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F.1.1 

F . 1 SURFAC E WATER  

SURFAC E-WATER FEATU R E S  

F . 1 . 1 . 1  G r a n d  J u nc t i o n  t a i l i ngs  s i te 

The ta i l i n g s  p i l e  at the  Gra n d  J unct i on s i te i s  o n  t he 
nor t h  s i de of t he Co l o rado R i ve r  abo ut  0 . 7 5 mi l e  u p stre am from 
i t s  conf l ue nc e  wi t h  t he G u n n i so n R i ver  ( F i g u r e  F . 1 . 1 ) . The 
C o l orado R i ve r  i s  bra i de d  by s eve ra l  i s l and s fr om t he u p s tre am 
end  of the  p i l e  to a po i n t  abo ut 0 . 5 m i l e  p a s t  i t s down s tr eam 
end . The nor t hern c h a n n e l  of the bra i de d  segme n t  p a s s es ex­
treme l y c l o s e  t o  t he toe of  t he p i l e . 

The no rthe r n  ed ge of t he t a i l i n g s  v ar i es be twee n  4569 and  
45 78 fe et above  sea  l eve l . The  stre am be d of  t he Co l or ad o 
R i ve r  i s  abo ut  45 59 fe et abo ve  s ea l e ve l . 

The s o u t he r n  s i de of t he r i  v e r  bank  s ag a i ns  t a steep 
c l i f f ,  appr ox i mate l y 60 fe et  h i g h ,  w i t h  t he l ower segme n t  com­
po s ed of Mancos  S h a l e .  

The no rt hern bank  of t he r i ve r  al o ng the  s i te bo un dary i s  
now stab i l i ze d  t o  some de g r ee wi t h  r i prap , c o n s i s t i n g of bro­
ken  s l abs  and b l o c k s  of c o nc rete , br i c k s ,  a n d  " r i ver- ru n "  g rav ­
el  s .  The c re s t  o f  t he protec t i ve bank  i s  abo u t  15  feet abo ve  
t he s urf ace of t he r i ve r . 

The r e  are i nd u s tr i a l and res i de n t i al de ve l opme n ts ar ou nd 
the  t a i l i n g s  s i te .  A h i g h way and a r a i l ro ad br i d ge ar e l oc a t­
ed l es s  t han 3500 fe et down s tre am o f  the s i te and  ano t he r  h i g h­
way br i d ge i s  l oc ated  furt her down s tream .  

The on l y s urf ace-water  bod i e s  at the s i te ar e two d r a i n ­
ag e d i t c hes t hat d i ver t over l an d  r u n o ff arou n d  the  t a i l i n g s  
p i l e  t o  t he Co l or ado R i ver . O n e  dr a i n ag e  d i tc h ,  e a s t  o f  the 
pi 1 e, extend s to  t he east  o f  the ab and oned fi 1 trat i on p l  a n t  
( F i g ur e  F . 1 . 2 ) an d a l o ng t he u p s tr e am f ace of t he p i l e  to  t he 
C o l orado  R i ve r . The o t her  dr a i n a g e  d i t c h  i s  o n  t he wes t ( down ­
s t re am) s i de of t he p i l e  and  r u n s  from t he mi l l  s i te t o  t he 
C o l orado  R i v e r . 

The bas i n  up stream of t he s i te c ompr i s es 8150  sq uar e 
m i l e s of steep l y s l ope d ter ra i n .  The bas i n i s  bo u nde d o n  t he 
nor t h  by bas i ns  of t he Wh i te and N or t h  P l  atte R i ve r s ;  o n  t he 
e a s t  by bas i n s of t he So ut h P l atte and  Ark a n s a s  R i ve r s ; and  o n  
t he so u t h  by t he G un n i so n R i ve r  B as i n .  Maj o r  tr i b ut ar i es to 
t he upper  Co l or ad o  R i ver  i nc l ude  t he R o ar i n g  For k R i ver , E ag l e 
R i ver , and  B l ue R i ve r . E l evat i o ns  i n  t he b a s i n  range  fr om 
4560 fe et at Grand  J unc t i o n  t o  mor e t h an 1 4 , 000 fe et i n  t he 
h i  g h es t he ad water ar ea s . Wat e r s h e d  bo u n d a r  i es  are s hown i n  
F i g u r e  F . 1 . 3 .  Appr ox i mate  dr a i n ag e  ar eas , ch a n ne l  l e ngt h s , 
and  s l opes  for t he str eams taken  fr om USGS topograp h i c  map s  
are pre s e nted i n  Tab l e F . 1 . 1 .  

F - 1  



" 
I 

"') 

1000 

� 
N 

j UC 

0 1000 2000 

SCALE IN FEET 

GRAND JUNCTION 

PIl1K I N  

FI G U RE F. 1 . 1  

AVE 

G�ND I I AVE 

MAIN 

UTE I lAVE 

A V E  

WHITE I I AVE 

ROOD AVE 

L O C AT I O N  OF G R A ND J U N CTI O N  S I TE 



OJ I 
W 

[JD 
� 

..... 
I ! �:KIMBALL AVE: � � '..-, 

I � r JJ/I I , ' ./ -. -'r� - :;::::;:;:=- � 0 

WESTERN a: 
DRAINAGE �'I 

DITCH . 

o 
MILL AREA 

C TAIUNGS 

V 
E :}"-•• oo PIL 

a 
'" 
II") 
� 

EA STERN 

DRAINAGE 

DITCH 

�� .s.o--J j�� 
��::::::: ..

. 
::: ... ··=�::=:=r::: ···�-::::;�UT < . .  : ••.. 

.....

. �
�.�:

�.� ..
. .... . �: 

20 

� 
� 

I 
'iY--

200 

4510 
-----=-.. 

400 
---------, i���""'" �(.;ALE IN FEET · · �0;· > . 

�.:,.� ••.•.•..•.•...•. 

FIGU RE F.1.2 
DRAI NAGE CHARACTE R I STI C - GRAND JU NCTI ON SITE 



., 
I 

-P> 

! 

j 

/A'-j"\;.A 
DEBEQUJE Qt' 

�"'1: 
o 
-..J 

:0 /c:MEO 

1080 

'�'�G' �" '\f::" O 50 '91-

�t­O� 
ASPEN 

1070 

FIGURE F. 1. 3 

10 

•.. �.: 
+400 

o 10 20 
SCALE I N  MILES 

WATE RSHED BOU NDARY MAP OF COLORAD O RIVE R  A BOVE GRAND JUNCTI O N, COLORAD O 

30 



Tab l e F . 1 . 1  Se l ect  c h aracter i s t i cs of s u b ba s i ns  of t h e  Co l orado 
R i ve r  above Grand J unc t i o n ,  C o l or ado 

Area C ha n ne l  l e n g t h  E l evat i o n 
W ate r s h e d  ( s q uare m i l es )  ( m  i 1 es ) ( f e e t )  

C o l orado  R i ve r  
above  K remml i n g 1648  56 . 8  10 , 1 00- 7200  

B l ue R i ve r  668 56 . 8  12 , 5 0 0- 7200  

C o l orado  R i v e r  
b e tween K r emml i n g 
and  D o t s e r o  1 14 7  56 . 0  7200-6 250  

E ag l e  R i ve r  965 54. 8 10 , 200-6250  

Roar i n g F or k  145 0 60 . 0  1 3 , 000- 5 70 0  

C o l orado  R i ver 
be tween D o t s ero  
and  R i f l e  1072 42 . 0  625 0- 5 300 

C o l orado R i ver  
be tween  R i f l e 
and  G r a n d  J unc t i o n  1 200 5 7 . 6  5300- 4560 

TO TAL 8150  

F - 5  

S l o pe 
( ft /f t )  

0 . 009 

0 . 0 1 7  

0 . 003 

0 . 0 1 3  

0 . 022  

0 . 004 

0 . 002 



D e ta i l ed geo l o g i c des c r i pt i o n s of the  s i te area  a n d  t he 
l ower p or t i o n s of t he dra i na g e  b as i n  ar e c o n t a i ned  i n  Appendix 
E ,  S o i l s ,  Geo l o g i c ,  and  Se i sm i c I nformat i on .  

So i l s  i n  t he water s h e d  ar e mos t l y  de ep t o  mod e r a te l y  
de ep , we l l dra i ned  r es i d u a l s o f  s a n d s t ones and  m u d s tones . The  
So i l  C o n s erv at i o n Ser v i c e  ( SCS ) c l a s s i f i e d mos t  o f  t h e  s o i l s  
a s  hyd r o l o g i c group  B i n te r s pe r s ed w i t h  s ome C s o i l s  a n d  m i n o r  
amou n t s  of A a n d  D s o i l s  ( US DA ,  1 9 7 8 ;  1 982 ;  1 98 3 ) . 

The c l i mate o f  t he ar e a  ranges  f r om s em i - ar i d t o  mou n t a i n ­
o u s , w i t h  ye ar l y prec i p i tat i o n  ave rag i n g abo u t  e i g h t  i nc h es at  
Grand  J unc t i o n ,  1 0  t o  15 i nc he s  near R i f l e , a n d  40 i nc hes i n  
t he headwater reg i o n s . Mo s t  o f  t he an n ua l  pr ec i p i t a t io n i n  
the  h i g he r  e l e vat i o ns oc c u r s  as  s now ; temperatu r es i n  t he l ow­
er  are a s  ar e of te n above  90°F i n  t he s umlTEr and  be l ow 32°F 
i n  t he wi n te r ,  wh i l e  arc t i c  cond i t i o ns  preva i l  i n  t he h i g hes t 
are a s  al mos t  ye ar- rou nd . Nat u r a l  vegetat i o n  i n  v a l l ey a r e a s  
co n s i s ts pr i mar i l y o f  cot t onwood an d w i l l ow ,  des ert s h ru b ,  a n d  
a n  unde r s tory o f  hearty gra s s es . Promi nent  be twee n 5 0 0 0  an d 
8000 fe et  are j un i pe r ,  p i n i o n  p i n e ,  o ak , b i g sagebru s h , a n d  
Dou g l a s  f i r .  From 8000 fe et to t i mbe r l i n e ,  ve getat i o n c o n ­
s i s t s  ma i n l y  o f  aspe n ,  spr u c e , s u b - al p i ne f i r ,  l od ge po l e  
p i n e ,  an d nat i ve gra s ses  and  s hru b s . Vegetat i o n i s  s p a r s e  
above t i mber l  i n e ,  b ut i n c l  u des g r a s s es , s ed ges , a n d  a l  p i n e w i  1 -
l ow ( Ca E ,  1976 ) . 

T he t a i l i n g s  s i te i s  i n  a me an d e r  pat h of t he Co l or ad o  
R i ve r  and  l i es  o n  f i ve t o  1 5  fe et  o f  u ncons o l i d ated  a l l u v i a l 
mater i a l . Part i c l e s i zes of t he al l u v i um at t h e  s i te v a ry 
from cob b l y  grave l s to  grave l l y  san d s . G i ven  t he s e  s i te c o nd i ­
t i o n s , t he r i ve r  cou l d  af fe c t  t he i n tegr i ty o f  t h e  s i te i f  no t 
pr ope r l y c o n tr o l l ed or protected ag a i n s t .  

A s  d i  s c u s s ed by S c h umm an d Har vey ( 1983 ) , n o  maj o r s h  i f t  
i n  l ocat i o n o f  t he C o l orado  R i ve r  c h a n n e l  at t he s i te h a s  oc ­
c urred  i n  t he past  100 ye ar s . The  i s l  a n d s  near  t h e  s i  te a r e  
he av i l y  ve g e tate d , wh i c h  i nd i cates  re l at i ve s tab i l i ty o v e r  t he 
pa s t  20 year s ,  a l tho u g h  some s h i f t s  i n  i s l and  l oc a t i on s  we re  
no ted d ur i n g  t he f l ood s t hat oc c u r red i n  1984 . 

I n  co n t r a s t ,  t he me ander i n g  pat terns  d i  s pl aye d  bo t h  u p ­
st re am a n d  down s tr eam o f  t he s i te ar e ch aracte r i  s t i c  of 1 e s s  
s t ab l e r i ver s .  S i g n i f i ca n t  s h i fts  have  occ u r r ed i n  t he reach  
u p s tream of  t he s i te as  ev i denced  by c utoff  me an d e r  l o o p s ,  
abando ned c h an ne l s ,  and  oxbow l ak e s  v i s i b l e  o n  to pogra p h i c 
ma p s  an d ae r i a l photogra p h s .  S i m i l ar fe at ures  ar e ev i d e n t  
sou t h  of t he conf l ue n ce wi t h  t he G u n n i so n R i v e r  b u t  n o t  i n  t he 
i mme d i  ate s i te are a pr obab l y  bec a u s e  t he muc h g r eater de n s  i ty 
of h u man  ac t i v i t i e s  i n  t h i s ar ea h a s  ob l i t e ra te d  n at u r a l  
co ntou r s . 

Re gard i n g l oc a l i ze d  ero s i o n ,  t he ex i s t i n g  i s l and s i n d i -
cate t hat ag grad at i o n norma l l y  oc c u r s  near t he s i te .  Se v e r a l 
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f ac t or s  tend to caus e s e d i me n t  ag gradat i o n  i nc l u d i n g  a 
de c re a s e  of c h an ne l  grad i en t ,  prox i m i ty o f  t he c o nf l ue nce w i t h  
the  G u n n i son  R i ve r ,  and  t he b road f l o od p l a i n  a l o n g  t he nor th­
e r n  bank . Ag g r ad at i on a l s o  wo u l d  l i ke l y  oc c ur d ur i n g t he re­
ced i n g  por t i o n  of  a l arge  f l ood . 

O n  the  othe r h an d , eros i on wh i c h  i s  pres en t l y  oc c ur r i n g  
a t  t he sout he a s t  cor ner  of t he p i l e  wou l d  be acc e l erated  d u r ­
i n g  m a j o r  f l ood f l ows . T h e  ar ea t o  t he e a s t  o f  t he s i te i s  u n ­
protec ted , except  by t he f l ood p l a i n .  H i g h  ch annel  and  over­
bank  f l ows co u l d  res u l t i n  s i g n i f i ca n t  eros i o n  of  t he s u r f i ­
c i al  mat e r i a l s  i n  t h i s  are a  and  res u l t  i n  nor t hwa r d  ch a n n e l  
s h i f ts . Th i s  wo u l d  r e d i r ect  t he f l ow o f  t he r i v e r  ag a i n s t  t he 
e a s t  bo u n d ary of t he p i l e .  The  p i l e  wo u l d  act as  a c o n s tr i c­
t i on dur i n g  major f l ood events  caus i n g u n s tab l e f l ow cond i ­
t i o ns , ac c e l erate d  v e l oc i t i es ,  and  scour i n g o f  a l l u v i um at t he 
s i te .  A de ta i l ed geomor p h i c ana l ys i s  i nc l u de d  i s  i n  Ap pe nd i x 
E ,  S o i l s ,  Geo l o g i c ,  a n d  Se i sm i c I nf o rm at i o n .  

The U . S .  Army Corps  o f  E n g i neers  cond uc te d  i t s  l ates t 
f l ood s t u dy of t he C o l or ad o R i ve r  n e ar Grand  J un c t  i o  n and  c o n ­
c l u de d  t hat  t he f l ows for t he 100-ye ar and  50 0- ye ar f l ood s 
wou l d  be 63 , 000 and 82 , 000 c ub i c  fee t  pe r sec o nd , r e s p ec t i v e l y  
( C OE , 1 9 76 ) . The f l ows for t he 200-year and  1000-year  f l ood s 
( 72 , 000 an d 9 0 , 000 c ub i c fe e t  pe r second , re s pec t i v e l y )  wer e  
c a l c u l ated  from t he se v a l ues  by i n te rp o l at i on a n d  ext r ap o l a ­
t i on .  T h e  co rrespond i n g max i mum f l ood e l e vat i o n s  at t he edg e  
o f  t he p i l e  wo u l d  be 457 7  an d 45 79 fe e t  abo v e  me an s e a  l e v e l , 
res pec t i ve l y .  Bec a u s e  t he f l o od f l ows at the  Gra n d  J unc t i on 
s i te wo u l d  be obs tructed  by t he t a i l i n g s  p i l e  o n  one  s i d e  of 
the  r i ve r  and by t he s teep c l i ff o n  t he o t he r  s i de ,  t he ve l oc ­
i ty of f l ood wate r  i n  t he ma i n  c h an ne l  of t h e  f l oodway wo u l d  
be h i  g h ,  reach  i n g  1 1 .  8 an d 13 . 2  feet  pe r s econd  for t he 200-
an d lOOO-year f l ood s ,  res pe c t i ve l y .  The ve l oc i ty o f  f l ood wa ­
te rs i m me d i ate l y ad j acent  to t he f ac e  of the  p i l e  wou l d  be 
s omewhat  l ower bec a u s e  of f r i c t i o n  d r ag . 

The average  mo n t h l y  r i ve r  f l ows ad j ac e n t  t o  the  t a i l i n g s  
p i l e  can  be repr es e n te d  by f l ow me a s u r ed at a U . S .  Geo l o g i c a l  
S ur vey g a ug i n g s t at i o n o n  t he C o l or ado R i v e r  n e ar DeBeq ue ,  a p­
prox i mate l y 30 m i l es up s tr e am of t he s i te .  The average  ma x­
i mum mo n t h l y f l ow at DeBeq ue fr om 1 966 t h r o u g h  t he pr es ent  wa s 
1 1 , 2 1 0  cub i c  feet  pe r sec o nd ,  occur r i n g  i n  l ate  sp r i n g ,  and  
t he ave r a g e  m i n i mum  mo n t h l y  f l ows ar e appr ox i matel y 1 5 80 c ub i c  
fe et pe r sec o nd . Dow n s tre am from t he s i te ,  at the C o l orado­
Utah  bor d e r ,  t he ave rage  ma x i mum and  m i n i mum mo nt h l y  f l ows 
we re approx i mate l y 3 1 40 and 16 , 7 00 cub i c  fe et  per second  fr om 
1 9 5 1  t hr o u g h  t he presen t .  Thes e h i g h er  f l ows wer e  at tr i b ­
ut ab l e  ma i n l y  t o  t he G u n n i so n R i ve r .  U . S .  Geo l o g i c a l  S u r vey 
gaug i n g  s t at i o n s  ar e al so l ocated  no r t h e a s t  of C ameo , a p pr ox­
i mate l y 22 m i l es u p s tre am of t he s i te ,  and  at Fru i ta ,  a p p r ox ­
i mate l y 14  mi l es down s tre am o f  t he t a i l i n g s  p i l e .  
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Gra n d  J unc t i o n  ha s expe r i e n ce d  a n umber  of s e ve re l ate­
spr i n g f l o od s ,  t he res u l t of t he rap i d  me l t i n g of t he deep 
snow pack acc omp an i ed by he avy ra i n s .  I ce j ams ar e no t a 
f l ood i n g prob l em for t he Co l orado R i ve r  i n  the  v i c i n i ty o f  
Gra n d  J unc t i o n . T h e  u n i fo rm a n d  f a i rl y h i g h tempe r at u r e  of 
the  G u n n i so n R i v e r  ( s i nc e  t he co ns tru c t i o n  of f l o od - pr otec t i o n 
d ams ) pr eve n t s  exte n s i ve i c e  fo rmat i o n  o n  the  Co l or ad o R i v e r  
be tween Gran d J unc t io n  and  t he C o l or ad o - U t a h  s tate l i ne .  

The f l ood i n g o f  J une-J u l y ,  1884 , i s  co ns i dered  the  mo st  
s e ve re known o n  the  u p pe r  Co l or ad o R i ve r  ( CO E ,  1 97 6) . Th i s  
f l ood re s u l ted from r ap i d  me l t i n g  o f  s now  p ack an d conc urrent  
he avy ra i n s . I n  rec ent  t i me s ,  the  f l ood s of 1 9 8 3  and 1984 
we re the mos t  s i g n i f i can t .  The 1884 f l o od pe ak wou l d  h av e  
been appr ox i ma te l y  7 3 , 600 c ub i c  feet pe r second  ( cf s )  a t  Grand  
J unc t i o n ,  i f  d i scharge  ver s u s  ar ea re l at i onsh i ps of  the  1 984 
f l ood are repr es e n t at i ve .  I nformat  i o n  rel at  i ve t o  t he s e  p a s t  
f l ood s i s  shown i n  Tab l e  F . 1 . 2 .  Ot her  major f l ood s o n  t he 
Co l or ado  R i ve r  wer e  re cor ded i n  1 9 17 ,  1 9 20,  1 9 2 1 , 1 9 35 ,  1 9 5 2 ,  
an d 195 7 .  

There ar e no maj o r  dome s t i c  us ers of C o l or ad o  R i ve r  water 
for 200 m i l e s down s tream from Gra n d  J unc t i o n .  The no rm al wa ­
ter s u p p l  i es fo r Gran d J unc t io n  ar e ob t a i ned  from Grand  Me s a  
s ur f ac e  water , t he J un i  at a a n d  P u r dy Mes a  Reservo i r s  be i n g  t he 
majo r  s o u rc es . Dur i n g d ry spe l l s ,  Gra n d  J unc t i o n  can  us e 
G u n n i so n R i ve r  water ; t he i n t ak e  i s  appr ox i mate l y  o n e  m i l e  u p ­
stre am from t h e  co nf l u e n c e  w i t h  t h e  Co l or ad o  R i ve r .  T h e  U t e  
W ater  D i s tr i c t  u s es Co l or ad o R i ve r  water  d u r i n g  d ry s pe l l s ,  
b ut  i ts i n t ak e  i s  j us t  u p s tre am of P a l  i sad e and  t here for e u p ­
stre am from t he p i l e .  

F . 1 . 1 . 2  C h e ney Reservo i r  a l tern ate d i spo s a l  s i te 

The C he n ey Reservo i r  s i te i s  l ocated  o n  a d ra i n ag e  d i v i d e 
that  gen t l y s l o pe s  t o  t he sout hwe s t  at appr ox i mate l y  two per­
cen t .  Tot al re l i ef acros s the  pr oposed d i  s posa l  area  i s  ap­
prox i ma te l y  60 fe et . The s i te i s  l oc ated  o n  a pe d i men t  sur­
f ac e  that  forms a d i v i de b e tween two  smal l ep heme r a l  wa s he s , 
one  approx i mate l y  800 fe et  no rth  of t he propos ed p i l e  l oc a­
t i o n an d one  approx i mate l y  1 700  fe e t  t o  the  sout h .  The s e  
wa shes  me rge  w i t h  I nd i an Creek  0 . 1 t o  0 . 5  m i l e  b e l ow t he s i te .  
I nd i an C reek  f l ows i n t o  K an na h  Cre e k  fou r  t o  f i ve m i l e s b e l ow 
t he epheme ra l  wa sh  conf l u e n c es , and  K an na h  Cre ek emp t i e s  i n t o  
the  G u n n i so n R i ve r  approx i mate l y  two m i l es be l ow t he I n d i a n  
Creek  co nf l ue nc e .  F i g ure F . 1 . 4  shows the  s u r f ac e  dra i nage  
ch aracter i s t i c s o f  t h e  C h e ney R e s e r vo i r  s i te .  

An ar ea of approx i ma te l y  240 acres dra i n s toward  t he 
C he n ey Res er vo i r s i  te . 51 o pe s  i n  the  water s h ed range  from two 
to f i ve pe rc en t . E l e vat i o ns ran ge from 5250  fe e t  t o  approx­
i mate l y  5600 fe et  abo ve me an sea  l e ve l . The ma x i mum f l ow  
l e n g t h  i s  approx i mate l y  8000 fe e t .  
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Tab l e F . 1 . 2  Max i mum re cor ded streamf l ow of t he Co l or ad o R i v e r  
n e a r  G r a n d  J unc t i o n ,  C o l or ado 

M a x i mum 
recor ded 

B a s i n area  Per i od o f  peak f l ow 
Stat  i o n  name ( sq  uare  mi l es )  r ec or d  ( cf s )  D ate  

C o l orado  R i ve r  n e ar 
C o l orado-Utah  
s tate  l i ne 1 7 , 84 3  195 1 - pr es en t  68, 000 J un e ,  

C o l o r a d o  R i ve r  1884 , 
n e ar F r u  i t a 197 , 100  1907 - 1 9 23 12 5 , 000 J u l y ,  

C o l orado  R i ve r  
near  C ameo 805 0  1 9 33- pre s e n t  39 , 300 J un e ,  

C o l orado  R i v e r  

1 984 

1 884 

1 984 

ne ar  DeBeq  ue 73 7 0  1 966- pre s e n t  3 2 , 000 J un e ,  1 984 

C o l o r a d o  R i ver  
be l ow G l enwood 
S pr i n g s  601 3 1966 - pre s e n t  3 1 , 200  J un e ,  1 984 
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So i l s  i n  t he water s h e d  r a n ge f r om f i n e - g ra i ned , s tr o n gl y 
ceme nted  s an dy ,  c l ayey s i l ts i n  t he s i te are a  t o  b a s a l t c ob ­
b l es and  bo u l de r s  i n  a f i ne- gra i ned mat r i x  of c l ay ,  s i l ty 
sand , a n d  grave l at h i g h e r  e l e vat i o n s  ( above  5 400  fe e t ) . 
L arge  bo u l de r s , p r ob ab l y  depo s i ted  by g l ac i al s tre ams or  c o l l u ­
v i a l  proces ses , are pres e n t  i n  some of t he l ar g er epheme ra l  
wa shes  i n  t he v i c i n i ty o f  t he s i te .  Veget at i o n  i s  sp ar s e ,  c o n ­
s i s t i n g  ma i n l y  o f  sageb r u s h  and  g r a s s e s .  

S he e t  wa sh  a n d  r i l l  w a s h  are t he pr i mary ero s i ve  forc es 
c ur re n t l y ac t i ve o n  t he C h e n ey Res ervo i r  s i te .  M i nor  g u l l y i n g 
i s  occ ur r i n g  o n  the sma l l ep heme r al wa she s  t hat f l  a n k  t he 
s i te .  Mod e r ate  to i n te n s e  g u l l y i n g  wa s ob s erved  a l on g I nd i a n 
C r ee k .  Mo s t  o f  t he Cheney Re s ervo i r  s i te i s  c l a s s i f i e d a s  h av ­
i n g o n l y a mod e r ate  potent i al for future  ero s i o n  ( CG S ,  1 98 2 ) . 
A det a i l ed geomor p h i c  des c r i p t i o n  of t he d i s p o s a l  s i te i s  pro­
v i ded i n  Appe n d i x  E ,  So i l s ,  Geo l o g i c ,  a nd Se i sm i c I nforma t i on .  

N o  d a t a  ex i s t  o n  h i  s t o r i  c a  1 f l ood  s for  t he Cheney Re ser­
vo i r  s i t e .  

F . l . l . 3  Two Road  a l ter n ate d i spo s al s i te 

The Two Ro ad s i te i s  l ocated  i n  t he Uppe r Co l or ad o  s u b ­
ba s i n  of t he Co l orado R i v e r  b as i n .  There ar e no maj o r  
s t re ams , l akes , s p r i n gs ,  o r  i r r i g at i o n  d i t c h e s  on  or w i t h i n  
two m i l es of the Two Ro ad s i te .  Se vera l  e p heme r al c reek s o c ­
c u r  i n  t he ar e a .  T h e  s i te 1 i es o n  a d r a i na g e  d i v i de be tween 
two u n n amed ep heme r a l  c reek s .  Thes e c ree ks  jo i n  B i t te r  Creek  
0 . 5  to  one  m i l e  be l ow t he s i te .  McDona l d  Creek  f l ow s  approx­
i mate l y 1 . 5  m i l es e a s t  of  t he s i t e .  We s t  S a l t Wash  and  B ad ger  
Wash  comb i ne  appr ox i mate l y  s i x mi l es so ut he as t  of  t he d i s p o s a l  
a r e a .  Th e Co l o r ad o  R i ve r  f l ows over  10 m i l es sout h of t he 
s i te .  

An ar ea  of o n l y 35 ac r es d r a i n s t owar d  t he s i te . E l e v a -
t i on s  i n  the wat e r s h ed range  from 4 9 4 5  t o  496 5  fe e t  abo ve  me an 
sea l ev e l . 

