
a n d  p i p i ng ;  t ra n s f e r  o f  a l l c ru s h ed demo l i t i on d e b r i s 
t o  a n  app roved d i s po s a l  fac i l i ty .  

Remova l .  p l ugg i ng o r  sea l i ng o f  a b a n d on ed o r  u n n ec e s 
sa ry u t i l i t i es a n d  t e s t  we l l s .  

Re s t o ra t i on o f  t h e  d i s t u rbed a rea s at both  s i t e s  wi th  
c l ea n  f i l l  ma te r i a l  a n d  g rad i ng to  p romote pos i t i ve 
d ra i nage . I n c l udes  revegeta t i on o f  t h o s e  d i s t u rbed 
wet l a n d s  requ i ri ng re s t o ra t i on a reas  to re -es ta b l i s h 
p l a n t  s pec i es i d ent i c a l  o r  s i m i l a r  to  t h o s e  that  
p res ent l y  ex i s t . 

At the  New R i f l e  s i te 

I d en t i f i c a t i on , p a c ka g i ng a n d  remova l of  a l l c h emi ca l s ,  
o i l s ,  s o l vents , etc . ,  t o  a n  a p p rop r i ate  l i c e n s ed 
d i s po s a l fa c i l i ty .  
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At  t h e  Sec ond  S t reet  a n d  New R i f l e  b o r row s i tes  

E x c a va t i on o f  ea rthe n  mat e r i a l s  f o r  u n c ontami nated f i l l  
a nd s i te res t o ra t i on .  

- T ra ns p o rta t i on by t ru c k  o f  t h e  ea rt h e n  ma te r i a l s  to  t h e  
O l d  a n d  New R i f l e  ta i l i ngs  s i t e s . 

A . l . 3 . 2  Pe rma n e n t  d e s i gn fea t u res  

Des c r i pt i on o f  f i na l  c ond i t i ons  

A 1 1  o f  the  u n s ta b l  e m i  1 1  s t ru c t u res  a t  both  s i tes  wou l d  
b e  d emo l i s hed , c ru s h ed , a nd removed t o  a n  a p p ro p r i a t e  d i s p os a l  
fa c i l i ty .  A l l a s bestos , c hemi c a l s  a nd ma te r i a l s  wou l d  be 
pac kaged a nd t ra n s f e rred to  a l i c e n s ed d i s p os a l  fac i l i ty .  A l l 
va nad i um-c ontami nated ma t e r i a l s  wou l d  be  t ra n s fe rred to  a va na
d i um p ro c e s s i ng fac i l i ty f o r  rep roc es s i ng . Both  s i te s  wou l d  
b e  tota l l y res t r i c ted f rom u s e  a n d  wou l d  be enc l o s ed by a 
p e rma ne n t  s e c u r i ty f e n c e  wi t h  l oc k ed gates  a nd wa rn i ng s i g ns . 
Those  a reas  d i s t u rbed d u r i ng  t h e  i n te r i m  a c t i on s  wou l d  be re
s t o red wi t h  c l ea n  f i l l  a nd g ra d ed to  p romote pos i t i ve d ra i nage . 
D i s tu rbed wet l a n d s  requ i r i ng res t o ra t i on wou l d  be  revegetated 
t o  re -es ta b l i s h p l a n t  s pec i e s i de n t i c a l  or s i m i l a r  t o  t h o s e  
t h a t  p re s e n t l y  ex i s t .  The  ta i l i ng s  p i l e s wo u l d  rema i n  i n  t he i r 
p re s e n t  l oc a t i on s  a n d  c o nd i t i on s , a n d  t h e  c ontami nated ma te
r i a l s  wou l d  be s u b j e c t  to  d i s p e rs i on by wi nd  a nd wa te r e ros i on 
a nd u n a u t h o r i zed  remova l by ma n .  The  c ontam i na t i on o f  g rou nd
wa t e r  benea t h  t h e  ta i l i ngs  s i tes  wo u l d  c ont i n ue  f o r  an i nd e f i 
n i te pe r i od o f  t i me .  

Dec ontam i na t i on a nd res t o ra t i on 

Contami nated d e b r i s res u l t i ng f rom t h e  d emo l i t i on o f  t h e  
ex i s t i ng b u i l d i ng s  a nd s t ru c t u re s  wou l d  be pa cka ged a nd t ra n s 
f e r red to  t h e  a p p rop r i a t e  l i c e n s ed d i s p os a l  fa c i l i ty .  M i xed  
wa s t e s , a s be s t o s  a nd c hemi c a l s  wou l d  be pa c k a ged a nd t ra n s 
f e rred to  a l i c e n s ed d i s p o s a l f a c i l i ty .  Va nad i um-c ontami nated 
mate r i a l s  wou l d  be  t ra n s fe r red t o  a vanad i um p roc es s i ng 
fac i l i ty f o r  rep roces s i ng .  

A f t e r  c omp l e t i on o f  the  i n te r i m  a c t i on s , a l l  d i s t u rbed 
a re a s  wou l d  be res t o red wi t h  c l ea n  f i l l  a nd g raded  t o  p romote 
pos i t i ve d ra i nage . D i s t u rbed wet l a nd s a rea s wo u l d  be re vege
ta ted to  re -es t a b l i s h  p l a n t  s p e c i e s i d ent i ca l  or s i m i l a r  to  
t h o s e  that p re s en t l y  ex i s t .  

S i te d ra i nage 

Du r i ng t h e  i n t e r i um a c t i on a c t i v i t i es , temp o ra ry s i te 
d ra i nage c o n t ro l  fa c i l i t i es wou l d  be  c o n s t ruc ted to  d i rec t  a l l  

A-6 



wa s t ewa t e r  a n d  s t o rm-wa t e r  runo f f  i nto  t h e  reten t i on ba s i ns .  
A f t e r  t h e  c omp l et i on o f  i n te r i m  a c t i on ,  t h e  d i s t u rbed a reas  
wou l d  be  g ra d ed to  p romote pos i t i ve d ra i nage ; h oweve r ,  t h e  no 
a c t i on a l t e rnat i ve does not i nc l ud e  c on s t r uc t i on o f  p e rman e n t  
d ra i nage c on t ro l  o r  P M F  c ont ro l  fac i l i t i e s . 

Grou ndwa t e r  protec t i on 

Remova l o f  t h e  ex i s t i ng c hemi ca l s , o i l s ,  s o l vents, 
c l ea n e rs a nd oth e r  c ontami n a n t s  p r e s e n t  a t  the  New R i f l e  s i te 
wou l d  remove poten t i a l  sou rc e s  o f  g round  a nd s u rf a c e  wa t e r  
c o n tami n a t i on .  U n d e r  t h e  no  a c t i on a l ternat i ve ,  t h e  ta i l i ngs  
p i l es wou l d  rema i n  i n  t he i r p re s e n t  l oc a t i on s  a n d  cond i t i ons; 
t h e re fo re , t h e  c on tami nat i on o f  g ro u ndwa t e r  benea t h  t h e  p i l e, 
a n d  the  r i s k  o f  s u rf a c e  wa t e r  contami nat i on ,  wou l d  c on t i nue  
f o r  a n  i nd e f i n i te p e r i od o f  t i me .  

S i te acc e s s  

Afte r the  i nte r i m  a c t i o n s  h a ve been c omp l eted , both  
p roces s i ng s i tes  wou l d  be  s u r rounded  by pe rma nent  sec u r i ty 
f e n c i ng w i t h  l oc k ed gates  a n d  wa rn i ng s i g n s  to  d i s c o u rage  
i na d ve rt e n t  h uma n i nt ru s i on .  

A . l . 3 . 3  Major c o n s t ruc t i on a ct i v i t i e s  

Layout  

The s t a g i ng a rea a t  t h e  O l d R i f l e  s i te wou l d  be i n  the  
f o rme r m i l l  a rea n o rt hea s t  o f  t h e  p i l e .  At t h e  New Ri f l e 
s i te ,  t h e  stag i ng a rea wou l d  be  i n  t h e  f o rme r mi l l  bu i l d i ng s  
a rea n o r t h  o f  t h e  p i l e .  Equ i pment  d econtam i nat i on fa c i l i t i es 
wou l d  be a d j a c ent  to  t h e  s t a g i ng a re a s  a t  b o t h  s i tes . D i tc hes  
a n d  berms s u rro u nd i ng t h e  s i te s  wou l d  d i rect uncontam i n a ted 
f l ows out s i d e of t he s i tes  away f rom t h e  s i te s ; c ontami n a ted 
wa t e r  on  the s i te wou l d  be  d i rec t ed to  wa s tewa t e r  reten t i on 
ba s i n s  a nd t reatme n t  fac  i 1 i t  i e s  c o n s t ru c ted on the  s i te . At 
the New Ri f l e  s i te the ba s i n  wou l d  be  c o n s t ructed  s o u t hwe s t  of  
t h e  p i l e ,  a n d  a t  t h e  O l d  R i f l e  s i te t h e  ba s i n  wou l d  be  
c on s t ructed  j u s t  east  o f  t h e  p i l e .  Tempora ry fenc i ng wou l d  
s u rround both  s i tes  d u r i ng t h e  i nte r i m  ac t i on s . 

S i te a c c e s s  

T h e  tempora ry s e c u r i ty f e n c e s  wou l d  p rov i d e c o n t ro l  o f  
t ra f f i  c e n t e r i  ng  a n d  1 e a v i  n g  t h e  s i tes  a nd p revent  u n a u t h o r
i zed t ra f f i c  f rom ente r i n g  t h e  s i tes . E q u i pment  wou l d  be  
d ec ontami nated p r i o r  to l ea v i n g  t h e  s i tes . 
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Stag i ng a rea fac i l i t i e s 

D u r i ng  the  i n te r i m  a c t i o n s , temp o ra ry fac i l i t i e s wo u l d  be  
requ i red for  t h e  i n te r i m  a c t i on wo rk e r s , s up e rv i s o ry , a d m i n i s 
t ra t i on ,  s ec u r i ty a nd a s be s t o s  mon i to r i ng s ta f f . The fa c i l i 
t i es wou l d  c o n s i s t o f  o f f i c e s pa c e ,  wa s h i ng fa c i l i t i es ,  
tempo ra ry a s b e s t o s  c on t ro l  a rea s , a i rt i g ht  a s b e s t o s  ba r r i ers 
to  s epa ra t e  h i g h a s b e s t o s  a rea s , d ec ontam i nat i on e n t ra n c e/ex i t  
enc l os u re systems , c ha n g e  rooms , l a u n d ry a nd p o rta b l e t o i l et s  
f o r  a l l  on-s i te wo rk e rs . On-s i te e q u i pment wou l d  be  s to red i n  
t h e  stag i n g a rea s . Pa rk i ng a rea s wou l d  a l s o be c o n s t ruc ted a t  
t h e  s i tes . 

U t i l i t i e s  

Some wa ter  f o r  d u s t  s up p res s i on wou l d  be rec yc l ed f rom 
wa s tewa t e r  retent i on b a s i n s . Add i t i ona l wa ter  f o r  d u s t  s up 
p res s i on ,  a nd f o r  c on t i n ued wa t e r i ng  o f  t h e  ta i l i ng s  p i l e s a s  
req u i red by C D H , wou l d  be d rawn f rom the  C o l o ra d o  R i ve r .  
Pota b l e wa te r ,  a n d  tempo ra ry e l ec t r i c i ty ,  ga s a n d  phone  
s e rv i c e wou l d  be  obta i ned f rom l oc a l s u pp l i e rs . A l l ex i s t i ng 
aband oned u t i l i t i e s a n d  we l l s  w i l l  be  s ea l ed ,  removed o r  
p l ugged . Tempo ra ry u t i l i ty sys tems wi l l  be  removed u pon  
c omp l et i on o f  the  i n t e r i m  a c t i on s . 

D ra i nage , e ros i on c o n t ro l  a n d  wa s tewa t e r  reten t i o n  ba s i n s 

Du r i n g i nte r i m  a c t i on s , a l l on-s i te d ra i nage  f rom both 
s i tes  wi l l  be  b l oc k ed f rom rea c h i n g o f f -s i te wa t e rways . D i s 
t u rbed a rea s on  t h e  s i te w i  1 1  be  g ra d ed s o  t h a t  ru n o f f  wi 1 1  
d ra i n  i nt o  t h e  temp o ra ry wa s t ewa t e r  rete nt i on bas i n s .  O f f-s i te 
runof f wou l d  be  d i ve rted away f rom t h e  s i te a n d  c ontami nated 
a rea s and i nt o  ex i s t i ng s u rf a c e  d ra i nge ways by d i ve rs i on 
d i tc hes . The wa s tewa t e r  retent i on ba s i n s  wi l l  rec e i ve wa ters 
f rom the  equ i pment  d ec ontami nat i on a rea , d i s t u rbed a rea r u n o f f ,  
p rotec t i ve c l ot h i ng l a u n d ry a nd emp l oyee wa s h i n g fa c i l i t i es .  

Wa s tewa t e r  t reatment 

Wa s tewa te r  generated f rom the  s o u rc e s  me nt i o n ed i n  Sec 
t i on A . 2 . 3 . 5  wou l d  be d i rected  t o  temp o ra ry wa s tewa t e r  reten
t i on ba s i n s  t h a t  wou l d  p ro v i d e p r i ma ry s e tt l i ng a l ong w i th 
f l ow and c ontami n a n t  equa l i za t i on . Some of t h i s  wa ter  wou l d  
be u s ed f o r  d u s t  s up p re s s i on .  The  rema i nd e r  o f  t h i s  wa te r 
would be t rea ted to  meet a p p l  i c a b l e  state  o f  C o l o ra d o  wa ter  
q ua l i ty s t a n d a rd s  b e f o re d i s c ha rge . A fte r c omp l et i on o f  the  
i n t e r i m  a c t i on s , t h e  treatment  sys tem wou l d  be dec ontam i na ted 
and t ra n s fe rred to  a n o t h e r  UMTRA Proj e c t  s i te .  
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D u s t  cont ro l  

D u s t  g e n e rated  by s i te c l ea r i n g , ea rt h  movemen t ,  veh i c l e  
u s e, temp o ra ry ma t e r i a l s s t o c k p i l i ng  a nd s i m i l a r  a c t i v i t i e s  
wou l d  be  cont ro l l ed a nd m i n i m i zed b y  t h e  u s e  o f  wa t e r  a n d  
wat e r-b a s ed s u rfac t a n t s  s p rayed f rom h o s e s  a n d  t ru c k s . 

D u s t  s up p re s s i on wa ters  
recyc l ed i n  pa rt f rom the  
b a s i n s .  The res t  wou l d  be  
pa rt i c u l a rl y  d u s t  s up p res s i on 

f o r  c ontami na ted a re a s  w i l be 
t empo ra ry wa s t ewa t e r  rete n t i on 

d rawn f rom t h e  C o l o ra d o  R i ve r ,  
wat e rs f o r  u n c onta m i nated  a reas . 

The s p rayi ng s c hed u l es w i l l  va ry da i l y a n d  be d e t e rmi ned 
on  an h o u r-by-ho u r  bas i s i n a c c o rd a n c e  wi t h  state  pe rm i ts . 
The f requency  o f  s p ra y i ng wou l d  i n c re a s e  when c omb i na t i on s  o f  
l ow s o i l mo i s t u re a n d  h i g h w i nd s peed we re e n c o u n t e red . 

Spec i a l  c a re wou l d  be t a k e n  t o  c on t ro l  d u s t  a n d  a s bestos  
f i b e rs d u r i ng  s t ru c t u re d emo l i t i on a n d  the  temp o ra ry s to c k 
p i l i ng o r  m i x i ng o f  c ontami na ted ma t e r i a l s .  Wo rk a re a s  w i l l  
be c l eaned  to  a s s u re t h a t  a s bes tos  f i b e rs d o  not  become a i r
bo rne d u r i ng d emo l i t i on .  Su r f a c e s  f rom wh i c h  a s bes tos  has  
been removed wi  1 1  be s p rayed wi  t h  an  e n ca p s u l  a t  i ng ma t e r i  a 1 ,  
a n d  a i r samp l i ng w i l l  be p e r f o rmed to  ve r i fy that  a s b e s tos  
c ontami nat i on l e ve l s a re be l ow reg u l a t e d  l eve l s .  

Borrow s i te 

Two b o r row s i te s  have  been i d en t i f i ed f o r  the  i nt e r i m  
a c t i on s . T h e  Seco nd St reet b o r row s i te i s  a p p rox i ma t e l y  0 . 2  
roa d m i l e  n o rt h  o f  t h e  New R i f l e  s i te . Ea rt hen  ma te r i a l s  f o r  
c l ea n  f i l l  wou l d  b e  p u rc ha s e d  f rom t h i s  ex i s t i n g c omme rc i a l  
borrow s i te and  t ruc ked t o  the  ta i l i ng s  s i te s . The New R i f l e  
b o r row s i te i s  a l o n g  t h e  n o rt h  b a n k  o f  t h e  Co l o ra d o  R i ve r  
a p p rox i ma te l y  0 . 5  road mi l e  we s t  o f  t h e  New R i f l e  ta i l i n gs  
s i te .  Agg regate for  tempora ry road s ,  t h e  d ec ontami  nat  i on  p a d s  
a n d  o t h e r  fac i l i t i e s wou l d  be p u rc ha s ed f rom t h i s  ex i s t i ng 
c omme rc i a l  bo rrow s i te .  

Con s t ruc t i on sequence  

The f o l l owi ng  i s  a c o n s t ru c t i on sequence  f o r  the  i n t e r i m  
a c t i on s  a t  t h e  O l d a n d  New R i f l e  p roc e s s i ng s i tes . I n i t i a l l y ,  
a s i te sec u r i ty sys tem wou l d  be e s t a b l i s hed a t  eac h s i te a nd 
c o o rd i na ted wi th  stag i n g a n d  d e c o ntami na t i on a rea s . Th i s  
wou l d  p ro v i d e  c o n t r o l  o f  t ra f f i c  e n te r i ng  a n d  l ea v i ng e a c h  
s i te a n d  p re vent u n a ut h o r i zed t ra f f i c  f rom ente r i ng t h e  s i tes . 

Nex t , exca vat i on a n d  s toc k p i l i ng  o f  c ontami na ted ma t e r i a l s  
i n  the  a c c e s s  roa d s , a c c e s s  c o n t r o l  a re a s  a n d  decontam i n a t i on 
c o n t ro l  a rea s wou l d  c ommence . The s e  a reas  wou l d  be bac k f i l l ed 
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w i th  u n c o n tami  na ted ma te r i a  1 s f rom t h e  b o r row s i te s . Tempo
ra ry u t i l i t i es ,  g ra ve l  s u rfac i ng ,  o f f i c e  t ra i l e r  a nd worke r  
f ac i l i t i e s wou l d  be  i n s ta l l ed ,  f o l l owed b y  c on s t ruc t i on o f  t h e  
tempo ra ry wa s t ewa te r  rete n t i on b a s i n s a n d  d ra i nage a n d  e ros i on 
c on t ro l  mea s u re s . 

A s b e s to s  wou l d  be removed p r i o r  t o  t h e  demol i t i on o f  t h e  
ex i s t i ng m i l l  s t ruc t u res . The  a s be s to s , demo l i t i on d eb r i s a n d  
any  o t h e r  wa s t e s  d i s c ove red wou l d  be  pac k a ged a p p rop r i a te l y  
a n d  t ra n s fe rred t o  a l i c en s ed d i s p o s a l fac i l i ty .  The  vanad i um
c on ta m i n a ted wa s t e s  wou l d  be  t ra n s fe rred to a vana d i um p ro
c e s s i ng f ac i l i ty f o r  rep roc e s s i ng .  A l l  ex i s t i ng a ba n do n ed 
u t i l i t i es a n d  t e s t  we l l s wou l d  be removed , s ea l ed , o r  p l ugged . 

Demob i l i za t i on wou l d  c on s i s t o f  t h e  remova l o f  t h e  t empo
ra ry wa s tewa te r  retent i on  b a s i n s and  d ra i nage  d i tc he s . The  
wa te r rema i n i ng wou l d  be  t reated and  d i s c h a rged , wh i l e  the  
bottom s l udges  wou l d  be t ra n s f e r red  t o  a d i s p o s a l f ac i l i ty .  
A l l  dec ontami nat i on  fac i l i t i e s wou l d  be  removed a n d  t h e  equ i p
ment  c l ea ned f o r  t ra n s f e rra l t o  a no t h e r  UMTRA P roj e c t  s i te . 
The  s ta g i n g  a re a s  wou l d  be  d i sma nt l ed . The  c o n ta m i nated i tems 
wou l d  be  dec ontam i na ted a n d  s a l va ged . A l l equ i pme nt  wou l d  be 
d ec ontami  nated a n d  i n s pec ted p r i or to re 1 e a s e  f rom t h e  s i te . 
The  f i na l  stages  wou l d  i n v o l ve ree s t a b l i s h i ng o v e ra l l  p os i t i ve 
s i te d ra i nage ; g ra d i ng ;  m i n i ma l  re vegeta t i on , i nc l ud i ng t h o s e  
d i s t u rbed wet l a n d s  a rea s requ i r i ng re s to ra t i on ;  a nd c o n s t ru c 
t i on o f  pe rma n e n t  s ec u r i ty fenc i ng a ro u n d  t h e  s i tes . 

A . 1 . 3 . 4  Rad o n  c o n t r o l  

Ne i th e r  t h e  n o  a c t i on a l te rna t i ve n o r  t h e  i n te r i m  a c t i ons  
c o n s i d e r  c on t ro l  o f  rad o n  f l ux a t  e i th e r  p roces s i ng s i te .  The  
ta i l i ng s  p i l es a nd contami na ted a re a s  wou l d  be l e f t  o n  s i te, 
i n  t he i r  o r i g i na l  pos i t i on a n d  c o nd i t i on s . The c o n tami n a ted 
ma te r i a l s  wou l d  be s ub j e c t  to  d i s p e rs i on by w i nd and wa t e r  
e ro s  i on a n d  una u t h o r i  z e d  remova 1 b y  ma n .  The  c ontami  nat  i on  o f  
g rou ndwa t e r  benea t h  t h e  ta i l  i ng s  p i l e s wou l d  c ont i n ue  f o r  a n  
i nd e f i n i te p e r i od o f  t i me .  

A . 1 . 3 . 5  Des i gn c on s i d e ra t i on s  

T h e  maj o r  d e s i gn c on s i d e ra t i on s  f o r  t h i s  a l terna t i ve i n 
c l ude p ro v i d i n g  f o r  the  remed i ation o f  ex i s t i ng s a f ety h a za rd s  
to  t h e  R i f l e  c ommu n i ty t h a t  a re p r e s e n t  a t  t h e  p roc e s s i ng 
s i tes . 

Whe n  t h e  s t a te a c q u i red t h e  p roc e s s i ng s i tes  i n  1 988 , the  
m i l l  s t ruc t u res  we re u n s a f e  a n d  c o nta i ned a s be s t o s ; a va r i ety 
of o i l s ,  gas ses , s o l vents , c hemi c a l s  and c l ea ne rs , o f t e n  in 
u nma rked c on ta i n e rs or i n  u n s e c u red a rea s , we re p re s e n t  on the  
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New R i f l e  s i te ,  a nd n e i t h e r  o f  t h e  s i tes  wa s gua rd ed o r  c on 
s i d e red phys i ca l l y  sec u red . T h e  c ond i t i on o f  t h e  s i te s  p re 
s e n ted a c on s ta n t  h a za rd t o  t h e  g ro u n d skee p i ng c rew , a s  we l l  
a s  any  l oc a l  res i d ents  who m i g h t  e a s i l y ga i n  una u t h o r i zed 
a c c e s s  to t h e  s i tes . 

I n  ad d i t i on ,  both  s i tes ' p rox i m i ty t o  t h e  C o l o ra d o  R i v e r ,  
c o up l ed w i t h  the  h a za rd o u s  s ub s t a n c e s  p re s e n t  on  the  s i te ,  
c ou l d  res u l t  i n  t h e  poten t i a l  f o r  ad d i t i ona l po l l u t i on  o f  t h e  
r i ver  o r  l oc a l  g ro u ndwa te r ,  n o n c omp l i a n c e  w i t h  a pp l i c a b l e 
water  p o l l ut i on reg u l a t i on s  a n d  a p u b l i c  hea l th h a za rd . 

Bec a u s e  o f  t h e  u n s a f e  c ond i t i on s  a nd t h e  poten t i a l  1 i a
b i l i ty i s s ues , t h e  DOE  a pp roved t h e  i n i t i a t i on o f  t h e  i n te r i m  
a c t i o n s  i n  J u l y  1 988 . Pe r f o rma n c e  o f  t h e  i nte r i m  a c t i on s  wa s 
dete rmi n ed t o  be n e c e s s a ry f o r  p u rp o s e s  o f  h ea l th ,  s a f ety , a n d  
remova l o f  poten t i a l  s o u rc e s  o f  g ro u nd a n d  s u rf a c e  wat e r  c on 
tami nat i on ,  i ndependent  o f  t h e  s e l e c t i on o f  e i t h e r  a n  ac t i on 
a l t e rna t i ve o r  t h e  n o  a c t i on a l t e rn at i ve .  

Wh i l e t h e s e  a c t i v i t i es may be c on s i d e red pa rt o f  t h e  type 
of the s i te p repa rat i on  wo rk t h a t  c o u  1 d p roceed p r i  or t o  re
med i a l  a c t i on , n o  u ra n i um m i l l  ta i l i ng s  p i l e s w i l l  be d i s t u rbed 
as a res u l t  of t h i s  a c t i v i ty .  a nd t h e s e  a c t i v i t i e s w i l l  i n  n o  
way j eopa rd i ze o r  i n f l u e n c e  t h e  Nat i ona l E n v i ronmenta l Po l i cy 
Ac t ( NE PA )  p roce s s . 

I f  t h e  n o  ac t i on a l te rna t i ve i s  s e l ected , a l l wa s tes  and  
c ontami n a ted d e b r i s wi l l  be t ra n s f e rred t o  t h e  a p p rop r i a te ,  
l i c e n s ed d i s po s a l s i te . 

A . l . 3 . 6  Long-te rm s t a b i l i ty 

Ne i th e r  t h e  n o  a c t i on a l t e rna t i ve n o r  t h e  i n te r i m  a c t i o n s  
c on s i d e r  l on g -te rm s i te s ta b i l i ty a t  e i t h e r  o f  t h e  p roc es s i ng 
s i tes . 

A . l . 3 . 7  Groundwa te r  protec t i on 

Ne i th e r  t h e  n o  a c t i on a l te rna t i ve n o r  t h e  i n te r i m  a c t i on s  
c on s i d e r  g ro undwa t e r  p rotec t i on a t  e i t h e r  o f  t h e  p ro c e s s i ng 
s i tes . beyond t h e  remova 1 o f  c h em i  c a  1 s ,  s o l vents  a n d  o t h e r  
potent i a l  s u rf a c e  a n d  g ro u ndwa t e r  c on tami na t i ng  ma te r i a l s  a t  
t h e  New R i f l e  s i te .  T h e  ta i l i ng s  p i l es a n d  c on tami n a ted 
wi n d b l own ma te r i a l s  wou l d  be l e ft  i n  t he i r  o r i g i na l  p o s i t i on s  
a n d  c o nd i t i on s  a t  both s i te s  whe re they  wou l d  b e  s ub j e c t  t o  
d i s pe rs i on  b y  w i  n d  a n d  wa t e r  e ros  i on  a n d  u n a u t h o r i  zed remova 1 
by ma n .  Con tami na t i on o f  g ro undwa t e r  beneath  t h e  s i tes  wo u l d  
c ont i n ue  f o r  a n  i nd e f i n i te pe r i od o f  t i me .  
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A . 2  STAB I L I ZAT I ON AT THE N EW R I F L E  S I TE 

A .  2 . 1  DES I GN FEATU RES  

U n d e r  t h i s  a l te rnat i ve ,  t h e  ta i l i ng s  a n d  c ontami nated ma te r i a l s  a t  
t h e  O l d  R i f l e  ta i l i ng s  s i te wou l d  be t ra n s po rt ed t o  t h e  N e w  R i f l e  ta i l 
i ng s  s i te a nd c o n s o l i d a ted i n to a s i ng l e  p i l e .  Wh i l e th i s  a l terna t i ve 
i nc l ud e s  performa n c e  of  i n te r i m  a c t i on s  a t  t h e  O l d  a n d  New R i f l e  s i te s , 
t h e s e  ac t i v i t i e s  a re d i s c u s sed  i n  deta i l i n  Sect i on A . l . 3 .  The  u ra n i um 
m i l l  ta i l i ngs  a nd c ontami nated  ma t e r i a l s  f rom both  s i te s  wou l d  t h e n  be  
sta b i l i zed i n  a ma n n e r  wh i c h comp l i e s wi th  t h e  E PA s t a n d a rd s  ( F i gu re 
A . 2 . l ) .  The  maj o r  c o n s t ru c t i on ac t i v i t i e s f o r  t h i s  d e s i g n a re d i s c u s sed 
i n  d e ta i l  i n  Sec t i on A . 2 . 3 .  The d e s i g n wo u l d  req u i re the f o l l ow i ng 
a c t i v i t i es a t  e a c h  s i te a nd t h e  p roposed  borrow s i te s :  

At the  O l d  a nd New R i f l e  s i te s  

o Upgrad i ng ( a s  n e c e s s a ry )  of  t h e  a c c e s s  roa d s  f rom t h e  s i te s  to 
U . S .  H i ghway 6 .  

o Protect i on ( o r re l oc a t i o n )  o f  s u rf a c e  o r  s u b s u rf a c e  u t i l i t i es 
a t  t h e  s i te s  d u r i ng  c o n s t ruc t i on . 

o C o n s t ruc t i on of  stag i ng a rea s i n  t h e  f o rme r m i l l  a re a s . 

o I n s ta l l a t i on of  tempo ra ry s e c u r i ty f e n c i ng .  

o Con s t ru c t i on of  wa s t ewa t e r  retent i on ba s i n s to p rotec t a ga i n s t  
t h e  re l ea s e  o f  contam i n a n t s  f rom t h e  s i te s  d u r i ng remed i a l  
a c t i on . 

o Co n s t ruc t i on of  t r u c k  wa s h i ng s ta t i o n s  a t  t h e  s i te s . 

o Con s t ruc t i on of  d ra i nage  c o n t ro l  mea s u re s  to  d i re c t  a l l wa s te 
wa t e r  a nd s t o rm wa t e r  runo f f  to  t h e  reten t i on ba s i n s d u r i ng 
c o n s t ruc t i on . 

o Imp l ementa t i o n of  mea s u re s  to c o n t ro l  e ro s i on a nd s ed i me n ta t i on 
f rom d i s t u rbed a rea s d u r i ng con s t ru c t i o n .  

o I n s ta l l a t i o n a nd opera t i on o f  wa s tewa t e r  t reatme nt  fa c i l i t i es 
( i f  n e c e s s a ry )  to p rotect  a ga i n s t  t h e  i nad vertent  re l ea s e  of  
contam i - n a n t s  f rom t h e  s i te s  d u r i ng c o n s t ru c t i on .  

o Cons o l i d a t i on of  t h e  a s be s tos a nd demo l i t i on d e b r i s wi th  the  
ta i l i ngs  a nd contami na ted ma t e r i a l s .  

o Restora t i o n o f  t h e  d i s t u rbed a re a s  w i t h  c l ea n  f i  1 1  ma t e r i a l , 
g rad i ng to p romote  pos i t i ve d ra i nage  a n d  revegeta t i on . I n c l u d e s  
revegeta t i o n o f  d i s t u rbed a nd wet l a n d s  a rea s requ i r i ng 
restorat i o n .  
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At t h e  O l d  R i f l e  s i te 

o Dewa t e ri n g  o f  t h e  t a i l i ng s  a n d  a l l u v i um  beneath  t h e  ta i l i ng s . 

o E x c a va t i on a n d  re l oc a t i on ( by t ruc k )  o f  t h e  ta i l i ng s  a n d  c o n t 
ami n ated mat e r i a l s ,  i nc l ud i ng d emo l i t i on d e b r i s c o l l ec ted d u r i ng  
1 nte r i m  a c t i on s , and  sed  i me n t s  f rom t h e  wa s t ewa te r  ret e n t  i on 
ba s i n ( s ) a nd tempo ra ry d ra i nage  d i tc he s , to  t h e  New R i f l e  s i te .  

o Re l ea s e o f  t h e  s i te f o r  a ny u s e  c on s i s t e n t  w i t h  ex i s t i ng l a nd 
u s e  c o n t ro l s .  

At t h e  New R i f l e  s i te 

o E x c a va t i on a n d  s toc k p i l i ng o f  ta i l i ng s  a nd c ontami nated  ma te
r i a l s a t  the  s i te ,  i nc l ud i ng d emo l i t i on d e b r i s f rom t h e  m i l l  
b u i l d i ngs  a n d  s t ruc t u res  c o l l ec ted d u r i n g  i n te r i m  a c t i o n s , a s  
we l l  a s  contami na ted mat e r i a l s f rom t h e  v i c i n i ty p ropert i es . 

o Conso l i d a t i on o f  a l l o f  t h e  ta i l i n g s  a n d  c ontami nated  ma te
r i a l s ,  i nc l ud i ng s ed i me n t s  f rom t h e  wa s t ewa t e r  retent i on ba s i n s 
a n d  t empora ry d ra i nage  d i tc h e s . 

o Con s t ruc t i on o f  t h e  f i na l  c o v e r  sys tem o v e r  the  ta i l i n g s  and  
c on tami n ated ma t e r i a l s to  i n h i b i t  radon  ema na t i on , wa t e r  
i n f i l t rat i on ,  f ro s t  h e a ve a n d  s o l i f l uc t i on , p l a n t  root p e n e 
t ra t i on ,  w i nd  a n d  wa t e r  e ros i on ,  p e n e t ra t i on b y  b u rrow i n g  
a n i ma l s ,  a nd p revent  f u rt h e r  g ro undwa t e r  c on tami n a t i on .  

o Con s t ruc t i on o f  e ro s i on p rotec t i on f e a t u res  ( be l ow-gra d e , roc k  
a p ron a n d  ea rthen  d ra i nage  d i ve rs i on d i t c h e s ) a round  t h e  
s t a b i l i zed ta i l i n gs  p i l e  to p ro t e c t  a ga i n s t  f l ood i ng a n d  
s u rf a c e  wa t e r  runof f .  

o I n s ta l l a t i on of  p e rma n e n t  s e c u r i ty f e n c i ng ( w i th  l oc ked gates ) 
a n d  wa rn i ng s i gn s . 

At t h e  Sec ond Street  borrow s i te 

o E x c a va t i on o f  earthen  ma t e r i a l s  f o r  t h e  radon  ba rri e r  frost  
p rotec t i on a n d  s i te res t o ra t i on . 

o Re l oc a t i on o f  t h e  ea rthen  ma t e r i a l s  by t ru c k  to t h e  O l d  a n d  New 
R i f l e  ta i l i n gs  s i te s . 

At the  New R i f l e  b o r row s i te 

o E x c a va t i on o f  sma l l roc k  f o r  e ros i on p rotec t i on . 

o Re l oc a t i on o f  the  sma l l roc k  by t ru c k  to  t h e  New R i f l e  ta i l i ng s  
s i te .  
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At the  G l enwood Spr i ngs  bo rrow s i te 

o E x c a va t i on o f  l a rge roc k  f o r  e ro s i on p rotec t i on .  

o Re l oc a t i on o f  the  l a rge roc k  by t ru c k  to  t h e  New R i f l e  ta i l i ng s  
s i te . 

A . 2 . 2  P E RMANENT  D E S I GN F EATU R E S  

Desc r i pt i on o f  f i na l  cond i t i on 

The  c omp l eted New R i f l e  s i te wou l d  c o v e r  a p p rox i ma t e l y  1 7 2 a c re s  
a n d  wou l d  c onta i n  t h e  s ta b i l i zed  ta i l i ng s  p i l e ,  d ra i nage  d i vers i on 
d i tc he s , a n d  p e rma nent  s e c u r i ty fenc i ng .  

The s t ab i l i zed ta i l i ng s  p i l e  wou l d  be  rough l y  t ra p e zo i d a l  wi t h  
po i nted s i d e s  to t h e  e a s t  a n d  southea s t  ( F i g u re A . 2 . 1 ) .  The  p i l e  wou l d  
cover  a p p rox i ma t e l y  59 a c re s  a nd wou l d  b e  a b o u t  850 f e e t  we s t  a nd 450 
f eet n o rt h  of the C o l o ra d o  R i ve r .  Th e ta i l i ng s  a nd c ontam i nated ma t e r
i a l s  wou l d  be  c ove red w i t h  a c omp a c t ed ea rt h e n  c ove r ,  o r  radon  ba r r i e r ,  
a p p rox i ma te l y  two feet th i c k . The  s ta b i l i zed  p i l e  wou l d  h a ve max i mum 
s i d e s l opes  o f  20 p e rc e n t  ( f i ve h o r i zonta l t o  one v e rt i ca l ) ,  a nd the top 
wou l d  be gen t l y  s l oped i n  a l l  d i rec t i on s  ( a  ma x i mum of four p e r c e nt ) . 
The  en t i re p i l e  wou l d  f i rst  be  cove red wi t h  a 2 . 5-foot-t h i c k  f ro s t  p ro 
t ec t i on a n d  d ra i n  l aye r ,  t h e n  a roc k l aye r f o r  e ro s i on p rotec t i on .  A 
l ayer o f  g ra ded roc k a p p rox i mate l y  1 . 5 f e e t  th i c k ( i n c l ud i ng t h e  f i l te r  
l ayer)  wou l d  be  p l a c ed on  t h e  tops l opes . T h e  20  p e rc ent  s i d e s l opes  
wou l d  cons i s t o f  two zone s :  above  t h e  ma x i mum wa t e r  s u r fa c e  e l e va t i on 
f o r  a Proba b l e  Ma x i mum F l ood ( PMF ) , t h e  s i d e s  o f  t h e  p i l e  wou l d  be  
c overed wi th  a two-foot l aye r o f  g ra d ed roc k ( i n c l ud i ng the  f i l te r  
l ayer) ; t h e  rema i n d e r  o f  t h e  p i l e 1 s  s i d e s l op e s  wou l d  be  c ove red w i t h  a 
t h ree-foot l aye r o f  g ra d e d  roc k ( i nc l ud i ng t h e  f i l te r  l aye rs ) . Th i s  
t h ree-foot roc k  l a yer wou l d  t i e  i n to a 1 0-foot-th i c k , be l ow-g ra d e , roc k 
a p ron a round  the  ba s e  o f  t h e  ta i l i ngs . The  f i na l  s ta b i l i zed p i l e  wou l d  
b e  a n  a ve ra g e  o f  4 7  f eet  a nd a max i mum o f  80 feet  a bove t h e  n o rt h e rn 
s i te bound a ry .  A typ i ca l  c ro s s  s ec t i on f o r  s t a b i l i za t i on a t  t h e  New 
R i f l e  s i te i s  s h own i n  F i g u re A . 2 . 2 .  

Dra i nage  d i ve rs i on d i tc he s  wou l d  be  c o n s t ruc ted a round  t h e  o u t s i d e  
o f  t h e  roc k a p ron  on  t h e  n o rt h , ea s t , a n d  s o u t h  s i d e s  o f  t h e  p i l e .  The 
d i tc h  wou l d  d i ve rt s u rf a c e  wa t e r  ru n o f f  a round  a nd away f rom the  p i l e .  
A s ec u r i ty f e n c e  w i th  l oc k ed gates  a nd wa rn i n g s i gn s  wou l d  enc l os e  t h e  
s i te .  

A f t e r  remed i a l  a c t i on ,  t h e  d i s t u rbed a re a s  a t  t h e  O l d  a n d  New R i f l e  
s i tes  wou l d  be re s t o red wi th  c l ea n  f i l l  to  p romote pos i t i ve d ra i nage , 
a n d  t h e  O l d  R i f l e  s i te wou l d  be re l ea s ed f o r  a ny u s e  c on s i s te n t  w i t h  
ex i s t i ng l a nd u s e  c o n t ro l s .  D i s t u rbed wet l a nd s a re a s  req u i r i ng re s t o ra 
t i on wou l d  be  revegetated to re-e stab l i s h  p l a nt  s pec i e s i d e nt i ca l  to o r  
s i mi l a r  to  t h o s e  t h a t  p re s en t l y  ex i s t .  

A - 1 6 



F ROST P ROTECTIO N BA R RI E R  
2.5' THICK ... 

M A X I M U M  P M F  
W AT E R LEVE L 

E ROSIO N P ROTECTIO N 

r----- B AR R I E R  1.5' TH ICK 

TA I L INGS 
AND 

CONTA M INATED 
M ATER I A LS 

__ 
J 

--L E-=-I:T� G 

R ADON BAR R I E R  S U R  F A  C E 

2.0' THICK 

E RO SION P ROTECTIO N 

BARRIER 3.0' THICK 

PI L E  

TOP OF STA B I L IZED 

TA I L I NG S  P I L E 

____________ __ 1- -----

L EXIS TI:G PIL E S U R FACE 

FIGURE A . 2 . 2  

E R O S I O N  P RO T E C T I O N 
,-------- B A R R I E  R 2.0' THICK 

EROSIO N P ROTECTIO N 
BA R R I E R 3.0' THICK 

ROCK 
APRON r E ART�E��TCH 

�"-'::::}: - -=-, -+ r 

S CHEMAT IC - N OT T O  S CA LE 

NORTH 

--------
- -�;...-

1 0 0  o 100  3 0 0  

�-

SCALE IN  FEET 
(hori zontal & verti cal scale are the same) 

TYPICAL CROSS SECTION, NEW RIFLE SITE 



De�ontam i nat i on a nd res t o ra t i on 

Con tam i na ted ma t e r i a l s  exc a va ted f rom t h e  O l d  R i f l e  s i te ,  m i l l  
a rea , wi ndb l own a rea s , v i c i n i ty p rope rt i es , a n d  o f f -p i l e  c o n ta m i nated 
ma t e r i a l s  a t  the  N ew R i f l e  s i te wou l d  be  c o mb i n ed i n  t h e  p i l e  a t  the  
New  R i f l e  s i te . Conta m i n a t ed d e b r i s res u l t i ng f rom t h e  demo l i t i on o f  
ex i s t i ng b u i l d i ngs  a n d  s t ru c t u re s  wou l d  be  c o n s o l i d a ted i n to t h e  
s ta b i l i zed  ta i l i ngs  p i l e .  

Subp i l e  c ontami nat i on be l ow t h e  ta i l i n g s -a l l u v i um i nt e rf a c e  a t  the  
New  R i f l e  ta i l i ng s  p i l e  a v e ra g e s  f rom fou r to  5 . 6  feet . At the  O l d  
R i f l e  p i l e ,  t h e  a v e rage  s ub p i l e  c on tami n a t i on i s  4 . 9  feet . O f f -p i l e  
l i mi t s  o f  c ontami nat i on f o r  t h e  O l d a nd New R i f l e  s i te s  a re s h own i n  
Fi g u re s  A . 2 . 3  a n d  A . 2 . 4 ,  respect i ve l y .  A re a s  o f  exc a va t i on on  a n d  
a round t h e  O l d  a n d  N e w  R i f l e  ta i l i n gs  s i te s  wou l d  be res t o red w i t h  
c l ea n  f i l l  to p romote pos i t i ve d ra i nage . 

Th i s  a l t e rna t i ve wou l d  req u i re t h a t  t h e  ta i l i ngs , contami na ted 
ma ter i a l s ,  and demo l i t i on d e b r i s f rom the O l d R i f l e  s i te be  t ra n s po rted 
to the  New R i f l e  s i te f i rs t  a n d  i nc o rporated  i n to the  s t ab i l i zed p i l e  
s h own i n  F i g u re A . 2 . l . The  vo l umes o f  c o n tam i n ated ma te r i a l s  a t  both  
t h e  O l d  a n d  New R i f l e  s i te s  a re p re s ented i n  Ta b l e  A . 2 . l . Onc e  p l a c e 
me nt o f  t h e  ta i l i ng s  a n d  contami n a ted ma te r i a l s  f rom t h e  O l d  R i f l e  s i te 
i s  c omp l ete , c on tami nated ma t e r i a l s  e x c a va ted f rom a round t h e  p i l e  a t  
t h e  New R i f l e  s i te wou l d  be p l a c ed on t o p  o f  the  re l o c a ted O l d R i f l e  
c ontami n a t ed ma te r i a l s .  

The  O l d R i f l e  ta i l i n g s  a n d  c ontami na ted ma t e r i a l s  wo u l d  be  p l a c ed 
o v e r  the  ex i s t i ng New R i f l e  ta i l i ng s  a nd c ompa c ted w i th  s u i ta b l e  c om
pac t i on e q u i pment  to i nc rea s e  s t re n g t h  a nd red u c e  c ompre s s i b i l i ty .  The  
tota l l ong-te rm s e t t l ement  of  t h e s e  mate r i a l s  w i l l  be v e ry sma l l  d u e to 
the c ompa c t i on , as we l l  as to the g ra n u l a r , n o n -p l a s t i c  na t u re o f  t h e  
ta i l i ng s . Sett l eme n t  o f  the  found a t i on w i l l  be  neg l i g i b l e ,  a s  mos t  o f  
t h e  u n d e r l y i ng s o i l  wi l l  be removed a n d  a n y  rema i n i ng i n  s i tu s o i l s  
w i l l  not be s a t u ra ted a ft e r  p l a c eme nt  o f  t h e  c on ta m i nated ma te r i a l s .  
There fore , t h e  a d v e r s e  e f fe c t s  o f  tota 1 a nd d i f f e re n t  i a 1 s e t t l  eme n t  on 
the i n teg r i ty o f  the radon  ba r r i e r  a re c on s i d e red to be sma l l  a n d  
w i t h i n  a c cepta b l e l i mi t s . The  f i na l  eng i ne e r i ng d e s i gn wou l d  s pe c i fy 
t h e  d eg ree  of  c ompac t i o n requ i red to a vo i d  d e t r i me n ta l s e t t l emen t . I f  
n e c e s s a ry ,  a mon i to r i ng p rogram wo u l d  b e  u n d e rt a k e n  to e n s u re t h a t  
d i f f e re n t i al and  tota l s e t t l eme n t  wo u l d  not  a f fe c t  t h e  i n teg r i ty o r  
l onge v i ty o f  the  s t a b i l i zed ta i l i n gs  p i l e .  The  p i l e  s l opes  wo u l d  b e  
c ompa c ted wi th  eng i nee r i ng f i ll c o n s i s t i ng of  t h e  O l d  R i f l e  ta i l i ng s  
a n d  contami na ted ma t e r i a l s .  Any u n s ta b l e  ma te r i a l s  p l a c ed i n  t h e  p i l e  
wo u l d  be  exca vated a nd rec ompa c ted to e n s u re t h a t  the  p i l e  s l opes  wou l d  
be d e n s e  t h roughou t .  

I n  o rd e r  to m i n i m i ze t h e  r i s k  of  u n d e rc u tt i ng by s c o u r  d u r i ng peak  
f l ows o f  the  Co l o rado  R i ve r ,  a l O-foot-th i c k , b e l ow-g ra d e , roc k  a p ron 
d e s i g ned to p rotec t a ga i n s t  the ma x i mum d ep t h  of  s c o u r  wou l d  s u rround 
the p i l e  as  s h own i n  F i g u re A . 2 . l . 

A-18  



J> I 
I-' 
I.D 

F i fth St. 

Third St. 
county 

" L I M I T  OF C O NTA MI NAT I O N  -' 

� ----� ... 
F I G U R E  A. 2 . 3 

O F F- P I LE C O NTA MI NAT I O N ,  O LD R I F LE SITE 

2 0 0  
� 

o 2 0 0  4 0 0  

S CA LE IN FEET 

J 

� 
t 

6 0 0  



:::t:> I N o 

6 

o I DO. R G W � R 0 --=---t :::::;--=- =:; : 0 • 0 • 0 � - 0 --.., ::==zr1 0 � 

DES I G N AT E D  S I TE BOU ND ARY 

L I M I T  OF CO NTA MI N ATION 

-------, 
I I I I 
\ \ 
\ \ 
I \ 
I \ 
\ ED GE OF TAI LI NG S  �\\ 
I \ 
I � 
I ) 
I /' 

I ("/ 
\ ) 
\ ) 
\ -_...-'" 

'-- ----

FI G U R E  A. 2 . 4  

O F F- P I LE C O N TA M I NAT I O N ,  N E W  R I F LE S I T E  

2 00 
c 

o 

cr UJ > 
a: 

2 00 400 6 00 

S CALE  IN FEET 

N 
I 



Ta b l e  A . 2 . 1  Vo l umes o f  c ontam i na ted ma t e r i a l s ,  O l d  a nd New R i f l e  s i te sa 

Source  o f  
c ontam i na ted 

ma te r i a l s  

New R i f l e  s i te 
Ta i l i ngs  
A l l uv i um beneath  ta i l i ngs  
W i ndb l own ta i l i ng s  a n d  
vanad i um pond s 

O l d  R i f l e  s i te 
Ta i l i ng s  
A l l uv i um beneath  ta i l i ngs  
W i ndb l own ta i l i ng s  

V i c i n i ty p rope rt i es 

TOTAL 

Vo l ume o f  
c on tami na ted 

mate r i a l s  ( c u b i c  ya rd s )  

2 , 4 1 5 , 000 
3 7 5 , 000 
684 , 000 

330 , 000 
1 68 , 000 
1 60 , 000 

1 0 , 000 

4 , 1 35 , 000 

a The vo l ume o f  d e b r i s f rom the  d emo l i t i on o f  ex i s t i n g m i l l  b u i l d i ngs  a nd 
s t r u c t u re s  a t  the  O l d  a n d  New R i f l e  s i te s  i s  not i n c l uded  i n  th i s  tab l e .  The 
b u i l d i ng s  and s t ru c t u re s  may be decontam i na ted and l e f t  i n  p l a c e  o r  d i sma n t l ed 
a nd removed . The vo l ume o f  d emo l i t i o n d e b r i s wo u l d  be  sma l l  c ompa red to the  
tota l vo l ume o f  c ontami na ted mat e r i a l s  i n vo l ved i n  t h e  remed i a l  a c t i on . 
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Orga n i c  ma te r i a l  s u c h  a s  wood d emo l i t i on d e b r i s a nd g ru bbed vege
t a t i on wou l d  be  even l y  d i s t ri b ut ed t h ro u g h o u t  t h e  newl y c o n s t ruc ted 
p o rt i on s  o f  the s t a b i l i zed p i l  e so that no  mo re t h a n  f i  ve  p e rc e n t  
o rga n i c s  by vo l ume wou l d  be  c onta i ned i n  a ny of  t h e s e  a rea s . Demo l i t i on 
d e b r i s wou l d  be p l a c ed i n  t h e  l owe r p o rt i on s  of  t h e  p i l e  a nd s u rrounded 
wi th  c ompa c ted ta i l i ngs . The  p roced u re s  for  t h i s  a c t i v i ty wou l d  be  
s p ec i f i ed to ens u re t h a t  t h e  d e b r i s i s  p l a c ed to a vo i d  c o n c e n t ra t i on i n  
a n y  a rea a n d  to e n s u re good c ompa c t i on of  ma t e r i a l s  a round  t h e  d e b r i s .  

L i m i t i ng t h e  p i l e  tops l opes  to fou r p e rc e n t  a n d  t h e  s i d e s l opes  to 
20 p e rc e n t  wou l d  p ro v i de the nec e s s a ry f a c t o r  o f  s a fety a ga i n s t  s l ope  
fa i l u re a nd wou l d  red u c e  t h e  poten t i a l e f fe c t s  of  e ros i on .  

Cover  c on s t ruc t i on 

The  ta i l i ng s  radon  ema na t i o n rat e  wo u l d  be red u c e d  to t h e  E PA 
s tanda rd s  by t h e  p l ac emen t  o f  a p p rox i ma te l y  two feet  of  c ompa cted  ea rth 
wh i c h wou l d  s e rve as a radon  ba rri e r .  The  c ompa c t i on of the e a rt h e n  
radon ba rri e r  wou l d  p rod u c e  a c o v e r  t h a t  reta i ns mo i s t u re a n d  reta rd s 
rad on ga s d i f f us i on .  Th e radon  ba rri e r  wou l d  a l s o i n h i b i t  p l a n t  root 
p e n e t ra t i on .  

The  ea rthen  rad o n  ba r r i e r  wo u l d  be p rotec t ed by f ro s t  p rotec t i on 
a nd d ra i n  l ayer, a n d  t h e n  a l aye r of  roc k  a nd a n  u n d e r l y i n g  f i l te r  
l aye r ,  d e s i gned t o  p revent  expos u re o f  t h e  c o n tami na ted mate ri a l s  f o r  
u p  t o  1 000 yea rs to t h e  extent  rea sona b l y  a c h i e va b l e ,  a n d , i n  a ny c a s e , 
f o r  a t  l ea s t  200 yea rs . Th e roc k  a nd f i l te r  l ayers  wo u l d  red u c e  t h e  
potent i a l  f o r  d ry i ng  of t h e  radon  ba r r i e r  by t ra pp i n g s o i l  mo i s t u re a nd 
res i s t e ros i on a nd gu l l y f o rma t i o n  t h e re by p re ve n t i ng t h e  rad o n  ba r r i e r  
f rom e rod i ng away d u ri n g  a n y  ra i n s to rms . T h e  roc k  a n d  f i l te r  l aye rs 
h a ve been d e s i gned to wi t h s t a nd the oc c u rre n c e  of the P roba b l e Max i mum 
P rec i p i ta t i on ( PM P ) . The  roc k and f i l te r  l ayers  wou l d  a l so p rotec t the 
p i l e  a ga i n s t  wi nd e ros i on and wo u l d  d i s c o u ra g e  p l a n t  root p e n e t ra t i on 
a n d  i nt ru s i on by b u rrowi ng a n i ma l s . 

The  f ro s t  p rotec t i on a n d  d ra i n  l ayers  wo u l d  red u c e  t h e  potent i a l  
f o r  f ro s t  heave  o f  t h e  radon  ba rr i e r  by p rov i d i n g a n  i n s u l a t i n g b l a n k e t  
of  l oos e l y  c ompac ted s o i l . 

I n  add i t i on ,  a be l ow-g ra d e , roc k  a p ron  wou l d  be c o n s t ructed  a round  
t h e  e n t i re p e r i mete r of  t h e  p i l e  to  f u rt h e r  p rotec t t h e  contami na ted 
ma ter i a l s  f rom e ro s i on .  Th i s  roc k a p ron wou l d  be  d e s i gned to w i t h s ta n d  
t h e  ef fects  of  c h a n ne l m i g ra t i on a nd s c o u r  c a u s ed by a P M F  oc c u r r i ng  i n  
t h e  C o l o ra d o  R i ve r .  

S i te d ra i nage 

The d ra i nage  pa t t e rn of t h e  New R i f l e  s i te h a s  been  d e s i gned to e n 
s u re l on g-term p i l e  s t ab i l i ty .  S i nce  t h e  e n t i re s i te wou l d  be  i n u n d a ted 
d u r i ng a PMF,  i t  wo u l d  be  i mp ra c t i c a l to  d e s i gn p e rma ne n t  d i t c h e s  to  
c onta i n  t h e  PMF f l ows . The re fo re ,  the  s t a b i l i zed p i l e  wou l d  be s u r
rounded to t h e  n o rt h , ea s t , a n d  s o u t h  by d ra i nage  d i ve rs i on d i tc h e s  
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d e s i gned to c a rry t h e  runo f f  res u l t i ng f rom t h e  200-ye a r  o n e -h o u r  ra i n
fa l l  event  to  e n s u re p ro p e r  d ra i nage  o f  t h e  p i l e  a n d  s i te a rea . The 
s i te g ra d i ng wou l d  have a s u f f i c i en t l y  s ha l l ow g rad i ent  so that f l ow 
ve l oc i t i es wou l d  be  n o n - e ros i ve a s  f l ow i s  d i rec ted s o u t h  towa rd the  
C o l o rado  R i ve r .  

Deta i l s  o n  f l ood a n a l ys e s  a n d  f l ood p rotec t i on a re p ro v i ded  i n  
Sec t i on A . 2 . 6  a n d  i n  Sec t i on E . l . 2  o f  Append i x  E ,  Hyd ro l ogy . 

Groundwa t e r  protec t i on 

The s ta b i l i zed ta i l i ng s  p i l e  wo u l d  be  d e s i g n ed to  comp l y  w i t h  E PA 
g roundwa t e r  p rotec t i on s t a nd a rd s . The  p l a c emen t  a n d  s l op i ng o f  t h e  
ta i l i n gs  and  p l a c emen t  o f  t h e  l ow p e rmea b i l i ty ,  ea rthen  radon  ba r r i e r  
wou l d  mi n i mi z e  t h e  m i g ra t i on of  c on tami n a n t s  t o  t h e  g roundwa t e r  sys tems 
by i nh i b i t i ng the d ownwa rd m i g ra t i on of contami n a n t s  f rom the ta i l i ngs . 
Deta i l s  a re p rov i d ed i n  Sec t i on A . 2 . 7 .  

S i te a c c e s s  

Af t e r  remed i a l  ac t i on i s  comp l e te , t h e  d i sposa l s i te wou l d  b e  
s u rround ed b y  p e rma n e n t  s e c u r i ty fenc i ng w i t h  l oc ked gates  a n d  wa rn i ng 
s i gn s  to d i s c o u ra g e  i na d v e rtent  h uma n i nt ru s i on .  

A . 2 . 3  MAJOR CONSTRUCTION  ACT I V I TI ES 

A . 2 . 3 . l  Layout  

Con s t ruc t i on a c t i v i t i es a t  both  t h e  O l d  a nd New  R i f l e  
s i te s  wou l d  be p r i ma r i l y  c on f i n ed w i th i n  t h e  ta i l i n g s  p i l e  
a rea s except  f o r  ad j a c e n t  c o n ta m i na ted a rea s . 

Th e exa c t  l oc a t i ons  a n d  s i ze s  of  a l l c o n s t ruc t i on fea 
t u re s  s u c h  a s  t h e  stag i ng a rea s ,  d e c o n tam i na t i o n fa c i l i t i es ,  
d ra i nage  d i tc h e s , a n d  wa s t ewa t e r  reten t i on ba s i n s wo u l d  be  
d e t e rmi ned  d u r i ng  f i na l  d es i gn .  The f o l l owi n g  d i s c u s s i on p re
s e n t s  o n e  po s s i b l e l ayo u t  a n d  i s  p ro v i d ed to a l l ow a better  
u n d e rs ta nd i ng of a l l  a s pe c t s  of  t h e  remed i a l  a c t i on . 

The s tag i ng a rea a t  t h e  O l d  R i f l e  s i te wo u l d  be  i n  the  
f o rme r mi l l  a rea n o rt h ea s t  of  t h e  p i l e .  At  t h e  N ew R i f l e  s i te ,  
t h e  stag i ng a rea wou l d  a l s o be  i n  t h e  f o rme r m i l l  a rea n o rt h 
ea s t  of  t h e  p i l e .  Eq u i pme n t  d ec o n ta m i na t i o n fa c i l i t i es wo u l d  
b e  a d j a c ent  to t h e  s tag i ng a rea s a t  both  s i te s . D i t c h es a nd 
b e rms s u rround i ng t h e  s i te s  wou l d  d i rec t  u n c ontami na ted f l ows 
awa y  f rom t h e  s i te s . Contami na ted wa t e r  wou l d  be d i rec ted to 
wa s t ewa t e r  rete nt i on ba s i n s a nd t rea tme n t  fa c i l i t i es c o n 
s t ruc ted o n  t h e  s i te s . At t h e  New R i f l e  s i te ,  t h e  ex i s t i ng 
rete n t i on ba s i n s s o u t hea s t  of  t h e  ta i l i ng s  p i l e  c ou l d  be  u s ed 
f o r  wa s t ewa t e r  reten t i on . Temp o ra ry s ec u r i ty f e n c e s  wo u l d  
s u rround  t h e  c ontami nated a rea s a t  both  s i te s . 
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A . 2 . 3 . 2  S i te a c c e s s  

T h e  t empo ra ry s ec u r i ty f e n c e s  wou l d  p ro v i de c o n t ro l  o f  
t ra f f i c ente r i n g  a nd l ea v i n g  t h e  s i te s  a n d  p revent  u n a utho
r i zed t ra f f i c  f rom ente r i ng t h e  s i te s . E q u i pme n t  wou l d  be  
d ec ontami na ted p r i o r  to l ea v i ng t h e  O l d  and  New  R i f l e  s i te s . 

A . 2 . 3 . 3  Stagi ng a rea fa c i l i t i es 

D u r i n g  c on s t ru c t i on ope ra t i on s , t empora ry fa c i l i t i e s wo u l d  
b e  req u i red f o r  remed i a l  a c t i on wo rke rs  a s  we l l  a s  s up e rv i s o ry ,  
eng i n e e r i n g , admi n i s t ra t i ve ,  s ec u r i ty ,  a n d  rad i a t i on mon i to r i n g 
p e rsonn e l  a t  both  s i te s . The  fa c i l i t i e s wou l d  c on s i s t of  
o f f i c e s pa c e , l a u nd e r i n g  fac i l i t i e s , s howe rs , a n d  c ha n ge fa c i l 
i t i es f o r  a l l p e rson n e l  wo rk i ng on t h e  s i te s . Po rta b l e  to i l et s  
wou l d  b e  p ro v i d e d  f o r  on-s i te wo rkers . On s i te e q u i pmen t  wou l d  
be s t o red i n  t h e  s ta g i ng a rea s . Pa rk i ng a re a s  wou l d  a l so be  
c o n s t ructed  a t  t h e  s i tes . 

A . 2 . 3 . 4  Ut i l i t i es 

Al l k n own ex i st i ng u t i l i t i es a t  t h e  O l d  a n d  New R i f l e  
s i te s  a re s h own i n  F i g u re s  A . 2 . 5  a n d  A . 2 . 6 ,  res pec t i ve l y. 
Th e s e  u t i l i t i es wou l d  be p rotec t ed d u r i ng c o n s t ruc t i on ,  
remo ved , o r  re l ocated , a s  n e c e s s a ry p r i o r  to  c o n s t ruc t i on .  

Some wa t e r  f o r  d u s t  s u p p re s s i on on  c on tami n a t ed a re a s  a t  
t h e  O l d  a n d  New R i f l e  s i te s  wou l d  be  obta i n ed f rom t h e  ta i l 
i ng s  a n d  s ub s o i  1 d ewate r i ng o r  wo u l d  be recyc l ed wa t e r  f rom 
t h e  wa s t ewa t e r  reten t i on ba s i n s . Mos t  wa t e r  f o r  d u s t  s u p 
p re s s i on on  uncontam i na ted a re a s  a n d  f o r  c ompa c t i on d u r i ng 
s i te res t o ra t i on wou l d  be obta i ned  f rom t h e  Co l o ra d o  R i ve r .  
Pota b l e  wa t e r ,  e l ec t r i c i ty ,  g a s , a n d  p h o n e  s e rv i c e wou l d  be 
obta i ned f rom l oc a l s upp l i e rs .  

A . 2 . 3 . 5  D ra i nage , e ro s i on c o n t ro l , a nd wa s tewa t e r  retent i on ba s i n s 

D u r i ng remed i a l  a c t i on ,  a l l  d ra i nage  f rom both the  O l d  
a n d  New R i f l e  s i te s  wou l d  b e  b l oc k ed f rom rea c h i ng a ny wa te r
ways . Area s of t h e  s i te s  d i s t u rbed by c o n s t ruc t i on a c t i v i t i e s 
wou l d  be  g raded  s o  that  ru n o f f  wou l d  d ra i n  to the  wa s t ewa t e r  
reten t i o n ba s i n s . D ra i na g e  d i t c h e s  wou l d  be  l i n ed wi th  e ro s i on 
res i s tant  ma t e r i a l s  i f  s ed i me n t  b u i l d u p i n  the  wa s tewa te r  
retent i on ba s i n s bec omes a p rob l em .  I n  add i t i on , t h e  d i tc hes  
wou l d  be  d e s i gn ed a nd ma i n ta i n ed to  c a r ry the  l O-yea r o n e - h o u r  
s t o rm e v e n t  f o r  t h e  a rea t r i buta ry to  t h e  c h a n ne l . R u n o f f 
f rom l a nd o u t s i d e of  a f fected  a re a s  wou l d  be  d i ve rted awa y  
f rom the  s i te b y  d i vers i on d i tc h e s  d e s i gned  a nd ma i n ta i ned t o  
ca rry t h e  runo f f  f rom the  l O -yea r o n e - h o u r  sto rm event . 
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The wa s t ewa t e r  ret en t i on ba s i n s wou l d  rec e i ve wat e rs f rom: 

o Decontam i na t i on ac t i v i t i es i nc l ud i ng eq u i pment  a n d  
t ru c k  wa s h i ng .  

o R u n o f f  f rom c o n t am i na ted ma t e r i a l s .  

o L a u nd ry wa s tewa t e r  f rom wa s h i ng p rotec t i ve c l ot h i ng .  

o Showe r a n d  wa s h ba s i n  wa s tewa te r .  

o S i te dewa te r i ng  ( i f  c ontami n a ted ) .  

The  retent i on ba s i n s a t  t h e  s i t e s  wou l d  be  d e s i gned  to 
reta i n  the ru nof f f rom a l O-yea r 24-h o u r  s t o rm as we l l  as t h e  
wa s h  wat e r  f rom t h e  d e c ontam i na t i on ope ra t i ons  a nd s i te d ewa 
t e r i ng . The  rete n t i on bas i n s wou l d  h a v e  s u f f i c i ent  c a pa c i t i es 
to h o l d a l l s ed i me n t  i n f l ow o v e r  t h e  en t i re l i fe o f  t h e  re
med i a 1 a c t  i on w i thout  a ny n eed f o r  remova 1 .  The  eme rgency  
out l et s  f rom t h e  b a s i n s wou l d  be  d e s i gned  to  s a f e l y  d i s c h a rg e  
t h e  2 5 -yea r s t o rm peak  ru nof f wh i l e  ma i n ta i n i ng a m i n i mum o f  
one  f o o t  o f  f reeboa rd . The  f i na l  l oc a t i ons  a nd d e s i g n s  o f  the  
ret e n t i on ba s i n s wou l d  be d e t e rmi n ed d u r i ng f i na l  d es i gn .  

A . 2 . 3 . 6  Wa stewa t e r t reatme n t  

Wa s tewa t e r  gen e ra ted f rom s o u rc e s  men t i o n ed i n  Sec t i on 
A . 2 . 3 . 5  wou l d  be  d i rec ted to wa s tewa t e r  reten t i on ba s i n s wh i c h  
wou l d  p ro v i d e  p r i ma ry set t l i ng a l on g  w i t h  f l ow a n d  contam i n a n t  
equa l i za t i on . Some o f  t h i s  wa t e r  wou l d  be  u s ed f o r  d u s t  c o n 
t ro l  on c ontami na ted a rea s .  The  rema i nd e r  o f  t h e  wa te r wou l d  
b e  t reated  t o  meet  a pp l i ca b l e s ta t e  o f  C o l ora d o  wat e r  q ua l i ty 
s ta n d a rd s  b e f o re d i s c h a rge . 

P e rf o rma n c e  s pe c i f i ca t i on s  f o r  t h e  t rea tme n t  s y s t ems 
wou l d  be  d e t e rm i ned i n  the f i na l  d e s i gn . A f t e r c omp l et i on of 
t h e  remed i a l  a c t i on ,  t h e  t rea tment  s y s t ems wou l d  be e i t h e r  
d ec on tam i n ated a nd s a l vaged o r  b u r i ed i n  the  s t a b i l i zed 
ta i l i ngs  p i l e .  

A . 2 . 3 . 7  Dewa t e r i ng 

Groundwa t e r  a t  t h e  O l d  R i f l e  s i te r i s e s  i n to t h e  ta i l 
i ngs . To fa c i l i ta t e  h a nd l i ng ,  s ome o f  t h e  ta i l i ng s  wou l d  
req u i re d ewa te r i ng . 

Dewa t e r i ng wou l d  be  a c c omp l i s hed  by i n s ta l l i ng e i t h e r  
we l l  po i n t s  o r  d ra i nage  d i t c h e s  wi t h  s ump pumps i n  the  e x c a va 
t i on s  to  l owe r t h e  g ro undwa t e r  l eve l u nt i l  i t  i s  a t  a n  e l e va 
t i on be l ow t h e  exca va t i on d e p t h . The  d ewa te red ma te r i a l  wou l d  
t h e n  be e x c a vated . Contami nated  wa t e r  wou l d  be u sed  a s  d u s t  
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s up p re s s i on wa t e r  o n  c ontami na ted a rea s , p umped to  t h e  wa s te 
wa t e r  rete n t i on ba s i n ( s ) , o r  t reated  p r i o r  t o  d i s c ha rge . 

At t h e  New R i f l e  s i te ,  t he need f o r  d ewa t e r i ng  o f  ta i l 
i ngs  o r  s o i l s  d u r i n g  e x c a va t i on i s  not  a n t i c i pa ted . I n  most  
c a s e s  the  s ha 1 1  owe s t  rec o rd e d  g ro u ndwa t e r  1 eve  1 s a re  d e e p e r  
than  p l a n n e d  exc a va t i o n  dept h s . Howeve r ,  i f  req u i red , d e 
wa te r i ng  wou l d  be a c c omp l i s hed  a s  d i s c u s sed  p rev i ou s l y  f o r  t h e  
O l d  R i f l e  s i te .  

A . 2 . 3 . 8  O u s t  cont ro l  

O u s t  g e n e rated  b y  exc a va t i on , e a rt h  moveme n t , v eh i c l e  
u s e , temp o ra ry ma t e r i a l s  s t o c k p i l i ng ,  a nd s i m i l a r  a c t i v i t i e s  
wou l d  b e  c o n t ro l l ed a n d  m i n i m i zed b y  t h e  u s e  o f  wa t e r  and  
wat e r-ba sed  s u rf a c t a n ts s p rayed f rom hoses  o r  t ru c k s .  Spec i a l  
c a re wou l d  be t a k e n  t o  c on t ro l  d u s t  c re a t ed by b u i l d i ng d e co n 
tami nat i on o r  demo l i t i on a nd t h e  temp o ra ry s t o c k p i l i ng o r  
mi x i ng o f  c ontami nated  ma t e r i a l s .  

Some o f  t h e  s o u rc e s  f o r  d u s t  s u p p re s s i on wat e r  on  c o n 
tami nated a rea s wou l d  i nc l ud e  recyc l ed wa t e r  f rom the  wa s te
wa t e r  reten t i on ba s i n s a n d  wa t e r  f rom ta i l i ng s  and  s u b so i l 
d ewa te r i ng . Unc ontami na ted wa t e r  wou l d  be  u s ed f o r  the  d e c o n 
tami nated a rea s . M o s t  o f  t h e  wate r needed f o r  d u st s u pp re s 
s i on a n d  c ompa c t i on wou l d  b e  obta i ned  f rom t h e  Co l o ra d o  R i ve r .  

The  s c h ed u l es f o r  s p ray i ng t h e  ha u l  road s ,  t h e  p i l e s ,  a n d  
o t h e r  contam i na ted a rea s wou l d  va ry d a i l y a nd wou l d  be d e t e r
mi n ed on  a n  hou r-by-ho u r  b a s i s  i n  a c c o rd a n c e  w i t h  a pp l i ca b l e  
s t a t e  p e rmi t s . T h e  f re q u e n c y  o f  s p ray i ng wou l d  i n c re a s e  when  
c omb i na t i on s  o f  l ow s o i l mo i s t u re a n d  h i g h w i nd speed  were 
encounte red . 

A . 2 . 3 . 9 Borrow s i te s  

Th ree sepa ra te b o r row s i t e s  h a ve b e e n  i d ent i f i ed f o r  
s t a b i l i zat i on at  t h e  New R i f l e  s i te .  The  S e c o n d  St reet  b o r row 
s i te i s  a p p rox i ma t e l y  0 . 2  road m i l e  n o rt h  of t h e  New R i f l e  
ta i l i ngs  s i te ( F i g u re A . l . 2 ) . Ea rt h e n  ma te r i a l s  f o r  t h e  rad o n  
ba rri e r  f ro s t  p rotec t i on l ayers , a n d  c l ea n  f i l l  wou l d  be  p u r
c ha s ed f rom th i s  ex i s t i ng ,  c omme rc i a l  b o r row s i te and  t ruc ked 
to  the  ta i l i ngs  s i te s . The  New R i f l e  bo rrow s i te i s  a l o n g  t h e  
north  bank  o f  t h e  C o l o ra d o  R i ve r  a p p rox i ma t e l y  0 . 5  road m i l e  
wes t  o f  t h e  New R i f l e  ta i l i ng s  s i te ( s ee  F i g u re A . l . 2 ) . Sma l l  
roc k  ( 05 0  � e i gh t  i n c he s )  f o r  t h e  e ro s i on p rotec t i on ba rri e r  
a n d  f i l te r  l aye r wou l d  b e  p u rc h a s e d  f rom th i s  ex i s t i ng ,  c om
me rc i a l  b o r row s i te a nd t ru c k e d  to t h e  New R i f l e  s i te .  

The on l y  b o r row ma t e r i a l  not  l oc a l l y  a va i l ab l e  wou l d  be  
t h e  l a rg e  rock  requ i red f o r  t h e  e ro s i on p rotec t i on b a r r i e r  a nd 

----------------- - - -
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roc k  a p ro n . Th i s  ma te r i a l  i s  a va i l a b l e a t  the  G l e nwood S p r i ngs  
b o r row s i te a p p rox i mate l y  3 1  m i l e s  ea s t  o f  t h e  New  R i f l e  ta i l 
i ng s  s i te ( s ee  F i g u re A . l . l ) .  The  l a rge roc k wou l d  be  m i ned  
a t  t h i s  ex i s t i ng, comme rc i a l  b o rrow s i te a n d  t rucked to the 
New R i f l e  s i te. 

A . 2 . 3. l 0 Con s t ruc t i on s eque n c e  

T h e  f o l l ow i ng  c on s t ruc t i on s eq u e n c e  i s  p roposed  a s  a 
pos s i b l e  s eq u e n c e  f o r  the  remed i a l  a c t i on . As  w i t h  the 
l ayout ( Sec t i on A . 2 . 3 . l ) , t h e  f i na l  d es i gn wou l d  c onta i n  
g rea t e r  d eta i l, a nd t h e  c o n s t ruc t i o n  s u bcontra c t o r  wou l d  be 
a l l owed the f l ex i b i l i ty o f  exec u t i ng  wo rk as d e s i red, g i ven 
c e rta i n  c o n s t ra i n t s . Therefo re, the a c t ua l c o n s t ruc t i on 
sequence  a nd method s o f  c o n s t ruc t i on may d i f f e r  f rom the  
f o  1 1  owi ng . 

I n i t i a l l y, a s i te s ec u r i ty sys tem wou l d  be  e s ta b l i s hed 
a t  eac h  s i te a nd c o o rd i nated  w i th  s tag i ng a nd veh i c l e  decon
tami nat i on a rea s. Th i s  wo u l d  p ro v i d e  c o n t ro l  o f  t ra f f i c  
e n te r i ng  and  l ea v i ng  e a c h  s i te a nd prevent  u n a u t h o r i zed 
t ra f f i c f rom e n te r i ng  e i th e r  s i te. 

The next  major  i tem o f  s i te p re pa ra t i on wou l d  c o n s i s t of 
c o n s t ruc t i ng wa s tewa t e r  retent i on ba s i n s  a t  the  s i te s . 
Ma t e r i a l s  excava ted f rom ea c h  ba s i n  wou l d  be  s to c k p i l ed for  
l a t e r  u se  a s  f i l l  i n  s i te res t o ra t i on . S i t e  p repa ra t i on 
wou l d  a l so i nc l ud e  c o n s t ruc t i on o f  d ra i nage  and  e ro s i on 
c o n t ro l  mea s u re s . 

Wa s tewa ter  t rea tme n t  fa c i l i t i es a t  both  s i te s  wou l d  be 
i n s ta l l ed to t rea t c ontami na ted wa t e r  a nd to p rotec t a ga i n s t  
c o n tami n a n t  re l ea s es d u r i n g  c o n s t ru c t i on .  A s b e s t o s  remo va l 
a nd d emo l i t i on o f  ex i s t i ng b u i l d i ng s  a nd s t ru c t u re s  wou l d  
ha ve a l ready been  p e rf o rmed d u r i ng i nt e r i m  a c t i o n s. 

Upon  c omp l et i on of  t h e  s i te p repa ra t i on , remova l o f  the  
ta i l i ng s  a nd c on tami na ted ma te r i a l s  a t  t h e  O l d  R i f l e  s i te 
wou l d  beg i n .  O n c e  t h e  O l d  R i f l e  ta i l i ng s  a nd c o n tami na ted 
ma t e r i a l s  we re even l y  c o n so l i d a ted o v e r  the New R i f l e  ta i l 
i ng s , t h e  New R i f l e  o f f -p i l e  c ontami nated  mate r i a l s  wou l d  be 
a d d ed to t h e  p i l e. 

U n c o n tami na ted ea rt hen  ma t e r i a l  f rom the  Second  St reet 
borrow s i te wou l d  be  a d d ed to the p i l e  a ft e r  a l l ta i l i ng s  and  
con tami na ted ma t e r i a l s  we re i n  p l a c e . D ra i nage  d i tc h e s  wo u l d  
be exca vated a round  the  s ta b i l i zed ta i l i ng s  p i l e .  The f i na l  
stages  wou l d  i n vo l ve rees t a b l i s h i ng ove ra l l  s i te d ra i n a ge , 
g ra d i ng, mon i to r i ng  for  s ett l eme n t, p l a c emen t  of  t h e  roc k 
e ro s i o n  p rotec t i o n  ba rri e r  a nd t h e  roc k  a p ron , backf i l l i ng of 
d i s t u rbed a re a s  for  pos i t i ve d ra i nage , and  t h e  c o n s t ruc t i o n 
of  perma ne n t  s ec u r i ty fenc i ng a round  t h e  s i te .  
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Demob i l i za t i on wou l d  c o n s i s t  o f  t h e  remova l o f  t h e  re
ma i n i ng was tewa t e r  retent i on ba s i n ( s )  a nd tempo ra ry d ra i nage  
d i tc hes . The wat e r  wou l d  be t reated a nd d i s c ha rged wh i l e the  
bottom s l udges  and  d i ke s  wou l d  be d i s posed  o f  i n  the p i l e .  
A l l d econtam i na t i on fa c i l i t i es wo u l d  be removed a n d  the 
equ i pment  c l eaned for s a l vage . The s ta g i ng  a re a s  wou l d  be  
d i s ma n t l  ed w i t h  t h e  c ontami  na ted i tems e i t her  c l ea n ed and  
s a l vaged o r  b u r i ed . A l l equ i pme n t  wou l d  be  d ec ontam i n a ted 
a nd i n s pec ted p r i o r  to re l ea se f rom the s i tes . 

F i gu re A . 2. 7  s h ows a c o n s t ruc t i o n s c h ed u l e  f o r  s ta b i l i 
z a t i on a t  the New R i f l e  s i te. 

A . 2 . 4  RADON CONTROL 

Con t ro l  o f  rad o n  f l ux f rom the  sta b i l i zed ta i l i ng s  p i l e  wo u l d  be 
a c comp l i s hed by p l ac i ng a c ompa c ted ea rthen  rad o n  ba rr i e r  over the 
c o n s o l i d ated ta i l i ng s  a nd c o n tami nated ma t e r i a l s .  

Data  on  the d i s t r i bu t i on o f  ra d i um-2 2 6  i n  t h e  ta i l i ng s , o n  the  
p ropert i e s o f  t h e  ea rthen b o r row ma ter i a l s ,  a nd on  t h e  e s t i mated  depth  
o f  the  w i ndb l own ta i l i ng s  we re a n a l yzed i n  o rd e r  t o  d e ve l op an  
e s t i ma ted rad on  ba r r i e r  th i c k n e s s. 

The t h i c k ne s s  o f  t h e  rad o n  ba r r i e r  req u i red to l i mi t rad o n  f l ux to 
20 p i c o C u r i e s  p e r  s q u a re meter  per  second ( pC i /m2 s )  wa s c a l c u l a ted 
us i ng the c omputer  c od e  RAECOM ( NRC , 1 98 4 ) . The mathemat i ca 1 mod e l  
i mp l emented i n  RAECOM d e s c r i bes  one-d i men s i on a l , s teady-state rad o n  
d i f f u s i on t h rough  a two-pha s e ,  mu l t i - l ayer  sys tem o f  p o rou s med i a , 
represent i ng the  ta i l i ng s  p i l e  a n d  i t s rad o n  ba rr i e r .  M u l t i p l e  l aye rs 
of ta i l i ng s  a nd rad o n  ba r r i e r  a re a l l owed i n  the mod e l , w i t h  d i f fe r
ences  i n  phys i ca l , rad i o l og i ca l , a n d  d i f f u s i on a l p rope rt i e s rep res en ted 
by seven , l ayer-spec i f i c , i np u t  pa ramete rs . The s even va l ues  req u i red 
f o r  eac h  l ayer of t h e  ta i l i ng s  p i l e  system mod e l ed by RAECOM a re :  

o Th i c k n e s s  o f  l ayer ( c ent i meters ) .  
o B u l k d e n s i ty ( g rams p e r  c u b i c  cent i mete r ). 
o Poro s i ty ( f rac t i ona l ) .  
o Long-te rm mo i s t u re c ontent  ( pe rc e n t  d ry we i g h t  ba s i s ) . 
o Ema na t i ng f ra c t i on o f  rad on  ( f rac t i o na l ) .  
o Radon  d i f fu s i on c oef f i c i en t  ( s q u a re c e n t i meters  p e r  second ) .  
o Rad i um-226  conc ent ra t i on ( p i c oc u r i e s  p e r  g ram) . 

I n  add i t i on to the  pa ramete rs d e s c r i b i n g t h e  l ayers  o f  the  s ta b i 
l i zed p i l e ,  RAE COM req u i res t h e  i nput  o f  t h e  t o ta l n umbe r  o f  l ayers  i n  
t h e  p i l e  a nd the  l ayer t o  be opt i m i zed i n  meet i ng the  s pec i f i c  rad on  
f l ux l i m i t  ( 20 p C i /m2 s )  a t  the s u rfac e . A l s o ,  the  rad on  boun d a ry 
c o nd i t i on s  a t  the  top a nd bottom o f  t h e  p i l e  mu s t  be s pec i f i ed .  The 
bottom c on d i t i on i s  a l ways an i nc om i n g  f l ux equa l t o  ze ro pC i /m2 s f o r  
ta i l i ng s  p i l es .  T h e  t o p  c o nd i t i on i s  t h e  o b s e rved amb i en t  rad o n  
concentra t i on ( p i c oc u r i es p e r  l i te r )  i n  a i r  nea r t h e  s i te .  
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The actua l t h i c k ne s s  o f  t h e  rad on  ba r r i e r  may va ry d epend i ng on  
a dd i t i on a l  b o r row s i te e va l ua t i on a n d  a na l y s e s  t o  be p e rf o rmed d u r i ng 
f i na l  d e s i gn and  remed i a l  a c t i on . P l a n t  root p e n e t ra t i on , i nt ru s i on by 
b u rrowi ng  a n i ma l s ,  and c o n s t ru c t i b i l i ty a re a l s o c on s i d e ra t i o n s  i n  
d et e rm i n i ng rad o n  ba rr i e r  t h i c k n e s s . F o r  p u rp o s e s  o f  t h i s  E I S ,  t h e  
radon  ba r r i e r  req u i red to mee t  t h e  E PA s t a nd a rd s  wou l d  be  c o n s t ructed  
o f  a p p rox i mate l y  two feet  o f  ma te r i a l  a va i  l a b l e  a t  t h e  Sec ond  St reet 
b o r row s i te . Us i ng t h i s  t h i c k n e s s  and i nc l ud i n g  the  f ro s t  p rotec t i on 
ba rr i e r  a n d  the  e ro s i on p rote c t i on ba r r i e r ,  radon  f l ux a ft e r  remed i a l  
a c t i on wa s c a l c u l a ted t o  b e  l e s s  t h a n  2 0  p C i /m2 s .  The d a ta a n d  
a na l ys e s  a re a va i l a b l e  i n  t h e  DOE  UMTRA P rojec t  O f f i c e , A l buq u e rque , 
New Mex i c o .  

A . 2 . 5  DES I GN CONS I D ERAT I ONS 

A n umbe r o f  a l te rna t i ve d e s i gn s  we re i n ve s t i gated i n  o rd e r  to 
e n s u re l ong-te rm s ta b i l i ty o f  t h e  ta i l i ng s  p i l e .  Majo r c o nc e rn s  
re l a ted to d i s po s a l  a t  t h e  N ew R i f l e  s i te i nc l ud e : p rox i m i ty to t h e  
C o l o rado  R i ve r ,  v u l n e ra b i l i ty t o  c h a n n e l  s h i f t s  o f  t h e  r i ve r ,  h i gh 
g roundwa t e r  t a b l e ,  l a rge q u a n t i ty o f  c o n tam i nated  ma te r i a l  i n vo l ved . 
a n d  c o n s t ra i n ts  i mpo s ed by t h e  l i m i ted a rea l extent  o f  t h e  s i te .  S i n c e  
t h e  p i l e  wou l d  be  l ocated  n e a r  t h e  c i ty o f  R i f l e ,  e f f o rt s  we re a l s o 
mad e  t o  red u c e  v i s u a l i mpac t s  f rom the  s ta b i l i zed ta i l i ng s  p i l e .  

The g roundwa t e r  u n d e r  t h e  New R i f l e  ta i l i ng s  p i l e  i s  c o n tami 
na ted a s  i nd i ca ted by mea s u red c o n c e n t ra t i on s  of  s u l fate  and  u ra n i um i n  
mon i to r  we l l s .  The  p l a c eme n t  a n d  s l op i ng o f  t h e  ta i l i ng s  a n d  t h e  
p l ac emen t  o f  t h e  l ow-pe rmea b i l i ty ea rthen  rad o n  ba rr i e r  wo u l d  s Ub s tan
t i a l l y red u c e  f u rt h e r  g rou ndwa t e r  c o n tami na t i on . 

The  s i d e s  l opes  o f  t h e  p i l e  we re a na 1 yzed  i n  o rd e r  to d et e rm i  n e  a 
s l ope that  wo u l d  p ro v i d e  t h e  neces sa ry f a c t o r  o f  s a fety a ga i n s t  s l ope 
i n sta b i l i ty ,  red u c e  the poten t i a l  e f fects  o f  e ro s i on ,  a nd max i m i ze  t h e  
vo l ume c o nta i ned  w i t h i n  t h e  l i mi ted a rea . L i m i t i ng t h e  p i l e  s i d e s l opes  
to 20 pe rc e n t  wou l d  e n s u re p i l e  sta b i l i ty as  we l l  as  p rov i d e s u f f i c i en t  
vo l ume wi th i n  the  p i l e ,  d e s p i te t h e  l i m i ted w i d t h  o f  t h e  s i te .  

The u p s t ream ( ea s te rn )  s i de o f  t h e  p i l e  wo u l d  be po i n ted i n  o rd e r  
t o  d i ve rt f l ow a ro u n d  ra t h e r  tha n d i rec t l y  towa rd t h e  p i l e .  Th i s  wo u l d  
res u l t  i n  l owe r f l ow ve l oc i t i es ,  t h e reby red u c i ng t h e  s i ze o f  t h e  roc k 
f o r  e ro s i on p rotec t i o n . G rou ted r i p ra p  o r  ot h e r  c eme n t i t i o u s  ma t e r i a l s  
we re e l i m i na ted f rom c on s i d e ra t i on a s  f l ood p rotec t i o n beca u s e  t h e  
exce s s i ve ma i nt e n a n c e  that  wo u l d  be req u i red d u r i n g  t h e  d e s i g n l i fe 
does  not  meet the  i ntent  o f  t h e  E PA s ta nd a rd s . 

A . 2 . 6  LONG-TERM STAB I L I T Y  

Wa t e r  e ro s  i o n  

Severe ra i n fa l l  e v e n t s  ha ve t h e  potent i a l  t o  d e ve l op r i l l s a n d  
g u l l i es on  the  s teepe r ( 20 p e rc e n t )  s i d e s l opes  o f  t h e  s ta b i l i zed 
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ta i l i ngs  p i l e  a n d  e rod e s ome o r  a l l o f  t h e  radon  ba rr i e r  i n  sma l l ,  
u n d e f i na b l e  a reas . One  s u c h  potent i a l  ra i n fa l l e v e n t  i s  c ommon l y  
re f e r red t o  a s  t h e  Proba b l e Ma x i mum P rec i p i ta t i on ( PM P ) . The  PMP i s  
d e f i ned a s  t h e  ma x i mum p rec i p i ta t i on t h a t  c ou l d  oc c u r  f rom t h e  mos t  
s e ve re c omb i na t i on o f  meteoro l og i ca l  cond i t i on s  t h a t  a re rea sona b l y  
pos s i b l e  i n  a reg i on .  For  t h e  New R i f l e  s i te ,  t h e  l oc a l  o n e - h o u r  
PM P s t o rm wa s ca l c u l a ted to  be  7 . 6  i nc he s . B a s ed on t h i s  o n e - h o u r  
i ntens i ty ,  a ma x i mum 2 . 5 -m i n u te i nt e n s i ty wa s c a l c u l ated ba sed  on t h e  
t i me of  c o n c e n t ra t i on f o r  f l ow o f f  t h e  p i l e .  Th i s  i n ten s i ty wa s t h e n  
c o n v e rted to a n  e q u i va l ent  o n e-h o u r  ra i n fa l l i n t e n s i ty o f  50 . 2  i nc he s  
p e r  hou r .  T h e  PM P wou l d  gen e ra t e  s h eet  f l ow ra tes  ra ng i ng f rom 0 . 7  t o  
1 . 7 c ub i c  f e e t  pe r s e c ond p e r  foot ( c f s / f t )  o f  s l ope  w i d th on t h e  p i l e .  

To p rotect  t h e  p i l e  f rom t h e  i mp a c t  o f  a PM P ,  t h e  s ta b i l i zed 
ta i l i ngs  p i l e  wou l d  h a ve a 1 . 5-foot-t h i c k l aye r of roc k ( i nc l ud i ng t h e  
f i l te r  l aye r )  on t h e  tops l opes  a nd a two- t o  t h ree-foot-th i c k  l ayer  of  
roc k ( i n c l ud i ng t h e  f i l te r  l aye r )  on  t h e  s i d e s l opes  a s  pa rt o f  the  
c o v e r  sys tem . Roc k s i ze s  req u i red to  w i t h s ta n d  s he e t  e ro s i on on the  
p i l e  top a nd s i d e s l opes  d u r i ng  a PMP  event  a re s h own in  Ta b l e  A . 2 . 2 .  

To f u rth e r  red u c e  t h e  potent i a l  f o r  e ros i on by s u rf a c e  wa t e r  
runof f ,  add i t i ona l c o n t ro l  f e a t u re s  we re i nc o rp o ra ted i nto  t h e  d e s i gn 
to  red u c e  s u rf a c e  run o f f v e l oc i t i es .  The  s l opes  o f  t h e  s t a b i l i zed 
ta i l i ng s  p i l e  wou l d  be  l i m i ted to f i ve h o r i zon ta l to one  ve rt i ca l  
( 20 p e rc e nt ) . The  top o f  t h e  p i l e  wou l d  b e  g e n t l y  s l oped ( a  ma x i mum 
of f o u r  pe rc e n t )  to p romote  d ra i nage . 

Ta b l e  A . 2 . 2  Roc k e ros i on p rotec t i on , New R i f l e  s i te 

Roc k s i zea Th i c k n e s s  o f  Des i gn f l ow 
Loca t i on ( i n c he s ) roc k b ( i n c h e s ) ( c f s / f t )  

Tops l opes  0 50 > 1 . 5 1 8  0 . 7  

Toes l ope 0 50 > 7 . 0 2 4  1 . 7 

Toe s l ope s u bme rged 0 50 � 1 6  3 6  1 . 7 
d u r i ng a PMF 

Roc k a p ron 0 50 � 40 1 2 0 1 . 7  

a " O "  c o rrespond s to req u i red roc k  d i amete r ;  0 50 i s  the  d i amete r  o f  50  p e r
c e n t  o f  the  roc k  by we i gh t . 

bTh i c k n e s s e s  i nc l ud e  f i l t e r  l aye rs except  f o r  t h e  roc k a p ron  whe re a f i l te r  
l aye r wou l d  not b e  nec e s s a ry .  
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I n  add i t i on to e ros i on f rom s heet  f l ow ,  t h e  l owe r s i d e s  o f  t h e  
s ta b i l i zed p i l e  mu s t  res i s t t h e  e ros i ve f o rc e s  o f  a PMF .  Be l ow t h e  PMF 
max i mum f l ood e l e v a t i on ,  t h e  20-p e rc e n t  s i de s l opes  wou l d  be  c o v e red w i t h  
a th ree-foot-th i c k  l aye r o f  roc k  ( i nc l ud i ng t h e  f i l te r  l aye r ) . Th i s  
t h ree-foot-t h i c k roc k l ay e r  wou l d  t i e  i n to  a 1 0-foot-th i c k  roc k a p ron  
a round  t h e  b a s e  o f  the  ta i l i ngs . Roc k s i ze s  req u i red to wi t h s ta n d  t h e  
PMF a re a l s o s h own i n  Tab l e  A . 2 . 2 .  

I t  i s  a n t i c i pated t h a t  a f i l te r  l aye r wou l d  be  req u i red on t h e  top 
a n d  s i d e s l opes  of  the p i l e  to  p re v e n t  p i p i ng and e ros i on of  the f i n e r
g ra i ned radon  ba r r i e r .  The  g ra da t i on s  o f  t h e  f i l te r  l aye r wou l d  be  
d e t e rm i n ed d u r i ng the  f i na l  d e s i g n when  the  g ra i n  s i ze d i s t r i b u t i on of  
t h e  radon  a n d  roc k e ro s i on p rotec t i on ba rr i e rs we re f i na l i zed . The  
f o l l owi ng  c r i te r i a  wou l d  be  u s ed i n  t h e  f i na l  d e s i g n : 

D
1 5  

f i l te r  
-...!..;�--- < 5 
D8 5  b a s e  

The  a c cepta b i l i ty o f  t h e  roc k  wou l d  be  d e t e rm i ned  we l l  i n  a d v a n c e  
o f  the  t i me when  t h e  roc k  wou l d  be  requ i red f o r  p l a c emen t . The  s e l ec ted 
roc k  mu s t  meet s pec i f i c  tes t i ng c r i te r i a  for l ong-term d u ra b i l i ty . 

Wi nd e ros i on 

H i gh w i nd ve l oc i t i e s c ou l d  d amag e  t h e  rad o n  b a r r i e r  o f  t h e  s ta b i 
l i zed ta i l i ngs  p i l e  i f  l e f t  exposed . The s ame roc k  a n d  f i l te r  l aye rs 
u s ed to  p rotec t the pi l e  f rom wa t e r  e ro s i on wou l d  p ro v i d e  s u f f i c i ent  
p rotec t i on f rom t h e  e f fe c t s  o f  potent i a l l y  e ro s i ve wi nd  ve l oc i t i e s . 

F l ood protec t i on 

The  New R i f l e  s i te i s  on t h e  n o rt h  b a n k  o f  t h e  C o l o ra d o  R i ve r  
a bout 2 . 5  m i l es d own s t ream o f  t h e  O l d  R i f l e  s i te .  The ta i l i ngs  l i e 
wi th i n  a mea n d e r  o f  t h e  Co l o ra d o  R i ve r  t h a t  e x h i b i ts a n  i s l a nd -b ra i ded 
pa tte rn . The Co l o ra d o  R i ve r  i s  wi t h i n  1 000 f e e t  ea s t  a nd 600 feet  
south  o f  the  ex i s t i ng ta i l i ng s  p i l e .  The  m i l l  a n d  o re s t o ra g e  a rea s 
1 i e between  t h e  p i  1 e a nd t h e  r i  v e r  to  t h e  e a s t . The  rna i n c ha n n e  1 o f  
t h e  Co l o ra d o  R i ve r  h a s  been  a rt i f i c i a l l y  c ha n ne l ed no rthwa rd by 
b l oc k i ng a l t e rna t i ve r i ve r  c ha n ne l s  u p s t ream of the s i te . Th i s  h a s  
c a u s ed the  r i v e r  to  swi ng  n o rt h  a n d  e rod e t h e  n o rt h e rn po rt i on o f  a 
d i ke that  p rotects  t h e  ta i l i ngs  p i l e  a n d  m i l l  a rea . 

The  wa t e rs hed u p s t ream o f  t h e  s i te i s  6 9 5 0  s q u a re m i l es o f  s t e e p l y  
s l oped t e rra i n .  E l e va t i on s  i n  t h e  wa t e rs hed ra nge f rom 5260 feet  a t  
R i f l e  to  mo re t h a n  1 4 , 000 f e e t  i n  t h e  h i g h e s t  headwa t e r  a rea s . 

Bec a u s e  o f  t h e  l oc a t i on o f  t h e  s t ab i l i zed ta i l i ng s  p i l e  w i th 
respect  to the  Co l o ra d o  R i ve r ,  f l ood i ng wou l d  p re s ent a r i s k  to  t h e  
l ong -te rm s t a b i l i ty o f  t h e  p i l e .  I n  o rd e r  to  d e s i g n ad equate  p rotec t i on 
aga i n s t  f l ood i n g f o r  t h e  s t a b i l i zed ta i l i ng s  p i l e ,  a f l ood a na l ys i s  o f  
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t h e  s i te wa s p e r f o rmed u s i ng t h e  H EC - l  a n d  H EC-2  ( COE , 1 9 82 ,  1 9 8 1 ) 
c omp u t e r  mod e l s .  Th i s  a na l ys i s  e v a l uated t h e  PMF u s i ng t h e  PMP e s t i mate  
for  a s e v e re s umme r s t o rm o n  the  C o l o ra d o  R i ve r  wa t e rs h ed a bove  R i f l e .  

The  f l ood a na l ys i s  re s u l ted  i n  c a l c u l at i on o f  a peak  f l ood f l ow i n  
t h e  C o l o ra d o  R i v e r  o f  7 9 5 , 200 c u b i c f e e t  p e r  s e c ond  ( c fs ) . D u e  to  
n a t u ra l  topog ra p h y , the  PMF f l ood p l a i n  n a r rows n ea r  t h e  s i te f rom a 
f l ood p l a i n  o f  o v e r  4400 f e e t  wi d e  a p p rox i ma te l y  1 000 f e e t  u p s t ream o f  
t h e  ta i l i n gs  p i l e  t o  a f l ood p l a i n  o f  l e s s  t h a n 2300 f e e t  w i d e  a p p rox i 
mate l y  t h ree mi l es d own s t ream o f  t h e  t a i l i n gs  p i l e .  A l l s i d e s  o f  t h e  
p i l e  wou l d  be e x p o s e d  t o  c ha nne l f l ow a s  s h own i n  F i g u re A . 2 . 8 .  The 
peak  wat e r  s u rf a c e  e l e va t i on wou l d  va ry f rom 5290 feet  to  5301  feet 
a l ong the p i l e ,  a n d  mea n  c h a n n e l  v e l oc i t i es wou l d  ra nge f rom a p p ro x i 
mat e l y 1 6  t o  26  f e e t  p e r  s e cond  ( f p s ) . F l ood p l a i n  c o n s t r i c t i on s  a t  t h e  
s i te wou l d  c a u s e  u n s t a b l e ( i . e . ,  t u rbu l en t )  f l ow c ond i t i on s  to  oc c u r  i n  
t h e  f o rm o f  nea r c r i t i ca l  f l ow ( i . e . , f l ow t h a t  c a u s e s  e ro s i on o r  
s c o u r ) . The r i ve r  wou l d  a t t empt to  mod e ra t e  t h e  s teep  e n e rgy g rad i ent  
a n d  sta b i l i ze t h e  f l ow by s c o u r i n g  a l l u v i um .  Us i ng met h o d s  o u t l i ned 
f o r  the  B u re a u  of Rec l amat i on by Pemb e rton  and L a ra ( 1 9 84 ) , the d e p t h  
o f  zero sed i ment  t ra n s p o rt ( d epth  o f  ma x i mum s co u r )  wou l d  be 3 2  f eet  
be l ow t h e  c ha n n e l bottom . Ma x i mum wat e r  s u rf a c e  a n d  s c o u r  e l e va t i on s  
f o r  t h e  PMF event  a re s hown i n  F i g u re A . 2 . 9 .  

To p ro t e c t  t h e  s t a b i l i zed ta i l i ngs  p i l e  f rom the  max i mum  f l ood 
c ond i t i on s  d e s c r i bed above , t h e  s i d e s l ope s of t h e  p i l e  be l ow t h e  
max i mum wat e r  s u rf a c e  e l e va t i on f o r  a PMF wou l d  be c ov e red w i t h  a 
t h ree-foot -t h i c k l ayer  o f  g raded roc k  ( i nc l ud i ng t h e  f i l te r  l aye r ) . 
Th i s  roc k  l aye r wou l d  t i e  i nt o  a t e n - f oo t - t h i c k ,  be l ow-g rad e ,  rock 
a p ro n  a round  the base of the ta i l i n gs  p i l e .  The roc k  p rote c t i on 
requ i rements  f o r  t h i s  d es i gn a re s h own i n  Ta b l e  A . 2 . 2 .  The  c a l c u 
l at i on s  s uppo rt i ng t h i s  d e s i gn a re o n  f i l e  a t  t h e  D O E  Proj e c t  O f f i c e  i n  
A l b u q u e rque ,  New Mex i c o .  

Geomo rpho l ogy ( r i ve r  mea n d e r) 

The New R i f l e  ta i l i n gs  s i te i s  i n  a mea n d e r  p a t h  o f  t h e  C o l o ra d o  
R i ve r  a nd o v e r l i es 20  t o  29  f e e t  of  a l l u v i a l  mat e r i a l . Pa rt i c l e  s i ze s  
o f  t h e  a l l uv i um a t  t h e  s i te va ry f rom m i n o r  amou n t s  o f  s i l t  s i zed 
pa rt i c l es t o  grave l l y  s a nd s t o  c obb l y  g ra ve l s . The f l ood p l a i n  a t  the  
New R i f l e  s i te h a s  been  n a rrowed both  n a t u ra l l y ,  d ue t o  geo l og i c  f e a 
t u re s , a nd a rt i f i c i a l l y ,  d ue to  c on s t ru c t i on o f  I n te rs ta t e -7 0 ,  t h e  
Denver  a nd R i o  G ra n d e  We s t e rn R a i l road , a nd t h e  ta i l i ng s  p i l e .  T h e s e  
c on s t r i c t i on s  c ou l d  c a u s e  u n s ta b l e  f l ow c o nd i t i on s , a c c e l e ra ted ve l o
c i t i es , a n d  s c o u r i n g  o f  a l l u v i um a t  the  s i te d u r i ng maj o r f l ood 
events . G i ven  t h e s e  s i te c ond i t i on s , the r i ve r c ou l d  c ut t h rough  the 
s i te i f  not  p rope r l y  c o n t ro l l ed .  A d e ta i l ed d e s c r i pt i on o f  the g eo
morph i c  s e t t i ng a t  the  New  R i f l e  s i te i s  p ro v i d e d  i n  Sec t i on 0 . 3  o f  
Append i x  0 ,  So i l s ,  Geo l ogy , a n d  Se i smi c i ty .  
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The  roc k  a p ron d e s c r i bed i n  t h e  p re v i o u s  s e c t i on h a s  been d e s i gned  
t o  p rotect  the  p i l e  f rom t h e  poten t i a l  i mp a c t s  re l ated t o  c h a n n e l  mea n 
d e r  a nd s c ou r ,  a nd to  p rotect  a ga i n s t  t h e  c a l c u l ated  d e p t h  o f  s c o u r  
d u r i n g  r i ve r  mea n d e r .  T h e  c a l c u l a t i on s  s up p o rt i ng t h i s  d e s i gn a re o n  
f i l e  a t  t h e  D O E  P roj ect  O f f i c e i n  A l b u q u e rq u e , New Mex i c o . T h e s e  c a l 
c U l a t i on s  c ompute  wat e r  s u rf a c e  p ro f i l e s a n d  f l ood ve l oc i t i e s w i t h  re 
v i sed bound a ry geome t ry t o  mod e l  t h e  s e n s i t i v i ty o f  geomo rp h i c  c ha n ge s . 

S l ope s t ab i l i ty/s e i smi c r i s k  

S l ope  fa i l u re d ue t o  i n sta b i l i ty u n d e r  s t a t i c  a n d  s e i sm i c l oad i ng 
c ou l d  a f fect  t h e  i nt e g r i ty o f  t h e  ta i l i ng s  p i l e  i f  not  p rope r l y s t a b i -
1 i zed . 

Sta b i l i ty a n a l ys e s  we re p e r f o rmed f o r  e a c h l oad i ng cond i t i on to  
e s t i mate  factors  o f  sa f ety a ga i n s t  s l ope f a i l u re . In  pa rt i c u l a r ,  the  
s e i smi c l oad i ng c ond i t i on s  we re e va l u a t ed by a pp l y i ng t h e  peak  ho r i 
zonta l a c ce l e ra t i on res u l t i ng a t  the  s i te f rom a d e s i gn ea rt h q u a k e  ( on e  
wh i c h  p rod u c e s  t h e  l a rg e s t  on-s i te a c c e l e ra t i on ) . T h e  e va l u a t i on 
e s t i ma ted t h a t  t h e  d e s i gn e a rt h q u a k e  wou l d  g e n e rate  a n  on-s i te e f f e c 
t i ve p e a k  h o r i zonta l bed roc k  a c c e l e ra t i on o f  0 . 2 1 g .  Deta i l s  o n  t h e  
s e i smi c a na l ys i s  f o r  the  New R i f l e  s i te a re p ro v i ded  i n  Sec t i on 0 . 4  o f  
Append i x  0 ,  So i l s ,  Geo l ogy , a n d  Se i smi c i ty .  

The  f a c t o rs o f  sa fety  a ga i n s t  s l ope  fa i l u re u n d e r  both  s ta t i c  and  
s e i smi c l oad i ng for  t h e  s t a b i l i zed ta i l i ng s  p i l e  e x c eed gene ra l l y  
a c c epted l i mi ts  o f  1 . 5 ( Sowe rs , 1 9 7 9 )  and  1 . 0 ( DOA , 1 9 7 0 ) , re s p ec t i ve l y .  
The stat i c  and  s e i sm i c s a f e t y  f a c t o rs c a l c u l ated  f o r  the  p i l e  a re 3 . 1  
a n d  1 . 8 ,  re spec t i ve l y .  The  e f fec t s  o f  f l ood i ng o n  s ta b i l i ty we re 
i nc l uded  i n  t h i s  a n a l ys i s .  

Groundwa t e r  a t  the  s i te i s  be l ow t h e  ta i l i ng s -s o i l  i nt e r fa c e . D u e  
t o  the  d e n s e  na t u re o f  t h e  c ohes i on l e s s  f o u nd a t i on s o i l s ,  l i q u e fac t i on 
i s  not  a poten t i a l  ha z a rd g i ve n  t h e  d e s i gn ea rt h q u a k e  a c c e l e ra t i on .  

Sett l eme n t  a n d  c o v e r  c ra c k i ng 

D i f f e re n t i a l  s e t t l eme n t  o f  t h e  sta b i l i zed  ta i l i ngs  p i l e  h a s  the  
poten t i a l  h a za rd o f  c rac k i ng t h e  c ov e r  s ystem  d ue to  h o r i zonta l s t ra i n s 
and , t h u s , c ou l d  a f fect  t h e  i n teg r i ty o f  t h e  p i l e .  D i f fe re nt i a l  s e t t l e 
ment c ou l d  a l so i nc re a s e  t h e  potent i a l  f o r  g u l l y  e ros i on d u e  t o  c on c e n 
t ra t i on s  o f  s u rf a c e  runof f .  Howeve r ,  t h e  ta i l i ngs  and  c ontami n a t ed 
ma te r i a l s  wou l d  be  c ompac t ed to  i nc re a s e  s t re n g t h  a n d  red u c e  c omp res s i 
b i l i ty .  The  tota l l ong-t e rm s e t t l ement  o f  t h e s e  ma t e r i a l s  w i l l  be v e ry 
sma l l  d u e  to t h e  c ompac t i on ,  a s  we l l  a s  to  t h e  g ra n u l a r ,  non-p l a s t i c  
n a t u re o f  the  ta i l i ng s . Set t l ement  o f  t h e  f o u nd a t i on w i l l  b e  n eg l i g i 
b l e ,  a s  mos t  o f  t h e  unde r l y i n g  s o i l w i l l  be  removed a n d  a n y  rema i n i ng 
i n -s i t u s o i l s  wi l l  not  be s a t u rated  a ft e r  p l a c ement  o f  t h e  c ontami na ted 
ma t e r i a l s .  T h e re f o re , t h e  a d v e r s e  e f fec t s  of tota l a nd d i f fe re n t i a l  
s et t l eme n t  o n  t h e  i nteg r i ty o f  t h e  rad on ba r r i e r  a re c on s i d e red t o  be 
sma l l  and wi th i n  a c c eptab l e  l i mi t s . The  f i na l  e ng i n e e r i n g  d e s i gn wou l d  
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s pec i fy t h e  d e g ree  o f  c ompa c t i on req u i red to  a vo i d  d e t r i me nta l 
s e t t l eme n t . 

Due  to t h e  d i f f i c u l ty i n  c o n t ro l l i n g d i f fe re n t i a l  s e t t l eme n t  of  
t h e  c o n s o l i d ated ta i l i ng s , s e t t l eme n t  mon i to r i n g  d e v i c e s  wou l d  be  
i ns ta l l ed to mea s u re the  tota l s e t t l eme n t  o f  t h e  ta i l i ng s  a nd u n d e r
l y i ng s o i l s  c a u sed  by c o n s o l i da t i on . Upon  t h e  c omp l et i on o f  9 0  pe rc e nt 
o f  a l l  o f  t h e  s e t t l emen t , t h e  ea rt h e n  rad o n  ba rr i e r  wou l d  be  p l a c ed 
o v e r  the  ta i l i ngs , a nd t h e  s e t t l eme n t  wou l d  be  mon i to red aga i n .  F i na l  
g rad i ng a n d  c ompa c t i on o f  t h e  rad o n  ba rri e r  wou l d  be p e rf o rmed on l y  
a ft e r  s u f f i c i ent  s e t t l eme nt  had  oc c u rred t o  p re v e n t  c ra c k i ng o f  t h e  
ba rri e r  a n d  c o n c e n t ra t i on o f  s u rf a c e  run o f f  f l ows . 

F rost  hea ve/s o l i f l uc t i on 

F ro s t  heave  a n d  s o l i f l uc t i on a re p roc e s s es t h a t  pos e a h a z a rd to 
the l ong-te rm p e r f o rman c e  of a ny s t ru c t u re c o n s t ructed  to i s o l a t e  the 
ta i l i ngs  at the  s i te .  C l i ma t i c c o nd i t i on s  at the  s i te f a v o r  the 
o c c u rre n c e  o f  t h e s e  p roc e s s e s  d u r i n g  the wi n te r .  

F ro s t  heave  a nd a s s oc i ated  f ro s t  c re e p  o r  f ro s t  s l ou g h i ng a re 
p roc e s s e s  wh i c h  c a n  oc c u r  u n d e r  t h e  c l i ma t i c  c o nd i t i on s  a t  the  ta i l i ng s  
s i te .  T h e  l a tte r two oc c u r  i n  f i ne-g ra i ned sed i me n t s  on  s l opes  ( L i ne l l 
a nd Lobac z ,  1 98 0 )  a nd c a n  be m i t i gated  by u s i ng a n  agg rega te ( ro c k )  
c o ve r .  

F ro s t  h ea ve i s  t h e  e x pa n s i on towa rd t h e  s u rf a c e  f rom t h e  f re e ze 
t h aw cyc l e  a nd g e n e ra l l y  h a s  t h e  l a rg e s t  movemen t  f rom t h e  s umme r-wi n t e r  
c yc l e  o f  f re e ze-thaw . The  p ro c e s s  req u i res t h a t  a d e q u a te s o i l mo i s t u re 
be p re s e n t  to f o rm i c e  l en s e s  a t  bounda r i e s  i n  f i n e -g ra i n ed s o i l wh i c h  
a c t  a s  a ba rri e r  t o  wa t e r  p e n e t ra t i on . 

The s u s c e pt i b i l i ty o f  t h e  radon  b a r r i e r  to  f re e z e -thaw e f fec t s  h a s  
been s t ud i ed .  The  remed i a l  a c t i on d e s i gn i n c l ud e s  a 2 . 0-f oot-t h i c k 
f ro s t  p rotec t i on l aye r o f  l oo s e l y  c ompa c t ed s o i l s ,  e x c a vated f rom t h e  
Second S t reet  b o r row s i te ,  to  be p l a c ed a b o ve t h e  radon  b a  rr i  e r  a n d  
0 . 5  foot o f  s u f f i c i e nt l y  p o r o u s  s u rf a c e  a g g rega te , o r  d ra i n  l aye r ,  i n  
c onj u n c t i on w i t h  a c o n t i n uo u s  s l ope , to a l l ow d ra i nage  a c ro s s  t h e  p i l e  
s u rfac e . Th i s  wou l d  res t r i c t  wa t e r  bu i l d u p  o v e r  t h e  radon  ba rr i e r ,  
t h e reby e n s u r i ng i ts i n teg r i ty .  

Sol i f l u c t i on i s  t h e  a c t i on o f  s l ow f l owa ge i n  s a t u ra ted s o i l s  i n  
p e ri g l ac i a l  reg i on s  ( R i tte r ,  1 9 7 8 ) . On l y  t h e  s u rf a c e  l aye r i s  a f f e c t ed , 
a n d  ve ry l ow s l opes  c a n  f l ow i f  s a t u rated . T h e  remed i a l  a c t i on d e s i gn 
i nc l ud e s  t h e  u s e  o f  a p e rmea b l e a g g regate  ( ro c k )  l ayer  o v e r  t h e  f i ne 
g ra i ned , ea rthen radon  ba rri e r ,  i n  c o n j u n c t i on wi th  a c o n t i n uo u s  s l ope 
to a l l ow d ra i nage  a c ro s s  the p i l e  s u rfa c e , t h u s  remo v i ng the s a t u ra t i on 
p re requ i s i te f o r  t h i s  p roc e s s  a n d  mi t i ga t i ng t h e  h a za rd . 
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P l a nt root pen e t ra t i on ,  b u rrowi ng a n i ma l s ,  a n d  h uma n i nt rus i on 

The  sta b i l i zed ta i l i ng s  wou l d  be  c o v e red w i t h  a two-foot-th i c k  
l aye r o f  c ompa c t ed , l ow-p e rmea b i l i ty ,  ea rt h e n  ma te r i a l s  a n d  a 2 . 5 -foot
t h i ck f ro s t  p rote c t i on a nd d ra i n  l aye r .  T h e s e  l ay e rs wou l d  then  be 
c o v e red wi th  a l a ye r  o f  roc k  e ros i on p rote c t i o n ma t e r i a l  ( i nc l ud i ng t h e  
f i l te r  l ay e r ) . 

The s e  l ay e rs o f  c ompa cted  ea rth a nd rock wou l d  i n h i b i t  p l a n t  root 
penet ra t i o n i nto t h e  ta i l i ngs  a nd c o ntami n a t ed ma t e r i a l s .  The roc k a n d  
f rost  p rote c t i on l a ye rs wou l d  a l s o d i s c o u ra ge i nt ru s i o n b y  b u rrowi ng 
a n i ma l s  a nd wo u l d  i n h i b i t  i nad v e rt e n t  h uma n i nt ru s i on .  The  f i na l  ta i l 
i ngs  p i l e  wo u l d  be s u rro u n d ed by a s e c u r i ty f e n c e  w i t h  l oc ked  ga tes  a nd 
wa rn i ng s i g n s . 

A . 2 . 7  GROUNDWATER  PROT E C T I ON 

Depend i ng on sea s ona l v a r i a t i on s  i n  t h e  d e p t h  to g ro u ndwa t e r ,  
a pp rox i ma t e l y  2 0  f e e t  o f  s a t u ra ted a l l u v i um c omp r i s e  t h e  s ha l l ow 
g roundwa t e r system that  d i s c ha rg e s  to t h e  Co l o ra d o  R i ve r .  The  Wa s a t c h  
Fo rma t i on u n d e r l i e s t h e  a l l u v i um a nd c omp r i s e s  t h e  d e ep e r  bed roc k  
g rou ndwa t e r  sys tem . The d i re c t i o n o f  g ro u ndwa t e r  f l ow i n  both  g ro u n d 
wa t e r  sys tems i s  we s twa rd .  Loca l i zed g ro u ndwa t e r  mo und i ng o c c u rs i n  
t h e  a l l u v i um a t  t h e  O l d  R i f l e  s i te d u e to a d ra i nage  d i tc h  d i s c h a rg i ng 
nea r t h e  ta i l i ngs . Th i s  h a s  c reated d ownwa rd pote n t i omet r i c  g rad i ents , 
d r i v i ng c ontami n a n t s  d own i nto the  Wa s a t c h  Fo rma t i on .  At t h e  New R i f l e  
s i te ,  hyd ra u l i c  h e a d s  i n  t h e  a l l u v i um a re a l s o h i g h e r t h a n  t h o s e  i n  t h e  
u n d e r l y i ng Wa s a t c h  Forma t i on . T h e re f o re , wa t e r  f l ows f rom the  a l l u v i um 
d ownwa rd i nto t h e  Wa s a t c h  Forma t i on , a n d  a ny c o ntam i n a n t s  p r e s e n t  i n  the  
a l l u v i um a t  the  New R i f l e  s i te may be t ra n s po rted to the  Wa s a t c h  Fo rma 
t i on .  Seepage f rom the  O l d  a nd New R i f l e  ta i l i ng s  p i l e s h a s  i mpac ted 
the  g ro u ndwa t e r  i n  both g rou ndwa t e r  sys tems ; h owe ve r ,  c onta m i n a t i on of 
the g ro u ndwa t e r  ha s had  no e f f e c t  on  the ex i s t i ng u s e  o f  the wa te r i n  
t h e  v i c i n i t i e s o f  t h e  R i f l e  ta i l i ng s  s i tes . 

T h e  d e s i gn f o r  s t a b i l i za t i on o f  t h e  ta i l i ng s  p i l e  a t  t h e  New 
R i f l e  s i te i nc o rp o ra t e s  a two-foot-t h i c k ,  c ompa c ted , l ow p e rmea b i l i ty ,  
ea rthen radon  ba r r i e r  a nd 2 . 5  feet  o f  f ro s t  p rote c t i on a n d  d ra i n  l aye rs 
t h a t  wo u l d  be c o n s t ructed  ove r the ta i l i ng s  p i l e .  The sta b i l i zed  ta i l 
i ng s  p i l e  wou l d  be s l oped to red u c e  t h e  s ta n d i ng t i me o f  wa t e r  on  the  
s u rface  o f  t h e  radon  ba rri e r .  The  i n f i l t ra t i on f l u x t h ro u g h  t h e  ba r r i e r  
wo u l d  b e  a p p rox i ma te l y  1 0-9 cmls , mi n i m i z i ng seepage  t h o u g h  ta i l i ngs . 

At the  O l d a n d  New R i f l e  s i te s , na t u ra l  f l u s h i ng wou l d  red u c e  con
c e n t ra t i o n s  of  c o n s e rva t i ve contam i na nt  s pec i e s to b a c k g ro u nd l e ve l s  i n  
the  a l l u v i um wi th i n  1 0  years  a f t e r  the  ta i l i ng s  ha ve been  remo ved a t  
the  O l d  R i f l e  s i te , a nd wi th i n  5 0  yea rs a t  t h e  N e w  R i f l e  s i te .  Howe ve r ,  
natu ra l  f l u s h i ng o f  non-con s e rva t i ve ( geoc hemi c a l l y rea c t i ve )  s p e c i e s 
c ou l d  req u i re c on s i d e ra b l y  mo re t i me a n d  req u i re a c t i ve  a qu i f e r  re s t o ra 
t i o n . Na t u ra l  f l u s h i ng i n  t h e  u n d e r l y i ng  Wa s a t c h  Forma t i on wi t h i n  1 00 
yea rs wo u l d  be neg l i g i b l e  bec a u s e  o f  t h e  f o rma t i on ' s  l ow hyd ra u l i c  
c ond u c t i v i ty .  

A-40 



Contam i n a n t  c o n c e n t ra t i on s  a t  t h e  New R i f l e  s i te wou l d  e v e n t u a l l y 
n a t u ra l l y  f l u s h  to meet  MC L s  a t  t h e  toe o f  t h e  p i l e .  Howe v e r ,  s t ab i l i 
za t i on a t  New R i f l e  wou l d  res u l t  i n  pe r i od s  o f  poten t i a l  exc eeda n c e  o f  
t h e  p roposed g roundwa t e r  p rotec t i on s ta nd a rd s  re l ated  to f l ood i ng o f  
t h e  Co l o ra d o  R i ve r .  I f  na t u ra l  f l u s h i ng w i t h  p rope r i n s t i tu t i ona l 
c o n t ro l s  i s  not s u f f i c i en t  to red u c e  a l l c on t a m i n a n t  conc ent ra t i on s  to 
MC L s  o r  ba c k g round  w i t h i n  1 00 yea rs , o r  i f  p e r i od i c  f l ood i ng c a u s e s  
pe r i od i c  exceed a n c e  o f  MC L s  o r  ba c k g ro u n d  l e ve l s ,  t h e n  d e s i gn mod i f i 
c a t i ons , a c t i ve  a qu i f e r  res to ra t i on ,  a c t i ve re s t o ra t i on i n  c omb i na t i on 
wi th  natu ra l  f l u s h i ng ,  o r  A C L s  wou l d  be  requ i red to  e n s u re c omp l i a n c e . 

U n d e r  t h e  UMTRCA , t h e  DOE  mu s t  c omp l y  wi t h  t h e  p roposed s t a nd a rd s  
u n t i l s t a nd a rd s  a re p romu l ga ted i n  f i na l  f o rm .  A s  a re s u l t ,  remed i a l  
a c t i on t a k e n  wi t h  rega rd t o  t h e  R i f l e  s i te s  wou l d  not  p rec l ud e  s ub
s e q uent  des  i g n  e n h a n c emen t s  i f  n eeded  to  a c h  i e ve c omp 1 i a n c e  w i th  the  
s ta nda rd s  a nd wou l d  not l i m i t t h e  s e l ec t i on o f  rea s ona b l e g ro undwa t e r  
res to ra t i on meth o d s  t h a t  may be  nec e s sa ry w h e n  the  f i na l  s t a n d a r d s  a re 
p romu l ga ted . The DOE  h a s  c h a ra c t e r i zed c ond i t i on s  a t  t h e  R i f l e  u ra n i um 
m i l l  ta i l i ng s  s i te s  a n d  d e t e rmi ned  t h a t  t h e  p ropo s ed remed i a l  a c t i on 
wo u l d  c omp l y  wi th  the  requ i  reme n t s  o f  Su bpa rt A o f  the  p roposed  EPA 
g roundwa t e r  p rotec t i on s t a nd a rd s . When  f i na l  s ta nd a rd s  a re p romu l ga 
ted . t h e  D O E  wi 1 1  e va 1 u a t e  g roundwa t e r p ro t e c t  i on  req u i  reme n t s  a n d  
u n d e rtak e  s u c h  a c t i on a s  n ec e s s a ry to e n s u re t h a t  t h e  f i na l  s t a nd a rd s  
a re met .  The  n eed f o r  a nd extent  o f  a q u i  f e r  re s t o ra t  i on w i  1 1  b e  
e va l uated i n  a c c o rd a n c e  w i th  t h e  N a t i on a l E n v i ronme n ta l Po l i cy Ac t .  
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A . 3  D I S POSAL AT THE  ESTES  GUL C H  S I TE 

A . 3 . l  I NTRODU C T I ON 

Th i s  s e c t i on p rov i d es  t h e  i n fo rma t i on n e c es s a ry to  u n d e rs ta n d  the  
p ropos ed conceptua l d e s i gn f o r  the  re l oca t i on o f  t h e  ta i l i ngs  f rom the  
O l d a nd New  R i f l e  ta i l i ngs  s i te s  a t  R i f l e ,  Co l o ra d o , to  a d i s po s a l  s i te 
i d ent i f i ed a s  E s t e s  Gu l c h ( F i g u re A . 3 . l ) .  The  E s tes  Gu l c h s i te i s  
a p p rox i ma t e l y  s e v e n  road m i l e s north  o f  t h e  O l d  R i f l e  ta i l i ng s  s i te a nd 
a p p rox i ma t e l y  n i ne road m i l e s north  o f  t h e  New R i f l e  ta i l i ngs  s i te .  
Wh i l  e t h i s  a l t  ern  a t i ve i n c 1 u d e s  p e r  f o rma n c e o f i n t e r i m  a c t  i on s a t the  
O l d  a nd New R i f l e  s i te s , these  ac t i v i t i e s a re d i s c u s s e d  i n  d e ta i l  i n  
Sec t i on A . l . 3 .  

A . 3 . 2  D E S I GN FEATURES 

The  remed i a l  a c t i on wou l d  s t a b i l i ze t h e  u ra n i um mi l l  ta i l i ng s  and  
c ontami nated mate r i a l s  at  t h e  E s te s  Gu l c h  s i te i n  c omp l i a n c e  w i t h  the  
E PA s t a nd a rd s . The  p r i nc i pa l  f ea t u re o f  t h e  d e s i gn c o n c e p t  i s  the  
remova l o f  a l l  ta i l i ng s  a n d  c ontami nated  ma te r i a l s  f rom both  t h e  O l d 
a n d  New R i f l e  s i tes  a nd c o n s o l i da t i on o f  t h e s e  ma t e r i a l s  i nto a con
tou red p i l e  a t  the  E s t e s  Gu l c h s i te .  Maj o r  c o n s tru c t i on a c t i v i t i es f o r  
t h i s  re l oc a t i on a l t e rna t i ve a re d i s c u s sed  i n  d e ta i l  i n  Sec t i o n  A . 3 . 4 .  
The d e s i g n  wou l d  requ i re t h e  f o l l ow i ng a c t i v i t i es a t  the  ta i l i ngs , 
a l t e rnate  d i s posa l , a nd p roposed  borrow s i tes : 

At the  O l d a nd New R i f l e  s i te s  

o Upgrad i ng ( a s  nec e s s a ry )  o f  t h e  a c c e s s  roa d s  f rom t h e  s i tes  to 
U . S .  H i g hway 6 .  

o Con s t ruc t i on o f  s t a g i ng a rea s i n  t h e  f o rme r m i l l  a rea s . 

o I n s ta l l at i on o f  temp o ra ry s ec u r i ty f en c i ng .  

o P rotec t i o n , re l oca t i on , o r  remova l o f  s u rf a c e  o r  s u b s u rf a c e  
u t i l i t i e s a t  t h e  s i te s  d u r i ng c o n s t ruc t i on . 

o Con s t ru c t i on o f  wa s t ewa t e r  reten t i o n ba s i n s a nd t rea tme n t  
p l a nt s  to p rotect  aga i n s t  t h e  re l ea s e  o f  contam i n a n t s  f rom the  
s i te s  d u r i ng  remed i a l  a c t i on . 

o C on s t ru c t i on o f  t ru c k  wa s h i ng s ta t i on s  a t  the  s i te s . 

o Con s t ruc t i on o f  d ra i nage  c o n t ro l  mea s u re s  to  d i re c t  a l l wa s te 
wa t e r  a n d  s t o rm wa t e r  ru nof f to  t h e  reten t i on ba s i n s d u r i ng  
c o n s t ruc t i on .  

o Imp l eme n ta t i o n o f  mea s u re s  to  c o n t ro l  e ro s i o n  a nd sed i me n ta t i on 
f rom d i s t u rbed a re a s  d u r i ng  c o n s t ruc t i on .  
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o I n s ta l l at i on a n d  ope ra t i on o f  wa s tewa t e r  t rea tme n t  fa c i l i t i es 
( i f nec e s s a ry )  to  p rotect  aga i n s t  t h e  i na d v e rt e n t  re l ea se of  
c ontami n a n t s  f rom the  s i te s  d u r i ng  c o n s t ru c t i on .  

o Cons o l i da t i on o f  t h e  d emo l i t i on d e b r i s a n d  non-h a z a rd o u s  ma te
r i a l s  wi t h  the  ta i l i ng s  and  c o n t am i nated  ma te r i a l s .  

o Dewa t e r i ng  o f  the  ta i l i ng s  a nd a l l u v i um beneath  t h e  ta i l i ng s  a t  
t h e  O l d  R i f l e  s i te .  

o E x c a va t i on a n d  s t oc k p i l i ng o f  t h e  ta i l i ng s  a nd c ontami na ted 
rna t e r i a  1 s at the  s i te s , i nc 1 u d i n  g d emo 1 i t  i on deb  r i s f rom the 
mi l l  b u i l d i ng s  and  s t ru c t u re s  c o l l ected  d u r i ng  i n t e r i m  a c t i on , 
a s  we l l  a s  c ontami nated ma t e r i a l s  f rom t h e  v i c i n i ty p rope rt i es . 

o Re l oc at i on ( by t ruc k )  o f  a l l  o f  t h e  ta i l i ng s  a n d  contami na ted 
mat e r i a l s ,  i nc l u d i ng s ed i me n t s  f rom the wa s t ewa t e r  reten t i on 
b a s i n s a n d  tempo ra ry d ra i nage  d i tc h e s , f rom t h e  ta i l i ngs  s i te s  
to  t h e  E s t e s  Gu l c h s i te .  

o R e s to ra t i on o f  t h e  d i s t u rbed a re a s  w i th  c l ea n  f i l l  ma t e r i a l , 
g rad i ng to  p romote  pos i t i ve d ra i na g e , a nd revegeta t i on .  
I n c l udes  revegeta t i on o f  t h o s e  d i s t u rbed wet l a n d s  a rea s re
q u i r i ng  re s t o ra t i on . 

o Re l ea s e  o f  t h e  s i te s  f o r  a ny u s e s  c on s i s t e n t  wi th  ex i s t i ng l a nd 
u s e  c o n t ro l s . 

At the  E s t e s  Gu l c h s i te 

o C o n s t ruc t i on o f : a p a v ed 1 2 -f oot w i d e , 7 500-foot l ong c l i mb i ng 
l a n e  on t h e  ea s t  s i d e o f  H i ghway 1 3  between  H i g hwa y 3 2 5  a nd t h e  
E s tes  Gu l c h s i te t u rnof f ;  a n  BOO-foot l ong , 1 2 -foot wi d e  g ra ve l  
s u rfa c ed t ru c k  tu rnout , a nd a n  i n t e r s ec t i on f a c i l i ty o n  H i g hwa y 
1 3  a t  the  E s tes  Gu l c h  t u rno f f .  

o C on s t ruc t i on o f  a o n e -mi l e  a c c e s s  roa d f rom Sta te  H i ghwa y 1 3  to  
t h e  s i te .  

o C on s t ruc t i on o f  a l O -a c re stag i ng a rea a t  t h e  s i te .  

o I n sta l l a t i on o f  tempora ry s e c u r i ty f e n c i ng .  

o C on s t ruc t i on o f  a wa s t ewa t e r  retent i on ba s i n ( s )  and  t rea tment 
p l a n t s  to p rotec t aga i n s t  the re l ea s e  of contam i n a n t s  f rom t h e  
s i t e d u r i ng  remed i a l  a c t i on . 

o C on s t ruc t i on o f  a t ru c k  wa s h i ng s ta t i on .  

o Con s t ruct i on o f  d ra i nage  c o n t ro l  mea s u re s  to d i re c t  a l l  wa s t e 
wa t e r  a nd s t o rm wa t. e r  ru n o f f  to t h e  retent i on ba s i n ( s )  d u r i ng 
c o n s t ruc t i on .  
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o Imp l ementa t i on o f  mea s u re s  to  c o n t ro l  e ros i on a n d  s ed i me n ta t i on 
f rom d i s t u rbed a re a s  d u r i n g  c o n s t ru c t i on .  

o E x c a va t i on o f  t h e  pa rt i a l l y  be l ow-g rad e  d i s po s a l a rea  w i t h  
s t o c kp i l i ng o f  t h e  e x c a vated  ea rt h e n  mat e r i a l . 

o P l a c ement  o f  t h e  ta i l i n gs  a nd c on t a m i n at ed mat e r i a l s ,  i nc l ud i ng 
s ed i me n t s  f rom t h e  wa stewa t e r  ret en t i on b a s i n ( s )  a n d  tempo ra ry 
d ra i nage  d i tc h e s  a t  the  s i te ,  i n  t h e  d i s p os a l  a rea , w i t h  ma te
r i a l s  o f  a n  a c c e pta b l y  l ow c on tami n a t i on l ev e l  to  be  p l a c ed i n  
a n  a d j a c en t  t re nc h . 

o Con s t ru c t i on o f  t h e  f i na l  c o v e r  system ove r t h e  ta i l i ngs  and  
c on tami n a t ed mate ri a l s  to i nh i b i t  radon  ema na t i on , wa te r 
i n f i l t ra t i on , p l a n t  root penet ra t i on , w i nd a nd wa t e r  e ros i on ,  
f ree ze-thaw a ct i on ,  a n d  p e n e t ra t i on by b u rrow i n g  a n i ma l s .  

o Con s t ruc t i on o f  va r i o u s  e ros i on p rotec t i on f e at u re s  ( ro c k  
a p ron s , g rad i ng ,  roc k - f i l l ed k ey t re n c h e s , roc k - l i ned d ra i nage  
d i ve rs i on d i tc he s )  a ro u n d  t h e  s t a b i l i zed  ta i l i n gs  p i l e  to 
p rotect  aga  i nst the  headwa rd a d v a n c emen t  of a d j a c e n t  s u rf a c e  
d ra i nages  a n d  s u rf a c e  wat e r  r u n o f f .  

o I n s ta l l a t i on o f  c on c rete pos t s  w i t h  wa rn i n g s i gn s  a round  t h e  
s ta b i l i zed ta i l i n gs  p i l e .  

o Rec l ama t i on ,  i nc l ud i ng revegeta t i on a s  req u i red , o f  a l l a re a s  
d i s t u rbed a t  t h e  s i te d u r i n g  remed i a l  a c t i on . 

At t h e  Second St reet  borrow s i te 

o E x c a va t i on o f  ea rt h e n  mate r i a l s  f o r  s i te re s t o ra t i on .  

o Re l oca t i on o f  t h e  ea rth e n  ma te r i a l s  by t ru c k  to t h e  O l d  a nd New 
R i f l e  s i te s . 

At t h e  New R i f l e  borrow s i te 

o E x c a va t i on o f  g ra v e l  a n d  sma l l roc k  f o r  a c c e s s  road c on s t ruc t i on 
a n d  e ros i on p rotec t i on . 

o R e l oc a t i on o f  t h e  g ra v e l  a nd sma l l roc k  by t ru c k  to t h e  E s tes  
Gu l c h  s i te .  

At t h e  G l enwood Spri ngs b o r row s i te 

o E x c a va t i on o f  l a rge roc k  f o r  e ros i on p ro t ec t i on .  

o Re l oc a t i on o f  t h e  l a rge roc k  by t ru c k  to  t h e  E s tes  Gu l c h  s i te .  
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A . 3 . 3  P E RMAN E N T  D E S I GN FEATU R E S  

Des c r i pt i on  o f  f i na l  c ond i t i on 

The s t a b i l i zed ta i l i ngs  p i l e  wou l d  be  s i zed to conta i n  a p p rox i 
ma te l y  4 . 1 3 5 m i l l i on c ub i c  ya rd s o f  ta i l i ngs  a n d  contami nated ma t e r i a l s  
a nd wou l d  c o v e r  a p p rox i ma te l y  7 1  a c re s  o f  t h e  d i s pos a l  s i te ( F i gu re 
A . 3 . 2 ) . The en t i re s i te wou l d  c o v e r  a p p rox i ma te l y  8 1  a c re s . The 
s t a b i l i zed p i l e  wou l d  be  c o n s t ruc ted i n  Sec t i on 1 4 ,  TSS , R 9 3 W .  

The ta i l i ngs  a nd contami na ted ma t e r i a l s  wou l d  be  c ov e red wi th  
a p p rox i ma te l y  3 . 0  f e e t  o f  c ompa c t ed ea rth ( ra d o n  ba r r i e r ) a nd 3 . 5  feet  
o f  l oos e l y  c ompa c ted ea rt h ( f ros t p rotec t i on a nd d ra i n  l ay e rs ) ( F i g
u re A . 3 . 3 ) obta i n ed f rom the  s u rf a c e  ma t e r i a l s  e x c a va ted f rom t h e  
d i s posa l a rea , i n  add i t i on to a 1 . S - f oot-t h i c k  l aye r ( i nc l ud i n g the  
f i l te r  l aye r)  o f  g raded  rock to p rov i d e  e ro s i on p rotec t i on . The top  
s u rf a c e  o f  the  p i l e  wou l d  be  nea r l y f l u s h  w i t h  t h e  ea s t  a nd wes t  r i d g e s  
a n d  wi th  the  ex i s t i ng te rra i n  s l ope  o f  a bo u t  6 . 5  p e r c e n t . The s l ope a t  
t h e  toe o f  t h e  p i l e  wou l d  be  a ma x i mum o f  20  p e rc e n t  ( f i ve h o r i zonta l 
to one  vert i ca l ) .  Th e t e r ra i n  a d j a c e n t  to  t h e  embankment  wou l d  be 
g ra d ed to p romote  s heet  f l ow a nd roc k - f i  l l ed key t re n c h e s  wou l d  be 
p rov i d e d  a l ong the emba n kme nt a nd ex i s t i ng terra i n  i n t e r fa c e . A 
roc k - l i ned toe d i tc h  wou l d  be  c o n s t ructed  a l ong t h e  s o u t h  end  o f  t h e  
p i l e  to c o l l ec t  s u rf a c e  wa t e r  ru nof f a nd d i v e rt i t  wes twa rd to Gove rn
ment C ree k . As  i t  wou l d  a l s o be  founded  i n  bed roc k , i t  wou l d  p rov i d e  
p rotec t i on f o r  t h e  p i l e  f rom a ny headwa rd a d va n c ement  o f  g u l l i e s  t o  t h e  
south  a n d  wes t .  T h e  u p l a nd d ra i nage  a rea to  t h e  n o rt h  wou l d  be  g raded  
a nd r i p ra pped , a nd toge t h e r  wi th  a n  i n t e rc e p t o r  d i tc h , wou l d  d i v e rt 
runoff  away f rom t h e  p i l e .  

Mon ume n t s  wi th  wa rn i ng  s i gn s  wou l d  be  i n s ta l l ed a t  s e t  i n t e rva l s 
d e s i gna t i ng  t h e  d i sposa l s i te a s  Fed e ra l l y  own ed p rope rty . 

A f t e r  c omp l et i on o f  t h e  sta b i l i zed ta i l i ng s  p i l e  a t  t h e  d i sposa l 
s i te a nd d econtam i na t i on o f  t h e  ta i l i ngs  s i te s , t h e  d i s t u rbed a rea s 
a t  ea c h  s i te wou l d  be  re s t o red to p romote  pos i t i ve d ra i nage  a n d  revege
tated as  req u i red . Th o s e  d i s t u rbed wet l a n d s  a rea s req u i r i ng  re s t o ra 
t i on wou l d  b e  re vegetated t o  re-e s ta b l i s h p l a nt s p e c i e s i d e nt i ca l  o r  
s i m i l a r  t o  t h o s e  t h a t  p r e s e n t l y  ex i s t .  

Dec ontam i nat i on a nd res tora t i on 

The  m i l l  a rea s , ta i l i ngs  p i l es ,  a nd t h e  w i nd b l own ta i l i ngs  a t  the  
O l d  and  New R i f l e  s i te s  a nd t h e  v i c i n i ty p ro p e rt i e s wou l d  be d ec o n tami 
nated by excava t i on  o f  t h e  ta i l i ng s  a nd contami na ted ma t e r i a l s  a nd c o n 
s o l i da t i on o f  t h e s e  ma te r i a l s  i n to t h e  s ta b i l i zed p i l e  a t  the  E s te s  
Gu l c h s i te .  Contami na ted d e b r i s f rom d emo l i t i on o f  ex i s t i ng b u i l d i ng s  
a nd s t r u c t u re s  wou l d  be  c o n so l i da ted i n to  t h e  s t a b i l i zed ta i l i ngs  
p i l e .  Contami nat i on ex i s t s  a t  t h e  O l d  a n d  New  R i f l e  s i te s  as  d e s c r i bed 
i n  Sec t i on A . 2 . 2  and s hown i n  F i g u re s  A . 2 . 3  and A . 2 . 4 .  
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A f t e r  remova l o f  a l l  c on ta m i nated  ma t e r i a l s ,  t h e  a re a s  o f  exca va
t i on a t  a n d  a ro u n d  t h e  O l d a n d  New  R i f l e  s i te s  wou l d  be res t o red wi t h  
c l ea n  f i l l  to  p romote  pos i t i ve d ra i nage . T h o s e  d i s t u rbed wet l a n d s  
a reas  requ i r i ng res t o ra t i on wou l d  be  revegeta ted  to  re-e s ta b l i s h p l a n t  
s p ec i es i d en t i c a l  o r  s i m i l a r  to  t h o s e  t h a t  p re s e n t l y  ex i s t .  

Ta i l i ngs p i l e  c on s t ruc t i on 

Th i s  a l t e rna t i ve wou l d  requ i re t h a t  t h e  ta i l i n gs  p i l e  a t  E s t e s  
Gu l c h  be  c o n s t ru c ted i n  l ay e rs . T h e  f i rs t  l aye r wou l d  c o n t a i n  t h e  
t a i l i ngs  a n d  demo l i t i on d e b r i s ( d emo l i t i on d e b r i s ,  i f  p rope r l y  d e c o n 
tami na ted , may be  p l a ced  e l s ewhe re t h a n  i n  t h e  s ta b i l i zed  p i l e ) f rom 
t h e  New R i f l e  s i te .  On c e  p l a ceme n t  of t h i s  ma te r i a l  wa s c omp l ete , t h e  
c ontami na ted mate r i a l s  f rom t h e  O l d R i f l e  s i te wo u l d  be t ra n s po rted t o  
E s te s  Gu l c h  a n d  p l a c ed i n  t h e  p i l e .  The  l a s t  l aye r o f  c o n ta m i na ted 
ma te r i a l  wou l d  c o n s i s t of the w i n d b l own ta i l i ng s  at the  New R i f l e  s i te 
a n d  contami na ted ma t e r i a l s  f rom t h e  v i c i n i ty p ropert i es . The  c o v e r  s y s 
t e m  wou l d  then  be  p l a c ed to  p ro v i de l on g-te rm s t ab i l i ty a n d  m i n i m i ze 
radon ema n a t i on a n d  g ro u ndwa t e r c o n tami na t i on . 

The  b e l ow-g rad e  e x c a va t i on o f  t h e  d i s po s a l a rea  wou l d  extend  to a n  
a ve ra g e  d e pth  o f  2 0  feet . T h e  e a rt h e n  ma t e r i a l s  f o r  t h e  radon  ba r r i e r  
wou l d  b e  obta i ned  f rom t h i s  e x c a va t i on . The  ba s e  o f  t h e  e x c a va t i on 
wou l d  be  s c a r i f i ed , mo i s t u re cond i t i oned , a nd recompa c ted . 

Re l ocated  ta i l i n gs wou l d  be  p l a c ed i n  l i f t s  a n d  c ompacted  on top 
of the  c ompa c ted ba s e . The  ta i l i n gs  and c ontami nated  mat e r i a l s  wo u l d  
be compacted  to i n c re a s e  s t re n g t h  a n d  red u c e  c omp res s i b i l i ty .  The  
tota l l ong-term s e t t l eme n t  o f  these  mat e r i a l s  w i l l  be  ve ry sma l l  d ue to 
the c ompa c t i on ,  as we l l  as to the g ra n u l a r ,  n o n -p l a s t i c  n a t u re of t h e  
ta i l i n gs . Set t l ement o f  t h e  foundat i on w i l l  be  n e g l i g i b l e ,  a s  mos t  o f  
t h e  u n d e r l y i ng s o i l wi l l  be  removed a n d  a n y  rema i n i n g i n -s i t u s o i l s  
wi l l  not be  s a t u ra ted a ft e r  p l ac emen t  o f  t h e  c ontami na ted ma t e r i a l s .  
Th e re fo re , t h e  a d ve rs e  e f f e c t s  o f  tota 1 a n d  d i f fe re n t  i a  1 s e t t  1 eme n t  on 
the i n teg r i ty o f  the rad on ba rri e r  a re c on s i d e red to  be  sma l l and w i t h 
i n  a c c epta b l e l i m i ts . T h e  f i na l  eng i ne e r i n g  d e s i gn wou l d  s p e c i fy t h e  
d e g ree o f  c ompa c t i on req u i red to  a vo i d  d e t r i me n ta l s et t l ement . Beca u s e  
t h e  ta i l i ngs  wou l d  be  m i xed  d u r i n g  e x c a va t i on a nd a ga i n  d u r i n g  u n l oa d 
i ng ,  s p read i n g ,  a n d  c ompa ct i ng a t  t h e  E s t e s  Gu l c h d i s po s a l s i te ,  i t  i s  
not expec ted t h a t  a n y  extens i ve l en s e s  o f  s l i me s  wou l d  ex i s t i n  t h e  
c ompac ted ta i l i ngs . C o n s e q u e n t l y ,  a p p rec i a b l e  d i f fe re n t i a l  a n d  tota l 
s e t t l ement  wou l d  not oc c u r ,  a n d  t h e  l on g -t e rm i n t e g r i ty o f  t h e  p i l e  
wou l d  not be  a d v e rs e l y  a f fe c ted by t h e  no rma l c o n s o l i da t i on a n d  s e tt l e
ment o f  t h e  ta i l i n gs . 

O rga n i c  ma te r i a l  s u c h  a s  wood demo l i t i on d e b r i s a n d  g rubbed  vege
ta t i on wou l d  be e v en l y  d i s t r i buted  t h ro u g h o u t  the  ta i l i n gs  p i l e  s o  that  
no  mo re t h a n  f i ve p e rc e n t  o rga n i c s by vo l ume a re c onta i n ed i n  any  a rea 
o f  the  p i l e .  Demo l i t i on d e b r i s wou l d  be  p l a c ed  i n  t h e  l owe r p o rt i on s  
o f  t h e  p i l e  a n d  s u rrounded  wi t h  c ompa c ted ta i l i n gs . The  p ro c e d u res f o r  
t h i s  ac t i v i ty wou l d  be s pec i f i ed to en s u re t h a t  the  d e b r i s i s  p l a c ed t o  
a vo i d  c o n c e n t ra t  i on i n  a ny a rea a nd to e n s u re good c ompac t i on o f  t h e  
ta i l i ngs  a round t h e  d e b r i s .  
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Ma k i n  g the  top  0 f the  p i l e  f l u s h wi t h  t h e  a d  j a c e  n t r i d  g e s ,  a n d  
l i mi t i ng t h e  p i l e  tops l ope  to  6 . 5  p e rc e n t  a n d  t h e  toes l op e  to 20 per
c e n t , wou l d  p rov i d e t h e  nec e s sa ry factor  o f  s a f e ty a ga i n s t  s l ope  fa i l 
u re a n d  wou l d  red u c e  t h e  poten t i a l  e f f e c t s  o f  e ro s i on .  

Cover  c o n s t ruc t i on 

The  ta i l i ng s  radon  f l ux ra te wou l d  be  red u c e d  to  t h e  E PA s t a n d a rd 
by t h e  p l a c emen t  o f  a n  a p p rox i ma te l y  3 .  O-f oot-th i c k  c ompacted  ea  rthen  
l aye r that wou l d  s e rve  as  a radon  ba r r i e r .  Th i s  radon  b a r r i e r  wou l d  be  
p rotec ted f rom f re e ze/thaw e f f e c t s  w i t h  a 3 . 0 - foot-th i c k f ro s t  p rotec 
t i on l aye r ove r l y i ng a 0 . 5 -foot-t h i c k  l aye r o f  d ra i n  mat e r i a l . Th i s  
sys tem wi l l  u n d e r l i e  a 1 . 5-foot-th i c k l ay e r  o f  rock ( i n c l ud i ng t h e  
f i l te r  l aye r )  on  t h e  tops l ope  a n d  on t h e  toe s l ope d e s i g n ed t o  p rotect  
the  radon  ba rri e r  a n d  c o n s e q ue nt l y  p re v e n t  expos u re of  t h e  ta i l i ng s  a n d  
c on tam i nated mat e r i a l s  f o r  1 000 yea rs . T h e  c ompa c t i on o f  t h e  radon  
ba rri e r  wou l d  p rod u c e  a n  e a rt h e n  c o v e r  t h a t  reta i n s mo i s t u re a nd reta rd s 
radon g a s  d i f f u s i on .  T h e  roc k , f ro s t  p rotec t i on ,  a n d  f i l te r  l ayers 
wou l d  red u c e  the  potent i a l  for d ry i ng  o f  the c ompacted  ea rthen  c o v e r  by 
t ra p p i ng s o i l mo i s t u re . 

The  roc k a n d  f i  l te r  l ay e rs wou l d  be  p l a c ed ove r the  rad on ba r r i e r  
a n d  wou l d  res i s t e ro s i on a nd g u l l y  f o rma t i on t h e reby p rotec t i ng t h e  
ba rr i e r  f rom be i ng e rod ed d u r i ng ra i n s to rms . T h e  roc k  a n d  f i l te r  
l ayers wou l d  be d e s i gned to  w i t h s ta nd t h e  oc c u rre n c e  o f  t h e  P M P  a n d  
wou l d  a l s o p rote c t  the  p i l e  f rom wi nd  e ro s i on a n d  d i s c o u ra g e  p l a n t  root 
penetra t i on a n d  i nt ru s i on by b u r rowi ng a n i ma l s .  

S i te d ra i nage 

The  p l a c emen t  o f  the  p i l e  i n  c o n f o rma n c e  w i t h  t h e  d ra i nage  p a t te rn 
o f  t h e  E s t e s  Gu l c h  a rea a n d  t h e  s u rround i ng g e n e ra l  s i te g ra d i ng have  
been  d e s i gned  to e n s u re l ong-te rm p i l e  s t ab i l i ty .  Surface  ru n o f f  f rom 
t h e  p i l e  a s  we l l  a s  ru nof f f rom s u rround i ng a re a s  wou l d  be d i rected awa y  
f rom t h e  p i l e  b y  g ra d i ng to  p romote s h e et f l ow t h a t  wou l d  be  d e s i g ned 
to  ca rry the ra i n fa l l ru n o f f  re s u l t i ng f rom the one-hou r PMP s to rm 
eve n t . 

The  p i l e  h a s  been  d e s i gned  to  p re v e n t  g u l l y  enc roa c hmen t  and  
u n d e rc utt i ng of  t h e  emba nkme nt . The  d ra i n a g e  d i v e rs i on d i tc he s  a n d  
s l opes  to  t h e  ea s t  a nd we s t  have  been  e l i mi n a t ed b y  ma k i ng t h e  p i l e ' s  
t op s u r f a c e  f l u s h  wi th  t h e  a d j a c ent  r i d g e  l i n e s . R oc k -f i l l ed , 1 5 -foot 
w i d e  key t renc h e s  a l ong the p i l e ' s  e a s t e rn a nd we ste rn bound a r i e s , 
toget h e r  wi th  l i m i ted g rad i ng o f  t h e  a d j a c e n t  a re a s , wi l l  red u c e  e ro
s i on a n d  p romote s he e t  f l ow away f rom t h e  top o f  t h e  p i l e .  An  u n l i ned 
i nt e rceptor  d i tc h  wou l d  be  c o n s t ru c ted on  a p o rt i on o f  the u p l a n d  d ra i n 
a g e  a rea to d i v e rt runo f f  f rom the  u p p e rmos t  p o rt i on s . The  rema i n i ng 
wa t e rs h e d  a rea b e tween t h e  d i tc h  a nd t h e  p i l e  wou l d  be  g ra d e d  a n d  
r i p ra p  wou l d  be a d d e d  to e f fe c t i ve l y  e l i m i na t e  a l l ex i s t i ng a n d  f u t u re 
g u l l y i ng a n d  to s hed pa rt o f  t h e  ru n o f f  away f rom t h e  top o f  t h e  p i l e .  
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The p i l e  wou l d  be p rotec ted f rom t h e  headwa rd a d va nc eme n t  o f  g u l l i e s  to  
t h e  s o u t h  a n d  we s t  by t h e  c ons t ruc t i on o f  a toe d i tc h  t h a t  i s  f o u n d ed 
i n  bed roc k , a rmo red w i t h  5 . 7  i nc h  mea n  d i ame t e r roc k a nd t i ed i nto t h e  
p i l e ' s  e ros i on p rotec t i on ba r r i e r .  S u r f a c e  wa t e r  g e n e ra ted on  t h e  top 
o f  the  p i l e  wou l d  be c o l l ected  i n  th i s  toe  d i tc h  a nd d i s c h a rged 
wes te r l y i nto na t u ra l  t e r ra i n ,  a n d  eve n t u a l l y i nto Gove rnme nt C ree k . 

Groundwa t e r  protec t i on 

The sta b i l i zed ta i l i n gs  p i l e  wou l d  be d e s i gned  to ml n l m l z e  g ro u n d 
wa t e r  c ontami  na t i on . The  p repa rat i on o f  t h e  s u b ba s e , p l ac emen t  a nd 
s l op i ng o f  t h e  t a i l i ngs , a nd p l a c ement  o f  t h e  l ow p e rmea b i l i ty ,  ea rth e n  
radon ba rr i e r  wou l d  s e rve to  mi n i m i ze t h e  m i g ra t i on o f  c o n t am i n a n t s  t o  
t h e  g ro undwa t e r  sys tem . Deta i l s  a re p rov i d ed i n  Sec t i on A . 3 . B .  

S i te a c c e s s  

A f t e r  remed i a l  a c t i on i s  c omp l e t e , t h e  s i te wou l d  b e  ma rked w i th 
mon ume n t s  w i th  wa rn i ng s i gn s  to d i s c o u ra g e  h uma n i n t ru s i on .  

A . 3 . 4  MAJOR CONSTRUCTION  ACTI V I T I ES 

A . 3 . 4 . l  Layout 

Con  s t r u c t i on a c t  i v i t  i e s wo u 1 d t a k e p 1 ace  a t the  O l d  a n d  
New R i f 1 e t a  i l  i ngs  s i te s , t h e  d i  s po s a  1 s i te ,  a n d  a l on g  t h e  
a c c e s s  road . 

The e x a c t  l oc a t i on s  a n d  s i ze s  o f  a l l  c o n s t ruc t i on f e a 
t u re s  s u c h  a s  t h e  s t a g i ng a rea s , d e c o n tam i na t i on fa c i l i t i es ,  
tempo ra ry d ra i nage  d i tc h e s , a n d  wa s tewa t e r  reten t i on bas i n s 
wou l d  be d e t e rm i n ed d u r i ng f i na l  d e s i gn . The f o l l owi ng  d i s 
c u s s i on p re s e n t s  o n e  pos s i b l e  l ayout a nd i s  p rov i d ed to  fa c i l 
i tate  better  u n d e rstand i ng o f  a l l a s pe c t s  o f  t h e  remed i a l  
a c t i on . 

At the  ta i l i ng s  s i te s , t h e  s ta g i ng a re a s  wou l d  be i n  the  
f o rme r m i l l  a rea s . E q u i pme n t  d e c o n tam i na t i on fa c i l i t i e s wou l d  
be adj a c e n t  to t h e  stag i ng a re a s . D i tc h e s  a n d  b e rms s u r
rou n d i ng t h e  s i te s  wou l d  d i re c t  u n c o n tami n a ted f l ows awa y  f rom 
t h e  s i te s . Contami nated  wa t e r  wou l d  be d i rec ted to wa s tewa t e r  
reten t i on ba s i n s a n d  t reatme n t  fa c i l i t i e s  c o n s t ruc ted on t h e  
s i te s . Tempo ra ry s e c u r i ty f e n c i ng wou l d  s u rround t h e  a re a s  a t  
t h e  O l d  a nd New R i f l e  s i te s . 

At the  E s t e s  Gu l c h  s i te ,  t h e  s ta g i ng a rea wou l d  be s o u t h  
o f  t h e  p roposed  p i l e  l oc a t i on .  An e q u i pment  d e c o n tam i nat i on 
fac i l i ty wou l d  be s o u t h  o f  t h e  d i spos a l  a re a  e x c a va t i on .  
D ra i nage  d i tc h e s  wou l d  s u rround  t h e  s i te a n d  c o l l ec t  a l l 
runo f f  f rom the  s i te .  F l ow i n  t h e s e  d i tc h e s  wou l d  be c ha n n e l ed 
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to  a wa s t ewa t e r  retent i on ba s i n ( s )  s o u t h  o f  t h e  p i l e  a rea . 
Temp o ra ry s ec u r i ty f e n c i ng wou l d  e n c l o s e  t h e  ent i re s i te .  

A . 3 . 4 . 2  S i te a c c e s s  

E q u i pme n t  wou l d  b e  d e c o ntami n a ted p r i o r  t o  l ea v i n g  t h e  
O l d a n d  New R i f l e  s i te s  a n d  t h e  d i s p o s a l  a rea  a t  t h e  E s te s  
Gu l c h  s i te .  Tempo ra ry s ec u r i ty f e n c e s  wo u l  d c o n t ro l  t ra f f i  c 
e n te r i n g  a n d  l ea v i ng any  s i te a nd p re v e n t  u n a u t h o r i zed t ra f f i c  
f rom ente r i ng c o n t ro l l ed a re a s . 

T ra f f i c  wou l d  e n t e r  a n d  l eave  t h e  E s tes  Gu l c h s i te v i a  a n  
a c c e s s  road c on s t ruc ted s o u t h  o f  t h e  t a i l i ng s  p i l e  a rea . A 
d e ta i l ed d e s c r i pt i on o f  t h e  t ra n s po rta t i on ro ute  i s  p re s en ted 
i n  Sec t i on A . 3 . 4 . 5 .  

A . 3 . 4 . 3  Stag i ng a rea fa c i l i t i es 

Du r i ng c o n s t ruc t i on o p e ra t i on s , tempo ra ry fac i l i t i es 
wo u l d  be  req u i red f o r  remed i a l  a c t i on wo rke rs a s  we l l  a s  
s u p e rv i s o ry ,  eng i ne e r i n g , admi n i s t ra t i ve ,  s e c u r i ty ,  a n d  rad i a 
t i on mon i to r i ng  p e rs o n n e l  a t  both  t h e  ta i l i ng s  s i te s  a nd the  
d i s po s a l s i te .  The  f ac i l i t i e s wo u l d  c on s i s t o f  o f f i c e  s pa c e  
and  s h owe rs a n d  c ha n ge fac i l i t i es f o r  a l l  p e rs on n e l  work i ng on  
t h e  s i te s  a n d  wo u l d  i nc l ud e  p ro v i s i on s  f o r  l a und e r i n g  c on tami 
n ated c l ot h i ng .  Porta b l e to i l et s  wo u l d  be  p ro v i d ed f o r  o n -s i te 
wo rke rs . On-s i te equ i pme n t  wo u l d  be  sto red i n  t h e  s t a g i ng 
a re a s . Pa rk i ng a re a s  wo u l d  be  c on s t ruc ted a t  a l l s i te s . 

A . 3 . 4 . 4  Ut i l i t i es 

A l l k n own ex i s t i ng u t i l i t i es a t  the  O l d  a nd New R i f l e  
s i te s  a n d  t h e  E s t e s  Gu l c h  s i te wou l d  be p rotected  d u r i n g  c o n 
s t ru c t i on ,  removed o r  re l oc a ted , a s  n ec e s s a ry ,  p r i o r  to c o n 
s t ruc t i on . 

Some wat e r  f o r  d u s t  s up p re s s i on  on  c o n tami nated  a rea s a t  
both  ta i l i n gs  s i te s  wou l d  be  obta i ned  f rom t h e  ta i l i n gs  a n d  
s u b s o i l d ewa t e r i ng  o r  wou l d  be recyc l ed wa t e r  f rom t h e  wa s te 
wat e r  reten t i on ba s i n ( s ) . Most  wa t e r  f o r  d u s t  s u p p re s s i on o n  
uncontami nated a rea s , a n d  fo r c ompa c t i on d u r i n g  s i te res to ra 
t i on a n d  c o n s t ruc t i on wa t e r ,  wo u l d  b e  obta i ned f rom t h e  R i f l e  
Gap Res e rvo i r .  F i g u re s  A . 2 . 5  and  A . 2 . 6  s h ow a l l known ex i s t 
i ng u t i l i t i e s a t  t h e  O l d  a n d  New R i f l e  s i te s , respec t i ve l y .  
Pota b l e  wat e r ,  e l ec t r i c i ty ,  g a s , a nd phone  s e rv i c e  a t  the  O l d  
a n d  New R i f l e  s i te s  wou l d  b e  obta i ned  f rom l oca l s u p p l i e rs .  

At the  E s t e s  Gu l c h  s i te ,  e l ec t r i c i ty wou l d  be a va i l a b l e  
f rom t h e  C o l ora d o -Ute E l ec t r i c a l  A s s oc i a t i on o r  t h e  We s t e rn 
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A rea Powe r As soc  i a t  i on , a n d  t e l e p h o n e  s e rv i  c e  wou l  d be  a va i l 
a b l e  f rom Mounta i n  Be l l . U s e  o f  t h e s e  u t i l i t i es wou l d  req u i re 
extens i on o f  ex i s t i ng l i n e s ; i f  t h i s  we re not c o s t -e f f ec t i ve ,  
e l ec t r i c i ty c ou l d  be  s u p p l i ed by po rta b l e g e n e ra t o rs a t  the  
s i te a n d  t e l ephone  s e rv i c e by rad i o  t e l ephone . A l l k n own 
ex i s t i ng u t i l i t i e s i n  t h e  v i c i n i ty of t h e  E s tes  Gu l c h s i te a re 
s hown i n  F i g u re A . 3 . 4 .  

T h e re i s  no  d e v e l oped wa t e r  s up p l y  a t  the  E s te s  Gu l c h 
s i te .  Wat e r  wa s found  a t  a d e p t h  o f  2 7 3  f e e t ; h oweve r ,  b a s ed 
on  p rod u c t i on ra t e s  f rom ex i st i ng we l l s  i n  t h e  v i c i n i ty o f  t h e  
s i te ,  i t  i s  u n l i k e l y  t h a t  a s u f f i c i en t  q u a n t i ty o f  wa t e r  f o r  
eq u i pme n t  d e c ontami n at i on , c ompa c t i on , a n d  d u s t  c on t ro l  a t  
t h e  s i te c ou l d  be  p rod u c e d  f rom a n  o n -s i te we l l .  Wat e r  wo u l d  
b e  ha u l ed  f rom R i f l e  Ga p R e s e rvo i r ,  u t i l i z i ng C i ty o f  R i f l e  
wat e r  r i g h t s . Pota b l e wat e r  c o u l d  be  obta i ned  f rom a c i ty 
wat e r  l i n e l ocated  a t  t h e  N ew R i f l e  s i te o r  hau l ed f rom t h e  
n ea re s t  c omme rc i a l  s o u rc e . 

A . 3 . 4 . 5  Ta i l i ng s  t ra n sport a t i on 

U n d e r  t h i s  a l te rna t i ve ,  t h e  ta i l i n g s  a n d  c on tami na ted 
ma t e r i a l s  wou l d  be  t ra n sp o rted by 1 8-c ub i c -ya rd c a pa c i ty 
t ruc k s  ( l O-c u b i c -ya rd c a p a c i ty t ru c k s  w i t h  e i g h t -c u b i c -ya rd 
c a pa c i ty p u p s , i . e . , t ra i l e rs )  e q u i p ped w i t h  gate  s ea l s  to 
p revent  l ea k a ge . The  t ru c k s  wou l d  be  l oa ded at the f orme r 
ta i l i ng s  s i te s  a nd the  l oa d s  wou l d  be  c o v e red w i t h  ta rp a u 
l i n s . Truc k s  wou l d  be decontami n a t e d  p r i o r  to  l ea v i n g t h e  O l d  
a n d  New R i f l e  s i te s  a n d  wou l d  h a u l  t h e  ta i l i n g s  a nd c o n ta m i 
nated  ma te r i a l s d i re ct l y  to t h e  E s t e s  G u l c h s i te . 

A f t e r  l ea v i n g t h e  O l d  a n d  New R i f l e  ta i l i ng s  s i te s , 
t ru c k s  wou l d  p roceed  wes t  a p p rox i ma te l y  1 . 5 m i l es a nd one  
mi l e ,  re s p ec t i ve l y ,  on U . s .  H i ghway 6 to  t h e  Sta te  H i ghway 1 3  
bypa s s . The  t ru c k  ro ute  wo u l d  t h e n  extend  n o rt h  on  Sta te  
H i ghway 1 3  a p p rox i ma te l y  s i x  m i l e s . The  t ru c k s  wou l d  t h e n  
l ea ve Sta te  H i ghway 1 3  on  t h e  n ew l y  c o n s t ruc ted E s te s  Gu l c h 
a c c e s s  road f o r  o n e  m i l e  to t h e  E s t e s  Gu l c h s i te .  Tru c k s  
wou l d  u s e  t h e  s ame rout e s  t o  ret u rn to  t h e  ta i l i n g s  s i te s . 

To a c c omoda t e  t h e  i nc rea s ed numb e r  o f  t a i l i n gs  t ra n s p o rt 
t ru c k s  a n d  d e c rea s e  t h e  i mp a c t s  to l oc a l  t ra f f i c  a n d  road 
c o nd i t i on s , port i on s  of H i ghway 1 3  wo u l d  be  i mp roved . T h e s e  
i mp rovemen t s  i nc l u d e  c o n s t ruc t i on o f  a pa ved 1 2 -foot-w i d e , 
7 5 00 -foot - l ong c l i mb i ng l a ne  on  t h e  e a s t  s i de o f  H i ghwa y  1 3  
between  H i ghwa y  3 2 5  a n d  t h e  E s te s  Gu l c h  s i te t u rn o f f ;  a n  800-
foot - l ong , 1 2 -foot-w i  de g ra ve 1 su rfac ed t ruc k t u rnout ; and a n  
i n tersec t i on fac i l i ty o n  H i g hway 1 3  a t  t h e  E st e s  Gu l c h t u rn o f f  
f o r  t ru c k s  e n t e r i  n g  a n d  1 e a v i  n g  t h e  h i g hway . Spec i f  i c c on 
s t ruc t i on a n d  i mp ro veme n t  d e ta i l s  wou l d  be  d e t e rm i ned  d u r i ng  
t h e  p repa ra t i on o f  t he f i na l  eng i n ee r i n g d e s i gn s . Ac c e s s  road 
c o n s t ruc t i on c ou l d  add an a d d i t i ona l $486 , 000 to the overa l l  
p roj e c t  c o st s . 
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A . 3 . 4 . 6  D ra i nage , e ros i on c o n t ro l , a n d  wa s tewa t e r  retent i on b a s i n s 

D u r i ng remed i a l  a c t i on ,  d ra i nage  f rom a l l s i te s  wou l d  be  
e f f e c t i ve l y  d i v e rt ed f rom a ny wat e rways . A re a s  d i s t u rbed by 
c o n s t ruc t i on a c t i v i t i es wou l d  be  g ra d ed to  d i re c t  runof f i nto 
the wa s tewa t e r  rete nt i on ba s i n s .  D ra i nage  d i tc h e s  wo u l d  be  
l i ned wi th  e ros i on - re s i s t a n t  ma t e r i a l s  i f  s ed i me n t  b u i l d u p i n  
t h e  wa s t ewa t e r  rete n t i on ba s i n s b e c ome s a p rob l em .  R u n o f f  
f rom l a nd  o u t s i d e  o f  a f fected  a re a s  wo u l d  be d i ve rted awa y  
f rom the  s i te s  by d i vers i on d i tc h e s  d e s i gned  a n d  ma i nta i ned  t o  
p revent  overf l ow .  

The  wa stewa t e r  reten t i on ba s i n s wou l d  b e  d e s i gned  t o  meet 
the rete nt i on and d i s c h a rge c a p a c i t i e s d e s c r i b ed for s ta b i l 
i za t i on a t  the  New R i f l e  s i te ( Sec t i on A . 2 . 3 . 5 ) . 

A . 3 . 4 . 7  Wa s t ewa t e r  t rea tme n t  

wa s tewa t e r  g e n e ra ted f rom s o u rc e s  men t i oned i n  Sec t i on 
A . 2 . 3 . 5  wou l d  be  d i rected to wa s tewa t e r  rete n t i on b a s i n s ,  
wh i c h  wo u l d  p rov i d e  p r i ma ry s e tt l i ng a l ong w i t h  f l ow a n d  c on 
tam i n a n t  equa l i za t i on . Some o f  t h i s  wat e r  wo u l d  b e  u t i l i zed  
f o r  d u s t  c o n t ro l  on  c o n tami n a ted a rea s . T h e  rema i nd e r  o f  the  
wa ter  at  the  ta i l i ngs  s i te s  wou l d  be  t rea ted to mee t  a p p l i c 
a b l e  s t a te o f  Co l o ra d o  wat e r  q u a l i ty s ta n d a rd s  b e f o re d i s 
c h a rge . 

A . 3 . 4 . 8  Dewate r i ng 

Add i t i ona l d a t a  g a t h e red i nd i c a t e s  t h a t  e x c a va t i on 
d ewa te r i ng  v o l ume s a t  both  t h e  O l d  a n d  New R i f l e  s i te s  w i l l  be  
h i gh e r  t h a n  o r i g i na l l y  e s t i mated . Th i s  i s  beca u s e  t h e  v o l umes 
o f  contami nated ma t e r i a l s  be l ow g ro u ndwa t e r  l eve l s  i s  mo re 
t h a n  o r i g i na l l y  a nt i c i pated . To f ac i l i ta te h a nd l i ng ,  s ome o f  
t h e  ta i l i ng s  wou l d  req u i re d ewa t e r i ng .  Dewa te r i ng  wou l d  b e  
a c c omp l i s h ed a s  d e s c r i bed  f o r  s t a b i l i za t i o n  a t  t h e  N e w  R i f l e  
s i te ( Sec t i on A . 2 . 3 . 7 ) . Wa t e r  t re a tment  p l a nt s  wo u l d  be  
i n s ta l l ed a t  a l l  t h ree R i f l e  s i te s . 

Dewa te r i ng  wou l d  not  be  n e c es s a ry a t  t h e  E s te s  Gu l c h  s i te . 

A . 3 . 4 . 9  D u s t  c o n t ro l  

D u s t  g e n e rated  b y  e x c a va t i on , ea rth mo veme n t , veh i c l e  
u s e , tempo ra ry mat e r i a l s  stoc k p i l i ng ,  a n d  s i m i l a r  a c t i v i t i e s 
wou l d  be c o n t ro l l ed a nd mi n i m i zed by t h e  u s e  o f  wa t e r  and  
wate r-ba s ed s u r f a c t a n ts s p rayed f rom hoses  o r  t ruc k s . Spec i a  1 
c a re wo u l d  be t a k e n  to  c o n t ro l  d u s t  c rea ted by bu i l d i ng and  
s t ru c t u re d e c o n ta m i nat i on o r  d emo l i t i on  a n d  the  tempo ra ry 
stoc k p i l i ng o r  m i x i ng o f  contami n a t e d  ma te r i a l s .  
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Some o f  t h e  s o u rc e s  f o r  d u s t - s upp re s s i on wa t e r  o n  c o n 
tami n a t ed a re a s  wou l d  i nc l ud e  recyc l ed wat e r  f rom t h e  wa s te 
wa t e r  reten t i on b a s i n s o r  wa t e r  f rom ta i l i ng s  a n d  s u b s o i l 
d ewate r i ng .  Uncontam i n a ted wa te r wou l d  be  u s ed f o r  d u s t  
c o n t ro l  on  u n c o n tami  na ted a re a s . Mos t  o f  t h e  wat e r  n e e d s  f o r  
d u s t  s u pp re s s i on a n d  c ompa c t i on wo u l d  be  obta i ned  f rom t h e  
wa t e r  r i g h t s  h e l d  b y  t h e  C i ty o f  R i f l e  a t  t h e  nea rby R i f l e  Ga p 
Res e rvo i r ,  a p p rox i mate l y  s i x  to  s e v e n  m i l e s n o rt h ea s t  o f  the  
E s tes  Gu l c h  s i te .  

The s c h ed u l es f o r  s p ray i ng t h e  road s  a n d  p i l e  a re a s  may 
va ry d a i l y a n d  wou l d  be d e t e rm i ned  on  a n  h o u r-by- h o u r  b a s i s  
i n  a c c o rd a n c e  w i t h  a pp l  i c a b l e s t a te p e rm i t s . The f re q u e n c y  
o f  s p ray i n g  wou l d  i nc rea s e  w h e n  comb i na t i on s  o f  l ow s o i l 
mo i s t u re a n d  h i g h w i nd  s peed we re e n c o u n t e red . 

A . 3 . 4 . l 0  Bo rrow s i te s  

Th re e  s epa rate  borrow s i te s  h a ve been  i d ent i f i ed f o r  t h e  
d i spos a l  a t  E s t e s  Gu l c h  a l t e rna t i ve .  T h e  f i rs t  i s  i mmed i ate l y  
n o rt h  o f  t h e  New R i f l e  ta i l i ng s  s i te a n d  i s  re f e r red to a s  
t h e  Second  St reet borrow s i te ( s ee  F i g u re A . l . 2 ) . E a rthen  
ma t e r i a l s  for  c l ea n  bac k f i l l  for  re s t o ra t i on of  the  ta i l i ng s  
s i te s  wou l d  be p u rc ha s ed a t  t h i s  ex i s t i ng ,  c omme rc i a l  borrow 
s i te a n d  t ruc ked to t h e  ta i l i ng s  s i te s . 

The  New R i f l e  b o r row s i te i s  a l on g  t h e  n o rt h  b a n k  o f  t h e  
C o l o ra d o  R i v e r  i mmed i ate l y  we s t  o f  t h e  New R i f l e  ta i l i ngs  
s i te ( s ee  F i g u re A . l . 2 ) .  G ra ve l  f o r  a c c e s s  road c on s t ruc t i on 
a n d  sma l l roc k f o r  e ro s i on p rotec t i on a n d  t h e  f i l te r  l aye r 
( 050  � e i gh t  i n c h e s ) wou l d  be  p u rc h a s e d  a t  th i s  ex i s t i ng ,  
c omme rc i a l  borrow s i te a n d  t ru c k ed to t h e  E s tes  Gu l c h s i te .  

The  G l enwood S p r i n g s  b o rrow s i te i s  a p p rox i ma te l y  two 
road m i l e s n o rt h  o f  G l enwood S p r i ngs  a n d  a p p rox i ma te l y  38  
road m i l es e a s t -s o u th e a s t  o f  t h e  E s t e s  Gu l c h s i te ( s ee  F i g u re 
A . l . l ) .  La rge roc k s  f o r  e ro s i on p rotec t i on ( 0 50 � e i gh t  
i nc hes ) wou l d  be  p u rc ha s ed a t  t h i s  ex i s t i ng ,  c ommerc i a l  
borrow s i te a n d  ha u l ed t o  t h e  E s t e s  Gu l c h  s i te . 

A l l ea rthe n  mat e r i a l s  f o r  t h e  radon  b a r r i e r  a n d  f ro s t  
p rotec t i on l ay e r  wou l d  be  obta i n ed f rom exc a va t i on o f  the  
pa rt i a l l y  be l ow-grade d i spos a l  a re a  a t  t h e  E s tes  Gu l c h  s i te .  

A . 3 . 4 . l l  R e s to ra t i on o f  t h e  O l d  a n d  N ew R i f l e  s i te s  

Fo l l ow i ng  t h e  remova l o f  a l l  c o n t ami na ted ma te r i a l s ,  t h e  
O l d  and  New R i f l e  s i te s  wou l d  be  re s t o red w i th  c l ea n  f i l l  t o  
p romote pos i t i ve d ra i na g e . E a rt h e n  ma t e r i a l  f o r  s i te re s t o ra 
t i on wou l d  c on s i s t o f  ra ndom f i l l  obta i n ed f rom t h e  Sec ond 
St reet  borrow s i te and wou l d  be t ra n s p o rted by t ru c k  to 
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t h e  s i te s . T h o s e  d i s t u rbed wet l a n d s  a rea s req u l n ng re s t o ra 
t i on wou l d  be  revegetated to  re-e s ta b l i s h p l a n t  spec i es 
i den t i c a l  o r  s i m i l a r  to  t h o s e  t h a t  p re s en t l y  ex i s t .  

A . 3 . 4 . l 2  Con s t ruc t i on s eque n c e  

The  f o l l ow i ng  c on s t ruc t i on s e q ue n c e  i s  p roposed  a s  a 
p o s s i b l e  s e q u e n c e  for  t h e  remed i a l  a c t i on . As  w i t h  t h e  l ay
out ( Sec t i on A . 3 . 4 . l ) ,  t h e  f i na l  d e s i gn wou l d  c onta i n  mo re 
deta i l  a n d  the  c on s t ruc t i on s ub c o n t ra c t o r  wou l d  be a l l owed 
t h e  f l ex i b i l i ty of exec u t i ng wo rk a s  c hoosen , g i ve n  c e rta i n  
c o n s t ra i n t s . T h e re fo re , t h e  a c tua l c o n s t ruc t i on s eq u e n c e  may 
d i f fe r  f rom t h e  f o l l owi ng . 

I n i t i a l l y ,  c o n s t ruc t i on a n d  a ny nec e s s a ry u p g ra d i ng o f  
t h e  a c c e s s  roa d s  t o  t h e  t a  i 1 i n g s  a n d  d i s po s a  1 s i te s  wo u l  d 
b e g i n .  C o n c u rre n t  wi th  t h e s e  a c t i v i t i e s , a s i te s e c u r i ty 
sys tem wou l d  be e s ta b l i s hed a t  e a c h s i te a n d  coord i nated  w i t h  
s ta g i ng a n d  veh i c l e  d e c o n t am i na t i o n a rea s . Th i s  wou l d  p rov i d e  
c o n t ro l  o f  t ra f f i c  ente r i ng  a n d  l ea v i ng ea c h  s i te a nd p revent  
una utho r i zed t ra f f i c  f rom ente r i ng  e i th e r  s i te .  

T h e  next  maj o r  i tem o f  s i te p re pa ra t i on wou l d  be  con
s t ruc t i ng a wa s tewa t e r  retent i on b a s i n ( s )  a t  eac h s i te . 
Mate r i a l s  exca vated f rom eac h b a s i n  wo u l d  be  stoc k p i l ed f o r  
l at e r  u s e  a s  f i l l . S i te p re pa ra t i on wo u l d  a l so i nc l ud e  
c o n s t ruc t i on o f  d ra i nage  a n d  e ro s i on c on t ro l  mea s u re s . 

Wa s t ewa t e r  t reatme nt fa c i l i t i e s wou l d  be  i n s ta l l ed a n d  
opera ted a t  the  O l d  a n d  N e w  R i f l e  s i te s  to t reat  c o n ta m i na ted 
wat e r  and to p rotec t a ga i n s t  c o n t am i n a n t  re l ea s e  d u r i ng  
c o n s t ruc t i on .  

On c e  t h e  i n i t i a l  s i te p repa rat i on a t  t h e  E s te s  Gu l c h  
s i te i s  c omp l e ted , p repa ra t i on o f  t h e  d i spos a l  a rea  wo u l d  
beg i n . Th i s  wou l d  i n vo l ve t h e  e x c a va t i on a n d  s toc k p i l i ng o f  
s u rf a c e  ma t e r i a l s  t o  a l l ow f o r  t h e  pa rt i a l l y  b e l ow-g rad e  
d i spos a l  o f  t h e  ta i l i ngs . 

T h e  a s b e s to s  remova l a nd b u i l d i ng demo l i t i o n p roc e s s  
wou l d  h a ve a l ready b e e n  p e r f o rmed d u r i ng i n te r i m  a c t i o n s . 
Dewa te r i ng  ac t i v i t i e s wou l d  a l s o beg i n  a t  th i s  t i me .  Ta i l 
i ngs  wou l d  be  exc a vated a n d  moved a nd c ontami n ated mate r i a l s  
( a s  nec e s s a ry )  wo u l d  be  e x c a vated  f rom t h e  w i n d b l own a rea s 
a nd c o n s o  1 i d a  ted i n to t h e  d i s p o s a  1 a rea . Howe ve r ,  t h e  move
ment o f  ta i l i ngs  a nd c o ntami nated  ma t e r i a l s  wou l d  not beg i n  
u n t i  1 a s u f f i c i ent  a rea had  b e e n  ope ned a nd p repa red a t  the  
d i s pos a l  c e l l .  

T h e  radon  ba r r i e r  a n d  f ro s t  p rote c t i on a nd d ra i n  l ay e rs , 
c omposed  o f  u nc o n tami na ted ea rt h e n  ma t e r i a l s ,  wou l d  be  a d d ed 
to t h e  re l oc a ted p i l e  a f te r t h e  ta i l i ng s  a nd c o n ta m i na ted 
ma t e r i a l s  we re i n  p l a c e . The u n c o n tam i na ted ea rthe n  ma te r i a l s 
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wou l d  be obta i n ed f rom t h e  s u rfa c e  ma t e r i a l s  e x c a vated  f rom 
t h e  d i s posa l a rea a nd c omp a c t ed to p roj e c t  s pec i f i ca t i on s . 
D ra i nage  d i tc h e s  wou l d  be e x c a va ted a round t h e  s t a b i l i zed 
ta i l i n gs  p i l e .  The f i na l  s t a g e s  wou l d  i n v o l ve ree s ta b l i s h i ng 
o v e ra l l s i te d ra i nage , g ra d i ng ,  mon i to r i ng  f o r  s e t t l eme n t , 
p l ac emen t  o f  roc k  ove r t h e  s t a b i l i zed ta i l i ng s , a n d  revegeta 
t i on o f  d i s t u rbed a re a s  a s  req u i red . 

R e s t o ra t i on a t  t h e  ta i l i n gs  s i te s  wou l d  i n v o l ve the  
p l a c emen t  o f  c l ea n  f i l l  i n  t h e  e x c a va ted a re a s  to p romote 
pos i t i ve d ra i na g e . The  c l ea n  f i l l  wou l d  be obta i ned f rom the 
Second S t reet  b o r row s i te . D i s t u rbed wet l a n d s  a re a s  wou l d  be 
re vegetated to re-e s ta b l i s h p l a nt s pe c i e s i d en t i ca l  or s i m i 
l a r  to t h o s e  t h a t  p re s e n t l y  ex i s t .  

Demob i l i za t i on wou l d  c on s i s t o f  t h e  remova l o f  the  
rema i n i ng wa s t ewa t e r retent i on ba s i n s a nd tempo ra ry d ra i nage  
d i tc h e s . The  wat e r  wou l d  be t re a t ed a n d  d i s c h a rged wh i l e the  
bot tom s ed i me n t s  a n d  d i ke s  wou l d  be  t ra n s po rted to  t h e  E s tes  
Gu l c h s i te for  d i s po s a l  i n  t h e  s t a b i l i zed p i l e .  A l l decon
tam i nat i on a re a s  wou l d  be remo ved a nd the  equ i pme n t  c l e a ned 
for  s a l va g e . The  s t a g i ng a re a s  wou l d  be  d i sma nt l ed w i t h  the  
c ontami  na ted i tems e i the r c l ea n ed or  bur i  ed . A l l c on t ra c tor 
eq u i pme n t  wou l d  be d e c on ta m i n a t ed a nd i n s pe c ted p r i o r  to 
re l ea s e  f rom the c on tami na ted a re a s . 

F i g u re A . 3 . 5  s h ows a c on s t ruc t i on s c h ed u l e f o r  d i s po s a l 
a t  t h e  E s t e s  Gu l c h s i te .  

A . 3 . 5  RADON CONTROL 

Con t ro l  o f  radon f l u x  f rom the  s ta b i l i zed ta i l i ng s  p i l e  wou l d  be 
a c c omp l i s hed by p l ac i ng a c ompa c ted , 3 . 0-f oot-th i c k , e a rt h e n  radon 
b a r r i e r  ove r the  t a i l i n gs a n d  c o n t am i nated  ma te r i a l s .  

As w i t h  s ta b i l i zat i on a t  the  New R i f l e  s i te ,  d a t a  on t h e  d i s t r i b u 
t i on o f  rad i um-226  i n  the  ta i l i n gs , on t h e  p ro p e rt i es o f  t h e  s u rf i c i a l  
ma t e r i a l s  a t  the  d i s po s a l s i te , a n d  o n  t h e  e s t i ma ted d e p t h  o f  t h e  w i n d 
b l own ta i l i ng s  we re a n a l y zed a nd u s e d  i n  t h e  c omp u t e r  code  RAE C O M  t o  
d e ve l op a n  e s t i ma t e  o f  r a d o n  ba rr i e r  t h i c k n e s s . Us i ng  t h i s  t h i c k ne s s , 
radon  f l ux a ft e r  remed i a l  a c t i on wou l d  be  l es s  t h a n  t h e  E PA s ta n d a rd o f  
2 0  pC i lm2 s .  T h e  e ros i on p rotec t i on ba r r i e r  a n d  t h e  f ro s t  p rotec t i on 
l ayer we re not c on s i d e red i n  t h e  c a l c u l at i on s  a n d  wou l d  p rov i d e s ome 
add i t i ona l red u c t i on i n  radon  f l u x .  The  d at a  a nd a n a l ys e s  a re a va i l 
a b l e i n  t h e  DOE  UMTRA P roj e c t  O f f i c e ,  A l b u q u e rq u e , New Mex i c o .  The 
a c t u a l t h i c k n e s s  of  the radon  ba rr i e r  c ou l d  va ry depend i ng on  add i 
t i ona l a na l ys e s  to be  p e r f o rmed d u r i n g f i na l  d e s i gn a n d  remed i a l  a c t i on . 

A . 3 . 6  D E S I GN CONS I DE RAT I ONS 

The E s te s  Gu l c h s i te i s  in  a remote , mod e ra t e l y  f l a t a rea . The re 
a re no  perenn i a l l y  f l owi ng  wa t e rs o r  s ha l l ow g ro u ndwa t e r  l e ve l s  i n  the 

A-59 



)::> 
I (J) o 

F I G U R E  A. 3. S 

AC T I V I TI E S 

M O BI LI ZATI ON 

SITE P REPA RATION 

TA IL I NGS R E L O CATI O N  A ND 
C O NS O LI D ATION 

RA D ON BA R R I E R  

F R O ST P R OT ECTI O N  

E R OSI O N  P R OTECTION 

SITE R E ST ORATION 

G E NE RA L  S U P E RVISI O N  

R E M E D I A L  ACT I O N  S CH E D U L E ,  D I SP O SA L  AT T H E  E ST E S  G U LCH S ! T E  

R E M E D I A L  ACTI O N  T I M E  - M O N T H S  

�-+-+-+--+-+-+-J---1�-+-+-+-+-+-+-t--tI-+-+-+-+--42_5+26-+2_71-28+-29+-3�l�1��Fli3fl40141 E 



s i te a rea . Th e re f o re , ma ny o f  t h e  d e s i g n  c on c e r n s  a s s oc i a ted wi t h  
sta b i l i za t i on a t  t h e  New R i f l e  s i te a re not  re l ev a n t  f o r  t h i s  opt i on .  
S i n c e  ta i l i ngs  a n d  c ontami nated  ma t e r i a l s  wou l d  be re l oca ted f rom a 
met ropo l i ta n  a rea , t h e  i s s u e s  a s soc i ated  w i t h  ta i l i ngs  t ra n s po rta t i on 
a re of  c o nc e rn . A l s o , t h e  l oc a t i on a nd c on f i g u ra t i o n o f  t h e  p i l e  we re 
eva l uated i n  o rd e r  to  mi n i m i ze  t h e  q u a n t i ty a n d  s i ze of e ros i on p ro t ec 
t i on req u i red a nd to t a k e  ad vantage  o f  a n y  s ha l l ow g rad i en t s  i n  the  
s i te a rea . 

The  p roposed  1 ayout wa s d e t e rm i  ned  by c o n s  i d e r i  ng  t h e  g eomo rph
o l ogy o f  t h e  s i te .  The  p i l e  wa s set  back  a ga i n s t  the  head  o f  a h o l l ow 
i n  o rd e r  to mi n i m i ze  t h e  d ra i nage  a rea i mpa c t i n g  t h e  s i te . The  p i l e  
wa s a l s o set  ba c k  to  m i n i m i ze t h e  i mp a c t s  o f  g u l l y  e ros i on on  the  
s i te .  The  p i l e  wou l d  be  d e s i gned  to p roh i b i t  h e a d c u t t i ng i nto  t h e  p i l e  
f o r  the  d e s i gn l i f e o f  at  l ea s t  1 000 yea rs . 

The  toes  l ope  o f  t he p i l e wou 1 d be  1 i m i ted to f i ve h o r i  zonta  1 to 
one  v e rt i c a l  ( 20 p e rc e n t ) , a nd the top  o f  the p i l e  wou l d  be  gent l y  
s l oped t o  a p p rox i ma te l y  6 . 5  p e rc ent , a nd f l u s h  wi th  the  a d j a c e n t  n a t u 
ra l topogra p h y .  B y  p l ac i ng t h e  p i l e  ba c k  i nto  t h e  h e a d  o f  a h o l l ow ,  
t h i s  c on f i g u ra t i on wou l d  conta i n  t h e  l a rg e  q ua n t i ty o f  ma t e r i a l s 
i n vo l ved a nd mi n i m i ze  v i s ua l  i mp a c t s  f rom t h e  p i l e .  A l so ,  by p l ac i ng 
t he ta i l i ng s  i n  t h e  head o f  a h o l l ow ,  t he amo u n t  o f  roc k req u i red to 
cover the p i l e  i s  mi n i m i zed . The  two r i d g e s  e a s t  a nd we s t  o f  the p i l e  
p rotect t h e  p i l e  f rom the  a d j a c e n t  d ra i n a g e s . 

A . 3 . 7  LONG-TE RM STAB I L I TY 

Wat e r  e ro s  i o n  

Seve re ra i n fa l l  e v e n t s  have  t h e  poten t i a l  to  d eve l op r i l l s and  
g u l l i e s  on  t h e  s te e p e r  ( 20 p e rc e n t )  toes l ope o f  t h e  s ta b i l i zed ta i l i ng s  
p i l e  a nd e rode s ome o r  a l l o f  t h e  rad o n  ba r r i e r  i n  sma l l ,  und e f i na b l e 
a rea s . For  t h e  E s t e s  Gu l c h  s i te ,  t h e  l oca l o n e -hou r PM P s t o rm wa s ca l 
c u l a ted to be  7 . 6  i n c h e s . Ba s ed on  th i s  o n e -ho u r  i n ten s i ty ,  a max i mum 
2 . 5-mi n u te i n ten s i ty wa s ca l c u l ated  ba s ed o n  the t i me o f  c o n c e n t ra t i on 
f o r  f l ow o f f  t h e  p i l e .  T h e  i n ten s i ty wa s t h e n  c o n v e rted to a n  eq u i va 
l en t  one-hou r ra i n fa l l  i n t e n s i ty o f  50 . 2  i nc h e s  p e r  hou r .  - Th i s  PMP 
wou l d  g e n e ra t e  s heet f l ow ra tes ra ng i ng f rom 1 . 3 to 2 . 2  c f s / f t  on  t h e  
p i l e .  Rock  s i zes  req u i red to wi t h s t a nd s h e e t  e ros i on o n  the  p i l e  t o p  
a nd toes l ope d u r i n g  a P M P  event  a re s h own i n  Ta b l e  A . 3 . 1 . 

To f u rt h e r  red u c e  t h e  poten t i a l  f o r  wa t e r  e ros i on by s u rf a c e  r u n 
o f f ,  add i t i ona l c o n t ro l  f e a t u re s  we re i nc o rp o ra ted i n to t h e  d es i gn t o  
red u c e  s u rf a c e  runof f ve l oc i t i e s .  The  toes l ope  o f  t h e  s t ab i l i zed ta i l 
i ngs  p i l e  wou l d  be l i m i ted to f i ve h o r i zonta l to  one  ve rt i ca l  ( 20 per
c e n t ) . The  top  o f  t h e  p i l e  wo u l d  be  g e n t l y  s l oped ( a  max i mum of  
7 . 1  p e rc e n t )  and  wou 1 d be  f l u s h  wi  t h  the  a d j a c e n t  te rra i n to  p romote 
d ra i nage . 

I t  i s  a n t i c i pated t h a t  a f i l te r  l ay e r  wo u l d  be  req u i red on t h e  p i l e  
top a nd toes l ope  to  p revent  p i p i ng a nd e ro s i o n of  t h e  f i n e r- g ra i ned 
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Ta b l e  A . 3 . 1  Roc k e ro s i on p rotec t i on , E s t e s  Gu l c h s i te 

Roc k s i zea T h i c k n e s s  o f  Des i gn f l ow 
Loca t i on ( i n c h e s ) roc k b ( i n c h e s )  ( c f s / f t )  

Top s l ope D
50  

> 
- 3 . 5  1 8  1 . 3 

Toe s l ope D
50  

> 5 . 7  1 8  2 . 2  -

a " D "  c o r re s p o n d s  t o  requ i red roc k  d i ame t e r ;  D 5 0  i s  t h e  d i ame t e r  o f  50  
pe rc e n t  of  t h e  roc k  by we i gh t . 

bTh i c k n e s s e s  o f  roc k  i nc l ud e  f i l te r  l ay e rs . 

rad on ba rri e r .  T h e  g rada t i on s  o f  t h e  f i l te r  l aye r wou l d  be d e t e rm i ned 
d u ri ng f i na l  d e s i gn u s i ng the c r i te r i a  d e s c r i bed  f o r  sta b i l i za t i on at 
the New R i f l e  s i te .  

W i nd e ro s i on 

H i gh wi nd  ve l oc i t i e s c o u l d  d amag e  t h e  rad o n  ba r r i e r  o f  t h e  s ta b i 
l i zed  ta i l i ng s  p i l e  i f  t h e  ba r r i e r  we re l e f t  exposed . The  s ame roc k 
a n d  f i l te r  l aye rs u s ed t o  p rotect  the  p i l e  f rom wa te r e ros i on wou l d  
p rov i de s u f f i c i ent  p rotec t i on f rom t he e f f e c t s  o f  poten t i a l l y  e ro s i ve 
wi  nd ve 1 oc  i t  i e s  . 

F ro s t  protec t i on 

F re e ze-thaw cyc l es o c c u rr i n g  t h ro u g h o ut t h e  yea r c a n  c a u s e  c ra c k i ng 
w i th i n  t h e  rad o n  ba r r i e r .  These  c ra c k s  s i gn i f i ca n t l y  i nc re a s e  t h e  hy
d ra u l i c  c on d uc t i v i ty of the rad o n  ba rri e r .  W i t h o u t  a f ro s t  p rotec t i on 
l ayer  t o  p rotect  f rom t h e  f ree ze/t haw-re l a ted c rac k i n g ,  wa t e r  i n  c o n t a c t  
w i th  the  s u rf a c e  o f  t h e  p i l e  wou l d  p e rc o l a t e  t h ro u g h  t h e  p i l e  a n d  ex i t  
t h rough  i t s ba s e . Th i s  c on tami n a t ed wa t e r  wou l d  t h e n  b u i l d u p  beneath  
t h e  p i l e  a n d /or  c ome t o  t h e  s u rf a c e  i n  Estes  G u l c h . 

The  s u s c e pt i b i l i ty o f  t h e  rad on b a r r i e r  t o  f re e z e -t haw e f fec t s  h a s  
b e e n  s t ud i ed .  A f reeze-thaw p rotec t i on l aye r ,  c o n s i s t i ng o f  3 . 0  f e e t  o f  
l oo s e l y c ompacted  s o i l s  e x c a vated  f rom t h e  E s t e s  Gu l c h d i s p os a l  s i te , 
and  0 . 5  foot o f  d ra i nage  ma t e r i a l  wou l d  be i n s ta l l ed a bove t h e  rad on 
ba rri e r  to  p rotect  i t  a ga i n s t  f re e ze -t haw e f f e c t s . Th i s  f ro s t  p rotec 
t i on l aye r wou l d  t h e reby e n s u re t h e  i nteg r i ty o f  t h e  rad on ba rri e r .  

F l ood protec t i on 

The  s ta b i l i zed ta i l i ng s  p i l e  wou l d  be s u r rounded  by va r i o u s  d ra i n 
age  c on t ro l  mea s u re s  d e s i g n ed to  p ro t e c t  t h e  p i  l e  f rom t h e  d i s c h a rg e  
res u l t i ng f rom t h e  o c c u rre n c e  o f  a P M P  o n  t h e  u p s t ream wa t e r s h ed . 
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Roc k -f i l l ed k ey t renc h e s  wo u l d  red u c e  e ro s i on o f  t h e  g ro u n d  a d j a c e n t  to 
the p i l e .  L i m i ted  g rad i ng of the a d j a c ent  t e r ra i n  wou l d  p romote  s h eet 
f l ow awa y  f rom the p i l e  and p re ve n t  g u l l y  f o rma t i on . An i nt e rc epto r 
d i tc h  wo u l d  d i v e rt runo f f  i n  t h e  n o rt h e rn wa t e rs h ed away f rom t h e  p i l e ,  
a n d  t h e  i n t e rven i ng wat e rs hed a rea wou l d  be  g ra d e d  a n d  r i p ra p  a d d ed . 
The  roc k -a rmo red toe d i tc h  wou l d  c o l l ec t  s u r fa c e  wat e r  f rom t h e  top  o f  
t h e  p i l e ,  d i s c h a rg i ng i t  wes te r l y o n t o  na t u ra l  t e r ra i n ,  a nd eventua l l y 
i nto  Gove rnment  C reek . I t  wo u l d  be  d e s i gned  to  p re v e n t  head c utt i ng 
i n to  the  s t a b i l i zed p i l e .  The  roc k  s i ze req u i red f o r  t h e  c ove r i s  
p ro v i d ed i n  Tab l e  A . 3 . 1 . 

The  E s t e s  Gu l c h  s i te i s  a t  the  h e a d  o f  a h o l l ow a nd ha s v i rtua l l y 
no d ra i nage  a rea a b o v e  i t .  D ra i nage  on  t h e  E s t e s  G u l c h  s i te f l ows i nto  
a n  epheme ra l c re e k  i n  E s te s  Gu l c h  a p p rox i ma te l y  0 . 5  m i l e  s o u thea s t  and  
1 50 f eet be l ow the  s i te .  Th i s  c re e k  j o i n s Gove rnment  C reek  a p p rox i 
ma te l y  one  mi l e  a nd 280 feet  be l ow t h e  s i te .  The  Co l o ra d o  R i ve r ,  a t  
i ts c l o s e s t  po i nt ,  i s  a p p rox i ma t e l y  s i x  m i l es awa y  a n d  7 30 f e e t  b e l ow 
t h e  s i te .  No  d a t a  on  h i s t o r i ca l f l oo d s  ex i s t f o r  t h e  E s te s  Gu l c h s i te ; 
beca u s e  o f  i ts d i s t a n c e  f rom a n d  e l e va t i on a bove a n y  maj o r  f l ows , the  
s i te wou l d  not  be  s ub j e c t  to  r i ve r  f l ood i ng .  

Add i t i ona l d e ta i l s  on  s u rf a c e  wa t e r  hyd ro l ogy a t  t h e  E s t e s  Gu l c h  
s i te a re p ro v i d ed i n  Sec t i on E . l . l  o f  Append i x  E ,  Hyd ro l ogy . 

Geomo rpho l ogy 

Gu l l y e ros i o n a n d  a rroyo enc roa c hment  h a ve t h e  poten t i a l  to  i mpact  
t h e  s i te i f  not  p rotected . The  g u l l i e s  wh i c h  a re p re s e n t  a t  t h e  s i te 
a re deep l y  i nc i s e d , i nd i ca t i ng rec e n t  d ownc ut t i ng .  A l s o ,  n ume rou s  p i p i ng 
f e a t u re s  i nd i cate  t h a t  a t  l ea s t  s ome o f  t h e  s i te s o i l s  a re s u s c ept i b l e  
t o  e ros i on .  The  p i l e  wou l d  b e  p l a c ed b a c k  i nt o  t h e  head  o f  h o l l ow i n  
o rd e r  t o  m i n i mi ze u p l a n d  d ra i nage  a nd t o  ma x i m i ze t h e  d i s ta n c e  f rom t h e  
deep l y  i nc i sed  g u l l i e s s o u t h  o f  t h e  p i l e .  A be l ow-g rad e ,  roc k - l i n ed t o e  
d i tc h  wo u l d  b e  p l a c ed a t  the  s o u t h e rn toe  o f  t h e  p i l e  to  p re v e n t  h e a d 
c u t t i ng  i n to the  s ta b i l i zed p i l e .  The  two r i d g e s  f l a n k i ng t h e  s i d e s  o f  
t h e  p i l e  and  t h e  d e s i gned  e ros i on p rotec t i on wou l d  p ro t e c t  t h e  p i l e  
f rom f u t u re gu l l y e ro s i on f o r  a t  l ea s t  t h e  1 000-yea r l i fe o f  t h e  p i l e .  

A more extens i ve geomo rp h i c  eva l u a t i on o f  t h e  E s te s  Gu l c h  s i te i s  
i nc l uded  i n  Sec t i on 0 . 3  o f  Append i x  0 ,  S o i l s ,  Geo l ogy , a nd Se i sm i c i ty .  

S l ope s t a b i l i ty/s e i sm i c r i s k  

S l ope f a i l u re d ue to  s l ope i n sta b i l i ty u n d e r  s ta t i c  a nd s e i sm i c  
l oad i ng c ou l d  a f fec t the  i nt eg r i ty o f  t h e  s ta b i l i zed ta i l i n gs  p i l e  
u n l e s s  p rop e r l y d e s i g ned . 

Sta b i l i ty a n a l ys e s  we re p e r f o rmed f o r  ea c h  l oad i ng cond i t i on to 
e s t i ma te fac to rs o f  sa fety  a ga i n s t  s l ope  f a i l u re . In pa rt i c u l a r ,  t h e  
s e i smi c l oad i ng c o nd i t i on s  we re eva l ua ted by a pp l y i ng t h e  o n -s i te 
h o r i zonta l a c c e l e ra t i on res u l t i ng f rom a d e s i gn ea rthqua k e . The  eva l ua 
t i on e s t i ma ted t h a t  t h e  d e s i g n ea rt h q u a k e  wou l d  g e n e ra te a n  o n - s i te 
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e f f ec t i ve peak h o r i zonta l b ed ro c k  a c c e l e ra t i on o f  0 . 2 1 g .  Deta i l s  on  
t h e  s e i smi c a na l ys i s  a re i nc l ud ed i n  Sec t i on 0 . 4  of  Append i x  0 ,  So i l s ,  
Geo l ogy , a n d  S e i smi c i ty .  

The  f a c t o rs o f  s a f ety a ga i n s t  s l ope  f a i l u re u nd e r  both  s ta t i c  a nd 
s e i sm i c  l oad i ng f o r  the  d e s i gned  s l ope  meet  o r  exc eed the  g e n e ra l l y  
a c c epted l i m i t s  o f  1 . S a n d  1 . 1 ,  re s p ec t i ve l y .  The  stat i c  a n d  s e i sm i c  
sa fety f a c t o rs c a l c u l a ted f o r  d i s po s a l  a t  t h e  E s t e s  Gu l c h  s i t e a re 3 . 1  
and  1 . 8 ,  res pec t i ve l y .  

At the  E s t e s  Gu l c h  s i te , t h e  ta i l i ng s  wou l d  b e  p l a c ed a s  a d e n s e , 
eng i n ee red f i l l .  The  f o u n d a t i on s o i l s  a re h a rd a n d  d ry ,  a nd g ro u n d 
wa t e r  i s  deep  i n to  t h e  u nd e r l y i ng bed roc k . F o r  t h e s e  rea s o n s , a n d  
bec a u s e  the  p i l e  wi l l  be c o v e red w i t h  a l ow p e rmea b i l i ty l aye r ,  t h e re 
wou l d  be no  potent i a l  f o r  s e i sm i c a l l y- i n d uc e d  l i qu e fa c t i on at  t h e  s i te .  

Sett l ement  and  c ov e r  c ra c k i ng 

As  p re v i ou s l y  d i s c u s sed  i n  Sec t i on A . 3 . 3  u n d e r  " Ta i l i ng s  p i l e  
c o n s t ru c t i on , " d i f fe ren t i a l  a nd tota l sett l eme nt s h ou l d  not  ad ve rs e l y  
a f fect  t h e  l ong-t e rm i nt eg r i ty o f  t h e  p i l e .  

F ro s t  hea ve/s o l i f l uc t i on 

The  p roc e s s e s  o f  f ro s t  heave  a n d  s o l i f l uc t i on ,  wh i c h  a re d i s c u s sed  
i n  d eta i l  i n  Sec t i on A . 2 . 6 ,  c ou l d  p o s e  a h a z a rd to  the  l on g -t e rm p e r
f o rma n c e  o f  a ny s t ru c t u re c o n s t ructed  t o  i so l a t e  the  t a i l i n g s . Howe v e r ,  
a s  wi t h  s t a b i l i za t i on at  t h e  New R i f l e  s i te ,  t h e  remed i a l  ac t i o n  d e s i gn 
i nc l u d e s  t h e  u s e  o f  a 3 . S -f oot-t h i c k  f ro s t  p rotec t i on l aye r c ompo s e d  o f  
a 3 . 0-foot-th i c k l ayer  o f  l oo se l y  c ompa c ted ea rthen  ma t e r i a l s e x c a va ted 
f rom the E s t e s  Gu l c h S i te ,  u n d e r l a i n  by a O . S  f o ot l aye r of d ra i nage  
ma t e r i a l . The f ro s t  p rotec t i on l ay e r  wi 1 1  be p l a c ed o v e r  t h e  rad o n  
ba rri e r ' s  s u f f i c i ent l y  i mp e rmea b l e ea rthen  ma te r i a l s  to  re s t r i c t  i c e  
l ens f o rma t i on .  The  u n d e r l y i ng O . S -foot-th i c k d ra i n  a nd o v e r l y i ng 
1 . S -f oot-th i c k roc k  e ros i on ba r r i e r  l ay e rs , c ompo s ed o f  s u f f i c i ent l y  
po ro u s  a g g regate  1 ayers , i n  c onj u n c t  i o n  w i  t h  a c o n t  i n u o u s  s l ope , wou l  d 
a l l ow d ra i nage a c ro s s  the  p i l e  s u rf a c e . Th i s  sys tem wou l d  p ro v i d e  a n  
i n s u l a t i ng b l a n k e t  e f f e c t  a s  we l l  a s  res t r i c t  wa t e r  b u i l d u p  o v e r  t h e  
radon  ba rri e r .  I t  e l i m i nates  t h e  potent i a l  f o r  f ro s t  h e a v e  ( i c e  l en s  
f o rma t i on )  and  t h e  p re requ i s i t e f o r  s o l i f l uc t i on ( s a t u ra t i on ) . 

P l ant  root penetra t i o n ,  bu rrowi ng a n i ma l s ,  a n d  h uma n i nt ru s i on 

The  ta i l i ngs  p i l e  a t  the  E s tes  Gu l c h s i t e wou l d  be  c ove red w i t h 
t h e  rad o n  ba rri e r ,  a 3 . 0-f oot-t h i c k  l aye r o f  c ompa c ted , l ow p e rmea 
b i l i ty ,  ea rth en  ma t e r i a l . The  rad o n  ba rri e r  i s  c o ve red by a 3 . S - f o o t 
t h i c k  f ro s t  p rote c t i on a nd d ra i n  l aye r .  Th i s  l ayer  wo u l d  t h e n  b e  
c o ve r 'cd wi  t h  a 1 .  S -foot-th  i c k  1 aye r ( i  n c  1 ud  i ng  t h e  f i  1 t e r  1 aye r )  o f  
roc k  e ros i on p rotec t i on . 
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The s e  l aye rs o f  roc k  a nd c ompa c ted ea rth wou l d  i n h i b i t  p l a n t  root 
penet ra t i on i n to the c ontami na ted ma t e r i a l . The roc k e ro s i on p rotec t i on 
ba rri e r  a nd f ro s t  p rotec t i on l ay e r  wou l d  a l s o d i s c o u ra ge i n t ru s i o n by 
bu rrowi ng a n i ma l s  a n d  i na d v e rtent  h uma n i n t ru s i on .  The f i na l  ta i l i ngs  
p i l e  wo u l d  a l s o be s u rro u n d ed by  mo n ume n t s  wi th  wa rn i n g s i gn s  to  
d i s c ou ra ge h uma n i n t ru s i on .  

A . 3 . B  GROUNDWATE R PROTE C T I ON 

Grou ndwa t e r  benea th  t h e  E s tes  Gu l c h d i s p o s a l  s i te oc c u rs i n  t h e  
v a r i ega ted c l ays tone s , s i l t s tones , s h a l e s , a nd f i n e - g ra i ned  s a n d s tones  
o f  the  Wa s a t c h  F o rma t i on be l ow depths  o f  2 7 0  feet . The  u n d e r l y i ng 
s t ra ta a re nea r l y  i mp e rmea b l e ,  w i t h  a n  a v e ra ge hyd ra u l i c c o n d uc t i v i ty 
of  2 X 1 0-B cm/s , ba sed  on  c o n s t a n t  head  pe rmea b i  1 i ty t e s t s  c ond uc ted 
on  fou r mon i to r  we l l s a t  E s te s  Gu l c h . C o n s e q u e n t l y ,  to  p revent  pond i ng 
o f  g roundwa t e r  on  t h e  l ow pe rmea b i l i ty bed roc k o f  t h e  Wa s a t c h  Fo rma t i on 
( t h e  II b a t h t u b  e f f ec t ll ) , a rad o n  ba r r i e r  w i t h  a hyd ra u l i c  c ond uc t i v i ty 
l owe r t h a n  that  of  t h e  u nd e r l y i ng roc k w i  1 1  be c o n s t ruc ted . The rad o n  
ba rri e r  w i l l  be d e s i gn ed w i t h  a s a t u ra ted hyd ra u l i c c on d uc t i v i ty o f  
1 0-8 cm/s to  p re v e n t  t h e  ba t h t u b  e f fect . Add i t i ona l g rou ndwa t e r  p ro
tec t i on wou l d  be p ro v i ded  by the s l ope  of  the p i l e ,  wh i c h  wi l l  e n ha n c e 
ru n o f f  a nd t h u s  red u c e  i n f i l t ra t i on .  

Non -d e s i gn f e a t u re s  wh i c h  wi l l  p rotect  g rou ndwa t e r  benea th  the  
s i te i n c l ud e  the  l ow pe rmea b i l i ty o f  t h e  Wa s a t c h  F o rma t i on , t h e  i mper
v i ou s  c ha ra c t e r i s t i c s  o f  t h e  f ra c t u re zon e s  i n  t h e  bed roc k ,  a n d  t h e  
s teep d i p  o f  t h e  u n d e r l y i ng bed s . Ba s ed on  a n  a v e ra g e  hyd ra u l  i c  c o n 
d uc t i v i ty o f  2 X 1 0 -8 c m / s  and  a p o ros i ty o f  20 p e rc e n t  ( mea s u red 
f rom 4 c o re samp l e s ) , g ro u n dwa t e r  f l ow ve l oc i t i es beneath  the  s i te a re 
l es s  than  0 . 1  f t lyea r .  C o n s e q u en t l y ,  d u r i ng t h e  1 000 yea r d e s i g n l i f e  
o f  t h e  p i l e ,  c ontami nat i on wi l l  t ra v e l  n o  mo re t h a n  1 00 feet , t h e  
mi n i ma l  d i s ta n c e  f rom t h e  edge  o f  t h e  ta i l i n g s  t o  t h e  t o e  o f  t h e  p i l e .  
T h u s , t h e  p roposed E PA g ro u ndwa t e r  p rotec t i on s ta nd a rd s  w i l l  be met a t  
t h e  t o e  o f  t h e  p i l e .  

B ec a u s e  of i t s l ow hyd ra u l i c  c on d u c t i v i ty ,  t h e  Wa s a t c h  F o rma t i on 
benea t h  t h e  d i s posa l s i te c a n not be c on s i d e red a n  a q u i f e r . B a s ed on 
p re l i m i n a ry ca l c u l a t i on s  w i th  the The i s  E q u a t i on ,  t h e  f o rma t i on beneath  
t h e  d i s posa l s i te c a n not y i e l d  1 50 gpd . A l l o f  the  ca l c u l a t i on s  a re on  
f i l e  a t  the  UMTRA P roj ect  o f f i c e  in  A l b u q u e rq u e , New M ex i c o .  

A l though  m i n o r  fa u l t s a n d  ra n d om f ra c t u re zones  we re e n c ou n te red 
d u r i ng c o re d r i l l i n g benea t h  t h e  s i te , c o n s t a n t  head  pa c ke r  p e rmea b i 
l i ty t e s t s  i nd i c a t e  t h a t  t h e s e  zones  c l o s e  wi th  dept h , a n d  d o  not 
c on t r i bute  s i gn i f i ca n t l y  to  the hyd ra u l i c  c o nd uc t i v i ty o f  the Wa s a t c h  
Fo rmat i on .  For  t h i s  rea s o n , t hey a re n o t  a c o ntami n a n t  t ra n s p o rt rou t e . 

F i na l l y ,  t h e  bed s o f  t h e  Wa s a tc h F o rma t i on d i p  app rox i ma te l y  6 5  to  
75  d eg re e s  to t h e  s o u thwe s t ,  p re v ent i ng any  c on tami n a n t s  f rom t ra ve l i ng 
s o u t h  towa rd s Gove rnment  C reek . 
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I f  t h e  p roposed  g ro undwa t e r  p rotec t i on s ta nda rd s  a re exceeded  f o r  
any  h a za rd o u s  c o n s t i t u e n t  a t  the  t o e  o f  t h e  p i l e ,  d i s p o s a l c e l l c ove r 
mod i f i ca t i on s , s u p p l ementa l s t a nd a rd s , o r  AC L s  wou l d  be  i mp l eme nted t o  
e n s u re c omp l i anc e .  

Und e r  t h e  UMTRCA , t h e  DOE  mu s t  c omp l y  wi t h  the  p roposed  s ta n d a rd s  
un t i l sta nda rd s  a re p romu l gated  i n  f i na l  f o rm .  A s  a re s u l t ,  remed i a l  
ac t i on t a k e n  wi t h  rega rd to  t h e  R i f l e  s i te s  wou l d  not  p rec l ud e  s ub s e 
q u e n t  d e s i g n e n h a n c emen t s  i f  n e eded  t o  a c h i e v e  c omp l i a n c e  w i t h  t h e  
s t a n d a rd s  a nd wou l d  n o t  l i m i t t h e  s e l ec t i on o f  rea sona b l e g ro undwa t e r 
res t o ra t i on  met h o d s  that  may be  nec e s sa ry whe n  t h e  f i na l  s t a nd a rd s  a re 
p romu l gated . The DOE  h a s  c h a ra c t e r i zed c ond i t i on s  a t  t h e  R i f l e  u ra n i um 
m i l l  ta i l i ngs  s i te s  a n d  d e t e rm i ned t h a t  t h e  p roposed  remed i a l  a c t i on 
wou l d  c omp l y  wi t h  t h e  req u i  reme n t s  o f  Su bpa rt A o f  t h e  p roposed  E PA 
g rou ndwa t e r p rotec t i on s t a nd a rd s . When  f i na l  s t a n d a rd s  a re p romu l 
gated , t h e  DOE  wi 1 1  eva  1 u a t e  g ro u n dwat e r  p rotec t ;  o n  req u i  reme n t s  a nd 
u n d e rt a k e  s u c h  a c t i on a s  n ec e s s a ry to  en s u re t h a t  the  f i na l  s t a nd a rd s  
a re met . The  n e ed f o r  a nd extent  o f  a q u i f e r  re s t o ra t i on w i l l  be  
e va l uated i n  a c c o rd a n c e  w i th  t h e  Na t i ona l E n v i ronme n t a l P o l i c y  A c t . 
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A . 4  D I SPOSAL AT THE  LUCAS MESA S I TE 

A . 4 . l  I NTRODUCTI  ON 

Th i s  s e c t i on p ro v i d e s  the i n f o rma t i on n ec e s sa ry to  unde rstand  the  
p roposed  c onc eptua l d e s i gn for  t h e  re l oc at i on of  t h e  ta i l i ng s  f rom the  
O l d  and  New  R i f l e  ta i l i ng s  s i te s  at  R i f l e ,  C o l o ra d o , t o  a d i s p o s a l s i te 
i d en t i f i ed a s  L u c a s  Mesa ( F i g u re A . 4 . l ) .  The L u c a s  Mesa s i te i s  
a p p rox i mate l y  3 5  road m i l es s o u t hwe s t  o f  t h e  O l d  R i f l e  ta i l i ng s  s i te 
and  a p p rox i mate l y  33  road m i l es s ou t hwe s t  o f  t h e  New R i f l e  ta i l i ngs  
s i te .  Wh i l e t h i s  a l t e rnat i ve i nc l ud e s  i nt e r i m  a c t i o n s  at  the  O l d and  
New R i f l e  s i te s , these  ac t i v i t i e s  a re d i s c u s s e d  i n  d e ta i l  i n  Sec t i on 
A . l  . 3 .  

A . 4 . 2  DES I GN F EATU R E S  

The  remed i a l  a c t i on wou l d  s ta b i l i ze t h e  u ra n i um m i l l  ta i l i n gs  a n d  
contam i nated ma te r i a l s  at  the  L u c a s  M e s a  s i te i n  c omp l i a n c e  w i t h  the  
E PA s ta n d a rd s . The  p r i nc i pa l  f ea t u re o f  the  d es i gn c onc ept  i s  the  
remova l o f  a l l  ta i l i ngs  and  c ontam i nated  ma t e r i a l s  f rom both  t h e  O l d  
a nd New R i f l e  s i te s  a n d  c o n so l i d a t i o n  o f  t h e s e  ma t e r i a l s  i n to  a 
c ontou red p i l e  a t  the  L u c a s  Mesa s i te . Maj o r  c o n s t ru c t i on a c t i v i t i es 
f o r  th i s  re l oca t i on a l t e rna t i ve a re d i s c u s sed  i n  d e ta i l  i n  
Sec t i on A . 4 . 4 . The  d e s i g n wou l d  req u i re t h e  f o l l owi ng  ac t i v i t i es at  
the  ta i l i ngs , a l t e rnate  d i s p o s a l , and  p ropos ed b o r row s i te s : 

At the  O l d  and  New R i f l e  s i te s  

o Upg rad i ng ( a s nec e s s a ry )  o f  t h e  a c c e s s  roa d s  f rom t h e  s i te s  t o  
U . S .  H i g hway 6 .  

o Con s t ruc t i on o f  stag i ng a reas  i n  t h e  f o rme r m i l l  a rea s . 

o I n s ta l l a t i on o f  temp o ra ry s e c u r i ty f e n c i ng .  

o P rotect i on ( o r re l oc a t i o n )  o f  s u rf a c e  o r  s u b s u r f a c e  ut i l i t i e s 
a t  t h e  s i te s  d u r i ng  c o n s t ru c t i on .  

o Con s t ruc t i on o f  wa s t ewa t e r  retent i on ba s i n s and  t rea tment 
p l a n t s  to  p rotect  aga i n s t  the re l ea s e  o f  c o n tami nants  f rom the  
s i te s  d u r i ng remed i a l  ac t i on .  

o Con s t ruc t i on o f  t ru c k  wa s h i ng stat i on s  a t  the  s i te s . 

o Con s t ru c t i on o f  d ra i nage  c o n t r o l  mea s u re s  to d i rec t a l l  wa s te 
wa t e r  and  s to rm wa t e r  ru n o f f  to  t h e  reten t i on ba s i n s d u r i n g  
c o n s t ru c t i on .  

o Imp l eme n ta t i on o f  mea s u re s  to cont ro l  e ro s i on and  s ed i me n ta t i on 
f rom d i s t u rbed a reas  d u r i ng  c o n s t ru c t i on .  
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o I n s ta l l a t i on a nd o p e ra t i on o f  wa s tewa t e r  t rea tme n t  fa c i l i t i es 
( i f  n ec e s s a ry )  t o  p ro t e c t  aga i n s t  t h e  i nad v e rtent  re l ea s e  o f  
c on tami n a n t s  f rom t h e  s i te s  d u r i ng c o n s t ruc t i on .  

o Cons o l i da t i on o f  t h e  a s be s t o s  a nd d emo l i t i on d e b r i s w i th the  
ta i l i ngs  a n d  c on tami n ated mat e r i a l s .  

o Dewa t e r i ng  o f  t h e  ta i l i n gs  a n d  a l l u v i um beneath  t h e  ta i l i ng s  a t  
t h e  O l d  R i f l e  s i te . 

o Exc a va t i on a n d  s t o c k p i l i ng o f  t h e  ta i l i ngs  a n d  c o n tami n a ted 
mat e r i a l s  at the s i te s , i nc l ud i ng d emo l i t i on d eb r i s  f rom the  
m i l l  bu i l d i ngs  a n d  s t ru c t u re s  c o l l ec t ed d u r i ng i nt e r i m  a c t i on ,  
a s  we l l  a s  c o n tami nated  ma t e r i a l s  f rom t h e  v i c i n i ty p ro p e rt i es . 

o Re l oc a t i on ( by t ruc k )  o f  a l l o f  t h e  ta i l i ng s  a n d  c o n ta m i n a ted 
ma t e r i a l s ,  i nc l ud i ng s ed i me n t s  f rom the wa s t ewa t e r  retent i on 
ba s i n s  a n d  tempo ra ry d ra i nage  d i tc he s , f rom t h e  s i te s  to  the  
L u c a s Mesa  s i te .  

o R e s t o ra t i on o f  t h e  d i s t u rbed a rea s w i th c l ea n  f i l l  ma t e r i a l , 
g rad i ng to p romote  pos i t i ve d ra i na g e , a n d  revegeta t i on .  
I n c l udes  revegeta t i on o f  t h o s e  d i s t u rbed wet l a n d s  requ i r i ng 
re stora t  i on .  

o R e l ea s e  o f  t h e  s i te s  f o r  any  u s e s  c on s i s te n t  wi th  ex i s t i ng l a nd 
u s e  c o n t ro l s .  

At the  L u c a s  Mesa  s i te 

o Upg rad i ng Cou nty Road V . 5  a t  D e B e q u e  a n d  c o n s t ru c t i on o f  a one  
l a ne , f o u r-m i l e  a c c e s s  road f rom C o u nty Road  V . 5  to  t h e  s i te ;  
potent i a l  c o n s t ruc t i on o f  a f i v e -mi l e  ret u rn l oop f rom t h e  s i te 
to  Cou nty Road V . 5 .  

o I n s ta l l at i on o f  t empo ra ry s e c u r i ty f e n c i ng .  

o C o n s t ruc t i on o f  a wa s tewa t e r  reten t i on b a s i n ( s )  to  p rotect  
aga i n s t  the  re l ea s e  of  contami n a n t s  f rom the  s i tes  d u r i ng 
remed i a l  a c t i on . 

o C o n s t ruc t i on o f  a t ru c k  wa s h i ng stat i on .  

o Con s t ruc t i on o f  d ra i nage  c o n t ro l  mea s u re s  to  d i rec t  a l l  wa s te 
wat e r  a n d  s t o rm wa t e r  ru n o f f to  t h e  reten t i on ba s i n ( s )  d u r i ng  
c o n s t ruc t i on . 

o Imp l ementa t i on o f  mea s u re s  to  c o n t ro l  e ro s i on a n d  s ed i me n ta t i on 
f rom d i s t u rbed a re a s  d u r i ng c o n s t ruc t i on . 

o E x c a va t i on of  t h e  pa rt i a l l y  be l ow -g ra d e  d i s po s a l  a rea  wi t h  
s t o c k p i l i ng o f  t h e  e x c a va ted ea rthen  ma t e r i a l s .  
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o P l a c ement  o f  t h e  ta i l i ng s  a n d  contami na t ed ma te r i a l s ,  i nc l ud i ng 
sed  i me n t s  f rom t h e  wa stewa t e r  rete n t i o n  ba s i n (  s )  a nd tempora ry 
d ra i nage  d i tc h e s  a t  the  s i te ,  i n  t h e  d i s po s a l a rea . 

o C o n s t ruc t i on o f  t h e  f i na l  c o v e r  syst em o ve r  t h e  ta i l i ng s  and  
contam i nated  ma t e r i a l s  to  i nh i b i t  rad o n  ema na t i on , wa t e r  i n f i l 
t ra t i o n , p l a nt root p e n e t ra t i on ,  w i nd  a n d  wa te r e ro s i on ,  
f re e ze -t haw a c t i o n ,  a nd p e net ra t i on by b u r row i ng a n i ma l s .  

o C o n s t ruc t i on o f  e ro s i on p rotec t i on f e a t u res  ( a  b e l ow-g ra d e , 
roc k  a p ron , a nd roc k - l i ned  d ra i nage  d i ve rs i on d i tc he s ) a ro u n d  
t h e  s t a b i l i zed ta i l i ng s  p i l e  t o  p ro t e c t  a ga i n s t  the  headwa rd 
a d va nc emen t  o f  a d j a c e nt s u rf a c e  d ra i n a g e s  a nd s u rf a c e  wa te r 
run o f f  . 

o I n s ta l l a t i on o f  c o n c rete  p o s t s  w i t h  wa rn i ng s i gn s  a ro u nd t h e  
stab i l i zed  ta i l i ng s  p i l e  t o  d i s c o u ra g e  i nad ve rtent  h uman 
i nt ru s i on .  

o Rec l ama t i on ,  i nc l ud i ng revegeta t i on a s  req u i red , o f  a l l  a re a s  
d i s t u rbed a t  the  s i te d u r i ng  remed i a l  a ct i on . 

At t h e  Second  St reet b o r row s i te 

o E x c a va t i o n  o f  ea rth e n  mat e r i a l s  f o r  s i te re s t o ra t i on .  

o Re l oca t i on o f  t h e  ea rth e n  ma t e r i a l s  by t ru c k  to  t h e  O l d a nd New 
R i f l e  s i te s . 

At  t h e  New R i f l e  b o r row s i te 

o E x c a va t i on o f  g ra v e l  a n d  sma l l  roc k  f o r  a c c e s s  roa d  c o n s t ru c t i on 
a nd e ro s i on p rotec t i on .  

o Re l oc a t i on o f  t h e  g ra ve l  a n d  sma l l  roc k by t ru c k  to  t h e  L u c a s 
M e s a  s i te .  

At t h e  G l enwood Spr i ngs bo rrow s i te 

o E x c a va t i on o f  l a rge roc k  fo r e ro s i on p rotec t i on . 

o Re l oc a t i on o f  t h e  l a rge roc k  by t ru c k  to  t h e  L u c a s M e s a  s i te .  

A . 4 . 3  P E RMAN E N T  D E S I GN F EATU R E S  

Desc r i pt i on o f  f i na l  c o nd i t i o n  

The s ta b i l i ze d  ta i l i ng s  p i l e  wou l d  be  s i zed t o  conta i n  a p p rox i ma t e 
l y  3 . 5 2 m i l l i on c u b i c  ya rd s o f  t a i l i n gs  a n d  c ontami nated ma te r i a l s  a nd 
wou l d  c o v e r  a p p rox i ma te l y  7 7  a c re s  o f  t h e  d i s p o s a l  s i te ( F i g u re A . 4 . 2 ) . 
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The ent i re s i te wou l d  c ov e r  a p p rox i ma t e l y  8 3  ac res . The sta b i l i zed 
ta i l i ngs  p i l e  wou l d  be  c o n s t ructed  i n  p o rt i on s  o f  Sec t i o n s  1 9 ,  20 , 29 , 
a nd 3 0 ,  T8S , R96W . The  s ta b i l i zed p i l e  wou l d  be  a p p rox i ma te l y  s e ven  
road m i l e s ea s t  o f  DeBeq u e . 

The  ta i l i ng s  a nd c ontami na ted ma te r i a l s  wou l d  be  c o v e red wi th  
a p p rox i ma te l y  fou r feet  o f  c ompa c t ed ea rth amend e d  wi t h  1 0  p e rc e n t  
benton i te a n d  a 4 . 0-foot-t h i c k  f ro s t  p rotec t i on l aye r ( F i g u re A . 4 . 3 ) . 
The  ea rthen  ma te r i a l  a n d  benton i te wou l d  be  obta i ned f rom t h e  s u rf a c e  
ma ter i a l s e x c a vated  f rom t h e  d i s p o s a l a rea  a nd f rom a comme rc i a l  s o u rc e , 
respec t i ve l y .  The  s ta b i l i zed ta i l i ng s  p i l e  wou l d  h a ve ma x i mum s i d e 
s l opes  o f  2 0  p e rc en t  ( f i ve h o r i zonta l to  o n e  v e rt i c a l ) a n d  ma x i mum 
tops l opes  of fou r p e rc en t . The  e nt i re p i l e  wou l d  be c o v e red wi t h  a 
1 . 5-foot -t h i c k  l aye r ( i n c l ud i ng t h e  f i l te r  l aye r )  o f  g ra d ed roc k  on  the  
tops l opes  a n d  a two -foot -th i c k  l ay e r  ( i nc l ud i ng t h e  f i l te r  l aye r )  o n  
t h e  s i d e s l opes  f o r  e ros i on p rotec t i on . The  f i na l  s ta b i l i zed p i l e  wou l d  
be a n  a v e ra g e  o f  3 6  feet  a nd a ma x i mum o f  1 60 feet  a bove  t h e  s u rro u n d 
i ng te rra i n .  

D ra i na g e  d i tc he s  a d j a c e n t  to t h e  p i l e  wou l d  d i re c t  on-s i te f l ows 
a round  a n d  away f rom t h e  p i l e .  The  wes t  d i tc h  a d j a ce n t  to t h e  p i l e  
wou l d  i n t e rcept  a port i on o f  t h e  d ra i nage  a rea a b o ve the  s i te .  The 
f l ow f rom the  rema i n i ng d ra i nage  a rea wou l d  be  i nt e rc e pted by the fa r 
e a s t  d i tc h  a n d  wou l d  be d i rec ted i nto  t h e  n a t u ra l  d ra i nage  p a t t e rn e a s t  
o f  t h e  s i te .  A b e l ow-g rad e  roc k  a p ron wo u l d  be  p l a c e d  a t  the  n o rthe rn 
toe  of  t h e  p i l e .  Th i s  a p ro n  wou l d  b e  d e s i g n ed to  p revent  h e a d c u tt i ng 
i nto t h e  sta b i l i zed p i l e .  Monume n t s  w i t h  wa rn i ng s i gn s  wou l d  be 
i n sta l l ed at set  i n t e rva l s  d e s i gnat i ng the d i s pos a l  s i te as Fed e ra l l y  
owned p rope rty . 

Afte r c omp l et i on o f  t h e  s t a b i l i zed ta i l i ng s  p i l e  a t  the  d i s p o s a l 
s i te a n d  dec ontami nat i on o f  t h e  f o rme r ta i l i n gs  s i te s , t h e  d i s t u rbed 
a reas  a t  ea c h  s i te wou l d  be  res t o red to  p romote  p o s i t i ve d ra i nage  a nd 
revegetated a s  req u i red . 

Decontami nat i on a nd res t o ra t i on 

The m i l l  a rea s , ta i l i ngs  p i l e s , a n d  t h e  w i nd b l own ta i l i ng s  a t  the  
O l d  a n d  New R i f l e  s i tes  a nd t h e  v i c i n i ty p ro p e rt i es wou l d  be  d econtam i 
nated by e x c a va t i on o f  t h e  ta i l i ng s  a n d  c ontami n a t ed ma te r i a l s  a nd 
c o n s o l i da t i on o f  t h e s e  ma t e r i a l s  i n to t h e  s t a b i l i zed  p i l e  a t  the  L u c a s  
M e s a  s i te .  Contami n a t ed d e b r i s re s u l t i ng f rom demo l i t i on o f  ex i s t i ng 
b u i l d i ng s  a nd s t ru c t u res  wou l d  be c o n s o l i dated  i n to the  s ta b i l i zed 
ta i l i ngs p i l e .  Contami na t i on ex i s ts  a t  the O l d a nd New R i f l e  s i t es  a s  
d e sc ri bed i n  Sec t i on A . 2 . 2  a nd s h own i n  F i gu re s  A . 2 . 3  a n d  A . 2 . 4 .  

A f t e r  remova l o f  a l l c o n t a m i nated  ma t e r i a l s ,  t h e  a re a s  o f  exca va 
t i on a t  a nd a ro u n d  the  O l d  a n d  New R i f l e  s i t e s  wou l d  be  re s t o red wi t h  
c l ea n  f i l l  to  p romote pos i t i ve d ra i na g e . 
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Ta i l i ngs p i l e  c o n s t ruc t i on 

Th i s  a l te rna t i ve wou l d  req u i re t h a t  t h e  ta i l i ng s  p i l e  a t  l u c a s  
Mesa  be c o n s t ruc ted i n  l ay e rs . The  f i rs t  l ay e r  wou l d  c onta i n  t h e  
ta i l i n gs  a n d  d emo l i t i on d e b r i s ( d emo l i t i on d e b r i s ,  i f  p rope r l y d e c o n 
tami na ted , may be p l a c ed e l s ewhe re t h a n  i n  t h e  s ta b i l i zed p i l e ) f rom 
t h e  New R i f l e  s i te .  Onc e  p l ac ement  of t h i s  ma te r i a l  wa s c omp l ete , t h e  
c ontami na ted ma t e r i a l s  f rom the  O l d  R i f l e  s i te wou l d  be  t ra n s po rted t o  
lucas  Me s a  a n d  p l a c ed i n  the  p i l e .  The  l a s t  l aye r o f  c on ta m i n a ted 
mate r i a l s  wou l d  c on s i s t o f  t h e  w i nd b l own ta i l i n g s  at the New R i f l e  s i te 
a n d  c on tam i nated ma te r i a l s  f rom t h e  v i c i n i ty p rope rt i es . The  c ov e r  
system wou l d  t h e n  be  p l a ced  t o  p ro v i d e  l ong-te rm s t a b i l i ty a n d  m i n i m i ze 
rad on emana t i on a n d  g ro u n dwat e r  c on tami nat i on .  The  p i l e  wou l d  be  
l oc a ted t o  mos t  e f fe c t i ve l y  use  t h e  na t u ra l  topog ra phy o f  t h e  a rea i n  
o rd e r  t o  red u c e  t h e  poten t i a l  e f fe c t s  o f  e ro s i on .  

The  be l ow-g rad e  e x c a va t i on o f  t h e  d i s po s a l  a rea  wou l d  extend  t o  a n  
a v e ra g e  d e p t h  o f  1 5  feet . The  e a  rthen  ma t e r i  a 1 s f o r  the  rad on b a  r r i  e r  
wou l d  b e  obta i ned  f rom t h i s  e x c a va t i on . T h e  ba s e  o f  t h e  e x c a va t i on 
wou l d  be s c a r i f i ed ,  mo i s t u re c ond i t i on ed , a n d  rec ompa c ted . 

R e l o c a ted ta i l i ngs  wou l d  be  p l a c ed i n  l i f t s  a nd c ompac ted o n  top 
o f  the c ompa c ted ba s e . Bec a u s e  the ta i l i n g s  wou l d  be m i xed d u r i ng 
exca va t i on a n d  a ga i n  d u r i n g  u n l oa d i ng ,  s p rea d i ng ,  a nd c ompa c t i ng a t  the  
lucas  M e s a  d i s p o s a  1 s i te ,  i t  i s  not  expected that a ny extens  i ve  1 e n s e s  
o f  s l i me s  wou l d  ex i s t i n  t h e  c ompacted  ta i l i ng s . C o n s e q u en t l y ,  a p p re
c i a b l e  d i f f e ren t i a l  a n d  tota l s e t t l eme n t  wou l d  not  o c c u r ,  a n d  t h e  l on g 
t e rm i n teg r i ty o f  t h e  p i l e  wou l d  n ot be  a d v e rs e l y  a f fec ted by the  
n o rma l c o n so l i da t i on and  s e t t l eme n t  o f  t h e  ta i l i ng s . 

Orga n i c  mate r i a l  s u c h  a s  wood d emo l i t i on d e b r i s a n d  g ru bbed 
vegetat i on wou l d  be  even l y  d i s t r i b u ted t h ro u g h o u t  the ta i l i ng s  p i l e  so 
that no  mo re than f i ve p e rc e n t  o rg a n i c s  by vo l ume a re c on ta i n ed i n  any 
a rea o f  the p i l e .  Demo l i t i on d eb r i s  wou l d  be  p l a c ed i n  the l owe r 
port i on s  o f  t h e  p i l e  a n d  s u rrounded  w i t h  c ompa c ted ta i l i ng s . The  
p ro c ed u re s  f o r  t h i s  a c t i v i ty wou l d  be  s pec i f i ed t o  e n s u re that the  
d e b r i s i s  p l a c ed t o  a vo i d  c on c e n t ra t i on i n  a ny a rea a n d  to e n s u re good 
c ompac t i on o f  ta i l i ng s  a ro u n d  the d e b r i s .  

L i m i t i ng t h e  p i l e  tops l opes  to  fou r p e rc e n t  a n d  the  s i d e s l opes  to  
20 p e rc e n t  wou l d  p ro v i d e the  nec e s s a ry f a c t o r  o f  s a fety a ga i n s t  s l ope  
fa i l u re a n d  wou l d  red u c e  t h e  poten t i a l  e f fe c t s  o f  eros i on .  

Cover  c on s t ruct i on 

The  ta i l i ngs  radon  f l u x ra te wou l d  be red u c ed to  t h e  E PA s ta n d a rd s  
b y  t h e  p l a c ement  o f  a n  a p p rox i ma te l y  f o u r-foot-th i c k , c ompa c ted , ea rthen  
l ayer ame n d ed wi t h  1 0  p e rc e n t  benton i te t h a t wou l d  s e rve as  a radon  
ba rri e r .  The  rad on ba rri e r  wou l d  be p rotected  f rom f ree z i ng a nd t h awi n g  
b y  t h e  p l ac ement  o f  a 4 . 0 - foot-th i c k l aye r o f  ea rthen  ma t e r i a l . The 
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radon  ba r r i e r  a n d  f ro s t  p rotec t i on l aye r wo u l d  be  p rotec ted by a 1 . 5 -
foot-th i c k l aye r o f  roc k ( i nc l ud i ng t h e  f i l te r  l ayer)  on  the  top s l opes  
and  a two -foot-t h i c k  l aye r o f  roc k ( i nc l ud i ng t h e  f i l te r  l ay e r )  on  the  
s i d e s l opes  d es i g n ed to  p rotect  the  rad on ba rr i e r  a nd c o n s eq u e n t l y  p re 
v e n t  expos u re o f  ta i l i ngs  a n d  c ontam i na ted ma t e r i a l s  f o r  1 000 yea rs . 
The  c ompac t i on o f  t h e  rad on ba r r i e r  wou l d  p rod u c e  a n  ea rth e n  c ov e r  t h a t  
reta i n s mo i s t u re a nd reta rd s  rad o n  g a s  d i f f u s i on .  The  roc k a nd f i l te r  
l ayer wo u l d  red u c e  t h e  potent i a l  fo r d ryi n g  o f  t h e  c ompa c t ed ea rthen  
c over by t ra pp i n g s o i l mo i s t u re .  

The  roc k  a n d  f i  l te r  l aye r wo u l d  be  p l a c e d  o v e r  t h e  f ro s t  p rotec 
t i on l ay e r  a nd wo u l d  res i st e ros i on a nd g u l l y  f o rma t i o n t h e reby p ro-
tec t i n g  t h e  l ay e r  f rom b e i ng  e roded d u r i ng  ra i n s t o rms . The  roc k a nd 
f i l te r  l ay e r  wo u l d  be  d e s i gned  t o  wi t h s ta n d  t h e  oc c u rre n c e  o f  t h e  PMP 
a nd wou l d  a l so p rotect  t h e  p i l e  f rom wi nd e ro s i on a nd d i s c o u ra g e  p l a n t  
root p e n e t ra t i on a nd i nt ru s i on by b u rrowi ng a n i ma l s .  

S i te d ra i nage 

The p l a c emen t  of t h e  p i l e  i n  c o n f o rma n c e  w i th  t h e  d ra i nage  p a t t e rn 
o f  the  l u c a s  M e s a  a rea a nd t h e  s u r round i ng g e n e ra l  s i te g rad i ng h a v e  
b e e n  d e s i gned to  e n s u re l ong -te rm p i l e  s t a b i l i ty .  S u rfa c e  ru n o f f  f rom 
t h e  p i l e  as we l l  as runo f f  f rom s u rro u nd i ng a rea s wo u l d  be  d i rected 
awa y  f rom and a ro u n d  the  p i l e  by d ra i nage  d i ve rs i on d i tc h e s  d e s i g n ed to  
c a r ry the  ra i n fa l l runof f re s u l t i ng f rom t h e  o n e - h o u r  PMP  s to rm event . 

D ra i nage  d i ve rs i on d i t c h e s  a d j a c e n t  to t h e  p i l e  wou l d  d i rec t 
o n - s i te f l ows a round  a n d  awa y  f rom t h e  p i l e .  The  we s t  d i tc h  a d j a c e n t  
to  the  p i l e  wo u l d  i nt e rc ept  a port i on o f  t h e  d ra i nage  a rea a b o ve t h e  
s i te .  T h e  f l ow f rom the  rema i n i ng d ra i nage  a rea wou l d  be  i n t e rc epted 
by t h e  fa r ea s t  d i tc h  a nd wo u l d  be  d i rec t ed i n to t h e  n a t u ra l  d ra i nage  
pattern ea s t  o f  t h e  s i te .  The  d i tc h e s  wou l d  b e  1 i ned wi th  e ro s i on 
res i s tant  ma t e r i a l . A be l ow-g ra d e , roc k a p ro n  wou l d  be  p l a c ed a t  the  
n o rt h e rn toe o f  t h e  p i l e .  Th i s  a p ron wo u l d  be  d e s i gned  to  p revent  
headc utt i ng i nto  t h e  s t a b i l i zed p i l e .  

G roundwa t e r  protec t i on 

The  s t a b i l i zed ta i l i ng s  p i l e  wou l d  be d e s i g n ed to  m l n l m l ze  g ro u n d 
wa ter  c on tami na t i on .  The  p repa ra t i on o f  t h e  s ubba se , p l ac emen t  a nd 
s l op i ng  o f  t h e  ta i l i ng s , a nd p l a c emen t  o f  t h e  l ow pe rmea b i l i ty ,  ea rthen  
radon  ba rri e r  wou l d  s e rve t o  m i n i m i z e  the  m i g ra t i on o f  c on tam i n a n t s  to 
the g ro undwa t e r  s y s tem . D e ta i l s  a re p rov i d ed  i n  Sec t i on A . 4 . 8 .  

S i te a c c e s s  

A f t e r  remed i a l  a c t i on i s  comp l e t e , t h e  s i te wo u l d  be  ma rk ed wi th  
mon umen t s  w i th  wa rn i ng s i gn s  to  d i s c o u ra ge i na d v e rtent  h uma n i n t ru s i on .  
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A . 4 . 4  MAJOR C ONSTRUCTI ON ACT I V I TI ES 

A . 4 . 4 , 1  layout  

Con s t ru c t i on a c t i v i t i e s wou l d  t a k e  p l a c e  a t  the  O l d a n d  
N e w  R i f l e  ta i l i n gs  s i te s , t h e  d i s p os a l  s i te , a n d  a l o n g  the  
a c c e s s  road . 

The exa c t  l oca t i on s  a n d  s i zes  o f  a l l c on s t ruc t i on fea t u re s  
s u c h  a s  t h e  s ta g i n g  a rea s , d e c o n t am i na t i on fac i l i t i es , temp o 
ra ry d ra i n a ge d i tc h e s , a n d  wa s t ewa t e r  reten t i on ba s i n s  wou l d  
be d e t e rm i ned  d u r i ng f i na l  d e s i gn . The  f o l l ow i n g  d i s c u s s i on 
p re s e n t s  one  p os s i b l e  l ayo u t  a n d  i s  p ro v i d e d  to  fac i l i ta t e  a 
bette r u n d e rsta nd i ng o f  a l l a s p e c t s  o f  t h e  remed i a l  a c t i on .  

At the  ta i l i n gs  s i te s , t h e  s t a g i n g a re a s  wou l d  be  i n  the  
f o rme r m i l l  a rea s . Eq u i pme n t  d e c on t a m i na t i on fa c i l i t i e s wou l d  
b e  a d j a c e n t  to t h e  s t ag i ng a rea s . D i tc h e s  a n d  b e rms s u rro u n d 
i ng t h e  ta i l i n gs  s i te s  wou l d  d i re c t  u n c ontami na ted f l ows away 
f rom the  s i te s . C on tami na ted wa t e r  wou l d  be  d i rec ted t o  wa ste
wa t e r  rete n t i on  ba s i n s a nd t rea tme n t  f ac i l i t i es c o n s t ruc ted o n  
t h e  s i te s . Temp o ra ry s e c u r i ty f e n c i n g wou l d  s u rround the  
a re a s  a t  t h e  O l d  a n d  New  R i f l e  s i te s . 

At the  l u c a s  Mesa  s i te ,  t h e  s ta g i ng a rea wou l d  be  s ou t h  
o f  t h e  p roposed  p i l e  l oc a t i on .  An e q u i pment  d e c ontam i na t i on 
fac i l i ty wou l d  be s o u t h  o f  t h e  d i s po s a l a rea  exc a va t i on .  
D ra i nage  d i tc h e s  wou l d  s u rround t h e  s i te a n d  c o l l ec t  a l l 
ru n o f f  on  the  s i te .  F l ow i n  t h e s e  d i t c h e s  wou l d  be c ha n n e l ed 
to  a wa s tewa t e r  retent i on b a s i n ( s )  n o rt h  o f  t h e  p i l e  a rea . 
Tempo ra ry s e c u r i ty fenc i n g wou l d  e n c l o s e  t h e  en t i re s i te .  

A . 4 . 4 . 2  S i te a c c e s s  

E qu i pment wou l d  b e  d e c o n tam i nated  p r i o r  t o  l ea v i ng the  
O l d  a nd New  R i f l e  s i te s  a nd t h e  d i s po s a l a rea a t  the  l u c a s  
Mesa  s i te .  Temp o ra ry s e c u r i ty f e n c i ng wou l d  p rov i d e  c on t ro l  
o f  t ra f f i c  e n te r i n g a n d  l ea v i n g t h e  s i te a n d  p revent  una u t ho
r i zed t ra f f i c  f rom e n te r i ng  c ont ro l l ed a rea s . 

Tra f f i c  wou l d  e n te r a n d  l ea ve t h e  L u c a s  Mesa  s i te v i a  a n  
a c c e s s  road c o n s t ruc ted s o u t h  o f  t h e  ta i l i n gs  p i l e  a rea . A 
d e ta i l ed d e s c r i pt i on o f  t h e  t ra n s po rta t i on route i s  p re se n ted 
i n  Sec t i on A . 4 . 4 . 5 .  

A . 4 . 4 . 3  Stag i ng a rea fa c i l i t i es 

Du r i ng  c o n s t ru c t i on ope ra t i on s , tempo ra ry fac i l i t i e s  
wou l d  be  req u i red f o r  remed i a l  a c t i on wo rkers  a s  we l l  a s  
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s u p e rv i s o ry ,  eng i ne e r i ng , admi n i s t ra t i ve ,  s ec u r i ty ,  a n d  rad i 
a t i on mon i to r i ng  p e rs o n n e l  a t  both  t h e  ta i l i ng s  s i te s  a n d  t h e  
d i sposa l s i te .  The  fa c i l i t i e s wou l d  c on s i s t o f  o f f i c e s p a c e , 
s h owers , a n d  c h a n ge f a c  i 1 i t  i e s  f o r  a l l p e r s o n n e  1 wo rk i n g  on  
t h e  s i te s , and  wou l d  i nc l ud e  p ro v i s i on s  for  l a u nd e r i ng  c on 
tami nated  c l ot h i ng .  Po rta b l e t o i l et s  wou l d  be  p rov i d ed f o r  
o n - s i te wo rkers . On - s i te equ i pmen t  wou l d  be s to red i n  the  
s t a g i ng a rea s . Pa rk i ng a re a s  wou l d  be  c on s t ruc ted a t  a l l 
s i te s . 

A . 4 . 4 . 4  Ut i l i t i e s 

A l l k n own ex i s t i ng u t i l i t i es a t  t h e  O l d  a n d  New R i f l e  
s i te s  a n d  t h e  L u c a s  M e s a  s i te wou l d  be p rotected  d u r i ng 
c o n s t ruc t i on ,  removed , o r  re l ocated  a s  n ec e s s a ry p r i o r  to  
c o n s t ruc t i on .  

Wa t e r  f o r  d u s t  s u p p re s s i on on  c on tami n ated a re a s  a t  both  
ta i l i ng s  s i te s  wou l d  be  recyc l ed wa t e r  f rom t h e  wa s tewa t e r  
retent i on b a s i n s , o r  d rawn f rom t h e  C o l o ra d o  R i ve r .  Wa t e r  fo r 
d u s t  s u p p re s s i on on  u n c ontami n a ted a re a s  a n d  f o r  c ompac t i on 
d u r i ng s i te res t o ra t i on wou l d  a l s o be  obta i ned f rom t h e  C o l o
rad o  R i ve r .  Pota b l e wat e r ,  e l ec t r i c i ty ,  g a s , a n d  p h o n e  s e r
v i c e a t  the  O l d  a n d  New R i f l e  s i te s  wou l d  be  obta i ned  f rom 
l oc a l s u pp l i e rs . F i g u re s  A . 2 . 5  a n d  A . 2 . 6  s h ow a l l  k n own 
ex i s t i ng u t i l i t i es a t  the  O l d  a nd New R i f l e  s i te s , res pec 
t i ve l y .  

At t h e  Luc a s  M e s a  s i te ,  e l ec t r i c i ty wou l d  b e  a va i l ab l e  
f rom t h e  C o l o ra d o -Ute E l ec t r i c a l  A s s o c i a t i on , a n d  t e l ephone  
s e rv i c e i s  a va i l a b l e f rom Mounta i n  B e l l .  U s e  o f  t h e s e  
u t i l i t i e s wou l d  requ i re exten s i on o f  ex i s t i ng l i ne s ; i f  t h i s  
we re not  c os t -e f f ec t i ve ,  e l ec t r i c i ty c ou l d  be  s u pp l i ed by 
porta b l e g e n e rators  at the s i te a n d  te l e p h o n e  s e rv i c e by rad i o  
t e l ephon e . A l l k n own ex i s t i ng u t i l i t i es i n  t h e  v i c i n i ty o f  
L u c a s  Me s a  a re s h own i n  F i g u re A . 4 . 4 .  

The re i s  n o  d e ve l oped wa t e r  s upp l y  a t  the  L u c a s  Mesa  
s i te .  The  s i te wa s d r i l l ed t o  a depth  o f  205  feet , a n d  no  
wat e r  wa s found . Howe ve r ,  wa t e r  for  equ i pme n t  d e c ontami na 
t i on ,  c ompa c t i on , a n d  d u s t  c on t ro l  a t  t h e  s i te wou l d  be  h a u l ed 
a p p rox i ma te l y  f o u r m i l e s f rom t h e  C o l o ra d o  R i ve r .  Pota b l e 
wat e r  wou l d  be  obta i n ed f rom t h e  n e a r e s t  c omme rc i a l  s o u rc e  a t  
DeBeque . 

A l i v e s t o c k  wa t e r i ng system i s  l oc a ted wi th i n  t h e  
d i s po s a l s i te a rea a n d  wi l l  n e ed to  be  re l o c a ted p r i o r  t o  
remed i a l  a c t i on .  The  sys tem i s  t h e  p rope rty o f  t h e  B u re a u  o f  
Land  Management a n d  c o n s  i s t s  o f  two water-c a t c hment  b a s  i n s , 
u n d e rg ro u n d  p i pe s , a n d  s t o c k  wat e r i ng  t a n k s  ( F i g u re A . 4 . 4 ) .  
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A . 4 . 4 . 5 Ta i l i ngs t ra n sporta t i on 

Und e r  t h i s  a l t e rnat i ve ,  t h e  ta i l i ng s  a n d  c on tami na ted 
mate r i a 1 s wou l  d be  t ra n s p o rt ed by 1 8-c u b i  c -ya rd -c a p a c  i ty 
t r u c k s  ( l O -c ub i c -ya rd -ca pa c i ty truc k s  wi t h  e i g ht-c u b i c -ya rd 
c a p a c i ty p u p s )  equ i p p ed wi t h  gate  s ea l s  to  p revent  l ea k a g e . 
The  t ruc k s  wou l d  be  l oa d ed a t  t h e  f o rme r ta i l i n g s  s i te s , a nd 
t h e  l oa d  wou l d  be  c o v e red wi t h  ta rpa u l i n s .  Tru c k s  wou l d  be  
d e c ontam i na ted p r i o r  to  l ea v i n g  t h e  O l d a n d  N ew R i f l e  s i te s  
a nd wou l d  h a u l  t h e  ta i l i ng s  a n d  c on tami na ted ma t e r i a l s  
d i rec t l y  to  the  exca va t i on a t  t h e  L u c a s  Mesa  s i te .  

A f t e r  l ea v i ng t h e  O l d  a n d  New R i f l e  ta i l i ngs  s i te s , 
t ru c k s  wou l d  p roc eed wes t  a p p rox i ma te l y  o n e  m i l e  a n d  two 
m i l es ,  respec t i ve l y ,  on  U . s .  H i g hway 6 a n d  State  H i g hway 1 3 .  
The  t ruc k route wou l d  t h e n  extend  s o u t h  on  State  H i g hway 1 3  
a p p rox i ma te l y  one  m i l e  to  I nt e rs t a te 70  ( 1 -7 0 ) . The  t ru c k s  
wou l d  t h e n  p roc eed s o u t hwe s t  on  1 -7 0  a p p rox i ma te l y  2 7  m i l e s to 
Coun ty Road V . 5  at DeBeque  and t h e n  n o rt h e a s t  a p p rox i ma te l y  
t h ree  m i l es to t h e  n ewl y c o n s t ruc ted a c c e s s  road f o r  fou r 
mi l es to t h e  L u c a s  M e s a  s i te .  Truc k s  wou l d  u s e  t h e  s ame route 
to  ret u rn to  the ta i l i ngs  s i te .  

Se l ec t i on of  t h i s  a l terna t i ve wou l d  requ i re t h e  c o n s t r u c 
t i on of  a n  i mp roved o n e - l a n e , fou r-m i l e  l on g  a c c e s s  road a l ong 
t h e  we s t  s i d e  o f  L u c a s  M e s a . Steep  t e r ra i n  ( 1 0% s l opes ) and  
re l a t i ve i n s t ab i l i ty o f  t h e  s u rf a c e  ma te r i a l  l i m i t s  a c c e s s  
road c o n s t ruc t i on to  a o n e - l a ne g ra v e l  roa d , 1 5  f e e t  w i d e . 
Ret u rn i ng t ru c k  t ra f f i c  wou l d  e i t h e r  a l t e rnate  wi t h  a rr i v i ng 
t ruc k t ra f f i c ,  o r  retu rn v i a  a f i v e -m i l e  ret u rn l oop . The 
exa c t  ret u rn route  wou l d  be d e t e rm i ned  d u r i n g  the f i na l  d es i gn .  
Ac c e s s  road c o n s t ruc t i on c o n s t ra i n t s  c ou l d  a d d  a n  a dd i t i ona l 
$400 , 000 to  the  o v e ra l l  p roj ec t c o s t s . Se l ec t i on o f  a o n e -way ,  
a l t e rna t i ng a c c e s s  road a l t e rna t i ve wou l d  add  a n  ad d i t i ona l 
s i x  mon t h s  to  t h e  o v e ra l l c o n s truc t i on s c h ed u l e ;  s e l ec t i on of  
a f i ve-mi l e  ret u rn l oop wou l d  add  a n  add i t i on a l  s even  mon t h s  
to  t h e  p ro j e c t  s c h ed u l e  a n d  a n  a dd i t i ona l $ 1 00 , 000 to the  
o v e ra l l  p roj e c t  c o s t s . 

A . 4 . 4 . 6  D ra i nage , e ro s i on c o n t ro l , a n d  wa s t ewa te r  retent i on ba s i n s 

D u r i n g  remed i a l  a c t i on , d ra i n a g e  f rom a l l  s i te s  wou l d  be  
e f f ec t i ve l y  d i ve rted f rom a n y  wat e rways . A re a s  d i s t u rbed by 
c o n s truc t i on ac t i v i t i es wou l d  be  g ra d ed to d i re c t  ru n o f f  i n to 
t h e  wa s t ewat e r  ret en t i on ba s i n s . D ra i n a g e  d i tc h e s  wou l d  be 
l i ned w i t h  e ro s i on - re s i s t a n t  ma t e r i a l s  i f  s ed i me n t  b u i l d u p  i n  
t h e  wa s t ewa t e r  retent i on b a s i n s b e c ome s a p rob l em .  R u n o f f  
f rom l a nd o u t s i d e  o f  a f fe c ted a re a s  wou l d  be  d i ve rted awa y  
f rom the  s i te b y  d i ve rs i on d i tc h e s  d e s i gned  a n d  ma i n ta i ned  to  
p revent  o v e rf l ow .  
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The wa s tewa t e r  rete nt i on ba s i n s  wou l d  be d e s i gned t o  meet 
the rete n t i on and d i s c h a rge c apac i t i e s d e s c r i bed  for s t a b i l  i 
za t i on a t  the  New R i f l e  s i te ( se e  Sec t i on A . 2 . 3 . 5 ) . 

A . 4 . 4 . 7 Wa s t ewa t e r t rea tme nt  

Wa s t ewa t e r  g e n e ra t e d  f rom s o u rc e s  men t i oned i n  Sec t i on 
A . 2 . 3 . 5  wou l d  be  d i rec ted t o  wa s tewa t e r  reten t i on ba s i n s  wh i c h  
wou l d  p ro v i d e  p r i ma ry s e t t l i ng a l o n g  w i t h  f l ow a n d  c ontam i n a n t  
e q ua l i za t i on .  Some o f  t h i s  wa t e r  wou l d  be u t i l i zed  f o r  d u s t  
c o n t ro l  o n  c onta m i nated a rea s . The  rema i nd e r  o f  the  wa t e r  a t  
t h e  ta i l i ng s  s i te s  wou l d  be  t re a t ed t o  meet a pp l i ca b l e State 
o f  C o l orado  wa t e r  q ua l i ty s t a n d a rd s  b e f ore d i s c h a rge . 

A . 4 . 4 . S  Dewa te r i ng 

Grou ndwa t e r  a t  t h e  O l d  R i f l e s i t e r i s e s  i nt o  t h e  ta i l i ng s . 
To fac i l i ta t e  h a nd l i ng ,  s ome o f  t h e  ta i l i ngs  wou l d  req u i re 
d ewate r i ng .  Dewa t e r i ng  wou l d  be a c c omp l i s hed  a s  d e s c r i bed for  
sta b i l i za t i on a t  t h e  New R i f l e  s i te ( Se c t i on A . 2 . 3 . 7 ) . 

At the  New R i f l e  s i te ,  t h e  need for  d ewa t e r i ng o f  
ta i l i ng s  o r  s o i l s  d u r i ng  exc a va t i on i s  not  a n t i c i pated . I n  
mos t  c a s e s  the  s ha l l owes t  rec o rd e d  g ro u ndwa te r  l e ve l s  a re 
deeper  t h a n  p l a n ned exca  vat i on  d e p th s . Howe ve r ,  i f  req u i  red , 
d ewa te r i ng  wou l d  be  a c c omp l i s h ed by i n s ta l l i ng e i th e r  we l l  
po i nts  o r  d ra i nage  d i t c h e s  w i t h  s ump p umps a s  d i s c u s s e d  i n  
Sec t i on A . 2 . 3 . 7 .  

Dewa te r i ng  wou l d  n o t  be  nec e s s a ry a t  t h e  L u c a s  M e s a  s i t e .  

A . 4 . 4 . 9  O u s t  c on t ro l  

O u s t  g e n e rated  b y  exc a va t i on ,  ea rth moveme n t , veh i c l e  
u s e , tempora ry ma t e r i a l s  s t o c k p i l i ng ,  a nd s i m i l a r  a c t i v i t i es 
wou l d  be  c on t ro l l ed a n d  m i n i m i zed by the  u s e  o f  wa t e r  a n d  
wat e r-ba sed  s u rf a c ta n t s  s p rayed f rom h o s e s  o r  t ruc k s . Spec i a l  
c a re wou l d  b e  t a k e n  t o  c on t ro l  d u s t  c reated by bu i l d i ng a n d  
s t ru c t u re d emo l i t i on a nd t h e  tempora ry s t o c k p i l i ng  o r  m i x i ng 
o f  c ontami nated ma t e r i a l s .  

The s o u rc e s  f o r  d u s t - s u p p re s s i on wa t e r  on  c ontami nated 
a re a s  i n c l ud e  recyc l ed wa t e r  f rom t h e  wa s t ewa t e r  reten t i on 
bas i n s o r  wa t e r  f rom t h e  C o l o ra d o  R i ve r .  Unc ontami nated  wa t e r  
wou l d  be  u s ed f o r  d u s t  c on t r o l  o n  u n c ontami n a ted a rea s . 

The s c h ed u l e s f o r  s p ray i ng  t h e  roa d s  a nd p i  l e  a re a s  may 
va ry da i l y a nd wou l d  be d e te rmi ned on an h o u r-by-ho u r  b a s i s  i n  
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a c c o rd a n c e  w i t h  a p p  1 i c a b l  e s t a t e  p e rm i t s . The f re q u e n c y  o f  
s p ray i ng wou l d  i nc re a s e  when  c omb i n a t i o n s  o f  l ow s o i l mo i s t u re 
a n d  h i g h w i nd  speed  we re e n c o u n t e re d . 

A . 4 . 4 . 1 0  Borrow s i te s  

Th ree sepa ra t e  bo rrow s i te s  h a ve been  i d en t i f i ed f o r  the  
d i s posa l a t  Lucas  M e s a  a l te rna t i ve .  The  f i rs t  i s  i mmed i a te l y  
n o rth  o f  t h e  New R i f l e  ta i l i n gs  s i te a n d  i s  re f e r red t o  a s  
t h e  Sec ond St reet b o r row s i te ( s e e  F i g u re A . l . 2 ) . Ea rt hen  
ma t e r i a l s  f o r  c l ea n  bac k f i l l  f o r  re s t o ra t i on o f  t h e  ta i l i ng s  
s i te s  wou l d  be p u rc ha s ed a t  t h i s  ex i s t i ng ,  comme rc i a l  b o r row 
s i te a n d  t ruc k ed to t h e  ta i l i n gs  s i te s . 

The New R i f l e  b o r row s i te i s  a l on g  t h e  n o rt h  ba n k  o f  t h e  
Co l o ra d o  R i ve r  i mmed i a t e l y wes t  o f  t h e  N e w  R i f l e  ta i l i ng s  
s i te ( s ee  F i g u re A . l . 2 ) . G ra v e l  fo r a c c e s s  road c o n s t ruc t i on 
a nd sma l l  roc k  f o r  e ro s i o n  p rotec t i on a n d  t h e  f i l te r  l aye rs 
( 050  � e i gh t  i n c he s ) wou l d  be  p u rc ha s ed a t  th i s  ex i s t i ng ,  
c omme rc i a l  bo rrow s i te a n d  t ru c k ed to  t h e  L u c a s  M e s a  s i te .  

The  G l enwood Sp r i n g s  b o r row s i te i s  a p p rox i ma t e l y  two 
road m i l es n o rt h  o f  G l enwood  S p r i n g s  a nd a p p rox i ma t e l y  64 road 
m i l es n o rt h e a s t  of t h e  L u c a s  Me s a  s i te ( s ee F i g u re A . l . l ) .  
La rg e  roc k s  f o r  e ro s i on p rotec t i on ( D 50  � e i gh t  i nc h e s ) 
wou l d  be  p u rc ha s ed a t  th i s  ex i s t i ng , c omme rc i a l  b o r row s i te 
a nd t ru c k ed to  t h e  L u c a s  M e s a  s i te .  

A l l ea rth e n  mat e r i a l s  f o r  t h e  rad o n  ba r r i e r  a n d  f ro s t  
p rotec t i on l aye r wo u l d  be  obta i ned  f rom e x c a va t i on o f  t h e  
pa rt i a l l y  b e l ow-g rad e  d i s po s a l a rea  a t  t h e  L u c a s  M e s a  s i te .  

A . 4 . 4 . 1 1  R e s t o ra t i on o f  t h e  O l d  a n d  New R i f l e  s i te s  

F o l l owi ng  t h e  remova l o f  a l l  c ontami na ted ma t e r i a l s ,  t h e  
O l d  a n d  N e w  R i f l e  s i te s  wou l d  be  resto red wi t h  c l ea n  f i l l  to  
p romote pos i t i ve d ra i na g e . Ea rt hen  ma t e r i a l s  for  s i te re s t o ra 
t i on wo u l d  con s i s t o f  ra n d om f i l l  obta i n ed f rom t h e  Second 
S t reet b o r row s i te .  The s e  ma t e r i a l s  wo u l d  be t ra n s p o rted by 
t ruc k to  the s i te s . Those d i s t u rbed  wet l a n d s  a re a s  req u i r i ng 
re s t o ra t i on wo u l d  be revegeta ted to re-e s ta b l i s h p l ant  
spec i es i d en t i c a l  o r  s i m i l a r  to  those  t h a t  p re s en t l y  ex i s t .  

A . 4 . 4 . 1 2  Con s t ruc t i on s equ e n c e  

The  fo l l owi n g  c o n s t ru c t i o n s e q u e n c e  i s  p roposed  a s  a 
pos s i b l e s e q u en c e  f o r  t h e  remed i a l  a c t i on .  A s  w i th the  
l ayout ( Sec t i on A . 4 . 4 . 1 ) ,  the  f i na l  d e s i gn wou l d  conta i n  mo re 
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deta i l ,  a nd t h e  c o n s t ruc t i on s ub c o n t ra c t o r  wo u l d  be  a l l owed 
t h e  f l ex i b i l i ty of exec ut i ng h i s  wo rk a s  he c h oos e s , g i ven  
c e rta i n  c o n s t ra i nt s . The re f o re , t h e  a c t u a l  c o n s t ruct i on 
s e q u e n c e  may d i f fe r  f rom t h e  f o l l owi n g . 

I n i t i a l l y ,  t h e  a c c e s s  roa d s  to  t h e  ta i l i ng s  a nd d i s po s a l 
s i te s  wo u l d  be  c o n s t ruc ted a n d  u p g ra d ed a s  n e ce s s a ry .  Then a 
s i te s e c u r i ty sys tem wou l d  be  e s t a b l i s h ed a t  e a c h  s i te a n d  
c oo rd i n a ted wi th  stag i ng a n d  veh i c l e  d e c ontami nat i on a rea s . 
Th i s  wo u l d  p ro v i d e  c o n t ro l  o f  t ra f f i c  e n t e r i ng  a nd l ea v i ng 
e a c h  s i te a n d  p revent  u n a u t h o r i zed t ra f f i c f rom e n te r i ng 
e i th e r  s i te . 

The next maj o r  i tem o f  s i te p re pa ra t i on wo u l d  c on s i s t o f  
c on s t ruc t i ng a wa s tewa t e r  retent i on b a s i n ( s )  a t  e a c h  s i te . 
Mat e r i a l s  exc a vated  f rom e a c h  b a s i n  wou l d  be s t o c k p i l ed f o r  
l ate r u s e  a s  f i l l .  S i te p re pa ra t i on wou l d  a l so i nc l ud e  
c o n s t ru c t i on o f  d ra i na g e  a nd e ros i on c o n t ro l  mea s u re s . 

Wa s t ewa t e r  t reatment  f ac i l i t i e s wou l d  be i n s ta l l ed a n d  
o p e rated  a t  the  O l d a n d  New R i f l e  s i te s  to  t reat  c ontami n a t ed 
wat e r  and  to p rotect  a ga i n s t  c o n t am i n a n t  re l ea s e  d u r i ng  
c o n s t ru c t i on .  

O n c e  t h e  i n i t i a l  s i te p repa ra t i on at  t h e  L u c a s  M e s a  s i te 
wa s c omp l eted , p repa ra t i on o f  t h e  d i s pos a l  c e l l wo u l d  beg i n .  
Th i s  wo u l d  i n vo l ve t h e  exc a va t i o n a nd s t o c kp i l i ng o f  s u rface  
mat e r i a l s  to  a l l ow f o r  t h e  pa rt i a l l y  b e l ow-g rad e  d i s po s a l o f  
t h e  ta i l i ngs . 

The  a sbes tos  remova l a nd b u i l d i ng d emo l i t i on p ro c e s s  
wou l d  h a ve a l ready b e e n  p e r f o rmed d u r i ng  i nt e r i m  a c t i on s . De
wate r i n g  ac t i v i t i e s wo u l d  a l s o beg i n  a t  t h i s  t i me .  Ta i l i ng s  
wou l d  be  exc a vated  a n d  mo ved a n d  c ontami nated  ma te r i a l s  ( a s  
nec e s s a ry )  wou l d  b e  e x c a va ted f rom t h e  w i nd b l own a re a s  a nd 
c o n s o  1 i d a ted i n to the  d i s po s a  1 a rea . Howe v e r ,  t h e  moveme n t  
o f  ta i l i ng s  a nd c ontami nated ma t e r i a l s  wo u l d  n o t  beg i n  u nt i l  
a s u f f i c i ent  a rea had  been  opened  a nd p repa red a t  t h e  d i s 
pos a l  a rea . 

Unc ontami  na ted ea rthen  ma t e r i  a 1 s ,  amended  wi t h  1 0  per
c e n t  bento n i te ,  wou l d  be a d d ed t o  t h e  re l o c a ted p i l e  a ft e r  
the  ta i l i ngs  a nd contami na ted ma te r i a l s  were i n  p l a c e . The  
u n c ontami nated ea rt h e n  ma t e r i a l s  wo u l d  be  obta i ned f rom the  
s u rf a c e  ma te r i a l s  exca vated f rom the  d i s p o sa l a rea  a nd c om
pac ted to p roj ect  s pec i f i ca t i on s . D ra i nage  d i tc h e s  wo u l d  be 
e x c a vated  a round  the  s ta b i l i zed td i l i ng s  p i l e .  The  f i na l  
stages  wo u l d  i n v o l ve ree s t a b l i s h i ng o v e ra l l  s i te d ra i na g e , 
g rad i ng ,  mon i to r i ng  f o r  s e t t l eme n t , p l a c ement  o f  roc k  o v e r  
the  sta b i l i zed ta i l i ngs , a nd reveget a t i o n  o f  d i s t u rbed a rea s 
a s  requ i red . 
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R e s t o ra t i on a t  t h e  t a i l i ngs  s i te s  wou l d  i n v o l ve  t h e  
p l a ceme n t  o f  c l ea n  f i l l  i n  t h e  e x c a vated  a re a s  to  p romote 
pos i t i ve d ra i nage . The  c l e a n  f i l l  wou l d  be  obta i ned f rom the  
Second S t reet  b o r row s i te .  Tho s e  d i s t u rbed wet l a n d s  a re a s  
requ i r i ng res t o ra t i on wou l d  be  revegeta ted wi th  p l a nt s pe c i e s 
i d e nt i ca l  o r  s i m i l a r  to  t h o s e  t h a t  p re s ent l y  ex i s t .  

Demob i l i za t i on wou l d  c o n s i s t o f  t h e  remo va l  o f  the  
rema i n i ng wa s t ewa t e r  rete n t i on ba s i n s and  temp o ra ry d ra i n a ge 
d i tc he s . The  wat e r  wou l d  be  t reated  a n d  d i s c h a rged wh i l e the  
bottom s ed i me n t s  a nd d i ke s  wou l d  be  t ra n s p o rted to  t h e  L u c a s  
Mes a  s i te f o r  d i s po s a l i n  t h e  s t ab i l i zed  p i l e .  A l l d e c o n tami 
nat i on a re a s  wou l d  be  removed a n d  t h e  eq u i pme nt  c l e a n e d  f o r  
s a l va g e . The  s ta g i ng a rea s wou l d  be d i sma n t l ed wi th t h e  
c on ta m i  na ted i tems e i th e r  c l  ea ned o r  b u r i  ed . A l l c o n t ra c t o r  
equ i pme nt  wou l d  be  d ec o n tam i nated  a nd i n spected  p r i o r  t o  
re l ea s e  f rom t h e  c ontami n a te d  a rea s . 

F i g u re A . 4 . 5  s h ows a c o n s t ruc t i on s c h ed u l e for  d i s p o s a l 
a t  the  L u c a s Me s a  s i te .  

A . 4 . 5  RADON CONTROL 

C o n t ro l  o f  rad on f l ux f rom the s ta b i l i zed  ta i l i ng s  p i l e  wou l d  be 
a c c omp l i s hed  by p l a c i ng a c ompa c ted , f o u r-foot-t h i c k  rad on ba r r i e r  o v e r  
the  ta l l l ngs  a n d  c o n tami na ted ma te r i a l s .  

As  wi th s td b i l i za t i on a t  the  New R i f l e  s i te ,  d a ta on  t h e  d i s t r i b u 
t i on o f  rad i um-2 2 6  i n  the  ta i l i n gs , on  t h e  propert i es o f  t h e  s u r f i c i a l  
ma t e r i a l s  a t  the  s i te ,  a nd o n  t h e  e s t. i ma t ed d e p t h  o f  t h e  w i ndb l own 
ta i l i ngs  p i l e  we re a n a l yzed a nd u s ed i n  t h e  c ompute r c od e  RAECOM i n  
o rd e r to  d e  v e l  0 p a n e s t  i rna te o f r a d o  n ba r r i e r t h i c k n e s s . Us  i n g t h i s  
t h i c knes s , radon  f l ux a f t e r  remed i a l  a c t i on wou l d  be  l e s s  t h a n  t h e  E PA 
s t a nd a rd o f  20 pC i /m2 s .  Th e e ros i on p rotec t i on ba rr i e r a nd t h e  f ro s t  
p rotec t i on l ayer  we re not  c on s i d e red i n  t h e  c a l c u l a t i on s  a nd wou l d  
p ro v i d e  s ome add i t i ona l red uc t i on i n  radon f l u x .  The  d a t a  a n d  a na l ys e s  
a re a va i l a b l e i n  t h e  D O E  UM 1 RA P roj e c t  O f f i c e , A l b u q u e rqu e , New Mex i c o .  
The  a c t u a l t h i c k n e s s  o f  t h e  rad o n  ba rr i e r  c ou l d  va ry depend i n g o n  
add i t i o na l  a n a l y s e s  t o  be  p e r f o rmed d u r i ng  f i na l  d e s i gn a n d  remed i a l  
a c t i on .  

A . 4 . 6  D E S I GN CONS I D E RA T I ONS 

The  L u c a s  M e s a  s i te i s  l oc a ted i n  a remote , mod e ra te l y  f l a t  a rea . 
T h e re a re n o  p e ren n i a l l y  f l owi n g  wa ters  o r  s ha l l ow g rou ndwa te r  l ev e l s i n  
t h e  s i te a rea . T h e re f o re , ma ny o f  t h e  d es i gn c on c e rn s  a s s oc i a ted w i th  
sta b i l i za t i on a t  the  N ew R i f l e  s i te a re not r e l eva nt  f o r  t h i s  a l terna 
t i ve .  S i nc e  ta i l i ngs  a n d  c ontami na ted ma te r i a l s  wou l d  b e  re l o c a t ed f rom 
a metropo l i ta n  a rea , t h e  i s s u e s  a s s oc i a ted w i th  ta i l i ngs  t ra n s po rta t i on 
a re a maj o r c on c e rn . A l s o ,  t h e  l oca t i on a n d  c o n f i g u ra t i on o f  t h e  p i l e  
we re e va l ua ted i n  o rd e r  to  m i n i m i ze  t h e  Q u a n t i ty a nd s i ze o f  rock 
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e ro s i on p rotec t i on req u i red a n d  to  ta k e  a d va n ta g e  o f  t h e  s ha l l ow 
g rad i ents  i n  the  s i te a rea . 

The  p roposed l ayout wa s d et e rm i n ed by c o n s i d e r i ng the  g e omo r
p h o l ogy of t h e  s i te . The  p i l e  wa s set  nea r t h e  top  of t h e  d ra i nage  
a rea in  o rd e r  to  mi n i m i ze t h e  d ra i nage  a re a  i mpa c t i ng the  s i te .  The  
p i l e  wa s a l s o s e t  b a c k  to  m i n i m i ze  t h e  i mp a c t s  o f  g u l l y  e ros i on o n  the  
s i te . The  p i l e  wo u l d  be d e s i g ned to p roh i b i t  h e ad c u t t i ng i n to t h e  p i l e  
f o r  the  d e s i g n l i fe o f  a t  l ea s t  1 000 yea rs . 

The s i d e s l op e s  o f  the  p i l e  wo u l d  be  l i m i ted to  f i ve h o r i zonta l to 
one v e rt i c a l  ( 20 p e rc e nt ) , a nd the  top o f  the p i l e  wou l d  be  gen t l y  
s l oped ( fo u r  p e rc e n t  ma x i mum) . By p l a c i ng t h e  ta i l i ng s  nea r t h e  t o p  o f  
t h e  d ra i nage  d i v i d e . t h e  s i ze o f  roc k  req u i red f o r  t h e  d ra i nage  
d i ve rs i on d i tc h e s  i s  m i n i m i zed . 

A . 4 . 7  LONG-TERM STA B I L I T Y 

Wa t e r  e ros i on 

Severe ra i n fa l l  e v e n t s  h a ve t h e  potent i a l  to d e ve l op r i l l s  and  
g u l l i e s on  the  s te e p e r  ( 20 p e rc e n t )  s i d e s l o p e s  o f  the  s ta b i l i zed 
ta i l i ng s  p i l e  and e rode  some or a l l o f  t h e  rad o n  ba r r i e r  i n  sma l l ,  
u n d e f i na b l e a rea s . F o r  t h e  L u c a s  Mesa  s i te ,  t h e  l oc a l  o n e --h o u r  PMP 
s t o rm wa s c a l c u l ated  to be 7 . 6  i nc h e s . B a s e d  on  t h i s  o n e -hou r i n ten
s i ty ,  a ma x i mum 2 . 5 -mi n u t e  i n tens i ty wa s ca l c u l a ted b a s ed on  t h e  t i me 
of c o n c ent ra t i on f o r  f l ow o f f  t h e  p i l e .  l h e i n ten s i ty wa s then  con 
ve rted to  a n  equ i va l ent  o n e - h o u r  ra i n fa l l  i nt e n s i ty o f  50 . 2  i n c h e s  p e r  
hou r .  Th i s  PMP wo u l d  g e n e ra te s heet  f l ow ra t e s  ra ng i ng f rom 0 . 7  to  1 . 3 
c f s /ft  on  t h e  p i l e .  Roc k s i ze s  req u i red t o  w i t h s ta n d  s h eet  e ro s i on on  
t h e  p i l e  top  and  toes l ope d u r i ng  a PMP event  a re s h own i n  Tab l e  A . 4 . 1 . 

Ta b l e  A . 4 . 1 Rock  e ro s i on p rotec t i on ,  L u c a s  Mesa  s i te 

R o c k  s i zea T h i c k n e s s  o f  
Locat i on ( i nc h e s ) rock b ( i nc h e s )  

D e s i gn f l ow 
( c f s /f t )  

Tops l opes  0
50  

> -

S i d e s l opes 0
50 

> -

Roc k a p ron 0
50 

> -

2 . 0 1 8  

7 . 0 24 

7 . 0 48  

---

0 . 7  

1 . 3 

a ll O Il c o rres po n d s  to  req u i red roc k  d i ame te r ;  0 50  i s  t h e  d i ame t e r  o f  50 p e r
c e n t  o f  the  roc k  by we i g h t . 

bTh i c k ne s s e s  of  roc k  i nc l u d e  f i l te r  l aye rs except  f o r  the  roc k  a p ron  whe re a 
f i l te r  l ayer wou l d  not be  n e c e s s a ry .  
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To f u rt h e r  red u c e  t h e  potent i a l  f o r  wa t e r  e ros i on by s u rf a c e  
runof f ,  add i t i on a l  c o n t ro l  f e a t u re s  were i n c o rp o rated  i nto  t h e  d e s i gn 
to  red u c e  s u rf a c e  runo f f  ve l oc i t i es .  The  t oe s l ope o f  the  s t a b i l i zed  
ta i l i ng s  p i l e  wou l d  be l i mi ted  to  f i ve h o r i z o n t a l t o  one  v e rt i c a l  ( 20 
p e rc e n t ) .  The  top  o f  t h e  p i l e  wo u l d  be g en t l y s l oped ( a  max i mum o f  
f o u r  p e rc e n t ) to  p romote d ra i nage . 

I t  i s  a n t i c i pated t h a t  a f i l te r  l aye r wo u l d  b e  requ i red  o n  t h e  
p i l e  top  a n d  s i d e s l opes . T h e  g ra d a t i on s  o f  t h e  f i l te r  l aye r wou l d  be  
d e t e rm i n ed d u r i n g  f i na l  d e s i gn u s i ng t h e  c r i te r i a  d e s c r i bed  for  
s t a b i l i za t i on a t  t h e  New  R i f l e  s i te .  

W i nd e ros i on 

H i gh wi nd ve l oc i t i es c o u l d  d amag e  t h e  ra d o n  ba r r i e r  o f  t h e  s ta b i 
l i zed ta i l i ng s  p i l e  i f  t h e  b a r r i e r  were l e f t  exposed . The s ame roc k  
a nd f i l te r  l ayers  u s ed t o  p ro t e c t  t h e  p i l e  f rom wa t e r  e ros i on wo u l d  
p ro v i  d e  s u f f i  c i e n t  p rote c t i  o n  f rom t h e  e f f e c t s  o f  pote n t i  a l l y e ro s  i v e  
wi  nd  ve 1 oc  i t  i es  . 

Frost  protec t i on 

F ree z e -t h aw c yc l es occ u rr i n g  t h ro u g h o u t  t h e  yea r c a n  c a u s e  c ra c k 
i ng w i th i n  t h e  rad o n  ba r r i e r .  T h e s e  c ra c k s  s i g n i f i ca nt l y  i nc re a s e  t h e  
hyd ra u l i c  c o n d u c t i v i ty o f  t h e  rad o n  ba rr i e r .  W i t h o u t  a f ro s t  p ro t e c 
t i on l aye r to  p ro t e c t  f rom t h e  f re e z e /t h aw-re l a ted c ra c k i ng ,  wa te r i n  
contact  w i t h  the  s u rf a c e  o f  the  p i l e  wou l d  p e rc o l a te t h ro u g h  t h e  p i l e  
a nd ex i t  t h ro u g h  i ts ba s e . Th i s  c on tami nated  wa t e r  wou l d  t h e n  b u i l d  u p  
beneath  the  p i l e  a nd /o r  c ome to  t h e  s u rf a c e  i n  L u c a s  Me sa . 

The s u s c e pt i b i l i ty o f  t h e  rad o n  b a r r i e r  to  f re e z e -t h aw e f fe c t s  h a s  
b e e n  s t ud i ed .  A f re e ze -t haw p rotec t i on l aye r ,  c o n s i s t i ng o f  3 . 5  feet  
o f  l oo s e l y  c ompac ted s o i l s  e x c a va ted f rom t h e  L u c a s  Mes a  d i s pos a l  s i te ,  
a n d  0 . 5  foot  o f  d ra i nage  ma te ri a l  wou l d  be  i n s ta l l ed a bo ve t h e  rad o n  
ba rri e r  to  p rotec t i t  a ga i n s t  f re e z e -t h aw e f fe c t s . Th i s  f ro s t  p ro t e c 
t i on l aye r wou l d  t h e reby e n s u re t h e  i n t e g r i ty o f  the  rad o n  b a r r i e r .  

F l ood p rotec t i on 

The  s ta b i l i zed  ta i l i ng s  p i l e  wou l d  be  s u rro u n d ed by d ra i nage  d i v e r 
s i on d i t c h e s  d e s i gned  to  p rotect  the  p i l e  f rom t h e  d i s c h a rg e  res u l t i ng 
f rom the  o c c u rre n c e  o f  a PMP o n  t h e  u p s t ream wa t e r s h ed . D ra i nage  d i ve r
s i on d i tc he s  a d j a c e n t  to  t h e  p i l e  wou l d  d i re c t  o n - s i te f l ows a ro u n d  a n d  
away f rom the  p i l e .  The  d i tc he s  wou l d  h a v e  t ra pe z o i d a l  c ro s s  s ec t i on s  
w i t h  f i ve to  o n e  ( ho r i z o n ta l to  v e rt i ca l )  s i d e s l opes . A b e l ow-g rad e , 
roc k  a p ro n  wou l d  be  p l a c ed a t  t h e  n o rt he rn toe  o f  t h e  p i l e .  Th i s  a p ron 
wou l d  be  d e s i gned  to  p re v e n t  head c utt i ng i n to  the  s t a b i l i zed  p i l e .  
Tab l e  A . 4 . 2  s umma ri zes  t h e  roc k s i ze s  req u i red  f o r  t h e  d ra i nage  d i v e r
s i on d i tc he s , a nd t h e  roc k  s i ze req u i red fo r t h e  roc k a p ron i s  p ro v i ded  
i n  Tab l e  A . 4 . l . 
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Ta b l e  A . 4 . 2  O ra i nage d i vers i on d i tc he s , L u c a s  Mesa  s i te 

D ra i nage  S l ope D ra i nage  
d i ve rs i on ( fe e t  a rea R o c k  s i ze Des i gn f l ow 

d i tc ha p e r  foot ) ( ac re s )  ( i nc he s ) b ( c f s )  

D i tc h  1 0 . 09 1 5  0 50 � 2 8  7 5 3  
D i tc h  2 0 . 02 40 0 50 � 1 1  9 8 2  
D i tc h  3 0 . 02 40 0 50 � 1 1  9 8 2  
D i tc h  4 0 . 08 5 5  0 50 � 3 2  1 205  

a The l oc a t i on s  o f  t h e  d ra i n a ge d i vers i on d i tc he s  a re s h own o n  F i gu re A . 4 . 2 .  
A l l d i tc he s  wou l d  h a ve t ra p e zo i d a l  c ro s s -s ec t i o n s  wi t h  f i ve to o n e  ( h o r i zonta l 
to  v e rt i ca l )  s i de s l ope s . The  bottoms o f  a l l t h e  d i tc he s  wou l d  h a ve a wi d t h  of  
20 feet . 

b U D u  c o rres pond s to  req u i  red roc k d i amet e r ;  0 50 i s  t h e  d i ame t e r  o f  50 p e r
c e n t  of  the  roc k  by we i gh t . 

The  L u c a s  Me s a  s i te i s  a t  a h e a d  o f  a d ra i nage  d i v i d e a nd h a s  
v i rtua l l y no  d ra i nage  a rea a bo ve i t .  D ra i nage  on  t h e  L u c a s  Me s a  s i te 
f l ows i n to  Smi t h  Gu l c h to t h e  ea s t , Mo f fa t  Gu l c h to t h e  we s t , a n d  i nto  
t h e  B l u e s to n e  Va l l ey i rr i ga t i o n d i tc h  0 . 5  t o  two mi l es be l ow t h e  s i te .  
Smi th Gu l c h i s  a p p rox i mate l y  0 . 5  m i l e  a n d  600 feet  be l ow t h e  s i te ,  and  
Moffat  Gu l c h i s  a p p rox i ma t e l y  0 . 5  m i l e  a n d  300  feet  be l ow t h e  s i te .  
The  c re e k s  i n  both  g u l c h e s  j o i n  t h e  C o l o r a d o  R i ve r  one  to  two m i l es 
be l ow t h e  s i te .  The  Co l o rado  R i ve r ,  a t  i ts c l o s e s t  po i n t ,  i s  a p p rox i 
mate l y  two m i l es awa y  a nd 900 feet  be l ow t h e  s i te .  No  data  on  h i s 
to r i ca l f l oo d s  ex i s t for  t h e  L u c a s  Me s a  s i te ;  bec a u s e  o f  the  s i te ' s  
d i s ta n c e  f rom a nd e l eva t i on a bove any  maj o r  f l ows , t h e  s i te wou l d  n o t  
be  s ubj e c t  to r i ve r  f l ood i ng .  

Add i t i ona l d e ta i l s  o n  s u rf a c e  wa t e r  hyd ro l ogy a t  t h e  L u c a s Mesa  
s i te a re p ro v i ded i n  Sec t i o n s  E . l . l  and  E . l . 3  o f  Append i x  E ,  Hyd ro l ogy . 

Geomo rpho l Qgy 

T h e  s teeper  s i d e '.) l opc'.)  of L u c a s Me sa  a re n a t u ra l l y  a rmo red wi th  
b a s a l t  bou l d ers  a nd c o bb l e s a nd a re res i s t a n t  to  e ros i on .  Some h e a d 
wa rd mi g ra t i on o f  d ra i nage  sys tems i nto t h e  s u rf a c e  o f  t h e  me sa  f rom 
t h e  steeper  bord e r i ng  s l opes  i s  o c c u rr i n g , b u t , beca u s e  of t h e  c obb l e s  
a n d  bou l d e rs , i t  i s  not  s t ron g l y  deve l o ped a nd d o e s  not  re s u l t  i n  s i g 
n i f i ca n t  d ra i nage  a rea s . The d omi n a n t  e ros i on pattern  o c c u rs by s h eet 
wa s h  a nd wi nd as  e v i d enced  by ba re s o i l a re a s  at  t h e  s i te .  T h e  p i l e  
wou l d  b e  p l a c ed nea r the  head  of  t h e  d ra i nage  d i v i d e to mi n i m i ze  u p l and  
d ra i nages , a nd a be l ow-g ra d e , rock a p ron wou l d  be  p l a c ed a t  t h e  n o rt h e rn 
toe of  t h e  p i l e  to  p revent  h e a d c u t t i ng i n to  t h e  s ta b i l i zed p i l e .  

A mo re exten s i ve geomo rp h i c  e va l ua t i on o f  t h e  L u c a s  Me sa  s i te i s  
i nc l uded i n  Sect i on 0 . 3  o f  Append i x  0 ,  So i l s ,  Geo l ogy , a nd Se i smi c i ty .  
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S l ope s t a b i l i ty/s e i sm i c r i s k  

S l ope fa i l u re d u e  t o  s l ope i n s t a b i l i ty u n d e r  s t a t i c  a nd s e i sm i c 
l oad i ng c ou l d  a f f e c t  the  i n teg r i ty of  t h e  s ta b i l i zed ta i l i ngs  p i l e .  

Sta b i l i ty a na l ys e s  we re p e r f o rmed f o r  ea c h  l oad i ng c ond i t i on to  
e s t i ma te f a c t o rs o f  s a fety a ga i n s t  s l ope fa i l u re .  I n  pa rt i c u l a r ,  the  
s e i sm i c  l oa d i ng c o nd i t i on s  we re eva l u a t ed by a pp l y i ng t h e  o n -s i te 
h o r i zonta l a c c e l e ra t i on re s u l t i ng f rom a d e s i g n ea rthqua k e . The  e va l ua 
t i on e s t i ma ted t h a t  the  d e s i gn ea rt h q u a k e  wou l d  g e n e ra t e  a n  o n - s i te 
e f f ec t i ve peak  h o r i zonta l bed roc k  a c c e l e ra t i on o f  0 . 2 l g .  Oeta i l s  on  
t h e  s e i smi c a na l ys i s  a re i n c l uded  i n  Sec t i on 0 . 4  o f  Append i x  0 ,  So i l s ,  
Geo l ogy , a n d  Se i smi c i ty .  

The  f a c to r s  o f  s a f ety aga i n s t  s l ope  fa i l u re u n d e r both  s t a t i c  a n d  
s e i  sm i  c l oad  i ng  f o r  t h e  d e s  i gned  s l o p e s  meet  o r  exc eed t h e  g e n e ra 1 1  y 
a c c epted l i m i t s  o f  1 . 5 a n d  1 . 1 ,  re s p ec t i ve l y .  Th e s t a t i c  a nd s e i sm i c 
s a fety f a c tors c a l c u l ated f o r  d i s po s a l a t  t h e  L u c a s  Mesa  s i te a re 3 . 1  
a nd 1 . 8 ,  respect i ve l y .  

At the  L u c a s  Mesa  s i te ,  the  ta i l i ng s  wo u l d  be p l a c ed a s  a d e n s e ,  
eng i nee red f i l l .  The  f o u n d a t i on s o i l s  a re h a rd a n d  d ry ,  a n d  g ro u n d 
wa t e r  i s  d e e p  i n to  t h e  u n d e r l y i ng bed roc k . F o r  t h e s e  rea so n s , a n d  
bec a u s e  t h e  p i l e  wi l l  be c ov e red wi th  a l ow p e rmea b i l i ty l aye r ,  t h ere 
wou l d  be n o  potent i a l  f o r  s e i sm i c a l l y- i n d u c ed l i q uefac t i on a t  the  s i te .  

S�t t l eme nt  a nd c o v e r  c ra c k i ng 

As  p re v i ou s l y  d i s c u s s e d  i n  Sec t i on A . 4 . 3  u n d e r  " Ta i l i ng s  p i l e  
c o n s t ru c t i on , " d i f f e rent i a l  a nd tota l sett l eme nt  s h ou l d  not  a d v e rs e l y  
a f fe c t  the  l ong-te rm i n teg r i ty o f  t h e  p i l e .  

Frost  hea ve/s o l i f l uc t i on 

The  p roc e s s e s  o f  f ro s t  h e a ve a nd s o l i f l uc t i on ,  wh i c h  a re d i s c u s s ed 
i n  deta i l  i n  Sect i on A . 2 . 6 ,  c ou l d  p o s e  a h a z a rd to  t h e  l ong-term p e r
f o rmd n c e  o f  any  s t ruc t u re c o n s t ruc t ed to  i s o l a te t h e  ta i l i ng s . Howe ve r ,  
a s  wi th  s t a b i l i za t i on a t  t h e  New R i f l e  s i t e ,  t h e  remed i a l  a c t i o n d e s i g n  
i n c l ud e s  t h e  u s e  o f  a 4 . 0-foot -th i c k f ro s t  p rotec t i on l aye r c ompo s ed o f  
a 3 . 5 - f oot-th i c k  l ay e r  o f  l oo s e l y  c ompac ted ea rt h e n  ma t e r i a l s  e x c a vated  
f rom the  Lucas  Me s a  s i te .  Th i s  i s  u nd e r l a i n  by  a 0 . 5 -foot-t h i c k  l aye r 
o f  d ra i nage  ma t e r i a l s .  T h e  f ro s t  p rotec t i on l ayer i s  p l a c ed o v e r  t h e  
radon  ba r r i e r ' s s u f f i c i en t l y  i mp e rmea b l e  ea rth en  ma te r i a l s  to  res t r i c t  
i c e 1 e n s  f o rma t i on . The  u n d e r 1 y i n  g O . 5 -f 0 0 t -t h i c k d r a i n a n d 0 v e r 1 y i n  g 
p o ro u s  a gg rega te l ayers , i n  c onj u n c t i on wi th a c ont i n u o u s  s l op e ,  wou l d  
a l l ow d ra i nage a c ro s s  t h e  p i l e  s u rfa c e . Th i s  sys tem wou l d  p ro v i d e  a n  
i n s u l a t i n g b l a n ket  e f fect  a s  we l l  a s  rest r i c t  wa t e r  bu i l d u p  o v e r  the  
rad on ba rri e r .  I t  e l i m i na t e s  the  pote n t i a l  for  f ro s t  h e a ve ( i c e  l en s  
f o rma t i on )  a nd t h e  p r e requ i s i te f o r  s o l i f l uc t i on ( sa t u ra t i on ) . 
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P lAnt root penet ra t i o n ,  b u rrowi ng a n i ma l s ,  a nd h uma n i nt ru s i on 

The  ta i 1 i ngs  p i l  e a t  t h e  L u c a s  M e s a  s i te wo u l d  be c o v e red wi t h  a 
4 . 0-foot-t h i c k  l aye r o f  c ompac ted , l ow p e rmea b i l i ty ,  ea rthen  ma te r i a l  
and  a 4 . 0-foot -th i c k  f ro s t  p rotec t i on l aye r .  Th i s  l aye r wou l d  t h e n  be 
c o v e red wi th  a 1 . 5 -foot -t h i c k  l aye r ( i nc l ud i n g the  f i l t e r  l ay e r )  of 
roc k e ros i on p rotec t i on o n  the tops l opes  and a 2 . 0-foot-th i c k  l aye r 
( i nc l ud i ng t h e  f i l te r  l ay e r )  o f  roc k  e ros i o n p rotec t i on on  t h e  s i d e 
s l opes . 

The s e  l ayers o f  roc k  a n d  c ompa c t ed ea rth  wo u l d  i n h i b i t  p l a n t  root 
penetra t i on i nto  t h e  c ontami n a ted ma t e r i a l s .  The roc k  l ay e r  wou l d  a l s o 
d i s c o u ra g e  i nt rus i on by b u rrowi ng a n i ma l s  a n d  i na d v e rtent  h uma n i n t ru 
s i on . T h e  f i na l  ta i l i n gs  p i l e  wo u l d  a l so be  s u rro u nd e d  b y  mon uments  
w i t h  wa rn i ng s i gn s  to d i s c o u ra ge h uma n i n t rus i on . 

A . 4 . 8  GROUNDWAT E R  PROTE C T I ON 

Grou ndwa t e r  a t  the  L u c a s  Mesa  s i te 1 i es a t  d ep t h s  i n  exc e s s  o f  
200 feet . T h e  s o i l s  a t  the  L u c a s  Mes a s i te a re c omposed o f  a n  u n k n own 
t h i c k n e s s  o f  u n c o n s o l i dated  d e b r i s - f l ow d e p o s i t s u n d e r l a i n  by bed roc k , 
c o n s i s t i n g o f  t h e  Wa s a t c h  F o rma t i on . Groundwa t e r  re s o u rc e s  a t  t h e  s i te 
h a v e  not been  d eve l oped . The  on l y  we l l s  wi t h i n  a two -m i l e  rad i u s o f  
t h e  s i te a re c omp l e t ed i n  t h e  a l l uv i um o f  t h e  Co l o ra d o  R i ve r  f l oo d 
p l a i n .  

Severa l  fea t u re s  o f  t h e  d e s i g n f o r  t h i s  a l te rna t i ve wo u l d  s e rve to 
mi n i m i ze the pote n t i a l  for c o n tami n a n t  m i g ra t i on f rom the ta i l i n gs  to  
the  g ro u ndwa te r .  These  fea t u re s  i nc l ud e  p re pa ra t i on o f  the  ba s e  o f  the  
d i sposa l s i te , p l a c emen t  a n d  s l op i ng o f  t h e  ta i l i ngs , a nd p l a c ement  o f  
t h e  comp a c ted , l ow p e rmea b i  1 i ty . ea  r t h e n  ra d o n  ba r r i  e r  amended  wi t h  
1 0  p e rc e n t  benton i te on  t h e  p i l e ,  a f ro s t  p rotec t i on l aye r ,  a n d  a n  
e ros i on p rotec t i on l aye r .  

The  c e l l c omponents  wou l d  fun c t i on a s  a n  i n t e g ra ted sys tem to 
l i mi t v e rt i c a l  s eepage  t h rough the ta i l i ngs . Th e ra d on ba rri e r  wo u l d  
res t r i c t  s teady s t a te v e rt i ca l  s eepage  t h ro u g h  t h e  ta i l i ngs  to 
l O -8cm/s . The  l owe r f i l te r  l aye r wo u l d  e l i m i na te the potent i a l  f o r  
stand i ng wa t e r  to  rema i n  i n  t h e  rad on ba rri e r .  The  f ro s t  p rote c t i on 
l ayer  a nd t h e  e ro s i on p rotec t i on l aye r wo u l d  p re v e n t  f u t u re d e g ra d a t i on 
o f  the  rad o n  ba rri e r  by f ro s t  heave  o r  e ros i on .  

The s teady s ta te seepage  f l ux o f  l O -8 cm/s i s  p roba b l y  wi th i n  
t h e  d ra i nage  c a pa c i ty o f  the  unde r l y i ng Wa s a t c h  F o rma t i on bed roc k , 
p re v ent i ng ta i l i n gs  s eepage  f rom p e rc h i ng a l ong l ow hyd ra u l i c  c ond u c 
t i v i ty s t ra ta of  t h e  bed roc k . N o  g ro u ndwa t e r  mo und i n g i n  t h e  u nd e r l y i ng 
ma ter i a l s  wo u l d  oc c u r  i n to t h e  d i s po s a l  c e l l ,  bec a u s e t h e  d e p t h  to 
g rou ndwa t e r  i s  g rea t e r  t h a n  200 f ee t . The  s eepage  f rom the d i  s p o s a l 
c e l l wou l d  not  c a u s e  c o n c e n t ra t i on 1 i m i ts o f  t h e s e  ha z a rd o u s  c on s t i 
t u e n t s  t o  be e x c e eded  a t  the  POC o The  c e l l wou l d  c omp l y  wi th  t h e  p ro 
p o s e d  E PA g roundwa t e r  p rotec t i on s ta n d a rd s  beca u s e  t h e  a v e ra g e  l i nea r 
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g rou ndwa t e r  ve l oc i ty i n  t h e  Wa s a t c h  F o rma t i on i s  ext reme l y  l ow .  C o n 
tam i nated g ro u ndwa t e r  s h ou l d  t ra ve l  l es s  t h a n  1 00 f e et i n  1 000 yea rs , 
wh i c h i s  the  d e s i gn - l i fe o f  the  d i s po s a l c e l l .  Th i s  i s  a p p ro x i ma t e l y 
t h e  d i s t a n c e  f rom t h e  p e r i me t e r  o f  t h e  ta i l  i ng s  t o  the  d owng rad i e n t  
edge  o f  t h e  r i p ra p  ( t h e  POC ) . 

At the  O l d  a nd New R i f l e  p roc e s s i ng s i te s , na t u ra l  f l u s h i ng wou l d  
red u c e  c on c e n t ra t i on s  o f  c o n s e rva t i ve c ontam i na n t s pe c i es to  ba c k g ro u n d  
c on c e n t ra t i on s  i n  t h e  a l l u v i um wi th i n  1 0  yea rs a f ter  t h e  ta i l i ng s  h a v e  
been  removed a t  t h e  O l d  R i f l e  s i te ,  a n d  w i t h i n  50  yea rs a t  t h e  New R i f l e  
s i te .  H owe ve r ,  n a t u ra l  f l u s h i ng o f  nonc o n s erva t i ve ( geoc h em i c a l l y  
rea c t i ve )  spec i es wou l d  req u i re c o n s i d e ra b l y  more t i me , a n d  a q u i f e r  
res to ra t i on c ou l d  be n e c es s a ry .  Na t u ra l  f l u s h i ng i n  t h e  u nd e r l y i ng  
Wa s a t c h  F o rma t i on wou l d  be  neg l i g i b l e  due  to  t h e  l ow hyd ra u l i c  c o nd u c 
t i v i ty o f  t h e  f o rma t i on . I f  i t  c a n  b e  d emon s t rated  that  n a t u ra l  
f l u s h i ng wi l l  red u c e  c on c e n t ra t i on s  of  ha za rd o u s  c o n s t i t u ents  i n  
g roundwa t e r  to b a c k g ro u n d  o r  MC L s  w i t h i n  1 00 yea rs ( a s  req u i red by 
Subpa rt B of 40 C F R  1 9 2 ) , t h e n  natu ra l f l u s h i ng w i t h  i n s t i t u t i on a l  
c o n t ro l  s w i  1 1  b e  u s ed t o  c omp l y  wi t h  t h e  g ro u ndwa t e r  s t a n d a rd s . How
e v e r ,  i f  natu ra l  f l u s h i ng i s  not  s u f f i c i ent to red u c e  c o n c e n t ra t i on s  to 
MC Ls  o r  ba c k g ro u n d , t h e n  a c t i ve a q u i f e r  re s t o ra t i o n , a q u i f e r  re s t o ra 
t i on i n  c omb i na t i on w i t h  na t u ra l  f l u s h i ng ,  o r  A C L s  wo u l d  b e  req u i red . 

Und e r  the  UMTRCA , t h e  DOE  mu s t  c omp l y  wi t h  t h e  p roposed  s ta nda rd s  
u n t i l  standa rd s  a re p romu l ga ted i n  f i na l  f o rm .  A s  a re s u l t ,  remed i a l  
a c t i on t a k e n  w i th  rega rd to  t h e  R i f l e  s i te s  wo u l d  not  p re c l ud e  s u b s e 
q u e n t  d e s i g n e n h a nc emen t s  i f  needed t o  a c h i e v e  c omp l i a n c e  w i th t h e  
s t a nd a rd s  a n d  wou l d  not  l i m i t the  s e l ec t i o n o f  rea s ona b l e  g ro u n dwa t e r  
re s t o ra t i on method s that  ma y be n e c e s sa ry whe n  t h e  f i na l  standa rd s  a re 
p romu l ga ted . The  DOE  h a s  c h a ra c t e r i zed  c o n d i t i o n s  a t  the  R i f l e  u ra n i um 
m i l l  ta i l  i ngs  s i te s  a nd d e t e rm i  n ed that  t h e  p roposed  remed i a 1 a c t  i o n  
wo u l d  c omp l y  w i th  t h e  req u i reme nts  o f  Subpa rt A o f  t h e  p roposed  E PA 
g roundwa t e r  protec t i on sta nda rd s . Wh en  f i na l  s ta nda rd s  a re p romu l ga ted , 
t h e  DOE  w i l l  eva l ua t e  g rou ndwa t e r  p rote c t i o n  req u i reme nts  a nd u n d e rt a k e  
s u c h  a c t i on a s  nec e s s a ry to  en s u re t h a t  t h e  f i na l  s t a n d a rd s  a re met . 
The  need for  a n d  extent  o f  a q u  i fe r  res to ra t  i o n  w i  1 1  be  e va 1 uated  i n  
a c c o rd a n c e  w i th  t h e  Na t i ona l E n v i ronme n ta l P o l i c y Act . 

A -90 



A . 5  CONSTR U C T I O N  E S T I MATES  

E s t i ma t e s  of  equ i pment a nd p e rs on n e l  requ i remen t s ; f ue l , e n e rgy , and  
wa t e r  c on s umpt i o n ; maj o r  ea rthwo rk v o l umes ; a n d  c o n s t ru c t  i on c o s t s  for  eac h  
remed i a l  a c t i on a l t e rna t i ve a re summa r i zed  i n  Ta b l e s A . 5 . l  t h ro u g h  A . 5 . l 3 .  

A -9 1 



Ta b l e  A . 5 . l  Equ i pment  requ i reme n t s , i nt e r i m  a c t i on s  a t  t h e  O l d  a n d  
New R i f l  e s i te 

Tota l 
equ i pment-

Type of  P i ece?  of  egu i �men t  �e r mon t h  o f  i nt e r i m  a c t i on mon t h s  by 
equ i pment  1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  type 

Backhoe  1 2  

B u l l do z e r  2 2 2 2 2 2 2 2 2 2 1  

F ro n t -end 
l oad e r  ( 5-
c ub i c  ya rd ) 2 2 2 2 2 2 2 2 2 2 1  

C ra n e  2 3 3 3 3 3 3 3 3 3 2 3 5  

Truck  ( 1 8-
c ub i c  ya rd ) 2 2 4 4 4 4 4 4 4 4 4 2 42 

Wa t e r  t ru c k  1 2  

Tota l p i ec e s  
o f  equ i pment  
p e r  mont h  of  
i n t e r i m  a c t i on 7 8 1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  1 3  8 1 43 

A -9 2  



Ta b l e  A . 5 . 2  Pe rs o n n e l  req u i rements , i nt e r i m  a c t i o n s  a t  the  O l d  a nd 
New R i f l e  s i te sa 

Tota l ma n-
mon t h s  p e r  

Type of  Numb e r  o f  l2e rs o n n e l  l2e r mo n t h  of  i nt e r i m  a c t i on type o f  
p e rs o n n e l  1 2 3 4 5 6 7 8 9 1 0  1 1  1 2  p e r s o n n e l  

T ru c k  d r i v e rs 3 3 5 5 5 5 5 5 5 5 5 3 5 4  

E q u i pment 
o p e rators  4 5 8 8 8 8 8 8 8 8 8 5 86  

Operator 
s up e rv i s i on 4 1 5  

F i e l d  s e rv i c e s  
and  g e n e ra 1 
s u pe rv i s i on 1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  204 

Oth e r  5 5 8 9 9 9 9 9 3 5  9 9 5 1 2 1 

Tota l ma n -
mont h s  p e r  
mon t h  o f  
i n t e r i m  ac t i on 30 31  39  40  40 40 40 40 69 40 40 3 1  480 

a peak  emp l oyment  = 69 p e rs on s ; a v e ra g e  emp l oyment  = 40 p e rs o n s  p e r  mon t h . 

A -93  



Tabl e A . 5 . 3  Equi pment requ i rements , stabi l i zati on at  the New Ri fl e s i te 

Total  
equi pment-

Type of Pi eces of equi pment per month of remedia l  acti on months by 
equi pment  2 3 Zi 5 5 7 8 9 1 0  I I  1 2  1 3  IZi 15  15  1 7  18 1 9  20 type 

Compac tor 0 0 0 0 2 2 3 3 3 2 2 26 

Bul l dozer 0 2 2 2 5 5 5 5 5 5 5 7 7 1 0  1 8  1 8 1 6  1 6  1 4  5 1 52 

Front-end l oader 
( 5-cub i c  yard ) 0 0 0 0 4 4 4 4 4 4 4 9 9 1 2  26  26 23 23 21  7 1 84 

Grader 0 0 0 0 0 0 0 0 0 0 0 2 2 2 3 3 3 3 3 2 23 

Scraper 0 0 0 0 2 2 2 2 2 2 2 2 2 2 2 2 0 0 0 0 24 

):> Truck 
I ( 1 8-cub i c  yard ) 0 0 0 0 23 23 23 23 

'.0 
23 23 23 40 40 46 91  91  75  75  70 24 7 1 3 

-Po 
Wa ter truck 0 0 0 0 2 2 3 3 3 2 2 26 

Total pi eces 
of equi pment 
per month of 
remedi a l  action 0 2 2 2 36 36 36 36 36 36  36  64 64 78 1 46 1 46 1 2 1 1 2 1 1 1  0 40 1 1 48 



)::-I to (J1 

Tab l e  A . 5 . 4 Personnel req u i rements , s tab i l i zati on at  the New Ri fl e  s i tea 

Type of P i eces of equi pment  per month o f  remedi al  acti on 
equ i pme n t  2 3 � 5 5 7 8 9 1 0  " 1 2  1 3  I lJ  1 5  1 5  1 7  18  1 9  

Truck dri vers  0 0 0 0 28 28 28 28 28 28 28 50 50 61 1 06 1 06 85 85  75  

Equ i pment 
operators 0 2 2 2 1 2  1 2  1 2  1 2  1 2  1 2  1 2  2 2  22  29  52  52  44 44 39  

Opera tor 
superv i s i on 0 3 3 3 3 3 3 3 6 6 7 1 4  1 4  1 2  1 2  1 1  

F i e l d serv i ces 
and general 
su perv i s i on 1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  1 7  

Other 6 6 6 1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 7  1 7  1 9  3 3  33  28 28 26  

Total ma n -
months per 
month of reme d i a l  
a c t i  o n  1 8  26 26  26  6 7  6 7  67  67  67  67 67 1 04 1 04 1 21 21 0 21 0 1 78 1 78 1 64 

a peak empl oyment  21 0 persons ; average empl oyment 95 person s per  mon th . 

Tota l 
e q u i pme nt-
mon th s by 

20 type 

29 739  

1 5  409 (403 ) 

4 1 1 0  

1 7  340 

1 2  309 

73  1 , 907 



A . 5 . 5  Equi pme n t  requi rements , d i s posal  a t  the E s te s  Gul c h  s i te 

Total 

Type o f  P i eces  o f  equi pme n t  p e r  mo n th o f  remed i a l a c t i on 
equi pme nt-
mon th s  by 

eq u i pme n t  2 3 4 5 6 7 8 9 10 I I 1 2  13 14 15 16 1 7  18 1 9  20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 type 

Compactor  0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 1 1 61 
Bul l doz e r  0 5 5 8 8 8 8 5 5 5 5 6 6 6 6 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 7 4 4 4 4 4 4 4 4 4 4 4 242 
Fron t-end 

l oader  
( 5 -cub i c  yard ) 0 0 0 6 6 6 6 6 6 6 6 6 6 6 6 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 3 3 3 3 3 3 3 3 3 3 3 233 

Grader 0 0 0 0 0 0 0 0 0 0 0 31  
Sc raper 0 0 0 0 0 0 0 0 0 33 

)::> Truck I � ( 1 8 -cub i c  ya rd ) 0 4 4 65 65 65 65 65 65 65 65 65 65 66 69 69 69 69 69 69 69 69 69 69 69 69 69 69 69 69 69 8 8 8 8 8 8 8 8 8 5 5 1 981 m 
Wa ter truck 0 1 1 1 1 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 60 

To ta 1 pi  eces  
o f  equi pme n t  
per mo n t h  o f  
remed i a l  ac ti on o 1 2  1 2  82 82 82 82 78 78 78 78 82 83 84 91 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 90 1 9  1 9  1 9  1 9  1 9  1 9  1 9  18 1 8  1 6  1 6  2 , 641 



Ta b l e  A . 5 . 6  Pe rsonnel re q u i rements , d i s po s a l  a t  the E s tes Gul c h  s i te a 

Total ma n -

Type o f  
months per 

Number o f  personnel per month of reme d i a l  a c t i o n  type o f  
per sonne 1 2 3 II 5 6 8 9 10 1 1  12 13 III 15 16  17  18 19 20 21 22 23 211 25 26 27 28 29 30 jl j2 33 jll 35 j6 37 38 39 liD III 112 per sonne 1 

Truck dri vers o 66 66 66 66 66 66 66 66 66 66 66 67 68 71 7 1  71 71  71  71 7 1  71 71 71 71 71 71 71 71 71 71  9 9 9 9 9 9 9 9 9 2041 

Equi pment 
operators 0 1 6  1 6  1 6  1 6  1 2  1 2  1 2  1 2  1 6  1 6  1 6  1 6  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 0  1 0  1 0  1 0  1 0  1 0  1 0  9 9 9 9 600 

Operator 
superv i s i on 0 8 8 8 8 7 7 7 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 1 1 1 1 1 1 1 233 

F i e l d  serv i ces 
and general 
superv i s i o n  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  798 :t:> I Other 0 6 6 20 20 20 20 1 9  1 9  1 9  1 9  20 20 21 21 22 22 22 22 22 <.D 22 22 22 22 22 22 22 22 22 22 22 8 8 8 8 8 8 8 7 7 7 7 686 

'-J 
Total man-months 
per month of 

1 9  38 38 1 29 1 29 1 29 1 29 1 23 1 23 1 23 1 23 1 29 1 30 1 32 1 35 1 39 1 39 1 39 1 39 1 39 1 39 1 39 1 39 1 39 1 39 1 39 1 39 1 39 1 39 1 39 1 39 47 47 4 7  4 7  47 4 7  47 45 45 43 43 reme d i a l  action 4358 

a peak empl oyment = 1 39 persons ; average empl oyment = 1 04 persons per mon th . 



A . 5 . 7  E q u i pme n t  req u i reme n t s , d i sposa l a t  the l u c a s  Mesa s i te 

. . . . -, .. ---.�--- � 

Tota l 
eQu i pment-

Type of P i ec e s  o f  egu i Qme n t  pe r mon t h  of remed i a l  a c t i on months by 
equ i pme n t  2 3 4 6 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8 1 9  20 21 22 23 24 25 26 2 7  2 8  2 9  3 0  3 1  32 3 3  34 3 5  3 6  3 7  38 39 40 4 1  4 2  type 

Comp a c t o r  0 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 1 65 

8u1 1 d o z e r  0 5 8 8 8 8 5 5 6 6 6 6 4 4 4 4 4 4 4 4 4 4 4 242 

F ro n t-end l oa d e r  
( 5 -c u b i c  ya rd ) 0 0 0 6 6 6 6 6 6 6 6 6 6 6 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 8 4 4 4 4 4 4 4 4 4 3 3 243 

G ra d e r  0 0 0 0 0 0 0 0 0 0 0 3 1  

Sc ra p e r  0 0 0 0 0 0 0 0 0 33 

Truck 
( 1 8-c u b i c  ya rd )  0 4 4 8 1  8 1  8 1  8 1  8 1  8 1  8 1  8 1  8 1  8 1  8 1  8 3  8 6  8 6  8 6  8 6  86 8 6  8 6  86 8 6  86 86 8 6  8 6  8 6  86 86 9 9 9 9 9 9 9 9 9 6 6 2 4 5 1  

::t:> I Wa t e r  t ru c k  0 2 2 2 1 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 2 65 � OJ 
Tota l p i ec es 
of equ i pme n t  
per mon t h  o f  
remed i a l  a c t i on o 1 2  1 2  1 00 1 00 1 00 1 00 9 4  94 94 94 99 99 99 1 02 1 0 7 1 0 7 1 07 1 0 7  1 07 1 0 7 1 0 7 1 07 1 0 7 1 07 1 07 1 07 1 07 1 0 7 1 0 7 1 0 7  21 2 1  2 1  2 1  21 21 21 20 20 1 6  1 6  3 1 30 



Ta b l e  A . 5 . 8  P e rsonne l req u i rements , d i sposa l a t  the L u c a s  Mesa s i tea 

Tota l man-
months per 

Number of �erson n e 1  �e r mon t h  of remed i a l  a c t i o n  Type o f  type of 

pers o n n e l 2 4 6 8 9 1 0  1 1  1 2  1 3  1 4  1 5  1 6  1 7  1 8  1 9  20 21  22 23 24 25 26 27 28 29 30 31 32 3 3  34 35 3 6  37 38 39 40 41 42 personn e l  

T r u c k  d r i ve rs 0 88 88 88 88 82 82 82 82 83 83 83 83 88 88 88 88 88 8 8  8 8  8 8  88 88 88 88 88 88 88 88 10 10 1 0  10 10 10 10 10 10 2 , 534 

Equi pmen t  
opera t o rs 0 1 7  1 7  1 7  1 7  1 2  1 2  1 2  1 2  1 6  1 6  1 6  1 7  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 1  1 1  1 1  1 1  1 1  1 1  1 1  1 0  1 0  1 0  1 0  6 1 6  

Ope r a t o r  
s u p e rv i s i o n  0 1 0  1 0  1 0  1 0  9 9 9 9 1 0 1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  1 0  2 2 2 2 2 2 2 2 2 1 298 

f i e l d  s e r v i c e s  
and g e n e ra 1 
s uperv i s i on 1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9 1 9  1 9  1 9  1 9  1 9  1 9  1 9  1 9  798 

):> 
I Other 0 6 6 24 24 24 24 23 2 3  23 23 24 24 24 20 25 25 25 25 25 25 25 25 25 2 5  25 25 2 5  2 5  25 25 8 8 8 8 8 8 8 8 8 7 7 7 8  

1.0 
1.0 

Tota 1 man -mon ths 
per month of 
remed i a l  a c t i on 1 9  38 38 1 53 1 5 3 1 5 3 1 53 1 4 5 1 4 5  1 4 5  1 4 5 1 5 2 1 5 2 1 52 1 5 1 1 6 1  1 6 1 1 6 1  1 6 1 1 61 1 61 1 6 1 1 6 1 1 6 1  1 6 1 1 6 1 1 6 1  1 6 1 1 6 1 1 6 1 1 6 1 50 50 50 50 50 50 50 49 49 44 44 5 , 024 

a peak empl oymen t  1 6 1 persons ; a ve rage emp l oyme n t  = 1 20 persons p e r  mon t h . 



Ta b l e  A . 5 . 9  F u e l c o n s umpt i on 

Ga 1 1  o n s  

N o  ac t i on 
( I nte r i m  D i s po s a l D i s po s a l 

a c t i on s  a t  Sta b i l i za t i on a t  t h e  a t  t h e  
O l d and  New at t h e  E s t e s  Gu l c h  L u c a s  Mesa  

Type o f  equ i pme n t  R i f l e  s i te )  New R i f l e  s i te s i te s i te 

Demo l i t i on equ i pment  
( s u c h  as  wrec k i ng 
ba l l ,  bac k hoe , o r  
c ra ne s ) 68 , 000 

Compa c t o r  5 1 , 000 1 8 1 , 000 1 9 3 , 000 

B u l l d o z e r  2 8 , 000 236 , 000 3 7 3 , 000 3 7 3 , 000 

F ron t-end l oa d e r  205 , 000 3 70 , 000 390 , 000 
( 5 -c u b i c -ya rd ) 

Gra d e r  20 , 000 40 , 000 39 , 000 

Sc ra p e r  43 , 000 9 1 , 000 9 1 , 000 

T r u c k  ( l O-c u b i c -
ya rd t ruc k wi th  
8 - c u b i c -ya rd p u p )  5 5 , 000 8 7 0 , 000 3 , 9 40 , 000 4 , 9 3 6 , 000 

Wat e r  t ruck  1 4 , 000 5 0 1 000 5 5 1 000 

Tota l s  1 9 8 , 000 1 , 439 , 000 5 , 04 5 , 000 6 , 07 7 , 000 

A - 1 00 



Tab l e  A . 5 . 1 0  E n e rgy c o n s ump t i on 

K i  l owa t t - h o u rs 

N o  a c t i on D i s posa l D i s po s a l 
( I n te r i m  a c t i on s  Sta b i l i za t i on a t  t h e  a t  t h e  

a t  O l d a n d  a t  t h e  E s t e s  Gu l c h L u c a s  Mesa  
Fac  i l  i ty New R i f l e  s i te )  New R i f l e  s i te s i te s i te 

F i e l d  o f f i c e  1 8 , 000 2 9 , 000 1 2 6 , 000 1 2 6 , 000 

C h a n g e / s h owe r 
t ra i l e r( s )  80 , 000 1 34 , 000 5 7 7  , 000 5 7 7  , 000 

Laund  ry 40 , 000 6 7 , 000 289 , 000 289 , 00 

Dewa te r i ng a n d  wa s t e -
wa t e r  trea tme n t  

f ac i l i ty 7 , 000 -1 1 1 000 49 1000 49 1 000 

Tota l s  1 45 , 000 24 1 , 000 1 , 04 1  , 000 1 , 04 1 , 000 

A - 1 01  



Ta b l e  A . 5 . 1 1  Wa t e r  c o n s umpt i on 

Ga 1 1  o n s  

No  ac t i on D i s po s a l D i s po s a l 
( I nte r i m  a c t i o n s  Stab i l i za t i on a t  t h e  a t  t h e  

a t  O l d  a nd a t  t h e  E st e s  Gu l c h L u c a s  Mesa  
Ac t i v i ty New R i f l e  s i te )  N ew R i f  1 e s i te s i te s i te 

I n t e r i m/ 
Remed i a l  Ac t i on s  

0 S i te p repa ra -
t i on a nd 
d u s t  c on t ro l  7 50 , 000 80 , 1 9 6 , 000 2 1 2 , 2 26 , 000 2 58 , 9 1 5 , 000 

0 Ta i l  i ngs  
c o n s o l i da t i on 1 7 , 89 7 , 400 1 6 , 3 1 8 , 23 4  1 6 , 3 1 8 , 000 

0 C o ve r ( radon  
ba rr i e r  a nd 
f ro s t  p rote c -
t i on l ay e r )  7 , 5 5 6 , 680 2 1 , 7 1 6 , 000 2 7 , 79 4 , 000 

0 R e s t o ra t i on 1 4 1 3 1 7 1 9 20 - 1 9 1 0 1 6 1 000 1 9 1 0 1 6 1 000 

S u b tota l 7 50 , 000 1 1 9 , 9 68 , 000 269 , 2 7 6 , 000 3 2 2 , 043 , 000 

Pota b l e  wat e r  4 2 7 , 000 1 , 630 , 000 4 , 23 8 , 000 5 , 08 5 , 000 

Equ i pment  wa s h i n g 6 4 , 000 5 1 868 1 000 1 0 1 7 58 1 000 1 0 1 7 58 1 000 

Tota l 1 , 2 41 , 000 1 2 7 , 466 , 000 2 84 , 2 62 , 000 3 3 7 , 886 , 000 

A-l 02 



Tab l e  A . 5 . 1 2  Maj o r  ea rthwo rk v o l umes 

E s t i mated  i n -�l a c e  v o l umes { c ub i c  �a rds } 
No  a c t i on D i s p o s a l  D i s pos a l  

( I n te r i m  a c t i on s  Sta b i l i za t i on a t  t h e  a t  t h e  
a t  O l d a n d  a t  t h e  E s te s  G u l c h  L u c a s  M e s a  

Act i v i ty New R i f l  e s i te )  New R i f l e  s i te s i te s i te 

S i te prepa rat i on 

0 S i te a c c e s s  
road s  
1 .  F i l l  3 4 , 2 70  24 , 000 70 , 000 
2 .  Gra v e l 1 6 , 049 6 , 000 24 , 000 

Ta i l  i ngs p i l e  

0 E x c a va te , h a u l , 
s p read , a n d  
c ompa c t  4 , 1 3 5 , 000 4 , 1 35 , 000 4 , 1 35 , 000 

Radon ba rri e r  

0 E x c a vate , h a u l , 
s p read , a n d  
c ompa c t  1 90 , 000 3 3 6 , 000 4 9 7 , 000 

F ro s t  protec t i on l a�e r 

0 Excavate  a n d  
s p read 2 3 7 , 500 384 , 000 3 84 , 000 

E ros i on protec t  i on 

0 New R i f l e  borrow 
s i te 1 63 , 000 1 1 3 , 900 3 1 8 , 000 

0 G l enwood S p r i ngs  
borrow s i te 2 1 6 , 000 3 6 , 400 3 2 , 000 

S i te res t o rat i on 

0 8ac k f i  1 1  a t  N ew 
R i f l e  s i te 4 3 5 , 000 7 9 5 , 400 7 9 5 , 400 

0 8ac k f i  1 1  a t  O l d  
R i f l e  s i te 4 5 9 , 000 4 5 9 , 000 4 5 9 , 000 

A-1 03  



Ta b l e  A . 5 . 1 3  Con s t ruc t i on c o s t sa 

Ac t i v i ty 

S i te p repa ra t i o n  

Demo l i t i on 

Deco ntam i na t i on 

Ta i l i ng s  exca vat i on 
a nd /o r  re l oc at i on 

Ra d o n  ba rr i  e r  

F ro s t  p rotec t i on 

E ro s i on p rotec t i on 

S i te res tora t  i on  

Fenc i ng 

Tota l 

No a c t i on 
( i n t e r i m  a c t i on s  

a t  O l d  a n d  
N e w  R i f l e  s i te )  

9 1 5 , 000 

4 , 400 , 000 

203 , 000 

1 00 , 000 

_ _ _ � , 000 

5 , 7 1 0 , 000 

1 9 8 6  d o l l a rs 

Sta b i l i za t i on 
a t  t h e  

New R i f l e  s i te 

1 , 600 , 000 

1 82 , 000 

2 , 9 7 7  , 000 

824 , 000 

1 , 030 , 000 

5 , 1 5 5 , 000 

3 , 2 1 7  , 000 

4 7 5 , 000 

1 5 , 4 60 , 000 

D i s p o s a l 
a t  t h e  

E s t e s  Gu l c h  
s i te 

2 , 068 , 000 

289 , 000 

1 9 , 1 08 , 000 

1 , 07 7 , 000 

1 , 2 28 , 000 

2 , 7 6 6 , 000 

2 , 070 , 000 

3 1 5 , 000 

28 , 9 2 1 , 000 

a Th e s e  e s t i ma ted  c o s t s  do not i nc l ud e  t h e  c o s t s  o f : 
o P rope rty a c qu i s i t i on .  
o E ng i nee r i ng  d e s i gn .  

D i s po s a l 
a t  t h e  

L u c a s  Mesa  
s i te 

2 , 9 64 , 000 

1 , 800 , 000 

49 , 458 , 000 

1 , 28 2 , 000 

1 , 2 8 2 , 000 

3 , 588 , 000 

2 , 049 , 000 

3 1 2 , 000 

62 , 7 3 5 , 000 

o Ove ra l l  p roj ect  ma nagement  i n c l ud i ng c o n s t ruc t i o n ma nageme nt  a nd s up e r-
v i s o ry a n d  f i e l d  s e rv i c e s . 

o Remed i a l  a c t i on a t  v i c i n i ty p rope rt i es .  
o Long -te rm s u rve i l l a n c e  a nd ma i nt e na n c e . 
o I nte r i m  a c t i o n s  a t  t h e  O l d  a n d  New R i f l e  s i te s  ( $ 5 , 7 1 0 , 000 ) . 
o Ac c e s s  road i mp roveme n t s , i nc l ud i ng a n  e s t i mated  add i t i ona l $486 , 000 t o  

i mp rove H i ghway 1 3  f o r  the  E s tes  Gu l c h  a l t e rn a t i ve , o r  $ 400 , 000 t o  
$ 500 , 000 to i mp rove  Cou nty R o a d  V . 5  f o r  t h e  L u c a s  Mesa  a l te rnat i ve .  
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B . l  I NTRODUC T ION 

Th i s  a ppend i x  d e s c r i bes  the  d e ta i l ed p roc e s s  by wh i c h  the U . S .  Depa rtment  
of  E n e rgy ( DOE ) a nd the  s ta te o f  C o l o ra d o  s e l ected  t h e  a l ternate  d i s pos a l  s i te s  
f o r  t h e  R i f l e  u ra n i um m i l l  ta i l i ng s . Th i s  p roc e s s  i n vo l ved t h e  g e n e ra l p u b l i c ,  
t h e  state  of  C o l o ra d o , t h e  DOE , a nd o t h e r  Fed e ra l a g e n c i e s . The p roc e s s  
i nc l uded tec hn i ca l  c r i te r i a  a nd ra n k i ngs  t o  d e t e rm i ne  t h e  s u i ta b i l i ty o f  t h e  
s i te s  a n d  res u l ted i n  t h e  L u c a s  Mesa  a n d  E s t e s  Gu l c h  s i te s  be i ng s e l ec ted f o r  
i nc l u s i on i n  t h e  d ra ft e n v i ronmenta l i mpa c t  s t a teme nt  ( E I S ) . Th i s  a ppend i x  
a l so d e s c r i bes  o t h e r  remed i a l  a c t i on a l te rna t i ve s  t h a t  we re c on s i d e red b u t  not 
i n  d e ta i l  ( e . g . , rep roc e s s i ng of  the ta i l i ng s  p r i o r  to d i s p o s a l a nd the u s e  of 
t ra i n  t ra n sporta t i on ) . 
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B . 2  STATE OF  COLORADO A L T E R NATE D I S POSA L S I TE N OM I NAT I ON PROCESS 

The  f o l l owi ng  d e s c r i pt i on o f  C o l o ra d o ' s  a l t e rn a t e  d i s p o s a l s i te nomi n a 
t i on p ro c e s s wa s obta i ned  f rom the  report e n t i t l ed Poten t i a l  S i te s  Su i ta b l e 
f o r  Rec l ama t i on a n d /o r  R e p roc es s i ng o f  the  Gra nd J u n c t i on a n d  R i f l e  Uran i um 
M i l l  Ta i l i ng s  P i l e s ,  i s s u ed i n  1 982  ( CGS , 1 98 2 ) . 

The state  o f  C o l o ra d o  e s ta b l i s h ed g e n e ra l  p l a c ement  obj ect i ve s , c on d u c ted 
a reg i ona l s u rvey t o  i de n t i fy potent i a l  d i s po s a l s i te s , a nd e va l u a t ed t h e  
potent i a l  s i t es  to  s e l ect  the  bet t e r  s i te s  f o r  nomi na t i on to  the  DOE  f o r  
i nc l u s i on i n  t h e  E I S .  

To en s u re t h e  s a f e , l ong-t e rm c onta i nment  o f  u ra n i um ta i l i ngs  ma t e r i a l , a 
n umbe r o f  g e n e ra l  p l ac ement obj ec t i ves  were e s ta b l i s h ed by C o l o ra d o  Geo l og i ca l  
Su rvey ( CGS)  f o r  ta i l i ng s  d i s p o s a l i n  C o l o ra d o . The s e  p l a c ement  obj ect i ves  
we re as  f o l l ows : 

o Ta i l i ng s  o r  wa s te d i s p o s a l a rea s s ho u l d  be l oc a ted a t  a re l a t i ve l y  
remote s i te s o  a s  t o  red u c e  poten t i a l  popu l at i on expo s u re s  a n d  the  
l i k e l i hood of  h uma n i n t ru s i on to  t h e  ma x i mum extent  rea s ona b l y  
a c h i evab l e .  

o Ta i l i ng s  o r  wa s t e  d i s p o s a l a re a s  s h ou l d  be  l oc ated a t  a s i te wh e re 
d i s rupt i on  a n d  d i s pers i on by natu ra l  f o rc e s  a re e l  i m i na ted o r  red uced  
t o  the  max i mum extent  rea s ona b l y  a c h i e va b l e .  

o Ta i l i ng s  a n d  wa s t e  s h ou l d  be p l a c ed be l ow g ra d e , i n  t re n c h e s  o r  p i ts 
excavated i nto  re l a t i ve l y  i mpe rv i o u s  s ha l e .  

o Ta i l i ng s  a n d  wa ste  s h ou l d  be c o v e red w i t h  a m i n i mum o f  t h ree mete rs o f  
ea rthen  ma t e r i a l s that  a re d e s i g ned to red u c e  s u r f a c e  exha l a t i on o f  
radon  f rom the  ta i l i ng s  o r  wa ste  to  l e s s  t h a n  two p i c oc u r i e s  p e r  
squa re me te r p e r  s e c ond above  b a c k g ro u n d  l eve l s ,  t o  red u c e  root a nd 
a n i ma l  p e n e t ra t i on  a n d  s a l t  m i g ra t i on ,  a n d  a re c o n s t ru c t ed to m i n i m i ze 
e ros i on . 

o Rec l ama t i on of  the  ta i l i ngs  o r  wa s te a re a s  s h ou l d  i n c l ud e  a f u l l , 
s e l f -s u s ta i n i ng vegetat i ve c ov e r  o r  r i p ra p  to  mi n i m i ze wi nd  a nd wa t e r  
e ros i on .  T h e  f i na l  c on t o u r s l opes  s h ou l d  be  a s  c l o s e  a s  p o s s i b l e  to  
the  natu ra l  s u rfac e , but  not  steeper t ha n  a ra t i o  o f  f i ve h o r i zonta l 
to  one  v e rt i ca l . 

o Seepage o f  tox i c  ma te r i a l s  to  the  g ro u n d  o r  s u rf a c e  wa t e r  s h ou l d  be 
mi n i mi zed to the  ma x i mum extent  rea s on a b l y  a c h i e va b l e  s o  that  
g rou ndwa t e r  a n d  other  n a t u ra l  systems wi l l  n o t  be  d e g raded . Seepage 
c o n t ro l  mea s u res s h ou l d  i nc l ud e  c o n s i d e ra t i on o f  both phys i c a l  and  
geoc h em i c a l  method s .  

o Ta i l i ng s  a nd wa ste  s h ou l d  not  a d ve rs e l y  a f fect  i mpo rta n t  m i n e ra l  re 
s o u rc e s  o r  u n i q u e  h i s t o r i c ,  a rc ha e o l og i c , wi l d l i fe ,  o r  ec o l og i c  a rea s . 

o Ta i l i ngs  o r  wa s t e  s h ou l d  be c on f i ned  to  a s i ng l e  a rea to p rec l ud e  t h e  
p ro l i f e ra t i on o f  n ume rou s ,  sma l l  d i s p o s a l a rea s . 

B - 3  



o The  f i na l  d i s p o s i t i on o f  t h e  ta i l i ng s  a nd wa s te s ho u l d  be  s u c h  t h a t  
ongo i ng a c t i ve ma i ntena n c e  i s  not  n e c e s s a ry t o  p re s e rve i s o l a t i on a n d  
that  mon i to r i ng  w i l l  be m i n i m i zed to  t h e  ma x i mum e x t e n t  rea s ona b l y  
a c h i evab l e .  

S i t e s  we re s e l e c t ed o n  the  b a s i s  o f  t h e s e  p l a c eme nt obj ec t i ves  t h ro u g h  a 
two-p h a s e  s e l e c t i on p ro c e s s . Pha s e  I o f  t h i s  p ro c e s s  c o n s i s ted o f  a s e r i e s 
of  e l i mi na t i on o r  f i l te r i ng  s teps  i n  wh i c h  " potent i a l  s i tes " were d e l i neated  
w i th i n  a s p ec i f i c  a rea  a ro und t h e  ta i l i ngs  s i te s . The  s p ec i f i c  a re a s  e va l u a ted 
we re the  1 5 -mi l e  rad i u s a ro u nd each  ta i l i ngs  p i l e ,  and  t h e  20-mi l e-wi d e  c o r r i 
d o r  a l ong  t h e  ra i l road f rom t h e  Uta h -Co l o ra d o  s ta t e  l i ne  t o  G l enwood S p r i ngs  
a n d  f rom Gra nd J unct i on south  t o  the  Mesa -De l ta c ou n t y  l i n e . Pha s e  I I  i n v o l ved 
rev i ew and e va l ua t i o n  o f  t h e s e  potent i a l  s i tes  t o  s e l e c t  t h ree  to  f i ve c a nd i 
d a te s i te s  f o r  f u rt h e r  d e ta i l ed s t udy  by t h e  DOE . 

B .  2 . 1 PHASE I 

T h e  f i rs t  s te p  i n  Pha s e  I wa s t o  d e t e rm i ne  t h e  geo l og i c  f o rma t i on s  
( i . e . , s u i ta b l e  f o rma t i o n s ) t h a t  p o s s e s s ed a c c e pta b l e p e rmea b i l i ty ,  
t h i c k nes s ,  a nd l a te ra l  l i t ho l og i c  c o nt i n u i ty .  The  f o rma t i on s  we re t o  
have  bed s o f  l ow o r  ve ry l ow p e rmea b i l i ty t h a t  we re a t  l ea s t  1 50 feet  
t h i c k a nd we re l a t e ra l l y  p e rs i s t e nt f o r  ma ny s q u a re mi l e s .  Forma t i on s  
that  m e t  t h e s e  c r i te r i a i n  pa rt we re i d e nt i f i ed a s  " po s s i b l y  s u i ta b l e 
f o rma t i on s . "  

I n  t h e  s p ec i f i c  a rea  o n l y  o n e  f o rmat i o n ,  t h e  Ma n c o s  S ha l e ,  met t h e  
c r i te r i a for  s u i ta b l e f o rma t i on s . The  Ma n c o s  Sha l e ,  a th i c k , l at e ra l l y  
p e rs i s te n t , C reta c e o u s  ma r i ne  s ha l e ,  i s  g e n e ra l l y a c c eptab l e  a s  a h o s t  
f o rma t i on f o r  a ta i l i ng s  repos i tory .  The  u p p e rmos t pa rt o f  t h e  f o rma 
t i on , h owe ve r ,  c omp l ex l y  i nterf i ngers  w i t h  s e ve ra l s a n d s to n e  beds . 
S i m i l a r l y ,  t h e  l owe r part  o f  t h e  Ma n c o s  c onta i n s l i my bed s a nd t ra n s i 
t i ona l s i l ty a n d  s a ndy zones . No  s i te s  we re s e l ec ted i n  e i t h e r  o f  
t h e s e  pa rts o f  t h e  Ma n c o s  Sha l e .  

One  forma t i on i n  the  s pec i f i c  a rea , t h e  Wa s a t c h  Forma t i on , wa s 
c l a s s i f i ed a s  a pos s i b l y  s u i ta b l e f o rma t i on . The  Wa s a t c h  F o rma t i on 
c ons i s ts  o f  c ont i nenta l d e p o s i ts of  c l ays t o n e  wi th  o c ca s i ona l s a n d s tone  
a n d  l i me s tone  bed s . Th e m i d d l e  pa rt o f  t h e  Wa s a t c h  Fo rma t i o n  i n  the  
v i c i n i ty of  DeBeque  i s  p a rt i c u l a r l y  s a ndy ; n o  s i te s  we re s e l e c t e d  i n  
t h i s  pa rt . 

T h e  Green R i ver  Fo rma t i on wa s i n i t i a l l y  c o n s i de red a s  a p os s i b l y  
s u i ta b l e  forma t i on bec a u s e  i t  conta i n s t h i c k  s e q u e n c e s  o f  s ha l e ,  muc h  
o f  wh i c h  i s  o i l -r i c h . Ad d i t i on a l  e va l ua t i o n , h owe ve r ,  f o u nd t h a t  a 
s i te wi th i n  the  Green R i ve r  Forma t i on c o u l d  i n h i b i t  f u t u re o i l s ha l e  
mi n i ng a n d  t h e  f o rma t i on c ro p s  o u t  o n l y  i n  steep  c l i f f a rea s . Thu s , 
the  forma t i on wa s not  c o n s i d e red f u rthe r .  

T h e  s e c ond s tep o f  P ha s e  I c o n s i sted  o f  d e l i neat i n g a rea s o f  
favo ra b  1 e s l ope t h a t  we re u n d e r l  a i n  by s u  i ta b  1 e format i on s  o r ,  whe re 
n e c e s s a ry ,  by po s s i b l y  s u i ta b l e forma t i on s . The  mo s t  f a vo ra b l e  s l opes  
ra nge  f rom two to f i ve percent , b u t  s l o p e s  o f  f i ve to  1 0  p e rc e n t  o r  
l es s  t h a n  two p e rc e n t  we re a l so c o n s i d e red a c c epta b l e .  A re a s  t h a t  we re 
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u n d e rl a i n  by s u i t a b l e f o rma t i on s  o r  potent i a l l y  s u i ta b l e  f o rma t i on s  and  
that  had  a c c e p ta b l e s l opes  a n d  s i ze were  c o n s i d e red t o  be  " ta rget 
a rea s . "  A ta rget  a rea may c on ta i n  mo re than  one  poten t i a l  s i te . 

Th i rty ta rget  a re a s  we re s e l ec ted , a n d , o f  t h es e , 1 0  a re a s  were 
c on s i d e red a s  c o n ta i n i ng poten t i a l d i s p o s a l s i te s . The s e  a re a s  were 
i d en t i f i ed as L u c a s  M e s a , Mon ume n t  Gu l c h ,  Pa ra c h u t e , North  R i f l e ,  
F l a t i ron  Me sa , Mamrn-D i v i d e C reek , C a c t u s  Va l l ey , G ra s s  Va l l ey ,  New 
C a s t l e ,  a nd Ga rf i e l d  C reek . 

The t h i rd s t ep o f  Pha s e  r e va l ua ted t h e  1 0  ta rget  a re a s  a n d  
s e l ec ted potent i a l  s i te s  b y  exc l ud i n g a re a s  t h a t  m e t  t h e  f o l l ow i ng  
c r i te r i a : 

o A re a s  o f  i n s u f f i c i en t  s i ze .  

o A re a s  s u bj e c t  to  exten s i ve r i ve r  f l ood i ng .  

o Areas  o f  c r i t i ca l  g roundwa t e r  re s o u rc e s  o r  rec ha rge . 

o A re a s  o f  c omp l ex geo l og i c  s t ru c t u re ( e . g . , a b u n d a n t  f a u l t i ng ,  
f o l d i ng ,  j o i n t i ng ) . 

o Areas  s u s c e pt i b l e  to  geo l og i c  h a za rd s  t h a t  c ou l d  d i s rupt  the  
repos i tory ( e . g . , a c t i ve f a u l t i ng ,  s u b s i d e n c e , u n s ta b l e s l ope s ) . 

o A re a s  wi t h  s e ve re e ro s i on potent i a l  o r  u n s ta b l e l a nd f o rms . 

o Areas  o f  Quate rna ry g l ac i a l  o r  i gn e o u s  a c t i v i ty .  

o A re a s  wi t h  c r i t i c a l  mi n e ra l , geot h e rma l , a rc ha eo l og i c ,  c u l t u ra l , 
h i s t o r i c , wi l d l i fe ,  o r  e c o l og i c  re s o u rc e s . 

o A rea s o f  c r i t i ca l  s u rf a c e  wa te r ,  s p r i n g s , a n d  p re s ent  o r  p l a n ned 
l a rge bod i e s o f  wa t e r .  

o Areas  o f  c on c e n t ra ted h uma n h a b i ta t i on o r  f u t u re g rowth a rea s -
t own s , s u bd i v i s i on s , a n d  d e n s e l y  pop u l a ted ru ra l  a re a s . 

o N a t i ona l Pa rk s , Nat i ona l Mon ume n t s , W i l d l i fe R e f u ge s , w i l d e rn e s s  
a rea s , a n d  wi l d  a n d  s c e n i c  r i v e r  a rea s . 

o A rea s o f  p r i me ,  i rr i gated a g r i c u l t u ra l  l a n d s . 

o A reas  wi t h  s e v e re t ra n s po rta t i on sa fety  a s p e c t s . 

Con s i d e ra t i on o f  t h e s e  c r i te r i a i n  rega rd to  the  ta rget  a re a s  
re s u l ted i n  the  s e l ec t i on o f  potent i a l  s i te s . A n umber o f  s i te s  w i th i n  
t a rget  a rea s rec e i ved f u rt h e r  c on s i d e ra t i on d u r i ng t h i s  s t udy , b u t  we re 
not rec ommen d ed a s  potent i a l  s i te s . The  poten t i a l  s i te s  rec omme nded 
f o r  the  re l oc a t i on a n d / o r  rep roc e s s i n g o f  t h e  R i f l e  u ra n i um m i l l  
ta i l i ngs  p i l es we re t h e  L u c a s  Mesa  s i te a nd t h e  F l a t i ron  Me s a  s i te . 
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The f i na l  s t e p  o f  Pha s e  I wa s to  e va l u a t e  a n d  ra n k  the  potent i a l  
s i te s by u s e  0 f a g  e 0 t e c h n i ca l g r a d  i n g rna t r i x ( Ta b 1 e B .  2 . 1 )  . To u s e  
t h e  g rad i ng ma t r i x ,  s c o re s  we re a s s i g ned to  a n umbe r  o f  g eo l og i c ,  
hyd ro l og i c ,  a nd met e o ro l og i c  fa c t o rs f o r  e a c h  s i te .  E a c h  fa c t o r  wa s 
a s s i gned a ra n k  va l ue f rom z e ro to  f o u r i n  t h e  mat r i x  ba sed  on  the  
c ha ra c te r i s t i c s  o f  t h e  pa rt i c u l a r  s i te be i ng e va l uated . Some f a c t o rs 
a re more i mp o rtant  t h a n  o t h e rs , a n d  a re we i g hted  a c c o rd i ng l y .  The  tota l 
s i te s c o re wa s ca l c u l a ted by add i ng a l l  f a c t o r  s c o re s . A ma x i mum s c o re 
o f  1 52 wa s p o s s i b l e .  

B .  2 . 2 PHASE I I  

Poten t i a l  s i tes  we re re v i ewed a n d  f u rt h e r  e va l uated  d u r i ng  Pha s e  
I I  by a Cand i d a t e  S i te R ev i ew C ommi ttee . T h e  C ommi tte e  wa s c omp r i s ed 
o f  rep re s enta t i ve s  o f  the  fo l l owi ng  a g e n c i es :  

o C o l o ra d o  Geo l og i ca l  Su rvey . 
o C o l o ra d o  Depa rtment  o f  Hea l th ,  Rad i a t i on C o n t r o l  D i v i s i on .  
o Un i ve rs i ty o f  C o l o rad o , I n s t i t u t e  o f  B e h a v i o ra l  Sc i e n c e s . 
o C o l o ra d o  D i v i s i on o f  W i l d l i fe .  
o C i ty Mana g e r ,  R i f l e .  
o Co l o rado  D i v i s i on o f  Wa t e r  R e so u rc e s , Sta te  E ng i nee r ' s  O f f i c e .  
o R emed i a l  Ac t i on Lay A d v i s o ry Comm i ttee , G ra n d  J u nc t i on .  
o C o l o rado  Depa rtmen t  o f  Hea l th ,  Wa s t e  M a n a g emen t  D i v i s i on .  
o Co l o ra d o  M i n ed La nd  Rec l ama t i on D i v i s i on .  
o Mesa  County H ea l th Depa rtme n t . 
o Co l o rado  Depa rtmen t  o f  Hea l t h , Wa t e r  Qua l i ty C o n t ro l  D i v i s i on .  
o Co l o ra d o  Depa rtment o f  H i ghwa ys . 
o C i ty o f  G ra n d  J u n c t i on .  
o Co l o rado  Depa rtment  o f  Hea l t h ,  E p i d em i o l ogy D i v i s i on .  
o Ga rf i e l d  County  Commi s s i on e r .  

The  Comm i ttee eva l u a t ed t h e  L u c a s  Mesa  a n d  F l a t i ron Mesa  s i te s  not 
on l y  c on s i d e r i ng geotec h n i ca l  d a ta , but  a l s o o t h e r  f a c to rs i nc l ud i ng 
t ra n s po rta t i on e l ements , l a nd  u s e  a n d  own e rs h i p ,  wi l d l i fe ,  a rc h a e o l og i c  
a n d  eco l og i c  i mpa c t s , l oca l a t t i t u d e s  towa rd pa rt i c u l a r  s i te s , rec l ama 
t i on poten t i a l , economi c s ,  a n d  s i te remote n es s . 

The  two s i te s  ra nked  a s  f o l l ows : 

F l a t i ro n  Mesa  s i te 

L u c a s  Mesa  s i te 

Po i nt S c o re 

1 1 2  

1 08 

T he f o l l owi ng pos i t i ve a n d  nega t i ve a s pe c t s  of  t h e s e  s i te s  we re 
i dent i f i ed ( CGS , 1 9 82 ) : 

B -6 



Ta b l e  8 . 2 . 1  Geotec hn i c a l  ra t i ng ma t r i x :  R a n k  x we i g h t  f a c to r  s c o re ; 0 l ow rank ; 4 h i gh e s t  ra nk ; 
h i ghest  pos s i b l e  s c o re = 1 52 

S i te des i gnat i on : S i te l oc a t i on : 

R a n k  --.-- - --- . 

F a c t o r  0 2 3 4 We i ght  Fa c to r  s c o re 

1 .  L a n d  s l ope >1 0% <2% o r  2 %  t o  5% 
5% to  1 0% 

2 .  S u r f i c i a l  ma te r i a l s  Gra v e l  o r  Ve ry f i ne S i  I t  S i  l ty c l a y  C l ay 
1 i t h o 1 0gy s a nd s a nd o r  

sa ndy s i l t  

3 .  S u r f i c i a l  ma te r i a l s  >20 f t  1 0  to  2 0  f t  5 to 1 0 f t 2 to 5 f t  o to 2 f t  2 
t h i c k n e s s  ( i f  c l ay  
o r  s i l ty c l a y ,  s i te 
ra n k s  4 )  

OJ 4 .  Ho s t  roc k l i t h o l ogy Sands tone , V e ry f i ne S i  l t s t o n e  S i l ty s ha l e  Sha l e  o r  2 I l i mes tone , s a nd s tone o r  c l aystone c l a ys tone -...f 
o r  cong 1 0m- or sa ndy 
erate  s i l t s to n e  

5 .  Host roc k th i c k ne s s  < 5 0  f t  50  to  7 5  f t  7 5  to  1 00 f t  1 00 to 200 f t  >200 f t  2 
( i f  c o ng l ome rate o r  
s a n d s tone , s i te 
ra n k s  0 )  

6 .  P r e s e n c e  of f ra c - Ve ry h i gh H i gh Mod e ra t e  Low Ve ry l ow 
tu r i ng ( j o i n t s  and 
shea r zones ) 

7 .  Se i sm i c  r i s k Ve ry h i gh H i gh Mod e ra t e  Low V e ry l ow 



Ta b l e  B . 2 . 1  Geotec hn i c a l  ra t i ng ma t r i x :  Rank  x we i gh t  f a c t o r  s c o re ;  0 l ow ra nk ; 4 h i g h e s t  ra n k ; 
h i ghest  poss i b l e  s c o re = 1 5 2 ( Cont i nu ed )  

S i te des i gn a t i on :  S i te l oc a t i on :  

R a n k  

F a c t o r  0 2 3 4 We i gh t  Factor  s c ore 

8 .  Sus c ept i b i l i ty to  Mod e ra t.e to  Low Ve ry l ow 4 
n a t u ra l  s l ope h i gh 
fa i l u res , subs i d enc e ,  
o r  hyd ro-c ompac t i on 

9 .  Present e ros i ona l /  I nt e n s e  Mod erate  M i n o r  S h e e t  o r  N o  e ros i on 4 
depos i t i o n a l  sett i ng gu l l yi  ng  g u l l y i  ng  g u l l y i ng r i l l  wa s h  o r  u nd e rgo i ng 

depos i t i on 

1 0 .  Long-term geomo rph i c  Very poor Poo r Mod e ra t e  Good Exc e l l en t  4 
s t a b i l i ty 

OJ 1 1 . Con f l i c t wi th  mi n e ra l  Seri ous Mod e ra t e  None o r  mi n o r  
I resources c on f l i c t s c o n f l i c t s  c on f l  i c t s  co 

1 2 .  Aqu i fe r  c ha ra c te r - Prod u c e s  P rod u c e s  P rod uc e s  P rod uces  P roduces  4 
i st i c s  o f  s u rf i c i a l  l a rge m i  no r-mod . l a rge  amo u n t s  mi n o r-mod . 1 i t t l e  o r  
ma te ri a l  amoun t s  o f  amounts o f  o f  poor amounts o f  n o  wa t e r  

good q ua l i ty good q ua l i ty q ua l i ty wa t e r  p o o r  qua l i ty 
wa t e r  wa t e r  wa t e r  

1 3 .  Aqu i fe r  cha ra c t e r- P rod u c e s  P rod u c e s  Prod u c e s  P rod u c e s  P rodu c e s  4 
i s t i c s  o f  host  roc k l a rge  m i nor-mod . l a rge  amounts  m i no r-mod . 1 i tt l e  o r  

amounts  o f  a mounts o f  o f  poor amounts  o f  n o  wa t e r  
good qua  1 i ty good qua  1 i ty qua l i ty wa te r poor qua l i ty 
wa t e r  wa t e r  wa t e r  



co 
I 

1.0 

Ta b l e  B . 2 . 1  Geotec h n i c a l  ra t i ng ma t r i x :  R a n k  x we i g h t  
h i ghest  po s s i b l e  s c o re = 1 5 2 ( Co n c l uded ) 

f a c to r  s c o re ; 0 l ow ra nk ; 4 h i gh e s t  ra n k ; 

S i t e d e s i g n a t i on : 

F a c to r  o 
---------- -- - - -- - - -

1 4 .  Depth to 1 s t under l y i ng <50 f t  
i mpo rta n t  bed roc k 
a qu i fe r  

1 5 . D i s t a n c e  t o  nea rest On s i te 
ma j o r  s p r i ng , pe ren-
n i a l  s t ream,  peren n i a l  
l a k e ,  o r  maj o r  i rr i ga -
t i on d i tc h  

1 6 .  S i ze  o f  d ra i nage bas i n  > 2  s q  mi l es 
a bove s i te 

1 7 .  Evapo ra t i on t o  p rec i - < 1  
p i ta t i on ra t i o  

S i te l oc a t i on : 

R a n k  

2 3 4 

50 t o  7 5  f t  7 5  t o  1 00 f t  1 00 to 200 f t  >200 ft  

o t o  0 . 5  mi l e  0 . 5  t o  1 mi l e  1 t o  2 m i l es 

1 to 2 s q  
mi  l e s 

0 . 5  t o  1 s q  
mi  l e  

1 t o  2 

o to 0 . 5  s q  
mi l e  

>2 mi l es 

a t  head o f  
d ra i na g e  

>2  

We i gh t  

2 

2 

>2 

Tota l s i te s c o re 

Fa c to r  s c o re 



L u c a s  Mesa  s i te 

Good l ong-t e rm s ta b i l i ty ;  a c c epta b l e  geotec h n i c a l  c h a ra c t e r i s t i c s , 
but  t h e  e ro s i on ra tes  o f  t h e  mes a  f l a n k  mu s t  be  c a re f u l l y eva l uated ; 
good r i p ra p  on  t h e  s i te ; j u s t  o v e r  o n e  m i l e  t o  a n  i rr i ga t i on d i tc h  a nd 
t h e  Co l o ra d o  R i ve r ;  v e ry remote ; v e ry s t eep  ha u l  route ; pos s i b l e  to  u s e  
a c o nveyo r ;  n ea r  p r i va te l a n d s . 

flAt i ro n  Mesa  s i te 

Good to e x c e l l e nt  l on g -t e rm s t a b i l i ty ;  good geotec h n i c a l  c h a ra c 
ter i s t i c s , b u t  t h e  e ros i on ra tes  o f  t h e  me s a  f l a n k  mu s t  be  c a re f u l l y 
eva l uated ; good r i p ra p  on  the  s i te ;  l e s s  t h a n  o n e  m i l e  to  Bea ve r C reek , 
a pub l i c  wa t e r  s u pp l y  f o r  R i f l e ; very remote ; v e ry steep  h a u l route ; 
d i rect t ru c k  h a u l  f rom R i f l e  i s  f e a s i b l e ;  p o s s i b l e  t o  u s e  a c o n veyo r ;  
n ea r  p r i vate  l an d s . 

Ne i t h e r  o f  t h e s e  s i te s  a re c omp l ete l y  i d ea l when a l l re l e va nt  
f a c to r s  a re c on s i d e red . The  a d v a n t a g e s  a n d  d i s a d va n ta g e s  o f  each  s i te 
were c ompa red to d e t e rm i ne wh i c h  s i te wa s t h e  mos t  f a v o ra b l e  f o r  c o n 
t i n u ed e va l uat i on f o r  l on g -t e rm c onta i nme n t  o f  t h e  u ra n i um ta i l i n g s . 

O f  the  two s i te s  i n  t h e  R i f l e  a rea , on l y  L u c a s  Mesa  wa s c o n s i d e red 
a v i ab l e  a l t e rn a t e  f o r  t h e  d ra f t  e n v i ronmenta l i mpa c t  s t a teme n t . It  
must  be emph a s i zed that  th i s  i n ves t i ga t i on wa s o f  a reg i ona l n a t u re . 
Deta i l ed e va l ua t i on o f  a l l re l evant  f a c t o rs wou l d  be  nec e s s a ry d u r i ng 
l a ter s tud i es by t h e  DOE . 
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B . 3  u . s . D E PARTMENT  OF  E N E R G Y  ALTE RNAT E D I S POSAL S I TE S E L E C T I ON PROC ESS 

The  fo l l owi ng  d e s c r i pt i on of the DOE l s  a l ternate  d i s pos a l s i te s e l ec 
t i on p roc e s s  wa s obta i ned  f rom t h e  repo rt e n t i t l ed P re l i m i na ry E va l ua t i on o f  
A l t e rna t i ve D i s p o s a l S i te s  f o r  t h e  Grand J u n c t i on ,  O l d R i f l e ,  a nd New R i f l e  
U ra n i um M i l l  Ta i l i ngs , i s s u ed i n  M a rc h ,  1 983  ( DOE , 1 98 3 ) . 

B . 3 . 1  EVALUAT I ON C R I TE R I A  

The D O E  eva l uated t h e  L u c a s  M e s a  s i te nom i na ted b y  t h e  s ta t e  o f  
C o l o ra d o  a ga i ns t  2 5  e va l ua t i on c r i te r i a  i n  f i ve c a tegor i e s . The 
e va l ua t i on c r i te r i a  we re b a s ed on  s i te c h a ra c t e r i s t i c s  that a f fect  
s u i ta b i l i ty f o r  a ta i l i ngs  repos i t o ry .  The  f i ve c a tego r i e s  were 
( 1 ) e n v i ronmenta l c r i te r i a , i nc l ud i ng l a nd u s e  and w i l d l i f e c h a ra c 
t e r i s t i c s ; ( 2 )  geo l og i c  c h a ra c t e r i s t i c s  p e rt i n e n t  t o  t h e  l ong-term 
s ta b i l i ty o f  the  s i te ;  ( 3 ) hyd ro l og i c  c h a ra c t e r i s t i c s  that  c o n t ro l  
the  poten t i a l  f o r  c ontam i na t i ng g ro u n d  a n d  s u rf a c e  wa t e r ;  ( 4 )  l a nd 
own e rs h i p  a nd l a nd - u s e  res t r i c t i on s ; a nd ( 5 ) e n g i n e e r i ng  ec onomi c s . 
The  two eng i n e e r i n g -ec o n om i c s  c r i t e r i a  were c omb i n ed f o r  th i s  e va l u 
a t i on .  There fore , a tota l o f  24  c r i te r i a  we re u s ed . 

The  DOE  d e f i ned  the  i d ea l  a nd t h e  l ea s t  d e s i ra b l e  s i te c ha ra c te r
i s t i c s  f o r  e a c h  c r i te r i on .  The  perfect  d i s p os a l  s i te wou l d  be ra ted 
lI i d ea '" for  a l l  o f  t h e  24  c r i t e r i a . The  f i ve c a tego r i e s  o f  c r i te r i a  
a re d i s c u s sed  be l ow .  

In v i ronmenta l c r i t e r i a  

T h i s  c a tegory i n c l uded  s i x  e va l uat i on c r i te r i a  ( Ta b l e B . 3 . 1 ) .  The  
f i rs t  t h ree  we re re l a ted to  l a nd uses  on  and  a round  t h e  potent i a l  d i s 
posa l s i te .  The s e  c r i te r i a  we re i mpo rta nt  b e c a u s e  t h e  l ong-term i mpa c t s  
o f  t h e  d i s p o s a l s i t e d e p e n d  o n  h ow peop l e  u s e  t h e  s u rround i ng l a nd . 

The  rema i n i ng t h ree  c r i t e r i a  re l a ted to  t h e  Na t i on a l  E n v i ronme n ta l  
Po l i cy Act  a nd t o  t h ree  e n v i ronmenta l rev i ew l aws : t h e  F i s h a n d  W i l d 
l i fe Coord i na t i on Ac t ,  t h e  Na t i ona l H i s t o r i c P re s e rva t i on Act  o f  1 9 66 , 
and  the  E n d a n g e red Spec i e s Ac t o f  1 9 7 3 . By u s i ng t h e s e  c r i te r i a ,  the  
i n tent o f  t h e s e  t h ree l aws wa s i nc l uded  i n  t h e  s i te -s e l ect i on p roc e s s . 

Geo l og i c  c r i te r i a  

A l l b u t  one  o f  t h e  s i x  g e o l og i c  c r i te r i a  ( Ta b l e B . 3 . 2 ) re l a ted to 
t h e  l ong-term s ta b i l i ty of t h e  d i s p o s a l s i te .  I n  o rd e r  to  meet the  E PA 
s t a n d a rd s  f o r  l on g - t e rm s ta b i l i ty ,  the  d i s po s a l s i te mu s t  not be s u bj ect 
to  e ros i on by wi nd o r  wa t e r ,  o r  d i s t u rba n c e s  by l a nd s l i d e s , s ub s i d e nc e ,  
c a v i ng , o r  ea rthqua k e s . 

T h e  o t h e r  g eo l og i c  c r i te r i on  wa s t h e  p re s e n c e  o f  e c o n omi c m i n e ra l  
res o u rc e s . I n  s ome c i rc umsta n c e s , t h e  p re s e n c e  o f  ta i l i ng s  on the  s i te 
c ou l d  h i nd e r  the  d e ve l opment o f  m i n e ra l  re s o u rc e s  u nd e r  t h e  s i te .  
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Ta b l e  B . 3 . 1  E n v i ronmenta l c r i te r i a  

C r i t e r i  on  

Popu l a t i on d e n s i ty 

Potent i a l  f o r  u s e  a s  
f a  rml a nd 

Poten t i a l  f o r  u s e  a s  
a t ra n s p o rta t i on c o rr i d o r  

Presence  of  a n t i qu i t i es 
a nd h i s t o r i c a l  s i te s  

Pre s e n c e  of  e n d a n g e red , 
t h reatened , o r  ra re 
s pec i es 

Scen i c  a nd rec rea t i ona l 
va l u es  

I d e a l 

Low : c ha ra c t e ri s t i c  
o f  ra nge l a nd a rea o r  
w i l d e rn e s s  a rea 

None : no  s o i l p re s ent , 
o r  p o o r  s o i l q ua l i ty 

Low : l oc a t i on i n  open  
t e rra i n ,  not i n  l i ne 
o f  s i g h t  between  
s e t t l ements  or  i n  
na t u ra l  c o r r i d o rs 

N o n e  pre s ent : wi t h i n  
1 m i l e  

None  pre sent : no  
c r i t i ca l hab i tats  

None  or  l ow :  ba rren , 
monotono u s  l a nd s c a p e  
s u rro u n d s  s i te 
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H i gh :  l oc a t i on i n  a n  
u rb a n  a rea 

H i gh :  s o i l s  we l l  
d e ve l oped  a nd s u i ta b l e  
f o r  fa rm l oc a t i on ,  i n  
ex i s t i ng fa rm l a n d s  

H i gh :  l oc a t i on i n  a 
c o rr i d o r  ( va l l eys , 
c a nyo n s ) c onnect i ng 
u rban  a reas  

Some present : a t  t h e  s i te 

Some pre s ent : h a b i ta t  
c r i t i c a l  i n  s u rv i va l  o f  
wi l d l i fe s p ec i es 

H i gh :  s c en i c  a n d  
rec rea t i ona l a re a s  
l oc a ted wi t h i n  1 m i l e  



C r i t e r i  on  

P res e n c e  o f  ec o n om i c 
mi n e ra l res o u rc e s  

Potent i a l  f o r  e ros i on 
by wi  n d s  

Potent i a l  f o r  e ros i on 
by wa t e r  

Potent i a l  f o r  
l a nd s l i de s  

Potent i a l  f o r  
s ubs i d e n c e , c a v i ng 

Se i sm i c r i s k  

Ta b l e  B . 3 . 2  Geo l og i c  c r i t er i a  

I d ea l 

None  p re s e n t : a b s e n c e  
o f  d e v e l opme n t  a n d  
i n t e re s t i n  d e v e l opme n t , 
a s  s h own by rec o r d s  o f  
own e rs h i p ,  m i n e ra l  
l ea s i n g r i g h t s , a n d  t h e  
l i k e  

Negl i g i b l e :  s he l t e red 
f rom wi nd or  l oc a t i on i n  
depos i t i on reg i on f o r  
s o i l s  a n d  s ed i me n t s  

Negl i g i b l e :  a s  e v i d e n c ed 
by s l ope , d ra i nage  
pa tte rn , a nd a b s e n c e  
o f  a rroyo c utt i ng 

Negl i g i b l e :  n ea r l y  l ev e l  
t e r ra i n ;  u n c o n s o l i dated  
s o i  1 l ayers  we l l  
i nte g ra ted wi t h  bed roc k 

Negl i g i b l e :  a b s e n c e  o f  
n ea r-s u rf a c e  m i nes  o r  
natu ra l  vo i d s  b e n e a t h  
s i te ;  wa t e r  ta b l e  be l ow 
l ev e l  o f  bed roc k 

�ow :  l oc a t i on i n  z o n e s  
o f  n o  ea rt h q u a k e  dama g e  
o r  m i n o r  dama g e  o f  
s u rfa c e  s t ru c t u re s  
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Some p re s e n t : m i n e ra l  
d e ve l o pme n t s  ex i s t o r  a re 
p roposed  f o r  s i te o r  
l a nd s  a d j a c e n t  t o  s i te 

H i gh : e v i d en c e  o f  
b l owout s , s a n d b l a s t i ng ,  
o r  s c o u r i ng  

liigh: e v i d e n c e  o f  s he e t  
e ro s i on a nd a rroyo 
c ut t i ng ;  d e g rad i ng 
s l op e s ; l oca t i on i n  
f l oodp l a i n  

H i gh :  s teep  t e r ra i n ;  
e v i d e n c e  o f  roc k s l i de s  
o r  mud s l i de s  

H i gh : m i n e s , c a v e rn s , 
vo i d s  u n d e r s i te ;  
e v i d e n c e  o f  s u b s i d e n c e  
f rom u n d e rg ro u n d  d ra i nage  
or  o t he r  c a u s e s  

liigh: l oc a t i on i n  z o n e  o f  
maj o r  dama g e  t o  s u r f a c e  
s t ru c t u re s  



tlYd ro l og i c  c r i te r i a  

A l l o f  t h e  hyd ro l og i c  c r i te r i a  were e n v i ronmenta l c h a ra c te r i s t i c s  
t h a t  a f fe c t  the 1 i k e l  i hood o f  g round  a n d  s u rf a c e  wa t e r  be i ng  c ontami 
na ted by t h e  ta i l i ng s  repos i to ry .  T h e s e  c r i te r i a a re p re s e n ted i n  
Ta b l e  B . 3 . 3 .  

�r ite r.i a re l a ted t o  l a nd own e rs h i p  a n d  l a nd -u s e  res t r i c t i on s  

Two f a c t o rs that  c ou l d  p revent  the  d i s posa l of  ta i l i ng s  a t  a s i te 
a re l i:": r.d owne rs h i p  a n d  l a nd - u s e  res t r i c t i on s . T h e s e  fac t o rs a re c on 
s i d e red  i n  the  s i te-se l ec t i on p roc e s s  b y  t h e  c r i te r i a  g i ven  i n  Ta b l e  
B . 3 . 4 .  

fr i te r i a  re l a ted to  e ngi n e e r i ng e c o n om i c s  

An i mp o rtant  c on s i d e ra t i on i n  s e l ec t i ng a d i s posa l s i te i s  the  
c os t  o f  ta i l i ng s  d i s posa l i n  a ma n n e r  t h a t  i s  e n v i ronmenta l l y  s o u n d . 
Two c r i te r i a  t h a t  wou l d  be i nd i ca t o rs o f  t h e s e  c o s t s , d i s t a n c e  by  road 
or ra i l  f rom the ex i s t i ng p i l e ,  a n d  d i s t a n c e  by road or ra i l  t o  s o u rc e s  
of  c o ve r ,  c a p , a nd o t h e r  c on s t ruc t i on ma t e r i a l s ,  we re c on s i d e red . 
Howe ve r ,  t h e  c o s t s  of  d i s p o s a l were e s t i ma ted a n d  t h e  c o s t  e s t i ma te s  
f o r  s i x  ca teg o r i e s  of  c on s t ruc t i on a c t i v i t i e s we re u s ed i n stead  t o  
e va l uate  e ng i ne e r i ng e c o n om i c s . 

The c o s t s  u s ed  i n  t h e  e va l ua t i on we re f o r  t h e  f o l l owi ng  ac t i v i t i e s : 

o D i s p osa l s i te p repa ra t i on .  
o The l oad i ng o f  ta i l i ng s  f rom t h e  ex i s t i ng p i l e .  
o Ha u l  to  t h e  d i s p os a l  s i te .  
o The h a nd l i ng o f  ta i l i ng s  a t  t h e  d i s p o s a l s i te .  
o The c on s t ruc t i on o f  t h e  c ov e r  f o r  t h e  repos i to ry .  
o C a p i ta l  c o s t s . 

B . 3 . 2  E VALUA T I ON M ETHOD 

The  c r i te r i a  p re s ented  i n  the p rec ed i ng s e c t i on we re u s ed t o  d e t e r
m i ne  the  s u i ta b i l i ty o f  t h e  L u c a s  M e s a  a l t e rn a t e  s i te f o r  t h e  d i s p o sa l 
o f  u ra n i um m i l l  ta i l i ngs . Th i s  s e c t i on d e s c r i bes  the  ma thema t i ca l  
method u s e d  to ca l c u l a t e  a s c o re f o r  t h e  s i te .  

��)ghted - s c o re met hod 

E a c h  c r i te r i o n  wa s a s s i g ned t o  an expe rt i n  the re l a ted tec h n i c a l  
d i s c i p l i ne .  For  i n s t a nc e , a g ro u n dwa t e r  e x p e rt wa s a s s i gn ed t h e  " d epth  
o f  wa t e r  ta b l e "  c r i t e r i on . Bef o re t h e  s c o r i ng  bega n , these  expe rt s  
c o l l ec ted a s  muc h i n f o rma t i on a s  p o s s i b l e  a bo u t  t h e  L u c a s  M e s a  s i te .  
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Tab l e  8 . 3 . 3  Hyd ro l og i c  c r i te r i a  

C r i te r i o n  

Prec i p i ta t i on 

E v a p o t ra n s p i ra t i on 

D i s t a n c e  to  r i ve rs , 
l a k e s , o r  p e re n n i a l  
s t reams 

Depth to  wa t e r  t a b l e 

U n s a t u rated -zone  
mate r i  a 1 s 

Ho r i zonta l g ro u n d 
wa t e r  s peed ( ne a r  
wat e r  tab l e )  

Qua l i ty o f  u ppe rmo s t  
g ro undwa t e r 

Sat u ra ted -zone  mate r i a l s  
( nea r wat e r  t a b l e )  

Poten t i a l  for  f l owi ng  
a rtes i a n  we l l s  

I d ea l 

hOw :  l e s s  t h a n  7 i n c h e s  
p e r  yea r 

!:iiilll: e x c e e d s  
p rec i p i ta t i on b y  mo re 
t h a n  1 5  i nc he s  p e r  yea r 
( a r i d )  

La rge : mo re t h a n  1 0  m i l e s 

La rge : mo re t h a n  500 feet  

Unwe a t h e red a n d  
u n f ra c t u red c l ays , 
s ha l e s , o r  roc k s  o f  l ow 
pe rmea b i l i ty a n d  h i gh 
s o rpt i ve ca pac i ty 

bOw : l es s  t h a n  0 . 1  met e r  
p e r  yea r 

Poo r :  mo re t h a n  1 0 , 000 
pa rts p e r  m i l l i on tota l 
d i s s o l ved s o l i d s  

Un f ra c t u red s ha l e s , 
c l ays , o r  mat e r i a l s  
c o n ta i n i ng zeo l i te 
m i n e ra l s  

�9ne : hyd ra u l i c  head  muc h  
l es s  t h a n  s u rf a c e  
e l e va t i on 
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H�: more than  20 i nc he s  
pe r yea r 

Low : p rec i p i ta t i on 
exc eed s evapotra n s p i ra 
t i on ( h umi d )  

Sma l l :  r i ve rs , d i tc h e s , 
l a k e s , o r  s t reams n ea r 
t h e  s i te 

Sma l l :  l e s s  t h a n  1 0  feet  

G ra ve l , s a n d , o r  h i gh l y  
f ra c t u red rock 

!:iigh : mo re than 1 met e r  
p e r  yea r 

E x c e l l en t : pota b l e wa t e r  
( 0  to  1 000 p a rt s  p e r  
m i l l i on tota l d i s s o l ved  
s o l i ds )  

Gra ve l , s a nd , o r  h i gh l y  
f ra c t u red roc k s ,  c l ay 
ma te r i a l  wi t h  h i gh 
o rg a n i c  content  

tl.iill!. : hyd ra u l i c  head  
exc eed s s u rf a c e  e l e va t i on 



Tab l e  B . 3 . 4  C r i te r i a  re l ated t o  l and owne rs h i p  a nd l a n d - u s e  res t r i c t i on s  

C r i t e r i  on  

Land  owne rs h i p  

Lega l enc umb ra n c e s  a n d  
c ovena n t s  rega rd i ng 
l a nd u s e  

I d e a l 

Fed e ra l Gove rnme n t  

None  

L ea s t  d es i ra b l e  

P r i va te  owne rs ( ma ny 
owne rs l es s  d e s i ra b l e 
t h a n  a s i ng l e  own e r )  

M a ny 

The s c o r i ng  bega n by a s s i gn i ng a ra nge  o f  p o s s i b l e  s c o re s  f o r  e a c h  
c r i te r i on .  T h e  e x p e rt s  we re a l l owed t o  s e l e c t  a ny ra nge , a n  examp l e  
b e i ng  one t o  1 0 .  A s c o re w i t h i n  t h e  s e l e c ted ra nge  wa s t h e n  a s s i gned  to  
each  s i te .  The  h i g h e s t  s c o re wa s g i ven  t o  t h e  best  s i te as  d e t e rm i ned 
by that c r i te r i on .  

F o r  s ome c r i te r i a  the  s i te s c o re s  we re s ub j e c t i ve ;  t h ey we re b a s ed 
on  the  a va i l a b l e d a t a  a nd i n fo rmat i on obta i ned  by a s i te i n s p ec t i on .  
F o r  examp l e ,  t h e  s c o re s  f o r  t h e  II s c en i c a n d  rec rea t i ona l va l ue s ll c r i 
t e r i on we re b a s ed o n  f i r s t - h a nd obse rva t i on . 

F o r  mos t  of  t h e  c r i te r i a ,  howe ve r ,  t h e  s c o re s  we re d e t e rm i ned 
d i rect l y  f rom a q ua n t i ta t i ve mea s u re .  For examp l e ,  the s c o re s  f o r  t h e  
II depth  to  wa te r tab l e ll c r i te r i on we re ba s ed on  t h e  expected  d e p t h  o f  
t h e  wa t e r  t a b l e a t  the  L u c a s  M e s a  s i te .  I n  t h i s  examp l e  t h e  ra nge o f  
s c o re s  wou l d  be 30 t o  500 , w i th  30 feet  be i ng t h e  m i n i mum d e p t h  o f  t h e  
wa t e r  tab l e .  T h e  s i te s c o re wou l d  be  t h e  e x p e c te d  d e p t h  of  t h e  wa t e r  
t a b l e .  I n  t h i s  c a s e , t h e  h i g h e s t  q u a n t i ta t i ve va l ue ( i . e . ,  wa t e r  ta b l e  
a t  500 f e e t )  wou l d  res u l t  i n  t h e  h i g h e s t  s c o re . 

F o r  a few c r i te r i a ,  a s i te wi t h  t h e  h i g h e s t  q u a n t i tat i ve mea s u re 
rec e i ved t h e  l owes t  s c o re , a n  examp l e  b e i ng  t h e  c o s t  o f  mov i ng t h e  
ta i l i ngs  f rom t h e  s i te wi t h  the  h i g h e s t  mov i ng c o s t s  rec e i v i ng the  
l owes t  s c o re .  Th e examp l e  t h a t  f o l l ows i l l u s t ra te s  t h e  s c o r i n g  p ro c e s s  
f o r  th i s  type of  c r i te r i on a nd exp l a i n s how t h e  q u a n t i ta t i ve mea s u re s  
we re i nve rted t o  obta i n  a s c o re .  

A s ca l e  of  one  to 1 0  wa s s e l e c ted f o r  s c o r i ng  t h e  p re c i p i ta t i on 
c ri te r i on . The  amount o f  p re c i p i ta t i on e x p e c ted a t  e a c h  o f  t h e  f o u r  
s i te s  wa s d e t e rm i ned  a s  s h own i n  Ta b l e  B . 3 . 5 .  As i nd i c a ted i n  Ta b l e  
B . 3 . 3 ,  a n  i d ea l s i te wou l d  h a ve l es s  t ha n  s e ven  i nc h e s  o f  p re c i p i ta t i on 
p e r  yea r ,  whe re a s  t h e  l ea s t  d es i ra b l e s i te wo u l d  have  more t h a n  
20  i nc h e s  p e r  yea r .  

The  s i te s c o re s , a l s o s h own i n  Tab l e  B . 3 . 5 ,  we re ca l c u l a t e d  by 
u s i ng the  f o l l owi n g  f o rmu l a : 
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S i te 

1 
2 
3 
4 

Ta b l e  B . 3 . 5  An examp l e  o f  s i te s c o r i ng  

I nc hes  of  p re c i p i ta t i on S c o re No rma 1 s c o re We i ghted  s c o re 

whe re 

( Q )  ( S )  ( NS )  ( WS )  

8 9 . 3  9 2  1 . 8 
1 2  6 . 5  6 1  1 . 2 
1 6  3 . 8  3 1  0 . 6  
1 8  2 . 4  1 6  0 . 3  

S = ( L D  - Q) ( U  - L )  + L ( L D - I )  

S 
L D  

I 

U 
L 

= 

= 

= 

= 

t h e  s i te s c o re f o r  a c ri t e r i on . 
t h e  l ea s t  d es i ra b l e  q u a n t i ta t i ve mea s u re f o r  the  c r i te r i on 
( i . e . , 20  i n c h e s  o f  p re c i p i ta t i on p e r  yea r ) . 
t h e  i d ea l q u a n t i ta t i ve mea s u re f o r  t h e  c r i te r i on a t  a s i te 
( i . e . , t h e  p re c i p i ta t i on expected  a t  t h e  s i te ) . 
t h e  uppe r l i mi t o f  t h e  range  o f  s c o re s  ( i n t h i s  c a s e  1 0 ) . 
t h e  l owe r l i m i t o f  the  range  o f  s c o re s  ( i n t h i s  c a s e  o ne ) . 

Th i s  i n i t i a l  s c o r i n g  p ro c e s s  y i e l ded  s c o re s  f o r  e a c h  c r i t e r i on 
b u t  wi th  d i f f e re n t  s c a l e s ( e . g . , one  to  1 0 ,  o n e  to  two ) . I n  o rd e r  to 
c omp i l e  the va r i o u s  s c o re s , i t  wa s n e c e s s a ry to  p l a c e  t h em on  a u n i f o rm 
s ca l e  o f  1 0  to  1 00 .  Th i s  wa s d one  by mea n s  o f  t h e  f o l l owi n g  f o rmu l a : 

whe re 

NS :0 � 1 00 
U - L 

NS a n o rma l i zed s c o re for the c r i te r i o n  at a s i te a nd the o t h e r  
i tems a re a s  d e f i n ed p re v i o u s l y .  

F o r  ea c h  s i t e ,  t h e  s c o re s  f o r  the  24 c r i t e r i a  we re s ummed a n d  the  
tota l s  f o r  each  s i te c ompa red . F o r  a perfect  s i te ( i . e . , a l l c r i te r i a  
s c o re 1 00 )  the  tota l wo u l d  b e  2400 . Compa r i n g  t h e  tota l s  o f  t h e s e  
s c o re s  g i ve s  equa l we i gh t  to  ea c h  c a tego ry ; t h e re f o re , p rec i p i ta t i on 
wou l d  be a s  i mporta n t  a s  t ra n s po rta t i on c o s t s . 

We igh t i ng f a c to rs 

The  s c o r i ng  p roc e s s  wa s t h e n  t a k e n  o n e  s t e p  f u rth e r . We i gh t i n g 
fac tors , wh i c h d e s c r i be t h e  re l a t i ve i mp o rta n c e  o f  t h e  c r i te r i a ,  we re 
i nc o rp o ra ted by u s i ng the f o l l owi n g  e q ua t i on : 
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whe re 

WS N S  
WF 
TW 

WS t h e  we i ghted  s c o re f o r  t h e  c r i te r i o n .  
WF t h e  we i gh t i ng f a c t o r  f o r  t h e  c r i t e r i o n . 
TW t h e  s um o f  a l l  we i ght i ng fac tors . 

I n  the  p rec i p i ta t i on examp l e ,  t h e  we i gh t i ng f a c t o r  i s  two , w i t h  
t h e  s um o f  a l l we i gh t i n g fa c t o rs be i n g 1 00 .  Th i s  mea n s  that  two 
p e rc ent o f  the  tota l s c o re w i l l  b e  a t t r i b u ted to p rec i p i ta t i on . When  
t h e  we i gh ted s c o re s  f o r  a s i t e a re s ummed , t h e  s ums w i l l  b e  b e tween 
z e ro a nd 1 00 ,  wi t h  1 00 b e i ng  an i d ea l  s i t e .  

The  we i gh t i ng f a c t o rs u s ed i n  th i s  a n a l ys i s  a re g i ven  i n  Ta b l e  
B . 3 . 6 .  

B . 3 . 3  A L TE R NAT I V E S  S E L E CT E D  

The  we i gh t ed s c o re s  a s s i g ned to  the  L u c a s  M e s a  s i te f o r  s i te 
s u i ta b i l i ty c r i te r i a  a re pres ented i n  Ta b l e  B . 3 . 7 .  The  tota l we i ghted  
s c o re s  for  a l l  c r i te r i a  a re p re s e nted i n  Tab l e  B . 3 . 8 .  Compa red to the  
tota l we i ghted s c o re o f  1 00 f o r  a n  i d ea l s i te ,  the  tota l we i gh ted 
s c o re s  f o r  the  L u c a s  M e s a  s i te we re s u c h  that t h e  DOE  a g re ed to  i nc l ud e  
t h e  L u c a s  M e s a  s i te w i th t ru c k  t ra n s porta t i on i n  t h e  d ra f t E I S .  

B . 3 . 4  C LOSE- I N  A L T ERNAT I VES  

I n  the  s umme r o f  1 98 5 , t h e  DOE c on d u c ted a f u rt h e r  s i te s c reen i ng 
p ro c e s s  to  i dent i fy a n  a dd i t i on a l  a l t e rn a t e  s i te i n  t h e  R i f l e  a rea t h a t  
wa s t e c h n i ca l l y s u i ta b l e a n d  l es s  c o s t l y  t h a n  re l oc a t i o n to L u c a s  M e s a . 
Th i s  t i me ,  t h e  a l te rnate s i te s e l ect i on p ro c e s s  c on s i s ted o f  f o u r  p h a s e s  
( F i g u re B . 3 . 1 ) :  P h a s e  I - d e s i gnat i on o f  a s e a rc h  reg i on ;  P h a s e  I I  -
p re l i m i na ry sc ree n i ng o f  t h e  d e s i gnated  s e a rc h  reg i on ;  Pha s e  I I I  - p re
l i m i na ry s c reen i ng a n d  e va l ua t i on o f  potent i a l  a rea s ; a nd P h a s e  IV  -
i d en t i f i c a t i on a n d  e va l ua t i on o f  c a n d i date  s i te s . Tec hn i c a l  f a c tors 
we re a p p l  i ed d u r i n g  ea c h  p h a s e  t o  red u c e  t h e  n umb e r  ( i  . e . , a rea ) o f  
c a n d i d a t e  a rea s a c c epta b l e f o r  ta i l i ng s  d i s pos a l . P h a s e  I d e f i n ed the  
c r i te r i a  f o r  s e l ect i ng t h e  d e s i gnated  s e a rc h  reg i on .  P ha s e  I I  a pp l i ed 
t h e  reg i ona l s c reen i ng g u i d e l i ne s  u s ed t o  e l i m i na t e  a re a s  wi th i n  the  
s e a rc h  reg i on f rom f u rt h e r  e va l ua t i on . Pha s e  I I I  sc reened a n d  e va l uated 
potent i a l  a rea s for  d eta i l ed re v i ew i n  t h e  s e l ect i on p roc e s s . P h a s e  IV  
f u rt h e r  red uced  t h e  a rea s to  sma l l  pa rce l s  o f  l a nd ( i . e . , s i te s ) and  
ra n ked the  s e l ected s i te s . 

Pha s e  I 

The  f i rst  p h a s e  i n  t h e  s e l ec t i on p roc e s s  wa s t h e  d e s i gn a t i on o f  a 
s e a rc h  reg i on .  C r i t e r i a  u s ed to d e f i n e t h i s  reg i on we re : ( 1 )  d i s p o s a l 
wi th i n  the  state  o f  Co l o rad o ,  a n d  ( 2 ) d i s p o s a l w i t h i n  Ga rf i e l d  County . 
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C r i t e r i a 

E n v i ronme nta l c r i te r i a  
Popu l a t i on d e n s i ty 

Ta b l e  B . 3 . 6  We i gh t i ng f a c t o rs 

Poten t i a l  f o r  u s e  a s  f a rm l a n d  
Potent i a l  f o r  u s e  a s  t ra n s po rta t i on c o r r i d o r  
P re s ence  o f  a nt i qu i t i es ,  etc . 
P re s en c e  o f  enda nge red o r  t h reatened  s p e c i e s 
Scen i c  a n d  rec rea t i on a l va l ue s  

Geo l og i c  c r i te r i a 
P re s e n c e  o f  e c o n om i c m i n e ra l  re s o u rc e s  
Potent i a l  f o r  w i nd e ro s i on 
Potent i a l  fo r wa t e r  e ro s i on 
Poten t i a l  f o r  l a nd s l i d e s  
Potent i a l  f o r  s u b s i d en c e  a n d  c a v i ng  
Se i smi c r i s k  

Hyd ro l og i c  c r i te r i a  

We i gh t  

4 
2 
2 
1 
1 
1 

Subtota l 1 1  

3 
8 
8 
3 
3 
3 

Subtota l 28  

P rec i p i ta t i on 2 
Evapotra n s p i ra t i on 2 
D i s ta n c e  to  r i vers , l a k e s , etc . 2 
Depth  o f  wa te r tab l e  4 
U n s a t u rated-zone  ma t e r i a l s 4 
Hor i zonta l g ro u n dwa t e r  s peed 2 
Qua l i ty o f  u p p e rmos t  g ro undwa t e r  2 
Sa t u ra ted zone  mat e r i a l s  2 
Poten t i a l  f o r  a rte s i a n  we l l s  1 

C r i t e r i on  re l a ted t o  eng i nee r i n g  

Subtota l 2 1  

e c onomi c s : d i s p o s a l c o s t  30 

C r i te r i a re l a ted to  l a nd  owne rs h i p  a nd u s e  re s t r i c t i on s  
Land  owne rs h i p  8 
Lega l e n c umbra n c e s  2 
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Tab l e  B . 3 . 7  We i g hted s c ores  f o r  s i te -s u i ta b i l i ty c r i te r i a  

C r i t e r i on 

E n v i ronmenta l c r i te r i a  
Popu l a t i on d e n s i ty 
Potent i a l  f o r  u s e  a s  f a rm l a nd 
Poten t i a l  f o r  u s e  a s  t ra n s po rta t i on c o rr i d o r  
P re s en c e  o f  a nt i qu i t i e s , etc . 
P re s en c e  o f  e n d a nge red a nd t h reatened  s p e c i es 
S c e n i c  and  re c reat i ona l va l ue s  

S ubtota l 

Geo l og i c  c r i te r i a  
P re s en c e  o f  e c o n om i c m i n e ra l re s o u rc e s  
Poten t i a l  f o r  wi nd e ros i on 
Potent i a l  f o r  wa ter  e ros i on 
Poten t i a l  f o r  l a n d s l i d e s  
Potent i a l  f o r  s u b s i de n c e  a n d  c a v i ng 
Se i sm i c  r i s k  

Hyd ro l og i c  c r i te r i a  
P rec i p i ta t  i on  
E v a p o t ra n s p i ra t i on 

S u b tota l 

D i s t a n c e  to  r i vers , l a k e s , etc . 
Depth  o f  wat e r  tab l e  
U n s a t u rated-zone  ma te r i a l s  
H o r i zonta l g ro u ndwa t e r  s peed 
Qua l i ty o f  uppe rmo s t  g ro u n dwa t e r  
Sa t u rated-zone  mat e r i a l s  
Potent i a l  f o r  a rtes i a n  we l l s  

S ubtota l 

Land  owners h i p  a nd l a nd  u s e  rest r i c t i on s  
Land  owne rs h i p  
Lega l enc umb ra nc e s  

S ubtota l 

8-20 

L u c a s  
M e s a  

1 . 8 
0 . 9  
1 . 6 
0 . 5  
0 . 7  
0 . 4  

5 . 9  

1 . 5 
7 . 0 
6 . 7  
1 . 5 
3 . 0 

_2 . 7  

2 2 . 4  

3 . 6  
0 . 4  
0 . 3  
1 . 5 
3 . 6  
1 . 2 
1 . 0 
1 . 0 
0 . 5  

1 3 .  1 

3 . 2  

£ .. Q 
5 . 2  



Tab l e  B . 3 . 8  Tota l we i ghted  sc o re s  f o r  t h e  a l t e rn a t e  s i te s  

S o u rc e  o f  
ta  i l  i n g s  

R i f l e  

T ra n s p o rta t i on 
met h od 

T r u c k  
Ra  i 1 a nd t ru c k  
Ra i l  a nd c onveyo r 

L u c a s  
Mesa  

69 . 3  
54 . 7  

C r i te r i on  1 req u i red d i s p o s a l o f  t h e  u ra n i um ta i l i ng s  w i th i n  the  
s ta te o f  C o l o rad o . The  ra t i ona l e  for  t h i s  c r i te r i on  i s  f o u nd i n  the  
U ra n i um M i l l  Ta i l i ngs  Rad i a t i on Con t ro l  Ac t o f  1 9 7 8  ( UMTRCA ) , Sec t i on 
1 06 ,  wh i c h  requ i re s  a p p rova l f rom t h e  g o v e r n o r  o f  t h e  s t a t e  to  rec e i ve 
the  ta i l  i ngs  . 