The s u rface  of t he Two R o ad s i te i s  g en t l y  r o l l i n g ,  a n d  
covere d  by shor t gra s ses and  s h ru bs . Deep l y  i nc i sed g u l l i es  
are  no t pre s e n t  at  t he s i te ,  b ut f l  a n k  i t  appr ox i mate 1 y 1500 
fe e t  to t he e a s t  an d wes t .  Due to t he nar row h i g h l an d  c h ar ac ­
t e r  of t he s i te ,  i t  i s  s u bje c t  t o  e ro s i o n  by g u l l y  sy s tems ad ­
v a nc i n g h e ad wa r d  i n to t he s i te f rom a l l s i de s ;  how e ve r ,  t he 
s u r f ac e  of t he s i t e i s  s u p por ted  by re s i  stant  ped i rre nt g r av el s 
wh i c h cap t he u n der l y i n g  Mancos  S h a l e .  Eros i o n o c c u r s  a l o n g  
s l opes  wh ere t he l es s  r es i s t an t  M an c o s  S h a l e i s  expos ed . A d e ­
t a i l ed geomor p h i c des c r i pt i o n of t he d i spos a l  s i te i s  pr ov i de d  
i n  Append i x  E ,  So i l s ,  Geo l o g i c ,  and  Se i sm i c  I n f ormat i o n .  
D ra i nage  ch ar a c ter i st i cs of t he Two Ro ad s i te are  shown i n  
F i g ur e  F . 1 . 5 .  
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F . 1 .  2 

N o  d a t a  o n  h i s tor i ca l  f l o od s ex i st  for t he Two Ro ad s i te .  

F . l . l . 4  Borrow s i te s  

The  3 2  an d 0 R o ad bor row are a s  ar e l oc ated  o n  pr i v at e  
l an d  a l o n g  the  sout h bank of t he Co l or ad o R i ve r  e a s t  o f  t he 
Gra n d  J unc t i o n  t a i l i n g s  s i te .  The are a  i s  a ppr ox i ma t e l y  80 t o  
1 2 0  feet above t he r i ve r  s ur f ac e .  F o u r  epheme r a l  ch a n ne l s 
d r a i n Centra l  Orc h ar d  Mes a i n  t he bor row s i te a r e a ,  two o n  e i ­
t her s i de of 32 Ro ad . The d i s c us s i o n o n  Co l or ad o R i v e r  f l ows 
i n  Sec t io n  F . l . l . l  i s  app l i ca b l e to t h i s  bo rrow a r e a .  

The Fr u i t a bor row a r e a s  ar e al s o  l ocated  ad j acent  t o  t he 
C o l o rado R i ver , s o ut h of t h e  town of t he F r u i t a ,  Co l or ad o . 
The are a i s  appr ox i ma te l y  1 1  mi l es down s tre am of t he Co l orado  
R i ve r  an d Gunn i  so n R i ve r  conf l  ue nc e .  The s i  te i s  l o cated  on  
pr i v ate l an d  on  t he no rthe a s t  b a n k  of  t he r i ve r . The are a i s  
dr a i ned  by L i t tl e S al t W a s h  t o  t he no r t hwes t an d Adobe  C r ee k  
to t he sout he as t .  There ar e a n umber of i r r i g at i o n  d i tches  
an d can a l s i n  t he ar ea . Max i mum s tr e am f l ow s  from a USGS  
gauge  l oc ated  o n  the  Co l o rado  R i ve r  near F r u i t a are  pr ov i de d  
i n Tab 1 e F .  1 .  2 . 

The  U naweep C anyo n bo rrow area  i s  l o cate d wes t of t he 
Unaweep D i v i de i n  U n aw eep C any o n . Wes t C r eek f l ows towa r d  t he 
Do l ores  R i ve r  i n  the v i c i n i ty o f  t he bo r row s i te .  E a s t  o f  o f  
Unaweep D i v i de ,  E a st C r ee k  f l ows t ow a r d  W h i tewater , C o l orad o ,  
wh ere i t  f l  ows i n to t h e  G u n n i  so n R i ve r .  A n umber o f  sma l l 
c r ee k s  and  epheme r a l  s tre ams d r a i n  t he u p l and  area  adj ace n t  t o  
U naweep C anyon an d feed E a s  t an d We s t  C r ee k s . Bor row s i te ac­
t i v i t i e s  wou l d  be  l oc ated  t o  avo i d  t hes e dra i n a g es and  t o  m i n ­
i m i ze t h e  potent i al f o r  f l o od i n g of t he s i te .  

FLOOD ANAL Y S I  S 

F . l . 2 . l Grand  J u nct i o n  t a i l i ng s  s i te 

A f l ood  an a l ys i s h a s  been perfo rme d t o  as s u re t hat t he re­
me d i a l  act i o n  des i g n  fo r the  u r an i um m i l l  t a i l i n g s  s i te at  
Grand  J unc t i o n ,  Co l o rado , sat i sf ac t or i l y ad d r es s e s  s h or t- term 
an d l o ng-term f l o od pr otec t io n .  S hort-te rm f l ood  pr otec t io n 
s i mp l y  def i n es the exte n t  o f  the  1 00-ye ar and  500-year f l ood s 
an d t he i mp ac t s ,  i f  any , o n  t he s t ab i l i ze d  t a i l i n g s  or  o n  r eme ­
d i a l  ac t i o n  co n s tr u c t i o n  ac t i v i t i e s .  The pr i mary p u r p o s e  o f  
t h i s part  of t h e  an a l ys i s i s  fo r comp l i an c e  w i t h  f l ood pl a i n  
an d wet l an d s  env i ro nme nta l  re v i ew req u i reme nts i n  1 0  CFR  P art  
1022 . To  ac comp l i sh  the  ob ject  i ve  o f  l o ng-te rm f l ood protec ­
t i o n ,  t he s t an da r d  des i g n appro ach of the  DO E i s  to  de term i n e 
the  mag n i tude  an d poten t i al i mp ac t s  res u l t i n g from a Probab l e  
M aximum F l ood ( PM F ) e ve n t . I f  a des i g n i s  not  p r ac t i ca l , t he n  
a l ternat i ve des i g n  e v e n t s  or  s o l ut i o n s  ar e a s s e s s ed . 
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The  u s e  of t he PMF  as  t he des i g n  f l ood event  to ach i eve 
l o ng - te rm co ntro l  of ura n i u m t a i l i n g s  i s  no t c l ear l y d e f i ned . 
The E PA s tandar d s  ( Appe nd i x  A ,  E PA Standar d s )  req u i r e  t h a t  c o n ­
t r o l  o f  t he uran i u m t a i l i n gs mu s t  b e  effec t i ve for 1000 year s 
( t o t he exte n t  re a sonab l y  ac h i evab l e )  an d ,  i n  any c a se ,  f o r  a t  
l e a s t  200 year s . The standa rd s do not  spe c i f i ca l l y  s tate t ha t  
a PM F e ve n t  mu s t  b e  u s ed for des i g n  i n  or der  to ac h i eve t he 
s t ated  c o n t a i nme n t  l i fe . An an a l ys i s  of exc eedenc e pr ob ab i l ­
i t i es for var i o u s  events  wi t h  res p e c t  to the  conta i nme n t  l i fe 
( J unge  and  De zman , 1 983 )  s u g g e s t s  that  des i g n eve n ts w i t h  a 
ve ry l o ng  ret u r n  pe r i o d  ( e . g . , 1 0 , 000 ye ar s )  mu s t  be u s e d  to 
me et a l o ng-te rm co nta i nme n t  obje c t i v e . Howeve r ,  the  l i m i t e d  
s t at i s t i c a l  d a t a  t hat ar e av a i l ab l e c a n no t  b e  extrapo l a t e d  a c ­
cu rate l y to suc h l o n g  return  per i od s .  The general l y  a c c e p t e d  
a l ternat i ve ,  t herefor e ,  i s  t o  u s e  max i mum c red i b l e e v e n t s , 
s u c h  as t he PM F ,  for des i g n  p urposes . S i n c e  a ma x i mum  c red i b l e  
ev e n t  ha  s a ve ry smal l c h an c e  of be i n g  exc eede d ; a t a  i 1 i n g  s 
d i sp o s a l  sys tem des i g ned  to wi t hs tand  thes e even ts wo u l d  h a v e  
a ve ry smal l r i s k  o f  f a i l ur e  an d ,  t h u s ,  wo u l d  me e t  bo t h  t he i n ­
te n t  and  l o ng-te rm co nta i nme n t  obje c t i ve of t he EPA s ta n d a r d s .  

The PM F ana l ys i s ,  for  t h i s  s i  te ,  f i  rst  re q u i r es t he u s e  
of Hydr ome teo r o l o g i ca l  Rep o rt No . 49 ( US DO C ,  1 9 7 7 )  t o  de ter­
mi ne  t he appropr i ate Probab l e  Max i mum P re c i p i tat i o n ( PM P ) t h at  
co u 1 d oc c u r  0 v e r t he  c o n  t r i b  ut i n g d r a i n a g e b a s  i n s .  The  a n a 1 -

ys i s  t hen i nv o l ves  t he c o n s ec ut i ve u s e  of t he U . S .  Army C o r p s  
of E n g i neers  H E C - l  ( C OE , 1 98 1 )  and  HEC-2  ( C O E ,  1 982 ) mod e l s .  
The H E C - l  mod e l  i s  des i g ned  to s i mu l ate t he ru noff re s pon s e  
( i . e . ,  PM F )  of a r i ve r  b a s i n to  pr ec i p i tat i o n ( i . e. ,  PMP ) by 
re pres en t i n g  t he b a s i n  as an i n tercon nected sy s tem of hyd r o l o­
g i c and hyd r a u l i c  comp o nen ts . Then a de te rm i nat i o n  of s tre am 
hyd r a u l i c s ,  res u l t i n g  in  water- s u r f ac e  e l evat io n s  and  ve l oc i ty 
grad i ents  at t h e  t a i l i n g s  s i te ,  i s  de ve l oped for  t he PMF  f l ows 
us i n g t he dyn ami c H E C-2 mod e l . 

The 100-year  and  500-year d i  scharges  wer e  es t i mated  w i t h  
a me t hodo l o gy de ve l oped by McC a i n  an d Jarrett  ( 1 9 7 6 ) . As in 
t he PM F an a l ys i s , water- s u r f ac e  pro f i l es and  ve l oc i t i e s  we r e  
es t i mated  w i t h  t he HEC-2  mod e l . 

1 00-ye ar  and  500-year  f l o o d s  

E s t i ma tes o f  t he 100-year. a n d  SOO-year  f l ood s were pr e­
pared i n  or der to comp l y  wi t h  10 CFR P art  1022  and  to  c omp a r e  
ma jor  h i sto r i c a n d  pred i c tab l e f l ood s wi t h  the  PM F es t i mate . 
Peak d i s c h arges and de pt h s  fo r var i ou s  return  i n te rv a l s were 
appr ox i mated by u s e  of a mu l t i pl e  regres s i o n  an a l ys i s  o f  f l ood 
data from stre am gauges  i n  the  v i c i n i ty o f  t he s t u dy ar ea  
( Mc C a i n  and  Jarret t ,  1 9 7 6 ) . The  me t hod i s  b a s ed o n  co rrel  at­
i n g res u l t s of  Log  Pearson  I I I  ana l ys i s for  90 ga u g i n g  s t a ­
t i ons  i n  t h e  re g i o n .  O f  t he 9 0  gau g i n g s tat i o ns ut i l i ze d , 
on l y  e i g h t  stat i o n s  were fo r ba s i n ar ea s g reater t han 1000 

F - 14 



s q uare mi 1 es . The re s u l  t s  of t he appr ox i mat i o  ns ar e ,  t here­
fore , e xpec ted to o v e res t i mate t he f l o od pe ak s for  l ar g e  water­
shed s .  P re d i  cted  pe ak f l ows and  de p t h s  for se l  ect re c ur r enc e 
i n terva l s for t he C o l orado R i ve r  at Grand  J unc t i o n  ar e p r es ent­
ed i n  Tab l e F . l . 3 . 

A 1 00-year f l ow of 6 1 , 600 cf s and  a 500-year f l ow of 
84 , 200 cf s were u s ed fo r the  Co l or ad o  R i v e r  at the  s i te .  
The s e  f l ows comp ared f avor ab l y  wi t h  t he res u l ts of the  U . S .  
Army Cor p s  of E n g i neer s es t i mate i n  wh i ch t he 100-year and  500-
ye ar f l ood f l ows were es t i mated to be 63 , 000 and 82 , 000 cf s ,  
re spec t i ve l y ( C O E ,  1 976 ) . The Cor p s  of E n g i neers  h av e  a re ­
v i  sed  f l ood s t u dy underw ay o n  the  Co l or ad o R i ver  n e ar Grand  
J un c t i o n ;  however , the  comp l et i o n  date of  t he i r  report  i s  be­
yond t he expec ted comp l et i o n d ate of t h i s E n v i r onme nt al I mp ac t  
S t ateme n t .  Cro s s - sec t i o n  dat a pr ep ar ed f o r  t he i r  s t u dy h ave  
ser ved a s  a bas i s i n  the  HEC-2  mod e l  for  th i  s an a l ys i  s and  t he 
PM F an a l ys i s .  

V al ues of M an n i ngs  r o u g h nes s coeff i c i e n t s  " n "  were v ar i ed 
to acc o u n t  for c o nv eyance  d i ffer enc es and  to i mp os e  c o n s tr i c ­
t i o n s  where top o graphy  al o n e  wou l d  not adeq uat e l y de f i ne  f l ow 
p at h s .  The b as i s of de te rm i nat i o n of n va l ues wa s 0 . 020 to 
0 . 025  for c l e ar c h an ne l s and  0 . 060 to 0 . 1 00 fo r f l ood p l a i n s i n ­
c l u d i n g  mi d -chan ne l  i s l and s .  P u b l i s h ed va l ues for t he 
Co l o rado  R i ve r  n e ar Gran d J un c t i o n ar e 0 . 01 7  to 0 . 04 0  for  t he 
ma i n  c h an ne l , and  0 . 035 to  0 . 07 0  fo r the  f l o od pl  a i n  ( F EMA , 
1 982 ) . Some ar t if i c i al l y h i g h n va l ues wer e  u s ed i n  s ome o f  
the  f l o od p l a i n s  i n  or der to mod e l  de ad s p o t s  d ue t o  co n s tr i c ­
t i o ns .  

As pr e v i o u s l y  s t ate d , h i g hway and r a i l r o ad br i d ges  c r o s s  
the  C o l orado R i ve r  down stream o f  t he s i te .  S i nc e  the  t a i l i n g s  
p i l e  wa s i n  t he 100-year a n d  500-ye ar f l ood pl a i n s even  w i t ho ut 
backwater effe c t s  fr om t he br i d ges  and  s i n c e  t he PMF wou l d  
l i k e l y des tr oy the  br i d ges  before t he pe ak wo u l d  oc c ur ( t he 
br i d ges wo u l d  be overtop pe d  by more t han 20 feet of water ) no 
at temp t was mad e  to mod e l  fo r br i d ge effe c t s . 

As  shown i n  F i g ur e  F . 1 . 6 ,  t he HEC-2  mod e l  i n d i c ates t ha t  
t h e  s i t e i s  wi t h i n  t he 100-year f l o od pl a i n  ( F i g ure  F . 1 . 6  a l s o  
s hows HE C-2  cro s s - sec t i o n  l oc at i o n s ) .  The water  s u r f ac e  at  
the  s i te var i es from 457 2  to 45 76 a l o n g  t he p i l e wi t h  me an ve ­
l o c i t i es  of s i x t o  10  f ps . The  approx i ma te bo u n d ar i e s  of t he 
500-ye ar f l oodp l a i n  are s h own i n  F i g ur e  F . 1 . 7 .  The water s u r ­
f ace  a t  t he s i t e var i e s  from 45 74 to 4 5 7 8  a l o n g  t he p i l e  w i t h  
me an ve l oc i t i es  of s i x t o  1 2  f p s . The expec te d  e l evat i o n of 
scour  r an ges fr om t h r ee to 3 . 5  fee t  be l ow t he pr es en t c h a n ne l  
bo t t om fo r t he 500-ye ar e ve n t .  

PMF hydro l og i c a n a l ys i s .  The PMF es t i mate at Grand  
J un c t i o n i s based  o n  a H E C-l  mod e l  of t he C o l or ad o R i v e r  water­
shed  above R i f l e wh i c h wa s pr ep a r ed a s  p art  of the  de s i g n  
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Tab l e F . 1 . 3  Peak f l ow s and  dept h s  of s el ected rec urrence- i n te r v a l  
f l ood s for  t he C o l orado  R i ve r  a t  G r a n d  J unc t i o n w i t h  
a ba s i n area  o f  8 1 5 0  sq u are  m i l es 

Regres s i on eq u at i o n a 

°
l O  = 59 . 7AO . 7 09 

°
50 = 89 . 1AO . 709 

0
100  = 103AO . 7 1O 

0
500  = 1 3 7AO . 7 1 3  

0 10  = 

050 = 

D lOO 

05 0 0  

= 

= 

1 . 2 5A
O . 261 

1 . 5 4AO . 254 

1 .  64A 0 . 254 

1 .  98A 0 . 239  

Standard  e rr or of a 

es t i mate i n  pe rcent  

47  

50  

53 

65 

25 

34 

36 

44 

aTak e n  fr om McC a i n and J arrett  ( 1976 ) . 
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D i s c h ar ge Dep t h  
( cf s ) ( fe e t )  

35 , 40 0  

5 2 , 830 

61 , 600  

84 , 20 0  

1 3 . 1 

1 5 . 2  

16 . 2  

17 . ° 
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effor t for t he two ex i s t i n g  t a i l i n g s  s i tes at  R i f l e .  The l ar g ­
e r  waters he d  abo ve Gr and  J unc t io n  wa s n o t  mod e l l ed bec a u s e  a 
Probab l e  M a x i mum P re c i p i tat i o n ( PMP ) c o u l d  not  be re ad i l y  es t i ­
mated w i t h  any de g r ee of cert a i n ty .  Hyd r ome teor o l o g i c al 
Repor t  ( HMR ) No . 49 ( US OO C ,  1 9 7 7 )  pre s e n t s  proc ed ures for  PMP  
es t i mates  for t he projec t ar e a ;  howeve r ,  the  pr oce d ur e s  are  
l i m i ted to  ar e a s  of  l es s  t h an 5000  sq uare m i l e s .  Extr a po l at­
i n g  t he PMP to t he s t u dy ar ea of 8 150 sq uar e m i l es cou l d  no t 
be done  any mor e  re l i ab l y  t han extr ap o l at i n g  the  PMF f r om t he 
R i f l e waters h ed . 

A des c r i pt io n  of the  H E C - 1 an a l ys i s f o r  R i f l e i s  f o l l owed 
by a d i s c us s i o n of t he method u s e d  to extr a pol ate the R i f l e 
PMF .  The HEC-1  mod e l  i s  des i g ne d  t o  s i mu l ate the  r u noff  re ­
s p o n s e  of a r i ve r  b a s i n to pr ec i p i tat i o n by repr es en t i n g  t he 
b a s  i n  as an i n te rc o n ne c te d  sy s tem of hyd r o  1 o g i  c and  hyd r a u  1 i c 
comp o n en t s . Fo u r  parame te r s  were es t i mated  t o  mod e l  the  b a ­
s i n :  ( 1 ) t he amo u n t  a n d  temp or a l  d i s tr i b ut io n  o f  the  Probab l e  
M ax i mum  Prec i p i t at io n  ( PMP ) ; ( 2 ) t he l ag t i me  of r u noff  w i t h i n  
the  ba s i n ;  ( 3) comp ut at io n  i n te r v a l  fo r the  hyd rograp h ;  and  
( 4) l os s  rate of  pre c i p i t at io n wi t h i n  t he b as i n .  

The PMP was de term i ned ac cor d i  n g  to proc edures  out  1 i ned  
i n  Hyd r ome teo r o l og i ca l  Repor t  ( HMR ) No . 49 ( US OOC,  1 9 7 7 ) . The  
mo n t h  w i t h  t he h i  g hes t 7 2 - h o u r  prec i p i  tat  i o n  wa s fou n d  to be 
J une  w i t h  1 3 . 4 i nc he s ,  i nd i ca t i n g  t hat t he r a i nf al l wou l d  l i ke ­
l y  occ ur o n  snow or o n  a ve ry wet wate r s h e d .  T h e  P M P  w a s  d i  s ­
tr i b ut e d  temp o r al l y  by arr an g i n g  t hr ee- hour  i nc reme nta l  
amo u n t s  i n  a s eq ue nce  s uc h  t hat  t hey de c re a s e  pr o g res s i v e l y  t o  
e i t he r  s i de of t he g re at e s t  t hr ee- h o u r  i nc r eme n t .  S i nc e  t he 
to ta l  vo l ume of f l ow i s  no t c r i t i c al i n  t h i s  s tu dy ,  o n l y t he 
g r eate s t  24- h o u r  i nc reme n t  of t he 72- ho u r  s t or m  wa s mode l ed . 

L ag t i me s  were comp ut ed by as s u m i n g  bank  f u l l ve l o c i t i es . 
E ach  s ub ba s i n  wa s a s s umed t o  have  t hree co nveyanc e comp o ne n ts : 

o Over l an d f l ow and  u p l and  c h a n n e l  f l ow w i t h  ve l oc i t i e s  
of 3 . 5 feet pe r second  a n d  e i g ht feet  per  sec o n d , re ­
spec t i ve l y ,  fo r s l ope s  of 12 t o  15  perc e n t  ( 00 1 ,  
1 9 7 3 ) . A l l owan c e  wa s a l s o  made for  de te n t i o n  t i me  d ue 
to l akes  an d po nd s .  

o Sec o n dary c h a n ne l s dra i n i n g  ar eas  of 42 to 103 sq uare  
mi l e s  w i t h  v e l oc i t i e s  of  10  t o  12 fe e t  per  s econd . 

o P r i mary c h a n ne l s w i t h  ve l o c i t i es vary i n g  f rom 12 to 14 
fe e t  p e r  s ec o nd .  

L ag t i mes for  e a c h  s ub ba s i n  ar e s hown i n  T ab l e F . 1.4 . 

The s h o r te s t  l ag t i me i s  3 . 8  hours , wh i c h cor r espond s t o  
a t i me o f  co nc e n tr a t i o n  o f  6 . 3 h o u r s . A s e l ec t io n  o f  a c omp u -
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Tab l e F . 1 . 4  L ag t i me es t i ma t i o n  for s u b ba s i n s of t he Co l or ado R i ve r  above  R i f l e 

T i me Seco ndart c h an n e l  
over l and  L v t 

W ater s h e d  f l ow ( hr s )  ( m i  ) ( f p s )  ( h r s ) 

Co l or ado R i ve r  
above K remml i n g 1 . 6  25  10  3 . 7 

B l  ue R i ve r  2 . 1  15 12 1 . 8  

C o l orado R i ve r  
be tween Kremml i ng 
and Dotsero 0 . 9  24 16 2 . 2  

E ag l e R i ve r  0 . 6  29 12 3 . 5  

Roar i n g  F or k  0 . 7  23 1 1  3 . 1 
" 
I � Col orado R i ver  

ne ar R i f l  e 0 . 5  25 1 1  3 . 3 

Vel o c i t i es were es t i mate d  u s i n g  M an n i n g s  eq uat i o n :  \ = O .  6*Tc 

L = Len g t h  

v = ve l o c i ty 

t = f l ow t i me  

T = t i me o f  concentrat i o n  c 

\ = L ag t i me 

M a i n c ha n n e l  
L v t 

( m i  ) ( fp s ) ( hr s )  

30  12  3 . 7  

45 14 4 . 7  

3 5  1 1  4 . 7  

29 12 3 . 5  

40 14 4 . 2  

22  13  2 . 5  

To ta 1 
T 

( h�s )  
T 

( h�s )  

9 . 0  5 . 4  

8 . 6  5 . 1 

7 . 8  4 . 7  

7 . 6 4 . 5 

8 . 0  4 . 8  

6 . 3 3 . 8  



t at i o n  i n terva l , II Til , of one  hour  me e ts the c r i ter i a  t hat  i t  
be l es s  t han  0 . 25 x TP EAK ( CO E ,  1 98 1 ) , 

where 

1 . 7  X TP EAK = T + TC 

So i l s  i n  t he R i f l e water shed , a s  wi t h  t ho se i n  t he Gr a nd 
J unct i o n  wate r s h ed , are c l a s s i f i e d by t he So i l  C o n s ervat i o n  
Ser v i ces ( SC S ) a s  hyd r o l o g i c group  B i n terspersed wi t h  s ome C 
so i l s  and  traces of A and  0 s o i  l s  ( US DA ,  1 97 8 ;  1 982 ; 1 983 ) . B 
a n d  C so i l s have moderate  to s l ow i nf i l tr at i o n rates  ( 0 .08 to 
0 . 30 i nc h / h o u r ) whe n  t horoug h l y  wet te d . 

A l t ho u g h  ac t u al major f l ood s ar e the  re s u l t of r a i n  o n  
to p o f  t h e  s now  p ac k ,  t h e  vo l ume o f  r u noff res u l t i n g  from s now 
me l t  i s  sma l l i n  comp ar i so n to  the  vo l ume of r u no ff re s u l t i n g  
from the i n te n s e  r a i nf al l .  How e ve r ,  the  pr es enc e  of t he s now 
p ack c re ates s eve re hyd r o l o g i c so i l  co nd i t i o ns . There fore , 
r u n o ff res u l t i n g from s now me l t wa s not  es t i mated  i n  t he ana l ­
ys i s  be c a u s e  the  mag n i t u de of t he PMP wou l d  mak e s now me l t  a 
mi nor comp onent  of t he f l ood . To a c co u n t  for  t he s evere hyd r o­
l o g i ca l  cond i t io ns c reated by t he pr es e n c e  of s now , n o  i n i t i al 
l o s s  of prec i p i t at i on wa s a s s ume d ,  an d a un i form l o s s  r ate  
based o n  sat u r ated  II B _ ( l' s o i l s  of  0 . 20- i nc h  pe r ho u r  wa s 
se l ected ( 00 1 ,  1 97 3 ) . T h i s va l ue wa s al s o  s e l ected by t he 
U . S .  Army C o r p s  of E n g i neers  f o r  t he " C "  so i l s i n  t he l ower ba­
s i  n ( CO E ,  1976 ) . 

F l ows were routed  t hr o u g h  pr i mary chan ne l  re aches  by us e 
of t he Mod i f i ed P u l s me t hod  av a i l ab l e i n  the HEC-1  mod e l . 
Rea c h  c h ar a c te r i s t i cs were de term i ned  by f i el d  i n spec t i o n  and  
from to po grap h i c  map s .  

McCa i n  and J arrett  ( 1976)  fo und  t hat  d i scharge  var i e d  
w i t h  area  r a i sed t o  a power r an g i n g f rom 0 . 709 t o  0 . 7 13 de pe nd ­
i n g o n  t he ret u r n  i n terva l . The 1 984 f l ood  d i  s c h a rg es i n  t he 
C o l o rado  R i ve r  v a r i ed wi t h  ar ea ra i sed to a power of 0 . 68 .  
The refor e ,  a p ower  o f  0 . 70 wa s u sed  for  t he extra po l at i o n  es t i ­
mates at Grand  J unc t io n .  Two PM F d i s c h arges  wer e  es t i mated . 
The f i r s t  i s  for  a PMF o n  t he Co l or ado R i ve r  o n l y  and  t he s ec ­
o n d  i s  for  a PMF o n  t he G u n n i son  R i ve r  and  Co l or ado R i ve r  c om­
b i ned . The d i s c h arges  ar e s h own i n  Tab l e F . 1 . 5 .  

C r i ppe n an d B ue ( 197 7 )  prepared curves  wh i ch e n v e l op max­
i mum me asured  f l ood f l ows for  reg i o ns i n  t he conterm i no u s  
U n i ted  S t ates . Gra n d  J unc t i on i s  i n  Re g i o n  1 4  ne ar t he d i v i ­
s i on  wi t h  Re g i o n  1 3 .  The ma x i mum f l ood pe ak i n  t he C o l o rado 
R i ve r  n e ar Grand J un c t io n i s  g i ve n  as 1 3 0 , 000 cf s for  Re g i o n 
14 and 380 , 000 cf s for  Reg i o n 13 . 
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Tab l e F . 1 . 5  P robab l e  Ma x i mum F l ood d i scharges  i n  t h e  Co l or ad o 
R i ve r  near  G r a n d  J unc t i o n , C o l orado 

B as i n are a 
L oc a t  i o  n ( s q uare mi l es )  

R i f l  e 

Gra nd J un c t i o n  abo ve 
G u n n i  so n R i ve r  

Gra nd J un c t i o n  be l ow 
G u n n i so n R i ve r  

aNotes : Q = 79 5 , 200 x (� \ 0.70 

69 5 0) 

695 0 

8150  

1 7 , 1 00 

D i s c h a r ge s a 

( cf s )  

79 5 , 20 0  

889 , 000  

1 , 49 3 , 5 0 0  

F l ow i n  the Co l orado  R i ve r  abo ve  t he c o nf l ue nce  i s  a s s urred t o  be p r o p or t i o nal 
w i t h  the  1 984 f l ood ; t he r e for e ,  t he f l ow i n  the  G u n n i son R i ver  i s  630 , 3 0 0  cf s 
and  t he f l ow i n  t he Co l o rado  R i ve r  abo ve t he co nf l ue n c e  i s  863 , 200  cf s .  
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The  es t i mated  PMF at Gra n d  J unct i o n o f  889 , 000 cf s i s  ap­
prox i mate l y  2 . 5  to  s even t i me s  t he max i mum expected d i scharge  
es t i mated by C r i ppe n and Bue , 1 1  t i mes  t he es t i mated 500-ye ar 
pe ak , and 12 t i me s  t he max i mum  recorded f l ow .  

PMF hydrau l i c a n a l y s i s . Hydrau l i c  ch aracter i s t i cs of 
the  ri ver  at  f l ood stage  ar e i mp or t an t  des i g n cons i derat io ns 
for s t ab i l i zat i o n of t he t a i l i n gs . Water s ur f ace pro f i l es 
we re es t i mated  wi t h  t he HEC-2  mod e l  to obt a i n f l ow de pt hs  and 
ve l oc i t i es d ur i n g f l ood s t ag e .  Thes e va l ues wer e  t hen u s ed to 
es t i mate  scour  de p t h s  and r i pr ap  req u i reme n t s . An  emp i r i ca l  
form u l a s u i t ab l e  for t he C o l orado R i ver  wa s ut i l i zed  t o  c a l c u ­
l ate t he scour  de pt h ( P emberton and L ar a ,  1 984 ) : 

where 

z 

= dep t h  of scour  be l ow EL M I N  ( fr om HEC-2 ) i n  
f eet 

= dept h for zer o  bed sed i me n t  tran s p ort i n  
f eet  

= 0 . 6 ,  coeff i c i e n t  de ve l ope d by t he U . S .  
B ureau  o f  Rec l amat i o n  for u s e  o n  moderat e  
r i ver be n d s  

2/3 

1/3  F bo 

= des i g n d i s ch ar ge pe r u n i t w i d t h  i n  f t3/s  
pe r foot . 

F = B l ench ' s  IIze ro bed f ac t o r "  i n  f t/ s 2 
bo 

V al ues of M an n i ngs  rou g h n e s s  coeff i c i ents , " n " , were var­
i e d to  ac count  for c o n veyan c e  d i fferences and  to  i mp o s e  c o n ­
s tr i ct i o n s where topography al o ne wo u l d  n o t  ad eq uate l y  de f i n e 
f l ow p at h s .  Va l ues  ( n )  o f  0 . 020 t o  0 . 025  for c l ear c h a n nel s 
a n d  0 . 06 0  to 0 . 100  for f l ood pl a i n s  i nc l u d i n g  mi d - chan nel  i s-
1 and s were u s ed . Pub  1 i shed  va l  ues for t he Co l orado R i v e r  n e ar 
Grand J unc t i o n  ar e 0 . 01 7  to  0 . 040 for the  ma i n  ch a n n e l , and  
0 . 03 5  t o  0 . 070  for t he f l ood p l a i n  ( F EMA , 1 982 ) . 

The C o l o rado R i ver ban k s were extended beyo nd t h e  nor mal 
bank  l ocat i o n s  to ac c o u n t  for a dr amat i ca l l y  d i f fere n t  r i ver  
reg i  me d ur i n g  PMF  co n d i  t i o n s . I t  was  as su me d  that  normal 
f l ood pl  a i n s  wou l d  be covered at great de pt h ,  and t hat  ve g e ta­
t i o n ,  bu i l d i n g s , and  other topo grap h i c fe at u r es wou l d  be s u b ­
me r ged or remove d ,  great l y  reduc i n g n v a l ues . A s  a ru l e ,  a n  n 
v a l  ue of 0 . 025  wa s u s ed where de p t h s  wer e  gr eat er than  f i ve 
fe et and 0 . 060  where l es s  than  f i ve  fe e t ,  a l  tho u g h  some 
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v a r i anc e  from t h i s ru l e  occ urred i n  or der  to ach i e ve re ason­
ab l e  co nvey anc e val ues  for  d i f fe r i n g  topograp h i c  cond i t i o n s  
al o n g  t he pr of i l e . Val ues  o f  n i n  the  w i dened  c h an ne l  var i e d 
f r om 0 . 022 to 0 . 03 0 ,  wh i l e s ome ar t i f i c i al l y h i g h n va l ues  
we re u s ed i n  s ome of t he f l ood p l a i n s to  mod e l  de ad spots  d ue 
to con  s t r i c  t i o n s • 

A PMF oc cu rr i n g  i n  o n l y  t he C o l orad o R i ver  abo ve t he s i t e 
wa s fou nd to be s l i g ht l y more c r i t i ca l  t han a PMF o c c ur r i n g  i n  
the  G un n i  son R i ver  and  C o l or ado R i ver s i mu l t an eo u s l y . At t he 
t a i l i n g s  p i l e  t he ve l o c i ty fo r a PMF of o n l y  t he Co l orad o  
R i ve r  wa s s l i g h t l y  greater t han for  t he comb i ned  PMF ( 19 . 2 to  
18 . 4  f p s ) ; howeve r ,  t he water surface  e l  e vat i o n  was s l  i g h t l y  
l ower ( 45 95 . 6  t o  45 9 5 . 8  f e e t ) . Ups tre am and  down s tre am o f  t he 
p i l e  the s i t u at i o n  wa s re ve r s ed . Therefor e ,  t he rock  ero s i o n  
protec t i o n  and scour  an a l ys i s wa s pe rforme d us i n g t he h i g her  
ve l oc i t i es enc o un tered  d ur i n g a PMF  of  o n l y  t he Co l or ad o  
R i ve r .  For t h i s f i rs t co nd i t i o n ,  a f l oodway of 4000 t o  8000 
feet w i de as s h own i n  F i g u r e  F . 1 . 8  wou l d  be req u i red t o  convey 
the  PMF .  Many res i de n t i al an d i n d us tr i al s tr u c t u r es wo u l d  be 
i n un dated , and al l s i des  of t he s i te wou l d  be exp o s ed to c h a n ­
n e l  f l ow .  The pe ak water s ur f ace  e l e vat i on w a s  es t i mated  t o  
v ary from 4589 to 4600 al o n g  t he p i l e  an d mean c h an ne l  ve l oc ­
i t i e s  were es t i mated t o  b e  approx i mate l y  12  to  1 9  f p s . 

F l oodway co n s tr i c t io n s at t he s i te c a u s e  u n s tabl e f l ow 
co nd i t i o ns i n  the  fo rm of near c r i t i ca l  f l ow t o  oc c ur . The 
r i ver  w i  1 1  at temp t t o  mod erate t he steep energy grade s l o pe 
the  mod e l  s hows oc c ur r i n g  and s t ab i l i ze t h e  f l ow by scour i n g 
a l l uv i um .  A dept h of ze ro s ed i ment tra n s p o rt of 12 . 4  fe e t  be­
l ow the c h an ne l  bo t tom was  de te rm i ned us i n g t he pr e v i o u s l y  de­
s c r i bed  eq uat i o n .  The expected e l evat i o n  i s  t here fore 4544 . 4  
at s t at i o n  387 . 42 ,  4547 . 7  at s t at i o n  387 . 86 ,  an d 4548 . 7 at s t a­
t i on 387 . 96 .  A cros s - sec t io n  at stat i o n 387 . 86 pr es ented i n  
F i g u r e  F . 1 . 9  shows ma x i mum  water s urface  an d scour  e l evat i o ns 
for  t he PMF e ve n t .  

Che ney Reservo i r  a l tern ate d i spo s al s i te 

The re are no majo r  s tre ams or r i vers  w i t h i n  2 . 4  m i l es of 
t he Cheney Res ervo i r  s i te .  The s i te i s  at l e ast  f i ve mi l es 
fr om the  f l o od pl a i n  of the  G u n n i son  R i ver . Kan nah  Cre e k  and  
I nd i an Cr eek f l ow at  an  e l evat i o n  approx i mat e l y 200 fe e t  b e l ow 
the  s i te .  The G u n n i son R i ver  f l ows approx i mate l y 500 fe e t  be­
l ow t he s i te at  i ts c l o s e s t  p o i n t .  

N o  dat a o n  h i s tor i c al f l o od s ex i st for t he Cheney Res er­
vo i r  s i t e  and beca u s e  of t he d i s tanc e  from an d d i ffe renc es i n  
e l evat i o n  between any major f l ows an d the  s i te ,  t he s i te i s  
no t s u bject  to r i ver  f l o od i n g .  

The effe cts  of a PMP over  t he p i l e and t he c o n tr i b ut i n g  
dr a i n ag e  are a s  ar e an a l yze d  i n  or der to des i g n ero s i o n pro tec ­
t i o n req u i  reme n ts . Pre 1 i mi n a ry ca l  c u l  at i o n s  for  the  C h e n ey 
Res ervo i r  s i t e us i n g very c o n s ervat i v e  as s u mp t io n s ,  i n d i cate 
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t h at the  f l ow res u l t i n g  from t he occurren c e  of a PMP ( 8 . 5  
i nches  i n  one  hour ) over the  Cheney Reservo i r  water s hed wo u l d  
be i n  exces s of 2000 cf s .  Det a i l s  ar e prov i de d  i n  Appe nd i x B ,  
E n g i neer i n g  D es i g n s . 

F . l . 2 . 3  Two Road  a l ternate d i s p o s a l  s i te 

There are no majo r stre ams or r i vers  i n  the  v i c i n i ty o f  
the  Two R o a d  s i te .  T h e  s i te i s  a t  l e ast  1 0  m i l es from t he 
f l ood p l a i n  of t he C o l orado R i ve r ,  and  over 500 feet h i g her  i n  
e l e v at io n .  The ep heme r al stre ams i n  the  s i te ar e a ,  i nc l u d i n g  
B i t ter Creek a n d  McDo n a l d Creek , h ave  smal l watersheds  a n d  do 
no t pre s e n t  a f l o od h a zard  to t he s i te .  

As w i t h  t he Cheney Res er vo i r  de s i g n ,  t h e  effe c t s  of t he 
oc cu r rence  of a PMP wer e  ana l yzed t o  de term i ne ero s i  o n  pr o tec ­
t i on req u i reme n ts . Prel i mi n ary ca l c u l at i o n s  i nd i c ate t ha t  a 
f l ow i n  exc es s of 3 50 cf s wou l d  res u l t from t he oc c u r r en c e  of 
a PMP over t he Two Ro ad s i t e  watersh e d . Det a i l s  are pr ov i d e d  
i n  Appe nd i x  B ,  E ng i neer i n g Des i g ns . 

F . l . 2 . 4  Borrow s i te s  

Bot h t he Fru i t a and 3 2  an d c t  Ro ad bo rrow are a s  may be 
affe cted  by f l o od i n g of t he Co l or ado R i ve r ;  how e ve r ,  a s ep­
arate f l ood an a l ys i s  of t hes e s i te s  wou l d  no t be perfo rme d .  
S i nce  t he s i tes ar e o n  pr i v ate l y  owned l an d  a n d  ar e e i ther  ac­
t i ve or have  been  rec en tl y act i ve ,  i t  i s  expected  t hat  t he o p ­
erator of t he s i te wou l d  t ak e  t he appr opr i ate  me a sures  t o  
contro l  f l o od i n g and  mi n i m i ze i rrp acts  to t he i r  own s t r u c t u r es 
a n d  eq u i pme n t .  

D ue t o  t he h i g h  cany o n  wal l s  sep ar at i n g t he s i te from 
Wes t Cre e k  a n d  t he rel  at i ve l y  smal l watershed  abo ve  t he bo rrow 
ar e a ,  f l ood f l ows ar e no t expected  to i rrp ac t  t he bo rrow s i  te 
i n  U n aweep C anyo n .  

F . l . 3 SUR FACE -WATER Q UAL I TY 

F . l . 3 . 1  Grand  J unct i o n t a i l i ngs  s i te 

I n  g e nera l , t he q ual i ty of water i n  t he Co l or ad o  R i ve r  de­
pend s o n  t he f l ow ,  a n d  t he f l ow i s  de term i ned  by t h e  source  of  
water . D ur i n g  l ow-f l ow pe r i o d s ,  when surface  r u no ff i s  l ow 
an d t he r i v e r  f l ow i s  bas i c a l l y  d i scharged gro u n d  water , t he 
co ncentrat i o n of me tal s and  i no rgan i cs l e ached  from t he s o i l  
i s  h i g h . D ur i n g  h i g h- f l ow pe r i o d s ,  when t he r i ver  f l ow i s  
ma i n l y  s ur f ac e  ru noff , t he c o nc en trat i o n o f  me t al s a n d  i norgan ­
i cs i s  l ow and  t he co nc e n tr at i o n o f  or g an i cs a n d  s us pe nd e d  s o l ­
i d s  i s  h i g h  ( DO E ,  1 98 3 ) . 

The res u l t s of me a s ureme nts  made at Came o ,  a ppr ox i matel y 
1 5  m i  1 es up stre am from t he s i  te , s ho w  t hat t he me an c o nc en tr a-
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t i o ns of al l co ns t i t ue nts  except rre rc ury ar e w i t h i n  the  
Co l orado d r i nk i n g -water s t a n d ar d s ;  howeve r ,  t he m a x i mum conc e n ­
tr at i o n s  of many c o n s t i t ue n ts ( e . g . , cadm i um a n d  c h l or i d e ) e x ­
ceed the standard s .  A comp ar i son  of the C arre o  d a t a  w i t h  d a t a  
c o l l ec te d  at Fr u i t a ,  a p prox i mate l y  15  mi l es downs tre am from 
the s i te ,  doe s  no t i nd i c ate any effec ts of the  ex i st i n g p i l e  
o n  t he q ual i ty of r i ve r  water . 

I t  i s  d i ff i  c u l t to  draw any co nc l us i o ns rega r d i  n g  t he 
c h a n ge i n  wat e r  q ua l i ty al o n g  t he Co l orado R i ve r ;  h ow e ve r ,  c er­
ta i n  observat i o ns are pos s i b l e .  For ex amp l e ,  m i x i n g of the 
G u n n i so n R i ve r ,  wh i ch h a s  a f l ow a pprox i matel y eq u i v a l e n t  t o  
that  o f  t h e  C o l orado R i ve r ,  res u l t s  i n  de c re ases i n  ch l or i d e 
a n d  mo l yb d e n um concen trat i o n s  i n  the Co l or ado R i ve r  and  i n ­
creases i n  the co ncen tr at i o n s  of se l e n i um ,  f l uor i de ,  s u l f ate , 
and  tota l  d i s so l ved  so l i d s .  The concen tr at i o n  of tota l  i ron 
appears  to i nc rease  s i g n i f i ca n t l y  al o n g  t he C o l orado R i v e r  i n ­
de pe n d e n t  of the  m i x i n g  w i t h  G u n n i son  R i ve r  water . 

Add i t i o na l  d i s c us s i ons  o n  water  q ua l i ty ar e pr ov i d e d  i n  
Sec t i o n F . 2 , Ground  W ater . 

Che ney Reservo i r  a l ternate  d i spo s a l  s i te 

N o  surf ace-water q ua l i ty dat a  ex i s t for t he ep heme ra l  
stre ams i n  the  v i c i n i ty of  the  Cheney Res er vo i r  s i te .  L i m i t e d  
dat a ex i st for K an na h  Cre e k  and  t he G u n n i son R i ve r  down ­
grad i e n t  of the  s i  te ; however ,  t he se d a t a  i nd i  cate  that  t he 
q ua l i ty of these  bod i es i s  i nf l ue n c ed mor e  by grou n d -water 
recharge  than t he f l ow t hat e n ters  from t he smal l c reeks  and  
ep heme ra l  str eams i n  t he Cheney Res e r vo i r  d i sp osa l  s i te  are a .  
A det a i l ed d i s c us s i on o f  t h e  q ua l i ty of t he grou n d  water i n  
the  Cheney Res ervo i r  s i te are a  i s  i nc l uded  i n  Sec t i o n  F . 2 ,  
Ground  W ater . 

Two R o a d  a l tern ate d i spo s a l  s i te 

N o  water- q ua l i ty mo n i tor i n g gaug i n g  s t at i o n s  ex i st o n  any 
of the creek s or ephemera l  s tre ams i n  t he Two Ro ad a l  tern ate 
d i  s po s a l  s i te are a .  Data t ak e n  o n  We s t  Sal  t Creek  e a st of t he 
s i te i nd i c ate t hat t he major c h em i c a l  cons t i tue n ts of t he wa­
ter are sod i um ,  magnes i um ,  ca l c i u m ,  and s u l f ate . D ur i n g f l ow 
events  TDS  v a l ues were  h i g h ,  r an g i n g from s everal  h u ndred mg / l  
to over 1 0 , 000 mg / l . I t  i s  expec ted  that  t he water qua l  i ty 
d ur i ng f l ow eve n ts wou l d  be s i m i l ar i n  the  dra i nages adj ac e n t  
t o  the s i te ( UR S , 1 983 ) . 
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F . l . 3 . 4  Borrow s i te s  

The d i s c us s i on o n  water q ua l i ty o f  t h e  Co l or ad o R i v e r  
( Sect io n F . 1 . 3 . 1 ) i s  a l s o  appl i c a b l e to  t he F ru i t a and  32 an d 
ct  R o ad bo r r ow are as . No wate r - q ua l  i ty d a t a  ex i st for  t he 
stre ams and  c reeks  i n  t he v i c i n i ty of the  U naweep Cany o n  bo r­
row are a .  
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F . 2 . 1 

F . 2 GROUND  WAT ER 

I NTRODUC T IO N  

EPA s tandar d s  ( 40 CFR P art  1 9 2 )  req u i r e  s i  te ch aracter i zat i o n  of 
the  hyd r o geo l o g i c  reg i me  at and ar ou n d  each UMTRA Projec t s i te .  These 
re g u l at i o n s s tate t hat  " j udgeme nts o n  t he pos s i b l e  need for  reme d i a l  or 
prote ct i ve ac t io ns for ground  water aq u i fers shou l d  be g u i d e d  by re l ­
evant  cons i derat i o n s de s c r i bed i n  EPA ' s  hazardo u s  wa ste man ag eme nt  sys ­
tem ( 47 CFR 32274 ) . "  

On  Se ptembe r 3 , 1 985 , t he U n i te d  St ates Te nth  C i rc u i t  Court  of 
Appeal s s et as i de E PA ' s  water pr o tec t io n  standard s ,  40 CFR P ar t  1 9 2 . 20 
( a ) (  2 ) - ( 3 ) , and E PA h a s  no t yet re i s sued  thes e standar d s . W he n E PA 
i s sues  rev i s i o n s t o  t he water pr otec t io n  standa r d s ,  DO E w i l l  re - e va l u ate 
the gro u n d -water i s sues  at t he s i te to as sure t ha t  t he revi  sed standar d s  
are  me t .  Perfor m i n g  reme d i a l  ac t io ns to  stab i l i ze t he t a i l i n g s  pr i or t o  
E P A  i s s u i n g new s tan dards  wi l l  no t af fec t t h e  me asur es t h a t  ar e u l t i ­
mate l y  req u i red t o  me e t  t he re v i s ed water pr o tec t i o n  EPA  s tandard s .  

O n  t h i  s b a s i  s ,  i t  h a s  been  de term i n ed t ha t  four te e n  pr i mary i tems 
m u s t  be ad d re s se d  dur i ng a grou n d -water ch a ra c te r i  zat  i o n  at an UMTRA 
P ro j e c t  s i te ( Br i n kman et  a l . ,  1 985 ) . Thes e fo u r teen i tems are : 

o App l i c a b l e water- q ua l i ty standar d s .  

o C h aracter i zat i o n  of the  pote nt i al l y af fec te d  hyd r o geo l og i c 
env  i ro nme n t .  

o Prox i mi ty o f  t he s i te t o  surf ac e  water . 

o Phys i ca l  an d chem i ca l  c h ar a c ter i z at i o n  of wa ste i n  terms o f  c o n ­
tami n an t  m i g rat i o n i n  gro u n d  water an d hyd r au l i c al l y  c o n ne c te d  
surf  ace water . 

o Effec t of c l i mate o n  t he moveme n t  o f  c o ntami n a n t s . 

o Imp ac t  of co n t ami n a n t  so urc es other t h an t ho se at tr i b ut ab l e from 
the  U MTRA Proj e c t  s i te .  

o Prox i mi ty ,  w i t hd rawa l rates , uses , and  sourc es of p r es en t l y  u s ed 
water . 

o Pres e n t  va l ue of af fe c te d  water res o u rc e .  

o Av a i l ab i l i ty of a l ternate  water s u p p l i es .  

o Pote n t i  al and  expec ted u s e  of af fec te d reso urc e .  

o F ut ure  v a l ue o f  af fe cted  water res o urc e .  

o Pote n t i al  hea l t h  r i s k s  t o  h uma n s  and  po te n t i al damag e t o  w i l d ­
l i fe ,  crop s ,  and  vegetat i o n c a u s ed by exposure  to c o n t am i n an ts 
i n  grou nd or s ur f ac e  water . 
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o Per s i stence  and  permanenc e of ad verse  effects . 

o Aq u i fe r  res tor at i o n  or protec t i o n .  

F o l l ow i n g  i s  a d i s c us s i o n of t hes e fourteen  i tems , for  t he proces s­
i n g  s i te and al ternate  d i sp o s a l  s i te s . 

F . 2 . 2  APPL I CABL E WATER-QUAL I TY S TANDA R DS 

The Grand  J unc t io n  uran i um m i l l  t a i l i n g s  are l o ca t e d  i n  Co l orad o . 
The re are two sets  o f  wat er- q ua l i ty standar d s  appl i cab l e to  c haracte r i z a ­
t i o n  o f  af fe cted  or pote n t i  al l y  af fec te d  g ro u n d -water sy s tems : Federal  
and  State of Co l or ado . Fe dera l  and  State of Col o rado d r i n k i n g  water 
s t an d a r d s  ar e s h own i n  Tab l e F . 2 . 1 .  The  State of C o l orado h as no g rou n d ­
water q u al i ty standards  i n  p l ace  at t h i s t i me ,  but ha s proposed  s t a n ­
d a r d s  f o r  gro u n d  water . Co l o rado  surface-water and  proposed  grou n d ­
water q ua l i ty st an d a r d s  are  b a s ed o n  a c l a ss i f i c at i o n sy s tem wh i c h  es ta­
b l i shes  u se  catego r i es .  Bot h s t an d a r d s  i nc l ude  an an t i de g rad at i o n  s t a n ­
d a r d  wh i ch protec t s  ex i st i n g  u s e  c l a ss i f i ca t i o n s o f  waters , t hereby pro­
tect i ng bo t h  ex i s t i n g  and potent i al u s es of water . 

Appl i ca b l e s urfac e-water qua l i ty 
Co l orado  are shown i n  Tab l e F . 2 . 2 . I n  
t h e  Co l or ado  R i ve r  B a s i n are s ubject  to 
be s umma r i zed a s : 

s tand a r d s  for t he State o f  
ad d i t io n ,  a l l s urface  waters  of 
a po l i cy for u r an i um .  Th i s  can  

o Uran i um l evel s i n  s urface  waters  s h al l be ma i n t a i ned  at the l ow­
es t pr act i cab l e l e vel . 

o I n  waters  a s s i g n e d  a water s u p p l y c l a s s i f i cat i o n , u r an i um c o nc e n ­
trat i o n  s h a l l not  exc eed 40 pC i / l . T h e  C o l orado R i ve r  from i mme ­
d i atel y be l ow t he co nf l ue n c e  w i t h  P ar ac h u t e  Creek t o  i mme d i ate l y  
above  t h e  c o nf l ue n c e  of t he G u n ni son R i ve r  i s  a s s i g ne d  a water 
s u p p l y c l a s s i f i cat i o n  ( CDH , 1 98 3 ) . 
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Tab l e F . 2 . 1  State o f  Co l or ado  an d E PA N at i o n a l  Dr i n k i n g  
W at e r  Standards  ( 40 CFR 1 4 1 , 1 4 3 )  

P arameter  
E PA Dr i n k i ng water standardsa 

P r i mary Seco ndary 

Ars e n i c 
B ar i um 
C adm i  um  
C hr omi um 
Coppe r  
F l uor i de 
L e ad 
Merc ury 
N i t r ate 
Se l e n i um  
S i l ver  
Z i n c  
C h l or i de 
I ro n  
M a n g a ne s e  
p H  ( s t an d a r d  u n i t )  
S u l f ate 
TDS 
R a d i um  2 2 6- 228 

comb i ne d  ( i n 
p i coc ur i es 

0 . 05 
1 . 0 
0 . 01  
0 . 05  

c 1 . 4- 2 . 4  
0 . 05  
0 . 002 

10 . 0  
0 . 01 
0 . 05 

pe r l i ter ) d 5 . 0  
G r o s s  a l p h a  

( i n p i c oc ur i es 
pe r l i ter ) 15 . 0  

1 . 0  

5 . 0 
250 . 0  

0 . 3  
0 . 0 5  
6 . 5 - 8 . 5  

250 . 0  
500. 0 

�A l l v a l ue s i n  mg / l  u n l es s o t he rw i s e  note d . 
Ref . CDH , 1 98 1 .  �S t a n d a r d  v ar i e s  depend i n g  o n  wa ter temp e ratur e .  
Does  not  i nc l u de ur an i u m o r  rado n .  
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Co l or ado b 
pr i mary 

dr i n k i n g  water s tanda r d sa 

0 . 0 5 
1 . 0 
0 . 0 1 0  
0 . 0 5 

c 1 . 4-2 . 4  
0 . 0 5  
0 . 002 

1 0 . 0 
0 . 0 1 
0 . 0 5  



Tab l e F . 2 . 2  State of Co l or ad o  s urfgc e-water s t andar d s  for  water- q ua l  i ty 
p ar ame te rs of i n te re s t  

Con s t i t ue n t  

A l umi n um ,  
s o l u b l e 

Ammo n i a 
Ars e n i  c 
Cadmi  u m  
C h l or i de 
Copper  
I ro n 

so 1 ub 1 e 
to ta  1 

L ead 
M an g a n e s e  

so l ub l e 
to t a  1 

Merc ury 
Sel e n i u m  
S u l f ate 
Z i nc 
p H ( standard  

( Perm i ss i b l e c o ncentrat i o n mg/ l i te r )  

C o l o rado R i ve r  
be twee n P arac h ute 

Cre ek and  
Gun n i son  R i ve r  

O . lc 

0 . 06 
0 . 05 
0 . 00 1 7  

2 5 0  
0 . 018  

0 . 3 
1 . 0 
0 . 025  

0 . 0 5  
1 . 0 
0 . 00005 
0 . 02 

2 50 
0 . 07 

u n i t )  6 . 5 - 9 . 0  

Co l or ado R i ver  
be tween G u n n i son  

R i ve r  and C o l or ad o ­
U t a h  s tate l i n e  

O . lc 

0 . 06 
0 . 0 5  
0 . 001  

0 . 0 1 2  

1 . 5 
0 . 025  

1 . 0  
0 . 00005 
0 . 02 

0 . 085 
6 . 5- 9 . 0  

Tr i b ut ar i e s  
be twee n P a r a c h u t e  

Cre e k  a n d  Co l or a�o ­
U t a h  s tate l i n e 

- -d 0 . 1  d 0 . 01  

0 . 2 d 

0 . 2d 

0�02
d 

--d 2 . 0  
6 . 5 - 9 . 0  

a N o  n ume r i c a l  s tandards  have  been es t ab l  i s he d by t he State o f  Co l orado  f o r  c a l ­
c i um ,  carbo nate , mo l ybden um,  sod i um ,  and  vanad i um .  A da sh  i n d i cates  t ha t  t he 
perm i ss i b l e  co nc e n trat i o n  i s  t o  be e s t ab l i shed  o n  a c a se - by - ca se ba s i s ,  by t he 
Co l orado  Dep artme n t  o f  Hea l t h .  

b E xc ep t  W al l a c e ,  R o an , P l ateau , a nd R a p i d  Cree k s  a n d  L i t t l e Do l or e s  R i ve r .  

c C o l or ad o Water Q ua l i ty Standar d s ,  Part  1 ,  Tab l e I I I ,  Aquat i c  L i fe C l a s s  I ,  
Apr i l ,  1 98 1 .  

d 
Co l or ado Water Q ua l i ty Standar d s ,  P art  1 ,  Tabl e I I I , Agr i c u l t u r a l  U s es , Apr i l ,  
1981 . 
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F . 3  POTENT I AL L Y  AF F E CTED HY DROGEOLOG I C  E N V I RONM E N T- PROC E SS I NG S I TE 

F . 3 . 1  CHARACTER I ZAT IO N OF H YDROGEOL OG I C  E N V I RONM E N T  

F . 3 . 1 . 1 Pre v i o u s  i n vest i gat i on s  

Sev e ra l  pre v i o us i nv e s t i g at or s  have reported on  regi o n a l  
an d s i te- spec i f i c  hydrogeo l ogy i n  t he v i c i n i ty of the  Gra n d  
J unct i o n  t a i l i n gs s i t e .  The  U . S . Geo l o g i ca l  Sur vey cond uc ted 
a nat i o na l  s t u dy o n  t he d i s tr i b ut i o n  of ur an i um and  rad i um i n  
grou n d  water ( Scott  an d B ark e r ,  1 96 2 ) . The U . S .  Geo l og i ca l 
Survey i nves t i gated  t he geo l ogy an d artes i an water s u p p l y of 
the Gran d J unc t io n  are a  ( L o h ma n , 1 9 65 ) . The U . S .  Bureau  of 
Rec l ama t i o n  has stud i ed s h a l  l ow ground  wat er i n  t he Grand  
V al l ey as part  of t he C o l or ado R i ver  W ater  Q ua l  i ty I mpr oveme n t  
Program . T h e  B ureau  of Rec l  amat i o n  p u b l  i she d a re port for 
P h ase  I of  i t s  study , for the ar ea s urround i  n g  Fr u i t a ;  how eve r 
i t  h a s  no t yet p u b l i shed  a rep ort for the  ar ea  s u r ro u n d i n g  
Gran d  J unc t i o n .  D at a  from t h i s  s t u dy i nc l ude  s tr at i g ra p h i c  i n ­
format i o n ,  water- q ua l i ty ana l yses , an d water- l eve l  me a sure­
me nts  ( U . S . B ur e a u  o f  Rec l a mat i o n ,  no  date ) . 