C r i te r i o n  2 d i rec ted that  the  u ra n i um ta i l i ngs  be  d i s p o s ed w i t h i n  
Ga rf i e l d  C o u n ty , C o l o rad o . Th i s  c r i te r i o n  wa s d e v e l oped to  a vo i d  i nter
c ou n ty c o n f l i c t s , red u c e  potent i a l  p roj ec t oppos i t i on ,  a nd exped i te the  
remed i a l  a c t i on p roc e s s . 

To f u l f i l l  t h e s e  c r i te r i a ,  a s e a rc h  reg i on c ov e r i ng a s i x -mi l e  
rad i u s f rom the  ex i s t i ng ta i l i ng s  p i l e s  wa s s e l e c ted . Th i s  rad i u s 
e n c ompa s s ed a p p rox i ma t e l y  1 1 3  s q u a re m i l es .  

I t  i s  rec ogn i z ed t h a t  t h e  c r i te r i a  u s e d  t o  d e s i gn a t e  t h e  s e a rc h  
reg i on we re a rb i t ra ry .  No  regu l a t i on s  o r  g u i d e l i ne s  ex i s t t h a t  req u i re 
a spec i f i c  s e a rc h  reg i on .  The  a re a  d e s i gnated  f o r  Pha s e  I p rov i d ed a 
rea l i s t i c  a rea f o r  i n i t i a l  e va l u a t i on a n d  a l l owed f o r  the  i d e nt i f i ca 
t i on o f  a c c e p ta b l e  a l t e rn a t e  s i te s . I t  s h ou l d  b e  rec og n i zed , h oweve r ,  
that  the  p ro c e s s  d e p i cted  i n  F i g u re B . 3 . 1  i s  o n e  o f  i te ra t i on .  That  
i s ,  s ho u l d  s ub s eq u e n t  pha s e s  h a ve d e t e rm i ned  that  t h e re we re too  few or  
n o  s u i ta b l e a re a s  for  ta i l i ng s  d i s p o sa l , the  Pha s e  I s e a rc h  reg i on 
wou l d  be expa nded a nd t h e  eva l ua t i on p ro c e s s repeated . 

Pha s e  I I  

Pha s e  I I  e s ta b l i s hed reg i ona l s c reen i ng g u i de l i ne s  c o n s i s t i ng o f  
geotec h n i ca l  a n d  e n v i ronme n t a l f a c t o rs t o  e l i m i na t e  l a n d s  w i th i n  the  
s ea rc h  reg i on that  we re u n s u i ta b l e f o r  u ra n i um ta i l i ng s  d i s p o s a l . The  
f ramework for  t h e  reg i ona l sc reen i ng g u i d e l i n e s  wa s i n i t i a l l y d e v e l oped 
by the DOE . The  R i f l e  C ommu n i ty Ta s k  F o rc e  o n  U ra n i um Ta i l i ng s  D i s 
posa l , s t a t e  o f  C o l o rad o ,  U . S .  F o re s t  Serv i c e ,  U . S .  B u rea u o f  Land  
Manageme n t , a n d  t h e  U . S .  Nuc l ea r  Reg u l a t o ry C omm i s s i on p rov i ded  i n put  
i n to t h e  d eve l opme n t  o f  t h e  g u i de l i ne s . 
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D ES I G N AT I ON OF SEA RCH REG I O N  

P H ASE I 

P R E LI M I N A R Y  S C R E E N I NG OF 

D E S I G N AT E D  S EA R CH R E G I O N  

P H AS E  I I  

P R E LI M I N A R Y  S C R E E NI N G  A N D  

E V A L U A  T l O N  OF POT E N T I A L  A R EA S  

P H AS E  I I I  

I D E N T I FI CAT I O N  A N D  E V A L U AT I ON 

OF CA N D I D AT E  S IT E S  

P H AS E  I V  

F I G U R E  B. 3. 1 

A LT E R N A T E  S I T E  SE L E CT I O N  P R O C E S S  
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The  reg i ona l sc reen i ng g u i d e l i ne s  i d e nt i f i ed 2 3  c ha ra c te r i s t i c s  
a n d  a " bu f f e r  zone " a round  eac h c ha ra c te r i s t i c  ( i  . e . ,  c r i t e r i a  d e f i n i 
t i on )  to  be a v o i ded  i n  t h e  s e l e c t i on o f  a l t e rnate  d i s po s a l a re a s . 
Ta b l e  B . 3 . 9  p re s e n ts  t h e  gu i d e l i ne s . 

The gu i d e l i ne s  were not we i g hted n o r  ra n k ed a s  to  t he i r  re l a t i ve 
i mpo rta n c e  but  we re u s ed to  e l  i m i nate  b road a re a s  f rom c o n s i d e ra t i on 
t ha t ,  i f  i nc l uded , may h a ve req u i red a g re a t e r  c omp l ex i ty i n  t h e  d e s i gn 
( e . g . , steep  s l opes ) o r  p o s ed p ro b l ems o f  a regu l a to ry natu re ( e . g . , 
p re s en c e  o f  e n d a n g e red s p ec i es ) . Sc ree n i n g  g u i de l i ne s , by t he i r  
n a t u re , may exc l u d e  a few a c c e pta b l e a rea s . Howeve r ,  w i th  mo re t h a n  
1 1 3  s q u a re m i l es i n  t h e  i n i t i a l  s e a rc h  reg i on , i t  wa s g e n e ra l l y  a g reed 
among the  agenc i e s that s e v e ra l  a re a s  s u i ta b l e for ta i l i ng s  d i s p o sa l 
c o u l d  be i d ent i f i ed .  

A team comp r i s e d  o f  s p ec i a l i s t s  i n  t h e  f i e l d s  o f  geotec h n i ca l  
eng i n e e r i ng , geo l o gy ,  hyd ro l ogy , s e i smo l ogy , a nd e n v i ronmenta l s c i e n c e s  
a p p l i ed t h e  reg i ona l s c ree n i ng gu i d e l i ne s  t o  t h e  l a nd s w i th i n  the  
s e a rc h  reg i on . A e r i a l  photog ra ph s , t h e  Ga rf i e l d  County  Comp re h e n s i ve 
P l a n , a n d  t e c h n i c a l  rep o rt s  f rom t h e  s t a te o f  C o l o ra d o , U . S .  B u re a u  o f  
L a nd Ma nageme n t , U . S .  F o re s t  Se rv i c e ,  U . S .  So i l  C o n s e rva t i on Se rv i c e ,  
a nd the  U . S .  Geo l og i c a l  Su rvey ( USGS ) , p ro v i d e d  t h e  b a s i s  f o r  t h i s  
e f f o rt . 

The  l a n d s  w i th i n  t h e  b u f fe r  zone  o f  e a c h c h a ra c te r i s t i c  ( i . e . ,  
e l i m i nated  a rea s )  we re i d e nt i f i ed a n d  p l otted on  USGS topog ra ph i c  ma p s  
( 1  : 24 , 000 ) . E l i m i na ted a re a s  we re i de n t i f i ed by c od e s  on  t h e s e  ma p s . 

App rox i ma t e l y  1 00 s q u a re m i l e s o r  90 p e rc ent  o f  t h e  l a n d s  w i th i n  
t h e  s i x-m i l e  rad i u s o f  R i f l e  we re e l i m i nated  f rom f u rt h e r  e va l ua t i on .  
The  rema i n d e r  o f  t h e  l a nd s ,  a p p rox i ma t e l y  1 3  s q u a re mi l es ,  fo rmed the  
ba s i s  f o r  t h e  Pha s e  I I I  e va l ua t i on .  

Pha s e  I I  I 

The 1 3  squa re m i l es i d en t i f i ed i n  Pha s e  I I  we re eva l uated  by the  
team o f  tec h n i ca l  s pec i a l i s t s , p l u s a d e s i gn e n g i ne e r ,  to  s e l e c t  s e v e ra l  
a re a s  s u i ta b l e  f o r  ta i l i ng s  d i s po sa l . 

The s e l ect i o n p roc e s s  requ i red eac h t e c h n i c a l  s p ec i a l i s t on  the  
team to reexam i ne  the  l i t e ra t u re in  g re a t e r  d e ta i l  a n d  to  a pp l y  h i s  or  
her  k n ow l edge  a n d  p ro fe s s i ona l j ud gmen t  of  t h e  c h a ra c te r i s t i c s  t h a t  a re 
c o n d uc i ve f o r  d i s po s a l o f  ta i l i ng s  i n  a ma n n e r  t h a t  w i l l  meet the  E PA 
s t a nd a rd s  ( 40 C F R  Pa rt 1 92 )  w i thout  h i gh l y  c omp l ex d e s i gn fea t u re s . 
For  examp l e ,  a rea a c c e s s i b i l i ty a nd t e r ra i n ,  n ea rby s t ru c t u re s , poten
t i a l  bo rrow s i te s  f o r  cover  ma t e r i a l , and  c o n s t ru c t i b i l i ty we re fea t u re s  
c on s i d e red b y  t h e  e ng i nee r ;  t h e  hyd ro l og i s t eva l uated t h e  p re s e nc e  o r  
a b s e n c e  o f  c omp l ex wa t e rs hed s ,  d e p t h  to  g ro u n d wa te r ,  a nd wa t e rs h ed s i ze ;  
t h e  geote c h n i ca l  eng i ne e r  c on s i d e red nea rby f a u l t s a n d  fa u l t  zones , 
l at e s t  s e i sm i c  ac t i v i ty a nd extent , e ro s i on p o t e n t i a l , l i q u e fa c t i on po
ten t i a l , a n d  s l ope  s ta b i l i ty .  Ta b l e  B . 3 . 1 0  p re s e n t s  a l i s t o f  d es i ra b l e 
c h a ra c te r i s t i c s  u s ed to  gu i d e  t h e  eva l u a t i on team i n  t h e  s e l ec t i on o f  
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Tab l e  8 . 3 . 9  R eg i ona l s c re e n i ng  g u i d e l i ne s  

C h a ra c t e r i s t i c  C r i t e r i a d e f i n i t i on 

Geo l og i c  f a u l t s A re a s  w i t h i n  0 . 2 5 m i l e  o f  H o l o c e n e  o r  rec e n t  
f a u l t i ng .  

L i q u e fac t i on potent i a l  W i t h i n  0 . 2 5 m i l e  o f  a re a s  h a v i ng  s a t u rated  
l oo s e  sands  or  v i s i b l e  s u rf a c e  i nd i c a t i on s  of  
d i s ru p t ed d ra i n a g e  or  b ro k e n  g ro u n d . 

La n d s l i d e s  A re a s  w i t h i n  0 . 2 5 m i l e  o f  v i s i b l e  i nd i c a t i on s  
o f  s l ope  i n s t a b i l i ty .  

Vo l c a n i c  a c t i v i ty A re a s  w i th i n  2 m i l es o f  expos ed Late  Q u a t e rna ry 
v o l c a n i c  depos i t s .  

E ros i ve s o i l s  A re a s  o f  k nown h i g h l y-e ros i ve s o i l s .  

S l ope s a n d  e s c a rpme n t s  S l opes  s t e e p e r  t h a n  3 3  p e rc e n t  g ra d e ; o r  a re a s  
f rom the  top o f  a n  e s c a rpment  i n  e x c e s s o f  1 0  
feet  i n  h e i g h t  e s t a b l i s h ed by t h e  i n t e r s ec t i on 
o f  t h e  g ro u n d  s u rf a c e  w i th  a p l a n e  i nc l  i ned  a t  
a 20°  a ng l e  f rom a h o r i zonta l p l a n e  p a s s i ng 
t h ro u g h  t h e  toe o f  t h e  e s c a rpme n t , o r  1 00 feet , 
wh i c hever  i s  g rea te r .  

Wat e r  bod i es 

Wet l a n d s  

F l oodp l a i ns 

Aqu i f e rs 

S u rf a c e  d r i nk i ng 
wa t e r  s up p l i es 

Commun i t  i e s  

L a k e s , pond s , re s e r vo i rs ,  r i v e rs , o r  p e ren n i a l  
s t reams . 

Wet l a n d s  a s  d e f i ned  by t h e  U . S .  F i s h  & W i l d l i fe 
S e rv i ce .  

1 00-yea r f l oo d p l a i n s a s  d e f i ned by t h e  U . S .  
Depa rtment  o f  H o u s i ng & U rb a n  D e v e l o pme n t , o r  
w i th i n  0 . 1 2 5 m i l e  o f  s t ream c e n t e r l i ne .  

P r i n c i pa l  rec ha rge a re a s  a n d  t ra n s i t i on zones  
f o r  s o l e s o u rc e  a q u i f e rs or  other  a re a s  o f  
potent i a l  wa te r u s e . 

A re a s  w i t h i n  1 m i l e  o f  s u rf a c e  d r i nk i ng wa t e r  
s up p l i es .  

A re a s  wi t h i n  1 m i l e  o f  c ommu n i ty l i n e s  ( l ega l 
b o u n d a  ry ) . 
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Ta b l e  B . 3 . 9 Reg i ona l sc reen i ng g u i d e l i n e s  ( Conc l ud ed )  

C h a ra c te r i s t i c  C r i te r i a d e f i n i t i on 

M i n e ra l  res o u rc e s  

S u b s i d en c e  a re a s  

T ra n s po rta t i on a nd 
c ommun i ca t i on c o r r i d o rs 

A rc ha e o l og i ca l  a n d  
h i s t o r i ca l res o u rc e s  

P r i me f a  rml a n d  

Sta te a n d  Na t i on a l Pa rk s 

W i l d e rn e s s  a nd n a t u ra l  a re a s  

Wi l d l i fe refuges  

C r i t i ca l  h a b i ta t 

S i gn i f i c a n t  k n own rec ov e ra b l e res o u rc e s  o f  o i l ,  
ga s ,  c oa l , a n d  o t h e r  m i n e ra l s  ( exc ept u ra n i um 
a nd g rave  1 )  . 

W i t h i n  0 . 2 5 m i l e  o f  a re a s  s u s c ept i b l e  t o  s ub
s i d en c e  by na t u ra l  or  ma n -mad e  c a u s es . 

A re a s  w i th i n  t h e  r i g ht s -o f -way o f  s ta te , 
Fed e ra l , a n d  c ou n ty road s ,  a nd Ga rf i e l d  County  
A i  rpo rt . 

W i th i n  1 00 f eet o f  a rc h a eo l og i ca l  o r  h i s to r i c a l  
res o u rc e s  a n d  s i te s  o n  t h e  N a t i on a l Reg i s t e r  o f  
H i s to r i c P l a c e s . 

Area s d e s i gnated  by t h e  So i l  Con s e rva t i on 
S e rv i c e a s  be i ng w i th i n  t h e  C l a s s  I I  s o i l 
c a pa b i l i ty c l a s s i f i ca t i on .  

W i t h i n  0 . 2 5 m i l e  o f  pa rk s  a n d  mon ume n t s  u n d e r  
Fed e ra l , s t a t e , o r  l oca l j u r i sd i c t i on .  

W i th i n  0 . 2 5 m i l e  o f  w i l d e rn e s s  a reas , wi l d e r
n e s s  s t ud y  a rea s , na t u ra l  a rea s , a re a s  o f  
c r i t i ca l  e n v i ronmenta l c onc e rn , a nd road l es s  
a rea s a s  i d ent i f i ed b y  t h e  u . S .  F o re s t  Serv i ce ,  
B u rea u  o f  Land  Mana geme n t , a nd t h e  s ta t e  o f  
C o l o rad o .  

W i th i n  0 . 2 5 m i l e  o f  wi l d l i fe re f u g e s  and  
d e s i g na ted mi g ra t o ry b i rd feed i ng a re a s . 

W i th i n  0 . 2 5 m i l e  o f  d e s i gnated  c r i t i ca l  h a b i tat 
for t h rea tened or end a n g e red s p ec i es ,  f i s h e ry 
res o u rc e  a rea s , a n d  botan i ca l l y a n d  geo l og
i ca l l y  s en s i t i ve a rea s ; wi t h i n  0 . 5  m i l e  of  
k n own ba l d  eag l e  or  o s p rey n e s ts a nd sage  
g ro u s e  s t rutt i ng g ro u nd s . 
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Ta b l e  B . 3 . 1 0  De s i ra b l e c h a ra c t e r i s t i c s  f o r  a l t e rnate  a re a s  

o GEOTE C H N I CAL 
R e l a t i ve d i s t a n c e  f rom a c t i ve 
fa u l ts 
L ow potent i a l  f o r  l i q u e fa c t i on 
Compa ra t i ve s l ope s ta b i l i ty 
Re l a t i ve e ro s i on potent i a l  

o HYDROLO G I CAL  
- M i n i ma l  d ra i nage  a rea 
- Away f rom te rra c e s  

H i g h e r  d e p t h  to  g ro undwa t e r  
- Away f rom f l ood p l a i n s 

Towa rd top  o f  wa te rs hed u n i t  

o E N G I N E E R I NG 
R e l a t i ve d i s t a n c e  f rom ex i s t i ng 
ta i l i n gs  
P rox i m i ty o f  b o rrow ma te r i a l s  
T ra n s p o rta t i on network 
Te r ra i n  
Few ex i s t i ng s t ru c t u re s  

o E N V I RONMENTA L  
- Awa y f rom c r i t i ca l  ha b i ta t s  

P rox i m i ty t o  s tate  a n d  n a t i ona l 
pa rk s 
D i s t a n c e  t o  w i l d l i fe re f u g e s  
L o c a t i on away f rom w i l d e rn e s s  
a nd na t u ra l  a rea s 

a l t e rn a t e  a rea s . I n  s Ul111la ry ,  p ro fe s s i ona l j ud gmen t  wa s exe rc i s ed  by 
the s p ec i a l i s t s  t h a t  we re u l t i ma te l y  t o  p repa re the c o n c ept u a l  d e s i gn 
t o  s e l e c t  a rea s h a v i ng a t t r i b u tes  d e s i ra b l e  f o r  ta i l i ng s  d i s po s a l . 

F rom the  Pha s e  I I I  team a na l ys i s ,  a re a s  h a v i ng f e a t u res t h a t  we re 
d es i ra b l e  to the maj o r i ty of t h e  tec hn i ca l  s p ec i a l i s t s  we re s e l ec ted 
( F i gu re B . 3 . 2 ) for  eva l ua t i o n  i n  Pha s e  I V .  

Ea r l y i n  Pha s e  I V ,  t h e  s e l ec t ed a rea s we re i n s p ected  by t h e  t e c h 
n i c a l  eva l u a t i o n  t e a m  to  v e r i fy t h e  s u i ta b i l i ty o f  ea c h  a rea , i d e n t i fy 
potent i a l  p ro b l ems w i t h  a n  a rea wh i c h m i g h t  e l i m i na t e  t h e  a rea f rom 
f u rt h e r  c o n s i d e ra t i on ,  a n d  s e l ec t  s p ec i f i c  s i te s  w i t h i n ea c h  a rea t o  
ra n k  o n  a c ompa ra t i ve ba s i s .  I n  add i t i on t o  t h e  a re a s  s e l e c ted by t h e  
tec hn i ca l  eva l u a t i on team , s e v e ra l  new a re a s  rec omme nded  b y  t h e  R i f l e  
Ta s k  Force  a nd t h e  C o l o ra d o  Geo l og i ca l  S u rvey we re i nc l uded  i n  t h e  
f i e l d  eva l ua t i on . A tota l o f  e i g h t  a rea s we re a n a l yzed i n  the  f i e l d . 
These  a re a s  we re i d ent i f i ed a s  Ye l l ow S l i d e  G u l c h ,  G ra s s  Mesa , Web s te r 
H i l l ,  Web s t e r  Mes a , An v i l Po i nt ,  M u rphy  R es e rvo i r ,  H ubba rd Mes a , a nd 
E s tes  Gu l c h .  F i g u re B . 3 . 2  s hows t h e  a p p rox i ma t e  l oc a t i on o f  ea c h  
a l t e rnate  a rea . 

D u r i ng  the  f i e l d  s u rvey , f i ve o f  t h e  a re a s  i d en t i f i ed we re 
e l i m i na ted a s  a res u l t  o f  rec e n t  o r  p l a n n ed d e ve l opme n t s  that  a re i n  
c o n f l i c t  w i t h  the  d i s posa l s i t i ng c r i t e r i a . 

Ye l l ow S l i d e  Gu l c h a nd t h e  M u rphy  R e s e rvo i r a re a s  we re e l i m i na ted 
d u e  to  the p re s e n c e  of u nd e rg round  p i pe l i ne sys tems . S i m i l a rl y ,  Web s te r  
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H i l l  rec e n t l y  h a s  been  d eve l oped a s  a nat u ra l  g a s  f i e l d  w i t h  add i t i on a l  
d r i l l i ng p l anned  i n  t h e  a rea . A nat u ra l  g a s  p i pe l i ne g a t he r i ng  sys tem 
wou l d  a d d  f u rt h e r  c omp l ex i ty t o  t h e  u t i l i za t i on i n  t h e  a rea , e l i m i na t i n g 
t h e  a rea f rom f u rt h e r  c on s i d e ra t i on .  

G ra s s  Mes a , l oc ated on the  s ou t h  s i d e o f  the  C o l o ra d o  R i ve r ,  i s  
be i ng s u bd i v i d ed i n to  40-a c re pa rc e l s ,  e l i m i na t i ng t h i s  s i te a s  we l l .  

An v i l Po i nt ,  t h e  s i t e o f  t h e  f o rme r DOE  o i l s ha l e  p roj ec t ,  wa s 
exami ned extens i ve l y  a nd rej ected  f o r  two rea s on s : t h e  a va i l a b l e  a rea 
wa s not l a rge e n o u g h  f o r  the e n t i re ta i l i ng s  vo l ume , and t h e  a rea 
a ppea rs h i gh l y  s u s c e pt i b l e  t o  hea vy f l ood i ng d ue t o  i t s l oca t i on a t  t h e  
f o o t  o f  a ca nyon . 

The  rema i n i ng a reas , Web s t e r  H i l l ,  Hubba rd Mesa , a n d  E s t e s  Gu l c h ,  
we re exam i n ed and  pa rce l s  o f  a pp rox i ma t e l y  1 00 a c re s  we re i d ent i f i ed a t  
e a c h  s i te .  T o  p ro v i  d e  a n  a c c u rate  ra n k  i ng  o f  eac h p roposed  s i te , a 
geotec h n i c a l  d r i l l i ng p ro g ram wa s u n d e rta k e n . D u e  t o  t h e  expen s e  o f  
t h e  d r i l l i ng p rog ra m ,  t h e  p ro g ram wa s s t ruc t u re d  t o  f i rs t  d r i l l  t h e  two 
l ead i ng c a nd i date  s i te s . I n  t h e  e ve n t  d r i l l i n g o f  one  of t h e s e  two 
s i tes i de nt i f i ed maj o r  s u b s u rf a c e  p ro b l ems , t h e  t h i rd s i te wou l d  be  
d r i l l  ed . 

The  d r i l l i ng p ro g ram s t a rted w i th  the  H u b ba rd Mesa  a n d  E s t e s  Gu l c h  
s i te s . D r i l l i ng o f  t h e s e  s i te s  p ro d u c ed n o  s i gn i f i ca nt s u b s u rf a c e  
p rob l ems . 

F o l l ow i ng t h e  c omp l et i on o f  t h e  d r i l l i ng a c t i v i t i e s a t t h e s e  two 
s i tes , e a c h  s i te wa s n u me r i c a l l y ra n k ed ut i l i z i ng geot ec h n i ca l , 
hyd ro l og i c a l , e n v i  ronmenta l ,  a n d  e ng i n ee r i n g c r i te r i a  s h own i n  Ta b l e  
B . 3 . 1 1 .  The  c r i te r i a  we re ba s e d  o n  mod i f i ca t i on s  to  C r i te r i a  f o r  
E va l ua t i ng D i s p o s a l S i tes  ( DOE , 1 9 8 2 )  a n d  t h e  geotec h n i c a l  ra n k i ng 
ma t r i x u s ed by t h e  C o l o ra d o  Geo l og i c a l  S u rvey i n  t h e  p re l i m i n a ry d i s 
posa l s i te sc ree n i ng rep o rt ( CGS , 1 98 2 ) . T h e s e  c r i te r i a  ra n k ed ea c h  
a l t e rnate  s i te f o r  30 s i te-spec i f i c  c h a ra c t e r i s t i c s . E a c h  c ha ra c te r
i s t i c  wa s we i ghted . A tota l o f  408 po i nts  f o r  e a c h  s i te wa s p o s s i b l e .  

Ea c h  team memb e r  wa s re s p on s i b l e  f o r  ra n k i n g e a c h  s i te on l y  w i t h i n  
t h e i r own a reas  o f  ex p e rt i s e .  The geo l og i s t a n d  h yd ro l og i s t ra nked  
o n l y  geotec h n i ca l  f a c t o rs , wh i l e  t h e  e n v i ronmenta l i s t  a n d  eng i nee r 
e va l uated f a c t o rs w i th i n  t he i r  d i sc i p l i ne s . 

The  res u l t s o f  t h e  ra n k i ng i nd i c a t e  t h a t  E s tes  Gu l c h  a nd Hubba rd 
Me sa ra nked  v e ry s i m i l a r  t o  ea c h  ot h e r ;  E s te s  Gu l c h s c o red 284 . 5  a nd 
Hu bba rd Mesa  s c o red 282 . 5  ( Ta b l e  B . 3 . 1 2 ) . E i t h e r  s i te wou l d  be  
a c c eptab l e  a s  a d i s po s a l s i te .  

Geot echn i ca l l y ,  H ubba rd Mesa  ra n k e d  h i g h e r  on  s even  facto rs . 
These  i nc l u d ed l a nd  s l ope , l i t h o l ogy o f  s u rf a c e  ma t e r i a l s ,  p e rmea b i l i ty 
o f  s o i l s ,  poten t i a l  s l ope  fa i l u re ,  e ro s i ona l /d e p o s i t i ona l s e t t i ng ,  
geomo rp h i c  s t a b i l i ty ,  a n d  potent i a l  a s  a rec h a rge a rea . E s te s  Gu l c h  
ra n k ed h i gh e r  i n  two f a c t o rs : bed rock 1 i t h o l ogy a n d  d e p t h  t o  g ro u nd 
wa t.e r .  
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Ta b l e  B . 3 . 1 1  R i f l e  a l t e rnate s i t e  s e l ec t i on - -geotec h n i c a l , hyd ro l og i c a l , e n v i ronmenta l ,  a nd eng i ne e r i ng ra t i ng ma t r i x 

R a n k  

Fac t o r  0 2 3 4 We i ght F a c tor  s c o rea 

l .  L a n d  s l ope > 1 0% 1 0  to 7 . 5% 7 . 5  to 5% 5 to 2 . 5% 2 . 5  t o  0% 

2 .  S u rf i c i a l  mat e r i a l s  g ra ve l  o r  v e ry f i ne s i l t  s i l ty c l ay c l ay 2 
1 i th o l  ogy s a nd s a nd o r  

s a n d y  s i l t  

3 .  S u r f i c i a l  ma t e r i a l s  o t o  2 ft 2 to  5 f t  5 t o  1 0 f t  1 0  to  20 f t  >20 f t  
t h i c k n e s s  

4 .  Bed roc k l i t h o l ogy sandston e ,  v e ry f i ne s i l t s to n e  s i l ty s ha l e  s ha l e ,  c l a y- 2 
l i mestone , s a n d s tone , o r  c l aystone s t.one , or 

OJ c o n g l ome ra t e , s a ndy s i  I t- g ra n i te 
I o r  ba s a l t  s tone , t u f f s  N � o r  a l t e red 

t u f f s  

5 .  Pe rmea b i l i ty o f  s o i l s  H i g h  Med i um Low Ve ry l ow P ra c t i ca l l y 4 
and/or  rock a bove the i mp e rmea b l e  
s ha l l owes t  u s ea b l e  
a q u i f e r  ( i nc l ud i ng k=l  to  k = l O-l t o  k=1 0-3 to  k=1 0-5 to  k=1 0-7 to 
f ra c tu r e  f l ow) 1 0 1 cm/s ec 1 0-3cm/ s ec 1 0-5c m/ s e c  1 O-7cm/s ec l O-l Ocm/s ec  

6 .  D i s tance  to nea rest <0 . 25 mi  0 . 2 5 to  2 mi  2 t o  1 0  mi  1 0  to  20 mi  >20 mi  4 
s e i smi c r i s k  a c t i ve 
fa u l t b 



OJ I w 
0 

Ta b l e  B . 3 . 1 1  R i f l e  a l te rna te s i te s e l ec t i o n --geotec h n i c a l , hyd ro l og i c a l , e n v i ronme n ta l , a n d  eng i nee r i ng ra t i ng ma t r i x  ( Cont i nued ) 

Fa c to r  

7 .  Sus c ep t i b i l i ty t o  
s l ope fa i l u res , s u b-
s i denc e ,  o r  hyd ro c o n 
s o l i da t i onc 

8 .  Present  e ros i o na l l  
depos i t i ona l se t t i ng 

9 .  Long-term geomo rph i c  
sta b i l i ty 

1 0 .  Con f l i c t  wi th mi nera l 
resources  

1 1 .  Aqu i fe r  c ha ra c te r i s -
t i c s  o f  s u r f i c i a l  
ma te r i a l  

1 2 .  Aqu i fe r  c ha ra c te r i s t i c s  
o f  bed rock  

o 

mode ra te  t o  
h i gh 

i nt e n s e  
gu l l y i  ng 

v e ry poor 

s e r i o u s  
c o n f l i c t s 

p roduc e s  
l a rge amo u n t s  
o f  good q ua l 
i ty wa t e r  

p rod u c e s  
l a rge amoun t s  
o f  good 
qua l i ty wa t e r  

mod e ra t e  
g u l l y i ng 

poo r 

R a n k  

2 

l ow 

m i no r  
g u l l y i ng 

mod e ra te 

mod e ra t e  
c o n f l  i c t s 

p rod u c e s  
l a rge amo u n t s  
o f  p o o r  
q ua l i ty wa t e r  

p ro d u c e s  
l a rge amo u n t s  
o f  poor  
q ua l i ty wa t e r  

3 

sheet  o r  r i l l  
wa s h  

good 

4 

very l ow 

n o  e ros i on o r  
undergo i ng 
depos i t i on 

exc e l l ent  

none o r  mi n o r  
c on f l i c t s  

p roduc e s  
l i t t l e  o r  no 
wa t e r  

p roduc es 
l i t t l e  o r  no 
wa ter  

We i gh t  F a c t o r  s c o re;\ 

---- ------ - - - -------

4 

4 

4 

4 

4 
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Ta b l e  8 . 3 . 1 1  R i f l e  a l t e rna te  s i te s e l ec t i on · -geo t e c h n i c a l , hyd ro l og i c a l , e n v i ronmenta l ,  a nd eng i neer i ng ra t i ng ma t r i x  ( Con t i nued ) 

Fa c t o r  

1 3 .  Rec ha rge a rea t o  
u s ea b l e  aq u i f e r  

1 4 .  Depth to wa t e r  ta b l e  
i n  s ha l l owes t  bed roc k 
a qu i f e r  be l ow s i te 

1 5 .  D i s ta n c e  to nea re s t  
maj o r  s p r i ng , perenn i a l  
s t re a m ,  perenn i a l  l ak e , 
o r  maj o r  i rr i ga t i on 
d i tc h  

1 6 .  S i ze o f  d ra i nage 
ba s i n  a bove s i te 

1 7 .  E v a p o ra t i on t o  
p rec i p i ta t i on ra t i o  

1 8 .  Popu l a t i on den s i ty 

-

0 

i n  rec ha rge 
a rea of 
aqu i f e r  t h a t  
p rod u c e s  
1 a rge amount s 
o f  good 
q ua l i ty wa t e r  

< 5 0  f t  

on s i te 

>2 sq mi  

wet 

H i gh 

50  t o  75 f t  

o t o  0 . 5  mi  

1 . 5  to 2 
s q  m i  

Ra n k  

2 

i n  rec ha rge 
a rea o f  
a q u i f e r  that  
p rod u c e s  
l a rge amo u n t s  
o f  p o o r  
q u a l  i ty wa t e r  

7 5  to 1 00 f t  

0 . 5  t o  1 mi  

1 to 1 . 5 
s q  m i  

mod e ra t e  

Med i um 

3 

1 00 to 200 f t  

1 to 2 m i  

1 to 0 . 5  
s q  m i  

4 vJe i ght  F a c t o r  s c o rea 

not i n  4 
rec ha rge 
a rea o f  
a qu i fe r  

> 200 f t  4 

>2 mi  2 

<0 . 5  s q  mi  2 

d ry 

Low 4 



Ta b l e  B . 3 . 1 1  R i f l e  a l ternate  s i te s e l e c t i on--geotechn i c a l , hyd ro l og i c a l , e n v i ronme n ta l ,  and eng i nee r i ng rat i ng ma t r i x  ( Cont i n u e d )  

R a n k  

Fac t o r  0 2 3 4 �Je i ght Factor s c o rea 

---

1 9 .  Fa rml a n d  potent i a l  H i gh ; Med i um ;  l ow ;  4 
SCS C l a s s  I I SCS  C l a s s  I V  n o  s o i l s  
s o i l s  o r  p re s e n t  
b e t te r  

---- ----

20 . I rr i ga ted l a nc1 s  Tota l l y Pa rt i a l l y  None 3 
i r r i go tec1 i rr i g a ted 

2 1 . Poten t i a l  for u s e  H i gh ; l ow ;  3 
a s  t ra ns po rta t i on l oc a t i on i s  l oc a t i on i n  
c o r r i d o r  n a t u ra 1 open terra i n ,  

c o r r i d o r  n o t  i n  l i ne 

co c onnec t i ng o f  s i gh t  
I u rb a n  a re a s- between 

w 
va l l eys , settl ements  N 
c a nyons a re 
examp l es 

2 2 .  P re s e n c e  o f  Some present  None p re s e n t  None present  4 
a n t i qu i t i es a nd on s i te wi th i n  0 . 5  wi th i n  one 
h i s to r i ca l  s i tes  mi l e  mi l e  

23 . Presence  o f  endan- Found on s i te ,  None p re s e n t , None p resent , 4 
ge red , t h reatened , c r i t i ca l  e v i denc e o f  no c r i t i ca l  
o r  ra re s pec i es hab i ta t  p r i o r  u sa g e  hab i ta ts  
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Ta b l e  B . 3 . 1 1  R i f l e  a l ternate  s i te s e l ec t i on --geotec h n i c a l , hyd ro l og i c a l ,  e n v i ronme n ta l ,  and  e n g i nee ri ng ra t i ng ma t r i x  ( Cont i nued ) 

-.---. --- - ------ --------_. 

Fa c tor 

24 . Sc en i c  and  rec rea t i ona l 
va l ue s  

2 5 . land  u s e  

26 . D i s ta n c e  f rom 
ex i s t i ng s i te 

2 7 . D i s ta n c e  to borrow 
s i te :  f i ne ma te r i a l s /  
c oa rse ma ter i a  1 s 

2B . Land owne rsh i p  

29 . Ex i s t i ng roa d 
network 

o 

H i gh ; 
scen i c /  
rec rea t i on a l  
a re a s  wi t h i n  
one mi l e  

H i gh ; 
ma ny 
res t r i c t i ve 
c ovena n t s  
o n  u s e  

La rge ; 
>1 0 mi  

La rge ; 
>1 0 mi  

Pri vate ; 
many owne rs 

Poor 
cond i t i o n ;  
exten s i ve 
i mp rovement  s 
requ i red 

R a n k  

2 

Med i um ;  
s c e n i r l  
rec rea t i ona l 
a re a s  wi t h i n  
t h  ree m i  1 e s  

Mod e ra t e ;  
6 t o  B mi  

Mode ra t e ; 
6 to B m i  

P r i va t e ; 
l a rge b l o c k s  
o f  l a nd 

Mod erate  
c ond i t i o n ;  
s ome i mp rove
me n t s  req u i red 

3 4 

low ;  
monotonous 
l a nd s c a pe 
s u rrounds  
s i te 

low ; 
no l ega l 
enc umb ra nc e s  
o r  covena n t s  
on u s e  

L ow ;  
<4 mi  

Low ;  
<4 mi  

Fed e ra l  l an d s  

Good 
cond i t i on ;  
n o  o r  few 
i mp roveme n t s  
req u i red 

We i gh t  Factor s c o rea 

3 

4 

7 

2 . 5 12 . 5  

6 

3 
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Ta b l e  B . 3 . l l  R i f l e  a l te rna t e  s i t e s e l e c t i o n · · - g e o t e c h n i c a l , h yd r o l o g i c a l , e n v i r o nme n ta l ,  a n d  e n g i n ee r i n g ra t i n g ma t r i x  ( C o n c l ud ed )  

F a c t o r  

30 . R o a d  g ra d e  - s p o t s  
w i t h  p o s i t i ve g ra d e  
f rom m i l l  s i te a nd 
t a i l i n g s  to d i s pos a l  
s i t e 

o 

> 1 0% 

R a n k  

2 

8 t o  1 0% 

a Fa c l o r  s c o re = ra n k  x we i g h t . 
b R e f e rs to a f a u l t  w i t h  Ma x i mum C red i b l e  Ea r t h q u a k e  o f  7 . 0  ma g n i t u d e  o r  g re a t e r .  

3 4 We i g h t  F a c t o r  s c o rea 

o to <8% 3 

C De t e rm i na t i o n o f  s u s c e p t i b i l i t y i s  ba s ed o n  v i s i b l e  e v i d e n c e  o f  rec e n t  s l o p e  f a i l u r e s , s u b s u r f a c e  ma t e r i a l s ,  a nd s u b s u r f a c e  
c o nd i t i o n s . 



Ta b l e  8 . 3 . 1 2  R a n k i ng o f  R i f l e  a l t e rna t i ve s  

Poten t i a l  d i sQo s a l s i te s c o re 
R a n k i ng c r i te r i aa H ubba rd Mesa  E s tes  Gu l c h  

Geotec h n i ca l  f a c t o rs 

l .  Land  s l ope  3 

2 .  S u rf i c i a l  ma t e r i  a 1 s 5 4 
1 i tho  l ogy 

3 .  Su rf i c i a l  ma t e r i a l s 3 3 
t h i c k n e s s  

4 .  8ed roc k  1 i th o  l ogy 2 6 

5 .  Pe rmea b i l i ty of  s o i l s  1 2  8 

6 .  D i s t a n c e  to  n e a re s t  a c t i ve 1 6  1 6  
fa u l t 

7 .  S u s c e pt i b i l ty to  s l ope  8 4 
fa i l u re 

8 .  E ro s i on a l /depos i t i ona l 1 2  4 
set t l i ng 

9 .  Geomo rp h i c  s ta b i l i ty 1 6  1 2  

1 0 .  Con f l i c t  w i t h  mi n e ra l  4 4 
res o u rc e s  

Su btota l 8 1  62  

.t!.Y9 ro l og i c a l  fac tors 

1 1 .  Aqu i fe r  c ha ra c te r i s t i c s -- 1 6  1 6  
s u rf i c i a l  mate r i a l s 

1 2 .  Aq u i fe r  c ha ra c t e r i s t i c s -- 1 6  1 6  
bed roc k 

1 3 .  Rec h a rge a rea 1 6  1 2  

1 4 .  Depth  to wa t e r  tab l e  1 2  1 6  

1 5 .  D i s ta n c e  t o  n e a re s t  ma j o r  4 4 
s p r i ng 

---
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Ta b l e  8 . 3 . 1 2  Ra n k i ng o f  R i f l e  a l te rn a t i ve s  ( Co n t i n ued ) 

Poten t i a l  d i sl:!o s a l s i t e  s c o re 
R a n k i ng c ri te r i aa H u bba rd Mesa  Estes  Gu l c h  

Hyd ro l og i ca l f a c t o rs ( c o nt i n ued ) 

1 6 .  S i ze o f  d ra i nage  b a s i n  8 8 

1 7 .  E va p o ra t i on to  p rec i p i ta t i on 4 4 
ra t i o  

Subtota l 7 6  7 6  

E n v i ronme n ta l f a c t o rs 

1 8 .  Popu l a t i on d e n s i ty 1 6  1 6  

1 9 .  F a rml and  potent i a l  8 1 2  

20 . I rr i gated l a n d s  1 2  1 2  

2 l . T ra n s po rta t i on u s e  6 1 2  

22 . Ant i q u i t i es and  h i s t o r i c a l  4 4 
s i te s  

2 3 . Th reatened a n d  e n d a n g e red 1 6  1 6  
s pec i es 

24 . Scen i c  a n d  rec rea t i ona  1 3 6 
va l ue s  

Subtota l 6 5  7 8  

E ngi n e e r i ng f a c t o rs 

2 5 . Land  u s e  1 6  1 6  

26 . D i stance  f rom ex i s t i ng s i te 7 7 

2 7 . D i s t a n c e  to  bo rrow s i te-- 1 0/2 . 5  1 0/2 . 5  
f i ne/coa rse  ma te r i  a 1 s 

2 8 . Land  own e rs h i p  1 2  24  
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Ta b l e  B . 3 . 1 2  R a n k i ng o f  R i f l e  a l t e rna t i ves  ( Conc l ud ed ) 

Pote n t i a l  d i s p o s a l  s i te s c o re 
R a n k i ng c r i te r i aa H ubba rd Mesa  E s t e s  Gu l c h  

� i nee r i ng f a c t o rs ( c ont i n ued ) 

29 . E x i s t i ng road network 3 

30 . Road g ra d e  _ _ _ 6 _ 

68 . 5  Subtota l 

Tota l 2 7 8 . 5  284 . 5  

a Fa c t o r  n umbe rs c o rre s pond to  f a c t o r  n umbers  i n  Ta b l e  B . 3 . 1 1  

Hubba rd Mesa  a nd E s te s  Gu l c h ra n k ed t h e  s a me on  hyd ro l og i c a l  f a c 
t o rs . H ubba rd Me s a  ra nked  h i gh e r  on  the  rec ha rge a rea to  t h e  u s e a b l e  
a qu i fe r ,  but  E s t e s  G u l c h  ra nked  h i g h e r  on  t h e  d epth  to the  wa t e r  ta b l e  
i n  the  s ha l l owes t  bed roc k a q u i f e r  be l ow t h e  s i t e .  The  s i te s  we re ra ted 
equa l on  a l l  ot h e r  hyd ro l og i c a l  ra nk i ng fac t o rs . 

On e n v i ronme nta l fa c t o rs , E s t e s  Gu l c h  ra n k ed h i g h e r ,  p r i ma r i l y  d ue 
t o  i ts l owe r fa rml a nd poten t i a l , i t s potent i a l  u s e  a s  a t ra n s po rta t i on 
c o r r i d o r , a nd i t s l owe r potent i a l  f o r  s c e n i c  a nd rec rea t i ona l u s e . No  
H ubba rd Mesa  e n v i ronmenta l ra nk i ng f a c to r  s c o red h i g h e r  t h a n  E s te s  
Gu l c h . 

The  eng i n e e r i ng  eva l u a t i on s c o red E s t e s  Gu l c h h i g h e r  on  one  
f a c to r :  l a nd own e rs h i p .  T h e  E s tes  Gu l c h  s i te i s  c u rre n t l y owned by  
t h e  B u re a u  o f  La nd Ma nagement  a nd ra n k ed h i g h e r  t h a n  H ubba rd Mesa , 
wh i c h  i s  p r i va te l y  owned . On  a l l o t h e r  ra n k i ng f a c t o rs , t h e  s i te s  were 
ra ted e q ua 1 .  
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B . 4  A L T ERNATI VE S  NOT CONS I D E R E D  I N  D E TA I L  

B . 4 . 1  R E PROC E SS I NG THE  TA I L I NGS P R I O R  TO D I S POSA L 

The DOE i s  req u i red by t h e  U ra n i um M i l l  Ta i l i ng s  Rad i a t i on Cont ro l  
Act  to d e t e rmi ne  t h e  p rac t i ca l i ty o f  rep roc es s i ng t h e  u ra n i um m i l l  ta i l 
i ngs  f o r  rec ove ry o f  t he i r re s i d ua l mi n e ra l c on t e n t  a t  both  the  O l d 
R i f l e  a nd New R i f l e  ta i l i ngs  p i l es .  Deta i l ed c hemi c a l  and  ec onomi c 
a na l ys e s  of  t h e  O l d  R i f l e  a nd N ew R i f l e  ta i l i n gs  were c o n d uc ted f o r  the  
DOE  i n  1 98 2  ( MS R D , 1 982a , b ) . The  eva l u a t i on s  c on c l u d ed that  t h e  o n l y  
meta l s  i n  economi c a l l y rec o v e ra b l e q u a nt i t i e s a t  O l d  R i f l e  we re u ra n i um 
a nd va nad i um ,  wh i l e u ra n i um ,  vanad i um ,  a nd mo l ybd enum  may be  rec o v e ra b l e 
a t  the  New R i f l e  s i te .  

T h e s e  econom i c  e va l u a t i o n s  c o n c l uded  t h a t  f o r  t h e  O l d  R i f l e  s i te ,  
tota l p roj ec ted c o s t s  f o r  rep roc e s s i ng  wou l d  be  app rox i ma t e l y  $ 1 9 m i l 
l i on a nd wou l d  y i e l d  on l y  $ 7  m i l l i on worth o f  ma rk eta b l e p ro d uc t i on . 
S i m i l a r l y ,  t h e  t ota l p roj e c t ed c os t s  f o r  ta i l i ngs  rep roc e s s i ng a t  the 
New R i f l e  s i te were e s t i ma ted to  be $44 . 3  m i l l i on wi t h  a ma rketa b l e 
p rod u c t i on va l ued a t  app rox i ma t e l y  $20  m i l l i on .  The  c omb i ned c o s t s  o f  
rep roc e s s i ng t h e  O l d  R i f l e  a nd New R i f l e  ta i l i ng s  p i l es i s  a p p rox i ma t e l y 
$ 63 . 3  m i l l i on wi t h  a ma rket va l ue of  $ 2 7  mi l l i on .  

The  net rep roc e s s i ng c o s t s  wou l d  t h e re f o re be a bo u t  $36 . 3  m i l l i on .  
The report s  f u rt h e r  c onc l uded  that  f o r  rep roc e s s i n g t o  rea c h  t h e  b re a k 
even  p o i n t , t h e  ma rket  va l u e for  a l l m i n e ra l s  e x t ra c ted wou l d  h a ve t o  
i nc rea s e  b y  ove r 1 00 p e rc e n t . S i n c e  t h i s  e c o n om i c  eva l ua t i on ,  t h e  
ma rk et va l u e s  f o r  u ra n i um a nd mo l ybd e n um h a ve d ropped e v e n  l owe r wh i l e  
t h e  ma rket va l ue f o r  vanad i um h a s  r i s e n  s l i gh t l y .  

I n  a d d i t i on , rep roc e s s i ng t h e  ta i l i ngs  wo u l d  not red u c e  t h e  rad i um 
c ontent  o f  t h e  ta i l i ngs . S i n c e  t h e  rad i oa c t i ve d e c a y  o f  rad i um i s  the  
s ou rc e  o f  radon  ( t h e  p r i n c i pa l  h ea l t h h a za rd f rom t h e  ta i l i n g s )  t h e re 
wou l d  be  n o  red u c t i on o f  t h e  h a z a rd f rom ra d o n  d a u g h ters . T h e re f o re , 
t h e  rep roc e s s ed ta i l i ngs  wou l d  s t i l l  requ i re remed i a l  a c t i on t o  meet 
E PA s tanda rd s . R e p roce s s i ng the ta i l i n gs wa s t h e re f o re rej ected  a s  
u n rea sona b l e .  

B . 4 . 2  STAB I L I ZAT I ON ON T H E  N EW R I F L E  S I T E 

I n  add i t i on to s t a b i l i za t i on a t  t h e  New R i f l e  s i te ,  a s i m i l a r  
d e s i gn c o ncept  c a l l ed s ta b i l i zat i on o n  t h e  New R i f l e  s i te wa s eva l ua ted . 
Th i s  a l t e rna t i ve wou l d  i n vo l ve c on s o l i d a t i n g a nd s t a b i l i z i n g t h e  O l d 
and  New R i f l e  ta i l i n gs a n d  c on tami na ted ma te r i a l s  i n  a n  e l o ngated , 
c i ga r-s h a ped p i l e  i n  t h e  northe rnmo s t  port i on o f  t h e  New R i f l e  s i te .  
Th i s  wou l d  requ i re mov i ng a l l o f  t h e  O l d  a n d  New R i f l e  ta i l i n gs  to t h e  
a rea c u rren t l y  oc c u p i ed by t h e  f o rme r N e w  R i f l e  o re s to ra g e  a nd mi l l i ng 
fa c i l i t i es .  Compa red to  t h e  sta b i l i za t i on a t  t h e  New R i f l e  a l te rn a t i ve ,  
t h e  s t a b i l i zed td i l i n gs p i l e  wou l d  be a t  a h i gh e r  e l eva t i on w i th  a 
g rea t e r  depth  to g roundwat e r ,  a nd t h e  s t a b i l i zed p i l e  wou l d  req u i re 
l e s s  expen s i ve e ros i on p rotec t i on to p rotect  a ga i n s t  f l ood i ng o f  t h e  
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C o l o ra d o  R i ve r .  T h e re wou l d  a l s o be  l es s  t ra n s p o rta t i on o f  ta i l i ng s  
a nd l es s  t ra f f i c  i mp a c t s  t h a n  wi th  the  E s t e s  G u l c h a nd L u c a s  Mesa  
re l oc a t i on a l te rna t i ves . 

Howeve r ,  wi th  t h i s  a l te rnat i ve ,  g ro u n d wa t e r  p rotec t i on wou l d  s t i l l  
be  d i f f i c u l t  to  re s o l ve ,  a n d  t h e  ta i l i n gs  a n d  contami n a ted ma t e r i a l s  
wou l d  s t i l l  be  l oca ted o u t s i d e  t h e  c i ty o f  R i f l e .  Wh i l e t h i s  a l t e rn a 
t i ve may be  f e a s i b l e ,  f u rt h e r  eva l u a t i on revea l ed t h a t  the  c o s t  o f  t h i s  
a l t e rna t i ve wou l d  be s ub s t a n t i a l l y  g re a t e r  t h a n  t h a t  f o r  s t a b i l i za t i on 
a t  the New R i f l e  s i te b u t  not  s ub s ta n t i a l l y  l e s s  t h a n  that  f o r  d i s po s a l 
a t  the  E s t e s  Gu l c h  s i te .  Sta b i l i za t i on o n  t h e  N ew R i f l e  s i te wa s t h e re 
f o re e l i m i na ted f rom f u rt h e r  c o n s i d e ra t i on .  

8 . 4 . 3  R E TUR N I N G  THE TA I L I NGS TO THE  M I N E S  

The  u ra n i um o re p roc e s s ed a t  the  O l d  R i f l e  a n d  New R i f l e  m i l l  
s i te s  wa s mi ned f rom a l a rge n umbe r  o f  s u rf a c e  a nd u n d e rg ro u n d  m i ne s  i n  
t h e  wes t e rn Co l o ra d o  a n d  e a s te rn Uta h a rea . The s e  m i n e s  h a ve been  
a bandoned  for  ma ny yea rs a nd many h a v e  c o l l a p s ed a n d  a re not a c c es s i b l e .  

The p o s s i b i l i ty o f  ret u rn i ng t h e  R i f l e  ta i l i ng s  to  t h e s e  m i n e s  wa s 
c on s i d e red but  wa s rej e c t ed a s  i n f ea s i b l e  a n d  u n re a s o na b l e bec a u s e  ma ny 
of the  m i n e s  a re i na c c e s s i b l e  a nd the e n v i ronme n ta l c ond i t i on s  ( s u c h  a s  
t h e  p re s e n c e  o f  g ro u ndwa t e r )  a re not c o n d u c i ve t o  ta i l i ng s  d i s p o s a l . 

8 . 4 . 4  TRANSPORTA T I ON A L T E RNA1 I VES 

The  D&RGW Ra i l road runs  betwee n  t h e  R i f l e  ta i l i ng s  s i te and  the  
t own of  De8eque  wh i c h  i s  a p p rox i mate l y  f o u r  m i l es n o rt h  o f  t h e  L u c a s  
M e s a  s i te .  I t  wa s t h e re f o re d e t e rmi ned t h a t  t h e  c omb i nat i on o f  t ra i n  
and  t ru c k  t ra n s p o rt to re l o c a t e  t h e  R i f l e  ta  i 1 i ng s  to  t h e  L u c a s  Mesa  
s i te wo u l d  be  f e a s i b l e .  F u rt h e r  eva l ua t i on of  t ra i n  a n d  t ru c k  t ra n s 
p o rt revea l ed t h a t  th i s  a l t e rna t i ve wo u l d  i n vo l ve g reate r e n v i ronmenta l 
i mpa c t s  a n d  c o s t s , a nd t h e  a l t e rna t i ve wa s t h e re fo re e l i m i nated  f rom 
f u rt h e r  c o n s i d e ra t i on .  
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R E F E R EN C E S  FOR A P P EN D I X  8 

CGS ( Co l o rado  Geo l og i c a l  S u rvey ) , 1 9 82 . Potent i a l  S i t e s  Su i tai:l l e  f o r  Rec l ama -
t i on a n d /o r  Reproc e s s i ng o f  t h e  Gra nd J u nc t i on a n d  R i f l e  Ura n i um M i l l  
Ta i l i ngs P i l e s ,  Open -F i l e  Report 82-2 , D e n ve r ,  C o l o rado . 

DOE ( U . S .  Depa rtme n t  o f  E n e rgy) , 1 9 83 . Pre l i mi na ry E va l ua t i on o f  A l t e rna t i ve 
D i spos a l  S i tes  f o r  t h e  Gra n d  J u n c t i on ,  O l d R i f l e ,  a n d  New R i f l e  U ra n i um 
M i l l _ Ta i l i ngs , UMTRA-DOEIALO-5 , p repa red by NUS  C o rpora t i on f o r  Sand i a  
Nat i on a l  Labora to r i e s , A l b u q u e rq u e , New Mex i c o ,  f o r  t h e  U . S .  Depa rtment  
o f  E n e rgy , UMTRA P roj ect  Of f i c e , A l b u q u e rq u e  Ope ra t i on s  Of f i ce , 
A l b uq u e rq u e , New Mex i c o .  

DOE ( U . S .  Depa rtment  o f  E n e rgy) , 1 9 82 . C r i te r i a  f o r  E va l ua t i ng D i sposa l 

MSRD  

MSR D  

S i tes , UMTRA-DOEIALO-7 , prepa red by t h e  U .  S .  Depa  rtment  o f  E n e rgy , UMTRA 
P roj ect  O f f i c e ,  A l b u q u e rq u e  Ope ra t i on s  Of f i c e ,  A l b u q u e rq u e , New Mex i co .  

( Mo u n ta i n Sta tes  R e s ea rc h a n d  Deve l opme n t ) ,  1 9 82a . E c o n o:m-!!�i c�=-Ev�a�l�u�a�t�i�o!..!-n 
o f  I na c t i ve U ra n i um M i l l  Ta i l i ngs , O l d  R i f l e  S i te ,  �R�i f�l�e�'L-�Co�l�o�r�a�d�o , 
UMTRA-DOE /ALO- 1 7 5 ,  p repa red by MSR D , Tuc s on , A r i zona , f o r  t h e  U . S .  
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0 . 1 . 1  GENERAL  

D . l  SO I LS 

So i l  c ond i t i on s  a t  the  R i f l e  ta i l i ng s  s i te s  a n d  t h e  E s te s  Gu l c h  
a l t e rn a t e  d i s p o s a l s i te we re i n ves t i ga ted u s i ng va r i ou s  s ta n d a rd 
tec h n i q u e s  a va i l a b l e to  the  geote c h n i ca l  eng i ne e r i ng  p ro f e s s i on . F i e l d  
p ro c ed u re s  c on s i s ted o f  d r i l l i ng b o r i n g s  a n d  e x c a va t i ng t e s t  p i ts s up 
p l emented b y  l a bora t o ry a na l ys i s  t o  d e t e rm i ne  t h e  phys i c a l  c ha ra c te r i s 
t i c s o f  t h e  s o i l s .  Su f f i c i e n t  geotec h n i c a l  i n ves t i ga t i on s  h a ve been  
performed t o  d e t e rm i  ne  s ub s u rf a c e  fea t u re s  at  each  s i te and  at  the  
potent i a l  borrow s i te s . L a b o ra to ry t e s t s  a nd f i e l d  t e s t s  we re p e r f o rmed 
i n  a c c orda n c e  wi t h  t h e  s t a nd a rd met h o d s  a nd s p ec i f i ca t i on s  of t h e  Ame r i 
c a n  Soc i ety for  Tes t i ng a n d  Mate r i a l s  ( ASTM ) o r  a c c epted p ra c t i c e .  A 
mo re d e ta i l ed d es c r i pt i on o f  f i e l d  a n d  l a bo r a t o ry t e s t i ng  p rog rams i s  
p rov i d ed i n  Sec t i on D . l  . 3 .  

D . l . 2  SUBSUR FACE  F EATURES  

O l d  R i f l e  s i te 

F i g u re D . l . l  d e p i c t s  t h e  O l d  R i f l e  s i te a nd bor i ng l oc a t i o n s  wh i c h  
we re u s ed t o  deve l op s t ra t i g ra ph i c  c ro s s  s ec t i on s  p re s e n ted i n  F i g u re s  
0 . 1 . 2  a n d  0 . 1 . 3 .  As  c a n  be s e e n  f rom t h e s e  c ro s s  s e c t i on s , t h e  
ta i l i ngs  p i l e  c o n s i s ts  p red om i na n t l y  o f  v e ry l oo s e  to  med i um d e n s e , 
s i l ty s a n d s  ( sa n d -s l i me m i xtu re s )  c ov e red w i t h  a t h i n  veneer  o f  s o i l .  
Penetra t i on test  va l ue s  ( 2 . 5 - i nc h  i n s i d e d i amete r )  ra nged f rom two to  
30 b l ows p e r  foot  wi th i n  the  ta i l i ng s . Be l ow t h e  ta i l i ngs  a med i um
s t i f f  to  s t i f f ,  c l a yey to  s i l ty s a n d  i s  f o u nd . T h e s e  f i ne r-g ra i n ed ,  
natu ra l  a l l u v i a l  s o i l s  ove r l i e  d e n s e  t o  ve ry d e n s e  s a nd , g ra ve l , a n d  
c obb l e  a l l u v i um ,  wh i c h , i n  t u rn , ove r l i e s bed rock  o f  t h e  Wa s a t c h  F o rma 
t i on a t  d e p t h s  ra ng i ng f rom 1 6  to  2 1  feet . G r o u ndwa t e r  wa s e n c o u n t e red 
i n  the s ha l l ow a l l u v i um a n d  i n  a port i on o f  t h e  ta i l i ngs . 

New R i f l e  s i te 

F i g u re 0 . 1 . 4  s h ows t h e  New R i f l e  s i te wi th  c o rres p o nd i ng bo r i ng 
l oca t i on s  requ i red t o  d e v e l op  t h e  s t ra t i g ra p h i c  c ro s s  s e c t i on s  p re 
s ented i n  F i g u re s  0 . 1 . 5  a n d  0 . 1 . 6 .  T h e  ta i l i ng s  c on s i s t o f  v e ry l oo s e  
t o  d e n s e , h i gh l y  g rada t i ona l s a nd s , s a n d -s l i me mi xtu res ( i n c l ud i ng 
i nt e r l aye red sand s and  s l i me s ) , a nd s l i me s . P e n e t ra t i on t e s ts ( 2 . 5 - i n c h  
d i amet e r )  a s  l ow a s  th re e  b l ows p e r  foot we re obta i n ed i n  t h e  ta i l i ng s  
but  typ i ca l l y  ra nged  f rom 1 0  to  3 0  b l ows p e r  f oot . Be l ow t h e  ta i l i ngs  
p i l e ,  i n t e rmi ttent  c h a n ne l s  o f  med i um-st i f f t o  s t i f f , f i ne -g ra i ned 
a l l u v i um ove r l i e  d e n s e  s a nd , g ra ve l , and c ob b l e s . Penet ra t i on t e s t s  
( 2 . 5 - i nc h  d i amete r )  typ i c a l l y  exceeded  1 00 b l ows p e r  f o o t  i n  the  l owe r 
a l l u v i a l  l on e . Bed roc k  i s  e n c o u n te red a t  d e pt h s  ra ng i ng f rom 20 to  2 5  
f e e t  be l ow t h e  ex i s t i ng g ra d e  a nd c on s i s t s  o f  i n t e rbedded  c l aystones , 
s i l tstone s , a nd s a n d s to n e s  o f  t h e  Wa s a t c h  F o rma t i on .  
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E s te s  Gu l c h  s i te 

The l oc a t i on s  o f  t h e  b o r i ngs  a nd s t ra t i g ra p h i c  c ro s s  s ec t i on s  a t  
t h e  E s tes  Gu l c h  s i te a re s h own on  F i g u re 0 . 1 . 7 .  T h e  c ro s s  s e c t i on s  a re 
s h own on  F i gu re s  0 . 1 . 8  a nd 0 . 1 . 9 .  The  s i te i s  a ped i me n t  s l ope  u n d e r
l a i n  by t h ree  to  43  feet  o f  d ry ,  ha rd , mod e ra te l y  p l a s t i c , s i l ty c l ay 
s o i l wi th  va ryi n g  amo u n t s  o f  s a n d . Penet ra t i on va l ue s  ( 2 . 5 - i n c h  i ns i d e  
d i amet e r )  typ i ca l l y ra nged f rom n i ne t o  30 b l ows p e r  foot  i n  t h e  u p p e r  
1 0  feet  a n d  e x c e e d e d  1 00 b l ows p e r  foot  be l ow t h i s  d epth . The  s o i l i s  
u s ua l l y  wea k l y  c emented w i t h  c a l c i um a n d  o ft e n  c onta i n s zones  o f  p i n
s i zed h o l e s , g e n e ra l l y  w i th i n  the  u p p e r  1 f oot . De s s i ca t i on c ra c k s  a re 
c ommon on  the  s u rf ac e , wh i c h  e n h a n c e  t h e  f o rma t i on o f  e ro s i on t u be s , o r  
II p i pe s . 1I T h e s e  e ros i on p i pes  a re g e n e ra l l y  l ocated  wi t h i n  50 f e e t  o f  
g u l l i e s a nd a rroyos . The  s o i l a ppea rs t o  h a ve been  d e r i ved f rom t h e  
Wa s a t c h  F o rma t i on u p s l ope  o f  the  ped i me n t . 

Remn a n t s  o f  a ma s s i ve s l i d e d e b r i s ,  c o n s i s t i ng o f  s a nd s t o n e  
bou l de rs a nd s ha l e s , oc c u rs on t h e  c e d a r-c ove red r i d g e s  f l a n k i ng the  
s i te .  T h e  d e p t h  o f  t h e  s l i de d eb r i s ra nges  f rom 1 5  f e e t  i n  the  l owe r 
e l eva t i on s  to  50 o r  more f e e t  a t  the  head  o f  t h e  f a n - s ha ped s l i de .  The  
s l  ide  p re-d a t e s  t h e  e ro s i on o f  the  ped i me n t  s l ope  a nd s ub s eq u e n t  s o i l 
depos i t i on wi th i n  the  s i te a rea . 

E v i d e n c e  o f  pa l eo-c h a n ne l s ,  c o n ta i n i ng s a n d s t o n e  b o u l d e rs d e r i ved 
f rom the s l i d e  d e b r i s ,  a re found i n  the g u l l i e s  t h a t  h a ve been  d e e p l y  
i nc i sed  i nto  the  s o i l s .  

The  Wa s a t c h  F o rma t i on  c o n s  i s t s  o f  i n t e rbed d ed c l aystones , s i I t
s tone s , a nd s a nd s tone s . As  a pa rt o f  t h e  s t ru c t u re o f  t h e  Gra n d  
Hogba c k , t h e  u n d e r l y i ng bed roc k d i p s 6 5 - 7 0  d e g rees  f rom h o r i zonta l , a n d  
i s  often  f ra c t u red . 

L u c a s  Mesa  s i te 

The l oc a t i on s  o f  t h e  b o r i n g s  a t  t h e  L u c a s  Mesa  s i te a re s h own on 
F i g u re 0 . 1 . 1 0 .  The s t ra t i g ra p h i c  c ros s s ec t i o n s  a re s h own o n  F i g u re s  
0 . 1 . 1 1  a n d  0 . 1 . 1 2 .  l h i s  s i te i s  u nd e r l a i n  by 30 to  89 feet  o f  h i gh l y  
va r i ab l e ,  v e ry d e n s e  s a nd s ,  g ra ve l s ,  c ob b l e s , a nd bou l d e rs i n  a ma t r i x 
o f  c l ayey s i l t .  Oc ca s i ona l l ayers a nd l en s e s  o f  c l ea n e r ,  c oa rs e -g ra i ned  
ma te r i a l  a re p re s ent . F i e l d  e s t i ma t e s  o f  the  pa rt i c l e  s i ze d i s t r i b u t i on 
o f  the  s o i l ma s s , a s  o b s e rved i n  t e s t  p i ts , a re a s  f o l l ows : 

Ma te r i a l  
S i l t  a nd c l ay 
Sa nd 
Grave l a nd c obb l e s to 

s i x  i nc he s  
Cobb l e s a nd bou l d e rs 

D i s t r i b u t i on 
Depth 0-1 . 5  f e e t  

45  
37  

8 
1 0  

0 -8 

( pe rc e n t )  
Depth > 1 . 5 

3 5  
2 9  

6 
30  

feet 



9 1 9 • 

9 1 8 • 
9 0 0  

9 5 8  • 

APP ROXIMATE SITE 
LOCATION 

-- --- --�-- ��,� __ __ ____ l : 5 5  

F I G U R E  0. 1 . 7  

9 5 6  • 

S CA L E  I N FEET 

6 1 5 0 � 

6 1 0 0 __________ 

S U B S U R FA C E  B O R I NG L O CAT I O NS, EST ES G U LCH SITE 

0 - 9  



o 
I 

I--' 
o 

L OCAT I O N  O F  
F A U LT Z O N E 

.:' 00 :>Ou ]O{J 

SCALE IN ' l l T 
V E R T ICAL E X A GG E R AT I ON 1 0 : 1  

L O C AT I O N  O F  
'PROPOS E D  TOE D I TC H  

Cl A Y 

9 G J  

G II. Y 

A 

9
17 

�T Y C L AY I I I SOI L S  

CI ,," 'I'  .\ � 

9 6 1  

D I P  AT 1 0 °  

"" /; l ,1 ,.; II ;TO J/O' 1 1 1 ;1 I / I I ! 
o 0 -< >-�� I ;  � I 

:? 

J 

I I 
W 

_ 
� I ' 

I I I 
� III 3 02 2 

I I I .or 
I I I I /0" C " . ,,� I I I I  1 1  I 

A '  

m CLAY I 
SI LT 'I' 
S A N D  
W I T H  
H O U l· 

11 / 

O ( n s  

1 
/ 

; ' 

1 
z 
o 

/ � /e 
/( I� 

I I I � 

9 S 4 / 1/11 / 
I J ' , I -1 WASATCH F O R M AT I ONj 

ALTERNATING ST R ATA OF S O F T 
F I N E SANDSTONE, S I LTSTONE AND 

CLAYEY SljALE F R O M  O N E  

I 

Cl A Y.A., 

w 
z 

� 
� 
� 

WASATCH I I FOf1MATION 

I 
I "T""" /, 

I 

I I TO 304 T D- 2 6 0' 

I I I 

I 

T1 5 F�E T  
,
THICK I 

l ESS 
FHAClUH(O 

I 

I 
Im,IllY HIACI UflFD 

T O  265· 

F I G U  R E  0 . 1 . 8 G E O L O G I C  C R OS S S E CT I O N  A-A' , E S T E S  G U LC H  S I TE 

� "'"" - 6 2 6 0  

L 6 2 4 0  

6 ? 2 0  

6 2 0 0  

6 16 0  

6 1G 0  I 
� 6 1 4 0  :::; w > w -' 

-< w 
6 1 2 0  of) 

z -< UJ 
::; 
w 

6 1 0 0  > 0 CD -< 
t-W 

- 6 000 ::' 
:> w -' 
w 

6 06 0  

6 0 4 0  

6020 

6 000 

5
9

0 0  

59 6 0  

� 9 4 0  



o I I-' I-' 

B 

I / 9 6 2  ? 
CL �Y � 9 2 2 

I / /'// / 0\ " 9 6 3  

/ / " � \ ""----1" ,  SO l L U ' 
I / � / / / / �;AY 

LT Y

:�

A:'Y'/( I 
/ / I

I 
� / / / / \ �l I 

/ 
/ / j / / WA S A T C H  / 

/ 
/ I 7 TO l / r O:M A T I O N  I � / / / / / ALT E R NAT I NG ST R ATA O F  / / � 

S O F T F I N E SANDSTONE,  (f) 
o 

B' 

6 1 2 0  

6 1 0 0  

6 0 8 0  --l W > W --l 
6 06 0  � (f) 

z « w 2 
6 0 4 0  w > o ro « 

f-
6 0 2 0  � LL 

> W --l 
6 0 0 0  W 

5 9 8 0  

5 9 6 0  / I � V E R T I C A L  E XA G G E R A T I O N  1 0 ; 1 

/ / / 

j' , I / / �U / / 2 00 0 2 00 3�0 / TD � 302 ' I 
S CALE I N  F E E T  

FIGURE D. 1. 9 GEOLOGIC CROS S SECTION 8 - 8' , ESTES GULCH SITE 



6 ()S ()� 

6 1 0 0 � 

4 0 0  o 4 0 0  8 0 0  
- - -

- - -

S CA L E  I N  FEET 

FI G U R E  0. 1 . 1 0  

S U BSU R FA C E  B O R I NG LOCAT I O NS, L U CAS MESA SITE 

0- 1 2 



o I I--' 
W 

61 00 

6 000  

5900  

5800  

5 7 0 0  

A 

BASALT D E BR I S  
FLOW MATER IAL  

G L M� �p..Sp..\..\ 

II.'{�'{ S\ \..\ 'l'J\':OIj\..O��S 

� r p..� o 

� � 

G L M 6  

CO��C<S , ______ �""S10�< 

; ______ 1 
--- , ----

� \ 'l'J\\\"\ �p..Sp..\.. .______ '1 ----
TD � 6 3 . 5 · 

c>-,i<i SIC "",<I-. ,,,,, , 
. 

O��\..�S, G G���S ---- . 
"sIC 151""< f'" _____ , ----- TO · 5 O · 

� ---- 1 ---
..-1 ...----
TO � 49 ' 

SANDSTONE AND SHALE 
OF THE WASATCH FORMATION 

ELEV. I N FEET 
ABOVE MSL 

F I G U  RE 0. 1 . 1 1  

2 00 a 2 00 400  

-
HOR IZONTAL SCALE I N FEET 

G E O LO GI C  C R OSS-SE CT I O N  A - A ' ,  L U CAS M ESA SITE 

A' 

5 1 1  

6 0 0  



5 9 4 0  

5 9 3 0  

5 9 2 0  

5 9 1  0 

5 9 0 0  

5 89 0 

5 8 8 0  

587 0 

B 

G L M 5  

CLAYEY S I LT WITH 
BASA LT COBBLES / 

1 2 · CLAY SEAM @ 32 '  

TD = 49 '  

E LEV, I N  FEET 
ABOVE MS L 

CLAYEY  
S I LT 

G L M 2  

G RADES 
W ITH  BASALT 

G RAVEL & 
COBB L ES @ 1 0' 

G RAD  ES W ITH 
CLAYSTONE 
F RA G M E NTS 

@ 2 5 ' 

BA SA LT D EBR I S  
FLOW MATE R I A  LS 

TD = 4 8, 5 '  
NO  G ROU NDWATE R 

2 0 0 o 2 0 0  4 0 0  
- -

B' 

6 0 0  

- - -

HOR IZONTA L S CA LE I N  FEET  

F I G U R E  0. 1 . 1 2  

G E O LO G I C  C R OSS - S E CT I O N  B - B' ,  LU CAS M E SA SITE 

0- 1 4  



Sta nd a rd p e n e t ra t i on tes t data  on  t h e s e  s o i l s  e x c e eded  1 00 b l ows 
be l ow the  depth  o f  f i ve feet  a nd 22 to 7 5  b l ows a bove t h e  d e p t h  of f i ve 
feet  a nd i nd i ca t e , re spec t i ve l y ,  d e n s e  a nd med i um d e n s e  to  ve ry d e n s e  
s o i l s .  T h e  bed roc k s u rf a c e  a ppea rs t o  d i p  t owa rd t h e  n o rt h  a t  a 
s l i gh t l y  f l a tte r s l ope  t h a n  t h e  s u rf a c e  topog ra phy . An  i ns u f f i c i ent  
number  o f  b o re h o l es we re d r i l l ed i nto  bed roc k a t  t h e  s i te to  d e l i neate  
i ts topog ra ph i c  s u rfa c e . The  bed roc k e n c o u n te red i n  ea c h  bo r i ng 
c ons i s ted o f  sand s tone  f rom t h e  Wa s a tc h F o rma t i on .  

0 . 1 . 3  F I E L D  STU D I ES AND  LABORATO R Y  TEST I NG 

F i e l d  s t ud i es 

I n  o rd e r  to  d e t e rm i  ne  t h e  s u b s u rf a c e  c o nd i t  i on s  a t  the  ta i l  i ngs  
s i te s , a l t e rnate d i s p o s a l s i te s , a nd s e l e c ted b o r row s i te s , a s e r i e s  o f  
d r i l l i ng a nd test  p i t  e x c a va t i on s  we re c on d u c ted . B o r i ngs  we re extended 
u s i ng c onvent i ona l h o l l ow-s t em a ug e r  a nd rota ry d r i l l  r i gs . Samp l i ng 
tec h n i q u e s  i nc l uded  the  Sta nda rd Penet ra t i on Te s t  ( ASTM 0 1 5 8 6 ) , t h e  
l a rge d i ame t e r  s p l i t -ba rre l samp l e r  ( ASTM 0 3 5 5 0 ) , a nd She l by t u b e  
samp l es ( ASTM 0 1 58 7 ) . R e p r e s e n ta t i ve samp l e s we re s e l ec ted fo r l a bo ra 
t o ry t e s t i ng .  R o c k  c o r i ng wa s c ond ucted  u s i ng ASTM 0 2 1 1 3  c o r i ng  met h od s . 

Logged exp l o ra t o ry b o r i ngs  a nd , i n  s ome c a s e s , t e s t  p i t s a t  the  
O l d  and  New R i f l e  s i te s  we re c o n d u c t ed by Mounta i n  Sta tes  R e s ea rc h  and  
Deve l opment ( MS R D , 1 9 82a , b ) , NUS C o rpo ra t i on ( NUS)  ( DOE , 1 9 8 3 ) , 
Co l o ra d o  Sta te U n i ve rs i ty ( CSU , 1 9 8 5 ) , B e nd i x  F i e l d  E n g i n e e r i ng  
C o rpo ra t i on ( BHC , 1 9 8 5 ) , a nd the  DOE . The  NUS l og s  present g ra p h i ca l  
a s  we l l  a s  f i e l d  a nd l a b o ra t o ry t e s t  d a ta c o n d u c ted o n  samp l e s obta i ned  
f rom b o r i ngs . B l ow c o u n t s  s h own on  t h e s e  l og s  rep re s e n t  the  Sta n d a rd 
Penet rat i on Tes t . The  MSR D d a ta a re rep re s e n ted by n ume ro u s  b o r i ng 
l og s . Logs we re ma i nta i ned  by a f i e l d  e n g i n e e r  or g eo l og i s t who 
v i s ua l l y c l a s s i f i ed the s o i l s  e n c o u n t e red a n d  c o l l ec t ed nea r l y  c o n 
t i n u o u s  d i s t u rbed a n d  u nd i s t u rbed samp l e s . B l owc ou n t s  were obta i ned 
u s i ng a l a rg e -d i amete r samp l e r ;  howeve r ,  no t e s t i ng of samp l es wa s 
pe rformed o t h e r  t h a n  f o r  a s say p u rp o s e s . B H C  samp l ed t h e  ta i l  i ngs  
p i l e s f o r  rad i a t i on data , a n d  a geo l og i s t v i s ua l l y l ogged t h e  h o l e s . A 
DOE e ng i ne e r  obta i ned u nd i s t u rbed She l by t u b e  samp l es o f  s e l ec t  ma te r i a l 
types wi th t h e  c oope ra t i on o f  B FE C . The  DOE  d r i l l ed n ume rou s  b o r i ngs  
for  geohyd ro l og i c a l  i n vest i ga t i o n s  i n  a rea s s u r ro u n d i ng the  ta i l i ngs  
p i l es .  Some ho l es we re c o n t i n uou s l y  samp l ed by  t h e  Sta nd a rd Penet ra t i on 
Tes t  i n  the  Co l o ra d o  R i ve r  a l l u v i um ,  s ome we re c o n t i nuou s l y  roc k  c o red 
i nto  the  Wa s a t c h  F o rmat i on ,  a nd o t h e rs we re geophys i ca l l y l ogged . I n  
a l l  c a s e s , t h e  f i e l d  p rog ram wa s s u p e rv i sed  by a g eo l og i s t o r  e ng i nee r ,  
a nd l og s  we re ma i nta i ned , ba sed o n  v i s u a l c l a s s i f i ca t i on ,  fo r a l l 
b o r i ngs . 

Tes t  p i t s we re e x c a vated  by t h e  DOE i n  o rd e r  to  i d e nt i fy s u i ta b l e 
borrow s i te s  a l o ng t h e  Co l o ra d o  R i ve r .  The  t e s t  p i t s we re v i s ua l l y 
l ogged a nd c l a s s i f i ed by f i e l d  eng i n e e rs o r  g eo l og i s t s , a n d  s amp l es 
we re obta i ned f o r  l i m i ted l a b o ra t o ry tes t i ng .  
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At the  E s tes  Gu l c h  s i te ,  t h e  DOE d r i l l e d a s e r i e s  o f  bore h o l es a n d  
d ug test  p i ts f o r  the  c o l l ec t i on o f  both  g e otec h n i c a l  a n d  g rou ndwa t e r  
d a ta . A l l bore ho l e s and  t e s t  p i t s we re l ogged a nd c l a s s i f i ed by a f i e l d  
eng i ne e r  o r  geo l o g i s t . Geotec h n i ca l  b o r i n g s  we re c o nt i n u ou s l y  samp l ed 
f o r  l ab o ra t o ry t e s t s , a n d  a rec o rd o f  b l owc o u n t s  wa s ma i nta i n ed . Geo
hyd ro l og i c a l  bo r i ng s  we re l ogged f rom c u t t i n g s  i n  the  a l l u v i um and 
bed roc k ; s ome we re con t i n u o u s l y  c o red i n  the bed roc k , a n d  s ome we re 
geophys i ca l l y  l ogged . S l a n t  c o re h o l es we re d r i l l ed to i n ves t i ga t e  
vert i c a l  f ra c t u re s  a nd pa c k e r  t e s t s  we re c o nd ucted  i n  s e l ect  v e rt i c a l  
c o re ho l es . 

At the  L u c a s Mesa  s i te ,  both NUS a nd t h e  DOE  d r i l l ed b o re h o l es a nd 
d u g  test  p i t s f o r  geotec h n i c a l  a n d  geohyd ro l og i c a l  p u rpos e s . Data  we re 
c 0 1 1  e c ted 0 f a s i m i l a  r t y pe a n d i n a s i m i l a  r rna n n e  r to t h e d a t a 
c o l l ected  a t  the  E s te s  Gu l c h s i te .  

Logs  o f  a l l  a va i l a b l e  b o re h o l e s a n d  t e s t  p i ts a re ma i nta i ned  i n  
the  DOE UMTRA P roj ect  Of f i c e i n  A l b uq u e rq u e , New Mex i c o .  

Labora t o ry t e s t s  

A s e r i e s  o f  mec h a n i c a l  a nd p hys i c a l  p rope rt i e s t e s t s  we re c ond ucted  
o n  s e l ec ted s o i l samp l e s obta i ned d u ri ng  the  f i e l d  pro g rams . Te s t s  
i nc l u d ed i n -s i tu mo i s tu re a nd d e n s i ty d e t e rm i na t i o n s , s p ec i f i c  g ra v i ty ,  
Atte rbu rg l i m i ts , g rad a t i on ,  c ompac t i on ,  c o n s o l i da t i on ,  t r i a x i a l  a n d  
d i rect  s hea r ,  hyd ra u l i c  c on d u c t i v i ty ,  a nd s e l ec ted roc k d u ra b i l i ty 
t e s t s . A s umma ry o f  geotec h n i c a l  ma te r i a l  p ro p e rt i e s re s u l t i n g f rom 
t h e s e  tes ts  i s  p re s en ted i n  Tab l e  0 . 1 . 1 .  
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Tabl e 0 . 1 . 1  Summa ry o f  soi l s  mater i a l properties  

Compact i on data 
D ry Percent ( ASm 0698 ) Shear stren gth data 

11a te ri a 1 den s i ty fi ner Op tl mum Ma ximum dry Tota' s tress  �ffective stress  Hydraul i c  
type or ( pounds Water than Pl a s ti c i ty L i qu i d  mo i s ture den s i ty Cohesl On Cohe s l On conducti v i  ty 
c l a s s i f i - Spec i fi c  per cub i c  content No . 200 i ndexb l i mi t content ( pounds per (l bs/sq  .1 ( l b s /sq .1 ( centimeters 

S i te cationa gra v i  ty foot ) ( percen t )  s i eve ( percen t )  ( percen t )  ( percen t )  c ub i c  foo t )  ft ) ( degrees ) ft ) ( degrees ) per second ) 

Ol d Ri fl e  Sand 2 . 66- 2 . 0xl 0 -2 -
tai l i n gs 2 . 69 86-92 3 . 3 -23 . 6  4-24 NP 1 5 . 5 -1 6 . 3  1 02 . 2 - 1 05 . 0  0-360 31 -54 0-1 70 35 -38 7 . 9xl 0 -5 

Sand-sl ime 2 . 66- 1 . 2xl 0 -4 -
ta i l  i n gs 2 . 72 81 -85 6 . 1 -9 . 1  30 NP 1 . 7xl 0 -6 

Sl ime 
ta i l i ngs 2 . 69 51 -90 6 . 1 -71 . 8  72-1 00 6-20 29-59 0 36 6 . 8xl 0 -6 

New Ri  fl e Sand 2 . 68 -
tai l i ngs 3 . 06 74-93 2 . 6 -32 . 2  1 -25 NP -1 9 45-53 1 5 . 6  1 04 . 9  0 26 0 34 -38 3 . 5xl 0 -3 CJ I 

2 . 4xl 0 -4 ->---' Sand-sl  i me 2 . 69-
'-I tai l i ngs 2 . 86 76-1 1 0 0 . 0 -1 8 . 0  32-69 NP 1 5 . 5 -21 . 5  1 00 . 0 -1 1 0 . 0  0-300 26-48 0 34-43 2 . 9xl 0 -5 

Sl ime 2 . 75 7 .  2xl 0 -4 -
tai l i n gs 2 . 81 65-91 40 . 1 -48 . 5  70-1 00 NP-22 53-63 24 28 1 50 4 2  1 . 5xl 0 -5 

Lucas I�esa S�' , ML 2 . 60- 1 . 3xl 0-4 

2 . 70 95-1 09 8 . 0-28 . 2  28 -82 NP-1 9 29-47 23 . 5-31 . 7  82 . 0 -90 . 0  1 00-590 9-34 1 25-1 00 35-41 3 . 2x l 0 -5 

E s tes Gul ch SI1, SC , CL 2 . 6 7- 1 . 2xl 0 -5-
2 . 73 86-1 1 6  3 . 2 -1 2 . 6 36-98 NP-23 20-45 1 4 . 2 -1 7 . 6  1 05 . 0-1 1 4 . 0 0-1 650 1 0-34 0-1 00 24-34 1 . 3xl 0 -8 

Second ML , CL-NL 2 . 70- 5 . 0xl 0 -6 -
Street 2 . 72 4 . 2-1 2 . 0  55-90 NP-7 23 1 3 . 9 -1 5 . 0  1 08 . 0 -1 1 1 . 0  0-1 50 . 0  23-33 0-1 00 31 -42 1 . 6xl 0 -8 

borrow s i te 

aMa teri al  cl a s s i fi ca t i on accord i n g  to the Soi l Conservati on Serv i ce Un i fi ed So i l  Cl a s s i f i c a t i on System : SM denotes s i l ty sand ; SC denotes cl ayey sand;  
CL denotes cl ay ;  ML  denotes s i l t . 

b NP denotes  non -pl a s t i c .  
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0 . 2  GEOLOGY 

0 . 2 . 1  PHYSI OGRAPHY 

T h e  R i f l e  ta i l i ngs  s i te s  a re a l ong  the n o rt h ea s t e rn edge of  t h e  
C o l o ra d o  P l a t e a u  phys i og ra p h i c  prov i n c e  n ea r i ts b ou n d a ry w i t h  t h e  
Sout h e rn Roc ky  Mounta i ns p ro v i n c e .  T h e  Wyom i ng Bas i n  phys i og ra p h i c  
prov i nc e  l i es t o  t h e  north  o f  t h e  s i te a re a . I n  t h e  R i f l e  a re a , t h e  
C o l o ra d o  P l a tea u pro v i nc e  i s  d i v i ded  i nt o  two s e c t i o n s : t h e  Ca nyon l a n d s  
s ec t i on to  t h e  s ou t h , a n d  t h e  U i nta  B a s i n  s e c t i on t o  t h e  n orth . T h e s e  
two s e c t i ons  a re s epa ra ted f rom o n e  a no t h e r  b y  t h e  Book  C l i f f s , a 
promi nent  topog ra ph i c  e s c a rpment  f o rmed by  t h e  M e s a  V e rd e  Gro u p  outc rop . 
The  Ca nyon l a n d s  s e c t i on i n  t h e  s i te a rea i s  c h a ra c t e r i zed  by monoc l i na l  
f o l d s , u pwa rped p l a t e a u s , a nd l a va-capped  mes a s .  T h e  U i nta  B a s i n  s e c 
t i on exh i b i ts a ma t u re ,  s t ream-eroded u p l a nd s u rf a c e  k n own a s  t h e  Roa n 
P l a t ea u . The  b a s i n  f o rms a n  embaymen t  b etwee n  t h e  M i dd l e  a n d  Sou t h e rn 
Rocky  Mounta i ns p hys i og ra p h i c  p rov i n c e s . l i tt l e  fa u l t i ng i s  a s soc i a ted 
wi th  the s t r u c t u ra l  u pwa rps a n d  ba s i ns i n  t h e  reg i on except  i n  t h e  
n o rt hwes t-trend i ng b a s i n  s ou t h  o f  a nd pa ra l l e l t o  t h e  Unc ompa h g re 
Upwa rp ( H u n t , 1 9 6 7 ) . P r i nc i pa l  phys i o g ra p h i c  e l eme n t s  w i th i n  t h e  
reg i on i nc l ud e  t h e  Co l o ra d o  R i v e r  va l l ey ,  Unc ompa h g re P l a tea u , Grand 
Mesa , Bat t l ement  Mesa , Roa n P l a t ea u , Wh i te R i ve r  P l a tea u , a nd the G ra n d  
Hogb a c k  ( F i gu re 0 . 2 . 1 ) .  

A l ong t h e  C o l o ra d o  R i ver  va l l ey ,  t h e  na rrow OeBeque  C a n yon p o rt i on 
s epa ra te s  t h e  b roa d , open  Gra nd Va l l ey t o  t h e  wes t  f rom t h e  s teep  
wa l l ed , f l at bottomed va l l ey t o  t h e  ea s t  b e tween  the  Roa n P l a te a u  and  
Ba t t l eme n t  Mesa . East  o f  R i f l e ,  the  C o l o r a d o  R i ve r  c u t s  t h ro u g h  the  
Grand  Hogba c k  mon oc l i ne a f t e r  pa s s i ng a ro u n d  t h e  south  s i d e o f  the  
Wh i te R i v e r  P l a t ea u . 

South  o f  t h e  town o f  R i f l e ,  Bat t l ement M e s a  r i s e s  t o  a h e i gh t  o f  
n ea r l y  1 1 , 000 feet , w i t h  t h e  h i g h e s t  s u rf a c e s  ca pped b y  ba sa l t i c  l a va 
f l ows . The  nort h e rn edge  of  the  mes a  c on s i s t s  o f  mu l t i p l e  l ev e l s o f  
ped i me n t s  a nd a l l u v i a l  f a n s  t h a t  s l ope  t owa rd t h e  C o l o ra d o  R i ve r .  
North  o f  t h e  C o l o ra d o  R i ve r ,  t h e  Roan  P l a te a u  c o n s i s t s  o f  a n  e roded 
s u rf a c e  o f  h i l l s  d e ve l oped on  the  s ha l e s o f  the  Green R i ve r  F o rma t i on 
a nd U i nta F o rma t i on . 

The  Gra nd Hogba c k  monoc l i ne f o rms t h e  we s t e rn b o u nd a ry o f  t h e  
Southern R o c k y  Mounta i n  phys i og ra p h i c  p ro v i n c e . T h e  s te e p l y  t i l ted 
hogb a c k  f o rms a d ra i nage  ba r r i e r  betwee n  t h e  s teep  c a nyon a n d  mou n ta i n  
reg i on n o rt h e a s t  o f  t h e  Wh i te R i ve r  P l a te a u  a n d  t h e  b road , f l a t  va l l eys 
o f  the C o l orad o R i v e r  ba s i n .  

The  reg i on i s  d ra i ned  by t h e  C o l o ra d o  R i ve r  a n d  i t s t r i b u ta r i e s , 
i nc l ud i ng t h e  G u n n i s o n  R i ve r .  P r i nc i pa l  t r i b u ta r i e s  o f  t h e  C o l o ra d o  
R i ve r  i n  t h e  s i te a rea a re R i f l e  C re e k  a nd Gove rnment  C reek , both  
p e re n n i a l  s t reams . Most  other  c re e k s  wi th i n  the  s i te a rea a re e p h eme ra l . 
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0 . 2 . 2  R E G I ONAL GEOLOGY 

The  reg i ona l d i p  o f  roc k  l a ye rs i n  the  R i f l e -G ra n d  J u n c t i on a rea 
i s  to  the n o rth  and nort h ea s t . The o l d e s t  roc k s , t h e re f o re , a re exposed  
to  the  s ou t hwest a n d  become p rogres s i ve l y  you n g e r  to  t h e  n o rt h ea s t . The  
o l d e s t  roc k s  exp o s ed i n  t h e  a rea a re t h e  c omp l ex l y  f o l d e d  Pre c a mb r i a n  
s c h i s t s  a n d  g ne i s s e s  f o u n d  a l ong t h e  C o l o ra d o  R i ve r  o n  t h e  U n c ompa h g re 
P l a tea u ( Lohma n ,  1 9 8 1 ) .  T h e s e  roc k s  a re ,  i n  t u rn ,  c ove red by a 
sed i menta ry sect i on ma ny t h o u s a n d s  o f  feet  t h i c k . T h e  o l de s t  o f  t h e  
sed i menta ry f o rma t i o n s , t h e  T r i a s s i c  C h i n l e  Forma t i on , i s  f o u n d  
s ou t hwes t  o f  Gra nd J unct i on u n c o n f o rma b l y  o ve r l y i ng P recamb r i a n  roc k s . 
The  l a rg e  t i me i n te rva l m i s s i ng betwe e n  t h e  P recamb r i a n  a nd T r i a s s i c  
roc k s  s upport s  t h e  p rem i s e  that  the  U n c ompa h g re P l a te a u  wa s u p l  i f  ted 
a nd e roded s ome 250  to  220  m i  1 1  i on yea rs a g o , t h e n  s u b s e q ue n t l y  b u r i ed 
by a t h i c k  s e q u e n c e  o f  s ed i me n ta ry roc k s . T h e  l owe r pa rt o f  t h i s  
s e q u e n c e  i n  the  Gra n d  J u n c t i on a rea h a s  a t h i c k ne s s  o f  o v e r  500 feet 
and  i nc l ud e s  t h e  T r i a s s i c  C h i n l e  f o rma t i on ,  W i ngate  Sa n d s t o n e , and  
Kayenta F o rma t i on ( F i g u re 0 . 2 . 2 ) . 

Ove r l y i n g t h e s e  l ay e rs a re a p p rox i ma te l y  800 feet  of  J u ra s s i c  
roc k s , i n c l ud i ng t h e  Ent rada  Sa n d s to n e  a n d  t h e  S umme rv i l l e  a nd Mo r r i son  
F o rma t i on s . Of t h e  a p p rox i ma t e l y 7 000 f e e t  o f  o v e r l y i ng C re t a c e o u s  
roc k s  p re s ent  i n  t h e  R i f l e -G ra nd J u nc t i on a rea , t h e  Ma n c o s  Sha l e ,  wh i c h 
outc rops n ea r  Gra nd J u n c t i on ,  c omp r i s e s  a bo u t  4000 feet . 

The Wa s a t c h  F o rma t i on ,  a n  i n te rbed d ed s eq u e n c e  o f  s ha l e ,  s i l t s to n e , 
a nd s a n d s t o n e  of  ea r l y Te rt i a ry a ge , o ve r l i e s t h e  Mesa  V e rd e  G ro u p . I n  
s ome a rea s , the  ba sa l pa rt o f  t h e  Wa s a t c h  F o rma t i on i s  ma pped a s  a 
s epa ra te f o rma t i on , t h e  Oh i o  C reek  C o n g l ome ra t e . T h e  Wa s a t c h  F o rma t i on 
h a s  been d i v i ded i n to  t h ree members  by D o n n e l l  ( 1 9 6 1 a , b ) . Sha l e  and  
c l aystone  d om i n a t e  t h e  l owe r a n d  u p p e r  members  whe rea s the  m i dd l e  memb e r  
i s  p r i ma r i l y s a n d s t on e . Ove r l y i ng t h e  Wa s a t c h  F o rma t i on i s  the  Te rt i a ry 
G reen  R i ve r  F o rma t i on c onta i n i ng one  o f  t h e  wo r l d ' s  r i c h e s t  o i l s ha l e  
depos i t s ( Lohma n , 1 9 8 1 ) .  Th i s  f o rma t i on f o rms muc h  o f  t h e  Roa n C l i f f s 
expo s ed a l on g  t h e  C o l o ra d o  R i ve r  nea r R i f l e .  R e c e nt l y ,  t h e  u p p e r  s a n d 
s t o n e  a n d  s i l tstone  memb e r  o f  t h e  G re e n  R i ve r  F o rma t i on ,  t h e  E va c ua t i on 
C reek  memb e r ,  h a s  been  named t h e  U i nta F o rma t i on ( Tweto et a l . ,  1 9 7 8 ) . 

A l o n g  t h e  G ra n d  Hogba c k  a nd no rthwa rd t o  the  i n te r i o r  o f  t h e  Wh i te 
R i ve r  P l a tea u ,  rock  u n i t s o f  Pre c a mb r i a n  t o  C re t a c e o u s  a g e  a re e x p o s ed . 
Camb r i a n  to  Pe rm i a n  bed s o f  s a n d s t on e , s i l t s t one , s ha l e ,  l i me s to n e , 
a nd c o n g l ome ra te c rop o u t  i n  i nc rea s i ng l y  s te e p l y  d i pp i ng l aye rs t o  
the  n o rt h  e d g e  o f  t h e  Gra n d  Hogba c k  monoc l i n e . The  s te ep l y  d i pp i ng 
monoc l i ne  i ts e l f c on s i s t s  o f  s i l t s tone , s a nd s t one , s ha l e ,  a n d  c oa l bed s 
o f  T r i a s s i c  t o  l a te C reta c e o u s  a g e  ( Twe to et a l . ,  1 9 7 8 ) . 

The Co l o ra d o  R i ve r  va l l ey a t  R i f l e  i s  c u t  i n to Wa s a t c h  F o rma t i on 
bed roc k . The va l l ey i s  bo rd e red to  t h e  n o rt h  by o u t c rop s  o f  t h e  ea s t e rn 
s e c t i on o f  t h e  Book C l i f f s a n d  to  t h e  s o u t h  by a n  ea s t e rn exte n s i on o f  
the  R o a n  C l  i f f s . T h e  th  i c k  s e q u e n c e  o f  s e d  i me n ta ry roc k s  t h a t  f o rms 
t h e  c l i f f s a nd t h e  va ll ey l i e s  w i th i n  a s t r u c t u ra l  d ownwa rp k n own a s  
t h e  P i c e a n c e  Ba s i n .  The bed roc k  g e n e ra l l y s l op e s  t owa rd t h e  a x i s  o f  
t h e  ba s i n ;  howeve r ,  i n  t h e  R i f l e  a rea , t h e  g e n e ra l  s t ruc t u ra l  t rend  h a s  
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GCOLOG I C AGE S TRAT I G R AP H I C  
AP P R OX I M A T E  

ROCK D C S C R I P T I O N TH I C K NE S S  
UN I T  I N  F E U  

U i n t a T a n , gr ay , a n d  b u f f  s i l t s t o n e ,  00 0 - 1 00 0  
For m a t  i o n s a n d s t o n e , an d mad s t o n e . 

Tan t o  g r a y  c a l c a re o u s  s i l t s t o n e  
G r e e n  R i ve r  w i t h d a r k  b r ow n i S h g r ay ker o g e n -

C ar l  y F or ma t i o n 1 0 00 - 3000 
T er t i ary 

r i c  h be d s  ( o i l  s h a l e ) ;  forms 
s t e e p  s l opes a n d  c l i f f s .  

R I F L E  Wa s a t c h  Format i o n V a r i g a t e d  s a n d s t o n e , s i l t s t o n e , 
S I T ES an d Oh i o  C r eek s h a l e ,  m u d s t o n e , co n g l omer a t e ;  300-5000 

Con g l ome r a te forms be n c he s  and s l o pes . 

- - U n c o n f  orm i t y 

Mesa Ver d e  
B u f f  c o l o r e d  s a n d s t o n e s  a n  d s i l t - 1000 - 5 000 

G r o u p  
s t o n e s  w i t h c o a l  bed s ;  forms 

• c l i f f s  . 

L a te Man c o s  
G r ay an d bl ack shal  e w i t h  t h i n  

C r e t a c e o u s  S h a l e 
bed s  of s an d s to n e  an d l i m es t o n e ;  3000 - 60 0 0  
forms s l opes an d v a l l ey f l oo r s . 

Dak o t a  S a n d s t o n e ,  coa l y  s h a l e ,  cong  1 0111 - 1 0 0 - 2 2 5  
S an d s  t o n e  e r a t e ;  fo rms be n c h e s  an d s l opes . 

- U n c o nf o r m i ty 

E a r l y  B u r r o  C an y o n  G r e e n  s i l t s t o n e , s h a l  e ,  san d -

C r e t a c eous For m a t  i on  s t o n e , co n g l ome r a t e ;  forms 1 0 - 2 2 5  
benc hes an d s l ooes . 

L a te Morr i s o n  
V ar i co l o r e d  c l ays t o n e ,  s an d s t o n e ,  

J u r a s s i c Forma t i o n 
s i l t s t o n e  w i t h  t h i n  l i m e s t o n e  300 - 60 0  
bed s ;  f o r m s  s l ope s a n d  b a d l a n d s . 

S urrrne r v i l e  
R e d  an d g r e e n  c o l or e d  s i l t s t o n e ,  

Forma t i on 
m ud s t o n e  an d t h i n  s a n d s t o n es ; 40 - 60 

M i d d l e  
forms s l opes . 

J ur a s s i c  Wh i te a n d  s a l mo n - red q u ar t z  E n t r a d a  
Sands  to n e  

s an d s  t o n e ;  S 1 i ck Rock member 7 5 - 300 
forms cl  i f f s .  

- - - - - U n c o n f  om i ty 

L a t e  K ayen t a  R e d  a n  d pur p l e  s i l t s t o n e , sh a l e ,  

Tr i as s i c  ( ? ) F ormat i o n s an d s t o n e ,  an d c o n g l omer a te ;  forms 0 - 200 
be n c h  between c l i f f s .  

W i n g a t e  B u f f  a n d  1 i g h t  red s a n d s t o n e ;  300- 400 
S a n d s t o n e  c r o s s - bedd e d ;  forms s te e p  c l  i f f s . 

L a te 
Red s i  1 t s t o n e , sh a l e ,  

Tr i a s s i c  C h i n l e  1 i rnes  t o n e , 

Format i o n  a n d  c o n g l ome r a te ;  f o r m s  s t e e p  00 - 1 2 0  
s l opes at  f o o t  of cl i f f s .  

- - - - U n c o n f o r m i t y 
P r ec am br i a n Gne i s s , sc h i s  t ,  g r a n i t e ,  an d pe g -
P r o t e r o zo i c U n n amed m a t i te d i k e s ; forms f l oor s o f  U n k n ow n  

Y a n d  X canyons i n  U ncompa h g re P l a t e a u .  
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been  mod i f i ed by t h e  Wh i te R i ve r  U p l i ft ,  a nd t h e  s t ra t a  d i p  a p p rox i 
ma te l y  f i ve to  1 0  d e g re e s  t owa rd t h e  wes t -s o u t hwe s t . The  t ra n s i t i on 
between  t h e  P i c e a n c e  Ba s i n  a n d  t h e  Wh i te R i ve r  Up l i f t  i s  ma rked by t h e  
Grand Hogba c k  wh i c h  i s  l e s s  t h a n  1 0  m i l e s n o rthea s t  o f  R i f l e  a nd i s  
a s s oc i ated  wi th  f a u l t i ng o f  C re t a c e o u s  a nd Te rt i a ry Age roc k u n i t s 
( Tweto e l  a l . ,  1 9 7 8 ) . 

0 . 2 . 3  R E G I ONAL STRUCTU R E  

R eg i on a l s t ru c t u re i n  t h e  R i f l e - G ra n d  J un c t i on a rea c on s i s t s  o f  
b road u p l i ft s  a n d  d e e p  s t ru c t u ra l  ba s i n s ( Sc hwoc h ow ,  1 9 7 8 ) . The 
Unc ompa h g re U p l i ft ,  wh i c h  t re n d s  n o rt hwe s t- s o u t h e a s t , i s  the  mos t  
obv i ou s  s t ru c t u ra l  f ea t u re . T h e s e  u p l i ft s  a nd b a s i n s have  sma l l e r-s c a l e  
f o l d s  a n d  f a u l t s a s soc i a ted w i t h  t hem . F o r  examp l e ,  t h e  n o rt h e a s t  
ma rg i n  o f  t h e  U n c ompa h g re U p l i ft i s  b o u n d e d  by n o rma l fa u l t i ng a n d  
monoc l i n a l f o l d i ng .  The  G ra n d  Hogba c k  mon oc l i n e  t o  t h e  n o rt h e a s t  a n d  
e a s t  o f  R i f l e  ma r k s  t h e  b o u n d a ry between  t h e  Co l o ra d o  P l a t e a u  a nd Wh i te 
R i ve r  Up l i ft .  T h e  R i f l e  a rea l i e s  o n  t h e  e x t reme n o rt h e a s t e rn edge  o f  
t h e  C o l o ra d o  P l a te a u  nea r t h e  bound a ry w i t h  t h e  R o c k y  Mou n ta i n  F o re l and  
a n d  Wh i te R i ve r  U p l i ft .  

The  C o l o ra d o  P l a t e a u  i s  a s t ru c t u ra l l y  u n i qu e  a rea i n  t h e  wes t e rn 
Un i ted States  i n  t h a t  i t  h a s  been on l y  mode ra te l y  d e f o rmed i n  c ompa r i 
s o n  wi t h  t h e  mo re i nt e n s e l y  d e f o rmed a n d  t e c t on i ca l l y  a c t i ve reg i on s  
t h a t  s u rround i t .  T h e  mos t  d i s t i nc t i ve s t ru c t u ra l  f e a t u re s  o f  the  
p l a tea u a re monoc l i n e s  a l on g  t h e  ed g e s  o f  maj o r  u p l i ft s . Mos t  o f  t h e  
s t ru c t u ra l  d e f o rma t i on ha s oc c u rred a l on g  t h e s e  f ea t u re s  ( Ke l l ey ,  1 9 5 5 ) . 
The  maj o r  tecton i c  d i v i s i on s  o f  the  C o l o ra d o  P l a t e a u  a re d e f i ned  by 
geog ra p h i ca l l y  w i d e s p read u p l i ft s  and s t ru c t u ra l  b a s i n s .  Eac h of the 
maj o r  u p l i f t s  i s  bounded o n  one s i d e by a maj o r  mon oc l i ne .  S t ruc t u ra l  
a nd tecton i c  d i v i s i on s  a l ong  t h e  n o rt h ea s t  e d g e  o f  t h e  Co l o ra d o  P l a t e a u  
a re s h own on  F i g u re 0 . 2 . 3 .  

The  reg i on a l s t ru c t u ra l  s e t t i ng of  t h e  Co l o ra d o  P l a t e a u  i s  
i n f l uenced  by the  C o rd i l l e ra n F o l d b e l t  to  t h e  wes t  a nd s o u t h . The 
f o l d be l t  i s  c h a ra c t e r i zed by f l a t - l y i n g  t h r u s t  f a u l t s that have y i e l ded  
t owa rd t h e  f o re l a nd to  t h e  east  a nd n o rt h ea s t . T h e  z o n e  of  f ronta l 
b re a k t h rough  o f  t h e  t h ru s t  pa ra l l e l s  a nd n ea rl y  c o i n c i d e s  w i t h  the  
o l de r  zone  o f  t ra n s i t i on between  the  C o rd i l l e ran geosync l i n e  a nd the  
p l a t f o rm a l ong  t h e  we s t e rn edge  o f  t h e  c ra t o n . loca l l y ,  t ra c e s  o f  t h e  
t h ru s t s  a p p e a r  t o  bend  ea s twa rd i nto A r i zona  a nd N e w  Mex i c o .  U p l i f t s  
a n d  ba s i n s  o f  t h e  R o c k y  Mou n ta i n F o re 1 a nd 1 i e e a s t  a nd n o rt h  o f  the  
C o l o ra d o  P l a t ea u .  T h e  i n ten s e l y  d e f o rmed reg i on s  n oted a bove c on t ra s t  
ma rked l y  w i th  t h e  va s t  e x p a n s e s  o f  gent l y  d i pp i ng s t ra ta a n d  s c a tte red 
monoc l i ne s  of t h e  C o l o ra d o  P l a t ea u . 

D u r i ng  the  l a te C retac eo u s  a n d  t h ro u g h o u t  the  la rami d e  o rogeny 
( ea r l y  Tert i a ry ) , the C o l o ra d o  P l a te a u  wa s s ubj ec ted to  c omp re s s i ona l 
s t re s s ,  p rod uc i ng f o l d s  u s ua l l y  e x p re s s ed by ea s t -d i pp i ng mon oc l i nes . 
Oth e r  s t ruc t u ra l  e l eme nts  d eve l oped d u r i ng t h i s  t i me i nc l ud e  t h e  Rocky  
Mou nta i n  F o re l a nd a nd t he ba s i ns a nd t h e  u p l i f t s  o f  t h e  C o l o ra d o  
P l a tea u i n t e r i o r .  A c ha nge i n  the  s t re s s  reg i me t o  o n e  o f  reg i ona l 
t e n s i on d u r i ng t h e  M i o c e n e  i n i t i a t ed t h e  d e v e l opme n t  o f  a sys t em o f  
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h i g h-a n g l e  n o rma l fa u l t s s u p e r i mp o s ed o n  t h e  ea r l  i e r  La rami d e  f o l d s  to  
t h e  wes t , s ou t h , a nd s outhea s t  o f  t h e  p l a t ea u .  E p e i roge n i c  u p l i ft of  
t h e  e n t i re p l a t e a u  a ppa re nt l y  o c c u rred l a te i n  C e n oz o i c t i me a nd may be  
re l a ted to  the  sync h ro n o u s  d e ve l o pment  o f  t h e  Ba s i n  a n d  R a n g e  s t ru c 
t u re s . I n j ec t i on o f  l a c c o l i th s  a n d  o t h e r  i nt ru s i on s  o c c u rred a ft e r  
La rami d e  t i me p rod uc i ng d omes a n d  o t h e r m i n o r  mod i f i ca t i on s  o f  s ome o f  
t h e  o l d e r  s t ruc t u re s . The  s t ab l e ,  i nt ra c on t i n en ta l s ub p l a t e  o f  the  
Co l o rado  P l a te a u  i nt e r i o r  h a s  expe r i e n c e d  about  two m i  1 1  i me t e rs per  
" �� r  o f  u p l i ft s i nc e  the  l ate  Tert i a ry ( Ga b l e a nd Hatton , 1 980) . 

E n ec he l on f o l d i ng a l on g  t h e  e a s te rn a n d  n o rt h e rn reg i on s  o f  t h e  
Co l o ra d o  P l a t e a u  i nd i ca te s  a n o rt h e a s twa rd d i rec t i on o f  y i e l d i ng 
re l a t i ve to  t h e  s u r round i ng a rea s . Th i s  n o rt h ea s twa rd d i rec t i o n  o f  
y i e l d i ng a ppea rs t o  b e  re l a ted t o  t h e  s h a rp bend i n  t h e  C o rd i l l e ra n  
Fo l d be l t  "i n s o u thea s t e rn C a l i f o rn i a  whe re t h e  fo l d be l t  c u t s  i nt o  t h e  
c rys ta l l i ne bas ement  roc k s . E a s t -wes t  c omp re s s i on i n  t h e  Nevada  s e gmen t  
o f  the  C o rd i l l e ra n Fol d be l t  a nd nea r l y  n o rt h -s ou t h  c omp re s s i on i n  t h e  
f o l d be l t  i n  A r i zona  a n d  N e w  Mex i c o  g i ves  a re s u l t a n t  vec t o r  t h a t  t re n d s  
n o rthea s t . T h e re f o re , t h e  n o rt h e a s t  y i e l d i ng o f  t h e  Co l o ra d o  P l a tea u 
a ppea rs t o  be re l a ted t o  t h e  c omp re s s i on a l f o rc e s  i n  t h e  fo l d be l t  to  
t h e  south  a nd wes t .  I t  s eems 1 i ke l y  that p r i ma ry h o r i z onta l c omp res 
s i on d e e p  wi th i n  the  c ru s t  benea t h  t h e  p l a te a u  res u l ted i n  l oc a l  
s e c onda ry s t re s s  f i e l d s  nea r t h e  s u rf a c e  h a v i ng s t rong  v e rt i c a l  c om
ponents . Th i s  i mp l i es a s t ro n g  c ru s t  wh i c h  wa s c a pa b l e o f  t ra n sm i tt i ng 
h o r i zonta l s t re s s e s  ove r l on g  d i s ta n c e s  w i t h o u t  i nt e n s e  d e f o rma t i on 
( Woodwa rd ,  1 9 7 3 ) . 

Northea s twa rd c omp res s i ona l tecton i sm i n  t h e  Co l o ra d o  P l a te a u  a n d  
s o u t h e rn R o c k y  Mou n ta i n s d u r i ng t h e  La ra m i d e  o ro geny res u l t ed i n  
e n h a n c emen t  o f  p re -e x i  s t i ng  ba s emen t  s t ru c t u re s  i n  wes t e rn C o l o rad o .  
The C o l o ra d o  P l a te a u  a c ted a s  a semi r i g i d  p l ate , rej e c t i ng i nten s e  
d e f o rma t i on a n d  t h ru s t  f a u l t i ng a l on g  i ts we s t e rn a n d  s o u t h e rn ma rg i n s , 
b u t  f o rm i n g  g e n e ra l l y  n o rt h -o r i e nted monoc l i n e s  o v e r  P recamb r i a n  b a s e 
ment  f a u l ts ( Ba a rs a nd Stevens on , 1 98 1 ) .  Maj o r  u p l i f t s  a n d  ba s i n s i n  
we s t e rn C o l o ra d o , i nc l ud i ng the  U n c ompa h g re U p l i ft ,  t h e  Wh i te R i ve r  
U p l i ft ,  the  P i c e a n c e  Bas i n ,  a n d  t h e  Gra n d  Hogba c k , we re f o rmed a s  a 
re s u l t  o f  t h e  wes twa rd c omp re s s i ve s t re s s es d u r i n g t h e  La ram i d e . Maj o r  
s t ruc t u re s  res u l t i ng f rom La rami d e  tecton i sm i n  t h e  R i f l e  a rea a re t h e  
Uncompa h g re U p l i ft ,  t h e  P i c e a n c e  B a s i n ,  a n d  t h e  Wh i te R i ve r  U p l i ft .  

The  U n c ompa h g re U p l i ft i s  a no rthwe s twa rd -t rend i ng a symme t r i ca l 
f e a t u re c o red w i th  P recamb r i a n  roc k s  a n d  w i th  f l a n k s  c ompo s ed o f  Me s o 
zo i c  roc k  u n i ts ( Ke l l ey a n d  C l i nton , 1 9 60) . The  no rthwe s te rn e d g e  
p l unges  towa rd t h e  U i nta  B a s i n  a nd i s  c h a ra c t e r i zed b y  n ume ro u s  sma l l 
a n t i c l i ne s  a n d  sync l i ne s . The  s o u thwe s t e rn s i d e i s  mod i f i ed by n ume rou s  
h i g h -a n g l e  f a u l ts , mo s t  o f  wh i c h a re d own t h rown t o  t h e  s ou t h  o r  s o u t h 
we s t  ( Ke l l y a n d  C l i nton , 1 9 60) . T h e  u p l i ft i s  a remn a n t  o f  a n  o l d e r ,  
much  l a rg e r  h i gh l a n d  t h a t  wa s a p rom i n e n t  s t ru c t u ra l  f ea t u re d u r i n g  t h e  
l ate  Pa l eo zo i c . The  U n c ompa h g re U p l i ft i s  o n e  o f  the  f e w  tec ton i c  
feat u re s  w i th i n  t h e  s ta b l e C o l o ra d o  P l a t e a u  i nt e r i o r  t h a t  i s  poten
t i a l l y  a c t i ve .  C on s i d e ra b l e  moveme n t  has  o c c u rred a l on g  bound i ng 
f au l ts a nd mon oc l i ne s  d u r i ng the  P l i oc e n e  a nd Q u a te rna ry a n d  may be  
c o n t i n u i ng to  t h e  p re s e n t  t i me ( K i rk ham  a n d  R o g e rs , 1 98 1 ) .  
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T h e  P i c e a n c e  B a s i n  i s  a n  a symme t r i c s t r u c t u ra l  d ownwa rp , e l ongated  
n o rthwe s t - s ou t h ea s t  a n d  l y i ng between  t h e  Unc ompa h g re Up l  i ft to  the  
s o u t h  a n d  t h e  Wh i te R i ve r  U p l  i ft to t h e  n o rt h  a n d  ea s t . The  s u r f a c e  
roc k s  o f  Uppe r C reta c eo u s  s ha l es ,  mud s t o ne s , a n d  s a n d s to n e s  d i p  g en t l y 
on  the  s o u t h  and  wes t  a n d  mo re s t e e p l y  o n  t h e  n o rt h  a nd ea s t . The  
po rt i on o f  t h e  b a s i n  near  R i f l e  i s  c h a ra c te r i zed  by n ume rous  s ubpa ra l l e l 
n orthwe s t  t rend i ng a n t i c l i ne s  a n d  sync l i n e s  ( F i gu re 0 . 2 . 3 ) . S e v e ra l  
n o rt hwe s t  t rend i ng n o rma l f a u l ts w i t h  sma l l d i s p l a c emen t s  a re a l s o 
p re s ent  i n  the  n o rt h ea s t e rn pa rt o f  t h e  b a s i n  ( Do n n e l l ,  1 9 6 1 a ) . The  
G rand  Hogba c k  monoc  1 i ne  f o rms t h e  e a s t e rn bounda  ry  of  t h e  P i  c e a n c e  
Ba s i n .  A f a u l t  z o n e  i nd i cated  by a p rom i n e n t  topog ra ph i c  l i n eame n t  
t rends  rough l y  e a s t-we s t  a b o u t  40 mi l e s n o rthwe s t  o f  R i f l e .  Geomo rp h i c  
i n vest i ga t i on s  o f  t h i s  f a u l t  zone  h a ve revea l ed fea t u re s  s ugge s t i ve o f  
Ho l o c e n e  f a u l t i ng ( Mc G u i re et  a l . ,  1 98 2 ) . 

The  Wh i te R i ve r  U p l i ft i s  a roug h l y c i rc u l a r ,  h i g h s t ru c t u re 
o c c u py i n g  pa rt o f  t h e  n o rthwe s t - t rend i ng d e f o rma t i on a l zone  between  the  
a n c e s t ra l  Rocky  Mounta i n  F ront  Range  a n d  the  U n c omp a h g re-San L u i s  H i gh 
l a nd . T h e  s teep l y  d i pp i ng G ra n d  Hogba c k  monoc l i n e f o rms t h e  we s t e rn a n d  
s ou t h e rn bou nda ry o f  t h e  u p l i ft .  Maj o r  u p l i ft o f  t h e  f e a t u re oc c u rred 
d u r i ng t h e  La ram i d e . T h e  Wh i te R i ve r  Up l i ft a ppea rs t o  l a c k  a p re 
La ram i d e  s t ru c t u ra l  e x p re s s i on ,  b u t  t h e  b o rd e r  o f  t h e  u p l i ft may b e  
c on t ro l l ed b y  o l d e r  bas emen t  fa u l ts ( Tweto , 1 980a ) . Numerous  fa u l ts 
c u tt i ng P re c amb r i a n  t o  Te rt i a ry bed roc k un i t s oc c u r  a l o n g  a n d  n o rt h  o f  
t h e  Gra nd Hogba c k  monoc l i ne ( l weto e t  a l . 1 9 7 8 ) . Neogene  tecton i sm i n  
wes t e rn C o l o ra d o  res u l ted i n  w i d e s p read b l oc k  fa u l t i ng a n d  e l e va t i o n o f  
t h e  Wh i te R i ve r  U p l  i ft a t  l ea s t  2000 feet  h i g h e r  t h a n  t h e  s u rround i n g 
a re a s  ( Twet o , 1 980a ) . 

0 . 2 . 4  S I TE GEOLOGY 

C o l l u v i a l , a l l u v i a l , or  a e o l i a n  s o i l s  d i re c t l y  u n d e r l i e  t h e  R i f l e  
ta i l i ngs  s i te s  a n d  a re d e s c r i bed i n  Sec t i on 0 . 1 . U n d e r l y i n g  t h e  u n c o n 
s o l i da ted depos i ts a t  the  s i te s  i s  t h e  Sh i re Memb e r  o f  t h e  Wa s a t c h  
F o rmat i on .  A b r i e f  d es c r i pt i on o f  t h e  bed roc k u n i ts i n  o rd e r  o f  
i nc re a s i ng d epth d own to  t h e  Ma n c o s  Sha l e  i s  a s  f o l l ows : 

o The  Wa s a t c h  F o rma t i on i s  a s i ng l e  s t ra t i g ra p h i c  u n i t  d i v i d ed 
i n to  a n  uppe r membe r ,  the Sh i re ;  a m i dd l e  memb e r ,  the M o l i na ;  
a nd a l ower  memb e r ,  t h e  Atwe l l  Gu l c h .  The  Sh i re Memb e r  c on -
s i s t s o f  va r i a b l y  c o l o red c l a y s t o n e s  a nd s i l ts to n e s  w i t h  m i no r  
u n i ts o f  l en t i c u l a r ,  b rown s a nd s t o n e s .  The  t h i c k n e s s  o f  the  
Sh i re Membe r n ea r  R i f l e  i s  p ro ba b l y a bo u t  1 600 feet  a l though  
s ome o f  i t  may  h a ve been  remo ved by  e ro s i on .  The Mo l i na Memb e r  
c on s i s t s  ma i n l y  o f  s a n d s tone  a n d  t h i n ,  i nt e rbed d ed c l ays tones  
a nd s i l t s tone s . It  i s  p rob a b l y  a bo u t  500  feet  t h i c k . The  
Atwe l l Gu l c h  Memb e r ,  p roba b l y about  600 f e et th i c k , i s  a s e r i e s  
o f  d ra b  b rown a n d  g ra y  s h a l e s  a n d  s a n d s t o n e s  w i th  s e v e ra l t h i n ,  
d i s c ont i n uo u s  i n t e rb e d s  o f  l i g n i te a nd c a rbonac e o u s  s ha l e .  
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o The  Oh i o  C reek  F o rma t i on i s  a s i n g l e  ma s s i ve ,  o r  s e r i e s  o f  
ma s s i ve ,  c on g l ome ra t i c  s a n d s t on e s  c on t a i n i ng mos t l y  pebb l e s o f  
c he rt a n d  qua rt z i te d e r i ved f rom o l d e r  s ed i menta ry roc k s . The 
t h i c k n e s s  i s  a p p rox i ma t e l y  1 00 feet . 

o T h e  Me sa  V e rd e  Group  i s  a c ompo s  i t e  o f  1 i g h t  b rown to  wh i te 
s a n d s tone , g ray t o  b l ac k  s ha l e , a nd c oa l  beds of the W i l l i ams 
F o rk F o rma t i on ( ma x i mum t h i c k ne s s  o f  4 5 00 feet ) . A l so i nc l uded  
a re ma s s i ve bed s o f  l i g h t  b rown t o  wh i te s a n d s tone  a nd i n te r
bedded  s ha l e  a nd c o a l  o f  t h e  I l e s F o rma t i on ( ma x i mum t h i c k n e s s  
o f  1 600 f e e t ) ( Twet o  et  a l . ,  1 9 7 8 ) . 

o The Ma n c o s  S ha l e  i s  a g ray ma r i n e  s ha l e  w i t h  a f ew t h i n  l i me 
s to n e  bed s a n d  a f ew bed s o f  s a n d s t on e . T h e  Ma n c o s  Sha l e  i s  
a p p rox i ma te l y  &000 feet  th i c k nea r R i f l e  ( Mu rray a n d  Ha un , 
1 9 7 4 ;  Twet o  et  a l . ,  1 9 7 8 ) . 

None  o f  the  b o r i n g s  d r i l l ed a t  a ny o f  t h e  s i te s  penet ra t e d  beyond 
the nea r-s u rf a c e  Sh i re Memb e r .  F i gu re 0 . 2 . 4  d e p i c t s  a g e n e ra l i zed 
c ro s s  s e c t i on of the R i f l e  a rea g e o l ogy . 

O l d  a n d  New R i f l e  s i te s  

At the  O l d  a nd New R i f l e  s i te s , t h e  Wa satc h F o rma t i on d i p s a t  
between  f o u r  to  1 0  d e g re e s  t owa rd t h e  n o rt hwe s t  a nd c on s i s t s  o f  
re l a t i ve l y  i mp e rv i ou s  va r i egated c l a y s t o n e s  a n d  s i l t s tones  c onta i n i ng 
mi n o r  l en t i c u l a r  bed s o f  s a n d stone . T h e  l oc a t i on s  o f  s u b s u rf a c e  
b o r i ngs  a t  the  O l d  a n d  New R i f l e  s i te s  a re s h own i n  F i g u re s 0 . 2 . 5  a n d  
0 . 2 . 7 ,  respec t i ve l y ,  a n d  g e o l og i c  c ro s s  s e c t i on s  d e ve l oped f rom t h e  
b o r i ngs  a re s h own i n  F i g u re s  0 . 2 . 6  a n d  0 . 2 . 8 t h rough  0 . 2 . 1 0 .  

E s t e s  G u l c h s i te  

At the  E s te s  Gu l c h  s i te ,  a s o i l c on s i s t i ng o f  a l l u v i a l , c o l l u v i a l , 
a nd a e o l  i a n d e p o s i t s ma nt l e s the  Wa s a t c h  F o rma t i on to  d e p t h s  o f  t h ree 
to  43  fee t .  The  u n d e r 1 y i n g c 1 a y s ton  e s a n d san d s ton  e s 0 f t h e  Wa sat c h 
F o rma t i on a re wea the red , f ra c t u red , a n d  o x i d i zed  t o  d e p t h s  o f  u p  t o  
1 00 feet  be l ow t he i r uppe r c onta c t  w i t h  t h e  s o i l ma nt l e .  � i s t i nc t  
s l i c k en s i d e s  a re perva s i ve t h ro u g h o u t  t h e  c l a ystone . T h e  f ra c t u r i ng 
a ppea rs t o  be  a re s u l t  o f  t h e  l oc a l  f a u l t i ng a nd f o l d i ng p ro c e s s e s  that  
c rea ted the  G ra n d  Hogb a c k  mon oc l i ne .  

The  f o rma t i on d i ps 1 0-20 d e g re e s  t o  t h e  s ou t hwe s t  i mmed i a te l y  
s o u t hwes t o f  t h e  s i te a nd a b rupt 1 y c ha ng e s  t o  6 5  t o  7 0  d e g re e s  i n a 
f a u l ted zone wh i c h  c ou l d  t ra n s l a t e  l oc a l l y  i n to  a monoc l i na l  f o l d .  The  
fa u l t  has  no  topog ra ph i c  e x p re s s i on a nd o c c u rs on  s t r i k e  w i t h i n  the  
s i l ts tone a n d  c l aystone  u n i t s . F i g u re 0- 1 8 s h ows t h e  pos i t i on o f  t h e  
f a u l t 5 0 0  to  800 feet  d own s l ope  f rom t h e  d i s po s a l  s i te . The  fa u l t  
t rend s wi t h  the  a x i s o f  t h e  Hogba c k  monoc l i ne fo l d  a n d  i s  o n  s t r i k e  
wi th  t h e  bedd i ng p l a n e s . M i n o r  fa u l t s oc c u r  ra n d om l y  wi t h i n  t h e  
s t ee p l y  d i pp i ng s t rata  beneath  the  s i te a nd a ppea r a s  smooth  p l a ne s  
wi th  th i n  c l ay g o u g e  f i l l i ng s . Typ i ca l l y ,  c l os e l y  s pa c e d  j o i n ts  o r  
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f ra c t u re s  oc c u r  nea r t h e s e  gouge-f i l l ed f a u l ts ,  a n d  bec ome w i d e l y  
spaced  wi t h i n  a f ew feet o f  t h e  m i n o r  f a u l t .  L ong rea c h e s  o f  t h e  c o re s  
d r i l l ed c onta i ned  n o  f ra c t u re s  a t  a l l . A l l f ra c t u re s  a nd fa u l ts 
a ppea red v e ry t i g h t  a n d  u s ua l l y d i d  not  a f f e c t  c o re rec ove ry .  

The  s t r i k e  o f  t h e  Wa s a t c h  F o rma t i on i s  t o  t h e  n o rt hwe s t . The  s i te  
i s  s t ru c t u ra l l y  l oc a ted w i t h i n  t h e  wes t e rn 1 i mb o f  t h e  G ra nd Hogba c k  
monoc l i ne .  C re t a c e o u s  u n i ts o f  t h e  u n d e r l y i ng Mesa  Ve rd e  G ro u p  s a n d 
s t o n e s  a n d  s ha l es c rop o u t  a l ong  t h e  monoc l i n e  t o  t h e  n o rt h  o f  t h e  
s i te .  The  Te rt i a ry G reen  R i ve r  F o rma t i on o i l s ha l es ,  s a nd s t o n e s , a n d  
ma r l s t o n e s  c rop o u t  a l ong t h e  e a s t e rn Book  C l i f f s  a bo u t  fou r m i l e s wes t  
o f  t h e  s i te . 

L u c a s  Mesa  s i te 

As  i nd i c a ted i n  Sec t i on 0 . 1 , t h e  L u c a s  Mesa  s i te i s  u n d e r l a i n  by 
30 to  89  feet of b a s a l t  g ra ve l , c o bb l es ,  a n d  b ou l d e rs i n  a ma t r i x  o f  
c l ayey s i l t .  Th i s  remn a n t  d e b r i s f l ow f rom G ra n d  M e s a  f o rms a res i s t a n t  
c a p  to  the  mes a  wh i c h  i s  u n d e r l a i n  by  t h e  Sh i re Memb e r  o f  t h e  Wa s a t c h  
F o rma t i on .  B o r i n g s  d i d  not  extend  ove r a f e w  f e e t  i nt o  s a nd s t o n e  bed
roc k . Ba sed  o n  s u rf i c i a l  geo l og i c  i n f o rma t i on ,  the  Wa s atc h F o rma t i on 
i s  re l a t i ve l y  f l a t- l y i ng .  
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0 . 3  GEOMORPHOLOGY 

0 . 3 . 1  R E G I ONAL GEOMORPHOLOGY 

Geomo rp h i c  f e a t u re s  a n d  Quate rna ry d e p o s i ts i n  t h e  R i f l e  a rea 
re f l ec t  the  i nt e ra c t i on o f  geo l og i c  a n d  c l i ma t i c  va r i a b l e s . The  phys i 
og ra phy a n d  topog ra p h y  a n d  the  Q u a t e rna ry d e p o s  i t  rec o rd a t t e s t  to  the  
p red om i n a n c e  of  f l u v i a l  a nd e o l i a n e ros i on a n d  ma s s  moveme n t  p ro c e s s e s  
ope ra t i ng i n  a semi a r i d  to  tempe rate  c l i ma te d u r i n g  Q u a t e rn a ry t i me .  
C l i ma t i c  f l u c t ua t i on s  a re i nd i c a ted by t h e  a b u n d a n c e  o f  g l a c i a l  d e p o s i ts 
a d j a c e n t  to  h i gh e l e va t i on me sa s . S i n c e  a bo u t  1 0 , 000 yea rs a g o , f l u v i a l  
e ros i on p roc e s s e s  have  been  t h e  d om i n a n t  geomorp h i c  f o rc e  i n  t h e  reg i on .  
late  C e n o zo i c  up l i ft o f  t h e  C o l o ra d o  P l a tea u h a s  been  t h e  maj o r d r i v i ng 
f o rc e  i n  the  e vo l u t i on of  t h e  l a n d s c a p e , t r i gge r i ng  l a nd s c a pe rej uvena
t i on ,  s t ream c h a n n e l i nc i s i on ,  a n d  remova l o f  ma s s i ve amo u n t s  o f  s ed i -· 
menta ry bed roc k . At l ea s t  5000 f e e t  o f  reg i on a l d ownc u t t i ng o f  maj o r  
r i v e rs i nt o  s ed i me n t a ry roc k s  o f  ea r l y  Te rt i a ry t o  late  C retac e o u s  age  
h a s  o c c u rred s i nc e  u p l i f t bega n ( Ye end , 1 9 69 ) . Oown c u t t i ng has  p ro
d u c ed l ong , steep  s l opes , o v e rsteepened  c l i f f s , a n d  na rrow c a nyon s . 
E x t remes i n  e l e va t i on ,  s l ope  e x p os u re , a n d  t h e  ra nge  o f  b ed roc k types 
a l l owed va r i ed geo l og i c  p roc e s s e s  to  o p e ra t e  t h rough  t i me a n d  p rod uced  
v e ry d i f fe re n t  e f f e c t s  on  the  l a nd s c a pe . 

land f o rms i nd i ca t i ve o f  g l ac i a l  p roce s s e s  a re a b u n d a n t  a t  h i gh e r  
e l eva t i on s  t h ro u g h o u t  the  reg i on .  G l ac i a l , a l l uv i a l , a n d  c o l l u v i a l  
depos i ts a s soc i a ted wi th  two maj o r  g l ac i a t i on s  o c c u r  i n  h i gh e l e va t i on 
a re a s  o f  t h e  Wh i te R i ve r  P l a te a u  a nd on  Ba t t l emen t  a nd G ra nd M e s a s  
s ou t h  o f  t h e  C o l o ra d o  R i ve r  ( Co l e  a nd Sexto n , 1 98 1 ; Tweto et  a l . ,  
1 9 7 8 ) . G l a c i a l  d e p o s i ts a re rep re s ented  by t i l l ,  mo ra i n e s , o u twa s h  
g ra ve 1 s ,  a nd a 1 1  u v i a 1 t e rr a c e  a nd fa  n g r a ve l s o n  t h e  f 1 a n  k s o f  me s a s . 
At G ra nd Mesa , i c e  reac hed l e ve l s  a s  l ow a s  5800 f e e t , a nd o utwa s h  
depos i ts rea c h  to  t h e  l eve l o f  t h e  C o l o ra d o  R i ve r  ( Ye end , 1 9 69 ) . 

Ped i me n t  s u rf a c e s  a nd me sa  s l op e s  i n  t h e  a rea ha ve been exten
s i ve l y  mod i f i ed by s l ope fa i l u re a nd c o l l u v i a l p roc e s se s . l a n d s l i d i ng 
a n d  s l ump i ng o f  b a s a l t  b l oc k s  on  G ra n d  M e s a  h a ve oc c u rred o v e r  two 
s ed i me n ta ry un i ts c onta i n i ng c l aystones  ( Ye e n d , 1 969 ) . The  mesa  ed ge s 
a re c h a ra c t e r i zed by a w i d e , i rregu l a r  s u rf a c e  w i th  d i s rupted  d ra i nages , 
n ume rou s  l a k e s , a nd s l ump b l oc k s . C o l l uv i a l  p roc e s s e s  ope ra t i ng on  
Ba t t l eme n t  Mesa  p rod uced  s o l i f l uc t i on ,  s l ump i n g ,  l a n d s l i d e s , a nd 
mud f l ows . Ta l u s d e p o s i t s a nd roc k g l a c i e rs a re a l s o p re s ent  on  s teep  
s l opes  i n  t h e  a re a . Nume rou s  g ra v e l -venee red ped i me n t  s u rf a c e s  oc c u r  
o n  t h e  f l a n k s  of  G ra nd a n d  Ba t t l ement  Mesa s ( C o l e a n d  Sexton , 1 98 1 ) .  

S i nc e  d i s a p pea ra n c e  of  t h e  l a s t  g l a c i e rs ,  s t ream d ownc u t t i ng h a s  
b e e n  t h e  d om i n a n t  geomo rp h i c  p ro c es s . A r royos a re c ommon fea t u re s  o f  
t h e  more a r i d  s l op e s . Quate rna ry a ge s a n d  a n d  g ra v e l  d e p o s i ts a re p re 
s e n t  a l ong  t h e  C o l o ra d o  R i ve r  a n d  maj o r  t r i b u ta ry s t reams . M o s t  td 1 u s 
s l opes  a ppea r to  be  sta b l e ,  b u t  sma l l ,  a c t i ve  s l ump s , ea rth f l ows , a n d  
l a nd s l i d e s  a re p re s e n t  ad j a c en t  to G ra n d  Mesa  ( Ye e nd , 1 9 69 ) . Pe rma nent  
s t reams a re c u rren t l y  c utt i ng i n to  th e i r f l ood p l a i n s .  Ac t i ve eo l i a n  
p roc e s s e s  a re d e p o s i t i ng f i ne g ra i n ed s a n d  a n d  s i l t o v e r  mos t  bed roc k 
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t e rrac e s  a n d  ped i me n t  s u rfac e s . St ream a g g ra da t i on i s  not  a c ommon 
p roce s s  a l ong perenn i a l , t h ro u g h -go i ng s t reams . C l  i ma t i c  c h a n ge wou l d  
p robab  1 y res u l t  i n  c on t  i nued  d own c u t t i  ng , p e r h a p s  a t  mo re a c c e  1 e ra ted 
rates  than  at prese n t . 

Rates  o f  d e n ud a t i on a n d  d own c u t t i ng. 

I n  reference  to  t h e  po s s i b l e  i n f l u e n c e  o f  t h e  l on g -t e rm e ro s i on 
p roc e s s e s  u pon  remed i a l  a c t i on d e s i gn , a d i s c u s s i on o f  t h e  ra tes  o f  
d e n ud a t i on and  s t ream d own c u t t i n g  i s  pro v i d ed be l ow .  The ra tes  o f  
d e n ud a t i on a re t h e  ra tes  a t  wh i c h a l a nd s u rfa c e  i s  be i ng l owe red a s  a 
res u l t  o f  e ro s i on a l p roc e s s e s . The s e  ra tes  va ry w i t h  c l i ma te a n d  t h e  
amo u n t  o f  p rec i p i ta t i on .  A s  po i n ted o u t  b y  S c h umm ( 1 9 6 3 ) , i t  i s  o b v i o u s  
t h a t  no  s u rf a c e  i s  l Owe red i n  a u n i f o rm ma n n e r ; howe ve r ,  ra tes  o f  
d e n u d a t i on a n d  d ownc utt i ng have  been  e s t i ma ted , g e n e ra l l y  f o r  a pe r i od 
o f  1 000 yea rs . 

Long-t e rm e ro s i on ra t e s  c a l c u l a ted f rom rad i omet r i ca l l y  d a ted 
s u rf a c e s  a nd geomo rph i c  re l at i on s h i ps o b s e rved i n  t h e  Co l o ra d o  P l a t e a u  
range f rom 0 . 1  t o  3 . 0  feet  p e r  1 000 yea rs d u r i ng l a te Te rt i a ry a n d  
Q u a t e rn a ry t i me ( Woodwa rd -C l yd e  Con s u l ta nt s , 1 9 8 2 ) . F o r  t h e  ra nge o f  
roc k  1 i tho l og i es p re s e n t  o n  t h e  C o l o ra d o  P l a t ea u , t h e  a v e ra ge ra te o f  
d own c ut t i n g  o f  one  f o o t  p e r  1 000 yea rs i s  a g e n e r o u s  e s t i ma t e  ( Sc h umm 
a nd Ha rvey , 1 98 3 ) . F o r  t h e  u p p e r  C o l orado  R i ve r  a nd Gu n n i s o n  R i ve r  
ba s i n s ,  S i nnock  ( 1 98 1 ) h a s  p roposed  v e rt i c a l  e ros i on ra tes  o f  a bo u t  
0 . 1  i nc h  per  yea r ( 8 . 3  feet  p e r  1 000 yea rs ) a n d  l a t e ra l  c l i f f mi g ra t i on 
ra tes  o f  0 . 2 5 t o  1 . 00 i nc h  p e r  yea r ( 20 . 8  t o  8 3 . 3  feet  p e r  1 000 yea rs ) 
s i nc e  M i oc ene  t i me ( a bo u t  30 m i l l i on yea rs be fore the  p re s e n t ) . 
S i nnoc k ( 1 98 1 ) a l so p ro p o s e s  ac c e l e ra ted e ros i on ra tes  for  t h e s e  a rea s 
t h roughout  the  m i dd l e  a nd l a te  T e rt i a ry a nd i n to  t h e  Quaterna ry d u e  to  
i n c rea s i n g r i v e r  g rad i en t s  a s soc i a ted w i t h  epe i rogen i c  u p l i ft .  P l e i s to 
c ene  e ros i on ra t e s  may rep re s e n t  ma x i mum amo u n t s  d u r i ng t h e  l a s t  6 5  
m i l l i o n yea rs . Stud i e s i n  t h e  Pa radox  Va l l ey a rea , howeve r ,  i nd i c ate  
t h a t  l a te  P l e i s t o c e n e  e ro s i on ra tes  were  s i m i l a r  to  t h e  l ong-term ra tes  
( Woodwa rd -C l yd e  C o n s u l t a n t s , 1 98 2 ) . The l on g - t e rm d e n uda t i on ra tes  
d i s c u s sed  a bo ve rep re s e n t  a n  a v e ra g e  f o r  the  l a s t  1 . 5 t o  two m i l l i on 
yea rs . The  a c t u a l  i nc l s l on p roc e s s  p ro ba b l y  i n v o l ves  pe r i od s  o f  
v i rt ua l l y  no  d own c u tt i ng a l t e rna t i n g  w i th  p e r i od s o f  a c t i ve i nc i s i o n . 

Wi t h i n  t h e  R i f l e -Gra nd J u n c t i on reg i on ,  ra t e s  o f  d own c u t t i ng a n d  
s c a rp e ros i on a re s i mi l a r  to  a v e rage  ra tes  f o r  t h e  C o l o ra d o  P l ateau . 
Mea s u reme n t s  o f  h i l l s l ope e ros i on on  t h e  Ma n c o s  Sha l e  nea r Grand 
J unc t i on s how that the  upper port i on s  o f  t h e  s l opes  were l owe red a b o u t  
0 . 2 5 i nc h  d u r i n g  four  yea rs ( Sc h umm a n d  C h o r l ey ,  1 9 6 6 ) . Nea r Grand 
Mesa , the a ve ra g e  ra te o f  d own c u t t i ng by the C o l orado  R i v e r  i s  0 . 5  f oot  
p e r  1 000 yea rs ( Ye e nd , 1 9 69 ) . T r i b u ta r i e s  to  t h e  r i ve r  s h ow c u rrent 
a g g rada t i on a l on g  sma l l  e p h eme ra l s t reams but  a re expe r i enc i ng d eg ra 
da t i on a l ong ma j o r  p e re n n i a l  s t reams . C o n s eq u en t l y ,  d own c u t t i ng i s  
oc c u rr i n g  even  a t  l ow e l evat i on s . S c h umm a n d  Ha rvey ( 1 9 8 3 )  s u g g e s t  
t h a t  t h e  Co l o ra d o  R i ve r  a t  R i f l e  i s  n o t  i n c i s i n g a s  a res u l t o f  u p l i ft 
a nd c onc l ud e  t h a t  P l e i s to c e n e  u p l i f t respon s i b l e  f o r  t h e  U n c ompa h g re 
P l a t e a u  h a s  c e a s ed . They a l s o c o n c l ud e  t ha t  d e g ra da t i on o f  t h e  
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Co l o ra d o  R i ve r  i s  c o n t ro l l ed l oca l l y  by res i s ta n t  metamo rp h i c  a n d  
i g neous  bed roc k  a n d  t h a t  d eg rad a t i on s ho u l d  not  exc eed a bo u t  o n e  foot 
d u r i ng a 1 000-yea r pe r i od i f  re newed u p l i ft o c c u rs . Pe r i o d s  o f  c l i ma t i c  
c hange , wheth e r  t o  wa rme r a n d  d r i e r c on d i t i on s  o r  c oo l e r  a nd wette r 
c o nd i t i on s , wou l d  p ro ba b l y res u l t  i n  i nc re a s ed i n i t i a l  ra tes  o f  d own
c utt i ng i n  the  R i f l e  a rea ( Yeend , 1 9 6 9 ) . A l on g  pe r i od o f  c o o l , wet 
cond i t i on s  wou l d  u l t i ma te l y  res u l t  i n  i nc re a s ed s ed i me n t  y i e l d  at 
h i g h e r  e l eva t i on s  a nd s t ream a gg rad a t i on at l owe r e l e va t i on s . 

Maj o r  c l  i ma t i c  c ha n g e s  d u r i ng  t h e  n e x t  1 000 yea rs i n  the  R i f l e  
a rea w i l l  p roba b l y  b e  o f  l es s e r  mag n i t u d e  t h a n  t h e  c l  i ma t i c  s h i ft 
f o l l owi ng  t h e  l a s t f u l l g l a c i a l  pe r i od i n  t h e  s ou t hwe s t e rn Un i ted 
States . Th i s  pe r i od ended  i n  n o rthwe s t e rn C o l o ra d o  a b o u t  1 0 , 000 yea rs 
ago . Va l l eys o f  h i g h e r  e l eva t i on i n  the R o c k y  Mounta i n s we re exten
s i ve l y  g l a c i a ted as  rec en t l y  as  8000 yea rs a g o  a l t h o u g h  s ome reg i on s  
we re i c e - f re e  a s  ea r l y  a s  1 4 , 000 yea rs a g o  ( B u rk e  a n d  B i rk e l a n d , 1 9B 3 ) . 
Pa l eoc l i ma t i c  rec o n s t ruc t i on s  f o r  the  l a s t  f u l l g l a c i a l  pe r i od i n  the  
s outhwes t  d i f f e r  i n  i nt e rpreta t i on o f  p rec i p i ta t i on a n d  temp e ra t u re i n  
c ompa r i s on wi t h  t h e  p re s en t . Mos t  i nt e rp re ta t i on s  o f  t h i s  pe r i od 
propose  a c l i ma t e  c h a ra c t e r i zed by i nc rea s e d  p rec i p i ta t i o n , c oo l e r  
s umme r temp e ra t u re s , a nd m i l d e r  w i n t e rs for  t h e  d e s e rt a reas  ( Spa u l d i ng 
et  a l . ,  1 983 ) . Ot h e r  pa l eoc l i ma t i c  d a t a  s ugge s t  a pe r i od of  p re c i p i ta 
t i on amo u n t s  s i m i l a r  to  today ' s  b u t  w i t h  muc h  c o l d e r  s umme rs a n d  
wi n te rs ( B rac k e n r i dg e , 1 9 7 B ) . Stud i es i n  C a n yo n  d e  C he l l y ,  A r i zona 
( Beta n c o u rt and D a v i s ,  1 9B 4 ) , and i n  the  C h a c o  Ca nyon reg i on o f  New 
Mex i co ( Be ta n c o u rt et a l . ,  1 983 ; Ha l l ,  1 9 7 7 ) , i nd i ca te a l a te  g l ac i a l  
c l i ma t e  for  the  C o l o ra d o  P l a te a u  c h a ra c te r i z ed by c oo l e r s umme rs and  
mo re a b u n d a n t  ra  i n fa 1 1  c on c e n t ra ted i n  t h e  w i  nter  mon t h s .  Pa  1 eoeco
l og i ca l  reco n s t ru c t i o n s  ba sed  on  e v i d e n c e  f rom t h e  ea s tern  G ra n d  Ca nyon 
and the Mogo l l on R i m  reg i on s  o f  A r i zona  a l s o i nd i c a t e  c oo l e r  a n d  
p roba b l y  mo i s t e r  g l a c i a l  c l i ma t i c  c o nd i t i on s  t h a n  a t  p re s e n t . Uppe r 
e l evat i on p l a tea u s  n o rt h  o f  l a t i t ud e  3 6 °  n o rt h  p roba b l y  e x p e r i e n c e d  
s e v e re wi n te rs . Pa l e ohyd ro l og i c  rec o n s t ruc t i on s  o f  t h e  C o l o ra d o  P l a te a u  
reg i on s uggest  a n  i nc re a s e  o f  tota l a n n u a l  p rec i p i ta t i on o f  s e v e n  to  
1 0  i nc h e s  ( Spa u l d i ng et  a l . ,  1 98 3 ) . I na c t i ve p e r i g l ac i a l  f ea t u re s  
( pa t terned g ro u n d , f ro s t -s t i rred s e d i men t s , i c e  wedge s , p e rma f ro s t  
e v i d en c e , a n d  ta l u s s l ope s )  o c c u r  a t  n ume ro u s  l oc a t i o n s  i n  t h e  C o l o rado  
Rock i es ,  i nd i ca t i ng c o l d  pe r i od s  d u r i ng  t h e  L a t e  P l e i s to c e n e  ( Pewe , 
1 98 3 ) . Ana l ys e s  o f  p e r i g l a c i a l  featu res i n  t h e  Sa n F ra n c i sc o  Pea k s  and  
t h e  Wh  i te  Mounta i n s  o f  A r i  zona  i nd i c ate  mea n  a n n u a  1 mo unta  i n tempe ra 
t u re s  S O C  t o  6 ° C  ( 9 ° F  t o  1 1 ° F )  l owe r t h a n  today ' s  ( Pewe et  a l . ,  1 984 ) . 
C o l o rado  P l a tea u temp e ra t u re s  were p roba b l y  l owe red by a bo u t  t h e  s ame 
amount . 

T h e  rec o rd o f  c l i ma t i c  v a r i a t i o n d u r i ng t h e  p a s t  1 0 , 000 yea rs 
( Ho l o c e n e )  i n  the we s t e rn Co l o ra d o  reg i on of the C o l o ra d o  P l a t e a u  h a s  
b e e n  i n f e rred f rom s o i l a n d  a l l u v i a l  s t ra t i g ra p h y , pe r i g l ac i a l  fea 
t u res , a n d  pa l eoeco l og i c a l  e v i d en c e . Beg i n n i ng a bo u t  1 2 , 000 yea rs ago , 
the  a n n ua l a v e ra g e  temp e ra t u re s  t h ro u g h o u t  t h e  Rocky  Mounta i n  reg i on 
were i nc rea s i ng enough  to  re s u l t  i n  ret rea t o f  g l a c i e rs f rom l owe r 
va l l eys  ( R i c hmond , 1 9 7 2 ) . M i nor  f l u c t ua t i on s  o f  mea n  temp e ra t u re s  
between 1 1 , 000 a nd 9000 yea rs a g o  res u l ted  i n  rea d va nc e s  o f  g l a c i e rs i n  
upper  va l l eys . Po l l en a n a l ys i s  a t  s i te s  i n  we s t e rn Co l o ra d o  i nd i ca tes 
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l owe r t r i buta r i e s  a n d  a c oo l e r  a n d  mo i s t e r  c l i ma t e  f rom 1 0 , 000 t o  7 600 
yea rs b e f o re t h e  p re s e n t . S u ba l p i ne s i te s  i n  s ou t hwe s t e rn C o l o ra d o  a n d  
Uta h s how a wa rm i n t e rva 1 f rom about  7000 t o  4000 y e a  rs b e f o re the  
present  ( Ba k e r , 1 98 3 ) . Th i s  p e r i od c o rre s pond s to  the  wa rm a l t i t h e rma l 
i nt e rva l i n  the  Southwe s t  d u r i n g  wh i c h  a l l g l ac i e r s  d i s a ppea red f rom 
the  Roc k y  Mounta i n s ( R i c hmond , 1 9 7 2 ) . 

F rom 7 600 to  6 700 yea rs b e f o re t h e  p re s e n t , t h e  s u ba l p i n e s i te a t  
Red roc k L a k e  i n  c en t ra l  C o l o rado  ( 1 0 , 1 00 f e e t  a b o v e  mea n  sea  l e ve l ) h a s  
a po l l en rec o rd s uggest i n g a c l i ma t e  muc h  l i k e t od a y ' s  a nd a c oo l e r  a n d  
mo i s ter  c l i mate  f rom 6 700 t o  3000 y e a  rs b e f o re t h e  p re s e n t  ( Ba k e r ,  
1 98 3 ) . T h e  o n s et o f  Neogl a c i at i on i n  t h e  Roc ky  Mounta i n s a b o ut 4000 
yea rs a g o  a ppears  to have  been  pre c e d ed by a p e r i od o f  c l i ma t i c  c o o l i ng 
a n d  i n c re a s ed f l u v i a l  e ros i on beg i n n i ng a s  e a r l y  a s  5000 yea rs b e f o re 
t h e  p re s e n t  ( R i c hmond , 1 9 7 2 ) . 

A l owe r e l eva t i on s i te i n  we s t e rn C o l o r a d o  ( A l ka l i  Ba s i n  a t  3060 
feet a bove mea n  sea l e v e l ) presents  an i n t e re s t i n g cont ra s t  w i t h  t h e  
h i  ghe r ,  s uba 1 p i  ne  s i tes . Mod e rn vegetat i o n  i s  d om i  n a ted b y  s a g e b ru s h . 
Ea r l y  H o l o c e n e  po l l e n a na l ys i s  s h ows a p i n e d om i na ted vegeta t i on w i t h  
i n c rea s i ng l y  s em i a r i d -type vegeta t i on f rom 1 0 , 000 t o  5000 yea rs b e f o re 
the  p re s e n t  ( Ba k e r ,  1 983 ) . A progres s i ve l y  wa rme r ,  d r i e r  c l i ma t e  i s  
i nd i ca ted s i nc e  1 0 , 000 yea rs b e f o re t h e  p re s e n t  a n d  e s p ec i a l l y  d u r i ng 
the  l a s t  5000 yea rs . No ev i d en c e  i s  f o u n d  o f  a n  " a l t i t h e rma l " c l i ma t e , 
wa rme r t h a n  a t  present  d u r i n g t h e  m i d d l e  Ho l o c e n e , n o r  o f  a Neog l a c i a l  
c o o l i ng i n  the  L a t e  Ho l oc en e . Pa l eoc l i ma t i c  d a ta f rom t h e  Roc ky  Moun
ta i n s s how that  a Ho l oc e n e  c l i ma t e  ha s prog res s ed t h ro u g h  a t i me o f  
i nc rea s i ng wa rmt h  s i nc e  a b o ut 1 0 , 000 yea rs b e f o re t h e  p re s e n t  wi th  
b r i ef pe r i o d s  of  s l i ght l y  c oo l e r a nd po s s i b l y  wet t e r  c l i mate  f o l l owed 
by a bout  3 500 yea rs of ma x i mum wa rmt h  f o l l owed i n  t u rn by c o o l i ng a n d  a 
s u c c e s s i on o f  mi n o r  f l u c t u a t i on s  i n  t empe ra t u re t o  the  p r e s e n t  ( R i c h -
mond , 1 9 7 2 ) . A t rend  o f  i nc rea s i n g wa rmth a ppea rs to be p re s e n t  f o r  
mos t  a re a s  f o r  t h e  pa s t  4000 yea rs . No l on g -t e rm c o o l i ng t rend  c a n  be  
p red i c ted unt i 1 t h e  p r e s e n t  g l a c i ers  s u rpa s s  the i  r max i mum 1 i m i t s  of  
t h e  pa s t  4000 yea rs . A d rama t i c  c l i ma t i c  s h i ft f rom p re s ent  c ond i t i on s  
t o  c oo l e r ,  mo i s t e r  c ond i t i on s , s i m i l a r  to  t h o s e  o f  t h e  L a te W i s c o n s i n ,  
c ou l d  re s u l t  i n  l owe r mea n  a n nua l tempera t u re s , i nc rea sed  p rec i p i ta 
t i on ,  a n d  i nc rea sed  s t reamf l ow .  C l i ma t i c  t re n d s  o v e r  t h e  pa s t  4000 
yea rs , h owe ve r ,  a rg u e  a ga i n s t  a d rama t i c  c l i ma t i c  s h i ft to  c oo l e r  a n d  
we t t e r  c ond i t i on s . 

C l i ma t i c  va r i a t i on w i th i n  the  l a s t  1 000 yea rs i n  we s t e rn C o l o rado  
h a s  p roba b l y  been  s i gn i f i ca n t l y  l es s  t h a n  t h e  g l a c i a l -p o s tg l a c i a l  
c ha nge . I n t e rpretat i on s  o f  C o l o ra d o  P l a t ea u  c l i ma t i c  c ond i t i on s  f rom 
t ree r i ng s tud i es ( Stock ton a nd J a c oby , 1 9 7 6 )  a nd h i s t o r i c a l  rec o rd s  
s how a h i gh d eg ree  o f  va r i a b i l i ty i n  p rec i p i ta t i on d u r i ng  t h e  pa s t  f ew 
h u n d red yea rs . A v e rage  ra n g e s  o f  temp e ra t u re a nd p re c i p i tat i on f o r  t h e  
pa s t  f e w  h u nd red yea rs , a n d  f o r  t h e  f u t u re few h u n d red to a t h o u s a n d  
yea rs , p roba b l y  a re s i m i l a r  to  t h e  ra nge o f  h i s t o r i c a l  rec o rd s ; how
eve r ,  i t  i s  rec og n i zed that  e x t reme events  beyond the ra nge  of rec o rded  
va r i a b i l i ty proba b l y  o c c u rred i n  t h e  p a s t  a n d  can  be  expec ted t o  oc c u r  
wi th i n  t h e  n ext t h o u s and  yea rs . 
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0 . 3 . 2  S I TE GEOMORPHOLOGY 

O l d  R i f l e  s i te 

The  C o l o ra d o  R i v e r  i s  t h e  maj o r g e omo rp h i c  f e a t u re a f fe c t i ng the  
O ld  R i f l e  s i te ( Sc h umm a n d  Ha rvey , 1 9 83 ) . Ot h e r  m i n o r  i mp a c t s  i n c l ud i ng 
d i spers i on by w i nd  a n d  s u rf a c e  wat e r  runo f f  mu s t  a l s o be  c o n s i d e red 
d u r i ng d es i gn .  

The C o l o ra d o  R i ve r  u p s t ream f rom R i f l e  i s  a n  i s l a nd -b ra i ded 
c ha n ne l . App rox i mate l y  t h re e  mi l es d own s t ream f rom the t own o f  S i l t ,  
t h e  r i v e r  s hows a d i v i ded  f l ow c h a ra c te r i s t i c  wi t h  l a rge vegetated 
i s l a n d s  a n d  n ume ro u s  g ra v e l  ba rs . The  pa t t e rn o f  o l d  c ha n ne l s  a t  t h i s  
l oc a t i on  i nd i ca t e s  t h a t  t h e  r i ve r  h a s , w i t h i n  rec e n t  t i me s , o c c u p i ed 
pos i t i on s  a c ro s s  a n  e n t i re s e c t i on f rom U . S .  H i ghway 6 to  the  n o rt h  to  
I nt e rs t a t e  H i ghway 7 0  ( 1 - 7 0 )  to  the  s o u t h . The  C o l o ra d o  R i ve r  i s  a 
cobb l e  a n d  bou l d e r bed r i v e r  i n  t h i s  rea c h , a nd t h e  p roba b i l i ty o f  
f u t u re l a te ra l  s h i f t of  t h e  c h a n n e l  i s  ve ry h i gh .  Th i s  conc l u s i on i s  
s u ppo rted by t h e  patterns  o b s e rvab l e  on  t h e  U . S .  Geo l og i ca l  Su rvey 
( USGS)  S i l t  7 . 5-mi n ut e  quad ra ng l e .  

J u s t  u p s t ream o f  t h e  O l d  R i f l e  s i te t h e  r i ve r  b e c omes a s i n g l e 
c ha n n e l  a s  i t  i mp i nges  a ga i n s t  a bed roc k  o u tc rop i mmed i ate l y  u p s t ream 
f rom the O l d  R i f l e  s i te .  The c ou rs e  of t h e  r i v e r  pa ra l l e l s  t h e  s i te 
a n d  the  D e n v e r  a nd R i o  G ra n d e  Wes t e rn ( O&RGW )  ra i l road , a nd i t  then  
t u rns  to  t h e  n o rt h  to  pa s s  u n d e r  the  Sta t e  H i ghway 1 3  b r i d g e  a t  R i f l e .  

Recent  a e r i  a 1 photog ra p h s  i nd i c a t e  t h a t  t h e  s ou t h e rn r i  v e r  ba nk  
h a s  been f a rt h e r  t o  t h e  s ou t h  i mmed i a te l y  s ou t h  of  t h e  O l d R i f l e  s i te .  
The  O l d  R i f l e  s i te oc c up i e s a n  o l d  mea n d e r  s c a r ;  h owe v e r ,  t h i s  a rea wa s 
not  o c c u p i ed by t h e  r i v e r  i n  1 890 wh en  t h e  G e n e ra l  Land  Of f i c e s u rveys 
we re mad e . In s p i te of t h e  f a c t  t h a t  t h e re a re bed roc k  o u t c ro p s  a n d  
c on t ro l s b o t h  u p s t ream a nd d own s t ream o f  t h e  s i te ,  i t  i s  pos s i b l e  
that  t h e  r i ve r  c ou l d  s h i f t  l at e ra l l y  i n to  t h e  o l d  mea n d e r  s c a r .  The 
s e c o nd a ry- f l ow c h a n n e l  u p s t ream f rom the s i te ,  i f  reoc c up i ed by the 
ma i n  f l ow ,  wou l d  d i rect the  f l ow i n to the O l d R i f l e  s i te .  T h e re f o re , 
a l though  the  s i te i s  p rotec ted u p s t ream a n d  d own s t ream by bed roc k  
out c rop s , t h e  potent i a l  f o r  l a te ra l  s h i f t  o f  t h e  C o l o rad o R i ve r  t owa rd 
t h i s  s i te i s  c on s i d e red h i gh .  

The  s i te a t  p re s ent  i s  we l l  p rotected  by t h e  ma s s i ve r i p ra p  p l a ced 
t o  p rotect  the s o u t h  s i d e of the O&R GW Ra  i 1 roa d . A l though  the f l ow 
d u r i n g a s i te v i s i t  wa s d i rec ted aga i n s t  t h e  r i p ra p  a t  s ome l oc a t i o n s , 
t h e re i s  n o  i nd i c a t i on o f  e ro s i on o r  fa i l u re o f  t h e  r i p ra p . The re a re 
s ome sma 1 1  s a l t  c ed a  r a n d  cot tonwood t rees  g rowi n g  o u t  o f  t h e  r i  p ra p  
i nd i ca t i ng that  t h e re h a s  been  n o  e ros i on o f  t h e  r i p ra p , a t  l ea s t  
d u r i ng  t h e  l a s t  d e c ad e . O n  t h e  oppos i te s i d e  o f  t h e  r i ve r ,  whe re the  
bank  i s  l owe r t h a n  both  t h e  ra i l road g ra d e  a nd the  ta i l i n gs  p i l e  
s u rf a c e , t h e re i s  t ra s h  a t  t h e  top o f  t h e  b a n k  wh i c h i nd i c a t e s  t h a t  
overba n k  f l ow o c c u r s  to  t h e  s ou t h  d u r i ng  p e r i ods  o f  h i gh d i s c ha rge . 
The  va l l ey i s  wi d e  a n d  t h e  r i ver  w i l l  oc c u py t h e  s o u t h  s i d e  d u r i ng  
o v e rbank  f l ow ,  t h e reby red uc i ng t h e  f l ood h e i g h t  and  potent i a l  dama g e  
to the  r i p ra p  a nd to  t h e  ta i l i ngs  p i l e .  
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Cobb l e  a n d  bou l d e r  ba rs a re e x p o s ed a l ong  t h e  rea c h  o f  t h e  
C o l o ra d o  R i v e r  a d j a c e n t  to  t h e  O l d  R i f l e  s i te .  Some c l a s t s  a re exposed  
on  the  ba rs wi th  s i z e s  i n  e x c e s s  of  one  f oot i n  l on g e s t  a x i s .  The s e  
b o u l d e rs a re v e ry s t a b l e  a nd s eem t o  be  l oc ked  i nt o  pos i t i on ( i . e . ,  
i mb ri c a t ed ) . Some a re s t a i ned i nd i c a t i ng t h a t  they  h a ve not  moved 
d u r i ng rec ent  f l ood even t s . It i s  a s s umed t h a t  t h e  c obb l e s and b o u l d e rs 
i n  the  ma i n  t h read o f  f l ow o f  t h e  C o l o ra d o  R i ve r  wi l l  be l a rge r a nd 
t ha t , i n  f a c t , t h e  bed o f  t h e  r i ve r  may be  a rmo red by l a rge b o u l d e rs 
that  wi l l  p revent  s c ou r .  Exami na t i on o f  l on g i t ud i na l  p ro f i l e s f o r  t h e  
rea c h  enc ompa s s i ng t h e  O l d  a nd N ew R i f l e  s i te s  i nd i c a t e s  t h a t  t h e  O l d  
R i f l e  s i te i s  s i t u a ted o n  a l e s s  s t e e p  rea c h  o f  t h e  r i ve r ,  a s  c ompa red 
t o  u p s t ream and d own s t ream rea c h e s , wh i c h  i s  c h a ra c te r i zed by the  
p re s e n c e  o f  ma ny i s l a nd s .  Rework i ng o f  the  rea c h  by t h e  r i ve r  i s ,  
t h e re f o re , t o  be  expec ted , a n d  i t  i s  l i ke l y  t h a t  the  d om i n a n t  c h a n n e l  
wi l l  c ha nge i t s l oc at i on wi t h  t i me .  

New R i f l e  s i te 

Th e maj o r  geomo rph i c  f e a t u re i mpac t i ng t h e  New R i f l e  s i te i s  t h e  
C o l o ra d o  R i ve r  ( Sc h umm a n d  Ha rvey , 1 98 3 ) . Th e New R i f l e  s i te l i e s  
d own s t ream f rom t h e  c i ty o f  R i f l e  be l ow a d i v i d e d  f l ow rea c h  o f  t h e  
C o l o ra d o  R i ve r  wh i c h  i s  c h a ra c t e r i zed b y  a ve ry l a rge mea nd e r  bend 
i mmed i a te l y  e a s t  o f  t h e  ta i l i n gs  s i te .  Ac c o rd i ng to  t h e  1 89 0  G e n e ra l  
Land  O f f i c e s u rveys , t h i s  bend  wa s not  i n  ex i s te n c e  a t  that  t i me ,  a n d  
t h e  reac h  wa s c h a ra c t e r i zed by d i v i d e d  f l ow .  Th e n o rt h e rnmo s t  c ha n n e l  
o f  t h i s  rea c h  pa s s ed very c l o s e  t o  t h e  N ew R i f l e  t a i l i ng s  p i l e ,  a nd i ts 
pos i t i on c a n  be n oted o n  mod e rn a e r i a l  p h o t o g ra p h s . Down s t ream f rom 
t h e  l a rge meand e r  bend , t h e  r i v e r  i s  l oc ated  a ga i n s t  t h e  s o u t h e rn 
va l l ey b l u f f ,  a n d  d i v i d ed f l ow c h a ra c t e r i s t i c s  a re l es s  appa re n t . 
Approx i ma te l y  two m i l e s we s t  o f  t h e  s i te ,  t h e  r i v e r  bec ome s b ra i d ed , 
a n d  a USGS photo g ra p h  s h ows that  the  r i ve r  i s  e s s en t i a l l y  i n  t h e  s ame 
pos i t i o n  a n d  h a s  t h e  same c h a ra c t e r i s t i c s  today  a s  i t  d i d  i n  1 9 2 6 . 

The  e v i d e n c e  f rom t h e  Genera l Land  O f f i c e  s u rveys , t h e  USGS R i f l e  
7 . S -mi n u t e  quad ra n g l e ,  a n d  a e r i a l  photogra p h s  i nd i c a tes  t h a t  t h e  r i ve r  
h a s  oc c u p i ed i t s ent i re f l ood p l a i n  s i nc e  1 89 0  a t  the  ta i l i n g s  p i l e  
l oc a t i on . Th i s  mea n s  t h a t  t h e  s i te i s  c l ea r l y  s u bj e c t  to l a te ra l  s h i ft 
o f  the  Co l o rado  R i ve r .  The re i s  r i p ra p  on  t h e  d own s t ream 1 i mb o f  t h e  
mea n d e r  w h  i c h  s eems to be  e f fe c t  i ve  i n  p ro t e c t  i n g  t h e  s i te a n d  p re 
vent  i ng f u rt h e r  1 a t e ra 1 s h  i ft o f  t h e  meand e r .  Howe ve r ,  t h e  r i  p ra p  i s  
be i ng  o u t f l a nk ed a t  the  apex  o f  t h e  bend , a n d , i f  t h i s  s i tu a t i on i s  not 
c o rrec ted , f l ood wat e rs may e n t e r  the s i te i n  the n ea r f u t u re . It 
s h ou l d  a l so be noted that the r i p ra p  that i s  be i ng u s ed a ppea rs to  be  
Mesa  V e rd e  Sa n d s tone  wh i c h  i s  d e t e r i o ra t i ng .  D own s t ream nea r t h e  1 -7 0  
b r i dge , t h e  r i p ra p  i s  c omp r i sed  o f  ba sa l t  b o u l d e rs ,  a nd t h i s ,  o f  c o u rs e , 
i s  res i s t a n t  a nd d o e s  not  s how s i gn s  o f  wea th e r i n g . Obs e rva t i o n s  i n  
t h e  c h a n n e l  s how t h a t  t h e re i s  a n  a l ga l  g rowt h o n  the  g ra v e l  except  
whe re t h e  f l ow i s  c on f i n ed d i rec t l y  a ga i n s t  t h e  r i p ra p . Th i s  i nd i c ates  
that  t h e  bou l d e rs a n d  c o bb l e s d o  not  mov e  read i l y ;  i t  i s  a s s umed that  
t h e  c o a r s e  c o bb l e s a n d  bou l d e rs i n  t h e  ma i n  t h read o f  t h e  c h a n n e l  h a ve 
a rmo red the  bed a n d  that  f u rt h e r  i nc i s i on o f  t h e  c h a n n e l  i s  u n l i k e l y .  
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The l a rge bend  j u s t  u p s t ream f rom t h e  s i te i s  a noma l ou s ; t h a t  i s ,  
i t  i s  not  c ha ra c te r i s t i c  o f  t h e  C o l o ra d o  R i ve r  between  S i l t  a nd R i f l e ,  
a nd i t  i s  t h e  res u l t  o f  ma n ' s  i n tervent i on .  The  l i k e l i hood t h a t  t h i s  
bend wi l l  c ut o f f  i s  h i gh a s  t h e re a re c h ute  c ha n ne l s  c ros s i ng t h e  po i n t 
ba r wi th i n  the  bend  a nd t h e re i s  a maj o r c h ute  c ha n n e l c ro s s i ng the  
ba s e  o f  the  po i nt ba r .  Th i s  i s  s h own a s  a d i v i d ed - f l ow s i d e c h a n n e l  on  
t h e  USGS R i f l e  quad ra ng l e ,  a nd i t  a p p e a rs as  t h e  d ry c ha n n e l  on  the  
a e r i a l  photogra p h s . 

E s te s  Gu l c h s i te 

The  geomorp h i c  h a za rd s  a t  t h e  E s te s  Gu l c h s i te a re g u l l y  eros i on ,  
a rroyo enc roachme n t , wi  nd e ros  i on , a nd s u rf a c e  wa t e r  ru n o f f .  S u rf a c e  
wa t e r  runo f f  a nd wi nd e ro s i on a re of  mi no r c o n s eq u e n c e  i f  t h e  s t a b i l i zed 
ta i l i ngs  p i l e  i s  p rope r l y  d e s i gned . The  E s t e s  Gu l c h s i te i s  at the head  
o f  a h o l l ow a nd has  l i t t l e  up l a nd d ra i n a ge . 

Gu l l y e ros i on a nd a r royo enc roac hme n t  h a ve a g reate r poten t i a l  to  
i mpa ct the  s i te . The  gu  1 1  i e s  that  a re p re s e n t  a t  t h e  s i te a re  d e ep l y  
i nc i sed  i nd i ca t i n g rec e n t  d ownc utt i n g .  A l s o ,  n ume rou s  p i p i ng f e a t u re s  
a re res u l t i n g f rom t h e  d e s s i c a t i on c ra c k s  t h a t  a re f o rm i n g  i n  t h e  c l ayey 
s o i l a d j a c e n t  to the deep g u l l i e s . The  p i p i ng i s  a c c e l e ra t i ng f o rwa rd 
a nd l a te ra l  e ros i on .  A sma l l pond c o n s t ru c t i o n a t  the  l owe r rea c h  o f  
t h e  ma i n  g u l l ey s y s tem h a s  t empo ra r i l y  s ta b i l i zed  t h e  down c ut t i n g . The 
potent i a l  e x i s t s  for f u t u re e ros i on a nd d ownc u t t i n g . Deve l opme n t  of 
l a t e ra l  b ra nc h e s  o f  a d j a c e n t  a r royos a l s o pose a h a za rd to the s i te .  

The o r i g i n  o f  a t  l ea s t  s ome o f  
n a t u re , a nd s ome o f  t h e  nea r s u rf a c e  
f rom m i n o r  mud f l ows o r  s u rf a c e  wa s h . 
s o i l s  may exh i b i t  a s t ruc t u re ha v i ng 
wet t i ng .  

L u c a s  Mesa  s i te 

t h e  s i te s o i l s  i s  c o l l u v i a l  i n  
s o i l s  appea r to h a v e  o r i g i na ted 
As  a re s u l t ,  s ome of t h e  s i te 

t h e  potent i a l  f o r  c o l l a p s e  upon 

The  geomo rph i c  p roc e s s e s  a f fec t i ng the L u c a s  Mesa  s i te i nc l ud e  
gu l l y e ros i on ,  wi nd e ros i on ,  a n d  s u rf a c e  wa t e r  runo f f .  Ba sa l t  bou l d ers  
a n d  cobb l e s p rov i de a n a t u ra l a rmo r i ng  f o r  t h e  s t e e p e r  s i de s l opes  o f  
L u c a s  M e s a  ma k i ng t h em res i s t a n t  to e ros i on .  I t  i s  e s t i ma ted t h a t  t h e  
s u rf a c e  wi l l  be s ta b l e i n  exc e s s  o f  1 0 , 000 yea rs ( GCS , 1 98 2 ) . 

Some headwa rd mi g ra t i on o f  d ra i nage  s y s t ems i n to t h e  s u rf a c e  o f  
t h e  me sa  f rom the  s te e p e r  bord e r i ng s l opes  i s  o c c u rr i n g ,  but , bec a u s e  
o f  t h e  c o bb l es a n d  bou l d e rs , i t  i s  n o t  s t ro n g l y  d eve l oped a nd d o e s  not 
res u l t  i n  s i gn i f i ca n t  d ra i nage  a rea s . Gu l l i e s  wh i c h have f o rmed d ra i n  
t h e  me sa  s u rf a c e  a nd not s u rro u nd i ng a rea s . The  d omi n a n t  e ro s i on pat
t e rn oc c u rs by s he et wa s h  a nd wi nd  as  e v i d e n c ed by ba re so i  1 a re a s  a t  
t h e  s i te .  There i s  some mi n o r  t ra n s po rt b y  e p h eme ra l s t reams a n d  
l i m i ted s o i l c reep ; howe ve r ,  t h e re i s  n o  e v i d e n c e  o f  a c t i ve p ro c e s s e s  
d e g rad i n g the  mes a  s u rfa c e . 
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D . 4 S E I SM I C I T Y  

D . 4 . 1  R E GI ONAL S E I SMOTE CTON I C  S E T T I N G  

Se i sm i c ha za rd s t ud i es i n  muc h o f  t h e  s o u thwe s tern  Un i ted Sta tes 
a re hampe red by the l a c k  o f  a re l i a b l e  l on g -t e rm h i s t o r i ca l rec o rd . 
Moveme n t s  on  maj o r fa u l t  syst ems i n  t h e  reg i on  may h a v e  rec u rrenc e 
i nt e rva l s  on  the  o r d e r  o f  t e n s  to h u n d re d s  o f  t h o u s a nd s  o f  yea rs ; 
h oweve r ,  t h e  h i s t o r i ca l rec o rd dates  b a c k  on l y  to  t h e  m i dd l e  o r  l a te 
n i neteenth  c e ntu ry .  The h i s t o r i ca l rec o rd f o r  A r i zona  dates b a c k  to  
1 7 7 6  ( Du Bo i s et a l . ,  1 98 2 ) , for  Utah  to  1 850 ( A raba s z  et a l . ,  1 9 7 9 ) , 
f o r  C o l o ra d o  to  1 870  ( K i rkham a n d  Rog e rs , 1 9 8 1 ) ,  a nd f o r  New Mex i c o  to  
1 849 ( Sa n f o rd et a l . ,  1 98 1 ) .  Rel  i a b l e a nd rea s o na b l y  c omp l ete  i n s t ru 
men ta l rec o rd s  g e n e ra l l y  d a te ba c k  on l y  t o  t h e  ea r l y 1 9 60s . As  a 
g e n e ra l  ru l e ,  t h e  h i s t o r i ca l rec o rd i s  p ro ba b l y  re l i a b l e  f o r  mod e ra te 
t o  l a rg e  ea rt h q u a k e s  s i nc e  about  1 9 00 t o  1 9 1 0 ,  wh i l e t h e  i n s t rumenta l 
rec o rd i s  p roba b l y  re l i a b l e f o r  ea rt hqua k es o f  mag n i t u d e  4 . 5  o r  g rea t e r  
s i nc e  t h e  ea r l y  1 9 60s ( Von  Ha k e , 1 98 4 ) . 

I n  the  a b s e n c e  o f  a re l i a b l e l ong-te rm h i s t o r i c a l  rec o rd , p roba
b i l i s t i c  a na l ys e s  of  s e i smi c r i s k  a re of  l i m i ted u s e . Th e re f o re , 
s e i sm i c r i s k  a na l ys e s  a re l a rg e l y  ba s ed on  s t ud i es o f  t h e  g eo l og i c  a nd 
s e i s omotec ton i c  s e tt i ng ,  Cenozo i c  geo l og i c  h i s to ry ,  a n d  geomo rp h i c  
e v i d en c e  o f  l a te Te rt i a ry a nd Qua t e rna ry f a u l t  moveme n t s . F o rt u n a t e l y ,  
e ros i on ra tes  a re s l ow a n d  vegeta t i o n i s  g e n e ra l l y s pa rs e  i n  t h e  a r i d  
t o  s emi a r i d  c l i ma t e s  t h a t  p reva i l  i n  mo s t  o f  t h e  reg i on .  Long  fa u l t s , 
wh i c h  a re n e c es s a ry f o r  l a rg e  ea rthq,ua k es , w i l l  not  rema i n  u nd e t e c ted 
i f  c a re f u l  geo l og i c  i n v e s t i ga t i ons  a re mad e  ( K r i n i t z s k y  a nd C h a ng , 
1 9 7 5 ) . 

The  R i f l e  ta i l i ngs  s i tes  a re l oc a t ed n ea r t h e  nort h ea s t  ed g e  o f  
the  C o l o ra d o  P l a tea u phys i og ra p h i c  a n d  s e i smotec ton i c  p ro v i n c e . Th e 
bounda r i es  o f  s e i smot e c ton i c  p rov i nc e s  i n  t h e  s i te reg i on ,  a s  d e f i ned 
for th i s  doc ument , a re s hown on  F i g u re D . 4 . 1 . They a re d ete rm i n ed on  
t h e  ba s i s  o f  p u b l i s hed  s t u d i es o f  Neog e n e  f a u l t i ng ,  reg i on a l  s e i smi c i ty 
t rend s , a rea s o f  Cenozo i c  i gneous  a c t i v i ty ,  geop hys i ca l  data , a nd the  
d i s t r i bu t i on o f  maj o r  phys i og ra ph i c  p rov i n c e s . Se i smotec ton i c  p rov i nc e s  
i n  C o l o rado  a re s hown on  F i g u re D . 4 . 2 .  Shown on  F i g u re D . 4 . 3  i s  a p l ot 
of  h i s t o r i c a l  a n d  i n s t rumenta l l y  l oc a t ed ea rt h q u a k e  ep i c e n t e rs f o r  
events  o f  ma g n i t u d e  g rea t e r  t h a n  o r  equa l to  4 . 0  a nd mod i f i ed M e rc a l l i  
i ntens i ty g rea t e r  t h a n  o r  equa l to V f o r  t h e  C o l o ra d o  P l a te a u  reg i on .  
The ep i c en t ra l  d a ta f o r  F i g u re D . 4 . 3  we re p rov i d ed by the  Na t i ona l 
Ocea n i c  a n d  Atmo s p h e r i c Admi n i s t ra t i on ,  Na t i ona l Geop hys i c a l  Data 
Cente r ,  Bou l d e r ,  Co l o rado , a nd a re a va i l ab l e  i n  the  DOE  UMTRA Proj ect 
Of f i ce ,  A l buquerq u e , New Mex i c o .  

The Co l o rado  P l a t ea u , B a s i n  a nd Rang e , R i o  G ra n d e  R i f t ,  a nd S i e rra 
Nevada p rov i nc e s  a ppea r to be pa rt o f  a n  i n te rre l a ted sys tem that  h a s  
experi e n c ed maj o r  u p l i ft a n d  exten s i on d u r i ng t h e  l a s t  20  mi l l i on yea rs . 
Wi th i n  t h e  Bas i n  a n d  Range  a n d  R i o  G ra nd e  R i ft p rov i nc e s  bound i ng the  
Co l o rado  P l a tea u a re found  g eo l og i c  a n d  geomo rp h i c  e v i d en c e  o f  repea ted 
s u rf a c e  fa u l t i ng events  a s s oc i a ted w i th l a rge ea rt h q u a k e s  d u r i ng 
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Qua t e rna ry t i me .  They h a ve expe r i e n c ed s ome o f  t he l a rg e s t  h i s to r i c a l  
ea rt hqua k es i n  t h e  en t i re Un i ted State s . T h e s e  reg i on s  a re c h a ra c te r
i zed by l a rge v o l umes o f  C e n o z o i c  i nt ru s i ve roc k , t h i n n e r  c ru s t , h i g h e r  
h e a t  f l ow ,  a nd s t re s s  f i e l d s  o r i ented d i f fe re n t l y  t h a n  t h e  mode rn s t r e s s  
f i e l d  i n  the  i nt e r i o r  o f  t h e  P l a t e a u  ( Thomp s on a nd Zoba c k , 1 9 7 9 ) . The 
bound a ry o f  the C o l o ra d o  P l a t e a u  and the Ba s i n  a nd Range p rov i nc e  on  
the  wes t  i s  ma rked by the  Wa s a t c h  F ronta l fa u l t  sys tem i n  Uta h wh i c h  
f o rms a maj o r  s egme n t  o f  t h e  I nte rmounta i n  Se i sm i c B e l t  ( Smi th a n d  Sba r ,  
1 9 7 4 ) . Some o f  t h e  l a rg e s t  h i s to r i c a l  ea rthqua k e s  o f  the  Co l o ra d o  
P l a tea u h a v e  o c c u rred i n  t h e  bord e r  z o n e  i n  n o rt h e rn a nd c e n t ra l  A r i zona  
a l ong the  edge  o f  t h e  A r i zona  Ba s i n  and  Range  p rov i n c e . The R i o  Gra nd e 
R i f t a n d  the  ea s t e rn C o l o ra d o  P l a t e a u  bord e r  zone  i n  N ew Mex i c o and  
s o u t hwes tern  Co l o ra d o  a nd t h e  bord e r  zone  of  t h e  C o l o ra d o  P 1  ateau  and  
We stern  Mounta i n  p rov i nc e s  i n  we s t e rn Co l o ra d o  ha ve a l so been  the  l oc u s  
o f  e l eva ted s e i smi c i ty i n  h i s to r i ca l t i me s . T o  the  n o rt h , t h e  C o l o rado  
P l ateau  i s  bord e red by t h e  Wyom i ng B a s i n ,  a s e r i e s  o f  b road ba s i n s and  
u p l i ft s  t h a t  a re s t ruc t u ra l l y  a nd t e c t on i c a l l y s i m i l a r  t o  the  P l a t ea u . 
Th i s  t ra n s i t i on zone i s  not  ma rked by e l eva ted s e i s m i c i ty .  Se i smotec 
ton i c  c h a ra c te r i s t i c s  o f  the  C o l o ra d o  P l a t e a u  a nd a d j a c e n t  p rov i nc e s  
a re p rov i ded  i n  Ta b l e  0 . 4 . 1 . 

C o l o ra d o  P l ateau  prov i nc e  

T h e  mod e rn C o l o ra d o  P l a t e a u  i s  c ompo s e d  o f  a s ta b l e  i n t e r i o r  por
t i on bounded  on the  e a s t , s o u t h , a n d  we s t  by more h i gh l y  a c t i ve b o rd e r  
zone s . F o r  th i s  d oc ument , t h e  i n te r i o r  a n d  b o rd e r  z o n e s  a re d e f i n ed a s  
s epa ra te s u b p rov i n c e s , a n d  t h e  bounda ry i s  d rawn a t  t h e  40-k i 1 0met e r  
( km) c ru s ta l t h i c k n e s s  c onto u r .  The  b o rd e r  zones  l i e w i th i n  the  
phys i og ra p h i c  bou nda ry o f  t h e  Co l o ra d o  P l a tea u but  a re c ha ra c t e r i zed by  
e l e va ted s e i smi c i ty ,  t h i n n e r  c ru s t , h i gh e r  h e a t  f l ow ,  c ommon n o rma l 
fa u l t i ng ,  a n d  e l e va ted l e ve l s  o f  Te rt i a ry a nd Qua t e rna ry v o l c a n i sm 
re l a t i ve to  the  i n t e r i o r .  Nea r l y  a l l o f  t h e  l a rger  h i s t o r i ca l ea rth
quakes o f  the P l a te a u  have  oc c u rred wi t h i n  the bord e r  zones . 

The Co l o ra d o  P l a t e a u  i s  a maj o r  c o n t i ne n ta l b l oc k  wh i c h  h a s  been 
u p l i fted s i nc e  l a te T e rt i a ry t i me a t  a l ow rate of  between  two t o  t h ree  
m i l l i me t e rs per  yea r ( Ga b l e  a n d  Hatton , 1 9 8 0 ) . The p l a te a u  b l oc k  h a s  
expe r i enced  l i tt l e  i n terna l d i s to rt i on i n  c on t ra s t  wi th  t h e  more tec 
ton i ca l l y  a c t i ve reg i on s  o f  t h e  R i o  Gra nde R i ft ,  t h e  A r i zona  B a s i n  a n d  
Range  p rov i nc e , a n d  the  I n t e rmounta i n  Se i sm i c  Be l t .  Maj o r  s e i smo te c 
ton i c  c ha ra c te r i s t i c s  o f  t h e  C o l o ra d o  P l a tea u i n te r i o r  p rov i n c e  a re 
l i s ted i n  Ta b l e  0 . 4 . 1 . 

Neogene  fa u l t i ng i s  g e n e ra l l y  ra re wi th i n  the  i n te r i o r  p o rt i on o f  
t h e  Co l o ra d o  P l a t e a u  except  f o r  fa u l t i ng a s s oc i a ted w i t h  t h e  U n c ompa h g re 
Up l i f t  a nd t h e  c o l l a p s ed sa l t  a n t i c l i ne s  o f  t h e  Pa radox  Va l l ey .  Ea rth
quakes  a re ra re . The  h i s to r i c a l  s e i sm i c i ty of  t h e  i n te r i o r  port i on has  
been c l a s s i f i ed by Wong  ( 1 9 84 )  as  ve ry l ow l e ve l , ha v i ng events  of  sma l l  
to  mod e rate  ma gn i tude  wi th  d i f f u s e l y  d i s t r i buted  ep i c en t e rs . The 
l a rgest  i n s t rume n ta l l y rec o rd ed ea rt h q u a k e s  w i t h i n  t h e  i n t e r i o r  p o rt i on 
have  fa l l en  i n  t h e  mag n i t ude  ra nge o f  4 . 5  to  5 . 0 .  
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Tab l e  0 . 4 . 1  Sei smotecton i c  chara cteri s ti c s  o f  the Col orado Pl a teau and  adj acent prov i nces 

Cru sta l 
th i ck n e s sa , b  

Provi n ce ( k i l ometers ) 

Col orado P l a teau 
i n teri or ( northern 
Ari zon a )  40 

Ba s i n  and Range 
( central and 
north central 
Ari zona ) 30 

I n termounta i n  
Sei smi c B e  1 t  
( southern Utah ) 25 

Ri o Gra nde Ri ft 
( northwes tern 
New Mexico ) 40 

Western Mounta i n  45-50 

Thompson and Zoback , 1 97 9 .  
Smi th , 1 978 . 
Kel l er et a1 . ,  1 979 . 
Zoback and Zoback , 1 98 0 .  

L i thosphere 
thi cknessa ,c 

( k  i l  ometers ) 

80 

60 

30 

60 

1 00 

on h i s tori cal  earthquake records . 

Earthquake 
foca l  Di rec ti on of  l ea s t  
depth pri nci pa l hori zonta l  

( k i l ometers ) stressc , d  

5-26 h NNE 

l o -1 5j WNW to E-W 

1 5 k ENE 

2o-44 n WNW 

E-W 

aRe f .  
b Ref .  
c Re f .  
dRef .  
eaased 
fBased 
g Based 
h Ref .  
i Ref .  

o n  earthquake i n ten s i ty - faul t l en gth rel a ti ons h i ps . 
on the maxi mum event tha t  woul d not cause grou nd rupture . 
Gi ardi na , 1 977 . 

• j Ref .  
k Ref .  
1 Re f .  
mRef .  
n Ref .  

Duboi s e t  a1 . ,  1 981  • 

Eberhart-Phi 1 1  i ps et a1 . ,  1 981 . 
Smi th and Sba r ,  1 974 . 
Araba s z  et a1 . ,  1 97 9 .  
Won g  e t  a1 . ,  1 98 2 .  
Ki rkham and Rogers , 1 981 . 

Ma xi mum 
Prima ry recorded 
mode of earthquake 

fa u l ti ngb , d  ma gni tudee 

Stri ke-
s l i p  and 

5 . 5 i thrust 

Normal 5 . 75 i 

Normal 6 . 5 1 ,m 

Normal 6 . 3  

Normal 5 . 5m 

Maxi mum Fl oati ng  
earthquake ea rthquake 
ma gni tudef magni tudeg 

6 . 5  6 . 2  

6 . 5  6 . 2  

7 . 5  6 . 2  

6 . 5  6 . 2  

6 . 5m 6 . 2  



The l a rg e s t  h i s t o r i c a l  ea rt h q u a k e s  rec o rded  w i t h i n  t h e  C o l o rado  
P l atea u h a ve oc c u rred in  t h e  b o rd e r  zones . Th e s e  ea rthq u a k e s  i nc l ud e : 

o Events  o f  e s t i mated  mag n i t u d e s  5 . 5  t o  5 . 7 5 a t  Loc k e t t  Ta n k s . 
A r i zona , i n  1 9 1 2 ,  a n d  F redon i a ,  A r i z o n a , i n  1 9 59 ( D u Bo i s  e t  a l . ,  
1 98 2 ) . T h e s e  events  oc c u rred w i t h i n  t h e  A r i zona  bord e r  zone  
sepa ra t i n g  the  C o l o ra d o  P l a t e a u  f rom t h e  B a s i n  a n d  R a n g e  p ro 
v i n c e  to  t h e  s outh . 

o The  D u l c e , New Mex i c o ,  ea rt h q u a k e  o f  J a n u a ry 2 3 . 1 966 . wi t h  a 
magn i tu d e  o f  5 . 5 .  Th i s  event  oc c u rred i n  t h e  zone  o f  t ra n s i t i on 
between t h e  C o l o rad o P l a tea u a nd R i o  Gra n d e  R i ft ( He r rma n n  et  
a 1 . ,  1 98 0 ) . 

o The ea  rthq u a k e  o f  O c t obe r 1 1 , 1 960 , w i th a magn i tu d e  o f  5 . 5  
l oc a ted n o rthea s t  o f  R i d gway , C o l orad o .  wh i c h  wa s s t ron g l y  f e l t  
i n  the  R i d gway-Mo n t r o s e  a rea . Th i s  e v e n t  may be  a s s oc i a ted 
w i t h  the R i d gway fa u l t  wh i c h  t e rmi n a tes  the s o ut h ea s t e rn end  o f  
t h e  Unc ompa h g re U p l i ft ,  ma rks  t h e  n o rt hwe s te rn bounda ry o f  t h e  
San  J ua n  vo l ca n i c  f i e l d , a n d  may be t h e  bounda ry between t h e  
C o l o ra d o  P l a t e a u  a n d  We s te rn Mounta i n  p rov i nc e s  ( Su l l i va n  a n d  
Ma rt i n .  1 9 8 1 ; K i rkham a n d  R og e rs , 1 98 1 ) .  

Rec u rre n c e  i n terva l s  h a ve not  been  e s ta b l i s hed  f o r  l a rg e  ea rt h -
q u a k e s  w i t h i n  t h e  C o l o ra d o  P l a tea u . They may be o n  t h e  o rd e r  o f  t e n s  
o r  h u n d red s o f  t h o u sa nd s  o f  yea rs . 

K i rkham and  R og e rs ( 1 98 1 ) h a ve i d en t i f i ed s e ve ra l f a u l t s wi th  
a p p a re n t  Quaterna ry moveme n t  a s s oc i ated  w i th  the  U n c ompa h g re U p l i ft and  
t h e  sa l t  a nt i c l i ne reg i on s  of  t h e  C o l o rad o P l a t ea u . A l ong  t h e  n o rt h ea s t  
f l a n k  o f  t h e  U n c ompa hg re U p l i ft ,  a n  e a s t -we st t rend i ng fa u l t  o f f s ets  
Quatern a ry ped i me n t  g ra ve l s  by about four  feet a n d  u n d e r l y i ng Ma n c o s  
Sha l e  by about  1 0  feet . Ot h e r  fa u l t s a l ong t h e  n o rt h e a s t e rn f l a n k  o f  
t h e  u p l i ft a p p e a r  to  be n o  younger  t h a n  La ram i d e  age . F a u l t s e x p re s s i ng 
Quaterna ry moveme n t  a l s o o c c u r  a l on g  t h e  s o ut hwe s t e rn f l a n k  of  the  
U n c ompa h g re Up l i ft .  Fau l t s bound i ng t h e  Ute C re e k  g ra ben appea r to  
h a ve bee n act  i ve  d u r i n g t h e  1 a t e  P 1 i 0 c e n e a nd P 1 e i s t 0 c en  e a n d  rna y b e  
a c t i ve tod a y . O t h e r  fa u l t s  h a v e  i nd i c a t i on s  o f  Quaterna ry moveme n t . 
most  i mportant  o f  wh i c h  i s  t h e  R i dgway fa u l t  bound i ng t h e  s ou t h e rn end  
o f  the  u p l i ft .  The R i d gway f a u l t  o f f s et s  Q u a t e rna ry g ra ve l s  a n d  i s  
a s s oc i a ted wi th  h i s t o r i c a l  e a rt h q ua k e s . Fa u l t s a s soc i a ted w i th  the  
c o l l ap s e  o f  s a l t  a n t i c l i n e s  i n  the  Pa rad ox Ba s i n  a re the  res u l t o f  s a l t  
f l owage a n d  a re u n l  i k e l y  to g e n e ra te ea rt h q u a k e s  l a rg e r  t h a n  ma gn i t u d e  
4 . 0  o r  5 . 0 .  The s e  fa u l t s . h owe ve r ,  may be a s s oc i a ted wi th  d e ep - s eated  
s ub s u r f a c e  fa u l t s c a pa b l e o f  p rod uc i ng l a rg e r  mag n i t u d e  e v e n t s . 