S urf ace  water ha s a l s o  been s tu d i e d o n  bo t h  a re g i o n a l  
a n d  a s i te- spe c i f i c  bas i s f o r  t h e  Gran d J unc t io n t a i l i n g s  env i ­
ro nme n t .  The E PA mo n i tor e d  conc en trat i o n s  of rad i o n uc l i d e s  
a l o n g  t h e  Co l o r ado  R i ver  ma i n s tre am bo t h  up stre am and  down ­
stre am of the Grand  J unct i o n  t a i l i n gs from 1 9 6 1  through  1972  
( E PA ,  197 3 ) . T he  U . S .  Geo l og i c a l  S u r vey al s o  re p or t s  water­
q ua l i ty dat a for t he C o l or ado R i v e r  B a s i n ( USGS ,  var i ou s  
dates ) . The o c c ur re nc e of mo l ybden um ,  a s ub s tanc e a s s oc i  ated 
w i t h  uran i um mi l l  t a i l i n gs , has  been s tu d i e d  for t he s ur face 
waters of C o l orado ( Voege l i an d K i n g ,  1 9 6 9 ) . On a s i te- spec i ­
f i c  b a s i s ,  an  as ses sme nt wa s made of t he potent i al for  c o n tami ­
nat i o n  of t he Co l or ado R i v e r  by t h e  Gran d J unc t i o n  t a i l i n g s  
( B us h  et  a l . ,  1 980 ) . 

E xte n s i ve res e arc h c o n nec ted w i t h  l ow- l e v e l  n uc l e ar wa ste  
d i  sp o s a l  an d the  UMTRA Proj e c t  has  cen tere d  o n  or i nc l  u ded  t he 
Grand  J unc t i o n t a i l i n gs . Amb i e n t  s o i l mo i stur es were  reported 
for t he Gran d J unc t io n  are a ( Ro gers  et  a l . ,  1 9 8 1 ) . Re s e ar c h  
o n  cov e r  de s i g n  ha s i nc l uded  s t u d i es o n  moveme nt o f  water i n  
the  u n s at ur ated  zo ne  of t he Gr and  J unct i o n  t a i l i ngs  ( Be e d l ow , 
1 9 84 ;  M ay er et a l . ,  1 9 8 1 ) . 

The geochem i s try of t he t a i l i n gs and  of t h e  amb i e n t  env i ­
ronme n t  h a s  been extens i ve l y  i n terpreted ( Mark o s  an d B us h ,  
1 9 83a ) and  reported ( Marko s and  B us h , 1 983b) , i nc l u d i n g  s t at i s­
t i c a l  e v a l u at i o n of contami nan t tran s p or t  me c h a n i sms ( Bu s h  a n d  
M arko s ,  1982 ) . A geo tech n i ca l c h ar acter i zat i o n  of t he t a i l ­
i n g s  i n c l uded  extens i ve i nf o rmat i o n  o n  strat i g rap hy ,  w at e r  l ev ­
el s ,  and  hyd r a u l i c  propert i e s  ( Ne l s o n  and  W a r dw e l l ,  1 9 82 ) . 
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Ford , Baco n , and  D av i s  Utah , I nc .  ( F B D U )  reported o n  t he 
s i te- spec i f i c  hydro geo l o gy and hyd r o geo l og i c sett i n g  of t he 
ta i l i n g s  at a re co n na i s sa n c e  l e ve l , and  a l s o  re ported l i m i ted  
s i te- spe c i f i c  dat a ( F B D U ,  1 981 ; F B D U ,  no  d a te ) . A s i te- spe c i ­
f i c  s tu dy of the  hyd r o geo l ogy of t he t a i l i ngs  and t he s u r­
round i n g are a wa s based o n  an extens i ve f i e l d pro g ram  ( Do ty 
a n d  Versaw , 1 984 ) . 

Ad d i t i o na l  data  rel at i n g  t o  the  ar ea s u r ro u n d i n g t he t a i l ­
i n gs  were gat here d from var i o u s  i nves t i gat ors . Geo tec h n i ca l  
bor i n gs  for t he H i g hway 50  br i d ge were  o b t a i ned from t he State  
of Co l or ado Dep artme nt  of  H i g hways , ( Co l o r ad o  Dep artme nt  o f  
H i g hway s ,  1 9 64 ) , and  he l ped  to de f i ne t h e  s trat i g rap hy o f  t he 
area . D r i l l ers  l o gs for  the  Grand  J unct i o n  area  were o bt a i ned 
from the  State of Co l orado ( Co l orado. D i v i s i on of Water 
Res ourc es , no date ) , al though  these pro v i de d  l i t t l e i nforma­
t i o n no t re po rted by t he U . S .  Geo l og i ca l  S ur vey ( L ohman , 
1 9 6 5 )  • 

F . 3 . 1 . 2  Recent  i n ve s t i ga t i o n s  

Rec ent  i n ves t i gat i o n s  h a ve i nc l uded  exp l ora t ory dr i l l i n g ,  
hydrau l i c  tes t i n g ,  mo n i tor i n g  we l l i n s ta l l at i o n ,  a n d  water sam­
p l i n g i n  two pha ses . The f i r s t  p h a se wa s be g u n  w i t h  d r i l l i n g  
i n  Octo be r ,  1 982 , t o  J an uary ,  1 98 3 ,  Febru ary dnd Marc h ,  1 985 , 
and  J u l y ,  1 986 . 

I n  
d r  i l l ed 
samp l es 
dr i l l ed 

the  f i r s t  p h a s e ,  e i ght  exp l or at ory bo r i n gs were 
and  samp l ed for s tra t i g ra ph i c  l o g g i n g  and to obt a i n 
for l abor a t ory tes t i n g .  An ad d i t io na l  1 0  bo r i n gs were 
for t he i n s ta l l at io n  of mo n i tor i n g  we l l s .  

I n  the  second p h a s e ,  23 bor i n gs were dr i l l ed and  s aflll l ed 
for s tr at i g ra p h i c  l o gg i n g .  P acke r - pe rme ab i l i ty tes ts we re c o n ­
duc ted i n  three o f  t he bor i n gs . Mo n i tor i n g we l l s  were i n ­
sta l l ed i n  22 o f  the bo r i n gs .  We l l - con s tru c t io n  de ta i l s  for  
bo t h  p h a ses ar e pres e n ted i n  Tab l e F . 3 . 1 ,  a n d  mon i t or i n g we l l 
l o cat i o ns are  presen ted  i n  F i g ure  F . 3 . 1 .  

A l l f i e l d  a n d  l aboratory wo rk w a s  pe rfor me d  i n  accor dance  
w i t h  standard  ope rat i n g proc ed ures . The f i rs t  p h a s e  wa s c o n ­
d u c ted  i n  accordanc e w i t h  a Work P l an f o r  geo tec h n i c a l  and 
grou nd -water  hyd r o l ogy wo r k  ( Go l de r  As soc i ates , 1 982 ) . The sec­
ond  p h a se was pe rforme d i n  accor da n c e  w i t h  stan d a rd ope rat in g 
pr oced ures on  f i l e  w i t h  t he DO E UMTRA Proj e c t  Off i ce i n  
A l b u q ue r q ue , New Mex i co .  

F . 3 . 1 . 3 Strat i graphy 

The strat i graphy at t he proces s i n g  s i te h a s  been def i n ed 
through  a ser i e s  of bor i n gs ( F i g ur es F . 3 . 1 through  F . 3 . 9 ) . The 
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Tab l e  F . 3 . 1 Gra nd  Junc t i on proce s s i ng s i te boreho l e  and  we l l  i n fo rma t i on 
SCRE E N E O  I N TE RVAL 

LOCAT I ON
a b E AST b 

WE L L TOTAL SUR F  ACE TOP Of - - - - - - - - - . - - - - - - BORE HOLE 
NOR T H  O I AME T E R  DE PT H  H E VAT I ON CAS I NG BE G DP LENGTH DE PT H  ZONE O F  

1 0  COORDI NATE COOR D I NATE [ I N .  ] [F T .  ] [ F TMSL ] [ F TMSL ] [F H D ]  [ F T .  ] [ F H D ]  COMPL E T I ON 

5 8 1  59439 . 6  33614 . 9  2 . 000 3 1 . 00  4585 . 20 4586 . 33 2 1 . 00  4 . 0  35 . 00 A l l uv i wn 
582 593 1 0 . 4  33 1 5 1 . 8  2 . 000 4 3 . 20 4585 . 30 4586 . 22 35 . 70 1 . 5  42 . 50 A l l uv i um 
583 593 1 6 . 8  33 1 4 1 . 5  2 . 000 3 3 . 13 4585 . 10 4�8 1 . 04  28 . 13 5 . 0  32 . 00 A l l uv i um 
584 5932 1 . 0  33 153 . 8  2 . 000 26. 10 4585 . 40 4586 . 13 24 . 70 2 . 0  25 . 50 A l l uv i um 
!l85 59 1 19 . 4  3254 1 .  9 2 . 000 1 3 . 90 456 6 . 00 4567 . 38 1 1 . 90 2 . 0  1 3 . 50 A l l uv i um 
586 59 1 9 1 . 9 32539 . 8  2 . 000 9 . 50 4566 . 20 4�6 1 . 1 7  5 . 50 4 . 0  8 . 70 A l l uv i um 

5 8 1  60599 . 9  34829 . 2  4 . 000 1 3 . 10 45 75 . 00 45 75 . 00  7 . 60 5 . 5  15 . 50 A l l uv i um 

588 5944 7 . 6  35959 . 1  4 . 000 1 7 . 90 45 7 1 . 50 4� 7 1 . 45 7 . 90 1 0 . 0  1 1 . 00 A l l u v i um 

5U9 59399 . 1 3 1 8 76 . 9  4 . 000 1 1 . 90 4566 . 80 4566 .84 5 . 90 1 2 . 0  1 8 . 00 A l l uv i um 

590 595 3 1 .  2 3 1 295 . 8  4 . 000 15 . 20 4564 . 70 4566 . 1 9  7 . 20 8 . 0  15 . 5 0  A l l uv i um 

5 9 1  59404 . 6  3 2 7 28 . 1  458 1 . 60 20 . 00 A l l uv i um 

592 592 1 5 . 1  33788 . 2  2 . 000 34 . 90 4590. 90 4592 . 80 29 . 90 5 . 0  33 . 00 A l l u v i um 

593 59245 . 2  3495 1 . 1  4589 . 60 2 1 . 00 A l l uv i um 

594 59 789 . 8  34 559 . 6  2 . 000 6 1 . 40 46 1 2 . 40 46 1 4 . 34 56 . 40 5 . 0  5 9 . 5 0  A l l uv i um 

595 59845 . 1  33863 . 1  2 . 000 25 . 30 45 79 . 80 4583 . 3 1 20 . 30 5 . 0  2 1 . 80 A l l u v i um 

596 5916 7 . 3  32805 . 2  2 . 000 2 3 . 40 458 1 . 60 4583 . 00  1 8 . 40 5 . 0  2 2 . 00 A l l uv i um 

5 9 7  595 30 . 1 34098 . 0  2 . 000 39 . 60 4596 . 70 4598 . 30 34 . 60 5 . 0  38 . 00 A l l u v i um 

1 1 0 C 5954 1 . 5 36658 . 1  12 . 000 40. 00 4 5 7 4 . 35 45 74 . 35 40. 00 A l l uv i um 

l l t
d 

58650 . 0  49280 . 0  24 . 50 4600 . 00 4601 . 00  2 3 . 50 A l l uv i um 

1 1 2  
d 

60780 . 0  494 1 0 . 0  30 . 80 4608 . 00 4608 . 80 30 . 00 A l l u v i um 
""Tl 124 59894 . 5  31 3 1 1 . 5 2 . 000 14 3 . 00 4564 . 70 4566 . 50 1 3 1 . 00  10.0 142 . 00 Da kota S S  
I 

(.0 125 59394 . 9  3 1 2 68 . 0  2 . 000 10 1 . 00 4566 . 80 4561 . 30 69 . 00  30 . 0  1 40. 00 Da k o t a  SS 
---.J 126 59393 . 0  3 1 2 5 7 . 3  4 . 000 14 1 . 00  4566 . 80 4566 . 8 3  1 1 0 . 50 30 . 0  1 40 . 00 Da k o t a  SS 

7 2 7  59380 . 3 3 1 265 . 3  2 . 000 56. 20 4566 . 40 456 1 . 10 4 4 . 00  10. 0  55 . 20 Ma n c o s  S ha l e  

128 595 1 8 . 5  3 1 296 . 1 2 . 000 1 9 . 00  4565 . 00 4565 . 38 12 . 00  5 . 0  1 1 . 00 Manco s /Al l uv i um 

129 !l9 138 . 1 325 12 . 3  2 . 000 6 1 . 00  4565 . 30 456 1 . 2 1  55 . 00  10 . 0  65 . 00 Ma nc o s  S ha l e  

7 30 60200 . 0  33200 . 0  4575 . 00 6 7 . 00 Ma n c o s  S ha l e  

1 3 1  606 7 1 . 6  29820 . 3  2 . 000 36 . 50 4559 . 70 4561 . 34 25 . 50 10 . 0  46 . 00 Ma n c o s  S ha l e 

132 60659 . 1  298 1 1 . 6  2 . 000 2 3 . 00  4559 . 50 456 1 . 80 1 6 . 00  5 . 0  2 1 . 00 Ma n c o s / A l l u v i um 

1 3 3  6099 1 . 4  28 704 . 1  2 . 000 2 3 . 00  4556 . 40 4558. 00  1 6 . 00 5 . 0  2 1 . 00 Manco s /A l l u v i um 

135 602 1 1 . 6 3 1 26 1 . 1  2 . 000 40 . 00  4564 . 10 4�66. 36 26 . 00  10 . 0  50 . 00 Ma n c o s  S ha l e  

136 60 1 9 1 . 9  3 1 2 7 0 . 5  2 . 000 1 7 . 00  4564 . 10 4566. 50 10 . 00  5 . 0  15 . 00 Ma n c o s /Al l uv i um 

1 3 1  6 1 898 . 9  3296 1 . 1 2 . 000 29 . 00  45 75 . 30 45 1 1 . 30 2 2 . 00 5 . 0  2 1 . 00 Manco s /A l l uv i um 

138 60039 . 1  3004 9 . 4  2 . 000 20 . 00  4561 . 00 4563 . 60 1 3 . 00  5 . 0  1 8 . 00 Ma nco s /Al l u v i um 

139 602 7 3 . 6  3 1 9 70 . 1 2 . 000 32 . 00  45 72 . 90 4 5 74 . 90  25 . 00  5 . 0  30 . 00 A l l u v i um 

140 59908 . 3  3200 1 . 1  2 . 000 19 . 00  4566 . 10 4568 . 1 1  1 2 . 00  5 . 0  1 7 . 00 Ma n c o s  / A 1 1  u v i  um 

7 4 1  60796 . 0  33048 . 8  2 . 000 4 1 . 00  45 72 . 90 4 5 74 . 64 35 . 00  10 . 0  45 . 00 Ma n c o s  S ha l e  

142 60 1 7 4 . 6  3304 7 . 2  2 . 000 25 . 00  45 72 . 10 4 5 14 . 18 18 . 00 5 . 0  2 3 . 00 Ma nco s /A l l u v i um 

143 5949 1 . 1  3 7 069 . 1 2 . 000 3 7 . 00  45 75 . 10 45 76. 10 25 . 00  10.0 35 . 00 Ma n c o s  S ha l e  

1 4 4  59492 . 2  3105 1 .  3 2 . 000 1 1 . 00  45 14 . 80 4 5 7 6 . 18 10. 00 5 . 0  15 . 00 Ma nco s /A l l uv i um 

145 6 1 040 . 0  36958 . 2  2 . 000 22 . 00  45 7 9 . 40 458 1 .  3 1  1 5 . 00  5 . 0  20 . 00 Ma nco s /A l l uv i um 

146 62 365 . 1  35806 . 3  2 . 000 26 . 90 4586 . 90 45fi8 . 50 19 . 60 5 . 0  25 . 00 Al l uv i um 

7 4 1  6020 7 . 8  36378 . 8  2 . 000 19 . 00  4574 . 30 45 76. 07 12 . 00  5 . 0  1 7 . 00 A l l u v i um 

a 5 8 1 - 590 corres pond to GWGJ- I throu9h GWGJ- I0 I n  00£ ( 1 983 ) ;  591 -597 corres pond to GGJ- l throu9h 
GGJ - 7  i n  00£ ( 1 98 3 ) .  

b S i te coord i na te syste� I s  based o n  a t runca t i on o f  mod i f i ed Co l orado coord i nate sys tem . 

c 7 1 0 I s  an i ndus t r i a l  dra i nage we l l .  

d 7 1 1  a nd 7 1 2  d re U . S .  Burea u o f  Rec l ama t i on mon i to r l n9 we l l s .  
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s h a l l ow strat  i g r a p hy n e ar t he Grand  J unc t i o n  s i  te cons i sts  of 
thre e  zo nes . From top  t o  bo t tom t he s e  ar e :  

o A s u rf i c i al d i sturbed  zo ne . 
o A zone  of u nconso l i dated  al l uv i a l sed i me n t s . 
o A s eq ue n c e  of conso l i d ated  s ed i me n tary forma t i on s . 

The s urf i c i al zo ne i nc l udes  a v a r i ety of s o i l c l a s s i f i ca ­
t i ons  and  mater i al type s wh i c h  have been depos i ted or a l tered 
through  t he ac t io n  of man . It var i e s i n  de p t h  from l es s  t han  
one  to  more than 50 feet . Thes e i nc l ude  the  t a i l i n gs ,  wh i c h 
are shown i n  c ros s - sect i o n  o n  F i g ures F . 3 . 3 through  F . 3 . 5 ;  
trash , s hown on  F i g ur e  F . 3 . 6 ;  and  f i l l ,  s hown o n  F i g ur es F . 3 . 6  
through  F . 3 . 8 .  The t a i l i n gs co ns i s t of a s er i es of i n terbe d ­
de d san d s  a n d  s l  i mes w h i  c h  have  been de s c r i bed  i n  more de ta i l 
by o t he r  i nves t i g at or s  ( Ne l s o n  and  W ar dwel l ,  1 98 2 ) . 

U n d e rl y i n g  or ad j acent  t o  the  surf i c i al zo ne  i s  a zo ne of 
a l l u v i a l  de p os i t s  ( F i g ures F . 3 . 3  t hrough  F . 3 . 9 ) . I n  t he v i c i n ­
i ty of t he t a i l i n gs t h i s i nc l u des zo nes of m i xe d  grav e l , s an d ,  
a n d  s i l ty l ayers ran g i n g  i n  de pth  from l es s  t han  seven  t o  more 
than  21  feet . I n  general , t he al l u v i um i n  t h i s  port i o n  o f  t he 
Gran d V al l ey can  be catego r i ze d  i n to two type s ,  a s  de s c r i bed  
be l ow :  

" I n de epe r  s ec t io n s  of t he Co l or ado R i v e r  pa l eoc h a n ne l  i s  
a strat u m  of grav e l  and  cob b l es overl y i n g  the  Manc o s  
S h al e referre d  to a s  t he cob b l e aq u i fe r .  Overl y i n g  t he 
cobb l e aq u i fe r  i s  a l ay er of al l u v i um  t hat  extend s over  
the  e n t i re Gran d Va l l ey . " ( U . S . B ureau  of Rec l amat i on ,  
1 9 7 8 )  

I n  t h i s  re p or t  t hes e two types of al l u v i a l  de po s i t s  w i l l  
be grouped  togethe r  an d refe rred t o  as  II al l u v i  urn . I I 

The "cobb  1 e aq u i fe r "  bo rders t he C o l orado R i v e r  i n a 
s tr i p two to t h ree mi l es w i de from P al i sade to Lorna ,  w i t h  a 
nor t hern  bo u n d ary appr ox i mate l y 0 . 5  mi l e  sou t h  of t he Govern­
me nt  H i g h l i ne C a n al s h own i n  F i g ur e  F . 3 . 10 .  

The bo t t om of t he c o b bl e aq u i fe r  i s  forme d by t h e  eros i o n ­
a l  s u r f ac e  o f  t h e  M an c o s  S h a l e wh i c h  s l o pes gentl y ( abo u t  f i v e 
fe et  pe r m i l e )  to  t he no rth  where i t  ab uts  the  b a s e  of t he 
Book C l i ff s  ( U . S . B ur e au of Rec l amat i o n ,  n o  date ) . 

Under l y i n g  the  al l u v i a l  de pos i t s i s  a s eq ue nc e  o f  c o n so l ­
i d ated  sed i me nt ary ro ck s ,  wh i ch ar e ,  i n  des ce nd i n g  or der ,  
( L o hman , 1 9 65 ) : 

Mancos  S h a l e * 
D ak o ta S an d stone  * 
B urro  C anyo n  Forma t i o n  * 
Mor r i son  Format i o n  ( Sa l t Wash 

and  Bru s hy B as i n Members ) 

F - 47 
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Summe r v i l l e F o rma� i o n  
E ntrad a S an d s tone 
K ayenta  Format i o n *  
W i n gate  S and stone  
C h i n l e F orma t i o n  

The format i o n s  shown w i t h  a n  as ter i sk abo ve are  t a ppe d a s  
aq u i fers  i n  t he Gra n d  J un c t i o n  ar ea . T h e  D ak o t a  San d s ton e and  
B ur r o  Canyon  F ormat i o n are  grouped  toget he r  a s  o n e  water- be ar­
i n g uni  t ;  howe ve r ,  the D ak o t a  S an d s tone  i s  not  an i mp ort an t 
source  of water ( L o hman , 1 9 65 ) . 

Amo n g  the co ns o l i d ated  s ed i me ntary forma t i on s , o nl y  t he 
M an c o s  S h a l e and  t he Dakota  S an d s to n e  ar e of i n tere s t  w i t h  re­
spect to t he. t a i l i n gs . Th e Manco s  S h a l e i s  of i n tere s t  be­
c a us e i t  i s  a l ow - pe rme ab i l i ty u n i t wh i c h can  pr ov i d e  a 
barr i er to downwa r d  mi g rat i on of co ntami nat io n .  The D ak o t a  
S an d stone i s  o f  i n tere s t  beca u s e  i t  i s  t he u p pe rmost  k n own b e d ­
rock aq u i fe r  a n d  po te n t i al l y  cou l d  be i mp a c te d  by the  t a i  l ­
i n g s . 

The Man c o s  S h a l e i s  a t h i ck seq ue n c e  of s h a l e wh i c h i n ­
c l  udes some sandy l ayers  and  t h i n  s a n d s t o ne be d s .  I t  n o t  o n l y 
under l i es al l of t he Gran d V al l ey but forms mo s t  of t he Boo k  
C l  i ffs  t o  t he nort h .  T h e  Mancos  S h a l e an d t he D ak o t a  San d ­
sto ne i n terto ngue and the  con tact between t he two a ppe ar s t o  
be c o nf o rmab l e  and  grad a t i o na l  ( L o hman , 1 9 65 ) . 

The t h i ck nes s of t he Man c o s  S h a l e u n derl y i n g  t he t a i l i n g s  
excee d s  5 0  feet ( bor i n g # 7 2 9 ) , w h i l e  0 . 5  m i l e  wes t  of t he s i te 
at the H i g hway 50 br i d ge ,  i t  appe ar s to t h i n  t o  t he ext e n t  
that  t he D ak o t a  S an d s tone  l oc a l l y  s u b c rop s to t h e  al l u v i  um  
( C o l o rado Dep artme n t  of H i g hways , 1964) . The Manco s  S h a l e 
d i p s  to t he nor t he as t ,  so  t hat at a we l l a pprox i matel y 1 . 5  
m i l es nor t he a s t  of t he t a i l i n gs i t  i s  638 fee t  t h i ck ( Lo hman , 
1 9 65 ) . 

The Dak ota  San d s t one cons i sts  of beds  of s a n d s tone , c o n ­
g l ome rat i c  sand stone ,  s h a l e ,  a n d  coa l . I t  i s  g en eral l y  g r o u p ­
ed w i t h  t he u nder l y i n g  B urro  Cany o n  Format i o n  as  o ne hyd ro geo ­
l o g i c u n i t ,  and  i s  t he l e a s t  i mp or t an t  of t he four  arte s i an 
aq u i fe r s  i n  t he Grand  J un c t io n ar ea ( Lo hma n , 1 9 65 ) . li The s a n d ­
sto ne  be d s  of t he Burro  Cany o n  Format i o n and  D ak o t a  S a n d s to ne 
are  t i g ht l y  c eme nted , l e nt i c u l ar , and  general l y  t h i n ,  hence  
they y i e l d  o n l y smal l amo u n t s  of  wat e r ,  g e nera l l y  under  i n s uf ­
f i c i en t  head t o  f l ow a t  t he s urfac e . " Be l ow t he t a i l i n gs i t  
i s  more  t han  65 fee t  bel ow l an d  s urface  ( bo r i n g  7 2 9 ) . The l og 
of a wel l i n  t he N E  1/4 SW 1 /4 of s ect i o n  24 , a l o cat i o n  
ap prox i mate l y t h e  same a s  t he ea st e n d  of t he t a i l i n gs ,  
re ported  t he top  of t he D ak o t a  at 168 fe e t  be l ow l an d  s u r face 
( Lo hman , 1 9 65 ) . 

F a u l t i ng .  A s e i sm i c r i sk eva l u at i o n of t he Grand  
J unct i o n s i te ha s co nc l uded  t hat t he proba b i l i ty of  act i v e  
fa u l t i n g  near o r  u n d e r  t he s i te c a n no t  b e  q uan t i f i e d .  Re g a r d ­
l es s ,  the  effe c t s  o f  pos s i b l e f au l ts ( i f  pres en t )  o n  t h e  
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F . 3 . 1 . 4  

F .  3 . 1 .  5 

ex i s t i n g hyd r o geo l o g i c re g i me  appear t o  be m i n i ma l . The d i f ­
fe re nc es i n  water  q ua l  i ty be tween the  co n tami nated  a l l u v i  a l  
sy s tem an d t he D ako t a  S an d s t one  ( Se c t i o n  F . 3 . 1 . 6 ) , an d t he 
pr esenc e of entrappe d  o i l  i n  t he D ako t a  Sand stone  ( bo r i n g  
#725 ) i n d i c a t e  m i n i ma l  commun i cat i o n be tween the  two sy s tem s 
n e ar the pro c es s i n g s i te .  The pres ence  of o i l  shows t hat  t he 
ove r l y i n g  rock i s  so l ow i n  pe rme ab i l i ty as  to trap  t he o i l ,  
where a s  a f au l t  zo ne  cou l d  be a mo re  pe rme ab l e  area  a l o n g  
wh i c h  o i l  cou l d  e s c a pe . A mo r e  de ta i l ed d i scus s i o n  of s e i sm i c  
r i sk i s  pres en ted i n  Appe nd i x E ,  So i l s , Geo l o g i c ,  a n d  Se i sm i c  
I n format i o n .  

U n s at urated  zone  hydrau l i c s  

The G r a n d  J unc t io n  t a i l i n gs  have been exten s i ve l y  c h a ra c ­
t e r i zed i n  terms of hyd r a u l i c  propert i e s .  T h e  dat a pr od u c e d  
by t h e  c h aracter i z at io n s  ar e to o many to re p or t ,  b u t  h av e  b e e n  
re ported  o r  s u mmar i zed e l s ewhe re ( Veyera , 1 980 ;  Mart i n  e t  a l . ,  
1 98 0 ;  Veyera  and  Ne l s o n ,  1 98 1 ) . 