A r i zona Ba s i n  a n d  Ra nge prov i nc e  

T h e  A r i zona Ba s i n  a n d  Range  p ro v i n c e  l i e s  s o u t h  a n d  we s t  o f  t h e  
C o l o ra d o  P l atea u r i m  ( s ee  F i g u re 0 . 4 . 1 ) .  I t  i s  c ha ra c t e r i zed by  b l oc k 
f a u l ted mounta i n  ra nges  a n d  i n terven i ng a l l u v i a l  va l l eys . F o rma t i on o f  
t h e  l an d s c a p e  ha s b e e n  t h e  re s u l t  o f  l a rge-s c a l e  fa u l t i ng ,  fo l d i ng ,  a n d  
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v o l ca n i c  a c t i v i ty a s s oc i ated  w i t h  t h e  La ra m i d e  a n d  Ba s i n  a n d  Range  
o rogen i c s ( G i a rd i na , 1 9 7 7 ) . The  reg i on i s  g e n e ra l l y s u bs i d i ng ,  
re l a t i ve t o  t h e  C o l o ra d o  P l a t ea u , a t  a ra te  o f  a bo u t  0 . 0 1 8  t o  0 . 08 
m i l l i mete r p e r  yea r o v e r  t h e  pa s t  1 2  m i l l i on yea rs ( Ga b l e  a nd Hatton , 
1 980 ) . The  S o n o ra n  De s e rt reg i on o f  t h e  p rov i n c e  i n  s o u t hwes t e rn 
A r i zona h a s  been  tecton i ca l l y s t a b l e  s i nc e  t h e  Qua t e rna ry . The  reg i on 
a l ong t h e  we ste rn a nd s o u t h e rn edge  o f  t h e  C o l o ra d o  P l a t e a u  h a s  
expe r i e n c e d  h i gh -a ng l e  fa u l t i ng c ont i n u i n g i n  p l a c e s  i n to t h e  l a te 
P l e i s t o c e n e  and p e rh a p s  i n to  ea r l y  H o l o c e n e  ( Mo rr i s on et  a l . ,  1 98 1 ) .  
Tecton i c  d e f o rma t i on bega n a bo u t  1 0  t o  1 7  m i l l i on yea rs a g o  i n  A r i zona . 
D e f o rma t i on a l ong t h e  edge  o f  t h e  C o l o ra d o  P l a te a u  c e a s ed a b o u t  f o u r  to 
s i x  mi l l i on yea rs a g o . I n i t i a l  d e ve l opme nt  of a c omp re s s i on s t re s s  
f i e l d  l a t e r  c ha nged to  reg i ona l extens i on o r i e n ted ea s t -wes t  to  wes t 
n o rthwe s t . C u rrent h o r i zonta l d i s t e n s i on i s  e s t i ma ted a t  0 . 3  to  1 . 5 
c e n t i met e rs p e r  yea r ( Ga b l e  a nd Hatton , 1 98 0 ) . The  d om i n a n t  s t ru c t u ra l  
s ty l e  i s  h i g h -a n g l e  no rma l f a u l t i ng wh i c h ha s p rod u c ed h o rs t s  a nd 
g ra b e n s  w i t h  a w i d e  ra nge o f  d i s p l a c ement s . M o s t  fa u l t s a re o r i e n t ed 
n o rthwe s t  to nort h  to  n o rt h ea s t . 

Mos t  ea rt h q u a k e  a c t i v i ty h a s  oc c u rred i n  a b road a rc a ro u nd t h e  
e d g e  o f  t h e  C o l o ra d o  P l a t ea u . I n  A r i zona , maj o r  ea rt h q u a k e s  h a ve 
o c c u rred n o rth  o f  t h e  Gra nd Ca nyon nea r F l a gs ta f f  a nd i n  t h e  C h i no 
Va l l ey reg i on s ou t h  o f  W i l l i ams . The  ma x i mum rec o rded  ea rthqu a k e  
o c c u rred nea r F redon i a , A r i zona , wi t h  a ma g n i tu d e  o f  5 . 7 5 .  H i s to r i ca l 
ea rt hqua k e  i n t e n s i t i es f o r  the  A r i zona Ba s i n  a n d  Range  p ro v i nc e  ra nge 
f rom I I  to  V I I  ( Du bo i s  et a l . ,  1 9 8 1 ) .  The  on l y  d e f i n i te a s s oc i a t i on of  
ea rthqua k e  ep i c e n t e rs a nd maj o r  tecton i c  s t ru c t u re s  i s  a l ong  t h e  c e n 
t ra l  A r i zona -Uta h b o rd e r .  

Neotec ton i c  fa u l t i ng h a s  oc c u rred i n  a b road n o rt hwes t  t rend i ng 
zone  a c ro s s  c e n t ra l  A r i zona a nd a l ong  maj o r  a c t i ve s t ru c t u re s  e x tend i ng 
s o u t h  f rom the  ed g e  o f  t h e  I nt e rmou nta i n  Se i sm i c  Be l t  i n  Uta h . A l t h o u g h  
the  p ro v i n c e  ha s o n l y  mod e ra te s e i sm i c i ty wi th  no  l a rge h i s t o r i ca l 
e ven t s , i t  i s  be l i e ved c a pa b l e o f  l a rge ma g n i t u d e  ea rthqua k e s  ( Me n g e s  
a nd Pea rth ree , 1 982 ; Pea rth ree et  a l . ,  1 9 8 3 ) . A g e s  o f  neotecton i c  d i s 
p l a c ement  ra nge f rom l a te  P l i oc e n e  to  p os s i b l y  Ho l oc e n e . Rec u rre n c e  
i n terva l s  o f  neotec ton i c  fa u l t  d i s p l a c eme nt  a l ong t h e  maj o r a c t i ve 
sys tems a l ong t h e  A r i zona -Utah  bord e r  a re e s t i mated  on  t h e  o rd e r  o f  
hund red s t o  t h o u s a n d s  o f  yea rs ( Ga b l e a nd Hatton , 1 9 80) . 

I n t e rmou nta i n  Se i sm i c  Be l t  prov i nc e  

Most  maj o r  fa u l ts i n  t h e  I nt e rmou n ta i n  S e i smi c Be l t  trend  n o rt h  to 
n o rt hwe s t .  The  c u rrent s t re s s  reg i me of no rthwe s t -s o u t hwes t  extens i on 
a ppea rs to  c o n t ro l  h i sto r i c s u rf a c e  fa u l t i ng .  

The  en t i re be l t  has  e x p e r i e n c ed more t h a n  1 5  ea rth q u a k e s  o f  ma gn i 
tude  6 . 0  o r  g re a t e r  s i n c e  t h e  m i d - 1 800s . The  l a rgest  rec o rd e d  event  
wa s the  Hebgen La k e , Montana , ea rthqua k e  of  mag n i t ude  7 . 1  i n  1 9 59 .  
S e i smi c i ty nea r Sa l t  La k e  C i ty i s  a noma l ou s l y  l ow .  I n  s o u t h e rn Uta h , 
h i s to r i c  ea rt hqua k e  i n tens i t i e s ha ve ra nged f rom I I I  to  V I . E a rt h q u a k e  
e p i c e n t e rs g e n e ra l l y  ha ve poor  c o rre l a t i on w i t h  l a te Cenozo i c  fa u l t s . 
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Th i s  may be  c a u s ed by l i s t r i c fa u l t i ng a nd t h e  oc c u rre n c e  o f  ea rth q u a k e s  
on c u rved fa u l t  s u rf a c e s  a t  d e p t h . O f f s et o f  Q u a te rna ry depos i ts a l ong 
s ome f a u l t  zones  i s  e v i d ent . The  max i mum  rec o rded  ea rt h q u a k e  i n  
s o u t h e rn Uta h wa s a mag n i t u d e  6 . 5  e v e n t  nea r R i c h f i e l d  i n  1 90 1  ( Wong  
et  a 1 . ,  1 98 2 ) . 

The  I nt e rmou nta i n  Se i sm i c Be l t  i nc l ud e s  t h e  Wa s a t c h  F ro n ta l Fa u l t  
Sys tem a nd o t h e r  maj o r potent i a l l y a c t i ve fa u l t s o f  n o rt h e rn a nd c e n t ra l  
Uta h . Th i s  zone i s  h i gh l y  s e i sm i c a nd c a pa b l e  o f  l a rge ea rthqua k e s  up  
to  a ma g n i tude  o f  7 . 5 .  H i s t o r i ca l ea rth q u a k e  d a t a  for  t h e  Wa s a t c h  F ront  
s ugges t  expec ted retu rn p e r i od s  o f  2 2  t o  2 5  yea rs f o r  a mag n i tu d e  o f  
g rea t e r  t h a n  o r  equa l t o  6 . 0 ,  1 1 1  t o  1 1 5  yea rs f o r  a mag n i tu d e  o f  
g rea t e r  t h a n  o r  equa l t o  7 . 0 ,  a n d  2 3 2  to  2 6 3  yea rs f o r  a mag n i tu d e  o f  
g rea t e r  t h a n  o r  equa l t o  7 . 5  ( A ra ba s z  et a l . ,  1 9 7 9 ) . 

R i o  Gra nd e  R i ft p ro v i n c e  

The  R i o  Gra nd e  R i ft s e c t  i on  o f  t h e  b o rd e r  z o n e  1 i e s  i n  we s te rn 
New Mex i c o a l ong the  ea s t e rn edge  o f  t h e  Co l o ra d o  P l a te a u  ( s ee  F i g u re 
0 . 4 . 1 ) .  I t  extend s f rom C h i h u a h ua , Mex i c o , t h ro u g h  wes t  Texa s , New 
Mex i c o ,  a nd mos t  of c e n t ra l  Co l o rado  a l mo s t  to t h e  Wyom i n g  b o rd e r .  The 
p re s ent  r i f t  o r i g i na ted i n  the M i o c e n e  i n  re s p o n s e  to  reg i ona l e x t e n s i o n  
a nd u p l i ft that  rea c t i vated t h e  Roc k y  Mou n ta i n s ( Wo n g  et  a l . ,  1 98 2 ) . 
Reg i ona l u p l i ft w i th i n  t h e  l a s t  1 0  m i l l i on yea rs h a s  been  a bo u t  1 . 2 to  
1 . 5 m i l l i me t e rs per  yea r ( Ga b l e  a nd Ha tton , 1 9 80) . The  s o u t h e rn R o c k y  
Mounta i n  reg i on o f  C o l o rado  a n d  New Mex i c o wa s s t rong l y  u p l i fted  b e 
tween f o u r  a nd s e ven  m i l l i o n yea rs ago , b u t  t h e  ra te h a s  s i n c e  d e 
c re a s ed . The  r i f t  i s  c h a ra c t e r i zed by b roa d , n o rt h - s o u t h  t rend i ng 
ba s i n s i n  wh i c h  ma f i c  f l ows a nd vo l ca n i c  a s h  b e d s  a re i n t e rca l a ted wi th  
a l l u v i a l  f i l l .  R i ft i ng a ppea rs to  be c o nt i n u i ng as  e v i d e nc ed by fa u l t  
s c a rp s  c u t t i ng P l e i s to c e n e  depos i t s ,  h i gh h e a t  f l ow ,  o n go i ng e l e va t i on 
c ha nges , a n d  a c t i ve magma t i sm .  Mos t  fa u l t s w i t h i n  t h e  r i f t  zone  h a v e  
north-south  o r i e n ta t i on s  a nd n o rma l s l i p  mo veme n t . I n  t h e  n o rt h e rn R i o  
G ra nd e  R i ft ,  n o rt h -s o u t h  ep i c en t ra l  t re n d s  a ppea r t o  b e  re l a ted to 
a reas  of u p l i f t a nd a rc h i ng ( Wo n g  et  a l , 1 9 8 2 ) . 

A h i gh p e rc entage  o f  a l l  t h e  poten t i a l l y  a c t i ve fa u l t s i n  Co l o ra d o  
a nd New Mex i c o l i e w i th i n  th i s  p rov i n c e . The  r i f t  h a s  b e e n  s u bd i v i d ed 
i n to n o rt h e rn a nd s o u t h e rn s u b p rov i nc e s  i n  Co l o ra d o  by K i rkham a nd 
Roge rs on  t h e  b a s i s  o f  you n g  f a u l t i ng .  We l l -d e f i n ed e v i d e n c e  o f  re 
pea ted l a te Qua te rna ry moveme n t s  i s  a b u n d a n t  o n  s e ve ra l  fa u l t s i n  the  
s o u t h e rn s ub p rov i n c e , whe rea s s uc h  e v i d en c e  i s  o b s c u re in  the  n o rt h e rn 
s u b p rov i n c e . Severa l  ma j o r  fa u l ts a re p re s e n t  i n  t h e  n o rt h e rn s ub
p rov i nc e , s ome of  wh i c h  we re a c t i ve as  ea r l y  as  t h e  P recamb r i a n . Of  
t h e  maj o r  fa u l t s i n  th i s  reg i on ,  o n l y  t h e  F ro n ta l fa u l t  on  t h e  ea s t  
f l a n k  o f  t h e  Go re R a n g e  ha s po s s i b l e  ea r l y Q u a t e rna ry a c t i v i ty ( K i rk ham 
and  Roge rs , 1 98 1 ) .  

Wes t e rn Mounta i n  prov i nc e  

T h e  mo u nta i no u s  a rea s t o  t h e  we st o f  t h e  R i o  G ra nd e  R i ft p rov i nc e  
f o rm t h e  Wes t e rn Mounta i n  p rov i nc e  o f  C o l o ra d o  ( s ee  F i g u re 0 . 4 . 2 ) . 
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I nc l uded  i n  t h i s  p ro v i n c e  a re t h e  Sa n J u a n  Mounta i n s ,  E l k a nd We s t  E l k  
Mounta i n s ,  we s t  f l a n k  o f  t h e  Sawa t c h  R a ng e , Wh i te R i ve r  U p l i ft ,  a n d  
Gunn i so n  U p l i ft .  The  Sawa t c h  a n d  Wh i te R i ve r  u p l i f t s  l a c k  p re - L a ra m i d e  
e x p re s s i on ;  howe ve r ,  t he i r  b o rd e rs may be  c o n t ro l l ed ,  i n  pa rt , by o l d e r  
ba s ement  f a u l t s ( Tweto , 1 980b ) . Neogene  fa u l ts a re s c a rc e  i n  t h i s  
p rov i nc e . Most  fa u l ts e x p re s s i ng Neogene  moveme n t  a re a s soc i a ted w i t h  
evapo r i te  f l owa g e  o r  c a l d e ra c o l l a p s e . D e s p i te t h e  a ppa rent a bs en c e  o f  
maj o r  Neogene f a u l t s ,  n ume ro us  ea rt h q u a k e s  h a ve b e e n  rec o rd e d  w i t h i n  
t h e  p rov i n c e . The  l a rg e s t  h i s t o r i c a l  ea rt h q u a k e  f e l t  i n  t h e  p ro v i nce  
wa s a mag n i tude  5 . 5  event  nea r Mon t ro s e  ( K i r k h a m  a nd R oge rs , 1 98 1 ) .  No  
maj o r  tecton i c  fa u l ts h a v e  been  p roven  t o  h a ve h a d  Q u a t e rna ry a c t i v i ty .  

0 . 4 . 2  S E ISMIC  HAZARDS 

Seve ra l  p robab i l i � i c  ea rt h q u a k e  ma p s  wh i c h  p l ot c ontou rs  o f  ma x i 
mum h o r i zonta l a c c e l e ra t i on s , ve l oc i t i es ,  a n d  i nt e n s i t i es f o r  va r i ous  
retu rn p e r i od s h a ve been  p repa red for  t h e  c o n t i g u o u s  Un i ted States . 
Examp l es o f  s u c h  s t ud i es a re t h o s e  by L i u  a nd DeCapua  ( 1 9 7 5 ) , A l g e r
mi s s en  a nd Perk i n s ( 1 9 7 6 ) , t h e  App l i ed Tec h n o l ogy C o u n c i l  ( 1 9 7 8 ) , a nd 
A l ge rmi s s en  et  a l . ( 1 98 2 ) . The s e  s t ud i e s i nd i ca te t h a t  a n  ea rth q u a k e  
wi th  a ret u rn pe r i od o f  4 7 5  yea rs wou l d  i nd u c e  a g ro u n d -mot i on a c c e l e 
rat i on o f  0 . 04 t o  0 . 05g  i n  t h e  reg i on o f  t h e  R i f l e  s i te s . The  a c c e l e
rat i on s  p red i c ted by c a l c u l a t i on s  f o r  t h e  p re f e rred s o u rc e -zone  s e t , 
omi t t i ng  ma n - i n d u c ed ea rt h q u a k e s  i n  t h e  reg i on ,  a re betwee n  0 . 05 a n d  
O . l Og f o r  the  4 7 5 -yea r ea rthq u a k e . I f  a n  a c c e l e ra t i on o f  0 . 07 5 g  
( m i d po i n t o f  t h e  range ) i s  s ca l ed t o  t h e  1 000-ye a r  e a rt h q u a k e , t h e  
re s u l t i ng e f f e c t i ve  a c c e l e ra t i on i s  O . l g .  

The  s c ope o f  c a pa b l e f a u l t  a na l ys i s  f o r  t h e  s i te s e i sm i c  e va l ua 
t i on s  d e p e n d s  on  t h e  i n i t i a l  d e t e rm i n a t i on o f  a f l oa t i ng ea rt h q u a k e  
l ocat i on a n d  magn i t ud e  f o r  the  s e i smote c t o n i c  p rov i n c e  c o n ta i n i ng t h e  
ta i l i ngs  s i te . The  f l oa t i ng  ea rt h q u a k e  w i th i n  a s pec i f i c  s e i smotecton i c  
p rov i n c e  i s  a n  ea rt hq u a k e  event  wh i c h i s  n o t  a s s oc i a ted w i t h  a k n own 
tecton i c  s t ru c t u re . F o r  ou t l y i ng p ro v i n c e s , t h e  ma x i mum ea rt h q u a k e  i s  
p l a ced a t  the  c l o s e s t  d i s t a n c e  a l ong  the  b o u n d a ry o f  e a c h  p ro v i n c e  to  
t h e  s i te for  c a l c u l at i on o f  t h e  a t tenuated on-s i te a c c e l e ra t i on f rom 
t h e s e  p rov i n c es . 

T he max i mum ea rt h q u a k e  a n d  f l oa t i ng ea rthqua k e  magn i tu d e s  ( Ta b l e 
0 . 4 . 1 )  a re u s ed to  d e t e rm i ne t h e  on-s i te p e a k  h o r i zonta l g round  
a c c e l e ra t i on s  u s i ng t h e  a ttenua t i on re l a t i on s h i p  o f  Campbe l l  ( 1 98 1 ) .  
Campbe l l ' s c o n s t ra i ned re l at i on s h i p  between  e a rt h q u a k e  magn i t ude  a n d  
d i s ta n c e  t o  the  s i te i s  u s ed a s  t h e  mea n  p l u s one  s t a n d a rd d e v i at i on 
va l ue ( 84th  p e rc e n t i l e ) . The  pea k h o r i zonta l a c c e l e ra t i on i s  d e f i ned 
as the  mea n  o f  the pea k s  of  the two h o r i zonta l c ompon e n t s  of a n  
a c ce l e rog ram rec o rd . T h e  s i te d e s i gn va l u e i s  c on s i d e red a nonamp l i f i ed ,  
f ree-f i e l d ,  pea k  h o r i zonta l a c c e l e ra t i on .  

F o l l owi ng  d et e rm i na t i on o f  t h e  ma x i mum a n d  f l oa t i ng ea rt h q u a k e  
magn i t u d e s  a n d  t h e  on-s i te a t t e n u a t e d  a c c e l e ra t i on s , a sea rc h  wa s mad e  
to  d e t e rm i ne wh ethe r a n y  fa u l t s e x i s t  i n  t h e  6 5 -km ( 40-mi l e )  rad i u s 
reg i on wh i c h c o u l d  be t h e  s o u rc e  o f  e a rt h q u a k e s  wh i c h wou l d  p rod u c e  on
s i te a c c e l e ra t i on i n  exc e s s  o f  the  va l ue d e r i ved f rom t h e  c o n t ro l l i ng  
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max i mum ea rt h q u a k e  o r  f l oa t i ng ea rt h q u a k e . Th e f a u l t  l e ngth  to  magn i 
t u d e  re 1 a t  i o n s h  i p o f  Bon  i 1 1  a et a 1 .  ( 1 9 8 4 )  wa s u s ed t o  d et e rm i  ne  the  
e s t  i ma t ed magn i t u d e  f o r  s u s pec ted c ap a b l  e f a u l t s . A 1 1  f a u l t  sys tems 
t h a t  c ou l d  not p rod u c e  a c c e l e ra t i on s  i n  e x c e s s  of t h e  f l oa t i ng ea rth
quake va l ue we re not  a n a l yzed f u rt h e r .  A re l at i on s h i p  wa s d e v e l oped 
between  mapped tota l f a u l t  l ength  and s i te -d i s t a n c e  re l a t i on s h i ps f o r  
poten t i a l  ea rt h q u a ke magn i t u d e s  c a pa b l e of  p ro d u c i ng t h e  o n - s i te d e s i gn 
a c c e l e ra t i on s  i n  exc e s s  o f  t h a t  p ro d u c ed by t h e  f l oa t i ng e a rt h q u a k e . 
Ba s ed on  th i s  re l at i on s h i p ,  a n y  f a u l t s t h a t  wou l d  p rod u c e  o n - s i te 
a c c e l e ra t i on s  eq u a l  to  o r  g re a t e r  t h a n  that  o f  t h e  f l oa t i ng ea rt h q u a k e  
we re i n v es t i gated  f u rth e r .  Fau l t s p rod u c i ng on -s i te a c c e l e ra t i on s  l es s  
t h a n  the  f l oa t i ng ea rt h q u a k e  we re e l i m i n a ted f rom f u rthe r s t udy . 

F l oat i ng ea rthqu a k e  g n a l ys i s  

The  t e rm f l oa t i ng ea rthq u a k e  emp l oyed i n  UMTRA P roj e c t  s e i sm i c  
h a z a rd e va l uat i on s  i s  d e f i n ed a s  " a n  ea rth q u a k e  w i th i n  a k nown tecton i c  
s t ru c t u re . " A f l oa t i ng e a r t hq u a k e  d i f f e rs f rom the  max i mum e a rt h q u a k e  
d e r i v ed f o r  a s e i smotecton i c  p ro v i nc e  i n  t h a t  t h e  l a t t e r  i s  typ i ca l l y  a 
l a rge mag n i tude  event  u s ua l l y  a s s oc i ated  w i t h  g ro u n d  b re a k a g e  on a k n own 
t ec ton i c  s t ruc t u re . I t  i s  gen e ra l l y  a c c ep t ed t h a t  f l oa t i ng ea r t h q u a k es 
a re events  o f  l ow t o  mod erate  magn i t ud e .  K r i n i t z s k y  a nd C ha n g  ( 1 9 7 5 )  
state  that  II Long  fa u l t s , wh i c h  a re n e c e s s a ry f o r  l a rge ea rt h q u a k e s , 
wou l d  not  rema i n  u ndetected  i f  c a re f u l  g eo l og i c  i n v e s t i ga t i o n s  we re 
mad e . "  They f u rt h e r  o b s e rve t h a t  u n c e rta i n t i e s i n  the  c orre l a t i on o f  
f a u l t s  a n d  ea rt h q u a k e s  oc c u r  w i t h  sma l l  e v e n t s  o f  mag n i t u d e  4 . 0  o r  
5 . 0 .  T h u s , t h e  magn i t u d e  o f  t h e  f l oa t i n g ea rt hq u a k e  c a n not  exceed  that  
o f  t h e  max i mum e a rt h q ua k e . 

I n  t h e  ea s t e rn a n d  c e n t ra l  U n i ted Sta t e s , t h e  max i mum f l oa t i n g 
ea rthq u a k e  i s  c on s i d e red t o  be  a mag n i t u d e  5 . 7 5 to  6 . 0  event  ( S l emmo n s  
et a l . ,  1 9 8 2 ) , a va l ue p re s uma b l y equa l to  t h e  t h re s ho l d  mag n i t u d e  a t  
wh i c h g ro u n d  b re a k a g e  w i l l  oc c u r .  I n  t h e  Ba s i n  a n d  R a n g e  P ro v i nc e  o f  
t h e  wes t e rn Un i ted Sta te s , ea rt h q u a k e s  o f  magn i t u d e  g rea t e r  than  
a p p rox i ma te l y  6 . 0  n o rma l l y  p rod u c ed f a u l t  s c a rp s  ( Wa l l ac e , 1 98 2 ) . 

The  t h re s h o l d  magn i t u d e  i s  not  p rec  i s e  1 y k n own f o r  t h e  C o l o ra d o  
P l ateau  beca u s e  t h e re a re n o  rec o rd e d  s e i sm i c e v e n t s  a s soc i ated  wi th  
g ro und b reakage . The  l a rg e s t  rec o rded  ea rthqua k e s  i n  the  C o l o ra d o  
P 1 ate  a u h a ve  a l l f a  1 1  en  i n th e a p p ro x i rna t e rna g n i t  u d e ra n g e 0 f 5 .  5 to  
5 . 8 .  I t  i s  c on c e i va b l e that th i s  ra nge may rep re s en t  t h e  max i mum 
ea rthqua k e  va l ue f o r  t h e  p re va i l i ng s t re s s  f i e l d . Thomp s on a n d  Zoba c k  
( 1 9 7 9 ) s ta t e  t h a t  t h e  l a c k  o f  maj o r  fa u l t i ng a n d / o r  s e i sm i c i ty wi th i n  
t h e  P l a t e a u  i n te r i o r  i nd i c a t e s  l ow d i f fe re n t i a l  ( s h e a r )  s t re s s es . Th i s  
range i s  c on s i d e ra b l y  l owe r t h a n  t h e  max i mum ea rt h q u a k e  va l ue o f  6 . 5  
u s ed f o r  s ome UMTRA Proj ect  s i te s  i n  t h e  Co l o ra d o  P l a t e a u . The  l a rge 
va l ue  i s  a dopted i n  pa rt bec a u s e  of  t h e  l i m i ta t i on s  of  the  h i s t o r i c a l  
d a ta ba s e . The  magn i tu d e  range  5 . 5  t o  5 . 8  may b e  a rea s o na b l e va l ue 
f o r  t h e  f l oa t i ng ea rt h q u a k e  mag n i tude , b u t  a g a i n  a more c on s e rva t i ve 
va l ue i s  a d v i sa b l e  c on s i d e r i ng the  l a c k  o f  a l on g -t e rm d a ta ba s e . 
S i n c e  a l l  eart h q u a k e s  of  ma g n i tude  6 . 5  s hou l d  be  a s s oc i a ted wi th  g round  
b reakage  ( i . e . , be a s s oc i a ted wi th  a k n own t e c t on i c  s t ru c t u re ) a nd the  
l a rg e s t  h i s to r i c a l  events  fa l l  i n  the  ra nge  o f  5 . 5 .  t o  5 . 8 ,  t h e  
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f l oa t i ng ea rth q u a k e  magn i tu d e  p roba b l y  f a l l s s omewhe re wi th i n  t h e  ra nge 
o f  5 . 8  to  6 . 5 .  

An e s t i ma t e  c a n  be  mad e  by e va l ua t i ng t h e  t h res h o l d  magn i t ude  a t  
wh i c h  g round  b reakage  occ u rs f rom t h e  a p p ro p r i a te fa u l t  l e ngth  to  
magn i tu d e  re l a t i on s h i p .  The  re l a t i on s h i p  o f  Bon i l l a  et  a l . ( 1 9 84 )  f o r  
p l ate  i n te r i o rs i s :  

Ms = 6 . 02 + 0 . 7 29 l og L 

whe re 

Ms = s u r f a c e  wa ve mag n i tude . 
L = mapped fa u l t  rup t u re l e ngth . 

The  t h re s ho l d  mag n i tu d e  c a n  be  e s t i ma ted by sett i ng L e q u a l to  
zero . The  re s u l t i ng mag n i tude  i s  e q u a l t o  about 6 . 0 .  Th i s  i s  i n  
g e n e ra l  a g reeme nt  wi t h  t h e  a rgume n t s  o f  S l emmo n s  et  a l . ( 1 98 2 ) , 
K r i n i t z s k y  a n d  C h a n g  ( 1 9 7 5 ) , a n d  Wa l l a c e  ( 1 9 8 2 ) , c i ted a bo ve . A l l owi n g  
f o r  pos s i b l e  e rro rs a nd va r i a b i l i ty i n  t h e  d e t e rm i na t i on s  d i s c u s s ed 
a bove , t h e  mo re c o n s e rva t i ve va l ue o f  mag n i t u d e  6 . 2  i s  recomme n d e d  f o r  
t h e  max i mum mag n i tude  o f  the  f l oa t i ng ea rt h q u a k e  i n  t h e  C o l o ra d o  
P l atea u . 

I n  a c c o rd a n c e  wi th  s e i sm i c d e s i gn p roc ed u re s  c ommo n l y  u s e d  i n  the  
s i t i ng o f  n uc l e a r  powe r p l a nt s , t h i s  e v e n t  i s  a s s umed t o  o c c u r  a t  a 
rad i a l  d i s t a n c e  o f  1 5  km f rom the  s i te . Us i ng t h e  a c c e l e ra t i on to 
attenua t i on re l a t i on s h i p  of Camp b e l l  ( 1 98 1 ) ,  t h i s  re s u l ts i n  an o n - s i te 
peak  h o r i  zonta 1 a c c e  1 e ra t  i on  o f  0 . 2 1 g a t  a n  84th  p e rc e n t  i l  e 1 eve  1 o f  
c on f i d e n c e . 

Ana l ys i s  o f  s i gn i f i ca n t  f a u l t i ng 

Wi t h i n  a 7 0 -mi  l e  rad i u s o f  t h e  E s te s  Gu l c h s i te to  t h e  n o rth  o f  
t h e  R i f l e  s i te s  a n d  L u c a s  M e s a  s i te to  t h e  s o u t hwe s t , n o  k n own c a p a b l e  
f a u l t s  h a v e  been  i d ent i f i ed by a s e a rc h  o f  l i t e ra t u re f o r  p re v i ou s l y  
ma pped fa u l ts . Th e s e a rc h  rad i i  a s s oc i ated  w i th  t h e s e  two s i te s  re
s u l ted i n  tota l c o v e ra g e  of the O l d  and New R i f l e  ta i l i ngs  s i te s . N o  
f i e l d  i n v e s t i ga t i on s  we re c on d u c ted t o  ve r i fy t h e  a g e  o f  t h e  i d en t i f i ed 
f a u l ts . 

Ta b l es 0 . 4 . 2  a n d  0 . 4 . 3  s umma r i ze  t h e  ma pped f a u l t s wi th i n  the  
s e a rc h  rad i i a n d  d e s c r i be t he i r  re l at i ve a g e . Fa u l t s f o r  wh i c h  no  a ge 
c ou l d  be i d e n t i f i ed f rom l i t e ra t u re a re c on s i d e red c a pa b l e o f  p rod uc i ng 
a n  ea rthquake  f o r  the  p u rp o s e s  o f  th i s  d oc ume nt . The  Camp be l l  ( 1 98 1 ) 
attenua t i o n re l a t i on s h i p  wa s u s ed t o  d e r i ve  o n - s i te a c c e l e ra t i on s . 
Ac c e  1 e ra t  i on s  f o r  the  0 1  d a n d  N ew R i f  1 e s i te s  wou 1 d be between  t h o s e  
d e r i ved f o r  the  a l ternate  d i s po s a l  s i te .  As c a n  be s e e n  by the  
e s t i ma ted on-s i te a c c e l e ra t i o n s  p re s en ted in  t h e  ta b l e s , n o n e  of  the  
s i te a c c e l e ra t i on s  d e r i ved f rom fa u l t s c on s i d e red c a pa b l e  exc e ed t h e  
f l oat i ng ea rt h q u a k e  a c c e l e ra t i on o f  0 . 2 1 g .  
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o 
I 

<..n 
'-I 

Reference for 
faul t/l i neament 

Twe to , 1 976  
Tweto , 1 9 76  
Tweto , 1 9 76 
Tweto , 1 976  
Tweto , 1 976  
Ki rk ham and Rogers , 1 981  

Cashi on , 1 973 
Cashi on , 1 97 3  
C a s h i o n ,  1 973 
Cashi o n ,  1 9 73 
Cash i on ,  1 973 
Tweto et a1 . ,  1 9 78 
Tweto et a1 . ,  1 978  
Tweto et a1 . ,  1 9 78 
Tweto et a1 . ,  1 978 
Ki rkham and Rogers , 1 981 

Tweto et a1 . ,  1 9 78 

Tweto et a 1 . ,  1 9 78 
Tweto et a1 . ,  1 978 
Tweto et a1 . ,  1 9 78 
Tweto et a1 . ,  1 978 
Tweto et a 1 . ,  1 9 78 
K i r k ham and Rogers , 1 981  

Ki rk ham and Rogers , 1 981 
Tweto et a1 . ,  1 978 

Tweto et a1 . ,  1 9 78 

Tab l e  0 . 4 . 2  Ma pped fa ul ts and l i neaments , Estes Gul ch  s i tea 

Faul t/l i neament 
1 ength 

( k i l ometers ) 

8 . 0  
1 l . 0 

8 . 0  
5 . 0  
9 . 0  

1 9 . 0  

1 3 . 0  
9 . 0  
5 . 0 

1 8 . 0  ( 26 ) C  
1 5 . 0  

3 . 0  
5 . 0  

1 l . 0 
1 0 . 0  
1 0 . 0  

2 0 . 0  

1 5 . 0  
6 . 5  

1 4 . 0 
4l . 0  
2l . 0  
25 . 0  

5 . 0  
4 . 0  

2 7 . 0  

D i s ta nce 
from s i te 

( k i l ome ters ) 

5l . 0  
76 . 0  
98 . 0  
56 . 0  
58 . 0  
84 . 0  

58 . 0  
53 . 0  
48 . 0  
3 8 . 0  ( 3 1 ) C  
3 4 . 0  
3 9 . 0  
3 7 . 0  
2 7 . 5  
39 . 0  
7 6 . 0  

1 4 . 0 

1 0 . 0  
1 5 . 0  
1 5 . 0  
1 6 . 0  
66 . 0  
66 . 0  

67 . 0  
4 . 0  

4 . 0 

Estima ted 
maxi mum 

earthquake 
magni tude 

6 . 7  
6 . 8  
6 . 7  
6 . 5  
6 . 7  
7 . 0  

6 . 8  
6 . 7  
6 . 5  

Estimated 
on -s i te 

acce1 erati onb 
( g )  

0 . 08 
0 . 05 
0 . 03 
0 . 06 
0 . 07 
0 . 06 

0 . 08 
0 . 08 
0 . 08 

Remark s 

Youngest offset i s  i n  l a te Terti ary 
i gneous rocks  

6 . 9  { 7 . 0 ) C 
6 . 9  

0 . 1 4  { 0 . 1 9 ) C 
0 . 1 6  

6 . 4 
6 . 5  
6 . 8  
6 . 7  
6 . 7  

7 . 0  

6 . 9  
6 . 6  
6 . 9  
7 . 2  
7 . 0  
7 . 0  

6 . 5  
6 . 4  

7 . 0  

0 . 09 
0 . 1 1  
0 . 1 8  
0 . 1 2  
0 . 05 Pre-Bul l Lake a ge Qua ternary depo s i ts 
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Ta b l e  0 . 4 . 2  Mapped fau l ts and l i neaments , E s tes Gul ch  s i tea ( Concl ude d )  

E s ti ma ted Estima ted 
Fa u l t/l i neament  Di s ta nce maxi mum o n -s i te 

Reference for 1 ength from s i te ea rthquake accel erationb 

fa u l t/l i neament  ( k  i l  ometers ) ( k i l ometers ) ma gni  tude ( g )  Rema rk s 

K i rk ham and Rogers , 1 981 7 . 0  38 . 0  6 . 6  0 . 1 1 Pre-Bul l Lake a ge Qua ternary depo s i ts 
offset 

K i rk ham and Rogers , 1 981 5 . 0  49 . 0  6 . 5  0 . 07 Pre-Bul l Lake a ge Qua ternary depos i ts 
o ffset 

K i rk ham and Rogers , 1 981 5 . 0  6 6 . 0  6 . 5  0 . 05 Pre-Bul l Lake a ge Qua ternary depos i ts 
offset 

Tweto et al . ,  1 9 78 4 7 . 0  66 . 0  7 . 2 0 . 1 0  
Tweto e t  al . ,  1 978 6 . 0  72 . 0  6 . 6  0 . 05 

CJ Tweto et a l . ,  1 9 78 8 . 0  70 . 0  6 . 7  0 . 05 
I Twe to et al . ,  1 978 4 . 0  51 . 0  6 . 5  0 . 07 

(Jl Tweto et a l . ,  1 978 3 . 0 4 5 . 0  6 . 4 0 . 07 co 
Tweto et al . ,  1 9 78 5 . 0  55 . 0  6 . 5  0 . 06 
Tweto et al . ,  1 9 78 3 . 0  62 . 0  6 . 3  0 . 05 
Tweto et al . ,  1 978 45 . 0  65 . 0  7 . 2  0 . 1 0  
Tweto et al . ,  1 9 78 1 0 . 0  6 5 . 0  6 . 7  0 . 06 
Twe to et al . ,  1 9 78 27 . 0  74 . 0  7 . 0  0 . 07 
Cas h i o n ,  1 9 73 1 0 . 0  49 . 0  6 . 7  0 . 09 
Cash i on ,  1 9 73 
Ki rk ham and Rogers , 1 981 1 6 . 0  95 . 0  6 . 9  0 . 04 Redl ands faul t compl e x ;  offset i n  

Quaternary depo s i ts 

a Ma pped fau l ts and l i neaments wi th i n  a 70-km radi u s  of the s i te .  
b Ya l ues were cal cu l a ted usi n g  the equa t i on o f  Campbel l ( 1 981 ) .  
c Ya l ues  i n  parentheses are ba sed on the faul t extendi n g  one mi l e  further ea s t .  



Ta b l e  D . 4 . 3  Mapped fau l ts and l i neaments , Lucas Mesa s i tea 

Estima ted Estima ted 
Faul t/1 i neament Di stance ma xi mum on -si te 

Reference for 1 en gth from s i te earthquake acce 1 e rati onc 

fau l t/l i neament ( k i l ometers ) ( k i l ometers ) magni tudeb ( g )  Rema r k s  

Ca s h i on , 1 97 3  1 7 . 0  76 . 0  6 . 9  0 . 06 Sou th Dougl as  Creek Anti cl i ne 
C a s h i  on , 1 973 8 . 0  6 7 . 0  6 . 7  0 . 06 San Arroyo Anti c l i ne 
Cash i on ,  1 97 3  33 . 0  79 . 0  7 . 1  0 . 07 Dol ores River  Fau l t 
Tweto et a1 . ,  1 9 78 23 . 0  8 9 . 0  7 . 0  0 . 05 K i rkham and Rogers ,  1 981 ; o ffset i n  

Quaternary depos i ts 
Tweto et a1 . ,  1 9 78 1 6 . 0  55 . 0  6 . 9  0 . 09 Gl ade Park , Ladder ,  C reek , and Ba ngs  

Ca nyon Faul ts . K i rk ham and Rogers , 1 981 ; 
offset i n  Quaternary depos i ts 

Tweto et a 1 . ,  1 9 78 1 4 . 0 64 . 0  6 . 9  0 . 07 
Tweto et a1 . ,  1 978 1 5 . 0  72 . 0  6 . 9  0 . 06 
Tweto et a 1 . ,  1 9 78 1 0 . 0  5 7 . 0  6 . 7  0 . 08 K i rk ham and Roge rs , 1 981  ; o ffset i n  

Quaternary depos i ts 

0 Tweto et a 1 . ,  1 9 78 1 3 . 0 64 . 0  6 . 8  0 . 07 K i rkham and Rogers , 1 981  ; o ffset i n  I Quaternary depos i ts 
(]1 Tweto et a 1 . ,  1 9 78 4 . 0  9 7 . 0  6 . 5  0 . 03 1.0 

Tweto et a1 . ,  1 978 5 . 0  1 00 . 0  6 . 5  0 . 03 
Tweto et a1 . ,  1 978 1 1 . 0 73 . 0  6 . 8  0 . 06 

Cash i on ,  1 97 3  1 0 . 0  8 . 0  6 . 7  0 . 44 Youngest u n i t offset i s  Terti a ry Wa satc h  
Forma ti on 

aMa pped fau l ts and l i neaments wi th i n  a 70-km ra di us  of the s i te .  
b Ca 1 c u 1 a ted usi n g  the equati on o f  Bon i l l a  e t  a 1 . ,  1 984 . 
c Ca 1 cu 1 a ted usi n g  the equati on of Campbel l ,  1 981 . 
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0 . 5  M I N E RA L  R ESOU R C E S  

Abund a n t  m i n e ra l  re s o u rc e s  oc c u r  w i t h i n  t h e  R i f l e  reg i on .  K n own 
mi n e ra l  a n d  f o s s i l  f u e l d epos i t s i n  t h e  reg i on a re s a nd a n d  g ra ve l , a g g rega te , 
u ra n i um ,  vanad i um ,  o i l ,  n a t u ra l  g a s , o i l  s ha l e ,  a n d  c oa l . 

Sand a n d  g ra ve l  re s o u rc e s  a re re l a t i ve l y  a b u n d a n t  i n  the  reg i on .  Suc h 
res o u rc e s  oc c u r  i n  te rra c e s  a n d  mod e rn a l l u v i  um  a l ong t h e  Co l o ra d o  a nd Gunn  i 
son  R i vers  a n d  i n  ped i me n t  d epos i t s a l on g  t h e  Book  C l i f f s , G ra n d  Mesa , a n d  
B a t t l ement  Mesa . I n  g e n e ra l , t h e  mos t  s ound  s o u rc e s  o f  r i p ra p  a re ped i ment  
depos i t s shed  f rom B a t t l eme n t  a n d  Gra nd Mesa s . These  d e po s i t s c onta i n  we l l 
i nd u rated  c l a s t s  o f  ba s a l t  t h a t  h a ve e x c e l l e n t  e n g i n e e r i ng  c ha ra c te r i s t i c s  
( DO E , 1 983 ) . Ped i ment  g ra ve l s  f rom t h e  Book  C l i f f s  o r  r i ve r  t e r ra c e s  a n d  
mod e rn a l l uv i um o f t e n  c onta i n  a n  a bu nd a n c e  o f  s ha l e  a n d  s a nd s to n e  c l a s t s , 
a l though  t h e s e  s o u rc e s  a re mos t  o f t e n  u s ed f o r  c o n s t ru c t i o n  p u rp os e s . I n  s ome 
a rea s , a c c epta b l e ma t e r i a l s  may a l s o be obta i ned by q ua rry i ng va r i ou s  s a n d 
s tone  f o rmat i ons . 

Gra v e l  f rom a l l uv i a l  t e r ra c e s  o f  t h e  Gra nd Me s a  F o rma t i on a l ong  the  
C o l o ra d o  R i ve r  a n d  P l a te a u  C reek  h a s  been  u s ed on  g ra ve l  road s  a n d  a s p ha l t  
h i ghway foundat i on s . Ta l u s a nd b l oc k  rubb l e  d e p o s i t s o f  ba s a l t  bo rd e r i ng 
Gra nd Mesa ha ve been  u s ed a s  c ru s hed a g g rega t e . At two l oca l i t i es ,  t h e  b a s a l t  
b l oc k s  we re c emented w i th  i c e be l ow d e p t h s  o f  a bo u t  1 5  feet , nec e s s i ta t i ng 
b l a s t i ng f o r  remova l ( Yeend , 1 9(9 ) . G ra ve l  h a s  been  obta i ned  f rom mo ra i ne 
depos i t s but  i s  o f  p o o r  q ua l i ty d u e  t o  poor  s o rt i ng a n d  a h i gh d e g ree  o f  
f i ne s . C r u s h ed ma r l s t o n e  f rom t h e  G reen  R i ve r  F o rma t i on h a s  been u s ed  o n  
s e c o nd a ry road s . T h e  Gra nd M e s a  a n d  L a n d s  E nd F o rma t i o n s  a re s o u rc e s  o f  s a n d  
a nd g ra v e l  f o r  c o n c rete  agg rega t e . The  c ompos i t i on ,  s o rt i ng ,  a n d  g ra i n  s i ze o f  
t h e  depos i ts a re h i gh l y  va r i a b l e .  Loca l g ra ve l  d e p o s i ts o n  ped i me n ts a n d  
o l d e r  a l l uv i a l  s u rfa c e s  on  B a t t l ement  Me s a  a re o f  p o o r  q ua l i ty bec a u s e  o f  
t he i r h i gh p e rcentage  o f  f r i ab l e ,  nond u ra b l e  s e d i me n ta ry roc k s  ( Yeend , 1 9 (9 ) . 

U ra n i um a n d  vana d i um depos i t s a re k n own t o  o c c u r  i n  t h e  Bu rro Ca nyon 
F o rma t i on ,  Dak ota Sa nd s t o n e , Mo rr i s on F o rma t i on ,  E n t ra d a  Sa nd s tone , a n d  W i n 
g a t e  ( o r Na vaj o )  Sa n d s tone  ( Sc hwoc h ow ,  1 9 7 8 ; F i s c h e r ,  1 9 (0) . T h e s e  f o rma t i on s  
oc c u r  t h roughout  mos t  o f  t h e  reg i on .  

The  P i c ea n c e  C reek  B a s i n  c onta i n s o i l ,  na t u ra l gas , a n d  a maj o r i ty o f  
t h e  Un i ted Sta te ' s  o i l s ha l e .  The  p r i nc i pa l  p e t r o l eum-bea r i ng f o rma t i on s  
i nc l ud e , i n  o rd e r  o f  i n c rea s i ng a g e , t h e  Wa s a t c h F o rma t i on , Me s a  V e rd e  G ro u p , 
Dak ota Sand s tone , Bu rro Ca nyon F o rma t i on ,  Mo rri s o n  F o rmat i on ,  a n d  E n t rada  
Sand s tone . At l ea s t o n e  o f  these  f o rma t i on s  u n d e r l i es t h e  e n t i re reg i on .  
Th i c k o i l s ha l e  d e pos i t s o c c u r  i n  t h e  Pa rac h u te C reek  Memb e r  o f  t h e  G reen  
R i ve r  F o rma t i on . 

0 . 5 . 1  O L D  AND NEW R I F LE  S I TES  

Potent i a l  m i n e ra l  re s o u rc e s  b e n e a t h  t h e  O l d  a nd New  R i f l e  s i te s  
i nc l ud e  s a n d  a n d  g ra vel , o i l ,  natu ra l g a s , a n d  c oa l . S a n d  a n d  g ra ve l  
depos i t s beneath  t h e  s i te s  a ppea r t o  b e  a bo u t  1 8  t o  2 3  f e e t  t h i c k . 
Sand  a n d  g ra v e l  h a ve been  a n d  a re b e i ng  m i ned  f o r  agg rega te a l o n g  the  
Co l o ra d o  R i ve r  f l ood p l a i n  i n  t h e  v i c i n i ty o f  t h e  New  R i f l e  s i te .  
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There f o re ,  the  s a nd a n d  g ra v e l  beneath  e i t h e r  o f  t h e  ta i l i ng s  p i l es 
c ou l d  a l s o be ec onomi c a l l y rec o v e red i f  t h e  ta i l i ng s  we re moved a nd t h e  
a d j a c e n t  m i l l i ng fac i l i t i es d i s a s s emb l ed a n d  removed f rom t h e  s i te s . 

O i l a nd n a t u ra l  g a s  ( mos t l y  ga s )  h a v e  been  p ro d u c ed f rom t h e  
Pen n s y l van i a n  Web e r  Sa nd s tone o f  t h e  E o c e n e  Green R i ver  ( o i l s ha l e )  
F o rma t i on .  The nea re s t  g a s  f i e l d s a re l oc a ted two m i l es we s t  o f  the  
New R i f l e  s i te on  Web s t e r  Mes a . Oth e r  ga s f i e l d s  i n c l ud e  t h e  mo re 
d i s t a n t  R u l i s on  a n d  Mamm C re e k  f i e l d s  ( Du n n , 1 9 7 4 ) . I f  f o u n d  beneath  
t h e  ta i l i ng s  p i l e s ,  the  re s o u rc e s  c ou l d  be  rec o v e red by s l a n t -d r i l l i ng 
tec h n i q u e s . Coa l i n  the  b a s i n  i s  ma i n l y  o f  t h e  h i gh l y  vo l a t i l e  b i tu 
m i nous  type B o r  C ,  wh i c h  oc c u rs i n  t h e  Ma n c o s  Sha l e  a n d  the  Me s a  Ve rd e  
Gro u p  ( Spe l t z ,  1 9 7 4 ) . The s e  c oa l s  a re a t  l ea s t  2 500 feet  be l ow t h e  
s u rf a c e  a nd c a nnot  b e  m i ned  e c o n om i c a l l y  a t  p re s e n t  ( Mu rray a nd H a u n , 
1 9 7 4 ;  Tweto et  a l . ,  1 9 7 8 ) . 

0 . 5 . 2  ESTES GULCH  S I TE 

E c o nomi c a l l y i mpo rta nt depos i ts o f  m i n e ra l re s o u rc e s  h a ve not been  
rec og n i zed beneath  the  E s te s  Gu l c h s i te .  Sand  a nd g ra v e l  exp l o i ta t i on 
pos s i b i l i t i es a re l ow .  No depos i t s o f  c l ea n  a l l u v i a l  s a nd a nd g r a ve l , 
ta l u s depos i ts ,  o r  e o l i a n s a nd a re p re s e n t  a t  the  s i te .  The re f o re no  
potent i a l  haza rd ex i s ts  a t  the  s i te due  t o  f u t u re a g g regate  res o u rc e  
d e ve l opme n t . 

U ra n i um-va n ad i um depos i t s oc c u r  i n  t h e  W i ngate  ( Na va j o )  a nd E n t rada  
Sand s to n e s  i n  t h e  R i f l e  C re e k  a rea ( F i s c h e r , 1 9 60) . The  c l o s e s t  d e ve l 
oped depos i t  i s  a bout  two m i l e s e a s t  o f  t h e  E s te s  Gu l c h s i te .  No k n own 
u ra n i um depos i ts o c c u r  c l os e  enough  to t h e  s i te to a f f e c t  f u t u re mi n i ng 
a c t i v i ty a nd s i te s t ab i l i ty .  

O i l ,  n a t u ra l g a s , a nd o i l s ha l e  d epos i t s a re k n own t o  oc c u r  i n  the  
reg i on i n  the  Wa s a t c h  F o rma t i on , M e s a  Ve rd e  Grou p , Da k ota Sa n d s tone , 
Bu rro C a nyon F o rma t i on ,  Morr i s o n  F o rma t i o n , a n d  E n t ra d a  Sa nd stone . 
A l though  e c o n omi c a l l y  i mpo rta n t  d e p o s i t s may o c c u r  i n  t h e s e  f o rma t i on s , 
no  depos i t s have  been  rec o g n i zed a t  the  s i te .  The re f o re n o  h a z a rd to  
s i te sta b i l i ty i s  a n t i c i pated . 

No  e c o n omi c c oa l depos i t s h a ve been  recog n i zed  i n  the  s i te a rea . 
The c l o s e s t  deve l oped coa l d e po s i t  i s  a n  i na c t i ve m i n e  a b o u t  two m i l e s 
s outhea s t  o f  t h e  s i te .  

0 . 5 . 3  LUCAS MESA S I T E  

The  ped i me n t  ma te r i a l  a t  the  L u c a s  Me s a  s i te conta i n s a l a rge 
q u a n t i ty o f  a g g rega te c omposed  o f  ba s a l t i c  g ra ve l , c ob b l e s , a nd 
bou l d e rs . The g ra n u l a r  ma t e r i a l s  on  t h e  s i te h a ve poten t i a l  a s  a n  
a gg regate res o u rc e . Howeve r ,  t h e re a re mo re read i 1 y a va i 1 a b  1 e s a n d  a n d  
g ra v e l  d epos i ts a l ong t h e  Co l o ra d o  R i ve r  t h a t  h a ve not  y e t  b e e n  
exp l o i t ed . The re f o re , t h e  va l ue of  t h e  L uc a s  Mesa  a gg regate  a t  the  
p resent  t i me i s  mi n i ma l . 
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The L u c a s  Mesa  s i te i s  l oc a ted i n  t h e  s a me s t ra t i g ra p h i c  u n i t  a s  
t h e  O l d a n d  New R i f l e  s i te s . The re f o re , t h e  potent i a l  f o r  o i l , ga s ,  
a nd c oa l  e x i s t s  a t  the  s i te , a n d , i n  fa c t ,  c o a l f rom t h e  Mes a v e rd e  
Forma t i on h a s  been  m i ned  i n  t h e  g e n e ra l  v i c i n i ty .  Howeve r ,  a t  the  
p re s e n t  t i me ,  c o a l beneath  Lucas  Me s a  i s  too  d e e p  t o  be  a n  e c o n om i c a l 
res ou rc e . 

0 . 5 . 4  BORROW S I TE S  

The Second St reet , New R i f l e ,  a n d  G l e nwood Sp r i n g s  b o rrow s i te s  
a re a l l  ex i s t i ng ,  c ommerc i a l  b orrow ope ra t i on s . M i n e ra l  res o u rc e s  
present  o r  pos s i b l y  p re s ent  a t  the  Second  St re e t  a nd New R i f l e  b o rrow 
s i te s  a re t h e  s a me a s  t h o s e  d i s c u s s e d  f o r  t h e  New R i f l e  ta i l i ng s  s i te 
( Se c t i on 0 . 5 . 1 ) .  Th e G l e nwood Sp r i n g s  b orrow s i te i s  a s o u rc e  o f  l i me
s tone a g g regate  for g ra v e l  a nd r i p ra p .  No o t h e r m i n e ra l  re s o u rc e s  a re 
k nown to  ex i s t a t  t h e  s i te . 
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E . 1  SURFA C E  WAT E R  

E . 1 . 1  SURFACE  WATE R  FEATU R E S  

E .  1 . 1 .  1 O l d  a n d  New R i f l e  ta i l i ngs s i te s  

The e l e va t i on  o f  t h e  edge  o f  t h e  O l d  R i f l e  ta i l i ng s  p i l e  
va r i es between 5 3 1 0  a n d  5330 f e e t  a bove  mea n  s e a  l ev e l ( MS L ) . 
a n d  t h e  s t reambed o f  the  Co l o ra d o  R i ve r  i n  t h e  v i c i n i ty o f  t h e  
O l d  R i f l e  s i te i s  a b o u t  5300 f e e t  a bove  MS L .  T h e  ta i l i ng s  p i l e  
a t  the  New R i f 1  e s i te i s  on  the  n o rt h  s i d e o f  t h e  C o l orado 
R i ve r  2 . 5  m i l es d own s t ream f rom the  O l d  R i f l e  s i te .  The  e l e v a 
t i on o f  t h e  e d g e  o f  t h e  New R i f l e  ta i l i ng s  p i l e  va r i e s  b etween  
5 2 6 1  a n d  5272  f e e t  above  MSL . The  s t reambed o f  t h e  Co l o ra d o  
R i ve r  i s  a bout  5245  f e e t  above  MSL  s o u t h  o f  t h e  New R i f l e  p i l e  
a n d  a b o u t  5 2 60 feet  a bove MSL  t o  t h e  e a s t  o f  t h e  p i l e .  

Th e f l ood p l a i n  s u rf a c e  oc c up i ed by t h e  O l d  R i f l e  ta i l i ng s  
s i te i s  a b o u t  f i ve to  1 0  f e e t  a bove  t h e  Co l o ra d o  R i ve r  s u rf a c e  
d u r i ng n o rma l f l ow .  The  r i v e r  n o w  f l ows pa ra l l e l to  a nd i n  
contact  w i th  the  e l e vated  D e n v e r  & R i o  Gra nd e  We s t e rn ( D&R GW) 
Ra i l road g rad e . wh i c h  s epa ra te s  t h e  ta i l i ngs  s i te f rom the 
r i ve r .  The  s o u t h e rn f l a n k  of the ra i l road g ra d e  i s  p rotec ted 
by s a n d s tone  and ba s a l t  r i p ra p . The f l oo d p l a i n  at the O l d  
R i f l e  s i te has  been  a rt i f i c i a l l y  n a rrowed a t  the  s i te f rom 
ove r 1 200 f eet to 800 feet  by t h e  c o n s t ruc t i on of the I n te r
state  70 ( 1 -7 0 )  emba n kment  s o u t h  o f  t h e  r i ve r .  The  f l ood p l a i n  
i s  a l so c o n s t r i c ted by t h e  Ta ughenba u g h  Bou l eva rd B r i d g e  0 . 4  
m i l e  d own s t ream o f  t h e  s i te .  

The  s u rf a c e  wa t e r  featu res a t  t h e  O l d  R i f l e  s i te ( F i g u re 
E . 1 . 1 )  i nc l ud e  a d ra i nage  d i tc h  f rom U . S .  H i ghway 6 t h a t  d i s 
c h a rges  j u s t  n o rt h  o f  t h e  ta i l i ng s  p i l e ,  a d ra i nage  d i tc h  j us t  
e a s t  o f  t h e  ta i l i ng p i l e ,  a n d  a re a s  whe re t h e re i s  oc c a s i ona l 
pond i ng o f  wa t e r  a ro u nd the  e a s t e rn a n d  t h e  s o u t hwe s t e rn edges  
o f  t h e  s i te .  

At the  New R i f 1  e s i te .  t h e  Co  l o ra d o  R i  v e r  i s  1 000 feet 
east and  600 feet south of the ta i l i ng s  p i l e .  The m i l l  a nd 
o re s t o ra g e  a re a s  l i e between  t h e  p i l e  a n d  t h e  r i v e r  to  the  
ea s t .  Th e ma i n  c ha n n e l o f  t h e  Co l o ra d o  R i ve r  h a s  been  a rt i 
f i c i a l l y  c ha nne l ed n o rthwa rd by b l oc k i ng a l t e rna t i ve r i ve r  
c h a n ne l s u p s t ream o f  t h e  s i te .  Th i s  h a s  c a u sed  the  r i v e r  t o  
swi ng  n o rt h  a n d  e rode  t h e  n o rt h e rn po rt i on o f  a d i ke  t h a t  
p rotec t s  the  ta i l i ng s  s i te .  F u rt h e r  d own s t ream ,  t h e  c h a n n e l  
pa s s es  u n d e r  a n  1 -70  b r i d g e  a nd s ub s equ ent l y  f l ows a l ong  the  
u p l a nd that f o rms the  s o u t h e rn bounda ry of  t h e  va l l ey f l oo r .  
The emba nkment  o f  1 -70  p ro t e c t s  t h e  s o u t h e rn b o u nda  ry o f  t h e  
p i l e  f rom t h e  Co l o ra d o  R i ve r ,  a nd t h e  c o n s t ruc t i on o f  1 -70 h a s  
n a r rowed the  na t u ra l f l ood p l a i n  to  v i rt ua l l y the  c h a n ne l . 

The  maj o r  s u r f a c e  wa t e r  f ea t u re s  a t  the  New R i f l e  s i te 
i nc l ud e  t h e  vana d i um p o n d s  ea s t  o f  t h e  p i l e  a n d  eva p o ra t i on 
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pond s n o rt h  a n d  s ou t hea s t  o f  t h e  p i l e  ( F i gu re L 1 . 2 ) . I n  
add i t i on ,  t h e re a re va r i o u s  d ra i nage  d i tc he s  a n d  s e v e ra l  a rea s 
t h ro u g h o u t  t h e  s i te whe re t h e re i s  o c ca s i ona l pond i ng o f  wa t e r .  

The wat e rs hed u p s t ream o f  R i f l e  i s  69 50 s q ua re m i l e s o f  
s tee p l y s l oped t e r ra i n .  T h e  ba s i n  i s  b o u nded  on  t h e  n o rt h  
s i d e b y  b a s i n s o f  t h e  Wh i te a nd North  P l a t te R i ve rs , on  the  
e a s t  by ba s i n s o f  t h e  South  P l a t t e  and  A rk a n s a s  R i vers , a nd o n  
t h e  s o u t h  b y  the  G u n n i s on  R i ve r  ba s i n .  Wa t e r s h ed bounda r i es 
a re s h own i n  F i g u re L l . 3 .  Maj o r  t r i b uta r i es to  t h e  u p p e r  
C o l o ra d o  R i v e r  i nc l ud e  t h e  R oa r i ng  F o rk , E ag l e ,  a nd B l ue 
R i v e rs . E l e va t i on s  i n  t h e  ba s i n  ra nge  f rom 5 260 feet  a t  R i f l e  
t o  more t h a n  1 4 , 000 f eet i n  t h e  h i g h e s t  headwa t e r  a rea s . 
A p p rox i ma te d ra i nage  a rea s , c ha n n e l  l e ngth s , a nd s l opes  f o r  
t h e  r i vers  i n  t h e  wat e r s h ed a re p re s e nt ed i n  Ta b l e  E . l . l . 

The  U . S .  A rmy Corps  o f  E n g i n e e rs ( CO E )  c ond ucted  i ts 
l at e s t  f l ood study  o f  t h e  C o l o ra d o  R i v e r  nea r R i f l e  i n  1 9 7 7  
a n d  1 9 7 8  a nd c onc l uded  t h a t  t h e  f l ows f o r  t h e  l OO-yea r a n d  
500-yea r f l ood s wou l d  be 4 5 , 000 a n d  6 5 , 000 c u b i c  feet  p e r  
s e c o nd ( c f s ) , res pe c t i ve l y  ( CO E , 1 9 7 7 ) . The  f l ows f o r  t h e  
200-yea r a nd 1 000-yea r f l ood s ( 53 , 000 a n d  7 4 , 000 c f s , res pe c 
t i ve l y ) we re ca l c u l ated  f rom t h e s e  va l ue s  b y  i n te rpo l a t i on a nd 

Ta b l e  L 1 . 1  Se l ec ted c h a ra c te ri s t i c s  f o r  s u bba s i n s o f  t h e  
C o l o ra d o  R i ve r  a bove  R i f l e ,  C o l o ra d oa 

C h a n n e l E l e va t i on 
A rea l ength  ( f e e t  a b o ve S l ope  

Wate rs h ed ( sq u a re mi l es )  ( m i l e s )  M S L )  ( fe e t / f o o t )  

C o l o ra d o  R i ver  
a b o ve K rerrml i ng 1 648 56 . 8  7 , 200-1 0 , 1 00 0 . 009 

B l ue  R i ve r  668 56 . 8  7 , 200-1 2 , 500 0 . 0 1 7  

C o l o ra d o  R i v e r  
between K rerrml i ng 
a n d  Oot s e ro 1 1 4 7 5 6 . 0  6 , 2 50-7 , 200 0 . 003 

E ag l e R i ve r  9 6 5  54 . 8  6 , 2 50-1 0 , 200 0 . 0 1 3  

R oa r i ng  F o rk 1 450 60 . 0  5 , 7 00-1 3 , 000 0 . 02 2  

Co l o ra d o  R i ve r  
between Oots e ro 
and  R i f l e  1 07 2  42 . 0  5 , 300-6 , 2 50 0 . 004 

TOT A L  6 9 50 

a Oata ta ken  f rom U . S .  Geo l og i ca l  Su rvey t o pog ra ph i c  ma p s . 
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e x t ra po l a t i on .  The  max i mum f l ood e l e va t i on s  a t  the  O l d  R i f l e  
ta i l i ng s  s i te wou l d  be 53 1 2 a nd 5 3 1 4 feet  above  MS L f o r  t h e  
200- a n d  1 000-yea r f l ood s , re s p ec t i ve l y .  The  ma x i mum f l ood 
e l e va t i on s  a t  the N ew R i f l e  s i te wou l d  be  5 2 7 4  a nd 5 2 7 8  feet  
a bo ve MS L f o r  t h e  200- a n d  1 000-yea r f l ood s , res p ec t i ve l y  
( DO E , 1 983 ) . R e v i s e d  1 00-yea r a n d  500-yea r d i s c ha rg e s  f o r  
b o t h  t h e  O l d  a n d  N e w  R i f l e  s i te s  were e s t i mated  u s i ng Mc Ca i n  
a n d  Ja rrett ( 1 9 7 6 )  a nd a re p re s e n ted i n  Sec t i on L l . 2  o f  t h i s  
a ppend i x .  

The  a ve ra g e  mon th l y  r i ve r  f l ows a d j a c e n t  t o  t h e  t a i l i ng s  
s i te s  c a n  be  e s t i ma ted f rom f l ow mea s u red a t  u . S .  Geo l og i ca l  
Su rvey ( USGS )  g a ug i n g s t a t i on s  on  t h e  Co l o ra d o  R i ve r  a t  G l e n 
wood S p r i n g s  a p p rox i mate l y  2 5  mi l e s u p s t ream o f  t h e  s i te s  a n d  
a t  OeBe q u e  a p p rox i ma te l y  30 m i l es d own s t ream o f  t h e  s i te s . The  
a ve rage  max i mum mon th l y  f l ows i n  the  l a te s p r i n g  a t  G l enwood 
Sp r i n g s  and OeBeque  f rom 1 9 66 t h ro u g h  1 98 5  we re 9 9 9 0  a n d  
1 1 , 2 1 0  c f s , res p e c t i ve l y ,  a n d  the  a ve ra g e  m i n i mum mon th l y  f l ows 
we re 1 460 a nd 1 580 c f s , res pe c t i ve l y .  T h e  a ve ra g e  f l ows a t  
OeBeque  a re g e n e ra l l y 1 00 c f s  h i g h e r  t h a n  t h o s e  a t  G l enwood 
Sp r i ngs  and re f l ec t  the  i np u t  of the ma ny c re e k s  ente r i ng t h e  
C o l o ra d o  R i ve r  betwe e n  t h e s e  s ta t i on s  ( DOE , 1 983 ) . 

Most  o f  t h e  a n n u a l  p rec i p i ta t i on i n  t h e  h i g h e r  reg i on s  o f  
t h e  ba s i n  i s  s n ow t h a t  a c c umu l a t e s  i n t o  d eep  s n owpa c k s . Gene
ra l ra i n s t o rms c o ve r i ng  l a rg e  a re a s  for  extend ed p e r i od s  c a n  
oc c u r  d u r i ng s p r i n g  a n d  s u mme r .  C o n v ec t i ve-type c l o ud b u rs t s  
o f  l i m i ted a rea l e x t e n t  oc c u r  d u r i ng s umme r a nd fa l l .  H owe v e r ,  
rap i d  me l t i ng o f  mou n ta i n  s n owpa c k s  i n  s p r i n g  a n d  ea r l y  s umme r 
a c c ou n t s  f o r  t h e  maj or f l ood s i n  t h e  C o l o ra d o  R i ve r .  F l ood i ng 
i s  mos t  s e ve re when  s n owme l t  i s  a ugme nt ed by gene ra l ra i n
s t o rms . I c e  j ams a re not  a f l ood i ng p ro b l em f o r  t h e  Co l o ra d o  
R i ve r  i n  t h e  v i c i n i ty o f  R i f l e  ( DOE , 1 9 83 ) . 

The  f l ood i ng o f  J u n e  a n d  J u l y  1 884 i s  c on s i d e red to  be  
t h e  mos t  s e v e re k n own o n  t h e  uppe r C o l o ra d o  R i ve r  ( COE , 1 9 7 6 ) . 
Th i s  f l ood res u l ted  f rom ra p i d  me l t i ng o f  t h e  s n ow p a c k  a n d  
c on c u rren t  h ea vy ra i ns .  I n  rec e n t  t i me s , t h e  f l ood s o f  1 983  
a nd 1 984 were t h e  mos t  s e v e re . T h e  1 884 f l ood peak  at  R i f l e  
wa s a p p rox i ma t e l y  6 5 , 000 c f s  i f  d i s c h a rge v e r s u s  a re a  re l a t i on 
s h i ps f o r  t h e  1 984 f l ood a re rep re s en ta t i ve .  I n f o rma t i on 
re l a t i ve to  t h e s e  p a s t  f l ood s i s  s h own i n  Ta b l e  L l . 2 .  O t h e r  
f l ood s o n  t h e  C o l o ra d o  R i  v e r  we re rec o rded  i n  1 9 1 7 ,  1 9 20 . 
1 9 2 1 , 1 9 3 5 ,  1 9 52 , a nd 1 9 5 7 . 

T h e re a re n o  d omes t i c  u s e rs o f  C o l o ra d o  R i ve r  wa t e r  f o r  
2 0  mi l es d own s t ream o f  t h e  c i ty o f  R i f l e .  Wa t e r  f o r  t h e  c i ty 
o f  R i f l e  i s  p umped d i rec t l y  f rom t h e  C o l o ra d o  R i ve r  a p p rox i 
ma t e l y  0 . 5  mi l e  u p s t ream o f  t h e  O l d  R i f l e  s i te a nd t reated  a t  
t h e  c i ty wa t e r  p l a n t . A t  t h e  p re s e n t , t h e re a re n o  a l te rna te 
s o u rc e s  for mun i c i pa l  wa t e r .  
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Ta b l e  E . l . 2  Ma x i mum rec o rded  peak  f l ows f o r  t h e  C o l o ra d o  R i ve r  nea r 
R i f l e ,  C o l o ra d o

a 

Wa t e rs hed 
a rea Pe r i od Ma x i mum rec o rded  �ea k  f l ow 

Sta t i on name ( squa re m i l es )  o f  rec o rd c f s  D a t e  

C o l o ra d o  R i ve r  n ea r  
C o  l o rad o-Uta h 
bo rd e r  1 7 , 843  1 9 5 1 -p re s ent  68 , 000 J u n e  1 984  

C o l o ra d o  R i ve r  
nea r F r u i ta 1 7 , 1 00 1 884 , 1 9 5 7 - 1 9 8 3  1 2 5 , 000 J u l y  1 884 

C o l o ra d o  R i ve r 
nea r Cameo 8 , 080 1 93 3 - p re s ent  39 , 300 J u ne  1 984 

C o l o ra d o  R i ve r  be l ow 
G l e nwood S p r i ngs  6 , 8 1 3 1 966-pre s e n t  3 1  , 200 J u ne  1 984 

a Re f .  COE , 1 9 7 6 .  

Wa t e r  f rom R i f l e  C reek  a n d  t h e  C o l o ra d o  R i ve r  i s  d i v e rted 
i nto  the P i onee r a nd La s t  C h a n c e  D i tc he s  u p g rad i ent f rom both 
ta i l i ngs  s i te s . Th i s  wa t e r  i s  u s ed for g ra v i ty-fed i rr i ga t i on 
a t  fa rms w i t h i n  t h e  C o l o ra d o  R i v e r  va l l ey .  The re a re n o  w i t h 
d rawa l s f o r  i rr i ga t i on f o r  a t  l ea s t f i ve m i l es d own s t ream o f  
t h e  New R i f l e  s i te .  

E . l . l . 2  E s tes  Gu l c h  a l t e rnate  d i sposa l s i te 

T h e  E s t e s  Gu l c h  s i te ( F i g u re £ , 1 . 4 )  h a s  a l mo s t  n o  u p l a n d  
d ra i nage  bec a u s e  o f  t h e  d e ep l y  c ut d ra i nages  t o  the  ea s t  and  
wes t . Two r i d g e s  p rotect  t h e  s i te f rom t h e s e  d ra i nages ; 
t h e re fore , t h e  poten t i a l f o r  f l ood i ng i s  v e ry l ow .  Re l i e f  
a c ro s s  t h e  d i s p os a l  s i te i s  1 50 feet . The p r i n c i pa l  l a nd f o rm 
i s  a d i s s e c ted a l l u v i a l  f a n  s u rf a c e  wh i c h  s l opes  gen t l y t owa rd 
Gove rnmen t  C reek  f rom t h e  foot  o f  t h e  Gra nd Hogba c k  to the  
n o rt h . Th i s  a l l u v i a l  f a n  s u rf a c e  i s  ma nt l ed w i t h  w i nd -d e pos i ted 
s i l ty s a n d . 

D ra i na g e  o n  the  s i te f l ows i nt o  a n  e p h eme ra l c reek  i n  
E s te s  Gu l c h  0 . 5  m i l e  s o u t hea s t  o f  t h e  s i te . Th i s  c reek  j o i n s 
Gove rnment  C reek  one  m i l e  be l ow t h e  s i te ( F i g u re E . l . 4 ) . T h e re 
i s  a sma l l  ea rth e n  pond s o u t h  o f  t h e  s i te t h a t  i s  u s ed t o  h o l d 
i nt e rmi ttent  s u rf a c e  ru no f f  f o r  l i v e s t o c k  wate r i ng . No  d a ta 
o n  s u rf a c e  wa t e r  f l ows o r  h i s t o r i c a l  f l ood s ex i s t f o r  the  
E s tes  Gu l c h  s i te .  
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E . l . l . 3 L u c a s  M e s a  a l t e rnate  d i spo s a l s i te 

The  L u c a s  Mesa  s i t e  i s  o n  a mes a  that  r i s e s  1 000 feet 
a bo v e  t h e  s u rro u nd i ng t e r ra i n .  The  s u rfac e  ma t e r i a l s  a t  the  
s i te a re 1 0  feet t h i c k  a nd c on s i st of  s i l ty c l ay a nd ba sa l t i c  
rock  . 

The  s i te i s  a t  t h e  h eild  o f  a d ra i nage  d i v i de a nd h a s  
v i rt ua l l y no d ra i nage  ba s i n  a b o v e  i t ;  t h e re f o re , t h e  potent i a l  
f o r  f l ood i ng i s  v e ry l ow ( F i gu re L 1 . 5 ) .  D ra i nages  o n  t h e  
s i te f l ow i nto e p h eme ra l c re e k s  i n  Smi t h G u l c h  to  t h e  e a s t , 
M o f f il t  G u l c h to  t h e  wes t , a nd i n to  t h e  B l u e s to n e  Va l l ey 
i rr i ga t i on d i tc h  1 . 5 to two m i l es n o rt h  o f  t h e  s i te .  The 
c re e k s  i n  both g u l c he s  j o i n  the Co l o ra d o  R i v e r  o n e  t o  two 
m i l es b e l ow t h e  s i te .  

The  L u c a s  M e s il  s i te c onta i n s wa t e r  c a t c hment  ba s i ns 
wh i c h , t h ro u g h  a s e r i e s  o f  p i pe s , feed  s e v e ra l  s t o c k  wa te r i ng 
ta n k s  i n  t h e  a rea . A mo re deta i l ed d e s c r i pt i on o f  t h i s  
l i vestock  wa te r i ng system i s  p ro v i d e d  i n  Sec t i on A . 4 . 4 . 4  o f  
Append i x  A ,  Eng i ne e r i ng  D e s i gn s , a nd Sec t i on J . l . 3  o f  
Append i x  J ,  Land U s e  a nd Soc i oe c o n om i c s .  

No  data  on  s u rf a c e  wa t e r  f l ows o r  h i s t o r i ca l  f l oo d s  e x i st 
f o r  t h e  L uca s Mesa  s i te .  

E . l . l . 4 B o r row s i te s  

T h e  Second St reet b o r row s i te i s  o n  t h e  north  s i d e o f  the  
C o l o ra d o  R i ve r  a nd 0 . 2  m i l e  n o rt h  of  t h e  New  R i f l e  ta i l i ng s  
s i te .  T h e  s i te i s  60 to  9 0  f e e t  a bo v e  the  r i  v e r  s u r f a c e  a n d  
i s  d ra i ned  by  a n  e p h eme ra l c h a n n e l  to  t h e  wes t  a nd P i o n e e r  
D i tc h  to  t h e  s o ut h . 

The  New R i f  1 e b o r row s i te i s  o n  the  n o rt h  ba n k  o f  the  
C o l o ra d o  R i ve r  0 . 5  m i l e  wes t  o f  t h e  New  R i f l e  ta i l i ng s  s i te 
a nd i s  f o u r  to  s i x  feet ilbove  t h e  r i v e r  s u r f a c e . 

The G l enwood Sp r i ngs  b o r row s i te i s  two m i l es nort h  o f  
G l e nwood S p r i ngs , 3 0  m i l es wes t  o f  R i f l e ,  a nd 0 . 3  m i l e  n o rt h  
o f  the  C o l o ra d o  R i ve r .  T h e  s i te i s  1 200 feet  a bo ve t h e  r i ve r  
s u r f a c e  a nd i s  d ra i n ed by e p h eme ra l C a s c a d e  C re e k  t o  t h e  wes t . 
No  d a ta o n  t h e  s u rfa c e  wa te r f l ows o r  h i s t o r i ca l f l oo d s  e x i s t 
f o r  the  G l enwood Sp r i ngs  borrow s i te .  

E . l . 2  F LOOD ANALYSIS  

E . l . 2 . 1  O l d  a nd N ew R i f l e  ta i l �s i tes  

A f l ood a na l ys i s  h a s  been  p e r f o rmed to  a s s u re t h a t  the  
remed i a l  a c t i on d e s i g n f o r  the  u ra n i um m i l l  ta i l i ng s  s i te s  at  
R i f l e ,  C o l o ra d o , s a t i s fa c to r i l y  a dd re s s e s  s ho rt-te rm a nd 
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l on g -t e rm f l ood p rotec t i on . S h o rt -t e rm f l ood p rotec t i on 
d e f i ne s  t h e  exten t o f  t h e  1 00-yea r a n d  S OO-yea r f l ood s a n d  t h e  
i mpac t s , i f  any , on  t h e  s t a b i l i zed ta i l i n gs  o r  on  remed i a l  
a c t i on c o n s t ruc t i on a c t i v i t i e s . T h e  p r i ma ry rea s on f o r  c om
p l et i ng t h i s  a na l ys i s  i s  to c omp l y  w i t h  t h e  f l ood p l a i n  e n v i ron
men ta l rev i ew req u i reme n t s  of  T i t l e  1 0 ,  Code  o f  Fed e ra l R e g u 
l a t i on s  ( CF R ) , 1 02 2 .  T o  a c c omp l i s h t h e  obj ec t i ve o f  l on g -t e rm 
f l ood p rotec t i on ,  t h e  s t a nd a rd d e s i gn a p p ro a c h  i s  t o  d e t e rm i ne  
t h e  mag n i tu d e  a n d  poten t i a l  i mp a c t s  re s u l t i ng f rom a P roba b l e  
Max i mum F l ood ( PM F ) . I f  a d e s i gn i s  not  p ra c t i ca l , t h e n  
a l t e rna t i ve d e s i gn e v e n t s  o r  s o l ut i on s  a re a s s e s s ed . F o r  the  
R i f l e  ta i l i ng s , t h e  ha l f - PM F  wa s a l s o e va l uated . 

The U . S .  E n v i ronme n ta l P rotec t i on Agency  ( E PA )  s t a nd a rd s  
req u i re t h a t  c on t ro l  o f  t h e  u ra n i um ta i l i ngs  mu s t  be e f fec t i ve 
f o r  1 000 yea rs t o  t h e  extent  rea s ona b l y  a c h i e va b l e  a n d , i n  any  
c a s e , f o r  a t  l ea s t  200 yea rs . The s ta nda rd s  d o  not  s p ec i f i 
ca l l y s t a te t h a t  a PMF event  mu s t  b e  u s e d  f o r  d e s i gn i n  o rd e r  
t o  a c h i e v e  t h e  s t a ted c on ta i nme n t  l i fe .  A n  a na l ys i s  o f  
e x c e e d e n c e  p roba b i  1 i t  i e s  f o r  v a  r i  o u s  e v e n t s  w i t h  res pec t to 
the conta i nment  l i f e  ( J unge  a n d  D e zma n , 1 9 83 ) s ugge s t s  t h a t  
d e s i gn e v e n t s  w i th  a ve ry l on g  ret u rn pe r i od ( e . g . , 1 0 , 000 
yea rs ) mu s t  be u s ed to meet a l on g -te rm conta i nment  obj e c 
t i ve .  Howeve r ,  t h e  l i m i ted s t a t i s t i ca l  data  t h a t  a re a va i l 
a b l e  c a n n ot be e x t ra p o l a ted a c c u ra t e l y  to  s u c h  l on g  ret u rn 
p e r i od s . The gen e ra l l y  a c c ept ed a l t e rna t i ve ,  t h e re f o re , i s  t o  
u s e  ma x i mum c red i b l e  e v e n t s  s u c h  a s  t h e  P M F  f o r  d e s i gn p u r
pos e s . S i n c e  a ma x i mum c red i b l e  e v e n t , by d e f i n i t i on ,  s h ou l d  
not  b e  e x c e eded , a ta i l i ng s  d i s p os a l  s ys tem d e s i gned  t o  
w i t h s ta n d  s uc h  a n  e v e n t  wou l d  h a v e  n o  r i s k  o f  fa i l u re a nd , 
t h u s , wou l d  mee t  both  t h e  i nt e n t  a nd l ong-te rm c o n ta i nmen t 
obj ec t i ve o f  t h e  E PA s t a nd a rd s . 

The PMF a na l ys i s  f o r  t h e  R i f l e  s i te s  i n v o l v e s  t h e  u s e  o f  
Hyd rome t e o ro l og i ca l  R e p o rt ( HM R )  No . 49  ( DOC , 1 9 7 7 )  t o  d eter
mi ne  t h e  a p p rop r i a te P ro ba b l e Ma x i mum P rec i p i ta t i on ( PM P )  t h a t  
c ou l d  oc c u r  o v e r  t h e  c on t r i b u t i ng d ra i n a g e  ba s i n s .  The  a na l y
s i s  t h e n  i n v o l v e s  t h e  c o n s ec u t i ve u s e  o f  t h e  H E C -l ( COE , 1 9 81 ) 
a nd H E C -2 ( COE , 1 9 82 ) mod e l s .  The H E C - l  mod e l  i s  d e s i gned  to  
s i mU l a te  t h e  run o f f  re s p o n s e  ( i . e . , PMF )  o f  a r i v e r  ba s i n  to  
p re c i p i ta t i on ( i . e . , PMP )  by rep re s e n t i ng t h e  ba s i n  as  a n  
i n te rc o n n e c ted s y s tem o f  hyd ro l og i c  a n d  hyd ra u l i c  c ompo n e n t s . 
Then , u s i ng the  H E C -2 mod e l , a d e t e rm i na t i on o f  s t ream hyd ra u 
l i c s , res u l t i ng i n  wa t e r-s u rf a c e  e l e va t i on s  a n d  ve l oc i ty 
g rad i en t s , i s  deve l oped f o r  t h e  PMF . 

The  1 00-yea r a nd S OO-yea r f l ood d i s c ha rges  we re e s t i ma ted 
u s i ng M c Ca i n  and J a rrett ( 1 9 7 6 ) . As  i n  the PMF a n a l ys i s ,  
wa t e r-s u rf a c e  e l eva t i o n s  a nd ve l oc i t i e s were e s t i ma ted w i th  
t h e  H E C -2 mod e l . 
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1 00-yea r a od 500-yea r f l oods  

E s t i ma te s  o f  the  1 00-yea r a nd 5 00-yea r f l o od s  were  p re
pa red i n  o rd e r  to  c omp l y  w i t h  1 0  CFR 1 022  a nd to  compa re maj o r  
h i s to r i c  a nd p red i c ta b l e  f l o o d s  w i t h  t h e  PMF e s t i ma t e . Peak  
d i s c h a rg e s  o r  d e p t h s  f o r  va r i o u s  ret u rn i nt e rva l s  we re a p p ro x i 
ma ted by u s e  o f  a mu l t i p l e  reg re s s i on a n a l ys i s  o f  f l ood  d a ta 
f rom s t ream ga u g e s  i n  t h e  v i c i n i ty o f  t h e  ta i l i ng s  s i te ( Mc C a i n  
a nd J a rre tt , 1 9 7 6 ) . The met h od i s  ba s ed o n  c o rre l a t i ng res u l ts 
o f  log  Pea rson I I I  a na l ys i s  f o r  9 0  ga u g i ng s ta t i ons  i n  the  re
g i on .  O f  the 9 0  ga ug i ng s ta t i on s  u s ed , on l y  e i gh t  s ta t i ons  
we re f o r  ba s i n  a rea s g reat e r  than  1 000 s q u a re m i l e s . The  
res u l ts of  t h e  a p p rox i ma t i on s  a re ,  t h e re f o re , e x p ec ted t o  o ve r
e s t i ma t e  the  f l ood pea k s  f o r  l a rg e  wa t e r s h e d s  bec a u s e  d i s c ha rg e  
ve rs u s  a rea ra t i os i nc rea s e  a s  t h e  s i ze o f  t h e  a rea d e c rea s e s . 
Pred i c ted pea k f l ows o r  d e p t h s  f o r  s e l ec ted rec u rrence i nter
va l s  for  the  Co l o ra d o  R i ve r  a t  R i f l e  a re p r e s e nted i n  Ta b l e  
L 1 . 3 .  

A 1 OO-yea r f l  ow o f  5 5 , 040 c f  s a nd a 500-yea r f l  ow o f  
7 5 , 200 c f s  we re u s ed f o r  t h e  Co l o ra d o  R i ve r  a t  t h e  R i f l e  
ta i l i ngs  s i te s . T h e s e  f l ows a re s l i gh t l y  l a rg e r  t h a n  t h e  
res u l t s o f  t h e  C O E  f l ood s tudy  i n  wh i c h t h e  1 00 -yea r a n d  
500 -yea r f l ood f l ows we re e s t i ma ted t o  b e  45 , 000 a nd 6 5 , 000 
c f s , res pect i ve l y  ( CO E , 1 9 7 7 ) . T h e  C O E  i s  rev i s i ng i t s f l ood 
s tudy  f o r  the Co l o ra d o  R i ve r  nea r R i f l e ;  h owe ve r ,  i t  w i l l  not  
be  c omp l eted i n  t i me to be  u s ed f o r  th  i s e n v i  ronmenta 1 i mpa c t  
s ta teme n t  ( E I S ) . H oweve r ,  c ro s s  s e c t i on d a t a  p repa red f o r  t h e  
C O E  s t ud y  h a ve b e e n  u s ed i n  t h e  H EC-2 mod e l  f o r  t h i s  a na l ys i s  
a nd t h e  PMF  a na l ys i s .  

Ta b l e  E . l . 3  Peak f l ows o r  d ep t h s  o f  s e l e c t ed rec u rrenc e i nt e rva l s  
f o r  t h e  C o l o ra d o  R i ve r  a t  R i f l e ,  C o l o ra d o  

Sta nda rd e rro r o f  Pea k f l  ow 
Reg re s s i on equa t i ona e s t i ma t ea ( pe rc e n t ) ( c f s ) 

Peak  d e p t h  
( fe e t )  

Q l O  59 . 7AO .  709 
Q50 89 . 1  AO .  709 
Q 1 00 1 03AO . 7 1 0  
Q 500 1 3 7AO . 7 1 3  
0 1 0  1 . 2 5AO . 26 1  
0 50 1 . 54AO . 254  
0 1 00 1 . 64AO . 254  
0 500 1 . 98AO . 239  

4 7  
5 0  
5 3  
6 5  
2 5  
3 4  
3 6  
4 4  

3 1 , 6 20 
47 , 1 90 
5 5 , 040 
7 5 , 200 

1 2 . 6  
1 4 . 6  
1 5 . 5  
1 6 . 4  

a R e f . Mc Ca i n  a nd .la rre tt , 1 9 7 6 . Q i s  t h e  pea k f l ow i n  c fs f o r  the  s p e c i f i ed 
rec u rrenc e  i n te rva l ( e . g . , Q l O  i s  the  peak  f l ow f o r  t h e  1 0 --yea r f l ood ) ; 
o i s  t h e  peak depth  f o r  the  s p e c i f i ed rec u r ren c e  i n t e rva l ; A i s  the  a rea o f  
t h e  d ra i nage b a s i n  i n  s q ua re m i l es ( 69 50 squa re m i l e s f o r  t h e  C o l o ra d o  R i ve r  
a t  R i f l e ) . 
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Va l ues  o f  Mann i ng 1 s  rou g h n e s s  c o e f f i c i e n t s  ( n )  we re va r i ed 
i n  the  H E C -2 mod e l  i n  o rd e r  to  b ra c k e t  p roba b l e  cond  i t  i ons . 
One cond i t i on o f  rou g h n e s s  wa s to a s s ume li n II va l ues  o f  0 . 02 5  
fo r a re a s  c o v e red b y  f i ve feet  o f  wa te r o r  mo re a nd 0 . 050 fo r 
ove rba n k  a reas  w i t h  l e s s  t h a n  f i ve feet  o f  wa te r .  A second  
c o nd i t i on mod e l ed fo r t h e  1 00-ye a r  a nd 500-ye a r  events  wa s to 
a s s ume li n I I  va l ues  wh i c h  wou l d  p rod u c e  f l ow d e p t h s  s h own i n  
Tab l e  E . 1 . 3 .  Pub l i s hed va l ue s  o f  li n II f o r  t h e  C o l o ra d o  R i ve r  
nea r R i f l e  a re 0 . 0 1 7  t o  0 . 040 f o r  t h e  ma i n  c ha n n e l  and  0 . 03 5  
to 0 . 07 0  f o r  t h e  f l ood p l a i n  ( FEMA , 1 98 2 ) . The  i ntent  o f  
va ry i ng t h e  li n II va l u e s  l i sted  f o r  t h e  1 00 - a n d  500-yea r events  
i s  to rep re s e n t  ext reme cond  i t  i on s  for  these  f l ood s . Wa t e r
s u rf a c e  e l e va t i on s  d i s c u s s ed i n  t h e  fo l l ow i ng s ec t i on s  were 
s e l ected b a s ed on  t h e  h i gh e r  li n II va l ue s  wh i l e ma i n  c ha nn e l  
ve l oc i t i es a nd ma i n  c ha nn e l  d i s c h a rge  ra tes a re ba s ed o n  t h e  
l owe r II n ll va l ues . 

As s h own i n  F i g u res  E . 1 . 6  and  E . 1 .  7 ,  i t  wa s f o u n d  that  
t h e  ta i l i ngs  p i l e s a t  both  t h e  O l d  and  New  R i f l e  s i te s  
enc roac h on  t h e  1 00- a nd 500-yea r f l ood p l a i n s .  

At t h e  O l d  R i f l e  s i te ,  t h e  1 00 - and  500-yea r f l oodwa t e r  
s u rf a c e s  wou l d  be  a bo ve t h e  ra i l road t ra c k s ; howe ve r ,  t h e  
ta i l i ngs  p i l e  wou l d  h a ve l i t t l e i mp a c t  on t h e  c a pa c i ty o f  t h e  
f l ood p l a i n .  I n  t h e  v i c i n i ty o f  t h e  O l d  R i f l e  s i te ,  t h e  1 - 70 
emba nkment a nd the Ta ughenba u g h  Bou l eva rd B r i dge  s i gn i f i ca nt l y  
c o n s t r i c t  t h e  f l ood p l a i n .  The  1 00-ye a r  wa te r s u rf a c e  i s  be l ow 
t h e  top o f  t h e  1 -7 0  emba n k ment  s o  t h e  f l ood wou l d  be c o n f i ned 
to t h e  f l oo d p l a i n  n o rt h  of t h e  f reeway . The 500-ye a r  f l ood 
wou l d  top the 1 -7 0  embankme n t . 

At the  New R i f l e  s i te ,  t h e  1 00-yea r f l ood wo u l d  be  on  
both the  n o rth  and  south  s i d e s  of  t h e  I - 70  emba n k ment  but  
be l ow t h e  top o f  t h e  emba nkment . The  5 00-ye a r  f l ood wou l d  top  
o v e r  t h e  I -7 0  emba nkmen t . The  d i k e t h a t  p re s e n t l y  p rotects  
t h e  e a s t e rn edge  o f  t h e  New  R i f l e  ta i l i ng s  s i te f rom no rma l 
a n n u a l  f l ood s i s  not c o n s i d e red a d eq ua t e  to p re ve n t  l a rge  
f l ood s f rom enc roac h i ng on  t h e  s i te n o r  i s  t h i s  s t ru c t u re 
c o n s  i de red to be  p e rma n e n t . The  c o n s  t r i  c t  i on c a u sed  by the  
New R i f l e ta i l i ng s  p i l e  i n  i t s p re s e nt l oc a t i on wou l d  ra i s e 
t h e  1 00-yea r f l ood wate r s u r f a c e  e l e va t i on one  foot a t  the  
s i te a nd 0 . 5  foot u p s t ream o f  t h e  s i te f rom wha t  i t  wou l d  be  
w i t h  no  ta i l i ng s . I t  wou l d  a l s o ra i s e t h e  500-yea r f l ood 
wa t e r  s u rf a c e  e l e v a t i on u p  to two f e e t  at the s i te a nd a 
l i t t l e  o ve r  one  foot u p s t ream o f  t h e  s i te .  

The  ma x i mum wa t e r  l ev e l  a t  t h e  O l d  R i f l e  ta i l i ng s  s i te 
d u r i ng a 1 00-yea r f l ood e ve n t  wa s d e t e rm i ned to be 5 3 1 1 feet 
a bove MSL  w i t h  a mea n  ve 1 oc i ty of 1 2  f eet per second ( fp s ) . 
D u r i ng a 500-yea r f l ood e ve n t , t h e  wa t e r  l ev e l  a t  t h e  s i te 
wou l d  be  5 3 1 4 feet a bove MSL  w i th  a mea n ve l oc i ty o f  1 2  f p s . 
The  expec t ed e l e va t i on o f  s c o u r  i s  1 2  feet  be l ow t h e  p res ent  
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c ha nn e l  bottom f o r  t h e  500-yea r e v e n t . The  max i mum wate r 
l ev e l  a t  the  New R i f l e  ta i l i ng s  s i te d u r i ng a 1 00-yea r e vent  
wa s d et e rm i ned to b e  f rom 5270  to 5 2 7 5  f eet above  MSL  w i t h  
mea n ve l oc i t i es o f  1 0  t o  1 7  f p s . D u r i ng a 500-yea r f l ood 
e vent , t h e  wat e r  l ev e l  at t h e  s i te wou l d  va ry f rom 5 2 7 2  to 
5 2 7 8  feet a bove MSL  w i t h  mea n v e l oc i t i es o f  1 0  to 1 8  f p s . The  
expec ted e l e va t i on of  s c o u r  ranges  f rom a bo u t  1 3  to  1 8  feet 
be l ow t h e  p resent  c ha nn e l  bottom for the  500-yea r e ven t . 

PMF hyd ro l og i c  a n a l ys i s  

The  PMF e s t i ma te i s  ba sed  on  a H E C - l  mod e l  o f  t h e  
Co l o ra d o  R i ve r  wa te rshed  a bove  R i f l e .  The  P M F  wa s d e t e rm i ned 
a c c o rd i ng to p roced u res o u t l i ned i n  HMR  No . 49 ( �OC , 1 9 7 7 ) . 
The PMP had  to be e x t ra p o l a ted f o r  t h e  6950  s q u a re mi l e  b a s i n  
a bove R i f l e  bec a u s e  t h e s e  p roc ed u res a re f o r  wate rs hed s w i t h  
a reas  l es s  t h a n  5000 s q u a re m i l es .  

The  month w i t h  t h e  h i gh e s t  7 2-hou r p rec i p i ta t i on wa s 
f o u nd to be  J u n e  w i t h  1 3 . 4  i nc h e s , i nd i c a t i ng t h a t  ra i n fa l l  
c ou l d  oc c u r  on s n ow o r  on  a v e ry wet wat e rs hed . The  PM P wa s 
d i s t r i buted  temp o ra l l y by a r ra ng i ng t h ree-ho u r  i nc reme n ta l 
amounts  i n  a s e q u e n c e  s u c h  t h a t  t h ey d e c rea s e  p rog res s i ve l y  to  
e i t h e r  s i de of  the  g reatest  th ree-h o u r  i nc rement .  S i n c e  t h e  
tota l vo l ume of  f l ow i s  not  c r i t i c a l  i n  t h i s  s t ud y , on l y  t h e  
g reatest  24-h o u r  i nc remen t  of  t h e  7 2 -hou r s t o rm wa s mod e l ed . 

Lag t i me s  we re c omp uted by a s s um i ng  b a n k - f u l l  ve l oc i t i es .  
Eac h s ubba s i n  wa s a s s umed to  h a ve t h ree  c on veya n c e  c ompone n t s : 

o Ove r l a n d  f l ow and  u p l and  c ha n n e l  f l ow w i th  ve l oc i t i es 
o f  3 . 5  a nd e i  g h t  f p s  f o r  s l op e s  of  1 2  to  1 5  pe rc en t , 
res pe c t i ve l y  ( OO r , 1 9 7 3 ) ; a l l owa n c e  wa s a l s o mad e  f o r  
rete n t i on t i me d ue to l a k e s  a nd pond s . 

o Second a ry c ha n ne l s d ra i n i ng a re a s  o f  42 to  1 03 s q ua re 
m i l es wi t h  ve l oc i t i e s o f  1 0  to  1 2  f p s . 

o P r i ma ry c ha n ne l s  w i t h  ve l oc i t i es va ry i ng f rom 1 2  to 1 4  
f p s . 

E s t i ma ted l ag t i mes  f o r  ea c h  s u b ba s i n  a re s h own i n  Tab l e  
E . l . 4 .  The  s h o rt e s t  l ag t i me ( T ) i s  3 . 8 h o u rs , wh i c h  c o rres 
ponds  t o  a t i me o f  c o n c e n t ra t i on ( TC ) o f  6 . 3  h o u rs . The  
s e l ec t i on o f  a c ompu ta t i on i nt e rva l , " m , o f  one  h o u r  meets  
t h e  c r i te ri o n  t h a t  i t  be  l es s  than  0 . 2 5 o f  T p EAK ( COE , 1 98 1 ) 
whe re 

1 . 7 x ( T pEAK ) = T + TC 

Soi l s  i n  t h e  R i f l e  wat e rs hed a re c l a s s i f i ed by t h e  S o i l 
C o n s e r va t i on Se rv i c e  ( SC S )  a s  hyd ro l og i c  g roup B i nte rs p e rs ed 
w i th  s ome C s o i l s  a nd t ra c e s  o f  A a nd 0 s o i l s  ( SC S , 1 983 ; 1 982 , 
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Tab l e  E . 1 . 4  E s t i ma t ed l ag t i me s  f o r  s ub ba s i n s o f  the  Co l o ra d o  R i ve r  a bove R i f l e .  C o l o ra d o  

T i me o f  Seconda r� c ha n n e l  
a 

Ma i n  c ha nn e 1
a 

o ve rl a nd L v t L v t TC
a TL

a 
Wa tershed  f l ow ( h rs ) ( mi ) ( f p s ) ( h rs ) ( m i ) ( fp s ) ( h rs ) ( h  rs ) ( h rs ) 

C o l ora d o  R i ve r  
a bove K remml i ng 1 . 6 2 5  1 0  3 . 7  30 1 2  3 . 7  9 . 0  5 . 4 

B l ue R i ve r  2 . 1  1 5  1 2  1 . 8 45  1 4  4 . 7  8 . 6  5 . 1  

fT1 C o l ora d o  R i ve r  , 
between  K remml i ng t--' 

'-.I 
and  Oot s e ro 0 . 9  24  1 6  2 . 2  3 5  1 1  4 . 7  7 . 8  4 . 7  

Eag l e  R i ve r  0 . 6  2 9  1 2  3 . 5  2 9  1 2  3 . 5  7 . 6  4 . 5  

Roa r i ng Fork 0 . 7  2 3  1 1  3 . 1  40 1 4  4 . 2  8 . 0  4 . 8  

C o l ora d o  R i ve r  
nea r R i f l e  0 . 5  2 5  1 1  3 . 3  2 2  1 3  2 . 5  6 . 3  3 . 8  

a Length = L ;  ve l oc i ty = v ;  f l  ow t i me = t .  Ve l oc i t i es we re e s t i ma ted u s i ng Ma nn i ng ' s  equa t i on 
( 001 . 1 9 7 3 ) : TL = 0 . 6  x TC ' wh e re TC = t i me o f  conc e n t ra t i on a nd TL = l ag t i me .  



1 9 7 8 ) . The  B and  C s o i l s  h a ve mod e ra t e  to  s l ow i n f i l t ra t i on 
ra tes  ( 0 . 08 to 0 . 30 i nc h  p e r  h o u r )  when t h o rough l y  wetted . 

A l t h o u g h  a c t u a l  maj o r  f l ood s  a re t h e  res u l t o f  ra i n fa l l 
on t h e  s n owpa c k , t h e  vo l ume o f  run o f f  res u l t i ng f rom s n owme l t 
i s  sma l l i n  c ompa r i s on to t h e  vo l ume o f  ru n o f f  res u l t i ng f rom 
t h e  i n ten s e  ra i n fa l l .  Howe ve r ,  t h e  p re s e n c e  of t h e  s n owpac k  
c reates  s ev e re hyd ro l og i c  s o i l cond i t i on s  b y  l i m i t i ng i n f i l t ra 
t i on .  T h e re f o re , run o f f  re s u l t i ng f rom s nowme l t wa s n o t  es t i 
ma ted i n  t h e  a na l ys i s  bec a u s e  t h e  magn i tu d e  o f  t h e  PMP wo u l d  
mak e  s nowme l t  a m i n o r  c omponent  o f  t h e  f l ood . To a c c o u n t  f o r  
t h e  s e ve re hyd ro l og i ca l  cond i t i on s  c re a ted by t h e  p re s e n c e  o f  
s now , n o  i n i t i a l  l os s  o f  p rec i p i ta t i on wa s a s s umed , a nd a u n i 
f o rm l os s  ra te b a s e d  on s a t u ra ted " S-C " s o i l s  o f  0 . 20 i nc h  pe r 
h o u r  wa s s e l ected ( DO r , 1 9 7 3 ) . Th i s  va l ue wa s a l s o s e l ec ted 
by the  COE f o r  the " C "  s o i l s  i n  the l owe r ba s i n  ( COE , 1 9 7 6 ) . 

F l ows we re ro uted t h ro u g h  p r i ma ry c ha n ne l s  by u s e  o f  t h e  
mod i f i ed P u l s method a va i l ab l e  i n  t h e  H E C - l  mod e l . C h a n n e l  
c h a ra c te r i s t i c s  we re d e t e rm i ned by f i e l d  i n s p ec t i on a nd f rom 
topog ra p h i c  map s . I mpa c t s  f rom i ce j ams we re not c on s i d e red 
i n  the f l ood a na l ys i s  s i n c e  i ce j ams a re not a f l ood i ng p rob l em 
f o r  the  Co l o ra d o  R i v e r  i n  t h e  v i c i n i ty o f  R i f l e  ( DOE , 1 9 8 3 ) . 

The  PMF a t  R i f l e  wa s c a l c u l a ted to  b e  7 9 5 , 200 c f s . Th i s  
va l ue i s  1 0  t i me s  t h e  500-yea r f l ood , a nd 1 2  t i me s  t h e  ma x i mum 
rec o rd ed peak  f l ow .  C r i ppen and S u e  ( 1 9 7 7 )  p repa red c u rves  
t h a t  enve l op ma x i mum mea s u red f l ood f l ows f o r  reg i on s  i n  t h e  
conterm i n o u s  Un i ted States . R i f l e  i s  i n  Reg i on 1 3 ,  a nd t h e  
max i mum f l ood pea k i n  the  C o l o ra d o  R i ve r  nea r R i f l e  i s  g i ven  
as  360 , 000 c f s . Th i s  va l ue i s  l e s s  than  ha l f  the  PMF a t  R i f l e .  

PMF hyd ra u l i c  a n a l ys i s  

Hyd ra u l i c  c h a ra c t e r i s t i c s  o f  t h e  r i v e r  a t  f l ood s ta g e  a re 
i mp o rta n t  d e s i gn c o n s i d e ra t i on s  f o r  s t a b i l i zat i on o f  t h e  
ta i l i ngs . Wate r-s u rf a c e  p ro f i l es  we re e s t i ma ted wi t h  t h e  
H E C -2 mod e l  t o  obta i n  f l ow d e p t h s  a n d  v e l oc i t i es d u r i n g  f l ood 
s ta ge . T h e s e  va l ues  we re u s ed to e s t i ma t e  s c o u r  d e p t h s  and  
roc k  e ro s i on p rotec t i on req u i remen t s . An emp i r i ca l f o rmu l a  
s u i ta b l e  f o r  t h e  Co l o ra d o  R i ve r  wa s u s ed to c a l c u l a te the  
s c o u r  depth  ( Pembe rton a nd La ra , 1 9 84 ) : 

wh e re 

O s = depth  o f  s c o u r  be l ow t h e  m i n i mum e l eva t i on ( f rom 
H E C -2 ) i n  feet . 

Z 0 . 6 ,  t h e  c o ef f i c i en t  d ev e l oped by t h e  B u rea u o f  
Rec l amat i on f o r  u s e  on mod e ra te r i v e r  bend s . 

d fo � depth  f o r  z e ro bed s ed i me n t  t ra n s p o rt i n  feet . 
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I n  t h e  a bo ve equa t i on , d f o  i s  d e t e rm i ned by t h e  equa t i on 

where 

q f = d e s i gn d i s c h a rge  p e r  un i t  w i d t h  i n  c u b i c  feet  per  
s ec ond per  foot . 

Fbo = B l en c h 1 s  " ze ro bed f a c t o r "  i n  squa re feet p e r  
s ec ond . 

The C o l o ra d o  R i ve r  ba n k s  we re exte nded beyond t h e  no rma l 
ba n k  l oca t i ons  to  a c c o un t  f o r  a d rama t i ca l l y  d i f fe rent  r i ve r  
reg i me d u r i ng PMF cond i t i on s . A s  a ru l e ,  t h e  ba n k s  f o r  the  
PMF we re l oc a ted s o  that  t h e  ma i n  c h a n n e l  bed wa s c o v e red w i th 
mo re t h a n  f i ve f ee t  o f  f l ow .  Ma nn i ng 1 s  roug h n e s s  coe f f i c i ents  
o f  0 . 02 5  a nd 0 . 050 we re a s s umed for  a rea s c o v e red by  f i ve feet  
o f  wa t e r  o r  mo re and  for  o v e rb a n k  a re a s  w i t h  l es s  than  f i ve 
f eet o f  wa te r ,  res p ec t i ve l y .  

SUlllTla ry 

The e f fec ts  o f  t h e  PMF a nd ha l f - PMF  events  on t h e  c ha n n e l  
o f  t h e  C o l o ra d o  R i ve r  wou l d  be  cata s t roph i c . B r i dges  wou l d  be 
d e s t royed , and 1 -70 wou l d  be i n unda ted a nd l a rg e l y  wa s hed away 
as  wou l d  t h e  D&RGW ra i l roa d and  ma ny res i d en t i a l  a nd i nd u s 
t r i a l  s t ru c t u res  ( F i gu res  E . l . B  a n d  E . l . 9 ) . A t  t h e  O l d R i f l e  
s i te , ve l oc i t i es a nd d e p t h s  a t  the  s i te a re i n f l uenced  by t h e  
h i g hway and  b r i  dge emba n kmen t s  d own s t ream . The  Ta ugh enba ugh  
Bou l eva rd B r i dge wa s a s s umed to  be gone  d u r i ng t h e  f l ood , but  
t h e  c on s t r i c t i on o f  the  a butment and  a p p roa c h  embankme n t s  we re 
c o n s i d e red i n  the  mod e l i ng .  The ra i l roa d t ra c k s  wou l d  be  
ove rtopped by a ca l c u l a ted 2 5  a nd 1 5  feet  o f  wa t e r  d u r i ng the  
PMF  and  ha l f - PMF , re s p ec t i ve l y .  At the  O l d R i f l e  s i te ,  s c o u r  
d e p t h s  were ca l c u l a ted to b e  a p p rox i ma te l y  1 9  a nd 1 3  f e e t  be l ow 
t h e  mi n i mum c ha n ne l e l e va t i on d u r i ng  t h e  PMF a nd h a l f - PMF , 
re s p ec t i ve l y .  At t h e  New R i f l e  s i te , s c o u r  d e p t h s  we re c a l 
c u l a ted to be 32  a nd 2 2  feet be l ow t h e  mi n i mum c ha n n e l  e l e va 
t i on d u r i ng t h e  PMF a n d  ha l f - PMF , re s p ec t i ve l y .  T h e  ta i l i ngs  
p i l e  a t  the  New R i f l e  s i te  wou l d  h a ve f l owi ng  wa ter  on a l l  
s i des , and  t h e  ma i n  c ha n ne l f l ow wo u l d  l i ke l y  be d i rected a t  
t h e  p i l e .  

C ro s s  s ec t i ons  s howi ng  ma x i mum wa ter s u rf a c e  e l e va t i on s  
f o r  s e l ec ted f l ood s o f  t h e  C o l o ra d o  R i ve r  a t  t h e  O l d  R i f l e  s i te  
a re s h own in  F i g u re E . l . 1 0  and  a t  t h e  New R i f l e  s i te a re s h own 
i n  F i g u re E . l  . 1 1 . Ca l c u l a t ed ma x i mum wa ter  s u rf a c e  e l e va t i ons , 
mea n c ha n n e l  ve l oc i t i e s , a nd s c o u r  d ep t h s  f o r  the  l Oa -yea r ,  
500-yea r ,  PMF , a nd ha l f -PMF a re p re s e nted i n  Ta b l e  E . 1 . 5  for  
t h e  O l d R i f l e  s i te and  Ta b l e  E . l . 6  f o r  t h e  New  R i f l e  s i te .  
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Ta b l e  E . l . 5  Summa ry o f  max i mum wate r s u rf a c e  e l e v a t i on s , mea n  c h a nne l 
v e l oc i t i es ,  a nd s c o u r  d e pt h s , O l d R i f l e  s i te 

E l e va t i on { feet a bove mea n  s ea l ev e l } 
C ro s s  Max i mum 
s e c t i on Toe o f  Max i mum s c o u r  Average  c ha n n e l  
l oc a t i ona F l ood e vent  ta i l i ng s  p i l e  wat e r  s u rf a c e  d e p t h  ve 1 o c  i t y  ( fp s ) b 

432 1 OO-yea r 5305  5 3 1 1 5288  1 2  
500-yea r 5305  5 3 1 4 5 2 8 7  1 2  
PMF 5305  5335  5 2 7 9  1 3  
Ha I f -PMF 5305 5 3 2 5  5286  1 1  

a C ro s s  s e c t i on l oc a t i on s  a re s h own on F i g u re s  E . l . 6  t h rough  E .  1 .  9 .  
bf p s  = feet per  s econd . 

Ta b l e  E . l . 6  Summa ry o f  max i mum wate r s u rf a c e  e l evat i o n s , mea n c ha n n e l  
v e l oc i t i es , a n d  s c o u r  depth s , N ew R i f l e  s i te 

E l e va t i on {feet a bove mea n s e a  l eve l } 
C ro s s  Max i mum 
s ec t i on Toe o f  Ma x i mum s c o u r  Average  c ha n ne l 
l oc at i ona F l ood event ta  i l  i ngs  p i l e  wa t e r  s u rf a c e  d e p t h  v e l oc i ty ( fp s ) b 

383 1 OO-yea r 5266  5270  5242  1 6  
500-yea r 5266  5 2 7 2  5239  1 7  
PMF 5266  5290  5 2 2 4  26  
Ha I f- PMF 5266  5282  5235  2 1  

1 383  1 OO-yea r 5 2 6 7  5 2 7 1 5 2 4 1  1 7  
500-yea r 5 2 6 7  5 2 7 3  5 2 3 9  1 8  
PMF 5 2 6 7  5 2 9 1  5 2 2 5  26  
Ha  I f  - PMF 5 2 6 7  5283  5235  2 1  

1 384 1 OO-yea r 5 2 7 0  5 2 7 5  5248  1 0  
500-yea r 5 2 7 0  5 2 7 8  5246 1 0  
PMF 5 2 7 0  5301  5 2 3 7  1 6  
Ha I f  -PMF 5 2 7 0  5290  5243  1 3  

a C ro s s  s e c t i on l oc a t i on s  a re s h own on  F i g u re s  E . l . 6  t h ro ugh  E . l . 9 .  
bf p s  = feet per  s ec o n d . 
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The f i na l  ta i l i ngs  p i l e  c on f i g u ra t i on f o r  s t a b i l i za t i on a t  
t h e  New R i f l e  s i te wou l d  n o t  va ry s i gn i f i ca n t l y  f rom t h e  ex i s t
i ng p i l e .  Henc e , t h e  ve l oc i t i es ,  depth  to  s c ou r ,  and  wa ter  
s u rf a c e  e l evat i on p rev i ous l y  p re s e n ted f o r  t h e  New  R i f l e  s i te 
we re con s i d e red a pp l i c a b l e  f o r  t h e  New R i f l e  s ta b i l i zed p i l e .  

E . l . 2 . 2  E s tes  Gu l c h a l t e rnate  d i spos a l  s i te 

D ra i nage  f rom t h e  E s tes  Gu l c h s i te f l ows i n to a n  e p h eme ra l 
c reek  i n  E s tes  Gu l c h 0 . 5  mi l e  sout hea s t  a nd 1 50 f eet be l ow the  
s i te .  Th i s  c re e k  j o i n s Gove rnment  C re e k  one  m i l e  a nd 280 f eet 
be l ow the s i te .  At i ts c l os e s t  p o i n t , t h e  C o l o ra d o  R i ve r  i s  
s i x  m i l e s away a n d  7 3 0  feet be l ow t h e  s i te .  

No  d a ta on h i s t o r i ca l  f l ood s ex i s t f o r  t h e  E s tes  G u l c h 
s i te .  Bec a u s e  o f  t h e  s i te ' s  d i s t a n c e  f rom and  e l eva t i on a bove 
any maj o r  s u rf a c e  d ra i nage , the s i te wou l d  not be  s ubj ect to 
f l ood i ng .  

The  ef fects  o f  a PMP on t h e  s t a b i l i zed ta i l i ngs  p i l e  and  
t h e  con t r i but i ng d ra i nage a rea s we re ana l yzed in  o rd e r  to 
d es i gn e ros i on p rotect i on requ i reme n t s  for the p i l e .  Us i ng 
v e ry con s e rva t i ve a s s umpt i on s , p re l i m i na ry c a l c u l a t i on s  f o r  
the  E s tes  Gu l c h s i te i nd i ca t e  t h a t  t h e  f l ow res u l t i ng f rom t h e  
o c c u rre n c e  o f  a P M P  ( 7 . 6  i n c hes  i n  one  h o u r )  over  t h e  E s tes  
Gu l c h wa t e rs hed wou l d  be  i n  exc e s s  o f  3300 c f s . Deta i l s  on  
t h e  PMP a na l ys i s  a re p rov i d ed i n  Sec t i on A . 3 . 7  o f  Append i x  A ,  
E n g i neer i ng De s i gns . 

E . l . 2 . 3  L u c a s  Mesa  a l t e rnate  d i spos a l  s i te 

D ra i nage  f rom t h e  L u c a s  Mesa  s i te f l ows i nto  Smi t h Gu l c h 
to  the  e a s t , Mo f fa t  Gu l c h to t h e  wes t ,  a nd i nto t h e  B l ues tone 
Va l l ey i rr i ga t i on d i tc h  0 . 5 to two m i l es be l ow t h e  s i te .  
Sm i th G u l c h i s  0 . 5  m i l e  a nd 600 feet  be l ow t h e  s i te ,  and 
Mof fa t  Gu l c h i s  0 . 5  m i l e  a nd 300 feet  be l ow t h e  s i te .  The  
c re e k s  i n  both gu l c hes  j o i n the  Co l o ra d o  R i ve r  one to two 
mi l e s be l ow the  s i te .  A t i ts c l o s e s t  p o i  nt , t h e  C o l o r a d o  
R i ve r  i s  two m i l es away and  9 00 f e e t  be l ow t h e  s i te .  

No d a ta on h i s t o r i ca l f l ood s ex i s t f o r  t h e  L u c a s  Mesa 
s i te .  Beca u s e  o f  t h e  s i te ' s  d i s t a n c e  f rom and  e l eva t i on a bove 
a ny maj o r  s u rface  d ra i na g e , the s i te wou l d  not be s ubj ec t  to 
f l ood i ng .  

As w i th  the  E s tes  Gu l c h s i te , t h e  e f fects  o f  a PMP we re 
ana l yzed to d e t e rm i ne e ro s i on p rotec t i on requ i rements . 
Pre l i m i na ry c a l c u l a t i ons  i nd i ca te t h a t a f l ow i n  exc e s s  o f  
3 500 c f s wou l d  res u l t  f rom t h e  occ u rre n c e  o f  a P M P  ( 7 . 6  i nc hes  
i n  one  h o u r )  ove r t h e  L u c a s  Mesa  wa t e rs hed . Deta i l s  on the  
PMP ana l ys i s a re p rov i d ed i n  Sec t i on A . 4 . 7  o f  Append i x  A ,  
E n g i nee r i ng Des i gns . 
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E . l . 2 . 4  Borrow s i te s  

The Second S t  reet b o r row s i te i s  not w i t h  i n  t h e  1 00- o r  
S OO-yea r f l ood p l a i n s o f  t h e  C o l o ra d o  R i ve r .  The New R i f l e  
b o r row s i te i s  w i th i n  the  1 00- a nd S OO -yea r f l ood p l a i n s o f  t h e  
C o l o ra d o  R i ve r ;  h oweve r ,  t h e  potent i a l  f o r  f l ood i ng o f  t h i s  
s i te d u r i ng  the  s h o rt t i me i t  wou l d  be  u s e d  f o r  t h e  remed i a l  
a c t i on i s  l ow .  The  o p e ra to r  o f  t h i s  b o r row s i te wou l d  be  
req u i red to comp l y  w i t h  t h e  C o l o ra d o  M i ned  Land  Rec l amat i on 
D i v i s i on ' s  p e rm i t req u i remen t s  f o r  f l ood p rotec t i on . The  
G l enwood S p r i ngs  b o r row s i te i s  1 200 feet  a bove t h e  Co l o ra d o  
R i v e r  a n d  wou l d  not be a f fected  by f l ood i ng o f  t h e  r i v e r . 

E . l . 3  SURFACE  WAT E R  QUA L I TY 

The  pa ramete rs of  i nt e re s t  i n  c ha ra c te r i z i ng t h e  wa t e r  qua l i ty o f  
t h e  Co l o ra d o  R i ve r  i n  t h e  v i c i n i ty o f  t h e  R i f l e  ta i l i n gs  s i te a re t h o s e  
t h a t  m i g h t  be e l e va ted bec a u s e  o f  u ra n i um p roc e s s i ng a n d  ta i l i ng s  d i s 
posa l ( NR C , 1 9 80 ) . The  a pp l i ca b l e  C o l o ra d o  R i ve r  wa t e r  qua l i ty s t a n 
d a rd s  f o r  t h e s e  pa ramete rs a re p re s ented  i n  Ta b l e  L l . 7  ( CWQC C , 1 98 3 ) . 
The  s tate  o f  Co l o ra d o  d o e s  not  have  a s u rfa c e  wa t e r  qua l i ty s t a nd a rd 
f o r  u ra n i um .  I n s tead , t h e  s t a t e  recomme n d s  t h a t  u ra n i um c o n c e n t ra t i on s  
i n  d ri n k i ng wa t e r  s upp l i es d o  not  exc eed 0 . 06 m i l l i g rams p e r  l i te r  
( mg / l ) ( 40 p i c oc u r i es p e r  l i t e r  ( pC i / l » . 

The  C o l o ra d o  wa t e r  q ua l i ty s ta n d a rd s  va ry w i t h  r i ve r  s egmen t .  Two 
s e gments  extend f rom the  ta i l i ng s  s i te to t h e  C o l o ra do -Uta h B o rd e r ;  t h e  
segmen t s  a re e s ta b l i s hed f rom the  Roa r i ng Fo rk R i ve r  to Pa ra c h ute  C reek  
and  f rom Pa rac h ute  C reek  to t h e  G u n n i s on  R i ve r .  The  wa te r q ua l i ty s t a n 
d a rd s  a p p rop r i a te f o r  t h e  R i f l e  reac h  o f  t h e  Co l o ra d o  R i ve r  a re t h o s e  
l i s ted f o r  t h e  Roa r i ng F o rk -Pa ra c h ute  C re e k  s e gment  o f  t h e  r i ve r .  Both  
s e gmen t s  a re c l a s s i f i ed for  " Ag r i c u l t u ra l " and  " Wa t e r  Supp l y " u s e . Su r
f a c e  wa t e rs wi th  a " Wa t e r  S u pp l y " d e s i gn a t i on a re c on s i d e red s u i ta b l e 
a s  dome s t i c  wa t e r  s u p p l i e s a f t e r  s pec i a l  t re a tme n t . 

Snowme l t  p rov i d e s  mos t  o f  t h e  s u rf a c e  ru no f f  wa t e r  to  Co l o ra d o  
r i v e rs a n d  s t reams ( Io rn s  et  a l . ,  1 9 6 5 ) . R i s i ng t emp e ra t u re s  i n  the  
l a te s p r i n g  and  ea rl y s umme r ra p i d l y  me l t  t h e  s now a n d  c a u s e  s t reamf l ow 
to  pea k a nd t h e n  s l owl y s u b s i d e  a s  t h e  s u pp l y  o f  s now i s  e x h a u s ted . 
The  h i g h e s t  l eve l s  o f  runof f oc c u r  when  s nowme l t  i s  a ugmented by h e a vy 
ra i ns t o rms d u r i ng t h e  l ate  s p r i ng  a n d  ea r l y  s umme r .  U s ua l l y by l a te  
J u l y ,  t h e  s t reams h a ve s u b s i d e d  to  b a s e  f l ow c o nd i t i on s , wh i c h  p reva i l  
u nt i l  t h e  c yc l e  i s  repea ted the  f o l l ow i ng  s p r i ng . T h e  sea sona l pa t t e rn 
of  the  C o l o rado  R i ve r  i s  i l l u s t ra ted i n  F i g u re E . l  . 1 2 .  

The  c hemi ca l qua l i ty of  s u rf a c e  wa t e r  i n  t h e  C o l o ra d o  R i ve r  i s  
d i rect l y  re l a ted to the  s o u rc e  of  rec h a rg e  wa te rs  wh i c h , i n  t u rn , 
va r i e s  s e a s o na l l y .  D u ri n g  mo s t  of  t h e  yea r ,  t h e  r i v e r  i s  rec h a rged by 
g ro u ndwa t e r  wh i c h i nt rod u c e s  h i gh conc e n t ra t i on s  o f  d i s s o l ved meta l s 
a nd i no rga n i c s  that  h a ve been  l ea c hed f rom t h e  s o i l . D u r i ng s p r i ng  a nd 
s umme r h i gh  f l ow pe r i od s , t h e  r i v e r  i s  rec h a rged p r i ma r i l y  by s u rf a c e  
runof f ,  wh i c h ca r r i e s  a g re a t e r  v o l ume o f  s u s pe nded  s o l i d s ; t h u s , t h e  
re l a t i ve c o n c e nt ra t i on o f  d i s s o l ved s p ec i e s d e c re a s e s . Th i s  s e a sona l 
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Ta b l e  E . l . 7  Sta te o f  C o l o ra d o  s ta n d a rd s  f o r  s u r f a c e  wa t e r  qua l i tya 

C o l o ra d o  R i ve r  C o l o ra d o  R i ve r  C o l o ra d o  R i v e r  T r i buta r i es  
between Roa r i ng betwee n  Pa ra c h u t e  betwee n  G u n n i s on  betwee n  Pa ra c hu t e  
F o r k  R i  v e r  a n d  C re e k  a n d  R i ve r  a n d  C o l o rado- C reek  a n d  C o l o rado-

Cons  t i tu e n t  Pa rac h u te C re e k  G u n n i so n  R i ve r  U t a h  s ta te l i n e  Utah  s t a t e  l i ne b 

A l um i n um ,  s o l u b l e 0 . 1  c 0 . 1  c 0 . 1 c 
Ammon i a ,  u n - i o n i zed 0 . 02 0 . 06 0 . 06 
A rs e n i c  0 . 05 0 . 05 0 . 0 5 0 . 1  d 

Cadmi  urn 0 . 001  0 . 001 7 0 . 00 1  O . O l d 
C h l o r i d e  2 50 . 0  2 50 . 0  
Coppe r  0 . 01 0 . 0 1 8  0 . 0 1 2  0 . 2d 2 5  

So l ub l e  0 . 3  0 . 3  
Tota l 1 . 0 1 . 0 1 . 5 

Lead  0 . 02 5  0 . 02 5  0 . 02 5  0 . 1  d 
Ma ngane s e  

So l u b l e  0 . 05 0 . 05 
Tota l 1 . 0 1 . 0 1 . 0 0 . 2d 

M e rc u ry 0 . 00005 0 . 00005 0 . 00005 
Se l e n i um  0 . 01 0 . 02 0 . 02 0 . 02d 
Su l f a t e  2 5 0 . 0  2 5 0 . 0  
Z i nc 0 . 07 0 . 07 0 . 08 5  2 . 0d 
pH  6 . 5-9 . 0  6 . 5-9 . 0 6 . 5-9 . 0  6 . 5-9 . 0  

a No nume r i c a l  s tanda rd s  h a ve been e s t a b l i s h e d  by t h e  s ta t e  o f  C o l o ra d o  f o r  ca l c i um ,  c a rbona te , mo l yb
d e n u m ,  s od i um ,  vana d i um ,  a n d  tota l d i s s o l ved  s o l i d s . A l l c o n c e n t ra t i on s  a re i n  m i l l i g rams p e r  l i te r  except  
p H  wh i c h  i s  g i ven  i n  s t a n d a rd p H  u n i t s . A d a s h  i nd i c a te s  that  the  p e rm i s s i b l e  c on c e n t ra t i on i s  to be  
e s t a b l i s hed  on  a c a s e-by-c a s e  ba s i s .  

bExcept  Wa l l a c e , Roa n , P l a tea u ,  and  Ra p i d  C re e k s  and  L i tt l e  Do l o re s  R i ve r .  
c Co l o ra d o  Wa t e r  Qua l i ty Sta n d a rd s ,  Pa rt 1 ,  Ta b l e  I I I , Aq ua t i c  L i fe C l a s s  I ,  A p r i l ,  1 9 8 1 . 
d Co l o ra d o  Wa t e r  Qua l i ty Sta n d a rd s , Pa rt 1 ,  Ta b l e  I I I , A g r i c u l t u ra l  U s e s , A p r i l ,  1 98 1 . 

R e f . CWQCC , 1 983 ; DOE , 1 983 . 
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va r i a t i on i n  wa t e r  q ua l i ty i s  exh i b i ted  i n  a na l ys e s  o f  wat e r  samp l es 
t a k e n  f rom the  Co l o ra d o  R i ve r  a t  New C a s t l e a n d  Pa ra c h u t e  ( Ta b l e s  E . l . 8  
a nd E . l . 9 ,  re spec t i ve l y ) . 

E . l . 3 . 1  O l d  a n d  New R i f l e  ta i l i ngs s i te s  

O l d  R i f l e  s i te 

S u rf a c e  wa t e r  q ua l i ty samp l i ng h a s  been  pe rf o rmed d u r i ng 
both  h i g h f l ow a n d  l ow f l ow s e a s on s . The  Co l o ra d o  R i ve r  wa s 
samp l ed d u r i ng  t h e  fa l l  o f  1 9 83 by  Ma rkos  a n d  B u s h  ( 1 98 3 )  a n d  
a ga i n i n  t h e  1 a t e  s p r i  n g  o f  1 9 86  by t h e  U .  S .  O e p a  rtment  o f  
E n e rgy ( DOE ) . I n  t h e  c ou rs e  o f  samp l i ng the  r i ve r ,  samp l e s  
we re t a k e n  f rom p o i  n t s  u p g ra d  i e n t , c ros s g ra d  i e n t , a n d  d own 
g ra d i ent o f  t h e  O l d  R i f l e  ta i l i n gs  p i l e .  Whe n e v e r  pos s i b l e ,  
t h e  Ma rc o s  a n d  B u s h  s amp l i ng l oca t i on s  we re re samp l ed by the  
DOE . The  samp l i ng l oc a t i ons  a re i l l u s t rated  i n  F i g u re E . l . 1 3 . 

Ana l yt i ca l  res u l t s i nd i ca t e  t h a t  t h e  p re s en c e  o f  t h e  
ta i l i ngs  i s  n o t  c a u s i ng d e g ra d a t i on o f  t h e  s u r f a c e  wa t e rs i n  
t h e  C o l o ra d o  R i ve r .  No hea l t h -th rea t e n i ng c hemi ca l spec i e s 
we re f o u nd to be  i n  e x c e s s  o f  t h e  Co l o ra d o  s t a nda rd s . The  
a na l yt i ca l  data  used  to s u p p o rt th i s  c o nc l u s i on a re p re s e nted 
i n  Tab l e  E . l . 1 0 .  

Conc e n t ra t i o n s  o f  sod i um ,  mag ne s i um ,  s u l fate , a n d  u ra n i um 
a re e l evated  above  b a c k g round  a t  samp l i ng s t a t i on 539  ( Ta b l e 
E . 1 . 1 0 ) . Howeve r ,  t h e s e  a n oma l ou s  c o n c e n t ra t i on va l ue s  a re 
not d u e  to u ra n i um p roc e s s i ng a c t i v i t i es a t  t h e  O l d  R i f l e  
s i te , a s  t h e  samp l e s we re c o l l ec t ed s e v e ra l  t h o u s a nd  feet 
u p s t ream o f  the  p roc e s s i ng s i te . T h e  s o u rc e  o f  t h e s e  e l eva ted 
c o n c e n t ra t i o n s  o f  c o n s t i tuents  i s  u n k nown . 

New R i f l e  s i te 

S u rf a c e  wa te r qua l i ty s amp l i ng h a s  been  p e r f o rmed d u r i ng 
both  h i g h f l  ow a n d  l ow f l  ow s e a s o n s  i n  c o nj u n c t  i on  w i t h  the  
samp l i ng e f f o rt a t  t h e  O l d  R i f l e  ta i l i n gs  s i te .  The C o l o rado  
R i ve r  wa s samp l ed a t  po i nt s  u p g ra d i ent , c ro s s g ra d i e n t , a nd 
downg ra d i e n t  o f  t h e  New R i f l e  ta i l i n g s  p i l e  d u r i ng  the  fa l l  o f  
1 983  b y  Ma rkos a n d  B u s h  ( 1 983 ) a nd a ga i n  i n  t h e  l a te s p r i n g  o f  
1 98 6  b y  t h e  D O E  ( 1 9 8 6 ) . Whe n e v e r  p o s s i b l e ,  t h e  Ma rkos a n d  
B u s h  samp l i ng l oca t i on s  we re re samp l ed by t h e  DOE . T h e  
samp l i ng l oca t i on s  a re i l l u s t ra t e d  i n  F i g u re E . l  . 1 3 .  

Ana l yt i ca l  res u l t s i nd i c a t e  t h a t  the  p re s e n c e  o f  t h e  
ta i l i ngs  i s  n o t  ca u s i ng d e g ra da t i o n o f  t h e  s u rf a c e  wa t e rs i n  
t h e  Co l o ra d o  R i ve r .  None o f  t h e  c ontami na nt  pa rameters  
i d e nt i f i ed by t h e  U . s . Nuc l ea r  Reg u l a to ry C omm i s s i o n ( NR C )  
( 1 980 ) we re f o u n d  to be  e l evated  i n  t h e  v i c i n i ty o f  t h e  s i te .  
Moreove r ,  none  o f  t h e  wa t e r  q ua l i ty s ta nd a rd s  reg u l a ted by t h e  
s t a t e  o f  C o l o rado  we re exceeded . T h e  a n a l yt i ca l  data  u sed  to 
s upport t h e s e  conc l u s i o n s  a re p re s ented  i n  Ta b l e  E . l . l l . 
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Ta b l e [ . 1 . 8  Co l o ra d o  R i ve r  wa t e r  q ua l i ty a t  New Ca s t l e ,  C o l o ra d o  

0 3  Nov 1 6  Dec  2 8  J a n  2 3  Feb  1 5  Ma r 1 5  Ap r 
Con s t i tuenta 1 98 1  1 98 1  1 98 2  1 98 2  1 98 2  1 98 2  

A l ka l i n i ty 1 33 . 0  1 3 1 . 0  1 20 . 0  1 23 . 0  1 1 7 . 0 1 1 5 . 0 
A l umi num <0 . 1  NA  <0 . 1  NA NA <0 . 1  
Arsen i c  <0 . 0 1 NA  <0 . 0 1 NA NA <0 . 0 1 
Cadmi um <0 . 00 5  <0 . 005 <0 . 005 <0 . 005 <0 . 005 <0 . 005 
Ca l c i um 6 8 . 0  7 4 . 0  6 8 . 0  7 3 . 0  64 . 0  59 . 0  
C h l o r i d e  1 70 . 0  201 . 0  1 7 0 . 0  1 9 2 . 0  1 7 5 . 0  1 06 . 0  
C h romi urn <0 . 0 1 NA <0 . 0 1 NA  NA <0 . 0 1 
Coppe r <0 . 0 1 NA  <0 . 0 1 NA NA <0 . 0 1 
I ron ( tota 1 )  0 . 1 0  <0 . 02 0 . 1 4  0 . 1 9  0 . 28 0 . 22 

rrl Lead <0 . 05 <0 . 05 <0 . 05 <0 . 05 <0 . 05 <0 . 05 I 
W Magne s i um 1 3 . 0 1 2 . 0 1 0 . 0  1 3 . 0  1 5 . 0  1 1 . 0 0 

Ma nga n e s e  0 . 03 <0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 0 1 
Merc u ryb <0 . 5  NA <0 . 5  NA NA <0 . 5  
Mo l ybdenum <0 . 1  NA  <0 . 1  NA  NA <0 . 1  
N i c k e l  <0 . 05 NA <0 . 05 NA NA <0 . 05 
pHc 8 . 4 8 . 3  8 . 3  8 . 0  8 . 2  7 . 9  
Pota s s i um 1 5 . 0  3 . 4  1 8 . 0  2 . 1  2 . 8  2 . 2  
Se l en i um <0 . 01 NA <0 . 0 1 NA  NA <0 . 0 1 
Sod i um 1 1 0 . 0  1 4 7 . 0  1 3 2 . 0  1 28 . 0  1 24 . 0  7 4 . 0  
So l i d s ( d i s s o l ved ) 700 . 0  7 9 2 . 0  7 1 0 . 0  7 42 . 0  6 8 1 . 0  492 . 0  
Sol i d s  ( s u s pend ed ) 1 6 . 0  5 . 0 1 4 . 0  1 2 . 0  68 . 0  3 6 7 . 0  
Su l fate  1 1 5 . 0  1 3 1 . 0  1 30 . 0  1 2 1 . 0  1 29 . 0  8 5 . 0  
Cond u c t  i v i tyd 1 07 5 . 0  1 29 5 . 0  1 1 65 . 0  1 05 5 . 0  1 02 5 . 0  7 80 . 0  
D i s c ha rgee 1 6 50 . 0  1 400 . 0  1 36 5 . 0  1 500 . 0  1 650 . 0  2 5 50 . 0  



Ta b l e [ . 1 . 8  C o l o ra d o  R i v e r  wa t e r  q ua l i ty a t  New C a s t l e ,  C o l o ra d o  { Conc l uded } 

2 8  May 1 7  J u n  1 4  J u  1 24  Aug  27  Sep  1 2  Oct  
Con s t i tuenta 1 98 2  1 98 2  1 98 2  1 9 8 2  1 9 82  1 98 2  

A l ka l i n i ty NA 94 . 0  90 . 0  1 26 . 0  1 1 5 . 0  1 7 8 . 0  
A l umi n um NA NA <0 . 1  NA NA NA 
A r s e n i c  NA NA <0 . 01 NA NA NA 
Cadm i um NA <0 . 005 <0 . 005 <0 . 005 <0 . 005 <0 . 005 
Ca l c i um NA 3 8 . 0  42 . 0  5 6 . 0  6 1 . 0  64 . 0  
C h l or i d e  NA 2 8 . 0  48 . 0  98 . 0  1 1  8 . 0  1 2 . 0 
C h romi urn NA NA <0 . 0 1 NA NA NA 
Copper  NA NA <0 . 0 1 NA  NA NA 
I ron  { tota l }  NA  0 . 1 6  0 . 1 2  <0 . 02 <0 . 02 0 . 1 0  
Lead NA <0 . 05 <0 . 05 <0 . 05 <0 . 05 <0 . 05 
Magne s i um NA 5 .  1 5 . 0  1 0 . 0  1 0 . 0  1 1 . 0  
Manga n e s e  NA <0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 01 

rrl 
Merc u ryb NA NA <0 . 5  NA NA NA I 

w Mol ybd e n um NA NA <0 . 1  NA  NA NA I--' 
N i c k e l  N A  N A  <0 . 05 NA N A  NA 
p Hc NA 8 . 2  7 . 9 8 . 2  8 . 2  8 . 3  
Pota s s i um NA 0 . 7 9 1 . 2 1 . 9 2 . 1  2 . 1  
S e l en i um NA NA <0 . 0 1 NA NA NA 
Sod i um NA 2 2 . 0  3 4 . 0  69 . 0  84 . 0  8 5 . 0  
So l i d s { d i s s o l ved } NA 249 . 0  2 9 7 . 0  3 63 . 0  5 2 1 . 0  470 . 0  
So l i d s  { s u s pended } NA 60 . 0  1 8 . 0  5 4 . 0  1 8 . 0  <5 . 0  
S u l fate  NA 2 8 . 0  39 . 0  6 5 . 0  84 . 0  1 7 7 . 0  
Conduc  t i v i tyd NA 3 50 . 0  4 6 5 . 0  600 . 0  6 70 . 0  7 3 0 . 0  
D i s c h a rgee 84 7 5 . 0  1 0400 . 0  6 2 5 0 . 0  1 460 . 0  2 7 00 . 0  2 5 50 . 0  

aA l l va l ue s  a re i n  m i l l i g rams p e r  l i te r  u n l es s  o t h e rw i s e  n oted . 
bVa l ue s  a re i n  m i c rog rams pe r l i te r .  

N o  d a ta a va i l a b l e  i s  i nd i cated  b y  NA . 

c Va l ues  a re i n  s ta n d a rd pH  u n i ts .  
d Va l ue s  a re i n  m i c romho s  pe r c e n t i mete r .  
eVa l ue s  a re i n  c ub i c  feet  p e r  s econd . 

R e f . Mob i l ,  1 98 2 . 



Ta b l e  E . 1 . 9  C o l ora d o  R i ve r  wa t e r  q ua l i ty a t  Pa rac h ute , Co l ora d o  

03  Nov 1 6  Dec  2 8  J a n  2 3  Feb  1 5  Ma r 1 5  A p r  
Cons t i tuenta 1 9 8 1  1 9 8 1  1 9 82  1 9 8 2  1 98 2  1 98 2  

A l ka l i n i ty 1 3 1 . 0  1 20 . 0  1 40 . 0  1 4 1 . 0  1 23 . 0  1 23 . 0  
A l umi n um <0 . 1  NA  <0 . 1  NA  NA <0 . 1  
Arsen i c  <0 . 0 1 NA <0 . 0 1 NA  NA <0 . 01 
Cadmi  um <0 . 005 <0 . 005  <0 . 005 <0 . 005 <0 . 00 5  <0 . 005 
Ca l c i um 7 2 . 0  7 6 . 0  7 0 . 0  7 6 . 0  63 . 0  59 . 0  
C h l o r i d e  1 62 . 0  1 9 6 . 0  1 7 0 . 0  1 86 . 0  1 33 . 0  9 6 . 0  
C h romi um <0 . 01 NA <0 . 01 NA NA <0 . 0 1 
C opper  <0 . 01 NA <0 . 0 1 NA  NA <0 . 01 
I ron ( tota l ) 0 . 1 4  <0 . 02 0 . 09 0 . 7 7 0 . 7 2 0 . 23 
Lead <0 . 05 <0 . 05 <0 . 0 5 <0 . 05 <0 . 05 <0 . 05 

fT1 Magne s i um 1 7  . 0  1 6 . 0 1 4 . 0  1 8 . 0  1 6 . 0  1 7  . 0  I 
VJ Manga n e s e  <0 . 01 <0 . 01 <0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 0 1 N 

Merc u ryb <0 . 5  NA <0 . 5  NA NA <0 . 5  
Mo l ybdenum <0 . 1  NA  <0 . 1  NA NA <0 . 1  
N i c k e l  <0 . 05 NA <0 . 05 NA NA <0 . 05 
pHc 8 . 5  8 . 3  8 . 4  8 . 1  8 . 2  7 . 9  
Pota s s i um 2 . 3  2 . 6  4 . 1  5 .  1 3 . 1  2 . 4  
Se l en i um <0 . 0 1 NA  <0 . 0 1 NA  NA <0 . 0 1 
Sod i um 1 1 0 . 0  1 30 . 0  1 34 . 0  1 34 . 0  1 1 1  . 0  7 4 . 0  
So l i d s  ( d i s s o l ved ) 7 00 . 0  7 8 1 . 0  7 60 . 0  804 . 0  684 . 0  500 . 0  
S o l i d s  ( s u s pe nd e d ) 2 2 . 0  1 1 . 0 5 5 . 0  1 45 . 0  2 6 6 . 0  5 7 1 . 0  
S u l fate  1 3 1 . 0  1 43 . 0 1 50 . 0  1 64 . 0  1 5 7 . 0 9 3 . 0  
Cond u c t  i v i tyd 1 060 . 0  1 2 2 5 . 0  1 200 . 0  9 7 5 . 0  1 1  00 . 0  7 60 . 0  
D i s c h a rgee 1 7 1 0 . 0  1 4 7 0 . 0  1 43 0 . 0  1 5 7 0 . 0  1 7 30 . 0  2 680 . 0  



Ta b l e  [ . 1 . 9 C o l o ra d o  R i ve r  wat e r  q ua l i ty a t  Pa ra c h ute , C o l o ra d o  ( Conc l ud e d ) 

2 8  May 1 7  J u n  1 4  J u l  24 A u g  2 7  Sep  1 2  Oct  
C on s t i t u en ta 1 98 2  1 98 2  1 98 2  1 98 2  1 98 2  1 98 2  

A l k a l i n i ty NA 9 8 . 0  9 2 . 0  1 34 . 0  1 30 . 0  1 29 . 0  
A l um i n u m  N A  NA <0 . 1  NA  NA NA 
A r s e n i c  NA NA <0 . 0 1  NA  NA NA 
Cadm i um NA <0 . 005 <0 . 00 5  <0 . 005 <0 . 00 5  <0 . 00 5  
Ca l c i um NA 4 5 . 0  43 . 0  60 . 0  63 . 0  6 7 . 0  
C h l o r i d e  NA 2 6 . 0  49 . 0  9 7 . 0  1 07 . 0  1 1 8 . 0  
C h romi  urn  NA  NA <0 . 0 1 NA  NA NA 
Coppe r NA NA <0 . 0 1 NA  NA NA 
I ron  ( tota 1 ) NA 0 . 1 2  0 . 3 3 0 . 1 0  0 . 39 0 . 70 
Lead  NA <0 . 05 <0 . 05 <0 . 05 <0 . 05 <0 . 0 5  
Mag n e s i um NA 3 . 0  6 . 0  1 1  . 0  1 2 . 0 1 3 . 0  
Ma nga n e s e  NA <0 . 0 1 <0 . 0 1  <0 . 0 1 <0 . 0 1 <0 . 0 1 
Me rc u ryb NA NA <0 . 5  NA NA NA 

fT1 Mo l ybde n um NA NA <0 . 1  NA  N A  NA I 
w N i c k e l  NA NA <0 . 0 5  NA NA NA w 

p Hc NA 8 . 1  8 . 0  8 . 2  8 . 2  8 . 4  
Pota s s i um NA 1 . 9 1 . 1 2 . 1  2 . 1  2 .  1 
S e l en i um NA NA <0 . 0 1  NA  NA NA 
Sod i um NA 1 7  . 0  34 . 0  7 3 . 0  84 . 0  8 5 . 0  
S o l i d s  ( d i s so l ve d ) NA 2 5 6 . 0  3 1 2 . 0  388 . 0  542 . 0  49 3 . 0  
S o l i d s  ( s u s pend ed ) NA 7 9 . 0  1 9 . 0 1 1 9 . 0 3 7 4 . 0  < 5 . 0  
Su l f a t e  N A  24 . 0  46 . 0  80 . 0  1 1 5 . 0 1 1 6 . 0 
Cond u c t i v i tyd NA 300 . 0  480 . 0  600 . 0  805 . 0  620 . 0  
D i  s c ha rgee 9 5 7 0 . 0  1 09 00 . 0  3 7 20 . 0  1 5 70 . 0  2 7 50 . 0  2600 . 0  

aA l l va l ue s  a re i n  m i l l i g rams p e r  l i t e r  u n l e s s  o t h e rw i s e  noted . 
bVa l ue s  a re i n  m i c rog rams p e r  l i te r .  

N o  d a ta a va i l ab l e  i s  i nd i cated  b y  NA . 

c Va l ue s  a re i n  s t a nd a rd p H  un i t s . 
d Va l ue s  a re i n  m i c romhos  p e r  c en t i mete r .  
e Va l ue s  a re i n  c u b i c  feet p e r  s ec ond . 

R e f . Mob i l , 1 98 2 . 
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Ta b l e  E . 1  . 1 0  Co l o ra d o  R i ve r  wa te r q ua l i ty ,  O l d  R i f l e  s i te 

S u r f a c e  wa te r-qu a l i ty s a mp l i ng s ta t i onb 

Const i t uenta 538  5 3 9  540  5 4 1  5 4 2  544 

A l um i n um 0 . 1 70 0 . 2 2 0  <0 . 03 0 . 030 0 . 290  <0 . 03 
A r s e n i c  <0 . 01 <0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 0 1 
Ba r i um 0 . 05 6  0 . 07 5  0 . 07 5  0 . 04 3  0 . 03 2  0 . 0 5 3  
Cadmi  urn <0 . 0005 <0 . 0005 0 . 0006 <0 . 0005 <0 . 0005 <0 . 0005 
Ca l c i um 1 30 . 0  1 30 . 0  48 . 0  4 7 . 0  4 3 . 0  43 . 0  
C h l o r i d e  50 . 0  1 70 . 0  5 2 . 0  5 0 . 0  5 0 . 0  50 . 0  
C h  romi urn <0 . 02 <0 . 02 0 . 07 <0 . 02 <0 . 02 <0 . 02 
Coba l t  <0 . 03 <0 . 03 0 . 0 1 4  <0 . 03 <0 . 03 <0 . 03 
I ron <0 . 02 <0 . 02 0 . 2 7 0 . 3 1 <0 . 02 <0 . 02 
lead  <0 . 005 <0 . 00 5  <0 . 005  <0 . 005 <0 . 00 5  <0 . 005 
Magne s i um 1 2 . 0 8 4 . 0  1 2 . 0 1 2 . 0  1 1 . 0 1 1 . 0  

fTl 
Manga n e s e  <0 . 01 1 . 80  0 . 07 0 . 08 <0 . 0 1 <0 . 0 1 I 

w 
Mo l ybdenum  <0 . 04 <0 . 04 <0 . 04 <0 . 04 <0 . 04 <0 . 04 Ul 

N i c k e l  <0 . 04 <0 . 04 <0 . 5 5 <0 . 04 <0 . 04 <0 . 04 
pH  7 . 9  7 . 7  7 . 8  7 . 6  7 . 6  7 . 6  
Pota s s i um <1 . 0  7 . 40 3 . 30 1 . 40 < 1 . 0  1 .  1 0  
Se l en i um <0 . 0 1 <0 . 01 <0 . 0 1 <0 . 0 1 <0 . 0 1 <0 . 0 1 
S i l i c on 5 . 60 5 . 70 4 . 70 4 . 60 4 . 50 4 . 50 
S i l v e r  <0 . 04 0 . 05 NA <0 . 04 <0 . 04 <0 . 04 
Sod i um 44 . 0  360 . 0  5 4 . 0  3 3 . 0  4 3 . 0  47 . 0  
S t ront i um 0 . 37 1  1 . 360  0 . 33 4  0 . 32 7  0 . 30 7  0 . 346  
S u l f a t e  7 9 . 0  8 8 5 . 0  8 3 . 0  7 6 . 0  6 9 . 0  7 3 . 0  
U ra n i um 0 . 0025  0 . 01 80 0 . 0032  0 . 0050 0 . 0028 <0 . 04 
Vanad i um <0 . 04 <0 . 04 0 . 1 50 <0 . 04 <0 . 04 <0 . 04 

aA 1 1 va l ue s  a re i n  m i l l i g rams p e r  l i t e r  except  p H  wh i c h  i s  g i ve n  i n  standa rd p H  u n i t s . 
bSta t i on l oc a t i o n s  a re s hown on  F i g u re E . 1 . 1 3 .  Samp l es we re t a k e n  d u r i ng Septemb e r ,  1 983  ( Ma rkos  and  

B u s h ,  1 983 ) . 



fTl 
I 

w 
0'> 

C on s t i tuenta 

A l umi n um 
Arsen i c  
Ba r i  urn 
Cadmi  urn 
Ca l c i um 
C h l o r i d e  
C h rom i urn 
Coba l t  
I ron 
Lead 
Ma gnes i um 
Manga n e s e  
Mo l ybde n um 
N i c k e l  
p H  
Pota s s i um 
Se l en i um 
S i l i c on 
S i l ve r  
Sod i um 
Stront i um 
S u l fate 
U ra n i um 
Va nad i um 

Tab l e  E . l  . 1 1  Co l o ra d o  R i ve r  wa t e r  q ua l i ty ,  New R i f l e  s i te 

S u rf a c e  wa te r q ua l i ty samp l i ng s ta t i onb 

54 5 546 5 4 7  548 

<0 . 03 <0 . 03 N A  <0 . 03 
<0 . 0 1 <0 . 01  <0 . 0 1 <0 . 0 1 

0 . 06 3  0 . 061  0 . 05 5  0 . 05 6  
<0 . 0005 <0 . 0005 0 . 0005 <0 . 0005 
47 . 0  4 7 . 0  46 . 0  48 . 0  
48 . 0  4 7 . 0  5 0 . 0  48 . 0  
<0 . 02 <0 . 02 <0 . 02 <0 . 02 
<0 . 03 <0 . 03 <0 . 03 <0 . 03 

0 . 1 6  0 . 1 9  <0 . 02 <0 . 02 
<0 . 00 5  <0 . 005 <0 . 00 5  <0 . 005 
1 2 . 0  1 2 . 0 1 1  . 0  1 1 . 0  

0 . 03 0 . 03 <0 . 0 1 <0 . 0 1 
0 . 05 <0 . 04 <0 . 04 <0 . 04 

<0 . 04 <0 . 04 <0 . 04 <0 . 04 
7 . 9  7 . 8  7 . 6  7 . 6  

<1 . 0  < 1 . 0  < 1 . 0  <1 . 0  
<0 . 01 <0 . 0 1 <0 . 0 1 <0 . 01 

4 . 90 5 . 00 4 . 9 0 5 . 1 0  
<0 . 04 <0 . 04 NA <0 . 04 
64 . 0  5 6 . 0  <20 . 0  56 . 0  

0 . 3 6 7  0 . 3 7 4  0 . 3 5 7  0 . 3 6 6  
7 6 . 0  7 3 . 0  7 6 . 0  7 3 . 0  
<0 . 01 0 . 002 1  0 . 0022  0 . 0028 
<0 . 04 <0 . 04 <0 . 04 <0 . 04 

5 7 2  

<0 . 03 
<0 . 01 

0 . 0 5 5  
<0 . 0005 
4 5 . 0  
50 . 0  
<0 . 02 
<0 . 03 
<0 . 02 
<0 . 00 5  
1 2 . 0 
<0 . 01 
<0 . 04 
<0 . 04 

7 . 8  
< 1 . 0  
<0 . 01 

5 . 1 0  
<0 . 04 

<20 . 0  
0 . 362  

7 9 . 0  
0 . 0200 

<0 . 04 

aA l l va l ue s  a re i n  m i l l i g rams p e r  l i te r  except  p H  wh i c h  i s  g i ven  i n  s ta nda rd p H  u n i ts . 
bSta t i on l oc a t i on s  a re s hown on F i g u re L l . 1 2 .  Samp l es we re t a k e n  d u r i ng Septemb e r ,  1 98 3  

( Ma rkos  a n d  B us h ,  1 983 ) . 



E . l . 3 . 2  E s t e s  Gu l c h a l t e rnate  d i s po s a l s i te 

D ra i na g e  f rom t h e  E s t e s  G u l c h  s i te f l ows i n to e p h eme ra l 
s t reams i n  E s tes  Gu l c h 0 . 5  m i l e  be l ow t h e  s i te .  I n  t u rn ,  E s t e s  
Gu l c h j o i n s Gove rnme n t  C re e k  o n e  m i l e  s o u t hea s t  o f  t h e  s i te . 
The Co l o ra d o  R i ve r  i s  s i x  m i l es d u e  s o u t h  o f  t h e  s i te . 

The  ep heme ra l s t reams i n  E s t e s  Gu l c h  we re not  samp l ed .  
The wa t e r  q u a  1 i ty o f  Gove rnme n t  C re e k  a n d  o n e  o f  i t s t r i  b u 
ta r i es ,  T h i rty-two M i l e  Gu l c h ,  i s  d e s c r i bed f rom s a mp l e s 
obta i ned  by Ma rkos  a n d  B u s h  ( 1 983 ) ( Ta b l e E . 1 . 1 2 ) .  Th i rty-two 
M i l e  Gu l c h  wa s s amp l ed 2 . 5  m i l e s s o u t hwes t  o f  i ts c o n f l u e n c e  
w i t h  Gove rnmen t  C ree k , u p s t ream o f  t h e  E s t e s  Gu l c h s i te . 
Gove rnme nt  C reek  wa s samp l ed a l ong State H i ghway 1 3 ,  t h re e  
m i l es n o rt h  o f  R i f l e ,  d own s t ream o f  t h e  E s t e s  Gu l c h  s i te .  
Ana l yt i ca l  re s u l t s f rom t h e  Th i rty-two M i l e  Gu l c h samp l e s  
exh i b i ted  l ow l eve l s  f o r  a l l d i s s o l ved c o n s t i t u en t s . The 
Gove rnme n t  C reek  samp l es ex h i b i ted  h i g h l ev e l s of  s u l f a t e  and 
c a l c i um .  E x c ept  f o r  the s u l f a t e  a na l ys i s ,  a l l  res u l ts were 
wi th i n  s ta t e  of Co l o ra d o  s t a n d a rd s . 

E . l . 3 . 3  L u c a s  Mes a  a l t e rnate  d i spo s a l s i te 

D ra i nage  f rom t h e  L u c a s Mesa  s i te f l ows i nto e p h eme ra l 
s t re ams i n  Sm i th Gu l c h o r  Mo f fa t  Gu l c h o r  i nto the  B l u e s tone  
Va l l ey i rr i ga t i on d i tc h  0 . 5  to  two m i l es to t h e  no rt h . The 
c re e k s  i n  both g u l c h e s  j o i n the Co l o ra d o  R i v e r  two m i l e s 
d i re c t l y  n o rt h  o f  t h e  s i te .  

The e p h eme ra l s t reams i n  Sm i t h a nd Mo f fa t  Gu l c h e s  we re 
not samp l ed .  Wa t e r  q ua l i ty mea s u reme n t s  a re a va i l a b l e  on l y  
f rom t h e  USGS samp l i ng s t a t i on o n  t h e  Co l o ra d o  R i ver  a t  
DeBequ e . The  res u l t s  o f  t h e  l i m i ted  wa t e r  q ua l i ty samp l i ng a t  
DeBeque  ( Ta b l e  E . l . 1 3 ) i nd i c a t e  t h a t  a v e ra g e  va l ue s  a re wi t h i n  
t h e  State o f  Co l o ra d o  s ta nda rd s . 

E . l . 3 . 4  Bo rrow s i te s  

Second St reet borrow s i te 

The Sec ond St reet bo rrow s i te i s  a n  a c t i ve borrow opera 
t i on a p p rox i ma t e l y  o n e  m i l e  n o rt h  o f  t h e  Co l o ra d o  R i ve r .  Th e re 
a re no s u rf a c e  d ra i nages  l ead i ng d i re c t l y  f rom t h e  s i te to the  
r i v e r .  Ac t i v i t i e s re l ated  to  s u pp l y i ng b o r row ma t e r i a l s  f o r  
t h e  remed i a l  ac t i on wou l d  be  s i m i l a r  to  t h o s e  c u rre n t l y  be i ng 
performed a t  t h e  s i te .  T h u s , t h e  p re s ent  s u rfa c e  wa ter  
qua l i ty i n  the  v i c i n i ty o f  the  s i te wou l d  not be a f fe c ted by  
t h e  p roposed bo rrow a c t i v i t i es .  
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Ta b l e  E . l  . 1 2  S u r f a c e  wa t e r  q ua l i ty nea r t h e  E s t e s  G u l c h  s i tea 

T h i rty-two Gove rnment  
Cons  t i t uent  M i l e  Gu l c hb C reek c 

A l umi n um <0 . 03 <0 . 03 
A rs en  i c <0 . 01 <0 . 0 1 
Ba r i  um 0 . 054 0 . 06 5  
Cadmi  um <0 . 0005 <0 . 0005 
Ca l c i um 4 3 . 0  9 6 3 . 0  
C h l o r i d e  50 . 0  1 1 . 0 
C h romi um <0 . 02 <0 . 02 
Coba I t  <0 . 03 <0 . 03 
I ron <0 . 02 <0 . 02 
Lead <0 . 005 <0 . 005 
Mag n es i um 1 3 . 0  5 3 . 0  
Ma nga n e s e  <0 . 01 <0 . 01 
Mo l ybd e n um <0 . 04 <0 . 04 
N i c k e l  <0 . 04 <0 . 04 
pH 8 . 0  8 . 3  
Pota s s i um <1 . 0  1 . 5 
Se l e n i um <0 . 0 1 <0 . 01 
S i l i c on  5 . 70 6 . 50 
S i l v e r  <0 . 04 <0 . 04 
Sod i um 26 . 0  1 30 . 0  
S t ront i um 0 . 36 0 . 96 
S u l f a t e  7 6 . 0  3 7 0 . 0  
U ra n  i um 0 . 0020 0 . 00 7 0  
Va na d i um <0 . 04 <0 . 04 

a A l l va l ue s  a re i n  m i l l i g rams p e r  l i t e r  except  p H , wh i c h  i s  g i ve n  i n  s t a n 
d a rd pH  u n i t s . Samp l e s  we re t a k e n  d u r i ng Septemb e r  1 9 83  ( Ma rk o s  a n d  B us h , 
1 98 3 ) . 

bSamp l e l oc a t i o n wa s a p p rox i ma t e l y  t h ree m i  l e s s o u t hwe s t  a nd u p s t ream o f  t h e  
E s t e s  Gu l c h  s i te .  

c Samp l e  l oc a t i on wa s a p p rox i ma t e l y  t h ree  m i l e s s ou t h e a s t  a nd d own s t ream of  
the  E s tes  Gu l c h s i te .  
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Tab l e E . l  . 1 3  C o l o ra d o  R i ve r  wat e r  q ua l i ty mea s u reme n t s  n ea r  DeBeque , C o l o ra d oa 

Con s t i t uentb 

A l umi n um 
Ca rbonate  
C h l o r i d e , tota l 
F l uor i d e  
I ron  
Manga n e s e  
Sod i um 
S u l fate , tota l 

Numb e r  o f  
mea s u reme n t s  

C o n c en t ra t i on ( mg/ l ) 
Mean  Max i mum 

0 . 1 0  
0 . 1 7  

1 3 7 
0 . 26 
0 . 38 
0 . 02 

0 . 1 0  
4 . 00 

280 
0 . 80 
0 . 2 1 
0 . 06 

Tota l d i s s o l ved s o l i d s  
pHc 

2 
54  
84 
84  
84  
84  
84  
84  
83  
88  

98  
1 1 7  
5 1 8 

8 . 0  

1 90 
1 90 
8 6 5  

9 . 1  d 

a Mea s u reme n t s  we re ma d e  by t h e  USGS a t  l a t i t u d e  039 ° 2 1 ' 00 "  N ,  l on g i t u d e  
1 08 °09 ' 07 "  W ,  a t  va r i o u s  t i me s . 

b Un l e s s  othe rwi s e  i nd i c ated , c on s t i t u e n t s  we re mea s u red  i n  t h e  f o rm o f  d i s 
s o l ved c o n c en t ra t i on s . 

c Mea s u reme n t s  a re i n  s t a n d a rd pH  un i t s . 
d The  m i n i mum pH  mea s u red wa s 7 . 1 . 

Ref . DOE , 1 983 . 

New R i f l e  borrow s i te 

T h e  New R i f l e  borrow s i te i s  a n  a c t i ve borrow o p e ra t i on 
w i th  a n  ex i s t i n g pond c reated  by t h e  c u r re n t  o p e ra t i o n s , wh i c h  
have  i n te rc e p ted t h e  wa t e r  t a b l e .  T h e  borrow s i te i s  0 . 5  m i l e  
n o rth  o f  t h e  Co l o ra d o  R i ve r ;  h oweve r ,  t h e re i s  no  s u rf a c e  
d ra i nage  to  t h e  r i v e r  f rom t h e  s i te . Ana l ys e s  o f  wa ter  
samp l es f rom t h e  pond  a t  t h e  s i te a re s i m i l a r  to  those  for  
g roundwa t e r  samp l es f rom nea rby mon i to r  we l l s  ( s ee  Sec t i on 
E .  2 . 3 . 5 ,  Groundwa t e r  Qua  1 i ty ) . T h e  s u rf a c e  wa t e r  q u a  1 i ty o f  
t h e  pond a n d  C o l o ra d o  R i ver  wou l d  n o t  be  a f fected  b y  t h e  
p ropos ed borrow a c t  i v i t  i e s  nec e s s a  ry t o  s upp 1 y borrow 
ma te r i a l s  f o r  the  remed i a l  a c t i on . 

G l enwood Spri ngs borrow s i te 

The  G l e nwood Sp r i n g s  borrow s i te i s  a n  a c t i ve q u a rry 
ope ra t i on a p p rox i ma t e l y  two m i l e s n o rt h  of t h e  C o l ora d o  R i ve r .  
S u rfa c e  d ra i nages  t o  t h e  r i ve r  a re e p heme ra l s t reams . A c t i v i 
t i es re l a ted to s upp l y i ng roc k  mat e r i a l s  f o r  t h e  remed i a l  
a c t i on wou l d  b e  s i mi l a r  to t h o s e  c u rre n t l y be i n g p e r f o rmed a t  
t h e  s i te .  Th us , t h e  p re s e n t  s u r f a c e  wa t e r  q u a  1 i ty i n  the  
v i c i n i ty o f  t h e  s i te wou l d  not  be  a f fected  by t h e  p roposed 
borrow a c t i v i t i es . 
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E . 2  GROUNDWATER  

E .  2 . 1  I NTRODUC T I ON 

The  E PA h a s  e s ta b l i s hed h ea l th a nd e n v i ronmenta l reg u l a t i on s  to 
c o rrec t a nd p revent  g ro u ndwa t e r  contami  nat  i on  res u l t i  ng  f rom fo rme r 
u ra n i um p roc e s s i ng a c t i v i t i e s a t  i na c t i ve m i l l i ng s i te s  ( 40 C F R  1 9 2 ) . 
Ac c o rd i ng to the  U ra n i um M i l l  Ta i l i ng s  Rad i a t i on C o n t ro l  Ac t o f  1 9 7 8  
( UMTRCA ) , t h e  D O E  i s  re s p on s i b l e  f o r  a s s e s s i n g t h e  i na c t i ve u ra n i um 
p roc es s i ng s i te s . T h e  DOE h a s  d e c i d ed t ha t  eac h a s s e s sment s ha l l 
i nc l ud e : 

o De f i n i t i on o f  t h e  hyd rogeo l og i c  c h a ra c te r i s t i c s  o f  t h e  
e n v i ronme nt  i nc l ud i ng hyd ros t ra t i g ra p h y ,  a q u i f e r  pa rame t e rs , 
a rea s o f  a q u i f e r  rec ha rge a nd d i s c h a rg e , poten t i ome t r i c 
s u rf a c e s , a nd g roundwa t e r  ve l oc i t i es .  

o Compa r i son  o f  t h e  ex i s t i ng wa t e r  q u a l i ty w i t h  ba c k g round  wa ter  
q ua l i ty a nd a pp l i c a b l e  E PA a nd s t a t e  wa t e r  q ua l i ty s ta n d a rd s . 

o E va l uat i on o f  t h e  phys i c a l  a nd c hem i c a l  c ha ra c te r i s t i c s  o f  t h e  
c ontami na nt  s o u rc e . 

o Des c r i pt i on o f  wa t e r  res o u rc e  u t i l i za t i on i n c l ud i ng a va i l a b i l 
i ty ,  c u rrent a n d  f u t u re u s e  a nd va 1 u e , a n d  a l te rn a t e  wa t e r  
s up p l i es .  

o E va l ua t i on o f  c u rrent a n d  f u t u re i mp a c t s  to t h e  g rou ndwa t e r  
sys tems res u l t i ng f rom u ra n i um p roc e s s i ng  a c t i v i t i e s a nd 
remed i a l  a c t i on s . 

Und e r  t h e  UMTRCA , t h e  DOE mu s t  c omp l y  w i t h  t h e  p ro p o s ed s ta n d a rd s  
u nt i l s t a nd a rd s  a re p romu l ga ted i n  f i na l  f o rm .  A s  a res u l t ,  remed i a l  
a c t i on ta ken  wi th  rega rd to t h e  R i f l e  s i te s  wo u l d  not p rec l ud e  s u b s e 
q u e n t  d e s i gn enha n c emen t s  i f  n eed ed to a c h i eve  c omp l i a n c e  w i th  t h e  
s ta nda rd s  a nd wo u l d  not 1 i m i t  the  s e l ec t i o n o f  rea sona b l e  g ro u ndwa t e r  
restora t i on method s that  may be  n ec e s s a ry w h e n  t h e  f i na l  s ta nd a rd s  a re 
p romu l ga ted . The DOE h a s  c h a ra c t e r i zed c ond i t i o n s  a t  the  R i f l e  u ra n i um 
m i l l  ta i l i ng s  s i te s  a nd d e t e rm i ned t ha t  t h e  p roposed  remed i a l  ac t i on 
wou l d  comp l y  wi t h  t h e  requ i reme nts  o f  Subpa rt A o f  t h e  p roposed  E PA 
g rou ndwa t e r  p rotec t i on s t a n d a rd s . When f i na l  s t a nda rd s  a re p romu l ga t ed , 
t h e  DOE wi l l  eva l ua t e  g ro u ndwa t e r  protec t i o n req u i reme n t s  a nd u n d e rt a k e  
s u c h  a c t i on a s  nec e s s a ry to e n s u re t h a t  t h e  f i na l  s ta n d a rd s  a re met . 
The  need for  and  extent  o f  a q u i f e r  res tora t i on wi  1 1  be eva l ua ted i n  
a c c o rd a n c e  w i th  t h e  Nat i on a l  E n v i ronme n ta l Po l i c y  Ac t .  

Wa t e r  q ua l i ty a t  the  O l d  a n d  New R i f l e  ta i l i ng s  s i te s  wa s c ha ra c 
t e r i zed b y  c ompa r i ng i t  wi th  b a c k g round wa t e r  q ua l i ty a n d  w i th h a z a rd o u s  
c o n s t i t u e n t s  1 i s ted o r  re f e re n c ed i n  t h e  E PA I S p ropo s ed g ro u ndwa t e r  
p rotec t i on s ta nda rd s  for  i na c t i ve ( T i t l e  I )  u ra n i um p ro c e s s i ng s i te s  
( Ta b l e E . 2 . 1 ) .  A l l f u rt h e r  d i s c u s s i on s  o f  wa t e r  q ua l i ty i n  th i s  appen
d i x  wi l l  re f e r  to on l y  these  stand a rd s . 
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Tab l e  E . 2 . 1  P ropo s ed E PA g ro u ndwa t e r  p rotec t i on s t a n d a rd s  

Const i tuent  MC l 

I n o rga n i c  C hemi c a l  

Ars e n i c  
Ba r i um 
Cadm i um 
C h romi um 
lead 
Merc u ry 
Mol ybd enum 
N i t ra t e  ( a s  N03 ) 
Se l en i um 
S i l v e r  

I n o rga n i c  C h em i c a l  

Ra-226  & R a -2 2 8  
U - 2 3 4  & U-238  
Gro s s  a l pha  ( exc l ud i ng 

u ra n i um & rad o n )  

O rga n i c  C hemi c a l  

End r i  n 
l i n d a n e  
Methoxyc h l o r 
Toxa phene  
2 ,  4-0  
2 ,  4 ,  5-TP  

Append i x  I X  C hemi c a l s 

Ant i mony 
Bery "  i urn 
C a rbon d i s u l f i d e 
Coba l t  
Coppe r 
Cya n i d e 
F l u o rene  
N i c ke l  
Su l ph i d e  
Tha l l i um 
T i n  
Vanad i um 

mg/ l  

0 . 05 
1 . 00 
0 . 0 1 
0 . 05 
0 . 05 
0 . 002  
0 . 1 0  

44  
0 . 0 1 
0 . 05 

5 
30  ( 0 .  044/mg / l ) 

1 5  

mg/ l  

0 . 0002 
0 . 004 
0 . 1 0  
0 . 00 5  
0 . 1 0  
0 . 0 1 

( No c o n c e n t ra t i on 
l i m i t s p ec i f i ed ,  
b u t  mu s t  not  
exc eed b a c kg round ) 

Proposed E PA Groundwa t e r  Protec t i on Standa rd s  - UMTRA , 5 2  F R  36 , 000 . See 
Append i x  I X ,  40 CFR 264 for comp l ete l i st o f  h a z a rd o u s  o rga n i c  and i no rga n i c  
con s t i tuents . See Tab l e s E . 2 . 7 ,  E . 2 . 8 ,  E . 2 . 1 5  a n d  E . 2 . 1 6  f o r  t h e  s i te s pec i 
f i c  b a c k g round va l ue s  u s ed a s  s t a nd a rd s  f o r  t h e  Append i x  I X  c on s t i t u e n t s . 
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E . 2 . 2  SUMMAR Y  OF HYDROGEOLOG I CA L  S I TE CHARACTE R I ZA T I O N  

The D O E  ha s c ha ra c t e r i zed t h e  hyd rogeo l ogy , wat e r  q ua l i ty ,  a n d  
wat e r  res o u rc es a t  t h e  O l d a n d  New R i f l e  ta i l i n g s  s i tes  a n d  t h e  E s t e s  
Gu l c h  a n d  L u c a s  M e s a  d i sposa l s i te s . Maj o r  p o i n t s  a re s umma ri zed be l ow .  

O l d  and  New R i f l e  s i te s  

o Both  the  O l d  and  New R i f l e  s i te s  a re u n d e r l a i n  by a d u a l  a q u i 
fe r sys tem c o n s i s t i ng o f  a s ha l l ow ,  u n c on f i ned aqu i fe r  i n  the  
a l l uv i um l i n i ng t h e  Co l o ra d o  R i ve r  a n d  a s emi c on f i ned a q u i fe r  
i n  the  Wa s a t c h  Fo rma t i on ( bed roc k )  benea t h  t h e  a l l uv i um .  

o Groundwa t e r  f l ow i n  t h e  a l l u v i um a n d  t he Wa satc h F o rma t i on i s  
towa rd t h e  wes t , rough l y  pa ra l l e l  to  t h e  f l ow i n  the  Co l o ra d o  
R i  ve r .  

o Hyd ra u l i c  c o nd u c t i v i t i es a t  t h e  O l d  R i f l e  s i te a v e rage  200 
feet p e r  day ( ft /day)  i n  t h e  a 1 1  u v i  urn a n d  0 . 03 f t lday i n  t h e  
Wa s a t c h  Fo rma t i on . A ve rage l i ne a r  g ro undwa t e r  ve l oc i t i es a re 
840 feet pe r yea r ( ft /y r )  i n  t h e  a l l uv i um and  0 . 3  f t /y r  i n  t h e  
Wa s a t c h  F o rma t i on . 

o Hyd ra u l i c  c o n d u c t i v i t i e s a t  t h e  New R i f l e  s i te a ve rage 
7 0  f t /day i n  t h e  a l l uv i um and  0 . 46 f t /d a y  i n  t h e  Wa s a t c h  
Fo rma t i on . L i nea r g ro u ndwa t e r  ve l oc i t i e s a v e rage  280 f t /yr  i n  
the  a l l uv i um and  3 . 0  f t /yr  i n  t h e  Wa s a t c h Fo rma t i on . 

o Bac kg round  wa t e r  q ua l i ty i n  t h e  a l l uv i um a t  t h e  O l d  R i f l e  s i te 
i s  c ha ra c t e r i zed by c o n c e n t ra t i on s  o f  mo l ybd e n u m ,  s e l en i um ,  
u ra n i um ,  a n d  g ro s s  a l pha a c t i v i ty t h a t  exc eed t h e  max i mum 
c o n c e n t ra t  i on  1 i mi t s  ( MC L s ) of t h e  p roposed E PA g ro u ndwa t e r  
p rotect i on s t a n d a rd s . Bac k g ro u nd g ro u ndwa t e r  q ua l i ty i n  the 
Wa s a t c h  Fo rmat i on a t  t h e  0 1  d R i f  1 e s i te i s  c ha ra c t e r i  zed by 
c o n c e n t ra t i on s  o f  mo l ybd en um ,  s e l en i um ,  and  g ro s s  a l pha 
a c t i v i ty that exc eed the p roposed E PA M C L s . 

o Bac kg round  g ro undwa t e r  qua  1 i ty i n  t h e  a l l u v i  urn a t  t h e  New 
R i f l e  s i te i s  c h a ra c t e r i zed by c o n c e n t ra t i on s  of mo l ybd e n u m ,  
s e l en i um ,  u ra n i um ,  and  g ros s a l pha  ac t i v i ty t h a t  exc eed t h e  
p roposed E PA M C L s . Bac k g round  g ro u n dwat e r  q u a l i ty i n  t h e  
Wa satc h F o rma t i on a t  t h e  N e w  R i f l e  s i te i s  c ha ra c t e r i zed b y  
c o n c e n t ra t i on s  o f  ba r i um ,  mo l ybd e n um ,  and  s e l en i um and 
act i v i t  i e s  o f  g ro s s  a l pha  a n d  rad i um-226  and  -228 c omb i ned 
t h a t  exc eed the p roposed E PA MC L s . 

o Maj o r  contam i nants  i nt rod u c ed by ta i l i ngs  s eepage a t  both  s i te s  
i nc l ude  a rs en i c , mo l ybd e n um ,  s e l e n i um ,  u ra n i um ,  vanad i um ,  and 
i ron . The  a 1 1  u v i  urn and  t h e  Wa s a t c h  F o rmat i on  a t  both  s i te s  
a re c ontami na ted f rom ta i l i ngs  s eepage . 
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o H a z a rd o u s  c on s t i t u en ts ( f rom Append i x  I X  o f  40 C F R  2 6 4 )  i d e n t i 
f i ed i n  t h e  ta i l i n gs  a t  t h e  R i f l e  p ro c e s s i ng s i te s  i nc l ude  
a rs en i c , c h romi um , mo l ybd e n u m ,  s e l en i um ,  u ra n i um ,  rad i um- 2 2 6  
a n d  -228  c omb i ned ,  b e ry l l i um ,  v a n a d i um ,  b e n z en e , d i ethyl  
phtha l ate , benzo  [ a ]  a n t h ra c ene , ben zo [ a ]  pyrene ,  c h rys e n e , 
f l u o ra n t h e n e , i nd e no ( l , 2 , 3-ed ) pyren e ,  pyre n e , a c ry l on i t r i l e ,  
2 , 4-0 , a n d  S i l vex  ( 2 , 4 , 5-TP ) . The  p ropos ed c o n c e n t ra t i on 
l i mi ts  f o r  t h e s e  c on s t i t u e n t s  a re t h e  MCls  ( i f  t h ey ex i s t f o r  
t h e  cons t i tuen t )  o r  bac k g ro u nd c o n c e n t ra t i on s , wh i c h e v e r  a re 
h i g he r .  

o Most  of  t h e  contami n a t i on a t  the  O l d R i f l e  s i te d i s c ha rg e s  to  
t h e  Co l o ra d o  R i ve r  a pp rox i ma t e l y  200 f e e t  d own g rad i e n t  o f  t h e  
ta i l i ngs , whe re wea t h e red Wa s a t c h  F o rma t i on c l aystone  p i n c h e s  
o u t  muc h  of  t h e  a l l uv i um .  

o A l t h o u g h  u pwa rd poten t i ome t r i c g rad i en t s  f rom t h e  Wa s a t c h 
Fo rma t i on to  t h e  a l l uv i um o c c u r  n a t u ra l l y  a t  t h e  O l d R i f l e  
s i te ,  g roundwa t e r  mound i ng i n  t h e  a l l uv i um re s u l t i ng f rom a 
c u l v e rt d i s c ha rg i ng on  s i te ,  h a s  d r i v e n  c o n t am i n a n t s  d ownwa rd 
i nto t h e  Wa s a t c h  Forma t i on .  The  e x t e n t  o f  c on tami na t i on i n  
t h e  Wa s a t c h  Forma t i on i s  l e s s  t h a n  i n  t h e  a l l u v i um d u e  t o  t h e  
l owe r hyd ra u l i c  c on d uc t i v i ty o f  t h e  Wa s a t c h  F o rma t i on .  

o At the  O l d  R i f l e  s i te ,  g ro u ndwa t e r  i n  the  a l l u v i um o n s i te and  
d owng rad i en t  of  the  ta i l i ngs  c o n t a i n s c on c e n t ra t i on s  o f  a r
s en i c , mo l ybd e n u m ,  s e l e n i u m ,  a n d  u ra n i um a n d  a c t i v i t i e s o f  
g ro s s  a l pha  a n d  rad i um-226  a n d  - 2 2 8  c omb i n ed t h a t  exceed  t h e  
p ropos ed E PA g ro u ndwate r p rotec t i on s ta n d a  rd MCls . I n  add  i 
t i on ,  ta i l i ng s  s e epage  a t  t h e  O l d  R i f l e  s i te h a s  g e n e ra ted 
c o n c e n t ra t i o n s  of t h e  Append i x  IX ( 40 C F R  2 6 4 )  c on s t i t u e n t s  
s u l f i d e  a n d  va nad i um t h a t  a re e l e va ted a bove  bac k g ro u n d . 

o l i mi ted samp l i ng f o r  o rga n i c  c o n t am i n a n ts i n  a l l uv i a l  g ro u n d 
wat e r  a t  t h e  O l d  R i f l e  s i te revea l ed l ow c o n c e n t ra t i on s  o f  t h e  
s o l vents  a cetone  a n d  t o l u e n e  a nd t h e  h e rb i c i d e a l pha -BHC . 
A l though  t h e s e  c hemi c a l s  we re not  u s e d  i n  t h e  m i l l i ng p roc e s s  
p e r  s e , t h ey may h a ve been  u s e d  on  s i te d u ri ng t h e  m i l l i ng 
ope ra t  i on . 

o G roundwa t e r  f rom mon i to r  we l l s  comp l eted  on t h e  O l d R i f l e  s i te 
i n  t h e  Wa s a t c h  Forma t i on conta i n s c on c e n t ra t i on s  o f  s e l en i um 
t h a t  exc eed t h e  p roposed  E PA g ro u n d wa t e r  p rotec t i on s ta n d a rd 
MCls . I n  add i t i on ,  ta i l i ng s  s e e p a g e  h a s  res u l ted  i n  e l e va ted 
c o n c e n t ra t i on s  of t h e  Append i x  IX c o n s t i t u e n t s  vanad i um and  
z i nc that  a re e l e vated  a bove ba c k g round  i n  the  Wa s a t c h  
Fo rmat i on . 

o At t h e  New R i f l e  s i te ,  a p e rc hed g ro u n d wate r sys tem of  ta i l i ngs  
f l u i d s  pa rt i a l l y  rec ha rge s  t h e  u nd e r l y i n g  a l l u v i um w i t h  c o n 
tami nated s eepage . T h e  tota l s e epage  f l ux f rom the  ta i l i ngs  
p i l e  i s  a p p rox i ma te l y  3 . 8  ga l l on s  per  m i n u te ( gpm) . 
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o The c on ta m i n a n t  p l ume a t  the  New R i f l e  s i te extends  mo re t h a n  
8 , 000 feet  d own g ra d i e n t  i n  t h e  a l l u v i um . Contami n a n t  c on c e n 
t ra t i on s  a re g e n e ra l l y h i gh e r  t h a n  a t  the  O l d R i f l e  s i te a n d  
a re g re a t e s t  b e n e a t h  t h e  va na d i um p o n d s  a n d  t h e  ta i l i ngs  p i l e .  

o Grou ndwa t e r  i n  t h e  a l l u v i um o n s i te a n d  d own g ra d i e n t  o f  t h e  
t a i l i n gs  a t  the  N e w  R i f l e  s i te c on t a i ns c o n c e n t ra t i on s  o f  
a rs en i c , cadmi u m ,  c h rom i um ,  l ea d , mo l ybde n u m ,  n i t ra te , 
s e l en i u m ,  u ra n i um ,  a nd g ro s s  a l ph a  a c t i v i ty t h a t  exc eed the  
p roposed E PA MC Ls . In  a dd i t i on ,  c o n c e n t ra t i on s  o f  t h e  Appe n 
d i x  I X  c on s t i t u e n t s  a n t i mony , c o ba l t ,  coppe r ,  n i c k e l , t ha l l i um ,  
t i n ,  va na d i um a nd z i nc a re e l e va ted a b o v e  bac k g round  c on c e n t ra 
t i on s . 

o L i mi ted samp l i ng f o r  o rga n i c  contam i n a n t s  i n  mon i to r  we l l s  
comp l eted i n  t h e  a l l u v i um a t  t h e  New R i f l e  s i te revea l ed l ow 
c o n c e n t ra t i on s  o f  t h e  s o l vents  a c e to n e  a n d  t o l u e n e  a nd t h e  
h e rb i c i d e 2 , 4 , 5 -TP . The s e  c h emi c a l s  we re b e l i e ved to  h a v e  
been  u s ed o n s i te d u ri n g  t h e  m i l l i ng o p e ra t i on . 

o Grou ndwa t e r i n  t h e  Wa s a t c h  F o rma t i on o n s i te a n d  d own g ra d i e n t  
of  t h e  t a i l i ngs  a t  t h e  N e w  R i f l e  s i te c onta i n s c o n c e n t ra t i on s  
of  ba r i u m ,  mo l ybd e n um , s e l en i um ,  u ra n i um ,  a nd a c t i v i t i es o f  
rad i um-22£>  a nd -228  c omb i n ed a n d  g r o s s  a l pha  wh i c h exceed  the  
p roposed E PA MC Ls . Ta i l i n gs  s e e p a g e  h a s  a l s o res u l ted i n  
c o n c e n t ra t i on s  o f  t h e  Append i x  I X  c on s t i t u e n t s  c oba l t ,  n i c k e l , 
s u l f i de ,  t i n ,  vanad i um a n d  z i nc t h a t  a re e l e vated  a bove 
b a c k g round  i n  Wa s at c h  Fo rma t i on g rou ndwa te r .  

o Low c o n c e n t ra t  i on s  o f  t h e  s o l vents  a c etone  a nd t o l u e n e  have  
been  detected  i n  one  mon i to r  we l l  c omp l eted i n  the  Wa s a t c h  
Forma t i on a t  the  New R i f l e  s i te .  

o Contami  n a t  i on  i n  t h e  Wa s a t c h  Fo rmat i o n  a t  t h e  New R i f l  e s i te 
extends  mo re t h a n  3 , 500 feet  d owng ra d  i ent  to a d e p t h  o f  a t  
l ea s t  90 feet . 

Es tes  Gu l c h a l t e rn a t e  d i spo s a l  s i te 

o The E s t e s  Gu l c h  s i te i s  u n d e r l a i n  by t h e  Wa s a t c h  Fo rma t i on .  
Grou ndwa t e r  benea t h  the  s i te f l ows to  t h e  s o u t h ea s t  a l on g  t h e  
s t r i k e  o f  t h e  steep l y  d i pp i ng b e d s  o f  t h e  Wa s at c h  Fo rma t i on .  

o The a ve ra ge hyd ra u l i c condu c t i v i ty o f  t h e  Wa s a t c h  Fo rma t i on a t  
E s t e s  Gu l c h i s  £> x 1 0-5 f tlday ( 2  x 1 0-8 c e n t i mete rs pe r 
s ec ond ( cm/s » , a nd t h e  a ve ra g e  l i n ea r g ro u ndwa t e r  ve l oc i ty i s  
l es s  t h a n  0 . 1  ft/y r .  

o Bac k g ro u n d  g ro u ndwa t e r  qua l i ty i n  t h e  Wa s a t c h  Forma t i on beneath  
the  E s t e s  Gu l c h s i te i s  poo r .  Wat e r  q ua l i ty f rom t h ree  mon i to r  
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we l l s  n ea r t h e  d i spos a l  s i te c o n t a i ned  TDS ra ng i ng f rom 8 , 260 
to 24 , 300 mg/ l  a nd c on c e n t ra t i on s  o f  ba r i um ,  c admi um , l ea d , 
mo l ybde n um , a n d  s e l e n i um t h a t  exc eeded  E PA s t a nd a rd s . 

o Bec a u s e  t h e  a v e ra g e  g ro undwa t e r  ve l oc i t i es beneath  t h e  s i te 
a re so  l ow ,  i t  i s  u n l i ke l y  t h a t  c on tami nat i on wi l l  m i g ra t e  
beyond t h e  t o e  of  t h e  p i l e  w i t h i n  t h e  1 000-yea r d e s i gn l i f e o f  
t h e  p i l e ;  t h e re f o re , t h e  p ropo s ed E PA g ro u ndwa t e r  p ro t ec t i on  
s ta nda rd s  w i l l  be  met . 

o G ro undwa t e r  a t  E s t e s  Gu l c h c ou l d  b e  c l a s s i f i ed a s  C l a s s  I I I , 
b a s ed on t h e  l ow y i e l d  o f  t h e  Wa s a t c h  Forma t i on a nd t h e  poo r 
qua l i ty o f  t h e  g ro u ndwa te r .  

L u c a s  Mesa  a l t e rn a t e  d i spo s a l s i te 

o T h e  L u c a s  Mesa  s i te l i e s  on  a remn a n t  ped i me n t  s u rf a c e  u n d e r
l a i n  by t h e  S h i re Memb e r  of  t h e  Wa s a t c h  F o rma t i on . The  
ped i me n t  c o n s i s t s  o f  a p p rox i ma te l y  30 . to  9 0  feet  o f  s a nd s , 
g ra ve l s ,  c obb l es ,  a nd bou l d e rs i n  a c l ay ,  s i l t  ma t r i x .  The  
und e r l y i ng Wa s a t c h Forma t i on c on s i s t s  of  200 to 400  feet  of  
p red om i na nt l y  s ha l e  a nd c l aystone . 

o No  g roundwa t e r  h a s  been  e n c o u n t e red i n  t h e  u n c o n s o l i d a ted 
ma t e r i a l s  o f  the  ped i me n t , a l t h o u g h  l oca l i zed p e rc hed zones  
may oc c u r  i n  t h e  ped i me n t  ma t er i a l s o r  a t  t h e  bed roc k i n t e r
fac e .  

o The  a v e ra g e  s a t u rated  h yd ra u l i c  c on d uc t i v i ty of  t h e  u nc on s o l i 
d a t ed mat e r i a l s i s  0 . 02 f t/day a n d  t h e  a v e ra g e  hyd ra u l i c  
c o n d uc t i v i ty o f  t h e  Wa s a t c h  F o rma t i on i s  p roba b l y  on  t h e  o rd e r  
of  1 0-5 f t /d ay . 

o G rou ndwa t e r  ve l oc i t i e s  i n  t h e  Wa s a t c h  F o rma t i on a re l ow .  

o Grou ndwa t e r qua l i ty i n  t h e  Wa s a t c h Forma t i o n  benea t h  t h e  L u c a s  
Mesa  s i te i s  u n d e t e rmi n ed , b u t  mos t l i ke l y  i t  i s  s i m i l a r  t o  
t h a t  of t h e  Wa s a tc h Forma t i on b e n ea t h  t h e  E s t e s  Gu l c h  s i te . 
Con s e q u e n t l y ,  g ro u ndwa t e r i n  t h e  Wa s a t c h  Forma t i on a t  the  
L u c a s  Mesa  s i te wou l d  be C l a s s  I I I  i n  t e rms of  q ua l i ty .  

E . 2 . 3  H YDROGEOLOG I C  S I TE CHARACT E R I ZA T I O N  

E . 2 . 3 . 1  P rev i ou s  i nves t i ga t i on s  

Seve ra l hyd ro l og i c  a n d  geo l og i c  s t ud i e s  have  been  c om
p l eted f o r  the O l d  a nd New R i f l e  ta i l i ngs  s i te s . T h e s e  
i nves t i ga t i on s  va r i ed i n  s c ope a n d  d e ta i l .  
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I n  1 9 7 7 , Ford , Bac o n  & Da v i s U t a h  I n c . ( FB D U , 1 9 7 7 )  p re 
pa red a p re l i m i na ry ,  rec o n n a i s s a n c e - l e ve l i n ve s t i ga t i on o f  t h e  
hyd ro l ogy a n d  g e o l ogy a t  t h e  u ra n i um m i l l  ta i l i ng s  s i te s  a t  
R i f l e .  Th i s  i n ve s t i ga t i on i nc l uded  a g e n e ra l  c h a ra c te r i zat i on 
o f  t h e  l oc a l geo l ogy a nd s u rf a c e  a n d  g ro u ndwa t e r  hyd ro l ogy a n d  
a s umma ry o f  wa t e r  u s e  f o r  t h e  reg i on .  The  i n ves t i ga t i on 
c on c l uded  t h a t  g ro u ndwa t e r h a d  been  a f fected  by m i l l i ng 
a c t i v i t i es a t  t h e  s i te s  b u t  d i d  not  d e l i neate  t h e  s ha p e  o r  
extent  o f  t h e  c on ta m i n a n t  p l umes i n  t h e  a l l u v i um .  I t  a l s o 
c on c l  uded  t h a t  c on ta m i  n a t  i on o f  t h e  Wa s a tc h Format i on  b e n e a t h  
t h e  s i te s  wa s v i rtua l l y  i mpos s i b l e  d u e  to  t h e  f o rmat i on ' s  l ow 
hyd ra u l i c  c o n d u c t i v i ty a n d  i ts c on f i ned  poten t i ome t r i c s u rf a c e . 

Ford , Bacon  & D a v i s Uta h I n c . ( FB D U , 1 9 8 1 ) a l so p repa red 
an eng i n ee r i n g  a s s e s smen t  of t h e  O l d  a nd New R i f l e  ta i l i ng s  
s i te s  t h a t  i nc l u d e d  a b r i e f  re v i ew o f  t h e  h yd ro l ogy a n d  
geo l ogy o f  t h e  a rea . T h e  a s s e s sme n t  a ga i n  c on c l uded  t h a t  
t h e re wa s g roundwa t e r  contami  nat  i on  w i t h i  n t h e  a l l u v i  u rn  a n d  
t h a t  the  u p p e r  s i l t s tones  a n d  c l a y s t o n e s  i n  t h e  Wa s a t c h  
Forma t i on p re vented d ownwa rd m i g ra t i on o f  contami n a t i on . 

The  Co l o ra d o  Geo l og i c  S u rvey ( C GS , 1 9 8 2 ) c o n d ucted  a re
g i ona l s e a rc h  f o r  s i te s  t h a t  we re s u i ta b l e  for the re l oc a t i on 
a n d  rep roc e s s i ng o f  t h e  R i f l e  a n d  Gra n d  J u nc t i on u ra n i um m i l l  
ta i l i ng s . The  C GS e va l uated  t h e  hyd rogeo l ogy o f  n i ne poten
t i a l  s i te s  f o r  pos s i b l e  d i s p o s a l of  t a i l i ng s  f rom both  s i t e s . 

Ma rkos  a nd B u s h  ( 1 9 8 3 )  p e r f o rmed a geochemi c a l s t ud y  o f  
t h e  O l d  a nd New R i f l e  ta i l i ng s  s i te s . G ro undwa t e r  f rom s e v e ra l  
ba c k g ro u n d  Wa s a t c h  Fo rma t i on we l l s  a n d  s u rf a c e  wa t e r  f rom 
o n s i te a nd o f f s i te samp l i ng l oc a t i on s  we re a n a l yzed , a n d  
geoc h em i c a l a c i d - a nd wa te r-e x t ra c t s  f rom ta i l i ng s  samp l e s  
were e va l uated . The  a n a l yt i ca l  d a t a  we re p u b l i s hed , b u t  n o  
i nterpre t i ve report wa s re l ea s ed . 

The NUS  Co rpo rat i on i s s ued  a p re l i m i n a ry e n v i ronme n ta l  
i mpa c t  s ta teme n t  ( DO E , 1 98 3 )  f o r  t h e  R i f l e  ta i l i ng s  s i tes . 
Th i s  s t a tement  i nc l uded  a hyd rogeo l og i c  s t udy  b a s ed on  d a t a  
f rom 1 0  newl y i n s ta l l ed mon i to r  we l l s  a t  e a c h  o f  t h e  O l d a n d  
N e w  R i f l e  ta i l i ng s  s i te s  a n d  pump i ng t e s t s  c o n d u c ted on thes e 
we l l s .  Howe ve r ,  t h e  c omp l e t e  e x t e n t  o f  c o n ta m i nat i on i n  t h e  
a l l uv i um a t  b o t h  s i te s  wa s n o t  d e f i ned , a n d  c on tam i nat i on 
w i t h i n  t h e  Wa s a t c h  Fo rma t i on wa s not a d eq u a t e l y  a d d re s s ed . 

E . 2 . 3 . 2  Recent  i n ve s t i ga t i on s  

The U ra n i um M i l l  Ta i l i ng s  Remed i a l  Ac t i on ( UMTRA ) P roj e c t  
s i te c h a ra c te r i za t i o n p rogram c o n d u c t e d  b y  t h e  DOE  a t  t h e  R i f l e  
ta i l i ng s  s i te s  a n d  t h e  E s t e s  Gu l c h a n d  L u c a s  M e s a  a l t e rn a t e  
d i s po s a l s i te s  h a s  i nc l ud ed exten s i ve hyd rogeo l og i c a l  i n ve s t i 
ga t i ons . T h e s e  i nv e s t i ga t i on s  c on s i s t e d  of  t h e  f o l l ow i n g  
a c t i v i t i es : 

[-47  



o The  i n s ta l l a t i on of  1 2  add i t i ona l mon i to r  we l l s  i n  the  
a l l uv i um a n d  1 3  mon i to r  we l l s  i n  t h e  Wa s a tc h Fo rma t i on 
a t  the  O l d  R i f l e  s i te i n  1 9 8 5 . 

o T h e  i n s ta l l a t i on of  2 1  ad d i t i ona l mon i to r  we l l s  i n  t h e  
a l l uv i um a n d  28  mon i to r  we l l s  i n  t h e  Wa s a t c h  F o rma t i on 
a t  the  New R i f l e  s i te i n  1 9 8 5 . 

o The  i n s ta l l a t i on of  1 3  mon i to r  we l l s  a t  t h e  E s t e s  
Gu l c h a l t e rn a t e  d i s pos a l  s i te .  

o T h e  i n s ta l l a t i on of  f i ve mon i to r  we l l s i n  t h e  u n con
s o l i d ated ( d e b r i s -f l ow)  ma te r i a l  a t  t h e  Lucas  Mesa  
a l t e rn a t e  d i s posa l s i te .  

o B o re h o l e d r i l l i ng a n d  l i t h o l og i c  samp l i ng a t  a l l  s i te s . 

o S l an t  b o re h o l e  d r i l l i ng a nd pa c k e r  t e s t s  on  f i ve 
b o reho l es to  d e t e rmi n e  hyd ra u l i c  c o n d uc t i v i ty a t  the  
E s tes  Gu l c h d i s pos a l  s i te . 

o Pac k e r  tes t i ng of s i x  b o re h o l es a t  t h e  L u c a s  Me s a  s i te  
to  dete rm i  ne  the  s a t u rated  h yd ra u l  i c conduct  i v i ty of  
t h e  ped i me n t  ma t e r i a l s .  

o B o re h o l e geop hys i c a l  l ogg i ng ( ga mma , s e l f -pot e n t i a l , 
res i s t i v i ty ,  n e u t ron p o ro s i ty ,  c a l i pe r ,  a n d  tempe ra 
t u re l og s )  a t  a l l s i te s . 

o S u rveyi n g  of  a l l  we l l  l oc a t i on s  i nc l ud i ng ground  s u r
f a c e  and  c a s i ng e l eva t i on s . 

o Cond u c t i n g pump t e s t s  on  f o u r  O l d  R i f l e  a n d  t e n  New 
R i f l e  a l l uv i a l  mon i to r  we l l s a n d  s l ug t e s t s  on  t h ree  
O l d  R i f l e  a n d  1 2  New  R i f l e  Wa s a t c h  Fo rma t i on mon i to r  
we l l s .  

o Mea s u r i ng  t h e  g ro u ndwa t e r  e l e va t i on s  i n  mon i to r  we l l s  
a t  the  O l d  a n d  New R i f l e  ta i l i n gs  s i te s  a n d  a t  the  
E s t e s  
Gu l c h s i te .  

o G ro undwa t e r  samp l i ng a t  the  R i f l e  ta i l i ng s  s i te s  i n  
J u n e  a n d  Dec embe r of  1 9 85 , May of  1 986 , a n d  Octobe r of  
1 98 7  and  c o n d uc t i ng f i e l d  mea s u reme n t s  of  tempe ra t u re ,  
pH , a n d  a l ka l i n i ty f o r  t h e  s a mp l es .  

o Pe rform i ng l abo ra t o ry a n a l y s e s  of 
maj o r i on s , t ra c e  e l emen t s , meta l s ,  
a n d  othe r  rad i on u c l i d e s . 

the  samp l e s for  
u ra n i um ,  rad i um ,  

o Samp l i n g a nd ana l yz i n g g roundwa t e r  a n d  ta i l i ngs  a t  the  
O l d  and  New R i f l e  p roc e s s i ng s i te s  for  Append i x  IX  
o rga n i c  c on s t i tuents . 
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o I n s ta l l a t i on a n d  samp l i ng o f  l ys i me t e rs i n  the  
t a i l i ngs  p i l e s to c h a ra c te r i z e  ta i l i ng s  p o re f l u i d s . 

A l l f i e l d  a nd l a b o ra t o ry p ro c ed u re s , d a ta a na l ys e s , a n d  
c a l c u l at i on s  we re p e rformed a c c o rd i ng to t h e  s t a nd a rd o p e r 
a t i ng p roc ed u re s  d e v e l oped f o r  t h e  UMTRA Proj e c t  ( DO E , 1 98 5 ) . 
F i g u re E . 2 . 1  d e p i c t s  the  typ i ca l  c o n s t ruc t i on d e ta i l s  f o r  t h e  
mon i tor  we l l s  i n s ta l l ed b y  t h e  DOE  a t  t h e  R i f l e  ta i l i ng s  s i te s  
a nd a l te rnat e  d i s p o s a l s i te .  F i g u re s  E . 2 . 2  t h ro u g h  E . 2 . 7  s how 
t h e  l oc a t i on s  o f  a l l  o f  t h e  mon i to r  we l l s  a t  both  m i l l  p ro
c es s i ng s i te s  and  t h e  p ro p o s ed E s t e s  Gu l c h a nd L u c a s  Mesa  
d i sposa l s i te s . 

E . 2 . 3 . 3  Reg i ona l hyd rost ra t i graphy 

Geo l ogy 

The R i f l e  UMTRA Proj e c t  s i te s  a re l oc ated on t h e  s o u t h 
e a s t e rn f l a n k  o f  t h e  a symmet ri c P i c ea n c e  C reek  Ba s i n ,  a 
s t r u c t u ra l a n d  s ed i me n t a ry d ownwa rp c o n ta i n i ng re l a t i ve l y  
h o r i zonta l s ed i me n t a ry a nd vo l c a n i c  roc k s . The O l d  a n d  New 
R i f l e  ta i l i ng s  s i te s  re s t  on t h e  C o l o ra d o  R i ve r  f l ood p l a i n  
a l l u v i um ( F i gu re E . 2 . 8 ) , wh i c h i s  c omp r i s e d  o f  s i l t s ,  s a nd s , 
g ra ve l s ,  a nd cobb l es . The C o l o ra d o  R i ve r  va l l ey i s  i nc i sed  
i n to the  Wa s a t c h  Forma t i on a n d  i s  b o rd e red on  t h e  north  by the  
Book  C l  i f f s  a n d  t h e  Gra n d  Hogba c k  monoc l i n e a n d  on t h e  s o ut h  
b y  t h e  R o a n  C l i f f s . 

The  Wa s a t c h  Forma t i on a t  R i f l e  c o n s i s t s  o f  a s e r i e s  o f  
i n t e rbed d ed s ha l e s a n d  l ent i c u l a r  s a n d stone  u n i t s d i pp i ng f i ve 
to  ten d e g re e s  to  t h e  wes t- s o u t hwe s t . The  f o rma t i on conta i n s  
t h e  Sh i re ,  Mo l i na ,  a nd Atwe l l Gu l c h  Membe rs . The  u p p e r  S h i re 
Memb e r  i s  1 , 600 feet  th i c k nea r R i f l e  a nd c o n s i s ts  o f  va r i 
ega ted c l ays tone s , s i l t stones , a n d  s ome l en t i c u l a r  s a n d s tone s . 
The  m i dd l e  Mo l i n a  Memb e r  i s  500 f e e t  th i c k  a n d  c o n s i s t s  p r i 
ma r i l y  o f  sand s tone  wi th  t h i n ,  i n te rbedded  c l aystones  a n d  
s i l tstone s . The l owe r Atwe l l Gu l c h Memb e r  i s  a pp rox i ma t e l y  
600 feet  t h i c k  a n d  c o n ta i n s a s e r i e s  o f  s h a l e s  a n d  s a n d s to n e s  
w i th  th i n ,  d i s c o n t i n uo u s  i n te rbed s o f  l i gn i te a n d  c a rbon i 
f e ro u s  s ha l e . 

The  E s tes  Gu l c h  a l t e rn a t e  d i s pos a l  s i te ,  s i x  m i l e s  n o rt h  
o f  R i f l e ,  l i es on  t h e  s o uthwe s t e rn f l a n k  o f  t h e  Gra nd Hog b a c k  
monoc l i ne  a n d  i s  u n d e r l a i n  b y  t h e  Sh i re Memb e r  o f  t h e  Wa s a t c h  
Forma t i on . Beneath  t h e  s i te ,  t h e  bedd i ng p l a n e s  o f  t h e  Wa s a t c h  
Forma t i on a re nea r l y  vert i ca l , d i pp i ng f rom 65  to  7 5  d e g rees  
towa rd the  s o u t h - s o u t hwe s t . 

The L u c a s  Mesa  a l t e rn a t e  d i s p os a l  s i te l i e s 3 5  mi l e s 
s o uthwe s t  o f  R i f l e  n ea r t h e  town o f  OeBeque . I t  l i e s  on a 30-
to  90-foot-th i c k  ped i me n t  s u rf a c e  u n d e r l a i n  by the  Sh i re 
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Memb e r  o f  t h e  Wa s a t c h Forma t i on . T h e  s i te i s  we l l  w i t h i n  t h e  
P i c ea n c e  Ba s i n ,  on  a s l i gh t  sync l i ne a s s oc i ated  w i t h  t h e  
DeBeque  a nt i c l i ne ( Ca s h i on ,  1 9 7 3 ) . The  Wa s a t c h  Fo rma t i on 
bed roc k beneath  t h e  s i te d i p s n o rt h e a s twa rd a t  2 d e g rees . 

Deta i l ed d e s c r i pt i on s  o f  the  geo l ogy a t  t h e  R i f l e  UMTRA 
Proj e c t  s i te s  a re p rov i d ed i n  Sec t i on 0 . 2  of Append i x  0 ,  
S o i l s ,  Geo l ogy a nd Se i s m i c i ty .  

Geohyd ro l ogy 

Reg i on a l  g ro undwa t e r  f l ow i n  t h e  P i c e a n c e  C re e k  Ba s i n  
oc c u rs p r i ma r i l y  i n  the  Pa rac h ute  C re e k  Memb e r  o f  t h e  G re e n  
R i ve r  Forma t i on t h a t  o v e r l i es the  Wa s a t c h  Forma t i on ( Wee k s , 
1 9 7 4 ) . Howe ve r ,  i n  the  v i c i n i ty o f  the  R i f l e  UMTRA Proj ect  
s i te s , t h e  G reen  R i ve r  Forma t i on h a s  b e e n  e rod ed awa y , l ea v i ng 
the  Wa s a t c h  Forma t i on exposed . 

A l t h o u g h  t h e  g rou ndwa t e r f l ow system i n  the  Wa s a t c h  
Fo rma t i on i s  n o t  we l l  d o c ume n t ed , s t ru c t u ra l  a nd s t ra t i g ra p h i c  
d e s c r i pt i on s  i n  Donn e l l ( 1 9 6 8 ) , Mu rray ( 1 9 7 4 ) , a n d  Tweto et  a l . 
( 1 9 7 8 )  s ugge s t  t h a t  f l ow i n  the  f o rma t i on i s  s t ruc t u ra l l y  c o n 
t ro l l ed ,  wi t h  g roundwa t e r  f l ow i ng d own d i p  towa rd the  a x i s  o f  
t h e  b a s i n  away f rom t h e  G ra nd Hogba c k .  M o s t  o f  t h i s  f l ow 
oc c u rs a s  l at e ra l , c on f i ned f l ow i n  t h e  mo re t ra n s m i s s i ve 
s a n d s tone bed s o f  t h e  m i dd l e  Mo l i na Memb e r  o f  t h e  Wa s a t c h  
Forma t i on . T h e  u p pe r ,  l es s  t ra n smi s s i ve un i t s o f  t h e  Sh i re 
Memb e r  a c t  a s  a c on f i n i ng l ay e r  a nd l i mi t v e rt i c a l  f l ow 
between  the  memb e rs . 

The  f l ood p l a i n  a l l u v i um a nd t h e  Wa s a t c h  Forma t i on a re two 
wa te r-bea r i ng u n i t s benea t h  the  O l d  a nd New R i f l e  ta i l i ng s  
s i te s . T h e  ta i l i n g s  a t  both  s i te s  res t  on  t h e  Co l o ra d o  R i ve r  
a l l uv i um ,  wh i c h  i s  one  m i l e  wi d e , 20 t o  40 feet  d e e p , a n d  
bound ed on  the  n o rt h  and  s o u t h  by t h e  Wa s a t c h  Forma t i on ( F i g
u re [ . 2 . 8 ) . T h e  a l l u v i um i s  rec h a rged by p re c i p i ta t i on ,  
ret u rn i rr i ga t i on f l ow ,  a nd t h e  Co l o ra d o  R i ve r .  B e n e a t h  t h e  
a l l u v i um ,  g roundwa t e r  f l ow i n  the  i nt e rl a ye red s a n d s to n e , 
s i l t s to n e , a n d  c l aystone  b e d s  o f  t h e  Wa s a t c h  Forma t i on i s  
s em i c on f i ned . The  Wa s a t c h  Forma t i on h a s  l owe r hyd ra u l i c  
c o n d u c t i v i t i e s t h a n  the  a l l u v i um .  

I n  g e n e ra l , g ro u ndwa t e r  f l ow i n  t h e  a l l uv i um a n d  Wa s a t c h  
Forma t i on a t  the  R i f l e  ta i l i ng s  s i te s  i s  towa rd t h e  wes t  pa ra l 
l e l l i ng t h e  Co l o ra d o  R i ve r .  Sea s o n a l f l u c t ua t i on s  i n  t h e  
Co l o ra d o  R i ve r  c o n t ro l  f l ow i n  t h e  a l l u v i um .  D u r i ng  t h e  
s umme r wh en  the  Co l o ra d o  R i ve r  i s  h i g h ,  t h e  r i ve r  rec ha rge s  
t h e  a l l u v i um .  D u r i ng t h e  f a l l  a n d  w i n t e r wh en  t h e  r i v e r  i s  
l ow ,  g rou ndwate r i n  t h e  a l l u v i um d i s c h a rg e s  to t h e  r i v e r .  
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S i m i l a r l y ,  t h e  a l l u v i um may a l s o rec h a rge t h e  Wa satc h 
Forma t i on d u r i ng p e r i od s  o f  h i gh f l ow ,  and  t h e  Wa s a t c h  For
ma t i on may rec h a rge the a l l uv i um d u r i n g p e r i od s  o f  l ow f l ow .  

The  E s t e s  Gu l c h s i te i s  u n d e r l a i n  by t h e  Sh i re Memb e r  o f  
t h e  Wa s a t c h  Fo rmat i on . Benea t h  t h e  s i te , g ro u ndwate r  p rob
a b l y  f l ows a l ong t h e  s t r i k e  o f  t h e  s t ee p l y d i pp i ng bed s  
towa rd s t h e  s o u t h ea s t . 

G ro u ndwa t e r  f l ow i n  t h e  Wa sat c h  Forma t i on beneath  the  
L u c a s  Mesa  s i te i s  mos t  l i ke l y  s t ru c t u ra l l y  cont ro l l ed ,  
f l ow i ng  d own d i p  to t h e  n o rt h ea s t . 

E . 2 . 3 . 4  O l d  R i f l e  s i te 

G ro undwa t e r  f l ow a n d  hyd ra u l i c  pa ramet e rs 

The  a l l u v i um at  the  O l d  R i f l e  s i te i s  a p p rox i mate l y  20  
feet  t h i c k , w i t h  depths  to  g ro u ndwa t e r  ra ng i ng f rom two to  1 2  
feet  b e l ow t h e  l a nd s u rfa c e . G ro u ndwa t e r  l e ve l s  i n  t h e  a l l u
v i um f l u c t ua t e  more than  s e ve n  feet  d u r i ng t h e  yea r ( Ta b l e 
E . 2 . 2 ) depend i ng on  the  stage  h e i g h t  o f  t h e  Co l ora d o  R i ve r .  
F i g u re s  E . 2 . 9  and  E . 2 . 1 0  d ep i c t t h e  pote n t i omet r i c s u rfa c e s  i n  
t h e  a l l u v i um a t  t h e  O l d R i f l e  s i te d u r i ng s unvne r and  w i n t e r ,  
re s p e c t i ve l y .  

The  s o u rc e s  o f  rec ha rg e  t o  t h e  a l l u v i um i nc l ud e  ba n k  i n 
f i l t ra t i on f rom t h e  C o l o rado  R i ve r ,  p re c i p i tat i o n , s u rfa c e  and 
s u b s u rface  i rr i gat i on retu rn f l ow ,  a n d  d i s c ha rge f rom t h e  
Wa s a t c h  F o rma t i on i n  a reas  w i t h  u pwa rd ,  v e rt i ca l  pote n t i ome t r i c 
g rad i ents  ( F i g u re E . 2 . 1 1 ) .  T h e re i s  a l so rec ha rge f rom a 
c l o s ed bas i n  n o rt h  o f  U . S .  H i g hway 6 ;  g ro u ndwate r s e e p s  f rom 
t h e  h i l l s i d e and i s  d i ve rted t h ro u g h  an u n d e rg round  c u l v e rt 
t h a t  d i s c ha rg e s  onto  t h e  O l d  R i f l e  s i te northea s t  o f  t h e  ta i l 
i ngs  p i l e  ( F i g u re s  E . 2 . 9  and  E . 2 . 1 0 ) . Th i s  d i s c h a rge p e rco
l ates  t h ro u g h  t h e  a l l  uv i  urn , c reat i n g  a g ro u ndwate r mound  that  
extend s i nto t h e  ta i l i ng s . Some mo u n d ed g ro u ndwa te r  i n i t i a l l y  
f l ows s o u t h  and  ea s t  but  i s  e v e n t ua l l y  t u rned we s twa rd by the  
d om i nant  hyd ra u l i c g rad i ent  wi t h i n  t h e  a l l uv i um .  Th i s  g rad i ent  
i s  0 . 003 . 

App rox i mate l y  500 feet  d owngrad i e n t  o f  t h e  ta i l i ngs  p i l e ,  
f l ow i n  t h e  a l l u v i um i s  d e f l e c t ed i n to the  Co l o ra d o  R i ve r  by 
a n  outc rop o f  wea t h e red Wa s a t c h  F o rmat i on c l aystone . Some 
g ro u ndwa t e r  c o n t i n u e s  to f l ow wes t  i n  a 50-foot-w i d e  s t r i p of  
a l l uv i um between  t h e  outc rop  and  t h e  r i ve r .  I t  i s  not  k n own 
to what extent  g ro u ndwate r f l ows t h ro u g h  t h e  wea t h e red c l ay
stone we s t  of the s i te .  G roundwa t e r  a t  the  ta i l i ng s  s i te 
p roba b l y does  not  f l ow a c ro s s  t h e  Co l o ra d o  R i ve r  i n  the  
a l l u v i um beca u s e  t h e  r i ve r  i s  a g roundwa t e r  f l ow l i ne . 
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Ta b l e  [ . 2 . 2  G roundwa t e r  l eve l s  i n  a l l uv i a l  mon i to r  we l l s ,  O l d  R i f l e  s i t e 

Max i mum 
wa t e r  
l e v e l  

f l uc tu-
Groundwa t e r  l e v e l  ( f eet a bove mea n sea l eve l )  a t i on 

Mon i to r  
we l l  

numbe ra 

Comp l et i on 
i nte rva l 

( depth i n  
feet ) 01 /23/82 01 /30/83 02 / 1 7 /8 3  02/23 /83 06/06/83 06/1 8 /83 06/21 /83 09/1 9 /8 3  09/30/83 1 0/01 /83 0 1 /1 0 /84 0 1 /23/84 06/24/85 1 2 /08/85 ( feet ) 

581 b 28 . 6  to 3 1 . 0  5300 . 5 5 5 300 . 5 5 5 3 00 . 5 5 5 3 0 3 . 8 5 5304 . 9 5  5301 . 65 5301 . 4 5 5301 . 5 5 5 30 1 . 45 5301  . 1 5  5 3 0 1 . 82 4 . 60 
582 b 1 9 . 3  to 2 1 . 3  5303 . 9 1  5304 . 2 1  5 304 . 2 1  5304 . 8 1 5305 . 2 1 5 3 04 . 7 1 5304 . 7 1 5304 . 7 1 5 304 . 7 1 5 309 . 38 5 3 0 5 . 40 5 . 4 7  
583b 2 3 . 4  to 2 5 . 7  5300 . 48 5300 . 58 5300 . 48 5 300 . 58 5 30 3 . 78 5 304 . 88 5301 . 58 5301 . 48 5301 . 4 8  5301 . 38 4 . 40 
584 b 1 3 . 0 to 1 7 . 0 5300 . 3 1 5 300 . 31 5 300 . 2 1 5 3 0 5 . 8 1  5 306 . 2 1 5307 . 1 1  5301 . 81 5301 . 7 1  5 3 0 1  . 7 1 5301 . 7 1  5 30 1 . 7 1 5 305 . 78 5302 . 9 8  6 . 9 0  
585b 1 1 . 5 to 1 9 . 5  5300 . 8 1 5 3 00 . 9 1 5 300 . 9 1  5 30 4 . 5 1 5305 . 6 1 5306 . 21 5 302 . 01 5301 . 8 1  5301  . 7 1 5301 . 6 1 5 . 40 
586b 1 8 . 7  to 2 1 . 3  5 29 7 . 5 5 5 29 7 . 5 5 5 30 1 . 6 5 530 3 . 4 5 5303 . 9 5  5 2 9 8 . 4 5  5298 . 45 5298 . 4 5 5298 . 4 5  5298 . 35 5301 . 20 5 2 9 7 . 07 6 . 88 
587b  1 3 . 3  to 1 5 . 6  5297 . 7 3 5 29 7 . 4 7 5 30 1 . 5 3 5 303 . 33 5303 . 83 5298 . 33 5298 . 2 3 5298 . 23 5298 . 2 3 5 2 98 . 1 3  6 . 36 
588b 9 . 3  t o  1 1 . 5 5 29 7 . 5 1 5 2 9 7 . 5 1 5 30 1 . 6 1 5303 . 6 1 5304 . 1 1  5298 . 4 1  5298 . 41 5298 . 4 1 5298 . 4 1  5 2 9 8 . 3 1  5301 . 80 5 29 7 . 74 6 . 60 
589 b 6 . 0  to 1 7 . 5  5299 . 2 6 5299 . 26 5299 . 63 5 3 0 1 . 36 5301 . 86 5306 . 86 5299 . 7 6 5299 . 66 5 2 9 9 . 66 5299 . 56 5 2 9 9 . 56 5301 . 05 5 3 00 . 1 8  7 . 60 
590b 1 1 . 2 t o  1 9 . 0 5287 . 88 5287 . 7 8  5289 . 4 8 5290 . 08 529 5 . 28 5288 . 4 8  5288 . 28 5 2 88 . 1 8  5288 . 08 5288 . 08 5 29 1 . 24 7 . 50 
593c 22 . 3  t o  2 7 . 3  5 3 0 1 . 7 0 5 30 3 . 90 5305 . 60 5 302 . 90 5302 . 70 5302 . 70 5302 . 60 3 . 90 
594c 22 . 3  t o  27 . 3  5301 . 90 5304 . 60 5305 . 90 5302 . 80 5 302 . 70 5 302 . 80 5 302 . 70 4 . 00 
5 9 5 c  1 7 . 5 t o  22 . 5  
596c 22 . 4  t o  2 7 . 4  
5 9 7 c  7 . 5  t o  1 2 . 5  5 31 2 . 03 5 3 1 1 . 06 0 . 9 7  
598c 1 5 . 3  t o  20 . 3  5 3 1 2 . 1 5  5 3 1 0 . 98 1 . 1 7  
599c 7 . 2  t o  1 2 . 2 5294 . 33 
600c 1 5 . 8  to 2 0 . 8  5294 . 3 7  5 2 9 1 . 74 ·  2 . 63 
601 c 6 . 3  to 1 1 . 3 5 2 92 . 7 1 5285 . 21 7 . 50 
602c 1 4 . 65 to 1 9 . 65 5291 . 24 5289 . 65 1 .  5 9  
603c 6 . 0  to 1 1 . 0 5285 . 9 3 5282 . 84 3 . 09 
604c 1 6 . 5  to 2 1 . 5  5285 . 96 5 2 8 3 . 09 2 . 87 

aMon i to r  we l l  l oca t i on s  a re s hown i n  F i g u re E . 2 . 2 .  
bWe l l  ca s i ng d i ameter  i s  f o u r  i nc hes . 
cWe l l ca s i ng d i ame t e r  i s  two i nc hes . 
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EA ST F E E T  I U MT RA COORD I  NATE SYSTE M )  

F I G U R E  E . 2 . 1 1  

w " ""'" E 

K E Y  

W - WASATCH W ELL  
A - A LLUV I A L  W EL L  

W E L L  N U  M BE R  

WAT E R  L EV EL 5312 15 TOP OF G ROU NO ELEVAT ION  . 
S U R FACE 

iTOP OF CAS I NG 

6 / 2 5 / 8 5  

SCRE ENED  I NT ERVAL { : :  
N OT E :  MON ITOR WELL  LOCAT I ONS  ARE  

SH OWN ON F IGU R ES E. 2 . 2  AND 
E. 2 . 3 .  

WAT E R  L E V E L  D I F F E R E N C E S  
BE T W E E N  A L L U V I U M  A N D  WASATCH F O R M AT I O N , O LD R I F L E  S I T E  
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Pump i ng t e s t s  c o n d u c ted on  f i ve mon i to r  we l l s  i n  the  
a l l uv i um at  the  O l d R i f l e  s i te y i e l d e d  an  a ve ra g e  hyd ra u l i c 
c o n d uc t i v i ty of  200 f tlday ( Ta b l e E . 2 . 3 ) .  The a ve ra g e  l i nea r 
g ro undwa t e r  ve l oc i ty i n  the  a l l u v i um a t  the  O l d  R i f l e  s i te wa s 
c a l c u l ated to be  840 f t /yr  u s i ng Da rc y ' s  Law e q ua t i on ( F ree z e  
a nd C h e rry , 1 9 79 ) , a hyd ra u l i c cond uc t i v i ty o f  200 f t ld a y ,  a n  
e f fec t i ve p o ro s i ty o f  0 . 2 7 ,  a nd a hyd ra u l i c  g ra d i ent  o f  0 . 003 . 

The Wa s a t c h  Fo rma t i on beneath  t h e  O l d  R i f l e  s i te c o n s i s ts  
o f  i nt e rbedded l aye rs o f  s a nd y  s i l t s to n e s  a n d  s ha l es .  A l though  
these  l aye rs a re reg i ona l l y d i s c o n t i n u o u s , t h e  Wa s a t c h  Fo rma 
t i on i s  s emi c o n f i ned . The  pote n t i omet r i c s u rf a c e  w i th i n  t h e  
f o rma t i o n  ( F i g u re E . 2 . 1 2 ) ra nges  f rom two to  e i gh t  feet  be l ow 
the  g round  s u rfac e wi t h  g ro u ndwa t e r  f l ow towa rd t h e  we s t . 
Ta b l e  E . 2 . 4  c onta i n s wa t e r  l e v e l  d a ta  f o r  t h e  Wa s a t c h  Fo rma 
t i on .  A n oma l ou s l y  l ow wa t e r  l eve l s  i n  mon i to r  we l l s  6 2 3 , 6 2 4 , 
629 , a nd 6 30 i nd i ca te t h a t  e x t reme l y  l ow hyd ra u l i c c o n d uc t i 
v i t i e s have  p re ve n ted equ i l i b ra t i on o f  wat e r  l ev e l s .  

Rec ha rg e  to a nd d i  s c h a rge f rom t h e  Wa s a t c h  Forma t i on i s  
dependent  on  v e rt i c a l  pote n t i omet r i c  g rad i ents  b e twee n  the  
Wa s a t c h  Forma t i on a nd t h e  a l l u v i um .  Ba s e d  on wa te r l ev e l  
d i f f e re n c e s  f o r  n e s ted mon i to r  we l l s ,  v e rt i c a l  g ra d i en t s  a t  
t h e  O l d R i f l e  s i te a re g e n e ra l l y  u pwa rd ( F i g u re E . 2 . 1 1 ) ,  w i th  
t h e  Wa s a t c h  Forma t i on d i s c h a rg i ng i n to t h e  a l l u v i um .  Howe ve r ,  
g ro undwa t e r  mound i ng d u e  t o  t h e  c u l v e rt d i s c h a rg i ng n o rthea s t  
o f  t h e  ta i l  i ngs  h a s  c a u sed  d ownwa rd potent i omet r i c g ra d i e n t s  
nea r Wa s a t c h  Forma t i on mon i to r  we l l s  6 2 3  a n d  624 , a nd the  
a l l u v i um i s  rec h a rg i n g t h e  Wa s a t c h F o rma t i on . T h u s , t h e re i s  
a poten t i a l  f o r  c o n tam i n a n t s  w i th i n  t h e  a l l u v i um to f l ow i nto 
the Wa s a t c h Forma t i on . 

S l u g i nj ec t i on t e s t s  pe rformed o n  th ree mon i to r  we l l s  i n  
t h e  Wa satc h Forma t i on a t  t h e  O l d  R i f l e  s i te y i e l ded  a n  a v e ra g e  
hyd ra u l i c  c o n d u c t i v i ty o f  0 . 02 7  ft/day  ( Ta b l e E . 2 . 5 ) . T h e  
a v e ra g e  h o r i zonta l l i ne a r  g ro u ndwa t e r  ve l oc i ty wa s c a l c u l a ted 
to be 0 . 3  f t /yr  u s i ng Da rc y ' s  Law , an a ve ra g e  we s twa rd hyd ra u 
l i c c o n d uc t i v i ty o f  0 . 03 f t /day , a n  e f fec t i ve poro s i ty o f  
0 . 1 0 , a nd a hyd ra u l i c  g rad i ent  o f  0 . 003 . 

Bac kground  wat e r  qua l i ty 

Bac k g ro u nd wa t e r  q u a l i ty i s  d e f i ned  a s  t h e  q ua l i ty o f  
wa ter  t h a t  wou l d  be  p re s e n t  h a d  u ra n i um p roc e s s i ng a c t i v i t i es 
not oc c u rred . Th i s  wa s d e t e rm i n ed by a ve ra g i ng c o n s t i tuent  
c o n c e n t ra t i on s  i n  u p g rad i ent  a n d  c ro s s -g rad i ent  mo n i to r  we l l s  
not  a f fec ted by u ra n i um m i l l i ng a c t i v i t i es ,  a n d  t h e n  s e l ec t i ng 
the  ma x i mum ( a v e ra ged ) c o n c e n t ra t i on o f  e a c h  c o n s t i t u e n t  a s  
ba c k g round . Bec a u s e  t h e  na t u ra l  va r i a t i on i n  ba c k g round  wa ter  
qua l i ty i s  l a rge a nd i nd u s t r i a l  ac t i v i t i es may have  a f fec ted 
g roundwa t e r  qua l i ty between the O l d a nd the New R i f l e  s i te s , 
ba c k g round  wa t e r  q ua l i ty wa s d e f i n ed s epa ra t e l y  f o r  e a c h  s i te .  
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P OT E N T I O M ET RI C  S U R FAC E 
I N  WA SAT C H  F O R MAT I O N, 
OLD R IF L E  S I T E ,  J A N U A R Y, 1 9 8 6  
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S CA LE I N  F EET  

L E G E ND 

o STATE H I GHWAY  o u . s. H IGHWA Y 

<}= P OS S I BLE G ROU NDWAT ER F LOW D I R ECT I ON  
.100., POT E NT IOMETR IC  CONTOU R 

( ELEVATI ON I N FEET A BOVE MS Ll 
5 2 9 7  WATER LEVEL  AND WELL NU MBER  AT MONITOR 

6 41 .· 64 0  WELL - ELEVAT I ON I N  F EET  ABOVE  MSL  ( AVERAGE 
VALUE  FOR PAI R S  & TR I PLETS)  

5 2 5 9 ?  ANOMALOU S  VALUE 

5 3 1 2 6 2 2  
6 2 1 ·· 



Tab l e  E . 2 . 3  Hyd ra u l i c  c o n d u c t i v i ty f o r  t h e  a l l u v i a l  a qu i fe r ,  O l d  R i f l e  s i te 

Mon i to r  we 1 1  
numb e ra 

58 1  

584  

586  

5 89 

590  

A na l yt i c a l  
met hodb 

T ra n s i e n t  

S t e a d y  s t a t e  

T ra n s i en t  

Steady s t a t e  

Steady s t a t e  

Hyd ra u l i c  
c o n d uc t i v i ty 

( f t /d a y ) b 

340 

59 . 5  

7 6 5  

820 

2 8 . 3  

Geomet r i c mea n  200 f t/da y  

a Mon i to r  we l l  l oc a t i ons  a re s h own on  F i g u re E . 2 . 2 .  
b Ref . DOE , 1 98 3 . Hyd ra u l i c  c ond u c t i v i t i es a re ba s ed on  a qu i f e r  t e s t s  c on 

d u c ted b y  t h e  DOE i n  1 9 83 . 

Ta b l e  E . 2 . 4  Groundwa t e r  l eve l s  i n  Wa s a t c h  F o rma t i on mon i to r  we l l s ,  
O l d  R i f l e  s i te 

Mon i to r  we l l  
a 

numb e r  

620b 

6 2 1 c 

6 2 2b 
6 2 3c 

624b 

6 2 5c 

6 2 6b 

629c 

630b 

640c 

64 1 b 

644c 

645b 

Comp l et i on i nte rva l 

( d epth  i n  feet ) 

3 1 . 7 5 to  66 . 7 5 
7 9 . 5  to  99 . 5  
48 . 5  t o  58 . 5  
89 . 5  t o  99 . 5  
64 . 5  to  7 4 . 5  
7 6 . 5  t o  96 . 5  
49 . 5  t o  59 . 5  

1 6 1 . 5  t o  1 8 1 . 5  
1 3 1 . 5  to  1 4 1 . 5 

88 . 0  to 9 8 . 0  
59 . 0  to  69 . 0  

1 26 . 5  t o  1 46 . 5  
9 1 . 5  to  1 1 1 . 5 

G roundwa t e r l eve l 
( f eet  a bo ve mea n s e a  l eve l )  

06/24/85
d 

01 /1 4/86 

5 3 1 2 . 42 
5 3 1 2 . 1 3  
5 3 1 2 . 7 6 
5 2 3 7 . 02 
5 2 59 . 05 
5 29 5 . 74 
5 2 9 3 . 8 1 
5203 . 83 
5342 . 39 
5 2 9 7 . 39 
5 2 9 6 . 03 
5 2 9 1  . 89 
5 2 8 9 . 3 7 

a Mon i to r  we l l l oc a t i ons  a re s h own on  F i g u re E . 2 . 3 .  
bWe l l  ca s i ng d i a meter  i s  two i nc h e s . 
cWe l l  c a s i ng d i amete r  i s  fou r  i nc h e s . 
d No wa t e r  l ev e l  for  t h i s  d ate . 

E -66  



Ta b l e  [ . 2 . 5  Hyd ra u l i c  c o n d u c t i v i ty f o r  t h e  Wa s a t c h F o rma t i on ,  O l d  R i f l e  s i te 

Mon i to r  we l l  Hyd ra u l i c  c o n d uc t i v i tyb 

n umbe ra ( ft /d a y )  

6 2 1  
6 2 2  
640 

0 . 020  
0 . 03 6  
0 . 02 7  

Geome t r i c  mea n 0 . 02 7  

a Mon i to r  we l l  l oc a t i on s  a re s hown o n  F i g u re [ . 2 . 3 .  
bHyd ra u 1 i c  c o n d u c t i v i t i e s we re d e t e rm i ned  u s i ng t h e  Sk i b i t z k e  me thod 

( Sk i b i t z k e , 1 96 3 ) . 

The  bac k g round  q ua 1 i ty o f  g ro u ndwa t e r  i n  t h e  a l l  u v i  urn a t  
t h e  O l d  R i f l e  s i te wa s d e t e rm i ned  f rom c hemi ca l a na l ys e s  o f  
samp l es f rom u p g rad i ent  mon i to r  we l l s 5 9 7  a n d  5 9 8  a nd f rom 
c ro s s - g rad i e nt  mon i to r  we l l s  601  a n d  602 ( F i gu re [ . 2 . 2 ) . 
Mon i to r  we l l s  5 9 7  a n d  5 9 8  a re l oca ted app rox i ma te l y  0 . 5  m i l e  
u p g ra d i en t  o f  t h e  s i te ,  a nd mon i to r  we l l s  60 1  a n d  602 a re 
l oc ated a c ro s s  t h e  C o l o ra d o  R i v e r  f rom the  s i te .  Bec a u s e  o f  
t he i r l oc at i on s  re l a t i ve to t h e  p roc e s s i ng s i te ,  none  o f  t h e s e  
we l l s  h a s  b e e n  a f fe c ted b y  u ra n i um m i l l i ng a c t i v i t i e s .  How
e ve r ,  mon i to r  we l l s  5 9 7  a nd 598  a re l oc a ted d owng ra d i en t  o f  a 
g ra v e l  p i t ,  wh i c h  may have  a f fec ted wa t e r  q ua l i ty i n  t h e  
v i  c i n i ty .  Neve rth e 1  e s s , t h e s e  we l l s  we re u s ed a s  ba c k g round  
we l l s  b e c a u s e  they  a re u p g ra d i e n t  o f  t h e  O l d  R i f l e  s i te .  
Mon i to r  we l l  584 ( F i g u re E . 2 . 2 ) i s  l oc a ted ons i te i n  t h e  c on 
tami na ted o re - l oa d i ng a rea , a n d  wa s exc l uded  a s  a ba c k g round  
mon i to r  we  1 1  . 

Ta b l e  [ . 2 . 6  conta i n s wa t e r  q ua l i ty a na l ys e s  f o r  a l l 
mon i to r  we l l s  a t  t h e  O l d  R i f l e  s i te ,  a nd Ta b l e  [ . 2 . 7  c o n t a i n s a 
s umma ry o f  bac k g round  a n d  d owng ra d i  e n t  g ro u ndwa t e r  qua  1 i ty i n  
t h e  a l l u v i um a t  t h e  O l d  R i f l e  s i te .  A l t h ough  bac k g ro u nd wa s 
d e f i ned a s  t h e  ma x i mum a ve ra ge c o n c en t ra t i on o f  a c hemi c a l  c on 
s t i tuent  i n  the  u p g ra d i ent  a nd c ros s -g ra d i e nt  mon i to r  we l l s ,  
s t a t i s t i ca l  max i mums f o r  ea c h  c o n s t i tuent  a re a l so p re s en ted 
i n  Ta b l e  E . 2 . 7 .  The s ta t i s t i ca l  ma x i mum i s  the a v e ra ge b a c k 
g ro u nd c o n c e n t ra t i on p l u s two s t a nd a rd d e v i a t i on s . T h e  s ta t i s 
t i ca l  ma x i mums we re not  u s ed t o  d e f i ne  b a c k g round  wa te r q ua l i ty 
beca u s e  o f  t h e  l i m i ted  n umbe r  o f  ba c k g round  mon i to r  we l l s .  

Ba c k g round  wa t e r  q ua l i ty i n  t h e  a l l u v i um e x c e e d s  the  
p ropos ed E PA g ro u ndwa t e r  p rotec t i on s t a nda rd s  f o r  mo l yb de n um , 
s e l en i um ,  u ra n i um ,  a n d  g ro s s  a l pha  a c t i v i ty .  Groundwa t e r  f rom 
b a c k g round  mon i to r  we l l s i n  t h e  a l l u v i um i s  a ca l c i um s u l f a t e  
type o f  wat e r  ( F i gu re [ . 2 . 1 3 ) .  
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Table E . 2 . 6  Groundwa t e r  qua l i ty d a t a  by lo c a t ion , O l d  Rifle s i t e  ( C on t inued) 

F O P M A T I o N O F  C O M P L E T I O N : N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G  

H Y D R A U L I C  F L O W  R E L A T I O N S H I P : O N - S I T E 

P ,'lR. M1 F T E fI. Uj.I I T  O F  I'I E �l (:; IJ P E  
3 / 8 I N . S J E V E  % P A S S I N G 

A L K A L I N I T Y M G / L  C A C 0 3  

A L U M I N U M  M G / l  
A M M O N I A  M G / L  

A M M O N I U M  M G / l  

A N T I M O N Y  M G / l  

A R S E N I C  M G / L  

B A R I U M M G / l  

B E R Y L L I U M M G / L  

B O R O N  M G / L  

B R O M I D E  M G / l  

C A D M I U M  M G / L  

C A L C I U M  M G / L  

C H L O R I D E M G / l  

C H R O M I U M  M G / l  

C O B A L T  M G / l  

C O N D ,  I N - S I T U U M H O / C M  

C O N D U C T A N C E  U M H O / C M  

C O P P E R  M G / l  

C Y A N I D E  

F L U O R I D E 

G R O S S  A L P H A  

G R O S S  B E T A  

I R O N  

l E A D  

M A G N E S I U M  

M A N G A N E S E  

M E R C U R Y  

M O L Y B D E N U M  

N I C K E L  

N I T R A T E  

N I T R I T E 

N I T R O G E N , K J l  

N O ?  & N 0 3  

O R G . C A R B O N  

P B - 2 1 0  

P H  

P H O S P H A T E  
P O ·- 2 1 0  

P O T ,; !':; S I u r1 

H A -· 2 l:� 6 

H A -- ? 2 8  

M G / l  

M G / l  

P C I / l  

P C I / l  

M G / l  

M G / l  

M G / l  

M G / l  

M G / L  

M G / l  

M G / l  

M G / l  

M G / L  

M G / l  

M G / l  

M G / l  

P C I / l 

S U  

M G / l  

P C I / l 

M G / L  

P C I / L 

P C I / l 

R E D O X  P O T E N T  M V O L T S  

S E L E N I U M  M G / l  

S I L C O N  M G / L  

S I L I C A  M G / L  

:;:;8 1 - 0 1  1 2 / 0 B / B 5 

P A R A M E T E R  

V A l U E + I - U N C E R T A I NT Y  

3 '1' 0 .  

0 . 9  

0 . 5  

0 . 0 1 

<-: 0 5 .  

7 4 . 

1 4 0 0 . 

5 0 0 . 

2 1 0 .  

0 . 2 8 

9 1 . 2  

O .  '7' 7 

0 . 1 

4 .  

5 . 3  

7 . 0 4 

0 . 1 

6 . 8 4 

o .  

O .  

0 . 0 0 5  

3 0 .  

1 0 .  

1 . 2 

1 .  J 
0 . 1  

1 . 1  

L O C A T I O N  I D  - S A M P L E  I D  A N D  l O G  D A T E  

5 8 1 - 0 1 1 0 / 2 2 / 8 7  5 8 1 - 0 1  1 2 / 0 9 / 8 8  5 8 2 - 0 1 0 2 / 1 7 / 8 3  

P A R A M E T E R  

V A L U E + I - UN C E R T A I N T Y  

3 7 4 . 

0 . 2 1  

0 . 1 

0 . 0 2 2  

0 . 0 3 

0 . 1 

0 . 0 0 5  

1 4 5 .  

,'! O . 6  

0 . 0 1  

8 0 0 . 

0 . 7 7 

0 . 1 0  

0 . 0 2 

8 1 . 0  

0 . 6 2 

0 . 1 5  

0 . 1 

0 . 1 

7 . 2 5  

0 . 1 

11 . 8 7 

0 . 1 0 . 1 

0 . 8  0 . 7  

0 . 0 1 7 

2 1 . B  

P A R A M E T E R  

V A l U E + I - U N C E R T A I N T Y  

3 7 6 . 

O .  � 

O . O O �; 

0 . 0 11 

0 . 0 1  

0 . 0 1  

0 . 005 

1 6 5 .  

4 6 . 

0 . 0 8 

0 . 05 

4 9 0 . 

0 . 0 2 

0 . 0 1  

0 . 0 5 

0 . 0 1  

9 6 . 6  

0 . 6 8 

0 . 0002 

0 . 0 9 

0 . 0 4 

7 . 3 6 

5 .  �1 3 

0 . 0 2 1  

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

3 2 1 . 0 0 

·1 . 5 0 

0 . 1 4  

1 9 3 . 0 0 

5 1 . 0 0 

0 . 0 0 1  

0 . 0 0 1  

8 7 0 . 0 0 

0 . 0 0 0 5  

0 . 4 4 

9 6 . 0 0 

0 . 0 :3 8  

0 . 0 3 

0 . 3 1  

1 . 2 0 

6 8 . 2 0 

7 . 2 0 

7 . B 7 

0 . 1 2 

5 8 2 - 0 1 0 6 / 2 1 / 8 3  

P AR A M E T E R  

V A l U[ + I - U N C E R T A I N T Y  

3 7 0 . 0 0 

2 . 4 2 

1 . 0 0  

0 . 0 6 9  

1 7 0 . 0 0 

3 7 . 00 

0 . 0 0 1  

0 . 0 0 9  

1 38 0 . 0 0 

0 . 0 0 0 5  

0 . 5 1 

1 2 0 . 0 0 

0 . 0 5 

0 . 0 8 3  

65 . 8 0 

7 . 3 0 

4 . 4 0 

0 . 0 0 6  
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Tab l e  E . 2 . 6  Groundwa t e r  qua l i ty d a t a  by l o c a t ion , O l d  R i f l e  s i t e  ( Con t inue d )  

F O R M A T I O N  O F  C O M P L ET I O N :  N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G  H Y D R A U L I C  F L O W  R E L A T I O N S H I P : O N - S I T E  

P A R {.i �1 E T [ R  

�; I L ') [ R  

:'�Ct D I U M 

�) T R O t.' T I LI M  

S U L F A T E  �nJLr I D E  

U N IT o r-�1[ '� ':; Uf':. F 
�1 G L. 
MG L. 

M e; l 

MG L 

�1G L 

T E M P , I N - S I T U  C- E G R E E  

T E M P E R A T U P. F  C - D E G PT E  

T H  .. - 2 3 0  P CI / l  

T H A L L I U M  rI G / L  

T I N  M G / L  

T I T A N IU M  M G / L  

T O T A L  SOL I D S  M G / L  

T O T A L  U P P M  

U R {;!� I UM M C3 / L  

',l A /M D l U M  M G / l  

Z I N C  M G / l  

':';8 1 ·- 0 1  1 2 / 0 8 / El 5  

P A R A M E T E R  

V A L U [ + I - U N C E R T A I N T Y  

1 9 4 .  

7 '7' 9 . 

1 2 .  

0 . 5  0 . 4  

1 7 5 0 .  

1 . 0 1  o . 6 'i 

l O C A T I O N  1 0  - S A M P L E  I D  A N D  l O G  D A T E  

5 8 1 - 0 1  1 0 / 2 2 / 8 7  5 8 1 - 0 1 1 2 / 0 9 / 8 8  5 8 2 - 0 1 0 2 / 1 7 / 8 3  

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

1 ] 5 . 

5 0 2 . 

0 . 1 

1 2 . 0  

1 3 9 0 . 

0 . 9 4 9  

0 . 2 9 

0 . 0 0 5  

P A R A M E T E R  

V A L U [ + I - U N C E R T A I N T Y  

0 . 0 1  

1 2 9 .  

2 .. 4 

6 1 2 .  

1 0 . 5  

0 . 0 1  

0 . 0 1 2 

0 . 9 4 4  

0 . 3 8 

0 . 0 2 0  

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

9 7 . 1 0 

65�:; . 0 0  

1 1 . 0 0 

1 4 0 0 . 0 0 

1 . 9 2 1  

7 . 80 

0 . 0 3 

5 8 2 - 0 1 0 6 / 2 1 / 8 3  

P A R A M E T E R  

V A l U [ + I - U N C E R T A I N T Y  

9 1t . 4 0 

5 0 0 . 0 0 

1 5 . 5 0 

1 3 1 0 . 0 0 

1 . 9 4 6  

1 0 . 3 0 

0 . 03 
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Table E . 2 . 6  Groundwa t e r  qua l i t y  d a t a  by l o c a t ion , Old R i f l e  s i t e  ( C ont inued)  

F O R M A T I O N  OF C O M P L E T I O N : N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G H Y D R A U L I C  F L O W  R E L A T I O N S H I P : O N - S I T E 

F' A PAM[TER 
3 / f H U .  �:n n'E 
�, L f( r.·, L I i) I TY 

A L U M I t! U M  

M M C W I A  

�l �l M O I··1 I U M  

A N T I i�lW Y  
f.1 R S E U I C  

B p, p I U I1 

B E R Y L U UM 

B O H O N  

8 H. Cl M I D E: 

C A D M I U M 

C A L C I U M 

C H L O R I D E  

C H R ml I lm 

COB A L T  

tW IT D F  MEt; :� U !��. F 
% �' A % WG 
M G / L  U, C 0 3  M G / L. 
M G / L  

M G / L  

M G / L. 

�l G / L  

M G / L. 

M G / l. 

11 G / L. 

M G / L  

M G / L. 

M G / L  

�l G / L  

M G / L  

M G / L  

C O N D . I N - S I T U U M H O / C M  

C O N D U C T  (.l N C E  UrI H O / C M  

C O P P E R M G / L  

C Y ,A."H D E  M G / L  

FL U O R I DE M G / L  

G R O S S  A l. F'  H A  P C I / L 

G R O S S  B E T A  P C I / L  

I R O N  11 G / L  

L [,'i l) M G / L  

11 A G N E S  I U11 M G / L  

M A N G A N E S E  M G / L  

M E R C U R Y  M G / L  

M O L Y B D E N U M  M G / L  

N I C f( E L  M G / L  

N I T R A T E  M G / L  

N IT R. I T E  M G / L  

N I T R O G E N . K J L  M G / L  

� W 2  & N 0 3  M G / L  

O R G . C (, R 8 0 N  M G / L  

1' 8 - 2 1 0  p C I IL 

P H  S U  

P H O S P H tH E  11 G / L. 

P O " 2 1 0  P C I / L 

P OT A S S I U M  11 [; / L  

R A -< 2 2 6  P C I /L 

R A ·· ?/? a  P C I / L.  

R E D O X  P O TE N T  M V O L T S  

f" F L F U I U M  M G / L  

S I L C D N  1'18/1. 

�) I LI C A 11 (3 / L  

5 8 2 - 0 1 0 6 / 2 6 / 8 5  

P A R A r! E l" E R  

V A L U E + I - U N C E R 1 A J N T Y  

:3 7 2  .. 0 0  

0 . 1 0 

,., '7 I� .. I 
0 . 0 0 3  

1 .. 2 2  

0 . 1 0  

0 . 0 0 1  

1 5 6 .  

4 1 . 0 0 

0 . 0 1  

0 . 0 5 

1 1 0 0 . 0 0 

0 . 0 2 

0 . 7 4 

5 6 2 . 0 0 

7 1 4 . 0 0 

0 . 32 

0 . 0 1  

1 1 1 .  

0 . 0 5 

0 . 0 9 

0 . 0 4 

2 6 . 1 0 

5 . 9 0 

2 . 9  

2 1 . 2 0 

6 . 8 4  

0 . 1 0  

1 . 0 ()  
.... ;;> .  
0 . 6 0 

1 .  0 0  

O . O O S  

5 5 . 2 0 

5 2 . 00 

34 . 0 0 

3 . 3 0 

L O C A T I O N  I D  - S A M P L E  1 0  A N D  L O G  D A T E  

5 8 2 - 0 1 1 2 / 0 9 / 8 5  5 8 2 - 0 1 1 0 / 2 2 / 8 7  5 8 3 - 0 1 0 2 / 1 7 / 8 3  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

3BO . 
0 . 7  

2 . 9  

0 . 2 3 

2 1 9 .  

5 5 . 

1 30 0 . 

9 8 0 . 

5 5 0 . 

0 . 4 1  

8 4 . 9  

0 . 0 8 

0 . 1 2  

1 .  

4 7 . 

7 .  1 1  

5 . 3  

4 . 93 

9 . 7  

2 .  

0 . 0 1 6 

4 0 . 

1 0 . 

2 .  

1 . 2 

1 . 2  

L 2  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

327 . 

0 .. 3 :3  

1 . 3  

1 .  1 4  

0 . 0 2 

0 . 1 

0 . 0 0 8  

1 2 8 . 

�� O .  5 

0 . 0 1  

1 0 9 3 .  

0 . 8 4 

o .  :C�8 

0 . 0 1  

6 8 . 6  

0 . 0 3 

0 . 1 7  

0 . 1 

0 . 1 

7 -'C-. L ", 
2 . 3  

4 . 0 0  

4 . 3  

0 . 7  

0 . 0 0 6  

5 1 . B  

O . B  

0 . 8  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

2 9 7 . 0 0 

0 . 0 4 2  

0 . 1 5  

3 1 11 . 0 0 

6 9 . 00 

0 . 0 0 1  

0 . 0 0 1  

1 7 7 0 . 0 0 

0 . 0 0 0 5  

0 . 1 8  

9 8 . 0 0 

0 . 9 3 

0 . 2 7 

0 . 0 1  

1 . 0 0 

6 2 . 5 0 

7 . 3 0 

9 . 4 8 

0 . 0 2 

::;8 3 - 0 1 0 6 1 2 1 / 8 3 

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

3 6 0 . 00 

0 . 8 5 9  

0 . 0 4 1  

0 . 0 4 6  

3 3 0 . 00 

4 6 . 0 0 

0 . 00 1  

0 . 0 1 2  

1 6 1 0 . 0 0 

0 . 0 0 0 5  

0 . 8 8 

1 2 0 . 0 0 

1 . 3 4 

0 . 1 9 1  

7 1 . 1 0 

7 . 1 0  

6 . 7 9 

0 . 0 0 4  
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Table E . 2 . 6  Groundwa t e r  qua l i t y  d a t a  by lo c a t ion , O ld Ri f le s i t e  ( Cont inue d )  

F O R M A T I O N  O F  C O M P L E T I O N :  N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G  

H Y D R A U L I C  F L O W  R E L A T I O N S H I P : O N - S I T E 

P A R A M E T E R  

�3 I L  V E R  

S O D I U M  

S T R O N T I U M  

S U L F A T E 

SULF I D E 

U N IT O F  

M G1 S U P E  

M G / L  

t1 G / L  

M G / l. 

M G / L  

M G / L  

T E M P . I N - S I T U C - D E G R E E  

T E M P E R A T U R E  C - D E G H E E  

TH·- 2 3 0  P C I I L 

T H A L L I U M  M G / L  TIN M G / L  

T I T A N I U M  M G / L  

T O T A L  SOL I D S  M G / L  

T O T r� L  U P P M  

U R A N I U M M G / L  

V A N A D I U M  M G / L  

Z I NC M G / L  

5 8 2 - 0 1 0 6 / 2 6 / 8 5  

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

0 . 0 1  

1 0 0 ,, 0 0 

3 . 1 0 

7 4 0 . 0 0 

2 . 6 0 

1 4 . 0 0 

8 . 8 0 o . a o 

0 . 00 5  

1 6 4 2 . 0 0 

0 . 1 6 2  

5 . 3 1  

0 . 00 5  

L O C A T I ON I D  - S A M P L E  T D  A N D  L O G  D A T E  

5 8 2 - 0 1 1 2 / 0 9 / 8 5  5 8 2 - 0 1 1 0 / 2 2 /87 5 8 3 - 0 1 0 2 / 1 7 / 8 3  

P A R A M E T ER 

V A L U E + I - U NCER T A I N T Y  

1 4 5 . 

7 5 2 . 

1 1  . 

2 . 1 0 . 9  

1 6 2 0 . 

2 . 0 8 

6 . 2 1  

P A R A M E TER 

V A L U E + I - U N C E R TA I N T Y  

8 8 . 0  

3 9 6 . 

0 . 1 

1 4 . 4  

1 1 1 0 .  

1 .  1 1  

6 . 8 1  0 . 005 

P A R A M E TER 

V A L U E + I - U N C E R T A I N T Y  

1 3 0 . 0 0 

1 2 8 0 . 00 

2 2 0 0 . 0 0 

1 . 9 6 4  

0 . 3 4 0 . 0 5 

5 8 3 - 0 1 0 6 / 2 1 / 8 3  

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

1 2 3 . 0 0 

830 . 00 

1 3 . 5 0 

1 9 5 0 . 0 0 

1 . 7 9 6  

0 . 6 9 

0 . 0 3 
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Tab le E . 2 . 6  Groundwa t e r qua l i t y  da t a  by lo c a t ion , O ld Rif le s i t e  ( C ont inu e d )  

� G R M � T I D N  O F  C O M P L E T I O N : NO R E C OVE R Y  O F  D A T A  F O R  C L A S S I F Y I N G H Y L' P t ,lJ l  I e  F L O lo) P E IJ,T I O N S H I P : O t! - �,; n E  

P (, R (, M E T f f( 

U rH T  OF 
M E ,, " ; U P F  

3/ G I N . S l. f: 'J [  % (I S S I t� G  

AL V r., ! . I i H 1 Y MG L C ,';[� 0 3  

� L U M I N U �  M G  L 

A M M O N I A  M G I L  

� M M O N T U M  M G I L  

A N T I M O N Y  M G I L  

A R S E N I C  M G I L  

B A R I U M  M G I L  

B E R Y L L I U M M G I L  

B O R O N  M G I L  

B R O M I D E M G I L  CADM l U M  M G I L  

C A L C I UM M G I L  

C H L O R I D E M G / L  

C H R O M I U M  M G I L  

C O B A L T  M G I L  

C O N D . I N - S I TU U M H O ! C M  

C O N D U C T A N C E  U M H O / C M  

c a r P E R  M G / L  

C Y A N I D E 

F L U O R I D E  

G R O S S  A L P H A  

G R O S S  B E T A  

I R O N  

L E A D  

M A G N E S I U M 

M A N G A N E S E  

M E R C U R Y  

MO L Y B D EN UM 

N I C V E L  

M G I L  

M G ! L  

P C I I L 

P C I I L 

M G ! L  

M G I L  

M G ! L  

M G ! L  

M G I L  

M G I L  

M G ! L  

N I T R A TE M G I L  

N I T R I T E MG!L 

N I T R O G E N . � J L  MG!L 

N 0 2  & N 0 3  MG!L 

O R G . C A R B D N 

P B - 2 1 0  

P H  

P HDSP H ,� T [': 

P O -- ? 1 0 

P O T  f', ' ; ':; 1 11 M  RA-·· ;�:?(S R 1� •• � :::: :?:3 

M G I L  

P C I ! L 

5 U  

MG!L 

P C I / L 

M G / L  

P C I ! L 

P C I / L 

R E D O X  P O T E N T  M V O L T S  

S E L E N I U M  M G I L  

!, I L C Cl t,1 

S IL l e tl 

M G ! L  

M G / l. 

5 8 ·' - 0 1 () ? / 1 6 / 8 3  

P �lR t,METEr{ 
'vIr-,I .. UF + 1 - L1 t·l e E P  T t, I N "  Y 

TC: 6 . 0 0 

0 . 0 4 

0 . 1 1  

3 8 9 . 0 0 

1 60 0 ,, (;0 

0 . 0 0 7  

0 ,, 0 0 1  

5 6 0 0 . 0 0 

0 . 0 0 7 2  

0 . 0 2 

2 0 7 . 0 0 

0 . 0 1 5  

0 . 0 6 

1 1 . 0 0 

0 . 6 5 

7 4 . 3 0 

7 . ] 0 

2 B . 3 0 

0 . 4 0 

L D C A  T l  UU I I) - �; (.;i':f' I.E I Co Aim L O G  D,; no : 
�:·:� B 4 ··· 0 1 0 6 / 1 D / B 3  S Ci 4 - 0  1 0 6 / 2 6 1 8 5  5 8 4 - 0 1 1 2 / 0 8 / 8 5  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

3 /;0 . 0 0 

0 . 1 0  

O . O () 1 

0 . 0 1 9 

1 7 0 . 0 0 

1 8 . 0 0 

0 . 0 0 3  

0 . 0 2 5  

1 9 80 . 0 0  

0 . 0 0 0 5  

0 . 0 0 4 1 

5 8 . 0 0 

0 . 0 2  

0 . 0 4 6  

6 3 . 3 0 

7 . 8 0 

1 1 . 7 5 

0 . 0 1 1  

P A R A M E T E R 

V A L U E + ! - U N C E R T A I N T Y  

5 1 7 . 0 0 

O . W 

0 . 1 0  

0 . 0 0 3  

0 . 0 1  

0 . 1 0  

0 . 0 0 1  

2 7 5 . 

4 S S . ()O 
0 . 0 1  

0 . 0 5 

4 0 0 0 . 0 0 

0 . 0 2 

0 . '1 4  

8 1 . 0 0 

3 9 . 0 0  

0 . 0 3 

0 . 0 1  

1 7 4 . 

0 . 8 0 

0 . (,11 

0 . 0 4 

1 9 . 5 0 

4 . 4 0 

6 . 3  

6 . B O 

0 . 1 0  

1 2 . 0 0 

0 . 1 8  

1 S  .. BO 

4 7 . 00 

1 3 . 0 0 

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

L-� 9 �i • 

0 . 4  

0 . 1 

0 . 0 1  

1 9 2 .  

4 0 .  

1 1 5 0 . 

4 1 0 .  

2 1 0 .  

0 . 0 3 

7 8 . 8  

0 . 0 4 

0 . 1 2  

'I .  

5 . 1 

7 . ] 7 

o .  
3 . 6 6 o .  
0 . 5  

0 . 00 9  

3 0 . 

1 0 . 

1 .  1 

0 . 6  

0 . 1 

1 • 

:':; 8 4 - 0 1 1 0 1 2 2 / 8 7  

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

4 2 5 . 

0 . 2 5 

0 . 1 

0 . 005 

0 . 0 2 

0 . 3  

0 . 0 0 5  

2 9 6 . 

1 2 4 .  

0 . 0 1  

2 5 0 0 . 

0 . 4 5 

0 . 0 6 

0 . 0 1  

1 2 7 . 

0 . 4 6 

0 . 1 5  

1 . 7 

0 . 1 

6 . 8  

0 . 1 

6 . 2 3 

0 . 0  

0 . 3  

0 . 0 7 1  

1 7 . 0  

0 . 2  

0 . 8  
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Tab le E . 2 . 6  Groundwa t e r  qua l i t y  d a t a  by lo c a t ion , Old R i f l e s i t e  ( C o n t inued) 

F O R M A T I O N O F  C O M P L E T I O N :  N O  R E C O V E R Y  OF D A T A  F O R  C L A S S I F Y I N G 

H Y D R A U L I C  F L O W  R E L A T I O N S H I P : O N - S I TE 

P {lR {.\ M E T E R  

S I L V E R  

S O D I U M  

S T R O N T I U M 

S U L F A T E  

S U L F I D E 

T E M P . I N - S I T U 

T E M P E R A T U R E  

T H - 2 3 0 

T H A L L I U M  

T I N  

T I T A N I U M  

T O T A L  S O L I D S  

T O T A L  U 

U R A N I U M  

V A N A D I U M  

Z I N C  

U N I T  O F  

M E A �3 U F( E  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

C - D E G R E E  

C - D E G R E E  

P C I / L 

M G / L  

M G / L  

M G / L  

M G / L  

P P M  

M G / L  

M G / L  

M G / L  

5 8 4 - 0 1 0 2 / 1 6 / 8 3  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

1 :i l 0 . 0 0 

1 8 17\0 . 0 0 

1 2 . 0 0 

5 7 0 0 . 0 0 

0 . 2 2 9  

0 . 1 2 2  

0 . 0 2 

- - - - L O C A T I O N 1 0  - S A M P L E  I D  A N D  L O G  D A T E  

5 8 4 - 0 1 0 6 / 1 8 / 8 3  5 8 4 - 0 1 0 6 / 2 6 / 8 5  5 8 4 - 0 1 1 2 / 0 8 / 8 5  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

4 3 0  .. 0 0  

B O O  .. O O  
'1 6 .  \; 0 

2 () S O . 0 0 

0 . H 8 

0 . 0 ;;;' 8  

0 . 1 3  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y 

0 . 0 1 

9 ? 0 . () 0  

6 . 1 0  

2 �) 1+ 0 . 00 

0 . 1 0  

1 1 .  0 0  

0 . 0 07 

5 2 4 2 . 0 0 

0 . 1 3  

0 . 0 1  

0 . 4  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N TY 

1 2 7 . 

7 1 8 .  

'7 I • 

0 . 4  

1 4 3 0 .  

0 . 8 8 7  

0 . 5  

0 . 4  

5 8 4 - 0 1  1 0 / 2 2 / 8 7  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

40 1 .  

1 3 60 . 

0 . 1 

1 5 . 5  

2 9 7 0 .  

0 . 1 3 1  

0 . 0 6 

0 . 0 0 5  
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Tab le E . 2 . 6  Gr oundwa t e r  qua l i t y  d a t a  by l o c a t ion , Old R i f l e s i t e  ( C on t inue d )  

F O R M A 1 I ON OF C O M P L E T I O N :  NO R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G 

H Y D R A U L I C  F L O W  R E L A T I O N S H I P : O N - S I T E 

P "lR fi M [ T E f'� 

3 / t� I t� ,, �; J E !,}E 

A L I ( ,'1L I N I T Y 

�iUJ t'I I tH.J M 

Mli1mn A 

fi Mr1 0 N I U �1 

(, tH I 11 0 i-iY 

A R. S E N I C  

13 �,F: I UM 

f3 E R Y L I._ I U �1 

B O H O N  

B R O M I D E  

C A D t1 I U M  

C A L C  lUM 

C H Um I D E 

C H R O M I U M 

C D B ,'1 L  T 

C O W) ,  I N - S I T U 

C o rW U C T  ArICE 

COP P E R 

C Y A N I D E 

F L U O R  I D E 

G R O S S  ,'1L P H A  

G R O S S  B E T A  

I R O N  

L E A D  

I1 A G N E S I U M 

i'1 A N G A N [ �� E  

M E R C U R Y  

�IOL VB ODIUM 

N I C fT L  

N I T R ,'1 T E  

N IT R I T E 

N I T R Cl G EtI , fU L  

N D 2  & N 0 3  

O R G . C A R B O N  

P B - 2 1 0  

P H  

P H O S P H A T E  

P O -· 2 1 0  

P O T A S S I U M  

R A - £.' 2 6  

R A '- 2 2 8  

R E D D X  P O n� N T  

S E L E N I U M  

S I L C O N  

S I L I C A  

LHH T O F  

M E A �� U H. E  

Z P A S S I �J G  

M G / L  C A C 0 3  
M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

U M H D / C M  

U M H O / C M  

M G / L  

M G / L  

M G / L  

P C I / L 

P C I / L 

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

P C I / L 

S U  

M G / L  

P C I / L 

M G / L  

P C I / L 

P C I / L 

M V O L T S  

M G / L  

M G /L 

M G / L  

585-0 1 O ? / 1 6 / 8 3  

P A R A M E T E R  

V A L U E + I - U N C E R I A I N T Y  

3 6 4  .. CL O 

0 . 0 0 1  

0 . 0 2 

£.' 7 5 . 0 0 
7 1 . 0 0 

0 . 0 0 1 

0 . 0 0 1  

1 5 0 0 . 0 0 

0 . 0 () 4 2  

0 ,, 0 2 1 2  

1 0 4 . 0 0 

0 . 4 2 

0 . 0 5 

0 . 7 6 

0 . '=' 8 

87 . 3 0 

7 . 4 0 

6 . 4 2 

0 . 1 5  

L O C A 1 I ON 1 0  - S A M P L E  1 0  A N D  L O G  D A T E  

5 8 5 - 0 1  0 7 / 1 8 / 8 3  585-0 1 1 0 / 2 2 / 8 7  5 8 6 - 0 1 0 2 / 0 9 / 8 3  

P A R A M E T E R  

V A L U [ + I - U NC E R T A I N T Y  

3 6 0 . 0 0 

2 . 4 2  

0 . 0 0 1  0 . O £.' 4  

2 9 0 . 0 0 

6 6 . 00 

0 . 0 0 1  

0 . 0 1  

1 7 0 0 . 0 0 

0 . 0 0 0 5  

0 . 0 0 4 7  

1 3 0 . 0 0 

0 . 5 0 

0 . 0 5 4  

73 . 7 0 

7 . 2 0 

7 . 6 £.' 

0 . 0 £.' 5  

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

£.'67 . 
0 . 2 1  

0 . 1 

0 . 0 0 1  

0 . 0 3 

0 . 1 

0 . 0 0 5  

1 4 1 .  

3 0 . 5  

0 . 0 1  

8 9 5 . 

0 . 6 0 

0 . 0 5 

0 . 0 1  

7 2 . 9  

0 . 3 1 

O .  1 1  

0 . 1 

0 . 1 

7 . 2 5 

0 . 1 

3 . 6 9 

0 . 0  

0 . 4  

0 . 0 0 6  

1 9 . 2  

0 . 1 

1 . 0 

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

3 2 7 . 00 

0 . 0 0 2  

0 . 0 2 

1 5 7 . 0 0 
4 1 . 0 0 

0 . 0 0 1  

0 . 0 0 1  

1 1 0 0 . 0 0 

0 . 0 0 2 4  

0 . 0 0 9 7  

88 . 00 
0 . 1 4 

0 . 0 3  

0 . 8 6 

0 . 3 4 

6 7 . 00 
7 . 5 0 

4 . 37 

0 . 0 0 9  

586 - 0 1 0 6 / 2 0 / 8 3  

P A R A M E T E R  

V A L U E + / - U NC E R T A I N T Y  

3 2 0 . 0 0 

0 . 2 4 2  

0 . 0 0 1 

0 . 0 1 7 

1 6 0 . 0 0 

6 . 6 0 

0 . 0 0 1  

0 . 0 07 

1 2 8 0 . 0 0 

0 . 0 0 0 5  

0 . 0 1 9 

1 00 . 0 0 

0 . 2 0 

0 . 0 2 3  

7 1 . 30 

7 . 3 0 

4 . 4 8 

0 . 0 0 2  
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Tab le E . 2 . 6  Groundwat e r  qua l i t y  d a t a  by l o c a t ion , O l d  Ri f l e  s it e  ( C ont inued)  

F O R M A T I O N O F  C O M P L E T I O N :  N O  R E C O V E R Y  O F  D A T A  F O R  CL A S S I F Y I N G 
H Y D R A U L I C  F L O W  R E L A T I O N S H I P : O N - S I T E 

P A R t� M F T [R 
U N I T  O F  

M E A S U R E  

S I L V E R  M G / L  

S O D I U M  M G / L  

S T R O N T I U M 

S U L F A T E  
S U L F I D E  

T E M P . I N - S I T U 
T E M P E R A T U R E  

T H - 2 3 0  
T H A L L I U M  
T I N  
T I T A N I U M 
T O T A L  S O L I D S 
T O T A L  U 
U R A N I U M 
V A N A D I U M 
Z I N C 

M G / L  

M G / L  
M G / L  
C - D E G R E E  

C - D E G R E E  
P C I / L 
M G / L  
M G / L  
M G / L 
M G / L  
P P M  

M G / L  
M G / L  
M G / L  

�:; B 5 - 0 1  0 2 / 1 6 / B J  

P A R A M E T E R  
V A L U E + / - U N C E R T A I NTY 

1 1 '7' . 0 0 

1 0 4 0 . 0 0 

1 0 . 00 

1 8 0 0 . 0 0 

0 . 5 2 8  

0 . 13 
0 . 1 2  

LO C A T I O N  I D  - S A M P L E  I D  A N D  L O G D A T E  

5 8 5 - 0 1 0 1 / I B / B 3  5 B 5 - 0 1 1 0 / 2 2 / 8 7  5 8 6 - 0 1 0 2 / 0 9 / 8 J  

P AR A M E T E R  
V A L U E + / - U N C E R T A I N T Y  

1 4 8 . 0 0 

9 1 0 . 0 0 

1 5 . 0 0 

2 0 7 0 . 0 0 

0 . 4 4 9  

0 . 25 
0 . 0 4 

P AR A M E T E R 
V A L U E + / - U N C E R T A I N T Y  

7 2 . 5  

4 5 9 . 
0 . 1 

1 3 . 2  

1 1 30 . 

0 . 3 6 4  

0 . 3 7 
0 . 0 3 5  

P A R A M E T E R  
V A L U E + / - U N C E R TA I N T Y  

'7" 1 . 00 

5 85 . 0 0 

1 2 . 0 0 

1 0 5 0 . 0 0 

0 . 1 1 8 

0 . 0 1 3  
0 . 0 2 

5 8 6 - 0 1 0 6 / 2 0 / 8 3  

P AR A M E T E R  
V A L U E + / - U N C E R T A I N T Y  

1 0 2 . 0 0 

SOO . OO 
1 7 . 00 

1 33 2 . 0 0 

0 . 1 2 7 

0 . 0 77 
0 . 0 2 



..., 
I 

..... 
0' 

Tab le E . 2 . 6  Groundwa t e r  qua l i t y  da t a  by loca t ion , O l d  R i f l e  s i t e  ( C o n t inue d )  

F O R M A l  I O N  O F  C O M P L E T I O N : N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G 

H Y D R A U L I C  F L O W  R E L A T I O N S H I P : O N - S I T E 

P AF� M E 1 TF( 
3 / B I t L S I F V E  
,;L.Y A L  I N I T Y  

A L U M  I NU�I 
A I'II'I OtH A 
A M M O N I UM 

A N T I I'I O N Y  
,"; R S E N I C  
B A R I U M 

B E R Y L L I U M  
B O R O N  
B R O �I I D E 
C A D M I U t1 

C A L. C I lJ M 

C H L O R I D E  
C H R (WI I U M  
C O B A L T  

U N IT O F  
M E i; f:.; !...! R E  

% F' r.i �3 S I N G  
M G / L. U i e D 3  

M G /L. 

M G / L 
M G / L  
M G / L. 
M Ci / L  
:'I G / L  
M G / L  

M G /L. 
M G / L. 
M G / L. 

M Ci / L  

M G / L. 
H Ci / L  

�I G / L  
C O N O . I N - S I T U  U M H O / C M  

C O N D U C T A N C E  U M H O / C M  

C O P P E R M G / L  

C Y A N I D E  M G / L  

F L U O R I D E M G /L 

G R O S S  t, L P H A  P C I / L 

G R O S S  B E T ,"; P C I / L 

I R Otj I'I G / L  

L E A D  M G / L  

MAGNES I U t1 M G / L  

M A N G A tj[SE MG/L 

M E R C U R Y  M G / L  

M O l. Y B D E N U M  M G / L. 

N I CI(EL M G / L  

N I T R ,"; T E  M G / L  

N I T R I T E M G / L  

N I T R O G E N , K J L  M G / L  

N 0 2  \l. N 0 3  M G / L  
O R G . C A R B O N  M G / L  

P B - 2 1 0  P C I / L  

P H  S U  

P H O S P H A T E  M G / L  

P O- 2 1 0  P C  I / L. 

P O T A S S I UM M G / L  

R A - 2 2 6  p e I / L  

R A - 2 2 8  p e I / L 

R E D O X  P O T E N T  M V O L. T S  

S E L E N I U M I� G / L  

S I L C O N  M G / L  

S I LI C A  M G /L. 

5 8 6 - 0 1 0 6 / 2 6 / 8 5 

P A R A M E T E R  
V A L U E + / - U N C E R T A I N T Y  

3 i fi . Cd) 
O . 1 () 

0 . 1 0 

0 .. 0 0 3  
0 . 0 1  
0 . 1 0  

0 . 0 0 1  

1 1 9 • 

4 2 . 0 0 
0 . 0 1  () • O �) 

9 5 0 . 0 0 
0 . 0 2 

0 . 5 ] 

4 2 . 0 0 1 6 . 0 0 

5 8 . 0 0  1 3 . 0 0 

0 . 03 
0 . 0 1  

1 0 3 . 
0 . 2 0 

0 . 0 1  

0 . 0 4 

1 4 . 6 0 

3 . 3 0 
3 . 1 
2 . 7 0 2 . 5 0 

6 . 9 6 

0 . 1 0 
1 . 0 0  
r-0) .  
0 . 6 0 

1 0 4 . 0 0 7 2 . 0 0 

0 . 0 1  

2 1 .  fl O 

LOC A T I ON I D  - S A M P L E  I D  A N D  L O G  D A T E  

5 8 6 - 0 1  1 2 / 08/85 5 8 6 - 0 1 1 0 / 2 5 / 8 7  5 8 7 - 0 1 0 2 / 0 7 / 8 3  

P A R A M E T E R  
V A L U E + / - U N C E R T A I N T Y  

��{ SB • 

1 • 

0 . 1 

0 . 0 1  

-1 4· 7 .. 
4 0 . 

1 2 0 0 . 

7 0 .  1 0 .  

3 S . 5 .  

0 . 0 3 

8 3 . 2  
0 . 2 2 

0 . 1 1  

5 .  

2 . 3  1 . 2  

7 . 1 3 

O .  0 . 5  

4 . 1 2  

O .  0 . 1 
O .  0 . 9  

0 . 0 0 5  

P AR A M E T E R  
V A L U [ + / - U N C E R T A I N T Y  

3 0 7 . 
0 . 1 8  

0 . 1  

O . () 0 2  
0 . 0 2 

0 . 1 
0 . 0 0 5  

1 �� 2  • 

3 4 . 3  
0 . 0 1  

9 1\ 8 . 

0 . 5 5 

O . O S 

0 . 0 1  
7 9 . 9  

0 . 1 7  

0 . 1 2  

2 . 2  
0 . 1 

6 . 9  

O .  i 
4 . 2 9 
0 . 0  
0 . 3  

0 . 0 ; 4 

2 1 . 0  

0 . 1 
1 .  i 

P A R A M E T E R  
V A L U E + / - U N C E R T A I N T Y  

3 2 7 . 0 0 

0 . 0 0 1  
0 . 0 6 

'; 5 9 . 0 0 
11 2 . 0 0 

0 . 0 0 :0  

0 . 0 0 1  
1 1 5 0 . 0 0 

0 . 0 0 6 7  

0 . 0 3 4  

8 8 . 0 0 
0 . 1 5  

0 . 0 3 

0 . 4 8  

0 . 5 6 

6 7 . 9 0 

6 . 2 0 

4 . 4 1  

0 . 00 6  

5 8 7 - 0 1 0 6 / 2 0 / 8 3  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

3 1 0 . 0 0 

0 . 1 0 

0 . 0 0 2  
0 . 0 2 3  

1 8 0 . 0 0 
2 0 . 0 0 

0 . 0 0 1 

0 . 0 0 7  
1 3 5 0 . 0 0 

0 . 0 0 0 5  

0 . 0 1 6 

1 1 0 . 0 0 

0 . 2 2 

0 . 0 1 8 

6 1 . 7 0 

7 . 2 0 

4 . 7 4 

0 . 0 1 6 
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Table E . 2 . 6  Groundwa t e r  qua l i t y  d a t a  by loc a t ion , Old R i f l e  s i t e ( C on t inue d )  

F O R M A T I O N  O F  C O M P L E T I O N :  N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G 

H Y D R A U L I C  F L O W  R E L A T I O N S H I P : O N - S I T E  

P ,; P M1 E T E R  

S I L V E R  

S D D I I.JM S TR. DtH I I  .. m �; U L F �, T E  

S U l F  I D E  

U N IT O F  

p'I E M j U RE 

t'1 G / L  
11(3 / L  

M G / L  

11 (3 / l  

r1 G / L 

T E M P . I N - S I T U C - D E G R E E  

T E M P E R ,; T U F\ E  C - D E:GF\ ET T H - 2 3 0  P C I / L 

T H A L. L I U M  r1G / L  

T I N  M G / L  

T I T A N I U M  M G / L  TOTAL S D L. I D S M G / l  

T O T A L  U P P M  

U R A N I U t1 11 G / l  

'J AN,; D I U M M G /I_ 

Z It ! C  M G / L  

5 8 6 - 0 1 0 6 / 2 6 / 8 5  

P A R A � E T E R  

V A L U E + / - U N C E R T A I N T Y  

0 . 0 ;  

1 1 0 . 0 0 

3 . 0 0 

6 0 0 . 0 0 

0 . 2 0 

1 3 . 0 0 

:3 . 1 0 1 .  '7'0 

O . OOS 
1 3 9 0 . 0 0  

0 . 1 1 4 

0 . 0 :1 

0 . 0 1 6  

L O C A T I O N I D  - S A M P L E  I D  A N D  L O G  D A T E  

5 8 6 - 0 1  1 2 / 0 8 / 8 5  5 8 6 - 0 1 1 0 / 2 5 / 8 7  5 8 7 - 0 1 0 2 / 0 7 / 8 3  

P A R A M E T E R  

V A L U [ + / - U N C E R T A I N T Y  

1 2 7 . 

5 7 8  .. 

1 " L .  
o r' . :>  0 . 7  

1 2 9 0 . 

0 . 1 6 4  

0 . 2 9 

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

9 8 . 7  

4 5 3 . 

0 . 1 

1 2 . 4  

1 1 S 0 . 

0 . 1 0 8  

0 . 0 7 

0 . 0 0 5  

P A R A M E T E R  

V A L U E + I - UN C E R T A I N T Y  

1 0 0 . 0 0 

5 9 0 . 0 0 

1 2 . 0 0 

1 2 3 0 . 0 0 

0 . 1 8 1  

0 . 0 1 5 

0 . 0 7 

5 8 7 - 0 1 0 6 / 2 0 / 8 3  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

1 0 6 . 0 0 

5 4 0 . 0 0 

1 6 . 0 0 

1 4 6 7 . 0 0 

0 . 0 9 

0 . 0 6 

0 . 0 1  
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Table E . 2 . 6  Groundwa t e r  qua l i t y  d a t a  by l o c a t ion , Old R i f l e  s i t e  ( Cont inu e d )  

F O R M A T I O N  O F  C O M P L ET I O N :  N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G 

H Y D R A U L I C  FLOW R E L A T I O N S H I P : O N - S I T E  

l O C A T I O N  I D  - S A M P L E  I D  A N D  L O G  D A T E  

P A P (, �1 E T E R  

U N  IT O F  

�1E A :3 U RJ-: 

3 / 8 I N n S I E: V E  % A S S I N G  

A L K A L I N I T Y MG l C A C 0 3  

A L U M I N U M  M G  l 

A M M O N I A 

A M M O N I U M  

A N T I M O N Y  

A R S E N I C  

B A R I U M 

B E P Y l l I U M 

B O R O N  

B R O M I D E 

C A D M I U M 

C A L C I U M 

C H L O R I D E 

C H R O M I U M 

C O B A L T  

C O N D . I N - S I T U  

C O N D U C T A N C E  

C O P P E R 

C Y A N I D E 

F L U O R I D E  

G R O S S  A L P H A  

G R O S S  B E T A  

I R O N  

L E A D  

M A G N E S I U M  

M A N G A N E S E  

M E R C U R Y  

M O L Y B D E N U M  

N I C K E L  

N I T R A T E  

N I T R I T E  

M G  l 
MG L 

MG l 

MG L 

M G / l  

M G / L  

M G / l  

M G / l  

M G / L  

M G / L  

M G / l  

M G / L  

M G / L  

U M H O / C M  

U M H O I C M  

M G / L  

M G / l  

M G / L  

P C I / l 

P C I / l 

M G / L  

M G / l  

M G / l  

M G / L  

M G / l  

M G / l  

M G / L  

M G / L  

M G / l  

N I T R O G E N . K J L  M G / L  

N 0 2  & N 0 3 M G / L  

O R G . C A R B O N M G / L  

P B - 2 1 0  P C I / l P H  SU 

P H O S P H A T E  M G / L  

P O - 2 1 0  P C I / l 

P OT A S S I U M  M G /L 

R A - 2 2 6  P C I / L 

R A - 2 2 8  P C I / l  

R E D O X  P O T E N T  M V O l T S  

S E L E N I U M M G / L  

S I L C O N  

S I LI C A 

M G / L  

11 G / L  

5 8 8 - 0 1 () 2 / 0 9 / 8 3  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

J A 6  .. 0 0  

0 . 0 0 4  

0 . 1 0 

2 4 1 . 0 0 

5] .. 0 0  

o . () o .;  

0 . 0 0 1  

1 1 9 0 . 00 

0 . 0 0 6  

0 . 1 5 

8 5 . 0 0 

0 . 7 5 

0 . 0 6 

0 . 4 0 

3 . 1 0 

5 1 . 4 0 

7 . 1 0 

5 . 9 3 

0 . 0 0 8  

588 - 0 1 0 6 / 2 0 1 8 3  

p n R A M ETER 
V A L U E + / - U N C E R T A I N T Y  

3 1 0 . 0 0 

O .  f:, 'i 

0 . 0 0 1  

0 . 0 3 2  

n o . o o 

2 4 . 0 0 

0 . 0 0 2  

O . O () 7  

1 2 5 0 . 0 0 

0 . 0 0 0 5  

0 . 0 2 8  

7 3 . 0 0 

0 . 4 4 

0 . 0 3 6  

6 3 . 3 0 

7 . 0 0 

7 . 3 2 

() • Ol)(1 

5 8 8 - 0 1 0 6 / 2 6 / 8 5  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

3 4 5 . 0 0 

0 . 1 0 

1 . 9 0  

0 . 0 0 3  

0 . 0 1  O .  1 0  

0 . 0 0 1  

1 9 4 .  

7 1 . 0 0 

0 . 0 ';  

0 . 0 5 

1 3 00 . 0 0 

0 . 0 2 

1 . 3 8  

8 2 . 0 0 

1 5 9 . 00 

0 . 0 3 

0 . 0 1  

9 4 . 

1 . 0 0 

0 . 0 1  

0 . 0 4 

0 . 9 0 

0 . 2 0 

4 . 4  

1 . 5 0 

6 . 7 0  

0 . 1 0  

1 . 0 0 

6 .  

0 . 6  

1 . 00 

0 . 0 1 3 

1 7 . 5 0 

23 . 0 0  

'; 8 . 0 0 

5 8 8 - 0 1 1 2 / 1 0 / 8 5  

P A R A M ET E R  

V A L U E + / - U N C E R T A I N T Y  

3 8 3 . 

0 . 5  

7 . 9  

0 . 0 ';  

0 . 0 0 1  

2 4 8 . 

6 5 .  

H O O . 

0 . 0 9 

8 2 . 1 

1 . 0 9  

0 . 0 6 

2 .  

7 . 0 3 

6 . 83 

0 . 0 0 5  

5 8 8 - 0 1 -1 0 1 2 5 / 8 7  

P A R A M E T E R  

V A l U E + / - U N C E R T A I N T Y  

3 5 7 . 

O .  ,.: 0 

O . B  

0 . 0 0 1  

0 . 0 3 

0 . 1 

0 . 0 0 5  

1 9 8 . 

5 5 . 7  

0 . 0 1  

1 3 7 5 . 

1 . 0 5  

0 . 0 9 

0 . 0 1  

8 2 . 1 

0 . 7 2 

0 . 1 2  

0 . 1 

0 . 1 

6 . 7 5 

0 . 1 

5 . 4 4 

0 . 6  

1 . 0  

0 . 0 1 0  

1 9 . 4  

0 . 3  

1 . 2 



Table E . 2 . 6  Groundwa t e r  qua l i ty d a t a  by l o c a t ion , Old R i f l e  s i t e  ( Cont inue d )  

F O R M A T I O N O F  C O M P L E T I O N :  N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G 

H Y D R A U L I C  F L O W  R E L A T I O N S H I P : O N - S I TE 

P A Ft (, /,i E T E R  

S I L V E R  

S O D I U M 

S T R O N T I U M 

S U L F A T E  

S U L F I D E 

T E M P . I N - S I T U 

T E M P E R A T U R E  

T H - 2 30 

T H A L L I UM 

T I N  

T I T A N I U M 

T O T A L  S O L I D S 

T O T AL U 

U R A N I U M 

M V A N A D I U M  � Z I N C  

YO 

u rn T  DF MU, S U RT 
M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

C - D E G R E E  

C - D E G R E E  

p e I / L  

M G / L  

M G / L  

M G / L  

M G / L  

P P M  

M G / L  

M G / L  

M G / L  

5 8 8 - 0 1 () 2 / 0 9 / 8 3  

P AR A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

1 1 9 . 0 0 

7�;O . 0 0  

8 .. 0 0  

1 A f.. 0 . 0 0 

0 . 3 3 7  

0 . 1 3  

0 . 0 3 

L O C A T I O N  I D  - S A M P L E  I D  A N D  L O G  D A T E  

5 8 8 - 0 1  0 6 / 2 0 1 8 3  5 8 8 - 0 1 0 6 / 2 6 / 8 5  5 8 8 - 0 1 1 2 / 1 0 /85 

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

1 3 2 . 0 0 

�;tf O  .. 0 0  

1 :3 .  �; O 

1 4 0 0  .. 0 0  

0 . 7 0 ,4 

o • l:� 1 

0 . 0 8 

P A R A M E T E R  

V A L UE+ / - U N C E R T A I N T Y  

0 . 0 1  

1 4 0 . 0 0 

1 .. 7 0  

B O O . ()O 

0 . 1 0 

1 2 . 0 0 

1 6 . 30 

0 . 0 0 5  

1 7 4 0 . 0 0 

0 . 1 2  

0 . 0 5 

0 . 2  

2 . 00 

P A R A M E T E R  

V A L U E + / - U NC E R T A I N T Y  

1 4 0 .  

8 1 4 .  

1 1 .  

1 7 4 0 . 

0 . 2 2 1  

0 . 2  

S 8 8 - 0 1 1 0 / 2 S / 8 7  

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

1 1 7 .  

6 0 1 .  

0 . 1  

1 3 . 5  

1 '/ 9 0 . 

0 . 1 2 8  

0 . 0 5 

0 . 0 0 8  
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Tab le E . 2 . 6  Groundwa t e r  qua l i t y d a t a  by loc a t ion , Old R i f l e  s i t e ( Co n t inue d )  

F cn': M tlf ] f) O  D F  C C I �! I ' I. I: T :r O i) :  t!() F' [ C [I '.' l' I' (  IH' 1)(1T ,� F Cl I� C I.. !i�:: ':; I F Y I (I G  

fl Y L· i': ,�., I I L  J r:: F I O !,J P E: l t , 1 1  Ci U S H  1 P :  D mm C; p t,D l Uff 
- - - - - - - L O C A T I ON I D  - S A M P I. E: 1 0  A N D  L O G  D A T E  

P (,p. ,�·, r"l [  T f' f:: 
��; / t; 1 rJ ,, �; 1 [ '.) F:: (,I IU,I. T (I T I I  tIL_t.I �"l I r .� U �': (:1 1"1 11 0 f\! 1 ('1 

P, t'I M U (' :r U ri tJt)"f 1 )vlCJ i\r y ,�, F. t : [ U  J C [I t, P I Ll t1 B E n. Y I.I. I I.IM B O I,: r !N  f.� f': O �1 I E' F 
C (-\ U r1 l U t1 

C ,�,I C' J tn1 

C H L CQ': :r IA:: 

C H F iWI J U rl 

U N I  T C iF  

t1 E t, C U f'. [ 

i:: F\ (:1 �::; c.; I t,! G MC; ;/ I  C ?) C D 3  

M G / I. m; / I _  �1 Ci ,' I. 
M I3 / L  
M f3 / L  
M (, / L �1Ci / 1  
Ml-j / I. M G / I. .. 
M G . L 
t'1 Ci / L  

M G / L M G / I._ C D B AL T M G / L  

C O N D . l t! - S I T U U M H O ,' C M  

C O tJ[)l. I C T ,� N C E  UI1 H D / C rl 
C O P P E R  M f3 / L  

C Y A N I D E M G /I. 
F I. U O F I D [  M G / L  G R OSS AL P H A P C I / L 
G R O S S  B ET A F e I / L I R O N  M G / L  

L E A D  M f3 / L  

M A G U E S I U M Mf3 / L  

M A N G A N E S E:  M G / L  

M F P C U R Y  M G t L  

MOL Y B D E N U M  M G / I. 

N I C K E L  M G / L  t! I T P A T E  M G / L  
N I T R I T E M G / L  

N I T P O G E N , K J L  M G / L  

N 0 2  & N 0 3  M G / L  
O P G . C A R B O N  P B - 2 1 0  
P H  

P H D �; P  H �, T E: 
P O - 2 1 O 

P [) T,'; �; S  J \ 1 !1 H A �" ? '2 f; P ,'\ - ? t: 3  

M G /L 
P C I / L 

S U  

M G / L  
p e l /L 

M G / L  P C I / 1. 
P C I I L  

R E D O X  P O T E N T  M V D L T S  
� : [ L U,l] tI M  Me, / L  
S T L e O r! M(3 / 1 .  
S I l l C A M G / L  

S89·- 0 1 ()2 / 1 6 / 8 3  
P (, P ('; I'I E T F R. 

V A L.!)!: 4 / - 1  J i .I C [ P  T (.; I f·! T Y  

�;.:{. ?  .. ()() 

O . O O i  

0 .. 0 6  

1 9 6 .. 0 0  

B 3  . .  0 0  
0 . 0 0 1  

0 . 0 0 1  
; ;;:: 1 0 • 0 0  

0 .. O O E� 3  

O .. 2 0 B  

<;' 7 . 0 0 

0 . 7 9 

0 . 0 3 

0 . 0 1  

3 . 2 0 

6 6 . 4 0 

7 . 3 0 

4 .. 3 1 

0 .. 057 

''': W) · 'j 1  0 6 / i 8 / H 3  

P A P A M E: T E R  

V A L U [ + / - U U C E P T A I N T I  

?()O . Co O 
1 .. �:;; / :3 

0 .. 0 0 1 O . O i ? 

7 6 . 7 0 S 3 � OO 
0 . 0 0 1  

CO . CO 0 3  

6 1 0 .. 0 0  

0 . 0 00 5  

O .. 0() 8  
4 2 . 00 

0 . 3 2 

0 . 0 1 5 

'1 8 . 70 

7 . 2 0 

2 .. 7<3 7 

0 . 00 2  

5 8 9 - 0 1 0 6 / 2 6 / 8 5  

p r, r� ,�, M [ T E H  
')(.i L. U r.: + /-- L l i ,I C fC R T �, I N T Y  

1 .'i A . O O 
Co . 1 0  

0 . 3 0 

O .. O O J  
0 . 0 1  0 . 1 0  

0 . 0 0 1  

3 7  .. 2 

:0: 9 . 0 0 

O . O j O . OS 
3 1 0 . 0 0 

O .  o:� 
0 . 4 ::3 

4 5 . 0 0 

3 ft . O O 0 . 0 3 
O . O i  

1 7 .  

0 . 9 8 

0 . 0 3 

0 . 0 4 S . 8 0 

1 . 3 0 

3 . 2  

2 . 9 0 

7 . 0 2  

0 . 1 0  

1 . 00 1 .  
0 . 6 0 

i . O O  

0 .. 005 
1 2 . 2 0 

1 4 . 0 0 

1 :0: . 0 0 

2 . 6 0 

�: [i 9'-O 1 1 2 / '� :3 / B S  

P A R A M E T E H  

V A L U E: + / - U N C E R T A I N T Y  

�: 3 8  .. 
0 . 4· 

1 .. 3 

0 .. 0 ;  

0 . 0 0 1  

-1 2 0  .. 
i 2 0 .  

7 5 0 . 

o .  1 

5 0 . 3  

2 .. 4·9 

0 . 1 8 

4 .  

7 . 0 1  

3 . 3 6 

0 . 0 0 5  

5 9 0 -- 0 1 0 2 / 1 5 / 8 3  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

4 4 2 . 0 0 

0 . 0 0 1  

0 . 0 2 

2 5 6 . 0 0 

2 0 0 . 0 0 

0 . 0 0 1  

0 . 0 0 1  

2 0 5 0 . 0 0 

0 . 0 0 ;;:: '1' 

0 . O i 0 1  

1 2 9 . 0 0 

0 . 0<;'5 

0 . 0 5 

1 . 6 0  

0 . 6 2 

1 0 0 . 0 0 

7 . 5 0 

9 . 8 4  

0 . 1 4 4  
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Tab le E . 2 . 6  Groundwa t e r  qua l i ty da t a  by l o c a t ion , Old R i f l e  s i t e  ( Cont inu e d )  

F O R M A T I O N  O F  C O M P L E T I O N : N O  R E C O V E R Y O F  D A T A  F O R  C L A S S I F Y I N G 
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4 .. 5 

7 .. ? 3  

0 . 1 0  

? .. O O  

0 "  O () ��; 
1 2  .. ell) 

1+ . 0 0 

3 . 0 0 

L O C A T I O N  I D  - S A M P L E  I D  A N D  l O G  D A T E  

6 0 2 - 0 1 1 2 / 0 8 / 8 5  6 0 3 - 0 1 0 6 / 2 6 / 8 5  6 0 3 - 0 1 1 2 / 0 9 / 8 5  

P A P A M E T E H  

V A L U E + ! - U N C E R T A I N 1 Y 

� 4· B .. 
0 . 1 

0 . 6  

0 " 0 1 

1 0 7 .  

1 4· ()  • 

6 0 0  .. 

o .  

8 . 7  

0 . 6 6 

1 6 . 8  

1 . 5 9 

0 . 1 4  

1 .  

0 . 1 
"7 � ·T I .. ;;) / 

O .  

2 ,, '7' 9  

0 . 2  o .  
O .. O O S  

3 . 4  
� L .  

1 . 1  

0 . 6  

0 . 2  

0 . 7  

P A H A M E T E R  

V A L U E + ! - U N C E R T A I N T Y  

�) 3 4  .. 0 0  

0 . 1 0 

0 . 1 

0 "  0 ( <3 

0 . 0 1  

0 . 1 0 

0 . 0 0 1  

1 7 1 .  

7 8 . 0 0 

0 . 0 -1 

0 . 0 5 

2 �2 0 0  .. 0 0  

2 0 0 0 . 0 0 

0 . 0 2 

0 . 5 9 

4 2 . 0 0 

:33 ,, 0 0  

0 . 1 0  

0 . 0 1  

1 7 2 . 0 0 

1 . 3 0 

0 . 0 1  

0 . 0 4 

1 4 " 6  

4 . 1 0  

4 . 9  

7 . 0 1  

0 . 5 0 

1 1 . 0 0 

0 . 0 1  

1 4 . 3 0 

22 . 0 0  

1 2 . 0 0 

P A R A M E T E R  

V A l U E + ! - U N C E R T A I N T Y  

625 . 

0 " 6  

0 . 2  

0 . 0 1  

0 . 0 0 1  

3 2 7 . 

1 30 . 

2 8 0 0 . 

0 . 1 8  

2 1 9 .  

1 . 5 4 

0 . 1 6  

1 1  • 

7 . 0 4 

1 2 . 3  

0 . 0 1  

6 0 3 - 0 1 1 0 1 2 5 / 8 7  

P A R A M E T E R  

V A l U E + ! - U N C E H T A I N T Y  

4 9 4 . 

0 . 1 8  

0 . 1 

o .  o o ,� 

0 . 0 2 

0 . 1 

0 . 0 0 5  

1 3 9 .  

4 8 . 

0 . 0 1  

1 6 3 5 . 

0 . 6 8 

0 . 0 6 

0 . 0 1  

1 0 1 .  

0 . 6 3 

0 . 1 5 

0 . 1 

0 . 1 

7 . 1 

3 . 0  

6 . 6 6 

1 "  6 

0 . 1 

0 . 0 2 1  

1 5 . 9  

0 . 6  

1 . 0  
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Table E . 2 . 6  Groundwa t e r  qua l i t y  d a t a  b y  l o c a t ion , Old R i f l e  s i t e  ( Con t inue d )  

F O R M A T I O N O F  COMP L E T I ON : N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I NG 

H Y D R A U L I C  F L O W  R E L A T I ON S H I P : D O �I N  G R A D I E N T  

P (1 P_ ,; �-I [ T [  R I.lN IT elF 
�1 E t,�; U P_ c� 

S I L V E R  M C / l  
:', O D  T t i M  11 G / L  

S T R O N T I U M M G / l  

S U L F A T E  M G / l  

S U L F I D E M G ! L  

T E M P , I N - S I T U C - D E G R E E  
T [ M P E R A T U R E  C - D E G R [ E  TH-230 P C I / l 

T H A l l I U M M G / l  

T I N  M G / l  

T I T A N I U M M G / l  

T O T A L  S O L I DS M G / L  

l(JT i�l l U P P r'1 
R � N I U M  

A N A D I lJ M  

I � C 

I'1G ./L 
�1 C / L  

M G / l  

6 0 2 - 0 1 0 6 / 2 4 / 8 5  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

o .  
3 7 . 0 

0 .  0 

3 4 . 

0 . 1 0  

1 4 ,, 0 0 

1 2 n  0 ':) 

0 .. OO �:; 
3 1 0 ,, 0 0 

0 .  0 2  

O .  1 

0 .. OS 

l O C A T I O N I D  - S A M P L E  I D  A N D  l O G  D A T E  

6 0 2 - 0 1 1 2 / 0 8 / 8 5  6 0 3 - 0 1 0 6 / 2 6 / 8 5  6 0 3 - 0 1 1 2 / 0 9 / 8 5  

P A R A M E T E R  

V A l U E + / - U N C E R T A I N T Y  

�; 2 .. 6 

1 1 3 .  

-1 1 .  

0 . 1 

�; 8 1 .  

0 . 0 0 0 3  

0 . 3  

0 . 2  

P A R A M E T E R  

V A L U E + / - U N C ER T A I N T Y  

0 . 0 1 

3 0 0 . 00 

3 ,, 6 0 

1 1 0 0 . 

0 . 8  

1 4 . 0 0 

1 3 . 0 0 

0 . 0 0 5  

2 4 S 0 . 0 0 

0 . 0 3 9  

0 .. 0 -1 O . O H  

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

4 4 1 .  

1 8 9 0 . 

1 1  • 

3 8 2 0 . 

0 . 0 4 6 1 

0 . 3 6  

6 0 3 - 0 1  1 0 / 2 5 / 8 7  

P A R A M E T E R  

V A l U E + I - U N C E R T A I N T Y  

2 3 0 . 

7 3 6 . 

0 . 1 

1 4 . 9  

l S 7 0 . 

0 . 0 2 5 2  

0 . 0 4 

0 . 0 0 5  
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Tab le E . 2 . 6  Groundwa t e r  qual i t y  d a t a  by l o c a t ion , Old Rifle s i t e  ( C ont inue d )  

F O R M A T I O N O F  C O M P L E T I O N :  N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G H Y D R A U L I C  F L O W  R E L A T I O N S H I P : UP G R A D I EN T  

L O C A T I O N I D  - S A M P L E  I D  A N D  L O G  D A T E  

F' (1 F. A r-[ [ T [ R  

3 / 8 I tJ � S I E: V E  

A L K A L I N I T Y  

A l U M I N U �  

A M M O N I A  

A M M O N I U M  

A N T I M O N Y  

A R SEN I C  

B A R I U M 

B E RY L L I U M  

B O R O N  

B R O M I D E 

C A [) M l: U M 

C A L C I U M 

C H L O R I D E 

C H R O M I U M  

6 0 4 - 0 1 0 6 / 2 6 / �3 S  

U N I T  O F  P A R A M E T E R  

M E A S U R E V A L U E + / - U N C E R T A I N T Y  

% A S S :[ tJ G  

M G  L C A C D 3  5 1 4 . 0 0 

MG L 0 . 1 0 
M G / L  

M G  L 0 .  0 

MG L 0 "  O J  
M G  l O .  
11G L O .  0 
M G / L  

!� G / L  

�H 3 / l  

M G / L  0 .. 0 0 1 

M G / L  1 6 7 .  

M G / I_ 5 6 . 0 0 

�1 (J/L. 0 . 0 1  

C O B A L T  M G / L  0 .. 0 5  

C O N D . I N - S I T U U M H O / C M  

C O N D U C T  M! C E  

C O P P E R  

C Y AN I D E 

F L U O R I D E  

G R O S S  A L P H A  

G R O S S  B E T A  

I R O N  

L E A D  

M A G N E S I U M  

M A N G A N E S E  

M E R C U R Y  

M O L Y B D E N U M  

N I C K E L  

N I T R A TE 

N I T R I T E  

N I T R D G E N , K J L  

N 0 2  & N 0 3 

O R G . C A R B O N  

P B - 2 1 0  

P H  

P H OSP H A T E  

P O - 2 i O  

P O T A S S I U M  

R A - 2 2 6  

R A - 2 2 8  

R E D O X  P O T E N T 

S E L E N I U M 

S I L C O N  

S I L T C A 

U M H o / c r1 

M G / l  

M G / L  

M G / L 

p e I / L 

P C I / L  

M G /L 

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

P C I / L  

S U  

M G / L  

P C I / L 

M G / L  

P C I / l  

P C I / l  

M V O L T S  

M G / L  

M G / L  

M G / L  

� SO() n O Cl 
1 ��; O ()  .. 0 0  

0 . 0 :2 

0 .. 5 2  

1 3  .. 0 0  

2 4 � O O 

0 . 0 3  

0 . 0 1  

1 4 8 . 0 0 

1 . 0 4 

0 . 0 1 

0 . 0 4 

? O . I+ 

5 .. 2 0  

5 .. 6 

7 .. O i� 
0 .. 1 0  

1 1 . COO 

0 .. 0 0 (.'( 

� !t " �:;O 

1 0 . CO O 

1 2 . 0 0 

6 0 4 - 0 1 1 2 / 0 9 / 8 5  6 0 4 - 0 1 1 0 / 2 5 / 8 7  6 2 0 - 0 1 0 6 / 2 6 / 8 5  

P A R A M E T E R  

V A l U E + / - U N C E R T A I N T Y  

4 9 J . 
0 . 6  

0 .. 3 

0 ,, 0 1  

0 . 0 0 1 t:� ·1 ·1 .. 

r:.; O . 

1 5 0 0 . 

o . os 

1 2 8 .  

1 .  1 1  

0 . 1 5 

s .. 

7 .. 1 1  

\? II 2 S  

O . OO B  

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

f+ 1 1 .  

0 .. 1 7  

0 . 1 

0 . 0 0 2  

0 " 0 2 

0 . 1  

0 .. OO�; 
-1 �;'�2 n 

3 0 . 

0 .. 0 1  

1 2 00 . 

0 .. 7 0  

0 . 05 

0 . 0 1  

7 9 . 0  

0 . 6 4 

0 . 1 :3 

1 . 8  
0 . 1 

7 • O�; 
" r ... ") .. �J 

6 . �:6 

0 . 1 

0 . 3  

O . O I B 

1 5 . 5  

0 .. 1 

1 . 1 

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

3::: �3 .. 0 0  

O .  -1 0 
0 . 6  

0 . 0  3 () " O  
0 . 1 

0 . 0 0 1 

2 2 6 " £�25 . 0 0  

0 . 0 1  

0 . 0 5 

2 6 0 0 . 0 0 

0 . 0 2 

0 ,, 2 3 

2 1 .  0 0  

-1 8 . 0 0 

0 . 1 8  

0 . 0 1  

1 5 4 . 0 0 

1 n S ] 

0 . 0  -I 

0 . 0 4  

1 . 8  

0 . 1 0 

1 0 .  

7 . 1 5  

() . 1 0 

1 1 . 0 0 

0 . 0 0 5  

1 2  .. [.iO 

1 '1 . 0 0 

-1 1 . 0 0  

6 2 0 - 0 1 0 5 / 1 4 / 8 6  

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

3 8 3 . 

0 . 3  

0 . 0 1  

0 . 0 0 1  

2 6 ] . 

1 9 6 .  

2 7 0 0 . 

0 . 1 5 2 

1 3 7 .  

1 . 4 5  

0 . 0 1 

7 . 2  

6 . 2  

o .  O o �.:; 



Tab l e  E . 2 . 6  Groundwa t e r  qua l i t y  d a t a  by l o c a t ion , O l d  Ri f le s i t e ( C ont inued)  

F O R M n T I D N O F  C O M P L E T I O N : N O  R E C O V E R Y  O F  D A T A F O R  C L A S S I F Y I N G I fT D Fi" i Il U C  f L O l) RFIJ1 T J U U �> H If ' : U P  Ci FU \ I:> I Un 

P A F (, I'-I I T E P  

S I L V E R  

S O D I U M 

S T R O N T I U M 

S U L F A T E  S U L F I DE 

U N n  ur-
�1 [ �, �o l_ I I;: [ 

M G ! l  

� G / L  

M G / l  

M G / l  

M G / l  

T E M P , I N - S I T U C - D E G R E E  
T E M P E R A T U R E  C - D E G R E E  

T H - ? 3 0  

T H A L L I U M  

T I N  

P C  / L  

�1G L 

I�G L 
T I T  N I U M M G / L  

T O T  l S O L I D S  M G / l  

T O T  L U P P M  UP I�, li J U �'1 I'1 G/L 
\'AtJ A I) J l.JM 

� Z I N C �1 G / L  11 G / '-
I 

� 
� 

6 0 4 - 0 1 0 6 / 2 6 / 8 5  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

0 .. 0 '1 
':2 0 0  .. 0 0  �j .. ::: 0 f�� t. O  .. 

0 .. 'i-1 S " O O '; :"2 .. 0 0  

() "  O () S  

i 7 30 .. 00 

0 . 0 '+ 9  

O . (H 0 . 0 1 4 

L O C A T I O N  I D  S A M P L E  I D  A N D  L O G  D A T E  

6 0 4 - 0 1 1 2 ! 0 9 ! 8 5  6 0 4 - 0 1 1 0 ! 2 5 ! 8 7  6 2 0 - 0 1 0 6 / 2 6 / 8 5  

P A R A M E T E R  

U A L U E + I - U N C E R T A I N T Y  

1 7' :3 II 

'iI' ':,' .. 

1:2 .. 

2 1 4 0  .. 

0 .. 0 3  ·i 3 

0 .. 2 5  

P A R A M E T E R  

V A l U E + / - U N C [ R T A I N T Y  

W O . 

" -, ,  
��.' ':;.' .:J .. 

O .  -1 

-1 3 . 7  

1 ;': B O  .. 

0 . 0 1 ? 7  

0 . 0 3 

0 . 0 0 5  

P A R A M E T E R  

V A L U E + ! - U N C E R T A I N T Y  

0 . 0 1  

5 �i O . 0 0  

3 .  ·; 0 

1 7 2 0 .  

O . S  

-1 0 . 0 0 

0 . 0 0 5  

J ··� :i ()  .. 0 0  

0 . 0 3 7  

0 . 0 1  

0 . 0 0 5  

6 2 0 - 0 1 0 5 / 1 /t / B 6  

P A R A M E T E R  

V A l U E + / - U N C E R T A I N T Y  

520 . 

1 6 50 . 

-1 0 .  

3 2 4 0 . 

0 . 0 4 7  
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Tab le E . 2 . 6  Groundwa t e r  qua l i t y  d a t a  by locat ion , Old R i f l e s i t e  ( Collt Ln<le d )  

F O R M A f I O N O F  C O M P L E T I O N :  N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G  

H Y D R A U L . I C  F L O W  R E L A T 1 0 N SH I P : U P  G R A D I E N T  

P ,� R ti �·IETEP U ri I T  l; F 

M [ :1 '�; U F !-= 

3 / 8 I N . S I EV E  % P A S S I NG 

A L K A L I N I T Y  M G / L  C A C 0 3  
A L U M I N U M  M G I L  

A M M O N I A  M G / l  

A M M O N I U M  M G / L  

A N T I M O N Y  M G / L  

A R S E N I C  

R A R :[ U M  

B E R Y L L I U M  

r1 / L  r1 / l  r1 I l  

B O R O N  M G / l  

B R O M I D E C A D M I U M  
C A L C; I lJ rl 

C H L O R I D E 

C H R O M I U M 

M G / l  

M G / l  

M G / l  M G /L. 
M G / l  

C O S A l T  M G / l 

C O � D . I N - S I T U  U M H O / C M  

C O N D U C T A N C E  U M H O / C M  

C O P P E R  M G / l  

C Y A N I D E  M G I L  

F L U O R I D E  M G / l  

G R O S S  A L P H A P C I / l 

G R O S S  B E T A  P C I /l 
I R O N  M G / l  

L E A D  M G / L  

M A G N E S I U M  

M A N G A N E S E  

M E R C U R Y  

M O L Y B D E N U M  

N I C K E L  

N I T R A T E  

N I T R I T E 

N I T R O G E N . K J l  

N 0 2  & N 0 3  

O R G . C A R B O N  

P B - 2 1 0  

P H  

P H D P H A T E  

P O - 1 0  

P O T  S S I U M  

R A - 2 6  

R A -- 2 8  

M G / l  

M G / L  

M G / l  

M G I L  

M G / l  

M G / l  

M G / L  

M G / L  

M G / l  

M G / l  

P C I / l 

S U  

M G / l  

P C I / l  

M G / l  

P C I / l 

P C I I L 

R E D O X  P O T E N T  M V O L T S  

S E L E N I U M  M G / L  
S I l C O N  M G / L  S I L I C A M G / l  

6 2 0 - 0 2  () S / 1 4 / 8 6  

P A R A l1 E l' E: R 

V A L U E + / - U N C E R T A I N T Y  

���: �j 3 .. 

O .. J 
0 . 0 ·1 

,, 0 0  ·1 £� t. i ':;" 

2 7 0 0 .  

0 . 1 44 

1 3 '1 .  

1 . 4 5 

0 . 0 ·1 

7 . 2  

6 . 2  

O .. O O S  

lO C A T I O N  I D  - S A M P L E  T D  A N D  l O G  D A T �  6 2 0 - 0 3  0 5 / 1 4 / 8 6  6 2 0 - 0 4  0 5 / 1 4 / 8 6  6 2 0 - 0 S  O S : I 4 f8 6  
P A R A M E T E R  

V A l U E + / - U N C E R T A I N T Y  

3 8 3 . 

o ..... 
... n �:' 

0 . 0 1  

0 . 0 0 1  

2 6 6  .. '1 95  .. 

£l 7 0 0 . 

0 . 1 3 '1 

1 3 7 .  

1 "  It S 
0 . 0 1  

7 . 2  

6 . 0 1  

O . O O S  

P A R A M E T E R  

V A L U E + / - U N C E R TA I N T Y  

3 8 3 . 

0 . 2  

0 . 0 1 

0 . 0 0 1  

2 6 5 . 

1 9 7 . 

2 7 0 0 . 

0 . 1 4 5 

1 3 9 . 

1 . 5  

0 . 0 ·1 

7 . 2  

6 . 0 8 

0 . 0 0 5  

l: A � A M E T E R  

V A l L E � / - U N C [ R T A I N T Y  

3 8 3 . 

0 . 5  

0 . 0 1  

0 . 0 0 1  

2 (.)"�  .. 

1 9 7 .  

2 7 0 0 . 

0 . 1 5 2  

1 3 9 .  

1 . 4 9 

0 . 0 1  

7 . 2  

6 . 09 

0 . 00 5  

6 2 0 - 0 1 1 0 1 2 6 1 8 7 

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

3 0 7 . 

0 . 2 6 

o .  ·1 
0 . 0 0 7  

0 . 0 3 

O .  ·1 

0 . 0 0 5  

3 2 4 . 

4 1 0 .  

0 . 0 1  

�� 2 S 0 . 

0 . 1 9 

0 . 1 7  

0 . 0 1  

1 2 4 .  

1 . 1 8 

0 . 1 5 

0 . 1  

0 . 1 

7 . 0  

6 . 2  

6 . 8 4  

0 . 0  

1 . 2  

0 . 0 28 

1 1 . 0 

0 . 1 

1 . 0  
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Tab le E . 2 . 6  Gr oundwa t e r  qua l i t y  d a t a  by l o c a t ion , Old R i f l e  s i t e  ( C ont inue d )  

F O R M A T I O N  O F  C O M P L E T I O N :  NO R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G 
H Y D R A U L I C  F L O W  R EL A T I O N S H I P : UP G R A D I E N T  

P AR. f1 M U E P  

S I L V E R  
S O D I U M 
S T R O N T I U M 

S U L F A T E  
S U L F I D E 

U N I T  el F 

MEM,; I) I-C. t, 
M G ! L  
M G ! L  
M G ! L  
M G / L  
M G ! L  

T E M P , I N - S I T U C - D E G R E E  
T E M P E R A T U R E  C - D E G R E E  
T H - 2 3 0  p e I ! L 
T H A L L I U M M G / L  
T I N  M G ! L  
T I T A N I U M M G ! L  
T O T A L  S O L I DS M G ! L  
T O T A L  U P P M  

U R A N I U M M G / L  
V � N A D I U M  M G ! L  
Z I N C M G ! L  

6 2 0 - 0 2  () S / 1 4 / E� 6  

P A R A M E T E P  
V A L U E + ! - U N C E R T A I N T Y  

�� '1 4 .. 
i 6 5 0 . 

-; 0 .  

3 i<:::O .. 
0 .  O �; 7  

L O C A T I O N I D  - S A MP L E  I D  A N D  L O G  D A T E  

6 2 0 - 0 3  0 5 / 1 4 ! 8 6  6 2 0 - 0 4  0 5 / 1 4 / 8 6  6 2 0 - O S  0 5 / 1 4 / 8 6  

P A R A M E T E R  
V A L U E + / - U N C E R 1 A I N T Y  

5 i B .  

-1 6 6 0 . 

-10 .  

3?t.O .. 
0 . 0 5 3  

P A R A M E T E R  
V A L U E + / - U N C E R T A I N T Y  

5 ·1 8 .  

1 6 4· 0 .  

1 0 .  

3 £�7 0 .  

o . o o\ a  

P A R A M E T E R  
V A L U E + ! - U N C E R T A I N T Y  

S i B .  

1 6 4 0 . 

·1 0 .  

3 2 S 0 . 

0 . 0 5 1  

6 2 0 - 0 1  1 0 / 2 6 / 8 7  

P A R A M E T E R  
V A L U E + ! - U N C E R T A I N T Y  

7 1 0 .  

1 9 2 0 . 

0 . 1 

1 0 . 5  

3 6 9 0 . 

0 . 0 3 0 1 
0 . 0 5 
0 . 0 2 1  
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Tab le E . 2 . 6  Groundwa t e r  qua l i t y data by l o c a t ion , Old Rif l e  s i t e  ( C o n t inued) 
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3 / r': l r! ,, �: 1 [ U [ (d. f: :'1 I.. ] 1.1 1 T ( 
f1 1.. til'l T f! U �1 t�'; 1"'1 )"1 U I) :r (I t,�l r'1 (l i\1 J Li M 

t, i!T J i'I D r,l ( 
(', H. �; [ j) T 1--' 

n ("\P J U l 1  

l : rJ 1 T f.iF 
I'l L (, ", : I I ,  I: 
% � r: � , 'r' t� G 

M G  L C A L D ]  
M G  L 

M G ' L 

MG I.. 

MG L 

MG L 

MG L 

B E R Y L L I U M  M G / L  
[: ClFi. U i ·/ F; f,: CJ t' I J D [  
C ,�d ) M  J 1 . l t1 
C td .. C J I WI 

C H I. l iP  J D E  

M G / L  

M G / L  

M G  l 

M G  L 

MG 1_ L H P. fJ r! T : . Jr1 1'1 [; / 1.. 
C U B A L T  M G / L  

C U I ,I f) , ::: U · ::: ITU lWf l I U / C M  C (I I' I' t .1 c: T ,'1 i J c: b: U M H I I  / [' t1 C U f' P E R M G / L  

C Y A N .I· ['I� )1(3/ 1._ 

r- L U ()f l J D [ m; : L  C; I� fl (OC: (d P H ,'1 P C: T ,'1 .. G R O S S  P E 1 A  P C J / L 
I I,{ C l N  11(3 /1. IFJ, D M G i l _  

M A G N l S I U M M G / L  

M A U r; (, (w :� [  M G , '!  

l'l F I� r; I .I R Y  1110/1. 

M O L Y 8 D E N U M  M G / L  

N I C I ', I I._ 11 [; / l_ 
N I T I" tI T E  �Ili / I  
N I T R I T E  M G / L  

N I T R O G E U . � J L  M G / l  

N O ?  \\ u rn op c; "  C t, f':: B D N  IO Jj - ? i O  
P H  r' H CI :'W I 1 ,'1iT 
l' O - ? j O 
I" (j T (, '::, �) 1 1 1 1 1  
R ,; - ? ? (, 

P. t.1 ··· ��� ? U  

P L D Cl :<  P O T E N T  
�) r: l F in U M  

S l L. C O I'J 

S I I  1 C i�' 

11 0 I. 
MG L 

f' C / 1.  

S U  

M G / L  

P C  J / L  
11ii / L  
P C I / L 
F' C 1 / L  

t1 'J D I  l ,c :  
t1 G / L. 
M G / l  

M G ,' L  

6 2 1 0 1  0 1 / 1 5 / 8 6  

P � P � M E T L R  

V A L U [ I / - U N C E R 1 A J N 1 Y  

:; f. �.�; .. 
0 . 3  

0 . 1 () ,, ·) O ]  
0 . 0 1 0 ,, :3 
0 .. �1 

. 0 0 1  

3 J, 

1 [; 0  

o " () �j 
? 6 S 0  .. 

O . O ? 

2 ,, 1  

0 . 1 5  

0 . 0 1 

If .. �1 
O . O ? () " (d) 0 2  
0 . 2  

0 .. 0 6  

1 .  

e n D ? 
0 . 1 

B "  (? 6 

0 ,. (> 0 ':'; 
,-,") .. 

- L D C A I I O U  l D  - S t, l'i f' L F  I f) (i (1I) L O G  D ,yn: 

6 2 1 ··-() 1 (j S / 1 4 / f� 6  6 2 2 - 0 1 0 1 / 1 5 ; 8 6  6 2 2 - 0 1 0 5 / 1 4 / 8 6  

F' liP t, I'll: 1 E H  

l)(il._ U I: + / - U (' CTP I ,; J  iHY 

3 ::: 6 . 

0 . 1 

() . ,� 

0 . 0 '1 

0 . 1 3  

0 .. 0 0 1 

·i O .. B 1 060 .. 
() .. 0 5  

:"(:' 7 0 0  .. 

o . O ;?  

C� .. 6 

6 1 .  2 0 . 
0 . 0 3 

O . C H  

3 .. 2 ]  0 . 0 ; 2 
0 . 1 6 1  

0 . 0 4 1 .  

1 ,--.. �) B . B  
1 . 
J .  �:; 4 

1 " 

L 

() n f)OI:'�; 
? .. ;: 

P AH. ?"Ii'i E TE:R 
')(\1.. L IE + / -- Ui ,� C f.

- r::. l
· (.c, I t,1 TY 

'�· 1 8  • 

O � 3  

0 . 1 
O " C' 0 3  

0 .. 0 .; 0 .. 2 

0 . 3  

0 . 0 0 1  C� .. 1 7  4 �:; O  .. 
° ,, ():-:i 

1 6 0 0 . 

0 . 0 3 

3 . 4  

O .  1 1  

0 . 0 1  

1 .  4 1  

O . O �  

0 . 0 0 0 2  

0 . 2  

0 . 0 4 L 

8 . 5 '1 0 . 1 
2 . 1 4  

0 . 0 0 5  

G oo  

P AR Arl E:"Y" ER  
V A L U E i / - U N C E R T A I N T Y  

fj "/" II 8 

3 1 1 -

0 .. .; 

0 . 5  

0 . 0  ·1 

0 . 1 

0 .. 00 ·1 4 . 1 6  
/-f O S  .. 

0 . 0 5 

1 6 2 0 . 

0 . 0 2 
3 . 9  J :3 . 

1 �; • 

0 . 0 3 

0 . 0 1  

1 . 1 4 

0 ,, 0 1  

0 .. L:�S 4  

0 . 0 4 1 • 

1 " . ;:>  
8 . 5 5 

1 .  
1 . 4 9 

1 • 

1 -

0 .. 0 0 5  

7 . 4  

6 2 2 - 0 1  1 () / 2 CO; / 8 7  

P A R A M E T E R  

V A L U [ + / - U N C E R T A I N T Y  

425 . 
0 . 0 6 

0 . 3  

0 . 0 0 7  

0 . 0 6 

0 . 1 

0 . 0 0 5  .3 .. r�) 8 

3 B O . 

0 . 0 1 

1 5 1 3 .  

3 . 9 7 

0 . 0 1  

0 . 0 1  O .  �'9 
0 . 0 1  

0 . 3 1  

0 . 1 

0 . 1 

8 . 3  
0 . 5  

1 . 2 8 
0 . 1 

0 . 3  

0 . 0 0 1  

6 . 5 0 

0 . 2  

0 . 7  



Tab l e  E . 2 . 6  Groundwa t e r  qua l i t y  data by l o c a t ion , Old R i f l e  s i t e  ( Cont inu e d )  

F O R M A T I O N O F  C O M P L E T I O N :  NO R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G 

H Y D R A U L I C  F L O W  R E L A T I O N S H I P : UP G R A D I E N T  

F' ,; r.: A M f: T f' P  

S I L V f' R  
S O D I U M  

S T R O N T I U M  
S U L F A T E  
S U L F I D E 

U N IT O F  

M [ A S U R E  

M G / L  

M G  L 

MG L 

M G  L 

MG L TEMP . I N - S I T U C - D E G R E E  T E M P E R A TURE C - D E G R E E  TH-230 T H A L L I U M  
T I N  

T I T A N I U M  

T O T A L  S O L I DS 
T O T A L  U 

U R i�, N I U M 

fTI 'H� ;.t,; D I U M .b { HIC 
....,J 

P C: I L  

M G  L 
MG L 
M G / L  

M G / L  

p p  

M G  L 
M G  L 
M G  L_ 

6 2 1 - 0 1 0 1 / 1 �:: / D (, 

P ARAMETER 
V A L U E + / - U N C E R T A I N T Y  

0 . .  0 -1 

1 -\ '7'0 " 
0 .. 6 

:':'7 .. 

1 0 . 5  

0 .. () O 7  

2 ; <;0 0 . 

0 .. 0 6  0 "  
0 .. 

ro• 

·:'1 

L O C A T I O N I D  - S A M P L E  I D  A N D  L O G  D A T E  
6 2 1 - 0 1  0 5 / 1 4 / 8 6  6 2 2 - 0 1 0 1 / 1 5 / 8 6  6 2 2 - 0 1 0 5 / 1 4 / 8 6  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

U "l B .  

0 .. 4..'+ 9  34 " 3  

- w .  L 
0 .. 0 0 5  

'2 i? ? O  It 

0 .. 0 3  

0 .. -1 
0 .  1 

P A R A M E T E R  
U A L U E + / - U N C E R T A I N T Y  

0 . 0 1  
'5 :;:: 0 .  

0 . 2  
8 4 . 

j () . 5  

O .. O O S  
'1 2 7 0 .  

.. O O (} S  

. £: 6 
.. 0 2 6  

P A R A M E T E R  
U A L U E + / - U � C E R T A I N T Y  

4 7 4 . 

o .  -14 6  
6 7 . 8  

1 2 .  
1 .  

0 . 0 0 5  

� 1+ Z 0 .. 

0 . 0 0] 
0 . 0 ;  
0 . 005 

6 2 2 - 0 1 1 0 / 2 5 / 8 7  

P A R A M E T E R  

V A L U [ + / - U NC E R T A I N T Y  

4 9 0 . 

6 5 . 
0 . 1 

1 1 . 0  

1 1 9 0 . 

0 . 0 0 1 6  0 . 0 1  
0 " 0 0 5  
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Tab le E . 2 . 6  Groundwa t e r  qua l ity d a t a  by l o c a t ion , O l d  R i f l e  s i t e  ( Con t inue d )  

l UI' r1c, l TCi t� O F  C O I� I" L E TT  ON : tm P F r O l.' F R Y  O F  D A  1 1'.  F U R. C L  (, �;::; I F Y  HlG 
1-I Y D I1 /, U L  T f;  F L O I,J R EJt, T I D N S H I F ' : m, - �: IT E  

F\ {:-I F :  f.1 11[ OOI L'H. 

::-� / B ]  r,! " �:; ] r" l ... l v· 

M. I �' M .. liH TY M .. U M I (!!..I l'1 (, M I1 U i-.1 I A 

(', M r1 0 N I I. J rl 

!..I tH T D f' 
M E ,�, �; l l n [ 

% P A S S I N G  

M G / L  C A C 0 3  

M G /l_ 

M G /L 

M G /L 
A N T I M O N Y  M G / L  t!I\ S L rJ T C 

B (" R I U M  

t'I G / L  

M G / L. 

B F R Y L L 1 U M M G / L  

B O R O N M G / L 

E: R Cl r'I I D F  

C ti D r1 1  U M  

C ,� U :: I lJ rl 

C HL U IU L< E  

C H R Cit'I I I J �1 

[ 11 B ti 1...T 

C Dlm , 1 (,1 -· ,,: T T U  

C O U D I .I C T ti tl C' E  

C �J f' f '  F li 

M G / I... 

M G / L  

M G / L  

M G / L  

M G /L. 

M G / L  

U M H O I C M  

U M H O / C M  

M G / L  

C Y A N I U E  M G / L  

f- UJ O fl J D E  M Ci / L  

G R O S S  A L P H A P C I / L G R O S S  E E T A P C I / L  

I R D N  M G / L. 

L U i !) 

M t, L' i .I F "; I LI M 

r1 t, �,IC;t,N [ ��, [ 

11 E R C U I'\ Y  

M D L. Y f! O F ti U M  , l I tTEL r! I T R (\ T [  
N I T R I T E 

tH T R Cl C, U" f(..IL N D 2  (>. N03 

!l R Ci . e MI B O N  1" 8 ·- 2  i O  P H  
P H D(;P I 'l i� T E  

f' O .... ? i O P D T t, :3 S I Ut1 
R t; ·_· ? 2 f) 

H I� ·- :::� �:� 8 

n E D U \  r' O T nH 

�! F I  .. Hn ll r1 !'; J L C U rl S I t.. ] (. :1 

M (J / L  

M G / L  

M G / L  

M G / L  

M Ci / L  

I� G / L  

M G / L  11 G / L 
M G / 1.. 

M G / L  

M G / I.. 

P C I / L 

S U  

11 Ci / L_ 

P C I / I 

M (J / i. 

f' C I / L  
P C I / L 

�1 V D L. l' S 1113 ./ [  �1(] i t  
M G / L  

6 2 2 ,- 0 2  1 () F;'�::; / f:'; 7  

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

�' L�S " 
0 .. 0 7  

0 .. 4 

0 .. 0 0 ':;  
0 .. 0 6  

0 . 1 O .. O()S �� .. 7 '+ 

't 7 0 . 

O . (H 

1 :> 1 :3 .  

3 .. 9 7  

0 . 0 1  

0 . 0 1  

1 . 0 1 

0 . 0 1  

0 . 3 1 

0 . 1  
0 . 1 

B .. �� () • fe, 
1 u b 7  ( )  • 1 0 ,, 2  

0 . ]  1 . 0 

0 "  O O ft 

6 ,, 5 3 

L O C A l  I O N I O  - S A M P L E  I D  A N D  L O G  D A T E  

6 2 2 - 0 3  1 0 / 2 5 / 8 7  6 2 2 - 0 4  1 0 / 2 5 / 8 7  6 2 2 - 0 5  1 0 / 2 5 / 8 7  

P A R A M E T E R  

V A L U E + / - U N C E R T A I ti T Y  

4 :C:S . 

0 . 0 6 

0 . 3  

0 .. O O (�) 

O .  ()6 

0 . 2  
0 . 0 0 5  ,., ··,r-... ":' .. / :::J 

l+ O O  .. 

0 . 0 1  

i s  1 3 .  

4 . 0 1  

0 . 0 1  

O . O �  

1 . 0 1  

0 . 0 1  

0 .. 3:3 

0 . 1  
0 . 1 

8 . 3  

0 . 5  

1 .. 5 7  

0 . 1  

0 . 0  

0 . 0 0 3  

6 .. 6 8  

0 . 2  

1 . 0  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

4 2 5 . 

0 . 0 6 

0 . 3 

O . O Cl B  

0 . 0 6 

0 . 1  

0 . 0 0 5  

3 . 7 7  

4 0 0 . 

0 . 0 1  

1 5 1 3 .  

4 . 00 

0 . 0 1  
0 . 0 1  

1 .  0 1 

0 . 0 '1 

0 . 3 3 

() . 1 
() . 1 

8 . 3  

0 . 6  

1 . 3 4 

0 . 0  0 . 1 

0 . 0  1 . 1 

0 . 0 0 :3 

6 . (;, 8  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

4· 2 S . 

0 . 0 6 

0 . 3  

O . O O it 

0 . 0 6 

0 . 1 

0 . 0 0 5  

3 . 7 6 

4 0 0 . 

0 . 0 1 

1 5 1 3 .  

4 . 0 5 

0 . 0 1 
0 . 0 1  
1 . 0 2 

0 . 0 1  

0 . 3 4 

0 . 1  
0 . 1 

8 . 3  

0 . 4  

1 .  :39 
0 . 1 0 . 2  
0 . 0  1 " . ..) 
0 . 0 0 3  

6 . 6 3  

6 2 3 - 0 1 0 1 / 1 3 / 8 6  

P A R A ME T E R  

V A L U E + / - U N C E R T A I N T Y  

5 '7' 1 .  

1 0 9 .  

3 . 3  

0 . 0 1 

1 3 30 . 

5 7 0 0 . 

1 25 0 0 . 

o .  
6 0 . 

3 1 2 .  

2 9 0 . 

1 5 . 4  

0 . 1 6 

1 .  

2 2 . 

7 . B 5 

1 0 .  

6 6 . 

3 . 7  

0 . 0 0 5  

so . 
4 0 . 

3 .  

3 .  

1 • II 
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Tab l e  E . 2 . 6  Groundwa t e r  qua l i t y  d a t a  b y  l o c a t ion , O l d  R i f l e  s it e  ( C on t inue d )  

F O R M A T I O N  O F  C O M P L E T I O t l : N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G 

H Y D R A U L I C  F L O W  R E L A T I O N S H I P :  O N - S I T E  

f' (; R A rl E T E R  

U N I T  DF 
�1 E A � ).J R F  

S I L V E R  M G / l  

S O D I U M  M G / l  

S T R O N T I U M M G / L  

S U L F A T E  M G / L  

S UL F I D E  M G / L  

T E M P . I N - S I T U C - D E G R E E  

T E M P E R A T U R E  C - D E G R E E  

T H - 2 3 0  p e I / l 

T H A L L  J lf�1 M G / L  

T I N  M G / L  

T I T A N I U M M G / L  

T O T A L  S O L I DS M G / L  

T O T A L  U P P M  

U F�. r:I N :r U M VM11� D I I.m 
Z r N C  

�1 G / L  

�1 G / L  

11 G / L  

1.< 2 2 ·- 0 2  i O / ? S / B 7  

P A R A M E T E R  

V A L U E + / - U N C E R T A J N T Y  

A· r:;: 0 • 

6 :3 .. 

0 . 1 

1 1 . 0 

1 2 1 0 .  

0 . 0 0 ; 4  

0 . 0 ;  

0 .. 0 0 5  

L O C A T I O N 1 0  - S A M P L E  1 0  A N D  L O G  D A T E  

6 2 2 - 0 3  1 0 / 2 5 / 8 7  6 2 2 - 0 4  1 0 / 2 5 / 8 7  6 2 2 - 05 1 0 / 2 5 / 8 7  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

4 8 :3 .. 

6 2 . 

0 . 1 

� 1 . 0  

1 2 0 0 . 

0 . 0 0 '1 6 

0 . 0 1  

0 . 0 0 8  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

4 3 0 . 

t, s .  

0 . 1 

H . O  

1 2 2 0 . 

0 . 0 0 ; 5  

0 . 0 1  

0 . 0 0 6  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

4 B O . 

5 9 . 

0 . 1 

1 1 . 0  

1 2 2 0 .  

0 . 0 0 ; 5 

0 . 0 1  

0 . 0 0 5  

6 2 3 - 0 1 0 1 / 1 3 / 8 6  

P A R A M E T ER 

V A L U E + / - U N C E R T A I N T Y  

3 4 9 0 . 

4 (7 1 0 .  

1 3  .. 

4 . 5  

; 5 0 0 0 . 

0 . 0 1 6 4  

0 . 7 8 

1 . 9  
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Tab le E . 2 . 6  Groundwa t e r  qual i ty d a t a  by l o c a t ion , Old R i f l e s i t e  ( C ont inued)  

F O R M A T I O N O F  C O M P L E T I O N :  N O  R E C O V E R Y  C F  D A T A  F O R  C L A S S I F Y I N G 

H Y D R A U L I C  F L O W  R E L A T I O N S H I P : O N - S I T E  

- L O C A T I O N  1 0  - S A M P L E  I D  A N D  L O G D A T E  
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,'1 M M O U J U rl ,; tn I 11iHrf 
A R ::;;[tJ I  C 

8 t,jU U 11 

B E R Y L L I U M F.; O R, D i'l 
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C ,� D tl T U t', 

C fi lJ I l l M  

C H L D H I D E  

C H F: O M lU M  

U rH T  O F  t'l [ (; �; U F:, [ 
% P A S S I N G  
M G ! I_ C � C 0 3  
M G / L  

M G / L 

M G / L  

M G / L. 

M G / L  

M G / L  

M G / L 

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

MG/ L 

C O B A L T  MG/L 
corm , I tl - S IT U  u m I O / C M  C i ) N [) !.J C T t,tJCE 
C O P P ER 

C" ,;'; IJ I D E  

F L U O R, I D E 

(3 H D S S  ,", L P H A  

GfW:'3S R n A  

I R D N 

L Ui D  

M A G N E S I U M 

M A N G A N E S [  

M E H C U H Y  

M O L Y B D E N U M  

N I C K E L  

U I1 H O / C M  

M G / L  

M (3 / L  

M G/ L 
P C I / L P C I / L  
M G / L  

M G / L 

M G / L  

M G / L  

M G / L  

MG /L 
M G / L 

tl I T R A T E  M G / L  
N I T R I T E MG L 

N I T R O G E N . K J L  MG L 

N 0 2 & N 0 3  MG L 

O R G . C A R B O N MG L P 8 - 2 1 0  P C  / L  P H  SU F'I-IO P H ,; T E  

P O -- 1 0  

P O T  ,,: ::� T U t1 

R A -- 2 6  

R t-; ·- 2 D  

M G /  

r C I  L 

M G /  

P C T  L 

P C I / L  

R E D O X  P O T E N T  MV C L 1 S 

S E L E N I U M  M G / L  

S I L C D N  M G / L  

S I L I C A M G / L  

6 2 3 - 0 1 () S / 2 :3 / 8 6  

P A R A M E T E H  

V A L U E + / - U N C E R T A I N T Y  

{"\ r' ', .:] . 
0 . 1 

1 "  9 

() . 0 1  

1 .  ('. 4 

0 . 0 0 1  

3 ·; 3  .. 

7 1  ) (\  

0 . 05 

1 :;SO O .  O .  O ;2 '� 
O .  '7' 

:;::5 0 . 

1 5 0 . 

0 . 0 3 

0 . 0 1  

5 8 . :3 

0 . 2 1 1  

0 . 0 1  

0 .. 0 1+ 

1 .  

1 
, .. , ,, ;)" 

7 .. �; 

1 .  'i:? 2 
1 .  E) 
1 . 0  

() R O () �:; 
6 .. ' .. ? 

6 2 3 -' ()  1 ') (> /' 2 h / B 7  

P A R A M E T E R  

V A L U E + / - U li C E R 1 A I N T Y  

'1' 3 .  

0 .. 2 6  

..... .-. ,:. . ..  ::.., 
0 . 0 0 3  

3 . 0 1  

1 . 0 

0 " 0 0 5  32c1 .  
'1 1 7 0 .  

0 . 0 1 

1 ,'l c' O O . 

0 . 5 7 

0 . 0 9 

0 . 0 3 �;B .. it 
0 . 1 9  

0 . 1 2  

0 . 1 
() . 1 

7 . 5  

3 ,, 7  

2 4 . 3  
0 . 6  3 .  �) 
0 "  1 313 
6 . 3 1  

0 . 3  

1 . 0  

6 2 4 - 0 1 0 1 / i 3 / B 6  

P A R A M E T E R  

V A L U E + / - U N C E H T A I N T Y  

2 [: 6  .. 

'1 3 .. 8 

, ':> "I .. .  �J 

0 . 0 1  

1 2 4 " 

2 1 7 0 . 

S5 0 0 . 

9 .  
20 . 

3 4  .. 4 
::) 0 . 5  

1 . 3 3  

O .  ,I f, 

1 .  

8 . 5  

9 .. 4 l� 

9 . 9  3 3 . 7  
1 • 1 

() .. O O �; 

:3 6 .  

20 . 

3 . 6  

1 . 9 

0 . 8  

6 2 4 - 0 1 O S / 2 7 / 8 6  

P t, R.(i I1 E 'l 'EH 

\) (" L  ut:  + / - U I� C E f( T,C; l ll T Y  

·i 7 S . 

0 . 1 

1 • 

0 . 0 1 

0 . 1 

0 . 0 0 1  

6 6 . 

2 2 0 0 . 

0 . 0 5 

7 0 0 0 .  

0 . 0 2 

1 .. �} 

1 2 0 .  

4 0 . 

0 . 0 3 

0 . 0 '1 

1 2 . 4  

0 . 0 5 4  

0 . 0 1  

0 . 0 4 

1 .  

L S  

8 . 2 S 

1 • 

8 . 7 1  

1 .  

1 . 0  

0 . 0 0 5  

8 . 1 

6 2 4 - 0  I 1 1 / 0 4 / B 7  

P AR A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

0 . 1 f, 

0 . 1 

0 . 0 0 2  

0 . 0 8 

2 . 4  

0 . 0 1 4 

1 0 3 .  

2 7 0 0  .. 

0 . 0 1  

7 0 0 0 . 

0 . 6 0 

0 . 0 2  
0 . 0 2 

1 8 . 4  

0 . 3 6 

0 . 0 4 

4 2 . 1 
0 . 1 

7 . 4  
L S  

8 . S6 

0 . 0  0 . 4  

0 . 0 7 6  

7 . 0 B 



,.., I 
a 

Tab le E . 2 . 6  Groundwa t e r  qua l i t y  d a t a  b y  l o c a t ion , O l d  R i f le s i t e  ( C on t inue d )  

F D R M A T I O N O F  C D MP L E 1 I D N : N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G 

H y [.' I�:() i I L I C: F Le l kl f.'f L ,', T I O [\I S H I P : [) N '- �; I TF 
L O C A l  I O N  1 0  - S A M P L E  1 0  A N D  L O G  D A T E  

P A FI " r' I I, T E P  U N IT  [II' 
M E A S U F: [  

S I L V E R M G / L  �:; Ci D J tJ M �c; T f.'. tJ i J T  1 1.J�1 
:c-; U L F ,� r [  �)ULT 1 D E  

r H1 P , ]u - S li U  

T E �I F' E P '�i T U F'. E 

T H - Z ::; () 

T H (; L L J U M 

T I N  

T I T ti N IU M  

T O T A L  : ; [1 L  I D S  

T O T t, l. U I.JP tiN J u r1 V 'i IU , [) T I.WI 
Z I U C 

M G  L 

M G  L 

M G  L 

MG L 

C- [ G R E F  

C - D E G R E E  

p e J / L 

M G / L  

M G / L  

M G / L 

M G / L  

P P M  

M G / L  

M G / L  

M G / L  

6 2 3 - 0 1 ()S ! 2 3 ! 8 6  
P A P � M E TER 

V A L U E + / - U U C E R T A I N T Y  

4 i 7 �) .. ., �� .. 2 

7 ? ,, 5  

1 2  .. L 
o .. (J OS 

't ? 4 0 0  

0 .. 0 0 ]  
0 . 0 1  

0 . 0')5 

6 2 3 -- 0 1 i O / :? 6 / 8 7  

P A Ft A �! E l' E I� 

V A L U E + I - U N C E R T A I N T Y  

·� �:·; s o  • 

'0'. .:: .c . •  

0 . 1 

1 3 ,, 0  

1 3 7 0 0  .. 

0 . 0 0 1 2 

0 . 0 ':; 

0 . 0 :::: :3 

6 2 4 - 0 1 0 1 / 1 3 1 8 6  

P A R A M [ T E R  

V A L U E + I - U N C E R T A I N T Y  

1 6 60 . 
9 !+ S . 

-i 3 .  �; • 4 1 . '7' 

S 1 1 0 .  

0 "  O O �v\ S 

0 . 4  

6 2 4 - 0 1 0 5 / 2 7 / 8 6  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N TY 

'i B8 
8, r '::'i 

. S  1 

1 'I . 

1 .  

0 . 0 0 5  

�; 2 4 0 . 

0 . 0 2 4  

0 . 0 1  

0 . 0 0 6  

6 2 '1 - 0 1 1 1 / 0 4 / 8 7 

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

L::O O O . 

-1 0 7  • 

0 . 1 

'1 0 . 0  

6 0 7 0 . 

0 . 0 0 9 6  

0 . 0 3 

0 . 1 7 0 



,..., 

I 

o 
N 

Tab le E . 2 . 6  Groundwa t e r  qual i t y  data by l o c a t ion , Old R i f l e  s i t e ( C ont inue d )  

F O R M A T I O N  O F  C O M P L ET I O N : N O  R E C O V E R Y  O F  D A T A  E O R  C L . A S S I E Y I N G 

H Y D R A U L I C  F L O W  R E L A T I O N S H I P : D O W N  G R A D I E N T  

- L O C A T I O N I D  - S A M P L E  1 0  A N D  L O G  D A T E  

P f, F ,; Mf.: T E R  

3 / B I r.� .. [; J E J....' E  

A L K A L I N I T Y 

A L U M I N U M  

A M M O N I A  

A M M O N I U M 

A N T I M O N Y  

A R S E N I C  

B A R I U M  

B ER Y L L I U M  

B O R O N  

B R O M I D E  

C A D M I U M  

C A L C I U M �H l O R I D E CHR O M I U M  

I.ltn T 0 [-
ME,, :,; U f.' E 

% F) A S S J t� G  

M G / L  C A C 0 3  

M G / l  

M G / L  

M G / L  MG/l 
M G / L  

M G / L  

M G / L  

M G / L 

M G / L  M(3 / 1_ 
M G / L  

!1 G / L  

M G / L  

C () 8 A I._ T  M G / L  

C O N D . I N - S I T U U M H O / C M  

C O N D U C T A N C E  U M H O / C M  

C O P P E R  M G / L  

C Y A N I D E M G  L 

F L U O R I D E MG L 

G R O S S  A L P H A  P C  / L  

G R O S S  B E T A  P C  I L  

I R O N  M G  l 

L E A D  M G  L 

M A G N E S I U M MG L 

M A N G A N E S E  M G  L 

I1 E R C U R Y  

�1 0 L. Y B D [ r! U M  

tH C Y E L  

t� I T R A T [  

iH T R I T E 

N I T P. D G E N . fUL 

rW 2 (', rW3 

O R Ci . C MW O N  

P J3 -.-:2 1 O  

P H 

P H D  H ,'\ T E  

P D-- 0 P D T  ::=; I !.I 11 

P A -- 6 

R A -- 8 

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G / L  

M G  l 

MG L 

P C  I L  

�.;u 

M G / l  

P C I / l 

M G / L  

P C I / l 

P C I / l R E D O X  P D T E N T  M V D L T S  SEL E N I U M M G ! L  
S I L C O N  M G / L  

S I L I C A M G / L 

6 2 S - 0  1 0 1 / 1 ? ./ D 6  

P A ? A M E T E R  

V A E U E + / - U N C F R T A I N T Y  

�::: 6 2  .. 
0 .. 7 

0 . 4  

0 . 0 1  

3 .. 93 f:':i O  .. 

j ::=; O O . 

0 .  
"' i: .  
O ,, () S 

L 0 7 

0 . 0 4 

0 "  f+ 
1 • 

3 . 7  t) • 1 4  

o .  

2 .. 9 2  

O n 2  

O .  

0 "  () O �;  

£� o  " 

1 4 .  

1 . 3 

0 . 4  

0 "  1 

I .  

6 2 5 - 0 1 O S / 1 S / ��6 

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

�j {",' �; .. 

t\ '0 '"' n ".J 

0 . 0 1  

0 . 0 0 1  

5 .. O �; '.�JOS . 

1 9::; 0 .  

0 . 0 3 

0 . 9 3 

0 . 0 -; 6  

O 
Ii 1-' .. L ·::;' 

8 ' C  .. q ,J 

2 n :? S  

0 . 005 

6 2 S ·- O  1 1 0 / 2 b / 8 7  

P A R A M E T E R  

V A L U E + I - U N C E f.' T A I N T Y  

3 S 0 . 

o . o c 

0 . 4  

O . O O !; 

0 . 0 7 

0 . 1 

O . O O S  

4 .. 9 8  

6 1 0 .  

0 . 0 1  

2 0 5 0 . 

3 . 3 1 

0 . 0 2 

0 . 0 1 

0 . 9 3 

0 . 0 2 

0 . 1 9 

0 . 1  

0 . 1 

8 . 2  

o .  \, 

2 . 0 0 

0 ,, 2  

0 . 0  

0 . 0 0 2  

6 . S S 

o "' . L  
O . S  

6 2 6 - 0 1 0 1 / 1 2 / 8 6  

P A R A M E T E R  

V A L U [ + / - U N C E R T A I N T Y  

2 .. � 2  .. 0 .. 5 

0 . 3  

0 . 0 1 

4 . 6 7 

2 8 0 . 

1 0 0 0 . 

O .  

4 .  

O . O S 

1 . 6 4  

0 . 0 3 

0 . 4 7 

L 

2 . 7  

B . 6ft  

O .  

3 .  

0 . 2  

O .  

0 . 0 0 \, 

6 . 7  

4 . 2  

1 . 4  

0 . 5  

0 . 1 

1 . 1 

6 2 6 - 0 1 0 5 / 1 5 / 8 6  

P A R A M E T E R  

V A L U E + / - U N C ER T A I N T Y  

2 36 . 

0 . 2  

0 . 0 1  

0 . 0 0 1  

5 . 4 3 �2 S8 .. 

1 0 1 0 .  

0 . 0 3 

0 . 9 3 

0 . 0 1 7 

0 . 2 3 

9 .  

1 . 9 S 

0 . 0 0 5  



Tab l e  E . 2 . 6  Groundwa t e r  qua l i ty da t a  by l o ca t ion , O l d  R i f l e  s i t e  ( C o n t inu e d )  

F O R M A T I O N  O F  C O M P L E T I O N :  N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I i lG 

H Y D R A U L I C  FLOW R E L A T I O N S H I P : DOWN G R A n l E N T  

f' ,; R ,; M E T E f( 

S I L I.) E R  

,,:; O D I U M 

S T R ON T I U M 

�:) U l. F A T E  

�; U lJ J D E  

T E M P , I N - ':: JTU 

T E M f; E R f', T U R. E  TH-230 
T H MJ ... I U I1 

T I N 

T I T M, l U rl 

T O T A L  �)OLI D S  

T O T A L  U 

I :I� ,�1 N I U M  

V A lM D I U M  

U N I T  D F  

M E(.; ::; U R E  

M G / L  

M G I L  

M G / L  

M G / l  

M G / l.  

C - D E G R E E  

C - D E G R E E  

P C I I L 

M G / L  

M G / l  

M G / L  

M G / L  

P P  

6 2 5 - 0 1 0 1 / 1 2 / 8 6  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

6 1 2  .. 

6 7 . 

; 0 .  O .  

1 1+ '7' 0  .. 

O .. Of) i s  
0 "  �' 

0 . 1 

l. D C A T I O N I D  - S A M P L E  T D  A N D  L O G  D A T E  

6 2 5 - 0 1 0 5 / 1 5 / 8 6  6 2 5 - 0 1 1 0 / 2 6 / 8 7  6 2 6 - 0 1 0 1 / 1 2 / 8 6  

P A R A M E T E R  

V A L U E + / - U N C E R 1 A I N T Y  

E; B 6  .. 

t.: ,'J .. S 

9 . S  

I t:oft O .  

0 " 0 0 3  

P A R A M E T ER 

V A L U E + / - U N C E R T A I N T Y  

60 0 .  

8 0 . 

0 . 1 

1 1 . 5 

,) sso .. 

P A R A M E T E R  

V A l U E + / - U N C E R T A I N T Y  

:3 08 .. 
6 5 . 

1 0 .  0 . 2  

1 6 7 0 . 

O . OO?2 
0 . 0 6 

o .  :3 

� ZI ile 
r1r3 l 
MG L 

I1G l_ 

0 . 0 0 0 7  

0 . 0 ; 

0 . 0 0 5  

-' o (.oJ 

6 2 6 - 0 1 0 5 / 1 5 / 8 6  

P AR A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

288 .. 
7 1 . 5 

H . 5  

9 1 6 .  

0 . 0 0 3  



,.., 
I -' 

o 
� 

Tab le E . 2 . 6  Groundwa t e r  qua l i ty d a t a  by loca t ion , O l d  Rif l e  s i t e  ( C ont inue d )  

F LIP r1(, I [ :� ' I J  (II' C O : 1 i '  LE T ]  O N :  N D  r ,,[ CU ','EP ( [I I D A  1 ,; F U R C L  (, �c, ') I F {  1 riG 
II Yr} r;' {, I I L l : ' : n. r) lJ I' U ,; 1 1 U i i S H T P : C F.' O c; ,; Cj n ,-,r' ITI,' T 

F' ttR. (, !"'l [ "r f·: p. 

" :.; / E ], f·.! " '�:, T t I" I E  
,', L I ': ,', L. 1  ;1 ] T (  M.W·1 T r� Ui'1 
(:1 11 l"lO ;',! I I� 

tl trl r'1 D (.! l t l t'1 ("I N "r 1 r1 �.·! t'.! Y 

t�I R f:; r:: ( ! J. c  

H ,W. 1 LH1 

13 [ P YL L  J I.l M 

[: [l IHI I,1 

8 R Clr1 J D [  

U U I T  O F  
t'1 [ (; :� , '  1 1' [  

i:: '�"' '�_, �:) ] r""' (] 

M e; l C {:! C [I ]  

t'W L 

M G / I. 

rll; It. 
11 (;;  L 
t'1 fi / L  1"IG L 

r1G [ 

M Ci L. 
r1G I.. 

C A D M i U M M G / L  r: M .. C H.1 1'1 r1 G / 1  

C H I .  O l� T [�'E 1'1 C; .. ' L  
:::: H I! U I'I H WI M G ,' L  

C 0 8 A L f M G ! L  UI U r;. , 1 t! c; 1 T U  U r1 1 1 fJ / C r1 

C O I· I[) I I C T  (, IH F U M H :i i C r1 
C O r r C F.' M G / l  

L Y ,'iin I,F �i IJ , ' L. fUlfil' J [ ,t 
C1 1�. Ct .�; (� ! .. 1�' H PI IJF' Ci Cj [; [ 1  (.; 
l H D 

L E fl D  

11:',C; i'J F �; 1 1.1 M 

r1 t1 tJ ,-) (I r}[ ':::; F. 
1 '1 [ H C I  .. I [,: Y 

r1 0 L  (f: [<f' II U M  

rJ T C f: [ L  

r1CJ [ P C  il.. P C: / [  
11G L 

MG L 

M(, [. 

MG L 

lTl C; ,/ 1. 

M e, / !.. 

M ll / L  

N I H,: (" T E W i l l  

N I T R I l E  M G  L 

N I T R O G E N , K J L  MG L 

N 0 2  & N U 3  MG L 
O R G . C A R B O N  M G  L P B -- ? ; O  f' l /1. 

F' H f;U 

P H C I ':;P I M fT r11) I f' () ' ? 1 0 F' ( I 
I' Cl T t, ,,,':, J U I1 11(, I .. 

P. (� -· ? '? /:.  p (: • .. - :? ':-' :J F' c: T ,  F' ( " T ". 

F\ E r" y< r (I 1 E i'JT r1 1. ' U L 1 �: 

: , F I I I ·I ] I . I M  M e; / L  �i JL 1 : 11 (,1 
:� J [. J [ (; 

�1 G , 1 

11'!13 ,/1._ 

6 ? \� -' O  1 1 0 / ? f; / B l  

P ,",H f.Ii"1 [ T fC l\ 

'H, L U [ +  / - U i J C L  [.' T (, J rn l' 

��: ��) r; .. 
0 .. � 7  
0 .. 3 

0 "  O <�I ':; �) " () A 

() • 1 

0 .. (> C.I �"; 
4 " E 9 

'2 (-:, 0  .. 0 .. 0 "1 

'j O o o  .. 

2 .. [: 2  

o " O ? 

O .  (H 
O " B S 

0 . 0 1 

0 .. ��O 
0 . 1 

0 "  1 

,,' ,,  ; o " �; 
? .. 'J J (> "  1 o " �:) 
O n  (",() i 

6 "  /" U 

o .. L� 
; " 0  

L D C A T I O N  I D  - S A M P L E  I D  A N D  L O G  D A T E  - --6 2 9 - 0 1  () 1 / 1 6 /' 8 6  6 2 9 - 0 1 () 5 / i 3 / 8 6  6 3 0 - 0 1 0 1 / 1 6 1 8 6  

P i,H. A �I I:: T F R  
'.',�, I .. U [ +  / ··· U fJ:�:F f�. ·T (, I ti T Y  

1 7 2 0  .. 
5 .. 4 

0 . 1 

0 .. 0 0 ]  

O . eH 

() .. �:; 

O n 3  

0 ,, 0 0 1 . ..., �1 r", 1"... 1  .. '-. 

3 6 0 . 

() .. () �:; 

7 �": ()O .. 
0 .. O �;  

1 . 1  

0 "  i s  

() . 0 ,4 

1 . :3 1  

O .  O :;.� 

0 " 0 0 0 2  

O . S  

0 . 0 6 "1 .  

1 2 . 6 9 

0 . 1 

3 2 ; " 

o . () 1 

1 �;  " 

P A R A M E "Y" E R  

V A L U E + / -- U N C EF.' T A T N T Y  

1 (1' 8 0  .. 

(1 ,, 1  

1 1  .. t: 
(I .. 0 '; 

0 .. l�" 4 

0 . 0 0 1  

2 5  .. 4 :::� 6  II 

0 .. 0 5  

9 i O O  .. O .  o;� 
i .  '7' 

1 0 0 .  

2 4 5  .. 

() . 0 :':2 

0 . 0 1  

0 " 0 1  

0 . 0 1  

0 .. ] :·34 

0 . 0 4 

1 .  

1 • �J 
,1 2 "  :, 

1:' '27 . ·; . 2  
1 .  

0 . 0 1 7 

1 1 . 3  

P A R A M E T E R  

'.' A L U E + I - U N C E F.' T A I N T Y  

1 i L 

O . ft  

0 . 1 

0 . 0 0 3  

0 . 0 '; 
3 . 1 

0 . 8  

0 . 0 0 1  

B 9 . 2  

3 6 0 0 . 

0 .. 0 5  

t,lO O O . 
O " O ft 

1 .  

0 . 1 3  

0 . 0 1  

2 7 . 1 

O . O S 

0 . 0 0 0 2  

0 . 2  

0 . 1 

1 .  

B . 47 

0 . 1 

3 3 . 1  

O . O O S  

4 .  

6 3 0 - 0 ; 0 5 /  n / 8 6  

P A R A M E T E R  

V A L U [ + / - U N C E R T A I N T Y  

1 ::: 0 .  

0 . 1 

1 . 4  

0 . 0 1  
2 .  ; 9  

0 . 0 0 ; 

'7' 0 . '7' 

:3.6 0 0  .. 

o . o s 

8 5 0 0 . 

0 . 0 2 

1 . 1  

1 9 0 .  

7 7 .  

0 . 0 3 

0 . 0 1  

2 6 . 

0 . 1 7 6  

o .  () �� 3  

0 . 0 4 

1 .  

1 "  S 

7 . 7  

1 • 

9 . 0 6 L� . it 
1 • 

o .  OO�; 
B . B  



,..., 
I -' 

o 
VI 

Tab le E . 2 . 6  Gro undwa t e r  qua l i ty d a t a  by lo c a t ion , Old R i f l e  s i t e  ( C ont inue d )  

F O R M A T I O N O F  C O M P L E T I O N :  NO R E C O V F R Y  O F  D A T A F O R  C L A S S I F Y I N G 

H Y D R � U L I C  F L O W  R E L A T I O N S H I P : C R O S S  G R A D I E N T  

p ,� R r; t;I F T E R  

S I L V E R  

S O D I U M 

S T R O N T I U M  

S U L F A T E  

S U L F I D E 

T E M P , I N - S I T U 

T E M P E R A T U R E  

T H - 2 3 0  

T H A L L I U M  

T I N  

T I T A N I U M  

T O T A L  S O L I D S  

T O T A L  U 

U R A N I U M  

V A N A D I U M 

Z I N C 

li N n  OF 
t'1 E (1 ':� U F [  

M G  L 

MG L 

MG L 

M G / L  

M G / l  

C - D E G R E E  

C - D E G R E E  

R C I / l 

M G / L  

M G / L  

M G / L  

M G / L 

P P M  

M G / L 

M G / l  

M G / l_ 

6 �: 6 - 0  1 i () / ;�� �.:; / F: 7  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

3 li O .  

:3 1 .  

o • .; 
1 1 . 6 

8 ·i O .. 

0 "  

o .  

0 .. 

? 3  

,.:.i 

L O C A T I O N I D  - S A M P L E  1 0  A N D  L O G  D A T E  

6 2 9 - 0 1 0 1 / 1 6 / 8 6  6 2 9 - 0 1 0 5 / 1 3 / 8 6  6 3 0 - 0 1 0 1 / 1 6 / 8 6  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

0 . 0 1  

? 1 0 .  
·1 " 3  

2 1t 7  " 

-1-1 .  

O . O () 6  

i\i:, 4 0  .. 
0 ,, 0 0 0 7  O " 5�; 
O .. O.i;·B 

P A R � M E T E R  
V A L U E + / - U N C F R T A J N T Y  

1 1 6 0 .  2 . El 6 
6'1' .. 2 

� 3 .  

0 .. 0 0 5  

·�+ :3 0 0 .. 

0 .  0 3  o .  S IJ .. 1 1  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

0 ,, 0 1  

2 2 ? O . 
� n 
.�H} .. 0 

1 8 .  

1 1  • 

0 . 0 0 6  

6 0 /� O  • 

0 . 0 0 0 3  

0 . 2 .2 

0 . 0 6 7  

6 ] 0 - 0 1 O S /  D / El 6  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

2 1 0 0 . 

4 C." :I 
.. , ... } 

2 4 . 4  

-i 3 . 5  
1 .  

0 . 0 0 5  

6 2 4 0 . 

0 . 0 0 3  

0 . 0 1  

0 . 0 2 6  



,.., 
I -' 

o 
(TI 

Tab le E . 2 . 6  Groundwa t e r  qua l i t y  d a t a  by l o c a t ion , Old R i f l e  s i t e  ( C ont inued) 

r- U F: M (, T l i ) r� !lF C: U t1 1 ' L I' T ]  [iri : (10 I': [ [ O ', ·' E [( Y  D f" D A i A  P O I{ C L (, ';: ,"; I F Y l t� (] HYL' I,' ,', UI .. ] ('; F L  [I t-I f.' f l  .. (, T I I] N "� H l f' : C P O '; :; Ci P (; D I f,i,! r 

p t1 F�. (i r·1 f·_ '1 [ H  
[ l fl l T  elF t'l f- A C; Ii I ,:. [ 

3 / �� T �J ., �; T r �.r F % F' (, c: S T tJf; t, L l<t, L 1 1·) I l Y  
A L U I-l l r ' l.J t'l 

t, 11 M O (! I (, t, �m O iJ J 1 . .11'1 
(:l r,� T J :'1 (J U Y  I� P. �; [ t.J 1 C E) (', 1' I CHi 
I') [ R. Y L L J U �I 

[: U I�:. Citl 

�1 C; / I ,  [ M [n 

r1 G / 1  

11 13 / L  

�1 G /L 
I1 G ./ L  t'W / L  
11(3 / L  

n (J / L.  

J1 (J / L  B R () M I I) [  M G / l_ CADM I U M  M U l L  UIL CT I IM �I e / l, 

i i l. mU L E :1'] L. 

C ' m Cl rl T l it'1 ri G L, 
C �!lJ (:! L T  1'1 [3 I .. 
C O N D . I N - S I T U UM o / e M  
C ( I (! D I I C T (, (! C E  

C D P 1' [ F( 

C ( (., (I J ::![ 

n u rW Il'F 

G P. D ;-:·, �:; til. r\ I' i l� C; H. n f:"; �3 f:": [: T (:'1 
Ifi U :) 

LUtI') 

t1(, () r ! F �: I lJ I1 

trlt.lt,! G tl r..! [· �; F 

11 [ p. C t .: n. Y  �1fJL. H; DE()UM N I C' f: F L  

l ! t'II-l iJ / C M  

M e  L 

M G  L 

MG L P C  ! L  

P C  /1 
H G  L 

M G / l  

M U l L  

M G / L  

M G / L  

M G / L  

M G / L  

N I T R A T E  M G / L  N I 1 F( I T E  M G / L  

N I T R O G [ N . KJL M G / l  

N 0 2  � N 0 3  M G / L  

O R G . C A R B U N  r1 0 / L  

1' B - 2 1 0  p e T / L 

P H  S U  

P HO S P H A T E M G / L  

P O - 2 1 0  r C I / L F' [I"r tl �:'; ;::, J 1..! 1"'1 :"1(; / 1  .. 

R (i -- ;? ':;:,{, rl C; 1 , ' I.. 
R � " ' ;) 2 8  I� (:: :r . ·/L 

P.I�· D tJ >:· f'  (..iT I: t·.�·r !'11\} O I .  T �J � ; I: I l i . l] i I r1 t'1 I', I I, �) l l.. C fJ i ,i r1 G / L  �3 ] L I e  ,� M C; .. ' L 

(-, /t o '" () 1 0 ·1 / 1 ·!{· / E; 6  

P A R A M E "T E" R 

V A L U E i / - U N C E R T A I N T Y  

c'F: (�, " 
o C . "-) 
0 . 1 

0 . 0 1  

0 .,1) 0 1 �; .. 6 9  :C� ��; () .. 

2 �3 :; O  .. 

0 . 0 6 

J .. 7 5  
0 . 0 1  

0 . 2:' 

1 -

9 .. 6 '::-; 

it A " 7' 

:�) " (".1 (.I �:; 

- - L D C "l r l U i! I I) - S (; M f' L E  I D  (t i ID  L. D f] D ,', T E  

6 4 0 - 0 1 0 5 / 1 4 / 8 6  6 4 1 - 0 1 0 1 / 1 4 / 8 6  6 4 1 - 0 1 0 5 / 1 4 / 8 6  

P AR AMETER 
V A L U [ + / - U N C E R T A I N T Y  

:?�;'i • 

0 . 4  

0 . 0 1  

0 . 0 0 1  5 .. 5 3  7?�:; .. 

:C: it O O . 

0 . 0 3 

2 . 7  

0 . 0  j 

0 . 0 1  

Sl ',,'-. L ·':I 

� B " S  

() .. O O b  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

238 . 
0 . 3  

0 . 1 

0 . 0 1  

0 . 0 0 1  
'-" -, ,.., 
L ·_l .. c.. 

'� '7' () .. 

2 1 0 0 . 

0 . 0 3 

7 . 3 1  

O .  O �I 

0 . 2  

1 .  

8 .. o ,� 

4 .  

0 . 0 0 5  

P AR AMETER 
V A L U E + / - U N C E R T A I N T Y  

.....,('t Co £:. v \J .  

O . S  

0 . 0 1  

0 . 0 0 1  ,1 7 .. 7 

6 7 1 .  

2 1 1 0 .  

0 . 0 3 

6 . 3 3 

0 . 0 2 7  

0 . 0 1  

8 . 1 

3 .  I S  

o . o o s  

6 4 1 - 0 1 1 0 / 2 5 / 8 7  

P A R A M E T E R  

V A L U E + / - U N C E F( T A I N T Y  

2 j 8 .  

0 . 0 7' 

0 . 4  

0 . 0 0 3  0 . 08 

0 . 2  

o . o o s  

1 6 . 9  

6 1 0 .  

O . O j  

2 0 0 0 . 

1 . 0 1  

0 . 0 2 

0 . 0 1  

5 . 5 2 

0 . 0 2  

0 . 0 ·'1 

0 . 1 

0 . 1 

8 . 0  

0 . 9  

3 . 3 7 

0 . 3  

0 . 0  

o . o o s  

6 . 8 9 

0 . 2  

1 . 2  



,.., I 
o 
-...I 

Tab le E . 2 . 6  Groundwa t e r  qua l i t y  d a t a  b y  l o c a t ion , O l d  R i f l e  s it e  ( C on t inue d )  

E O R M A 1 I O N O F  C O M P LE T I ON :  N O  R E C O V E R Y  O F  D A T A  E O R  C L A S S I E V I t l G  l i Y � P � U L J C  F L O W  R E L A T I O N S H I P : C R O S S  G R A D I E N T  

F' A P  (:I (! [ T r n. 

S I L ',J [ �: 

,c; O I)  1 i.J r1 �; T F CJ in J I'/M 

;C; ( I L F ,'1 T E  

S U L �' I D I:: 

T E M P , I f" ' �:';J  I U  

T E �'I P E R (i T U F'. E T H - 2::::0 
T H �, I.. L I U t'1 

T I N 

l.i ['. I] r ClF r I E (, <::;!.I F,; [ 
�I(] i l.. i1Ci/L. rl Ci .!I .. 
11 [; / 1.. r'le; /l. 
C ··· r "' E C; n F" E  

C . .  D [ 13 P fT P C  L. M G  M(3 
T I T A N I U M  M G / L  

T O T A L  S O L I D S M G / L  

T O T A L  U P P M  

R A tJ ]: U M 

A t� A D I tJ M  

I N C 

:1(3 / l_ M G / I  .. 

M G ,' L  

6 4 0 - 0 1 0 1 / 1 4 / 8 6  
P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

�:j 6 0  .. 
6 6 1 .  

(? .. S 

) 9 ,�· O .. 
0 .. O O r) S  

o .. O ?  

L O C A T I O N  I D  - S A M P L E  I I) A N D  L O G  D A T E  

6 4 0 · 0 1  0 5 / 1 4 / 8 6  6 4 1 - 0 1  0 1 / 1 4 / 8 6  6 4 1 - 0 1 0 5 / 1 4 / 8 6  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

7 £: 0 " 

;;:: 3 6 . 

9 .  

2 0 8 0 . 

0 .. 003 

P A R A M E T E R  

V A L U [ + / - U N C E R T A I N T V  

6 0 0 . 

2 A 9 . 

1 1 .  

1 7 �; 0  • 

0 . 0 0 0 3  

O . I D  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

6 0 4 . 

2.2B . 

1 1 -

1 7 4 0 .  

0 . 0 0 3  

6 4 1 .. · 0 1 '1 0 / 2 5 / 8 7  

P A R A M E T E R  

V A L U E + / - U N O E R T A I N T Y  

6 0 0 . 

2 3 B . 

0 . 1  

� O . 9  

1 6 :;:: 0 . 

0 . 0 0 0 3  

0 . 0 2 

0 . 0 0 5  



rr'I I 
..... 
o 
CD 

Tab le E . 2 . 6  Groundwa t e r  qua lity d a t a  by lo c a t ion , Old R i f le s i te ( C o n t inue d )  

F O Fl M � l T O tJ n F  C: O M P L E 1" ]. O tJ : tJ O R E C O V E R Y  (IF [) Al "A FO U R  C L  . .  A S S 1: F" Y l rJ G  H y n V' (i U L . 1. C  F- L. D !) R. r::L.. t:1 T I D U '�� H I P : D O lJ N  G ��. ti D I E N 'T 

L O C A T I O N  I D  - S A M P L E  I D  A N D  L U G  D A T E  

F' t� i·�. /'1 ;"1 F� T F �:�. Ui""-.� T T  O F  

f"'! E: '�·I '� !  .. l P [  

:=-; /" C I to,! '" �:: I F i., .I!:: ?: F' (.i '�; ��; I �,! Cj 

� L �� � I_. l tJ I T Y M G ,' j  ... C A C: C) 3  t�i L_ U r! :r r,f U r'! �1 (; .: ·· !_ 

A M 1� O tJ I A  M G / l. 

A M �l () �l I �J M  M G t' l. AtJ T I M{:ltJY M G / 1  .. A I� S E t� I C  M G / L. 

8 A R ]: �J M  l1 G / I  ... 

B E R Y L L I U M  M G / L  

:?' n l�. C)u 

B R (l M l: [) E  

C A [) M J: LJ M 

(� A !  ... (: :[ �.I M 

M G / L  

M G / L  

M G / L  

M G ' L  (� �! l .. [� R J f) E  !1 G / l._ 

C; '·t R O M :r t.JM M G / L  

C �) 8 � L T  M G t' !.. 

C D U !") , I U -:c : n U  U rl l i U / C rl 

C O t� G l.J C T A �J(;E U M I·4 0 / C M  

C O P P E R  M G / L  

C Y A N :[ I� E  M G  l. 
F L. U '�l n I [> E  M (3 I.. 

G R O S S  A L P H A  P C  I L  
G R O S S  8 E T A  P C  I L  

J I<JH,I M G  L l_ E: � l) MG L. 
Mt!I�;· ·.!E ��; J 1...! r1 

�'I t, r..' C} (\ (.� [ ��.) [ :'1 F )�� C . i . IPY  �'1 ClL i F; : )  [rJ :..J rl 
U I C }::" F L  

N I T R. t, T F  

M G / L  

M G / L  

M G / L 

M G / L  

!1 G / L. 

M G / L  

N I T R I TE M G / L  

N I T R O G E N , K J L M G / l  

N ( J 2  & tJ(l:3 1�(3 l. 

()fi G .  C (,FW CI�., MG I.. 
P B - 2 1 0  P C  I L  

P H  S U  P H D  A T E  MG L 

P O - f' C I 
p el r  J: I .JM I�G I .. 

P i:':t •. . :? :�': /" P C ]  ,I... 

n l�j'" ? :3 r C I  .. / !  R [ �  v P D T [ � T  M U D L T S  : ; [ 1  : 1 : ! . : r1 �:1 i� / L  � :  T :. C ;"'1 f",i �': f"; .:' \ 

S l L J C A  M G . L 

6 A A " - O  1 () 1 /  1 '2 / P t., 

P A R A M E T E R  

V A L U E + / - U N C E R T A I N 1 Y 

:i i L 0 .. :::� 
;�� n /f 
() . H  

? �::; L: " '.�--., ::::: (> C) .. 

·i i O O O  .. 

o .  2 �3 () n 

0 ,, 0 8 

J 2 " ,]  

0 . 0 /i 

o .. �2 �::; 

I .  

.; � a i ·I . iA 
O .  'j :.' �:J " 
(.� " ,�.,' 

O .. i) () S 

Li· n 

3 0 . 

1 .. S 

O .. S 
� ,-, 1 .. 0 

6 4 4 - 0 1 O S ! 1 6 / �� 6  

P A R A � E T E R  

V A L. l.I E �· / -- U tJ C: [ R l· A l rJ ·r Y  

. �:. ;J .. 
0 "  1 

... 7 , . ,  

O " O i '"7 .... , ... \ / .. . , L 

O u 0 0 1  ;2 / /  .. 7 !:J90 .. 
0 "  () �i 

i �; OOO " 
0 . 0 ;2 

0 . 6  

2 (3 0 .  

·i ��; O .. 

0 . 0 3 

0 . 0 1  

6 3 . 3  0 ,, 0 4 1  
0 . 0 1 

0 .. 0 4  

1 .  

I 
,-

. Ol  G .. 6 
i .  

4 3  n �2 
6 .. 6 
1 . 0  

I) " O () �; 
... � . .., 
(:"1 .. / 

6 /�. 1+ - 0  1 1 0 / �2 6 / 8 7  

P A R A :1E: 'T' E R  

V A I_.lJI�i· / - LJ N (� E R 1· A l tJ ·f Y  

�i 1 .. o .. ::� If 
3 . 5  
0 "  O C':  � B .. -�4 

-1 ,, 6  

0 . 0 0 5  

L:� (.;;0 ,fJ • 

7 7 8 0 . 

0 . 0 ; 

i 6 0 0 0 . 

O . s ; 

0 . 0 6 

0 . Co 3  

5 3  .. 5 

0 "  2 '+ 

0 . 0 1' 

0 . 1 

3 . 2  

2 6 . 0  0 . 8  
I i) 

O .  ; 7 0 

, I.. I:
� (1 .. LI ... 1 

O .  ,� 
I .  

6 /t ·4 -- 0  1 1 ? / � O / D 8  

P A R A M E T E R  

U A L U E + / - U N C E R T A I N T Y  

·i O �2 .. 
0 . 1 

0 . 0 3 3  
0 . 0 1  8 . 63 
0 . 0 1  

0 . 0 7 0  

L-� 6 B  .. 

7 t-I A· O .  

0 . 0 9 

0 . 0 5 

H O O O . 

0 . 0 2 

0 . 0 1  

0 . 0 5 

0 . 0 5 

5 '+ . :3 
0 . 2 6 

0 . 0 0 0 2  

0 . 0 3 
0 . 0 4 

7 .. B 4  

4 0 . I 

0 .. O O �3 

6 4 5 - 0 1 0 1 / 1 2 / 8 6  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

i 2 0 . 

0 . 6  

0 . 0 1  

.... , ... \ ...• c.. .. �: ..c . •  

5 7 0 0  .. 

� O O O O . 

o .  

6 0 .  

0 . 1 2  

3 9 . 

O . 1 B 

0 . 2 1  

L 

1 . 9  

8 . 0 3 

o .  

i s . 3  �:; . 7 3 . 6  
O .. O O S  

7 0 .  

4 0 . 

L 2  

O . S  

1 .  
1 . 1  



,.,., 
I 

-.J 

o 
<.0 

Tab l e  E . 2 . 6  Groundwa t e r  qua l i t y  d a t a  by l o c a t ion , Old R i f l e  s i t e  ( C o n t inued) 

r'C. ilW, (, T I Cl U  c r' ; 1.
·
' IW l  U TCH ' : rHJ I': E C II ';LYY O F  1) ,'; T ,'l F U R C L t, �'; S l E Y nH:; I I Y D F: (, �  I I  1 C f l.. Ci t l  [ .. [ I. .. '" T I U iJ :,: H I f' :  [' U I, I I\' C f:. (, D J [ I J  r 

L UC A T I ON 1 0  - S A M P L E  1 0  A N D  L O G  D A T E  

P f,li i; j'W Ti:T 
�; II " [:I( 

:,:; C' D J U M  �:; T n. 0 i',! T T LJ r'l 
:'; I .. l t . E t, T E  [; UI ... F J D E: 

!.J i J  J T rl �-1'1 L ", 'e �.J F�. f"� 
M G I L  M G / L  M G I L  M G,'L MG/L 

T E M P . I N - S I T U  [ - D E G R E E 
T [ �lfI E R A 1

·
tJ R E  C - D E" iJ R E E  

T H - 2 3 0  P C I I L  

T H � L L I U M  M G / L  

T I N  M G / L  

T I T A r� I tJ M  M (3 / L  T (i 'r i� L �: D !.. J f.)S lTl f3,/L. 
T ei T i; L  U 
t i !� ("I N I I...! t1 ',) (  t} (i l} :r u ("[ :.:J i'e 

F; f' IT! f3 1 _  r·1 C· I .  .. l1 C, t .. 

1} ·:1· .q· ··· 0 1  0 1 / 1 ;? / H 6  

F' () P (,!'] [ "T E "H 
',' td., II E .+ / -· U f,l C L R T  t, :r ray 

':� ;:: �:." (1 • 

;; r·· 
1 ... 0 "  

.� () " 
0 ,, /  o n �; 

', 0 i O O  .. 

O " i)O() 3  0 .. 2 

6 4 4 - 0 1 () S / 1 6 / 8 6  

P A R A M E T E R  

V A L II E + / - U N C [ R T A I N T Y  

'!· ·{�· b O  • 

i s  .. 6 

6 . 6  

·1 0 n  L 
O " O () �; 

i ��: () O O  n 

0 . 0 0 3  

0 . 0  

0 ,, 0 2 2  

,L, 4 ·� - O 1 1 0 / 2 6 / 8 7  

P A I� A M E 1' E R  
V A L U E + / - U N C E R T A I N T Y  

Ij; �: r:, o  • 

<> , . 

0 . 1 

9 . 5  

i :� () O O  • 

0 .. 0 0 0 8  C) . C) ? 0 .. 005 

/, 4 4 ,- 0 1 ·1 2 / 1 0 / E: 8  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

0 . 0 2 

l!· O S O . 

·i s . c, 

2 .  

-1 0 u S  

0 . 0 1  

0 . 1 9 8 

0 . 0 0 0 9  

O u 0 3 

0 . 0 0 7  

,:', 4 5 - 0 1  0 1 / 1 ? / 8 6  

P A R A M E T E R  

V A L U E + / - U U C L R T A I N T Y  

3 4 ·1 () . 

1 0 .  

·i 2 .  

0 . 1 

9 '7) 8 0 .  

0 . 0 0 1 4 

0 . 2  

0 . 2  



rrI I -' -' 
o 

Tab l e  E . 2 . 6  Gr oundwa t e r  qua l ity data by lo c a t ion , Old R i f l e  s i t e  ( C o n t inued) 

F D r::: r1 ,�, T r (: " .1 OF [DriP I I: T J O t! :  r) D P E C O 'v' F F( Y DF Dri T ,'4 F O R  C L  {, �;S I F I'  I N G  H Y D P ,c, U :  ; c: F IJJ lJ P[ !  ... ,�, T ID ii :, H If ' : IJ D t ,m [, fU i IYIUn 
l O C A T I O N  ID - S A M P L E  I D  AND L O G  D A T E  

P (:I P. tI M L T [ F( liiH T D F  

f'"1 E r'l �� I. I �',: �= 
3 / 8 I tJ � �; :[ E V E  % P A S ��; I r� G  

('t L l ::' ('t !... T. ( . .1 I l 'y liG; ': !  . .  C (.I C 0 3  A l_.lJri I NlJ� M (3 ! !  .. 

A M I1 0 t� I A  M G /l_ 

1�l r'1 �1 D j· ·.! J un �1 G ,/ L. 

A N T I M O ii Y  M G / l  

A R S E rJ :r c M (3 / !_ 8 A I� I lJM M G / l. 

B E P Y I_ L I I. J M  M G / L  

B O H D i··! B P. O �·1 I D E  

C(::, U :"1 T U t1 

M G / L  

�·I C; / L. 

M G / l  

C A L C I U M M G / L  

C H L O R I D E M G / l  

C f I R O M I LJ t� M G .i L  

C ( :I F: r, L T  M G / L  C W ! D ., W - S[T U  U :1 H D / C M  

C I ) (! D lJ C T ,'i t! C E  U M H O / C t1 

UlF' P E I( M G / L  

C Y A N I D E M G / L  FLU O R I D E M G / L  

G R O S S  A I . P H A  P C I / L G R O S S  B E T A  p e I / l 

I R O N M G / L  L E A D  M G / L  
M A G N E S I U M M G / L  

M A tJ G AtJE: S E  M G ! L  

M E R C U R Y  :1 G / L  

�·I O L. T n  DEnt  1 "1 M G / L  ii J C V E L  M G / L  
N I T R A T E  M G / L  

N I T R I T E M G / L  

N I T R O G E N , K J L  M G / L  

N 0 2  & N D 3  M G / L  

O P G . C A R B Oii MG/L 
P B - 2 1 0  P C I / L 

P H  S U  

P H O S  H A T E  M G / L  

P D -· 1: ,) P C I / I .  

P O T A  S l U M M G / L  R A -' ? � r C ]' ,'I_ 1�. 1� ··- 2' c:; p e J  ,./ l .. R E D O  r O T E N T  MUOl l �  �; F !. F 1 1. I �i /1(3 . L �; II C (I �1I:" 1 
�:; �: L J  I�·' � G .:/l. 

6 4 5 - 0 1 ()S / 1 6 / S 6  
P A P A !1 E. ·l f:R 

V A L U E + / - U ii C E R � A I N T Y  

i 1;· 2 .. 
0 . 1 

1 " /1· 

0 ,, 0 ;  

3 .. 6 1  

0 .. 0 0 1 

2 ·i f, .. 

(, 0 ; 0 .  

() " O�; 
i �� ��) O O . 

0 .. o ��  
O �. 

• I 
2 1 0 .  7 7  .. 

0 "  ()�; i 

0 . 0 1  :�� t. .. 4 

O .. ::� �; 1 
() ,, 0 1  

0 .. 0 4  

.; .. :; 
7 .. 11 
1 -

1 1 . 2  ,;+ .. 6 
1 .. 0  

0 "  c <>::; 
7 ,, {) 

6 A S ·- 0 1  'i () / :? r� / B 7  

P A P A M E T E R  

V A L U E + / - U N C E R T A J N T Y  

; 0 3 . o II ·i �3 

2 .. t; 
0 .. 0 0 ;"2 

3 .. B 4  

·1 . 5  

0 .. 005 
'"'"1'""1 t. .[ . . _-/ . . . 

(�} �:.i :� O  .. 

0 ,, 0 1  

1 ? 2 9 0 . 

° 1:".' .. �J I 

() . 1 1 

0 . 0 4 

�:) 8 . I 

0 .. 2 4  

0 . 0 8 

0 . 1 

0 . 1 

7 .. 6 5  

2 . 4  

1 3 . lf 1 .  ;:� 
6 ,, 2  

O .. 0 1+ i 

6 .. l�· O 

0 . 4  

1 " . L  

6 4 5 - 0 1 1 2 / 1 0 / 8 8  

P A R A M E T E R  

V A L U E + / - U ii C E R T A I N T Y  

1 ; 3 .  
0 .. ·1 

0 . 0 1 5 

0 ,, 0 1 

4 . 2  ·i 

0 . 0 1  

0 .. 0 6 3  ...... . -, ...... L L C  . ..  
6 B O O  .. 

0 ,, 0 (3 

0 . 0 5 

1 ; 5 0 0 . 

0 . 0 2 

0 . 0 1  

0) . 1 3 

0 . 0 5 

4 1 . 6  O " " 
• L I  

0 . 0 0 0 2  

0 . 0 5 

0 . 0 4 

7 .. 7 7  

1 9 . 6  

o .. l) or; 

P A R A M E T E R  

V A L U E + / - U N C E R T A I NT Y  

P A P A M E T E R  

V A L U E + / - UN C E R T A I NT Y  



..., , 
...J 
...J 
...J 

Tab l e  E . 2 . 6  Groundwa t e r  qual i t y  d a t a  by l o c a t ion , Old R i f l e  s i t e ( Conc lud e d )  

F O R M A T I O N  OF C O M P L E T I O N : N O  R E C O V E R Y  O F  D A T A  F O R  C L A S S I F Y I N G 

I I ) U P(,' l l l C F- U H f  F: !Ct.. ,�, T 1 fI !\! �; H I P : D O IJ i" C; P, , !) I L U T  

L O C A T I O N  1 0  - S A M P L E  I D  A N D  L O G  D A T E  

F' tl F-: . .r, t'1E: T E  p. 

�; I L ',j E rI 

,.l i n T  DF r"l [tl r; : JP. !�· 
r1 G / I.. 

':,; U 1:> I I..! M :'1 1) / 1. 

S T R O N T I U M M G / l  

S U L F A T E  H G / l  

�;UL.F I 1) [ r1C� / L  T E M P . I N - S I T U C � D F C; R F E  

T E M P E R A T U R E  C - D L O R L F  

T H - 2 3 0  P C I / L 

T H A l l I U M M G / l  

T I N  M G / l  

T I T A N I U M  M G / l  

I" O T A l  S {) L. I [� S  11(3/'1_ T D Trd .. U F' f' r'1 

U P A N I U M  N G / l  'H,N('; D T IWI �H� /I  Z J t� C �1 G // L  

6 4 5 - 0 1 () S / 1 6 ! 8 6  
P A R A M E T E R  

V A l U E + / - U N C E rl T A I N T Y  

:��: (:.) �; 0 .. 
;';1 " ;7/ 
6 "  :� 

,<i " \ t .,::.. .. 
j "  

0 "  O{)�; 
i 1 (') (( 0 .. 

0 "  i)O :3  (i .. O ·i 

0 ,, 0 0 /  

M A r p l� R  [) A l" A  F I L.E. t� A M E � R F· O () 1 * l.'[) P G W (J 1 () J O � 3  

t, ft �; - O  1 1 () / �2 �:; / B 7  

P A R A M E T E R  

V A l U L + / - U N C E R T A I N TY 

.!t i) ��: ()  .. 

,_. �) " () • 1 

·� ·1 .. 7 

1 'I t;OO " 
0 .. 0 0 0 3  0 . 0  0 "  o o �.:; 

6 4 5 - 0 1 1 2 1 'i 0/ :;:: :3 

P A R A M E T E: R  

V A L U E + / - U N C E rl T A I N T Y  

0 . 0 2 
:,; 6 7 0  • -1 2 .. 4 

0 . 1 

i O . 5  
O . (H 
0 .. 2 6 0  

0 .. 0 0 0 4  0 . 03 0 . 005 



(""1 
\ 

- -'  

I"\.) 

T a bl e [ . 2 . 7  B a c k g r o u n d  wa l e r  q u a l  i ty a nd c o n ld m i n a n l  c o n c e n l ra l i o n s  i n a l l u v i a l g ro u ndwa l e r , O l d  R i f l e  s i t e  

Bac k g r ound we l l s :  �9r, 598 , 601 , 602 On- s i t e and downgrad i ent wel l s :  58 1 ,  582 , 583 , 584 , 585 , 586, 587, 588, 589, 590 , 
591 , 592 , 593 , 594 , 595 , 596, 599 , 600, 603 , 604 

BACKGROUND CONCE N T RAT I ONS DOlIN GRAD l E N T  CON C E N T RAT I ON S  

P a r ame t e r  
MCL 

( mg/ l )  

Bac kground 
sa"l' l e  

s i z e 
Max i ITU1l 
(mg! l ) lIe l l  

P r oposed EPA Gr oundwa ter P r o t ec t i on S t andards ( 4 0  C F R  1 92 ) :  

A r s en i c  
B a r i ll11 
CaOO1iUTI 
Chr omi um 
L ead 
Mercury 
M o l ybdenUTI 
N i t r a t e  
Se l en i um  
S i l ve r  
U r an i um  
R a - 226/228 
( pC i / l )  
Gr os s A l pha 

( pC i /L )  

0 . 05 
1 . 0 
0 . 01 
0 . 05 
0 . 05 
0 . 002 
0 . 1  

4 4 . 0  
0 . 0 1  
0 . 05 
0 . 044 

5 . 0  

1 5 . 0  

1 1  
7 
7 
7 
7 
o 

1 1  
1 1  
1 1  

4 
1 1  

7 

8 

0 . 005 
0 . 1 25 
0 . 002 
0 . 005 
0 . 0 1 0  
N . A .  
0 . 1 1 7  
6 . 1  
0 . 0 1 4  
0 . 005 
0 . 1 1 6 

1 . 1  

3 . 2  

Append i x  I I norgan i c  Cons t i tuents ( 4 0  C F R  192 ) :  

Ant i mony 
Beryl l i UTI 
C a rbon D i su l ph i de 
Coba l t  
Copper 
C y a n i de 
F l uor i ne 
N i ck e l  
Su l f i de 
T h a l l  i um  
T i n  
Vanad i llTl 
Z i nc 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

Detec t i on Cons t i tuent s :  

Ca l c i UTI  
Ch l o r i de 
I ron 
Magnes h.m 
Manganese 
Pot ass i un  
S od i UTI 
Su l  f a t e  
T D S  
A l ka l i n i t y 
pH 

None 
None 
None 
None 
None 
None 
None 
None 
None 
None 
None 

4 
o 
o 
4 
4 
o 
o 
4 
7 
o 
4 

1 1  
7 

1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  
1 1  

0 . 002 
N . A .  
N . A .  
0 . 025 
0 . 0 1 0  
N . A .  
N . A .  
0 . 020 
0 . 050 
N . A .  
0 . 022 
0 . 1 5 3  
0 . 1 03 

207 . 1  
206 . 8  

1 . 2  
1 5 1 . 6  

4 . 4 
8 . 8  

5 1 2 . 3  
1 4 32 . 7  
2993 . 0  
1 1 78 . 0  

7 . 3  

602 
60 1 
597 
ALL 
602 
N . A .  
597 
602 
597 
ALL 
598 

60 1 

602 

ALL 
N . A .  
N . A .  

ALL 
ALL 
N . A .  
N . A  
ALL 
ALL 
N . A  
597 
602 
597 

597 
598 
597 
597 
597 
597 
597 
597 
597 
598 
60 1 

Mean 
(mg/ l )  

0 . 005 
0 . 069 
0 . 00 1  
0 . 005 
0 . 007 
N . A .  
0 . 088 
2 . 6  
0 . 008 
0 . 005 
0 . 037 

0 . 7  

1 . 0 

0 . 002 
N . A .  
N . A .  
0 . 025 
0 . 0 1 0  
N . A .  
N . A .  
0 . 020 
0 . 050 
N . A .  
0 . 0 1 1  
0 . 1 1 8 
0 . 062 

1 4 0 . 4  
1 4 6 . 9  

0 . 7  
79 . 8  

2 . 4  
5 . 4  

2 73 . 9  
724 . 9  

1 70 1 . 6 
5 06 . 2  

7 . 3  

S t andard 
dev i a t  i on 

0 . 000 
0 . 038 
0 . 001  
N . A.  
0 . 002 
N . A .  
0 . 026 
2 . 7  
0 . 006 
N . A .  
0 . 054 

0 . 4  

1 . 5 

N . A .  
N . A .  
N . A .  
N . A .  
N . A .  
N . A .  
N . A .  
N . A.  
N . A .  
N . A .  
0 . 0 1 0  
0 . 038 
0 . 095 

65 . 4  
67. 7  

0 . 4  
75 . 7  

1 . 6 
3 . 3  

258 . 7  
748 . 1  

1 4 2 8 . 4  
4 70 . 7  

N . A .  

S t a t i s t i ca l  
max i rrun 
( mg/ l )  

0 . 005 
0 . 144 
0 . 002 
N . A .  
0 . 0 1 2  
N . A .  
0 . 1 40 
8 . 0  
0 . 020 
N . A .  
0 . 1 4 5  

1 . 5 

4 . 0  

N . A .  
N . A .  
N . A .  
N . A .  
N . A .  
N . A .  
N . A .  
N . A .  
N _ A .  
N . A .  
0 . 032 
0 . 1 93 
0 . 25 1  

4271 . 2  
282 . 2  

1 . 6 
231 . 1  

5 . 6 
1 1 . 9 

791 . 3  
222 1 . 0  
4558 . 5  
1 4 4 7 . 7  

N . A .  