Aft e r  ces s at i o n  o f  opera t i o ns ( m i l l i n g )  t he  t a i l i n g s  a re 
expe c te d  to have dra i ned  rel at i ve l y  rap i d l y  ( Veye r a  a n d  
Ne l so n , 1 98 1 ) . B a s e d  on  t h i s  co nc l us i o n  and  t h e  per i od i c  f l u x 
of ground  water  t hr ou g h  t he t a i l i n g s  d ur i n g s ea so n a l l y  h i g h  w a ­
t e r  l eve l s ,  t he i mp or t anc e o f  t he u n s at ur ated  zo ne  i n  t h e  ex ­
i s t i n g  hyd r o l o g i c  reg i rre  i s  re l at i ve l y  mi nor . The ma i n  d r i v ­
i n g for ce  for mi g rat io n of co n tami nan ts i n  the  ex i s t i n g  e n ­
v i  r o nme n t  i s  f l ow o f  ground  water  throu g h  t h o s e  port i o  ns  o f  
t h e  t a i l i n g s  wh i c h ar e be l ow t he water t ab l e .  

S a t urated  zone hydr a u l i c s 

D ak o t a  S a n d stone . No know n  p u b l i shed  q uan t i t at i v e  da t a  
a r e  av a i l ab l e  for t h e  Dakota  S an d s tone  i n  t h e  v i c i n i ty o f  t he 
ta i l i n g s . An exte n s i ve s t u dy of t he h yd r o geo l ogy of t h e  G r a n d  
J unct i o n area  prod uced  n o  q uan t i t at i ve d a t a  ( L o hman , 1 9 65 ) . 

Res u l  ts  from two s l  ug  tes ts of  the  u p pe r  D ak o t a  San d ­
sto ne n e ar the pro c es s i n g s i te show t hat i t  ha s re l at i ve l y  l ow 
pe rme ab i l i ty ,  comp arab l e  to  t he Man c o s  S h a l e ( T ab l e  F . 3 . 2 ) . 
I n  ad d i t io n  to  the  s l u g  tes t dat a ,  q ua l i tat i ve o b s erv at io n s  
regard i n g  t he hyd r a u l i c propert i e s  of  t he Dak o t a  Sa n d s to n e  
i n d i cate  t hat i t  h a s  a re l at i ve l y  l ow y i el d .  For ex amp l e :  

o A fo u r - i nc h  d i arre ter we l l ( 30-fo o t  sc ree n )  i n s ta l l ed 
d ur i n g the  1 985 f i e l d program y i e l d e d  i n s uf f i c i e n t  wa­
te r ( l es s  t han one  g pm )  to  cond u c t  a p ump tes t .  

o li The sa n d s tone be d s  of t he B ur r o  Canyon Format  i o n a n d  
D ako ta  San d s t one  are t i g ht l y  ceme nted , l e nt i c u l a r ,  a n d  
genera l l y  t h i n ,  h enc e they y i el d o n l y sma l l amou nts  o f  
water . • .  " ( L o hman , 1 96 5 ) . 
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T ab l e F . 3 . 2  Sl u g  tes t i n g  res u l t s  for the  Gr a n d  J unct i o n s i te 

W e l l bo cat i o n  
1 0  

724  

725  

7 2 7  

729  

73 1 

735  

74 1 

743  

Hydr a u l i c  cond uc t i v i tya by met hod s 

2 . 6  x 1 0-� 
4 . 4  x 1 0-

5 . 5  x 1 0- 6  

5 . 8  x 10-5  

4 . 9 x 1 0
-4 

7 9 1 0- 6  
• x 

1 0-7  7 . 3  x 

- 5  1 .  4 x 1 0  

- 4  
1 .  3 5  x 10  

- 5  4 . 6  x 1 0  

7 . 7  x 1 0- 7  

1 .  9 x 1 0-7  

9 . 4  x 1 0
- 7  

3 . 9  x 1 0
- 7  

2 . 4  x 1 0-5  

Sto rage  c coeffi c i ent  

a 1 n  cm/ sec converted from transmi  s s i v i ty by a s sumi n g  effec t i ve t h i ck ne s s  of  
a q u i fe r  eq ual  t o  t h i ck nes s of  grave l pack . 

bA l l we l l s  except 724  an d 725  comp l eted  i n  Mancos  S h a l e .  724 and  725  ar e com-
p l et ed i n  D ak o t a  Sand s to n e . 

cCoope r-Brede hoeft - Papado p u l os ;  Ref . L o hman , 1 9 7 2 .  

dFerr i s -K nowl es ; Ref . Ferr i s and  K now l es , 1 963 .  

eRef .  S k i b i t z ke ,  1 9 6 3 .  
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Mancos  S h a l e .  A s  re p orted  by var io u s  aut hor s ,  t he 
M an c o s  S h a l e o n  a re g i o n a l  b a s i s i s  genera l l y  accepte d  a s  a 
l ow - pe rme ab i l i ty format i o n  wh i ch i s  II no t water be ar i n g ll or 
tra n sm i t s  o n l y ve ry l i m i ted  q uant i t i e s  of water ( L o hman , 1 965 ; 
Coo l ey et al . ,  1 9 6 9 ) . One  bo r i n g  i n to t he Mancos  S h a l e ( l oca­
t i o n  #73 5 )  enco u n tered artes i an f l ow wh i ch l a sted for 1 0  m i n ­
utes . The U . S .  B ur e au o f  Rec l amat io n ,  a t  a s i te a p pr ox i ma te l y  
2 0  mi l es wes t of t he t a i l i n gs , c h aracte r i zed  an artes i an zo ne 
i n  the Manc o s  S h a l e wi t h  a t h i c k nes s of 1 . 5 feet , hyd r a u l i c  
cond u c t i v i ty of 2 1 0  to 65 0 fe e t/ 9�y ( 0 . 074  to 0 . 23  em/ s ec ) , 
and  a s t or ag e  coeff i c i en t  of 10 ( U . S .  B ur e a u  of Recl ama­
t i o n ,  1 97 8 ) . 

The artes i an f l ow enc o u n tered i n  mo n i tor we l l 7 35 wa s a 
un i q ue oc c urrence  amo n g  the  more than  10  mo n i tor i n g  we l l s  
dr i l l ed at  l ea s t  30 to 40 feet  i n to t he Man c o s  S h a l e .  The be d ­
ro ck u n i t s  be ne at h t he Gr a n d  J un c t io n s i te s tr i k e a ppr ox i mate­
l y  N 45 0 W and d i  p 70  to  t he northe a s t  off  t he U n c om p ag h re 
U pl i f t  i n to  t he P i c eanc e Creek B a s i n .  The ar tes i an zo ne ob ­
s erved i n  we l l 7 35 wa s not  found  i n  wel l s  729 , 7 30 ,  7 4 1 ,  a n d  
74 3 s i n c e  t he s e  we l l s  wer e  l o ca te d  down -d i  p ,  a n d  t he i r  total  
de pth s were too sh a l l ow to  encoun ter t h i  s zo n e .  Not e  t ha t  t he 
ch ances are good t hat t he artes i an zo ne  may have  t h i n ned  
an d/or t he pe rme ab i l i ty may have  dec re a s ed s i g n i f i c an tl y if  
t he s e  wel l s  had been  d r i l l ed deepe r .  Wel l 724  was  d r i l l ed ap­
prox i matel y 400  feet  al o n g  t he s tr u c t u r a l  s tr i k e of  we l l 7 35 , 
a n d  i t  d i d  no t enc o u n ter  any arte s i an f l ow .  Gro u n d  e l evat io n s  
for  wel l s  724  an d 735  ar e wi t h i n 0 . 2  foo t .  Th i s i s  t he e v­
i de nc e  for t he d i scon t i n uo us nature  of t h i n M a n c o s  S h a l e s an d ­
s to ne  u n i ts . We l l s  72 5 ,  72 6,  72 7 , 7 3 1 , a n d  7 3 3  were  dr i l l ed 
u p - di p from we l l 7 35 . The artes i an zo ne w a s  no t enc o u n tere d  
i n  these  wel l s  s i nc e  ero s i on h ad removed t he i n terva l . 

S l u g -w i t hd r awa l  tes ts of hyd r a u l i c  co nd uc t i v i ty conf i rm 
t he l ow pe rme ab i l i ty of t he Mancos  S h a l e ( T ab l e F . 3 . 2 . ) .  The 
ca l c u l ated stor age  coeffi c i ents  for Manc o s  S h a l e appe ar to be 
c o n s i s te n t  wi t h i n  an or der of mag n i tude of that  re ported  by 
t h e  U . S .  Bur e au o f  Rec l amat io n ,  a l t ho u gh  t h e  de term i n at io n  of 
s torage  coeff i c i en t  by t h i s  me thod h a s  q ue s t io nab l e re l i ab i l ­
i ty ( Cooper  et al . ,  1 9 67 ) . 

P acke r- pe rme ab i l i ty tes ts , an a l y ze d  us i n g me t ho d s o f  t he 
U . S .  B ur e au o f  Recl amat io n  ( U . S .  Bureau  o f  R e c l amat i o n ,  1 98 1 ) , 
for  the Man c o s  S h a l e ( T ab l e  F . 3 . 3 ) i n d i cate  a g eneral l y  h i g he r  
perme ab i l i ty t h an d o  t he s l u g  tes t s  ( T ab l e F . 3 . 2 ) . On l y o n e  
v a l ue o f  hyd r a u l i c  co n d uc t i v i ty i s  ava i l ab l e fo r a l o cat i o n , 
72 9 ,  at wh i ch packe r  tes t i n g  wa s comp l e ted . The  d i f fe r i n g  r e­
s u l ts  be tw een s l u g - an d packe r-tes t i n g  can  be at tr i b uted  to 
the fo l l ow i n g  f ac tor s :  

o Packer  tes t s  ar e des c r i bed a s  s em i - q ua n t i t at i ve ( U . S . 
B ureau  o f  Recl amat io n ,  1 98 1 ) . 
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Tab l e F . 3 . 3  Pack e r - tes t i n g  res u l ts a for  t he Grand  J un c t io n s i te 

Perme ab i  1 i ty x 1 0- 6 cm/s ec for  d i f fe re n t  t e s  t p r es s ur es 

Tes t I n terva l c 

B or eho l e  ( fe et ) P I  P2 

28 - 3 3  107 163 
33-38 46 50 
38 -43 61 63 
43-48 61 50 
48-53 61  63 
53-58  76  63 
58-63 61  75  
63- 68 46d 

50d 
68 - 73 0 0 

2 6- 3 1  244 265 
3 1 - 3 6  3 0 5  265 
36-41 285 265 
42- 47 1 2 2  125  
47 - 52 163  17 1 
52 - 57 - u n ab l e t o  s e t  p ac ke r s -
57 -62  51  93  

7 3 0  29 - 34 1 1 3  147 
34 - 3 9  132  103 
39 -44 169 1 1 7  
44- 49 188 235 
49 - 54 123 161 
54-59 188 103 
59 - 64 7 5  88 

�Do u b l e- packer  tes ts of open  bore ho l es c omp l eted M arc h ,  1 985 . 
Net  tes t pre s sure , at  p acke r s  i n  feet  of water ; 
for  bo r e ho l e  7 2 6 :  P I  = 52 . 5  P2  = 64 . 0  P 3  = 7 5 . 5  
for  bo r e ho l e  729 : P I  = 37 . 5  P 2  = 49 . 0  P 3  = 60 . 5  
for bore ho l e  73 0 :  P I  = 40 . 5  P2  = 52 . 0  P 3  = 63 . 5  

P3  

480 
53  
53  
53  
53  
53  
80  
63  
32 

3 1 5  
29 0 
164 
1 5 1  

87 

1 2 6  

144 
108 
2 1 6  
156  

84 
96 

b 

Tes ts a n al y ze d  us i n g me t ho d s  o f  t he U . S . Bureau  of Rec l a ma t i o n  ( 19 8 1 ) . c 7 2 9  and 730  e n t i re l y  i n  Mancos  S h a l e .  Lower tes ts i n  7 2 6  are i n  

d M an c o s - D ak o t a  trans i t i o n zo ne  or D ak o t a  S an d s tone . 
F l ow -me ter  res e t  af ter tes t s ;  may have  been i no perat io n a l  d ur i n g  tes ts . �S t at i c  water l ev e l , May , 1 985 : 10 . 5  feet . 
S t at i c  water l eve l , M ay ,  1 985 : 34 feet . 
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o B a s e d  on  l ater wa ter- l e ve l  me a s ur eme n ts ,  s ome o f  t he 
packer  tes ts may have  been  comp l eted i n  a par t i a l l y­
saturated  zo ne of the  Man c o s  S h a l e .  Perme ab i l i t i e s  i n  
Tab l e F . 3 . 3  were  ca l c u l ated  as sumi n g  the  tes t s ec t i o n 
wa s be l ow the  wa ter t ab l e .  I na c c urac i e s are a s s o c i a t ­
e d  wi t h  t he app l i c at io n o f  U . S .  B ureau  of Rec l a mat i o n 
me t hod s to tes ts abo ve  t he water tab l e ( St e p h e n s  a n d  
Neuma n , 1982 ) . 

Des p i te t he drawback  s a s s o c i  at e d  w i  t h  t h e  packer- pe rme ­
ab i l i ty tes t s ,  they can  be u s e d  s em i - q uan t i t at i ve l y to c o n ­
c l ude t h a t : 

o The Man c o s  S h a l e appe ars to be re l at i v e l y  u n i form w i t h  
re s pe c t  to hor i zo nta l  pe rme ab i l i ty i n  t h e  ar ea  o f  t he 
s i te .  

o There i s  a sma l l de crease  i n  t he h o r i zo n ta l  pe rme ab i l ­
i ty of t h e  s h a l e w i t h  i nc r ea s i n g  de pt h .  Th i s  i s  c o n ­
f i rmed by the res u l t s of t he s l u g  tes ts , wh i c h  s how  
de c re a s i n g  hyd ra u l i c  co n d uc t i v i ty wi t h  i nc re a s i n g 
de p t h  ( T a b l es F . 3 . 1  and  F . 3 . 2 ) . 

Water  l e ve l s  i n  the  Manc o s  S h a l e are genera l l y  w i t h i n a 
few ten t h s of a foot of water  l e ve l s i n  ad j ac e n t  al l u v i a l  
we l l s .  F l ow d i rec t i o n  i n  the  s h a l l ow Manc o s  S h a l e i s  es s e n ­
t i al l y  para l l e l to  f l ow i n  t he over l y i n g  al l u v i u m .  

A l l u v i um.  Res u l t s  of hyd r a u l i c  tes t i n g  i n  the s at u r at-
ed a l l u v i um  are  re ported  i n  Tab l e F . 3 . 4 .  I n  genera l , i t  can  
be  conc l uded  that  t he al l u v i u m  h a s  a re l at i ve l y  h i g h  pe rme ab i l ­
i ty comp ared to the  under l y i n g  s h a l e .  Water  l e ve l i so- co n t our  
map s  are  pr es en ted i n  F i g ur es F . 3 . 1 1  throu g h  F . 3 . 1 3 .  A c o n ­
to ur of t he saturated  t h i c k n es s of t he a l l u v i u m  i s  pr e s en te d  
i n  F i g ure  F . 3 . 14 .  

The q uan t i ty of gro u n d -water f l u x  t hrou g h  t h e  al l u v i u m  
a n d  t a i l i n g s  a t  t he s i te c a n  b e  ca l c u l ated  us i n g Darcy ' s  l aw 
( Dav i s and  D eW i es t , 1 966 ) : 

where 

Q = KA 
h I - h 2 

d l  

Q = f l ow rate ( 1 3 It ) 

K = hydrau l i c  c o n d uc t i v i ty ( 1  It  ) 

h I ' h 2 = hydrau l i c head at two p o i n ts 

d l  = l e n g t h  of t h e  f l ow p at h  be tween po i n ts  at  
wh ic h t he head i s  g i ve n  
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., 
I 

U1 
U1 

Wel l 

581 
582 

583 
584 
585 

586 
587 

588 

589 

590 

aCen t i meters pe r sec ond . 

Ref . NUS, 1983 • 

Tab l e  F . 3 . 4  We l l -devel opment and hydro l o g i c- tes t  me thod s  for t he Grand J unc t i on s i t e  

Deve l opme n t  me t hod 

A i r  l i ft and ba i l i ng 
Ai r l i f t  and r i ve r  wa ter 

c i rc u l at i o n  
B a i l i ng 
B a i l i ng 
B a i l i ng i ns i de s teel c a s i n g  

a n d  s u c t  i o n  pump 
Suc t ion pump 
Submers i b l e  pump 

S ubmers i b l e  pump 

Submers i b 1 e pump 

Submer s i b l e  pump 

Hydro l ogi c-tes t  me t hod Ana l yt i cal me t hod 

Stab l e  dr awdown w i t h  probe Ste ady s tate 

Stab l e  drawdown w i t h  probe Steady s t ate 
Tran s i ent drawdown w i t h  Tra n s i ent 

transducer 
Tra n s i e n t  drawdown w i t h Tra n s i ent 

transducer 
Tra n s i e n t  drawdown w i t h  Tran s i e n t  

transd u c er 
Stab l e  f l ow ,  a s sumed drawdown Ste ady s t ate 

Hyd r au l i c  condMc t i v. i ty 
( cm/sec ) 

2 . 5  � - 1O-2 

-2 2 . 3  x 10_2 4 . 2  x 10 

1 . 5  x 10-2 

2 . 0  x 10-2 

>3. 3 x 10-2 
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The rate of gro u n d -wat e r  f l  u x  var i e s  seasona l l y .  F l  u x  
c a l c u l at io n s f o r  water  l e ve l s me a s ured  i n  Marc h ,  1 985 , ( F i g ure  
F . 3 . 12 )  and  M ay ,  1 98 5 ,  ( F i g ur e  F . 3 . 13 )  ar e s umma r i ze d i n  Tab l e  
F . 3 . 5 .  

The average ve l o c i  ty of the  gro u n d  water can  be u s e d  t o  
es t i mate mi g rat i o n  rate s o f  co ntami n a n ts , or t h e  t i me  needed 
to  f l u s h  co ntam i nan ts from a grou n d -wat er  sy s tem . It  can  be  
ca l c u l ated  a s  f o l l ows ( Bear , 1 9 7 9 ) : 

v = Q/nef  A 

where 

v = ave rage ve l o s i ty ( l /t )  
Q = f l ow rate ( 1  It ) 

nef 
= effect i ve poro s i ty 

A = c ro s s - sect i o n a l  are a ( 1  2 ) 

N o  me a sureme nts  of effe c t i ve por os i ty wer e  ava i l ab l e ,  s o  
ca l c u l a t i o ns were  made assum i n g  t hat effec t i ve poros i ty i s  
eq ual  t o  t he spec i f i c  y i el d .  Cal c u l at i o n s  o f  averag e ve l oc i ty 
are s u mma r i zed  i n  Tab l e F . 3 . 5 .  

The vo l ume of al l u v i a l  grou n d  water d i rec t l y be l ow t he 
t a i l i n gs can  be c a l c u l ated  u s i n g the  form u l a 

where 

v = A x b x Sy 

v = vo 1 ume ( 1  3 ) 

A = hor i zonta l  ar ea ( 1
2

) 

b = average  t h i c k n es s of t he s a t urated  zo ne ( 1 )  

Sy = spe c i f i c  y i e l d ( ft 3/f t
3

) 

Vo l ume ca l c u l at io n s  ar e summar i ze d  i n  Tabl e F . 3 . 6 ,  a n d  w i l l  be 
us ed i n  t he a s s e s sme n t  of i mp acts  o n  grou n d  water o f  var i ou s  
reme d i a l  act i o n  al ternat i ves . 

T a i l i ngs . The t a i l i n gs are satur ated i n  the  l ower por -
t i o n s  of the  p i l e . L abor a t ory pe rme ab i l i ty tes ts  have  been  r e­
po rted  by o t he r  i n ve s t i g at �r s  ( see ?,fc t i o n  F . 3 . 1 . 1 ) . The s e  
are i n  t h e  range of >10- to >10- cm/ s ec , de pe nd i n g  o n  
t he c omp o s i t i o n  of t h e  t a i l i n gs samp l es ( Ne l s o n a n d  Wardwe l l ,  
1 982 ) • 

Vert i c a l  hydra u l i c  grad i e nts . Me a su r ed water l e vel s i n  
the  s h a l l ow Man c o s  S h al e for Marc h an d M ay ,  1 985 , were  ge neral ­
l y  w i t h i n 0 . 1 foot  to one  foot of water l e ve l s  i n  adj ac e n t  a l ­
l u v i a l  wel l s .  Cal c u l ated grad i e n ts ( wh ere " + "  i n d i cates  a 
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Tab l e F . 3 . 5  Ground -water f l u x  r at e  

D ate  3/85 6/83 6/83 

K ( cm / s ec ) : 4 . 2  x 10  
- 2  

4 . 2  x 10  -
2 1 .  5 x 1 0  -2  

A ( ft 2 ) 20 , 000 10, 000 1 0 , 000 

h 1 
4570 4567  4 5 67 

h 2 
4564 4565  4 5 65 

d l  ( ft )  1450 15 50 15 50 

Q ( ft
3/y r )  3 . 6  x 1 0

6 
5 . 6  x 105 2 . 00 x 1 05 

Q ( l i t e r s /yr ) 1 x 108 1 .  6 x 1 07 5 . 67 x 1 06 

V
a ( nef  = 0 . 10 ) 1800 560 200 

V a ( ne f  
= 0 . 20 )  900 280 100 

V
a 

( nef  = 0 . 35 )  514  160  5 7  

a V v e l o c i ty ( ft/y r )  k ( h 1 :1 h 2� ( �J = = 

Tab l e  F . 3 . 6  V o l u me  o f  a l l uv i al  grou n d  water be l ow t he t a i l i n gs  

Are a 
( ac res ) 

57  

57  

57 

10 

10 

10 

0 . 1 0  

0 . 20 

0 . 3 5  

3 
Vo l ume ( ft  ) 

2 . 48 x 1 0
6 

4 . 96 x 1 0
6 

8 . 6 9  x 1 06 

V o l u me  
( l i ters ) 

7 x 1 0
7 

1 .  4 x 1 08 

2 . 5  x 1 08 

� Fr om F i g ure  F . 3 . 14 .  
R a n g e  o f  v a l ue s for al l u v i um se l ected from Tod d ,  1 980;  Dav i s an d DeW i es t , 
1 9 6 6 . 
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F . 3 . 1 . 6  

downwa r d  grad i en t )  i n  Marc h wer e s l i g h t l y  upwar d and  r a n g e d  
f r om -0 . 03 0  to +0 . 104 ft/f t .  Ca l c u l ated grad i e n ts i n  M ay were 
down wa r d ,  i n  the range  + 0 . 021  t o  +0 . 201  ft/f t .  Anoma l o u s  g r a­
d i ents  of + 2 . 0 ft/ft wer e  ca l c u l ated ( we l l s  735  and 7 3 6 ) , b ut 
t h i s may refl ect s l ow recovery of a we l l  c omp l eted i n  t h e  
s h a l e ,  co n s eq ue n t  to we l l deve l o pme n t  a n d  wa ter samp l i n g .  
Stu d i es  e l s ewhere  have s hown that  wel l s  comp l eted i n  t h e  
M an c o s  Sha l e may r e q  u i  r e  s e ve ra l  mo n t h s  t o  r e c o v e r  af ter  b e  i n g 
de ve l oped  ( Dame s and Moor e ,  1 984 ) or s amp l ed ( DO E ,  1 985 ) . I t  
can  be conc l  uded  t h at t he g rad i e n t  b e tween t he bedrock  and  t he 
a l l uv i um i s  s l i g ht , howe ver  def i n i te co nc l us i o n s  abo u t  t h e  ab ­
so l ute  rate and d i rec t i o n  of ver t i c al  grou n d -water mov eme n t  
wou l d  req u i re ad d i t io n al  water - l e ve l  me a su r eme n ts i n  we l l s  u n ­
d i sturbed  by s amp l i n g .  

I n  s umma ry ,  i t  h a s  been c o nc l uded t ha t :  

o B a s ed o n  q ual i t at i ve e v i d e n c e ,  t h e  l ow perme ab i l i ty o f  
t he Dakota  S an d s t o ne l i m i ts  i t s ut i l i ty a s  an  aq u i fe r .  

o The Manc o s  S ha l e i s  genera l l y  ac k now l e d ged a s  a f o rm a ­
t i o n wh i c h i n h i b i ts t he moveme nt  of wate r .  Up pe r 
we athe red por t i o n s  and ve ry l oc a l  i zed zo n e s  tran sm i t  
mod e rate q uan t i t i e s  of water , re l at i ve t o  the  a l l u ­
v i um .  

o The al l u v i um i n  t he v i c i n i ty o f  t he s i te a n d  t he t a i l ­
i n g s  can  tra n sm i t l arge  quan t i t i e s  of wa te r ,  re l at i v e  
t o  t he Man c o s  S h a l e .  

Water  q u a l i ty 

D at a  o n  ground -wa ter  chem i stry fo r s amp l es co l l ec ted  o n  
v ar i o u s  date s are pr es e n te d  i n  Tab l es F . 3 . 7 t hrough  F . 3 . 1 6 .  
O n  the s e  tab l es ,  t he cat i on/an i o n  bal ances ar e s h own f o r  e a c h  
an a l ys i s under  t he parame te r head i n g "BALANCE " . Se vera l  o f  
the  ba l anc es have  an ab so l ute  va l ue beyo nd t he f i ve p e r c e n t  a c ­
c u r acy c r i te r i o n .  Mo s t  o f  t hes e ana l ys e s  wer e  perfor me d  i n  
1983  pr i or to  t he pr es en t  q ual i ty a s s u r anc e pr ogram .  A fe w 
ot her an al yses  pe rformed i n  1985 h ave ba l  anc es bey o n d  f i v e 
pe rc e n t .  Thes e were pe r forme d by a 1 abo r a t ory t h at wa s no t 
q ual i f i e d  i n  t he pre s ent  q ual i ty as suranc e pro g ram . 

Tab l es F . 3 . 1 7 throu g h  F . 3 . 20 i nc l ude al l an a l ys es fo r e ac h  p a­
rame ter wh i c h  e x c eed t he s t at i s t i c a l ma x i mum o f  bac k g rou n d  v a l ­
ue s .  The s tat i s t i ca l  ma x i mum i s  the  greater of t he ma x i mum  
va l  ue  f rom back g ro u n d  samp l es and  the  average  va l  ue p l  u s  two 
s t an d a r d  de v i at i o n s . Back g ro u n d  s amp l es wer e  al l samp l es co l ­
l ec ted from we l l s  7 1 1  and  7 12 .  A l l u pgrad i e nt ,  o n - s i t e ,  c ro s s ­
grad i en t ,  and down g rad i en t  samp l es from al l u v i al we l l s  ar e 
compared to t he back g round  va l ues . Tab l es F . 3 . 2 1 t h rou g h  
F . 3 . 30 i n c l ude  al l ana l yses  who se  va l ues exc eed t he EPA pr i ma­
ry or  s econd a ry d r i n k i n g  water s t an d a r d s  ( T he State  of  
Co l orado  d r i nk i n g water standards  are i d e n t i ca l  to  the  E P A  
s t anda r d s )  . 
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H YDRAUL I C  FLOU R E L A T I ONSH I P : U P  GKAD I � N T 

0 1 / 0 1 / 8 �  lU 09/0S/8S 

--- - - - -- - - - - - - - - - - - - - --- - - - - - - - - - - - L OCA l J ON I t l  - SAMP L f I II AND l .O b  DATE 

UN I T  OF 
P ARAMf- T l R I'1EASliKE 
--- - - - - ----- - - - - - -----
AU(AI I N lT Y  MG/L CAC03 
A L l JM I NUM MG/L 
AMMflN I UM MG/L 
A N T [ MIlNY MIl I L  
AHSE: N .l C  MG/t. 
fl ALANCE 7-

B AR I U M  1'16/L 
B OR O N  MG/L 
CADM J UM MG/t. 
CALC l UM MG/L 
CHl OK J LIE: M G / L  
t H R I l M  w M  M O I L  
COH AI T MOil 
CONDI J C T ANCE IJMHO/CI'I 
COP P I I( MG/L 
C Y AN I D E  MG/L 
F L UOR J DE MG/L 
GROSS A L P HA p e L l L 
mwss HE: T A  P C I IL 
HYD . SULF l DE MUlL 
l R ON Mll lL 
Lf.:AD Mli / L  
MAriNf- f ;  H I M  MG/L 
MANI,ANESE MG/L 
MI- R C U K Y  M G / L  
MOL YH DENI JI'I Mli/L 
NI [ f( f- t Mf' / L  
N I  r RA I E M G / L  
N J  T RU h E N , IUL M G / L  
OR G .  C A K B flN MG/L 
P H - 7 1 0 P C I / L 
P H  SU 
P HOSP HA I I· M6/L 
P Q- 2 1 0  P C l IL 
P O I  M'b I UM M6/L 
R A- 2 2 6  P C( fL 
R A - 2 I' B  P C l / L 
�'H .. E N wM MG/L 
S l I  I t A MG/L 
S I LV E R  MG/I. 
SUD l l JM Mfi /L  
�; T R IlN r L UM MG/L 
SUL f- A I I  Mrill  
�j I JLF l m :  MI.il L 
I f  MP f- HA I l i R E  C - Dl b K f- l: 
fH-- 2 30 P l� L / L  
lI N MG/L 

5B8-0 1 02/ 0 1 / 83 588- 0 1 0 6 / 0 7 /85 588-0 1 0 9 / 0 4 / 85 7 1 0-0 1 0 3 1 2 1 / 85 

P AR A M � T F R  
VALUE + I -UNCl: R T A I N T Y  

2 8 1 .  