Downg rad i ent 
samp l e  

s i z e 

5 1  
4 2  
27 
42 
22 

1 
50 
39 
50 
1 2  
3 1  

1 9  

1 4  

1 1  
1 
o 

32 
32 

1 
o 

1 2  
1 8  

1 
1 1  
5 1  
42 

51 
5 1  
49 
51 
5 1  
5 1  
5 1  
5 1  
50 
5 1  
5 1  

Hax i rrun  
( mg/ l )  

1 . 0 1 8  
0 . 098 
0 . 004 
0 . 0 1 8  
0 . 0 1 0  
0 . 000 
0 . 23 1  

1 5 . 1  
0. 134 
0. 008 
1 . 1 1 7 

34 . 9  

1 6 . 5  

0 . 005 
0 . 005 
N . A .  
0 . 025 
0 . 0 1 0  
0 . 005 
N . A .  
0 . 020 
1 . 330 

0 . 005 
0 . 007 
7 . 290 
0 . 1 39 

322 . 0  
4 4 7 . 4  

5 1 . 8 
1 64 . 0  

1 . 2 
1 2 . 4  

65 1 . 6 
1 481 . 6  
3478 . 0  

968 . 0  
7 . 3  

lIe l l  

582 
583 
582 
581 
581 
581 
583 
590 
584 
581 
582 

586 

603 

581 
581 
N . A .  

599 , 600 , 603, 
599, 600 , 603, 

581 
N . A 
ALL 
582 
581 
5111 
582 
584 

Mean 
(mg/ l )  

0 . 081 
0 . 049 
0 . 002 
0 . 004 
0 . 006 
0 . 000 
0 . 086 
4 . 9  
0 . 03 1  
0 . 005 
0 . 296 

4 . 5  

2 . 8  

0 . 002 
0 . 005 
N . A .  
0 . 0 1 5  
0 . 005 
0 . 005 
N . A .  
0 . 020 
0 . 234 
0 . 005 
0 . 004 
0 . 658 
0 . 04 5  

583 203 . 5  
584 1 02 . 2  
599 4 . 2  
603 1 0 7 . 1 
602 0 . 6 
584 7 . 0  
584 2 1 6 . 6  
584 792 . 3  
584 264 1 .  0 

599 440 . 0  

585 7 . 0  

S t andard 
dey; a t  i on 

0 . 2 70 
0 . 023 
0 . 00 1  
0 . 004 
0 . 002 
N . A .  
0 . 050 
4 . 6 
0 . 04 0  
0 . 00 1  
0 . 359 

1 0 . 2  

6 . 1  

0 . 00 1  
N . A .  
N . A .  
0 . 008 
0 . 005 
N . A .  
N . A .  
N . A .  
0 . 380 
N . A .  
0 . 002 
1 .  9 1 0  
0 . 070 

5 2 . 2  
1 08 . 7  

1 3 . 8  
2 7 . 0  

0 . 4  
2 . 6  

1 64 . 6  
336 . 6  

284 0 . 0  
1 9 1 . 8  

N . A .  

S t a t i s t i ca l  
ma x i rrun  

( mg/ l )  

0 . 62 1 
0 . 096 
0 . 004 
0 . 0 1 3  
0 . 009 
N . A .  
0 . 1 86 

1 4 . 2  
0 . 1 1 1  
0 . 007 
1 . 0 1 4  

24 . 9  

1 4 . 9  

0 . 004 
N . A .  
N . A .  
0 . 0  
0 . 0  
N . A .  
N . A .  
N . A .  
0 . 994 
N . A .  
0 . 008 
4 . 480 
0 . 185 

308 . 0  
3 1 9 . 6  

3 1 . 8  
1 6 1 . 1  

1 . 5 
1 2 . 1  

54 5 . 8  
1 465 . 6  
832 1 . 0 

823 . 4  
N . A .  
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{:; BAC KG ROUND  WELL 
o ON S ITE  WELL 

o LYS IM ET ER COMPLETED I N  
THE TAI L I NGS  
DOWNGRADI EN T O R  
C ROSSGRADI EN T WELL 

( TR I L I N EAR SCALES ARE PERCENTAGES 
OF EQUIVAL ENTS PER L IT E R  OF M AJOR  
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T R I L I N E A R  D I AG R AM O F  A L L U V I AL G RO U N D WAT E R 

O L D R I F L E  S I T E  



The ba c k g round  qua l i ty of  g roundwa t e r  i n  t h e  Wa s a t c h  
Forma t i on a t  the  O l d  R i f l e  s i te wa s d e t e rm i ned f rom c hemi ca l 
a na l ys es o f  samp l e s f rom u p g rad i en t  mon i to r  we l l s  620 , 6 2 1 , 
a n d  6 2 2  a n d  c ro s s -g rad i e n t  mon i to r  we l l s  6 2 5 , 6 2 6 , a n d  641  
( F i g u re E . 2 . 3 ) . Mon i to r  we l l 620  i s  l oc a t ed a p p rox i ma te l y  0 . 5  
m i l e  upg ra d i ent  o f  t h e  p roc e s s i ng s i te ,  a nd a l t h o u g h  g ro u n d 
wat e r  f rom t h i s  we l l  c onta i n s re l at i ve l y  h i gh c o n c en t ra t i on s  
o f  s u l f a t e , u ra n i um a nd s e l en i um ,  t h e  we l l  i s  not c on tami n a ted 
f rom a c t i v i t i es at the O l d R i f l e  p roc e s s i ng s i te a n d  re f l ec t s  
ba s e f l ow i n  t h e  Wa satc h Fo rma t i on . Henc e , mon i to r  we l l  620  
wa s u s ed to d e f i n e  bac k g round  wa te r q ua l  i ty i n  s p i te o f  the  
re l a t i ve l y  h i gh c o n c en t ra t i on s  o f  c o n s t i tuents  wi t h i n  the  
samp l e .  Mon i to r  we l l s  629  a n d  640 a re c on tami nated w i t h  the  
c emen t  g rout  u s ed to c on s t ru c t  t h e  we l l s ,  a nd we re exc l uded 
f rom u s e  i n  d ef i n i ng ba c k g ro u nd wa te r q ua l i ty .  Mon i to r  we l l 
630 wa s exc l uded a s  a bac k g round  we l l bec a u s e  i t  i s  a c o n 
s i d e ra b l e d i s t a n c e  f rom the  s i te .  Mon i to r  we l l s  6 2 3  a n d  6 2 4  
a re l oc a ted ons i te ,  a n d  do  not  rep re s e n t  bac kg round  wa t e r  
q ua l i ty i n  t h e  Wa s a t c h  Forma t i on . Mon i to r  we l l s  6 4 4  a nd 645 
a re l oc a ted d own g rad i ent  of the s i t e , and we re exc l uded  a s  
bac k g round  we l l s .  

Bac k g round  a n d  d owng rad i e nt  wat e r  q ua l i ty f o r  t h e  Wa s a t c h  
Fo rma t i on a t  t h e  O l d R i f l e  s i te i s  s umma r i zed i n  Ta b l e  E . 2 . 8 .  
Ba c k g ro u nd wa t e r  q u a l  i ty f o r  t h e  Wa s a t c h  F o rma t i on a t  the O l d  
R i f l e  s i te exc eed s the  p roposed E PA g ro undwa te r  p rotec t i on 
M C L s  f o r  mo l ybd e n um . s e l e n i um ,  a nd g ro s s  a l pha  a c t i v i ty .  
Gro undwa t e r  f rom ba c k g round  mon i to r  we l l s  i n  t h e  Wa s a t c h  
Fo rma t i on i s  a sod i um s u l fate  type o f  wa t e r  ( F i g u re E . 2 . 1 4 ) .  

Ta i l i ngs a n d  mi l l i ng proc e s s  c ha ra c te r i zat i on 

The O l d R i f l e  ta i l i ng s  p i l e  i s  1 3  a c res i n  a rea and  
c o n ta i n s a n  e s t i ma ted 333 , 000 c u b i c ya rd s  o f  ta i l i ng s . The  
ta i l i ngs  con s i s t o f  f i n e s a nd s wi t h  a mod e rate  amo u n t  o f  c l ay ,  
and  a re u p  t o  20 feet th i c k . A l t h o u g h  the  ta i l i ngs  a re 
genera l l y  a bove the  wa t e r  ta b l e ,  t h e  l owe r p o rt i on s  o f  the  
ta i l i ng s  become s a t u ra ted d u r i ng  h i gh stage  pe r i od s  o f  the  
Co l orado  R i ve r  ( DOE , 1 9 8 3 ) . The D O E  h a s  obse rved i n u n d a t i on 
of  t h e  l owe r 5 . 5  feet o f  ta i l i ngs nea r mon i to r  we l l s  5 8 1 . 582 , 
a nd 583 ( F i g u re E . 2 . 2 ) d u r i ng h i g h f l ow p e r i od s .  

The O l d R i f l e  mi l l  wa s b u i l t  i n  1 9 24  to  rec ove r vanad i um 
f rom ro s c oe l i te ores . E x t rac t i on p roc e s s e s  u s ed i n c l uded  sa l t  
roa s t i ng , wa ter  l eac h i ng , a nd p rec i p i ta t i on o f  s od i um hexa 
va nadate w i t h  s u l f u r i c  a c i d  ( Me r r i tt , 1 9 7 1 ) .  The p roc e s s e s  
we re mod i f i ed i n  1 9 46  to ext ra c t  u ra n i um b y  ac i d  l eac h i ng and  
s u bseq u e n t  p roce s s i ng .  Su l f u r i c  a nd hyd roc h l o r i c  ac i d s  we re 
u s ed w i t h  ammon i a  to p rec i p i tate a II g reen - s l udge ll p rod uc t .  
Th i s  wa s p u r i f i ed by red i s so l v i ng i t  i n  s u l f u r i c ac i d  a nd 
sod i um c h l o r i te ,  a n d  t h e n  add i ng sod i um ca rbona te . F i na l l y ,  
ye l l ow c a k e  wa s obta i ned f rom the  p u r i f i ed s o l ut i on by a c i d i 
fyi ng a n d  bo i l i ng ,  a nd then  add i ng ammon i a  gas  ( Me r ri tt ,  1 9 7 1 ) .  
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Ta b l e  [ . 2 . 8 U a c k g round w a t e r  qu a l i ty and c o n t a m i n a n t  concentra t i o n s  i n  Wa s a t c h  Forma t i on g rou ndwa t e r , O l d  R i f l e  s i te 

Background wel l s :  620, 621 , 622 , 625 ,  626, 64 1 On s i t e and downgrad i ent we l l s :  623 , 624 , 644, 645 

BACKGROUND CONCE N T RAT I ON S  DOWNGRAD I E N T  CONCE NTRA T I ONS 

Parameter 

MCL 

( mg/ l )  

Backg round 
samp l e  

s i ze 

Max i mun  

(mg / l )  lie I I 

Mean 

(mg/ l )  

Proposed EPA Groundwa ter Protec t i on S t andards ( 4 0  C F R  1 92 ) :  

Arsen i c  0 . 05 

Ba r i un  1 . 0 
Cadm i un  0 . 0  
Chrom i un  0 . 05 
Lead 0 . 05 
Mercury 0 . 002 
Mo l ybdenun 0 . 1  
N i t rate 44.0 

S e l en i u  0 . 0 1  
S i lver 0 . 05 
Uran i un  
R a  226/228 

( pC i /L )  
Gross A l pha 

0 . 044 

5 .  

( pC i / L l  1 5 .  

1 7  

1 0  
1 5  

6 
1 0  

2 
1 7  
1 3  
1 7  

3 
1 7  

9 

5 

0 . 006 
0 . 2 1 5  
0 . 002 
0 . 005 
0 . 008 
0 . 000 
0 . 333 
0 . 9  
0 . 0 1 1  
0 . 005 
0 . 039 

1 . 2 

3 1 . 9  

620 
621 

625 , 626 
ALL 
620 
ALL 
626 
620 
620 
ALL 
620 

620 

621 

Append i x  I I norga n i c  Cons t i tuents ( 4 0  C F R  192 ) :  

Ant i mony None 3 o o 
5 
5 o o 
5 
6 

Beryl l i un None 

Carbon D i su l ph i de None 

Coba l t  None 
Copper None 
Cyanide None 
F l uor i ne None 

N i c k e l  None 

S u I  f i de 
l ha l l i un 
l i n  
Vanad i un  
Z i nc 

None 
None 0 
None 5 
None 1 3  
None 1 0  

Detec t i on Cons t i tuen t s :  

Ca l c i un  
Ch l o r i de 
I ron 

Magnes i un  
Manganese 
Potass i un  
S od i un  

SuI f a t e  
l O S  
A l ka l  i n i t y 

pH 

None 1 7  
None 1 7  
None 1 7  
None 1 7  

None 1 7  
None 1 7  
None 1 7  

None 1 7  
None 1 7  
N one 1 7  
None 1 7  

0 . 002 

N . A .  
N . A .  
0 . 025 
0 . 020 
N . A  
N . A .  
0 . 040 
0 . 1 50 
N . A .  
0 . 005 
0 . 1 58 
0 . 023 

271 . 4  
1430 . 0  

0 . 2  
1 38 . 7  

1 . 4  
8 . 0  

1 004 . 0  
1 763 . 0  
3457 . 0  

385 . 0  
8 . 9  

A L L  
N . A .  

N . A .  
ALL 
622 
N . A .  
N . A .  
621 
620 
N . A .  
621 
621 
62 1 

620 
621 
620 
620 

620 
620 
62 1 
620 
620 
622 

626 

0 . 005 
0 . 1 0 1  
0 . 00 1  
0 . 005 
0 . 006 
0 . 000 
0 . 199 
0 . 4  
0 . 004 
0 . 005 
0 . 008 

0 . 5  

1 2 . 4  

0 . 002 

N . A .  
N . A .  
0 . 025 
0 . 0 1 4  
N . A .  
N . A .  
0 . 028 
0 . 083 
N . A .  
0 . 003 
0 . 087 
0 . 0 1 1  

56 . 1  
562 . 9  

0 . 1  
26 . 6  

0 . 3  
3 . 9  

573 . 5  
395 . 6  

1874 . 4  
3 1 8 . 3  

7 . 8  

S t a t i s t i ca l  
S t andard max i mun  
dev i at i on (mg/ l )  

0 . 001 

0 . 086 
0 . 00 1  
N . A .  
0 . 002 

N . A  
0 . 133 

0 . 5  
0 . 006 
N . A .  
0 . 0 1 6  

0 . 6  

1 7 . 0  

N . A .  
N . A .  

N . A .  
N . A .  
0 . 009 
N . A .  
N . A .  
0 . 0 1 8  
0 . 082 
N . A .  
0 . 002 
0 . 1 1 0 
0 . 0 1 2  

1 04 . 5  
388 . 4  

0 . 1  

5 3 . 8  
0 . 5  
2 . 8  

2 1 0 . 7  
658 . 0  
84 2 . 0  

72 . 2  

N . A .  

0 . 007 
0 . 274 
0 . 003 
N . A .  
0 . 009 
N . A .  
0 . 467 
1 . 4 
0 . 0 1 6  
N . A .  
0 . 039 

1 . 7 

46. 

N . A .  
N . A .  
N . A .  
N . A .  
0 . 032 
N . A .  
N . A .  
0 . 064 
0 . 247 

N . A .  
0 . 007 
0 . 307 
0 . 035 

265 . 1  
1 34 0 . 0  

0 . 2  
1 34 . 2  

1 .4 
9 . 4  

995 . 0  
1 71 1 . 0 
3558 . 0  

462 . 6  

N . A .  

Samp l e  
s i ze 

1 4  
1 0  
1 0  

6 
1 0  

2 
1 4  
1 1  

1 4  
2 

1 4  

8 

8 

2 
2 o 
6 
6 
2 o 
6 
4 
2 
6 

1 4  
1 0  

1 4  

1 4  

1 4  

1 4  
1 4  
1 4  
1 4  

1 4  
1 2  
1 3  

1 3  

Downg radi ent 
max i mun  
( mg / l )  li e  I I 

Mean 

(mg/ l )  

0 . 004 

8. 330 
0 . 025 
0 . 048 
0 . 032 
0 . 000 
0 . 095 

1 4 . 4  
0 . 048 
0 . 020 
0 . 01 4  

1 0 . 0  

64 . 7  

0 . 033 
0 . 005 
N . A .  
0 . 025 
0 . 024 
0 . 005 
N . A .  
0 . 020 
0 . 050 
0 . 0 1 0  
0 . 1 3 1  
0 . 278 
0 . 088 

65 7 . 0  
732 7 . 0  

104 . 0  

135 . 6  
5 . 3  

71 . 1  
4220 . 0  
1 668 . 0  

1 3700 . 0  
259 . 7  

8 . 3  

623 

644 
644 
644 

645 
ALL 
623 
624 
623 
ALL 
624 

644 

644 

0 . 004 
4 . 140 
0 . 0 1 6  
0 . 032 
0 . 024 
0 . 000 
0 . 085 
4 . 2  
0 . 033 
0 . 020 
0 . 005 

6 . 0  

5 1 . 0  

644 0 . 024 
ALL 0 . 005 

N . A .  N . A .  
ALL 0 . 025 
623 0 . 0 1 4  
ALL 0 . 005 

N . A .  N . A .  

ALL 0 . 020 
ALL 0 . 050 
ALL 0 . 0 1 0  
645 0 . 078 
623 0 . 1 3 2  
624 0 . 025 

623 303 . 3  
644 5407.0 

623 24 . 8  

623 59 . 1  
623 1 . 4 
644 3 6 . 6  
644 3529 . 3  
623 5 2 1 . 8  
623 1 0583 . 0  
623 1 82 . 3  
644 7 . 8  

Stat i st i c a l  
St andard max i mun  
dev i at i on ( mg/ l )  

0 . 002 
3 . 230 
0 . 027 
0 . 04 1  
0 . 019 
N . A .  
0 . 082 

1 2 . 6  
0 . 056 
N . A .  
0 . 007 

6 . 0  

1 9 . 1 

0 . 01 3  

N . A .  
N . A .  
N . A .  
0 . 006 
N . A .  
N . A .  
N . A .  
N . A .  
N . A .  
0 . 1 1 9 
0 . 2 1 8  
0 . 052 

305 . 6  
2314 . 0  

83 . 2  
68 . 2  

4 . 1  
4 2 . 9  

984 . 
1 303 . 0  
3387.0 

1 57 . 0  

N . A .  

0 . 007 

1 0 . 6 1 0  
0 . 070 
0 . 1 1 5 

0 . 061 
N . A .  
0 . 249 

29 . 3  
0 . 144 
N . A .  
0 . 020 

1 8 . 0  

89 . 1  

0 . 049 
N . A .  
N . A .  
N . A .  
0 . 027 
N . A .  
N . A .  
N . A .  
N . A .  
N . A .  
0 . 3 1 5  
0 . 567 
0 . 1 29 

914 . 6  
1 004 . 0  

1 9 1 . 1  
195 . 4  

9 . 5  
1 22 . 4  

5498 . 0  
3 1 2 9 . 0  

1 7360 . 0  
496 . 0  

N . A .  
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The c ontam i n a n t  s o u rc e  c o n c e n t ra t i on s  a t  the  O l d  R i f l e  
s i te we re e st i ma ted by a v e rag i n g t h e  c o n c e n t ra t i on s  f rom 
l ys i me t e rs c omp l eted i n  the  O l d  R i f l e  ta i l i ngs . A l t h o u g h  the  
f i ve l ys i me t e rs we re rec ent l y  i n s ta l l ed i n  t h e  ta i l i ng s  p i l e ,  
on l y  two l ys i mete rs p rod u c ed enough  samp l e  f o r  a na l ys i s .  The 
l ys i meters  were samp l ed i n  D e c embe r ,  1 988 , a nd the a na l yt i ca l  
res u l ts , rep res ent i ng contam i n a n t  s o u rc e  c o n c e n t ra t i o n s  a t  the  
O l d  R i f l e  s i te ,  a re p re s ented i n  Ta b l e  E . 2 . 9 .  

Th ree  ta i l i ng s  samp l e s we re a na l yzed f o r  Append i x  I X  ( 40 
C F R  2 6 4 )  o rga n i c  c on s t i t u e n t s . Ben zo [ a J  a n t h ra c e n e  wa s f o und 
a t  a c o n c e n t ra t i o n o f  7 7 0  pa rt s p e r  b i l l i on ,  a p p ro x i ma te l y  2 . 5  
t i me s  t h e  d e t ec t i on l i m i t .  I n  add i t i o n ,  t ra c e  c o n c e n t ra t i on s  
( be l ow d e t ec t i o n l i m i t )  of  a n t h ra c e n e , a c etone , a n d  ben zene 
we re found . The s o u r c e s  of  t h e s e  o rga n i c  c on s t i t u e n t s  a re 
u n k n own . Benzo  [ a J  a n t h ra c e n e  a n d  a n t h ra c ene  a re c ommon l y  
found  i n  wood p re s e rva t i ve s . Acetone  i s  a c ommon c l ea n i ng and  
d ry i ng s o l vent , a n d  the  t ra c e  c o n c e n t ra t i on s  i n  the  ta i l i ng s  
may be d ue to l a b o ra t o ry c ontami na t i on .  Ben zene , a s o l ven t ,  
i s  used  i n  t h e  p rod uc t i on o f  a l a rge n umbe r o f  o rga n i c  c om
pou n d s  a n d  i n  s o l vent  e x t ra c t i on p ro c e s s e s . Howeve r ,  no 
s o l vent e x t ra c t i on wa s u s ed at the  O l d  R i f l e  s i te .  

The  s eepage f l u x o f  ta i l i ng s  l ea c hate  i n to g ro undwate r a t  
t h e  O l d  R i f l e  s i te wa s e s t i ma ted u s i ng t h e  Da rcy ' s  e q ua t i on 
( F ree z e  a nd C h e r ry ,  1 9 7 9 ) . Unde r s a t u rated  cond i t i on s  i n  a 
p e rc hed g rou ndwa t e r  sys tem , t h e  l owe s t  s a t u ra ted hyd ra u l i c 
cond u c t i v i ty i n  a h o r i zonta l l y-s t ra t i f i ed geo l og i c  sys tem 
c o n t ro l s  v e rt i ca l  s eepage f l ux .  The s a t u rated  hyd ra u l i c  
cond u c t i v i t i es f o r  the  O l d R i f l e  ta i l i ng s  ra nged f rom 0 . 02 
cm/s to 1 . 7 x 1 0-6 cm/s ( DOE , 1 9 8 7 ) , a n  a ve ra g e  ( geome t r i c  
mea n )  3 . 7  x 1 0-4 cm/s . T h e s e  va l u e s  a re not l ow enough  to 
c reate a d i s t i n c t  p i e zome t r i c s u rf a c e  w i t h i n  the ta i l i ng s , and  
prec i p i ta t i on i n f i l t ra t e s  ra p i d l y  t h ro u g h  t h e  ta i l i ng s  i n to 
g roundwa te r .  T h e re f o re ,  s eepage  t h ro u g h  t h e  ta i l i ng s  i s  equa l 
to the  net  i n f i l t ra t i on ra te . B a s ed on  a n nua l p rec i p i ta t i on 
o f  1 1  i n c h e s  p e r  yea r a nd a s sumi ng  20 p e rc e n t  net  i n f i l t ra 
t i on ,  t h e  tota l a n n ua l s eepage t h ro u g h  t h e  p i l e  f rom p rec i p i 
ta t i on a ve ra g e s  2 1 30 ga l l on s  pe r day  ( 1 . 5 gpm) . A 20 p e rc e n t  
net  i n f i l t ra t i on ra te  wa s s e l ec ted to be c o n s e rvat i ve ;  a c t u a l  
i n f i l t ra t i on may b e  c o n s i d e ra b l y  l owe r .  Th i s  d o e s  n o t  i nc l ud e  
seepage  d u e  t o  g ro u ndwa t e r  mound i n g a t  t h e  c u l vert n o rt he a s t  
o f  the  ta i l i ngs . 

Extent  o f  c ontami nat i on 

A l l u v i um 

Seepage of  ta i l i n gs  f l u i d s  ha s contami n a ted g ro undwa t e r  
i n  the  ent i re 20-f oot t h i c k n e s s  o f  the  a l l u v i um benea th  the  
O l d  R i f l e  s i te . Most  contam i na ted g ro u ndwate r o c c u rs d i re c t l y  

E- 1 1 7  



Tab l e  [ . 2 . 9  Contam i nant  s o u rc e  c o n c e n t ra t i on s , O l d  R i f l e  s i tea 

Pa ramete r 
MC l 

( mg / l ) 
Samp l e 

s i ze 

lvs i me t e r  c o n c e n t ra t i on s  
Max i mum Mean 

( mg / l ) ( mg / l ) 

Propos ed E PA groundwa t e r  protec t i on s t a nd a rd s  ( 40 C FR Pa rt 1 9 2 ) : 

Arsen i c  0 . 05 2 1 .  56  0 . 79 
Ba r i um 1 . 0 2 <0 . 01 <0 . 0 1 
Cadmi um 0 . 0 1 2 0 . 01 3  0 . 0 1 
C h rom i um 0 . 05 2 0 . 1 7  0 . 1 3 5 
lead 0 . 05 2 <0 . 01 <0 . 0 1 
Me rc u ry 0 . 002 2 <0 . 0002 <0 . 0002 
Mol ybd e n um 0 . 1  2 0 . 44 0 . 2 7 
N i t ra t e  44 . 0  2 3 . 4  3 . 1 5  
Se l en i um 0 . 0 1 2 2 . 45 1 .  3 7  
S i l ve r  0 . 05 2 0 . 04 0 . 03 
U ra n  i urn 0 . 044 2 1 . 39 0 . 7 53 
Ra 226/228  ( pC i / l ) 5 . 0  1 64  64 
Gros s a l pha  ( p C i / l ) 1 5 . 0  1 2 50 250  

Append i x  I X  { 40 C F R  264}  i no rga n i c  c o n s t i t u e n t s : 

Ant i mony None 2 0 . 0 1 2  0 . 0 1 05 
Bery l l i urn None 2 0 . 2 7 0 . 1 7 5 
Ca rbon d i s u l f i d e  None  0 N . A .  N . A .  
Coba l t  None 2 0 . 02 5  0 . 02 5  
Copper  None  2 0 . 4 1 0 . 1 1  
Cya n i d e None 2 <0 . 0 5 <0 . 05 
F l u o r i d e  None 2 2 2 . 5 5 
N i c k e l  None  2 <0 . 04 0 . 04 
Su l f i d e  None 1 <0 . 1  <0 . 1  
Tha l l i um None 2 0 . 005  0 . 005  
T i n None 2 0 . 026 0 . 0 1 8 5 
Va nad i um None 2 29 . 2  1 9 . 2  

Detec t i on c on s t i tuents  

Ca l c i um None 2 5 1 1 333  
C h l o r i d e  None 2 42  42  
I ron None 2 0 . 1 1  0 . 09 
Magne s i um None 2 8 7 . 8  84 . 2  
Ma nga n e s e  None 2 0 . 1 4  0 . 09 
Pota s s i um None 2 5 . 2 2 4 . 5 1 
Sod i um None 2 9 3 . 8  8 7 . 5  
S u  l fate  None  2 1 480 1 05 7  
TDS None 2 2600 1 885  
A l ka l i n i ty None 2 3 1 2 2 5 8  
pH None 2 7 .  53  7 . 48 

a Sou rce c o n c e n t ra t i on s  d e t e rm i ned f rom one  samp l e  ea c h  f rom l ys i me t e rs 
R FO - 7 38 a n d  7 3 9  i n  Decembe r  1 9 88 . 
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b e l ow a nd d owngrad i e n t  ( we s t )  o f  t h e  ta i l i ng s  ( F i g u re E . 2 . 1 5 ) .  
The  c ontami nat i on e x tend s we s twa rd t o  a d i s t a n c e  o f  a p p rox i 
ma t e l y  200 feet , whe re wea t h e red Wa s a t c h  Forma t i on c l aystone  
p i n c h e s  out  muc h  o f  the  a l l uv i um ,  d i ve rt i ng  c on tami na ted 
g rou ndwa t e r  i nto  the C o l ora d o  R i v e r  and c on s i d e ra b l y  red uc i ng 
t h e  c on tami na t i on d owng rad i en t  f rom t h a t  po i nt .  The  l a t e ra l  
extent  o f  c ontami na t i on i n  t h e  a l l u v i um i s  l i mi ted  by t h e  
Wa satc h Forma t i on c l aystone  to  t h e  n orth a n d  t h e  C o l ora d o  
R i ve r  to  t h e  s o u t h . 

U ra n i um c o n c e n t ra t i on s  i n  g roundwa t e r  wi th i n  t h e  a l l u v i um 
exc eed t h e  p ropo s ed E PA M C L s  by a n  o rd e r  o f  ma gn i tu d e , and  
p rov i d e  a good i nd i c a t i on o f  the  extent  a n d  mag n i tu d e  o f  
c on tami na t i on .  F i g u re E . 2 . 1 5  s h ows t h e  d i s t r i b ut i on o f  t h e  
u ra n i um c o n c e n t ra t i on s  a n d  t h e  u ra n i um i so p l e t h s  i n  t h e  a l l u
v i a l  g roundwa t e r  a t  the  O l d  R i f l e  s i te .  Oth e r  contam i n a n t  
c o n c e n t ra t i on s  a re h i gh l y  va r i a b l e a n d  we re n o t  c on tou red . 

Ba c k g round  a n d  d owng rad i e n t  wa t e r  q ua l i ty f o r  t h e  a l l u v i a l  
mon i tor  we l l s  a t  t h e  O l d R i f l e  s i te i s  s umma r i zed i n  Ta b l e  
E . 2 . 7 .  Ta i l i ngs  s ee pa g e  h a s  re s u l ted  i n  d eg rad a t i on o f  g ro u n d 
wa t e r  q ua l i ty ,  a nd max i mum c o n c e n t ra t i o n s  o f  s e ve ra l c o n s t i 
t u e n t s  i n  t h e  a l l u v i um exc eed ba c k g round  c on c e n t ra t i on s  and  
t h e  proposed  E PA MCLs  ( Ta b l e E . 2 . 7 ) . C o n c e n t ra t i on s  o f  
a rs e n i c ,  mo l yb d e n um , s e l e n i um ,  u ra n i um a nd a c t i v i t i e s o f  g ros s 
a l pha  a n d  rad i um- 2 2 6  a n d  - 2 2 8  c omb i ned  exceed  t h e  p ropos ed E PA 
g ro u ndwa t e r  M C L s . Ta i l i ng s  seepage  ha s a l s o re s u l ted i n  c on 
c e n t ra t i on s  o f  t h e  Append i x  I X  c on s t i t u e n t s , s u l f i d e a n d  
va nad i um ,  wh i c h  a re e l evated a bove ba c k g round  i n  t h e  a l l u v i um 
a t  t h e  O l d  R i f l e  s i te .  

The  d e g ree  o f  c ontami na t i on i n  a l l u v i a l  mon i tor  we l l s  a t  
t h e  O l d R i f l e  s i te i s  s h own o n  t h e  b i va r i a t e  p l ot o f  c a l c i um 
a nd s u l f a t e  i n  a l l u v i a l  g roundwa t e r  samp l es ( F i g u re E . 2 . 1 6 ) .  
I n  g e n e ra l , g roundwa t e r  f rom t h e  c o n tami n a t ed we l l s  conta i ned 
h i gh e r  c o n c e n t ra t i on s  o f  c a l c i um a n d  s u l fate  t h a n  g ro u ndwa t e r  
f rom t h e  ba c k g round  mon i to r  we l l s .  A tr i l i nea r d i a g ram o f  
a l l u v i a l  g roundwa t e r  samp l e s ( F i g u re E . 2 . 1 3 ) i nd i ca t e s  t h a t  
h i g h e r  p e rc en ta g e s  o f  s u l f a t e  oc c u r  i n  c ontami na ted a l l u v i a l  
g roundwa t e r  a nd t h a t  h i gh e r  p e rc e n ta g e s  o f  c a rbon a t e  and  
b i ca rbona te  oc c u r  i n  u n c ontam i na t ed a l l u v i a l  g rou ndwa te r .  

Wa s a t c h  Forma t i on 

Groundwa t e r  q u a l i ty i n  the  Wa s a t c h  Forma t i on a t  t h e  O l d 
R i f l e  s i te has  a l s o been a f f e c ted by t h e  u ra n i um m i l l i ng 
a c t i v i t i e s . Contami n a t i on oc c u rs t o  a d e p t h  o f  a t  l ea s t  1 00 
feet . T h e  l a t e ra l  extent  o f  contami na t i on i s  be l i e ved to  be 
l es s  than i n  the  a l l u v i um d u e  to  the l owe r hyd ra u l i c  c o nd u c 
t i v i ty o f  t h e  f o rma t i on a nd t h e  u pwa rd potent i omet r i c  

E-1 l 9  



'"T") 

"J 
o 

1 
, 

-+--I+- R I FLE  

� . . . . . . . . �6 0 4  � .' " ' �" 
.· 0. 0 4 

• - 6 0 2  
6 0 3 ./ 

6 0 1  0. 0 4  

0. 0 0 4  

P ER I METER  OF  
OLD R I F LE  TA I L I NG S  P I LE  -------, 

5 0 0  o 5 0 0 1 5 0 0  

r-

S CALE  I N  FEET 

L EG E ND --------------------------� 

5 8 8  -
0. 8 9  

M ONITOR WELL NUMBER  & AVE RAGE 
U RA NI U M  CONCE NTRATI ON I N  M G / L  

,0.'\' U RANI U M  I SOPL ETH I N  MG/ L 

., 

FI G U  R E  E . 2 . 1 5  

b. 
()b. P ROPOSED EPA M C L  < 0. 0 4 4  M G/ U  ., (). FOR U RAN IUM  

U R A N I U M  C O N C E N T R AT I O N S I N  A L L U V I A L G R O U N D WAT E R , O LD R I F L E  S I T E  



..-, 
� '"'-... (') 2: 

'-./ 

W I-i1 .-J => (f) 

30 0 0 . 0  

2 5 0 0 . 0  -

2000.0 -

1 5 00 . 0  -

1 0 00 .0 -

500 . 0  

5 8 9  6 0 2  6 0 1  

0 . 0  n .. ...--
0 . 0  50.0 

5 8 6  
0 

5 8 9  

6 0 2  6 0 1  
JI. 

I 
1 0 0 . 0  

6. 

59 7 
11 5 9 7 5 9 8  

5 9 0  5 9 8  0 0 
6 0 3  
0 

6 0 4  
6. 

6 0 4  
0 5 8 8  0 5 8 1  

0 5 8 2  
5 8 4 6.D"\ 0 

6 0 0  5 8 6  
6. 6 0 0  

5 9 9  6. 

0 

I I -
1 50 . 0  2 0 0 . 0  

CALC I U M  (MG/L) 

F I G U R E E . 2 . 1 6  

5 8 4  
o 

6 0 3  
6-

5 8 3 
0 

5 8 8  
6. 

I 
2 5 0 . 0  3 0 0 . 0  3 5 0 . 0  

LEGE N D  
o ONS IT  E AND DOWNG RAD I E NT 

WE LLS 6 / 8 5  
6 O N  S IT  E AND DOWN  G RAD I E NT 

WELLS 1 2 / 8 5  

• BACKGROU ND WE LLS 6 / 8 5  

.. BACKGROU ND WE LLS 1 2 / 8 5  

o (YELLS COMPL ETED  TH ROUGH 
THE TA I L !  NGS 

B I VA R I AT E  P L OT OF CA LC I U M  A N D  SU L FAT E C O N C E N T R AT I O N S  

I N A L LU V I A L  G R O U N D WAT E R, O LD R I F L E S I T E  

E-1 2 1  



-- ---------------------- --- --- - -------

g ra d 1 en t s  t h a t  oc c u r  1 n  the  v i c i n i ty o f  t h e  s i te .  Howe ve r ,  
s e a sona l d ra i nage  f rom a c u l v e rt n o rt h  o f  t h e  ta i l i n gs  p i l e  
h a s  gen e ra ted a l oca l i zed g ro u ndwa t e r  mound , c re a t i ng a 
v e rt i ca l  hyd ra u l i c  poten t i a l  f o r  c o n ta m i n a n t s  i n  t h e  a l l uv i um 
to  mi g ra t e  i nto  t h e  Wa s a tc h Forma t i on . Th i s  c on ta m i n a t i on i s  
l i m i ted to  a re a s  whe re t h e  o v e r l y i ng  a l l uv i um i s  contami n ated 
and where d ownwa rd poten t i omet r i c g ra d i en t s  o c c u r .  

Wat e r  qua l i ty a na l ys e s  f o r  a l l mon i to r  we l l s  a t  t h e  O l d  
R i f l e  s i te a re p re s e n ted i n  Tab l e  E . 2 . 6 ,  a n d  wat e r  qua l i ty f o r  
t h e  g ro u ndwa t e r  w i t h i n  t h e  Wa s a t c h  F o rma t i on a t  the  O l d  R i f l e  
s i te i s  s umma ri zed i n  Tab l e  E . 2 . 1 8 .  Ma x i mum c o n c e n t ra t i on s  o f  
s e v e ra l  c o n s t i t u e n t s  i n  t h e  Wa s a t c h Forma t i on down g rad i e n t  o f  
t h e  ta i l i n gs  e x c e ed bac k g round  c o n c e n t ra t i on s  a n d  t h e  p ropo s ed 
E PA g rou ndwa t e r  p rotec t i on s t a nd a rd s  ( Ta b l e E . 2 . 1 8 ) . Down
g rad i en t  c o n c e n t ra t i on s  o f  ba r i um ,  c admi um , a n d  s e l en i um a n d  
a c t i v i t i es o f  g ro s s  a l p h a  a n d  rad i um-2 2 6  a n d  -228  c omb i ned 
exc eed the p ropo s ed E PA g rou ndwa t e r  p rotec t i on s ta n d a rd s  a n d  
d own g rad i ent  conc e n t rat i on s  o f  t h e  Append i x  I X  c on s t i t u e n ts 
a n t i mony , t i n ,  va na d i um a n d  z i nc a re e l e va ted a bove ba c k g round  
c o n c e n t ra t i ons  i n  t h e  Wa s a t c h  Fo rma t i on . 

Ons i te mon i to r  we l l s  6 2 3  a n d  6 2 4  a re contami na ted , a s  
i nd i c a ted b y  t h e  b i va r i ate  p l ot o f  s u l f a t e  a n d  u ra n i um f o r  
g ro undwa t e r  samp l e s f rom t h e  Wa s a t c h  Fo rma t i on ( F i g u re 
E . 2 . 1 7 ) . Ba c k g round  mon i to r  we l l  620  a l so c o n ta i n s e l e va ted 
c o n c e n t ra t i on s  o f  s u l fate  and u ra n i um ,  and d o e s  not p l ot nea r 
t h e  oth e r  ba c k g round  we l l s  on  F i g u re E . 2 . 1 6 .  The s e  e l e va ted 
c o n c e n t ra t i on s  i n  mon i to r  we l l  620  may re f l ec t  geoc h em i c a l  
p roc e s s e s  o c c u r r i n g  d ue to  ac t i v i t i e s a t  t h e  u p g rad i e n t  g ra v e l  
p i t .  Mon i to r  we l l  644 , l oc a ted 2000 f e e t  we s t  o f  t h e  O l d  
R i f l e  ta i l i ngs  a c ro s s  the  Co l o ra d o  R i ve r ,  c o n ta i n s c o n c e n 
t ra t i on s  o f  ba r i um ,  cadmi um a n d  a c t i v i t i e s o f  g ro s s  a l pha  a n d  
rad i um- 2 2 6  a n d  - 2 2 8  comb i ned  exceed i ng t h e  p ropo s ed E PA 
g roundwa t e r  M C L s  ( Ta b l e  E . 2 . 8 ) . Howe ve r ,  t h i s  we l l  i s  not  
c on tami n a ted , as  g roundwa t e r  samp l e s f rom t h i s  mon i to r  we l l  
p l ot on the  b i va r i a t e  p l ot o f  F i g u re E . 2 . 1 6  wi th i n  t h e  ra nge 
o f  bac k g ro u n d  we l l s .  The  h i g h c o n c e n t ra t i on s  o f  t h e s e  c o n 
s t i t u e n t s  i n  t h i s  mon i to r  we l l  re f l e c t  the  n a t u ra l l y  poo r 
qua l i ty o f  g ro undwa t e r  f rom t h e  Wa s a t c h  Fo rma t i on .  A l t h o u g h  
mon i to r  we l l  6 4 4  i s  not  c on tami na ted , i t  wa s not  u s ed a s  a 
bac k g round  we l l  beca u s e  i t  i s  d owng rad i en t  f rom t h e  ta i l i n gs . 

Aqu i f e r  f l u s h i ng 

A l l u v i um 

Pre l i m i n a ry c a l c u l a t i on s  were c o n d u c ted to  e s t i ma t e  the  
natu ra l  f l u s h i n g pe r i od f o r  geo c h emi c a l l y c o n s e rva t i ve c on 
tami n a n t s  ( s u c h  a s  n i tra te a n d  s u l f a t e ) i n  t h e  a l l u v i um at  the  
O l d  R i f l e  s i te .  The l en g t h  o f  t i me req u i red to f l u s h  one  pore 
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v o l ume f rom the  u p g rad i ent  ed g e  o f  t h e  ta i l i ng s  t o  t h e  d i s 
c h a rg e  zone  a l on g  t h e  Co l o rado  R i ve r  ( t h e  max i mum f l owpath  
d i s ta n c e )  wa s c a l c u l ated  u s i ng t h e  f o l l owi n g  s i mp l e  re l at i on 
s h i p  between  a v e ra g e  l i nea r g ro u ndwa t e r  ve l oc i ty i n  t h e  
a l l u v i um a n d  the  f l owpath  d i s t a nc e : 

Tf = L / V 

whe re 

Tf f l u s h i ng t i me for one po re v o l ume ( yea rs ) 
L t h e  ma x i mum f l owpa t h  d i s t a n c e  f rom t h e  u p g rad i ent  

edge  o f  t h e  ta i l i ng s  to t h e  d i s c h a rge zone a l ong the  
C o l o ra d o  R i ve r .  

V = t h e  a ve ra g e  l i nea r g roundwa t e r  ve l oc i ty ( ft /yea r)  

Th i s  s i mp l e  re l a t i on s h i p  i s  ba s ed on t h e  a s s umpt i on s  that the  
c ontami n a n t s  a re geoc hemi c a l l y c o n s e rva t i ve ( s u c h  a s  s u l fate  
a n d  n i t ra te ) , t h a t  t h e  sou rc e  of  c ontami n a n t s  i s  removed 
i n stantaneou s l y ;  and that  d i s pe rs i on i s  neg l i g i b l e .  

The n a t u ra l  f l u s h i n g  pe r i od f o r  geoc h emi c a l l y c o n s e rva 
t i ve spec i es i n  g roundwa t e r  wi t h i n  t h e  a l l u v i um a t  t h e  O l d  
R i f l e  s i te wa s e s t i ma ted to  b e  l es s  t h a n  1 0  yea rs . Th u s , i t  i s  
rea s ona b l e to conc l ud e  t h a t  c o n s e rva t i ve c ontami n a n t  spec i es i n  
t h e  a l l u v i um wi l l  f l u s h  to ba c k g round  conc ent ra t i on s  wi t h i n  
1 0  yea rs a ft e r  t h e  ta i l i ng s  have  been  removed , a n d  c e rta i n l y  
w i t h i n  1 00 yea rs a f t e r  t h e  ta i l i ng s  h a ve been  removed . 

The  l ength  of  t i me f o r  natu ra l f l u s h i ng to remove geo
c hemi c a l l y  non-c o n s e rva t i ve spec i es ( s u c h  as  meta l s )  c a n not 
p re s ent l y  be  d e t e rm i ned . The i n fo rma t i on requ i red to e s t i mate  
t h e  t i me f o r  these  s pec i e s to d i s p e rse  to bac k g round concen
t ra t i on s  or  to  M C L s  i nc l ud e s  a n  ad d i t i ona l a n d  v e ry d e ta i l ed 
geoc h em i c a l  c h a ra c te r i za t i on .  Th i s  mo re d e t a i l ed d a t a  wou l d  be 
obta i ned  d u r i ng  the s e pa ra t e  c ha ra c t e r i zat i on p roc e s s  t h a t  
add re s s e s  Su bpa rt B o f  4 0  C F R  1 9 2 .  Howeve r ,  i t  i s  rea sona b l e 
to  a s s ume t h a t  the  requ i red f l u s h i ng t i me s  f o r  geoc h em i ca l l y 
l es s -c o n s e rva t i ve spec i es i n  t h e  a l l u v i um a t  the  O l d  R i f l e  s i te 
may be c on s i d e ra b l y  g re a t e r  t h a n  1 0  yea rs .  

Wa satc h F o rma t i on 

Beca u s e  t h e  hyd ra u l  i c  cond uc t i v i ty o f  t h e  Wa satc h 
F o rma t i on i s  s i gn i f i cant l y  l owe r t h a n  that  o f  t h e  a l l u v i um ,  
n a t u ra l  f l u s h i ng o f  c ontami n a n t s  i n  t h e  Wa satc h F o rma t i on wou l d  
b e  n e g l i g i b l e  c ompa red to natu ra l  f l u s h i ng i n  t h e  a l l u v i um .  
T h e re f o re , 1 i tt 1 e o r  n o  natu ra 1 f l u s h  i n g  i s  p red ; cted  t o  oc c u r  
i n  t h e  Wa s a tc h Forma t i on wi t h i n  1 00 yea rs a t  t h e  Ol d R i f l e  s i te .  
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Append i x  I X  o rga n i c  c ontam i n a n t s  

L i m i ted samp l i ng f o r  o rga n i c  c ontami n a n t s  has  been  d on e  
a t  t h e  O l d R i f l e  s i te .  Ana l ys e s  f o r  E PA p r i o r i ty po l l utant  
o rga n i c s  we re cond u c ted on  samp l e s f rom on -s i te mon i to r  we l l s  
58 1  and  586  i n  1 9 86 , and  a n a l ys e s  f o r  E PA Append i x  I X  o rga n i c  
con s t i t u e n t s  we re c ond ucted  o n  s amp l e s f rom o n -s i te mon i to r  
we l l s  58 1  and  5 8 3  a n d  f rom bac k g ro u nd we l l  60 1  i n  1 9 88 . 

The  s o l vent  a c etone  wa s d etected  i n  mon i to r  we l l  58 1  a t  a 
c on c e n t ra t i on of  4 1  pa rts  p e r  b i l l i on ( pp b ) . The  s o l vent  
t o l uene  wa s d etected i n  mon i to r  we l l  586 a t  a c on c e n t ra t i on of  
n i ne ppb . The  c ompo u nd a l pha -BHC  wa s d etected  i n  mon i t o r  we l l  
58 1  a t  0 . 23 ppb . A l though  t h e s e  c h emi c a l s  we re not  u s ed i n  t h e  
a c t u a l  m i l l i ng p roc e s s  a t  t h e  O l d R i f l e  s i te ,  t h ey may have  
been u s ed ons i te wh i l e t h e  m i l l  wa s i n  operat i on .  

E . 2 . 3 . 5  New R i f l e  s i te 

G ro u ndwa t e r  f l ow and  hyd ra u l i c  pa rameters 

The  a l l u v i um a t  the  New R i f l e  s i te i s  2 5  to 30 feet  th i c k ,  
and  depths  to g ro u ndwa t e r  ra nge  f rom f i ve to 1 0  feet . G ro u n d 
wat e r  l e ve l s  f l u c t u a t e  a p p ro x i ma t e l y  f i ve f e e t  d u r i n g  t h e  yea r 
( Ta b l e  E . 2 . 1 0 ) ,  d epend i n g o n  t h e  s tage  of  the  Co l o ra d o  R i ve r .  
The a l l u v i a l  poten t i omet r i c  s u rf a c e  ( F i g u re s  E . 2 . 1 8  and  
E . 2 . 1 9 ) does  not  extend  i n to t h e  ta i l i ng s  p i l e  d u r i n g h i gh 
stage , a s  i t  does  a t  t h e  O l d R i f l e  s i te ,  b u t  rema i n s two to 
t h ree feet  be l ow t h e  p i l e .  

G ro u ndwa t e r  f l ow i n  the  a l l u v i um a t  t h e  New R i f l e  s i te i s  
towa rd t h e  wes t  a n d  s ou t hwe s t  u n d e r  a hyd ra u l i c  g rad i ent 
ra n g i ng  f rom 0 . 002 to 0 . 006 . The  a l l u v i um i s  rec ha rged by the 
C o l o ra d o  R i ve r  ea s t  of  t h e  s i te , and  g ro u ndwa t e r  f l ow gene ra l 
l y  pa ra l l e l s  t h e  r i ver  c h a n n e l  t o  e v e n t ua l l y  d i s c ha rge i n to 
the ri ver  d owng ra d i e n t  of  t h e  s i te .  Sea s ona l f l ow i n  P i oneer  
D i tc h n o rt h  o f  t h e  s i te ( F i g u re E . 2 . 1 8 ) may a l s o rec ha rge t h e  
a l l u v i um , a d d i n g t h e  s l i gh t  s o u thwe s te r l y  c omponent  o f  f l ow .  
The re a re d ownwa rd pote n t i omet r i c g rad i en t s  between  the  
a l l u v i um a n d  t h e  Wa s a t c h  F o rma t i on ( F i g u re E . 2 . 20 ) , a nd  
g ro u ndwa t e r  i n  t h e  a l l u v i um d i s c ha rges  i nto t h e  f o rma t i on .  

Pump i n g t e s t s  p e r f o rmed by t h e  DOE  on ten  a l l u v i a l  mon i to r  
we l l s  a t  t h e  New R i f l e  s i te d u r i ng 1 9 83 a nd 1 9 85 i nd i c a t e  t h a t  
t h e  hyd ra u l i c  c o nd uc t i v i ty i n  t h e  a l l u v i um a ve rages  7 0  f t lday  
( Ta b l e  E . 2 . 1 1 ) .  The  a ve rage  l i n ea r g roundwa t e r  ve l oc i ty wa s 
ca l c u l ated  to be  280 f t ly r  u s i n g Da rcy ' s  Law , a n  a v e rage  
hyd ra u l  i c  c on d u c t i v i ty o f  70  f t /d a y ,  a n  e f fe c t i ve poros i ty of  
0 . 2 7 , a n d  a n  a ve rage  hyd ra u l i c  g rad i en t  o f  0 . 003 . 
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tTl 
I 

N 
0"1 

Comp l et i on 
Mon i to r  i nte rva l 

Ta b l e  E . 2 . 1 0  Groundwa t e r  l e ve l s  i n  a l l u v i a l  mon i to r  we l l s ,  New R i f l e  s i te 

we l l  ( d epth i n  Groundwa t e r  l ev e l  ( f eet a bove mea n  sea l e ve tL. ___ . _ _ _ ____ _ . 
_

_____ 
_ n umbe ra f eet ) 1 1 /09 /82 01 /1 2/83 02/1 0/83 02/23/83 06/06/83 06/1 4/83 06/21 /83 09 / 1 9 /83 09 /26/83 1 0 101 /83 01 /1 &/84 01 / 1 B/Cd 0 1 /24/84 06/2 5 / 8 5  

-------------------------------------------------------" '--'--" 

581 b 1 7 . 9  to 2 2 . 9  5 2 5 5 . 40 d 5256 . 7 0 5 2 5 6 . 7 0 
582b 7 . 3  t o  1 1 . 3  5256 . 62 5256 . 82 5 2 5 6 . 7 2 
583b 1 2 . 5  t o  1 6 . 5  5256 . 70 5256 . 5 0 5 2 5 6 . 50 
584b 69 . 9  to 7 3 . 1  5 2 5 7 . 1 0  5 2 5 7 . 3 1 
5 8 5 b  8 . 0  t o  2 5 . 0  5266 . 59 5 2 66 . 1 9  5 2 6 6 . 59 
586b 5 6 . 7  t o  60 . 7  5 2 5 7 . 5 1 
5 8 7 b  63 . 0  to 66 . 0  5260 . 9 4 52 5 7 . 4 4 
588b 5 . 5  t o  2 5 . 5  5258 . 83 5258 . 63 5 2 5 8 . 6 3 
589b 7 . 0  to 2 2 . 0  5248 . 1 7  5248 . 2 7 5248 . 3 7 
590b 9 . 0  to 23 . 0  5 2 5 1 . 6 7 5 2 5 1 . 67 
5 9 1 c 8 . 3  to 1 3 . 3  
592c 1 6 . 8  to 2 1 . 8  
593c 1 2 . 3  to 1 7 . 3  
594C 1 8 . 0  t o  23 . 0  
5 9 5 c  8 . 0 7 t o  2 3 . 0 7 
596c 8 . 0  to 1 3 . 0  
598c 6 . 5  t o  1 1 . 5  
599c 1 2 . 0  to 1 7 . 0 
600c 1 2 . 0  to 1 7 . 0  
601 c 7 . 3 2 to 1 2 . 3 2 
602c 6 . 4  to 1 1 . 4 
603c 1 8 . 4  to 23 . 4  
604c 6 . 6  to 1 1 . 6  
605c 2 0 . 0  t o  2 5 . 0  
608c 9 . 7  to 29 . 7  
609c 8 . 2  to 2 3 . 2  
6 1 0c 5 . 0  to 3 5 . 0  
61 5c 9 . 0  to 29 . 0  
61 6c 1 0 . 2  t o  2 0 . 2  
6 1 8c 1 8 . 5  to 23 . 5  
6 1 9c 8 . 5 7 to 1 3 . 5 7 

a Mo n i to r  we l l  l oc a t i on s  a re s h own on F i gure [ . 2 . 2 .  
bWe l l c a s i ng d i ame t e r  i s  f o u r  i nc hes . 
cWe l l c a s i ng d i ame t e r  i s  two i nc hes . 
dMea n s  no wa ter l ev e l  f o r  t h i s  da t e . 

5 2 58 . 1 0  5 2 58 . 7 0 5 2 5 8 . 80 5 2 5 7 . 80 5 2 5 7 . 7 0 5 2 5 7 . 7 0 5 2 5 7 . 30 5 2 5 7 . 30 
5 2 58 . 1 2  5 2 5 8 . 7 2 5258 . 9 2 5 2 5 7 . 92 5 2 5 7 . 82 5 2 5 7 . 82 5 2 5 7 . 4 2  5 2 5 7 . 4 2 
5 2 5 7 . 9 0 5 2 5 8 . 50 5258 . 7 0 5 2 5 7 . 60 5 2 5 7 . 50 5 25 7 . 50 5 2 5 7 . 20 5 2 5 7 . 20 
5 2 5 8 . 5 1 5 2 5 8 . 9 1  5 2 59 . 1 1  5 2 5 8 . 7 1  5 2 5 8 . 61 5 2 5 8 . 5 1 5 2 58 . 1 1  5 2 5 8 . 01 
5269 . 4 9 5 2 7 0 . 29 5 2 7 0 . 69 5 2 6 7 . 59 5267 . 59 5 2 6 7 . 39 5 2 6 7 . 1 9  5 2 6 7 . 1 9  
5 2 5 8 . 8 1  5 2 5 9 . 4 1 5 2 5 9 . 5 1  5 2 5 8 . 81 5 2 5 8 . 7 1 5 2 58 . 7 1 5 2 5 8 . 2 1 5 2 58 . 1 1  
5 2 5 8 . 64 5 2 5 9 . 24 5 2 5 9 . 44 5 2 5 8 . 7 4 5 2 5 8 . 64 5 2 5 8 . 64 5 2 58 . 1 4  5 2 5 8 . 04 
5 2 6 1 . 1 3  5 2 6 1 . 4 3 5 2 6 1 . 63 5 2 5 9 . 56 5 2 5 9 . 4 3 5 2 5 9 . 3 3 5 2 5 9 . 03 
5 2 50 . 07 5 2 50 . 2 7 5 2 5 0 . 37 5 2 48 . 8 7 5248 . 5 7 5 2 4 8 . 3 7  5 2 48 . 7 7 
5 2 5 2 . 9 7  5 2 5 3 . 4 7  5 2 5 3 . 6 7 5 2 5 2 . 8 7 5 2 5 2 . 67 5 2 5 2 . 6 7 5 2 5 2 . 2 7 

5 2 5 7 . 20 5259 . 3 6 
5 2 5 7 . 32 
5 2 5 7 . 1 0  5259 . 59 
5 2 5 7 . 8 1 
5267 . 1 9  
5 2 58 . 1 1  
5 2 58 . 04 
5258 . 8 3  5260 . 9 8 
5248 . 67 5 2 5 1 . 9 6  
5 2 5 2 . 2 7 

5269 . 69 
5269 . 63 
5265 . 58 
5264 . 3 7 
5259 . 1 4  
5 2 5 0 . 09 
5253 . 49 
5 2 5 3 . 52 
52 5 5 . 42 
5 25 5 . 50 
5 2 4 5 . 99 
524 5 . 82 

5239 . 23 

5 2 5 2 . 67 
5 2 6 1 . 4 6 
5 2 6 2 . 99 
5 2 5 9 . 3 7 
5250 . 04 
5 2 5 8 . 90 



\ 
� 

� 

? \O�ccp. or�� \ 1 I IS� �v�6' '\ �6' !�.> 
ISIS 0 IS 0 
�< ? 

____ I ' '- " ') � 1 I " _ h  X585 •• 

./ " '.. 5 2 46 !/ / , m " � 1 
., '" 

• /' 5 2 5�'" 5 2 52 .  

�-.: _ � 
, .. . "' � e � '- ;> 

� � I 7� /" � ..  T �. � -4-
R IVER 

TAU G H E N BA U G H  MESA 

SEWAGE 
LAGODNS 

L E G E ND --------------------------� 8 0 0  0 8 0 0  1 6 0 0  2 4 0 0  

� 
� 5<6 0-....... 
5 2 5 2  

•• 6 0 1  

S UDDEN  CHA NGE I N  S LOPE m OWN )  
G ROU NDWATER FLOW D I R ECT ION  
P OTENTI OMETR IC CONTOU R -DASHED W HERE 
I NFERRED  ( ELEVAT ION I N  FEET A BOVE MSL l  

WATE R  LEV EL AND  WELL NUMBER  AT 
M ONITOR WELL ELEVAT I ON I N FEET ABOVE  
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TR IPLETS) 

,......--
S CA LE I N FEE T 

F I G U R E  E . 2 .1 8  

A L L U V I A L  P OT E NT I O M E T R I C S U R FA C E ,  
N E W  R IF L E  S I T E ,  J U NE ,  1 9 8 5 
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� S UDD EN  CHA NGE I N  S LOP E  (D OW N) � GROU NDWAT ER  FLOW D I R ECT ION  
S.?60 � P OT ENT IOMETR IC CONTOU R - D ASH ED WHERE  

� I NFE RRED  ( E LEVAT ION  I N  FEET A BOVE MSLl 5 2 5 2  6 0 1 • • 59 1 WATER  LEV EL AND WELL NUMBER  AT 
MON ITOR WELL - ELEVAT IO N  I N  F EET  
ABOVE  MS L  ( AV ERAGE  VALU E FOR 
PA I RS & TR I P LETS )  

8 0 0  a 8 0 0  
,......--

S CA LE I N FEE  T 

FI G U R E  E . 2 . 1 9  

A L LU V IA L P OT E N T I O M E T R I C  S U R FA C E ,  
N E W  R I F L E  S I T E ,  D E C E M B E R ,  1 9 8 5  
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5 2 0 0 

W 

6 1 1 

5 2 5 8.82 
J 

0 
5254.93 

W 

6 1 2 

J 

5256.55 
0 

A L L U VI U M  

WASATCH 

A 
5 9 5  

J 

FOR MATION 

K E Y  

W - W A S A T CH W E L L  
A - A L L U V I A L W E L L  

W ELL N U M B E R  
T O P  O F  CA S I  N G  
T O P  O F  G R OU N O  
SU R FA C E  
WAT E R  L EV EL J E L EVAT I O N  6 / 2 5 / 8 5  
WAT E R  L EV E L  
E L E V AT I O N  1 2 / 1 8 / 8 5  } S C R E E N E D  I NT E RVA L  

N O T E: M O N I T O R  W E LL LO CAT I O N S  A R E  
S H O W N  O N  F I G U R ES E. 2 . 4  A N D  
E. 2 . 5  

5 1 9 0-r----------,-----------�--------_,----------_.----------._--------__, 
4 6 , 7 0 0  1 0  

"' E  

2 0  3 0 4 0  

E A S T  F E E T  ( U M T RA C O O R D I NATE S Y S TE M )  

F I G U R E E . 2 . 2 0  

WAT E R  L E V E L  D I F F E R E N C E S  

5 0  46 , 7 6 0 

B E T W E E N  A L L U V I U M  A N D WASATCH F O R M AT I O N , N E W  R I F L E  S I T E  

E. - 1 29 



Ta b l e  E . 2 . 1 1  Hyd ra u l i c  c o n d u c t i v i ty f o r  t h e  a l l u v i a l  a qu i f e r ,  New R i f l e  s i te 

Hyd ra u l  i c  
Mon i to r  we l l Ana l yt i c a l  cond u c t  i v i ty 

n umbe ra meth od ( ftlday )  

58 1  T . b ra n S l en t  l O2 b 

582  Th e i s
c 

8 5c 

583  Tra n s i e n tb 
7 0 . 9b 

583  The i s
c 

1 39c 

584  Tra n s i en t
b 

8 2 . 2b 

585  Tra ns i en t
b 

1 4 . 5
b 

5 8 7  T . b 
ra n s l en t  1 9 . 8

b 

588 T . b 
ra n s  1 ent  7 0 . 9

b 

5 89 Tra n s i en tb 
1 50

b 

590 Tra n s i e n tb 1 4 5b 

Geomet r i  c mea n = 7 0  ftlday  

aMon i to r  we l l l ocat i on s  a re s h own on  F i g u re E . 2 . 4 .  
bR e f . DOE , 1 983 . Hyd ra u l i c  cond u ct i v i t i e s a re b a s e d  o n  a q u i f e r  t e s t s  c o nd ucted  

by  t h e  DOE i n  1 983 . 
c Re f .  Da v i s a nd DeWe i s t ,  1 966 . Hyd ra u l i c  c on d u c t i v i t i es a re ba s ed o n  a q u i fe r  

t e s t s  cond ucted  by t h e  DOE i n  1 9 8 5 . 

E- 1 30 



G roundwa t e r  f l ow i n  t h e  Wa s a t c h  F o rma t i o n  a t  t h e  N ew R i f l e  
s i te i s  t o  t h e  s o u t hwes t  ( F i g u re E . 2 . 2 1 ) ,  pa ra l l e l i ng f l ow i n  
t h e  a l l u v i um .  Tab l e  E . 2 . 1 2  pres e n t s  g rou ndwa t e r  l ev e l s i n  
mon i to r  we l l s  c omp l et ed i n  t h e  Wa s a t c h  Forma t i on . The  Wa s a t c h  
Fo rma t i on i s  hyd ra u l i c a l l y  c o n nected  t o  t h e  a l l u v i um a l though  
pote nt i ome t r i c  l ev e l s a re l owe r than  i n  t h e  a l l u v i um ( F i g u re 
E . 2 . 20 ) ; c o n s equent l y ,  g ro u ndwa t e r  f rom t h e  a l l u v i um rec ha rge s  
t h e  Was a t c h  F o rmat i on .  

The  Wa s a t c h  Fo rma t i on a t  the  New R i f l e  s i te conta i n s mo re 
sand s tone  i nt e rbed s t h a n  at t h e  O l d R i ve r  s i te a nd i s  t h e re
f o re mo re t ra n sm i s s i ve to g ro u ndwa t e r  f l ow .  S l ug i n j ec t i on 
t e s t s  on  1 2  mon i to r  we l l s  i n  t h e  Wa s a t c h  F o rma t i on a t  t h e  New 
R i f l e  s i te y i e l d ed an a v e rage  hyd rau l i c cond u c t i v i ty of 0 . 46 
f t ld a y  ( Ta b l e E . 2 . 1 3 ) . Th i s  i s  a n  o rd e r  o f  magn i tu d e  g reater  
t h a n  t h e  a v e rage  hyd ra u l i c c o n d uc t i v i ty mea s u red a t  t h e  Ol d 
R i ver  s i te a n d  re f l ec t s  t h e  g rea t e r t ra n smi s s i v i ty o f  t h e  
u n d e r l y i ng  s a n d s tone  bed s i n  t h e  Wa s a t c h  F o rma t i on a t  t h e  New 
R i f l e  s i te . The a v e rage  l i n e a r  g ro u n dwat e r  v e l oc i ty wa s c a l 
c u l a ted f o r  t h e  f o rma t i o n  u s i ng D a rc y ' s  equat i on ( F re e z e  a nd 
C h e rry , 1 9 7 9 ) . B a s ed on  a mean hyd ra u l i c  cond u c t i v i ty o f  0 . 46 
f t ld a y ,  a n  e f f ec t i ve poro s i ty o f  0 . 1 5 , a n d  a hyd ra u l i c  
g ra d i en t  o f  0 . 003 , t h e  a v e ra g e  l i n ea r v e l oc i ty wa s c a l c u l a ted  
to be  3 f t /y r  to t h e  we s t . 

Bac kgro u n d  wat e r  qua l i ty 

Bac k g round  wat e r  q ua l i ty i n  t h e  a l l u v i um a t  t h e  New R i f l e  
s i te wa s d e f i ned u s i ng samp l e s f rom New R i f l e  mon i to r  we l l s  
5 9 1  a n d  5 9 2  and  R FO 603 a n d  604 ( F i g u re s  E . 2 . 2  a n d  E . 2 . 4 ) . 
Wate r qua l i ty i n  t h e  a l l u v i um a t  t h e  New R i f l e  s i te i s  s um
ma r i zed i n  Tab l e  E . 2 . 1 5  a n d  c omp l ete  wat e r  q u a l i ty a n a l yses  
for  a l l mo n i to r  we l l s  a t  the  New R i f l e  s i te a re p re s ented  i n  
Tab l e  E . 2 . 1 4 .  Bac k g round  c o n c e n t ra t i on s  o f  mo l ybdenum , s e l e
n i um ,  u ra n i um ,  a n d  g ro s s  a l pha  a c t i v i ty exc eed t h e  p roposed  
E PA g ro u ndwa t e r p rotec t i on s t a nd a rd s .  Bac k g round  wat e r  
qua l i ty i n  t h e  a l l u v i um a t  t h e  New R i f l e  s i te i s  a c a l c i um 
s u l fate  type o f  wat e r  ( F i g u re E . 2 . 2 2 ) . 

Bac k g round  wa te r q ua l i ty i n  t h e  Wa s a t c h  Fo rma t i o n  a t  the  
New R i f l e  s i te wa s d et e rmi ned u s i n g wa t e r  q ua l i ty a n a l ys e s  
f rom mon i to r  we l l s  640 , 64 1 , 644 , 645 , 646 , and  647 . Mon i to r  
we l l s  640 a n d  6 4 1  a re n o rth o f  u . S .  H i ghway 6 ,  c ro s s g ra d i en t  
to the  s i te . Mon i to r  we l l s  6 4 4  a n d  645  a re a c ro s s the  
Co l o rado  R i ve r  s ou t h ea s t  o f  ( c ro s s g ra d i en t  t o )  t h e  s i te ,  and  
mon i to r  we l l s  646  and  647  a re l oc ated 0 . 5  m i l e  e a s t  
( upg rad i e n t )  o f  t h e  s i te .  

E-1 3 1  
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(;= 5<6 0 ........ 

SUDD E N  CHA NGE I N  S LOPE ( D OWN )  
G ROU NDWATER FLOW D I R ECT ION  
P OTE NTIOMETR IC  CONTOU R - DASH ED 
WHERE I NFE RRED ( E L EVAT ION I N  FEET 
A BOV E MSU 

5 2 49 
. 6 5 0  

65 1  _ 
WATER  L EVEL  AND WELL NUMBER  AT 
MONITOR WELL - ELEVAT I ON  I N  F E ET  
ABOVE  MS L  ( AVERAGE VALU E FOR 
PA I RS & TR I P LETS) 

7 ANOMALOUS VALU E 

R IVE R 

TA U G H E N B A U G H  MESA 

8 0 0  o 
,..-..--� 

F I G U R E  E . 2 . 2 1  

6 4 4 . _  5 2 6 2  
6 45 

8 0 0  1 6 0 0  

S CA LE I N  FEET 

2 4 0 0  
• 

P OT E NT I O M E T R I C S U R F A C E  I N  WASAT C H  F OR M AT I O N, 
N E W  R IF L E  S I T E ,  M AY, 1 9 8 6  



Tab l e  E . 2 . 1 2  G ro u ndwa t e r  l e ve l s  i n  Wa s a tc h F o rma t i o n mon i to r  we l l s ,  
New R i f l e  s i te 

Ma x i mum 
Mon i to r  Comp l et i on G roundwa t e r  l e v e l  f wa t e r  1 eve  1 

we l l  i nt e rva l { f eet a bove  mea n  s ea l e ve l }  f l u c t ua t i on 
n umbera ( d epth  i n  ft ) 06/24/85  1 1 /2 1 /85 1 2 11 7  /85 0 1 /1 4/86 ( f eet ) f 

6 1 1 b 3 1 . 8  to  46 . 8  5 2 58 . 82 5 2 5 4 . 9 3 3 . 89 
6 1 2b 54 . 48 to  69 . 48 5 2 58 . 9 2 5 2 5 6 . 5 5 2 . 3 7 
6 1 3b 28 . 0  to  7 1 . 0  5 2 5 7 . 83 5 2 5 5 . 9 4 1 . 89 
6 1 4b 3 . 7 5 to  33 . 7 5 5 2 5 5 . 03 
6 2 1 c , e 99 . 5  to  1 1 9 . 0  
622b 54 . 5  to  59 . 5  5 234 . 7 6 
6 2 3d 46 . 5  to  66 . 5  5 2 5 1  . 30 
6 2 4b 29 . 0  to  39 . 0  5 2 5 4 . 36 
6 2 5d 9 1 . 5  to  1 0 1 . 5  5 2 1 6 . 1 9  
626b , e  6 7 . 5  to  7 7 . 5  
6 2 7 d 67 . 1  to  86 . 5  5 2 5 2 . 9 5  
628d 9 3 . 5  to  1 1 3 . 5  5 2 5 3 . 2 7 
629 b 45 . 0  to  5 5 . 0  5 2 5 4 . 9 2 
630d 69 . 5  to  89 . 5  5 2 5 4 . 7 2 
6 3 1 b 4 7 . 5  to  5 7 . 5  5 2 5 6 . 43 
632d 86 . 5  to  9 6 . 5  5 2 59 . 7 1 
633b 63 . 5  to 7 3 . 5  5260 . 53 
634b 4 1 . 5 to  5 1 . 5 5 2 6 1 . 7 6 
640d 1 32 . 7  to  1 52 . 7  5 2 4 2 . 62 
64 1 b 7 2 . 0  to  82 . 0  5 2 38 . 09 
642d 7 3 . 5  to 9 3 . 5  5 1 9 8 . 7 8  
643b 60 . 5 to 7 0 . 5  5 2 6 1 . 9 7 
644d 86 . 5  to  96 . 5  5 2 6 1 . 8 1 
6 4 5b 6 1 . 5 to  7 1 . 5  5 2 7 0 . 6 5 
646d 1 2 1 . 5  to 1 4 1 . 5  5 2 7 2 . 84 
647d 59 . 5  to  7 4 . 5  5 2 4 2 . 9 1 
650d 84 . 0  to  9 4 . 0  5 2 4 3 . 42 
6 5 1 b , e  55 . 0  to 65 . 0  

a Mon i to r  we l l  l oc a t i on s  a re s h own o n  F i  gu  re E . 2 . 5 .  
bWe l l  c a s i ng d i ame t e r  i s  two i nc hes . 
cWe l l ca s i ng d i ame t e r  i s  s i x  i nc h es . 
dWe l l c a s i ng d i ame t e r  i s  fou r i n c hes . 
eWe 1 1  i s  d ry .  
f = No wa t e r  l eve l f o r  t h i s date . 

E - 1 33 



Ta b l e  E . 2 . 1 3  Hyd ra u l i c  cond u c t i v i ty f o r  t h e  Wa s a t c h  Forma t i on ,  
New R i f l e s i te 

Mon i to r  we l l  Hyd ra u l i c  c ond uc t i v i tyb 
n umbera ( ft/day )  

6 1 1 0 . 83c 

6 1 1 2 . 1 0d 

6 1 2 0 . 42 

6 2 4  0 . 62 

6 2 7  0 . 1 3  

6 2 9  1 . 20 

6 3 2  0 . 06 

634  1 0 . 0  

644 0 . 02 

645  0 . 69 

646  0 . 1 7  

647  0 . 83 

Geome t r i c mea n = 0 . 46 f tJda y  

a Mon i to r  we 1 1  l ocat i on s  a re s h own on  F i g u re E . 2 . 5 .  
bHyd ra u l i c  cond u c t i v i t i e s we re d et e rmi ned  u s i ng t h e  

( Sk i b i t z k e , 1 9 6 3 ) . 
CHyd ra u l  i c  c o n d u c t i v i ty i s  ba sed  on  a s l ug i n j ec t i on test  

DOE  J u n e  29 , 1 9 8 5 . 
d Hyd ra u l  i c  cond uc t i v i ty i s  ba s ed o n  a s l ug i nj ec t i on t e s t  

DOE J a n u a ry 1 2 ,  1 9 86 . 

E-1 34  
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Tab l e  E . 2 . 14 G r o u n dwa te r q u a l i ty d a t a  by l oc a t i o n , New R i f l e s i te ( Co n t i n ue d ) 

F O R M A T I O N  OF C O M P L E T I O N : NO R E C O V E R Y  OF D A T A  F O R  C L A S S I F Y I N G  

H Y D R A U L I C  F L O W  R E l A T I O N S H I P : D O W N  G R A D I E N T  
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P A R A M E T E R  
V A L U E + / - U N C [ R T A I N T Y  

J O 't O  .. 
7B .. 

1 1 .  

7 �� O O  .. 
0 . 0 0 0 5  
0 . 0 5 

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

3 0 4 0 .  

3 1 .  

1 0 .  

8 5 0 0  .. 

0 . 0 0 3  

6 4 6 - 0 1  1 0 / 2 8 / 8 7  

P A R A M E T E R  
V A L U E + / - U N C E R T A I N T Y  

3 2 0 0  .. 

2 5 . 
O .  1 

1 1 . 2  

B 6 7 0  .. 

0 . 0 0 0 5  
0 . 0 3 
0 . 0 0 5  



rr1 I --' 
<.D 
.0 

Tab l e  E . 2 . 1 4 G ro u n dwa t e r  qu a l i ty d a t a  by l oc a t i on , New R i f l e s i te ( Con t i n u e d ) 

F OR M A T I O N OF C O M P L E T I O N :  NO R E C O V E R Y  OF D A T A  F O R  C L A S S I F Y I N G 

H Y D R A U L I C  F L O W  R E L A T I O N S H I P :  D O W N  G R A D I E N T  

P f-i n (,trl [ T [ P. 
A U: A I.. l r! I T Y 
(.l L U M I N U M  M1�l lm I ,� 
tl M M O N J U M 

A rl T UIDIry 
,;RS E N I C  
B A IU U M  
B E R Y L LI U M 
B O R O N  
B R. D M I D E 

C A D r1 I t.lM CM .. C J U M 
C H L. O R I D E 
C H R U M I U M  
C D 8 ,'; L. T  

LHH T O F  r1EA�:; U �: E  
M G / L  C A C D 3  
M G / L  
M G / L 
M G / L  
M G / L 
M G / L. 

r1 G / L  
11 G / L  
M G /L. 

M G / L  
M G / L  

M G / L  
M G / L 11 G / L 

M G / L  
e D N D , I N - S I T U U M H O / C M  C mmUCT ,'diC E  U M H O / U 'I 
CClP P E R  M G / L  
C Y A rn O E M G / L  F UJ (J IU D E  M G / L 

CJ P O S ::3 A I. .P H A  P C I / I.. 
(J I, D S S  R E T A  P C I / L 
I R O N r1 G / L  
L E r, D  11 G / L  

M ,; G t� E S  I U M  M G / L  

M M -J [i A rJ E S E  M G / L 
r'1 E P C U R Y  M G / L  
11DI.. Y [: D E r, U M  M G / L  

N I C f � [ I_ r1 G / L  

N I TH ,', TE M G / L  
N I T R IT E  M G / L. 

N I T P D G E N , K J L. M G / L. 

N 0 2  f; tUB r1 G / L  

D R G .  Cti R B ON M G / L  

F1 8 - 2 'i O  P C I / I. .  

P H  �:U 

P H O ,o F' H A T E  r I G /L. 
1" 0 ·· 2 1 0  P C I /L. 
P I] T ,; �) �3 J U M rI G / L  

H f� ·- ? 2 6  rJ C I / L  F I; -- !.:' ? 8  F' C r  / 1  .. R E D O X  P O T E N T  M U D L 1 3  :::FLf: t' T U t1 M G / L  ::; I L. C Cl N  M (J / L  S l l. l Ui  r'1 G / L  

;-::; T l '. ' r R  r1 G /1. 

6 4 7 - 0 1 0 1 / i A / 8 6  

P A R A M E T E R  
V A L U E + / - U N C E P 1 A I N T Y  

I'} (; r) C. fj ·  . .J .. 

1 • A 
0 .. 3 
0 . 0 1  

0 . 0 0 1 

5 . 9 9 
5 6 0 . 

"1 b 5 0 .. 

0 . 0 6 

1 . B 4 
0 . 0 3 

0 .. 2 

1 .  

B . S  

3 .. 0 ':;) 

0 . 0 (' 5  

L O C A T I O N  1 0  - S A M P L.E 1 0  A N D  L O G  D A T E  - -
6 4 7 - 0 1 0 5 / 1 5 / 8 6  6 4 7 - 0 1 1 0 / 2 8 / 8 7  6 5 0 - 0 1 0 1 / 1 4 / 8 6  

P A R A M E T E R  
V A L U E + / - U N C E R T A I N T Y  

2 8 0 . 

0 . 4  

0 . 0 1  

0 . 0 0 1  
4 . 1 

4 f3 0  .. 

i B O O . 

0 . 0 3 

-1 .. 3 

0 . 0 1  

0 .. 0 1  

8 . 9  

2 .. 4 2  

<) .. O O �;  

P A R A M E T E R  
V A L U E + / - U N C E R T A I N T Y  

2 7 0 . 
0 . 0 3 

0 . 4  

0 . 0 0 7  
0 . 0 /1 

0 . 8  

0 . 0 0 5  
3 . 9 6 4 �:O .. 
0 . 0 1  

1 "' 0 0  .. 

2 .  :C� 8 

() .. 0 1  
0 . 0 1  
1 . 2 7 
0 . 0 1  

O .  1 1  

() . 1 
0 . 1 

8 .  /, 
0 .. �, B 
1 "  I' t1 

0 . 0  
!) . O  

0 .. O ?' �:j 

6 .. ft ;�' 

0 . 1 
1. . 9  

P A R A M E T E R  
V A L U E + / - U N C E R T A I N T Y  

1 9 �: L .  
0 . 2  

1 4 .  

0 . 0 1 

0 . 0 0 1  
? O . 1  

2 ? O O . 

60(,1 0 .. 

0 . 0 8 

""1 f) 0 1:..(' .. r:...J 

0 . 0 3 

0 . 4 1  

� B .. 

9 . 7 4  

t� S .. 3 

() .. O () �::) 

6 5 0 - 0 1 O S / 2 3 / 8 6  

P AR A M E 1 E R  
V A L U E + / - U N C E R T A I N T Y  

,; 6 2 . 
0 . 1 

4 . 1 

0 . 0 1  
o . 1 

0 . 0 0 1 
1 9 . 1 

2 ·1 8 0 . 

o .  O�.:; 
,S i O O . 

0 . 0 2 

1 1 0 .  
3 9 .  

0 . 0 3 
0 . 0 1  

l S . 2  
0 . 0 1 

0 . 2 5 
0 . 0 4 
A .  

l . S  
9 . 1 

i:: 8 .. 1 

1 . 0 

0 .. 0 0 '; 

6 . 5  
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Tab l e  E . 2 . 1 4 Grou ndwa t e r  qu a l i ty d a t a  by l oc a t i o n , New R i f l e s i te ( Con t i n u e d ) 

F O R M A T I O N OF C O M P L E T I O N :  NO R E C O V E R Y  OF D A TA FOR C L A S S I F Y I N G  

I I Y D R A U l i C  F L O W  R E L A T I O N S H I P : D O W N  G R A D I E N T  

P (, R {, �I E: l · [ R  

�; OD I U M 

�c: T P [) N T I LI M  

�:; U LX {, n: 

S U l  F J D E:  

T E M P , I N -· �; nu 
T E M P E R A T U R E  

T H - 2 3 0  

T H (.\ L L I U M  

T :W 

u tJ IT  ew 
r1 E I��;U f1. E 

M G / L  

M G / L  

M G / L  

M G / L  

C - D E: G R E E  

C - D E G R E E 

P C I / l  

M G ! L  

M G / L  

T I T A U I U M  M G / L  

T O T A L  S O L I D S  M G / L  T O T A L  U P P M  

U R A N I U M  M G / l  

V A N A D I U M  M G / L  

Z I N C  M G / L  

t A 7 - 0 1  0 1 / H / P !,  

P ti P.t1 1"1ETFH 
V �, UJ E  + /  - U (.IC EFI T f: I UTY 

S ��: 9 " 
,...) I 'or c_ "f/ .. 

� 0 .. 

1 !; 6 0 " 

0 .. 0 0 ('1 ] 
0 . 0 6 

L O C A T I O N  1 0  - SAMPLE I D  A N D  L O G  D A T E  - -
6 4 7 - 0 1 0 5 / 1 5 / 8 6  6 4 7 - 0 1 1 0 / 2 8 / 8 7  6 5 0 - 0 1 0 1 / 1 4 / 8 6  

P � R A M E T E R  VAL U E i / - U N C E: R T A I NTY 
�; �:'j t:: .. 
L: ::� A· .. 

H .  

� �; 6 () .. 

0 ,, 0 0 3  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

s s �) • 

209 . 
0 . 1 

1 0 . 5  

·i 4 S 0 . 

0 . 0 0 1 1  

0 . 0 1  

0 . 0 (\ 5  

P A R A M E T E R  

V A L U E + / - UN C E R T A I N T Y  

·H:1 ·i O  .. 
0 9 0 . 

H .  

5 ·1 2 0 .  

0 . (H 6 2  
0 . 2  

6 S 0 - 0 1 0 5 / 2 3 / 8 6  

P A R A M E T E R  

V A L U E + / - UN C E R T A I N T Y  

·� 7 �3 0  .. 

1 . 9  

4 �; 4  .. 

H .  

1 • 

O . O O S  

4 5 8 0 . 

0 . 0 1 3 

0 . 0 1 

o .  O O �;  
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Ta b l e E . 2 . 1 4 Grou ndwa te r q u a l i ty da ta by l oc a t i on , New R i f l e  s i te ( Co n t i n u e d ) 

F O R M A T I U N  OF C O M P L E T I O N : NO R E C O V E R Y  OF D A T A  F O R  C L A S S I F Y I N G 

H Y D R A U L I C  F L O W  R E L A T I O N S H I P :  D O W N  G R A D I E N T  

L O C A T I O N  I D  - S A M P L E  I D  A N D  L O G  D A T E  

U N I T  O F  
P A R A M E 1 " E R  M E A S U R E  

_ ._ - - -_ ._ ._ ... . _ - - - - - ... - - -

A L K A L I N I T Y  M G / l  C A C 0 3  

A L U M I N U M  M G I L  

A M M O N I A  M G / L  
A M M O N I U M  M G / L  
A N T I M O N Y  M G / L  
A R S E N I C  M G / L  

B A R I U M  M G / L  
B ER Y L L I U M M G / L  

B O R O N  M G ! L  
B R O M I D E M G / L  
C A D M I U M M G / L  
C A L C I U M M G !L 

C H L O R I D E  M G / L  
C H R O M I U M M G / L  
C O B A L T  M G / L  
e O ND . I N - S I T U  U M H O / C M  

C O N D U C T A N C E  U M H O / C M  
C O P P E R M G / L  

C Y A N I D E  M G / L  

F L U O R I D E  M G / L  
G R O S S  A L P H A P C I / l 
G R O S S  B E T A  P C I / L 

I R O N  M G / L  
L E A D  M G / L  

M A G N E S I U M  M G / L  
M A N G A N E S E  M G / L  M E R C U R Y M G / L  

M O L Y B D E N U M  M G / L  
N I CK E L M G / L  
N I T R A T E  M G / L  
N I T R I T E M G / L  
N I T R O G E N . K JL M G  L 

N 0 2  & N 0 3  M G  L 

O R G .  C A R B O N  M G  L 
P B - 2 1 0  P C  I L  
P H  S U  

P H O S P H A T E  M G  L 

P O - 2 1 0  P C  I L  
P O T A S S I U M MG L 
R A - 2 2 6  P C  I L  
R A - 2 2 8  P C  I L  
R E D O X  P O T E N T  M V  L T S  

S E L E N I U M  M G  L 
S I L C D N  M G  L 

S I L I C A  M G  L 

S I L V E R  M G  L 

6 5 1 - 0 1 0 1 / 1 �; / B 6  

P A R A M E T E R  
V A L U E + / - U N C E R T A I N T Y  

2 6 7 9 . 

7 0 " 4  

5 1 .  

0 . 0 1  

0 . 0 0 1  
1 6 6 0 . 

4 2 0 0 . 

6 0 0 0 . 

1 52 .  

2 7 1 .  

1 7 . 9  

0 . 2 3 

2 4 . 

9 . 9  

s o . 

0 . 0 0 5  

6 5 1 - 0 1 O S / 2 3 / 8 6  6 5 1 - 0 1 1 1 / 0 3 / 8 7  

P AR A M E T E R 

V A L U E + I - U N C E R TA I N T Y 

·i 8 i?  .. 

() . 1 

0 . 5  

0 . 0 1  

0 . 1 

0 . 0 0 1  
1 8 . 5  

5 5 6  .. 

0 . 0 5 

2 6 0 0 . 

0 . 0 2 

3 . 2  

5 6 .  
2 0 . 

0 . 0 3 

0 . 0 1  

4 .  

0 . 0  I 

0 . 0 2 

0 . 0 /1 
1 . 

1. . 5 
B If ��s 
1 . 

3 . 7 2 

1 -

-1. 0  
0 " 0 0 5  

7 "  1 

P A R A M E T E R  

V A L U E + I - U N C E R T A I N T Y  

·; Bj'" • 

0 . 1 2  

1 . 0  

0 . 0 0 7  

0 " 0 9 

1 . 0  
o . o o s  

7 2 . B  

7 2 2 . 
0 . 0 1 

3 6 �J() • 

1 .. 3 8  

0 . 0:3 
0 . 0 1  

1 4 ,, 6  
0 . 0 7 

0 . 0 5 

o .  1 

0 . 1 

8 . 0 0 1 .  5 0  

5 .. 8 �; 
0 . 5  i .. 6  
0 .. O �) .5  

"/ ,, (j B 

0 . 3  
r\ r-c.. " .-:) 

P A R A M E T E R  

V A L U [ + I - U N C E R T A I NT Y  
P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  
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Ta b l e E . 2 . 1 4 G ro u n dwa t e r  q u a l i ty d a t a  by l oc a t i o n , New R i f l e s i te ( Con c l u de d ) 

F O R M A T I O N  O F  C O M P L E T I O N : NO R E C O V E R Y  OF D A T A  F O R  C L A S S I F Y I N G 

H Y D R A U L I C  F L O W  R E L A T I O N S H I P : D O W N  G R A D I E N T  

F' ,; R ,; M E T E R  

U N I T  OF 

M f-: ,�, f,; U P_ E  

S O D I U M  M G / L  

S T R O N T I U M M G / L  

S U L F A T E  M G / L  

S U L F I D f-: M G / L  

T E M P , I N - S I T U  C - D E G R f-: E  

T E M P E R A TURE C - D E G R E E  

T H - 2 3 0  P C I / L 

T H A L L I U M  M G / L  

T I N  M G / L  

T I T A N I U M  M G / L  

T O T A L  S O L I D S M G / L  

T O T A L  U P P M  

U R A N I U M  M G / L  

� A N A D r U M  M G / L  

Z I N C M G / L  

6 5 1 - 0 1 0 1 / 1 5 / 8 6  

P A R A M E T E R  

V A L U E + ! - U N C E R T A I N T Y  

't OO .. 
2 8 1 0  .. 

H .  

,; 0 3 0 0  .. 

O .  1 2  

0 . 4 S 

M A P P E R D A T A  F I L E N A M E : R F N O i * U D P G W Q 1 0 3 0 1 8  

L O C A T I O N  I D  - S A M P L E  I D  A N D  L O G  D A T E  

6 5 1 - 0 1  O S / 2 3 / 8 6  65 1 - 0 1 1 1 / 0 3 / 8 7  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

� >� 2  .. 

0 .. 7 �': 2 
B 1 1  .. 

I I • 

1 .  

o . o o s  

2 �· 3 0  .. 
0 . 00 4 3  
0 . 0 1 1  

0 .. 0 0 7  

P A R A M E T E R  

V A L U E + / - U N C E R T A I N T Y  

-1 090 . 
·1 370 . 

O .  1 

1 2 . 0  

3 3 7 0  .. 
O .  O() -j 't 

0 . 0 1  

O . O -i S  



T a bl e [ , 2 . 1 5 Oackground wa ter qual i ty and contami nant conce n t r a t i ons i n  a l l u v i a l  groundwa t e r ,  New R i f l e  s i te 
Backg round we l l s :  R f O  603 , 604 a nd  R F N  591 , 592 On· s i t e and downg rad i ent wel l s :  58 1 ,  582, 583 , 584, 585, 586, 587, 588, 589, 590, 593, 594 , 595 , 596 , 598, 

599, 600, 601 , 602 , 603, 604 , 605 , 608, 608, 6 1 0 ,  6 1 5 ,  6 1 6 ,  6 1 8 ,  619 

BACKGROUND CONCE NTRAT I ONS DOlIN GRAD lENT CONCENTRAT I O:IS 

Backg round S t a t  I st I c a l  Downg radl ent S t a t i s t i c a l  
MCl sallfl l e  Max Irrun Mean S t andard max i nun sallflle Max i nun  Mean Standard max ; rrun  

Pa rameter (mg/ l )  s i ze (mg/ l )  lie I I (mg/ l )  dev i a t i on (mg/ I ) s i ze ( mg/ l )  lie I I (mg/ l )  devi a t i on ( mg/ l )  

Proposed EPA Groundwater Protec t i on S t andards ( 4 0  C F R  1 92 ) :  

Arsen i c  0 . 05 1 3  0 . 005 592 0 . 005 0 . 00 1  0 . 006 75 1 . 240 582 0 . 084 0 . 342 0 . 769 
Bar i um  1 . 0 9 0 . 055 591 0 . 04 1  0 . 020 0 . 08 1  59 0 . 200 596 , 6 1 9  0 . 050 0 . 052 0 . 1 5 3  
Cadn l um  0 . 0 1 1 2  0 . 004 592 0 . 002 0 . 002 0 . 007 50 0 . 090 584 0 . 009 0 . 0 1 9  0 . 047 
Chromi um 0 . 05 9 0 . 030 592 0 . 0 1 3  0 . 025 0 . 063 59 0 . 1 28 599 0 . 036 0 . 054 0 . 1 4 3  
lead 0 . 05 9 0 . 008 603 0 . 006 0 . 002 0 . 009 39 0 . 060 593 0 . 0 1 0  0 . 0 1 1 0 . 033 
Mercury 0 . 00 a 0 . 000 Al l 0 . 000 N . A .  N . A .  3 0 . 000 All 0 . 000 N . A .  N . A .  
Mol ybdenum 0 . 1 0  1 3  0 . 1 1 0 5�l 0 . 1 05 0 . 063 0 . 230 75 1 1 . 250 593 2 . 788 3 . 1 4 0  9 . 070 
N i t rate 44.0 12 9 . 1 604 8 . 5  9 . 3  27. 1 61 688 . 0  6 1 9  1 2 1 . 7  243 . 0  607.6 
Selenium 0 . 0 1  1 3  0 . 02 1  603 0 . 0 1 0  0 . 007 0 . 024 75 0 . 347 589 0 . 090 0 . 1 55 0 . 399 
S i t ver 0 . 05 5 0 . 008 592 0 . 006 0 . 002 0 . 0 1 0  24 0 . 020 584 0 . 008 0 . 006 0 . 0 1 9  
Uran i un  0 . 04 1 2  0 . 094 591 0 . 05 3  0 . 035 0 . 1 23 5 1  1 . 032 593 0 . 239 0 . 269 0 . 778 ,.., 
Ra 226/228 I N ( pC i / l ) 5 .  5 1 . 7  603 0 . 8  1 . 0 2 . 8  24 3 . 3  595 1 . 2  1 . 8 4 . 8  

0 Gross A l pha 
W 

( pC i / l )  1 5 .  5 1 6 . 5  R F O  603 4 . 1  8 . 3  2 0 . 6  2 6  85 . 8  596 4 . 7  1 9 . 2  43 . 1  

Append i x  I I norgan i c  Cons t i tuents (40 CFR 1 92 ) :  

An t i mony None 5 0 . 0 1 2  592 0 . 006 0 . 009 0 . 024 23 0 . 140 584 0 . 02 1  0 . 047 0. 1 1 6 
Beryl l i um  None 1 0 . 005 N . A .  0 . 005 N . A .  N . A .  3 0 . 005 A l l  0 . 005 N . A .  N . A .  
Carbon 01 su l ph i de None a N . A .  N . A .  N . A .  N . A .  N . A .  a N .A .  N . A .  N . A .  N .A .  N . A .  
Coba l t None 5 0 . 025 All 0 . 025 N . A .  N . A .  44 0 . 670 593 0 . 075 0 . 1 1 7  0 . 3 1 0  
Copper None 4 0 . 0 1 5  592 0 . 0 1 2  0 . 004 0 . 02 1  43 0 . 245 590 0 . 0 73 0 . 1 04 0 . 280 
Cyanide None 1 0 . 005 592 N . A .  N . A .  N . A .  3 0 . 005 A l l  0 . 005 N . A .  N . A .  
F l  uor I ne None a N . A .  N .A .  N . A .  N . A .  N . A .  a N . A .  N . A .  N . A .  N .A .  N . A .  
N i ckel None 5 0 . 030 592 0 . 024 0 . 009 0 . 042 24 1 . 430 593 0 . 1 38 0 . 292 0 . 72 1  
s u i  f i de None 8 0 . 425 603 0 . 1 88 0 . 276 0 . 739 35 1 . 900 605 0 . 2 1 0  0 . 408 1 . 026 
T ha l l  i um  None 1 0 . 005 592 0 . 005 N . A .  N . A .  3 0 . 020 581 0 . 0 1 7  0 . 006 0 . 028 
T i n  None 5 0 . 006 592 0 . 004 0 . 003 0 . 0 1 0  2 3  0 . 1 77 595 0 . 057 0 . 047 0 . 1 50 
Vanad i um  None 1 3  0 . 1 82 591 0 . 1 25 0 . 1 70 0 . 465 75 1 9 . 450 593 1 . 975 4 . 694 1 1 . 360 
Z i nc None 9 0 . 072 592 0 . 039 0 . 068 0 . 1 75 58 14 .900 593 0 . 860 2 . 144 5 . 1 4 7  

D e t ec t i on Cons t i tuent s :  

C a l c i um  None 1 3  2 1 2 . 2  603 1 75 . 8  5 4 . 6  285 . 0  75 697 . 0  593 434 . 5  184 . 8 804 . 1  
C h l or i de None 1 3  85 . 3  603 60 . 0  24 . 2  1 0 8 . 4  75 1 4 1 5 . 0  593 572 . 6  386 . 4  1 346 . 0  
I ron None 1 3  1 . 2  592 0 . 6  0 . 6  1 . 8 75 56 . 2  593 1 1 . 4 1 8 . 9  4 9 . 3  
Magnes i um None 1 3  1 64 . 0  603 1 33 . 2  3 5 . 0  203 . 2  75 395 . 5  598 1 71 . 7  1 00 . 1  371 . 9  
Manganese None 1 3  2 . 5  591 1 . 3  1 . 2  3 . 7  75 3 5 . 0  593 1 3 . 3  1 1 .  1 3 5 . 6  
Potas s i um  None 1 3  1 0 . 0  603 7 . 0  2 . 9  1 2 . 8  75 4 1 2 . 3  589 1 3 1 . 7  1 1 1 . 2 354 . 1  
S od i um  None 1 3  323 . 7  603 271 . 2  70 . 7  4 1 2 . 5  75 1 2063 . 0  584 465 7 . 6  403 4 . 0  1 2 730 . 0  
Sul f a t e  None 1 3  1 24 2 . 0  603 942 . 7  3 1 6 . 0  1 5 74 . 0  75 37200 . 0  593 1 2 790 . 0  10520 . 0  33820 . 0  
TDS None 1 3  26 1 3 . 0  603 2049 . 0  636 . 0  332 1 . 0  71  6 1 650 . 0  593 2 0 1 28 . 0  16470 . 0  53070 . 0  
A l ka l i n i ty None 1 3  628 . 0  591 5 72 . 3  1 1 5 . 9  804 . 2  74 20 1 9 . 5  593 832 . 4  389 . 6  1 6 1 1 . 0 
pH None 1 3  7 . 1  592 7 . 1  N . A .  N . A .  75 7 . 4  585 7 . 0  N . A .  N . A .  
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Bac k g round  g ro undwate r f rom t h e  Wa s a tc h Fo rmat i on a t  the  
New R i f l e  s i te is  s umma r i zed i n  Tab l e  E . 2 . 1 6 .  In  g e n e ra l , 
g rou ndwa t e r  f rom the  Wa s a t c h Fo rma t i on c o n ta i n s re l a t i ve l y  
h i g h c o n c e n t ra t i on s  o f  s od i um a n d  TDS wi t h  c on s i d e ra b l e  
n a t u ra 1 va r i  a b i  1 i ty i n  c o n s t  i t uent  c o n c e n t rat i on s . B a c k g round  
c on c e n t ra t i o n s  of  ba r i um ,  mo l ybd e n um ,  s e l en i um ,  and  a c t i v i t i e s 
o f  g ro s s  a l pha  a nd rad i um-2 2 6  a nd - 2 2 8  c omb i ned exceed the  
p roposed  E PA g roundwa t e r  p rotec t i on s t a nda rd s . U n c o n tami n a ted 
g ro u ndwa t e r  f rom the  Wa s a t c h F o rma t i o n i s  a s od i um s u l fate  
type of  wa t e r  ( F i g u re E . 2 . 2 3 ) . 

Ta i l i ngs and  m i l l i ng proc e s s  c ha ra c te r i za t i on 

Maj o r  s o u rc e s  of  c ontami nat i on a t  the  New R i f l e  s i te a re 
s eepage  f rom t h e  ta i l i ngs  p i l e  a n d  f rom t h e  vanad i um p o n d s  
ea st  o f  t h e  ta i l i ngs  ( F i g u re E . 2 . 4 ) . The  vanad i um pond s c o v e r  
a n  a rea o f  6 a c res  and  a re c u rre n t l y  d ry ,  a l though  s u rf a c e  
run o f f  may a c c umu l a t e  i n  them d u r i n g  t h e  s p r i n g . T h e  ta i l i ngs 
p i l e  a t  the  New R i f l e  s i te i s  33 a c re s  i n  a rea a nd c o nta i n s an 
e s t i ma ted 2 , 4 1 5 , 000 c u b i c  ya rd s o f  ta i l i ngs . The ta i l i ng s  a re 
a m i xt u re o f  s a n d s  a n d  s l i me s  and  c o n s i s t o f  the  p roc e s s ed o re 
ma te ri a l  a nd the  c h em i c a l s  u s ed i n  t h e  m i l l i ng p ro c es s es . 

The m i l l i ng p roc e s s e s  u s ed at  t h e  New R i f l e  s i te i n c l uded  
t h e  sepa ra t i on a nd p u r i f i ca t i o n o f  the  u ra n i um p rod u c t s  w i th  
s o l vent e x t ra c t i o n ( Me rr i tt , 1 9 7 1 ) .  O res  conta i n i ng u ra n i um 
and  l ow vanad i um contents  we re s e p a ra ted by d i rect a c i d  
l eac h i ng ,  wh i l e o re s  wi th  h i g h e r  vanad i um c o ntents  we re 
i n i t i a l l y  sa l t  roa s ted . The  o re s  we re t h e n  wa t e r- a nd ac i d 
l eac hed  to  remove the  s od i um v a n a d a t e  a nd to  d i s s o l v e  the  
u ra n i um .  So l vent  ext ra ct i o n u s i n g d i  ( 2 -et hy l hexy l ) phos
p h o r i c a c i d  ( E H PA )  wa s c o n d u cted  to  rec ove r t h e  u ra n i um and  
vanad i um .  T h e  vanad i um wa s p rec i p i ta ted w i t h  s od i um c h l o r i te 
a nd sod i um ca rbo n a t e , a nd by heat i n g a n d  the  add i t i on of  
s u l f u r i c  a c i d . F i na l l y ,  t h e  p rec i p i t a t e s  were  p u r i f i ed by  
red i s s o l v i ng t h em i n  ammon i a c a l  s o l u t i on and  c rysta l l i z i ng 
ammon i um meta va nadate  by add i n g ammo n i um c h l o r i d e  ( Me rr i tt , 
1 9 7 1 ) . 

The  c hemi ca l c h a ra c t e ri s t i c s  o f  t h e  contam i n a n t  s o u rc e  a t  
t h e  New R i f l e  s i te were eva l u a ted f rom a na l ys e s  o f  g ro u ndwa t e r  
b e n e a t h  t h e  ta i l i ng s  a nd ana l ys e s  o f  wa t e r  e x t ra c t s  f rom the  
ta i l i ngs  ( Ma rkos  a nd B u s h , 1 9 8 3 ) . T h e  a v e ra g e  c o n tam i nant  
c o n c e n t ra t i on s  i n  g roundwate r f rom mon i to r  we l l s 584 , 586 , 
587 , 593 , a nd 594  s c ree n ed i n  t h e  a l l u v i um beneath  t h e  ta i l 
i ngs  o r  adj a c e n t  to t h e  vanad i um p o n d s  a re p re s e nted i n  Tab l e  
E . 2 . 1 7 .  The  e s t i ma ted c o n tam i na n t  s o u rc e  c o n c e n t ra t i on s , 
bac k-ca l c u l a ted f rom t h e s e  d a ta a n d  ext ra p o l a ted f rom the  
wat e r  ext rac ts , a re a l s o p re s e n t ed i n  Tab l e  E . 2 . 1 7 .  

E-205 



Tabl e E . 2 . 1 6 Background water qu a l i ty dnd c o n t a m i n a n t  conce n t r a t i ons i n  Wasa tch Forma t i o n  g roundwd te r , New R i fl e  s i te  
Background wel l s :  64 0,  64 1 ,  644 , 64 5 ,  646, 647 On' s i t e and downgrad i ent wel l s :  61 1 ,  6 1 2 ,  6 1 3 ,  6 1 4 ,  62 1 ,  622 , 623, 624 , 625 , 

626, 627, 629, 630 , 63 1 ,  632 , 633 ,  634 ,  65 1 

BACKGROUND CONCENT RAT I ON S  DO�NGRAD I E N T  CONCENTRAT I ONS 

Background S t a t i s t i c a l  Downgradi ent S t a t i s t i c a l  

MCL sarrp l e  Max l rTl.JTl  Mean Standard max i rnun  sarrple Max i rTl.JTl  Mean S t andard max i l1l...ll1 

Parameter ( mgt l ) s i z e (mgt l ) �el l ( mgt l ) dev i a t i on ( mgt l ) s i z e (mgt l ) �e l l  ( mgt l ) dev i a t i on ( mgt l ) 

P roposed EPA Groundwa ter Protec t i on S t andard; ( 4 0  C F R  192 ) :  

Arsen i c  0 . 05 1 6  0 . 007 640 0 . 006 0 . 002 0 . 009 52 0 . 024 6 1 1  0 . 0 1 0  0 . 0 1 3  0 . 036 

Bar i tSTl  1 . 00 9 1 . 300 646 0 . 2 1 4  0 . 4 1 1  1 . 036 52 2 . 740 625 0 . 276 0 . 678 1 . 632 

C adn i lA11 0 . 0 1  1 4  0 . 002 64 1 , 645 0 . 001 0 . 00 1  0 . 003 3 1  0 . 002 6 1 3 , 624 0 . 00 1  0 . 001 0 . 004 

Chromi lA11 0 . 05 5 0 . 005 ALL 0 . 005 N . A .  N . A .  1 9  0 . 005 ALL 0 . 005 0 . 000 0 . 006 

Lead 0 . 05 9 0 . 005 ALL 0 . 005 N . A .  N . A .  3 1  0 . 028 624 0 . 009 0 . 0 1 1  0 . 03 1  

Mercury 0 . 002 0 0 . 000 ALL 0 . 000 N . A .  N . A .  6 0 . 000 ALL 0 . 000 N . A .  N . A .  

Mol ybdenlA11 0 . 1 0  16 0 . 334 644 0 . 1 68 0 . 1 1 4  0 . 395 52 1 . 725 6 1 3  0 . 524 0 . 726 1 . 975 

N i t r a t e  44 . 0  1 3  1 . 3 644 0 . 5  0 . 5  1 . 5 40 20 . 0  623 3 . 3  7 . 8  1 8 . 8  

Seleni lA11 0 . 0 1  1 6  0 . 354 646 0 . 026 0 . 046 0 . 1 1 8 52 0 . 2 1 8  61 1 0 . 092 0 . 1 86 0 . 465 

Si l ver 0 . 05 0 0 . 005 640 0 . 005 N . A .  N . A .  1 0  0 . 005 ALL 0 . 005 N . A .  N . A .  

Uran i un  0 . 04 16 0 . 1 0  64 1 0 . 003 0 . 004 0 . 0 1 0  5 1  0 . 455 624 0 . 1 1 5 0 . 1 87 0 . 489 

rr1 R a · 226t228 
( pC i tL )  5 . 0  1 0  5 . 6  646 1 . 1  1 . 7  4 . 5  28 7 . 1  625 1 . 9 2 . 8  7 . 5  

N Gross A l pha 
a ( pC i t L )  1 5 . 0  5 3 6 . 3  640 2 2 . 4  1 3 . 4  49 . 2  1 4  1 1 3 . 8  621 28 . 1  43 . 7  1 1 5 . 4  
C" 

Append i x  I norgan i c  Cons t i t uents (40 C F R  1 92 ) :  

Ant i mony None 1 0 . 005 640 0 . 005 N . A .  N . A .  1 0  0 . 002 ALL 0 . 002 N . A .  N . A .  

Beryl l i lA11 None 0 N . A .  N . A .  N . A .  N . A .  N . A .  0 N . A .  N . A .  N . A .  N . A .  N . A .  

Carbon 
D i  sul ph i de None 0 N . A .  N . A .  N . A .  N . A .  N . A .  0 N . A .  N . A .  N . A .  N . A .  N . A .  

Coba l t  None 4 0 . 028 640 0 . 026 0 . 003 0 . 03 1  1 6  0 . 2 1 0  6 1 3  0 . 065 0 . 054 0 . 1 73 

Copper None 4 0 . 030 640 0 . 020 0. 020 0 . 060 18 0 . 060 624 0 . 024 0 . 0 1 6  0 . 056 

Cyanide None 0 N . A .  N . A .  N . A .  N . A .  N . A .  0 N . A .  N . A .  N . A .  N . A .  N .A .  

F l uor i ne None 0 N . A .  N . A .  N . A .  N . A .  N . A .  0 N . A .  N . A .  N . A .  N . A .  N . A .  

N i ck e l  None 4 0 . 025 640 0 . 023 0 . 005 0 . 033 16 0 . 260 624 0 . 060 0 . 068 0 . 1 96 

S u l ph i de None 5 0 . 050 ALL 0 . 050 N . A .  N . A .  1 9  0 . 500 6 1 4  0 . 083 0 . 107 0 . 297 

T h a l l i lA11 None 0 N . A .  N . A .  N . A .  N . A .  N . A .  0 N . A .  N . A .  N . A .  N . A .  N . A .  

T i n  None 4 0 . 003 ALL 0 . 003 N . A  N . A .  1 6  0 . 189 6 1 1  0 . 024 0 . 05 1  0 . 1 25 

Vsnadi lA11 None 1 3  0 . 078 640 0 . 053 0 . 064 0 . 1 80 40 0 . 463 6 1 1  0 . 1 5 1  0 . 1 74 0 . 498 

Z i nc None 9 0 . 020 645 0 . 059 0 . 144 0 . 347 3 1  0 . 592 6 1 3  0 . 109 0 . 20 1  0 . 5 1 1  

Detec t i on  Cons t i tuent s :  

Cs l c i lA11 None 1 6  1 4 0 . 3  646 36 . 7  5 2 . 3  1 4 1 . 3  52 583 . 8  651 302 . 7  279 . 9  862 . 4  

Ch l or i de None 16 4996 . 7  646 1629 . 7  1 743 . 0  5 1 1 6 . 0  5 2  5 1 84 . 2  625 1437.4 1 6 1 4 . 0  4665 . 0  

I ron None 9 0 . 1  646 0 . 0  0 . 0  0 . 1  52 5 0 . 7  651 1 0 . 4  2 3 . 8  5 7 . 9  

Magnesi lA11 None 1 6  3 1 . 0  646 9 . 0  1 1 . 3 3 1 . 5  52 288 . 3  6 1 1  1 29 . 2  1 1 6 . 9  363 . 1  

Manganese None 1 6  0 . 1  646 0 . 1  0 . 0  0 . 1  52 1 5 . 6  6 1 1  4 . 2  6 . 0  1 6 . 3  

Potass i lA11 None 16 1 7. 1  644 8 . 8  7 . 4  23 . 6  52 2 1 6 . 7  624 62 . 0  75 . 0  2 1 2 . 0  

Sodi lA11 None 1 5  3093 . 3  646 1252 . 4  956 . 5  3 1 65 . 0  52 9 1 0 7 . 5  6 1 3  3270 . 7  3 2 1 4 . 0  1 0 1 5 0 . 0  

S u l  f a t e  N one  1 6  926 . 5  64 1 279 . 3  271 . 2  82 1 . 7  52 26360 . 0  6 1 3  8076 . 5  9942 . 0  27960 . 0  

TDS None 16 8223 . 0  646 335 5 . 0  2540 . 0  8436 . 0  5 2  40069 . 0  6 1 3  1 464 3 . 5  1 3280 . 0  4 1 200 . 0  

A l k a l  i n i t y  None 1 6  323 . 5  644 249 . 3  54 . 7  358 . 6  52 1 4 1 9 . 8  6 1 1  622 . 3  570 . 9  1 764 . 0  

pH None 1 6  8 . 9  644 8 . 1  N . A .  N . A .  5 2  8 . 7  633 7 . 4  N .A .  N . A .  
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Tab l e  E . 2 . 1 7  C o n tam i n a n t  s o u rc e  c on c e n t ra t i o n s , New R i f l e  S i te 

Pa rame t e r  MC l 
( mg / 1 ) 

Samp l e  
s i ze 

Ma x i mum 
s u bp i l e 

c onc . 
( mg / l ) 

Average  
s u bp i l e  

c onc . 
( mg / l ) 

Ba c k - Ta i l i ngs  
c a l c u l a ted l ea c h  

s o u  rc e 
( mg / l ) 

c onc . 
( mg/ 1 ) 

Propo sed  E PA g rou ndwate r p rotec t i on s tanda rd s  ( 40 C FR 1 9 2 ) : 

Arsen  i c 
Ba r i  um 
Cadm i um 
C h romi um 
L ead 
f�e rc u ry 
Mol ybd enum 
N i t ra t e  
S e l en i um 
S i l ver  
U ra n i um 
R a - 2 2 6 /2 2 8  

( p C i  1 1 ) 
G ro s s  A l pha  

( pC i / l ) 

0 . 05 
1 . 0 
0 . 0 1 
0 . 05 
0 . 05 
0 . 002 
0 . 1  

44 . 0  
0 . 0 1 
0 . 0 5 
0 . 044 

5 . 0  

1 5 . 0  

1 3  
1 1  

7 
1 1  

5 
2 

1 3  
8 

1 3  
4 
7 

o 

2 

2 . 39 
0 . 2 3 
0 . 09 
0 . 1 8  
0 . 06 

<0 . 0002 
1 2 . 7  

3 1 0  
0 . 2 1 
0 . 02 
1 .  3 1  

NA 

62  

0 . 2 1 5 
0 . 0 505 
0 . 02 5 5  
0 . 066  
0 . 029 

<0 . 0002 
4 . 8 59 

39 . 9 9 
0 . 054 
0 . 0 1 2 5  
0 . 3 2 7  

NA 

31 . 5  

Append i x  I X  I n o rgan i c  con s t i t u e n t s  ( 40 C F R  1 9 2 ) : 

Ant i mony 
B e ry l l i um 
Ca rbon d i s u l f i d e 
Coba I t  
Coppe r 
Cyan i d e 
F l u o r i ne  
N i c k e l  
Su l f i d e  
Tha l l i um 
T i n 
Vanad i um 

None 
None 
None 
Non e 
Non e 
Non e 
None  
Non e 
None 
None  
None  
None  

Dete c t i o n c o n s t i tuents : 

Ca l c i um 
C h l ro i d e 
I ro n 
Magn es i um 
Ma n g a n e s e  
Pota s s i um 
Sod i um 
Su l fate  
T D S  
A l ka l i n i ty 
pH 

None  
Non e 
None  
None  
None 
None 
None 
None 
None 
None  
None  

4 
2 
o 

1 0  
1 0  

2 
o 
4 
3 
2 
4 

1 3  

1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 3  
1 1 
1 3  
1 3  

0 . 1 4  
0 . 005  

NA 
0 . 6 7 
0 . 4 1 

<0 . 0 1 
NA 

1 . 43  
0 . 4  
0 . 02 
0 . 1 0 5 

20 . 5  

8 1 3 
1 430 

97 
362  

5 1 . 1  
205  

1 6400 
40400 
69 300 

2068 
8 . 4  

E -208 

0 . 0 5 9 7  
0 . 005  

NA 
0 . 1 4 9 7  
0 . 1 1 

<0 . 0 1 
NA 

0 . 5 2 5  
O .  1 6 6 7  
0 . 0 1 5  
0 . 0 5 8 5  
4 . 9 99 

583 . 5  
7 6 7 . 7  

32 . 4  
1 48 . 4  

1 8 . 2 7 
1 04 . 4  

7 44 5  
1 9 5 7 7  
3 5884 

1 044 . 6  
7 . 09 

1 . 646  
0 . 1 1  
0 . 1 9 1 
0 . 48 1  
0 . 1 8 7 

<0 . 0002 
3 7 . 1 8 1 

2 5 1  . 5  
0 . 346  
0 . 063  
2 . 309 

NA 

49 . 9 1 3  

0 . 4 5 5  
NA 
NA 

0 . 9 9 7  
0 . 7 9 

<0 . 0 1 
NA 

3 . 9 59 
NA 
NA 

0 . 434 
38 . 2 1 3  

3 3 38 . 4  
5 569 . 6  

249 . 303 
2 2 8 . 364 
1 3 5 . 7 3 
7 59 . 86 

5 6 2 7 0 . 2  
1 4 6 1 08 . 5  
26 5808 . 8  

4608 
NA 

6 . 1  
28 . 5  

NA 
2 . 63 
1 . 88  

NA  
6 . 7 8 

NA 
7 . 7 6 

NA 
0 . 7 8 

NA 

7 . 1 4  

NA 
NA 
NA 
D l  
NA 
NA 
NA 

4 
NA 
NA 
NA 
80 

NA 
NA 
NA 
NA 
NA 
NA 
NA 

59843 
NA 
NA 
NA 



The c ontami n a n t  s o u rc e  c o n c e n t rat i o n s  we re ba c k -ca l c u l at ed 
us i n g re l a t i ve ma s s  ra tes  of i n f l ow ba s ed on a n n ua l  p rec i p i 
tat i on a n d  est i mat ed rec ha rge t h ro u g h  the  ta i l i ngs  a nd on 
g rou ndwa t e r  u n d e rf l ow a nd ba c k g ro u n d  and c ontami  n a n t c on c en 
t ra t i on s  i n  the  a l l u v i a l  g ro u ndwa t e r .  The s o u rc e  c on c en t ra 
t i on s  we re d e ve l oped us i n g s i mp l e  m i x i n g ca l c u l a t i o n s  a nd d o  
n o t  a c c o u n t  f o r  geoc hemi c a l  a t t e n ua t i on . F o r  t h i s  rea s o n , t h e  
ba c k -ca l c u l a ted s o u rc e  c on c e n t ra t i on s  a re n o t  c on s e rva t i ve .  
A l l ca l c u l a t i ons  a re on f i l e  a t  t h e  UMTRA P roj ect Of f i c e i n  
A l b u q u e rq u e , New Mex i c o .  

E s t  i ma t e s 0 f c o n  tam i na n t c on c e n t ra t i on s i n the  t a i l i n g s 
f l u i ds  we re a l s o obta i n ed by l eac h i n g t h e  ta i l i ngs  wi th  
d e i on i zed wa t e r  ( Ma rkos  a nd Bu s h ,  1 9 8 3 ) . The wa t e r  ext ra c t s  
were t h e n  a n a l yzed to y i e l d  t h e  c on c e n t ra t i on s  of  l ea c ha b l e  
c o n s t i tuents  i n  the  ta i l i ngs . The s e  re s u l t s we re u s ed w i t h  
the  a v e ra g e  mo i s tu re c ontent  o f  t h e  ta i l i n gs  to  est i mate  the  
ta i l i ngs p o re f l u i d  c o n c e n t ra t i on s  ( Ta b l e E . 2 . 1 9 ) .  The  ca l 
c u l a t i on s  a re c o n s e rvat i ve ,  a s  they a s s ume t h a t  a l l  l ea c ha b l e 
c o n c e n t ra t i on s  o f  c ontami n a n t s  oc c u r  i n  t h e  ( u nd i l uted ) 
ta i l i ngs p o re f l u i d s . These  ca l c u l a t i on s  a re on  f i l e  i n  the  
UMTRA Proj ect  Of f i c e i n  A l b u q u e rq u e . 

F i ve l ys i mete rs we re i n sta l l ed i n  the  New R i f l e  ta i l i ngs 
and  i n  a vanad i um pond i n  Octobe r 1 9 88 ; howe v e r ,  a l l we re 
d ry .  Two samp l e s o f  ta i l i n gs and  o n e  s amp l e  o f  s l udge  f rom a 
vanad i um pond h a v e  been  a n a l yzed f o r  Append i x  I X  ( 40 C R F  264 )  
o rgan i c s . The h e rb i c i d e  2 , 4-0 a n d  S i l vex ( 2 , 4 , 5 -TP)  were 
found  i n  the vanad i um pond s l udge  at c o n c ent ra t i on s  of 4 1 0 ppb 
a nd 62 ppb , re spec t i ve l y .  

The s eepage  f l u x o f  t a i l i n gs  l ea c ha te i n to  g rou ndwate r may 
be e s t i mated  us i n g Da rcy ' s  Law . The  l owes t  s a t u rated  hyd ra u 
l i c c o n d u c t i v i ty i n  a s t ra t i f i ed ge o l og i c  sys tem c o n t ro l s  t h e  
s eepage  f l u x pe rpend i c u l a r  to  the  s t ra ta u nd e r  s a t u ra ted c on 
d i t i on s . Ba s ed on  t r i a x i a l  pe rmea b i l i ty t e s t s , t h e  s a t u ra ted 
hyd ra u l i c  c o n d u c t i v i ty of the ta i l i n gs at the New R i f l e  s i te 
ra nges  f rom 0 . 0 1 cm/s to  7 . 2  x 1 0-7 cm/s ( DOE , 1 9 8 7 ) , and  
a v e ra ge ( geomet r i c  mea n )  1 . 7 x 1 0-4 cm/s . A l t h ough  the  New 
R i f l e  ta i l i ngs  conta i n  c on s i d e ra b l y  mo re s l i me s  t h a n  t h e  O l d  
R i f l e  ta i l i n gs , t h e  s l i mes  a re d i s c o n t i n u o u s  t h roughout  the  
p i l e  and  the  a v e rage  hyd ra u l i c  c o n d u c t i v i ty i s  re l a t i ve l y  
h i g h . F o r  t h i s  rea s o n , i n f i l t ra t i on i s  s t i l l  cont ro l l ed by 
p rec i p i ta t i on .  Ba s ed on  the a v e ra g e  p re c i p i ta t i on of 1 1  
i nc h es p e r  yea r a nd a s s umi n g  a c o n s e rvat i ve 20 pe rc e n t  net 
i n f i l t ra t i on , the  tota l a nn ua l seepage  t h ro u g h  the  New R i f l e  
ta i l i ngs  p i l e  f rom p rec i p i ta t i on a ve ra g e s  5400 ga l l o n s  p e r  day 
( 3 . 8  gpm) . Th i s  does not  i n c l ud e  i n f i l t ra t i on d ue to  i rr i ga 
t i on f o r  d u s t  c on t ro l  pu rpos e s , a n d  a c t u a l i n f i l t ra t i on ma y be 
somewha t  g reater  whe n  the  ta i l i ngs  a re be i ng i rr i gated . 
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Extent  o f  c ontami nat i on 

A l l u v i um 

The s eepage of t a i l i ng s  a n d  v a n a d i um pond f l u i d s h a s  
s i gn i f i ca n t l y  a f f e cted g ro undwate r q ua l i ty i n  the  a l l u v i um a t  
the  New R i f l e  s i te . T h e  a re a l  e x t e n t  o f  c o n tami nat i o n i s  muc h 
g re a t e r  t h a n  a t  the  O l d  R i f l e  s i te ( F i g u re s  E . 2 . 24 a n d  E . 2 . 2 5 )  
a n d  t h e  c o n c e n t ra t i on s  o f  c o n tam i n a n t s  exceed t h e  E PA MC L s  by 
a g re a t e r  ma rg i n . 

The c ontam i n a n t  p l ume i n  t h e  a l l u v i um exten d s  o v e r  a n  
a rea o f  mo re t h a n  400 ac  r e s  a t  t h e  N e w  R i f  1 e s i te .  G ro u n d 
wa t e r  i n  t h e  ent i re d e p t h  of  a l l u v i um h a s  been  contam i n a t ed , 
wi t h  the  h i gh e s t  c o n c e n t ra t i o n s  o f  c o n tami n a n t s  o c c u r r i ng  
i mmed i ate l y  benea t h  and  down g rad i en t  o f  t h e  ta i l i ng s  p i l e  and  
vanad i um pond s . Mo s t  o f  t h e  contami n a t i on o c c u rs wi t h i n  4000 
f e e t  o f  t h e  New R i f l e  t a i l i ng s  p i l e  ( F i gu re s  E . 2 . 24 a n d  
E . 2 . 2 5 ) , a l though  c o n c e n t ra t i on s  o f  s u l f a t e , tota l d i s s o l ved 
s o l  i d s  ( TOS) , and c h l o r i d e  exc eed b a c k g round  c o n c e n t ra t i on s  i n  
mon i to r  we l l  605 l ocated  8000 f eet we s t  o f  t h e  ta i l i ng s . 
Contam i nated  g ro u n dwat e r  i n  t h e  a l l u v i um d i s c h a rges  i nto  t h e  
C o l o rado  R i ve r  s o u t hwe s t  o f  t h e  p i l e  b u t  d o e s  not  a f f e c t  the  
r i v e r  wa t e r  qua l i ty ( Sec t i on E . l . 3 . 1 ) .  

The d i s t r i b u t i on o f  n i t ra t e  a n d  u ra n i um c o n c en t ra t i on s  
( F i g u re E . 2 . 24 a n d  E . 2 . 2 5 )  we re u s ed to  d e f i ne t h e  a p p ro x i mate  
a rea extent  of  t h e  contam i na t i on i n  t h e  a l l u v i um .  Bot h o f  
t h e s e  c o n s t i t u e n t s  a re re l a t i ve l y  mob i l e  i n  g rou ndwa t e r  and  
a re found  beneath  t h e  s i te i n  c o n c e n t ra t i on s  g reat l y  a bove  
b a c k g ro u n d . S u l f a t e , howeve r ,  i s  a mo re c o n s e rva t i ve c o n 
s t i t u e n t  t h a n  u ra n i um a n d  i s  a bett e r  i nd i c a t o r  of  t h e  a c t u a l 
extent  o f  t h e  contami nat i on .  

Ta i l i ng s  s eepage  h a s  a f f e c t ed g rou ndwa t e r  q ua l i ty beneath  
t h e  p i l e .  A v e rage  wa t e r  q ua l i ty a n a l ys e s  o f  g ro u n dwa t e r  
samp l e s f rom mon i to r  we l l s  584 , 586 , 5 8 7 , and  5 8 8  a re p re
s en t ed i n  Ta b l e  E . 2 . 1 7 .  The  g roundwa t e r  i s  a sod i um s u l fate  
type  o f  wat e r  ( F i g u re E . 2 . 2 2 ) . H i gh c on c e n t ra t i on s  o f  
u ra n i um ,  T O S , s u l fate , c h l o r i d e , a n d  vanad i um o c c u r  i n  
g rou ndwa t e r  beneath  the  p i l e ,  a n d  ma x i mum conc e n t ra t i on s  o f  
s ome c o n s t i tuents  exc eeded t h e  p roposed  E PA g rou ndwa t e r  
p rotec t i on s t a nd a rd s . Conc e n t ra t i on s  o f  a rs en i c ,  c a d m i um , 
c h romi um , mo l yb d e n um , n i t ra t e , s e l en i um ,  s i l ve r ,  and  u ra n i um ,  
a n d  a c t i v i t i e s o f  g ro s s  a l pha  exc eeded  the  p roposed  E PA 
g ro undwa t e r  p rotec t i on s ta nd a rd s .  

Tab l e  E . 2 . 1 5  s umma r i z e s  t h e  d own g ra d i ent  g ro u n dwa t e r  
q ua l i ty i n  the  a l l u v i um a t  the  N ew R i f l e  s i t e .  Ta i l i ngs  
s eepage h a s  s i gn i f i c a nt l y  a f fec ted g ro u ndwa t e r  q ua l  i ty i n  t h e  
a l l u v i um a n d  res u l ted i n  c on c en t ra t i o n s  o f  a n umb e r  o f  c o n 
s t i t u e n t s  exc eed i n g the  p roposed  E PA g ro u n dwa t e r  p rotec t i on 
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standa rd s . Ma x i mum c o n c e n t ra t i o n s  o f  a rs en i c ,  cadmi um , 
c h romi um , l ead , mo l ybden um , n i t ra te , s e l en i u m ,  u ra n i um ,  and  
g ro s s  a l pha  ac t i v i ty exc eed the  p roposed E PA g ro u ndwa t e r  
p rotec t i on sta nda rd s  i n  g ro u ndwa t e r  f rom mon i to r  we l l s  c om
p l eted i n  the a l l u v i um d owng rad i ent  of the s i te .  I n  ad d i t i on ,  
downg rad i e n t  con c e n t ra t i ons  o f  t h e  App end i x  I X  c o n s t i t u en t s  
a n t i mony , c o ba l t ,  coppe r ,  n i c k e l , t h a l l i um ,  t i n ,  vanad i um ,  and  
z i n c a re e l eva ted a bove  b a c k g ro u n d  c on c e nt ra t i o n s  i n  t h e  
a l l u v i um a t  the  New R i f l e  s i t e .  

Groundwa t e r  samp l es f rom a l l u v i a l  mon i to r  we l l s  a t  the  
New R i f l e  s i te a re s hown i n  a t r i l i n ea r  d i ag ram i n  F i g u re 
E . 2 . 2 2 .  Ba c k g ro u n d  samp l es a re a ca l c i um s u l f a t e  typ e o f  
wa t e r  wh i l e  g rou ndwa t e r  s amp l e s c ommi ng l ed w i t h  ta i l i ngs 
f l u i d s  a re a sod i um s u l f a t e  type of wa t e r .  A d i s t i nc t  m i x i ng 
zone  i s  a ppa rent , wi t h  s a mp l e s f rom mon i to r  we l l s  f u rt h e r  
d own g rad i e n t  f rom the  ta i l i ngs p i l e  repres e n t i ng the  wa t e r  
qua l i ty o f  bac k g round  s a mp l e s .  

A b i va r i ate  p l ot ( F i g u re E . 2 . 2 6 )  o f  a l ka l i n i ty and  
s u l fate  c o n c e nt ra t i on s  i n  the  a l l u v i a l  mon i to r  we l l s p rov i d es  
add i t i ona l e v i de n c e  o f  t h e  d e g rees  o f  m i x i ng o f  t h e  g ro u n d 
wa t e r  a n d  ta i l i ngs  f l u i d s . The  c o n c e n t ra t i o ns  o f  a l ka l i n i ty 
a nd s u l f a t e  a re h i gh i n  mon i to r  we l l s  nea r the  ta i l i ngs  p i l e  
a nd vanad i um pond s , and  dec rea s e  d owng ra d i ent  a n d  towa rd the  
l a t e ra l  ed ges  o f  t h e  c ontami na t i on .  

Wa s a t c h  F o rma t i on 

Downwa rd moveme n t  o f  c ontami n a t i on f rom t h e  a l l u v i um has  
a f fec ted g rou ndwate r qua l i ty i n  the  Wa satc h F o rma t i on a t  the  
New R i f l e  s i te ,  but  the  a rea l extent of  co ntami n a t i on  i s  l es s  
t h a n  the  extent  o f  c on tami na t i on i n  the  a l l u v i um .  F i g u res  
E . 2 . 2 7 a n d  E . 2 . 28 p re s e n t  s u l f a t e  and  u ra n i um i s o p l eths  i n  the  
Wa s a t c h  F o rma t i on . G roundwa t e r  i n  t h e  Wa s a t c h  F o rma t i on bed
roc k  is  c ontami n a ted to  a depth  o f  at  l ea s t  90 feet  a t  a d i s 
t a n c e  o f  up  to  3 , 500 feet  d owng rad i e n t  ( we s t )  o f  the  ta i l i ngs . 
No c ontam i na t i on h a s  been  o b s e rved i n  mon i to r  we l l s c omp l eted 
i n  the Wa s a t c h  Fo rma t i on s ou t h  of the Co l o ra d o  r i ve r .  F u rt h e r 
more , no  c ontami n a t i on i s  expec ted to  oc c u r  i n  the  Wa s a t c h  
F o rma t i on a c ro s s  t h e  C o l o ra d o  R i ve r ,  a s  the  f o rma t i o n d i p s 
between f o u r  and  ten  d e g rees  to  t h e  n o rthwe s t  ( s ee Sec t i on 
0 . 2 . 4 ,  S i te Geo l ogy ) . 

Ta b l e  E . 2 . 1 6  i s  a s umma ry o f  upg rad i e n t  and  down g ra d i e n t  
g roundwa t e r  q ua l i ty i n  the  Wa s a t c h  F o rma t i o n a t  the  New R i f l e  
s i te .  Max i mum c o n c e n t ra t i on s  o f  ba r i um , mo l ybd e n um ,  s e l e n i um ,  
u ra n i um ,  a n d  ac t i v i t i e s o f  rad i um- 2 2 6  a nd - 2 2 8  comb i n ed and  
g ro s s  a l pha  exc eed the  p roposed  E PA g rou ndwate r p rotec t i on 
standa rd s  i n  the  Wa s a t c h  F o rma t i on d own g rad i e n t  o f  t h e  New 
R i f l e  ta i l i ngs . Ta i l i ngs  seepage  h a s  a l s o res u l ted i n  e l e
vated c o n c e n t ra t i on s  o f  the  Append i x  I X  con s t i t u e n t s  c oba l t ,  
n i c k e l , s u l f i de , t i n , vanad i um ,  a nd z i n c .  
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Ba c k ground  a nd c o ntami na ted samp l e s o f  g roundwa t e r  f rom 
the  Wa s a t c h Forma t i on a re a sod i um s u l f a t e  type o f  wa ter  
( F i gu re E . 2 . 2 3 ) . Howeve r ,  t h e  c o ntami nated samp l e s d i f f e r  
f rom ba c k g round  samp l e s  bec a u s e  t h e  s u l fa tes  c omp r i s e  a 
g rea t e r  p e rc e ntage  o f  the  tota l a n i on s . Contami nated  samp l e s  
a re a l s o d i s t i ng u i s h ed o n  a b i va r i a te  p l ot o f  a l ka l i n i ty and  
s u l fate  con c e n t ra t i on s  bec a u s e  t h ey c on ta i n  h i g h e r  c on c e n 
t ra t i on s  of  a l k a l i n i ty a n d  s u l f a t e  t h a n  bac k g round  samp l e s 
( F i gu re E . 2 . 29 ) . 

Aqu i fe r  f l u s h i na 

A l l u v i um 

P re l i m i na ry ca l c u l a t i on s  we re p e rf o rmed to es t i ma te the  
natu ra l  f l u s h i ng p e r i od s o f  geoc hem i ca l l y-con s e rva t i ve c on 
tam i n a n t s  ( s u c h  a s  n i t rate  a nd s u l fa t e )  i n  t h e  a l l u v i um a t  the  
New R i f l e  s i te . The l ength  o f  t i me req u i red to f l u s h  one  p o re 
v o l ume wa s ca l c u l a ted us i ng t h e  re l a t i on s h i p s d e sc r i bed i n  
Sec t i on E . 2 . 3 . 4 .  The f l u s h i ng p e r i od f o r  the  geoc h em i ca l l y 
c o n s e rva t i ve cons t i t u e n ts n i t rate  a n d s u l f a t e  to  m i g ra t e  f rom 
t h e  upg rad i e nt  edge  of t h e  vanad i um p o n d s  to t h e  po i nt wh e re 
n i t rate c onc e n t ra t i o ns  a re e s t i ma t ed to  be a t  the  M C L  and  
whe re s u l fate  c on c e n t ra t i on s  a re a p p rox i ma t e l y  a t  bac k g round  
wa s es t i mated  to  be 50  yea rs a f t e r  t h e  ta i l i ngs  h a ve been  
removed . Th u s , i t  i s  rea s ona b l e  t o  c onc l ude  t h a t  con s e rva t i ve 
c ontami n a n t  s pec i e s i n  the  a l l u v i um a t  the  New R i f l e  s i te 
wo u l d  f l u s h  to  bac k g round  c on c e n t ra t i o n s  wi t h i n  50 yea rs a fte r 
the  ta i l i n gs have been removed , and  c e rta i n l y  w i t h i n  1 00 years  
a ft e r  t h e  ta i l i ngs  h a ve been  removed . The  l ength  o f  t i me f o r  
n a t u ra l  f l u s h i ng to  remove geoc h em i c a l l y  noncon s e rva t i ve 
s pec i es ( s u c h  a s  meta l s )  ca n n o t  be d e te rm i ned a t  th i s  t i me .  
The i n f o rma t i on requ i red to  e s t i ma t e  the  t i me f o r  t h e s e  
s pec i e s to  d i s pe rs e  to bac k g ro u n d  c on c en t ra t i on s  o r  to  M C L s  
i nc l udes  a n  ad d i t i ona l and  ve ry d e ta i l ed geoc h em i c a l  c ha ra c 
t e r i za t i on . Th i s  mo re deta i l ed data  wo u l d  be  obta i ned d u r i ng 
the  sepa ra te c ha ra c te r i za t i on p roc e s s  t h a t  add re s s e s Subpa rt B 
of  40 C F R  1 9 2 .  Howe ve r ,  i t  i s  rea s ona b l e  t o  a s s ume t h a t  the  
requ i red f l u s h i n g t i me for  geoc hem i c a l l y l e s s  c o n s e rva t i ve 
s pec i e s i n  the  a l l u v i um a t  the  New R i f l e  s i te ma y be c on
s i d e rab l y  g re a t e r  than  50 yea rs . 

Wa s a t c h  F o rma t i on 

Bec a u s e  the  hyd ra u l i c  c on d u c t i v i ty o f  t h e  Wa s a t c h  F o rma
t i on i s  s i gn i f i c a nt l y  l owe r t h a n  t h a t o f  t h e  a l l u v i um ,  na t u ra l  
f l u s h i ng o f  contam i n a n t s  i n  t h e  Wa s a t c h  F o rma t i on w i l l  be 
neg l i g i b l e  c ompa red t o  n a t u ra l f l u s h i ng i n  the  a l l u v i um .  
T h e refo re , l i tt l e  o r  no  natu ra l f l u s h i ng i s  p red i c ted t o  o c c u r  
i n  the  Wa s a t c h  F o rma t i on wi t h i n  1 00 yea rs a t  t h e  New R i f l e  
s i te .  

E -2 1 7 



30 000 �-------------------------------------------------------------� 

6 1 3  D,. 

2 5 000 -

20 000 -

..-:: 
'--" 1 5 000 -l.LJ f--� --' => (f) 6 1 4 6. 

1 0 000 

6 2 9 6. 

5000 - 63 1  D,. 

6 2 3D,. 
6 4 1 6 45 6 46 OA63 2 

63 4 6 2 2. \ 6� O 1. 6 4 4 
o 6 \/\ � • ..: r6 4 7 --,--------..------.-------I,--------,-I--------r-----� 

0 . 0  2 0 0 . 0  400.0 60 0 . 0  800 . 0  1 0 00 . 0  1 2 00.0 1 40 0 . 0  1 600.0 

ALKAL IN ITY (MG/L) 

F I G U R E  E . 2 . 2 9  

LEGE N D  

• BACKGROUND W ELLS 
6. ONS IT E OR  DOWNG R AD I E NT 

WELLS 

B I VA R I AT E  P LO T  O F  A L K A L I N I T Y  A N D S U L FAT E C O N C E N T R AT I O N S 
I N  WASAT CH F O R M AT I O N  G R O U N D WAT E R ,  N E W  R I F L E  S I T E 

[ -2 1 8  



Append i x  I X  o rga n i c  c ontami n a n t s  

L i m i ted  samp l i ng f o r  o rga n i c  c on t ami n a n t s  has  b e e n  d o n e  
a t  t h e  New R i f l e  s i te .  Ana l ys e s  f o r  E PA p r i o r i ty po l l u t a n t  
o rgan i c s  we re cond uc ted i n  1 9 86  on mon i to r  we l l s  6 1 9 a n d  64 3 .  
Low c on c e n t  ra t i on s  of  t h e  so  1 vent  to  1 u e n e  ( 6 . 9  ppb a nd 5 . 4 
ppb , res p ec t i ve l y ) we re detected  i n  mon i t o r  we l l s  6 1 9 and  
643 . The  s o l vent  a c etone  wa s d e t e c t ed i n  mo n i to r  we l l  643  at  
a c on c e n t ra t i on of 2 8  ppb . 

I n  D e c embe r  1 9 88 , t h e  DOE  s amp l ed on-s i te mon i to r  we l l s  
58 1 , 584 , a nd 5 8 7 , a nd u p g rad i ent  mon i to r  we l l  5 9 2 , f o r  
Append i x  V I I I  o rga n i c  c o n s t i t u ents . T h e  s o l vent  t o l u ene  wa s 
d etec ted i n  mon i to r  we l l s  5 8 1  a nd 587  a t  c on c e n t ra t i on s  o f  1 8  
ppb and  e i g h t  ppb , respect i ve l y .  T h e  s o l vent  a c etone  a nd the  
h e rb i c i d e  2 , 4 , 5-TP  we re detec ted i n  mon i to r  we l l  584  a t  
c o n c e n t ra t i on s  o f  1 7  p p b  a nd f i ve ppb , respec t i ve l y .  

The  a c etone  a nd to l u e n e  a re be l i eved t o  h a ve been  u s ed  on  
t h e  s i te , a l though  t h ey we re not u s ed i n  t h e  a c t ua l s o l vent 
ext r act  ion  mi l 1 i n g p ro c e s s . The  s o l  ve  n t s ma y h a ve bee  n u s e d 
f o r  c l ea n i ng eq u i pment a nd ma c h i n e ry i n  the  m i l l .  The 
h e rb i c i d e  2 , 4 , 5 -TP i s  a l s o b e l i eved  t o  have been  u s ed on t h e  
s i te f o r  weed con t ro l . 

Southwes t  Ha za rd C o n t ro l , I n c . c o nd ucted  a n  e n v i  ronmenta l 
s u rvey o f  t h e  New R i f l e  p ro c e s s i ng s i te a nd i d en t i f i ed s e v e ra l  
o rga n i c  ha za rd o u s  wa s tes  on t h e  s i te .  T h e s e  i n c l ud e  s eve ra l  
ha 1 ogenated  s o l  vents , d i ( 2 -ethyl  hexyl ) phos p h o r i  c ac  i d ( E H PA ) , 
PCBs , a n d  h e rb i c i d es  c o n ta i n i ng 2 , 4-D  a nd 2 , 4 , 5 -TP . 

E . 2 . 3 . 6  E s te s  Gu l c h  s i te 

The E s tes  Gu l c h a l t e rn a t e  d i s po s a l s i te i s  s i x  m i l e s 
n o rt h  of  R i f l e  on  t h e  sou t hwe s te rn f l a n k  o f  t h e  G ra n d  Hogba c k  
monoc l i ne .  T h e  Sh i re Membe r  o f  t h e  Wa s a t c h  Fo rma t i on 
u n d e r l i e s t h e  s i te a nd con s i s t s  o f  s e v e ra l  t h o u s a nd feet  of  
va r i egated c l ays tones , s i l t s tones , s ha l es ,  a n d  f i n e -g ra i ned 
s a nd s tone s . Benea t h  the  s i te , bedd i n g p l a n e s  i n  the  Wa s a tc h 
F o rma t i o n  d i p  app rox i ma te l y  65  to  7 5  d e g rees  t o  t h e  s o u t h 
wes t .  Th i s  d i p  d e c rea s e s  a b ru p t l y  t o  1 0  to  20  d e g rees  500 to 
800 feet down s l ope of  the p roposed  toe of the p i l e .  Th i s  
a b rupt c h a nge i n  t h e  d i p  oc c u rs a l on g  a fa u l t  t h a t  pa ra l l e l s  
t h e  Gra nd Hogba c k . The  f a u l t  i s  typ i c a l l y f i l l ed w i th  c l ay 
gouge  and  does  not  a ppea r to  be  a s i gn i f i ca n t  g rou ndwa t e r  
t ra n s po rt pathway . 

Exp l o ra t o ry d r i l l i ng e n c o u n t e red o t h e r  m i n o r  
pa ra l l e l i ng t h e  bedd i ng p l a n e s  a nd o c c u r r i n g  ra ndom l y  
s teep s t rata  benea t h  t h e  s i te .  T h e s e  fa u l t s oc c u r  a s  
p l a nes  w i t h  t h i n  c l ay gouge  f i l l i n gs . Often , c l os e l y  
f ra c t u re s  o c c u r  nea r t h e s e  m i n o r  f a u l t s , becomi ng  
s p a c ed wi t h i n  a f ew feet  o f  the  f a u l t s . 
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Groundwa t e r  i n  the  Wa s a tc h F o rma t i on beneath  the  s i te i s  
b e l i e ved t o  f l ow a l on g  t h e  s t r i ke  o f  t h e  s teep l y  d i pp i n g bed s 
towa rd the  s o u t hea s t  pa ra l l e l to  t h e  G ra n d  Hogba c k  a nd Govern
men t  C reek . F l ow i s  c o n t ro l l ed by t h e  mo re t ra n smi s s i ve s a n d 
s to n e  i n  t h e  Wa s a t c h  F o rma t i on ; h e n c e , f l ow wi l l  n o t  oc c u r  
towa rd s Gove rnme n t  C reek  t h rough  t h e  nea r-ve rt i c a l  c l a y beds  
o f  the  f o rma t i on . Howe ve r ,  t h e  hyd ra u l i c  g rad i en t  i s  u n k nown 
bec a u s e  t h e  wa te r l e ve l s  i n  mon i to r  we l l s  i n s ta l l ed J u l y  1 988 
have not yet eq u i l i b ra ted . 

App rox i mate l y  0 . 2 5 m i l e  s o u t hwe s t  ( d ownd i p ) of  t h e  s i te ,  
a n  e s c a rpme n t  d ro p s  1 00 feet  to  t h e  f l ood p l a i n  o f  Go ve rnment  
C reek . F l ow i n  Go ve rnme n t  C re e k  i s  s e a s o na l , a n d  the  c reek  i s  
not  b e l i e ved to  be hyd ro l og i c a l l y  c o n n ec ted to  g roundwa t e r  i n  
t h e  Wa s a t c h  F o rma t i on . 

I n  1 9 86 , t h e  DOE  i n s ta l l ed ten  mon i to r  we l l s  at  the  E s tes  
Gu l c h s i te ( mon i to r  we l l s  9 5 2 t h ro u g h  9 69 i n  F i g u re E . 2 . 6  and  
Ta b l e  E . 2 . 1 8 ) rang i ng i n  depths  f rom 60 to  301  f e e t . E i g h t  of  
the  we l l s  a re d ry .  Wate r wa s e n c o u n te red i n  the  deepest  wel l 
( we l l 9 6 3 )  a t  a d e p t h  of  2 7 0  f e e t  be l ow g round  s u rfa c e , and  
h a s  s l ow l y  r i s e n  to  a d e p t h  o f  1 63 f e e t  be l ow the  g round  
s u rf a c e . Th i s  p roba b l y  rep re s e n t s  t h e  pote n t i ome t r i c s u rf a c e  
wi th i n  t h e  f o rma t i on . U n f o rt u na te l y ,  samp l e s f rom we l l  9 6 3  
a ppea r t o  be c eme n t  g ro u t  c o n tami nated  f rom the  we l l  c on 
s t ruc t i on ,  wi th  p H  va l u e s  ra n g i n g f rom 1 1 . 6  t h ro u g h  1 2 . 1  
( Ta b l e  E . 2 . 1 9 ) .  

I n  J u l y  1 9 88 t h e  DOE  i n s ta l l ed t h ree ad d i t i ona l mon i to r  
we l l s  ( we l l n umbe rs 70 1 , 702 , a n d  7 0 3 )  c omp l eted t o  d e p t h s  of  
500  to 5 4 5  feet  ( F i g u re E . 2 . 6  a nd Ta b l e  E . 2 . 1 8 ) . Mon i to r  we l l  
7 0 1 wa s l oc a ted s o u t h  o f  t h e  f a u l t  ( me n t i oned  above ) i n  the  
nea r l y  h o r i zonta l bed s .  Mon i to r  we l l  702  wa s l oca ted i n  the  
fa u l t  zon e , wh i l e mon i to r  we l l  703  wa s l oc a ted i n  the  nea r
v e rt i c a l  bed s n o rt h  of t h e f a u l t .  A l l t h ree we l l s  s howed 
l i t t l e  o r  no wa t e r  a t  c omp l et i on , a n d  wa te r l e ve l s  we re be l ow 
490 feet  s e ve ra l  days  a f t e r  c omp l et i on . I n  Ma rc h 1 9 89 . wa t e r  
l e ve l s  i n  the  t h ree we l l s ranged f rom 339  to  4 7 8  f e e t  be l ow 
g ro u nd s u r f a c e . b u t  hyd rosta t i c  eq u i l i b r i um i n  the  we l l s  ma y 
not yet h a ve been rea c h ed ( Ta b l e E . 2 . 1 8 ) . 

The ve rt i c a l s a t u ra ted hyd ra u l i c  c ond uc t i v i ty o f  the  
Wa s a t c h  F o rma t i on a t  the  Estes  Gu l c h s i te ra n g e s  f rom 0 . 004 to  
2 X 1 0- 5  f t lday ( 1  X 1 0-6  to  8 X 1 0-9 cm/ s )  ba s ed on  
l a b o ra t o ry t r i a x i a l  p e rmea b i l i ty t e s t s  on  f o u r  roc k  c o re 
samp l e s beneath  t h e  s i te .  T h e s e  va l ue s  a re the  hyd rau l i c 
c on d u c t i v i t i e s o f  roc k  mat r i x a n d  d o  not  re f l ec t  sec ond a ry 
hyd ra u l i c  c o n d u c t i v i ty d ue to  f ra c t u r i ng . 
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Tab l e  E . 2 . 1 8  Comp l et i on i nt e rva l s  a nd g ro u ndwa t e r  l e v e l s i n  mon i to r  we l l s ,  
E s t e s  Gu l c h s i te 

Mon i to r  
we 1 1  

n umb e ra 

9 5 2  
9 5 5  
9 5 6  
9 5 8  
9 5 9  
962  
963  
964 
965  
969  

701  
702  
7 03 

C omp l et i on 
i n te rva l b 

( d epth  i n  f t )  

245 . 7 5 t o  2 50 . 7 5  
55 . 00 t o  60 . 00 
58 . 00 to  7 3 . 00 

1 06 . 40 to  1 1 6 . 40 
9 7 . 2 5 t o  1 02 . 2 5 
6 7 . 2 5 to  7 2 . 2 5 
2 9 6 . 0  t o  301 . 0  

2 1 2 . 50 t o  2 1 7 . 50 
9 7 . 2 5 to  1 02 . 7 5 
9 7 . 50 t o  1 02 . 50 

1 80 to  545 
355 to  543 
420 to  502 

G ro u n dwa t e r  l e v e l  
( f t a bove mea n sea  l eve l ) 
0 1 / 1 4 /86  1 0/20/87  

D ry 
D ry 
D ry 
D ry 
D ry 
D ry 

5 7 7 3 . 5 5 c 
D ry 
D ry 
D ry 

D ry 
D ry 
D ry 
D ry 
D ry 

5860 . 7 5c 

D ry 
D ry 
D ry 

7 /28/88  1 2 / 1 0/88 3 124189 

5 4 5 5  
5 5 2 1  
5 5 1 6 

5 5 8 1  
5 5 1 9 
5 5 5 8  

5640 
5 5 2 9  
5 585  

a Mon i to r  we l l  l o ca t i on s  a re s h own i n  F i g u re E . 2 . 6  
bA l l mon i to r  we l l s  a re c omp l e ted i n  the  Wa s a t c h  F o rma t i on and  h a ve c a s i ng 

d i a me t e rs o f  fou r i nc h e s . 
c The depth  f rom the  l a nd s u r f a c e  to  g ro u ndwa t e r  i n  mon i to r  we l l  9 6 3  wa s 

2 7 0 . 2  feet  on  0 1 / 1 4/86 a nd 1 83 feet  on  1 0/20/87 . 
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Recent  pa c k e r  t e s t s  c ond ucted  on  bo reho l e s a t  t h e  s i te 
i nd i cate  t h a t  the  hyd ra u l i c  c o n d u c t i v i ty i n  t h e  u p p e r  20  f eet 
of wea t h e red bed roc k  ra nges  f rom 0 . 03 to 0 . 3  f t lday ( 1  X 
1 0-5  to 1 X 1 0-4 cm/s ) ( Ta b l e  E . 2 . 2 1 ) .  T h e s e  h i g h e r  
c o n d u c t i v i ty va l u es  a re d u e to  s omewhat  mo re exten s i ve 
f ra c t u r i n g  i n  t h e  wea th e red zon e . Howe v e r , pa c ke r  t e s t s  i n  
f ra c t u red a rea s be l ow t h e  wea t h e red bed roc k i nd i c a t e  t h a t  t h e  
f ra c t u res  c l o s e  w i t h  d epth  a n d  a re re l a t i ve l y  i mp e rmea b l e .  
Th i s  may be  d ue to  the  con f i n i ng p re s s u re o f  t h e  ove r l y i n g 
bed ro c k  a n d  the  c l ay gouge  f i l l  e n c o u nte red i n  the  f ra c t u re s . 

The a ve rage  hyd ra u l i c  c ond u c t i v i ty o f  t h e  Wa s a t c h  F o rma 
t i on dec rea s e s  s e v e ra l  o rd e rs o f  ma g n i tude  be l ow the  wea t h e red 
zone , t o  6 X 1 0-5  f t lday ( 2  X 1 0-8 cm/s ) , b a s ed on  c on 
s t a n t  head  pe rmea b i l i ty t e s t s  c o n d uc ted on f o u r  mon i to r  we l l s  
a t  Es tes  Gu l c h  ( Ta b l e  E . 2 . 2 0 ) . Th i s  hyd ra u l i c  c o n d u c t i v i ty 
va l ue i s  more re p re s e n t a t i ve o f  t h e  f o rma t i on a s  a who l e , and  
re f l ects  both  ma t r i x p e rmea b i l i ty a n d  the  f ra c t u re p e rmea 
b i l i ty o f  t h e  bed ro c k  i n  wh i c h  the  we l l s  a re s c reened . Mon i 
t o r  we l l  9 6 5  wa s sc reened i n  t h e  fa u l t  zone  s o u t h  o f  the  
p roposed  p i l e ,  yet  s hows n o  s i g n i f i c a n t l y  h i ghe r hyd ra u l i c  
c o n d u c t i v i ty d u e t o  f ra c t u r i ng . T h u s , the  fa u l t  i s  not 
b e l i eved to  be a s i gn i f i ca n t  g roundwa t e r  f l ow ro ute . 

A l t h o u g h  the  g rou ndwate r g rad i e n t  a t  E s t e s  Gu l c h i s  
u n k n own , the  ma x i mum l i ne a r  g rou ndwa t e r  ve l oc i t i e s c a n  be 
est i mated a s s umi ng a hyd ra u l i c  g rad i e n t  o f  one . The  ma x i mum 
l i nea r g rou ndwate r ve l oc i ty i n  the n o n -wea t h e red Wa s a t c h  

Ta b l e  E . 2 . 20 Hyd ra u l i c c o n d uc t i v i ty f o r  t h e  Wa s a tc h F o rma t i on , 
E s t e s  Gu l c h  s i te 

Hyd ra u 1 i c Hyd ra u 1 i c 
Mon i to r  Method c o n d u c t i v i ty c ond uc t i v i ty 

we l l n umbe r ( cm/s ) ( ft l d a y )  

9 5 2  C o n s t a n t  h e a d  p e rme a b i  1 i ty t e s t  4 . 0  X 1 0-9 1 . 1 X 1 0-5  

964 C o n s ta n t head  p e rme a b i  1 i ty t e s t  2 . 0  X 1 0-9 5 . 8  X 1 0-6 

9 65b C o n s t a n t  head  pe rmea b i  1 i ty t e s t  6 . 2  X 1 0-8 1 . 7 X 1 0-4 

9 69 C o n s t a n t  h e a d  p e rmea b i  1 i ty t e s t  2 . 5  X 1 0- 7 
7 . 0 X 1 0

-4 

Geome t r i c mea n : 2 X 1 0-8 

aMon i to r  we l l  l oc a t i on s  s h own i n  F i g u re E . 2 .  6 .  
bMon i to r  we l l  9 65 i s  l oca ted i n  the fa u l t  zone  s o u t h  o f  t h e  d i s posa l s i te .  
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Ta b l e E . 2 . 2 1 Boreho l e  d ep t h s  a nd s a t u ra ted hyd ra u l i c  c on d u c t i v i t i e s mea s u red i n  t h e  Wa satc h F o rma t i on ,  
E s te s  Gu l c h s i te 

Pac k e r  t e s t  
i n t e rva l ( f t 

Bo reh o l e be l ow g ro u n d  
n umbe r s u r fac e )  

7 1 1 

7 1 2 

7 1 3 

7 1 4  

7 1 5 

2 . 4 5 - 3 5  
5 2 -&0 
8 7  -9 7 

4 0 - 5 0  
6 2 - 7 4  
9 2 - 1 0 5  

1 1 7 - 1 2 7  

5 2 -&6 
7 4 -84 
9 1 - 1 0 1  

1 28 - 1 4 0  

4 7 - 5 5  
8 7 - 9 7  

1 1 3 - 1 26  

1 3 1 - 1 4 5  

4 3 - 5 7  
8 3 - 9 2  

1 2 3 -1 4 3 

Mate r i a l  d e s c r i p i t i on 

S i l ty ,  c l ayey s a nd s t o n e , wi d e l y  f ra c tu red 
C l ayey s ha l e ,  c l os e l y  f ra c t u red 
C l ayey s ha l e  a n d  s a nd s to n e , c l o s e l y  f ra c t u red 

C l a yey s a n d s t on e , ve ry c l os e l y  t o  c l o s e l y  f ra c t u red 
Sha l e  and s h a l ey s a n d s to n e , c l os e  to med i um f ra c t u re s pac i ng 
Sha l ey s a n d s tone , med i um to  w i d e l y  s pa c e d  f ra c t u re s  
Sha l ey s a n d s t o n e , ma s s i ve 

C l a yey s a n d s tone  a nd c l a yey s h a l e ,  mod e ra t e l y  f ra c t u red 
C l ayey s a n d s t on e , c l os e l y  t o  w i d e l y  s pa c ed f ra c t u res  
C l o s e l y  f ra c t u red c l a y s ha l e ,  wi d e l y  f ra c t u red s a n d s t o n e  
C l a y s ha l e ,  ma s s i ve 

C l a y s ha l e ,  v e ry c l o s e l y  s p a c ed f ra c t u re s  
S i l ty ,  c l ayey s a n d s tone , wi d e l y  f ra c t u red 
Mos t l y  s i l ty ,  c l a yey s a nd s to n e , w i d e l y f ra c t u red , w i t h  s ome 
cong l ome ra t e , w i d e l y  f ra c t u red 
C l os e l y  to  w i d e l y  f ra c t u red c l a y  s ha l e ,  
wi d e l y  f ra c t u red c l a y s a n d s to n e  

Mos t l y  c l ay s ha l e ,  c l o s e l y f ra c t u red ; s ome ma s s i ve s a n d s t o n e  
Ma s s i ve c l a y s ha l e ,  s ome med i um s pa c e d  f ra c t u r i ng  
Mos t l y  ma s s i ve c l a yey s a nd s to n e ; s ome ma s s i ve s ha l e  

Sa t u ra ted 
hyd ra u 1 i c 
c on d u c t  i v i ty 

( f tlday)  ( cOIls )  

0 . 001  
< 0 . 0003a 

0 . 05 

1 8 . 0  
0 . 00'1 
0 . 007  
0 . 007 

0 . 2  
< 0 . 0003a 

0 . 03 
< 0 . 0003a 

0 . 0 1  
< 0 . 0003a 

< 0 . 0003a 

< 0 . 0003a 

0 . 7  
< 0 . 0003a 

< 0 . 0003a 

5 X 1 0 -7 

< 1 X 1 0-7  

2 X 1 0 - 5 

6 . 3  X 1 0 -3 

1 . 5  X 1 0 -6 

2 . 4  X 1 0 -6 

2 . 3  X 1 0 -6 

7 X 1 0 - 5 

< 1 X 1 0-7 

9 X 1 0 - 6 

< 1 X 1 0- 7  

5 . 2  X 1 0 -6 

< 1 X 1 0- 7  

< 1 X 1 0 -7 

< 1 X 1 0-7  

2 . 6  X 1 0 -4 

< 1 X 1 0 -7 

< 1 X 1 0 -7 

a Va l u e represents  q u a n t i ta t i ve l owe r l i m i t o f  t h e  pa c k e r  t e s t i ng ,  i . e . , no  mea s u ra b l e f l ow i n to  t h e  bed rock wa s 
detec ted . 



Forma t i on i s  0 . 1  f t /yr , a s s um i ng  a g rad i ent  of u n i ty ,  a 
s a t u ra ted hyd ra u l i c  c o n d u c t i v i ty o f  6 to  1 0-5  f t lday ( 2  X 
1 0-8 cm/s ) , and  a p o ros i ty o f  20 p e rc e n t  ( mea s u red i n  fou r 
c o re samp l es ) . 

G rou ndwa t e r  f rom t h e  Wa s a t c h  F o rma t i o n i s  a s od i um s u l fate  
o r  s od i um c h l o r i d e  type , b a s ed on  samp l es f rom mo n i to r  we l l s  
70 1 , 702 , and  703 . Ta b l e  E . 2 . 1 9  c o n ta i n s wa t e r  q ua l i ty a na l y
s e s  of  g rou ndwa t e r  samp l es f rom t h e s e  mon i to r  we l l s  a n d  f rom 
t h ree l ow-y i e l d  domes t i c  we l l s l oc a t ed 0 . 7 5 m i l e  wes t  o f  
( c ro s s g ra d i e n t  to ) t h e  s i te .  T h e  l oc a t i o n s  o f  t h e  on-s i te 
mon i to r  we l l s  a re p re s e n t ed i n  F i g u re E . 2 . 6  a nd t h e  v i c i n i ty 
dome s t i c  a nd o t h e r  we l l  l oc a t i o n s  a re p re s ented i n  F i g u re s  
E . 2 . 30 a nd E . 2 . 3 1 . F i g u re E . 2 . 3 2 i s  a t r i l i nea r d i a g ram o f  
g ro u n dwa t e r  samp l es f rom t h e  we l l s  c omp l eted i n  t h e  Wa s a t c h  
Forma t i on a t  E s te s  Gu l c h ,  a n d  F i g u re E . 2 . 3 3 i s  a St i f f d i a g ram 
o f  the samp l es .  The p redomi n a n c e  o f  s u l f a t e  a nd c h l o r i d e  i n  
t h e  g ro u n dwa ter  a n d  the  hyd ra u l  i c  p ro p e rt i e s o f  t h e  Wa s a t c h  
Fo rma t i on i nd i c a t e  t h a t  g ro u n dwat e r  ha s a l ong  res i d e n c e  t i me 
i n  t h e  bed roc k ( F re e z e  a n d  C h e r ry ,  1 9 7 9 )  a n d  i n f i l t ra t i on f rom 
p rec i p i ta t i on i s  l ow .  

Ba sed  o n  t h e  t r i l i n ea r d i a g ram  ( F i gu re E . 2 . 3 2 )  a nd the  
St i f f d i a g ram ( F i gu re E . 2 . 3 3 ) , mon i to r  we l l  9 63 i s  g rout  
c o n tami na ted , as  s h own by i t s h i g h p H  va l ue s  ( 1 1 . 6  - 1 2 . 1 )  and  
i ts re l a t i ve l y  h i g h a l k a l i n i ty .  Groundwa t e r  f rom mon i to r  
we l l s  7 0 2  a nd 703 a l s o conta i n s h i g h p H  va l u e s  ( 1 1 . 6  a n d  1 1 . 7 ,  
re s p e c t i ve l y ) , b u t  t h e s e  we l l s a re not  b e l i eved to h a v e  been  
g ro u t  contami n a t ed d u r i ng  c o n s t ruc t i o n . Both  the  t r i l i n ea r 
d i a g ram a n d  t h e  St i f f  d i a g ram  i nd i c a t e  t h a t  samp l e s f rom t h e s e  
we l l s ,  u n l i k e samp l e s f rom mon i to r  we l l 9 63 , p l o t  wi t h i n  t h e  
bac k g ro u n d  range f o r  t h e  Wa s a t c h  Fo rma t i on . T h e s e  h i g h pH  
va l u es  re f l ec t  b a c k g ro u n d  wa t e r  qua l i ty beca u s e  re l a t i ve l y  
h i gh  p H  ( 1 0  t o  1 1 )  va l u e s  we re a l s o mea s u red i n  the  s l u rr i e s  
of  d r i l l  c u t t i ngs  f rom t h e s e  we l l s .  

Grou ndwa t e r  i n  the  Wa s a t c h  F o rma t i on beneath  t h e  s i te i s  
C l a s s  I I I  g rou ndwa te r .  C l a s s  I I I  g ro u ndwa t e r  i s  g ro u ndwate r 
t h a t  i s  not  a c u rrent  o r  potent i a l  s o u rc e  o f  d r i nk i n g wa te r 
beca u s e  ( 1 )  t h e  c o n c e n t ra t  i on  o f  tota  1 d i s s o  1 ved s o  1 i d s  i s  i n  
e x c e s s  o f  1 0 , 000 mg / l , ( 2 ) wi d e s p read , amb i e n t  c o n tami na t i on 
u n re l a ted to  ac t i v i t i es i n vo l v i ng re s i d ua l ra d i oa c t i ve 
ma t e r i a l s f rom a d e s i gna ted p ro c e s s i ng s i t e ex i s t s  t h a t  c a nnot  
be c l eaned  u p  u s i ng t reatme n t  method s rea s o na b l y  emp l oyed i n  
p u b l i c  wa t e r  s u pp l y  sys tems , o r  ( 3 )  the  q u a n t i ty o f  wat e r  
a va i l a b l e  i s  l e s s  t h a n  1 50 g a l l on s  p e r  d a y  ( gpd ) ( 40 C F R  
1 9 2 . 1 1  ( e ) ) .  Groundwa t e r  i n  t h e  Wa s a t c h  Forma t i on a t  E s te s  
Gu l c h s a t i s f i e s t h e  sec ond a nd th i rd c r i t e r i a ,  a n d  may s a t i s fy 
the  f i r s t  c r i te r i o n . 
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V S R - M U N I CI P A L  W E L L  F OR  T H E V I L L A G E  
OF S OU TH R I F L E  - -

o ALLU V I U M  S CA L E  I N  M I L E S  

F I G U R E  E . 2 . 3 1  

S U D D E  N CH A N G E  I N  
S L OP E (D OW NWA R D )  

E X ISTI NG WE L LS W I T H I N A T W O- M I LE RA D I U S  OF T H E  O L D  R I F LE ,  
N E W  R I F L E ,  A N D E STE S GU L C H  S I T E S  
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X O F F  S I T E  D O tv1 E S T I C  W E L L  ( p H  - 8 )  
o H I G H  p H  ( >  1 1 )  M O N IT O R  W E LL 
• LOW p H  « 9 )  M O N I T O R  W E L L 

( T R I L I N E A R  S C A L E S  A R E  
P E R C E N TAG ES O F  E Q U I VA L E N T S  
P E R  L I T E R  O F  M AJ O R  I O N S ) 

F I G U R E  E . 2 . 3 2  

20 40 60 80 
CI � 

TRI LI NEAR DIAG RAM OF WASATCH FORMATION GROUNDWATE R, 

VICI NIT Y OF ESTES GULCH SITE 
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7 0 1 
p H = 8 . 9  

7 0 2 
p H = 1 1 . 9  

7 0 3  
p H = 1 1 . 8  

9 6 3  
p H = 1 1 . 7 

9 8 3  * 
p H = 8 . 0  

9 8 4  * 
p H = 7 . 8  

9 8 5 * 
p H = 8 . 0  

N a + K +-+-+-I-If----4-+-+--+-+-..,.--t-t--1r--t-+-+-+-+_+_+_ C I 
C a --I-+-+-+-H--+-+-+--+-+-+-t-H--+-+-+-+-+-+- H C 0 3 + C O  3 
fv1 g S 04 

L E G E N D 

[J p H < 9 

[£] p H > 1 1  

7 0 1  W E L L N U M B E R  

3 0 0  2 5 0  2 0 0  1 5 0  1 0 0  5 0  5 0  1 0 0  1 5 0  2 0 0  2 5 0  3 0 0  

CAT I O N S ,  I N  M I L L I E QU I VA L E N T S 
P E R  L I T E R  

* O F FS I T E D O M E S T I C  W E L L  

A N I O N S , I N  M I LL I E Q U I VA L E N T S  
P E R  L I T E R 

F I G U R E E . 2 . 3 3  

ST I F F  D I AG R A M O F  WASAT C H  FOR M AT I O N  G R O U N D WAT E R ,  

V I C I N I T Y  O F  E ST E S  G U L C H  S I T E  
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Bec a u s e  g roundwa t e r  i n  the  Wa s a t c h  F o rma t i on b e n e a t h  the  
d i s p o s a l c e l l  i s  e s s e n t i a l l y  f o rma t i o n  wa te r ,  i t  i s  o f  
ext reme l y  p o o r  qua l i ty ,  wi t h  T O S  c on c e n t ra t i on s  ra n g i ng  f rom 
8 , 260 to  24 , 300 mg / l . It a l s o conta i n s h i g h c onc ent ra t i on s  of  
n a t u ra l l y  o c c u r r i ng c ontami n a n ts ( Ta b l e E . 2 . 1 9 ) . Se l en i um 
c on c e n t ra t i o n s  i n  t h e  g roundwate r ra nge  f rom 0 . 2 1 2  to  0 . 96 2  
mg / l ; t h e  a v e rage  s e l e n i um c o n c e n t ra t i on wa s 5 0  t i me s  the  
p ropos ed E PA g roundwa t e r  p rotec t i on standa rd s . M o l ybd e n um 
concent ra t i on s  a re 1 5  t i me s  g rea t e r  t h a n  the  p roposed  E PA 
g rou ndwa t e r  p rotec t i on stand a rd s .  Ba r i um ,  cadmi um , a n d  l ead  
a l so exceed  t h e  p ro p o s ed E PA g roundwa t e r  p rotec t i on s t a n d a rd s . 

The c l a s s i f i c a t i on of  g ro u ndwa t e r  a t  the  E s t es Gu l c h  s i te 
a s  C l a s s  I I I  may be  ba s ed on  the  c r i t e r i on that  t h e  g ro u n d 
wat e r  c onta i n s w i d e s p read amb i e n t  c ontami nat i on ,  a nd t h a t  t h i s  
c on tami na t i on c a n not be c l ea n ed up  u s i ng methods  rea s ona b l y  
emp l oyed by p u b l i c  wa t e r  s u pp l y  sys tems . T h e  E PA ha s p rov i d ed 
g u i d a n c e  i n  the i r d ra f t  g u i d e l i n e s  f o r  g rou ndwa t e r  c l a s s i f i 
ca t i on o n  the  t rea ta b i l i ty o f  g rou ndwa t e r  ( E PA , 1 9 86 ) . The  
p r i ma ry c o n s t i t u e n t  o f  c on c e rn i n  g ro u ndwa t e r  i n  t h e  Wa s a t c h  
F o rma t i on  a t  t h e  E s tes  Gu l c h s i te i s  s e l en i um ,  s i n c e  bac k 
g round  c o n c e n t ra t i on s  a re s u b s t a nt i a l l y  a bo v e  Fed e ra l  d r i n k i ng 
wa t e r  standa rd s . Se l en i um c a n  be removed by s e v e ra l  types o f  
t rea tme n t  app roa c h e s , t h e  ma j o r i ty o f  wh i c h  a re t o o  i ne f f i 
c i ent  to remove enough  s e  1 e n  i um f rom t h e  g rou ndwa t e r  a t  the  
Estes  Gu l c h  s i te to  ma k e  t h e  wat e r  pota b l e .  Howe ve r ,  t h re e  
t rea tment  tec h no l og i es --d e s a l i na t i on , i on exc h a n g e , a n d  
ozona t i on --remove  9 7 ,  9 8 , a n d  99  p e rc ent s e l en i um ,  re s p ec t i ve l y  
( E PA , 1 9 8 6 ) . The  E PA ' s  g ro u ndwa t e r  c l a s s i f i c a t i on g u i d e l i ne s  
p rov i d e  i n f o rma t i on b y  E PA reg i on on  t h e  n umbe r o f  pu b l i c 
wat e r  s u pp l y  syst ems u s i ng va r i o u s  t reatment tec h no l og i es . 
Non e  o f  t h e  t h ree  t reatment t e c h n o l og i es d i s c u s s e d  a re u s ed o n  
a w i d e s p read ba s i s .  The  E PA h a s  f o u nd a l l  t h ree  t e c h n o l og i e s 
a pp l i ed i n  s ome reg i o n o f  t h e  c o u n t ry . F o r  E PA Reg i on V I I I ,  
o n e  p u b l i c  wa t e r  s u pp l y  system u s e s  d e s a l i na t i on , two u s e  i on 
e x c h a nge , a nd none  u s e  o z o n a t i on .  D e s a l i nat i on h a s  h i g h 
ca p i ta l , o p e ra t i on ,  a nd ma i n tena n c e  c o s t s , a s  d o e s  t h e  i o n  
exc hange  p ro c es s . G i ven  t h e  i n f requency  o f  u s e  o f  t h e s e  
t reatme n t  tec h no l og i es ( e . g ,  n o t  rea s ona b l y  emp l oyed ) ,  t h e  
h i gh c a p i ta l  and  o p e ra t i ona l c o s t s , t h e  l ow y i e l d  a qu i f e r ,  a n d  
t h e  l ow popu l at i on d e n s i ty ,  t h e  Wa s a tc h F o rma t i on c o u l d  be  
c l a s s i f i ed as  C l a s s  I I I  due  to wi d e s p read amb i e n t  c ontami n a 
t i on t h a t  c a nnot  be  c l ea ned up  u s i ng method s rea s o na b l y  
emp l oyed f o r  p u b l i c  wat e r  s u pp l y  sys tems . 

The  t h ree  d ome s t i c  we l l s  comp l et ed i n  the  Wa s a tc h 
Forma t i on 0 . 7 5 m i  l e  wes t  o f  t h e  s i te a re not  wi t h i n  t h e  s ame 
hyd ros t ra t i g ra p h i c  un i t  of  t h e  Wa s a tc h F o rma t i on a s  t h e  
d i s p o s a l s i te . T h e s e  we l l s  a re l oc at ed c ro s s g rad i en t  t o  t h e  
d i s posa l s i t e  a nd a c ro s s  t h e  f a u l t .  T h e  bed s a re n ea r l y  
h o r i zonta l i n  t h i s  a rea , wh e rea s , beneath  t h e  d i s p os a l  s i te 
t h e  bed s  o f  t h e  Wa s a tc h  F o rma t i on a re steep l y  i n c l i ned . The 
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dome st i c  we l l s  a re nea r Go ve rnme nt C reek  i n  a n  a rea o f  the  
Wa s a t c h  F o rma t i on t h a t  i s  be l i e ved to  be rec ha rged by the  
c reek . On the  othe r h a n d , g ro u n dwa t e r  beneath  the  d i s po s a l 
s i te i s  b e l i e ved to  be c on na te ( f o rma t i o n )  wa te r .  The 
d i f f e r i ng  s o u rc e s  f o r  g rou ndwa t e r  i n  the Wa s a t c h  F o rma t i on a re 
re f l ected i n  the  pH  va l ue s  o f  g ro u n dwa t e r  f rom the  we l l s ;  
mon i t o r  wel l s c omp 1 eted s ou t h  o f  t h e  f a u  1 t c onta i n pH  va 1 ues  
l e s s  than  9 . 0 ,  wh i l e g ro u ndwate r f rom we l l s n o rt h  o f  t h e  fa u l t  
typ i ca l l y conta i n s  h i gh p H  va l ue s  ( F i g u re E . 2 . 3 3 ) . 

A d r i l l i ng l og f o r  o n e  o f  t h e  d omes t i c  we l l s  i nd i c a tes  
that  the  we l l s  a re c omp l eted i n  a po rt i on o f  t h e  s t rat i g ra p h i c  
sect i on wh e re c o n s i d e ra b l y  mo re s a n d s tone  oc c u rs t h a n  wa s 
e n c ounte red a t  the  E s t e s  Gu l c h  s i te .  Th i s  wo u l d  ex p l a i n  why 
the y i e l d  of t h e  Wa s a t c h  Fo rma t i on  i s  h i gh enough  to  s u p p o rt 
dome s t i c  u s e  nea r Gove rnment  C reek , wh i l e  y i e l d  i s  c o n s i d e r
a b l y  l owe r beneath  the  E s t e s  Gu l c h  d i s po s a l s i te . 

The Wa s a t c h  Fo rma t i on b e n e a t h  t h e  E s tes  Gu l c h d i s po s a l 
s i t e c a n n ot y i e l d  1 50 gpd to  a we l l ,  ba s ed on  p re l i m i na ry 
ca l c u l a t i on s  us i ng t h e  Th e i s E q u a t i on ,  a nd g ro u n dwa t e r  beneath  
t h e  s i te ma y a 1 s o b e d e s  i g nat  e d a s C 1 ass  I I  I bas  e d on t h i s  
l i m i ted y i e l d .  The  Th e i s  ca l c u l a t i on s  a s s umed a 6 - i nc h  we l l ,  
200 f eet of  a va i l a b l e  d rawd own , a n d  a hyd ra u l i c  c on d u c t i v i ty 
o f  1 0-4 f t lday . I f  the  Wa s a t c h  F o rma t i on i s  pumped a t  a n  
a v e rage  ra te o f  1 50 gpd , t h e  c a l c u l a ted d rawdown wi th i n  
30 days i s  g reate r t h a n  200 feet . Th i s  d rawdown exceeds  the  
a va i l a b l e  d rawd own i n  a typ i c a l  we l l c omp l eted i n  t h e  Wa s a tc h 
F o rma t i on ,  a nd d emo n s t ra t e s  t h a t  the  f o rma t i on c a n n ot s u pport 
a pump i ng ra te o f  1 50 gpd . T h e s e  c a l c u l a t i on s  a re on  f i l e  a t  
the  UMTRA P roj ect  o f f i c e  i n  A l b u q u e rq u e , New Mex i c o .  

E . 2 . 3 . 7  L u c a s  Mesa  s i te 

The L u c a s  M e s a  a l ternate  d i s po s a l  s i te i s  l oc a t ed on  a n  
o l d  ped i ment s u rf a c e  u n d e r l a i n  b y  t h e  Sh i re Memb e r  o f  t h e  
Wa s a t c h  F o rmat i on ( Twe to et a l . ,  1 9 7 8 ) . T h e  s i t e ,  wh i c h  l i es 
we s t  of  B a t t l ement  Mesa , ra nges  i n  e l eva t i on f rom 5 , 600 to  
6 , 1 00 feet  above  mea n  s ea l eve l . The  mesa s l opes  gent l y  f i ve 
to  1 0  deg rees  to  t h e  n o rt h -n o rt hwe s t , but  i t s f l a n k s  d rop 
steep l y  downwa rd to  M o f f a t  Gu l c h on  t h e  s o u t hwes t ,  Sm i t h Gu l c h 
on the  n o rt h ea s t , a nd the  C o l o ra d o  R i ve r  on the  n o rthwe s t  
( CGS , 1 9 82 ) . T h e  C o l o ra d o  R i ve r  c ha n n e l i s  a p p rox i ma te l y  two 
m i l e s f rom the  s i te at an e l e va t i on of a bo u t  5 , 1 00 feet . 

The  L u c a s  M e s a  s i te i s  u n d e r l a i n  by a p p rox i mate l y  30 to  
90 f eet ( a nd p e rh a p s  a s  muc h a s  203 feet , a c c o rd i ng to  one  
d r i l l i ng l og )  of  ped i ment  s a nd s , g ra ve l s ,  c o b b l es , a n d  bou l d e rs 
i n  a c l ay -- s i l t  ma t r i x .  Mo s t  o f  t h e  g ra ve l s ,  cobb l e s ,  and  
bou l d e rs a re c omp r i sed of  b a s a l t  and  a re h e a v i l y  c oa ted wi th  
ca l c i um ca rbonate  ( CGS , 1 9 8 2 ) . The  uppe r s u rf a c e  o f  t h e  mesa 
i s  a th i n  l ayer of  red -b rown s i l ty s o i l ra ng i n g i n  th i c k nes s 
f rom a few i n c h e s  to  a f ew f eet . 
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The Sh i re Memb e r  o f  the  Wa s a t c h  F o rma t i on u n d e r l i e s the  
u n c o n s o l i d a t ed ped i ment  ma t e r i a l s  t h a t  cap  t h e  me s a . I t  
c on s i s t s  o f  a p p rox i ma te l y  200 to  400 feet  o f  p redom i n a n t l y  
s ha l e  a nd c l aystone  ( C GS , 1 9 82 ) wi t h  s ome s a nd s tone  i n ter
l aye rs . Bedd i ng p l a n e s  i n  the  Wa s a tc h F o rma t i on d i p  two to  
t h ree d e g rees  to  t h e  n o rt h ea s t  ( CGS , 1 9 8 2 ) . 

The Sh i re memb e r  o v e r l i e s t h e  Mo l i na a n d  Atwe l l Gu l c h  
Membe rs o f  t h e  Wa s a t c h  F o rma t i on . The  S h i re a nd Atwe l l Gu l c h  
Members  c o n ta i n  re l a t i ve l y  l i t t l e g ro u n dwa t e r ,  b u t  the  Mo l i na 
Member i s  c a p a b l e  o f  prod u c i ng s i gn i f i c a n t  q u a nt i t i e s o f  wa t e r  
( C GS , 1 98 2 ) . 

I n  1 9 82 , the  DOE  ( NUS , 1 9 84 ) i n s ta l l ed t h ree mon i to r  we l l s  
( GWLM 1 th rough GWLM 3 )  a n d  s i x  bo re h o l e s  ( GL M  1 t h rough  GLM 
6)  a t  Luca  s Mesa . The  1 ocat  i on s  of  t h e s e  we 1 1  s a nd boreho  1 es  
a re s h own i n  F i g u re E . 2 . 7 . The  we l l s ,  wh i c h we re a l l  d ry ,  we re 
c omp l eted i n  the  u n c on s o l i dated  ped i me n t  ma t e r i a l s  a nd ra nged 
i n  depth f rom 50 to  203 feet ( Ta b l e  E . 2 . 2 2 ) . The boreh o l e s  
ra n ged i n  d e p t h  f rom 49 feet  to  63 f e e t , a nd we re pac k e r -tes ted 
to  d ete rmi n e  the s a t u ra ted hyd ra u l i c  c o n d u c t i v i ty of the 
u n c o n s o l i dated  ma te r i a l s .  The  res u l t s of  t h i s  te s t i ng a re 
d i s c u s s ed  be l ow .  

I n  1 9 84 , t h e  DOE  i n sta l l ed two ad d i t i ona l we l l s  i n  t h e  
u n c ons o l i dated  ped i ment  ma t e r i a l s . T h e s e  we l l s ( 5 1 0  a n d  5 1 1 )  
we re c omp l eted to d e p t h s  of  35  a nd 9 2  feet  a nd we re a l s o d ry .  
I n  ad d i t i on ,  ten  t e s t  p i t s ( 6 5 1  t h ro u g h  6 6 0 )  t h a t  we re d ug to  
depths  o f  9 to  1 5  f eet were d ry .  T h e  l oc a t i on s  o f  t h e s e  we l l s  
a re a l so s hown i n  F i g u re E . 2 . 7 .  

Ta b l e  E . 2 . 2 2 Comp l et i on i n terva l s  a nd g ro u ndwate r l e ve l s  i n  mo n i to r  we l l s ,  
L u c a  s M e s a  s i te 

Mon i to r  we l l  
n umbe r 

GWLM-l 
GWLM-2 
GWLM-3 

5 1 0 
5 1 1  

Comp l et i on 
i n te rva l 

( d epth  i n  f t )  

1 87 . 6  - 203 . 0  
29 . 0  - 50 . 5  
30 . 5 - 5 1 . 0 

2 1  - 35  
83  - 9 2  
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D ry 
D ry 
D ry 

D ry 
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G roundwa t e r  wa s not  e n c o u n te red i n  a ny o f  t h e  f i ve mon i to r  
we l l s  c omp l et ed a t  t h e  L u c a s  M e s a  s i te ,  and  n o  s p r i n g s , s e e p s , 
o r  mo i s t a rea s h a v e  been noted a ro u nd t h e  f l a n k s  of  t h e  mesa  
( CGS , 1 9 8 2 ) . Howe v e r ,  l i m i t ed na t u ra l i n f i l t ra t i on o f  p re 
c i p i ta t i on may oc c u r .  A l t h o u g h  n o  p e rc h ed g rou ndwa t e r  wa s 
o b s e rved wh i l e d r i l l i ng a t  L u c a s  Mes a , l oca l i zed p e rc hed 
g rou ndwa t e r  zones  may ex i s t wi t h i n  t h e  u n c on s o l i d a ted ma te
r i a l s  or  a t  t h e  bed roc k i nt e rfa c e . 

L i mi ted q u a n t i t i es o f  g ro u ndwa t e r  p ro ba b l y  oc c u r  i n  t h e  
u n d e r l y i ng  Wa s a t c h  F o rma t i on ,  a l t h o u g h  t h e  Sh i re Membe r o f  t h e  
F o rma t i on g e n e ra l l y  ha s v e ry l ow y i e l d s  ( CGS , 1 98 2 ) . L u c a s 
Mesa  may be a g rou ndwa t e r  rec h a rge zone , wi t h  1 i mi ted 
i n f i l t ra t i on oc c u rr i ng d ownwa rd t h ro u g h  t h e  u n c on s o l i da ted 
ma t e r i a l s i n to  the Wa s a t c h  F o rma t i o n . G ro u ndwa t e r  f l ow i n  t h e  
Wa s a t c h  F o rma t i on i s  p ro ba b l y  s t ru c t u ra l l y c o n t ro l l ed ,  wi th  
g roundwa t e r  f l owi ng  downd i p  i n  bedd i ng p l a n e s  towa rd s the  
n o rthea s t . 

I n  1 9 82 , t h e  DOE c o n d u c t ed pac k e r  t e s t s  i n  s i x  b o r e h o l es 
d r i l l ed i n to t h e  u n c on so l i d a ted ped i me n t  ma t e r i a l s o f  L u c a s  
Mesa . T h e  hyd ra u l i c  c o n d u c t i v i ty of  t h e  u nc o n s o l i da ted 
ma t e r i a l s  ra n g e s  f rom 0 . 6  f t /day t o  0 . 003 f t /day , wi t h  a 
geomet r i c mea n  o f  0 . 02 f t /day ( Ta b l e  E . 2 . 2 3 ) . 

The  hyd rau l i c c ond uc t i v i ty o f  t h e  Sh i re Memb e r  o f  t h e  
Wa s a t c h  F o rma t i on a t  L u c a s  M e s a  i s  u n k n own , b u t  i t  i s  p roba b l y  
s i m i l a r  t o  t h a t  o f  t h e  Wa s a t c h  F o rma t i o n a t  E s tes  Gu l c h  
( a p p rox i ma t e l y  1 0- 5  ftlday) . Beca u s e  o f  the  typ i ca l l y l ow 
hyd rau l i c c o n d u c t i v i ty o f  t h e  Wa s a t c h  F o rma t i on ( Sec t i on 
E . 2 . 3 . 6  a n d  CGS , 1 98 2 ) , g ro u n dwa t e r  ve l oc i t i e s b e n e a t h  the  
s i te a re l ow .  

G rou ndwa t e r  q ua l i ty i n  t h e  Wa s a t c h  F o rma t i o n beneath  t h e  
L u c a s  M e s a  s i te h a s  n o t  been  d et e rm i ned . Howe v e r ,  i t  i s  mos t  
l i ke l y  poo r i n  q u a l i ty d u e  to  t h e  l i m i ted  rec h a rge a nd t h e  l ow 
hyd ra u l i c c o n d u c t i v i ty o f  t h e  f o rma t i on .  C o n s eq u en t l y ,  T D S  
c o n c e n t ra t i on s  a re p roba b l y  h i g h a nd g rou ndwa t e r  wou l d  l i k e l y  
b e  c l a s s i f i ed a s  C l a s s  I I I . 

E . 2 . 4  GROUNDWAT E R  I MPACTS 

The re a re f o u r  a l t e rna t i ve s  f o r  the R i f l e  s i te s , i n c l ud i n g no  
a c t i on a nd t h ree  remed i a l  a c t i on a l ternat i ve s . A l l fou r a l terna t i ve s  
i nc l ud e  i n te r i m  a c t i on s  a t  b o t h  t h e  O l d  a n d  N e w  R i f l e  s i tes  to remo ve 
a s bestos  f rom t h e  u n stab l e  mi l l  s t ru ct u re s , d emo l i t i on  o f  t h e  m i l l  
s t ru c t u re s , a n d  remo va l o f  a va r i ety o f  c h em i ca l s  f rom t h e  New R i f l e  
s i te .  The  f i rs t  a c t i on a l te rna t i ve wou l d  i n vo l ve  c o n s o l i da t i on and  
s ta b i l i za t i on o f  a l l  ta i l i n gs  a nd contami na ted ma te r i a l s  a t  t h e  New 
R i f l e  s i te .  The p re f e rred a l t e rna t i ve ,  d i s p o s a l  at t h e  E s tes  Gu l c h 
s i te ,  wo u l d  i n vo l ve  remo va l o f  a l l  t h e  ta i l i ngs  a nd c o n tami na ted 
ma te r i a l s  to  the E s te s  Gu l c h s i te .  The th i rd a c t i on a l t e ra t i ve wo u l d  
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Ta b l e  E . 2 . 23 Boreho l e  d e p t h s  a nd s a t u rated  hyd ra u l i c  c o n d u c t i v i t i es mea s u red i n  t h e  unconso l i dated 
ma t e r i a l s ,  L u c a s  Mesa  s i te 

Pa c k e r  t e s t  Sa t u ra ted 
i nte rva l ( ft hyd ra u l i c  

Bore h o l e  be l ow g round c o n d u c t i v i ty 
n umbe r s u rfac e )  Mate r i a l  d e s c r i p t i on ( f t ld a y )  ( cm/s ) 

GLM-l  8-1 8 C l ayey s i l t ,  g ra v e l  a n d  c o b b l e s 0 . 2  7 X 1 0-5 

1 8-28  C l ayey s i l t ,  g ra v e l  a n d  c o b b l es 0 . 6  2 X 1 0-4 

28-38 C l a yey s i l t ,  sand a n d  g ra v e l  0 . 0 1 5 X 1 0-6 

38-48 C l a yey s i l t ,  s a n d  and g ra ve l  0 . 006 2 X 1 0-6 

GLM-2 1 8-2 8  C l ayey s i l t  w i t h  g ra ve l , c o bb l es ,  a n d  bou l d e rs o f  ba s a l t  0 . 09 3 X 1 0 - 5 

28-38  C l a yey s i l t ,  g ra ve l , c l a y s t o n e  a n d  b a s a l t  0 . 06 2 X 1 0-5 

GLM-3 8-1 8 C l a yey s i l t ,  cobb l es o f  ba s a l t  0 . 0 1 4 X 1 0 - 5 

1 8-28 C l ayey s i l t  w i t h  g ra v e l  s i ze s a n d s t o n e  and c l a y s t o n e  0 . 06 2 X 1 0-5 

5 X 1 0-5 2 7 - 3 8  C l a yey  s i l t  w i t h  g ra v e l  s i ze s a n d s to n e  a n d  c l a y s t o n e  0 . 01 
3 7 -4 8  C l a yey s i l t  w i t h  g ra ve l , c o b b l es a nd ba s a l t  bou l d e rs 0 . 003 9 X 1 0-7 

GLM-4 1 0-28 C l ayey s i l t ,  f i ne g ra ve l  0 . 02 6 X 1 0-6 

1 8-28  C l ayey s i l t ,  f i ne g ra ve l 0 . 009 3 X 1 0-6 

28-38 C l a yey s i l t ,  ba sa l t  c obb l e s a nd g ra v e l  0 . 006 2 X 1 0-6 

38-48 C l a yey s i l t ,  g ra v e l  s i ze ba s a l t  a nd c l a y s t o n e  0 . 006 2 X 1 0-6 

G LM-5 8-1 8 C l a yey s i l t w i t h  bas a l t  0 . 03 1 X 1 0-5 

1 8-28 C l ayey s i l t ,  ba s a l t  and  c l a y s t o n e  0 . 03 1 X 1 0- 5 

29-39 C l ayey s i l t ,  g ra ve l , ba s a l t  a n d  c l a y s t o n e  0 . 09 3 X 1 0-5 

38-50 C l a yey s i l t ,  g ra ve l , ba sa l t  and c l aystone  0 . 006 2 X 1 0-6 

GLM-6 8-1 8 C l ayey s i l t ,  cobb l es o f  ba s a l t ,  g rave l s i ze s i l t s to n e  
and  c l aystone  0 . 03 1 X 1 0 - 5 

1 8-29  C l a yey s i l t ,  bou l de rs a n d  c obb l e s o f  ba s a l t  0 . 03 1 X 1 0-5 

29-39 C l ayey s i l t ,  g ra ve l s  o f  ba s a l t  and s a nd s t o n e  0 . 03 1 X 1 0-5  

Ave rag e  hyd ra u l i c  c o n d uc t i v i ty 0 . 02 7 X 1 0-6 



i n v o l ve remo va l  o f  a l l c ontami nated ma te r i a l s  t o  t h e  L u c a s  M e s a  s i te .  
[ a c h  remed i a l  a c t i on a l t e rna t i ve wo u l d  i n c l u d e  the  c on s t ruc t i on o f  a 
c ompacted  ea rt h e n  ra don  ba r r i e r  o v e r  t h e  s ta b i l i zed ta i l i ngs a nd c o n 
tami nated ma t e r i a l s .  Th i s  ra don  ba r r i e r  wo u l d  h a v e  a l ow hyd ra u l i c  
c on d uc t i v i ty and  wou l d  l i m i t the  i n f i l t ra t i on o f  p rec i p i ta t i on  t h ro u g h  
the  s ta b i l i zed ta i l i ngs p i l e .  The  e f f e c t s  o f  eac h remed i a l  a c t i on 
a l te rna t i ve on g rou ndwate r a n d  t h e  wa t e r  res o u rc e s  p rotec t i on s t ra tegy 
for eac h a l te rn a t i ve a re s umma r i zed be l ow .  

E . 2 . 4 . 1  A l t e rnat i ve ac t i o n : i nt e r i m  a c t i on s  a t  t h e  O l d  a n d  New R i f l e  
s i tes , b u t  no  remed i a l  a c t i on 

Und e r  t h i s  a l te rna t i ve ,  n o  a c t i on wou l d  be t a k e n  to  m l n l 
mi ze the  i n f i l t ra t i on of p rec i p i ta t i o n t h ro u g h  the  O l d  a n d  New 
R i f l e  ta i l i n gs p i l e s ,  o r  t o  p re ve n t  t h e  r i se  o f  g ro u ndwate r 
i n to  the  ta i l i n gs . Seepage f rom t h e  ta i l i n gs  p i l e s wo u l d  c o n -
t i n u e  t o  c ontam i n a t e  g rou ndwa t e r  u nt i l  a l l  contam i na n t s  h a ve 
been l ea c h ed f rom the  ta i l i n gs . G ro u ndwa t e r  contam i na t i on 
wo u 1 d p e r  s i s  t f o r  a n i n d e f i n  i t  e p e r  i 0 d 0 f t i me and  t h e  n d e -
c rease  a s  t h e  c onc e n t ra t i on s  i n  t h e  ta i l i n gs s eepa ge dec rea se . 

Perf o rma n c e  o f  t h e  i n te r i m  a c t i o n s  wou l d  i n c l ud e  remo va l 
o f  the  c h emi c a l s ,  s o l ve n t s , o i l s ,  a n d  othe r ma t e r i a l s  t h a t  a re 
f o u nd a t  the  New R i f l e  s i te .  R emova l o f  t h e s e  ma t e r i a l s  wou l d  
remove potent i a l  s o u rc e s  o f  ad d i t i ona l g ro u ndwa t e r  c ontami 
na t i on . 

E . 2 . 4 . 2  A l t e rna t i ve ac t i on : sta b i l i za t i on a t  t h e  New R i f l e  s i te 

Und e r  t h i s  a l t e rna t i ve a c t i on , t h e  ta i l i n gs a t  the  O l d  
R i f l e  s i te wo u l d  b e  cod i s po s ed a t  t h e  New R i f l e  s i te i n  a 
d i s posa l c e l l .  The  d i s p o s a l c e l l  a t  the  New R i f l e  s i te wo u l d  
c omp l y  wi th  40 C F R  1 9 2 ,  Subpa rt s A a n d  C o f  the  E PA g ro u n d 
wa t e r  p rotec t i on s ta nda rd s  f o r  i na c t i ve  u ra n i um m i l l  s i tes . 
T h i s  i s  ba sed on  a n  a s s e s sment o f  t h e  hyd rog eo l og i c  c h a ra c 
t e r i s t i c s  o f  t h e  s i te ,  d e s i gn a na l ys i s  o f  t h e  d i s po s a l c e l l ,  
a nd p e r f o rma n c e  a s s e s s me n t  o f  t h e  d i s po s a l  s i te .  Du r i ng 
s teady-s tate cond i t i ons , t h e  d i s posa l c e l l  wou l d  meet  c on c e n 
t ra t i on l i m i ts  t h a t  a re d e f i ned a s  e i t h e r  t h e  p roposed  E PA 
M C L s  o r  bac k g round  wa t e r  qua l i ty ,  wh i c h e v e r  i s  h i g h e r ,  a t  the  
po i n t o f  c omp l i a n c e  ( POC ) i n  t h e  u ppe rmo s t  aq u i f e r .  T h e  DOE  
d e f i nes  POCs for  a l l  UMTRA d i s posa l s i t es a s  t h e  d own g rad i ent  
edge o f  t h e  eng i n e e red fa c i l i ty .  At t h e  New R i f l e  s i t e ,  the  
a l l u v i um i s  t h e  uppe rmos t  a q u i f e r .  Howe ve r ,  be c a u s e  of  t ra n 
s i ent  ta i l i n gs d ra i n a g e  a n d  t h e  pote n t i a l  f o r  per i od i c  re l ea s e s  
o f  add i t i o na l contami n a n t s  re l a ted to  f l ood i ng o f  t h e  Co l o ra d o  
R i ve r ,  a l t e rn a t e  conc en t ra t i on l i m i t s  ( A C L s ) c ou l d  be n e c e s s a ry 
to ens u re c ompl i a n c e  w i th  t h e  g ro u ndwa t e r  p rotec t i on s t a nd a rd s . 
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Des i gn c on s i d e ra t i on s  

Und e r  t h e  a l te rna t i ve a c t i on , t h e  ta i l i ngs  a nd c o n tam i 
n a ted ma te r i a l s  f rom both  the  O l d  a n d  New R i f l e  s i te s  wo u l d  be 
c o n s o l i da ted and  s t a b i l i zed i n  an a bo v e - g ra d e  d i s posa l c e l l at 
the  p res e n t  l oc a t i on o f  the New R i f l e  ta i l i n gs  p i l e .  

A c o ve r sys tem wo u l d  be c o n s t ruc ted o v e r  t h e  ta i l i n gs and  
c o n tam i nated  ma t e r i a l s .  The  d i s p o s a l c e l l  cove r a t  the  New 
R i f l e  s i te wou l d  c on s i s t of t h e  f o l l owi ng  ( i n a s c end i n g o rd e r ) : 
1 )  a c ompa cted  c l ay rad o n  ba rri e r ;  2 )  a n  i n f i l t ra t i on ba rri e r  
wi t h  a s a t u ra ted hyd ra u l i c  c ond uc t i v i ty o f  1 0 -9 cm/s ( u s i ng 
C LAYMAX R , a t h i n  l aye r o f  benton i te sa ndwi c h ed betwe en two 
geotext i l e  l aye rs , o r  i t s equ i va l en t ) ; 3 )  a l owe r f i l te r  l a yer 
o f  s a nd ; 4)  an  ea rthen  f ro s t  p rote c t i on l aye r ;  5 )  an  u p p e r  
f i l te r  ( bedd i ng )  l aye r o f  s a n d ; a n d  6 )  a l ay e r  o f  e ros i on 
p rotec t i on r i p ra p . 

The i n f i l t ra t i o n ba rr i e r  wou l d  l i m i t s teady s t a t e  ve rt i c a l  
s eepage  t h rough t h e  ta i l i ngs  t o  1 0 -9 cm/s . Gro u ndwa t e r  
mo und i n g ( a s  a re s u l t  o f  ta i 1 i n gs s e e p a g e )  wo u l d  n o t  be  a 
p ro b l em i n  the  a l l u v i um beca u s e  o f  t h e  h i g h hyd ra u l i c  c on 
d u c t i v i ty o f  t h e  a l l u v i um .  Howe ve r ,  bec a u s e  t h e  d i s po s a l c e l l 
a t  the  New R i f l e  s i te wou l d  be l oca ted i n  t h e  f l ood p l a i n  o f  
t h e  Co l o ra d o  R i  ve r ,  g ro u ndwa t e r  i n  t h e  a l l  u v i  um ma y o c c a 
s i ona l l y e n c ro a c h  u p o n  the  ta i l i n gs d u r i n g p e r i od s  o f  f l ood i ng 
o f  t h e  Co l o rado  R i ve r ,  i n und a t i n g t h e  l owe r ta i l i n gs  a n d  
re l ea s i ng c o n tam i na n t s  i n to g rou ndwa t e r  f o r  l i m i ted pe r i od s  o f  
t i me .  

Groundwa t e r  prote c t i on s t a nda rd s  f o r  d i spo s a l 

E i ghteen  ha za rd o u s  c o n s t i t u en t s  ( f rom 40 C F R  1 92 a nd 
Append i x  I X  o f  40 C FR 264 )  we re i d e n t i f i ed w i t h i n  the  ta i l i ng s  
a t  t h e  R i f l e  pro c es s i n g s i te s  a t  c o n c e n t ra t i on s  e x c e ed i ng t h e  
M C L s  o r  o rga n i c  d etec t i on l i m i t s . The s e  a re a rs en i c ,  c h romi um ,  
mo l ybd e n u m , s e l en i um ,  u ra n i um ,  rad i um- 2 2 6  a n d  - 2 2 8  c omb i ned ,  
b e ry l l i um ,  vanad i um ,  ben zen e ,  d i e t h y l  phtha l a te ,  ben zo [ a ] 
a n t h ra c e n e , ben zo [ a ]  py re n e , c h ry s en e , f l u o ra n t h e n e , i nd eno  
( l , 2 , 3 -ed ) pyren e ,  pyre n e , ac ry l on i t r i l e ,  2 , 4 -0 , a nd S i l vex 
( 2 , 4 , 5 -TP ) . The  p roposed c o n c e n t ra t i on l i m i t s  f o r  t h e s e  
con s t i t u e n t s  a re t h e  M C L s  o r  b a c k g ro u n d  c o n c e n t ra t i on s , 
wh i c he v e r  a re h i g he r .  

Meta l s  s u c h  a s  mo l ybd enum  a n d  u ra n i um a re typ i c a l l y geo 
c hem i ca l l y n o n c o n s e rva t i ve c o n s t i t u e nt s , wh i c h  a re rea c t i ve .  
The i r c on c e n t ra t i on s  w i l l  be a f fected  by g e o c h em i ca l p ro c e s s e s  
s u c h  a s  s o rpt i on , ox i d a t i o n / re d u c t i o n , p rec i p i ta t i on , etc . 
An i on s  s u c h  a s  c h l o r i d e ,  n i t ra t e , a n d  s u l fate  a re typ i c a l l y 
geoc hemi ca l l y c o n s e r va t i ve c o n s t i t u e n t s , wh i c h  a re re l a t i ve l y  
non rea c t i ve .  Th e s e  c o n s t i t u e n t s  w i l l  n o t  be a f fected  by t h e  
geoc h emi c a l  p roc e s s es d e s c r i bed a b o ve . The re f o re , c h a n g e s  i n  
c o n c e n t ra t i on s  wi l l  d i re ct l y  re f l e c t  g ro u n dwa t e r  f l ow .  
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P e r f o rma n c e  a s s e s smen t  

F o l l owi ng  remed i a l  a c t i on ,  c o n tam i n a n t  c o n c e n t ra t i o n s  i n  
g rou ndwa t e r  benea t h  the  d i s p o s a l c e l l wo u l d  g ra d ua l l y  d e c re a s e  
u n t i l  eq u i l i b ri um wi th  t h e  s t e a d y  s ta t e  s e e pa g e  f l u x o f  1 0-9 
cm/s i s  rea ched . At t h i s  t i me ,  t h e  p roposed  c o n c e n t ra t i on 
l i m i t s  f o r  t h e  ha za rd o u s  c o n s t i t u e n t s  wou l d  be  met a t  t h e  POC . 

I n i t i a l l y ,  t h e re wou l d  be a t ra n s i e n t  d ra i nage  pe r i od 
d u r i ng wh i c h the  mo i s t u re content  o f  t h e  ta i l i ng s  wou l d  g ra d u 
a l l y  d e c re a s e  un t i l i t  i s  a t  eq u i l i b r i um wi t h  t h e  steady  s t a t e  
s eepage f l u x t h ro u g h  the  d i s pos a l  c e l l c o ve r .  Contami n a n t  c o n 
c e n t ra t i o n s  i n  g rou ndwa t e r  wi t h i n  t h e  a l l u v i um wo u l d  g ra d ua l l y  
dec re a s e  t o  b a c k g ro u nd c o n c e n t ra t i o n s . The M C L s  f o r  t h e  h a z
a rd o u s  c o n s t i t u e n t s  may i n i t i a l l y  be  exc eeded  wh i l e  t h e  ta i l 
i ngs  a re d ra i n i ng a nd u n t i l ex i s t i n g c o n tami n a t i on i n  the  
a l l uv i um i s  f l u s hed  to  b a c k g round  c o n c e n t ra t i on s . Con s e q u e n t 
l y ,  the  E PA g rou ndwa t e r  p ro te c t i on s t a n d a rd s  wo u l d  be met 
d u r i ng  t h i s  t ra n s i t i on pe r i od by d e s i gn mod i f i c a t i on or t h e  
a pp l i c a t i on of  A C L s . Th e s e  A C L s  wo u l d  be d ev e l oped f o l l owi n g  
deta i l ed mod e l i ng  a n d  a na l ys i s o f  t h e  t ra n s i e n t  d ra i nage  f rom 
the  ta i l i ngs . 

Bec a u s e  t h e  New R i f l e  d i s p os a l  c e l l wo u l d  be  l ocated  
wi th i n  t h e  f l ood p l a i n  o f  the  Co l o r a d o  R i ve r ,  the  p roposed  E PA 
g rou ndwa t e r  MC L s  c ou l d  temp o ra r i l y  be exceeded f o l l owi ng  
p e r i od s  o f  f l ood i n g of  t h e  Co l o ra d o  R i ve r .  F l ood i n g c ou l d  
re s u l t  i n  e l eva ted g rou ndwate r l e ve l s  t h a t  c ou l d  enc roa c h  upon  
t h e  l owe r p o rt i on s  o f  t h e  ta i l i n gs  and  re l ea s e  contam i n a n t s  
i nto  g ro u ndwa te r .  I n  t h i s  c a s e , A C L s  wou l d  a l s o b e  c on s i d e red 
a s  a mea n s  to e n s u re c omp l i a n c e  wi t h  t h e  E PA p rotec t i on 
standa rd s . 

I n  t h e  event  that  c omp l i a n c e  wi t h  t h e  E PA g roundwa t e r  
p rotec t i on s t a nda rd s  ca nnot  be  a c h i e ved wi th  the  p roposed  
c on c eptua l d es i gn for  t h e  New R i f l e  a l terna t i ve ,  AC L s  wo u l d  
a l s o b e  con s i d e red . The AC L ( s )  wo u l d  b e  e s t a b l i s h ed o n l y  i f  
i t  c ou l d  be d emon s t ra ted t h a t  a g i ven  c o n s t i t u e n t  wou l d  not  
po s e  a s U b s ta n t i a l  t h rea t or  pote nt i a l  ha za rd to  h uma n hea l th 
o r  t h e  e n v i ronme n t  a s  l ong  a s  t h e  A C L  i s  not  exc eed ed ( 40 C F R  
264 . 9 4 ( b ) ) .  A f t e r  c o n s i d e r i n g c o rrec t i ve a c t i on s , A C L s  c o u l d  
b e  a pp l i ed p ro v i d ed t h a t  a dete rm i na t i on c a n  b e  mad e  t h a t  the  
l owe r of  t h e  va l u e s  g i ven  by t h e  s t a nd a rd for  s e tt i n g ACLs  i n  
40 C F R  264 . 9 4 ( b )  i s  sa t i s f i ed ,  a n d  t h e  c o n c e n t ra t i on s  e s ta b 
l i s h ed a s  a re s u l t  of  t h e  c o r re c t i ve a c t i on a re a s  l ow a s  
rea sona b l y a c h i e va b l e .  

C u rren t l y ,  t h e re i s  p l enty of  good -qua l i ty wa t e r  a va i l a b l e 
f rom t h e  C o l o ra d o  R i ve r  f o r  d r i n k i n g wa t e r  a nd o t h e r  p u rpos e s . 
The  c o n t i n ued s u pp l y  o f  wa t e r  f rom t h i s  s o u rc e  ma k e s  i t  u n 
l i k e l y  t h a t  g ro u ndwa t e r  i n  t h e  a l l u v i um d own g rad i en t  o f  t h e  
p ro c es s i n g s i te s  wou l d  be  n eed ed f o r  f u t u re wa t e r  s u p p l i es .  
The p robab i l i ty o f  a p re s e n t  o r  poten t i a l  ha za rd to  h uma n 
h ea l t h i s  l ow .  
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C l os u re pe r f o rma n c e  a s s e s sme n t  

T h e  d i s posa l c e l l wou l d  c omp l y  wi t h  the  c l o s u re p e r f o r
ma n c e  s t a n d a rd s  o f  40 C F R  1 9 2 . 02 ( a ) ( 4 ) . Ac t i ve ma i n te n a n c e  o f  
the  d i s posa l c e l l wou l d  be m i n i m i zed bec a u s e i t  wo u l d  b e  
c o n s t ructed  wi th  d u ra b l e ,  n a t u ra l  ma t e r i a l s  t h a t  wou l d  meet 
the l onge v i ty req u i reme n t s  of 40 C F R 1 9 2 . 02 .  Ot h e r  sa f ety 
f a c t ors h a v e  been  i nc o rp o rated  i n to  t h e  d i s p os a l  c e l l d e s i g n 
s o  that  the  c e l l s h o u l d  ope ra te f o r  l on g e r  t h a n  the  req u i  red 
1 000-yea r d e s i g n l i fe .  F o r  examp l e ,  t h e  p i l e  h a s  been  
d e s i gned to  a c c ommodate  n a t u ra l  f o rc e s  s u c h  a s  e ros i on a nd 
f ro s t  h e a ve . 

Groundwa t e r  pe r f o rma n c e  mon i to r i ng proa ram 

A Su rve i l l a n c e  a nd Ma i n t e n a n c e  ( S&M ) P l a n  wo u l d  be d e ve l 
oped to  add re s s  the  va r i o u s  mon i to r i ng  n e e d s  o f  the  d i s posa l 
c e l l ,  i n c l ud i ng g ro u ndwa t e r  mon i to r i ng , b i o i n t rus i on ,  s o i l 
e ros i on ,  a n d  ru n o f f f rom the  p i l e .  The  d a t a  c o l l ec t ed wo u l d  
be u s ed to  e va l uate  the  perfo rma n c e  o f  t h e  d i s posa l c e l l . 

The DOE  wou l d  d e ve l op a n  i n tegrated  grou ndwate r mon i to r i ng  
p rog ram i n  the  S&M P l a n . Th i s  p ro g ram wo u l d  be c ond ucted  
a f t e r  c omp l et i on o f  the  remed i a l  ac t i on to  d emon s t rate  that  
t h e  perf o rma n c e  o f  the  c e l l comp l i e s wi t h  the  g rou ndwate r 
p rotec t i on standa rd s  a n d  t h e  c l o s u re perfo rma n c e  s t a n d a rds . 
The p rog ram wo u l d  i n c l ud e  c omp l i a n c e  mon i to r i ng we l l s  i n  
g rou ndwate r a t  the  pac a nd upg rad i e n t  of  t h e  d i s p o s a l c e l l . 
The c omp l i a n c e  mon i to r i ng  we l l s  wo u l d  be s amp l ed qua rte rl y 
d u r i ng t h e  f i rs t  yea r f o l l owi ng  c omp l et i on of  the  remed i a l  
a c t i on . The  we l l s wou l d  t h e n  b e  s amp l ed semi a n n ua l l y o r  
a n n ua l l y  t h rough the  end o f  t h e  p e rf o rma n c e  mon i to r i ng  p e r i od . 
Con s t i t u e n t s  to  be a na l yzed f rom mon i to r  we l l  samp l e s wou l d  
i nc l ude a l l t h e  h a za rd o u s  c o n s t i t u e n t s  o f  c o n c e rn , ma j o r  
a n i o n s  a n d  c a t i ons , a n d  the  s t a nda rd s u i te o f  f i e l d  pa rame t e rs 
( a l ka l i n i ty ,  pH , tempe rat u re ,  a n d  s pec i f i c  c on d u c t i on ) . 

C o rrec t i ve a c t i on  o l a n  

Shou l d  c ontami nated  g rou ndwate r m i g ra te beyond the  pac 
d u r i ng  the 1 000-yea r d e s i gn 1 i fe of the d i s p o sa l c e l l ,  i t  
wou l d  not  s i gn i f i c a nt l y  a f f e c t  h uma n h ea l t h o r  the  e n v i ron
men t . T h e re a re n o  u s e r s  of  c ontami nated  g roundwa t e r  f rom the 
a l l uv i um d own g ra d i ent  o f  the New R i f l e  s i te . F u rt h e rmo re , 
f u t u re d e v e l opment  o f  the  g rou ndwa t e r i n  t h e  a l l u v i um i mmed i 
a te l y  down g ra d i e n t  o f  t h e  s i te i s  u n l i k e l y  d u e  to  t h e  poo r 
qua l i ty o f  the  wa t e r  ( s ee Sect i on E . 2 . 5 ,  G rou ndwate r U s e , 
Va l ue a n d  A l t e rn a t e  S u p p l i e s ) . 

Howeve r ,  i f  the  c on c e n t ra t i on 1 i m i t s a re exceeded  f o r  a n y  
h a za rd o u s  c o n s t i t uent  a t  t h e  pac , t h e  D O E  wo u l d  i n vest i ga t e  
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meth od s  of  c o rrect i ve ac t i on to  b r i n g the  d i s p os a l  c e l l i nto  
c omp l i a nc e .  Any exc u rs i on a t  the  POC d e t e c ted by s a t u ra ted 
zone mon i to r i ng wou l d  requ i re resamp l i ng and a na l ys i s  at l ea s t  
o n c e  f o r  v e r i f i ca t i on o f  t h e  exc u rs i on .  Deta i l s  o f  t h e s e  
p ro c ed u res  wou l d  be p res ented i n  t h e  S&M P l a n . 

Shou l d  c o rrec t i ve a c t i on be req u i red , i t  ma y be n e c e s s a ry 
to  i mp l eme n t  A C L s  o r  mod i fy t h e  d i s p os a l  c e l l cove r .  The  DOE 
mu s t  demo n s t rate  t h a t  th i s  c o r rec t i ve a c t i on can be f o rmu l a ted 
and i n i t i a ted wi t h i n  1 8  mon t h s  of the f i nd i n g of exceeda n c e  o f  
the  g rou ndwate r p rotec t i on s ta n d a rd s . 

C l e a n up a nd cont ro l  o f  ex i s t i ng c o n t a m i n a t i on 

The n eed f o r  a nd extent  o f  a q u i f e r  re s t o ra t i on a t  the  
R i f l e  p ro c e s s i ng s i tes  wou l d  be dete rmi ned b a s ed on  t h e  extent 
of  e x i s t i n g c ontami n a t i on ,  t h e  pote n t i a l  for  c u r re n t  or  f u t u re 
u s e  of  t h e  a q u i f e r  f o r  d r i n k i ng wa t e r  s u p p l i e s ,  and  t h e  t e c h 
n i ca l  p ra c t i ca b i l i ty ( f rom a n  eng i n e e r i ng  pe rspe c t i ve )  o f  
re s to r i ng t h e  aq u i f e r .  

P re l i m i na ry c a l c u l a t i ons  we re c o nd u c ted t o  es t i ma te the  
t i me req u i red for  n a t u ra l  f l u s h i n g ( o r pa s s i ve re s t o ra t i on )  to  
remo ve geoc hem i c a l l y  c on s e rvat i ve c o ntam i na n t s  to b a c k g ro u nd 
c o n c e n t ra t i o n s  i n  t h e  a l l u v i um a t  the  R i f l e  p roce s s i n g s i tes . 
T h e s e  ca l c u l a t i on s  i n d i c a te t h a t  n a t u ra l  f l u s h i n g wou l d  red u c e  
conc ent ra t i  o n s  of  c on s e rvat i v e  c ontami  n a n t  spec  i e s  to  b a c k 
g ro u nd c o n c e n t ra t i o n s  i n  the  a l l u v i um a t  the  O l d R i f l e  s i te 
wi t h i n  1 0  yea rs a f t e r  t h e  ta i l i n gs  h a ve been  remo ved . How
eve r ,  n a t u ra l  f l u s h i ng of nonc o n s e rva t i ve ( ge o c h emi c a l l y  
rea c t i ve )  s pec i e s may requ i re c on s i d e ra b l y  mo re t i me , and  
aqu i f e r  re s t o ra t i on c ou l d  be requ i red to  en s u re c omp l i a nce  
wi t h  the  p roposed  s ta nd a rds . B e c a u s e  o f  i ts l ow hyd ra u l  i c  
c o n d u c t i v i ty ,  n a t u ra l  f l u s h i ng i n  t h e  u nd e r l yi ng  Wa s a t c h  
F o rma t i on wo u l d  be n e g l i g i b l e  i n  1 00 yea rs .  U n d e r  t h e  New 
R i f l e  d i s po s a l a l t e rna t i ve , f l u s h i n g at t h e  New R i f l e  s i te 
c a n n ot be a c c u ra te l y  mod e l ed wi t h o u t  add i t i ona l c ha ra c te r i 
za t i on o f  t h e  t ra n s i ent  d ra i nage  f rom t h e  ta i l i ngs  a t  the  New 
R i f l e  s i t e . 

The need f o r  a nd extent  o f  a q u i f e r  re s t o ra t i on wi l l  be 
eva l ua ted wh en the  f i na l  g ro u ndwate r p rotec t i on stan d a rd s  a re 
p romu l gated . I f  i t  c a n  be d emon s t ra ted t h a t  n a t u ra l f l u s h i n g 
wi l l  red u c e  c o n c e n t ra t i on s  of  h a za rd o u s  c o n s t i t u e n t s  i n  
g ro u ndwa t e r  to b a c k g ro u nd o r  M C L s  w i th i n  1 00 yea rs ( a s 
req u i red by Su bpa rt B o f  40 C F R  1 9 2 ) , t h e n  natu ra l  f l u s h i ng 
wi t h  i n s t i tut i ona l c o n t ro l s  w i l l  be  u s ed to  c omp l y  wi th  the  
g ro u ndwa t e r  stan d a rd s . Howe ve r ,  i f  n a t u ra l  f l u s h i ng i s  not  
s u f f i c i ent  to red u c e  c o n c e n t ra t i on s  t o  MCLs  o r  bac k g round , 
t h en a c t i ve a qu i f e r  re s t o ra t i on , a c t i ve res t o rat i o n i n  c omb i 
na t i on  w i t h  n a t u ra l  f l us h i ng ,  o r  A C L s  wo u l d  be requ i red . 
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Und e r  UMTRCA , t h e  DOE m u s t  comp l y  wi th  the  p roposed  s t a n 
d a rd s  u n t i l s ta n d a rd s  a re p romu l gated  i n  f i na l  f o rm .  As  a 
re s u l t ,  remed i a l  ac t i on t a k e n  wi th  rega rd to the  R i f l e  s i te s  
wo u l d  not  p rec l u de  s u b s eq u e n t  d e s i gn e n h a ncemen t s  i f  needed to  
a c h i eve c omp l i a n c e  w i t h  the  s ta n d a rd s , a nd wou l d  not l i m i t the 
se l e c t i on  o f  rea s onab l e  g ro u ndwate r re s t o ra t i on me t h o d s  that  
may  be n ec e s s a ry wh en  the  f i na l  s t a nd a rd s  a re p romu l ga ted . 
The DOE h a s  c ha rac t e r i zed c ond i t i on s  a t  the  R i f l e  u ra n i um m i l l  
ta i l i ngs  s i te s  a nd dete rmi n ed that  t h e  p roposed  remed i a l  a c t i on 
wou l d  c omp l y  w i t h  the  re q u i  reme nts  o f  S u bpa rt A o f  the  p ro
p o s ed E PA g ro u ndwa t e r  p rotec t i on s t a nd a rd s . When  f i na l  stan
d a rd s  a re p romu l ga ted , the  DOE  w i l l  e va l uate  g ro u ndwate r 
p rotec t i on re q u i reme nts  a nd u n d e rt a k e  s u c h  a c t i o n  a s  n e c e s s a ry 
to en s u re t ha t  the  f i na l  s t a nd a rd s  a re met . The need f o r  and  
extent  o f  aq u i f e r  re sto ra t i on w i l l  be eva l u a ted i n  a c c o rd a nc e  
wi th  the  Na t i ona l E n v i ronme n ta l Po l i c y Ac t .  

The D O E  has  d e f i ned ex i s t i ng a n d  bac k g ro u n d  wa t e r  q ua l i ty 
a t  the  p roc e s s i ng a nd d i s po s a l s i te s , a nd a d ve rs e  i mp a c t s  on  
g ro u ndwa t e r  qua l i ty f rom the  remed i a l  a c t i on can  be i d en t i 
f i ed .  The remed i a l  a c t i on s h ou l d  not  i n te rfe re w i t h  a n y  
aqu i f e r  re s t o ra t i on a c t i v i t i e s a t  the  O l d  R i f l e  s i te ,  s ho u l d  
aq u i fe r  re s t o ra t i on be n e c e s s a ry .  Howe ve r ,  t ra n s i ent  
d ra i nage  f rom the  ta i l i ngs  i n  the  d i s posa l c e l l a t  the  New 
R i f l e  s i te wo u l d  a f f ect  n a t u ra l  f l u s h i ng of c o n tami n a n t s  f rom 
the  a l l u v i um ,  a n d  c o u l d  i n te rfe re wi t h  aq u i f e r  re s t o ra t i on a t  
the  New R i f l e  s i te i f  aq u i f e r  re s t o ra t i on i s  dete rmi ned to  b e  
nec e s s a ry i n  the  f u t u re . 

Beca u s e  the  pe r i od o f  c o n s t ru c t i o n wo u l d  be re l a t i ve l y  
s h o rt a t  the  R i f l e  s i tes , a nd beca u s e  t h e re a re n o  u s e rs o f  
t h e  g ro u ndwate r c on t a m i nated  by ta i l i ngs  s e e pa g e  a t  the  R i f l e  
s i tes , t h e re wo u l d  be l i tt l e  o r  no  r i s k  to  h uma n hea l t h  o r  the  
e n v i ronme n t  by  l ea v i ng g ro u ndwate r c o n tami n a t i on i n  p l a c e  
d u r i ng the  i n t e r i m  p e r i od between  remed i a l  a c t i on  a n d  e va l ua 
t i on o f  g ro u ndwa t e r  c l ea n u p . 

E . 2 . 4 . 3  Prefe rred a l t e rna t i ve :  ta i l i ngs  d i spos a l  a t  t h e  E s t es  Gu l c h  
s i te 

The d i s po s a l  c e l l  a t  E s te s  Gu l c h  wo u l d  c omp l y  w i th  40 C F R  
1 9 2 ,  Su bpa rts A a n d  C o f  t h e  E PA g ro u n dwa te r p rotec t i on 
s t a nda rd s  f o r  i na c t i ve u ra n i um m i l l  s i te s . Th i s  i s  b a s ed on 
a n  as ses sme n t  of  the hyd rogeo l og i c  c ha ra c te r i s t i c s  of  the s i te ,  
d e s i gn a n a l ys i s  o f  t h e  d i s pos a l  ce l l ,  a nd p e r f o rma n c e  a s s e s s 
men t  of  t h e  d i s po sa l s i te . T h e  d i s po s a l c e l l  wou l d  meet c on 
c e n t rat i o n 1 i m i ts t h a t  a re d e f i ned a s  e i t h e r  the  p ro p o s ed E PA 
M C L s , o r  ba c k g ro u nd wa t e r  qua l i ty ( wh i c he v e r  i s  h i g h e r ) , a t  the  
POC i n  the  u p p e rmos t wa t e r -bea r i n g  u n i t .  At the  E s te s  Gu l c h  
s i te , t h e  Wa satc h Forma t i on i s  t h e  u p p e rmo s t  wa t e r  ·bea r i ng 
u n i t .  App rox i mate l y  1 00 feet of r i p ra p  l i e  between the c om
p a c ted ta i l i ngs  a n d  t h e  POC . 
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Des i gn c o n s i d e ra t i o n s  

U n d e r  t h e  p re f e rred a l terna t i ve , t h e  ta i l i ng s  a n d  c o n tami 
nated ma t e r i a l s  f rom t h e  O l d  a n d  N ew R i f l e  s i te s  wo u l d  be  
p l a c ed i n  a pa rt i a l l y be l ow-g ra d e  d i s po s a l c e l l at  the  E s te s  
Gu l c h  d i s posa l s i te .  The  founda t i on of  t h e  d i sposa l c e l l 
wou l d  be t h e  n a t u ra l l y  occ u rr i n g  f i ne-g ra i ned  ma te r i a l s 
over l y i n g  t h e  Wa s a tc h Fo rma t i on . The  c l ay wou l d  be  c ompa c ted 
to 9 0  p e rc e n t  c ompa c t i o n  beneath  the ta i l i ng s . G ro undwa t e r  
occ u rs i n  the  Wa s a t c h  Forma t i on a t  t h e  E s t e s  Gu l c h  d i s p o sa l 
s i te a p p rox i ma te l y  1 63 f eet be l ow t h e  g round  s u rfa c e , a nd 
f l u c t ua t i on s  i n  g ro u ndwa t e r  e l e va t i o n s  wo u l d  not  o f f s et the  
p e r f o rma n c e  of  t h e  d i s pos a l  c e l l .  

A c o ve r sys tem wou l d  be c o n s t ru c t ed ove r t h e  ta i l i ng s  a n d  
c on tami n a ted ma t e r i a l s .  The  d i s posa l c e l l c o v e r  a t  E s t e s  Gu l c h 
wou l d  c on s i s t of  t h e  f o l l ow i n g  ( i n a s c e n d i ng o rd e r ) : 1 )  a c l ay 
rad o n / i n f i l t ra t i o n  b a r r i e r  w i t h  a hyd ra u l i c  c o n d u c t i v i ty o f  
1 0-8 cm/s ; 2 )  a l owe r f i l te r  l aye r o f  s a n d ; 3 )  a n  ea rthen  
f ro s t  p rotec t i on l aye r ;  4 )  an  upper  f i  l te r  ( bedd i ng )  l a ye r of  
sand ; a n d  5 )  a l a ye r o f  r i p ra p  for  e ro s i on p rotec t i on . 

The  rad o n  ba rr i e r  wou l d  l i m i t s tea dy  s tate  v e rt i ca l  
s eepage t h rough  t h e  ta i l i ng s  t o  1 0-8 cm/s . Th i s  s eepage 
( f l ux )  i s  w i t h i n  t h e  d ra i nage  c a p a c i ty o f  the  u n d e r l y i ng 
bed roc k , p re v en t i n g  ta i l i ng s  s eepage  f rom p e rc h i ng a l ong  l ow 
hyd ra u l i c c o n d u c t i v i ty s t ra ta beneath  t h e  d i s pos a l  c e l l .  No 
g ro u ndwa t e r  moun d i n g i n  the u n d e r l y i ng Wa s a t c h  Fo rma t i on wou l d  
occ u r  i nto t h e  d i s po s a l c e l l beca u s e  t h e  d epth  to g roundwa t e r  
i s  1 63 feet . 

The  n a t u ra l  vegetat i o n  on  t h e  1 4 -ac re u p l a n d  d ra i nage  a rea 
a bove  t h e  d i s posa l c e l l wou l d  be  rep l a ced  w i t h  e ro s i on p ro 
tec t i on r i p ra p . T h e  poten t i a l  f o r  i n c rea sed  i n f i l t ra t i on a n d  
a rt i f i c i a l l y  i nd u ced g roundwa t e r  p e rc h i ng o n  t h e  c o n ta c t  o f  
t h e  Wa s a t c h  Fo rma t i . n wo u l d  be  m i n i m i zed by compa c t i ng t h e  
foundat i on ma te r i a l  f o r  t h e  u p l a n d  d ra i nage  a rea t o  9 5  p e rc e n t  
c ompa c t i on .  

G roundwa t e r  prot ec t i on standa rd s  f o r  d i s posa l 

E i ghteen  ha z a rd o u s  c o n s t i t u e n t s  ( f rom 40 C F R  1 9 2 a n d  
Append i x  I X  o f  4 0  C F R  264 ) we re i d e n t i f i ed w i t h i n t h e  ta i l i ng s  
a t  t h e  R i f l e  p roc e s s i ng s i te s  a t  c o n c e n t ra t i o n s  exceed i ng t h e  
M C L s  o r  o rga n i c  detec t i on l i m i t s . T h e s e  a re a rs en i c , c h romi um , 
mo l ybd enum , s e l e n i um ,  u ra n i um ,  rad i um-226  a n d  -228  c omb i ned , 
b e ry l l i um ,  vanad i um ,  b e n z en e , d i e t h y l  phtha l a te , b e n zo [ a ]  
a n t h ra c en e , ben zo [ a ] pyren e ,  c h rys en e , f l u o ra n thene , i nd eno 
( l , 2 , 3 -ed ) pyre n e , pyrene ,  a c ryl on i t r i l e ,  2 , 4- 0 , a n d  S i l vex 
( 2 , 4 , 5 - T P ) . The p roposed  c o n c e n t ra t i on l i m i t s for t h e s e  c o n 
s t i tuents  a re t h e  M C L s  o r  b a c k g ro u n d  c o n c e n t ra t i on s , wh i c h e v e r  
a r e  h i  ghe r .  
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P e r f o rma n c e  a s s e s sment 

Seepage f rom the d i s p o s a l c e l l wo u l d not  c a u s e  c on c e n 
t ra t i on 1 i m i t s to  be exceeded a t  the  pac . T h e  c e l l  wo u l d  
c omp l y  wi t h  the  p roposed  E PA g roundwate r p rotec t i on s t a n d a rd s  
bec a u s e  the  a v e rage  l i ne a r  ve l oc i ty i n  the  Wa s a t c h  F o rma t i on 
i s  l e s s  t h a n  0 . 1  f t lyr . C o n s e q u e n t l y ,  c on tami nated  g ro u n d 
wa t e r  wo u l d  t ra v e l  l e s s  t h a n  1 00 f e e t  i n  1 000 yea rs , the  
d e s  i g n 1 i f  e 0 f the  d i s  po sal  c e l L T h i s i s a p p ro x i ma  te l y the  
d i s t a n c e  f rom the  pe r i mete r o f  t h e  ta i l i ngs  to the  down 
g ra d i en t  edge o f  t h e  r i p ra p  ( t he  paC ) . 

C l o s u re pe rf o rma n c e  a s s e s sme n t  

The  d i s p o s a l c e l l wou l d  comp l y  wi th  the  c l o s u re pe rfor
ma n c e  s t a nd a rd s  o f  40 C F R  1 9 2 . 02 ( a ) ( 4 ) . Act i ve ma i n te n a n c e  o f  
t h e  d i s posa l ce l l  wo u l d  b e  m i n i m i zed  bec a u s e  i t  wou l d  b e  
c on s t ruc ted wi th d u ra b l e ,  n a t u ra l  mate r i a l s  t h a t  wo u l d  meet 
t h e  l on g e v i ty req u i reme n t s  of 40 C F R  1 9 2 . 02 . Ot h e r  sa f ety 
f a c t o rs h a v e  been  i n c o rp o rated  i n to  the d i s p o s a l c e l l  d e s i g n  
s o  t h a t  the  c e l l s h ou l d  ope ra te f o r  l onge r t h a n  the  req u i  red 
1 000-yea r d e s i g n l i fe .  Fo r examp l e ,  t h e  p i l e  h a s  been  
d e s i gned  to a c c ommodate  na t u ra l  f o rc e s  s u c h  as  e ros i on and  
f ro s t  heave . 

Grou ndwate r pe rfo rma n c e  mon i to r i ng p rogram 

An S&M P l a n  wo u l d  be d e v e l oped to a d d re s s  the va r i o u s  
mon i to r i ng need s o f  t h e  d i s pos a l  c e l l ,  i n c l ud i ng g ro u ndwa t e r  
mon i to r i ng , b i o i n t ru s i on ,  s o i l e ro s i on ,  a nd runo f f  f rom the  
p i l e .  The  data  c o l l ected  wo u l d  be u s e d  to  eva l uate  the  
p e rf o rma nc e o f  the  d i s p os a l  c e l l .  

The DOE  wou l d  deve l op a n  i n teg ra ted g ro u ndwa t e r  mon i to r i ng 
p rog ram i n  the  S&M P l a n . Th i s  p rog ram wo u l d  be c ond uc ted 
a fte r c omp l et i o n o f  the  remed i a l  a c t i on to  d emo n s t ra te that  
t h e  p e rf o rma nce  o f  the  c e l l c omp l i e s wi t h  the  g ro u ndwa t e r  
p rotec t i o n standa rd s  a nd the  c l os u re p e r f o rma n c e  s t a nd a rd s . 
The p rog ram wo u l d  i nc l ud e  c omp l i a n c e  mo n i to r i ng  we l l s  i n  
g ro u ndwa t e r  a t  the  pac a nd u pg rad i e nt  o f  the  d i s po s a l c e l l .  
The comp l i a nce  mo n i to r i ng we l l s  wo u l d  be samp l ed q u a rte rl y 
d u r i ng t h e  f i rs t  yea r f o l l owi ng  c omp l e t i o n  o f  the  remed i a l  
ac t i on .  The we l l s  wo u l d  t h e n  b e  samp l ed s em i a n n ua l l y o r  
a n n ua l l y  t h rough  the  end o f  t h e  p e rf o rma nce  mon i to r i ng  pe r i od . 
Con s t i t u e n t s  to  be a na l yzed f rom mon i to r  we l l  samp l e s  wo u l d  
i nc l ud e  a l l  the  h a za rd o u s  c o n s t i t ue n t s  o f  c o n ce rn , ma j o r  
a n i on s  a nd c a t i on s , a nd t h e  s t a n d a rd s u i te o f  f i e l d  pa rameters  
( a l ka l i n i ty ,  pH , tempe ra t u re , a nd s p ec i f i c  c on d u c t i on ) . 
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C o rrec t i ve a c t i on p l a n  

I n  t h e  u n l  i k e l y  event  that  c o ntami nated g ro u ndwate r 
m i g rates  beyond the  pac wi t h i n  1 000 yea rs , i t  wo u l d  not  s i gn i -
f i c a nt l y  a f fect  h uma n h ea l t h o r  t h e  e n v i  ronment . G ro undwate r 
i n  t h e  Wa s a t c h  Fo rma t i on beneath  t h e  E s t es  Gu l c h  d i s p o s a l c e l l 
c o u l d  be c l a s s i f i ed a s  C l a s s  I I I , ba s ed on  t h e  h i gh c o n c e n t ra 
t i on s  o f  n a t u ra l l y  o c c u rr i n g  contam i n a n t s  a n d  on  t h e  l ow y i e l d  
o f  the  Wa s a t c h  F o rma t i on . F u rt h e rmo re , t h e re a re n o  down g ra 
d i e n t  u s e rs o f  Wa s a t c h  F o rma t i on g ro u ndwate r i n  t h e  i mmed i a te 
v i c i n i ty o f  the d i s p o s a l s i te .  Bec a u s e  o f  the n a t u ra l l y 
oc c u r r i ng  poo r qua l i ty o f  g rou ndwa t e r  i n  t h e  Wa s a t c h  Fo rma 
t i on ,  t h e  l ow y i e l d  o f  t h e  f o rma t i on a t  E s tes  Gu l c h ,  t h e  
remote l ocat i on , a nd Fed e ra l  own e r s h i p  o f  t h e  s i te ,  Wa s a t c h  
F o rma t i on g roundwate r re sou rc e s  i n  t h e  i mmed i a te v i c i n i ty o f  
t h e  d i s p os a l  c e l l a t  E s t e s  Gu l c h  wo u l d  p roba b l y  c o n t i n ue  t o  
rema i n  u n d e v e l oped . 

Howe ve r ,  s ho u l d  t h e  p roposed  c o n c e n t ra t i on  l i m i t s  be 
exc eed ed f o r  any  h a z a rd o u s  c o n s t  i t u e n t  at  the  pac , the DOE 
wou l d  i n v e s t i ga t e  met hod s o f  c o r re c t i ve ac t i on to  b r i n g  the 
d i s p o s a l c e l l i nto  comp l i a n c e . Any exc u rs i on a t  the  pac 
d etec ted by s a t u ra t ed z o n e  mon i to r i ng  wo u l d  requ i re re s a mp l i n g 
and  a na l ys i s  a t  l ea s t  o n c e  f o r  v e r i f i c a t i on o f  the  exc u rs i on .  
Deta i l s  o f  t h e s e  p ro c e d u res wou l d  be p re s en ted i n  the  S&M P l a n  
f o r  R i f l e .  

I f  c o rrect i ve a c t i on i s  requ i red , i t  c o u l d  requ i re d i s 
pos a l  c e l l c ove r mod i f i c at i on , a pp l i c a t i on o f  s u p p l ementa l 
sta nda rd s  b a s ed on  the  C l a s s  I I I  c h a ra c t e r i s t i c s o f  t h e  
g ro u ndwa te r ,  o r  a q u i f e r  res t o ra t i on . The  D O E  mu s t  demo n s t rate  
that  the c o rrec t i ve a c t i on can  be f o rmu l a ted a nd i n i t i a ted 
wi th i n  1 8  mon t h s  of the f i nd i ng of exc eeda n c e  of the g ro u n d 
wa t e r  p rotec t i on s t a n d a rd s . 

C l ea n up a nd cont ro l  o f  ex i s t i ng c on t a m i nat i o n 

The need f o r  a n d  extent  o f  aq u i f e r  re s t o rat i o n a t  the  
R i f l e  p ro c e s s i ng s i te s  wo u l d  be  d ete rmi ned ba s ed on  t h e  extent  
of  ex i s t i n g contam i na t i o n ,  t h e  poten t i a l  for  c u rrent or  f u t u re 
u s e  o f  t h e  aqu i f e r  f o r  d r i n k i ng wa t e r  s u pp l i e s ,  and  t h e  t e c h 
n i ca l  p ra c t i ca b i l i ty ( f rom a n  e n g i n ee r i n g p e r s pec t i ve )  o f  
re s t o r i ng  t h e  aq u i fe r .  

Pre l i mi na ry c a l c u l a t i on s  we re c on d u c ted to es t i ma te t h e  
t i me req u i red f o r  n a t u ra l  f l u s h i n g ( o r  pa s s i ve re s t o ra t i on )  to  
remo ve geoc hemi  ca  1 1  y c o n s e rvat  i ve c o ntami  n a n t s  to ba c k g ro u n d  
c o n c e n t ra t i ons  i n  the  a l l u v i um a t  t h e  R i f l e  p ro c e s s i n g s i tes . 
T h e s e  c a l c u l a t i o n s  i n d i c a te t h a t  na t u ra l  f l us h i ng wo u l d  red u c e  
c on c e n t ra t i o ns  o f  c on s e rvat i ve c o ntami n a n t  s p e c i e s t o  ba c k 
g ro u nd c o n c e n t ra t i on s  i n  the  a l l u v i um a t  the  O l d R i f l e  s i te 
wi t h i n  1 0  yea rs a f t e r  t h e  ta i l i ngs  h a ve been  remo ved , and  
wi t h i n  50 yea rs a t  the  New R i f l e  s i te .  Howe ve r ,  n a t u ra l  
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f l u s h i n g o f  n o n c o n s e rvat i ve ( g eoc hemi ca l l y rea c t i ve )  spec i e s  
cou l d  req u i re c on s i d e ra b l y  mo re t i me ,  a n d  ac t i ve aqu i fe r  
re s t o rat i on c ou l d  b e  req u i red . Be c a u s e  o f  t h e  l ow hyd ra u l i c  
c on d uc t i v i ty of  the  Wa s a t c h  F o rmat i on ,  na t u ra l  f l u s h i n g wo u l d  
b e  n e g l i g i b l e  wi t h i n  1 00 yea rs . 

T h e  n eed fo r a n d  extent  o f  a q u i fe r  re sto ra t i on wi 1 1  be 
e va l uated wh en  the  f i na l  g ro u ndwate r p rotec t i on s t a nd a rd s  a re 
p romu l gated . I f  i t  c a n  be d emon s t rated  that  na t u ra l  f l us h i n g 
wi l l  red u c e  c on c e n t ra t i on s  o f  ha za rd ous  c o n s t i tuents  i n  
g rou ndwa t e r  to  bac k g round  o r  M C L s  wi th i n  1 00 yea rs ( a s  
req u i red b y  Subpa rt B of  4 0  C F R  1 9 2 ) , t h e n  na t u ra l  f l u s h i ng 
wi t h  i n s t i t ut i ona l c o n t ro l s wi l l  be  u s ed to  c omp l y  wi t h  the  
g ro u ndwa t e r  s t a nd a rd s . Howe ve r ,  i f  n a t u ra l  f l u s h i ng i s  not  
s u f f i c i en t  to  red u c e  c on c e n t ra t i on s  t o  MC L s  o r  bac k g ro u nd , 
t h e n  a c t i ve aq u i f e r  re sto ra t i on ,  ac t i ve re s t o ra t i on i n  
c omb i na t i on wi th  na t u ra l  f l u s h i n g ,  o r  A C L s  wou l d  be  req u i red . 

Und e r  UMTRCA , the  DOE mu s t  c omp l y  wi th  the  p roposed  
sta nda rd s  un t i l s t a n d a rd s  a re p romu l ga t ed i n  f i na l  f o rm .  As a 
res u l t ,  remed i a l  a c t i on ta k e n  wi th  rega rd to  t h e  R i f l e  s i te s  
wou l d  n o t  p rec l ud e  s u b s eq u e n t  d e s i g n e n h a n c emen t s  i f  needed  t o  
a c h i eve  c omp l i a n c e  wi th  t h e  s t a n d a rd s , a nd wo u l d  not  l i m i t  the  
s e l ec t i on o f  rea s ona b l e  g ro u ndwa t e r  re s t o ra t i on met h o d s  that  
may  be n ec e s s a ry when  the  f i na l  s t a nd a rd s  a re p romu l gated . 
The DOE  has  c ha ra c t e ri zed  cond i t i on s  a t  t h e  R i f l e  u ra n i um m i l l  
ta i l i ngs s i tes  and  dete rmi ned  t h a t  t h e  p roposed  remed i a l  
a c t i on  wou l d  c omp l y  w i th  the  req u i reme n t s  o f  Subpa rt A o f  t h e  
p roposed  E PA g rou ndwa t e r  p rotect i on s t a nd a rds . W h e n  f i na l  
s t a n d a rd s  a re p romu l gated , t h e  DOE  w i  1 1  e va 1 uate  g ro u n dwa t e r  
p rotect i on req u i reme n t s  and  u n d e rta k e  s uc h  a c t i on a s  nec e s s a ry 
to  e n s u re that  the  f i na l  s t a n da rd s  a re met . T h e  need f o r  a n d  
extent  o f  a q u i fe r  res t o ra t i on w i  1 1  be eva l u a t e d  i n  a c c o rd a n c e  
wi th  the  Na t i ona l E n v i ronme n ta l P o l i c y Act . 

By d e f i n i ng ex i s t i ng a nd ba c k g ro u n d  wa t e r  q ua l i ty a t  the  
p roc es s i ng a nd d i s p o s a l s i te s , t h e  DOE  has  d emo n s t ra ted that  
t h e  p re s e n t  wa t e r  q ua l i ty a t  these  l oc a t i o n s  i s  d i s t i n g u i s h
a b l e  f rom f u t u re a d ve rs e  i mpac t s  on  g ro u n dwa t e r  q ua l i ty ,  a nd 
that  a n y  a d v e r s e  i mpacts  f rom t h e  remed i a l  a c t i on c a n  be  
i d en t i f i ed .  Con s t ruc t i on o f  t h e  d i s po s a l c e l l wo u l d  not  
i nt e r f e re wi th  a ny f u t u re a q u i f e r  re s t o ra t i on a c t i v i t i e s i f  
a c t i ve re s t o ra t i on i s  d e t e rm i n ed to  be  n ec e s s a ry a t  s ome po i nt 
i n  t h e  f u t u re . Beca u s e  t h e  p e r i od o f  c o n s t ruc t i on w i l l  be  
re l a t i ve l y  s h o rt a t  R i f l e ,  a n d  bec a u s e  t h e re a re no  u s e rs of  
t h e  g ro u ndwa t e r  c o n tami n a t ed by ta i l i ng s  s eepage  a t  the  R i f l e  
s i te s , t h e re wou l d  be  l i t t l e o r  n o  r i s k  t o  h uma n h ea l t h o r  t h e  
env i ronmen t  b y  l ea v i ng g ro u n dwa t e r  c onta m i n a t i on i n  p l ac e  
d u r i ng t h e  i n t e r i m  p e r i od between  remed i a l  a c t i on and  
e va l ua t i on o f  g ro u ndwa t e r  c l ea n u p . 
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E . 2 . 4 . 4  A l t e rna t i ve  a c t i on :  ta i l i ngs d i spo s a l a t  t h e  L u c a s  Mes a  s i te 

The  d i s p o s a l c e l l a t  L u c a s  Mes a  wo u l d  c omp l y  wi t h  40 C F R  
1 9 2 ,  S u b pa rts A a n d  C o f  t h e  E PA g ro u ndwa t e r  p rotec t i on 
s tanda rd s f o r  i na c t i ve u ra n i um mi l l  s i te s . Th i s  i s  b a s ed on  
a n  a s s e s sme n t  of  t h e  hyd rogeo l og i c  c h a ra c te r i s t i c s  of  t h e  
s i te ,  d e s i gn a n a l ys i s  o f  t h e  d i s po s a l  c e l l , a n d  p e r f o rma n c e  
a s s e s smen t  o f  t h e  d i s pos a l  s i te . T h e  d i s p o s a l c e l l wo u l d  meet 
c o n c e n t ra t i on l i m i t s , wh i c h  a re d e f i ned  as e i th e r  the M C L s  o r  
ba c k g ro u n d  wa t e r  qua l i ty ,  wh i c h e v e r  i s  h i gh e r ,  a t  t h e  POC i n  
t h e  u p p e rmos t  wat e r-bea r i  n g  un  i t .  T h e  Wa s a t c h  F o rma t i on  i s  
t h e  u p p e rmo s t  wa t e r -bea r i ng u n i t  a t  the  L u c a s  Mesa  s i te .  
A p p rox i ma te l y  1 00 feet  o f  r i p ra p  l i e between t h e  c ompa c ted 
ta i l i ngs  a nd the POC o 

Des i gn c on s i d e ra t i on s  

U nd e r  t h e  L u c a s  Mes a  d i s po s a l a l t e rna t i ve ,  t h e  ta i l i ngs  
and  c on tami na ted ma t e r i a l s  f rom t h e  O l d a n d  New  R i f l e  s i te s  
wou l d  be  p l a c ed i n  a pa rt i a l l y  b e l ow-g rad e  d i s pos a l  c e l l a t  
t h e  L u c a s  M e s a  d i s p o s a l s i te .  T h e  be l ow-g rade  e x c a va t i on o f  
t h e  d i s p os a l  a rea  wou l d  extend  to  a n  a ve ra g e  d e p t h  o f  1 5  f eet . 
The  b a s e  o f  t h e  e x c a va t i o n wo u l d  be  s c a r i f i ed ,  mo i s t u re 
c o nd i t i oned , a n d  recompa cted . Beca u s e  no  g rou ndwa t e r  oc c u rs 
beneath  t h e  L u c a s  Me sa  d i s p o s a l  c e l l t o  a d e p t h  o f  a t  l ea s t  
200 f e e t , f l u c t u a t i on s  i n  g rou ndwa t e r  e l e va t i on s  wo u l d  not  
o f f s e t  t h e  p e r f o rma n c e  o f  t h e  d i s p os a l  c e l l . 

A c o ve r system wo u l d  be c o n s t r u c t ed ove r t h e  ta i l i n gs  a n d  
c on tami na ted ma t e r i a l s .  The  d i s p os a l  c e l l c o ve r  a t  L u c a s  Mesa  
wou l d  con s i s t o f  t h e  f o l l owi ng  ( i n  a s cend i ng o rd e r ) : 1 )  a 
c l ay rad o n / i n f i l t ra t i on ba rr i e r  wi t h  a hyd ra u l i c  c ond uc t i v i ty 
o f  1 0-8 cm/s ; 2 )  a l owe r f i l te r  l ayer  o f  s a nd ; 3 )  a n  ea rthen  
f ro s t  p rotec t i on l a ye r ;  4 )  a n  u p p e r  f i l te r  ( bedd i ng )  l a yer of  
s a nd ; a nd 5 )  a l aye r o f  r i p ra p  for  e ros i on p rotec t i on .  

The  ra don  b a r r i e r  wou l d  l i mi t s teady s t a te ve rt i ca l  
s eepa ge t h rough  t h e  ta i l i n gs  t o  1 0-8 cm/s . Th i s  seepage  
( f l ux )  i s  mos t  l i ke l y  wi t h i n  t h e  d ra i nage  c a pa c i ty o f  t h e  
und e r l y i n g u n c on s o l i d a ted ma ter i a l s  a nd Wa s a t c h  F o rma t i on 
bed roc k , p revent i ng ta i l i ngs  s e e p a g e  f rom p e rc h i ng a l ong l ow 
hyd ra u l i c  c o n d u c t i v i ty s t rata  of  t h e  bed roc k . N o  g roundwate r 
mound i ng i n  the  u n d e r l y i ng  mate r i a l s  wou l d  oc c u r  i n to  the  
d i s po s a l  c e l l beca u s e  t h e  d e pth  t o  g ro u ndwate r i s  g re a t e r t h a n  
2 0 0  feet . 

G rou ndwa t e r  protec t i on standa rd s f o r  d i spo sa l 

E i ghteen  ha za rd o u s  c o n s t i t u e n t s  ( f rom 40 C F R  1 9 2 a n d  
Append i x  I X  of  4 0  C FR 2 64 )  we re i d en t i f i ed wi th i n  the  ta i l i ng s  
a t  t h e  R i f l e  p roc e s s i ng s i te s  a t  c o n c e n t ra t i o n s  exc eed i ng t h e  
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MCLs  o r  o rga n i c  d e t ec t i on l i mi ts . The s e  a re a rs e n i c ,  c h romi um , 
mo l ybd e n u m ,  s e l en i um ,  u ra n i um ,  rad i um-2 26 a n d  -228 c omb i n ed ,  
be ry l l i um ,  vanad i um ,  ben zene , d i et h y l  p h t ha l a t e , ben zo [ a ]  
a n t h ra c e n e , ben zo [ a ]  pyre n e , c h rys e n e , f l u o ra n t he n e ,  i n d e n o  
( 1 , 2 , 3 -ed ) pyre n e , pyre n e , a c ry l on i t r i l e ,  2 , 4 -0 , a nd S i l vex 
( 2 , 4 , 5 -TP ) . The p roposed  c o n c e n t ra t i on l i m i t s f o r  t h e s e  c o n 
s t i t u e n t s  a re t h e  M C L s  o r  ba c k g ro u n d  c on c en t ra t i on s , wh i c he v e r  
a re h i g h e r .  

Pe r f o rma n c e  a s s e s smen t  

Seepa ge f rom t h e  d i s po s a l  c e l l wou l d  n o t  c a u s e  c on c e n t ra 
t i on l i m i t s  t o  b e  exc eeded  a t  t h e  POC o The c e l l d e s i g n wo u l d  
c omp l y  wi t h  the  p ro p o s ed E PA g ro u n d wa t e r  p ro tec t i on s ta nd a rd s  
bec a u s e  t h e  a v e rage  l i nea r g ro u ndwa t e r  ve l oc i ty i n  t h e  Wa s a tc h 
F o rma t i on i s  ext reme l y  l ow .  Hyd rog eo l og i c  c ha ra c te r i s t i c s  o f  
t h e  Wa s a t c h F o rma t i on beneath  t h e  L u c a s  M e s a  s i te a re p roba b l y  
ve ry s i m i l a r  to t h o s e  o f  the  Wa s a tc h F o rma t i on a t  E s tes  Gu l c h  
d u e  to  t h e  s i m i l a r i ty o f  t h e  s t ra t i g ra p hy . Henc e , t h e  a v e ra g e  
l i nea r g ro u n dwa t e r  ve l oc i ty i n  t h e  Wa s a t c h F o rma t i on a t  L u c a s  
Mesa  i s  p roba b l y  l e s s  t h a n  0 . 1  f t lyr ( a s a t  E s t e s  Gu l c h ) , a n d  
c o n tam i nated  g ro u ndwa t e r  wou l d  p ro ba b l y  t ra ve l l es s  t h a n  1 00 
feet  i n  1 000 yea rs , t h e  d e s i gn l i f e  o f  t h e  d i s posa l c e l l .  
Th i s  i s  a p p rox i ma te l y  t h e  d i s t a n c e  f rom t h e  pe r i me t e r  o f  t h e  
ta i l i ng s  to  the  d own g rad i e n t  e d g e  o f  t h e  r i p ra p  ( t he  POC ) . 

C l o s u re pe r f o rma n c e  a s se s sment  

The  d i s p o s a l c e l l wo u l d  c omp l y  wi t h  t h e  c l o s u re p e r f o rm
a nc e  s ta nda rd s  of 40 C F R  1 9 2 . 02 ( a ) ( 4 ) . Ac t i ve ma i ntena n c e  o f  
the  d i s po s a l c e l l wo u l d  b e  m i n i m i zed  beca u s e  i t  wo u l d  b e  
c o n s t ructed  wi t h  d u ra b l e ,  n at u ra l  ma t e r i a l s  t h a t  wou l d  meet 
the l on g e v i ty req u i reme n t s  of 40 C F R  1 9 2 . 02 .  Ot h e r  s a f ety 
f a c t o rs have been  i n c o rp o rated  i n to  the d i s po s a l  c e l l  d e s i gn 
s o  t h a t  the  c e l l  s hou l d  ope rate f o r  l on g e r  t h a n  t h e  req u i red 
1 000-yea r d e s i gn l i f e .  F o r  examp l e ,  t h e  p i l e  h a s  been 
d e s i gned to  a c c ommodate  nat u ra l  f o rc e s  s u c h  as  e ros i on and 
f ro s t  hea ve . 

G ro undwa t e r  pe r f o rma n c e  mon i to r i n a  program 

An S&M P l a n  wou l d  be d e v e l oped  to  a d d re s s  the va r i o u s  
mon i to r i ng  n e e d s  o f  t h e  d i s po s a l c e l l ,  i nc l ud i ng g ro u ndwa te r  
mon i to r i ng , b i o i nt ru s i on ,  s o i l e ro s i on ,  a n d  ru n o f f  f rom t h e  
p i l e .  The  data  c o l l ec ted wou l d  be  u s ed to  eva l uate  t h e  
p e r f o rma n c e  o f  t h e  d i s po s a l c e l l .  

The DOE  wou l d  d e ve l op a n  i n t e g ra ted g ro u ndwa t e r  mon i to r i ng 
p rog ram i n  t h e  S&M P l a n . Th i s  p ro g ram wou l d  be c on d u c ted 
a fte r comp l et i on of the remed i a l  a c t i o n t o  demo n s t ra t e  t h a t  
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t h e  p e r f o rma n c e  o f  t h e  c e l l c omp l i e s w i t h  t h e  g ro u ndwa t e r  p ro
tec t i on s ta n d a rd s  and the c l o s u re pe rfo rma n c e  s t a nda rd s . The 
p rog ram wo u l d  i nc l u d e  c omp l i a nc e  mon i to r i n g  we l l s  i n  g ro u n d 
wa t e r  a t  the  p a c  a n d  u p g rad  i e n t  o f  the  d i s p o s a  1 c e l l .  The 
c omp l i a n c e  mon i to r i n g  we l l s wo u l d  be samp l ed qua rt e r l y d u r i ng  
the  f i rs t  yea r f o l l owi n g  c omp l et i o n o f  t h e  remed i a l  a c t i on .  
The we l l s  wou l d  t h en be  samp l ed semi a n n ua l l y  o r  a n n ua l l y  
t h rough  t h e  e nd o f  t h e  p e r f o rma n c e  mon i to r i ng  p e r i od . C o n s t i 
t u e n t s  t o  be ana l yzed f rom mon i to r  we l l  samp l e s wo u l d  i n c l ude  
a l l  the  h a z a rd o u s  c o n s t i t u e n t s  of  c o n c e rn , ma j o r  a n i on s  and  
c a t i on s , a n d  t h e  s ta n d a rd s u i te o f  f i e l d  pa rame t e rs ( a l ka l i n i 
ty , pH , t empe ra t u re ,  a n d  s pec i f i c  c o n d u c t i on ) . 

C o r rec t i ve a c t i on pl a n  

I n  t h e  u n l i k e l y  event  t h a t  c ontami nated g ro u ndwa te r  
m i g rates  beyond t h e  pac wi t h i n  1 000 yea rs , i t  wou l d  not  
s i gn i f i c a n t l y  a f fe c t  h uma n h ea l t h or  t h e  e n v i ro nme n t . I f  
g rou ndwa t e r  i n  t h e  Wa s a t c h  Fo rma t i o n beneath  the  L u c a s Mesa  
d i s po s a l c e l l i s  s i m i l a r to  t h a t  i n  the  Wa s a t c h F o rma t i on at  
E s tes  Gu l c h ,  it  c o u l d  be c l a s s i f i ed as  C l a s s  I I I , ba s ed o n  the  
h i g h c o n c e n t ra t i on s  o f  na t u ra l l y  o c c u r r i ng  contami n a n t s  and  
t h e  l ow y i e l d  o f  t h e  aq u i f e r .  F u rt h e rmo re , t h e re a re n o  
down g rad i en t  u s e rs o f  g rou ndwa t e r  i n  t h e  i mmed i a te  v i c i n i ty o f  
t h e  p roposed  d i s po s a l s i te . Beca u s e  o f  the  p roba b l e poo r 
qua l i ty o f  g ro u n dwa te r ,  t h e  l ow y i e l d  o f  t h e  Wa s a t c h  F o rma t i on 
i n  o t h e r  a reas , t h e  re l a t i v e l y  remo t e  l oc a t i on , a nd F e d e ra l  
own e rs h i p  o f  the  s i te ,  Wa s a t c h  F o rma t i o n g ro u ndwa t e r  re s o u rc e s  
n ea r  t h e  d i s posa l c e l l a t  L u c a s  M e s a  wo u l d  p roba b l y  c o nt i nu e  
to  rema i n  u n d eve l oped . 

Howeve r ,  s h o u l d  the  p roposed  c o n c e n t ra t i on  l i m i t s be 
exc eeded for a ny ha za rd o u s  c o n s t i t u e n t  at the pac , the DOE 
wou l d  i n ve s t i gate  method s of c o r rec t i ve a c t i on to b r i ng  the  
d i s posa l c e l l i nto  comp l i a nc e . Any e xc u rs i on a t  the  pac 
d etec ted by s a t u rated  zone mon i to r i n g  wou l d  req u i re resamp l i n g 
a n d  a na l ys i s  a t  l ea s t  o n c e  f o r  v e r i f i c a t i on o f  t h e  e x c u rs i on .  
Deta i l s  o f  t h e s e  p ro c e d u res wou l d  be p re s ented  i n  t h e  S&M P l a n . 

I f  c o rrec t i ve a c t i on i s  req u i red , i t  c o u l d  requ i re d i s 
po s a l  c e l l c o v e r  mod i f i ca t i o n s , a p p l i c a t i on  o f  s u p p l emen ta l 
stand a rd s  b a s ed on  t h e  C l a s s  I I I  c h a ra c t e r i s t i c s  o f  the  g ro u n d 
wa t e r ,  o r  aqu i fe r  re s t o ra t i on . The  DOE  mu s t  d emon s t ra t e  t ha t  
t h e  co rrec t i ve a c t i on c a n  be f o rmu l a ted a nd i n i t i a ted w i th i n  
1 8  mont h s  o f  t h e  f i nd i ng o f  e x c ee d a n c e  o f  t h e  g rou ndwa te r  
p rotec t i o n standa rd s . 

C l ea n up a n d  c on t ro l  of ex i s t i ng c o ntami n a t i on 

The need f o r  a n d  e x tent  of  a q u i f e r  re s t o ra t i on a t  the  
R i f l e  p roc e s s i ng s i tes  wo u l d  be d e t e rmi ned  ba s ed on  t h e  e x te n t  
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o f  ex i s t i n g c o n tam i na t i on , t h e  poten t i a l  f o r  c u r rent  o r  f u t u re 
u s e  0 f t h e  a q u i f  e r f o r  d r i n k i n g wa t e r s u p p 1 i e s ,  and  the  t e c h 
n i ca l  p ra c t i ca b i l i ty ( f rom a n  en g i n ee r i n g  p e r s p ec t i ve )  o f  
resto r i n g  t h e  a q u i f e r .  

Pre l  i m i n a ry c a l c u l a t i on s  were c ond u c ted t o  e s t i ma te the  
t i me req u i red f o r  n a t u ra l  f l u s h i n g ( o r pa s s i ve re sto ra t i on )  to  
remove geoc hemi ca l l y con s e rvat i ve c ontami n a n t s  to  ba c k g ro und  
c o n c e n t ra t i on s  i n  the  a l l u v i um a t  the  R i f l e  p ro c e s s i n g s i te s . 
The s e  ca l c u l a t i on s  i nd i c ate  t h a t  na t u ra l  f l u s h i n g wo u l d  red u c e  
c o n c e n t ra t i on s  o f  c o n s e rva t i ve c on t am i n a n t  s pe c i e s to  b a c k 
g ro u nd c o n c e n t ra t i on s  i n  the  a l l u v i um a t  t h e  O l d R i f l e  s i te 
wi t h i n  1 0  yea rs a f te r the  ta i l i n gs  h a ve been  remo ved , a nd 
wi t h i n  50  yea rs a t  the  New R i f l e  s i te .  Howe ve r ,  n a t u ra l  
f l u s h i ng o f  nonc o n s e rva t i ve ( ge o c h em i ca l l y rea c t i ve )  s pec i e s 
c ou l d  req u i re c o n s i d e ra b l y  mo re t i me ,  a n d  a c t i ve a q u i f e r  
re s to ra t i o n c ou l d  be req u i  red to  e n s u re c omp l i a nce  wi th  the  
p roposed  s ta nd a rd s . Bec a u s e  of  i t s l ow hyd ra u l  ic  c ond uc t i v
i ty ,  na t u ra l  f l u s h i n g i n  the  u n d e r l y i ng Wa s a t c h  F o rma t i on 
wou l d  be n e g l i g i b l e  w i th i n  1 00 yea rs . 

Th e n eed f o r  a n d  extent  o f  a q u i f e r  re s t o ra t i on w i l l  be  
e va l uated  when  the  f i na l  g ro u ndwate r p rotec t i on s ta nda rd s  a re 
p romu l gated . I f  i t  c a n  be d emon s t ra t ed t h a t  n a t u ra l  f l u s h i n g 
wi l l  red u c e  c o n c e n t ra t i ons  o f  ha za rdo u s  c on s t i t u e n t s  i n  g ro u n d 
wa t e r  to  bac k g ro u n d  o r  MC L s  w i t h i n  1 00 yea rs ( a s  req u i red by 
S ubpa rt B of 40 C F R  1 9 2 ) , t h en n a t u ra l  f l u s h i n g wi th  i n s t i 
t u t i on a l  c o n t ro l s  w i l l  b e  u s ed to c omp l y  wi t h  t h e  g ro u ndwa ter  
s ta nd a rd s . Howe ve r ,  i f  nat u ra l f l u s h i n g i s  n o t  s u f f i c i e nt  to  
red u c e  c on c e n t ra t i o n s  to  MCLs  o r  b a c k g ro u n d , t h e n  ac t i ve 
a q u i f e r  re s t o ra t i on ,  ac t i ve re s t o ra t i on i n  comb i na t i o n w i th  
n a t u ra l  f l u s h i ng ,  or  ACLs  wou l d  be req u i red . 

Und e r  UMTRCA , t h e  DOE  m u s t  c omp l y  w i t h  the  p roposed  
standa rd s  u n t i l  sta nda rd s  a re p romu l ga ted i n  f i na l  f o rm .  A s  a 
re s u l t , remed i a l  a c t i on ta ken  wi t h  rega rd to  t h e  R i f l e  s i tes  
wou l d  not  p rec l ud e  s u b s e q u e n t  d e s i gn e n h a n c eme nts  i f  needed  to  
a c h i eve  c omp l i a nce  wi t h  the  s ta n d a rd s , and  wo u l d  not  l i m i t the  
s e l e c t i on o f  rea s o na b l e g ro u ndwate r re s t o ra t i o n method s that  
may be nec e s sa ry wh en  the  f i na l  s t a n d a rd s  a re p romu l gated . 
The DOE  has  c h a ra c t e r i zed  c o nd i t i on s  a t  the  R i f l e  u ra n i um m i l l  
ta i l i n gs s i tes  a nd dete rm i ned t h a t  the  p roposed  remed i a l  
a c t i on wou l d  comp l y  wi th  the  requ i reme n t s  o f  S u bpa rt A o f  the  
p roposed  E PA g ro u ndwate r p rotec t i on s ta nda rd s . When  f i na l  
s ta nda rd s  a re p romu l gated , t h e  DOE  w i l l  e va l u a t e  grou ndwate r 
p rotec t i on req u i reme nts  a nd u n d e rt a k e  s u c h  a c t i o n a s  nec e s s a ry 
to  en s u re t h a t  the  f i na l  standa rd s  a re met . The need f o r  a nd 
extent  o f  a q u i f e r  re s t o ra t i on w i l l  be eva l u a ted i n  a c c o rd a n c e  
wi th  the  Na t i ona l E n v i ronmenta l Po l i cy Ac t .  

By d e f i n i n g ex i s t i ng a n d  b a c k g ro u n d  wa t e r  q ua l i ty a t  the  
p ro c e s s i n g and  d i s posa l s i te s , t h e  DOE  ha s d emo n s t ra ted t h a t  
t h e  p res e n t  wa t e r  q ua l i ty a t  t h e s e  l oc a t i o n s  i s  d i s t i n g u i s h
a b l e f rom f u t u re a d v e r s e  i mpa c t s  on  g ro undwa t e r  q ua l i ty ,  a n d  
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t h a t  a ny a d v e r s e  i mpa c t s  f rom t h e  remed i a l  a c t i on c a n  be  
i d e n t i f i ed .  C o n s t ruc t i on o f  t h e  d i s p o s a l c e l l wo u l d  not  
i nt e r f e re wi th  a ny f u t u re a q u i fe r  re s t o ra t i on ac t i v i t i e s i f  
a c t i ve re s t o ra t i on  i s  d e t e rm i ned to  be  n e c e s s a ry a t  s ome po i nt 
i n  the  f u t u re . Bec a u s e  t h e  p e r i od o f  c o n s t ruc t i on wi l l  be  
re l at i ve l y  s ho rt a t  R i f l e ,  a n d  bec a u s e  t h e re a re n o  us e r s  of  
the  g ro u n dwa t e r  c on tami n a ted by ta i l i n gs  seepage  a t  the  R i f l e  
s i te s , t h e re wou l d  b e  l i t t l e  o r  n o  r i s k  t o  h uma n h ea l t h o r  t h e  
e n v i ronme n t  b y  l ea v i ng g ro u n dwa t e r  c ontam i n a t i on i n . p l ac e  
d u r i ng the  i nte r i m  p e r i od b e tween  remed i a l  a c t i on a n d  e va l u -
a t i on o f  g rou ndwa t e r  c l ea n up . 

C ompl i a n c e  w i th  t h e  p roposed  E PA gro u ndwa t e r s t a n d a rd s  

The  s t a b i l i za t i on a l t e rna t i ve a t  t h e  New R i f l e  s i te wi l l  
not  c omp l y  wi th  t h e  p roposed  E PA g roundwa t e r  p rotec t i on 
stand a rd s  i f  t h e  ra don  b a r r i e r  ha s a hyd ra u l i c  c ond uc t i v i ty o f  
1 0-7  o r  1 0-8 cm/s . F u r t h e rmore , s u pp 1 eme n ta ry s t a n d a  rd s 
wou l d  not  a pp l y  a t  the  N ew R i f l e  s i te ,  a s  g ro u ndwa t e r  beneath  
t h e  s i te i s  not  C l a s s  I I I .  I n  a d d i t i on ,  a l t e rnate  c onc en
t ra t i on l i m i t s  ( AC L s )  a re a l s o  u n l i k e l y  to  be  g ra n ted beca u s e  
the  New R i f l e  s i te i s  i n  a re l a t i ve l y  popu l a t ed a rea . 

Impa c t s  t o  h uma n h ea l th 

A l t h o u g h  the  p roposed  E PA g roundwa t e r  standa rd s  wou l d  be 
exc eed ed i f  the a v e ra g e  hyd ra u l i c  c o n d uc t i v i ty o f  the ra don  
b a r r i e r  were 1 0-7  cm/s , t h e re wou l d  be  no  a d ve r s e e f fec ts  t o  
h uma n h ea l th bec a u s e  t h e re a re p re s en t l y  n o  u s e rs o f  c ontami 
n a t ed g ro undwa t e r  f rom t h e  C o l o rad o R i ve r  a l l u v i um d owng rad i ent  
o f  t h e  New R i f l e  s i te .  F u rt h e rmo re , f u t u re d eve l opme n t  o f  the  
g ro undwate r i n  t h e  a l l u v i um i s  u n l i ke l y  due  to  t h e  poo r 
q ua l i ty o f  t h e  wa t e r  ( Sec t i on E . 2 . 5 , G ro undwa t e r  u s e , Va l ue ,  
and  A l t e rn a t e  Supp l i e s ) . 

E . 2 . 5  GROUNDWATE R USE , VALUE , A N D  A L T E R NATE S U P P L I E S  

The  C o l o ra d o  R i v e r  i s  t h e  p r i ma ry s o u rc e  o f  d ome s t i c  wa t e r  i n  t h e  
R i f l e  a rea . The  C i ty o f  R i f l e  obta i n s a l l o f  i t s wa t e r  f o r  mun i c i pa l  
u s e  f rom the  C o l o rad o R i v e r  a p p rox i ma te l y  0 . 5  mi l e  u p g rad i en t  o f  t h e  
O l d  R i f l e  ta i l i ngs  s i te , a n d  a l l  wa t e r  u s e rs wi t h i n  t h e  c i ty a re c o n 
nec ted to  the  mun i c i pa l  wa t e r  sys tem . T h e  c i ty a l s o s u p p l i e s wa t e r  t o  
u s e rs o u t s i d e t h e  c i ty l i m i t s  ( M i n t u rn , 1 98 6 ) . 

F i fty we l l s  h a ve been  i d ent i f i ed i n  t h e  v i c i n i ty of  t h e  R i f l e  
p ro c e s s i ng s i te s  a nd t h e  E. s tes  Gu l c h  d i s p o s a l  s i te ( F i g u re E . 2 . 30 ) . 
Th i rty-n i ne we l l s  a re wi t h i n  two mi l e s o f  t h e  O l d  R i f l e  s i te ,  2 6  we l l s 
a re wi t h i n  two m i l e s o f  t h e  New R i f l e  s i te ,  a n d  e i gh t  we l l s a re w i th i n  
two mi l es o f  t h e  E s te s  Gu l c h s i te .  T h ree  o f  t h e  we l l s  nea r E s t e s  Gu l c h  
a re sc reened i n  t h e  Wa s a tc h F o rma t i on a p p ro x i ma t e l y  0 . 7 5 m i l e  wes t  o f  
t h e  s i te ,  a n d  two o f  t h e s e  we l l s  a re u s ed f o r  d ome s t i c  p u rpos e s . 
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A l though  s i tuated a t  a l owe r e l e va t i on t h a n  t h e  E s te s  Gu l c h s i t e ,  t h e s e  
we l l s a re c ro s s g rad i ent  t o  g roundwate r f l ow b e n e a t h  t h e  s i te .  The 
other we l l s i n  the R i f l e  a rea a re u s ed p r i ma r i l y  for i rr i ga t i o n and 
l i vestock  wa t e r i ng . 

The va l ue o f  g rou ndwa t e r  wi t h i n  t h e  two -m i l e  rad i u s d i s c u s sed 
a bove c a n  be est i mated  by mu l t i p l y i n g the q u a n t i ty p res en t l y  u s ed by 
c u rrent wat e r  ra te s . The  t ota l q u a n t i ty o f  g ro u ndwa t e r  u s ed f rom 49 
we l l s  wa s est i mated  to  be 2 . 1  m i l l i on ga l l on s  per month  a s s um i n g  that  
e a c h  we l l  p umps a t  a n  a v e ra g e  ra te o f  one  gpm . C u rrent wa t e r  s u pp l y  
rates  i n  the  a rea a re $ 1 0 p e r  mon t h  f o r  t h e  f i rs t  30 , 000 ga l l on s  and  
$ 1 . 50 for  each  ad d i t i ona l 1 000 ga l l on s  ( Abe l , 1 9 8 6 ) . At  t h e s e  ra tes , 
t h e  tota l va l u e o f  g roundwa t e r  u s e  p e r  we l l  wou l d  be $30 p e r  mo n t h  o r  
$360 p e r  yea r .  F o r  t h e  49 we l l s ,  t h e  va l ue o f  ex i s t i n g g roun dwat e r  u s e  
i s  e s t i mated  t o  be $ 1 7 , 600 p e r  yea r .  

Groundwate r d e ve l opment  i n  the  R i f l e  a rea  s ho u l d  not  i n c re a s e  
app rec i a b l y  f o r  the  next 50 yea rs be c a u s e  f u t u re popu l a t i on g rowt h i n  
Ga rf i e l d  C o u n ty i s  expec ted to  be on l y  one  to  two p e rc ent p e r  yea r 
( Sect i on J . 2 . 1  o f  Append i x  J ,  Land  U s e  and  Soc i o e c o n omi c s ) . The  u s e  o f  
g rou ndwa t e r  f o r  l i ve s to c k  wa t e r i ng  i s  not  e x p e c t ed to  i n c re a s e  s i g n i f i 
c a n t l y .  H i g h TDS c o n c e n t ra t i ons  i n  g ro u ndwa t e r  i n  t h e  a l l u v i um a n d  the  
Wa s a t c h  F o rma t i on res t r i c t  the  use  o f  g ro u ndwa t e r  for  i rr i g a t i on ,  and  
ba c k g round  wa t e r  q ua l i ty wi th i n  t h e  two f o rma t i on s  i s  too p o o r  to a l l ow 
d e v e l opme n t  f o r  a l a rge-sca l e  pota b l e  wa te r s up p l y .  Read i l y a va i l a b l e  
wa te r ex i s ts  i n  t h e  C o l o ra d o  R i ve r  a nd i n  c o l l u v i um a nd ba sa l t  f l ows 
ove r l y i ng  t h e  Wa s a t c h  F o rma t i on on t h e  Ta u g h e n b a u g h  a nd Gra s s  Me s a s  
s o u t h  o f  R i f l e .  T h e s e  a q u i f e rs a re topog ra p h i ca l l y h i g h e r  t h a n  t h e  
c ontami n a ted a l l u v i um a nd Wa s a t c h  F o rma t i on a t  the  R i f l e  ta i l i ngs  s i tes  
and  can not be  a f f ected  by t h e  ex i s t i n g g ro u n dwa te r  con tami na t i o n . 

E . 2 . 6  AQU I FE R  R E STORA T I ON 

The  need f o r  and  extent  o f  a c t i ve a q u i f e r  r e s t o ra t i on a t  the  R i f l e  
p ro c es s i ng s i tes  wo u l d  be d e t e rmi ned ba s ed o n  t h e  extent  o f  ex i s t i ng 
c ontam i na t i on ,  t h e  potent i a l  f o r  c u r re n t  o r  f u t u re u s e  o f  the  a q u i f e r  
f o r  d r i n k i ng wa t e r  s u p p l i es ,  a nd t h e  t e c h n i ca l  p ra c t i ca b i l i ty ( f rom a n  
eng i ne e r i ng perspec t i ve )  o f  resto r i ng  t h e  a q u i f e r .  Stud i es a re c u r
rent l y  u n d e r  way t o  d e v e l op  p l a n s , g u i da n c e  ma t e r i a l s ,  a nd p roc ed u res  
for  a q u i f e r  re s t o ra t i on a c t i v i t i es .  

U nd e r  t h e  UMTRCA , t h e  DOE  m u s t  c omp l y  w i t h  the  p ro p o s ed s t a n d a rd s  
u n t i l standa rds  a re p romu l gated  i n  f i na l  f o rm .  As  a re s u l t ,  remed i a l  
a c t i on ta ken  wi th  rega rd t o  t h e  R i f l e  s i t es  wou l d  not  p rec l u d e  s ub s e 
q u e n t  d e s i g n enha n c ements  i f  needed to  a c h i eve  c omp l i a nc e  wi th  t h e  
s tanda rd s , a nd wou l d  n o t  l i m i t t h e  s e l ec t i on o f  rea s ona b l e  g ro u ndwa t e r  
restora t i on methods  t h a t  may be nece s s a ry wh en  t h e  f i na l  s t a n d a r d s  a re 
p romu l gated . The DOE  has  c ha ra c t e r i zed c ond i t i on s  a t  the  R i f l e  u ra n i um 
m i l l  ta i l i ng s  s i te s  and d et e rm i n ed t h a t  t h e  p ro p o s ed remed i a l  a c t i on 
wou l d  c omp l y  wi t h  t h e  req u i  rements  o f  S ubpa rt A o f  t h e  p roposed  E PA 
g ro u ndwa t e r  p rotec t i on s ta nda rd s . When  f i na l  s ta n d a rd s  a re p romu l 
gated , t h e  DOE  w i l l  eva l ua t e  g roundwa t e r  p rotec t i on req u i reme n t s  a n d  
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u n d e rta k e  s u c h  a c t i on a s  nec e s s a ry to  e n s u re t h a t  t h e  f i na l  s t a nd a rd s  
a re met . The  n eed f o r  a n d  extent  of  a q u i f e r  res t o ra t i on w i l l  b e  
eva l uated i n  a c c o rd a n c e  w i t h  t h e  Na t i ona l E n v i ronme n ta l Po l i c y  Act . 

Aq u i fe r  res t o ra t i on a t  t h e  R i f l e  proc e s s i n g s i te s  i s  not  add res s ed 
i n  deta i l i n  the F E I S  for t h e  R i f l e  UMTRA s i te s . Und e r  t h e  E s t es  Gu l c h  
a nd L u c a s Mesa  a l terna t i ve s , c on s t ruc t i on o f  t h e  d i s p o s a l c e l l wou l d  
not  i nt e rf e re wi t h  a n y  f u t u re a q u i f e r  res t o ra t i on ac t i v i t i e s i f  a c t i ve  
res to ra t i o n i s  d e t e rm i ned to  be  nec e s s a ry a t  the  O l d  o r  New R i f l e  s i tes  
i n  the  f u t u re . Howeve r ,  u n d e r  t h e  New R i f l e  a l terna t i ve ,  t ra n s i en t  
d ra i nage  f rom t h e  ta i l i n gs c o u l d  a f fe c t  n a t u ra l f l u s h i ng o f  c on tam i n a n t s  
.:Ind  a c t i ve a q u i f e r  res to ra t i on a c t i v i t i e s . C o n s equent l y ,  ad d i t i ona l 
c h a ra c te r i za t i on o f  t h e  t ra n s i en t  ta i l i ngs  d ra i nage  a t  the  New R i f l e  
s i te wou l d  be  n e c es s a ry to  mo re a c c u ra t e l y  p red i c t the  e f f e c t s  o f  t h e  
t ra n s i 2 nt d ra i n a g e  on  g ro u ndwa t e r  qua l i ty .  

C J rrent l y ,  g rou ndwa t e r  c ontami na ted by ta i l i n gs  s eepage  a t  t h e  
R i f l e  s i te s  i s  n o t  b e i n g  u s ed . T h e re wi l l  be l i tt l e  o r  no  r i s k  t o  
hea l : h o r  t h e  en v i ronme n t  b y  l ea v i ng g ro u ndwa t e r  c ontami n a t i on i n  p l ac e  
d u r ": ; l g  t h e  i n t e r i m  pe r i od between remed i a l  a c t i on a n d  t h e  eva l ua t i on o f  
t h e  n e r d  f o r  and  extent  o f  a q u i f e r  re s t o ra t i on  h a s  been  a s s e s sed . 

Act i ve re sto ra t i on met hods  f a l l  i nt o  two gene ra l  c a t ego ri es : 
1 )  a bove-g round  t reatmen t  met hods  wh e re i n  t h e  c ontami nated wa t e r  i s  
removed f rom t h e  a q u i fe r ,  t reated , a n d  e i t h e r  d i s p o s ed of , u s ed , o r  
re i nj ected  i n to  t h e  a q u i f e r ;  a n d  2 )  i n  s i t u met h od s , s uc h  a s  the  
add i t i on o f  c h em i c a l  ( l i x i v i a n t s ) o r  b i o l og i c a l  a g e n t s  to f i x  c o n 
tam i na t i o n i n  p l a c e . A n  a q u i f e r  re s t o ra t i on p rog ram a t  t h e  O l d  o r  New 
R i f l e  s i te s  c o u l d  i n vo l ve one  or mo re o f  t h e  re s t o ra t i on met hods  
d i s c u s s ed be l ow .  

Ext ra c t i on  methods  

Contami n a ted g rou ndwate r c a n  be ext ra c t e d  f rom we l l s  o r  t re n c h e s . 
The u s e  o f  tre n c h e s  i s  l i m i ted to  re l a t i ve l y  s ha l l ow c ontami n a t i on and  
i s  pa rt i c u l a r l y  u s e f u l  i n  ma te r i a l s  wi t h  l ow hyd ra u l i c  cond uc t i v i ty .  
We l l s may be u s ed f o r  g roundwate r ext rac t i on wh en  the  hyd ra u l i c  c on 
d u c t i v i ty o f  t h e  wa te r-bea r i ng  ma te r i a l s  i s  s u f f i c i en t l y  h i gh ,  o r  whe n  
the  contam i n a t i on i s  re l a t i ve l y  d e e p . 

Treatment  met h od s  

T h e  n e e d  f o r  t reatme nt p r i o r  to  d i s c ha rge o r  re i n j ec t i on i n to a n  
a q u i fe r  d e pends  u p o n  the  c o n c e n t ra t i on s  o f  c o ntam i n a n t s  i n  the  ext ra c ted 
g rou ndwa t e r  and the a pp l i c a b i l i ty of reg u l a t i on s  on  the d i s c h a rge o f  
e f f l uent  t o  s u rf a c e  wa t e r  a nd g roundwa t e r .  T h e  p re f e rred t rea tment 
met h od s  depend  on  the  c on c e n t ra t i on s  a n d  types  o f  c on t am i n a n t s , the  
d e s i red e f f l uent  c on c en t rat i on s , the  bac k g ro u n d  wa t e r  qua l i ty ,  t h e  
v o l umet r i c req u i reme n t s  o f  the  t reatme n t  s t ream , and  t h e  a rea a va i l a b l e  
f o r  t reatment  fa c i l i t i e s .  C h em i c a l  t reatme n t  method s i n c l ud e  c h emi c a l  
p rec i p i tat i on ,  coag u l a t i on , i on e x c h a n g e , f l oc c u l a t i on , n e ut ra l i zat i on , 
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s o rpt i on , and  reve rse  osmos i s .  Contami nated  g ro u ndwa t e r  c a n  a l s o be  
e vapo rated  i n  e v a p o ra t i on ponds . B i o l og i c a l  t reatment c a n  be used  to  
t ra n s f o rm n i t rate  to  n i t rogen gas  a nd oxygen ga s .  

I n  ad d i t i on to a bo ve -g ro u nd t reatmen t ,  two i n  s i tu t rea tment  
methods  a re p o s s i b l e .  These  a re l i x i v i a nt  i nj ec t i on a n d  t h e  u s e o f  
pe rmea b l e t reatme n t  bed s o r  wa l l s .  I n  s i t u t reatment wo u l d  mob i l i ze 
contami n a n t s  by c a u s i ng ox i da t i on cond i t i on s  s o  t h a t  c ontami n a n t s  c o u l d  
be removed exped i t i o u s l y  f rom the  s u b s u rf a c e . 

A l i x i v i a n t  i s  a s o l u t i on o f  c omp l ex i n g s pec i e s ( i on s  o r  mo l e 
c u l es )  t h a t  e n h a n c e s  the  s o l u b i l i ty o f  t h e  spec i e s ( meta l s )  to  be  
removed f rom the  a q u i f e r  d u r i ng  res t o ra t i on . F o r  examp l e ,  i n j ec t i on o f  
l i x i v i a n t s  c on ta i n i n g hyd rogen  p e rox i d e o r  oxygen  to  ox i d i z e t h e  
system , t h e n  sod i um b i ca rbonate  to  i n c rea s e  t h e  pH , may be u s e f u l  f o r  
remo v i ng  c on tami n a n t s  t h a t  may l ea c h  f rom t h e  s o l i d  p ha s e . L i x i v i a nt  
tec h n o l ogy m u s t  be tes ted u n d e r  s i t e - s p ec i f i c  c o nd i t i on s . 

L i x i v i a n ts  wou l d  be i n t ro d u c ed 
u p g ra d i  e n t  o f  t h e  c ontami  n a t i  on . The  
contami  n a ted zone , i n t e ra c t  w i  th  the  
i mp regnated w i t h  the  c on tami n a n t s , and  
edge  o f  t h e  con tami n a n t  p l ume . 

by i nj ec t i on o r  i n f i l t ra t i on 
l i x i v i a n t  wou l d  mo ve t h ro u g h  t h e  
l i q u i d  a n d  s o l i d  p h a s e s , bec ome 
t h e n  be e x t rac ted at t h e  l ead i ng 

Pe rmea b l e  t rea tment bed s a re s u b s u rf a c e  s t ru c t u re s  i n s ta l l ed be l ow 
t h e  wat e r  ta b l e ,  wh i c h  p rov i d e a n  a rt i f i c i a l  red uc i ng zone  f o r  c o n tami 
nants  i n  t h e  g ro u ndwa te r . Fo l l ow i ng red uc t i on a nd p rec i p i ta t i on o f  t h e  
contami n a n ts o n t o  t h e  red uc i ng bed s , t h e  t reatment b e d  mate r i a l s  a re 
removed f rom the  g ro u ndwa te r .  Pe rmea b l e  t re a tmen t  bed s o r  wa l l s  c a n not 
be u s ed a t  E s te s  Gu l c h  or  L u c a s  M e s a  bec a u s e  o f  t h e  g rea t depth  to  
g rou ndwa t e r  i n  t h e  Wa s a t c h  Fo rma t i on . 

I n  s i tu c hemi ca l red u c t i on ,  w i t h o u t  t h e  u s e  o f  p e rmea b l e  t rea tment  
bed s , c o u l d  tempo ra r i l y  red u c e  s o l u t e  c on c e n t ra t i on s  to  l es s  t h a n  the  
E PA MCLs , b u t  d i s s o l u t i on o r  d e s o rpt i on c ou l d  occ u r  as  the  g e oc h em i c a l  
e n v i ronmen t  equ i l i b ra t e s . Th e re fo re , i n  s i t u c hemi c a l red u c t i on d oe s  
n o t  p rov i d e l ong-term a s s u ra n c e s  t h a t  a d e q u a te wat e r  q ua l i ty c ou l d  b e  
ma i n ta i n ed . 

D i s c ha rge of  t reated wa t e r  

Fo  1 1  owi ng  t h e  e x t ra c t  i o n  and  t reatme n t  o f  c on t a m i  n a t e d  wa t e r ,  i t  
wou l d  be d i s c ha rged . Opt i on s  f o r  d i s c ha rge i n c l ud e : 

0 D i s c h a rg e  t o  s u rf a c e  wa t e r  s y s t ems . 

0 I n f i  l t ra t i on to  g ro undwa t e r  
ga l l e r i es . 

t h ro u g h  p o n d s  o r  i n f i  l t ra t i on 

0 I n j e c t i on i n  s ha 1 1  ow we 1 1  s . 

0 I n j ect i on i n  d eep we l l s .  
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Na t u ra l  f l u s h i ng 

N a t u ra l f l u s h i ng  i s  a pa s s i ve re s t o ra t i on method  whe reby d i s so l ved  
or  p rec i p i ta ted c on tami n a n t s  i n  g roundwa t e r  a re d i s p e rsed  o r  remo ved by 
t h e  na t u ra l  f l ow o f  g roundwa te r .  Und e r  S u bpa rt B o f  the  p ro p o s ed E PA 
s t a nd a rd s , pas s i ve res t o ra t i on may be p e rmi t t ed i f :  

1 )  I t  c a n  be d emo n s t ra ted t h a t  n a t u ra l  f l u s h i ng  c a n  occ u r  w i t h i n  
a per i od of  1 00 yea rs o r  l e s s . 

2 )  G rou ndwa t e r  i s  not  n ow ,  n o r  p roj e c t e d  to  be , u s ed f o r  a c om
mun i ty wa t e r  s u p p l y ( o r o t h e r  s u b s ta n t i a l  u s e )  w i t h i n t h i s  
p e r i od . 

3 )  I n s t i tut i on a l  c o n t ro l s reg u l a t i ng p u b l  i c  u s e  o f  g ro u n dwate r 
c a n  be a s s u red d u r i n g  t h e  e nt i re c o n t ro l  pe r i od . 

4 )  The  i n s t i t u t i ona l c o n t ro l s c a n  e f f ec t i ve l y  p rotec t p u b l i c  
hea l th a nd sa t i s f y  bene f i c i a l  u s e s  o f  g ro u ndwa t e r  d u r i n g  t h e  
remed i a l  p e r i od . 

5 )  The  e s t a b l  i s h ed c o n c e n t ra t i on  1 i m i t s  a re n o t  p roj ec ted to be 
exc eeded at the end o f  the remed i a l  p e r i od . 

6 )  Ad eq u a te mon i to r i ng  i s  e s ta b l i s hed a n d  ma i n ta i ned .  

T h e  DOE  h a s  d e t e rmi n ed t h a t  t h e  b e s t  f o rm o f  i n s t i t u t i on a l  c o n t ro l  
i s  out r i g h t  own e rs h i p  o f  t h e  l a nd i n  q u es t i on by F ed e ra l  o r  State  
gove rnmen ts . P re s e nt l y ,  the  state  o f  C o l o ra d o  d o e s  n o t  ha ve a v i a b l e 
mea n s  o f  e s t a b l i s h i ng and  e n f o rc i ng i n s t i t u t i ona l c o n t ro l s .  

N a t u ra l f l u s h i ng ,  wi t h  p rope r i n s t i t u t i ona l c o n t ro l s ,  may be 
emp l oyed at the p roc e s s i ng s i te s  as the s o l e  method  f o r  a q u i f e r  
re s t o ra t i on ,  o r  i t  may be  u s ed i n  c o n j u nc t i on w i t h  a ny o f  t h e  a c t i ve 
res t o ra t i on method s d e s c r i bed a bo ve . 

At the  O l d  a nd New R i f l e  s i te s , n a t u ra l  f l u s h i ng i s  a p rom i s i ng 
a l terna t i ve to  a c t i ve  re s t o ra t i on beca u s e  t h e  u n d e r l y i n g  a l l uv i um i s  
h i gh l y  t ra n smi s s i ve and  c o n s i d e ra b l e n a t u ra l  f l u s h i ng occ u rs . P re -
l i m i na ry ca l c u l a t i on s  i nd i c ate  t h a t  geoc h emi ca l l y c o n s e rva t i ve 
( non - react i ve )  spec i es wi l l  be d i s pe r s ed ( f l u s h )  to  b a c k g ro u n d  
c o n c en t ra t i on s  wi t h i n  1 0  yea rs a t  t h e  O l d  R i f l e  s i te a nd wi t h i n  5 0  
yea rs a t  the  New R i f l e s i te .  Howe ve r ,  n a t u ra l  f l u s h i ng  o f  n o n c o n 
s e r va t i ve spec i es c ou l d  ta k e  c on s i d e ra b l y  l on ge r ;  ad d i t i ona l g e o c h emi 
ca l c ha ra c te r i za t i on ( i nc l ud i ng c o l umn l ea c h i ng tes t s )  wou l d  be 
req u i red to  qua n t i fy f l u s h i ng t i mes  for n o n c o n s e rva t i ve s p ec i e s .  Th i s  
add i t i ona l c ha ra c t e r i za t i on wo u l d  be  c on d u c t ed wh e n  t h e  need f o r  a n d  
extent o f  aq u i fe r  re s t o ra t i on ( a s  req u i red b y  4 0  C F R  1 9 2 ,  S u b pa rts B 
and  C )  i s  add res s e d . At th i s  t i me ,  t h e  need  a n d  mea n s  o f  e s ta b l i s h i ng 
i n st i t u t i ona l c o n t ro l s wi l l  be res o l ved . 
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R E F E R E N C E S  F O R  A P P E N D I X  E 

Abe l , A l etha , 1 9 86 . South  R i f l e  V i l l a ge Wate r a n d  Sa n i ta t i o n Depa rtmen t ,  South  
R i f l e  V i l l a ge , Co l o rado , pers ona l c ommu n i c a t i on to  Robe rt Lowy , Hyd ro l og i 
c a l  Serv i c e s , J a c o b s  E n g i ne e r i ng  G ro u p  I n c . ,  A l b u q u e rq ue , New Mex i c o ,  
d a ted Ma rc h 1 2 ,  1 9 86 . 

C GS ( Co l o ra d o  Geo l og i ca l  Su rvey ) , 1 9 82 . P re l i m i n a ry Repo rt on  Poten t i a l  S i te s  
Su i tab l e  f o r  R e l oca t i on a n d / o r  Repro c e s s i ng o f  t h e  G rand  J u n c t i on and  
R i f l e  U ra n i um M i l l  Ta i l i ngs P i l e s ,  p repa red by t h e  Co l o ra d o  Geo l og i ca l  
Su rvey Depa rtmen t  o f  N a t u ra l R e s o u rc e s . 

C OE ( U . S .  A rmy Co rp s  of  E n g i n e e rs ) , 1 9 82 . H E C -2 Wa t e r  S u rf a c e  P ro f i l e s ,  U s e r ' s  
Ma n ua l , Hyd ro l og i c  E ng i nee r i n g Cente r ,  Comp u t e r P rog ram 7 2 3 -X 6 - L 202A , 
D a vi s ,  Ca l i fo rn i a . 

COE  ( U . S .  A rmy Co rps o f  Eng i n e e rs ) ,  1 9 8 1 . H E C - l  F l ood Hyd rograph Pac k age , 
U se r ' s  Ma n ua l , Hyd ro l og i c  E ng i nee r i n g  C e n t e r ,  Comp u t e r  P rog ram 
7 2 3-X6-L201 0 ,  Da v i s ,  Ca l i f o rn i a . 

COE  ( U . S .  A rmy Corps  o f  Eng i n e e rs ) , 1 9 7 7 . Wa t e r  R e s o u rc e s  Deve l opmen t  i n  
Co l o ra d o , M i s s i on R i ve r  D i v i s i on ,  Oma ha ,  N e b ra s k a . 

COE  ( U . S .  A rmy C o rp s  o f  Eng i n e e rs ) , 1 9 7 6 . F l ood Ha z a rd I n fo rma t i on - C o l o ra d o  
R i ver  a nd T r i buta r i e s  - G rand  J un c t i on ,  C o l o ra d o , Sac ramento , Ca l i fo rn i a . 

CWQCC ( Co l o rado  Wa t e r  Qua l i ty C o n t r o l  C ommi s s i on ) , 1 9 83 . C l a s s i f i ca t i on s  and  
N ume r i c  Sta nda rd s for  Lowe r C o l o ra d o  R i ve r  Ba s i n ,  Den ve r ,  C o l o ra d o . 

C r i ppen , J .  R . , a n d  C .  D .  B u e , 1 9 7 7 . Max i mum F l ood f l ows i n  t h e  C o n t e rmi n o u s  
Un i ted State s , U . S .  Geo l og i c a l  Su rvey Wa t e r  Supp l y  Pa p e r  1 88 7 , U . S .  
Gove rnment  P r i nt i ng Of f i ce ,  Wa s h i ngton , D . C .  

DOC ( U . S .  Depa rtme n t  o f  C omme rc e ) , 1 9 7 7 .  P ro ba b l e Ma x i mum P re c i p i ta t i on E s t i 
mat e s , C o l o ra d o  R i ve r  a n d  Great Bas i n  D ra i n age , Hyd rometeo ro l og i c a l  R e p o rt 
No . 49 , Na t i on a l  Oc ea n i c  a n d  Atmos phe r i c Admi n i s t ra t i on ,  S i l ve r  S p r i ng , 
Ma ry l and . 

DOE ( U . S .  Depa rtment  o f  E n e rgy ) , 1 9 8 7 . R emed i a l  Act i on P l a n  a n d  S i te C o n c ep
t u a l Des i gn f o r  Sta b i l i za t i on o f  t h e  I n a c t i ve U ra n i um M i l l  Ta i l i ngs  S i te s  
a t  R i f l e ,  Co l o ra d o : Append i x  0 ,  p repa red by J a c ob s  E n g i nee r i ng G roup  
I nc . ,  for  t h e  DOE UMTRA  P roj ect  Of f i c e ,  A l b u q u e rq u e  Opera t i on s  Of f i c e ,  
A l b u q u e rq u e , New Mex i c o .  

DOE ( U . S .  Depa rtment  o f  E n e rgy ) , 1 9 86 . Tec h n i c a l  Approac h Doc ument , UMTRA
DOE/A L -05042 5 . 0000 , DOE  UMTRA P roj e c t  Of f i c e , A l b u q u e rq u e  Ope ra t i o n s  
O f f i c e ,  A l b u q u e rq u e , New Mex i c o .  

DOE ( U . S .  Depa rtme n t  o f  E n e rgy) , 1 9 86 .  D ra f t  E n v i ronme n ta l I mpac t  Sta tement , 
Remed i a l  Ac t i on s  a t  t h e  F o rme r U n i on C a rb i d e  C o rpo ra t i on U ra n i um M i  1 1  
S i te s , R i f l e ,  Ga rf i e l d  C o u n ty C o l o ra d o : Appe nd i x  E ,  p repa red by J a c o b s  
E n g i nee r i ng  G r o u p  I nc . , f o r  t h e  DOE  UMTRA P roj e c t  Of f i c e , A l b u q u e rq u e  
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F . l  I NTRODUC T I ON AND PROJ E C T  D E SC R I P T I ON 

I n  1 9 7 9 , t h e  U . S .  Depa rtme n t  o f  E n e rgy ( DOE ) e s ta b l i s hed  regu l a t i o n s  ( 1 0  
C F R  1 02 2 )  to  c omp l y  w i t h  f l oodp l a i n /wet l a n d s  e n v i ro nmenta l re v i ew req u i re
men ts . These regu l a t i on s  p rov i d e  f o r  c omp l i a n c e  w i t h  E x e c u t i ve O rd e r  1 1 9 88 -
F l ood p l a i n  Mana gement  a n d  Exec u t i ve O rd e r  1 1 990 - P rote c t i on o f  Wet l a n d s . 
These  regu l a t i on s  a re d e s i gned to  be  c o o rd i na ted wi t h  t h e  e n v i ronme n ta l re v i ew 
req u i rements  o f  the  Na t i ona l E n v i ronmenta l Po l i c y  Act  ( NE PA ) . The  i mpo rta n c e  
o f  f l ood p l a i n  a n d  wet l a n d s  i s  a c k nowl edged i n  the  regu l a t i on s  i n  t h a t  pa rt o f  
the  p u rpose o f  the  reg u l a t i on s  i s  to  " re s t o re a n d  p re s e rv e  n a t u ra l  a n d  b e n e 
f i c i a l  va l ues  s e rved b y  f l ood p l a i n s ( 1 0  C F R  1 02 2 . 3  ( a ) ( 3 ) )  a nd to  " p res e rve 
a n d  enhance the  natu ra l  a n d  b e n e f i c i a l  va l ues  o f  wet l a nd s "  ( 1 0  CFR  1 022 . 3  
( a ) ( 6 ) ) .  

T i t l e  I o f  t h e  U ra n i um M i l l  Ta i l i n gs Rad i a t i on C o n t r o l  Act  ( UMTRC A )  o f  
1 9 7 8 , P u b l i c  Law 9 5 -604 ( P L96-604 ) , a u t h o r i zed t h e  D O E  to  p e r f o rm remed i a l  
a c t i on a t  24 i nac t i ve u ra n i um mi l l  ta i l i ngs  a n d  p ro c e s s i n g s i te s  t o  red u c e  the  
potent i a l  p u b l i c  hea l t h i mpa c t s  f rom t h e  re s i d ua l ra d i oa c t i v i ty rema i n i n g a t  
t h e s e  s i tes . T h e  i na c t i ve p roce s s i n g s i tes  a t  R i f l e ,  C o l o ra d o , a re two o f  the  
24 s i t e s  a u t h o r i zed f o r  remed i a l  a c t i on . To c omp l y  w i t h  PL9 5 -604 , t h e  DOE  
p roposes  to  c l ea n  up  the  c ontam i nated  ma te r i a l s  at  the  R i f l e  s i te s  a n d  t h i s  
a ppend i x  d e s c r i bes  the  i mpacts  o n  t h e  f l ood p l a i n  a n d  wet l a n d s  p u rs ua n t  t o  1 0  
C F R  1 022 . 

At R i f l e ,  C o l o rad o , ma t e r i a l s  contami nated by u ra n i um mi l l  ta i l i n gs  f rom 
the O l d  and New R i f l e  i na c t i ve p roc e s s i ng s i te s  a re p re s e n t  i n  the f l ood p l a i n  
o f  the  Co l o ra d o  R i ve r  a n d  i n  the  wet l a n d s  wi t h i n  t h e  f l ood p l a i n  ( Da v i s ,  1 9 88 ; 
Ga r r i s o n , 1 98 5 ; M c N u re , 1 9 85 ) . Th e re a re no  f l ood p l a i n s o r  wet l a n d s  a s soc i 
ated w i t h  the  E s t e s  Gu l c h o r  L u c a s  Me s a  a l ternate  d i s p os a l  s i te s , o r  the  
Second Street a n d  G l enwood S p r i ngs  b o r row s i tes  ( Ga rr i s on , 1 98 5 ; M c N u re , 
1 985 ) . The New R i f l e  b o r row s i te i s  i n  the  f l ood p l a i n ;  howe ve r ,  t h e re a re n o  
wet l a n d s  p re s ent  ( Ga rr i s o n , 1 98 5 ) . 

The p r i ma ry f ea t u re o f  ea c h  remed i a l  a c t i on a l t e rna t i ve i s  t he c o n s o l i da 
t i on a n d  s ta b i l i za t i on o f  t h e  O l d  a n d  New R i f l e  ta i l i ng s  a nd o t h e r  c ontam i 
nated ma te r i a l s  a t  e i t h e r  t h e  New R i f l e  p roc e s s i ng s i te o r  a t  o n e  o f  t h e  two 
a l t e rnate d i s posa l s i t e s . The remed i a l  a c t i on wo u l d  req u i re the  f o l l owi ng 
maj o r  c o n st ruct i on a c t i v i t i e s rega rd l e s s  of wh i c h  a l t e r na t i ve i s  s e l e c ted : 

o Remov i ng 0 . 7  a c re o f  wet l a nd s vegeta t i on a t  t h e  O l d  R i f l e  s i te a n d  20 . 4  
a c res  o f  wet l and  vegeta t i on a t  the  New R i f l e  s i te . 

o R emov i ng t h e  O l d  R i f l e  ta i l i ngs  f rom t he i r p re s e n t  l oc a t i on i n  the  
1 00-yea r f l ood p l a i n .  

o Remov i ng ma te r i a l  f rom t h e  1 00-yea r f l ood p l a i n  a t  the  New R i f l e  b o r row 
s i te .  

o Grad i ng a nd revegeta t i ng t h e  f l ood p l a i n  wh ere  nec es s a ry ,  i n c l ud i ng 
add i ng a n y  req u i red s o i l cond i t i o n e rs to  p romote reg rowt h . 
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o Upon comp l et i on o f  t h e  remed i a l  a ct i on ,  red uc i ng rad i oa c t i v e  c o n tam i 
nat i on i n  t h e  f l ood p l a i n  to l eve l s t h a t  c omp l y  w i t h  the  E PA s ta nd a rd s  
f o r  i na c t i ve u ra n i um p roce s s i n g s i te s  ( 40 C FR 1 9 2 ) . 

T hese  a re a s  wou l d  then  be  re l ea s ed f o r  a n y  u s e  c on s i s te n t  w i t h  l oc a l  l a n d  
u s e  c o n t ro l s .  
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F . 2 F LOODPLA I N  E F F E C T S  

T h e  a l te ra t i on o f  t h e  f l ood p l a i n  d u r i ng a nd a f t e r  remed i a l  a c t i o n  
conc e rn d u e  to  t h e  potent i a l  f o r  c ha nges  i n  r i v e r  e l eva t i o n s  d u r i ng  
events  a nd the  res u l t i ng i mp a c t s  to  nea rby p ro p e rt i e s a nd s t ru c t u re s . 
i mpa c t s  a re d i s c u s sed  i n  t h i s  a s s e s sment . 

i s  o f  
f l ood 
T h e s e  

Ot h e r  temp o ra ry i mp a c t s  o f  ad d i t i ona l c o n c e rn a re i n c rea s ed sed i me n ta t i on 
a nd e ro s i on ,  a l te ra t i on o f  ha b i tat , a nd wa te r q ua l i ty c ha n g e s . A f t e r  remed i a l  
ac t i on ,  l ong -te rm i mp a c t s  o n  g rou ndwa t e r  q ua l i ty a n d  f l ow a nd s u r f a c e  wa t e r  
qua l i ty wou l d  re s u l t  f rom t h e  remova l o f  t h e  c o n tam i na ted ma te r i a l s  p re s e n t  i n  
t h e  f l ood p l a i n .  Temp o ra ry a nd l on g -t e rm i mp a c t s  to  s o i l s ,  wa te r ,  a n d  e c o s y s 
tems a re d i s c u s sed  i n  Sec t i on s  5 . 3 ,  5 . 5 ,  a nd 5 . 6  o f  t h e  text  o f  t h i s  e n v i ro n 
menta l i mpa c t  sta teme n t  ( E I S ) . M i t i ga t i on mea s u re s  f o r  t h e s e  s h o rt - t e rm a n d  
l ong-term i mp a c t s  a re d i s c u s sed  i n  Sec t i on F . 2 . 2  o f  t h i s  a ppend i x  a n d  i n  
Sec t i on 5 . 20 o f  t h e  text o f  t h i s  E I S .  

E f f e c t s  o f  f l ood i ng re s u l t i ng f rom c ha n ge s  i n  f l ood e l e va t i on s  d u r i ng 
c o n s t ru c t i on and  a ft e r  c omp l et i on o f  t h e  remed i a l  a c t i on we re ca l c u l a ted . 
R e s u l t s o f  t h e s e  a na l ys e s  a re summa r i z ed i n  Sec t i on s  F . 2 . 1  t h ro u g h  F . 2 . 3 .  
Add i t i ona l d i s c u s s i on a n d  doc umen ta t i on o f  ca l c u l a t i on s  a re a va i l a b l e  i n  
Sec t i on E . l . 2  o f  Append i x  E ,  Hyd ro l ogy . 

F . 2 . 1  F L OOD ANA L YS I S  D U R I NG E X I S T I N G  COND I T I ONS 

The  O l d  R i f l e  ta i l i ng s  h a ve l i t t l e  i mp a c t  on  the c a p a c i ty of t h e  
1 00 - and  500-yea r f l oodways . Howe ve r ,  a t  t h e  New R i f l e  s i te , t h e  
p re s e n c e  o f  t h e  ta i l i ngs  c o n s t r i c t s  t h e  1 00- a n d  500-yea r f l oodways . 

Du r i ng a 1 00 -yea r f l ood event , t h e  f l ow o f  t h e  Co l o rado  R i ve r  a t  
the  O l d  and  New R i f l e  s i te s  wou l d  be 5 5 , 040 c ub i c  f e e t  p e r  s e c ond ( c f s )  
res u l t i ng i n  max i mum wa ter-s u rf a c e  e l e va t i on s  o f  5 3 1 1 and  5 2 7 5  feet  
a bo ve mea n  sea  l eve l ( MS L ) , res p e c t i ve l y .  T h e  mean ve l oc i t i e s wou l d  be  
1 2  f eet per  second  ( f p s )  a t  the  O l d  R i f l e  s i te a n d  1 0  to  1 7  f p s  a t  the  
New R i f l e  s i te . T h e  toe o f  t h e  O l d  R i f l e  ta i l i n gs  p i l e  wou l d  be u n d e r  
s i x  f e e t  o f  wa t e r , wh i l e  t h e  t o e  o f  t h e  New R i f l e  ta i l i n gs  p i l e  wou l d  
b e  u n d e r  fou r feet  o f  wa t e r  ( F i gu re F . 2 . 1 ) .  

The  New R i f l e  bo rrow s i te ,  0 . 5  m i l e  wes t  o f  t h e  N ew R i f l e  s i te a n d  
a t  a s i m i l a r  e l e va t i on , i s  i n  t h e  1 00-yea r f l ood p l a i n .  D u r i ng t h e  
1 00-yea r even t ,  t h e  wa te r-s u rf a c e  e l e va t i on s  a n d  f l ow v e l oc i t i es wou l d  
be a p p rox i ma te l y  t h e  same a s  t h o s e  d i s c u s sed  f o r  t h e  New R i f l e  s i te .  

DU i i ng a 500-yea r even t , f l ow wou l d  be  7 5 , 200 c f s  res u l t i ng i n  
wa t e r-s u rf a c e  e l e va t i on s  f o r  t h e  O l d  a n d  New R i f l e  s i te s  o f  5 3 1 4 and  
5278  feet  MSL , res pe c t i ve l y .  The  base  of  the  O l d  R i f l e  ta i l i ng s  p i l e  
wou l d  be u n d e r  n i ne feet  o f  wa t e r  a n d  t h e  b a s e  o f  t h e  New R i f l e  p i l e  
wou l d  be u n d e r  s i x  feet  o f  wa te r .  Mean  ve l oc i t i es wou l d  be 1 2  f p s  at  
t h e  O l d  R i f l e  s i te and  1 0  to  1 8  f p s  for  t h e  New R i f l e  s i te 
( F i gu re F . 2 . 2 ) . 
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Wa t e r  s u rf a c e  e l e va t i o n s  a n d  f l ow v e l oc i t i e s a t  the  New R i f l e  
b o r row s i te d u r i ng  t h e  500-yea r f l ood event  wou l d  be  a p p rox i ma t e l y  t h e  
same a s  t h o s e  f o r  t h e  New R i f l e  s i te .  

The  P roba b l e Ma x i mum F l ood ( PM F ) . a s  d e s c r i bed i n  Sec t i on 4 . 6 . 1  o f  
t h e  E I S  t e x t  a n d  Sec t i on E . l . 2 . 1  o f  Append i x  E .  Hyd ro l ogy . f o r  t h e  
C o l o ra d o  R i ve r  a t  t h e  O l d  a n d  New R i f l e  s i te s  wo u l d  p ro d u c e  a f l ow o f  
a p p rox i ma te l y  7 9 5 . 200 c f s  a n d  wo u l d  be 3 0  a n d  24 f e e t . re s p ec t i ve l y .  
a bove ba s e l i ne .  A v e rage  c ha n n e l ve l oc i t i e s wo u l d  ra nge f rom 1 3  to  
26  f p s . 

F . 2 . 2  F LOOD CON D I T I ONS D U R I NG R E M E D IA L  ACT I ON 

D u r i ng a ny o f  t h e  remed i a l  a c t i on a l te rna t i v e s  a t  the  O l d R i f l e  
s i te .  t h e  ta i l i ng s  ( 330 . 000 c u b i c  ya rd s ( cy )  o f  ta i l i ng s  a nd 1 68 . 000 cy 
o f  c ontami nated s o i l beneath  the  ta i l i ng s )  a nd a pp rox i ma te l y  62  a c re s  
( 1 60 . 000 c y )  o f  c o n tami nated  s o i l s  wo u l d  b e  removed f rom t h e  C o l o rado  
R i ve r  1 00-yea r f l ood p l a i n .  Th i s  wou l d  s l i g h t l y  deepen  the  f l ood 
c ha n ne l . Du r i ng  s ta b i l i zat i on at the  New R i f l e  s i te .  c o n ta m i na ted 
ma te r i a l s  wou l d  be exc a va ted i n  the  l OO -yea r f l ood p l a i n  at the  New 
R i f l e  s i te .  Howe ve r .  none  o f  t h e s e  ma te r i a l s  wou l d  be removed f rom the  
1 00-yea r f l ood p l a i n .  Du r i ng the  re l oc a t i o n a l t e rna t i ve s . the  ta i l i ng s  
( 2 . 4 1 5 . 000 c y  o f  ta i l i ng s  a nd 3 7 5 . 000 cy o f  c ontami na ted s o i l benea t h  
the  ta i l i ng s )  a nd a p p rox i ma t e l y  1 7 2 a c re s  ( 684 . 000 c y )  o f  c o n tami na ted 
s o i l s  wou l d  be removed f rom the l OO -yea r f l ood p l a i n  at the  New R i f l e  
s i te .  At the  New R i f l e  b o r row s i te .  s t a b i l i za t i o n a t  the New R i f l e  
ta i l i ng s  s i te wo u l d  re s u l t  i n  the  remova l o f  1 63 . 000 cy o f  b o r row 
mate r i a l s  f rom the  1 00-yea r f l ood p l a i n .  The  E s t e s  Gu l c h a nd L u c a s Mesa  
re l oc a t i on a l te rna t i ve s  wou l d  re s u l t  i n  t h e  remova l o f  1 1 9 . 900 a nd 
342 . 000 cy o f  b o r row ma t e r i a l s  f rom t h e  1 00 -yea r f l ood p l a i n  a t  the  New 
R i f l e  b o r row s i te . re s p e c t i ve l y .  

The q u a n t i t i e s o f  ma te r i a l  t o  be removed f rom the  500 -ye a r  f l ood 
p l a i n s a t  the O l d  a nd New R i f l e  ta i l i ng s  s i te s  a nd New R i f l e  b o r row 
s i te s  wou l d  be s l i gh t l y  l a rge r t h a n  t h o s e  d i s c u s sed  f o r  the  l OO -yea r 
f l ood p l a i n s beca u s e  the  500-yea r f l ood p l a i n s a re s l i gh t l y  l a rge r t h a n  
the  1 00 -yea r f l ood p l a i n s . The  c ha ng e s  i n  t h e  ex i s t i ng f l ood l eve l s  a n d  
ve l oc i t i e s a t t r i b u t a b l e  to  the  a c t i v i t i e s d i s c u s sed  a bove wo u l d  b e  
undetecta b l e .  

Potent i a l  i mp a c t s  wo u l d  be mi t i gated  by u s e  o f  t h e  f o l l ow i ng 
mea s u re s  d u r i ng remed i a l  a c t i on .  

o Contam i na ted ma te r i a l s  i n  t h e  f l ood p l a i n  wou l d  be exc a vated  
d u r i ng l ow f l ows . 

o R i pa r i a n  vegeta t i on adj a c ent to a re a s  s u b j e c t  to e x c a va t i on 
wou l d  be  l e ft  und i s t u rbed a s  mu c h  a s  p o s s i b l e  to  red u c e  r i ve r  
ve l oc i t i e s  and  a s soc i a ted e ros i on d u r i ng  f l ood even t s . 

o R e vegeta t i on wou l d  beg i n  a s  soon  a s  p ra c t i ca l  a f t e r  remova l o f  
contami nated ma t e r i a l s .  
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o Wa t e r  ba rs , mu l c h ,  r i p ra p , o r  o t h e r  e ro s i on c o n t ro l s  wou l d  be 
u s ed to m i n i m i ze e ro s i on .  

F . 2 . 3  F LOOD COND I T I ONS F O L L OW I N G  R EME D I A L  ACT I ON 

F o l l owi ng  remed i a l  a c t i on ,  i f  t h e  ta i l i ng s  a re s ta b i l i zed a t  the  
New R i f l e  s i te , t h e  p i l e  wou l d  be s ta b i l i z ed wi th i n  the  1 00-yea r a nd 
SOO-yea r f l ood p l a i n s .  The  c on f i g u ra t i on o f  t h e  exc a va ted a re a s  w i t h i n  
a n d  a d j a c e n t  to  t h e  r i ve r  wou l d  be  t h e  s ame a s  d u r i n g  t h e  remed i a l  
a c t i on u n t i l t h e  vegeta t i on wi t h i n  the  f l ood p l a i n  i s  ree s t a b l i s hed . 
D u r i ng a 1 00 -yea r o r  SOO-yea r f l ood e v en t , i mp a c t s  to  n e a rby p ro p e rty 
wou l d  be  s i mi l a r  to f l ood i mp a c t s  p r i o r  to remed i a l  ac t i on .  The 
ree s t a b l i s hmen t  o f  vegeta t i on wou l d  tend to s ta b i l i ze the f l ood p l a i n  
a nd mi n i m i ze the  i mpacts  d u r i ng  f l ood f l ows . E x c a vated a re a s  o f  t h e  
f l ood p l a i n  wou l d  be  rec l a i med by recontou r i ng t h e  a rea , a d d i ng a ny 
n e c e s s a ry s o i l c o nd i t i on e rs , a n d  re vegeta t i n g  t h e  a rea w i t h  na t i ve  
r i pa r i a n  vegeta t i on .  

I f  t h e  ta i l i ng s  a re removed f rom both  t h e  O l d a n d  New R i f l e  s i tes , 
t h e  1 00 - a nd SOO -yea r f l ood bounda r i e s  wou l d  c ha nge s l i gh t l y  f rom the  
ex i s t i ng cond i t i on s . The  f l ood e l e va t i on s  at  the  New R i f l e  s i te for  
t h e  1 00-yea r a nd SOO-yea r f l ood s wou l d  be  a f ew i nc h e s  to two f e e t  
l owe r ,  res pec t i ve l y ,  t h a n  f o r  t h o s e  c a l c u l a t ed f o r  s ta b i l i za t i on a t  the  
New R i f l e  s i te .  S i m i l a r  c ond i t i on s  wou l d  ex i s t  f o r  t h e  New  R i f l e 
borrow s He .  S i n c e  the  O l d  R i f l e  p i l e  d oe s  n o t  a f f e c t  the  f l oodway , 
remova l o f  t h e  ta i l i ngs  a t  the  s i te wou l d  not  c ha n g e  the  e l e va t i on s  o f  
the  1 00- a nd SOO-yea r f l ood e v e n ts . 
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F . 3  WET LANDS E F F E C T S  

F . 3 . 1  WE T LANDS D E SC R I P T I ON 

The  U . S .  A rmy C o rps  o f  E n g i n e e rs ( CO E )  has  d e t e rm i n ed t h a t. t h e re 
a re wet l a n d s  adj a c e n t  to t h e  New R i f l e  s i te w i t h i n  the  C o l o ra d o  R i ve r  
f l ood p l a i n  ( Da v i s ,  1 9 88 ; Opdyk e ,  1 9 86 ; Ga r r i s o n , 1 9 85 ; Mc N u re , 1 98 5 ) . 

Wet l a nd p l a n t  c ommun i t i es a t  the  O l d  R i f l e  s i te c ov e r  0 . 7  a c re 
( Ta b l e F . 3 . 1 ) a n d  t h ey a re c ompo s ed of  a c a t ta i l -d om i na ted a rea , o r  
eme rge n t  wet l a nd s , a n d  a s h rub-domi na ted wet l a nd  wh e re wi l l ow ( Sa l i x  
s p . )  i s  c ommon ( F i g u re F . 3 . 1 ) .  T h e  wet l a nd vegeta t i o n g rows lila 

n a r row s t r i p a l ong a d ra i n a g e  d i tc h  on  t h e  s i te .  

A tota l o f  20 . 4  ac re s  o f  wet l a n d s  wo u l d  be i mpac t ed by remed i a l  
a c t i o n a t  a n d  nea r the  New R i f l e  s i te ( Ta b l e F . 3 . 1 ) ;  1 0 . 5  ac res a re i n  
t h e  s o u t h e a s t  s ec t i on o f  t h e  d e s i gnated  s i te ( F i g u re F . 3 . 2 ) , wh i l e  9 . 9 
a c re s  a re i n  t h e  wi nd b l own c ontami n a t ed a rea we s t  o f  t h e  s i te ( F i g u re 
F . 3 . 3 ) . The  mo s t  common s pec i es i n  t h e  eme rge nt  wet l a n d s  i s  c a t ta i l ,  
a l ong wi t h  c ommon reed ( Ph ragmi tes  fommun i s ) ,  s ed g e  ( Ca rex s p . ) ,  rush  
( J u n c u s  s p . ) ,  a n d  reed c a n a ry g ra s s  ( Ph a l a r i s  a rund i nac ea ) . The  wet 
meadow p l a n t  commu n i ty i s  c ompo s ed o f  d e n s e  s a l t g ra s s  g rowth 
( D i s t i c h l i s  s p i c a ta ) . The  mos t  commo n p l a n t  spec i e s i n  t h e  s h rub  
wet l a nd a rea a re w i l l ow a n d  s a l t  c e d a r  ( Tama r i x  pa rv i f l o ra ) . Oth e r  
spec i es p re s e n t  i nc l ud e  s ca t t e red sma l l  c ot tonwood ( Popu l u s s p . ) ,  
s k u n k b u s h ( R h u s  t r i l obata ) , a n d  g re a s ewood ( Sa rc o b a t u s  v e rmi c u l a t u s ) . 

The  wet l a nds  a t  the  New R i f l e  s i te a re u n d e r  t h e  j u r i sd i c t i on o f  
t h e  COE  ( Da v i s ,  1 98 8 ) , a n d  a Sec t i on 404 p e rm i t wo u l d  be  requ i red f o r  
any  i nt e r i m  o r  remed i a l  a c t i o n ac t i v i ty to  t a k e p l a c e  i n  t h e s e  wet l a nd s 
a reas . The  wet l a n d s  a t  the  O l d R i f l e  s i te a re a l so COE-des i g n a ted 
wet l a nd s .  Howe ve r ,  a s epa ra te Sec t i on 404 p e rm i t i s  not req u i red f o r  
any  a c t i o n s  to  t a k e  p l a c e  i n  t h i s  a re a  bec a u s e  t h e  f l ow o f  wa t e r  t h rough  
t h i s  wet l a nd s i s  l es s  t h a n  f i ve c ub i c  ya rd s per  s ec ond  a nd t h e  a rea i s  
l e s s  t h a n  one  ac re i n  s i ze .  I n t e r i m  o r  remed i a l  a c t i on ac t i v i t i e s 
wou l d  be a l l owed i n  the  O l d R i f l e  wet l and s a rea u n d e r  the  Na t i o nw i d e  
Gene ra l P e rm i t Numb e r  2 6  ( Da v i s ,  1 98 8 ) . 

Ta b l e  F . 3 . 1  Wet l a nd p l a n t  c ommu n i ty a c reage  

Wet l and  p l a n t  Wi nd b l own 
c ommun i ty type O l d  R i f l e  New R i f l e  c o n ta m i n a t i on 

a rea s i te s i te ( New R i f l e ) TOTA L 

Eme rge n t  0 . 4  0 . 4  5 . 2  6 . 0  
Wet mea d ow 0 . 0  5 . 5  0 . 0  5 . 5  
S h r u b  0 . 3  � --±J � 
TOTAL 0 . 7  1 0 . 5  9 . 9  2 1 . 1  
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F . 3 . 2  WE TLANDS I M PACTS 

Du r i ng remed i a l  a c t i on ,  2 1 . 1  a c re s  of wet l a n d s  at the New R i f l e  
s i te wou l d  be a f fec ted by t h e  exc a va t i on o f  contam i na ted ma t e r i a l s .  
The a f fec ted wet l a nd s  a re fa i r l y  typ i c a l  o f  wet l a nd s  a l ong  t h e  Co l o ra d o  
R i ve r . Vegeta t i on i n  the  wet l a nd s wou l d  be  remo ved p r i o r  to  e x c a va -
t i on .  H a b i tat  fo r b i rd s , sma l l  mamma l s ,  a n d  o t h e r  w i l d l i f e wou l d  be 
l os t  d u r i ng  remed i a l  a c t i on a nd u nt i l vegeta t i on wou l d  b e c ome ree s ta b 
l i s hed . B i rd s a nd s ome sma l l mamma l s  wou l d  p roba b l y  re l o c a t e  u p s t ream 
o r  down s t ream o f  the s i te .  Sma l l , l e s s  mob i l e  mamma l s  u t i l i z i ng the 
wet l a nd s  c ou l d  be d e s t royed d u r i ng exc a va t i on of c ontam i na ted s o i l s .  

F . 3 . 3  WE TLANDS I M PAC TS M I T I GAT I ON 

R e vegeta t i on rep re s e nt s  t h e  maj o r  m i t i ga t i on mea s u re to  be  a pp l i ed 
t o  the  wet l a nd s a re a s  a t  the  O l d  a nd New R i f l e  s i te s . R e vegeta t i on 
s t ud i e s i n  a re a s  s i m i l a r  t o  t h e  R i f l e  s i te s  h a ve s h own h i g h  ra tes  o f  
s uc c e s s . For  examp l e ,  rec e n t  re vegetat i o n s t ud i e s o f  s h ru b  a nd t re e 
d omi nated  wet l a n d s  u s i ng p o l e  p l a n t i ngs  t a k e n  f rom na t i ve vegeta t i on 
h a v e  p roven  to be ve ry s u c c e s s f u l ,  w i t h  c l o s e  t o  1 00 p e rc e n t  s u c c e s s  
when  t h e  re vegetated a re a s  a re p rotected  f rom g ra z i ng a n d  t ramp l i ng by 
wi l d l i fe a n d  l i ve s t o c k  ( Swe n s o n  a n d  Mu l l i n s , 1 98 5 ; Yo rk , 1 985 ) . The 
s u c ce s s f u l  revegeta t i on o f  wet l a n d s  a re a s  at the  O l d  a n d  New R i f l e  
s i te s  wou l d  re s u l t  i n  p l a nt c ommu n i t i e s  t h a t  a re s i m i l a r  to  o n e s  t h a t  
present l y  ex i s t .  

The s p ec i f i c  deta i l s  o f  t h e  m i t i ga t i on p l a n  w i l l  be  d e ve l oped  i n  
c o n s u l ta t i on wi th  t h e  a p p rop r i a te reg u l a t o ry a g e n c i es ,  s u c h  a s  t h e  U . S .  
A rmy C o rp s  o f  E n g i n e e rs , U . S .  F i s h a nd W i l d l i fe S e rv i c e , a n d  t h e  U . S .  
So i l  Cons e rva t i on S e rv i c e . Th i s  d e ta i l ed i n f o rma t i on , i nc l ud i ng a p p ro 
p r i ate  s eed m i xtu res , p l a n t  spec i es ,  a nd revegeta t i on tec h n i q u e s  f o r  
t h e  a rea , w i l l  be  i nc o rp o rated  i n to  t h e  d e ve l opme n t  o f  t h e  f i na l  
remed i a l  a c t i on d e s i gn . 

Gen e ra l fea t u re s  o f  t h e  m i t i ga t i on p l a n  wou l d  i nc l ud e : 

o R i pa r i a n vegeta t i on a d j a c en t  to i nt e r i m  a nd remed i a l  a c t i on 
work a rea s wou l d  be  l e f t  u nd i s t u rbed a s  muc h  a s  pos s i b l e .  

o R e vegeta t i on wou l d  oc c u r  d u r i ng a n  a p p rop r i a t e  s ea s on to 
e n c o u ra g e  t h e  s u c c es s f u l  ree s ta b l i s hment  o f  t h e  wet l a n d s  a rea s . 

o F i l l ,  g rad i ng ,  a nd recontou r i ng o f  d i s t u rbed a rea s to  c reate  
cond i t i on s  f a v o ra b l e t o  the  r e e s t a b l i s hment  o f  wet l a n d  
vegeta t i on .  

o U s i ng a p p rop r i a t e  mat e r i a l s  a n d  tec h n i q u e s  ( e . g . , p o l e -p l a n t i ng ,  
s e l ec t  s eed , nat i ve vegeta t i on ,  o r  s o i l amendme n t s ) t h a t  wou l d  
l ead t o  t h e  ree s t a b l i s hment o f  wet l a n d s  s i m i l a r  t o  t h e  p re 
remed i a l  a c t i on c o nd i t i on s . 
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o Se l e c ted u s e  o f  wa terba rs , mu l c h e s , r i p ra p ,  o r  o t h e r  s o i l ero
s i on c o n t ro l s to  m l n l m l ze e ros i on a nd enc o u ra ge t h e  
e s ta b l i s hment  a n d  rep l a c ement  o f  wet l a nd s  a rea s .  
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F . 4  A L T E RNAT I VE S  

T h e  a l terna t i ve remed i a l  a c t i on s  a re d i s c u s sed  i n  Sect i on s  1 . 2 a nd 3 . 2  o f  
t h e  text o f  t h i s  E I S .  The  i mp a c t s  o f  t h e s e  a l t e rna t i ve s  a re d i s c u s sed  i n  
Sec t i on s  5 . 1  t h rough  5 . 1 7 .  M i t i ga t i on mea s u res  t h a t  a re l i k e l y  t o  b e  u s ed a re 
d e s c r i bed i n  Sect i ons  5 . 20 ,  F . 2 . 2 ,  a n d  F . 3 . 3 .  

The no  a c t i on a l te rnat i ve ,  wh i c h  enta i l s  l ea v i n g  t h e  ta i l i ngs  a nd othe r 
c ontami nated mat e r i a l s  i n  t he i r p re s en t  c ond i t i on ,  wo u l d  not  be  c o n s i s te n t  
wi t h  t h e  i ntent  o f  Con g re s s  i n  P L 9 5 -604 a n d  wou l d  n o t  re s u l t  i n  the  U . S .  
Depa rtment  o f  E n e rgy ' s  c omp l i a n c e  w i t h  t h e  U . S .  E n v i ronmenta l P rotec t i on  
Agency  stand a rd s . F o r  t he o t h e r  a l t e rna t i ve s , t h e  c o n s t ruc t i on a c t i v i t i es a nd 
i mpac t s  that  wou l d  oc c u r  a re d i s c u s s ed i n  Sec t i o n s  F . 2  a n d  F . 3 . 2 .  
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F . 5  S T A T � M E NT OF  F I N D I NGS 

T h i s  Sta teme n t  of F i nd i ngs  wa s p repa red p u rs u a n t  to  E x e c u t i ve O rd e rs 1 1 988 
and  1 1 990 , and 1 0  C FR 1 02 2 , Comp l i a n c e  wi th  F l ood p l a i n s /Wet l a n d s  E n v i ronme n ta l 
Rev i ew R e q u i reme n t s . U n d e r  a u t h o r i ty g ra nted by t h e  U ra n i um M i l l  Ta i l i ng s  
Rad i a t i on C o n t ro l  A c t  o f  1 9 7 8 , t h e  D O E  a n d  t h e  s t a te o f  C o l o ra d o  p ro p o s e  a 
coop e ra t i ve remed i a l  a c t i o n ef f o rt to c l ea n  u p  t h e  re s i d u a l rad i oac t i ve wa s t e s  
a nd o t h e r  c on tami nated ma te r i a l s  a t  the  mi l l  s i te s  a nd a s soc i a ted v i c i n i ty 
p ro p e rt i es i n  R i f l e ,  Co l o rad o . 

A l t e rna t i ves  u n d e r  c on s i d e ra t i on i nc l ud e  p e r f o rm i n g  i nt e r i m  a c t i o n s  a t  t h e  
O l d  a nd New R i f l e  s i te s , b u t  no  remed i a l  a c t i on s  ( A l te rn a t i ve 1 ) ;  s ta b i 
l i z i ng the  ta i l i ngs  a n d  c on tami na ted ma te r i a l s  a t  t h e  New R i f l e  s i te ( A l t e r
na t i ve 2 ) ; o r  re l oc a t i ng t h e  ta i l i ng s  a n d  c on tami na ted ma te r i a l s  to  e i t h e r  the  
E s t e s  Gu l c h  ( A l te rnat i ve 3 )  o r  the  Lucas  Mesa  ( A l te rn a t i ve 4 )  s i te s . A l t e rna 
t i ve 3 ,  re l oca t i on to  t h e  E s te s  Gu l c h  s i te ,  i s  t h e  DOE ' s  p re f e rred a l te rn a t i ve .  
Both the  O l d  a n d  New R i f l e  mi l l  s i te s , t h e  ta i l i ng s  p i l es ,  a nd t h e  a s s oc i a ted 
wi ndb l own rad i oa c t i ve l y  c ontami na ted ma te r i a l s  l i e  w i t h i n  the 1 00-yea r f l ood 
p l a i n  o f  t h e  Co l o ra d o  R i ve r ,  a s  s h own i n  F i g u re s  F . 2 . 1  a nd F . 2 . 2 .  T h e  E s te s  
Gu l c h  a nd Luca s M e s a  s i tes  a re l oca ted we l l  out s i d e  o f  t h e  C o l o ra d o  R i v e r  
f l ood p l a i n ,  a nd t h e re a re no  f l ood p l a i n s o r  wet l a n d s  a s s o c i a ted wi th e i t h e r  o f  
t h e s e  s i te s . 

Bec a u s e  the  e x i s t i ng ta i l i ngs  p i l es ,  m i l l  s i te s , a nd a s soc i a ted wi nd b l own 
c ontam i nated a rea s a re l oc a ted i n  t h e  f l ood p l a i n  a rea , s ome o r  a l l o f  t h e  
p ropo sed i nt e r i m  o r  remed i a l  a c t i o n  ac t i v i t i e s wou l d  occ u r  w i th i n  the  C o l o ra d o  
R i ve r  f l ood p l a i n s a rea rega rd l es s  o f  wh i c h  a l te rna t i ve i s  s e l e c ted . On  t h e  
ba s i s  o f  t h e  F l ood p l a i n a n d  Wet l a n d s  A s s e s sme n t  i n  t h e  E r S ,  Append i x  F ,  t h e  
D O E  h a s  d e t e rm i ned t h a t  t h e re i s  no  p ra c t i ca b l e a l t e rna t i ve to  t h e  p ropo sed 
a c t i v i t i es a n d  that a l l  o f  the a l te rna t i ves  have been d e s i g n ed to  m i n i m i ze 
potent i a l  ha rm to  o r  wi t h i n  the  f l ood p l a i n  o f  t h e  C o l o ra d o  R i ve r .  Add i t i ona l 
a n d  mo re d e ta i l ed d e s i gn i n fo rma t i on a n d  f i g u re s  on  t h e  fo u r  a l t e rn a t i ve s  i s  
p r e s e n ted i n  Sec t i on 3 . 2  o f  t h e  text , D e s c r i pt i on o f  A l terna t i ve s , a nd 
Append i x  A ,  Conc eptua l Des i gn s . 

T h e  no a c t i on a l te rna t i ve c on s i s t s  o f  ta k i ng no  s t e p s  towa rd remed i a l  
a c t i on a t  the  ta i l i n gs s i te s  o r  t h e  v i c i n i ty p rope rt i e s . They wo u l d  rema i n  i n  
t he i r p re s ent  l oc a t i on s  a n d  c o nd i t i on s . Howe ve r ,  t h i s  a l te rnat i ve c on s i d e rs 
t h e  c omp l et i on  o f  i nte r i m  ac t i on a c t i v i t i es a t  the  O l d a nd New R i f l e  s i te s  to 
remed i a te ex i s t i ng hea l t h and s a f ety h a z a rd s  to  t h e  R i f l e  commu n i ty .  The  
i n te r i m  a c t i o n s  i nc l ud e  s u c h  a c t i v i t i es as  remova l o f  a s b e s t o s  a nd o t h e r  
c hemi ca l s  a nd ma t e r i a l s ;  demo l i t i on of  u n s ta b l e a nd u n s a f e  m i l l  s t ru c t u re s ; 
i mp ro v i ng s i te s ec u ri ty , a nd e s ta b l i s hmen t  o f  t empo ra ry a n d  c o n s t ru c t i on 
fac i l i t i es .  Va nad i um-c ontami nat ed ma t e r i a l s  wou l d  be t ra n s fe r red to  a 
vanad i um re f i n i ng fa c i l i ty f o r  reproces s i ng ;  a l l  o t h e r c hemi ca l s ,  a c i d s , and  
mate ri a l s  wou l d  be t ra n s fe r red t o  a l i c e n s ed d i s p o s a l s i te .  The  s e l e c t i on of  
t h i s  a l terna t i ve wou l d  not  be con s i s t e n t  w i t h  t h e  i n tent  o f  C o n g re s s  i n  the  
UMTRCA ( PL9 5-604 ) and  wou l d  not  res u l t  i n  the  s i te ' s  c omp l i a n c e  w i th  t h e  E PA 
stand a rd s  ( 40 C F R  1 9 2 ) . 

A l t e rna t i ve 2 wou l d  i n v o l ve  t h e  s t ab i l i za t i on o f  a l l t h e  ta i l i ng s , a s b e s 
tos , non -ha za rd o u s  wa s te s , a n d  c o n tami nated ma t e r i a l s  f rom both  s i te s  a t  t h e  
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New R i f l e  s i te .  The  O l d  R i f l e  ma t e r i a l s  wou l d  be  e x c a v a t ed , t ru c k ed to  t h e  New 
R i f l e  s i te ,  and c o n s o l i da ted wi t h  t h e  New R i f l e  ma te r i a l s  to f o rm one ta i l i ngs  
p i l e .  Va nad i um-contam i na ted ma t e r i a l s  wo u l d  be t ra n s f e rred to a vanad i um 
ref i n i ng f a c i l i ty f o r  rep roc e s s i ng ;  a l l othe r  c hemi c a l s ,  a c i d s , a n d  ma t e r i a l s  
wou l d  be t ra n s f e rred to a l i cen sed  d i sposa l s i te .  The  ta i l i ngs  a n d  c o ntami 
nated mate r i a l s  wo u l d  t h e n  be c o v e red wi th  a n  ea rt h e n  radon  ba rri e r ,  a f rost  
p rotec t i on and  d ra i n  l aye r ,  a n d  a roc k  e ro s i o n p rotec t i on l aye r .  A be l ow- g ra d e  
roc k a p ron wou l d  be c o n s t ruc ted a round  t h e  ba s e  o f  t h e  e n t i re s t a b i l i zed ta i l 
i ngs  p i l e  to p rotect  a ga i n s t  the  e ros i ona l f o rc e s  o f  f l ood i n g i n  t h e  Co l o rado  
R i ve r .  D ra i nage  d i ve rs i o n d i tc h e s  wo u l d  be c o n s t ru c t e d  on  the  n o rt h , e a s t , 
and  south  s i d e s  o f  t h e  p i l e  to d i v e rt s u rf a c e  wa t e r  runo f f  a round  a n d  away 
f rom t h e  p i l e .  A l l a re a s  not o c c u p i ed by t h e  s t a b i l i zed p i l e  a n d  a s soc i a ted 
e ros i on p rotec t i on f ea t u re s  wou l d  be resto red wi th  c l ea n  f i l l  mat e r i a l , g raded  
to p romote  pos i t i ve d ra i na g e , a n d  revegetated to re -e s ta b l i s h vegeta t i on a n d  
rep l ac e  wet l an d s  a rea s . 

A l t e rna t i ve s 3 a n d  4 wo u l d  i n v o l ve  re l oc a t i ng t h e  O l d  a n d  New R i f l e  ta i l 
i ngs , c ontam i nated mat e r i a l s ,  a s b e s tos , a n d  n o n -h a z a rd o u s  wa s t e s  to e i th e r  t h e  
E s te s  Gu l c h or  L u c a s  M e s a  s i te s , re spec t i ve l y .  T h e  E s te s  Gu l c h  s i te i s  a p 
p rox i ma te l y  s i x  m i l es n o rt h  of  t h e  c i ty o f  R i f l e  a n d  t h e  L u c a s  Me s a  s i te i s  
a p p rox i ma t e l y  3 5  m i l es s o u t hwe s t  o f  R i f l e .  Vanad i um-c on tami n a ted mat e r i a l s  
wou l d  be t ra n s fe rred to a vanad i um ref i n i n g f ac i l i ty f o r  rep roc e s s i n g ;  a l l 
othe r  c hemi c a l s ,  ac i d s , a nd mat e r i a l s  wou l d  be t ra n s fe rred to a l i c e n sed 
d i s po s a l s i te .  A 20-foo t -deep  d i s po s a l a re a  wou l d  be ex c a va ted at the E s te s  
Gu l c h  s i te a n d  a 1 5-foot -d eep  d i s po s a l s i te wo u l d  b e  exc a vated  a t  L u c a s  M e s a . 
The  ta i l i ng s  a n d  othe r  mat e r i a l s  wou l d  be p l a c ed i n  t h e  d i spos a l  a rea , a nd a t  
e i th e r  s i te ,  t h ey wou l d  b e  c ove red b y  a n  ea rt h e n  rad o n  ba r r i e r ,  a f ro s t  p ro
t ec t i on and  d ra i n  l aye r ,  a n d  a roc k  p rotec t i on ba rr i e r .  At E s t e s  Gu l c h s i te ,  
t h e  d i s po s a l p i l e  wou l d  be n ea r l y  f l u s h  w i t h  t h e  s u rro u nd i ng t e rra i n ,  a n d  t h e  
adj a c e n t  terra i n  wo u l d  be g raded  to p romote  s he e t  f l ow .  Roc k -f i l l ed key 
t re n c h e s  a l ong the s i d e s , a roc k - l i n ed toe d i tc h ,  and an u p l a nd d ra i nage  a rea 
a n d  i nt e rc epto r d i tc h  wo u l d  i n t e rc ept  a n d  d i rec t  runo f f  away f rom the  p i l e .  
At the  L u c a s  Me s a  s i te , be l ow-g rad e  roc k a p ron a nd roc k - l i ned  d i vers i on d i t c h e s  
wou l d  be c o n s t ructed  t o  d i ve rt s u rf a c e  ru n o f f  away f rom t h e  p i l e .  For  e i th e r  
a l te rna t i ve ,  t h e  O l d a nd N ew R i f l e  s i te s  wo u l d  be re s t o red wi th  c l ea n  f i l l  
mate r i a l , g raded  to p romote  pos i t i ve d ra i nage , a n d  revegeta ted to re-e s ta b l i s h 
vegeta t i on and  rep l ac e  wet l a n d s  a re a s  a ft e r  remed i a l  a c t i on i s  c omp l eted . 

Spec i f i c  c o n s truc t i on ac t i v i t i es re l a ted to t h e  f l ood p l a i n ,  rega rd l e s s  of  
wh i c h  a l t e rna t i ve i s  s e l ec ted , i n c l ud e  1 )  t h e  d i s t u rb a n c e  of  a p p rox i ma t e l y 40  
( i nt e r i m  a c t i ons  on l y ,  no  remed i a l  a c t i on a l t e rna t i ve )  to 3 2 6  a c re s  ( th e  
ac t i on a l t e rna t i ve s ) w i t h i n  the  f l ood p l a i n  of  t h e  C o l o ra d o  R i ve r ;  2 )  d i s t u r 
ban c e  of  0 . 7  ac re o f  wet l a n d s  vegeta t i on a t  t h e  O l d  R i f l e  s i te a nd 20 . 4  a c re s  
of  wet l a n d s  vegeta t i on a t  t h e  New R i f l e  s i te ;  3 )  g ra d i ng a n d  revegeta t i n g t h e  
f l ood p l a i n  whe re exc a vated ; 4 )  remova l of  ma te r i a l  f rom t h e  New R i f l e  borrow 
s i te ;  a n d  5) u s e  of s o i l cond i t i on e rs , wa t e r  ba rs , mu l c h ,  r i p ra p  or o t h e r  s o i l 
e ro s i on contro l s ,  i f  nec e s s a ry ,  to c o n t ro l  e ro s i on a n d  p romote revegeta t i on . 

Poten t i a l  i mpa c t s  d u r i ng  i nt e r i m  o r  remed i a l  a c t i on wo u l d  be mi t i ga ted by 
u s e  of  t h e  f o l l owi ng  mea s u re s : 

o Wet l a n d s  vegetat i on a d j a c e n t  to i n te r i m  a n d  remed i a l  a c t i on wo rk a rea s 
wou l d  be l e f t  und i s t u rbed a s  mu c h  a s  p o s s i b l e  to red u c e  r i v e r  
ve l oc i t i es a n d  a s s oc i a ted e ro s i on d u r i n g  f l ood e v e n t s . 
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o Contami na ted ma t e r i a l s  i n  t h e  f l ood p l a i n  wou l d  be  ex c a va ted d u r i ng l ow 
f l ows . 

o R evegeta t i on wo u l d  oc c u r  d u r i ng a n  a p p rop r i a t e  s e a s o n  to enc o u ra g e  t h e  
s u c c es s f u l  re-estab l i s hment  o f  t h e  wet l a n d s  a re a s . 

o F i l l i ng ,  g rad i ng ,  a n d  rec o n tou r i ng o f  d i s t u rbed a rea s to  prevent  e ro
s i on a n d  c reate  c o n d i t i on s  fa vorab l e  t o  t h e  re - e s t a b l i s hmen t  o f  wet l a n d s  
vegeta t i on . 

o R evegeta t i on u s i ng a p p ro p r i a te mate r i a l s a n d  t ec h n i q u e s  ( e . g . , po l e
p l an t i ng , s e l ec t  s e ed , na t i ve vegeta t i on , o r  s o i l amendme n ts o r  c ond i 
t i oners ) t h a t  wou l d  l ead  to t h e  re-e s ta b l i s hmen t  o f  wet l a n d s  s i mi l a r  to 
t h e  p re - remed i a l / i nte r i m  a c t i on c o nd i t i on s . 

o Se l ec ted u s e  o f  wa te rba rs , mu l c h e s , r i p ra p , o r  othe r s o i l e ros i on c o n 
t ro l s to  p revent  e ros i on a n d  e n c o u ra g e  t h e  e s ta b l i s hment  o f  rep l a c emen t  
we t l a n d s  a re a s . 

The  i n te r i m  a n d  remed i a l  ac t i on s  h a v e  been  d e s i g ned to  c o n f o rm to a l l  
a pp l i ca b l e Fed e ra l  a n d  s ta t e  regu l a t i on s . B e f o re a n y  ac t i v i ty wou l d  beg i n ,  
a l l  a p p l i ca b l e  p e rm i t s a n d  a p p ro va l s ,  s u c h  a s  t h o s e  req u i red u n d e r  Sec t i on 404 
of t h e  C l ea n  Wate r Ac t ,  wou l d  be obta i n ed f rom t h e  U . S .  A rmy Corps  o f  E ng i 
n e e rs , C o l o ra d o  s tate  agenc i e s , a n d  o t h e r  a g en c i e s h a v i ng j u r i sd i c t i on .  
I n i t i a l  c on S U l ta t i on s  wi t h  t h e  agenc i e s h a ve t a k en p l a c e . 
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G . l  I N TRODUCT I ON 

Th i s  a ppend i x  d e s c r i bes  the  vegeta t i on ,  f i s h ,  a n d  w i l d l i fe ba s e l i ne c on 
d i t i on s  f o r  the  O l d  a n d  New R i f l e  ta i l i ngs  s i te s , E s te s  Gu l c h a n d  l u c a s  M e s a  
a l te rnate d i s po s a l s i te s , a n d  the  b o r row s i te s . I t  i nc l ud e s  a d e s c r i pt i on o f  
t h rea tened , end a n ge red , a nd s en s i t i ve s pec i e s who s e  g e o g ra p h i c  ra nges  o ve r l a p  
the  p roj ect  a rea . I n f o rma t i on p re s e nted h e re i s  ba s ed o n  p u b l i s h ed a nd u n p u b 
l i s hed  rep o rt s  o n  te rres t r i a l  a nd a q ua t i c  re s ou rc e s  a n d  pe rsona l c ommu n i ca t i on s  
wi th  k nowl edgea b l e  peop l e .  
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G . 2  VEGE I AT I ON 

1 he O l d  a nd New R i f l e  s i te s , a l te rna te d i s po s a l s i t e s , a n d  b o r row s i te s  
l i e wi th i n  t h e  Southern  R o c k y  Mounta i n  phys i og ra p h i c  reg i o n , wh i c h  c on s i s t s  o f  
bottoml a n d s , gent l y  to steep l y  s l op i ng h i l l s ,  a l l u v i a l  f a n s , a n d  me sa s . 
E l e va t i on s  va ry f rom 5200 f eet a bo v e  mea n  s ea l eve l ( MS L )  a l ong t h e  Co l o rado  
R i ve r  nea r t h e  N ew R i f l e  s i te to  6 500 feet  a b o ve MSL  a t  t h e  L u c a s  Mesa  s i te . 

The  types o f  vegeta t i on exta nt i n  t h e  reg i o n a re cont ro l l ed by l oca l 
topog ra phy . The  s p ru c e - f i r  vegeta t i on zone  extend s f rom t h e  h i gh e r  e l e v a t i on s  
( 1 1 , 000 feet a b o ve MS L )  to  8 7 00 feet a bo v e  M S L  w i th  a s pen  s ta n d s  e x tend i ng to 
8 1 00 feet a bove  MSL and to  l owe r e l e va t i on s  i n  s t ream va l l eys . An oa k -j u n i pe r  
zone ra nges  f rom 8 500 t o  5000 feet  a bove  MSL . Sag e b ru s h , d e s e rt g ra s se s , a nd 
cot tonwood t rees  o c c u r  w i th i n  t h e  o a k -j u n i pe r  zone  to  e l e va t i on s  o f  5000 feet  
above  MS L .  The  e f fe c t s  o f  s l ope a s pect  c a u s e  l owe r e l e va t i on vegeta t i on zones  
to  extend h i gh e r  on  s o u t h -fa c i ng s l op e s  ( Yeend , 1 9 69 ) . Pond erosa  p i n e i s  
a b se n t  i n  t h e  a rea a l though  s ca tte red p i non  p i n e s  oc c u r .  

The  O l d  a nd New R i f l e  s i te s , a l t e rn a t e  d i po s a l s i te s , a n d  b o r row s i te s  a re 
c h a ra c t e r i zed p r i ma r i l y  by p i no n -j u n i pe r  wood l a nd , semi -d e s e rt s h ru b , a nd 
r i pa r i a n vegeta t i on . The  p i n o n -j u n i pe r  wood l a nd o c c u rs on  t h e  h i l l s l opes  a n d  
gen e ra l l y  i s  i n t e r s p e rs ed w i th  b i g  s a g e b ru s h  a t  i t s l owe r e l evat i on s . T h e  
s emi -d e s e rt s h ru b  i s  c ompo s ed p r i ma r i l y  o f  b i g  s a g e b ru s h , s a l tb u s h , a n d  
g rea s ewood . B i g  s a g e b ru s h  occ u rs o n  a l l u v i a l  f a n s  a nd m e s a  tops  w i th  the  
sa l t b u s h  and  g rea s ewood oc c u r r i n g  i n  t h e  bottoml a n d s . 1 h e  r i pa r i a n vegeta t i on 
oc c u rs adj a c ent  to  the  bottom l a n d s  a l ong t h e  Co l o ra d o  R i ve r  a n d  c on s i s t s  o f  a 
n a r row zone  o f  t rees  a n d  s h ru b s . Dom i n a n t  vegeta t i on i n  th i s  r i pa r i a n zone  
i nc l u d e s  c ottonwood , wi l l ow ,  a l d e r ,  sa l t  c e d a r ,  N ew Mex i c o  l oc u s t , s q u awbu s h , 
g rea s ewood , c he a t g ra s s , b l u e g ra s s , a n d  wh e a t g ra s s . T h e  r i v e r i ne a n d  pa l u s t r i n e  
wet l a nd s a s soc i ated  wi th  t h e  C o l o ra d o  R i ve r  a re i n c l ud ed w i th i n  t h e  r i pa r i a n  
zone . Add i t i ona l i n fo rma t i on o n  wet l a nd s i s  f o u n d  i n  Sec t i on F . 3  o f  Appe n 
d i x  F ,  F l ood p l a i n  a n d  Wet l an d s  As s e s sment . 

G . 2 . 1  O l d  a n d  New R i f l e  s i te s  

Vegeta t i on on  t h e  d i s t u rbed O l d  R i f l e  s i te p r i ma r i l y  con s i s t s  o f  
wheatgra s s , o t h e r  g ra s s e s , a f ew f o rb s , a n d  R u s s i a n  o l i ve ( DO E , 1 983 ) . 
Gre a s ewood a nd a f ew cottonwood t rees  a re f o u n d  n ea r  t h e  a ba n doned  m i l l  
a rea . The  wes t e rn pe r i me t e r  o f  t h e  s i te i s  oc c up i ed by g re a s ewood , sa l t  
c e d a r ,  c ot tonwood , a l de r , ra bb i tb ru s h , s a g e b ru s h ,  a n d  N ew Mex i c o l oc us t . 
The s i te oc c up i e s a n  a rea  wh i c h  wa s o r i g i na l l y  a s a l t -mea d ow ra nge  s i te 
( SCS , 1 98 5 ) . C l i ma x  vegeta t i on repre s en ta t i v e  o f  t h i s  ra nge s i te i n  a n  
u nd i st u rb ed s t a t e  i nc l ud e s  a l ka l i s a c a t on , sa l tg ra s s , whea t g ra s s , 
sedges , a n d  ra bb i t b ru s h . R e  1 a t  i v e  a bu n d a n c e  o f  s h ru b s  a nd s a  l tg ra s s  
i nc rea s e s  when ra nge  c o n d i t i on d et e r i o ra t e s  a n d  e v e n t u a l l y u n d e s i ra b l e 
wee d s  a nd a nn ua l p l a nt s  d om i n a t e . 

A sma l l  wet l a nd  a rea ( 0 . 7 a c re )  d om i n a t e d  by  c a t ta i l  a n d  w i l l ow 
occ u rs a l ong  a d ra i nage  d i tc h  o n  t h e  s i te .  Th i s  wet l a nd  i s  d e s c r i bed 
i n  g rea te r d e a l i n  Sec t i on F . 3 . 1  of Append i x  F ,  F l ood p l a i n  a n d  We t l a nd s  
A s s e s sment . 
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The  New R i f l e  s i te i s  h i gh l y  d i s t u rbed w i th  l i tt l e  nat i ve vegeta 
t i on p re s ent . T h e  ta i l  i ng s  h a ve been  s e ed e d  w i th  wheatg ra s s  a nd a re 
c u rren t l y  be i ng  i r r i gated . An a rea i mmed i a t e l y  we s t  o f  t h e  ta i l i ngs 
p i l e  a ppea rs to  be a s a l t - f l a t ra nge s i te i n  poor c ond i t i o n ; i t  i s  
domi nated by g rea s ewood a nd s a l t g ra s s  ( DO E , 1 98 3 ) . Ac c o rd i n g to t h e  
U . S .  S o i l C o n s e rva t i on S e rv i c e ( SC S )  ( 1 98 5 ) , t h e  ta i l i ngs  s i te wa s 
o r i g i na l l y  on  t h e  s a l t -mea d ow a n d  s a l t -f l at s  ra nge  s i te s . C l i ma x  
vegeta t i on rep re s enta t i ve o f  t h e  s a l t-f l a t s  r a n g e  s i te i n  a n  u nd i s 
t u rbed s t a t e  c on s i s t s  ma i n l y  o f  s a l t g ra s s , a l ka l i s a c a ton , a n d  g rea s e 
wood . T h e  re l a t i ve a b u n d a n c e  o f  F o rbs  a n d  s h ru b s  i n c rea s e s  wh en t h e  
ra nge c o nd i t i on d e te r i o ra t e s . 

A tota l o f  20 . 4  a c re s  o f  wet l a n d s  oc c u rs a t  t h e  New R i f l e  s i te .  A 
mo re d e ta i l ed d e s c r i pt i on o f  t h e s e  wet l a n d s  i s  p ro v i ded  i n  Sec t i on 
F . 3 . 1  o f  Append i x  F ,  F l ood p l a i n  a n d  Wet l a nd s As s e s sment . 

Adj a c ent  to t h e  O l d  a n d  New R i f l e  s i te s  a l ong  t h e  Co l o ra d o  R i ve r  
i s  a r i pa r i a n zone  wh i c h  c o n s i s t s  p r i ma r i l y  o f  wet l a n d s , wi th  s ome 
r i ve r i ne  and  f o re s ted h a b i tat . Cottonwood t re e s  oc c u r  i n  s c a t tered 
c l ump s  w i th  w i l l ow ,  s a l t  c e d a r ,  a n d  g ra s s -domi na ted a rea s mo re c ommon 
near  the  O l d  R i f l e  s i te .  Sma l l a re a s  o f  w i l l ows and  c a t ta i l s  a nd 
extens i ve a re a s  o f  d e n s e  s a l t g ra s s  w i t h  some g rea s ewood b o rd e r  t h e  
C o l o ra d o  R i v e r  nea r t h e  N e w  R i f l e  s i te .  

No t h reatened a nd enda nge red p l a n t  s pec i e s a re expec ted to o c c u r  
a t  t h e  O l d a n d  New R i f l e  s i te s . Sec t i on G . 4  o f  t h i s  a ppend i x  d e s c r i bes  
t h e  t h re a t ened , e n d a n g e red , a nd s e n s i t i ve s pec i es i n  d e ta i l .  

G . 2 . 2  ESTES G U L C H  S I TE 

At the  E s tes  Gu l c h s i te a n d  v i c i n i ty ( e l e va t i o n 6 1 00 f eet a bove  
MS L ) , vegeta t i on i s  domi na ted by  s a g e b ru s h , j u n i pe r ,  a nd p i non  p i ne ;  
g rea s ewood , a spa r s e  c o v e r  o f  nat i ve g ra s s e s  a n d  f o rbs , a n d  s l op e s  t h a t  
a re a l mo s t  d e vo i d  o f  vegeta t i on a re a l so p re s e n t . Ta b l e  G . 2 . 1  p re s e n t s  
t h e  l i s t  o f  p l a n t  spec i es t h a t  we re o b s e rved a t  t h e  E s te s  Gu l c h  s i te .  
Vegeta t i on a ro u n d  a sma l l  s to c k  pond ( c ove r i ng  0 . 5  a c re )  l oca ted adj a 
c e n t  t o  t h e  s o u t h e rn p o rt i on o f  t h e  s i te i nc l u d e s  g rea s ewood , c o t t o n 
wood sa p l i ng s , a n d  s a l t  c e d a r s a p l i ng s . 

T he vegeta t i on o f  t h e  p i non -j u n i pe r  type i n  t h e  s u rro u n d i n g a rea 
c o n s i s ts  ma i n l y  o f  p i non  p i ne and U t a h  j u n i pe r  t re e s  ( SCS , 1 98 5 ) . The  
c ommon u nd e rs t o ry s h rub  l ay e r  i s  typ i f i ed by b i g  s a g e b ru s h , f o u rwi ng 
sa l tbu s h , s e r v i c e b e rry ,  s h a d s c a l e ,  and b i t t e r b ru s h . 

l h e s a g e b ru s h  type i s  on  t h e  ro l l i ng l oam  ra nge s i te ( SCS , 1 98 5 ) . 
C l i ma x  vegeta t i on c on s i s t s  o f  b i g  s a g e b ru s h , we s te rn whea t g ra s s , n e ed l e 
a n d -th read  g ra s s , b l u e b u n c h  wh eatg ra s s , rabb i t b ru s h , and  s q u i r re l ta i l .  
When ra nge  cond i t i on d e te r i o ra t e s ,  g ra s s  p rod u c t i o n d ec rea s e s , and  
s h rub  p rod u c t i on i n c rea s e s . An n u a l p roduc t i o n f o r  th i s  ra nge  s i te i s  
e s t i ma ted a t  500 pound s p e r  a c re d u r i n g u n f a v o ra b l e yea rs a n d  up  to  
1 000 pounds  p e r  a c re i n  f a v o ra b l e yea rs . 
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Ta b l e  G . 2 . l  P l a n t  spec i e s o b s e rved a t  the  E s t e s  Gu l c h  s i t e 

-- . --'--- --------------.-�--------. 

C ommon name 

Uta h j u n i pe r  
P i non  p i ne 

B i g  s a g e b r u s h  
Fou rwi ng sa l tbu s h  
Shad s c a l e  
Wi  n t e rfa t  
Mou nta i n  ma hoga ny 
Rubber  ra b b i t b ru s h  
Hedgehog c a c t u s  
Mormon tea 
B room s n a k eweed 
Utah  p r i c k l y  pea r c a c t u s  
B r i tt l e  p r i c k l y  pea r c a c t u s  
Ante l ope b i tterbru s h  
Gre a s ewood 
H o r s e b r u s h  
H o r s e b r u s h  
Soa pweed 

Sand v e rbena 
W i l d  on i on 
W i l d  on i on 
A l ys s um 
P u s s y  toes 
R oc k c re s s  
Sa ndwo rt 
M i l kweed 
A s t e r  
M i l kweed 
M i l k vetch  
M i l k ve t c h  
M i l k ve t c h  
M i l k ve t c h  
B r i c k e l b u s h  
Sego 1 i 1 y 
Came l i na 
N e l s o n l s  I nd i a n pa i n t b ru s h  

Sc i en t i f i c  name 
--_._------------------

G-5 

J u n i pe ru s  Qs teosP�Ima 
Ej n u s  �d u l i s  

A rt em i s i a  t r i d e n tata  
At r i p l ex c a n e s c e n s  
A .  c o n f e rt i fo l i a  
� f:?ra t o i  d e s  l.a n a ta 
te rcoca rpu s monta�� 
�brys o t h a mu n u s  n a u s eo s u s  
� c h i noc e re u s  iri g l oc h i d i a t u s  
Iph ed ra v i r i d i s  
Gut i e rre z i a  s a roth ra e  
Opu nt i a  e r i n a c ea 
9...!. f ragi l i s  
P u rs h i a  t r i d e n tata  
�9. rc o ba t u s  v e rm i  cu  l a tu s  
Iet ra dym i a c a n e s c e n s  
Tet ra dym i a spi n o s a  
IlJc c a  g l a uca  

A b ron i a  e l l i pt i ca 
A l l i um a c c um i natum K�t i l e_ 
�Jys s um d e s e rt o rum 
Antenna r i a  ros u l a ta 
A ra b i s  pe renna n s  
A rena r i a  ea s twooda e  
A s c l ep i a s  c ryptoc e ra s  
A s t e r  � 
A s t raga l u s amph i oxys 
!h. l on c h o c a rpus  
!l�_ ooph o ru s  
!h. t e n e l l u s 
A .  wet h e r i l l i i 
Bri c k e l l i a � 
Ca l o c h o rt u s  n u t ta l l i i  
Came l i na m i c roca rpa 
Ca s t i l l e j a  c h romo s a  



Ta b l e G . 2 . l  P l an t  s pec i es o b s e rved a t  t h e  E s t e s  Gu l c h s i te ( Cont i n u ed )  

C ommon name 

F o rb s  ( Cont i n u ed )  

Chaenac t i s  
Chenopod i um 
C h l o r i s p o ra 
Th i s t l e  
Th i st l e  
Hawk s bea rd 
C ryptan t h a  
C ryptan t h a  
C ryptan t h a  
B i s c u i t root 
B 1 sc u i t root 
Bi  s c u i t root 
La rk s p u r  
Ta n s y  mu s ta rd 
Tan s y  mus ta rd 
F l eabane  
W i l d buc kwheat  
Buc kwheat 
W i l d  buc kwheat  
F i l a ree  
E rys i mum 
Spu rg e  
G i l i a  
G i l i a  
Go l d en a s t e r  
Hymenopappus  
Act i nea 
Summe r cypre s s  
St i c k s eed 
Pepperg ra s s  
R o s e h eath  
L up i ne 
Loma t i um 
Ma c h a e ra n tha  
Sh i n ne rs 
Ma l c o l m i a  
A l f a l fa 
St i c k l ea f  
Fou r-o ' c l oc k  
Even i ng p r i mro s e  
C l u s te red b roomra p e  

G -& 

Sc i en t i f i c  name 

C h a e n a c t i s s t ev i o i d e s  
C h enopod i um f remont i i  
C h l o r i spo ra t e n e l l a  
C i rc i um b i p i n n atum 
C i rc i um u nd u l a t um 
C repi s mod o c e ns i s  
C rypt a n t h a  �ra c i l i s  
h s t r i cta  
C rypt a n t h a  iP...:.. 
Cymopte r u s  b u l b o s u s  
h f en d l e r i  
h pu rpu reu s 
D e l ph i n i um s c apos um 
D es c u ra i n i a  p i n nata  
�� s oph i a  
� ri ge ro n  pumi l us 
E r i ogo n um l on c hophyl l um 
L .. m i c ro t h e c um 
f�. o va l i fo l i um 
E rod i um c i c u t a r i um fFYSimum a spe rum 
�uph o rb i a  rob u sta 
§ i l i a  agg rega ta 
§.�_ s i n uata  
Hete rot h e c a  v i l l os a  
tlymen opappu s f i l i fo l i u s 
�ymen o xys a c a u l i s  
lSoc h i a  s c opa r i um 
�il...QQQl<! t e x a n a 
L ep i d i um perfo l i a tum 
1�uc e l �n e  e r i oc o i d es 
1upi n u s  brev i c a u l i s  
L oma t i um iP...:.. 
Ma c h a e ra nt h a  c a n e s c e n s  
� .. :.. gr i nd e l o i d es 
Ma l c o l m i a  a f ri c a n s  
�ed i c ago sati va
Ment ze l i a  a l b i ca u l i s  
M i ra b i l i s  mu l t i f l o ra 
genot�e ra fa espi tosa  
Q ro ba n c h e  f a s c i c u l ata  



T a b l e  G . 2 . 1  P l a n t  s pec i es o b s e rved a t  t h e  E s t e s  Gu l c h  s i te ( Con c l uded ) 

- .  --------------

Common name 

Forbs  ( Conc l uded ) 

Penstemon 
Pens temon 
P h l ox 
Ph l ox 
M i s t l etoe 
Twi npod 
P l a n ta i n  
Knotweed 
B u t t e rc up  
R u s s i a n t h i s t l e  
Gro u n d s e l  
Musta rd 
Sca r l et g l obema l l ow 
Twi s t f l owe r 
Da i sy 
C l o v e r  
M u l l e i n  
Xy l o rh i za 

G ra s s e s  

C re s ted whea t 
Quac k g ra s s  
B l u e b u n c h  whea t g ra s s  
Red b rome 
C h e a t g ra s s  
Ga l l eta  g ra s s  
J un e g ra s s  
I nd i a n r i c eg ra s s  
Muttongra s s  
B l  u e g ra s s  
Bott l eb ru s h  s q u i rre l ta i l  
Need l e-and-t h read g ra s s  
S i x  wee k s  f e s c u e  

R e f . E E S , 1 98 6 . 
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Sc i en  t i f  i c name 

P e n s t emon f remont i i  - ._-

P .  o s t e rh o u t i i  
Ph l ox a u s t romontana  

[Ton gTIoTfa-
ftlO rad e nd ron J!!!liQe rJ.n um 
fhys a r i a  a c u t i f o l i a  
fJ a n tago � t i gon i c a 
fo l ygo n um �v i c u l a re 
Ra n u n c u l u s !e s t i �J:l l a t u s  
Sa l s o l a  ka l i  
Senec i o  mu l t i l oba t u s  
S c h o e n c rambe l i n i f o l i a  
�Qh a e ra 1 c ea c oCCTne-

a


�t rept a n t h u s  c o rd a t u s  
Town s e n d i a  exc apa 
T r i f o l i um l ong i pe s  
V e rba s c um t haps u s  
Xyl o rh i za gl a b r i u s c u l a  

Agropyron c r i s t a t u m  
�� repen s  
� s p i c a t um 
�romu s r u b e n s  
B .  t e c t o rum 
tI i l  a r i a  j a me s i i 
Koe l e r i a  c r i stata  
O ryzops i s  hymeno i d e s  
p_Q.� f e n d  1 e r i  a n a  
P o a  s ec un d a  
S i ta n i on hys t r i x 
St i pa £oma ta 
Vu l p i a  o c t o f l o ra 



Vegeta t i on on  t h e  s i te i s  p r i ma r i l y  c omposed  o f  s a g e b ru s h . A l -
though  q u a n t i ta t i ve vegeta t i on s u rveys we re not  c o n d u c ted a t  the  E s tes  
Gu l c h  s i te ,  vegeta t i on found  i n  t h e  s a g e b ru s h  type a t  t h e  Ma i n  E l k  C reek  
a rea , l oc a ted 1 1  mi l e s ea s t  o f  t h e  s i te ,  i s  p roba b l y  s i m i l a r  ( Mob i l ,  
1 982 ) . On the  a v e rage , tota l vegeta t i on c o v e r  a t  t h e  Ma i n  E l k  C reek  
a rea wa s 32  p e rc e n t  w i th  b i g  s a g e b ru s h  c o n t r i b u t i ng 1 7 . 6  p e rc e n t  o f  the  
c o ve r .  U n d e r s t o ry c o v e r wa s domi na ted by  c he a t g ra s s  ( 6 . 6  p e rc e n t )  w i th 
a n n ua l f o rbs  ( 2 . 2  p e rc e n t ) ,  b l u e g ra s s  ( 1 . 0  p e rc e n t ) , need l e -a n d - t h read 
g ra s s  ( 0 . 8  p e rc e n t ) ,  a n d  p e re n n i a l  f o rbs  ( 0 . 6  p e rc e n t )  oc c u rr i ng  as  
c ommon s p ec i es .  Ba re g ro u n d  wi th  a nd wi t h o u t  c a n opy c ove r c omp r i sed 
0 . 4  pe rc e n t  and  2 7 . 4  p e rc e n t , re s pe c t i ve l y ;  1 i t t e r  a n d  roc k  c o n t r i b uted 
40 . 6  p e rc e n t  to the tota 1 c o ve r . Tota 1 mea n  s h ru b  d e n s  i ty wa s 2400 
p l a n t s  p e r  ac re w i t h  b i g  sageb r u s h  a nd l ow ra bb i tb ru s h  c o n t r i b ut i ng 
ove r 90 p e rc e n t . 

T h e  Wet h e r i l l  mi l k v e tc h , a s t a te - l i sted  s p e c i e s o f  spec i a l  c o n c e rn , 
i s  found  nea r t h e  p roposed  a c c e s s  road l ead i n g i n to t h e  E s tes  Gu l c h  
s i te .  I t  may a l s o o c c u r  a l ong  t h e  p o rt i on o f  H i g hway 1 3  t h a t  wo u l d  be 
w i dened  a nd i mp roved . Deta i l s  on  t h i s  s pec i es a re c onta i ned  i n  
Sec t i o n  G . 4 . 1 3  o f  t h i s  a ppend i x .  

G . 2 . 3  LUCAS MESA S I T E  

T h e  p r i nc i pa l  vegeta t i o n types t h a t  oc c u r  o n  t h e  L u c a s  M e s a  s i te 
a nd s u rround i ng a rea a re p i n o n -j u n i pe r  wood l a nd a nd s a g e b ru s h . 
Tab l e  G . 2 . 2  p re s e n t s  the  l i s t o f  p l a n t  spec i e s t h a t  a re l i k e l y  to  oc c u r  
a t  t h e  L u c a s  Mesa s i te .  Typ i c a l  c l i ma x  vegeta t i on o f  t h e  p i no n -j u n i pe r  
type i nc l ud e s  t h e  Uta h j u n i pe r ,  p i non  p i ne ,  I nd i a n r i c e g ra s s , b l ue 
g rama , b l u e b u n c h  whe a t g ra s s , ga l l eta g ra s s , n e ed l e -a nd-th read g ra s s , 
b l u e g ra s s , and  va r i o u s  f o rb s  ( SCS , 1 9 8 5 ) . T h e  s a g e b r u s h  type o c c u rs on  
the  ro l l i ng l oam ra nge s i te .  Typ i ca l  c l i ma x  vegeta t i on of  t h e  ro l l i ng 
l oam ra nge s i te wa s p re v i o us l y  d e s c r i bed f o r  t h e  E s te s  Gu l c h s i te .  

A d e n s e  stand  o f  b i g  sageb r u s h  wi t h  a n  u n d e r s t o ry o f  fo rbs and  
g ra s s e s  c o v e rs t h e  maj o r i ty o f  t h e  s i te .  Beca u s e  of  i t s v e ry h i gh 
d e n s i ty ,  s a g e b ru s h  h a s  a l mo s t  e l i m i na ted t h e  u n d e r s t o ry g ra s s e s  i n  ma ny 
pa rts o f  the s i te .  T h e  s i te domi nanc e of b i g  s a g e b r u s h  i nd i c a t e s  t h a t  
t h e  ra nge h a s  d e t e r i o ra ted . Road s i d e s  a n d  o t h e r  d i s t u rbed a re a s  o f  t h e  
s i te ,  whe re sageb r u s h  ha s b e e n  removed , ex h i b i t  h i gh d en s i t i e s o f  l ow 
ra bb i tb ru s h  ( DOE , 1 98 3 ) . 

The  e a s t e rn a nd s o u t h e rn port i on s  o f  t h e  s i te a re d omi n a ted by a n  
open  j un i pe r  wood l a nd . The s e  a re a s  a re oc c u p i ed b y  j un i pe r  t re e s  w i th  
a spa rse  u n d e r s t o ry o f  s h ru b s , f o rb s , a nd g ra s s e s , pa rt i c u l a r l y  l ow 
ra bb i tb ru s h , s c a r l et g l obema l l ow ,  and  I nd i a n  r i c e g ra s s . J u n i p e r  t rees  
a l so oc c u r  a l on g  s e v e ra l  s ha l l ow d ra i n a g e s  run n i ng s o u t h ea s t  to 
n o rthwe s t  a c ro s s  the  s i te ( DOE , 1 9 8 3 ) . 

Po i n t-c e n t e red qua rte r mea s u remen ts t o  d e t e rmi n e  s h ru b  a n d  t. ree 
d e n s i ty we re cond ucted  ( DOE , 1 9 8 3 )  ( T a b l e G . 2 . 3 ) . l h e s e  mea s u reme n t s , 
when c ompa red to o t h e r  s t ud i es i n  t h e  a rea ( C l ea r  C re a k  and  Ma i n  E l k  
C reek  a re a s ) ,  i nd i c a t e  a re l a t i ve l y  h i g h d en s i ty o f  sageb r u s h  and  
j un i pe r  a t  the  L u c a s  Mesa  s i te ( C OM , 1 9 83 ; Mo b i l ,  1 982 ) . The  s a g e b ru s h  
d ens i t i e s a l ong  C l ea r  C reek  ( e i gh t  mi l es n o rt h  o f  DeBeq u e )  a nd Ma i n  E l k  
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T a b l e  G . 2 . 2  P l a n t  s p ec i e s l i k e l y  to occ u r  a t  t h e  Luca s Mesa  s i te 

- . �' -.. ------------

Common name 

T rees  

Utah  jun i pe r  
P i n o n  p i ne 

Utah  s e rv i cebe rry 
B i g  sageb ru s h  
F o u rwi ng  s a l tb u s h  
Shad s c a l e  
Mounta i n  ma hogany 
Rubber  ra bb i tb ru s h  
Low ra b b i tbru s h  
Mo rmon t ea 
P r i c k l y  pea r 
Squaw a pp l e  
B i  tterb ru s h  
Gamb e l  oak  
Sk u n k b u s h  s uma c 
G re a s ewood 
Mou nta i n  s e rv i c e be rry 

A s t e r  
M i l k vetc h 
Doug l a s  c haenac t i s  
Ta n s y  mu s ta rd 
Buc kwheat 
Pepp e rweed 
Hood s ph l ox 
Sca r l et  g l obema l l ow 

C re s ted wheatg ra s s  
We s t e rn wheatg ra s s  
B l ue g rama 
Cheatgra s s  
Ga 1 1  eta g ra s s  
P ra i r i e  junegra s s  
Ind i a n  r i c eg ra s s  
B l ueg ra s s  
Bot t l e b r u s h  s q u i rre l ta i l  
Need l e-a n d -t h read g ra s s  

Ref . Jen k i ns , 1 9 86 ; DOE , 1 9 83 ; Mob i l , 1 9 82 . 
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Sc i e n t i f i c  name 

.J..\.Jn i peTJ!i o s  teospe rma 
�i n u s  gd u l i s  

Ame l a n c h i e r  u t a he n s i s  
�!tem i s i a  t r i d en tata  
�triplex c a n e s c e!!i 
8_._ c o n  f e rt i f  0 1 i a 
�_.e rc oca  rpu s  mon ta n u s  
��rys othamu n u s  Da u s e o s u s  
C .  v i  s c  i d i f l o ru s  
fphed r� v i r i d i s  
QQu n t i a  po l ya c a ntha  
P e raphyl l um � 
P u rs h i a  t r i d en tata  
Q.tle rc u s  gambe l l i i  
R h u s  t r i l obata 
Sa rc o b a t u s  ve rm i c u l a t u s  
Sympho r i c a rpos o reoph i l u s 

t\5t e r  � 
A s t raga l u s � 
C h a e n a c t i s  d ougl a s s i  
pes c u ra i n i a  p i n n a ta 
E r i ogon um � 
Lepi d i um ge rfo r i a t um 
Ph l ox h o od i i  
SPhaera l cea  c oc c i nea  

Agropyron c r i s ta t um 
A .  sm i t h i i 
�oute l o ua gra c i l i s  
B romu s tecto  rum 
H i 1 a r i a  j a me s i i 
Koe l e r i a  c r i s ta ta 
O ryzops i s  hyme n o i de s  
Poa s ec u nda  
ilia n i on hys t r i x 
�1.i.M. c oma ta 



Ta b l e  G . 2 . 3  Sh rub a nd t re e  d en s i ty ,  L u c a s  Mes a  s i te 

Common name 

B i g  s a g e b r u s h  
Low ra b b i  t b ru s h  
Utah  j u n i pe r  

R e f . DOE , 1 983 . 

Sc i en t i f i c  name 

A rteme s i a  t r i d en tata  
C h rysothamu n u s  v i s c i d i f l o rus  
J u n i pe ru s  osteosperma 

Number o f  p l a n ts 
p e r  h e c t a  re 

1 0 , 250 
2 4 1 0 

3 7 0  

C reek  we re 3300 p l a n t s  p e r  a c re ( C OM ,  1 98 3 )  a n d  2000 p l a n t s  pe r a c re 
( Mo b i l ,  1 9 82 ) , re s p ec t i ve l y ,  a s  c ompa red t o  4 1 00 p l a nt s  p e r  a c re a t  
L u c a s  Mesa . The  j u n i pe r  d e n s i t i e s a t  C l ea r  C reek  a nd Ma i n  E l k  C reek  
we re 3 2  and  2 6  t rees  p e r  a c re ,  res p ec t i ve l y ;  a t  Lucas  Mes a , t h e  d en s i ty 
wa s 1 50 t rees  p e r  a c re .  

A B u reau  o f  Land  Mana gement  ( B LM)  t rend  s i te i s  a l s o l oc a ted on  
t h e  wes t e rn p o rt i on of  the  L u c a s  Me s a  s i te . Data  c o l l ec ted f rom 1 980 
t h rough  1 983  at th i s  s i te i nd i c a t e  t h a t  the vegeta t i on c ov e r  i s  
d e c rea s i ng ( s ee  Tab l e  G . 2 . 4 ) .  

No  th rea tened and  e n d a n g e red p l a n t  s p e c i es a re expec ted t o  oc c u r  
a t  the  L u c a s  Mesa  s i te .  Sec t i on G . 4  o f  t h i s  a p pend i x  p rov i d e s  d e ta i l s  
on  th reat e n ed , e n d a n g e red , a n d  s en s i t i ve s p ec i es .  

G . 2 . 4  BORROW S I T E S  

T he Second S t reet  a n d  New R i f l e  b o r row s i te s , j u s t  n o rt h  a n d  wes t  
o f  t h e  New R i f l e  s i te ,  re s p ec t i ve l y ,  a re ex i s t i ng bo rrow o p e ra t i on s . 
Befo re d i s t u rba n c e , t h e  Second St re e t  bo r row s i t e o c c u rred on  the  
sa l t -f l a t s  ra nge s i te ,  a nd the  New R i f l e  b o r row s i te wa s on  t h e  s a l t 
meadow ra nge s i te and  f l ood p l a i n  ad j a c e n t  to  t h e  C o l o ra d o  R i ve r  ( SCS , 
1 98 5 ) . Both  t h e  s a l t -f l a t s  and  sa l t -mead ow ra nge s i te s  were d e s c r i bed 
p re v i o u s l y  u n d e r  the  O l d  and N ew R i f l e  s i te s  ( Se c t i o n  G . 2 . l ) .  The 
n a t i ve vegeta t i on of  the f l ood p l a i n  i s  c h a ra c t e r i zed  by c ottonwood , 
wi l l ow ,  tama r i s k ,  a nd wa ter-t o l e ra n t  g ra s s e s , s e d ge s , a n d  ru s h e s . 

T h e G l enwood Sp ri n g s  b o r row s i te ,  l oca t ed n o rt h e a s t  o f  G l enwood 
S p r i ngs , i s  a l s o an e x i s t i n g bo rrow o p e rat i on .  T h e  s i te a rea i s  c h a ra c 
t e r i zed b y  p i no n -j u n i p e r  a n d  o a k  b ru s h  vegeta t i on type s . I t  i s  s i t ua ted 
on wha t  wa s a s ha l l ow s uba l p i ne ra nge  s i te ( SCS , 1 98 5 ) . T h e  c l i ma x  
vegeta t i on o f  t h i s  ra n g e  s i te i n c l ud e s  need l e g ra s s e s , I d a h o  f e s c u e , 
mounta i n  b rome , whea t g ra s s e s , U t a h  s e r v i c e b e r ry ,  a n d  b i g  s a g e b ru s h . 
When t h e  ra nge d et e r i o ra te s , f o rb s  and  s h rubs  bec ome n ume rou s .  
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Common 
name 

T a b l e  G . 2 . 4  

B i g  s a ge b ru s h  
Ga 1 1  eta 
Pr i c k l y  pea r 
B l u e g ra s s  
Squ i rre l ta i l  
As t e r  
G l obema l l ow 
Ph l ox 

Tota l 

L i t t e r  

R e f . J e n k i ns ,  1 986 . 

Vegeta t i on c ov e r  o f  B L M  t rend  s i te o n  L u c a s  Mesa  

Sc i e n t i f i c  
name 

Artem i s i a  t r i d e n tata  
!:iJ l a r i a  james i i  
QQu n t i a  po l ya c a ntha  
poa s e c u nda_ 
? i ta n i on hys t r i x 
A� t e r  sp . 
�ha e ra l c ea c oc c i nea  
f.h 1 ox iP-!.. 

G-1 1 

1 9 83  
c o v e r  

( pe rc e n t ) 

2 3 . 4  
1 . 1 
1 . 8 
0 . 4  
0 . 2  
0 . 1  

Tra c e  
N o t  f o u n d  

2 7 . 0  

2 1 . 6  

1 980- 1 983  
a ve ra ge c ove r 

( pe rc en t )  

24 . 9  
1 . 7 
2 . 2  
0 . 2  
0 . 1  
0 . 1  

T ra c e  
T ra c e  

2 9 . 2  

1 6 . 4  
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G . 3  F I SH  AND  WI L D L I F E  R E SO U R C E S  

The  O l d  a n d  New R i f l e  s i te s , a l t e rn a t e  d i s po s a l s i t e s , a n d  borrow s i te s  
s upport a d i verse  a s s emb l age  o f  mamma l s ,  b i rd s , rept i l e s ,  a n d  amph i b i a n s . 
Maj o r  h a b i tat typ e s  o f  t h e  s i te s  a re p i n o n -j un i pe r ,  sageb ru s h , a nd ri pa r i a n  
vegeta t i on . I n  ad d i t i on , t h e  a q ua t i c  o r  r i ve r i ne ha b i ta t  a d j a c e n t  t o  the  
ta i l i ng s  s i te s  s u pport s  n ume ro u s  f i s h a nd wi l d l i fe spe c i e s .  Ta b l e s G . 3 . 1  
t h rough  G . 3 . 3  l i s t  the  mamma l s ,  n e s t i ng b i rd s , amph i b i a n s , and  rept i l e s t h a t  
a re e x pec ted to oc c u r  a t  t h e  va r i o u s  s i te s . 

G . 3 . 1  O L D  AND N EW R I FL E  S I TE S  

W i l d l i fe d i ve rs i ty a t  t h e  O l d  a nd New R i f l e  s i tes  i s  l ow d ue t o  
t h e  d i s t u rbed na t u re o f  t h e  s i te s  a nd t h e  c l o s e  p rox i m i ty o f  t h e  c i ty 
o f  R i f l e .  A l though  b i rd s ,  sma l l mamma l s ,  a nd rept i l e s may f o ra g e  on o r  
i n ha b i t  t h e  s i te s , t h e  s i te s  a re n o t  c on s i d e red s i gn i f i c a n t  w i l d l i fe 
ha b i tats ; a rea s a d j a c e n t  to  t h e  O l d  a n d  New R i f l e  s i te s  a re o f  g re a t e r  
i mporta n c e . The  r i pa r i a n  a nd aqua t i c  h a b i ta t s  a l ong t h e  C o l o ra d o  R i ve r ,  
a l though  not  un i q u e , s e rve a s  i mporta n t  h a b i t a t s  f o r  ma ny spec i es o f  
f i s h a n d  w i l d l i f e i n c l ud i ng mamma l s ,  wa t e rfowl , s h o reb i rd s , ra p t o rs , 
amp h i b i a n s , and  rept i l es ( Ta b l e s  G . 3 . 1  t h ro u g h  G . 3 . 4 ) . The  e n d a n g e red 
ba l d  eag l e  oc c u rs i n  t h e s e  h a b i ta t s , and c a n d i d a t e  spec i e s s u c h  as t h e  
ra z o rba c k  s u c k e r ,  we s t e rn ye l l ow-b i l l ed c u c k oo , wh i t e - f a c ed i b i s , 
l on g -b i l l ed c u r l ew ,  and  we s t e rn s nowy p l ov e r  may a l so ut i l i ze t h e s e  
h a b i ta ts . T h e s e  s pec i es a re d i s c u s s e d  i n  Se c t i on G . 4  o f  t h i s  append i x .  
I n  add i t i on , t h e  a re a s  a l ong  t h e  C o l o ra d o  R i ve r  n ea r a n d  n o rth  o f  t h e  
O l d  R i f l e  s i te a re c o n s i d e red to be  a res i d e n t  popu l a t i on a rea f o r  mu l e  
d ee r .  A re a s  n o r t h  o f  t h e  New R i f l e  s i te a re c on s i d e red a c r i t i c a l  
wi n t e r  range h a b i tat  f o r  mu l e  d e e r  ( Sc hn u u r ,  1 9 85a ) . Th e s e  a c t i v i ty 
a rea s a re s h own on F i g u re G . 3 . 1 . 

The  C o l orado R i ve r ,  o n e  o f  t h e  mos t  p rod u c t i ve  f i s h e r i e s  w i th i n  
t h e  G l enwood Sp r i n g s  R e s o u rc e  Area ( e n c ompa s s i ng t h e  O l d  a nd New R i f l e  
s i tes , E s te s  Gu l c h  a l t e rnate  d i s pos a l s i te ,  a n d  a l l  o f  t h e  p roposed 
bo rrow s i te s ) , i s  a n  i mp o rt a n t  s p o rt f i s h e ry ( B l M ,  1 9 83 ) . A l i s t  o f  
f i s h spec i e s t h a t  may oc c u r  i n  t h e  Co l o ra d o  R i ve r  nea r t h e  s i te s  i s  
p re s ented i n  Ta b l e  G . 3 . 4 .  Va l d e z  et  a l . ( 1 9 8 2 ) d e s c r i be t h e  s ec t i on o f  
t h e  C o l o ra d o  R i ve r  nea r R i f l e  a s  a t ra n s i t i on zone  between  a wa rm a n d  
c o o l  wa t e r  f i s h e ry .  The  s t udy c ond uc ted by Va l d e z  et  a l . f o u n d  t h e  
b l uehead  s u c k e r ,  f l a n n e l mo u t h  s u c k e r ,  c ommon c a rp ,  roundta i l  c h u b , a nd 
s p ec k l ed d a c e  to be a b u n d a n t  a nd t h e  wh i te s u c k e r ,  g reen  s un f i s h ,  
mot t l ed s c u l p i n ,  f a t h ead mi nnow , b rown t ro u t , a n d  ra i n bow t ro u t  t o  be 
n ume ro u s . The  ra i n bow t ro u t  i s  s toc k ed a n n u a l l y i n  the u p p e r  Co l o ra d o  
R i ve r  a bove R i f l e  wh i l e t h e  b rown t ro u t  i s  s to c k ed s porad i c a l l y  
( Sea l i ng ,  1 98 6 ) . 