0 . 00 4  
S . 65 
0 . 0 4 

1 1 8 .  
1 6 7 . 

0 . 00 2  
0 . 00 1  

0 . 0 1 1 1  

2 . ]  

4 7 . 8  
0 . 1 6 

0 . 03 

0 . 1 
7 . 7  

6 4 . 5  

7 . 1 

9 .  

0 . 00 2  

1 4 1 .  

1 8 4 . 

P AR At'W r f-�R 
VAl.  Uf- + 1 --Ili-lCf- k l A J  N I Y 

( 
( 
( 
( 

26S . 
0 . 1 
9 . 8 / 
0 . 003 
0 . 0 1  
3 . 13 1  
0 . 1 
0 . 0 7 
0 . 00 1  

't 4 . 
1 4 :� • 

0 . 0 1  
O . OS 

't 1 0 .  
0 . 01 
0 . 0 1  
0 . 4  

o .  :�:'1 
0 . 0 1  

3 5 . 
0 . 1 5 
O . OO O ?  
0 . 0 1  
0 . 04 
1 .  

4 . 6 

1 . 5  
7 . 8  
0 . 1 
1 .  

1 1 . 4  
1 .  
1 .  
0 . 00 5  
6 . 1' 
0 . 0 1  

1 1 1 .  
0 . 7 5 

1 '1 1 .  
0 . 1 

1 8 .  
1 -
O . Oo�, 

P A H ,�,I'I� T F R  
V A I. Uf- + / -UNt: f- R I A I N I Y  

299 . 

O .  1 
1 1  • f! 

0 . 003 
0 . 0 1  

- 1' . 0 8 
o • 0 \·, 

0 . 0 4  
0 . 00 1  

4 6 . 1  
fJl . f.  

o . () 1  
o . os 

'>' 4 4 . 
0 . 0 1 

0 . 4 '7 

0 . 2  
0 . 2'7 

1 9 . �. 
0 . 1 5 
0 . 00 0 1  
O . O J 
0 . 0 4 
1 . 6  

S .  

7 . 1  

'1 . 1 1  
1 -
1 .  
0 . 005 

1/ . :-1 

'N • •  1 
0 . 55 

SO . 4  

·l r,l . b 

O .  OO�. 

P AR A M E T ER 
VAL U E + I-UNCl- k l A I N T Y  

S:3 S .  

0 . 1 
4 S . 

( 0 . 003 
( 0 . 0 1  

- . 66 

0 . 1 
0 . 3 1  
0 . 002 

590 . 
n o .  

0 . 02 
0 . 0 1  

6 7 00 . 
0 . 02 
0 . 0 1  
1 .  

70 . 
1 00 .  

0 . 2  
0 . 1 
0 . 0 1  

330 . 
2 . 7  
0 . 0003 
0 . 08 
0 . 04 
;� . 

7 . 2  
1 . 5  
7 . 1 
0 . 1 
1 .  

24 . 
1 .  
1 • 

0 . 005 
7 . E!  
0 . 0 1  

7 !:10 . 
6 . 1 

�:lOOO • 

1 1 . 5 
1 • 

0 . 00 5  

7 1 0-0 1  06/0 1 1 � S  

P AH I�METER 
VAL I IE ·t / -- UNCFR TA 1 N TY 

507 . 
0 . 1 

2 4 . '7  
( O . O OJ 
( O .  () 1 

3 . H6 
0 . 1 
O . :V 
0 . 00 1  

5 24 .  
607 . 

0 . 0 1  
0 . 05 

4 300 . 
( 0 . 02 
( 0 . 0 1  

1 .  1 

0 . 1 1  
0 . 0 1  

3 2 7 . 
2 . 9 1  
O . OOO� 
0 . 07 

( 0 . 0 4 
( 1 .  

13 . 9  
1 .  S 

6 . HS 

( 0 . 1 
( 1 • 

2�� . b 
1 .  
1 • 

O . OOS 
8 " .  • I. 
0 . 0 1  

665 . 
S . IH 

2 4 ]0 . 
0 . 1 

1 6 .  
1 • 

o .  Oo�. 
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F O R M A T I ON OF COMP LE-f I lJN : AI .. LUV ( I JM 
HYDRAUl 1 C  FLOW R E l � I UNSH 1 P :  UP GRAD J F N f 

P AI<AMF T f. R 

TOTAl  !:;Ol I n S  
T O T A L  LJ 
lOX 
U - 2 3 4  

11-- 230 

VANAI) I UM 
l l Ne 

UN I T  OF 
MEASUR� 

MG/l 
P P M  
M G / I. 
P C I I L  
P C I I L 
MG/L 
MG/l  

b88-0 1 O V O  1 / 8 3  

P AR AM F T E R  
VAL U� + I - UNCE I< TA ] N 1 Y  

8 7 B . 
0 . 0 1  

0 . 006 

0 . 0 1  

ti H IIUNO WA rl,){ iJIJAU I Y I.)A IA H Y  1 t)I ; A  I l UN 
S I l l· : G k A N I J  ,JUNC ll ( JN 

0 2 / 0 1 / 13 3  III 09/(h / H S  ( Co n t i  n ue d ) 

l nC A I ]  (IN 1 1 > - S,'i�1f' 1  E: ] [) AND LOG DA n - -- .- -. - - . - - - .-.- - - .- - - - - -- - - .-. - - -. .. - ... -- -. - -.. -... - .-. -. 

SI� 8 - 0 1 Ol,!!)! IU5 SHn · 0 1  09 ! 0 4/8S 7 1 0-0 1 0 :3 / 2 1 /85 7 1 0-0 1 06/01 l OS 

P AK A I'IF ' '' R 
VAL  lIH 'I-UNL� k l A ) N I  Y 

6S6 . 

O .  1 

1 • 

1 • 

0 . 0 1  

o . oo�) 

P AH AMt: P R  
VAl  1 1l:: 1 / ( INCE: H I f'll N I Y 

4 '1'" • 

4 .  

1 .  
0 . 0 1  

O . () ' <i 

P AR A M F .fER 
V A L Uf + I -UNCE R T A I N T Y  

6 2 0 '1 .  

0 . 2  
2 9 . 

2:� . 
0 . 0 1  

0 . 05 

P AR A M E T ER 
VAl I W + I-UNC E R T A I N T Y  

( 
( 

56S8 . 

0 . 2 1  
36 . 

3 0 . 7  
0 . 0 1  

o . oos 
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FORMA f [ ON OF CnMP I . H IllN : AI . I IJV [ lJM 

fl Vl)HAI Ii lC n uw R H. A l lONSH H' : UP (lHAO I I  N l  

PARMII: T .. R 

AI f(AI ] N I T V  

ALI IM I NLJI'I 

AMMON I I I �I 

AN r I MONV 

AHSI N ] C  

H AL ANCE 

k A R J I IM 

IHlH ON 

rALIM J I JI'I 

t: AL C L lJl'I 

CHLOH ] [)!: 

r : liR I 1M l U l'I  

C O H A I  I 

enNDlJe rANCE 

Clll' P � lt 

CYAN WI:: 
" L I IOH I I )F 

tlRI IS!:i AI.PHA 

bHOSS H !: l A  

IIYD . SULF 1 1)( 

I R ON 

U , Il) 

MAIIN� �. I. 1 1M 

11(,N"AN� SE 

rl� RLIIR V 

1'101 . )'  Ii I)�.NUI'I 

N 1 Ua i  

IH I R A rE 

N J  I R LJli� N , fUl 

OIHi .  I�ARIHIN 

1' 11 - 2 1 0  

P H  
I' HOSI' H A  I F  
1' 1 1 - 2 1 0  

I' l l  I A � �' ] 1 1 M  

R A - n b  

H A -· /, /H 

�-,I- U. N L UI'I 

�, I I  f ( ' A  
! > l 1  V I  R 

! i l l l l J  1 1M 

:, I H I IN I I. UM 

�,I II  f· A I I 
: ·, 1 11  � J DI 
I � ril ' l  IU, 1 1IR I: 

I H  LJO 
I I N  

l iN If OF 

I'll: ASLJHI: 

I'IG/L. CAC03 

I'lt i / L  

I'IG/L 

I'IG/L 

I'IG/L 

X 
I'IG/L 

I'IIJ/L 

I'IG/L 

I'IG/L 

l'lli/t. 

MG/L 

I'lli/ L  

UMHO /CM 

l'lli/t. 

I'Ili / L  

I'I G I L  
p e l / L 

P C )  IL 

Mli/ L  

I'I(; / L  

Mli / L  

MlilL 

Mli / L  

I'I G / L  

MG/L 

MG/I 

MIl / L  

l'I(i / L  

MI, / L 

P U lL 

S I I  

l'lfi / l  

P G I / L 

MG / I 
P C L / L 

P C  J I L  

MI,/L 

M(' / L  

MI] / L  

M b / L  

MI ,/ L 

M b / L  

11iJ / L  

C - OI. IiRH· 

P I :  l /L 
MldL 

7 1 0-0 1 0 9 / 0 4 / U 5  

P AR AME 1 F R  

VALUE + I - UNCE H 1 A 1 N 1 V  

49B . 

0 . 1 

6 7 . 1  

0 . 003 

0 . 0 1  

0 . 1, 2 

o . o!:> 

0 . 4 J 

0 . 00 1  

SOJ . 

7 1:1 :i .  

0 . 0 1  

o . os 

66 1 3 .  

0 . 0? 

i . £'  

0 . 1 

3 . 0 4  

37S . 

'� . 8b 
0 . 0003 

0 . 1 

0 . 0'>' 

1 .  

1 . 4  

6 . 8  

?'>' . I  

1 -

1 .  

0 . 005 

1 9 . 5  

Hh] . 
S . 6  

2BOO . 

1 8 .  

O .  OO�, 

I ,H I ) I I N I) W A I l- I{ IJIJ(,I 1 1 '( I ) A I I'I  IlY 1 I ) I ' t'\ I I I I f� 

S J I I : ( .H ANt I JI IN!.  I " IN 
O N o 1 / 1:1 3  I I ) O'J/lh / tl�) ( Con t i n ued ) 

- L (leA I J liN I I I  - SM1f' 1 I J I I  ANI)  L ori nA I l: 

1 4 4 - 0 1  (H/' � 1 /1:l5 1 4 4 - 0 1  O b l ll l / tl�i 1 4 4 - 02 0 6 1 0 1 1 8S 

P A R AMl- l fR 

VALl II i I - UNCI H I  A I N  IY 

4 b e . 

0 . 1 

1 . 6  

O . OOJ 

0 . 0 1  

- 4 . :U 

0 . 1 

0 . 2S 

0 . 00 /  

lbO . 

4bO . 

O . tl /  

0 . 0 1  

:fi.OO . 

0 . 0 1  

0 . 0 1  

0 . 4  

1 1 0 . 

S O .  

o . �  

1 .  

0 . 0 1  

1 '1 0 .  

2 .  
0 . 0001' 

0 . 0 2 

0 . 0 4 

1 .  

'1 0 •
. � 

1 .  !:. 
1 . 05 

() . 1 

1 -

8 . 9  

1 .  

1 .  

0 . 005 

U . r  
0 . 0 1  

4 r' O .  

i. . 1:1  

1 1'00 . 

1 0 . b  

1 .  

o .  ()O�, 

I' ARAM� IFR 
VAL. IJI ' I - LJNLf H I A I N I V  

::1:1 " • 

0 . 1 

1 . 2  

0 . 00 3  

0 . 0 1  

1 . l:I b  

0 . 1 

0 . 1.3 

0 . 00 1  

� 4 1. .  

20/ . 

0 . 0 1  

o . os 
·i. 1 S0 . 

0 . 0 £ 

0 . 0 1  

0 . 6  

0 . 1 

0 . 0 1  

1 4 4 .  

1 . 1 9 

O . OOor 

0 . 0 2 

(1 . 0 4 

1 .  

9 . 4  

1 . 5  

1 . 4  

0 . 1 

1 .  

9 . 0r 

1 .  

1 .  
(j . OO S  

tl . 1  
0 . 0 1  

ClOY . 
1. . 4 1  

1 1 �,o • 

(j . 1 

1 It . 

1 .  
O . OO�, 

P AR A M E T E R  

VAL .Uf + I -UNCI R r � I NT V  

:nl' . 
0 . 1 

1 . 2  

O . OOJ 

0 . 0 1  

2 . 2 2 

0 . 1 

0 . 2 3 

O . O() 1 

2 ::1 4 . 

2 0 4 . 

0 . 0 1  

0 . 0!:. 

J. 1 S0 . 

o . o £' 

0 . 0 1  

0 . 6  

0 . 1 1  

0 . 0 1  

1 4 '1 .  

1 .  1 6  

0 . 0002 

0 . 0 1  

0 . 0 4 

1 .  

., . 8  

1 . 4  

o .  1 

Y . 1 

0 . 005 

b . 1  

0 . 0 1  

�:I1 2 • 

2 . 36 

'i 1 /.'0 . 

0 . 1 

1 4 .  

o . o"s 

7 it4-03 06/01 1 1:/5 

P AK AME rER 

VAI . I IE+ / - IJNCER l A l N I V 

3 ��£' • 

0 . 1 
,.. r) J:. • •  L 
O . OO:J 

0 . 0 1 

2 . 5 1  

0 . 1 

0 . 2 4 

0 . 00 1 

1. 3 7 . 

1 9 9 . 

0 . 0 1  

O . O!:. 

2 1 50 . 

0 . 02 

0 . 0 1  

0 . 6  

0 . 1 2  

0 . 0 1  

1 4 2 .  

1 . 1 5 

0 . 0002 

0 . 0 1  

0 . 0 4  

1 .  

1 0 . 4  

7 . 4  

0 . 1 

8 . 91 

o . oo s  

6 . 6  

0 . 0 1  

�H O .  

2 . J3 
1 1 1 0 .  

0 . 1 

1 4  .. 

o .  ()O�, 
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HIRMA l IUN OF COMP L I::: I II IN :  AUJJV C I JM 
HYORAI IU C FLOIJ RI: LA l l ONSH l !' :  LIP GHAD lI -. N T  

f'AHAM� 1I It 

( (HAL fiOI I l lS 
I IHAL U 
l OX 

I J - � J 4  
11 - 2 30 
VANAD I UM 
I J NC 

l iN I r OF 
ME A�,IJH� 

MG/L 
P P M  
MG/I 
P O l L  
P C l I l 
11G/L 
MG/L 

1 1 0-0 1 O � / 0 4 / 8 5  

P AHAMHER 
VAl U H / - lINCl- H 1 A J N T Y  

6 3 L'O . 

I:'H . 
20 . 

0 . 0 1  
O . 0 1 f1 

IJH I J l JN D  WA r� H IJIJAL I I '( I >A fA H Y  1 l ILA 1 I I I N 

�j ) 1 J :  (;I-< A N I I  Jl lNt 1 J ( ' 1\1 

0 11 0 1 / �3 1 0  O Y / O S / 85 ( Co n t i n ued ) 

- I IICA 1 WN 1 1 ) - SAM!' I I I I I ANI> I Oil n' -\I� -- ------ -
1 4 4 - 0 1 ()J/ I:' 1 /I�S 1 4 4 - 0 1 0 6 / 0 1 1 8 S  1 4 4 -- 0 2 06/07105 

t> AH AM�- r �._R 
VAI I If + 1 --lINL� H I  A )  N I  Y 

4 4 6 1' .  

H . 2  
1 '1 .  
1 4 .  

o . (H 
O . oy 

P AHAM�. I L R  
VAl I IH I -UNCI I I  1 A .I N 1 Y 

r:�H"' . 

o .  :H 
1 '1 .  J 
n . 4  

0 . 0 1:' 
O . O(lh 

P AM AMI::: TER 

VAI I . + I - UNCI R T A I N T Y  

1'4 1 0 .  

0 . 29 

0 . 02 

0 . 005 

7 4 4 - 0 3  0 6 / 0 1 l B 5  

P A H A I'IE f F H  
VAL Ul: + 1 -- IINCl:R I A I N T Y  

2 4 5 6 . 

O .  ,'y 

0 . 0 1  
O .  O()�J 
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F flRMfl T I  ON OF COMP tE r lIlN : AU.J IV [ 1 1M 

H Y DRAUL I C  FLOW R E L A T I UN SH I P :  UP GkAO l f N T 

I I IH T  OF 

P AR AM E H  It MEASURI-
- _ ._ -" _. 

_ _ ._ . _ - - _. _ - _. _. _ - - - -

AI I(AI I N ]  T V  M G / L  CAClL-l 

(.II . I IM I NUM M G / L  

()M�I ( IN J UM M G / L  

(IN I 1 11 0 N Y  MIi / L  

AkSI- N I C  M G / L  

H A I  .. A N C E  I. 
B AR I UM M(j / l .  

H U R O N  MI, / L  

CADM .I U M  M G / L  

C A L.C I UM M G / L  

CHL OH .I DI-. M G / L  

L H H O M  IU M  MI, / L  

C I III At l  M G / L  

C O N D U C T A N C E  IJMHf)/CM 

C (l P P I- H  M G / l  

I ; Y A N IDE M 13 / L  

1-1 .  UOk J I l F  M(] !L 

';R D�lS ALPHA P C l I t  

bk {JS�, Ell· 1 A P C I / L  

H y[) .  SI I IX WI-: �IG / L  

I k O N  M G / I. 

I � . Al) M l l / L  

MAONI- S I UM M(j /L 

11 ANI .lANESE MIl / L  

M HU : U k Y  M G / L  

M m  .. Y H  DENUM 111 l / L  

N I Cl(H M(j / L  

N L I R A T E  MIl/L 

N] T R fl(,F N ,  1(.1L M G / L  

O R G . I�AH I:IIJN 

I' 11 ·-- /, 1 0  

P H  

P HO S P H A I I  
P fl -- 2 1 0  

I' m A S S l U M  

k A - 2 £' 6  

I< A ·- ? ? H  

�-, I- U-_ N t U M  

S I L I C A  

S I I.. \k R  
� . I I[) 1 1 1M 

� ,  I k l I N T [ UM 

�:il. 1 I  � A n  

� ) I  " "'- WE 
I I  �II' I HI) I Uk l  

I H -- ! 30 

1 I N  

M13 / L  

P C I / I. 

SU 

M G / L  

P C  l I L 

M G / I. 

P C [ / L 

P e I / L  

MG/L 

M G / L  

Mll / L  

Mr; / 1  
M I ; /l. 

m; / 1 .. 
M I i / L  

C - IH:. G H H  

1) 1 ;  l i t 
M G / L. 

1 4 4- 0 4  0 6 / 0 1 185 

P A H A M � T E R  

VAL U E + I - UNC� k l A J N T Y  

332 . 
0 . 1 

1 . 3  

0 . 00 3  

0 . 0 1 

1 . 53 

0 . 1 

0 . ;> 3 

0 . 00 1  

·� 40 . 

2 0 4 . 

o .  () 1 

0 . 05 

(l 1 S0 . 

0 . 0? 

0 . 0 1  

0 . 6  

0 . 1 1  

0 . 0 1  

1 4 7 .  
1 . 1 9 

O . OOO? 

0 . 0 1  

0 . 0 4 

1 -

9 . 4  

1 . 4  

0 . 1 

9 . 0S 

O . O()S 

6 . 1  

0 . 0 1  

�H ? 

2 . JI 
1 1 S 0 . 

0 . 1 

1 II . 

O . OOS 

I I) ()'} / O'-, / Ii�i ( Co n t i n ued ) 

L OC A I .I UN I I I -- t;MW I I- j l l AND 1 (I(j ()A I �  

1 4 4 - 0 S  0 6 / 0 1 1 � S  1 4 4 - 0 1 0 '1 / 0 4 / 85 1 4 4 - 0 2  0 9 / 0 4 / 8 5  

P A R AI11-: II'�R 
VAl UH / - IINn k f A I N T Y  

3:�/' • 

0 . 1 

1 . 6  
0 . 00 3  

0 . 0 1  

1 . �6 

0 . 1 

0 . � 4 

0 . 00 1 

�:-I6 . 

20/' . 

O . (H 

o . os 

-" 1 '1 0 . 

O . O ? 

0 . 0 1  

0 . 6  

O .  i f'  
0 . () 1  

1 4 d .  

1 . 2  

O . O(lOr 

0 . 02 

0 . 0 4 

1 .  

� .  ?-

1 . 4  

o .  1 

8 . 8(1 

i) . OOS 

6 .  {, 
i) . 0 1  

30/1 .  

J. . �I:I 

1 1 4 0 . 

0 . 1 

1 4 .  

() • OO�,  

P AR AMI-:. I I- R 

VAl UI- ' / - I I r� ( : f  I( I A l  N I Y 

4 ', 0 . 

0 . 1 

1 . 1  
0 . 00 3  

0 . 0 1  

O .  

o . O�, 

0 . ,' 6  

0 . 00 1  

1'�-iJ • 

2'11.. . 

0 . 0 1  

o . os 

v w .  
o . o/' 

() . �,'" 

0 . 1 

o . (u 

1 S tl .  

1 . H 

O . O O O L' 

0 . () 2  

0 . 0 4 
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/oTAl U P P I'I  

lOX I'IG/L 

U- 234 P C I / l  
1J - 2 3 8  PC I IL 
URAN I UM I'IG/l 
VANAO l UM I'IGIL 
l I NC MG/ l 

SB 1 -0 �  09/ 1 1 / 8 5  S8 1 -0 3  0'1/ 1 1 / 8 5  SB 1 - 0 4  09/ 1 1 / Hb SB 1 - 0� 0 9/ 1 1 /B� 

P ARAI'I� TER 
VALUf + I -UNCf R T A I N T Y  

1 4 . 5  

0 . 005 

5560 . 

"l6 . 

2 4 . 

0 . 0 1  

0 . 0 1 5  

PARAMt:: H::R 
VAL Uf + I '-UNU' R I  A I Nl Y 

1 4 . S 

O . OOS 

5�:l /  O .  

2:3 . 

2 £, .  

0 . 0 1  

O . 0 1 S 

P AR AMt:: lt::R 
VALU� + I -UNC� R T A l N I Y  

1 4 . 5 

O . OOS 

5 4 60 . 

1'6 . 
fJ • 

0 . 0 1  

0 . 0 1 5 

P AR AME TER 
Vru.UE + I -UNCE R T A I N T Y  

1 4 . S  

0 . 005 

5400 . 

"l:3 . 

23 . 

0 . 0 1  

0 . 0 1 7 

5B3-0 1 02/07/83 

P A R AME t E R  
VAlUF+ I -UNC E R T A I N I Y  

1 3 . 

6420 . 
0 . 229 

1 . 6  

O . BI 



" I 
0:> 
w 

F OR M AT I UN OF COMP L E T I  ON : ALI_ U V  tI I M  
H YDRAtll  I C  F L O IJ  R E I  A T I ONSH I P : O N - S I n  

liN I T  f)F 

P ARAMf -T F R  MEASURE: 
.w _ _  ._._. _ _  • _ _ _ _  

Al I(AL J N IT Y  MGIL CACO:� 

ALUM I NUM MGIL 

AMMON I A  MG/L 
AMMf)N I UM MGIL 

A N T I M(lNY MG/L 
ARSEN I C  MGIL 
B A l  ANn x. 
BAR lUM MGIL 

B ORON MGIL 
CADM I U M  MG/L 

CAl C I UM M G / l  
CHUJR W E  MGIL 
CHROM J UM MG/L 
C I )B AL T  MGIL 
COND , I N - S I T U UMHO /CM 
C O NDUC TANCE UMHO/CM 
C O P P E R  MUll  
CYAN I DE MGIL 
F l UOR J I lE MG/L 
tiROSS A L P H A  P e t /L 

G k flSS H E T A  P C l /I. 
H Y D . SUI .F I OE MGIL 
I RON MOil 
LEAD MGIL 
MAhNf S J UM MG/L 
MANt;AN�:SE MGIL 
Ml' kCUkY MGIL 
MOL YB OI- NUM MGIL 
N I C I([[ MGIL 
N I TH A IE MG/L 
N J TROG� N , KJL MG/L 
ORG . CARBON MG/l 
P Il - 2 1 0 P C I II 
P H  SU 

P HO S P H A T E  MGIL 
P HOSP HI IIHIS MGIL 
1' [1 - 2 1 0  P C l /l 

P IHASS l UM MGIL 

R A - 2 2 6  P C I /L 
R A - 2 2 B  P C I I L 
S� l E N J l IM MG/L 
!, I I.t CA MG/l 
!:; ) l  VH( MG/L 
SIll) [uM M(i / l  
S I RONT J UM M(;/L 
!>tH F A T L  MUl l 
S l iL F l i lt MG/l 

583-0 1 0 6 / 0 7 1 8 3  

P AR AM E T E R  
VAl U F + I-UNCEk l A J N T Y  

360 . 

254 . 1 

0 . 0 1 1  
-3 . 57 

0 . 002 

4 7 5 . 
7 7 0 . 

0 . 0 1  
0 . 04 9  

6 1 00 . 

0 . 00� 

O . 0 1 fl 

1 7 8 .  
1 . 75 

0 . 4  

8 4 . 2  

7 .  

4 9 .  

0 . 0 1 3  

1 090 . 

3 1 00 .  

0 1 / 3 1 / �3 1 0  09 / 1 1 / �S ( Cont i n ued ) 

- L OfAl l UN J l I ·- SAMP l E:. I I I f."lND l OG OAH :  
S B 3·_·0 1 09 1 ? 1 / 1:lJ St:l3 - 0  1 O V ';>M8S S8 :l-·0 1 0 1, 1 0 7 1 85 

P AK A M L H.R 
VAL liI' + 1 --UN!:f. R T A l  N lY 

57 0 .  
0 . 1 7 

:ns . 

o . oos 

0 . 07 7  
-3 . 1 9 

o .  1 7  

0 . 07 2  

51'0 . 

7 90 . 

0 . 00 4  

0 . 5J 

O .  OM 

4 . 4  

0 . 0 / 1  
0 . 00 1 

4 S 0 . 

1 0 .  

0 . 0001' 
0 . 1 9  

so . 

1 29 .  

6 . 9  

0 . 1 

9 6 .  

29 . 

O .  1/' 
2 3 . 

0 . 00 1'  
'18 0 . 

4 'iOO . 

P AH A M E T E R  
VALU� + I -UN�lR 1 A I NT Y  

5 1 7 .  
o .  1 

j S l . 

0 . 00 3  
O . 0 1 '! 

0 . 54 

0 . 1 
0 . 5 7 
0 . 0 1  

51'0 . 

6AO . 
0 . 0 1  
O . O? 

8600 . 
0 . 1 1  
o . () 1 

4 . 2  

<'S!, • 

1 '1 0 . 

0 . 2  

1 . B  
O . (H 

2:�0 . 

4 . ]  

0 . 0004 

0 . ]  
O .  1 �  
1 .  

1 1 . 7  
1 . 5  
... . 8 
0 . 1 

1 • 

'16 . 
4 .  �. 
1 . 6 

0 . 005 
1 1 . 7  

0 . 0 1  
9 / 0 . 

4 .  :i 
:UOO . 

P ARAME TER 
VAl U F + I -UNCFk T A I N T Y  

4 6 4 . 

0 . 1 

2 1 4 .  

0 . 00:-1 
0 . 02 

1 . 8 4  
0 . 1 
0 . 66 
0 . 008 

4 9 2 . 
7 8 7 . 

0 . 0 1  
0 . 05 

7 :-120 . 
O . Ol' 
0 . 0 1  
3 .  

1 . 08 
0 . 0 1  

1 8 S .  
2 . 56 
0 . 0001' 
0 . 1 3  

0 . 1 8  
1 .  

1 0 . S  
1 . 5  
7 . 1 
0 . 1 

1 .  
69 . 2  

5 .  

2 . 2  
0 . 005 
13 . 8  
0 . 0 1  

1 13 0 .  

3 . SS 
:U90 . 

0 . 1 

S83 -0 1 0'! / 1 1 /8S 

P ARAMF rER 
VALUI' + I- UNCI R T A I N lY 

560 .  

0 . 1 

456 . 

0 . 003 
0 . 0 3 
1 . 22 
0 . 05 
0 . 56 
0 . 0 1 4  

5 4 5 . 

062 . 
0 . 0 1  
0 . 05 

95 1 6 .  
0 . 07 

4 . 2  

() . 1 
1 . 9 1  

2 4 9 .  

4 . 1 S  

0 . 0 0 0 2  
0 . 26 
0 . 23 
4 . 4  

1 2 . 5 

7 .  