G . 3 . 2  ESTES GU L C H  S I TE 

The  sagebru s h  a nd p i non-j un i pe r  wood l a nd h a b i tat  type s  s u pport a 
d i v e rs e  a s s emb l ag e  o f  mamma l , b i rd ,  rept i l e ,  a n d  amph i b i a n s p ec i e s .  
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Ta b l e  G . 3 . 1  Mamma l s  expected to o c c u r  at  t h e  R i f l e  UMTRA Proj e c t  s i tes  

Spec i e s 
Common name 

Va grant  s h rew 
Merr i am ' s  s h rew 
Long -ea red myot i s  
Ca l i forn i a  myot i s  
Sma l l -footed myot i s  
S i l v e r-ha i red ba t 
Wes t e rn p i p i s t re l  
B i g  brown ba t 
Hoa ry bat 
Pa l l  i d  bat 
Bra z i l i a n  f ree-

ta i l ed bat  
Mounta i n  cottonta i l  
D e s e rt c ottonta i l  
Wh i t e -ta i l ed j a c k -

ra bb i t  
Lea s t  c h i pmu n k  
C o l o ra d o  c h i pmu n k  
Wh i te -ta i l ed 

a n te l ope s q u i rre l 
R i c h a rd son ' s  g round  

s q u i rre l 
Rock s q u i rre l  
Go l d en -ma nt l ed 

g round  squ i rre l 
Nort h e rn poc ket  

gop h e r  
P l a i n s poc ket mo u s e  
Deer  mou s e  
Canyon mou s e  
P i non  mou s e  
B u s h y-ta i l ed 

wood ra t 
We s t e rn j ump i ng 

mou s e  
H o u s e  mou s e  
Coyote  
Red  fox  
Gray fox 
Rac c oon 
B l a c k  bea r 
Long-ta i l ed wea s e l  
Bad g e r  

___ _ Ha b i tat pre f e re n c e  
Va l l ey r i pa r i a n /  P i n o n /  

Sc i en t i f i c  name g ra s sy f i e l d s j u n i per  S a g e b r u s h  

�.o rex vagra n s  
�o rex me rri ami  
�yot i s  �yot i s  
Myot i s  c a l i f o rn i c u s  
�yo t i s  l e i b i i 
1as i o nyc t e r i s n o c t i vaga n s  
P i p i s t re l l u s h e spe r u s  
fRte s i c u s  f u s c u s  
L a s i u ru s  c i n e re u s  
Ant ro z o u s  pa l l i d u s  
Tad a r i d a  bra s i l i en s i s  

Syl v i l agu s n utta l l i i  
Syl v i l agus  a u d u bon i i 
1� town s e nd i i 

E utami ai m i n i mu s  
[utami a s  gua d r i v i tta t u s  
Ammo sph e rmoph i l u s l e u c u ru s  

�Re rmop h i l us r i c ha rd s on i i 

Sphe rmoph i l us v a r i egat u s  
�ph e rmoph i JJ!i  l a t e ra l i s  

Th omomys ta l po i d e s  

Pe rogn a t h u s  f l a ve s c e n s  
Pe romys c u s  ma n i c u l a t u s  
Pe romys c us c r i n i tu s  
Pe romysc u s  t ru e i  
Neotoma c i ne rea 

Zapus  pr i n c eps 

M u s  mu s c u l u s 
C a n i s  l a t ra n s  
Vu� v u l pe s  
U rocyon  c i ne reoa rge n t e u s  
frocyon  l otor  
�rs u s  ame r i c a n u s  
M u s t e l a  f re n a t a  
La X'T'dea- t a x us  
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Tab l e G . 3 . l  Mamma l s  expec ted t o  o c c u r  a t  t h e  R i f l e  UMTRA P roj ect  s i te s  
( Conc l uded ) 

S�ec i es 
Common name 

Spotted s k u n k  
St ri ped s k unk  
Mounta i n  l i on 
Bobcat 
E l k  
Mu l e  d e e r  

Sc i ent i f i c  name 

Spi l oga l e  �uto r i u s  
Meph i t i s  meph i t i s  
F e l i s  c on c o l o r  
F e l  i s  ru f u s  
C e rv u s  e l ap h u s  
Od oc o i l u s hemi o n u s  

R e f . C DM , 1 9 83 ; Mob i l ,  1 9 82 ; B L M , n o  d a t e . 
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Ha b i t a t  �re f e re n c e  
Va l l ey r i pa r i a n /  P i non/  

g ra s sy f i e l d s  j u n i pe r  Sag e b ru s h  

X X X 
X X X 

X X 
X X X 

X X 
X X X 



l a b l e  G . 3 . 2  Nest i ng b i rd s  expected  to occ u r  a t  t h e  R i f l e  UMTRA P roj e c t  s i te s  

- -- ------------

-----------

Coope r ' s hawk 
Red -ta i 1 ed hawk 
Ame r i ca n  k e s t re l  
C h u k a  r 
Mou rn i ng d ove 
Common  n i ght hawk 
B l a c k - c h i nned  

h umm i ng b i  rd 
B roa d -ta i l ed 

h u mmi  ngb  i rd 
Nort h e rn f l i c k e r  
Downy wood pec k e r  
Wes t e rn k i ng b i rd 
A s h -t h roated 

fl  yca t c h e r  
We s t e rn wood pewee 
Say ' s  phoebe 
D u s k y  f l yc a t c h e r  
We s t e rn f l yc a t c he r 
Ho rned l a rk 
Sc rub j a y  
P i non  j ay 
B l a c k -b i  l l ed 

ma gp i e  
P l a i n  t i tmou se 
B l a c k -ca pped 

c h i c k adee  
B u s h t i t  
B rown c reepe r 
Hou s e  wren 
Bewi c k ' s  wren 
Rock wren 
B l ue -g ray 

gna tcatc h e r  
Mounta i n  b l ueb i rd 
Town s e n d ' s  

s o  1 i ta i re 
Ame r i ca n  rob i n  
G ray v i  reo 
So 1 i ta ry v i reo 
Wa rb 1 i n g vi re 0 
V i rg i n i a ' s  wa rb l e r  

__ _ _ _ _  Hab  i tat Rre f e re n c e  
Va l l ey r i p a r i a n /  P i n o n /  

g ra s sy f i e l d s  j u n i pe r  Sage b ru s h  

flc. c i pjJe r c oope r i i 
�u.teo j ama i �e n s i s  
fa l c o �pa rveIi u s  
[l l ectorli c h u ka r 
Zena i d u ra ma c ro u ra 
Cho rd eiTes m i  n o r  
A rchlTOCtiU s ---aleX a nd i 

�� l a spho ru s  p l a tyc e rc u s  

� o l aptes  a u ra t u s  
fi c o i d e s  pube s c e n s  
Tyra n n u s  vert i ca l i s  
Myi a rc h u s  c i n e ra s ce n s  

Contopu s s o rd i d u l u s 
;;.ayo rn i s  s aya 
Emp i d onax  obe rho l se r i  
I�p i d onax  d i f f i c i l i s 
E remoph i l a a l pe s t r i s 
Aph e l oc oma c o e ru l es c e n s  
Gymn o rh i n u s  cya n ocepha l u s  
£Jg pi ca  

Pa  ru s i n o rn a t u s  
£a ru s a t r i capi l l u s 

Psa l t r i pa ru s  m i n i mu s  
Ce rth i a  ame r i c a na 
Irogl odytes  a e d o n  
Th ryoma n e s  bew i c k i i  
Sa l p i nctes  obs o l e t u s  
Po l i opt i l a coe ru l ea 

S i a l i a c u rruc o i d e s  
Mya d e s t e s  town s end i 

Iu rd u s  m i g ra t o r i u s  
V i re o v i c i n i o r 
Y, reo s o l i ta r i u s  
YJ reo g i l vu s  
Ve rm i vora v i rg i n i a e 
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Ta b l e  G . 3 . 2  Nes t i ng b i rd s  expec ted to oc c u r  a t  t h e  R i f l e  UMTRA P roj ec t s i te s  
( Conc l uded ) 

.-- ----- - - ------------------------------------

Spec i es 
Common name 

Ye 1 1  ow- rumped 
\,Ia r b  1 e r  

B l a c k --th roated 
g ra y  wa rb l e r  

Y e l l ow wa rb l e r 
Mac G i l l i vray ' s  

wa rb l e r  
Y e l l ow-b reas ted 

c h a t  
B l ac k -headed 

g ro s bea k 
La zu l i bunt i ng 
G reen-ta i l ed towh e e  
R u f o u s -s i d ed towh ee 
Ves p e r  s pa rrow 
Song s pa r row 
B l ac k -th roa ted 

s p a r row 
C h i pp i ng s p a rrow 
B rewe r ' s spa r row 
Wes te rn mea d owl a rk 
Red -wi nged b l a c k -

b i  rd 
B rewe r ' s  b l ac k b i rd 
B rown -headed c ow 

b i  rd 
P i ne s i s k i n  

H a b i tat  p re f e re n c e  
Va l l ey r i p a r i a n /  P i n o n /  

S c  i e n t  i f i c name 

O e n d ro i ca c o ro n a ta 

Oen d ro i ca n i gre s c e n s  

Oend ro i ca petec h i a  
QQo romi s t o l m i e i  

I c te r i a  v i  rens  

g ra s sy f i e l d s  j u n i pe r  Sag e b r u s h  

X 
X 

X 

x 

X 

Pheuc t i c u s  me l a no c epha l u s X X 

Pa s s e r i na �moena  
P i p i l o  c h l o ru ra s  
f�� e ryth rophtha l mu s  
Pooecetes  grami n e u s  
��l o s p i za me l od i a  
Amph i sp i za b i l i n eata  

Spi z e l l a  pa s s e r i na  
�Qi ze  l l� b rewe r i  
Stu rne l l a n eg l ec ta 
Age l a i u s phoen i �e u s  

E u p hagus cya no c epha l u s 
Mo l o t h rus  a t e r  

��rd ue _U� Q i n u s  

X 
X 
X 

X 

X 

X 
X 

X 
X 

X 

X 
X 

X 

X 
X 
X 
X 

X 

X 
X 
X 

Ref . C OM ,  1 983 ; Mob i l ,  1 982 . 
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l a b l e  G . 3 . 3  Amp h i b i a n s  a nd rept i l e s  e x pe c t ed to oc c u r  a t  the  R i f l e  
UMTRA P roj e c t  s i te s  

Spec i e s  
Common name 

G reat  b a s i n  spade -
foot  

We s te rn toad 
Rocky Mou n ta i n  toad 
C h o r u s  f rog 
Co 1 1  a red 1 i za rd 
Northe rn p l ateau  

1 i za rd 
Sage b ru s h  l i za rd 
S i de-b l otc hed 

1 i za rd 
T ree l i za rd 
Short-ho rned 

1 i za rd 
P l ateau  wh i pta i l  
Wes te rn wh i pta i l  
Wes te rn s mooth 

g reen s na k e  
Wes te rn ye l l ow-

b e l l i ed ra c e r  
C o rn s n a k e  
Gop h e r  s n a k e  
Wes te rn terre s t r i a l  

ga rte r s na k e  
Wes tern  ra t t l e s n a k e  

Ha b i ta t pre f e re n c e  ��-----����� Va l l ey r i p a r i a n /  P i n o n /  
Sc i e n t i f i c  name g ra s sy f i e l d s  j un i pe r  Sage b ru s h  

�caph i op u s  i n t e rmonta n u s  

B u f o  bo rea s _ .. _-- --

�l!fQ wood h o u s e r  
P seudac r i s t r i s e r i ata  
�iotaphyt u s  £o l b r i s 
?�e l opo rus  v i rga t u s  

���ru s  gra c i os u s  
�ta s ta n s b u r i a n a  

�ro s a u ru s  o rn a t u s  
Ph ryn o s oma dougl a s s i  

Cnem i d ophorus  v e l ox 
�nem i d ophorus  t i g r i s 
Qpheod rys verna l i s  

Q l a nc ha rd i  
£o l ub e r  c o n s t r i c t o r  mo rmon 

.ll aphe guttata 
P i t uophii me l a no l euc u s  
Ibamnoph i s  e l ega n s  

C rota l u s v i r i d i s  

x 
X 
X 

X 

X 

X 
X 
X 

x 

X 
X 

X 
X 

X 

X 
X 

X 

X 

X 

x 

X 
X 

X 
X 

X 

X 
X 

X 

X 

X 

Ref . C OM ,  1 983 ; Mob i l ,  1 98 2 ; B lM , no  date . 
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Ta b l e  G . 3 . 4  F i s h  s pec i e s i n  the  Co l o ra d o  R i ve r  nea r the  O l d  a n d  
New R i f l  e s i te s  

Spec i e s 
Common name 

B l uehead  s u c k e r  
F l a n n e l mo u t h  s u c k e r  
Wh i te s u c k e r  
Wh i te X b l u e head 

s u c k e r  
Wh i te X f l a n n e l -

mou t h  s u c k e r  
Green s u n f i s h 
Mounta i n  wh i te f i s h 
Mott l ed s c u l p i n  
Common c a rp 
Roundta i l  c h u b  
Fathead  m i n n ow 
Spec k l ed d a c e  
B l a c k  bu l l head  
Ye l l ow b u l l head  
B rown b u  1 1  head  
B rown t rout  
Ra i nbow t rout  

Sc i en t i f i c  name Mob i l ( 1 982 ) 

Cato s tomu s d i s c obo l u s  X 
C a t o s t omu s l a t i p i nn i s  X 
C a t o s t omu s c omme rs o n i X 
�_ c omme rs on i x c .  d i s c obo l u s  

� c omme rs o n i � � l a t i pi nn i s  

Lepom i s cya n e l l u s X 
P ro s op i um w i l l i amso n i  X 
C o t t u s  ba i rd i ---

Cypr i n u s  c a rp i o X 
G i l a  robu s ta X fimepha l es prome l a s  
Rh i n i c h t hys os c u l u s X 
I c ta l u ru s  �e l a s  X 
I c ta l u ru s  nata l i s  X 
I c ta l u ru s  n e b u l o s u s  X 
Sa l mo t rutta  X �a l mo gaTrdne r i  X 
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St udy 
Va l d e z  et  a l . ( 1 98 2 )  

X 
X 
X 
X 

X 

X 

X 
X 

X 
X 

X 



Wi l d l i f e s pec i e s expec ted to  occ u r  i n  t h e  s a g e b ru s h  a nd p i non -j u n i pe r  
ha b i ta t  types  a re i nd i ca ted i n  Ta b l e s G . 3 . 1  t h ro u g h  G . 3 . 3 .  

B i g  game spec i e s oc c u r r i ng a t  t h e  E s t e s  Gu l c h  s i te a re mu l e  d ee r ,  
e l k ,  a nd p o s s i b l y  l i on  a nd bea r .  Sma l l  game s p ec i e s wh i c h  may occ u r  
wi th i n  the  s i te a rea a re c ottonta i l  ra bb i ts , mo u rn i n g d o ves , c oyotes , 
bobc a ts , a nd p o s s i b l y  c h uka r ( G ray ,  1 98 6 ) . 

T he E s tes  Gu l c h  a rea i s  co n s i d e red by t h e  Co l o ra d o  D i v i s i o n o f  
Wi l d l i f e ( C DOW ) ( Sc h n u u r ,  1 985a ) a nd B LM ( Co l ema n ,  1 98 5 )  a s  a c r i t i c a l  
mu l e  d e e r  wi n t e r  ra n g e  w i th a n  e s t i ma ted 2 5  d e e r  p e r  squa re m i l e  ( C DOW 
a nd B L M , 1 984) . F i g u re G . 3 . 2  s hows t h e  mu l e  d e e r  ac t i v i ty a re a s  a t  t h e  
E s tes Gu l c h  s i te a n d  t h e  s u rround i ng a rea . H ea vy mu l e  d e e r  u s e  o f  t h e  
s i te wa s o b s e rved d u r i ng f i e l d  reconna i s sa n c e  i n  Oc tober  a nd Dec emb e r ,  
1 98 5 . A f ew e l k  d ropp i ngs  we re a l s o o b s e rved d u r i ng t h e  s ame rec on 
na i s s a n c e  ( l AC ,  1 985a , b ) . A n  e l k  wi n t e r  ra nge  i s  n o rt hea s t  a nd 
no rthwe s t  of  t h e  s i te ( Sc h n u u r ,  1 98 5a ) . 

The C D OW a l s o re i n t rod u c ed t h e  Rocky  Mo u n ta i n  b i g h o rn s he e p  onto  
t h e  Gra nd Hogba c k  n o rth  o f  t h e  s i te .  Twen ty-one b i g h o rn s h eep  we re 
re l ea s ed  i n  J a n ua ry 1 98 7  to e s ta b l i s h  a v i a b l e  popu l a t i on o f  1 00 to 1 20 
a n i ma l s  ( G ray ,  1 986 ; C D OW a nd B L M ,  1 98 4 ) . At l ea s t  e i gh t  s he e p  and  
l ambs a re s t i l l  i n  t h e  a rea . Add i t i ona l t ra n s p l a n t s  to  s u p p l eme n t  th i s  
h e rd a re be i ng c on s i d e red ( Co l ema n 1 988 ) . T h e  re l ea s e  s i te i s  on  B L M  
l a nd  i n  Sec t i on 5 ,  Town s h i p  5 Sout h , Range  9 3  We st , t h re e  mi l es n o rt h 
wes t  o f  t h e  p ro p o s ed d i s p os a l  s i te .  T h e  b i gho rn s he e p  ha b i tat  a s  
o u t l i ned b y  C DOW a n d  B L M  ( 1 9 8 4 )  extends  n i n e m i l e s a c ro s s  t h e  Gra nd 
Hogbac k .  The p ro p o s ed d i sposa  1 s i te i s  1 e s s  than  0 . 5  m i  1 e s o u t h  and  
a p p rox i ma t e l y  200 feet  l owe r i n  e l evat i on than  t h e  b i g h o rn s heep  
h a b i tat a l ong t h e  we s t  s i d e o f  t h e  Gra nd Hogba c k . 

A sma l l  s t o c k  pond c ov e r i ng  0 . 5  a c re i s  a d j a c e n t  t o  the  s o u t h e rn 
port i on o f  t h e  s i te . Th i s  pond  i s  p ro ba b l y  u s ed by a l i m i ted n umbe r o f  
wi l d l i fe s u c h  a s  d ee r ,  s p a r rows , a nd ma gp i e s t h a t  occ upy nea rby 
hab i tats . 

G . 3 . 3  L UCAS MESA S I T E  

The s a g e b ru s h  a nd p i n o n -j u n i pe r  h a b i tat  o f  t h e  L u c a s  Me s a  s i te 
s uppo rt s  a va r i e ty of  mamma l s ,  b i rd s , rept i l es ,  a n d  amph i b i a ns . 
Wi l d l i fe spec i es expec ted to occ u r  i n  t h e  s a g e b r u s h  a n d  p i n o n -j u n i pe r  
h a b i tat  type s  a re i nd i cated  i n  Ta b l es G . 3 . 1  t h ro u g h  G . 3 . 3 .  

The L u c a s  Mes a  s i t e a n d  s u rro u nd i ng a re a s  a re c l a s s i f i ed a s  a 
w i n t e r  c o n c e n t ra t i on a rea a nd c r i t i ca l  w i n t e r  ra nge  f o r  mu l e  d e e r  
( Lambeth , 1 986 ; Sc h n u u r ,  1 98 6 ) . D e e r  h a ve b e e n  o b s e rved n ea r  t h e  s i te ,  
and  s i g n s  o f  fa i r l y  h e a vy wi n t e r  u s e  we re o b s e rved on  the  s i te , mos t  
often  i n  t h e  p i n o n -j u n i pe r  wood l a nd  a rea s ( DO E , 1 98 3 ) . F i g u re G . 3 . 3  
s h ows the  mu l e  d e e r  ac t i v i ty a re a s  a t  t h e  L u c a s  Mes a  s i te a nd s u r
ro und i n g a rea . Mo u n ta i n  l i on s  a l s o occ u r  i n  the  a rea o f  t h e  s i te .  
B l a c k  bea rs a re t ra n s i en t s , pa rt i c u l a r l y  d u r i ng the  w i n t e r  mon t h s  
( Lambeth ,  1 98 6 ) . 
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Common sma l l  game s pe c i e s i n  the  L u c a s  Me s a  a rea p ro ba b l y  i n c l ud e  
t h e  c ottonta i l  ra bb i t ,  c oyote , a n d  bobcat  ( Gray , 1 986 ; DOE , 1 983 ) . Game 
b i rd s  o c c u rr i ng i n  t h e  a rea i nc l ud e  t h e  mou rn i n g d ove a nd pos s i b l y  s a ge 
g rou s e , c h u ka r ,  a nd t u rkey ( Gray , 1 9 86 ; Lambe t h , 1 9 86 ) . 

No  a q ua t i c  h a b i ta t i s  p r e s e n t  a t  t h e  L u c a s  Mesa  s i te .  N o  
t h reatened a n d  e n d a n g e red wi l d l i fe s pe c i es a re expec ted to  o c c u r  a t  the  
s i te ( se e  Sec t i on G . 4 ) . 

G . 3 . 4  BOR ROW S I TES 

The  Sec ond St reet a nd N ew R i f l e  bo rrow s i te s , north  a nd wes t  of  
the  New R i f l e  s i te ,  respec t i ve l y ,  a re e x i s t i n g bo rrow o p e ra t i on s . Due  
t o  the  d i s t u rbed n a t u re o f  t h e  s i te s , they  do  not  p rov i d e  i mp o rtant  
wi l d l i fe h a b i tat . H oweve r ,  t h e  nea rby Co l o ra d o  R i ve r  and  r i pa r i a n lone  
a re i mp o rt a n t  to  f i s h a n d  wi l d l i f e s pe c i e s . T h e  d e s c r i pt i on f o r  the  
O l d  and  New R i f l e  s i te s  i n  Sec t i on G . 3 . 1  i s  a pp l i ca b l e .  

The  G l enwood Sp r i ngs  b o r row s i te n o rt h ea s t  o f  G l enwood S p r i n g s  i s  
a l s o a n  ex i s t i ng bo rrow o p e ra t i on .  B ec a u s e  o f  i t s d i s t u rbed na t u re , 
t h e  s i te does  not  c o n s t i t u t e  s i g n i f i ca n t  wi l d l i f e h a b i ta t ;  howe ve r ,  i t  
i s  wi t h i n  a c r i t i ca l  w i n t e r  ra nge f o r  mu l e  d e e r  a n d  e l k .  Mu l e  d e e r  
wi n t e r  i n  t h e  p i n o n -j u n i pe r  wood l a nd ; e l k  w i n t e r  i n  t h e  p i no n -j u n i pe r  
and  o a k  b ru s h  lon e . The  B LM ,  wh i c h reg u l a t e s  b o r row a c t i v i t i es ,  
p roh i b i t s b l a s t i ng a nd q u a rryi ng  f rom D ec embe r  1 5  to A p r i l 1 5  to 
m i t i ga t e  a d ve rs e  i mp a c t s  o n  the wi n t e r i n g  d e e r  a nd e l k  popu l a t i o n s . 
Howeve r ,  t r u c k  ha u l i ng may c on t i n u e  a l l  yea r  ( Co l ema n ,  1 9 8 6 ) . 
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G . 4  l H R E A l c NE D ,  E NDANGE R E D , AND  S E N S I T I VE S P E C I E S  

Th i s  sec t i on d e s c r i bes  t h e  t h reatened , enda nge red , c a n d i d a te , a n d  s tate  
l i s ted s pec i e s wi th i n  t h e  a rea s o f  poten t i a l  i mp a c t  f rom t h e  i n te r i m  a c t i on s  
o r  t h e  remed i a l  a c t i on a t  t h e  O l d a n d  New R i f l e  ta i l i n gs  s i te s . Co rre s 
pond e n c e  betwe e n  t h e  U . S .  Depa rtme n t  o f  E n e rgy ( DO E ) a nd t h e  U . S .  F i s h and  
Wi l d l i fe Serv i c e ( USFWS )  re l a ted to  the  th rea tened  a n d  e n d a n g e red s pec i e s a t  
t h e  New and  O l d  R i f l e  s i tes  a n d  a l te rna te d i s po s a l s i te s  i s  c o n ta i n ed i n  
Att a c hme n t  G l . 

I n  F e b ru a ry 1 983 , i n  re s p o n s e  to a DOE  reque s t , t h e  US FWS p rov i d ed  a l i s t  
o f  e n d a n g e red , t h reate n ed , a n d  c a n d i d a te s pec i e s t h a t  may o c c u r  a t  t h e  O l d  
R i f l e ,  New R i f l e ,  a n d  L u c a s  Mesa  s i te s . T h e  s pe c i e s l i sted  we re t h e  ba l d  
eag l e  a t  the t h re e  s i te s , t h e  ra zo rba c k  s u c k e r  a t  t h e  O l d  a n d  New R i f l e  s i te s , 
and  the  U i n ta Ba s i n  hook l e s s  c a c t u s  a t  the  L u c a s M e s a  s i te .  S u b s eq u en t l y ,  a 
b i o l og i c a l  a s s e s sment f o r  t h e s e  s pec i es s u bm i t ted  to  t h e  US FWS con c l uded  that  
remed i a l  a c t i on ac t i v i t i e s a t  the  t h ree s i tes wou l d  not  ha ve a n  a d ve rs e  i mpa c t  
on  t h e s e  spec i e s .  T h e  USFWS ag reed and , b a s ed on  t h i s  a s s e s sment , i s s ued  a 
d e t e rmi nat i on o f  " n o  e f f ec t "  f o r  remed i a l  a c t i on i n  A u g u s t  1 9 83 . 

T h e  s e l ec t i on o f  t h e  E st e s  Gu l c h ,  H u bba rd Mesa , a n d  Web s t e r  H i l l  s i te s  
f o r  c on s i d e ra t i o n a s  a l t e rn a t e  d i s po s a l s i te s  ( s ee  Append i x  B ,  A l t e rna t i ve s  
Ana l ys i s )  re s u l ted i n  a renewed DOE  req u e s t  f o r  a l i s t  o f  t h rea t e n ed , 
end a n g e red , o r  c a nd i da t e  s pec i es that  may oc c u r  a t  t h e s e n ew s i te s . I n  
res po n s e , t h e  US FWS i nd i ca ted that  two s p ec i es l i sted  a s  e n d a n g e red ( ba l d  
ea g l e ,  b l a c k -footed f e rret ) , o n e  l i s ted a s  t h re a t e n ed ( U i n ta Ba s i n  hook l es s  
c a c t u s ) , and  n i ne c a nd i d a t e  s pec i e s may b e  p re s e n t  w i th i n  t h e  new a l t e rnate  
d i s p o s a l s i tes  a nd t h e  O l d  a nd New R i f l e  s i te s . The  n i n e c a n d i d a te spec i e s 
a re the  ferrug i no u s  hawk , Swa i n s o n l s  hawk , wes t e rn ye l l ow-b i l l ed c uc koo , 
l on g -b i l l ed c u r l ew ,  wh i te-fa c ed i b i s , wes t e rn s n owy p l ov e r ,  ra z o rba c k  s u c k e r ,  
DeBeque  m i l k v et c h , a n d  OeBeque  pha c e l i a  ( s ee  Attac hment G l ) .  I n  ad d i t i o n , t h e  
Wet h e r i l l  mi l k ve t c h  i s  i n c l uded  on  t h e  C o l o ra d o  Na t u ra l  Area s Prog ram l i s t o f  
p l a n t  spec i es o f  s p ec i a l  c o n c e rn a n d  ma y oc c u r  a t  t h e  E s tes  Gu l c h a n d  H u bba rd 
Mesa  s i te s  ( O I Ka n e , 1 98 6 ) . 

T h reatened , end a n g e red , c a nd i da te , o r  s e n s i t i ve s p ec i e s wh i c h  may be  
p re s e n t  a t  o r  n ea r  the  Lucas  Mesa , H ubba rd Mesa , Web s t e r  H i l l ,  a nd t h e  b o r row 
s i te s  a re not a d d re s s ed i n  deta i l  i n  t h i s  d o c ume n t . R emed i a l  a c t i on at t h e  
Luca s M e s a  s i te h a s  been  s hown to h a ve no  e f f e c t  on  t h e s e  spec i es ( s ee  
A t t a c hment Gl ) .  T h e  H u b b a rd Mesa  a nd Web s t e r  H i l l  s i te s  ha ve been  e l i m i na ted 
as a l t e rnate  d i s posa l s i te s . Co n s u l ta t i on w i th  the USFWS on  the t h reatened  
a nd endangered spec i es a t  t h e  Second  St reet , New R i f l e ,  a n d  G l enwood S p r i n g s  
bo rrow s i tes  wo u l d  be c o n d u c ted a s  requ i red i f  t h e s e  s i te s  a re s e l ected  i n  the  
f i na l  d e s i gn o f  t h e  remed i a l  a c t i on . 

I n  Octobe r 1 988 , t h e  US FWS i s s ued a " no e f fec t "  d e t e rm i nat i on f o r  t h e  
ba l d  eag l e ,  b l ac k -footed ferret , a nd U i n t a  Ba s i n  hook l e s s  c a c t u s . Howeve r ,  a s  
t h e  d ra ft E n v i ronmenta l Impact  Sta tement i nd i c a t ed t h e  u s e  o f  Uppe r Co l o rado 
R i v e r  ba s i n  s u rface  wa t e r  res o u r c e s  for  e i th e r  a l te rnat i ve ,  t h e  USFWS re 
q u e s ted add i t i o na l i n fo rma t i on on  t h e  d ep l et i on o f  t h i s  res o u rc e  a nd i t s 
e f fect on  fed e ra l l y l i sted  f i s h s p ec i e s ( Co l o ra d o  s q uawf i s h , hump ba c k  c h ub , 
a nd bony ta i l  c h u b )  a n d  the  ra z o rba c k  s u c ke r ,  a c a nd i d a te spec i es ( s ee 
A t t a c hment  G l ) .  Wh i l e  on l y  the ra z o rba c k  s u c k e r  i s  thought  to  oc c u r  i n  t h e  
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R i f l e  a rea , t h e  USFWS b e l i eve s that  any  d ep l et i on o f  wa t e r  f rom t h e  Uppe r 
C o l o ra d o  R i ve r  ba s i n  nega t i ve l y  i mp a c t s  t h es e s pec i e s ( USFWS , 1 987 ) . 

The  DOE  re-eva 1 uated  p roj ect  wa t e r  u s e  f o r  t h e  0 1  d a n d  N ew R i f  1 e s i te s  
and  t h e  E s tes  Gu l c h s i te a nd d e t e rm i n ed that  a p p rox i ma t e l y  2 80 , 036 , 000 ga l l on s  
( 860 a c re-feet ) o f  wa t e r  wi l l  be  needed ove r t h e  nea r l y fou r-yea r p roj e c t  l i f e 
( see  Atta c hment  G l ) .  Th i s  e s t i ma t i on exc l ud e s  pota b l e  wa t e r  that  wou l d  be 
obta i ned f rom the  c i ty of R i f l e · s  wa t e r  t reatmen t  and s u p p l y sys tem , wh i c h  i s  
not c o n s i d e red a p roj e c t - re l a ted net  d e p l et i o n .  Th i s  wa t e r  u s e  w i l l  re s u l t  i n  
a n  a v e rage  a n nua l d e p l et i on o f  a p p rox i ma te l y  7 0 , 009 , 000 ga l l on s  ( 2 1 5  a c re
feet ) . 

Beca u s e  a net  d e p l et i o n  wa s doc umented , t h e  DOE  req u e s ted t h e  US FWS · s  
c o n c u r re n c e  i n  a II may e f f e c t ll d et e rm i n a t i on a n d  t h e  i n i t i a t i on o f  a f o rma l 
c o n s u l ta t i on u n d e r  t h e  E n d a n g e red Spec i es Act  ( s ee  Attac hment  G l ) .  Th i s  
c on s u l tat i on i s  i n  p rog re s s .  Howeve r ,  t h e  Rec o rd o f  Dec i s i on ca n n o t  b e  i s s ued 
u nt i l the q u e s t i on o f  e f f e c t s  on  the e n d a n g e red spec i e s has been reso l ved . 

Recent l y ,  t h e  DOE  a g reed to  wi d e n  a n d  i mp rove  po rt i o n s  o f  Sta te H i g hway 
1 3  to  a c c ommodate  i nc rea s ed t ru c k  t ra f f i c  re s u l t i ng f rom t ra n s po rt o f  ta i l i ng s  
f rom t h e  R i f l e  p ro c es s i ng s i te s  to  t h e  p ro p o s ed E s t e s  Gu l c h d i s po s a l s i te . 
W i d e n i ng and  i mp rov i ng Sta te  H i ghway 1 3  i s  a mi t i ga t i on mea s u re d e s i g n ed to  
o f f s et the  i mpa c t s  o f  ta i l i ng s  t ra n s po rta t i on . The  DOE  i s  b eg i nn i ng 
c on s u l ta t i o n s  w i th  the  USFWS a nd a s u rvey f o r  s en s i t i ve p l a n t  s pec i es w i l l  be  
p e r f o rmed p r i o r  to the  i n i t i a t i on of  a ny road i mp rovement  ac t i v i t i es .  S i te 
s pec i f i c  m i t i ga t i on mea s u re s  wi l l  be  d e v e l oped w i t h  t h e  a p p ro p r i a te f ed e ra l  
agency  s ho u l d  any  s e n s i t i ve p l a nt s pec i e s be  e n c o u n t e red . 

G . 4 . 1  BA L D  EAGL E ( Ha l i a ee t u s  l eu c o c epha l u s )  

The  ba l d  eag l e  i s  l i s ted a s  end a ng e red by t h e  US FWS a n d  t h e  s ta t e  
o f  C o l o rad o . No  c r i t i ca l  ha b i tat ha s b e e n  d e s i gn a ted . Th i s  s pec i e s i s  
a l oca l l y  c ommon wi n t e r  res i d ent  a l ong  maj o r  r i v e rs a nd a ra re b reed e r  
i n  wes t e rn Co l o ra d o  ( C OM a n d  B i o/We s t , 1 9 83 ) . 

W i n t e r i ng  ba l d  eag l es o c c u r  a l o n g  the  C o l o ra d o  R i ve r  f rom Novembe r 
t h rough  Ma rc h wi t h  the  ma x i mum popu l a t i on o b s e rved i n  ea r l y- t o  m i d 
Ma rc h ( W-C , 1 98 3 ) . E a g l e s a re g e n e ra l l y  a s s oc i ated  w i t h  r i v e r  ha b i tat 
whe re s u i ta b l e p e rc h e s  and  v i a b l e  f i s h e r i e s  a re a va i l a b l e .  A l o n g  the  
C o l o ra d o  R i ve r ,  l a rg e  cottonwood t rees  g rowi ng i n  t h e  r i pa r i a n  zone  
p rov i d e  p e rc h i ng a n d  roos t i ng s i te s . Ba l d  eag l e s f eed ma i n l y  o n  f i s h ;  
howeve r ,  ca rri on , wa te rfowl , a n d  ra bb i t s may a l so be  c o n s umed . 

The  J a n u a ry 1 986 wi n t e r  popu l a t i on c o u n t s  f o u n d  32  eag l e s a l ong  
the  Co l o ra d o  R i ve r  ( C DOW ,  1 9 86 ) , wh i c h  i s  a d ec l i n e f rom t h e  J a n u a ry ,  
1 98 5  wi n t e r  popu l a t i on s u rvey o f  4 7  eag l e s ( B ryn e ,  1 98 5 ) . Th i s  d ec l i n e 
c a n  be a t t r i buted to t h e  m i l d  wi n t e r  expe r i e n c ed i n  1 9 8 5  a n d  1 986 , s i nc e  
t h e  popu l a t i on o f  wi nte r i ng  ba l d  eag l e s g e n e ra l l y f l u c t u a t e s  w i t h  the  
s e v e r i ty of  wi n t e rs a l on g  t h e  Co l o ra d o  R i ve r  ( Co l ema n ,  1 986 ) . One  of  
the  ma j o r  c o n c e n t ra t i on a rea s f o r  t h e  ba l d  eag l e  oc c u rs a l o n g  the  
C o l o ra d o  R i v e r  between  D e B e q u e  a nd Pa rac h u t e ; t h e  other  i s  f rom the  
C o l o rad o-Uta h s t a t e  l i ne west t h ro u g h  We s twa t e r  Ca nyon ( C OM a n d  
B i o/We s t ,  1 98 3 ) . 
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T h ree  n e s t  s i tes  ha ve been l oca ted a l ong  t h e  Co l o ra d o  R i ve r  i n  Ga r
f i e l d  County . These  n e s t s  a l ong  t h e  C o l o ra d o  R i ve r  we re n e v e r  a c t i ve ;  
t h ey a re c o n s i d e red p renupt i a l  n e s t s  beca u s e  mo s t  o f t e n  a pa i r  o f  e a g l es 
wi l l  go  t h rough  the mo t i on s  o f  ne s t i n g but wi l l  a ba nd o n  the n e s t  d u r i ng 
t h e  f i rs t  pa rt o f  Ap r i l ( B ryne , 1 9 86a ) . The  n e s t  n ea r R i f l e  i s  l oca ted 
u p s t ream on a c ot tonwood -d omi nated i s l a nd  a b o u t  two mi l e s ea s t  o f  the  
O l d  R i f l e  s i te .  A pa i r  o f  eag l es we re o b s e rved n ea r  t h e  n e s t  s i te ,  b u t  
t h ey d i d  not  n e s t  ( Lo c k ha rt , 1 986a ) . A s u rvey c o n d u c ted i n  Ma rc h , 1 98 6 , 
found  that  th i s  n e s t  wa s a p pa re nt l y  d e s t royed by t h e  wi nd ( Loc k ha rt , 
1 986b )  . 

The ba l d  eag l e  has  n o t  been obs e rved a t  t h e  E s tes  Gu l c h  s i te but  
may occa s i ona l l y  f l y  o v e r  t h e  a rea . Wa te r ,  a ma j o r  c omponent  of  ba l d  
eag l e  h a b i ta t ,  i s  not  a va i l a b l e  a t  the  s i te . Gove rnme n t  C reek , l oc a ted 
l es s  t h a n  one m i l e  s ou t h  o f  the s i te ,  i s  c l a s s i f i ed as a perenn i a l  
s t ream by t h e  U . S .  Geol og i c a l  S u rvey ; h owe ve r ,  t h i s  s t ream i s  k n own to 
p rod uce  l ow or n o  f l ows d u r i ng  the wi n t e r  mon t h s  ( B ryne , 1 98 6b ) . There 
a re no  ba l d  ea g l e  n e s t s  o r  roos t  s i te s  a l ong  Gove rnme n t  C reek ( Sc h n u u r ,  
1 98 5 b ) . I n  add i t i on ,  a f i e l d  rec o n n a i s s a n c e  cond u c ted i n  Oc tober , 
1 98 5 , revea l ed no  ba l d  eag l e  n e s t s  a t  o r  nea r t h e  s i te ( TAC , 1 985a ) . 

The re fo re , i n te r i m  a c t i on s  o r  remed i a l  a c t i on a t  the  O l d  a nd New 
R i f l e  s i tes  wi th d i s p os a l  of t h e  u ra n i um m i l l  ta i l i ng s  at t h e  E s tes  
Gu l c h s i te wou l d  not  i mp a c t  t h e  ba l d  ea g l e .  

G . 4 . 2 B LACK-FOOTED  F E R R E T  ( Mu s te l a  n i gr i pes ) 

The b l a c k -f ooted fe rret  i s  1 i s ted a s  e n d a n g e red by the  US FWS and  
t h e  State  of  Co l o rad o .  N o  c r i t i ca l  h a b i t a t  has  been d e s i g n a ted . The  
fe rret , p r i ma r i l y  noc t u rna l , p reys o n  p ra i r i e  d og s  a nd uses  t he i r  
bu rrows a s  s h e l t e r  a nd d e n  s i tes . No  a c t i ve p ra i r i e  d og town s we re 
o b s e rved a t  the O l d  R i f l e ,  N ew R i f l e ,  a nd E s t e s  Gu l c h  s i tes . F u rther
mo re , t h e  b l a c k -footed f e r ret i s  not  thought  to o c c u r  w i t h i n  the  
G l enwood Sp r i ngs  R e s ou rc e  Area wh i c h enc ompa s s e s  t h e  O l d  a nd New  R i f l e  
ta i l i ng s  s i tes  a nd E s t e s  Gu l c h a l t e rn a t e  d i s po s a l s i te ( BL M , n . d . ) .  

Ba sed  on  t h e s e  o b s e rva t i on s , i n t e r i m  a c t i o n s  a t  both  R i f l e  s i t es , 
o r  sta b i l i za t i on o f  t h e  u ra n i um m i l l  ta i l i ng s  a t  t h e  N ew R i f l e  o r  E s tes  
Gu l c h  s i tes  wou l d  not  i mpa c t  t h e  b l ac k -footed f e r ret . 

6 . 4 . 3  U I NTA BAS I N  HOOK L E SS CAC T US ( Sc l e roca c t u s  g l a uc u s ) 

The U i n ta Ba s i n  h oo k l e s s  c a c t u s  i s  l i s ted a s  t h reatened by t h e  
USFWS . N o  c r i t i ca l  h a b i ta t h a s  b e e n  d e s i gna ted . I t  i s  a ba rre l  c a c t u s  
c h a ra c t e r i zed b y  p i n k o r  p u rp l i s h -p i n k  f l owe rs w i t h  s tems u p  t o  1 0  
cent i meters  i n  l en g t h  ( C OM a nd B i o /We s t , 1 9 8 3 ) . I n  C o l o ra d o ,  t h e  U i nta  
Ba s i n  h oo k l e s s  c a c t u s  o c c u rs i n  Mesa , De l ta ,  Mont ros e ,  a nd Ga rf i e l d  
Count i es ( B i o /We s t ,  1 9 83 ; C OM a nd B i o /We s t , 1 9 83 ; W-C , 1 9 83 ; E R T ,  
1 98 1 ) .  The c a c t u s  wa s n o t  f o u n d  i n  t h e  Pa ra c h ute  S ha l e  O i l Pro j e c t  
a reas  l oc a ted 1 5  m i l es we s t  a nd 1 8  m i l es n o rt h e a s t  o f  R i f l e  ( B i o /Wes t ,  
1 98 3 ) ; h oweve r ,  popu l a t i ons  we re found i n  the  Roan  C reek Va l l ey north  
o f  OeBeque  ( ER T ,  1 9 82 ) . 
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The  U i nta B a s i n  hook l e s s  c a c t u s  oc c u rs o n  a l l u v i a l  te rra c e s  c om
po s ed p r i ma r i l  y 0 f g r a v e l  s a n d c ob b 1 e s t  0 n e s a l on g t h e  u p  pe r Co l o r a d o  
R i v e r  Sys tem ( W-C , 1 98 3 )  a t  e l evat i on s  a bove  5000 f e e t  a bove  mea n  s ea 
l ev e l  ( E R T ,  1 98 1 ) .  I n  v i rt ua l l y  a l l  k n own popu l a t i on s , a f i ne 
text u red , c l ayey , a l ka l i ne ,  roc ky s o i l i s  p re s e n t  ( B i o/We s t ,  1 9 83 ; E R T ,  
1 98 1 ) .  A f ew p l a nts  a l s o h a ve been f o u nd i n  d raws be l ow t e rra c e s  that  
have  a c c umu l ated  a s to ney s u rf a c e  l i tt e r  a n d  a re s u f f i c i en t l y  und i s 
t u rbed to  ha ve d e v e l oped some c ryptogam i c  c ru s t  ( B i o /We s t ,  1 9 8 3 ) . I t  
i s  g e n e ra l l y  found  a s soc i ated  w i t h  t h e  d e s e rt s h ru b  vegetat i o n  type 
rep re s ented by b i g  s a g e b ru s h , s ha d s c a l e ,  s a l tb u s h ,  Mo rmon tea , I nd i a n 
r i c e g ra s s , and  ga l l eta  ( W-C , 1 983 ; E R T , 1 9 8 1 ) .  W i t h i n  pop u l a t i on s , t h e  
c a c t u s  p l a nt s  a re gen e ra l l y  wi d e l y  s p a c e d  a nd i n f reque n t . 

I n  the  Roan  Va l l ey , t h e  c a c t u s  wa s g e n e ra l l y f o u n d  i n  a gent l y  
s l op i ng ba s i n  c ha ra c t e r i z ed by exte n s i ve e x po s u re s  o f  t h e  Wa s a t c h  
F o rma t i on , red a n d  g ray s ha l es ,  a nd m i xed s ha l e  a n d  s a nd s tone . I t  wa s 
f requen t l y  found  g rowi ng d i rec t l y  u nd e r  a p rotec t i ve s h ru b , wh i c h ma y 
h a v e  red uced  the  v u l n e ra b i l i ty of  t h e  p l a n t s  to  t ramp l i ng ( E R T ,  1 9 8 2 ) . 

Bec a u s e  o f  t h e  d i s t u rbed natu re o f  the  O l d a nd New R i f l e  s i te s  a n d  
l a c k  o f  a p p rop r i a t e  h a b i tat , i t  i s  u n l i k e l y  t h a t  t h e  U i nta  Ba s i n  h o o k 
l e s s  c a c t u s  oc c u rs a t  t h e s e  s i te s . T h e re f o re , i nt e r i m  a c t i on s  a t  b o t h  
R i f l e  s i te s , o r  t h e  s ta b i l i za t i o n o f  u ra n i um m i l l  ta i l i ngs  a t  t h e  New 
R i f l e  s i te wou l d  not i mp a c t  t h e  U i nta B a s i n  hook l e s s  c a c t u s . 

A l t h o u g h  potent i a l  ha b i tat f o r  t h e  U i nta  Ba s i n  hook l es s  c a c t u s  
ex i s t s  i n  t h e  s a g e b ru s h  vegeta t i on type a t  t h e  E s tes  Gu l c h  s i te ,  i t  wa s 
not  found  d u r i ng a s u rvey c ond ucted  a t  t h e  s i te i n  May , 1 9 86  ( E ES , 
1 98 6 ) . A s u rvey f o r  t h i s  s pec i es wi l l  be  c ond uc ted d u r i ng  t h e  
a p p ropr i a te s e a s o n  a l ong the  s egment  o f  C o l o ra d o  H i ghway 1 3  t h a t  wou l d  
be wi d ened p r i o r  to  the  i n i t i a t i on remed i a l  a c t i on . 

G . 4 . 4  F E R R U G I NOUS HAWK ( Buteo  rega l i s )  

The  f e rrug i n o u s  hawk g e n e ra l l y  i n ha b i t s t h e  j u n i per-s ag e b ru s h  
ecotone , u t i l i z i ng t h e  s a ge b ru s h  a rea f o r  h u n t i ng a n d  t h e  j u n i pe r  t rees  
for  n e s t i ng .  Nests  a re a l s o f o u nd i n  s a g e b ru s h  and  cottonwood a nd on  
h i l l s i d e s , rock  outc rop s , l ow c l i f f s , o r  r i v e r  c ut b a n k s . Ba rren  a rea s 
and  a g r i c u l t u ra l  s i te s  a re a l s o u s ed . I t  feed s ma i n l y  on  sma l l - to 
med i um-s i zed mamma l s  c o n s i s t i ng o f  l a gomo rp h s  a nd rod ents  ( US FWS , 
1 98 3 ) . The  f e rrug i no u s  hawk ha s not  been  o b s erved i n  the  G l enwood 
Spr i ngs  R e s ou rc e  Area , but  i t s p r e s e n c e  i s  expec ted ( B LM , no d a t e ) . 

I t  i s  u n l i k e l y  that  the  f e rrug i no u s  hawk n e s t s  i n  the  R i f l e  a rea 
s i n ce  f o rag i ng a re a s  a re not of s u f f i c i ent  s i ze a nd the  re l a t i v e l y  
common g o l d e n  eag l e  a nd red -ta i l ed hawk wo u l d  tend  t o  d i s c o u ra ge t h e  
f e rrug i no u s  hawk ' s  u s e  o f  the  a rea ( Lo c k ha rt , 1 9 86a ) . There f o re , t h i s  
s pec i e s wou l d  n o t  be i mpa c ted by i nt e r i m  a c t i o n s  o r  remed i a l  a c t i on 
ac t i v i t i e s a t  the  O l d  a nd New R i f l e  s i tes . 

The poten t i a l  f o r  t h e  f e rrug i no u s  hawk to  oc c u r  a t  o r  nea r t h e  
E s te s  Gu l c h s i te ex i s ts . A s u rvey to  d et e rm i ne  t h e  p re s e n c e  o f  t h i s  
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s pec i e s  wa s c on d u c ted a t  t h e  E s tes  Gu l c h  s i te by t h e  US f WS ( K ruger , 
1 9 8 6 ) . 1 h i s  s u rvey d i d  not  f i nd t h e  f e rrug i no u s  hawk a t  t h e  E s tes 
Gu l c h  s i te .  

G . 4 . 5  SWA I NSON ' S  HAWK ( �u t eQ_ swa i nj2�) 

T he Swa i n s o n ' s  hawk i s  found  i n  t h e  p i non -j u n i pe r ,  s a g e b ru s h , a nd 
a g r i c u l t u ra l  ha b i ta t types . I t  typ i ca l l y n e s t s  i n  j u n i pe rs o r  s h rubs 
a n d  ra re l y  on  t h e  g round  ( DOE , 1 9 8 6 ) . T he hawk oc c u rs as  a n  u n c ommon 
s p r i ng-s umme r res i d e n t  a n d  ma y b reed i n  t h e  G l enwood Sp r i n g s  Re s o u rc e  
A rea ( BLM , n o  d a te ) . 

A l though  t h e  o c c u rre n c e  o f  t h e  Swa i n s o n ' s  hawk i s  u n l i k e l y  a t  the  
O l d  a nd New R i f l e  s i te s , i t  may occ u r  i n  s ome a g r i c u l t u ra l  a rea s n ea r  
R i f l e  ( Lo c k h a rt , 1 9 86a ) . T h u s , i n t e r i m  a c t i o n s  o r  remed i a l  a c t i on 
a c t i v i t i e s a t  t h e  O l d  and  New R i f l e  s i t e s  wou l d  not  i mp a c t  th i s  s p ec i es .  

The potent i a l  ex i s t s  f o r  the  Swa i n s o n ' s  hawk t o  oc c u r  a t  t h e  E s tes  
Gu l c h  s i te i n  the  s a geb ru s h  a nd p i no n -j u n i pe r  wood l a nd . A s u rvey t o  
d e t e rm i ne the  p re s en c e  o f  t h i s  s pec i es a t  t h e  E s tes  Gu l c h  s i te wa s 
cond ucted i n  conj u n c t i on wi th t h e  fe rrug i n o u s  hawk s u rvey by the  
USFWS . Th i s  s u rvey d i d  not  f i nd the  Swa i n s o n ' s  hawk a t  t h e  E s tes  Gu l c h  
s i te ( K ruge r ,  1 98 6 ) . 

G . 4 . 6  WEST E R N  Y E L L OW-B I L L E D  CUCKOO ( Coccyz u s  ame r i c a n u s )  

The  we s t e rn ye l l ow-b i l l ed c u c koo i s  a ra re s p r i ng-s umme r re s i d ent 
a nd a p o s s i b l e  b reed e r  i n  the G l e nwood Sp r i n g s  R e s o u rc e  A rea . I t  
genera l l y i n h a b i ts t h e  c ottonwood a n d  wi l l ow a rea s ( B L M , n o  d a t e ) . 
Th i s  s pec i es i s  not  expec ted to  oc c u r  a t  t h e  E s tes  Gu l c h s i te bec a u s e  
o f  a l a c k  o f  t h i s  ha b i ta t , b u t  i t  may oc c u r  nea r t h e  O l d  a n d  New R i f l e  
s i tes  i n  t h e  r i pa r i a n  and  a q ua t i c  ha b i t a t s . The  i nt e r i m  a c t i on s  o r  the  
remed i a l  a c t i on a c t i v i t i es a t  t h e  O l d  a n d  New  R i f l e  s i te s  a re not 
expec ted to  i mp a c t  the  ye l l ow -b i l l ed c uc k oo  d ue to  t h e  l i m i ted amo u n t  
o f  r i pa r i a n  a rea t o  be  d i s t u rbed ; i t  i s  e x p e c t e d  t h a t  th i s  s p ec i e s , i f  
d i s rupted , wou l d  re l oc a te to  ot h e r  nea rby r i pa r i a n ha b i tats  wh i c h  a re 
fa i r l y  typ i c a l  a l ong the  C o l o ra d o  R i ve r .  

G . 4 . 7 LONG-B I L L E D  CUR LEW  ( Numen i u s ame r i c a n u s )  

The  l ong-b i l l ed c u r l ew i s  a ra re t ra n s i e n t  o n  r i vers  a n d  l a k e s  i n  
t h e  G l enwood S p r i n g s  R e s o u rc e  A rea d u r i ng t h e  s p r i n g  ( B L M , n o  d a t e ) . 
The c u r l ew feed s on  a va r i ety o f  i n s e c t s  ( USFWS , 1 9 83 ) . I t  i s  not 
expec ted to  oc c u r  a t  the E s te s  Gu l c h  s i te , but i t  may oc c u r  nea r the 
O l d  and  New R i f l e  s i te s  i n  the  r i pa r i a n and a q u a t i c  ha b i tats . On l y  a 
l i mi ted amo u n t  o f  t h e  fa i r l y  typ i c a l  r i pa r i a n  ha b i tat wou l d  be  d i s 
t u rbed d u r i n g  remed i a l  ac t i on , a n d  th i s  spec i e s c ou l d  re l oc a t e  t o  o t h e r  
n ea rby r i pa r i a n  h a b i ta t ; the re f o re , t h e re wou l d  be  n o  i mpact  on  the  
l ong-b i l l ed c u r l ew .  
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G . 4 . 8  WH I TE-FAC E D  I B I S  ( P l egad i s  c h i h i )  

The wh i te-fa c ed i b i s  b reed s i n  c o l on i e s i n  f re s hwa t e r  ma rs h e s  f rom 
e a s t e rn O regon s p o rad i ca l l y  ac ro s s  to N o rt h  D a k ota a n d  s o u t h  i nto  pa rt s  
o f  Ka n s a s  a nd C o l o ra d o . T h e  i b i s  w i n t e rs i n  t h e  s o u t hwe s t e rn Un i ted 
States and Mex i c o ( US FWS , 1 98 3 ) . Th i s  s pec i e s  i s  on l y  k n own as a n  
u n c ommon t ra n s i ent  d u r i n g  t h e  s p r i ng a nd s umme r i n  t h e  G l enwood S p r i ngs  
Resou rc e  A rea ( B LM , n o  d a te ) . I t  i s  not  expec ted to oc c u r  a t  t h e  E s t e s  
Gu l c h  s i te ; howe ve r ,  i t  may oc c u r  nea r t h e  O l d a n d  New R i f l e  s it e s  i n  
the  r i pa r i a n  a nd a q ua t i c  h a b i tats . On l y  a l i m i ted amount o f  t h e  fa i rl y  
typ i ca l r i pa r i a n  ha b i ta t wou l d  be d i s t u rbed by t h e  i nt e r i m  a c t i on o r  
t h e  remed i a l  a c t i on  a c t i v i t i e s a t  t h e  O l d a n d  New R i f l e  s i te s , a n d  t h e  
wh i te-fa c e  i b i s ,  i f  d i s ru pted , wo u l d  re l o c a t e  t o  othe r nea rby r i pa r i a n  
ha b i tats . Th u s , t h e  p roj ect  wou l d  h a v e  n o  i mpa c t  o n  t h i s  s pec i e s .  

G . 4 . 9  WESTE RN SNOWY PLOVER  ( Cha rad r i u s  a l exa nd r i n u s  n i vo s u s ) 

The we ste rn s nowy p l o v e r  i s  g e n e ra l l y  f o u nd on  s a nd f l a t s  a nd 
a l ka l i pond s ( Ro bb i n s  et a l . ,  1 9 6 6 ) . Th i s  s pec i es h a s  not been  ob
se rved i n  the  G l enwood S p r i n g s  R e s o u rc e  A rea , a n d  i s  not  expec ted ; 
howeve r ,  i t  may be  p re s e n t  ( B LM , no  d a te ) . I t  i s  not expec ted to  oc c u r  
a t  the  E s tes  Gu l c h s i te ,  but  i t  may b e  p re s e n t  n ea r t h e  O l d a n d  New 
R i f l e  s i tes  i n  the  r i pa r i a n  a n d  a q u a t i c  ha b i t a t s . The i nt e r i m  a c t i on 
o r  remed i a l  a c t i on a c t i v i t i es a t  the  O l d a n d  New R i f l e  s i te s  a re ex
pec ted to  have  no  i mpact on  t h e  s n owy p l o v e r  due  to  t h e  l i mi ted amo u n t  
o f  the  fa i r l y  typ i c a l  r i pa r i a n  ha b i tat to be  d i s t u rbed ; i f  a f f e c t ed , 
t h i s  s pec i e s wou l d  re l ocate  t o  o t h e r  nea rby r i pa r i a n  h a b i tats . 

G . 4 . 1 0  DE BEQUE  PHAC E L I A  ( Ph a c e l i a  s u bmut i ca )  

The DeBeq u e  phac e l i a  i s  a n  a n n ua l f o rb t ha t  occ u rs on  s o i l s  o f  
the  Wa s a tc h F o rma t i on ( Co l o rado  Na t i ve P l a nt Soc i e ty , 1 982 ) . I t  i s  
s omet i me s  a s soc i a ted w i t h  o t h e r  s pec i es o f  pha c e l i a ,  e r i ogo n um , o r  
s ha d s c a l e .  I t  a l s o h a s  been  f o u n d  a s soc i a ted wi th  c he a t g ra s s  a nd 
c henopod i um nea r s a geb r u s h  a nd p i non-j u n i pe r  vegeta t i on type s . The 
DeBeque phac e l i a  i s  not expec ted to oc c u r  a t  the  O l d  a nd New R i f l e  
s i te s  bec a u s e  o f  t he i r d i s t u rbed c o nd i t i o n .  Th i s  spec i e s wa s not 
found at the  E s t e s  Gu l c h s i te d u r i ng  a s u rvey c on d u c ted i n  May , 1 986  
( E ES , 1 9 86 ) . A s u rvey f o r  t h i s  spec i e s wi l l  be c o n d u c t ed d u r i ng  the  
a pprop r i ate  sea s o n  a l ong t h e  s egment  o f  C o l o ra d o  H i g hway 1 3  that  wo u l d  
be w i d ened p r i o r  to  the  i n i t i a t i on o f  remed i a l  a c t i on . 

G . 4 . 1 1  D E B EQUE M I LKVE TCH  ( As t raga l u s d ebequa s u s )  

The DeBeq u e  m i l k v et c h  i s  a p e ren n i a l  p l a n t  that  o c c u rs o n  s o i l s  
o f  t h e  Wa satc h F o rma t i on .  Th i s  s pec i e s i s  c ha ra c t e r i zed by wh i te 
f l owe rs a nd g rows i n  sma l l to  l a rge c l ump s ( We l s h , 1 98 5 ) . I t  wa s 
found 7 . 5  mi  1 e s  s o u t h  o f  t h e  town o f  D e B e q u e  i n  p i  n o n -j u n  i p e r  a nd 
mi xed s h ru b  vegetat i on types a t  a n  e l e va t i on o f  a p p rox i ma t e l y  5400 
f eet above  MSL . The DeBeque  mi l k ve t c h  i s  n ot e x pec ted to  oc c u r  at the  
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O l d  a nd N ew R i f l e  s i tes  beca u s e  o f  t h e i r d i s t u rbed c o n d i t i on ,  a n d  i t  
wa s not found  d u r i ng a s u rvey c o n d u c t ed i n  May 1 9 86 a t  t h e  E s t e s  Gu l c h  
s i te ( E ES , 1 9 86 ) . A s u rvey f o r  th i s  s pec i e s wi l l  b e  c o n d u c ted d u r i n g 
the  a p p rop r i ate  s e a s o n  a l on g  t h e  s egment  o f  C o l o r a d o  H i ghwa y 1 3  that  
wou l d  be wi d e n ed p r i o r  to t h e  i n i t i a t i on o f  remed i a l  a c t i on .  

G . 4 . 1 2  WETHER I L L  M I LKVETCH  ( As t raga l u s wet h e r i l l i i )  

The Wet he r i l l  mi l k ve t c h  i s  on  t h e  Co l o ra d o  Na t u ra l  A rea s P rog ram 
l i st of p l a n t  spec i e s of spec i a l  c o n c e rn ( O I Ka n e , 1 9 8 6 ) . I n  C o l o ra d o , 
th i s  spec i e s i s  found  i n  Ga rf i e l d ,  Mesa , Mon t ro s e , a nd San M i g u e l  
Count i es .  The Wet h e r i l l  mi l k vetc h ,  a perenn i a l  f o rb , i s  c ha ra c t e r i zed 
by sma l l ,  wh i te ,  or wh i t i s h f l owe rs . I t  o c c u rs on  steep  s l o pes , c a nyon 
benc h e s , a nd ta l u s c l i f f s , i n  sandy c l ay s o i l s  d e r i ved f rom s ha l e  o r  
s a n d s t on e , a nd w i th s a g e b r u s h  a nd j u n i pe rs a t  e l e va t i on s  o f  4 7 00 to 
5850 feet a bove  MSL ( Ba rn eby , 1 9 6 4 ) . A s u rvey c o n d u c t e d  i n  Ma y 1 9 86 
found the  Weth e r i l l  m i l k ve t c h  nea r the p ro p o s ed a c c e s s  roa d l ea d i n g 
i n to t h e  E s te s  Gu l c h s i te ( F i g u re G . 4 . 1 )  ( E ES , 1 98 6 ) . T h e re were 
a p p rox i mat e l y  600 p l a n t s  s c a t t e red a l ong t h e  p i no n -j un i pe r  h i l l s i d e s  
a d j a c e n t  to the  p ropos ed a c c e s s  roa d . A few p l a n t s  we re a l s o f o u n d  at  
the  ba s e  of  t h e  h i l l s .  It  may a l s o o c c u r  a l on g  t h e  p o rt i on o f  Sta te 
H i ghway 1 3  that wo u l d  be  w i d e n ed a nd i mp ro ved for d i s po s a l a t  the E s tes 
Gu l c h s i te .  Th i s  a rea wou l d  be  s u rveyed d u r i ng the  a pp ro p r i a t e  s ea so n  
p r i o r  to  the  i n i t i a t i on o f  any  roa d i mp ro v ement  a c t i v i t i e s . A l l 
popu l a t i on s  o f  t h e  Wethe r i l l  m i l k-vetch  wou l d  be a vo i d ed d u r i ng the  
remed i a l  a c t i on to  p revent  i mpa c t s  o n  t h i s  p l a n t  spec i es .  

G . 4 . 1 3  F I SH S P E C I ES :  COLORADO SQUAW F I S H  ( Ptyc h oc h e i l u s l u c i u s ) , H UM PBACK 
CHUB ( G i l a  cypha ) ,  BONYTA I L  C H U B  ( G i l a e l ega n s ) ,  AND  RAZORBACK  S U C K E R  
( Xyra uc h en texa n u s )  

The C o l o ra d o  s quawf i s h i s  l i s ted a s  e n d a nge red b y  t h e  US FWS a n d  
b y  t h e  s t a t e  o f  Co l o rad o . I t  oc c u rs i n  t h e  Co l o ra d o  R i ve r  u p s t ream to  
Pa l i sa d e , Co l o rad o ,  and  o c c u rs i n  t h e  G ra n d  J u nc t i on ,  C o l o ra d o ,  a rea . 
I t  i s  not  k n own to  be i n  the  R i f l e  a rea . Ad u l t  f i s h p re f e r  d e e p , 
mov i  ng  wa t e r ,  wh i l  e j u ven  i l  e s  p r e f e r  s h a  1 1  ow , p rotected  bac kwa t e rs 
w i t h  s i l t  and  s a n d  s u b s t ra t e s , a n d  l i tt l e  c u r rent . Spawn i ng o c c u rs 
o v e r  l a rge g ra v e l  ba rs  i n  t h e  ma i n  c h a n n e l s ( US FWS , 1 987 ; DOE , 1 9 8 3 ) . 

The h umpba c k  c h u b  i s  1 i s ted a s  e n d a n g e red by t h e  USFWS a n d  the  
s tate  o f  C o l o ra d o . I t  oc c u rs i n  t h e  Co l o ra d o  R i ve r  i n  t h e  B l a c k  R oc k s  
- - Wes twa t e r  Ca nyon a rea d own s t ream o f  G ra n d  J u n c t i on ,  C o l o rad o .  The 
h umpbac k  c h u b  p r e f e rs fast c u rrent s , d ee p  wa t e r  a nd s a n d , s i l t ,  b ou l d e r  
a nd bed roc k s u b s t ra te s . Spawn i ng p ro ba b l y  t a k e s  p l a c e  i n  o r  nea r t h e  
res i d ent  c a nyon ( US FWS , 1 98 7 ; DOE , 1 98 3 ) . 

The bony ta i l  c h u b  i s  l i s ted a s  e n d a n g e red by the  US FWS a n d  the  
State  o f  C o l o ra d o . I t  i s  li t h e  ra rest  o f  t h e  Co l o ra d o  R i ve r  n a t i ve 
f i s he s  . . . .  " ( DO E , 1 9 8 6 ) , a n d  t h e re a re n o  k n own reprod uc i ng popu l a 
t i on s . I t  i s  o n  t h e  ve rge o f  ex t i nc t i on o n  a s t a t e -w i d e  ba s i s .  
A l mo s t  ext i nc t  i n  the  Co l o ra d o  R i ve r ,  a few s pec i me n s  h a v e  been 
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c a p t u red o n l y  i n  t h e  B l a c k  Roc k s  a rea n ea r t h e  C o l o ra d o -U t a h  bo rd e r .  
I t s  p re f e rred h a b i ta t  i s  q u i et eddys a n d  poo l s  ( DOE , 1 98 3 ; U S FWS , 
1 98 7 ) . 

The ra z o rba c k  s u c k e r  i s  c u rre n t l y  a U S FWS c a n d i d a te s pe c i e s a nd 
i s  l i sted  a s  enda nge red ' by t h e  s t a te o f  C o l o ra d o . I t  i s  f o u nd 
s po rad i ca l l y i n  maj o r  u p p e r  C o l o ra d o  R i ve r  b a s i n  t r i b u ta r i e s a nd has  
been  f o u n d  i n  the  Co l o ra d o  R i ve r  between  O e Beq u e  a n d  R i f l e .  A l l 
s pec i me n s  c o l l ec ted we re ad u l t s , s u gge s t i n g a l ow rep rod uc t i ve ra te . 
I t s ha b i ta t p re f e re n c es a re not c l ea r l y  u n d e rs tood , but  i t  appea rs to 
p re f e r  ba c kwa t e r  a rea s a nd g ra ve l  p i t s wi t h  l i tt l e  or no  f l ow a nd 
s i l ty bot toms ( Va l e z et a l . ,  1 98 2 ; DOE , 1 98 3 ; US FWS , 1 98 7 ) . 

Of t h e  fou r f i s h s pec i es d i s c u s s ed a b o ve , o n l y  the  ra z o rba c k  
s u c k e r  may a c tua l l y be p re s e n t  i n  t h e  Co l o ra d o  R i ve r  nea r the  O l d  a nd 
New R i f l e  s i te s . Howe ve r ,  beca u s e  o f  hab i ta t  l os s  a nd othe r fac to rs , 
the  USFWS has  dete rmi ned that  a U p p e r  Co l o ra d o  Ba s i n -w i d e  j eopa rdy 
s i tua t i on has ex i s ted for the t h re e  e n d a n g e red s pec i e s s i nc e  1 9 7 8 . 
T he US FWS ha s dete rmi ned t h a t  a ny d ep l et i on o f  wa t e r  h a s  a nega t i ve 
e f fect  on the  1 i sted  f i  s h  s pec i es ; t h e re f o re , a doc umented  p roj e c t -
re l a ted net  wa t e r  d ep l et i o n re s u l t s i n  a "may e f fe c t " d e t e rm i na t i on 
a nd requ i res  t h e  i n i t i a t i o n o f  a f o rma l c on s u l ta t i on u n d e r  Sec t i on 7 
o f  t h e  E nd a n g e red Spec i e s Ac t ( s ee  Attac hme n t  G l ) .  

U n d e r  t h e  R e c o v e ry I mp l eme n ta t i on P rog ram  f o r  E n d a n g e red F i s h 
Spec i e s i n  the  Upper  C o l o ra d o  R i ve r  Ba s i n  ( US FWS , 1 98 7 ) , a rec o ve ry 
p rog ram a nd c oo p e ra t i ve a g reement d e ve l oped between  the  USFWS , t h e  
s t a t e s  o f  C o l o ra d o , Uta h , a nd Wyomi ng , wa t e r  d e ve l opme n t  i n terests , 
a nd e n v i ro nmenta l o rga n i zat i ons , a l l  Sec t i on 7 c o n s u l ta t i o n s  w i l l  
res u l t  i n  a one-t i me c on t r i but i on t o  t h e  U S FWS . Th i s  c o n t r i but i on 
amou nts  to $ 1 0 p e r  ac re-foot o f  wa t e r  u s e d , b a s ed on  t h e  a ve rage 
a n n ua l p roj ect d ep l et i on . The s e  f u n d s  a re ea rma rked f o r  ma na g i ng the  
Rec o v e ry Prog ram a nd p rotec t i ng n e c e s s a ry i n s t ream f l ows , t h e reby 
p rov i d i ng the mec h a n i sm f o r  a n o n -j eopa rdy c onc l u s i on by the US FWS . 

The DOE re - e va l ua ted p roj e c t  wa t e r  u s e  fo r the  O l d  a nd New R i f l e  
s i tes  a nd the  E s t es  Gu l c h  s i te a n d  d e t e rm i ned t h a t  a tota l o f  a p p rox i 
ma te l y  280 , 036 , 000 ga l l on s  ( 860 a c re-fee t )  o f  wa t e r  wi l l  be n e eded  
f rom the  C o l o ra d o  R i ve r  a nd the  R i f l e  Ga p R e s e rvo i r .  Th i s  e s t i ma t i on 
exc l udes  t h e  pota b l e wa t e r  that  wou l d  be obta i ned  t h ro u g h  the  c i ty o f  
R i f l e ' s  wa t e r  t reatmen t  a n d  s up p l y  sys tem . The s e  wa t e rs a re not 
c ons i d e red pa rt of a p roj ec t - re l a ted net  d ep l et i on .  The UMTRA P roj ect  
wa t e r  use  w i l l  re s u l t  i n  a n  a ve ra g e  a n nua l d ep l et i on o f  a p p rox i ma t e l y  
7 0 , 009 , 000 ga l l on s  ( 2 1 5  a c re-feet ) o ve r  t h e  nea r l y  fou r-yea r p roj ect  
l i fe .  Bec a u s e  a net  d ep l et i on h a s  been  doc umen ted , t h e  DOE  req u e s ted 
the USFWS ' s  c onc u rre n c e  i n  a "may e f fec t " d ete rm i na t i on a nd the i n i 
t i a t i on of  a f o rma l c ons u l ta t i on u n d e r  Sect i on 7 o f  t h e  E nd a n g e red 
Spec i es Ac t ( s e e  Attac hme n t  G l ) .  The c o n s u l ta t i on p roc e s s  i s  i n  
p rogre s s . Th e DOE  wi l l  c omp l y  wi th  a l l  m i t i ga t i on a nd c o n s e rva t i on 
spec i f i ed by t h e  USFWS . Howeve r ,  t h e  R ec o rd o f  Dec i s i on c a n not be 
i s s u ed u n t i l the q u e s t i on of e f fe c t s  on  the enda n g e red spec i es has 
been  res o l ved . 
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The  on l y  potent i a l  d i re c t  i mp a c t  to t h e  ra zorba c k  s uc k e r  wou l d  be  
i nc rea sed , t h o u g h  l i mi ted , s i l ta t i on of  t h e  C o l o ra d o  R i v e r  as  a res u l t  
o f  i n te r i m  a c t i on s  o r  remed i a l  a c t i on a c t i v i t i es a t  t h e  O l d  a n d  New 
R i f l e  s i tes . Beca u s e  no  e x c a va t i on wou l d  oc c u r  i n  t h e  C o l o ra d o  R i ve r ,  
any  add i t i ona l s i l ta t i on i s  expec ted t o  b e  m i n i ma l  a nd s h o rt -t e rm ;  
t h e re f o re , t h e re wou l d  b e  n e g l i g i b l e  d i rect  i mp a c t s  t o  t h e  ra zorbac k  
s uc k e r . 
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RE f E R E N C E S  FOR A P P E N D I X  G 

BLM  ( Bu rea u o f  Land  Ma nagement ) .  1 983 . F i  na  l _J n v i  ro nme nta 1 Impa c t  Sta tement , 
R e s o u rc e  Ma nagement P l a n ,  Gl enwood Spri ngs R e s o u r c e  A r�� . G l enwood S p r i ngs  
R e s o u rc e  A rea , G l enwood S p r i ngs , Co l o rad o . 

BLM  ( Bu rea u o f  L a nd Ma nagemen t ) , n o  d a t e . " L i s t i n g o f  1 e rre s t r i a l  a n d  Aqua t i c  
Wi l d l i fe Spec i es i n  t h e  G l enwood Sp r i ngs  Res o u rc e  A rea , "  G l enwood Sp r i ngs  
Resou rc e  A rea , G l enwood Sp r i n g s , C o l o rad o .  

Ba rneby , R .  C . ,  1 9 64 . " Th e  At l a s  o f  North  Ame r i c a n  A s t raga l u s , "  i n  Memo i rs o f  
toe New Yo rk Bota n i c a l  Ga rd en , Vo l ume 1 3 ,  New Yo rk Bota n i c al Ga rd en , 
B ronx , New Yo rk , New Yo rk . 

B i o/We s t  ( B i o/We s t , I nc . ) ,  1 983 . B i o l og i ca l As s e s sme n t  f o r  Mob i l O i l C o rpo ra 
t i on ' s  Pa ra c h ute  O i l P ro j ec t ,  Loga n , Uta h . 

B ryne , Gene , 1 986a . Sta t e  o f  Co l o ra d o , Depa rtment  o f  Natu ra l  R e s o u rc e s , D i v i 
s i on o f  Wi l d l i f e ,  G l enwood S p r i ngs , Co l o ra d o , p e rs ona l c ommu n i c a t i on to  
E l o i s e Mu l fo rd ,  E n v i ronme n ta l S e rv i c e s , J a c o b s  E n g i n e e r i ng  G roup  I nc . ,  
A l buquerqu e , New Mex i c o ,  d a ted May 1 ,  1 9 8 6 . 

B ryn e , Gene , 1 986b . State  o f  C o l o rad o , Depa rtmen t  o f  Na tu ra l  R e s o u rc e s , D i v i 
s i on of  W i l d l i f e ,  G l enwood S p r i ngs , Co l o rad o , pe rsona l c ommun i ca t i on to 
E l o i s e Mu l f o rd , E n v i ronme n ta l S e rv i c e s , J a c o b s  E ng i n e e r i ng  G ro u p  I nc . , 
A l b uq u e rq u e , New Mex i c o ,  dated  May 29 , 1 9 8 6 . 

B ryn e , Gene , 1 98 5 . Sta te  o f  Co l o rad o , Depa rtmen t  o f  Na t u ra l  Res o u rc e s , D i v i s i on 
o f  W i l d l i fe ,  G l enwood S p r i n g s , Co l o rado , p e rs o n a l c ommu n i ca t i on to  C ha r l es 
J .  B u rt , E n v i ronmenta l S e rv i c e s , J a c o b s  E n g i n ee r i ng  G ro u p  I nc . ,  A l b u q u e r
q u e , New Mex i c o ,  dated  Dec emb e r  1 7 , 1 98 5 . 

C OM ( Camp , D re s s e r ,  & McKee , I nc . ) , 1 983 . Vegeta t i on Ba s e l i ne Repo rt ,  Pa c i f i c  
Sha l e  Proj ec t , Whea t R i d g e , Co l o ra d o . 

C OM a nd B i o/We s t  ( Camp , D re s s e r ,  & McKee , I n c . a nd B i o/We s t , I nc . ) ,  1 983 . B i o
l og i c a l  As s e s sment Repo rt , Pa c i f i c  Sha l e  P ro j ec t ,  Whea t R i d g e , Co l o ra d o , 
a n d  Loga n , U ta h .  

C DOW ( Co l o ra d o  D i v i s i on o f  W i l d l i f e ) , 1 9 86 . Memo ra nd um f rom Gene  B ryn e , G l e n 
wood S p r i n g s , C o l o ra d o , " 1 9 86 Ba l d  E a g l e  S u rvey o n  C o l o ra d o  R i ve r , " da ted 
J a nua ry 2 7 , 1 986 . 

C DOW a nd BLM  ( Co l o ra d o  D i v i s i on o f  W i l d l i fe a nd B u re a u  o f  L a n d  Ma nageme n t ) , 
1 9 84 . Gra nd Hogbac k  B i gh o rn S h e ep Re i n t ro d uc t i on ,  E n v i ronme n ta l As s es s 
me nt No . CO-07 7 - 5 -2 5 , G l enwood Sp r i ngs , Co l o ra d o . 

C o l  ema n ,  Leona  rd , 1 988 . B u rea u o f  L a nd Ma n a g eme n t , G l  e nwood S p r i  n g s  Res o u rc e  
A rea , G l enwood S p r i ngs , C o l o rad o ,  p e rs o n a l c ommu n i ca t i on to  C ha r l e s J .  
B u rt ,  E n v i ronme n ta l S e rv i c e s , J a cobs  E n g i n ee r i n g  G ro u p  I nc . ,  A l b u q u e rq u e , 
New Mex i c o ,  da ted Oc tober  4 ,  1 9 88 . 
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C o l ema n , Leona rd , 1 986 . B u rea u o f  Land  Ma na geme n t , G l enwood S p r i ngs  R e s o u rc e  
A rea , G l enwood S p r i n g s , C o l o rad o , p e rs ona l c ommu n i c a t i on t o  E l o i s e 
Mu l f o rd ,  E n v i ronmen ta l S e rv i c e s , J a c obs  E n g i nee r i n g  G ro u p  I nc . ,  
A l buquerq u e , New Mex i c o , dated  A p r i l 1 ,  1 986 . 

C o l ema n , Leona rd , 1 985 . B u rea u o f  Land  Ma na geme n t , G l enwood S p r i ngs  Res o u rc e  
A rea , G l enwood S p r i n g s , C o l o rad o ,  pe rsona l c ommu n i c a t i on t o  C ha r l e s  J .  
B u rt , E n v i ronmenta l S e rv i c e s , J a c o b s  E n g i nee r i n g  G ro u p  I nc . , A l b u q u e rq ue , 
New Mex i c o , da ted Novembe r 1 1 ,  1 98 5 . 

C o l o ra d o  N a t i ve  P l a n t  Soc i ety , 1 98 2 . II F i e l d  S u rvey F o rms f o r  P h a c e l i a s u bmu
t i c 9.. , 3 t o  7 M i l es We s t  o f  DeBeque , Me sa  Cou nty , Co l o ra d o , 1I da ted May 24 , 
1 98 2 , Denv e r ,  C o l o rad o . 

DOE ( U . S  Depa rtmen t  o f  E n e rgy ) , 1 9 86 . B i o l og i ca l A s s e s smen t  f o r  t h e  Two Road 
A l te rnate D i sposa l S i te a t  t h e  Forme r C l i ma x  U ra n i um Compa ny U ra n i um M i l l  
S i te ,  Gra n d  J u n c t i on ,  Mesa  C o u n ty,  Co l o rad o ,  p repa red by t h e  U . S .  
Depa rtmen t  o f  E n e rgy , UMTRA P roj e c t  O f f i c e , A l b u q u e rq u e  O p e ra t i on s  
Of f i ce , A l b u q u e rq u e , New Mex i c o . 

DOE ( U . S .  Depa rtme n t  o f  E n e rgy ) , 1 983 . Unpu b l i s hed rep o rt s  p repa red by t h e  NUS 
C o rpora t i on , Au ro ra , C o l o ra d o , for the U . S .  D e pa rtme n t  o f  E n e rgy , UMTRA 
Proj ec t Of f i c e ,  A l b u q u e rq u e  Ope ra t i on s  O f f i c e , A l b u q u e rq u e , New Mex i c o .  

E E S  ( E c o s p h e re E n v i ronme n t a l S e rv i c e s ) ,  1 986 . A Th rea t e n ed - E n d a nge red P l a n t  
Spec i es S u rvey f o r  a U ra n i um Ta i l i ngs D i spo s a l S i te a nd Ha u l  Road ; E s te s  
Gu l c h ,  R i f l e ,  Ga rf i e l d  C o u n ty,  Co l o ra d o , p repa red by [ [ S ,  Fa rmi ngton , New 
Mex i c o ,  f o r  Jac obs  E n g i n ee r i ng Gro u p  I nc . ,  A l buq u e rq u e , New Mex i c o .  

E R T  ( E n v i ronme n ta l R e s ea rc h  & Tec h n o l ogy , I nc . ) ,  1 98 2 . Memo ra n d um f rom 
S .  E l l i s  a n d  P .  H a c k n ey , Ft . C o l l i n s ,  C o l o ra d o , II R e s u l t s of Th re a t e n ed 
and  E n d a n g e red P l a n t  Su rvey on  GCC Res e rvo i r A l t e rna t i ve s , lI da ted May 20 , 
1 982 . 

E R T  ( E n v i ronmenta l Resea rc h & T e c h n o l ogy , I n c . ) ,  1 9 8 1 . Vegeta t i on Ba s e l i ne 
K�J10 rt , GCC R e s e rvo i r  S i te a n d  P i pe l i ne C o r r i d o r ,  Ft . C o l l i n s , C o l o ra d o . 

Gra y ,  J o h n , 1 9 86 . Sta te o f  Co l o ra do , Depa rtme n t  o f  Na t u ra l  R e s o u rc e s , D i v i s i on 
o f  Wi l d l i f e ,  Denve r ,  Co l o ra do , p e rs o n a l c ommu n i c a t i on s  to  E l o i s e M u l f o rd , 
E n v i  ronme n ta 1 S e rv i c e s , J a c obs  E n g i n e e r i  ng G ro u p  I n c . ,  A l b u q u e rq u e , New 
Mex i c o ,  da ted Ma y 1 4  and  D e c embe r  1 9 ,  1 986 . 

J en k  i n s , Denn  i s ,  1 986 . B u re a u  of  La nd  Ma na gemen t ,  G ra n d  J u n c t  i on  R e s o u rc e  
Area , G ra nd J u n c t i o n , Co l o rad o , pe rsona l commu n i c a t i on to  E l o i s e Mu l fo rd ,  
E n v i ronmenta l S e rv i c e s , J a c o b s  E n g i n e e r i ng  G ro u p  I n c . ,  A l b u q u e rq u e , New 
Mex i co ,  da ted A p r i l 2 2 ,  1 9 86 . 

Krug e r ,  R i c ha rd , 1 986 . U . S .  F i s h a n d  W i l d l i fe S e rv i c e , G ra n d  J u n c t i on ,  C o l o
ral1 0 ,  pe rsona l c ommun i c a t i on t o  E l o i s e M u l f o rd ,  E n v i ronme n ta l S e rv i c e s , 
J a c o b s  E n g i  nee r i  ng  G ro u p , I n c . , A l b u q u e rq u e , New Mex i  c o , da ted Sep tembe r  
30 , 1 986 . 
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l.amb e t h , Rona l d , 1 986 . B u rea u o f  l.a nd Mana geme n t , G ra nd J u nc t i o n R e s o u rc e  
A rea , Gra nd J u n c t i o n ,  Co l o rad o , p e rsona l c ommu n i c a t i on to E l o i s e Mu l f o rd ,  
E n v i ronme n t a l Serv i c e s , J a c o b s  E n g i nee r i n g Gro u p  I nc . ,  A l b u q u e rqu e , New 
Mex i c o ,  da ted A p r i l 2 3 , 1 886 . 

l.o c k h a rt ,  M i k e , 1 986a . U . S . F i s h  a n d  W i l d l i fe S e rv i c e , Gra nd  J u n c t i o n , C o l o -
rado , p e rsona l c ommu n i c a t i o n  t o  Cha r l e s  J .  8 u rt ,  E n v i ronme n ta l Serv i c e s , 
Jacobs  E n g i n e e r i ng  Group  I n c . , A l b u q u e rq u e , New Mex i c o , d a ted J a n u a ry 1 3 ,  
1 986 . 

Loc k h a rt , M i k e , 1 986b . U . S .  F i s h a n d  W i l d l i f e S e rv i c e ,  Gra nd  J u n c t i on , Co l o -
rado , p e rsona l c ommu n i c a t i on to  Cha r l e s  J .  B u rt , E n v i ro nmenta l S e rv i c e s , 
J a c o b s  E n g i nee r i ng  Gro u p  I n c . ,  A l b u q u e rq u e , New M ex i c o , d a ted Ma rc h 3 1 , 
1 986 . 

Mob i l  ( Mob i l O i l C o rpo ra t i o n ) , 1 98 2 . E n v i ronmenta l B a s e l i n e ,  Pa ra c h u t e  Sha l e  
Qil Proj e c t ,  Ga rf i e l d  C o u n ty,  C o l o rado , Vo l umes 4 ,  5 ,  and  1 1 , Den v e r ,  
C o l o rado . 

a l Ka n e , Steven L . , 1 986 . State o f  Co l o rado , Depa rtment  o f  Na t u ra l  R e s o u rc e s , 
Co l o rado  Na t u ra l  A rea s Pro g ram , De n ve r ,  C o l o rad o , p e rs ona l c ommu n i c a t i on 
to Cha r l es J .  B u rt , E n v i ronme n ta l S e rv i c e s , J a c o b s  E n g i nee r i n g  Group  
I n c . , A l b u q u e rq ue , New Mex i c o ,  d a ted F e b rua ry 6 ,  1 98 6 . 

Robb i n s et a l . ( C .  S .  Robb i n s , B .  B r u u n , a nd H .  S .  Z i m ) , 1 9 66 . B i rd s  o f  No rth 
�me r i ca , Go l d en  Pre s s , New Yo rk , New Yo rk . 

SCS ( So i l Con s e rva t i on S e r v i c e ) , 1 98 5 . So i l  Su rvey o f  R i f l e  A rea , Co l o rado , 
U . S .  Depa rtment  o f  A g r i c u l tu re ,  Wa s h i ngton , D . C .  

S c h n u u r ,  Pame l a , 1 986 . State o f  C o l o ra d o , D e pa rtment  o f  Na t u ra l  R e s o u rc e s , 
D i v i s i on o f  Wi l d l i f e ,  Grand J u n c t i on , C o l o rad o , p e rsona l c ommu n i c a t i on to 
E l o i s e M u l f o rd , E n v i ro nme n ta l Se rv i c e s , ,la c o b s  E n g i nee r i n g  G ro u p  I n c . , 
A l b u q u e rq u e , New Mex i c o ,  da ted J u n e  2 1 , 1 98 6 . 

S c h n u u r ,  Pame l a , 1 985a . State o f  Co l o rado , Depa rtmen t  o f  Natu ra l  R e s o u rc e s , 
D i v i s i on o f  Wi l d l i fe ,  Grand J u n c t i o n , C o l o rad o , p e rs o n a l c ommu n i c a t i on to  
Cha r l e s  J .  B u rt , E n v i ronme n ta l Serv i c e s , J a c o b s  E n g i n e e r i n g  Gro u p  I nc . ,  
A l buquerqu e ,  New Mex i c o ,  d a ted D e c embe r  3 1 , 1 9 8 5 . 

Sc h n u u r ,  Pame l a , 1 985b . State o f  C o l o rado , Depa rtme n t  of  Na t u ra l  R e s o u rc e s , 
D i v i s i on o f  W i l d l i f e ,  Grand J u n c t i o n , C o l o rad o , p e rs o n a l c ommu n i c a t i on to  
Cha r l e s  J .  B u rt , E n v i ronme n t a l Serv i c e s , J a c o b s  E ng i n e e r i ng  Gro u p  I n c . ,  
A l buquerqu e ,  New Mex i c o ,  dated  Septemb e r  9 ,  1 98 5 . 

Sea l i ng ,  Lee , 1 98 6 . State  o f  Co l o rad o , Depa rtme nt  o f  Natu ra l  R e s o u rc e s , 
D i v i s i on o f  Wi l d l i fe ,  G ra n d  J u nc t i on , C o l o rad o , p e rs o n a l c ommu n i c a t i o n to  
E l o i s e M u l f o rd ,  E n v i ronmenta l Serv i c e s , J a c o b s  E ng i n e e r i ng  Group  I nc . , 
A l buquerqu e , New Mex i c o ,  dated  May 30 , 1 986 . 
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TAC ( Te c h n i c a l  As s i s t a n c e  C o n t ra c to r ) , 1 9 85a . " Un p ub l i s hed  F i e l d  I n v e s t i g a -
t i on , R i f l e ,  C o l o ra d o ,  UMTRA P roj e c t  S i te s , " d a ted October  9 ,  1 98 5 , p re 
pa red b y  t h e  lAC ( Ja c ob s -We s t o n  Team) , A l b u q u e rq u e , New Mex i c o ,  f o r  t h e  
U . S .  Depa rtment  o f  E n e rgy , UMTRA P roj e c t  Of f i c e , A l b u q u e rq u e  Ope ra t i on s  
Of f i ce ,  A l b u q u e rq u e , New Mex i c o .  

lAC ( Te c h n i c a l  A s s i s ta n c e  Con t ra c to r ) , 1 9 8 5 b . " Un p u b l i s hed F i e l d  I n v e s t i g a -
t i on ,  R i f l e ,  Co l o ra d o , U M l R A  P roj ect  S i te s , "  da ted D e c embe r 1 8 ,  1 9 8 5 , 
p repa red by t h e  TAC ( Ja c o bs -Wes ton Team) , A l b u q u e rqu e , New Mex i c o ,  f o r  
t h e  U . S .  Depa rtmen t  o f  E n e rgy , UMTRA Proj ec t O f f i c e , A l b u q u e rq u e  
Ope ra t i on s  Of f i c e ,  A l buqu e rq u e , New Mex i c o .  

US FWS ( U . S .  F i s h a nd W i l d l i f e S e r v i c e ) , 1 98 7 . R e c o v e ry Imp l eme n ta t i on P rog ram 
f o r  Enda n g e red F i s h Spec i es i n  the  U p p e r  C o l o ra d o  R i ve r  Ba s i n ,  R eg i on 6 ,  
Denve r ,  C o l o rad o .  

USFWS ( U . S .  F i s h  a n d  W i l d l i fe S e r v i c e ) , 1 9 83 . I mpa c t s  o f  Coa l S u r f a c e  M i n i ng 
on  2 5  M i gra t o ry B i rd Spec i e s o f  H i gh  F ed e ra l I n t e re s t , FWS/OBS-3/8 5 , 
D i v i s i on o f  B i o l og i c a l  S e rv i c e s , Wa s h i ngton , D . C .  

Va l d e z  et  a l . ( R .  Va l d e z , P .  Manga n , R .  Sm i t h , a n d  B .  N i l so n ) , 1 9 8 2 . 
Co l o ra d o  R i ve r  I n ve s t i ga t i on ,  R i f l e ,  C o l o ra d o  to  L a k e  Pow� 
C o l o ra d o  R i ve r  F i s h e ry P roj ec t ,  U . S .  F i s h  a n d  W i l d l i fe S e rv i c e , 
J u nc t i on ,  C o l o ra d o . 

� 
Uta h , 
G ra nd 

W-C ( Woodwa rd -C l yd e  Con s u l ta nt s ) ,  1 9 83 . B i o l ogi c a l  A s s es sment f o r  C l ea r  C re e k  
S ha l e  O i l P roj ec t , E ng l ewood , C o l o ra d o . 

We l s h , S .  L . , 1 9 85 . " New Spec i e s o f  As t raga l u s ( L e g um i nosa e )  f rom Me s a  C o u n ty , 
C o l o ra d o , "  G reat Ba s i n  Na t u ra l i st ,  Vo l ume 4 5 , N o . 1 .  

Yeend , W .  E . ,  1 969 . Qua t e rna ry Geo l ogy o f  t h e  G ra n d  a n d  Bat t l eme n t  Me s a s  A rea� 
C o l o rado , U . S .  Geo l og i ca l  Su rvey P ro fe s s i ona l Pa p e r  6 1 7 ,  U . S .  Gove rnment  
P r i nt i ng O f f i c e , Wa s h i ngton , D . C .  
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Mr . Fred Bo l wa hnn , Pro j e c t L e a d e r  
Endangered Spec i e s Off i c e  
U . S .  Fi s h  a nd Wi l d l i fe Serv i c e 
Room 1 4 06 Federa l B u i l d i n g 
1 2 5  S o u t h  S t a t e  S t re e t  
Sa l t  La k e  C i ty ,  U t a h 84 1 3 8  

Dea r Mr . Bo l wa hn n : 

O E C - 83 - 0 1 - 1 5  

Un d e r  c o n t ra c t  t o  S a n d i a  Na t i o n a l  L a bo r a t o r i e s  fo r t h e  De pa rtme n t  o f  
En e r gy ,  N U S  C o r p o r a t i o n  i s  p r e p a r i n g  two E n v i ron�e n t a l  I npa c t  S ta te�e n t s  
a s  pa r t  o f  t h e  U r a n i um r·i i l l  Ta i l i n g s  Re:;-;e d i a l Ac t i o n ( U:·:-:-?A ) P ro g ra n .  
One doc umen t wi l l  c o ve r  t he ta i l i n g s  s i te a t  G ra n d  J u n c t i o n , Co l o ra d o  
a nd o n e  wi l l  i n v o l v e  two ta i l i ng s  s i te s  a t  Ri fl e ,  Co l o ra d o . We a re 
hereby req u e s t i ng i n forma t i o n  c o n c e rn i n g  t h e  p re s e n c e s  o f  fed e ra l l y  
l i s t e d  o r  pro po s e d  e n d a n g e r e d  o r  t h rea te n e d  s pec i e s  wi t h  t he a re a s  o f  
p o t e n t i a l  i mpa c t  f o r  t h e s e  p roj ec t s , a s  de s c r i bed be l ow .  

The e x i s t i n g  G r a n d  J u n c t i o n  u ra n i u m  mi l l  ta i l i n g s  p i l e  i s  l oc a t e d  i n  
pa r t s  o f  s ec t i o n s  2 3  a n d  2 4 , 7 1 S  R l � ,  i n  G r a n d  � u n c t i o n , C o l o ra d o . 
Al t e r n a t i v e s  fo r d i s po s a l o f  t h e s e  t 3 i l i n g s  i n c l u d e  s t a b i l i z a t i o n o f  t h e  
p i l e  i n  p l a c e , a n d  remo v a l  ( by t r u c k o r  ra i l )  t o  o n e  o f  two a l te r n a t e  
remo te l oc a t i o n s .  T h e s e  remo te l o c a t i o n s  a re t h e  C h e n ey Re s e rv o i r  s i te ,  
pa r t s  of s ec t i o n s  1 1 ,  1 2 ,  1 3  a nd 1 4 , T 3 S  R2 E s o u t h  o f  W h i tewa ter , Col o r a do , 
a nd the 6+ 5 0  Re s e r v o i r  s i te ,  p a r t s  o f  s e c t i o n s  3 6  a n d  3 5 , T 9 S  R 1 04W , 
wes t  o f  Ma c k ,  Co l o r a d o .  Ma p s  o f  a l l s i t e s  i n vo l v e d  a re a t ta c h e d . 

The e x i s t i n g Ri f l e u ra n i um m i l l  ta i l i n g s  p i l e s a re l oc a ted i n  se c t i o n  1 8 , 
T 6 5  R 9 3 W n e a r R i f l e ,  Col o r a d o  ( the Ol d R i fl e s i te )  a n d  i n p a r t s  o f  s e c t i o n s  1 5  
a n d  1 6 , T 6 S  R93 W  n e a r  R i fl e ,  C o l o r a do ( t he New Ri f l e s i te ) .  A l t e r n a t i v e s  
for d i s po s a l  o f  t he s e  ta i l i n g s  i n c l u d e  s t a b i l i z a t i o n  o f  the p i l e s i n  
p l a c e , c o n s o l  i d a t i o n o f  the h/o p i l e s a t  o n e  o f  t h e  e x i s t i n g l o c a t i o n s , 
or remo va l ( by t r u c k ,  ra i l  o r  c o n v eyor sys tem ) to a remo te l o c a t i o n . 
The remote l o c a t i o n  i s  t h e  L u c a s Me sa s i te ,  pa r t s  of s ec t i o n s  1 9 ,  2 0 , 2 9  
a nd 3 0 , T8 5 R96 W ,  S o u t h  o f  De S e q u e , Co l o ra d o . Ma p s  o f  a l l s i t e s  i n v o l v e d  
a re a t ta c hed . 

I f  you requ i re fu r t her i n fo rma t i o n c o n c e rn i n g t h i s  p roj e c t  o r  t h e  
po ten t i a l  i mpa c t  a rea s ,  p l e a s e  c o n t a c t  m e  a t  3 03 / 3 3 7 - 0 924 . @fi rel y ,  � 12 . � 

n d rew R .  Gra i n g e r  
As s o c i a te Eco l o g i st 

ARG/ i o  

�on Company 
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The New R i fle site and its \licinity. This map is based on 8 map prepared by the U . S .  G eological 

Survey before Highway 6 / 2 4  was rero u t od south t o  its presont position just n orth of the 

rai l road t rack s and the Now R i fle si te .  
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Th e Lucas  M esa  s ite a n d  i t s  v i c i n ity .  



United States Department of the Interior 
FISH AND WILDUFE SERVICE 

ENDANGERED SPECI ES OF FIC E  
1 406 Fede ral B u i l ding 
1 2 5  S o u t h  S t a t e  S t r ee t 

IN RF.Pl.Y RF.fT.R 1'0 
S a l t  La ke C i ty ,  U t ah 8 4 1 38 

24 Feb r ua ry  1 9 8 3  

Mr . Andrew R .  Gra inge r 
As s o c i a t e  Ecolo g i s t 
NUS Co rpo ra t ion 
3 000 S .  Jama ica C o u r t  
S u i te 1 50 
Au r o ra ,  Colorado 8 00 1 4  

Dear Mr . Gra inge r :  

W e  have rev i ewed y o u r  le t t e r  da ted 1 9  Ja nua ry 1 9 8 3  reques t ing inf o rma t io n  
c once rning fede ral ly l i s t ed threa tened a n d  enda nge red s p e c i e s  t ha t  may b e  
wi t h in  t h e  a rea o f  impa c t  fo r p r oj e c t s  yo u d e s c r ibe . W e  unde rs tand that a l l  
p r oj e ct s i tes lis t ed in your le t t e r  are be in g  s tud ied as po ten t i al a reas fo r 
p e rma nent d i s po s a l  o f  uran ium mi l l  t a il i ngs . Be low are loca t i o ns  o f  t h e s e  s Lx 
a rea� , wi t h  l i s t ed s pe c i e s  t ha t  may o c c u r  i n  each a rea f o l lowing the s i t e  
l o ca t ion d e s c r i p t i o n .  

G r and Jun c t ion a rea u ran ium mi l l  t a i l ings : 

1 .  Exi s t ing Grand Junc t ion ta ilings p i le , lo c a t ed in pa r t s  o f  S e c t io n s  
23 and 2 4 ,  T 1 S , R 1 W ,  in Grand Junc t io n ,  Co l o rad o .  

L i s t ed Spe c i e s  

b a l d  eagle 
C o l o rad o s quawf i s h  
hump back chub 

Cand i d a t e  Spe c i e s  

raz o rba ck sucke r  

Ra l i ae e t u s  l e u c o c e o ha l u s . 

P tyc h o ch e i l us l u c i u s  
G i l a  cypha 

Xyrau chen t exanus 

2 .  Ch eney Re s e rvo i r  s i t e ,  lo ca ted in pa r t s  o f  S e c t ion 1 1 , 1 2 , 1 3  a n d  
1 4 ,  T3S , R2E , s o u t h  o f  Wh i t ewa t e r ,  Co l o rad o . 

L i s t ed  S pe c i e s  

wh ooping crane 
b la ck-footed f e r r e t  
spinel e s s  hed gehog cactus 

Uinta Ba s in hookl e s s  cac tus 

Gru s  ame r ic ana 
Mus tela n igr i pe s  
Ech inoc ereus t r iglo ch i d i a tu s  

va r .  inermi s 
S c le rocactus glaucus 

3 .  U .  s .  Hwy . 6 & 5 0  Reservo i r  s i t e ,  lo c a t ed  in pa r t s  o f  S e c t i o ns 3 6  
and 3 5 , T9S , R 1 04W , we s t  o f  Ma c k ,  C o l o r ad o .  



L i s ted Spe cies 

b l a ck-f o o t ed ferret 

R i fle area uranium mil l  tail ing s : 

Mus tela n igr ipe s 

1 .  Old R i f l e  s i t e ,  lo c a t ed in Se c t ion 1 8 , T6S , R9 3 S , nea r R i f le ,  C o l o rad o .  

L i s ted Spe c ies 

ba l d  eag le 

Ca ndida te Spe c i e s  

r a z o rb a c k  s u c ke r  

Ha l i a e e tu s  l e uc o c epha l us 

Xv rau ch en t exa nus « 

2 .  New R i f le s i t e ,  l o c a t ed in pa r t s  o f  S e c t i o ns 1 5  a nd 1 6 ,  T 6 5 , R9 3 � ,  
n ea r  R i f l e , C o lo rad o . 

Lis ted Spe c i e s  

ba l d  eag le 

Candid a t e  Spe c ies 

ra z o rb a c k  su cke r 

Ha l i aee tus  l e u c o c ephalus 

Xyrau ch en t exa n us 

3 .  L u c a s  Me s a  s i t e ,  lo ca t ed in pa r t s  o f  S e c t ions 1 9 , 2 0 ,  2 9 , and 3 0 ,  

T 8 5 , R 9 6 W , so u t �  o f  De B e q u e , Co l o r ad o .  

Lis t ed Spe c ie s  

b a l d  e a g le 
Uin t a  Bas in h o ok l e s s  c a c t u s  

Ha l i aee tu s  l e u c o c epha l u s  
S c l e ro c a c tus  glau cus 

S e c t io n  7 ( c )  a l s o  requ i r e s  the Fede ral agency p r o p o s ing a maj o r  Fed e ra l  
a c t ion s ign i f ic a n t l y  a f f e c t ing t h e  qua l i ty o f  the huma n e nv i r onme n t  t o  c o n d u c t  
a nd submi t t o  t h e  FW 5  a b i o l o g i c a l  a s s e s sme n t  t o  de t e rm i n e  t h e  e f f e c t s o f  t he 
p r op o s a l  on l i s ted and p ropo s ed s p e c i e s . Th e b io l o g i c a l  a s s e s sme n t  shal l be  
c omp l e ted wi t � in 1 8 0  d a y s  a f t e r  th� d a t e  on wh ich in i t ia t ed or  a t ime �u t u a l l y 
a g r eed up on be twe e n  t he agency a nd t h e  FW5 . Be f o r e phy s ic a l  mo d i f ic a t i on/ a l t e r
na t ion o f  a maj o r  Fed eral a c t ion i s  begun t h �  a s s e s sme n t  �u s t  be c omp le ted . 
I f  t he b i o l o g i c a l  a s s e s sme n t  is no t be gun wi t h i n  90 day s ,  th i s  l i s t  s hou l d  be  
v e r i f ied wi th us p r i o r  t o  in i t ia t ion o f  the a s s e s sme n t . W e  do n o t  feel  tha t 
we can adequa t e l y  a s s e s s  the a f f e c t s  of the p r o p o sed a c t i o n  on l i s ted and 
p ropo s ed s pe c i e s  o r  c r i t i c a l  hab i t a t  an d  p r opo s ed c r i t ic a l  hab i ta t  wi t�out a 
c omp l e t e  a s s e s sme n t .  When c onduct ing a b i ol o g i c a l a s s e s s me n t ,  t h �  f o l lowi n g  
ahal l b e  d o n e  a t  a min imum : 

1 .  cond uct a s c ien t i f i c a l ly sound on-s i t e  ins p e c t ion o f  the a rea a f
f e c t ed b y  the ac t io n ,  wh ich mus t ,  unl e s s  o the rwi s e  d i re c t ed b y  the 
YWS , incl ude a d e t a il e d  su rvey of the a rea to de t e rm ine i f  l i s t ed o r  
p ro p o s e d  s pe c i e s  a re p r e s e nt o r  o c c u r  s ea s onal ly a nd wh e th e r  su i t able 
h ab i ta t  exi s t s  wi t h in t h e  a rea f o r  e i t her expa nd i n g  the ex i s t ing 
populat ion or po t ent ial r e in t rod u c t ion of popu la t ions ; 



2 .  in t e rv i ew recogn ized expe r t s  on the s pe c ie s  a t  issu e .  in c l u d i n g  
t ho s e  wi th in t he F i sh a n d  Wil d l i f e  S erv i c e . s ta t e  cons erva t io n  
agenc i e s , unive r s i ties . and o t he rs wh o  may have da t a  n o t  ye t found 
in ac i en t i f ic li t e ra tu re ; 

3 .  review li tera t u r e  and o ther sc ient i f ic da ta to de t e rm ine t he s pe c ie s ' 

d is t ribu t io n .  hab i ta t  need s . and o ther biolog i c a l  requi reme n t s ; 

4 .  review and ana lyze the a f fec t s  of the a c t io n  on the s p e c i e s . in 
t e rms o f  indiv id ua l s  and popu l a t ions . in c l uding c ons id era t i on o f  t h e  
c umula tive e f fe c t s  o f  t he a c t ion on the s pe c ie s  and hab i t a t ;  

5 .  ana l y ze a l t e rna t ive ac ti ons tha t may provide cons e rva t i o n  mea su r e s ; 

6 .  c onduc t a ny s tu d ies neces s a ry  to fu l f il l  t h e req u i reme n t s  o f  ( 1 )  
t hrough ( 5 )  above ; 

7 .  rev iew any o t her releva n t  in f o rma t i o n .  

Candida t e  s pe c ie s  a r e  l i s t ed s o  tha t t hey ma y  rece ive yo u r  a t tent ion i n  yo u r  
e nvi ronmen tal planning . Wh ile t hey d o  no t have t he pro tect ion o f  t he Enda nge r ed 
S pe c i e s  Ac t t hey a r e  be ing c ons id e r ed fo r lis t in g  b y  the FWS . Sho u l d  they 
b e c ome l i s t ed pr io r  t o  the c om p l e t i on o f  Fe d e ra l  a c t ion o n  t h i s p r oj e c t  Se c t i o n  
7 C o ns u l ta t ion wo u l d  have t o  b e  r e in i t i� t ed to  c ons id e r  t h e  new l y  l i s t ed 
s j>e ci � s . 

The FWS c a n  e n t e r  in t o  fo rma l S e c t ion 7 c o ns u l t a t ion o n l y  wi th a n o t he r F �d e r a :  
a ge n cy o r  i t s  d e s ignee . S t a t e .  c o u n t y  o r  any o t h e r  gove rnme n t a l  o r  p r iv� : e  
o rganiz a t ions can pa r t icipa t e i n  th� c onsu l t a t io n  proces s .  h e l p  prepa re  i n f o r 
ma t ion such as the b i o l o g i c a l  a s se s sme n t . pa r t ic i pa t e  in me e t i ngs . e tc . 

�f t e r  the r e l eva n t  Fed e r a l  agency has rev iewe d the a s s e s s me n t , i t  i s  t ha t 
a ge ncy ' s res po ns ib il i ty to de t e rmine i f  t h e  propo sed a c t io n "may a f fe c t " a ny 
o f  the l i s ted a pe c i e s  o r  c r i t ic a l  hab i ta t s .  The age ncy shou ld  a l s o  d e t e rm i ne 
i f  th� ac t ion is like l y  to j eopa rd ize the cont inued exi s t e nc e  o f  p r opo s ed 
s pe c i e s  o r  r e su l t in the de s t r uct ion o r  an adve r s e  mo d i f ic a t i on o f  any c r i t ic a l  
hab i ta t  propo s e d  f o r such s pe c ies . I f  the d e t e rm ina t io n  i s  " may a f f e c t "  f o r 
l i s ted spe c ie s  the agency mus t  reque s t  in wr i t in g  f o nna l  c onsu l t a t i o n  f r om t h e  
F i e l d  S upe rv i so r .  Enda nge red S p e c i e s  O f f ice , U . S .  F i s h  a n d  Wil d l i f e S e rv i c e  a t  
t h e  ad d r e s s  given above . In ad d i t io n ,  i f  the age n cy d e te rmines  t h a t  t h �  
p ro p o s e d  a c t ion is like l y  t o  j e opa rdize t h e  c o n t i nued e x i s tence o f  p r op o se d 
s pe cies o r  r e su l t  in the de s t r u c t io n  o r  adve r s e  mod i f ic a t ion o f  p r op o sed 
c r i t ic al hab i t a t .  it mus t conf e r  wi t h  the FWS . At t h i s  t ime the agency s h o u l d 
provide t h i s  of f ic e  a copy o f  the b i o l o g i c a l  a s s e s sme n t  a nd any o th e r  r e l e v a n t  
info rma t ion t ha t  a s s i s t ed i t  in reaching i t s  c on c l us ion . 

Your a t tent ion is also d irec t ed to S e c t ion 7 ( d )  o f  the Enda nge red S p e c i e s  Ac t ,  
a .  ame nded , which und e rs c ores t he requ i reme n t  tha t the Fed e ra l  age ncy o r  the 
app l icant ahall not ma ke any i r reve rs ible or irre t r ieva b l e  c ommi t�e n t  o f  
resources during the c ons u l t a t ion pe riod wh ic h .  in e f f e c t .  wo u l d  deny the 
formu l a t ion o r  imp l eme n t a t ion of rea sonab le and p r udent a l t e rn a t ive s reg a r d i ng 
t he i r  a c t io ns  on any endange red o r  t hrea tened s pe c ies . 



We are p r epa red to a s s i s t  you wh eneve r you have ques t ions wh ich we may be ab le 
t o  a nswe r .  I f  we can be o f  furthe r ass is tanc e ,  please advise us .  

The FWS rep r esenta t ive who wi l l  provide you wi th t echn ical ass is tance is 
Rob e r t  Smith o f  our Grand Junct ion F ield Of fice ( [ 30 3 ]  2 4 3-27 7 8 ) . 

c c :  Mr . Jame s A .  Mo rley 
Uran ium M i l l  Ta il ings 

P r oj e c t  Of f ic e  
Depa r tme n t  o f  Energy 
P .  O .  Box 5 4 00 
Al buquerqu e , New Mexico 8 7 1 1 5 

S in c e rely , C /�. 
1/.1 Fred L .  B o lwahnn V Field Sup e rv i s o r  



• 
Department of Energy 
Alb uquerq ue O perations Office 
P.O.  Box 5400 
Albuquerque. New Mexico 871 1 5  

Mr .  Fr ed Bo lwahan 
U . S .  Fish and Wild l i f e  S ervic e 
1406 Federal Build ing 
1 2 5  S .  S tate S tr e e t  
Sal t Lake C i ty , Utah 8 4 1 3 8  

Dear Mr .  Bolwahan : 

JUL 0 1 19S3 

Pursuant to S ection 7 o f  the Endangered S p e c i e s  Ac t ,  enc l o s e d  is a b io l o gical 
as s es sment wh ich was conduc ted r e garding the p o t en t ial impac ts on thr e a t ened , 
end ange r ed , and cand ida t e  floral and faunal spec ies as a resul t o f  r emed i a l  
a c t i ons on ina c t ive uranium mill tailings s i t es a t  Grand Junc tion and Rif l e , 
Colorad o . Overa l l , the as s es sment c onc:ud e s  tha t no adver s e  imp a c t s  to any 
thr e a t ened , endangered , or cand i d a t e  s p e c i e s  wou ld o c cu r  as a resul t o f  the 
remed ial ac t ion proj e c t  a l t erna t ives . 

S ince we are ini tia t ing the r eview pr o c e s s  on the Pr e l iminary Draf t Environ
men tal Impact S tatement (PDEIS ) for the Grand Junc t ion and Ri f l e  mi l l  tail ings 
s ites , we reques t your r ev i ew  of the b i o l o g i cal as s e s sment . P l eas e contac t  
John Ar thur o f  my s taff a t  ( 5 0 5 )  844-3941 with any ques t ions reg ard ing the 
ass essmen t .  

Thank you for your agency ' s  cooperation in this mat t er . 

Enc l o s ur e  

cc wlo enc lo sure : 
D .  Lechel , JE�"IIIIIt--_ ... _mr 

S inc erely , 

�t:�. ��r� �nager 
\ Utanium Mill Tail ings Proj e c t  O f f i c e  I 

\) 



BIO LOG I CAL ASSESSMENT 
Re l ated to Remed i al Act i on at t he 

Grand Junc t i on and Ri f l e  s i te �  

Th i s  b i o l og i ca l  assessment c oncern s t he p otent i a l i mp act o n  t hreatened ,  
endangered or cand i d ate spec i es re s u l t i n g from UMTRA Prog ram remed i a l - ac t i on 
a l ternat i ves  for t he Grand J u nct i on and New R i f l e  and O l d  R i f l e  s i te s . Two 
env i ronmen ta l imp ac t st atemen ts are b e i n g  p repared ,  one concern i n g  the Grand 
Ju nct i on s i te and one concern i ng the R i f l e  s i te .  

The Grand Junc t i on s i te i s  l oc ate d i n  parts o f  Sec t i on s  2 3  and 2 4 , T IS 
R I W ,  adj acent to Gr and Ju nct i on ,  Co l orad o .  Al ternat i ves  for d i sp o s a l  of t he s e  
t a i l i ng s  i nc l u de stabi l i z at i on of the pi l e  a t  the Grand Junct i on s i te , and 
remov a l  ( by tr u ck or ra i l )  to one of two a l tern at i ve remote l oc at i on s .  The s e  
remote l oc at i on s  are the  Cheney Reserv o i r  s i te ,  sou th o f  Wh i tewate r ,  Co l orado 
( pa rt s  of Sect i on s  1 1 , 12 , 1 3  and  14 , T3S  R 2E ) ,  and the  6&50 Reservo i r  s i te ,  
we st o f  Mack , Co l orado  ( p arts o f  Sec t i on s  36 and 3 �� T9S R I04W ) . These  s i t e s  
are s h own i n  F i gu re s  1 ,  2 ,  an d 3 .  

The  ex i s t i ng R i f l e s i te s  are l oc ate d i n  Sec t i on 1 8 , T 6S R 93W near  R i f l e ,  
Co l orado ( the O l d  R i f l e  s i te )  and i n  parts of Sect i on s  15  and  16 , T6S R 9 3W 
ne ar R i f l e ,  Co l orado  ( the  New R i f l e  s i te ) . A l ternat i v e s  for d i s p o s a l  of th e s e  
ta i l i ng s  i nc l ude stab i l i z at i on at t h e  s i te s ,  c on so l i d at i on o f  t he two p i l e s  
at one o f  the ex i s t i ng l oc at i on s , o r  remo v a l  ( by truck , ra i l  o r  conv eyor syste m )  
to a remote l oc at i on .  The remote l oc at i on i s  t he l u cas Mes a  s i te ,  parts of 
Sec t i on s  19 , 20 , 29 and 3 0 ,  T85 R 96W , sou th of OeB eque,  Co l orad o .  These  s i t e s  
are s h own i n  F i gu re s  4 ,  5 ,  6 a n d  7 .  

Spec i es con s i dered i n  th i s  ass e ssmen t are those l i s te d  by the U . S .  F i s h  
and Wi l d l i fe Serv i c e ,  Endan gered Spec i es Off i c e ,  Sa l t  L ak e  C i ty ,  i n  a l etter 
to NUS Corporat i on date d  24 Febru ary 1983 ( USF&WS , 198 3 ) .  Th i s  l e tter a l so  
out l i ne s  p rocedures to  be  tak en in  conduct i ng a b i o l og i c a l  as s e s sment . The s e  
steps  h av e  b ee n  fo l l owed to t h e  extent co�s i s tent  w i th t h e  s cope an d pote n t i a l  
i mp acts  o f  the p roj ect . 

As p art of the p re p arat i on of the env i ronmen ta l imp ac t  st atemen ts , each  
s i te has  b een v i s i ted between 20 and 2 2  Septemb er an d 14 an d 17  Octob er , 1 982 
by a b i o l og i s t to a s s e s s  the potent i a l  o f  the s i tes  to support thre atened or 
end angered spec i es .  I n  add i t i on ,  t he 6&50 R e s erv o i r and C heney R e s ervo i r  s i te s  
we re v i s ited  on Apr i l  1 1 , 198 3  w i t h  Mr . Steve  H i g h ,  BlM b i o l og i s t from Grand 
J u nct i on ,  to  search f or endan gered cac t i  and to  a s s e s s  t he potent i a l  of t hese  
s i te s to s up p ort these  s p ec i es . 

Th i s  a s sessmen t  re l i es p r imar i l y  on l i terat u re sou rces and con tacts  w i t h  
k now l edgeab l e  i nd i v i d u a l s t o  de termi ne the potent i a l p resence of  threatened  
or end ang ered spec i es on  the s i te s .  Poten t i a l  imp ac ts are ev a l u ated u s i ng 
proj ect p l an s  d ev e l oped dur i ng preparat i on of the envi ronmen ta l  i mp act s t a tements . 
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Each  end angered ,  thre ate ned or can d i d ate spec i e s  l i s te d  by th e U . S .  F i s h  
and Wi l d l i fe Serv i ce i s  d i scu s sed be l ow, a l on g  w i th a d i s cu s s i on o f  the p o tent i a l 
i mp ac t  of the v ar i ou s  a l te rn at i v e s  on the spec i es and i t s  hab i ta t .  

1 .  Spi ne l e s s  Hedgehog  Cac t u s  Ech i noc ereu s t r ig l oc h i d i at u s  var . i nerm i s 

Th i s  spec i es i s  l i s ted as  endan gered by the U . S .  F i sh and W i l d l i fe Serv i ce ( 1 982 ) .  No cr i t i c a l  h a b i tat has  b een de s i gnate d .  The  sp i ne l e s s  hedgeh og  c actu s 
i s  l i s ted a s  p otent i a l l y  oc cur i ng on the Cheney Res ervo i r  s i te ( USF&�S 1983 ) .  

Th i s  spec i e s  i s  k nown to occ u r  i n  Me s a  and Mo ntrose Co u nt i es . Co l orado  
( USF&WS 1 978 , Co l orado N at i on a l  Areas Program 1 982 ) .  H i gh ( 1 983 )  has  l oc a ted 
p op u l at i on s  of th i s  spec i e s  severa l m i l es east and we st of the Cheney Reserv o i r 
s i te .  and fee l s  the spec i es i s  restr i c ted to t he p i nyon -jun i per z o n e .  

The Cheney Reserv o ir s i te has  been searched  by a n  NUS Corporat i on b i o l og i s t  
and a b r ief  s earch was conducted w i th Steve H i gh of BlM . On ly  Opunt i a  !E. 
c ac t i  we re observed . The  s i te s up p orts  a s a l t  desert sh rub commun ity , a s  does  
t he acc e s s  corr i d o r .  The nearest p i nyon -jun i p er h ab i tat is  approx imate l y  � m i l e  
e a st of  the s i te . 

Bec au se the Cheney Reserv o i r  s i te does not support app rop r i ate hab i ta t  
f o r  the sp i ne l e s s  he dge h og cactu s ,  i t  i s  extreme ly  u n l i k e l y  t h e  spec i e s  occurs  
on  the s i t e  or the p l anned acces s rou te . Th erefore , bec au se no k nown p opu l at i on s  
o r  preferred hab i tat ex i st o n  t he s i te ,  th i s  a l ternat i v e  wi l l  n ot adver s e l y  
affect the  s p i ne l e s s  hedgeh og  cact u s .  Ot her a l ternat i v es  n o t  i nv o l v i ng th e 
Cheney R e s ervo i r  s i te wi l l  a l so not affect th i s  spec i e s . 

2 .  Ui nta B a s i n  Hoo k l ess  Cac t u s  Sch l eroc actu s g l au c u s  

Th i s  spec i es i s  l i s ted a s  t h reatened by t he U . S .  F i sh and W i l d l i fe Serv i ce ( 1 982 ) .  N o  c r i t i c a l  hab i t at h a s  b een des i g nate d .  The  U i nta  B as i n  h oo k l e s s  
cac t u s  ; s  l i s ted a s  p otent i a l ly occu r i ng on the Cheney R e s erv o i r  and lucas  
Me s a  s i te s  ( USF&WS 1983 ) .  

Th i s  s pec i es i s  k nown to oc cur  i n  Me s a ,  De l ta ,  Montrose and Garfi e l d  Co unt i es 
( USF&WS 1978 .  Co l orado Nat u r a l  Areas Prog ram 1 982 ) .  I t  i s  found i n  a v ar i e ty 
of hab i t at s , al thou g h  hab i ta t  des c r i p t i on s  agree that so i l s support i ng th i s  
spec i es are grav e l l y  or rocky ( USF&WS 1978 . Co l orado Natura l  Areas Prog ram 
1982 ) .  Assoc i ated p l ants are s had sc a l e  (Atr i p l e x  confert i f o l i a ) ,  ga l l eta ( H i l ar i a  
james i ; )  and Mormon tea ( Ephedra spp . ) ( USF&WS 1 978 ) . H i g h  ( 1 983 ) fee l s th i s  
s p ec ie s  may b e  found ; n  a vari ety of hab i tats . 

Popu l at i on s  of t he U i n ta B a s i n  hook l ess  cactus  are k n own to ex i s t  wes t  
o f  the Cheney Re servo i r  s i te o n  r ims above the Gu nn i son  R i ver ,  b u t  none are 
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k nown near the Cheney Reserv o i r  s i te ( H i g h  1 98 3 ) .  S imi l ar ly , the spec i es occurs  
near Roan Creek north of  OeBeq u e ,  but  i s  not k nown t o  occur sou th  of the  Co l orad o  
R i ver ( ne ar Luc as Me s a )  i n  th i s  are a .  

The on l y  c ac t i  observed on the Cheney Reserv o i r ,  6&50 Reserv o i r ,  and 
L u c as Mes a  s i te s  d u r i ng s i te reconna i s ance v i s i t s  by N U S  Corpo rat i on were Opu n � i a  
s p .  S tev e H i g h  v i s i te d  t he Cheney Reserv o i r  and 6&50 Reserv o i r s i tes  i n  Apr i l 
1983 and a l so found  on l y  Opunt i a  s p .  c act i . 

The Lu c as Me s a  s i te i s  at the upper e l ev at i on a l  l i m i t s  of the  ran g e  of 
th i s  spec i e s ( USF&WS 1 9 78 ,  Co l or ado  N at i on a l  Areas Progam 1 982 ) .  F or th i s  r ea s o n , 
and bec au se i t  i s  d omi n ated by s ag ebru sh an d p i nyon-j u n i per  veget a t i on ,  t he  
s i te does  not prov i de typ i c a l  h a b i tat . I n  add i t i on ,  so i l s  o v er much of s i te 
are deep and not very roc k y .  The occ u rence of the U i nta  B as i n hook  l e ss  c ac t u s  
o n  th i s  s i te i s  u n l i k e l y .  Access  t o  Lucas Mes a  wou l d  not i n vo l ve add i t i on a l  
road bu i l d i ng . 

The Ch eney Reserv o i r  s i te appears to p rov i de adequ ate hab i t at for th i s  
spec i e s . Howev er , th i s  or s i m i l ar spec i e s ( e . g . , Sch l eroc actus  wh i po l e i ) h av e  
n o t  b een l oc ate d on o r  near the  s i te .  B ec au se o f  the  app are n t  ab s e n c e  o f  the  
spec i e s , no i mpact i s  an t i c i p ate d .  

S i m i l ar l y ,  t h e  6 &50 Reserv o i r  s i te app ears  to p rov i de adequ ate hab i t a t  
for t he U i n t a  B as i n  h ook l es s  cactu s ,  an d popu l at i on s  o f  S .  wh i pp l e i  occur  to  
the west  w i t h i n  2 mi l es of the s i te .  However , searches of the  s ite by an N U S  

Corporat i on b i o l og i s t ,  and in  conj u nct i on w i t h  Steve H i g h ,  h ave rev e a l ed on l y  
Opunt i a  s p .  c ac t i . S .  gl au c u s i s  not k nown to oc c u r  i n  the are a  ( H i gh ,  1 9 8 3 ) .  
Becau se of t h e  apparen t  ab sence of t he spec i e s ,  no i mp act  i s  an t i c i pa te d .  

Stab i l i z at i on at e i t her  the  Grand J u nc t i on or R i f l e  s i te s  wou l d  av o i d  
any p otent i a l i mp ac t s  on t he U i n t a  B a s i n  h o ok l e s s  cact u s . No c ac t i  were o b s er v e d  
on  t h e s e  s i te s ,  an d they do not  p rov i de ad eq u ate hab i t at f o r  th i s  spec i e s or  
for t he sp i ne l es s  hedg ehog  cact u s .  

Co l orado  S q u awf i s h  P tychoc h e i l u s  l u c i u s  

Th i s  s p ec i es i s  l i s te d  a s  endang ered by th e U . S .  F i s h  an d W i l d l i f e Se rv i c e 
( 1982 )  and by t he State of Co l orad o  ( Co l or ad o D i v i s i on of W i l d l i fe 198 3 ) . 
N o  cr i t i c a l  h ab i t at has  b ee n  de s i g nate d .  T h e  Co lorado  sq u awf i s h  h a s  been l i s te d  
as  p otent i a l ly i nhab i t i ng t h e  Co l orado  R i ver near t he Grand J u nct i oc  s i te .  

The Co l orado  sq u awfi s h  occ u r s  i n  the Co l orado  R i ver up stre am to P a l i s ad e , 
Co l orad o .  Adu l t  f i s h  appear to prefer areas o f  deep wa ter and l arge v o l um e . 
S p awn i n g pro b ab l y  occurs  on l arge grav e l  b ar s  i n  the ma i n  ch anne l ,  an d sp awn i n g 
i s  be l i eved to  occur  near C l i fton , upstream from t he Gr and J u nct i on s i te .  
Y oung  sq u awfi s h  are found  i n  protected areas such a s  s i de ch anne l s ,  
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and adu l ts are often found i n  l arge b ackwater areas ( Benk he and Ben son 1 9 80 ,  
B u re au o f  Rec l amat i on 1 98 2 ) .  

Squawfi s h  are found  both up stre am and downstream of the Grand Junc t i on 
s i te ,  and h ave b een tak en near the mouth  of t he Gunn i son R iver .  Grav e l p i t s  
and b ac k water are a s  ( off the ma i n  Co l orado R i v er )  are occ up i ed by adu l ts and 
young at certa i n  t imes of the year ; t he se areas a l so occur ups tream and d own s tream 
from the s i te ,  b u t  none are documente d  i n  the immed i ate are a ( M i l l er et a l . 
198 3 a, Mi l l er et a l . 1 983b ) .  The Co l orado R i v er near the Grand Ju nct i on s i te 
does  not prov i de preferred hab i t at ,  wh i ch i s  u s u a l l y  ch aracte r i z ed by e i ther  
h i gh f l ow ,  deep water areas , off-channe l b ack waters , or g rave l  bars . Thu s ,  
t h e  are a i s  not  l i k e ly  to b e  p art i cu l ar ly imp ortant to s q u awfi s h .  

N one o f  the  a l ternat ive act i on s  c on s i dered i n  t he env i ronmental  i mp act  
s t a temen t wi l l  a l te r  Co l orad o  R i v er fl ow reg ime s '  i n  terms of v o l ume of wa te r 
f l ow or season a l  f l ow .  Becau se a l l a l tern at i ves i nv o l ve con struct i on on the  
Grand Junc t i on s i te ,  the v ar i ou s  a l ternat i v es wou l d  no t be  d ifferent  from eac h 
other.  Co l orado squ awf i s h ,  if  present near the area,  wi l l  n ot be affec ted 
by any of the a l te rn at i ve s . 

Pre s e nt ly the Grand  Junc t i on s i te i s  not d i s c h arg i ng detec tab l e  q u an t i t i e s  
of rad i oact i v i ty t o  the Co l orado R i v er . Concen trat i on s  of rad i oact i v i ty i n  
t h e  r i ve r  are abou t the s ame up an d downstream of the p i l e . F u ture d i s charge s  
o f  r ad i o act i v i ty wou l d  be m i n i m i zed b y  t h e  remed i a l  act i on .  Therefore,  no 
rad i at i on imp ac ts on fi s h  i n  the r i v er are expec ted . 

4 .  Humpbac k  Chub G i l a  � 

Th i s  spec i e s  is' l i s te d  a s  end angered by th e U . S'. F i s h  and W i  l d l i fe Se rv i ce 
( 1982 ) and t he State of Co l orado ( Co l orado D i v i s i on of W i l d l i fe 198 3 ) .  No 
cr i t i c a l  hab i tat  has been de s i g nate d .  The humpbac k  chub has been l i s te d  as  
p otent i a l ly i nhab i t i n g  the Co l orado R i v er near the Grand Ju nct i on s i te .  

The humpb ac k  ch ub appears to have spec i f i c  hab i tat preferences for deepwater 
c anyon areas s uch as  R uby C anyon and Wes twater Canyon down s tream from t he Grand 
J u nc t i on s i te .  A f ew spec imen s h ave been taken up stre am from Grand Ju nct i on 
i n  t he Co l orado R i v er,  bu t deep water areas seem to be req u i red for popu l at i on 
m a i nta i ne n c e .  You n g  humpback  chubs  are fou nd i n  b ackwater are as ( Ben k he and 
B en s on 1 980 , B u reau of R ec l am at i o n  1982 ) .  

The Co l orado R i v er near th e Grand Junc t i on s i te does not  p rov i de good 
hab i tat for humpback chu b s ,  and spec i mens h ave not b een observed near the are a .  
Bec au s e  th i s  p rojec t  wi l l  n o t  affect Co l orado Ri v er f l ows , none o f  t h e  a l tern at i ves  
wi l l  adver s e ly i mpact the humpb ack ch u b .  
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As des c r i b ed above, no dete c tab l e  rad i at i on i s  esc ap i ng i nto the Co l orado 
R i v er from t he ex i st i ng Grand J u nc t i on s i te ,  and none of the a l ternat i ve s  be i ng 
con s i dered wou l d  al ter t h i s  s i t u at i on .  

5 .  R azorbac k  Suck er Xyrauchen tex anu s  

Th i s  spec i e s  i s  l i s ted  a s  endangered by the State of Co l orado ( Co l orado 
D i v i s i on of W i l d l i fe 1 983 ) and i s  a c and i date for l i st i n g by t he U . S .  F i sh 
and Wi l d l i fe Serv i ce .  N o  cr i t i c a l  hab i t at has been des i g nate d .  The  razor b ac k  
s uck er h a s  b een l i s ted a s  p otent i a l l y  i nhab i t i n g t h e  Co l orado R i ver near the  
Grand  Junc t i on s i te an d the  O ld  and New  R i f l e  s i t e s  ( U . S .  F i s h  and Wi l d l i fe 
Serv i c e  1 983 ) .  

Less  i s  k nown abou t the  hab i t at pre ferences and occ u rence  of the razor bac k  
s u ck er than abou t t h e  f i sh spec i e s p rev i ou s ly d i s cu s s ed . Spawn i ng has  been 
reporte d to occur i n  roc ky  shore areas and on grav e l  b ars  ( McAd a an d Wydowsk i  
1 980 ) .  The spec i e s  appears i n  off-channel  p ond s created by g r av e l  operat i on s , 
and  th i s  type of h ab i t at may be preferred for sp awn i ng an d a s  re ar i ng hab i t at 
for  you n g .  

Th i s  spec i es i s  k nown to oc cur  up stream from Pa l i s ad e  i n  t h e  Co l orado 
R i v e r .  Adu l ts h ave  D een obser ve d  as far upstream as  R i ver m i l e  224 . 5 ,  between 
R i f l e  an d DeBeq ue,  but sp awn i ng and young have not b een reported ( Smi t h  1983 ) .  
Apparent l y ,  no r ecord s  for as  f ar upstream as  R i f l e  ex i st .  Bennett ( 1983 ) 
f ee l s  that the s p ec i es wou l d  no t be found that  far up stream ,  a l thou g h  he p o i n t s  
o u t  that no  barr i er s  ex i st between DeB eq u e  and R i f l e .  

From wh at l i tt l e  i s  k nown abou t th i s  spec i es ,  i t  app ears  that the Co l orado 
R i v er near the  ex i st i ng Grand Junc t i on s i te does n ot prov i de adequ ate hab i tat 
f or the razorbac k  suck er . B ec au se the R i ver wou l d  in no way be a l tered by 
p roj ect act i v i t i es ,  no i mp act on the  spec i es at Grand Ju nct i on i s  ant i c i pated . 

The Co l orado R i v er near R i f l e  p rov i de s  some r iff l e  an d grav e l  b ar h ab i ta t ,  
a s  we l l  a s  water-f i l l ed g r av e l  p i ts ,  wh i ch may b e  attr ac t i ve t o  r az orb ack suck ers . 
Howev er , bec au se t h e  spec i e s  i s  not k nown to oc cur  i n  the are a an d no al terat i on s  
t o  Co l orado R i v er hab i tats wi l l  b e  made ,  adverse i mp ac t s  a s  a re s u l t  o f  proj ec t 
ac t i v i t i es are e xtreme ly un l i k el y .  

A s  p rev i ou s l y  des c r i b ed ,  rad i at i on re l e ases  from the e x i s t i ng s i te s  are 
undetectab l e , and proj ect act i v i t i es wou l d  n ot ch an ge the  s i tu at i on .  

6 .  Whoop i n g  Crane  Gru s amer i c an a  

Th i s  spec i es i s  l i s te d  a s  end angered by the U . S .  F i s h  and W i l d l i f e Serv i c e 
( 1982 ) and t he S tate of Co l orado ( Co l o rado D i v i s i on of Wi l d l i f e  1 983 ) .  Cr i t i c a l  
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hab i tat h a s  been des i gnated at sever a l  area s ,  i nc l ud i ng  Mon te V i s ta and A l amo s a  
N at i on a l  W i l d l i fe Refu ges i n  sou thern Co l orado , bu t none i s  des i g nated i n  the 
Grand V a l l ey are a .  The whoop i n g  crane may potent i � l l y  occur near t he C heney 
Reserv o i r  s i te ( U . S .  F i s h  and W i l d l i fe Serv i ce 1 983 ) .  

Whoop i ng cranes be l on g i n g  to  t he Arans as-Wood B uffa l o  f l ock are occas i on a l l y 
observed as  m i g rants  i n  eastern Co l orado . H i s tor i c a l l y  no nest i ng ha s  occurred  
in  Co l or ado  ( B a i l ey and  N i edrach 1 965 ) .  C hase et a l . ( 1 983 ) l i s t t he whoop i n g 
crane as  a rare to uncommon mi g rant , based ma i n l y on the exper imen ta l  popu l at i on 
wh i ch m i g rates t h ro u gh wes tern Co l orado .  

In  1 9 7 5  an  exper imen ta l p rogram wa s beg u n  to  estab l i s h a secon d  whoop i n g 
c r ane  popu l at i on by cros s-fos ter i n g  " s u rp l u s "  whoo p i n g  crane  eggs  f rom \oIood 
B uff a l o  N at i on a l  P ar k , Nort hwest  Terr i tor i es ,  to sandh i l l  cranes  ( Gr u s can aden s i s ) 
at Gray ' s  L ak e  N at i on a l  W i l d l i fe Refug e ,  I d ah o ( Drew i en and B i ze au-r§78 ) .  
Whoop i ng cra nes ra i sed by sandh i l l s at Gray ' s  Lake  wi nte r  at Bosq ue de l Apac h e  
N at i on a l  Wi l d l i fe Refuge i n  New Mex ico  and m i g rate throu gh wes tern Co l orado 
w i t h  a major stopover p o i nt at Mon te V i s ta Nat i on a l  W i l d l i fe Ref u ge ( Co l orado 
D i v i s i on of W i l d l i fe 1 978 ) . Some whoop i n g cranes have  been observed i n  t he 
Grand Junc t i on v i c i n i ty .  An  i nd i v i d u a l  whoop i ng crane wa s s i g h ted  i n  the P i c eance  
B as i n in  May,  1 976 , and  one was k i l l ed by a go l den eag l e  ( A�u i l a  chrys ae to s )  
on 13  Octo b er 1 9 7 9  so u thwest  of R an g e ly ,  Co l orado ( W i ng i ng s  ad et al . 1981 ) .  
I n  the  f a l l of 1981  one rad i otagged ,  i mm at u re whoop i n g cr ane spent a n i ght 
d u r i n g  its  so u thwa rd mi g rat i on on the  Grand Junc t i on Me s a  at an  e l e v at i on of 
a pp rox imate l y  8 , 500 fee t ( Drew i en 1 982 ) .  I n  t he spr i n g  of 1 983 i nd i v i d u a l  
whoopi ng cranes  we re observed i n  f l ock s  o f  sandh i l l  cranes near Hi g h l i ne Reserv o i r  
i n  t he Grand Va l l ey .  Wh oo p i ng cranes h ave  a l so been observed a t  Fru i t grower ' s  
Reserv o i r  ne ar P aon i a  ( Sm i t h  1 983 ) .  

Ch eney Reserv o i r ,  as we l l  as numerou s other re ser v o i rs  i n  the Grand V a l l ey .  
i s  a k nown m i g ratory stopover po i nt for s andh i l l  cr anes dur i ng m i g rat i on ( Sm i t h 
1 983 ) .  A s  such , whoop i ng cranes may a l so u t i l i z e  the  reserv o i r  as a stopov er  
po i nt .  C heney Reserv o i r  i s  approx imate l y  one m i l e  sou t h ,  and  not  w i th i n  l i ne
of-s i g ht , of the  p roposed Cheney Reser v o i r  a l ternat i v e  storage s i te . Dur i ng 
the con s truct i on phase  of t he proj ec t ,  i t  i s  poss i b l e  t hat act i v i ty on t he 
C heney Reserv o i r  s i te cou l d  deter sandh i l l  and  whoop i ng cra ne s  from l and i n g 
at C heney Res ervo i r .  Cheney Reservo i r i tse l f  w i l l  not be d i s t u rbed , and no 
d i s t u r b ance ( such  as  no i s e ) w i l l  rema i n  after con s truc t i on is  comp l e te d .  T h e re fore , 
i t  i s  un l i k e l y  t hat whoop i ng cranes , i f  t hey do stop at Cheney Res ervo i r ,  wou l d  
b e  adverse l y  impacted  by u se o f  the Ch eney Reserv o i r  a l ternat i v e .  The  oth er  
a l tern at i v e s ,  d i spo s a l  at t he Grand Ju nct i on s i te and  re l oc at i on to 6&50 Re s ervo i r ,  
wou l d  not impac t  whoop i ng cranes . 

7 .  B a l d  E ag l e  Ha l i aeet u s  l eu cocepha l u s  

Th i s  spec i es is  l i s ted as endan gered by the U . S .  F i s h  and W i l d l i f e  Serv i c e  
( 1 982 ) and t he S tate of Co l or ado ( 1 983 ) .  N o  cri t i c a l  hab i tat h a s  been des i gn a te d .  
The b a l d eag l e  i s  l i s ted a s  poten t i a l l y occurr i n g  on the Grand  Junc t i on ,  L u c as 
Mes a, O l d  R i f l e  and New R i f l e s i tes  ( U .S .  F i sh and Wi l d l i fe Serv i c e  1 983 ) .  



There are fi ve rather poor l y  documented h i stor i c al record s of b al d  eag l e s 
nest i ng i n  Co l or ado i n  scattered l oc at i on s  ( Ba i l ey and N i edrach 1 965 ) .  At 
p re sent there are four  known ac t i v e  ba l d eag l e  ne st s i te s in Co l orad o ,  none 
of wh i ch are i n  or near t he area of i n terest ( Lyt l e  1982 , CDOW 1978 ) . F i s her 
et al . ( 1 9B1 ) hav e documented ne st i ng ac t i v i ty at three other s i te s  a l ong  
the Co l orado R i ver between P arachute Creek and G l enwood Spr i n gs , and at one 
other s i te on the Roar i ng Fork R i ver .  Documented nest i n g  ac t i v i ty i nc l u ded 
c arryi ng  nest i ng mater i a l and rebu i l d i ng nests . The three nest s i tes on the 
Co l orado R i v er are a l l l oc ated in  l arge cottonwood trees , wh i l e the Roar i n g 
F ork nest i s  i n  a l ar ge ponderos a p i ne ( F i s her et a l . 1 98 1 ) .  Howev er , a l l 
eag l es had l eft t hese areas  by l ate March 198 1 ,  pre s umab ly  to mi g rate north 
to  trad i t i on a l  nes t i ng areas . There i s  no ev i dence of eggs  or youn g  at any 
of these s i tes . 

A cooperat i v e  st udy of w i nte r i ng ba l d eag l e s al ong  the Co l orado  R i ver  
has  been conducted by C DOW , BlM  and  Bureau of Rec l amat i on per sonne l s i nce  1978 . 
( Lyt l e  198 2 ) .  B a l d  eag l e s are presen t  i n  th e Co l orado R i ver Va l l ey from Novemb er  
t hrough March each year ( Lyt l e  1982 , Lambet h 1982 ) a l though  Green  ( 1 982 ) obs e rved  
an  eag l e  at  DeB eQue on  5 Octo ber 197 9 . Green ( 198 2 )  state s that u se are as  
and numbers  of  eag l es present have been fa i r ly con s i s tent i n  each  year of  the  
s t u dy .  

F i s her et a l . ( 1 98 1 ) i dent i fy two areas  a s  "h i g h u se are as "  for b a l d eag l e s . 
One area i s  l ocated a l on g  t he Co l orado R i ver between DeB eq ue and  P a rachu te 
Creek to t he north , and the other i s  from the Co l orado-Ut ah st ate l i ne down s tream 
through  we stwater C anyo n .  Lyt l e  ( 1982 ) and Lambeth  ( 1 982 ) s t ate t h at concen t r at i on s  
o f  eag l es are re l ate d to food s up p l y  ( part i cu l ar ly  wate rfow l ) ,  good perches , 
and open water . 

None of the projec t  are as  are w i t h i n  are a s  heav i l y u sed by w i n te r i ng b a l d  
eag l es .  Very few b a l d  eag l e s are found i n  t h e  v i c i n i ty o f  Grand J u nc t i on ,  
and t he Co l orado R i ver around R i f l e  s upported a max i mum of three ba l d  e ag l e s 
d u r i ng the  1 980/ 198 1 w i nters ( F i s her et a l . 198 1 ) .  Imp ac ts  to b a l d eag l e s 
as a resu l t  of d i spos a l  at the Grand J unct i on ,  New R i f l e  and O l d  R i f l e s i te s  
wou l d  b e  l i m i ted t o  i ncreased no i se and act i v i ty a s  a res u l t o f  con s t r u c t i on . 
Because t hese s i te s  occur i n  areas a l ready he av i l y  popu l a ted by h uman s ,  i ncreased  
d i s turbance  as  a re s u l t  of  con struct i on ac t i v i t i e s i s  not  expected to  adverse l y  
i mpact ba l d  e ag l es .  

Re l oc at i on of the O l d  an d New R i f l e  ta i l i ng s  to the luc as Me s a  a l ternat i v e  
s i te wou l d  i nvo l ve tran sport of ta i l i n g s  between R i f l e and DeBeq�e  by ex i s t i n g 
road ( 1 -70 ) or ra i l  rou tes , an d up to the d i s p os a l  area by i mp roved ex i s t i n g 
road or a conveyor system . The s i te i tse l f  does not s upport b a l d  eag l es .  
Imp ac ts  wo u l d  be l i mi te d  to the i ncrea sed truck  or ra i l  traff i c  between R i f l e  
and OeBeQ u e ,  wh i ch i nc l udes  a h i gh u se area for w i n ter i n g  b a l d  e ag l e s .  Becau s e  
these rou te s  are a l ready heav i l y trave l l ed , add i t i on a l  imp ac t on w i n te r i n g  
b a l d  eag l e s  from u s e  o f  t he l u c as Mes a  a l ter n at i v e i s  expec ted to  b e  neg l i g i b l e .  

8 .  B l ack -footed ferret Mu ste l a  n igr ipes 
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Th i s  spec i es ; s  l i s ted as endangered by the U . S .  F i s h  and W i l d l i fe Serv i ce 
( 1 9B2 ) and t he St ate of Co l orado ( Co l o rado D i v i s i on of W i l d l i fe 1 983 ) .  No 
cr i t i c a l  hab i t at has  been de s i gnated . Th i s  spec i e s  is l i s ted as poten t i a l l y  
occurr i ng o n  t he 6&50 Reser vo i r  s i te and t he Cheney Reservo i r  s i te ( U . S . F i sh  
an d W i l d l i fe Ser v i ce 1983 ) .  

There are no recent spec imen record s of the b l ack -footed ferret for Co l orado 
(Arms tron g 1 972 ) ,  a l though  occas i on a l  s i ght  records are repor ted from severa l  
are as  of the st ate . Recen t ly ,  2 pos s i b l e  s i g ht i ngs  of ferret s have oc curred 
near the 6&50 Reservo i r  s i te .  On  24 Apr i l 1982 Mrs . Gordon Peter son s i ghted  
what  she be l i ev e s  we re 2 b l ack -footed ferrets a l ong 1 - 70 between mi l e  posts  
1 3  an d 14 be tween Mack  and  Lema ,  approx imate l y  7 a i r l i ne m i l e s  from t he 6&50  
Reservo i r  s i te .  Sm i t h  ( 1 98 3 ) be l i eves  t h i s  to  be good s i g h t i ng ,  bec au se Mr s .  
Peterson i s  a tra i ned b i o l o g i s t .  D av i d  Cameron of URS , I n c . , Den ver , Co l or ado , 
b e l i eves  he may have see n � b l ack -footed ferret i n  T9S R I04W Sec t i on 28 , app ro x imate ly 
2 m i l es from t he 6&50 Reservo i r  s i te .  Cameron got on l y  a very br i ef g l i mp s e  
of  t h e  an im a l  and bel i eves  t h e  S i g h t i ng i s  poss i b l e  a t  best ( Cameron 1 98 3 ) .  
I n  add i t i on ,  no pra i r i e  dog towns were observed by Cameron i n  t he area .  

The b l ack -foo ted ferret i s  c l os e l y  assoc i ate d w i th pra i r i e  dogs  ( Cynomys 
spp . ) t h roughou t i ts range . The ferret preys on pra i r i e  dogs and u ses  pr a i r i e  
dog  burrows for she l ter an d a s  den s i te s .  Ferrets are pr imar i l y noc turn a l  
and spend  mo s t  o f  the t ime u n dergro u n d ,  ex cept for d i sper s a l  o f  you n g  i n  Septemb e� 
and October ( H i l lman an d C l ark 1980 ) .  

N o  pra i r i e dog  town s or i nd iv i du a l  b urrows have been observed on t he  6&50 
Reser v o i r s i te .  The c l osest  towns , cons i st i n g of 40 , 40 , 5 0 , 50  and 80 burrows , 
are l oc ated approxim ate l y  2 m i l es sou theast of the s i te ( B ureau of L and  Man agemen t ,  
1 9B3 ) .  I n  add i t i on ,  numerou s prai r i e  dog town s occur a l on g  1 - 70 near Mack  
and L orna.  

No  ac t i ve pra l r l e  dog  towns have  been  observed on  the Cheney Reserv o i r  
s i te .  I n act i ve burrows are present i n  t he S£ I/4 o f  S£ I/4 , Sect i on 1 1  on  t he  
s ite . The  nearest ac t i ve pra i r i e  dog  towns are at  l e ast a mi l e  to  t he  north  
of the s i te ( Bu reau of L and  Man agement 1983 ) ,  wh i ch i s  away from the p l anned  
access  rou te to  the s i te . 

Bec au se of the  l ack  of b l ack -footed fe rret hab i t at ( pra i r i e  dog town s ) 
on t he  6&50  Reservo i r  and Cheney Reservo i r  s i tes and the p l an ned acce s s  road  
to each s i te ,  the spec i e s ,  i f  it  occurs  in  e i ther are a ,  w i l l  not  be affected 
by on s i te act ; v i tes . If  a b l ack-footed ferret popu l at i on does ex i s t i n  the 
Mack -Lema area  a l ong  1 - 70 , i nd i v i du a l  ferrets cou l d  po s s i b ly be k i l l ed by tr ucks  
t r an sport i ng uran i um t a i l i ngs  to t he 6&50 Reservo i r .  However , b ec au se t he 
ta i l i ng s  w i l l  be  tr ansported on ly  du r i n g  day l i gh t  hou rs , and bec au se above-grou nd 
ferret act i v i ty ; s  a lmost exc l u s i ve ly nocturn a l , t he ch ances of a ferret be i n g  
k i l l ed ,  i f  a popu l at i on ex i s t s , seem extreme l y  s l i m .  

D i spos a l  a t  the  Grand Junc t i on s i te wou l d  e l im i n ate the  poten t i a l  for 
con fl i ct w i t h  b l ack -footed ferret popu l at i on s .  



United States Department of the Interior 
FISH AND WILDUFE SERVICE AREA OFFICE COLORADO-UTAH 

1 406 FEDERAL BUILDING 
125 SOUTH STATE STREET 

SALT LAKE CITY. UTAH 84138-1 197 
IN REPLY JtEn:R TO: Augus  t 8 .  1 983 

Mr.  James A. Morl ey . P roj ect  Manager 
Uran i um Ta i l i ng s  P roject  Offi ce 
Depa rtmen t  of Energy 
Al buquerque  Opera ti ons  Offi c e  
P .  O .  Box 5400 
A l buquerq ue . NM 871 1 5  

Dear Mr . Morl ey : 

We have revi ewed your b i o l o g i ca l  a s s e s smen t  rega rdi ng the potenti a l  i mpa cts  
to federa l ly  l i s te d  s pe c i e s  as  a resu l t of  remedi a l  act ions  o n  i nact i ve 
ura n i um mi l l  ta i l i n g s  s i tes  at Grand J un c t i on and R i fl e ,  Col orado . We 
a g ree w i th you r  " no effec ts " determi na ti ons fo r the spec i e s  i n  quest i on . 

Pl ea s e  s tay i n  contact  w i th u s  a s  the p roj ect  p ro g re s s e s . Shou l d a ny 
o f  the p roj ect a l terna t i ves c ha n ge s i g n i f i cant l y , we w i l l  h a v e  to re i n i t i a te 
S ec ti on  7 con s u l ta t i on . 

Than k  you for yo u r  i ntere s t  i n  conservi ng endangered s pec i es . 

S i ne rel YJ(.� 
FLB : j h  

F red L .  Bol wahnn 
F i e l d Superv i sor  



IJI E JACOBS ENGINEERING GROUP INC. 
ADVANCED SYSTEMS DIVISION. ALBUQU ERQUE OPERATIONS 
5301 CENmA!. A/E N U E  N E - sum 1700. AlBUQUEr<QUE. N FW  MEXICO 87108 
'TELEPHONE ( 505 )  846-4030 

Robert G .  Rues i n k , F i el d  S u pe rv i sor  
U .  S .  F i sh and  W i l d l i fe S e rv i c e  
2078 Adm i n i s tra t i on Bu i l d i ng  
1 7 45 West  1 700 S o u t h  
S a l t L a ke C i ty ,  Utah 841 04 

Dea r M r .  Ru es i nk :  

Octobe r 1 4 ,  1 985 

Jacob s Eng i ne e r i n g  G roup  I nc .  i s  the  Tech n i ca l  A s s i s tance Contractor to th e 
U . S .  Depa rtmen t of Ene rgy ( DOE ) for the  U ran i um M i l l  Ta i l i ng s  Remed i a l  
Ac t i on ( UMTRA ) P roj e c t .  DOE i s  cu rren t l y  deve l op i n g remed i a l  a c t i on p l ans  
for two i nac t i ve u ra n i um m i l l  ta i l i ng s  s i tes  nea r R i f l e ,  C c l ora d o .  T h e s e  
p l a n s  i nc l ude  the  con s i dera t i on o f  three recent ly  s e l ected a l terna t e  
d i sposa l  s i te s . A ma p show i n g  the  l oc a t i on of the s e  th ree s i te s  i s  
a t tache d .  

P l ea se p rov i de m e  wi th you r f i nd i n gs  reg a rd i n g th rea tened or  enda n g e red 
s pec i e s  that  may occ u r  a t  or  nea r these s i te s .  Your off i ce has  prev i ou s l y  
sent  u s  a l etter l i s t i ng T and  E spec i es o f  concern nea r the ta i l i ng s  
s i te s , a n d  L u cas  Mesa a l ternate d i s posa l  s i te ( a copy i s  a tta c h ed ) . A 
B i o l og i ca l  A s s e s sment wh i ch addre s s ed T and E s pec i es a t  these  s i te s  wa s 
subm i tted . I wou l d a l s o apprec i a te rece i v i n g  you r comme n t s  rega rd i n g 
wetl ands  tha t may occu r a t  the  new a l ternate d i s posa l  s i te s . 

I f  you have  a ny quest i on s , p l e a s e  feel  free to contact  C h u c k  B u rt or me a t  
( 505 ) 846- 1 25 0 .  Tha n k  you for you r a s s i stanc e .  

Dl : CB : jw 
Attachments  

c c :  CBu rt 
lStepp 
WTaber 

Very t ru l y  you rs , 
JACOBS ENG I N E E R I NG GROUP I NC .  

� C � �,. C. L�c� ( 
Da v e  l ec h e l  
Ma nager , Env i ronmen ta l S e rv i ces  

JACOBS WESTON TEAM 



IN REPLY REFER TO: 

United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

ENDANCERED SPEaES OFFICE 5Ji 25Y. ROAD 

�DEPENDENCE PLAZA 

SUITE B - 1 1 5  

CR:\.''/D JUNCTION . COLORADO 8 1 505 

TELEPHON E :  505 - 24 1 - 0565 

Novembe r  15 , 1 9B5 

Mr . D ave Lechel 
Manager , Env i ronment a l  S e r v i ces 
J acobs E n g i n e e r i n g  G roup , I n c . 
530 1 C€'n t ral Avenue N . E . , S ui t e  l i D O  
A l b uque rque , N . M .  Bi l O S  

D � a r  Mr . Leche l : 

We have rece i \'ed your let t e r  of Oct ob e r  14 , 1 985 , regar d i n g  l"r an i um  ��l l l  
Tai l ings Reme d i a l  Act i o n  ( UMTRA : Proj ect p l an s  for two i n ac t ive u r an i um m i l l  
t a i ling s i tes near R i fl e , Garf i e l d  Count y ,  C o l o r a do . The spec i es l i s t s  
p r o v i ded i n  t h i s  l et t e r pe r t a i n  n o t  on l y  t o  the new l y  i d ent i f i e d  a l t ernat e 
d i s p o s a l areas , vY'ebs t e r  H i l l ,  Est es G u l ch , and Hub b a r d  "1es a s i t es hut  a l s o  
t he ac t ual s o urce s i t e  o f  t h e t a i l i n gs near R i f l e ,  C o l orado . 

The fo l l ow l n g  l I s t  o f  speC I es wh i ch may be pres�n t w i t h I n  t he a r p a  o f  
i n f l uence o f  your p r o j e c t . 

Fede r a l ly L i s t ed Spec i es 

B a l d  e a g l e  
B l ack- fo o t ed ferret 
U i n t a  B as i n  hook l e s s  cactus 

Ha l i aeetus l eucocepha l us 
�us t p 1 3  n i g r i pes 
Sc l erocac t us gl auc�s 

H i s t o r i cal l y ,  t he endangered b l a c k - fo o t ed fe rret ( Mus t e  la ni gr ipes \ may h3.ve 
occul' r e d  in port i on s  of n o r t he as t ern C o l orado . A l t hough uncon f i rmed s i gh t i n g s 
of t h i s m3lllllla l  have occur r ed i n  port i ons o f  G ar f i e l d  C o un t y ,  C o l o r ado , t he on � y  
known popu l at i on i s  i n  Mee t ee t s e ,  Wyom i ng . L i t e r a t ure documen t s  a c l os e  
R s s o c i a t i on b e t ween p r a i r l e  dogs an d b l ack- fo o t e d fe r r e t s .  The s t andard t h a t  
i s  used f o r  d e t e rm i n i n g  pos s ib l e  p r o j e c t  effec t s  t o  b l ack-foo t ed f e r re t s  i s  
t he d i s t u rbance o f  curren t l y  occup i ed p r a i r i e  d o g  hab i t a t . S h o u l d  an y o f  
t h e  act i v i t i es t h a t  are p a r t  o f  t he ab ove- r e ferenced p r o j ec t  r e s u l t i n  an 
impact t o  p r a i r i e  dogs , b l ack- foo t ed fer r e t  surveys may be n e c e s s ary . 

The Fede ral a gency shou l d rev i ew t he i r  propo s e d  act i on an d  d e t e rm i n e  i f  t h e  
act i on wou l d  affect any l i s t e d  spec i e s . I f  t he det erm i n at i on i s  "may 
affec t " fo r l i s t ed spec i e s  you mus t reques t i n  wr i t i n g  formal cons u l t at i on 
from the F i e l d  S uperv i sor , V . S .  F i s h  an d W i l dl i fe S e rv i c e , Endan g e red 
Spec i e s  O ff i c e , 2078 Admin i s t r a t i on Bu i l d i n g , 1 745 Wes t 1 7 00 So u t h , Sa l t  
Lake C i t y ,  Ut ah 84 1 04 ,  A t  t h i s  t ime you s h o u l d  p r o v i de t h i s o f f i c e  a 
b i o l o g i c a l  as s essmen t an d / o r  any o t he r  re l evan t  in forma t ion t h a t  as s i s t e d 
you i n  r each i n g  your conc l us i on . 



We wou l d  l ike t o  bring t o  your at t en t i on spec i es whi ch are cand i da t es for 
o ffi c i al l ist ing as threat ened or endangered species ( Federal Reg i s t er ,  Vol . 
45 , No . 242 , December 15 , 1 980 , Vol . 47 , No . 25 1 ,  December 30 , 1 982 , Vol . 
48 , No . 229 , November 28 , 1 983 , and Vol . 50 , No . 1 88 ,  Sep t emb er 27 , 1 985 ) . 
Whi l e these speci es have no l ega l prot ect i on at present under t he Endangered 
Species Act , they are qui t e  rare and res t r i ct e d . We woul d  ask that you take 
care t o  avo i d  them if t hey are found in t he area . We be l i eve that i t  i s  
w i t h i n  the sp i r i t  o f  the ESA t o  cons i der pro j ect impacts t o  cand i dat e 
species at t h i s  t ime . Add i t i on a l l y ,  we wish t o  make you aware of t hp 
presence of Federal cand i dat es shou l d  any be proposed or l i s t ed p r i or t o  t he 
t ime that a l l  Federal act i ons re l ated t o  t he proj�ct are comp l et e .  

Federal Cand i da t e  Spec i es 

Ferruginous hawk 
Long-b i l l ed cur l ew  
Swainson ' s  hawk 
Wes t ern snowy p l over 
Wes t ern yel l ow-b i l l e d  

cuckoo 
Wh i t e-faced ib i s  
Razorback sucker 
DeBeque m i l k-ve t ch 
DeBequc phace l i a  

But eo rega J i s  
Numen i us am e r i canus 
Buteo swa i n s o n i  
Charadr i us a l ex an d r i nus n i vosus 

Coccvzus ameri canus occ i den t a l i s 
P l egad i s  chihi 
Xyrauchen t exanu� 
As t raga l us debegguaeus 
Phace l i a  s ubmu t i co 

Thanh you for your i n t erest in con s e n· ::' n g  endan gered spec i es . 

S i ncere l y ,  

� 1?4n7ch-
Robert P .  Smi t h  
Project Leader 

2 



---------------------------------------------------------------------------------------------

Mr . Jeffrey Opoycke 
Ac ting S t a t e  Supervisor 

Depa rtment of Energy 
Albuquerq u e  O perations Office 

P.O.  Box 5400 
Albuquerq ue, N ew M exico 871 1 5  

JU N 3 ' \ 987 

U . S .  Fi sh And Wi l d l i f e  Servi ce 
529 25 1 /2 Road 
S ui te B-l 1 3  
Grand Junc tion , Col orado 81 505 
Dear Mr .  Smi t h : 

Enc l osed is a copy of the "Draft Envi ronmen t a l  Imp act S t a t ement , 
Reme d i a l  Ac t i ons a t  the f o rmer Union Carbide Corporat ion Uranium Mi l l  
S i t e s , Ri f l e , Garfi e l d  County , Col orado" , DOE/EIS-01 32-D. Pursuant t o  
S e c t i on 7 o f  the Endangered Species Act , t he u . S .  De par tment o f  Energy 
reque s t s  that Section 4 . 7  and 5 . 6  and App end ix G of the Envi ronmen t a l  
Impact S t a t ement ( EI S )  b e  cons i d ered a s  a b i o l ogi c a l  a s s e s sment o f  the 
poten t i a l  imp a c t s  on thre a t ened , endangered , and cand i d a t e  f l or a l  and 
f a un a l  species due to r emed i a l  a c t i ons on the inactive uranium mi l l  
t a i l ings s i t e s  at Rif l e ,  C o l o r ad o .  We have conc l uded that no a dve r s e  
impac t s  t o  any threat ened , endangered , or cand i d a t e  species wo u l d  occur 
a s  a res u l t  of the remed i a l  a c t ion a l t erna t ive s . 

We are now i n i t i a t ing the review process for the d r a f t  E I S  for the 
Ri f l e  mi l l  t a i l ings s i t e s  and reque s t  your revi ew of the EIS and your 
conc urrence in our d e t e rmina t i on of no e f f e c t s . The c omment period for 
this document t e rmin a t e s  on J u l y  1 3 ,  1 9 8 7 . 
P l e a s e  contact Dona l d  Le ske of my s t a f f  a t  ( FTS ) 846-1236 i f  you have 
any que s t i ons regarding the EIS .  Thank you for your agency ' s  
coopera tion i n  t hi s  ma t t er . 

Enc l osure 

cc wlo Enc l osure : 
w .  Taber , TAC 
D.  Leche l , TAC 

Sincere l y ,  

James R .  And erson 
Proj e c t  Manager 
Uran i um Mi l l  Tai l ings Proj e c t  O f f i c e  



Mr .  Robert Leachman 

Department of E nergy 
Albuq uerq u �  Operat ions Office 

P O  Box 5400 
A l b u q u e r q u e .  New Mex ico 87 1 1 5  

IEP 1 2 19M  

u . s .  Fish and wi ldlife Service 
529 25 1/2 Road 
Suite B-113 
Grand Junction , Cl) 81505 

Dear Mr. Leachman : 

It has recent ly o:xne to the Department of Energy ' s  attention that the u . s .  
Fish and Wildl ife Service did not receive the OOE ' s  letter of 
June 3 ,  1 9 8 7  requesting a review and COITI1'eI1t on the "Draft EnvlroI'1lTeT1ta l 
Impact Staterrent , Rerredial Actions at the forner Union Carbide Corp:::lration 
Uranium Mi l l  Sites , Rifle , Garfie ld County , Colorado" , OOE/EIS-013 2-D . 

In addition , p.rrsuant to Section 7 of the Endangered Species Act , the OOE 
is resubmitting its request that Section 4 . 7  and 5 . 6  and Appendix G of the 
enclosed DEIS be considered as a biologica l assessrrent of the potentia l 
imp3cts on threatened , endangered , and candidate f l ora l and fauna l species 
due to rerredia l  actions on the inactive uranium mi l l  tai l ings sites at 
Rifle , Colorado . � have concluded that no adverse inpacts to any 
threatened , endangered , or candidate species would occur as a result of 
the rerredial action alternatives , and � request your concurrence in our 
determination of no effects . 

Technica l ly ,  the review process for the DEI S  has ended and preparation of 
the prel iminary  FEIS has begun . While it is regretable that the u . S .  Fish 
and Wi ldl ife Service did not have the opportunity to coornent during the 
forma l review period , it is important that the u . S .  Fish and Wi ldl ife 
Service review the DEIS and the biologica l assessment , and then make a 
determination on effect or no effect by September 21 , 19 8 8 . 

Please contact Donald Leske of my staff at ( ITS )  846-1207 if you have any 
questions regarding the EIS . Thank you for your agency ' s  cooperation in 
this natter . 

Enclosure 

cc w/o enclosure : 
W. Taber , TAC 
W. Glover , TAC 

Sincerely , 

'7'v,tt� 0�c 
w. John Arthur , I I I  
Project Manager 
Uranium Mi l l  Tai lings Project Office 



United States Department of the Interior 
F I S H  A N D  WILDLIFE  SERVICE 

I REPLY REYER TO: 
( FWE ) 

W .  John Arthu r , I I I  
P r o j e c t  Man a g e r  

COLOR A DO F I E LD OHler 
730 S I M M S  STREET 

ROOM 292 
GOLDEl\, COLO RADO 80401 

Oc t ob e r  4 ,  1 9 8 8  

U r a n i um Mi l l  T a i l i n g s  P r o j e c t  O f f i c e  
Departmen t  o f  Ene rgy 
Albuque r que , New Mexi c o  8 7 1 1 5  
D e a r  Mr . Arthu r : 

Th i s  r e s ponds t o  y o u r  S e p tembe r 1 2 , 1 9 8 8 , l e t t e r  r e que s t ing o u r  
r e v i ew and c ommen t  on the D r a f t  Envi r onme n t a l  Imp a c t  S t a tement f or 
the U r a n i um Mi l l  S i te s  a t  Ri f l e , C o l o r a do . Spe c i f i c a l ly , we were 
r e que s te d  to r e v i ew s e c t i on s  r e g a rding potenti a l  impac t s  t o  f e de r a l ly 
l i s t e d  s pe c i e s  and c on c u r  wi th t he Dep a r tme n t  o f  Ene r gy ' s  
( De p a r tmen t )  " no a f f e c t "  de te rmin a t i on . 

We conc u r  wi th y o u r  " n o  a f f e c t "  de te rmi n a t i on f o r  b a l d  e a g l e , b l a c k 
f oo t e d  f e r r e t  and U i n t a  B a s i n hook l e s s  c ac t u s . Howeve r ,  the dr a f t  
envi ronme n t a l  s t a temen t  d i s c l o s e s  the n e e d  f o r  approx i m a t e l y  1 7 5  
a c r e - f e e t  o f  w a t e r  f o r  the E s te s  G u l c h  Al t e r n a t ive ( T ab l e  5 . 7 ,  page 
1 6 7 ) . The S e rv i c e  b e l i eve s t h a t  any depl e t i on o f  w a t e r  f r om the 
uppe r C o l orado Rive r b a s in h a s  a n e g a t ive impac t to f e de r a l ly l i s t e d  
f i s h s p e c i e s . There f ore , i f  c omp l e t i on o f  t h e  proj e c t , a s  pr opo s e d , 
w i l l  r e s u l t  i n  a n e t  w a t e r  depl e t i on f r om the uppe r C o l orado River 
b a s i n , we wou l d  expe c t  a may a f f e c t  d e t e rmi n a t i on for the C ol or a do 
s quaw f i s h , h umpb a c k  c h ub , and bony t a i l  chub . C on s e quen t l y , we are 
r e que s t i n g  the Dep a r tment t o  e v a l u a t e  the t o t a l  water requi rements o f  
the Ri f l e  u r a n i um t a i l i n g s  reme d i a l  a c t i on p r o j e c t , and d e t e rmine 
whe th e r  the w a t e r  u s e  wi l l  r e s u l t  i n  a net dep l e t i on of water f r om 
the uppe r C o l o r a do Rive r b a s i n . The depl e t i on s h o u l d  b e  quanti f i e d  
a s  an ave r a g e  annu a l  deple t i on expre s s e d  i n  a c r e - f e e t  f or t h e  l i fe o f  
t h e  p r o j e c t . I f  a n e t  depl e t i on i s  doc umen t e d , f ormal c on s u l t a t ion 
unde r the Endan g e r e d  S pe c i e s  Ac t s hou l d  b e  i n i t i a t e d  by the 
Dep a r tment with t h i s o f f i c e . 

I f  we may be o f  any a s s i s t ance , p l e a s e  c on t a c t  me o r  B ob L e a c hman in 
our G r and Jun c t i on o f f i c e  a t  ( 3 0 3 ) 2 4 3 - 2 7 7 8 o r  F T S  3 2 2 - 0 3 5 1 . 

S i n c e re ly , 

�Q. �0� 

� f\ �  
Le Roy W .  r:;�1�lf6 " 
Ac ti b g� S t� t e  S upe rvi s or 

-' 



LeRoy Carlson 

Acting State Supervisor 

Department of E nergy 
Albuq u e r q u e  O pe r a t i ons Office 

P . O .  Box 5400 
Albuq u e r q u e ,  New M e x i co 8 7 1 1 5  

DEC 0 1 198 B 

u . S .  Fish and Wi ldlife Service 
Colorado Field Office 

730 Simms Street Room 292 
Golden , CO 80401 

Cear Mr. Car I son : 

'!his transmitta l is provided in response to your letter of (X::tober 4 ,  1 9 8 8  
regarding the Uranium Mi l l  Tai lings Remedia l Action (UMTRA) Project 
activities at Rifle ,  Colorado and remova l of the contaminated materia l s  to 
the proposed Estes Gulch disposa l site . The purpose of this letter is to 
supplement the biol ogical assessment contained in Sections 4 . 7 , 5 . 6 ,  and 
Appendix G of the UMTRA Project ' s  Rifle Draft Environmental Impact 
Statement . This letter also serves to address the issue of project
related net depletion of the upper Colorado River basin water resources 
and subsequent potentia l impacts to fish species covered under the 
Endangered Species Act .  

The roE has re-evaluated the Rifle UMTRA Project ' s  total water 
requirements . It has been determined the Project wi l l  uti lize 
approximately 860 acre-feet of water over the near ly four year project 
life (an average of approximate ly 215 acre-feet per year ) . A total of 
approximately 387 acre-feet over two years �� l l  be needed for the remedial 
action Y.Drk at the Old and New Rifle sites . It is proposed this water be 
taken from the Colorado River uti lizing existing water rights held by 
(J}.1ETCO . The remaining 473 acre-feet of water needed for near ly four years 
of remedia l action activities at the Estes Gulch site wi l l  be suppl ied by 
the City of Rifle uti l izing their existing water rights at the Rifle Gap 
Reservoir . Seasonal and dai ly water use quantities for both areas are 
provided in the enc losed table . 

This consumption of water resources ,  as part of the completion of the 
proposed proj ect , cou ld result in a net depletion of water from the upper 
Co lorado River basin and may affect the Colorado squawfish , the humpback 
chub , and the bonytai l  chub . Therefore , the roE requests the 
U . S .  Fish and Wil dl ife Service ' s  concurrence in a "may affect" 
determination and a forma l consultation under Section 7 of the Endangered 
Species Act .  



leRoy Carlson - 2 -

If you have any questions or require any additional information , please 
contact Chuck Cormier of my staff at FTS 844-3 941 . 

Enclosure 

cc w/enclosure : 
F .  Bos il jevac , UHI'RA 
C .  Cormier , UMI'RA 
D .  Leske , UMTRA 
B .  Taber , Jffi 
B .  Glover , Jffi 
MB .  Leaf , Jffi 
C .  Burt ,  Jffi 

Sincere ly , 

w. John Arthur , I I I  
Project Manager 
Uranium Mi l l  Tai l ings Project Office 



November 29 , 1988 

APPROXIMATE WATER CONSUMPTION AT THE RIFLE UMI'RA PROJEX:::T SI TES 

ASSUMPTIOOS : 6 day work � X 4 . 3  work �s per rronth = 25 . 8  work days 
per rronth 

OID & NEW RIFLE SITES : 
Source : Colorado River ; UMETCO water rights . 

TIME ACRE-FEET ACRE-FEET NUMBER TOI'AL 
OF PER PER OF ACRE-FEET 

USE DAY MJNTH t-r)N'I'HS CONSUMill 

4-9/ 9 0  0 . 6 0 15 . 51 6 93 . 06 
9-11 / 9 0  0 . 51 13 . 37 3 40 . 12 
3-6 / 9 1  0 . 49 12 . 82 4 51 . 28 
7-9 / 9 1  0 . 79 20 . 57 3 6 1 . 73 
10-12/ 9 1  0 . 79 20 . 49 3 61 . 49 
3-12 / 9 1  0 . 3 0 7 . 91 10 79 . 14 

SUbtotal 3 86 . 82 

ESTES GUlOI SITE :  
Source : Rifle �p Reservoir ; City of Rifle water rights . 

TIME ACRE-FEET ACRE-FEET NUMBER TOI'AL 
OF PER PER OF ACRE-FEET 

USE DAY MJNTH MJNTHS CONSUMill 

9-11/ 89 0 . 82 2 1 . 17 3 63 . 51 
3-9 / 9 0  1 . 33 3 4 . 42 7 240 . 9 8 
9-11/ 9 0  1 . 41 3 6 . 39 3 109 . 17 
3-11/ 91 0 . 02 0 . 63 9 5 . 67 
3-11/ 9 2  0 . 1 0 2 . 76 9 24 . 85 
3-7/ 9 3  0 . 21 5 . 61 5 28 . 05 

SUbtotal 472 . 23 

Total 895 . 05 



United States Department of the Interior 
fiSH AND WILDLIfE SERVICE 

COLORADO FIElD OFFICE 
730 SIMMS STREET 

ROOM 292 
GOLDEN, COLORADO 80401 IN REPLY REFER TO: 

FWE / CO 

FWE / G J  6 - C O- 8 9 -F - 0 6  

W .  John Ar thur , I I I  
P roj e c t  Manager 
Uranium Mi l l  Tai lings P roj e c t  O f f i c e  
Department o f  Ene rgy 
Albuquerque , New Mexico 8 7 1 1 5  

Dear Mr . Arthur : 

Enc l o s e d  f o r  your review and comment i s  our dr a f t  biological opinion 
for the Uranium Mi l l  Tail ings Remedial Ac tion P roj e c t  at Ri f le , 
Colo rado . 

Due to the deple tion o f  water as soc iated with ope rat ion o f  the mine , 
the Departme nt o f  Ene rgy mus t  c ontribute $ 2 , 1 5 0 . 0 0 to the 
con s e rvation f und to o f f s e t  antic ipated impac t s  to fede r a l ly l i s te d  
endange red f i shes . Once payment to t h e  c on s e rvat ion fund has been 
made , and your comments received , we shal l f inal i z e  the biological 
opinion wi thin two wee ks . Un le s s  the proc e s s  i s  complete d  by Apr i l  
1 4 , 1 9 8 9 , we mu s t  mutually agree t o  an extens ion o f  t ime t o  c omply 
with Endangered Spec i e s  Ac t Regul ations ( 5 0  CFR 4 0 2 . 1 4 ( e ) ) .  

S inc ely , 
, ,j r / 1 /7 ( I  

I'/� ( <b/ / I)! ff � ( �< ,<---! I '-, L.� "'" �i,--- ,-, ' /�'-LeRoy w .  C a r l s on 
Colo rado S t ate Supe rvi sor 

c c : FWS / FWE , S a l t  Lake C i ty , UT 
FWS / FWE , Denve r , C O  
FWS / FWE , Grand Junc tion , CO 
FWS / FWE , Wash ington , D . C .  
O f f i c i a l  F i l e  
Reading F i l e  



United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

IN REPLY REFER TO: 

FWE / G J  6 - C O- 8 9 - F - 0 6  

W .  John Arthur , I I I  
P roj e c t  Manager 

COLORADO FIELD OFFICE 
730 SIMMS STREET 

ROOM 292 
GOLDEN. COLORADO 80401 

Uranium Mill Tail ings P roj e c t  O f f i c e  
Department o f  Ene rgy 
Albuque rque , New Mexico 8 7 1 1 5  

Dear Mr . Arthur : 

Thi s  res ponds to your letter o f  Dec ember 1 ,  1 9 8 8 , regarding the 
Uranium Mill Tai l ings Remedi al Ac tion P ro j e c t  at Ri f l e , Colorado , 
and your de termination that the proj e c t  wi l l  re sult in a net annual 
water depletion o f  2 1 5  a c r e - f e e t  f r om the uppe r Colorado Rive r b a s in . 
As we believe small depletions , cumulatively , may have negative 
impac ts to fede rally l i s te d  f i shes , we c oncur with your de termination 
that the propo sed proj e c t  " may a f fec t "  the Colorado s quaw f i s h , 
humpb ack chub , and bony tail chub . There fore , we are providing thi s 
biological opinion as pre s c ribed by S ec t ion 7 o f  the Endangered 
S pec i e s  Ac t ,  1 6  U . S . C .  1 5 3 1  � � . , and the Inte ragency Cooperat ion 
Regula tions 5 0  CFR 4 0 2 . 

Biologi c al Opinion 

Cleanup o f  the contaminated mate rial s at the Ri f l e  uranium tail ings 
s i te , with the inclus i on of c ons e rva tion measures outl ined below ,  i s  
not l i kely t o  j eopardi z e  the continued exi s tence o f  the Col orado 
s quaw f i s h  ( P tychoche ilus l ucius ) , humpback chub ( Gi l a  cypha ) , and 
bony tail c hub ( Gi l a  e l egans ) .  We c oncur with your f inding o f " no 
e f fec t "  for the b l ack- footed f e r re t , bald eagle , and Uinta B a s i n  
hookl e s s  c ac tus . 

P roj e c t  De s c r ipt ion 

The Ri f l e  Uranium Mill Tail ings Remedial Ac t i on P roj e c t  s i te c on s i s t s  
o f  two separate tai lings s i tes adj acent t o  the c i ty o f  R i f l e  in 
Gar f i e l d  County , Color ado ( F igure 1 ) . The e a s t e rn s i te i s  known as 
Old Ri f l e  and is approximately 0 . 3  mi le f rom the center o f  Ri f l e . 
The we s tern s i te , known as New Ri f l e , i s  approximately two mi l e s  f rom 
the center o f  Ri f l e . The Colorado Rive r i s  immediately s outh o f  both 
s i te s . 

The uranium mi l l  at the O l d  Ri f l e  s i te was owned and ope rated by the 
Union Carbide C o rpo ration ( Union Carbide ) f r om 1 9 2 4 to 1 9 3 2  and from 
1 9 4 2  to 1 9 5 8 .  From 1 9 3 2  to 1 9 4 2 , the mi l l  wa s i dl e  for ec onomic 
reasons . The mi l l  produced vanadium during both ope rating periods 
and uranium dur ing the l atter period . A f te r  1 9 5 8 , mo s t  o f  the O l d  
Ri f l e  t a i l ings were reproc e s sed at the New Ri f l e  s i te . 



The new R i f l e  mill replaced the O l d  R i f l e  mill in 1 9 5 8  and i s  a l s o  
owned and operated b y  Union C arbi de . From 1 9 5 8  to 1 9 7 3 , the mill 
produced uranium and vanadium . From 1 9 7 3  to 1 9 8 4 , a port ion o f  the 
mi l l  wa s used to produce vanadium ; this operation invo lved proc e s s ing 
vanadium solut ions and did no t yield tail ings . 

The New R i f l e  tail ings s i te occupies 1 4 2  ac re s . The tail ings pile 
c ove r s  3 3  ac re s , and the mill area c ove r s  59  ac re s . The entire New 
R i f l e  s i te i s  contaminated , and a 6 3 -acre area adj acent to the 
tail ings s i te has been c ontaminated with windb lown tail ings . The 
total amount of c on taminated mate r i a l s  at the New Ri f l e  s i te , 
inc luding contaminated s o i l s  bene ath the tail ings , i s  e s t imated to be 
approximately 2 , 9 3 0 , 0 0 0  c ubic yards . S eepage from the t a i l ings pile 
has contaminated ground water in the alluvium and Wa s atch F ormat ion 
beneath the p i l e . 

The Depar tment o f  Ene rgy ' s  ( Department )  pre f e r red al ternative i s  the 
removal of all contaminated mate r i a l s  to the E s te s  Gulch dispo s al 
s i te approximately s ix mi l e s  north o f  R i f l e . An ac c e s s  road wou l d  be 
cons truc ted to the E s t e s  Gulch s i te , and a di spo s a l  area ave r aging 1 5  
feet i n  depth would be excavated at the s i te . Al l o f  the t a i l ings 
and c ontaminated mat e r i al s wou l d  be t rucked to the E s t e s  Gulch s i te 
and placed in the dispo s al area . The t a i l ings and contaminated 
mate r i a l s  would then be c overed with an earthen radon barrier and a 
rock eros ion prote c t ion barrier . The Depar tmen t  has de termined that 
the propo sed remedial ac t ion will r e s u l t  in an ave rage annual 
depl e t i on of 2 1 5  acre - f e e t  from the upper Colorado River b a s in . 

Bas i s  1Qx Opinion 

Water deplet ions in the Uppe r Colorado River B a s i n  have been 
recogni z e d  a s  a maj or source of impac t  to endange red f i s h  s pe c i e s .  
Continued water withdrawal h a s  r e s t r i c ted the ab i l i ty o f  the Color ado 
River sys tem to produce f low c ondi t i ons required by various l i f e 
s t age s o f  the f i s h . Impoundmen t s  and divers i ons ha\ 'e reduc ed peak 
di scharges by 5 0  percent s ince 1 9 4 2  whi l e  inc rea s i  low f l ows b y  2 1  
percent in s ome reaches . The s e  deplet ions along w .  h a number o f  
o ther f ac t o r s  have re s u l ted i n  s uch drastic redu c t i un s  i n  the 
populat ions o f  Colorado s quawf i sh , humpback chub and bony tail chub 
that the S e rvice has l i s ted the s e  spec i e s  as endange red and has 
implemented programs to prevent them f rom becoming extinc t .  

COLORADO S QUAWF I S H  

The Colorado s quaw f i s h  evo lved a s  the main p redator in the Colo rado 
Rive r system .  The diet of Colorado s quawf i s h  longer than three or 
four inche s cons i s t s almo s t  entirely of o ther f i s hes ( Vanicek and 
Kramer 1 9 6 9 ) . The Colorado s quaw f i s h  is the large s t  cyprinid f i s h  
( minnow f ami ly ) native to North Ame r i c a  and , during pre-deve l opment 

t ime s , may have grown a s  large as s ix f ee t  in length and we i ghed 
nearly 1 0 0  pounds ( Behnke and Ben s on 1 9 8 3 ) . The s e  large f i s h  may 
have been 2 5 - 5 0  years o f  age . 

2 



Based on early f i s h  c o l l ec t i on records , archaeologi c a l  f inds and 
other ob s e rvati ons , the Colo rado s quawf i sh was once f ound throughout 
warm wat e r  reache s of the enti re Colo rado Rive r B a s i n , inc luding 
reac hes o f  the uppe r Col orado Rive r and i t s  maj o r  tributarie s ,  the 
G reen Rive r and i t s  maj o r  t ributari e s , and the Gila River sys tem i n  
Ari z ona ( S eethaler 1 9 7 8 ) . Colorado s quawf i s h  we re apparently neve r 
f ound in c ol de r , headwater areas . S ee thal e r  ( 1 9 7 8 )  i ndic ates that 
the spec i e s  wa s abundant in sui table habitat throughout the entire 
Colorado Rive r b a s i n  prior to the 1 8 5 0 ' s .  The S an Juan Rive r 
hi s toric ally s upported popul ations o f  the endange red f i shes ( Eve rmann 
and Rutter 1 8 9 5 , and Jordan 1 8 9 1 ) . I n  1 9 5 9 , the pres ence o f  Colorado 
s quawf i s h  in the New Mexico portion of the S an Juan River was 
c on f i rmed when two spec imens we re c o l l e c ted ne ar Ro s a  in Rio Arriba 
County ( Kos ter 1 9 6 0 ) . 

A marked dec l ine i n  Colorado s quaw f i sh popul ations c an be c lo s ely 
c or re l ated wi th the c on s t ruction of dams and r e s e rvoi r s  du r ing the 
1 9 6 0 ' s ,  the int roduc t i on of nonnative f i shes , and the removal o f  
water f rom the Color ado Rive r sys tem . Behnke and Benson ( 1 9 8 3 ) 
s ummari zed the dec l ine o f  the natural ecosys tem . They pointed out 
that dams , impoundments , and wat e r  use prac t i c e s  are probably the 
maj or reasons for dras tical ly modi f ied natural r ive r f l ows and 
c hannel charac t e r i s ti c s in the Colorado Rive r B a s i n . Dams on the 
mains tern have e s s entially s e gmented the river sys tem , b l oc king 
Colo rado s quawf i s h  spawning mi grat ions and dras t i c a l ly changing rive r 
charac teri s ti c s , e s pec i ally f l ows and temperatures . I n  addi tion , 
maj o r  c hanges in s pec i e s  composi tion have occurred due to the 
int roduc t i on o f  nonnative f i she s , many of which have thrived as a 
r e s u l t  o f  change s in the natural rive r i ne sys tem ( i . e . , f l ow and 
temperatu re regime s ) . The dec l ine of endemi c Colorado River f i shes 
s eems to be at l e a s t  partial ly rel ated to c ompe t i t ion or othe r 
behavi oral inte r ac t i ons with nonnat ive speci e s , which have pe rhaps 
been exacerbated by al terations in the natural f luvi al environment . 

The Colorado s quaw f i s h  currently oc c upi e s  about 1 , 0 3 0  r ive r mi l e s  i n  
t h e  Colorado River sys tem ( 2 9 percent o f  i t s  original r ange ) and i s  
pres ently f ound only i n  the upper Colorado Rive r Basin above Glen 
C anyon Dam . It i nhab i t s  about 3 5 0  mi l e s  o f  the mains tern Green Rive r 
f rom i t s  mouth to the mouth o f  the Yampa Rive r . I t s  r ange al s o  
extends 1 4 0  mi l e s  u p  the Yampa Rive r and 1 0 4  mi l e s  up the Whi te 
Rive r , the two maj or t ribut aries o f  th e Green Rive r . I n  the mains tern 
Color ado Rive r , it is cur rently f ound f rom Lake P owe l l  ex tending 
about 2 0 1  mi l e s  up s t ream to P a l i s ade , Col orado , and i n  the lowe r 3 3  
mi l e s  o f  the Gunni s on Rive r , a t ributary to the mains tem Col orado 
River ( Tyus et al . 1 9 8 2 ) . Recent inve s t i gations found adult Color ado 
s quawfish i nhab i t  the S an Juan Rive r as f ar up s t ream as 1 5 1 . 5  mi l e s  
above Lake P owe l l . The s e  s tudi e s  indi c ate suc c e s s ful Colorado 
s quawfi sh spawning by the c apture of young-o f - the -ye ar Colorado 
s quawf i s h . The se young - o f - the-year f i s h  we re c aptured f rom 
bac kwa t e r s  be twe en 6 and 1 4 3  mi l e s  above Lake P owe l l  ( Meye r and 
Moretti 1 9 8 8 , P l a tani a and Bes tgen 1 9 8 7 ) . 
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The l i f e  s tage s that appe ar to be mos t c ri t i c al are f rom egg 
f e r t i l i z ation through i t s  f i r s t  year of l i f e . It has been 
demon s t rated that the s e  phas e s  of Colorado s quaw f i s h  deve lopment are 
al so c l os ely tied to s ome spec i f i c  hab i t at requirements . It is 
impe rat ive that p rope r f lows and temperatures are provi ded during 
the s e  e s sent i a l  l i f e  s tage s . The conservat i on me asures outlined 
below wi l l  he lp fur the r inve s t i gate and mee t  the hab i t at requirements 
o f  the Colorado s quawf i s h , thus o f f s e t ting proj ec t - r e l ated impac t s  
and the l i ke l ihood o f  j e opardy f o r  the spec ie s . 

Conservation Measure s 

On January 2 1 - 2 2 ,  1 9 8 8 ,  the Sec retary o f  the Interior , the gove rnors 
of Wyoming , Colorado , and Utah , and the Admi n i s trator of the We s te rn 
Are a P owe r Adminis tration we re c o s igne r s  o f  a Coope rative Agreement 
to impl ement the " Recove ry Implementation P rogram for Endangered F i s h 
Spec i e s  i n  the Uppe r Colorado River B a s i n "  ( Recove ry P rogram ) . An 
obj ec t ive o f  the Re covery P rogram was to i denti fy reas onable and 
p rudent alternative s that would ensure the survival and recovery o f  
the l i s ted spec i e s  whi l e  p roviding f o r  new wat e r  devel opment i n  the 
Upper Color ado Rive r B a s in . 

The f o l l owing exc e rpts are pert inent to the c onSUltation bec ause they 
summa r i z e  portions of the Recovery P rogram that addre s s  depletion 
impac t s , S e c t i on 7 consultation , and proj e c t  p roponent 
respons ib i l i t i e s : 

" Al l  future S e c t ion 7 c on S U l t at i ons c ompleted a f t e r  
approval and imp lementation o f  th i s  p rogram 
( e s t abl i s hment o f  the Implementation Commi ttee , 

provi s ion o f  c ongre s s ional funding , and i n i t i a t i on o f  
the element s )  wi l l  r e s u l t  i n  a one - t ime c ontribution t o  
be paid to the S e rvice b y  wat e r  proj e c t  proponent s  in 
the amount o f  $ 1 0  per ac re- foot based on the ave r age 
annual depletion of the proj ec t . . . .  Thi s f igure wi l l  
b e  adj u s ted annually for i n f l ation . . . .  Concurrently 
with the c ompletion o f  the Federal ac tion which 
initi ated the c onsul t ation , e . g . , . . .  i s s uanc e o f  a 4 0 4  
permi t , 1 0  percent o f  the total c on t r ibut ion wi l l  be 
provided . The balance . . .  wi l l  be . . .  due at the t ime the 
c on s t ruct ion c ommenc e s . . . .  Funds from the se 
c ont r ibutions wi l l  be applied equally to f l ow 
ac qu i s i tion and to othe r recovery ac tivi ties . . . .  " 

I t  i s  important to note that the se p rovi s i ons o f  the Recove ry P rogram 
we re based on app ropr i ate l e gal protection o f  the ins tream f l ow needs 
of the endangered Colorado Rive r f i s he s . The Rec ovp ry Program 
further s tates : 
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I f  • • • i t  i s  nece s s a ry to protect and manage s u f f i c i ent 
hab i t a t  to suppo rt sel f - s us taining popul ations of the s e  
speci e s . One way to accomp l i s h  thi s i s  t o  provi de l ong 
term protec t i on o f  the habitat by acqui ring or 
app rop r i ating water rights to ens ure ins tream f l ows . . . .  
S ince thi s program s e t s  in pl ace a me c hani sm and a 
c ommi tment to as sure that the i n s t ream f l ows are 
protected unde r S t ate l aw ,  the Service wi l l  cons ider 
the se elements unde r S e c t i on 7 con sul tat i on a s 
o f f setting proj ect depletion impacts . If 

Thus , the S e rvice has de termined that the proj e c t  dep l e t i on impac t s , 
which the S e rvice has c ons i s tently maintained are l i kely to 
j e opardi ze the l i s te d  f i s he s , c an be o f f s e t  by ( a )  the wate r proj e c t  
proponents one - t ime c on t ribution to the Rec ove ry Program in the 
amoun t of $ 1 0  per acre- foot of the proj e c t ' s  ave rage annual 
depletion , and ( b )  appropri ate legal protec tion o f  i n s t re am f l ows 
pur suant to S t ate l aw .  The S e rvi c e  bel ieve s i t  i s  e s sential that 
prote c t i on of i n s t r e am f lows proceed expedi t i ous ly , b e f ore 
s i gni f i c ant wate r  deple tions occur . 

The Department wi l l  make a one - t ime payment o f  $ 1 0  per ac r e - f oot o f  
av� rage annual dep l e t i on , o r  a total payment o f  $ 2 , 1 5 0 . 0 0 .  F i f ty 
pe rcent o f  the funds wi l l  be used for acqui s i ti on o f  wate r r i ghts to 
me u t  the ins tream f l ow needs of the endange red f i she s  ( unle s s  
otherwi se direc ted by the Impl ementation Committee ) ;  the bal anc e wi l l  
b e  u s e d  to support o the r recove ry ac t ivi t i e s  f o r  the Colorado Rive r 
endangered f i shes . P ayment s hould be made to the Re gional D i rector , 
U . S .  F i s h  and Wildl i f e  Servi c e , P . O .  Box 2 5 4 8 6 , Denve r Federal 
Cente r , Denve r , Colo rado 8 0 2 2 5 , o r  i t s  de s i gnated agent . 

Should the re be any c hange s in the amount o f  water depletion ( 2 1 5  
ac re- f oot on an ave rage , annual ba s i s )  o r  any other proj e c t  change 
from that whi c h  was proposed which may a f f e c t  any endange red or 
thre atened specie s , or i f  there is f a i lure to c omply with the 
conservation me asur e s  out l ined above , then the S e rvi c e  s houl d be 
contac ted to determine i f  further c on s u l t ation i s  requi r e d . The 
S e �vi c e  has de termined the inc i dental take as s oc i ated with this 
proj e c t  to be zero . 

Thank you for your intere s t  i n  c on s e rving endange red specie s . 

S incerely 

LeRoy W .  C a r l s on 
Colorado S tate S upe rvi sor 
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United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

IN R&PLY RUM TO: 

F�E .' C O 

M r .  John Arthu r , I I I  
P r o j e c t  �ana?, e r  

COLORADO FIELD OFFICE 
7)0 SIMMS STREET 

ROOM 292 
GOLDEN, COLORADO 80401 

APR Z 8 1989 

[ran iu� Mi l l  Tai l ings Pro j e c t  O f f i c e  
De p a r t m e n t  o f  E n e r?, v  
A l buque rq u e . � e �  Me x i c o  8 7 1 1 5  
De a r  M r . A r t hu r :  

Th i s  f o l l o�s an Ap r i l  1 2 .  1 � 8 � . t e l e p h o n e  c a l l  b e t � e e n  Ma r v  B e t h  L e a f  o f  
J a c o b s Eng i n e e r i ng and B o b  L e a ch�an o f  o u r  G ra n d  Junc t i o n  s t a f f  re g a rd i n ?, t h e  
V r a n i u� M i l l  Tai l i n g s  Reme d i a l  Ac t i o n  Pro J e c t  a t  R i f l e . C o l o ra d o . 

Ms . L e a f  h a s  i n d i c a t e d  t h a t  p a y�e n t  t o  t h e  c o n s e rvat i o n  f u n d  i s  b e I ng d e l a y e d . 
I n  ac c o rdanc e � i t h  Endang e re d  S p e c i e s  Ac t Regu l a t i on 5 0  C F R  40 2 . 1 4 I e ' .  �e h a v e  
rru t u a l l y a g r e e d  t o  e x t e n d  t h e  c o n s u l t a t i o n  p e r i o d . O n c e  p a y�e n t  i s  r e c e l ve d . 
we wi l l  f i n a l i z e  t h e  b i o l o g i c a l  o p i n i o n  w i t h i n  two weeks . 

c c : FWS ' FWE . S L C  
FWS ! F W E . GJ 

�'��P-
C o l o r a d o  S t a t e  S u p e rv i s o r 



Mr .  leRoy W. Carlson 
Colorado State Supervisor 
United States Departrrent 

of the Interior 

Department of E ne rgy 
Albuq uerque Ope rat ions O f f ice 

P . O .  Box 5400 
A l b u q u e r q u e ,  New M exico 8 7 1 1 5  

Fish and Wildlife Service 
730 Sirrms Street , Room 292 
Golden , CO 80401 

Dear Mr. Car 1 son : 

The U .  S .  DepartItent of Energy (OOE) has reviewed the draft biological 
opinion for the Uranium Mil l  Tail ings Rerredial Action (UMI'RA) Project 
received from the Fish and Wildlife Service on March 2 7 ,  1989 . The OOE is 
in agreement with the draft opinion and wi l l  comply with the Endangered 
Species Act by making payment to the U . S .  Fish and Wildlife Service 
Conservation Fund in the arTOWlt of $2 , 150 . 

we would appreciate your expediting the final biological oplnlon for the 
Rifle project . Should you have any further questions , please cal l  
Frank Bosiljevac of my staff . 

Enclosure 

cc w/o enclosure : 
Bob Leachman , 

U . S .  Fish & Wildlife , GJ 
B .  Taber , JEG 
M .  Leaf ,  JEG 
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United States Department of the Interior 
FISH AND WILDLIFE SERVICE 

IN REPLY REFER TO: 
FWE 
MA I L  STOP 601 20 

IttMLlNG .... DDRESS 
,."., O(fi� Bos .64116 Dr"v," ,..urol C,",,, Dr" Vir, Co/or040 1OR:l6 

STREET LOC .... TION 
134 UrUo" Blvd Lolwwood, C%r040 lOiRH 

ALe  �, 8 1989 

M� r k  L .  Ma t t hpw 5 , Ac t i � g  P roj ect Leader 
U ran i um M i l l  T a i l i ng s  P roj e c t  O f f i ce  
Departmen t o f  E n e rgy 
P . O .  Box 5400 
A l b u q u e rq u e , New Mex i co 87 1 1 5  

Dear M r . Matthews : 

Th i s  ac know l edges  rece i p t o f  you r c hec k number 3 533 i n  t h e  amou n t  o f  $ 2 , 1 50 . 00 
dated Ap r i l 1 2 ,  1 989 . T h i s c h e c k  s at i s f i es t h e  Endangered Spec i e s commi tment 
i den t i f i ed i n  our B i o l og i c a l  Op i n i on 6-CO-8 9 - F -05 . 

1< u.s.  GOVERNMENT P R INTING OF F ICE 1 990  - 773-207/20001 

S i n c e r e l y ,  

G�A' E" )L�� . I L.. 1\ O i.,.' : � I H,,"'\ \,..J i,;o n  
Reg i on a l  D i rector 
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