93 . 1 
6 . 9 

0 . 0 1 1  
2 1 . 2 

',1 4 4 . 

4 . 7  

37�.() . 



"T) I 
OJ 
� 

Ta b l e F . 3 . 9  

FORMA f I lJN OF COMP LE T ION :  AI .. LUV [ I JM 

H Y DRAlil  I e  F L OW RH A T I llNSH I P :  ON-S HE 

P ARAMI' H  R 

I JN IT OF 

MEASUkl:: 

I F MP . I N- S I IU C - DE G R f F  

I fMP � H A J UR E  C - OEGR�E 

I H-- 230 P C I  II 

T i N M A I L  

1 0  fAL SOl I [ ) S  Mf; / L  

J O r AL U P P M  

l O X  
I J - · ) 3 4  

u - no 
I .lkAN .I. tH'l 

VANA U J  1 1M 

l I N e 

MG/L 

P t; I 1 L 

P C l / 1. 

M G / L  

MEl / L  

110/1. 

583-0 1 O h / O l 1 8 3  

P ARAM� f [ H  

V A l  U� + I - UN C F K 1 A 1 N T Y  

1 9 .  

5f130 . 

0 . 5? 4  

1 . 7  

0 . 5 1  

I , H I )Uf-jD WA J � R  lJI JAl l l Y I > A I A  H Y  " 1I.; A I [ l )f� 
S 1 1  f :  G k A N[) JUN ( .  I J ON 

0 1 13 1 / 1:1:3 I tl 0y / 1 1 / 1i �.1 ( C o n t i n ued )  

- - -- - - L OCA I ](IN ] ll -- SAMPI  E: I I) AND LOG [IAH 

Sfl:l- O 1 0 9 / ,i! 1 / 1'.1 3  "18 3 - 0 1  () : 3 f,> 6 / 1'l5 S83'- 0 1 0 6 / 0 1 1 85 

P AI{ I'\MIc: n:R 

VAL Uf + 1 ·--tJN( ;1- k 1 A J N I Y 

1 .  1 

8000 . 

O . O/ S  

1 . 6  

L':L 

I" AI{ I'\ M �  ILl{ 

VAl. Uf· + I -U N C E:  k l  A .I N I Y 

13 .  
( 1 • 

( O . ()()S 

6606 . 

0 . 3  

O .  H.lS 
0 . 6  

0 . 6  

P AR A ME T E R  

VAL. lJ� + I -UNCf R I A I N T Y  

1 5 .  

( 1 .  

( 0 . 005 

6 1 S0 . 

o . :n 

4 1 -

4 t.' .  

O . ?B 

0 . 26 7  

583-0 1 0�/ 1 1/85 

P AHAMF fER 

VALU� + I- U N C E R 1 A I N I Y  

1 5 .  

0 . 005 

6B90 . 

6 4 . 

66 . 

1 . 1 4 
0 . 7 2  



." 
I 

co 
Ul 

Ta b l e F . 3 . 9  

FORMAf i O N  OF COMP L E T I ON : AI .lJ JV I llI'I 
H Y DRALIL JC F l.OIJ R E L A 1 I ONSll I P :  ON-S J T E 

P A R AI'IE" H R  

AI I(AI I N l l Y  
AI . I II'I I NIII'I 
AMMON I A  
AMMI lN l lJl1 
ANT 1 11flNY 
ARSI-.N I C  
S Al ANt: l:  
BAR I IJI'I 
BORON 
CADM I UM 
C Al. C WM 

CHum WE 
CHROM I IJI'I 
COI:IALT 

UN I T  UF 

M�.ASLIRF 

584-0 1 0 2 / 0 H / H 1  

P A R AI'IETER 
VAL UF+ I-LlNCfR l A 1 N1 Y  

- - - - - - - - - - - - - - - - - - - - - - - - -. - - -. - - -

I1G/L CAC03 286 . 
MIl I L 
I1n/L 
I1li / L  
I1 G / L  
MG/L 0 . 00 7  

% - 1 1 . 3 1  

11G / L  
I'I G I L  
MIlIL 
I1G/L 556 . 

I'I G / L  82 2 .  
I1 G / L  0 . 0 0 1 

I1G/L 0 . 1 6  
CONI) , l N- S J I IJ IJMHO/CI'I 7000 . 

t.:l.INDI II; T ANCE II 1'1 HO I eM 
C OP P I- R I'I G / L  0 . 1 1' 
C Y A N  WE I'Ifl / L  
F I  UOH JI I E  I1G/L 
bR O!-lS ALPHA P C I I L 
GROSS II D A  P C I II 
H m .  SIJU: WI-: I1G/L 
I k ON I1G/L O . 1 E1Y 

I FAD I'IG/L 
MAGN� S l UM I1G /I. 25 . 1  

MANI,ANE SE MG / L  4 . 2 2 
l'Il- R e ll R Y  Ml; / !  
MOL Y fWENIJI'I MG/L 0 . 4 2 
N l  Cia' I MGIL 
N I l RA f[ MG/L 0 . 3  

m I R I lI'l· N . IUI MG/L 388 . 
OR G .  I ; A R H ON MG/L 1 20 . 

P It - 2 1 O  H I li 
P H  SU 7 . 2  

P HOS I·' HAH MGIL 
P HIJ...,P HORUS MIl / L  
P O- ? 1 0 P C l / L  
P U  f A'�'l l lJl'I M G / L  1 1 3 .  

H A - n l<  P C l / L 
R A -· iI /1:! p e l lL 
S� I I· N .1 liM Mlilt 0 . 05 1  

S I LI C A Mn/L 
S 11  VI·  H MUlL 
SI ll) I t iM M l i / L  1 ?  1 0 .  
S ·' RON I J IJM M b / L. 
!;I JLF flff MI,/L 4 4 4 0 . 

SUU J i lL M G I L. 

f,k ( 1 1 1rli l Wi I I  k QI IAl I I '( DA I A I:l ),  I ( IU\ I I l iN 
S l l � : I , f' {\rm II INL I I I iN . 

0 1 /] 1 / 8 3  I I I O Y / 1 1 / H�, ( Con t l n ued ) 

- - - LOCA l J O N  ) I I - SAMI' I � W AND L OG DAlF 
!'lH 4 - 0 1  () 1..I () 1:l / �l::1 S H 4 - 0 1  0'l U 1 / 8 :1 5I H - 0 1  O :) / " f, /B5 

P A R MII- IER P AH AMI-. If R P ARAI'IF 1FR 
VAl U H / - I INU k l A 1 N I Y  VAU II + / -UNU R I  A I N I Y VM Uf + I - LlNCl k l ft J N T Y  
- -- - - -.-.-. -- .-. .. -----. - - - _ .  _ _  ..•.  _ _  . _ - - - _ . .  _ . . _. _ _  . _ - -

5 :·10  • �bO . 581' . 

0 . 5 1 0 . 1 

S H . S  
M 4 .  439 . 

O .  O()�. 0 . 0 0::1 

O. 0 4 �. 0 . 01 0 . 1 8 

- 1 6 .  ::1 1 <� . 1 � _ . • 1 

0 . 02 O . O I H  0 . 1 

0 . 5  

0 . 4 2  0 . 09 1  

51-1� . 4 / 0 .  530 . 

'1 / 0 . 1 '/0 . no . 
0 . 001 0 . 00 4  0 . 0 3  

O .  1 5  O . M  0 . 05 

6 1' 0 0 .  
1 6 0 0 . 

0 . 0 4 <;  O . ?  O . 1 b 

0 . 0 1 

4 . 3  � . 7  

2:)0 . 

iSS . 

0 . 2  

0 . 0 1 9 0 . 06 b  O . Oh 
0 . 00 1  0 . 0 1  

2?O . 4 / 0 .  260 . 

.:1 . 0 4 H . 1 4 .  

O . O()Or 0 . 00 0 2  

O . JA 0 . 1 1  0 . 28 

0 . 2 9 
4 1 .  1 .  

1-1 4  . ... 1::1'1 .  1 0 . 4 

2 . 8  

1 . 2  6 . B  6 . 8  

0 . 1  
o . <HI 

1 . 1  

'II . 9'1 . 1 0 6 . 

1 �, • I . S 
1 .  

O . O i' 1  O .  rr 0 . 1' 4 
I�Y • 0 . 3  

0 . 00 /  0 . 0 1 

'no . ,,'�)() . 'i / O .  
'1 . 6  

4 200 . 4 '100 . 4 1 00 . 

! ; 1:l 4 -· 0  1 O h l O l ll:lS 

P AK AI'IEllR 
VAI lJf + l - lINC E R T A i N 1 Y 

5 4 0 . 

0 . 1 

4 4 0 .  

0 . 003 
0 . 0 9 

- 1 . 2B 

0 . 6 ::1 

0 . 0 / 3  

60S . 

1 9 1 .  

0 . 0 1  

0 . 0 7 

7 S6 4 . 

0 . 0 / 6  

0 . 0 1  

3 . 7  

0 . 06 

0 . 0 1  

2 2 0 .  
3 . 4  
0 . 0002 

0 . 2 2 

0 . 28 

1 .  

1 1 . 6  

2 . 1  

1 . 1 

0 . 1 

1 .  
9 9 . 6  

6 .  

1 . 9  
O . 1 / 11 

1 1' . 6  
0 . 0 1  

BbO . 
�:I . t.1 

: I 'U.O . 
0 . 1 



., 
I 

co 
()) 

Ta bl e F . 3 . 9  

FORMAT I ON OF COMPLE f l ON : AI I .U'J IU/'I 

HYORAlIl I e  FLOW R E. I  A T I ONSIl J P :  ON-S J Tf 

PARA/'If H R 

T H IP . J N - S J TU 
1f.: MPFRA HIRE 
1 H·-230 
r I N  
IOTAI. SOl l [)S 
T OTAL U 

J(lX 
U - 2 3 4  

tJ - ;:l ::m 
I IR AN I UM 
VANAl, ] I WI 
I I NC 

I IN I T  OF 
I'1l:.ASlIHE 

C-OEGlUT 
C - O!:.l,REE 
PC I I l  
MI3IL 

1'113/1 

P P /'I  
I'1GIL 
P C I IL 
P C I II 
I1I3IL 

1'1 13 / 1  

/'I61L 

S84-0 1 0�/OR/B3 

P AR A/'IFTER 
VAl Uf+I -UNC� � T A J N T Y  

i 3 .  

6350 . 

0 . 1 48 

6 .  

6 . 7  

IjlWlINO WA I � R IJIIAU I Y  I )ATA li t  1 . I It :A I f. tJN 
5 J  n :  tiHANP ,.n lNC I ]  ( ,N 

0 1 l : i I / IH  1 0  O'I/ 1 1 / B S  ( Cont i n ued ) 

l OCA l J ( IN I I I  - !jAl1l'l 1:. J "  I"lNL> ( OB 111'1 I f 
Sij4 -0 1 0 6 / ()�/83 SY4 -0 1 09/ J 1 / 8 3  bR4-0 1 01/ 2 6 / 8 5  

t' .�HAI1F TFR 
VAl UH I ·- liNn H I A ]  NlY 

1 !; . s 

6:i80 . 

0 . 9 1 3 

5 'l. • l 
4 .  'I 

t' AHAMF r � R  
VALUI: + I -lINC� R I A I N ' Y  

0 . 9S 

8 1 00 . 
0 . 1 I H  

'I . 
:l/ . 

P AR AME TI: R  
VAl ll� . I -UNCI:R T A I N 1 ) 

1 4 .  
i .  
0 . 005 

1 1 86 . 

0 . 6 

0 . 1 6 5  

7 . 4 8 
4 .  1 

SB4 - 0 1 06 /0/IRS 

P AR AMI- rER 
VALl iE' + I - UNCE R T A I  NlY 

i s .  
1 .  

O . OOS 

67 1 6 .  

0 . 1 4  
4 7  • 

4 9 .  

6 . 75 

2 . S6 



" I 
co ....... 

FORMA T I O N  or C O M p L F f l O N :  AI..LUV I U M  

HYDRAUL I C F L O W  R E U\ T I ON SH I P : ON- S H E-

584-0 1 0 9 / 1 1 / 8 5  

s [ r �: : I,Htl i'l l )  JI JNI; I l llN 
O 'i l::l 1 /K:I 1 ( 1 O'1' / 1 1 / B!J ( C o n t i n ued ) 

L nCA I J UN I I> -- S A M p l  F I I I AND lOG ()A t f-

S 8 7  -0 1 () 1 n 1 183 S 8 7  '-0 1  O i,! O H / B 3  S 8 7 -0 1 09 / 2 ·1 1 13 3  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I IN I T  OF P AR AMF Tt::R 

p AR A M F IT R MEASUkF VALUF + I -UNC� R T A I NI Y 

- - - - - - - - - - - - -- - - - - - - - - - - -
- - - - -

Al l( AI  I N Il Y  MO I L  C AC03 5 7 5 . 
A L l l M I NUM MG/L 0 . 1 

AMMON I A  MG/L 

AMMON l UM MG/L 5'2 1 .  

A N T I M O N Y  MG/L o. OO :� 

AHSEN [ C  I'IG / L  O . H 
B ALANCE Z 0 . 8  

B AR I UM M(3 /L 0 . 05 

B flRON MG/L 0 . 5 4 

CADM I UM MG/L 0 . 1 4 2  

CALC 11 11'1 MG/L 5 7 3 . 

C HLOR I DE MG/L 8 69 . 

C HROM llJM MG/L 0 . 0 1  

CIH l AL T  MG/L 0 . 1 3  

CON() , ] N- S I TU UMHO/CM 

CONDIJC rANCE UMHO/CM 1 0004 . 

C flp P H( MG/L 0 . 1 4  

C Y AN I DE M G / L  

F I  UOI< I DE MG /I. 3 . 9  

I1HDSS ALPHA P U lL 

GI<OSS S f- T A P C I /L 

H Y D . SULF I DE MG/L ( 0 . 1 

I RON MGII ( O . O:� 
L E A D  MG/L 

MAGNf �; I UM MG/l 301 . 

MANGANI-SE MG/L 1 . 9 2 

Mf- RCUI< Y MG/I 0 . 0002 

MflL Y 8 L>F NUM MOIL 0 . 35 

N J  cIa 1 MG/L 0 . 38 

N IT R A T E  MG/L 2 3 .  

N 1 TROGI N , KJL M G / l .  

OR G .  l ' Ak B ON Ml//L 1 2 . 7  

1' 11 -, 2 1 0  p C I / L 

P H  SU 6 . 9  

P HOSP Ho" IF MG/L 
P HOSP HI  )RUS M G / L  

P O - r iO p e l  I I  
P O t A S S I UM MlllL 1 0 1 .  

H A - 2/' o'>  P U l L  7 .  
R A - ? 2 H  P C [ / L 
SI I E N J l IM M U l l  0 . 1 9 9  

S ( LI CA M G / L  ;> 4 . 8  

!, J I V �  I< M U l l  

�;Ul) IlJM M r; ; L.  9 ',0 . 

S l  R U N  I I I I I'I M G I I  4 . 7  
�:, IJ I. F A  I I. 1'1 l1lL 4 1 00 . 

S l il F J i l L  M (; I I  

t>At{ AI'I� I��R t> AHAMI':n:R P AR A M E T E R  

VAL UH 1 ··-UNn k l  A I N I Y V AI. IJ� + I - UNCl: R 1 A J NH VAI . UF + I-UNCFR T A I NT Y  

- - - .- - - - - - - - - . - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

3B 1 .  ::14 0 .  4 00 .  
0 . 0 1 1  

3 1 . 5 1  
:�2 . 3 

O . OOS 
0 . 00 1  0 . 007 0 . 00 1  

- 1 . / :-1 - " . OS B . 8S 
0 . 0 ;;> 6  0 . 03 0 . 036 

0 . 00 4  

4 5 /, • SOb . 4 1 0 .  

:'I/!; • s<,o . 400 . 

0 . 001' 0 . 00 1  0 . 00 1  

0 . 00 1  () • O:�8 0 . 00 1  

21:l00 . 3800 . 

0 . 0 1 1'1 0 . 0005 0 . 0025 

1 .  

0 . 3/ 0 . 0 1 S 2  0 . 0<'> 4  

0 . 00 1  

2'1'i' . 3:·1O . 3 5 0 . 

0 . 4 6 7 .  1 1 . 9 1  

O . OOO/:' 
0 . 1 4 0 . 1 '28 0 . 01 6  

0 . 6 4  0 . 1 

7 4 . 

'N . 9  6:3 . 5  8 7 . 4 

I .  7 . 2  1 . 1 

0 . 0 4 

1 '1'. . '7  1 4 . 4  1 5 .  

O . OO i'  0 . 001:' 0 . 002 
2 '" 

. '- . 

0 . 002 

4 1 '7 .  490 . 4 9 0 . 

,1:'11 0 .  'N OO . l()OO . 

1 4 7 - 0 1 O J / 2 ?/85 

P AR A M E T E R  

V A l . U [ + I -UNC F R TA I NT Y  

- - - -- - - -- - - - - - - - - - -

520 . 
0 . 1 

9S . 9  

( 0 . 00 3 
( 0 . 0 1  

1 . 2 
0 . 1 

0 . 4 1' 

0 . 002 

580 .  

7 4 0 . 

0 . 02 

0 . 0 1  

7000 . 

0 . 0:1 

0 . 0 1  

0 . 4  

65 . 

90 . 

0 . 2  

3 . 4  
0 . 0 1  

300 . 

4 .  

( 0 . 000i'. 

( 0 . 0 1  

0 . 08 

2 .  

1 (" 
. �  

6 . B  

0 . 1 

1 • 

3 6 .  

( 1 • 

( 1 • 

( o .  OO�, 
1 0 . ] 

0 . 0 1  
1:180 . 

b .  
3 1 00 . 



., 
I 

co 
co 

Ta b l e F . 3 . 9  

FORMA T I ON OF COMP I _ E T I UN :  ALLUV [ U� 
HYDRAUL I C  F L O W  R � l A T I ONSH I P : ON-S I T E  

GHIJLJNO IJA rt- R 'Jl JAI . [ I f I)A T A  S f  I ')I�A r WN 
S] -I E- : bf<AIH) JUNC"l l O N  (c  t ·  d )  0 1 / � l I tl 3  f O  O Y / 1 1 /I-lS o n  1 n ue 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - l DCAT J ON I I I  - SAM P I  F ] 1 1 AND l OG OAT �  ------------- - ----- - - - - - - - - - - - - - - -

PARAME I E f< 

UN I T  OF 
MEASURE 

T E MP , I N- S I T U C - DEGRfF 
TEMPFRA flJRE C - DErmEE 
1 H- 2 3 0  P C I /l 
r I N  M G / l  
T 0 1 Al SOL I DS MG/l 
ro rAl U P P M  
TOX MG /L 
U - 2 3 4  P C I /l 
1.1 -238 P C I /l 
URAN I UM MG/l 
VANA D I UM MG/l 
l I NC MG/l 

5 8 4 - 0 1 0 9 / 1 1 / 85 S Ii/ --0 1 0 1 / -1 1 /83 587-0 1 0 1, / 0 8 / 83 Sl'Il - 0 1 0 9 / 2 1 / 8 3  7 4 7 -- 0 1 0:V221f.15 

P ARAME T E R  
VALUF + I-UNCf R TA ] N T Y  

1 5 .  

0 . 005 
7 4 40 . 

47 . 
50 . 

1 3 . 8  
4 . 1 4  

P A R  A MI': II::: R  
V A l  lIf " I -U NLf k l  A ]  N-I Y 

1 1 .  

41'1'0 . 
0 . 0 8 1  

0 . 04 9  
o . o? 

P AH AMt-: rt:R 
VAI. LJf + 1 - I INCf 1< 1  A J N lY 

1 8 .  �. 

45 7 0 .  
0 . 0 / 6  

� 
0 . 0"-' ''  
0 . 01, 

P ARAME T E R  
VAL U� + I -LJNCER TA I NT Y 

4 / 9 0 . 
0 . 085 

0 . 03 
() . 1 1 

P ARAMETER 
VALU� + I-UNClRTA I N T Y  

1 0 . 
( 1 .  
( 0 . 005 

6 7 13 0 . 

0 . 7  
2 9 . 
1 9 .  

0 . 0 1  
0 . 1 



." I 
co 
UJ 

Tabl e F . 3 . 9  GI<UIJNII W A H - k QIIAI I I Y ( l A T A  II Y  I nCAlJ ON 
S I n: :  lil� ANI) .JI lNI; I Wi'! 

0 1 / � i / 83 Tn 09/ 1 1 / BS ( Cont i n ued ) 

FORI'IA l I flN OF COMP L E T I ON :  ALUIV I IJM 

HYDRAI II IC FLOIJ R H. A l I ONSH I P : ON-S I TE 

UN I T  OF 
P ARAI'\EH I< I'\f ASUR�. 
._ - - - - - - _ ._ - - - - - - - - - - - - -

Al KAL I N I TY I'\G/L CAC03 
ALIIM l NUM I'\G/L 
AMMON I A  I'HiII 
AMMfllH LlM MGIL 
AN I I I'\ONY I'\G /I. 
AH':;EN I C  I'IG/L 
B ALANr:F 4 
BAR I UI'I I'\G/L 
B ORON I'\G/l. 
CADM I UM MGIL 
CAt C I UI'\ I'\G/L 
CHU)R WE I'\G/L 
CHIWM J UM I'\G/l. 
COBALT MGIL 
COND . I N- S I TU UMHO/CI'\ 
CflNDUCTANCE UMIIO/CI'I 
CflP P f R  I'\G/L 
C Y AN I DE MGIL 
E I UOR J Ill- I'\G/L 
GROSS ALPHA p C IIL 

flkOSS El H A  P C I /I. 
H Y D .  SilL I" ( oE MGIL 
I kON I'\G/L 
L E AD M"/L 
MAfiNf S I 111'1 I'\O/l. 
MANIJANFSE MG/L 
MI- RCURY Millt 

MOL YB DENUM MlilL 
N J C I(El I'\G/I 
N IT R ATE MlilL 

N J  lIHlHf N • IUl. I'\GIL 
ORG . CARUON MGIL 
1' 11 - 2 1 0  PC I II 
P H  SU 
P HOSI'HA I f  MGIL 
P HO',P HOH IIS MG/L 
1' 11 - 2 1 0  P C I IL 
P O TASS I UM MtilL 

RA-- 2I'6 p r I l l 

R A- ? 2 8  P C I IL 
!>I I. F N l UM MGII 
S I L I C A  MGIL 
5 1 1  Vf R MG/I 
SOD l U M  111J/ L  
S 1 R O N l J  11M 1111/ 1  
Si lL!- A T E  rlG I L  
S i ll I- WI. 1'111 11  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  I r�Al ) ON I I I - SAMP I � ) 11 AND t OG DATf ----------------------------------

7 47 - 0 1 06 / 0 1 1 85 1 4 7 -0 1 0 9 / 0S / 85 
- - - - - - - - - - - - - - _. _ - - - - - - - - _ ._ - - - - - - _. _ ._ . .  _ - - - - - _. _ - _ .- . _ - - _ .- . _ ._ -

P A�AI'\�T�R P AMAM� r�R P ARAM� TFR PARAI'IETER P ARAME TER 

VAL UF " I --UNCl: R I A ) NTY VAL lIf " ' - UNCI: R I  Al N T Y  VAl UH / - I INC l : R l  Al N T Y  VAUJ� t /-UNCFRTAJ NTY VAt LJE t / ·-UNCf. R T A I NTY 
- - - --- - - - - - -- - - - - - - - - - - - - _  .•. _ - - - - - - - - - - - - ._. _ - - - - - - _. _ - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - _. _ - - - - _. -

( 
( 

57 1 .  
0 . 1 

1 �8 . 
0 . 00 3  

0 . 0 1  
3 . 9!:>  

0 . 1 
0 . 5a 

0 . 00 1  

645 . 
1 03 0 .  

0 . 0 1  
0 . ()5 

S500 . 
0 . 02 

0 . 0 1  
0 . 6  

2 . 0 1  
0 . 0 1  

434 . 
3 . 1 3  

O . OOO? 
0 . 0 1  
0 . 04 
1 .  

1 2 . 8  
1 . 5  
7 .  
0 . 1 

1 -
39 . 7  

1 .  
1 -

0 . 005 

5 . 13  
0 . 0 1  

1 000 . 
5 . 8 1  

3360 . 
0 . 1 

5:W .  
O . I!  

129 . 
0 . O()3 
0 . 0 1  
1 . U!:' 

0 . 05 

O . b l' 
0 . 00 1  

50r . 
1 1)00 . 

0 . 0 1  
0 . 05 

9 ''>1)0 . 

0 . 04 

0 . 6!:. 

0 . 1 
0 . 44 

3E16 . 
2 . 5  
O . ()O()? 
0 . 06 
o .  O�I 
1 -

1::1 . 3  

6 . 9  

4 1 . 13 
1 .  

1 . 1 

() • O(J�, 
H I . "  

10�;() • 

S .. fH-( 
T 2 6 0 . 



Ta bl e F . 3 . 9  

FORMA T I ON OF COMP L £ T I ON I  ALLlJV I UI'I 
H Y DRAUL I C  F L OW Rll AT I ONSH J P I  ON-S I T F 

GI{(lt lNI l WAH I< QUAL ) 1  Y ()A T A  l; Y I (lCA I WN 
l) i I�: :  liRAND . JONC I i l.IN 

0 1 / :H /B::f HI OYl 1 1 / H�, ( C o n c l uded )  

- - - - - - - . - - . - - - - - -. - - .- - - - - - - .- - - - - .- - -.--.- L OCA·, ION I I) - SAMP I  I· )II ANI> I. (lb I>A T E - - --.-- .. - .- - - ---.---.--. . - - - - - - - -- . - - - - - - - .- -
' 4 7-0 1 O�/OIIHS ' 4 7 - 0 1 09/05/»5 

PARAMF H R  

H MP . I N·-S I l U  
TI:. M P  ERA TURE 
I H -·230 
T I N  
T O TAl. SOl. J OS 
. W lAL U 
IfiX 

U -- 234 
IJ·-2��B 
URAN I UM 
VANAD I UM 
Z I NC 

IIN I T  OF 
MEASURF 

C-OF6RFF 
C - OFGRE£ 
P C I /L 
MOIL 
MG/I. 
P P M  
MOIl. 
P C I IL 
P C I /l 
MG/L 
MOIL 
MIJ/L 

P ARAI'IFIFR 
VAl Uf+I-UNCfR T A J N T Y  

1 3 .  
1 .  

0 . 005 
7 1 7 4 .  

0 . 65 
36 . 
24 . 

0 . 0 1  
0 . 005 

� MAP P . R I NP U T  F I LE : GRJ0 1 * UDPOWf.l 1 0037 1 
I 

UJ 
CJ 

P A K AM�: "�:R 
VAL UH / ··- lINCl- R 1 A J NlY 

1 f1 .  

0 . 005 
7 1 30 • 

:)6 . 
2b . 

0 . 0 1  
0 . 0 1  



" I 
� 
� 

O � / ��/HS 1 0  09/ 1 0 / kS 

F ORMAlI uN OF COMP LE T I ON : AU olJV I UM 
HYDRAl l1  I e  FLOW RFLAf I ON5H 1 P :  CI<OSS GRAD H N1 

---------------- ---------- ------ - - - I nC A 1 J ON I II - SAMP I F J I )  AND L OG DATF ------------------------------ ----

7 3 7-0 1 0 3 / 2 2 / 85 7:i7-0 1 O � / 0 7 / 8S 7 � 7 - 0 1 09/0�/8S 739-0 1 03112/85 739-0 1 0�/07/�S 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I lN I T  OF P ARAMETER P A�AM�TER P A � AMETER P AR AMETER P A� AM�TER 

P ARAM� T F I<  I'IEASUR� VAl UF + I-UNCE I< T A J N T Y  VAl UF + I -UN{:F N 1 A 1 N1 Y  VAL UF + I - UN ( :ll< l A I N T Y  VALU� + I -UNCERT A I NTY VALUE+I-UNCER T A I N T Y  
- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - - - - --- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - -- - - - - - - - -

AI I(AU N JT Y  
A L I J M f NUM 
AMMON ] 11M 
ANT I MONY 

ARSE N I C  
B ALANCE 
B AR I UM 
B I jRON 

C AIIM I UM 
CALC WM 
CHl Ok WE 

CHROM I UM 
C Oli AI. 1 
CONOIJC T ANCE 
COP P F R  
C Y AN I O E  

FL UOR I DE 

GROSS A I _ P HA 
GROSS !i E T A  
H Y D . SULF mE 

I NON 
I FAD 

MA(o;N� S l UM 
I'IANI.'ANESE 
I'IF R ClIk Y  
I'IUL Y B Dt:: NUM 
tl ] n(� L 
N l r R A T E  

ORG . CARf HlN 
P H - 2 1 0 
P H  
P HOSPHATE 
P fl-2 1 0  

P I JT ASS l UM 
R A - 2:?6 
H A -2?8 
SH .. EN l UM 
�.; [ LI C A  
! :;  I I  V� R 
(.;tJD I LIM 
!'; I RON I ] UM 
�)I)l FlUE 
Sli l  F I PE 

I �.MP I: R A ruRE 
I H- 2:W 
I I N  

1 0 1  Al �)OI  J OS 

I'IG/L C AC03 
MG/L 
I'IG/l 
MG/L 
I'IG/I 
X 
I'IG/L 
MG/L 
MG/I 
MG/L 
MG/L 
MG/L 
I'I G IL 
llMHf)/CM 
I'IG/L 
MG/L 
I'IG/L 
P C I IL 
P C I IL 
MG/L 
M(;!1. 
MG/L 
MG/L 
MG/L 
MG/L 
Mt3/L 
MB/L 
MG/L 
I'IG/L 
P C I lL 
BU 
MG/L 
P C I II 
MG/L 
P C I II 
P C I IL 
MG/L 
MOIL 
MG/L 
MG/L 
MG/L 
MG/L 
MGII 
C - DEGREE 
P C I /I 
MIlIL 
MG/L 

< 

< 
< 

< 

< 

< 

< 

< 

< 

< 
< 

< 
< 
< 

< 

< 

4 7 0 . 

0 . 1 

0 . 5 4  

0 . 003 

0 . 0 1  

4 . 4 7 

0 . 1 

0 . 69 

0 . 001-

550 . 

880 . 

0 . 03 

0 . 0 1  

890 0 .  

O . O/' 

0 . 0 1  

1 .  

1 135 . 

60 . 

0 . 2  

1 . 7  

0 . 0 1  

540 . 

2 . 6  

O . OOO� 

0 . 1 1  

0 . 04 

1 .  

1 8 .  

1 . 5  

6 . 6  

0 . 1 

1 .  

1 2 .  

1 .  

1 .  

0 . 005 

8 . 7  

0 . 0 1  

1 1 90 . 

7 . 3  

31300 . 

1 2 .  
1 .  

0 . 00 5  

8 1 34 . 

< 
< 

< 

< 

< 
< 

< 

< 
< 

< 

< 
< 

< 
< 
< 

< 

< 

< 
< 

46::1 . 

0 . 1 

0 . 57 

0 . 003 

0 . 0 1  

4 . �6 

0 . 1 

0 . 133 

0 . 00 1  

640 . 

1080 . 

0 . 0 1  

O . OS 

1 800 . 

O . O� 

0 . 0 1  

1 .  1 

0 . 6  

0 . 0 1  

61'5 . 

2 . 4°l 

O . O{)()� 

0 . 013 

0 . 04 

1 .  

1 3 . ::1 

1 . 5  

1 . 1  

0 . 1 

1 .  

1 5 . 1  

1 .  

1 -

O .  O()�, 

8 . 5  

0 . 0 1  

1 0/0 . 

7 . 1 9 

:V 7 0 . 

0 . 1  

1 6 .  

1 .  

O . ()OS 

8::I()() • 

< 
< 

< 

< 
< 

< 

< 
< 

< 

< 

468 . 

0 . 1 

6 . 6  
0 . 003 

0 . 0 1  

- . 7 3 

0 . 05 

O J  

O . ()0 1 

4 1:1 9 . 

1 1 00 . 

0 . 1) 1  

0 . 05 

'/000 . 

0 . 0? 

1 . 2  

0 . 1 

O .  :� 

5::1:� • 

2 . 1 9  

O . ooo� 

0 . 1 4  

0 . 0 4 

1 .  

1 4 . ::1  

1 . 4  

1 2 . 13  

1 .  

O . O{)S 

1 7  . 8  

1 1 4 0 .  

7 . 3? 

:{H20 . 

1 S . S  

\) . 005 

8::140 . 

< 

< 

< 

< 
< 
< 

< 
< 

< 
< 
< 

486 . 

0 . 1 

0 . 4 ? 

0 . 004 

0 . 0 1 

1 . 13 2  

0 . 1 

0 . 7 7  

0 . 002 

S 4 0 . 

97 0 .  

0 . 03 

0 . 0 1  

IBOO . 

0 . 0 1  

0 . 0 1  

0 . 9  

'lI0 . 

50 . 

0 . 2  

3 . 4  

0 . 0 1  

520 . 

1 . 13 

0 . 0002 

0 . 1 1  

0 . 0 4 

1 .  

1 4  . 2  

1 r-. ;, 

6 . 9  

0 . 1 

1 .  

1 1 .  

1 .  

1 .  

0 . 005 

1 0 .  

0 . 0 1 

P60 . 

7 . 4  

4000 . 

1 4 .  
1 .  

0 . 005 

8324 . 

< 

< 
< 

< 

< 

< 
< 

< 

< 
< 

< 

< 
< 

< 
< 
< 

< 

< 

< 
< 

498 . 

0 . 1 

0 . 4 4 

0 . 003 

0 . 0 1  

5 . 09 

0 . 1 

0 . 7 9 

0 . 00 1  

6:�0 . 

1 1 30 . 

0 . 0 1  

0 . 05 

8024 . 

0 . 02 

0 . 0 1  

1 .  

1 . 4 / 

0 . 0 1  

600 . 

1 . 7 6 

0 . 0002 

0 . 1 4  

0 . 0 4 

1 .  

2 3 . 3  

1 . 5 

7 . 3  

0 . 1 

1 .  

1 2 . 8  

1 .  

1 .  

0 . 005 

B . 8  

0 . 0 1  

1 1 50 . 

6 . 93 

3680 . 
0 . 1 

1 7 .  

1 .  

0 . 005 

B.f, 4 4 . 



" 
I 

<.D 
N 

Ta bl e F . 3 . 1 0 

FORMAT I O N  OF I;OMP LE n O N :  ALLt.JV ( I J/'I 
H YDRAI R I C  F LOW RELAT I ONSH I P : CROSS GI<AD 1 f NT 

I,RI H JND W A T t::R IJlJAL IT Y OA rA fl Y  " )I�AT (L)N 
S1 n :  GI<ANl) JlINC 1 ] ON 

0 :3I?UB5 ro O y / 1 0/:�b ( Conti n ued ) 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - l OCAT 1 0N I I) - SAMP l l 1 1 )  AND LOG DATE -------------------------------- --
737-0 1 01/2?/85 7 1 7 -0 1 06/01 lSS 7 1 7 -0 1 09/ 0�/8S 739-0 1 O J / 22/85 739-0 1 06/ 07/85 

I JN I T  OF P ARAMOER 
P AI<AMf' H R  I'IEASURl- VALUF+ I-UNCFR 1 A I NT Y  
- - - - - - - - - - - - - - - - - - - - - - - - - - -- - -- - - - - - - - - - - -

TOX MG/L 0 . 6  

U- 2:�4 P C I IL 36 . 

1J- L'38 P C I Il 24 . 

VANAD I UM MG/ L 0 . 0 1  

Z I NC MG/L 0 . 0'" 

P AH AMI-: T E R  
V A l  U F + I -UNCf I< T A I NT Y  
- - - - - - - - - - - - - - - - -- - -

0 . 1 1  
40 . 

21- . 

0 . 02 

O . O()!> 

P A H AMETER P AHAMETER P AR AMETER 
VALlJf- + I -IJNt : EKI A) N I  Y VAL Uf + I - UNCERTA I NT Y  VAL Uf + I -UNC� R T A I NT Y  
- - - - - - - - - - - - - - - - - - - - - - - - --- - -- - - - - - -- -- - - - - - - - - - - - - - - - -- - - -

0 . 6  0 . 1 3  

;�9 • 34 . 36 . 

'i'b . 24 . 24 . 
0 . 0 1  0 . 0 1  0 . 03 

0 . 006 0 . 06 0 . 005 



., 
I 

I.D 
W 

Ta bl e F . 3 . 1 0 " H I H INO WA I ".R IJI IAU I Y  UA I A  Il t  1 1 1 I :A l l llN 
S J I I : .. k A N I I  JUNL I I O N  

O II I �/ 85 I n  O Y / 1 0/ H b  ( Conti nued ) 

rllRI'IAr I ON OF l:OI'lP L E r l ON : ALLlJV ( l 111 
HY()RAlIl I C  F LO'"' RI: l AT H lNSH I I' I CROSS GRAII H N I  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  LOCA l l ON I I> - SAMP l � ) (1 AND l OG OA1 �  - ---------------------------------

739-0 1  09/0S/�5 / 4 2-0 1 O:J/ � 2 / �5 / 42-0 1 06/0/1�� 1 42-0 1 09/ 1 0/85 

- - - - -- - - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - - - - -- - - - - _ . _ - - - - - - - - - - _ ._ - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

. m I T  OF P ARAI'IE TER P A RAN� f�R P AR AI'I�flR P ARAMETER P ARAME TER 

P AkAI'IHFR I'IEASUIU VAl Uf+ I-UNIH<l A )  N lY VAl. UH/ - UNC� k ·' A l NH VAl UH/-lINCf:.k l A l N  I Y VAUIH / -UNn R TA J NH VALUE: + / - UNCl: R TA I NH 

_. _ _  . _ - - - - - - - - _ ._ - - - - - - - - - - - - - - - - - - - - - - - - - - -- - - - - _ . _ - - - - - - - - - - - - - - - - _ .  _ _  ._ .•. _ - _  . .  _ - - - - _  ..•..  _ - - - - - -- - - - - - - - - - -- - - - - - - - _ ._ - - - _ ._ - - - - - - - - -

Al KAl l N l H  
ALlJrt f NlII'I 
AMMON .l lIl'I 
A N l l MONY 
AkSF N 1 C  
Il ALANCE 
II Ak lllM 
B l lRON 
C A[l M I lIM 
CAlX I lIM 
C Hl OR J I IE 

CHRUM I UI'I 
CU!lAl 1 
CIlNDIJCl ANCE 
C OP I' E k  

C Y AN I DE 
Fl UOR l IlE 
GROSS AI. P HA 
GROSS !l E T A  
HYO . SIJLF WE 
I RON 

LEAD 

I1AGNfS lUl'I 
MANGANESE 
Mt RCLIRY 
MOL Y lI l)lNUI'I 

N 1 CI:f:1 
N l Tt\A I E  
ORG . CARll ON 
P R - 2 10 

PH 
P HOSP HA r E  

P O-2 1 0  

P 0 1ASS WI'I 

R A-22" 
H A-1!28 

S� l fN H I/'I 

S I L ICA 
S J l V F It 
:,1)0 \ UI'\ 

S I R ON I J lJI'\ 

:iI ILF A r E  
S i ll F l l Il 

I E I1 P E R A  HIRE 
1 H-2::10 

I I N  
HII AL �i()L :1 ()S 

I'IG/L CAC03 
I'\G/L 

I'IG/L 

/'IGIL 

I'IG/L 

X 
l'I(i/L 

I'IG/L 

I'IG/L 

I'\G/L 

1'I(i/L 

I'\G/L 

I'IG/l 

UMHO/CI'I 

I'IG/L 

MG/L 
/'IG/L 

I' C I IL 

P C I / l 

I'\G/L 

I'IB/t 

MG/L 
I'IG/L 

I'IG/L 
/'IG/L 

MGIL 
I'IB/I 

I'\fj/L 

/'IG/I 

P C I IL 
SU 
I'IG/L 

P C I IL 

MG/L 

I' C I II 

P C I I L  

/'IG/L 

MGIL 

I'IG/L 

MIlIL 

I1GIL 

Mli/L 

I'IG/l 

C - OH"t\EE 
P C I II 
MGIL 

I1fj/L 

( 

( 

( 

47 1 .  

0 . 2  

0 . 3 1  

0 . 003 

0 . 0 1  

-'i! . 1 6  

0 . 05 

0 . 7  

0 . 00 1  

506 . 

1 250 . 

0 . 02 

0 . 05 

9360 . 

0 . 0" 

1 . 1 

0 . 1 

0 . "7 

635 . 

1 . 58 

O . OOO? 

0 . 1 1  

0 . 04 

1 .  

19 . 7 

7 . 3  

10 . 6  

1 .  

1 .  

0 . 005 

18 . 

1 200 . 

7 . 24 

:�960 • 

1 7 .  

0 . ()05 

Bb3() . 

( 

( 

( 

( 

( 

5:�b • 

0 . 1 

0 . 5 1  

O . OOJ 

0 . 0 1  

1 . 0 1 

0 . 1 

0 . 1  

0 . 001' 

S10 . 

590 . 

O . O:J 

0 . 0 1 

6'100 . 

0 . 0 1 

0 . 0 1 

0 . 7  

60 . 

BO . 

0 . 2  

5 . 7  

0 . 0 1  

460 . 

4 . 6  

0 . 00(12 

0 . 04 

0 . 04 

1 .  

56/' . 

1 . ti  

6 . 1  

0 . 1 

1 .  

9 . 6  

1 .  

1 .  

O . OOb 

1 1 . 1 

0 . 0 1  

13/0 . 

6 . b  

:�600 . 

1 2 .  

1 .  

() . I)Oh 

.... HI'H . 

50i' . 47 1 .  

0 . 1 0 . 1 

0 . 54 0 . 4/ 

0 . ()03 0 . 003 

0 . 0 1  0 . 0 1  

ti . S9 0 . :J2 

0 . 1 O . Oh 

0 . / 9 0 . 72 

( 0 . 00 1  ( 0 . 00 1 

bh!j�. 499 . 

6 / 3 .  705 . 

( 0 . 0 1  0 . 0 1  

( 0 . 05 0 . 05 

6 1 00 . 1605 . 

0 . 01' 0 . 04 

0 . 0 1  

O . EI  0 . 9  

0 . 36 

0 . 5l> 0 . 6(1 

0 . 0 1  

550 . 44B . 

2 . 1 1 2 . 45 

0 . 0002 0 . 0002 

0 . 0 1  0 . 05 

0 . 04 0 . 0l> 

2 .  1 .  

1 ::1 . 4  SOil . 

1 . 5  

7 .  6 . 9  

( 0 . 1 

( 1 .  

1 1 . 4  9 . 4 1'1 

( 1 .  1 .  

( 1 .  

( O . OOh 0 . 005 

9 . /  1 0 . 8  

0 . 0 1  

tlOO . YOO . 

!J . Br 6 . 4 4 

:H60 . J 4 2 0 . 

0 . 1 

i s .  1 7 .  

1 .  

() . ()Oh O . ()OS 

/ 1 1' .... . 7 0/ 0 .  



.,., 
I 

\.0 
� 

Ta bl e F . 3 . 1 0 

FORMA H ON UF CUMP L E H ON :  AI 
. . UJV t l IM 

H Y ilRAtll l C  F L OW Rll AT I ONSH J P :  CROSS GkAI I l F Nl 

I;IWIJND WAII':R IJI J(\I . [ I Y DA t A  IJ Y  I IlL A I ( l IN 
S I l l : (;kAN[I JUNe I I ( I N  

O;l/V/I:!l:i I t) 0'1 1  1 0 /l:lS ( Cone 1 uded ) 

---- -.-- ------. - .-. -----.-. - - - - - .-. - .- - - .---- L nCA I ] ON I II - SAM!' I F ) I I AN[l L OG (IA n - - --- - - - - - -.. _ _ _ _ _ _ _ _ _  . _ _ _ _ _ _  . _ _ __ ._ ._ . _ _ _  ._. _ 

7 39-0 1 09/0h/HS 7 4 7 - 0 1  O:�/��/�S 1 4 2-0 1 06/01 l HS 1 4 2-0 1 09/ 1 0/8S 
- - - - - - - - - -- - - - - - - - - - - - - - - - - _ ._ - - - - - - - - - - - - - - - - - - - - - - - -. . _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ ._ - - - - - - - - - - - - - - _. _ -- - - - - -

P AkAI1f- Tl' R 
I IN IT  O F  

I1EASURE 
P ARAMI': U R 

VAI Uf + I - UNtf- k I A I NT Y  
P AR AI1fn:R 

VAl UF + I - UNtl: k ·' A ) N IY 
_. _ - - - - - - - - - - -. .  - - - - - - - - - - - - - - - - - - - - - - _ ._ - - - - - _. _ _  . _ - - - _  .•. _ _  . _ - - - - _._. _ -

HlX 
U - 1> 3 4  
U - I' :iB 
VANAn I UM 
Z I NC 

I1G/L 
., C UL 
P C I  II 
MG/L 
116/1 

36 . 
2.7 • 

0 . 0 1  
0 . 005 

MAPPER I NP U T  f l tE : 6RJ0 1 * UI>PUWIH003/S 

o . �  
4 1 .  
3 1 .  

0 . 0 1  
O . OU 

P A" AMI' TfR 
VAI Ul' + I- UNCF k TA J N T Y  

P A R AME TER 
VAL I . + I - UNCER T A I N T Y  

.. . _ - _ . _ - - - - - - - _ . _ . _  . . _ _  . - _. _ - - - - - - - _  . . _ - - - _ .  _ _  . ... _ - _  .•. _ - - _._ - - - - -

0 . " '" 
;H . 

3 1 .  
0 . 0 1  
O .  O()�, 

4 S .  
33 . 

0 . 02 
0 . 009 



., 
I � CJ1 

F ORMA f i ON I)F C O M P LE T I O N :  ALLUV IUM 

HYDRAI. IU C FLOW RE:.l A T I ONSH I P : DOWN G k AI ) H N I  

585-0 1 0 1' / 0 3 / 8 3  51:1 5 - 0 1 

UICA I ) UN I l) -- SAMP I f 111 AND I. Ot; [)t 'H �  -' - - -' - - '- -

0 i:, / 0 1 1 H l  5 t�!; -0 1 0'1 / /0/83 �)8S·-0 1 0:� I2S/8S !:;85-·0 1 0 6 / 01 l H 5  

- - - - - - - - - - _ .. _ - - - - _ .  _ _ .•. -.. _ .  _ _  ... -. .  _ .  _ _ . _ _  . _ ._ .  _ _ .- _ ._ . _ _ . _ . _ _  . ... . _ - _ . _ _  ._ - - - _. _  ... .. _ ._ - -.. .. • .  _ _ . _ _  ..•. _ _  ._ - - - - _ ._ - -- - - - _ . _ _  ._ . _ _ ._ - _. _ - -- - _. -_ ... . _ ._ . _ -

P ARAMF H k  

AU:AI 1 N IT Y  
ALl IM I NU M  
AMMON J A  
AMMON I UM 
A N T I MUN Y 

ARSE N I C  
El AL ANU· 
B AR I U M  
El ORON 

CADM £U M  

C ALC 1 UM 
C HLUR WE 

CHROM J UM 
C08ALT 

I Jl H T  OF P AR AM"� T F R  

ME ASUF< �  VALU., + I -·lJNC F F< 1 A 1 N T Y  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

MG/L CAC03 5 1 0 .  

M G / L  
MG/I. 

MG/L 
M G / I  

MG/ L 0 . 0()8 

X 1 .  ::1 1 

MG/L 0 . 0 2  

MGIL 
MG/L 

MG/L 556 . 

MG/L 790 . 

MG/L 0 . 00 1  

Mi) / L  0 . O()4 

COND . I N -S I T U UMHO / C M  5900 . 

CONDUC T ANU: UMHO/CM 

C OP P E R M G / L  0 . 0082 

CYAN I DE MG/L 

F I UOR J DF MG/ L 

GROSS ALPHA P C I / L  

(lHOSS El t r A P C I IL 
HYD . SUI F I DE M G / L  
I RON MG/l 4 . 0:1 

LEAD M G / L  

MAGN� S I UM MG/L 6 2 0 . 

MAN(;ANFSE Mfil L  3 . 4 2 

M � R CURY MG/L 

MOL Y B l)�_ NI/M MIJ / L  0 . 4 4 

N 1 C KEc I M G / L  

N Ir RA T E  M G / L  0 . 1 

N l l R (l(i I  N . IUI MG/L 340 . 

ORG . U 'l R H O N  M G / L  6 4 . 7  

P B - 2 1 0  P C I / L 

P H  S U  7 . 6  

P HOSI' H A  I E MG/L 

P HOSP HUFUJS I'IG / L  

P ( I - I' 1 0 P C I /l 

P O  r A� ; :) l UM MG/L 99 . S  
I<A··-,',) ('> P C I / I  
R A - 2 1 8  P U lL 

SI U N )  1 1M M U l L  0 . 0 04 

�,  1 I .CON MUlL 
S ]  L I L A  MId i 
S I. ' - V�_ R  1'lt; / L  

�>(J[) J uri M(; / I  H) ?O . 
�) I RON I [IJM I'I I ; / L  

�i l lL f  A I I  Mli/l 4 3 2 0 .  

Ij AKAMI'� H: R  
VAL U� + I - UNC� R 1 A 1 N I Y  
- -- - - - _. _ - - - - - - - - - - - - -

540 . 

4 7 1 . 9  

0 . 00 1  

- 1 :� .  7 1 

0 . 03 

Sf'" • 

13\)0 . 

O . OO! 

0 . 01:12 

7 ? OO . 

O . OOOS 

2 . 64 

2�10 . 
:� • :�13 

0 . "?.9 

1 0 3 . 

7 . 3  

'I I .  

0 . 001' 

'I f> O . 

4 !> O O . 

P AK A M � f � H P AR AME fFR P AR A M E T E R  

VAl U.· + I - UNCF_R f A l  N T Y  VALUF + I -UNCER I A 1 N T Y  VAUJE + I -- U N l : Ut T A I N I  Y 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

51'0 . 592 . 585 . 

0 . 0 1 2 0 . 1 0 . 1 

135 . 383 . 369 . 

O . OOb 0 . 003 0 . 00] 

0 . 0 1 8 0 . 0 1 5  0 . 0 1  

l . B ! 3 . 49 :� . l>] 

() . 05 1  0 . 1 0 . 1 

0 . 6 ? 0 . l>6 

O . OOOS 0 . 00 2  0 . 00 1 

5 4 0 . 5',0 . 6 2 S . 

t H O .  1:1 50 . 8 6 B . 

o • OO:� o . O:� < 0 . 0 1  

0 . ()05 0 . 0 1  < 0 . 05 

5:�00 . 8296 . 

O . OOY 0 . 0 4 < 0 . 01' 

0 . 0 1  < 0 . 0 1  

:� . ? 3 . 1  3 . 2  

31:10 . 

200 . 

0 . 2  

2 . 7 1  1 3 .  1 1 . 2 

0 . 00 1  0 . 0 1  0 . 0 1  

3 1 0 .  3 1 0 .  354 . 

4 . 13  4 . 8  4 . 05 

0 . 0002 0 . 0002 0 . 0002 

0 . 2 1  0 . 2 7  0 . 10 

0 . 1 5 O . Ob 

0 . 0 1  1 • 1 .  

19 . 1  9 . 8  

1 . 5 1 . 5 

1 . 2  6 . 9  7 . 1 

O .  1 () . 1 

0 . 04 
1 .  1 • 

H)O . 9!; • 90 . 4  

HI . 1 • ( 1 .  

4 . 5  < 1 .  

0 . 001' 0 . 005 < O . O O �, 

? 1 .  i L l> 1 0 .  t, 
0 . 004 0 . 0 1  o . () 1  

9'10 . 'I/ O .  9 1 (, . 

4 . 1  h .  ,'I' 

��H()() • 3f, O O . ] ! H O . 



." 
I 

<.0 
(J) 

Ta b 1 e F .  3 . 1 1  fJH/lIJND WA rl-� f{ .mAL [ IY I ) A  r A  8 '(  1 t) .;A I (UN 

S I l l : GkANl l Jl lNC l l ON 

O ? I O  1 / 1:13 Til ( )<J/ 1 0 / 135 ( C o  n t i n ued ) 

F O R M A T I ON OF COMPLE T I O N :  AI UJV C UM 

HYDRAUL I C  FLOW Rf- L A T I ONSH I f' : DOWN fJRA[l I I N I 

f' ARAMH E H  

SUl . FI DE 
rl' MP ,  I N - S I T U  

I E- M P f  H A  l URE: 

f H - 230 

UN I T  OF 

ME: A S lJkf 

MG/L 

C·- I ) E liREE 

r. - DE: GIU F 

P C I /L 

U N  

T O TAL 

T O T Al 

l O X  

MG/l 

SOL [ DS MG/L 

U P P M  

IJ - 2 3 4  

U - 1'38 

U H A N J  UI'I 

VANAD [ UM 

l J NC 

MOIL 

P C I I I 

P C I / L 

MG/l 

MG/L 

M G / L  

SH5-0 1 O ? / O V I'!:3  

P A R A M � T F R  

VAL lJF+ I-UNCE k l A 1 N l Y  

1 0 . 

6 4 4 0 . 

0 . 24 

0 . 0 2 7  

O.  O:� 

L OCA l JIIN 1 1 1 - !lA M P U· II I AND L O(; D A T E:  

585- 0 1 O�/09/83 585- 0 1 0 9 1 1 0 / 8 3  585-0 1 0 1 / 25/85 

P AR AM� r� R 

VAl U� + I - IJNCE: M I A J N I Y  

H I . !:>  

6S'cO . 

0 . 2I' S  

0 . 1 4 1  
0 . 0 :1 

P AR AMI': Tt'�R 

VAl U H / ·· UNCfl HA J  N T Y  

S . 4  

664 0 . 

0 . 1 9 3  

0 . 09 1  

0 . 0 1  

P ARAME TER 

VAL U� +I -UNCFR T A J N T Y 

1 2 . 5  
1 .  

0 . 005 

1 1 98 . 

0 . 9  

0 . 3 1  
0 . 1 1  

0 . 05 

585- 0 1 O � / O I18S 

P A R AME f E R  

V A L U E + I -UNCLM I A I NI Y 

0 . 1 

1 5 .  
1 .  

o . oos 

7 3 1 0 .  

84 . 
84 . 

0 . 09 

o . oos 



" 
I 

\0 
....... 

Ta bl e F . 3 . 1 1  ! )H UI IN!) WAr�� R  ,�IJAl l f l' I)A r A  B Y  1 .\JI :A I UIN 

S 1 11' :  fOkANP JUNe 1 1  ON 
02/0 1 / B 3  f O  0 '1 1 1 0 / 8 5  ( Cont i n ue d )  

FORMATI ON OF COMPLE l I ON :  AI IJ IV I IJM 
HYDRAI IU C FL 01.1 REL A n  ONSIH P :  DOUN GRAD ] F N T  

lOCAl W N  I II - SAMPI � ] I l  A N D  I fit; D A n  

UN I T  OF 
f' ARAMl' H R  MEASLlRE 

505-0 1 09/ 1 0/05 

P ARAMF:TF:R 
VM UF + I - UNCER I A ] N T Y  

- - - - - - - - - - - - - - - - - - _. _ - - - - - - - - - -

AI I{AI ] N I T Y  I1G/l CACO�� 65 0 .  

ALl J M I NUM I1G/l 0 . 1 

AI'IMON J A  I1G/I. 

AMMON I UM I'IG/L 4 1 1 .  

A N T I I10NY I1G/L O . OO:� 
ARSEN I C  I'IG/l 0 . 0 2 

BALANCF ;c: O .  O�� 
B AR I U M  MG/L 0 . 05 

BORON MG/I 0 . 6 1 

CAOM I UM MG/l 0 . 00 1 

CAL C IIlM I1G/L 4B4 . 

CHLOR I DE M"/l IHi 4 . 

CIIROM ] UI1 I1G/I. 0 . 0 1 

COBAl.T MG/l 0 . 05 

COND . I N - S I T U  UMHO/CM 
CIINOUC TANCE IJMHO/CM 1 00RO . 

C OP P f H MG/L 0 . 01' 

C Y AN I DE MG/l 
f l UOR I nE Mull 3 . 7  

GROSS ALP HA P C I IL 

GHOSS B � T A  P C I /L 
HYO . SULF I DE MG/L 0 . 1 

I k ON MG/I 1 1 .  

LFAD Mti l l  

MAGNl' h l UM MG/L 292 . 

MANBAI�ISE MG/l 4 . 3 1  

MI· RCLJkY MG/I 0 . 0001' 

MOLYBDENUM MG/L 0 . 29 

N I Cf(fL MG/I 0 . 1 4  

N I T R A T E  Mfi/l 1 .  

N IT R OGf N . IUL MG/L 
URG . CARI10N MIlIL 

P fl - 2 1 0  P C I IL 
P H  S U  6 . 9  

I' HOSPIIAlf MG/I. 
P HOSPlHlRUS MG/L 

1'0- 2 1 0 p e l /l. 

I' IHASS L UM �lti l L  9 8 .  

RA- 2/'6 P C I I I 1 .  

R A -- 2 2B t' C I /L 

!:iI L E N J UM Mtill  0 . 005 
S I LC UN Mil i l. 

S I LI CA �Il i/l  <'!:> . 9  
!, I LVER 11l i l L  
S O O  1 1 1M Mlil l  '/BO . 
'i rRON I l UM Ml i / L  4 . 9 6  
SULfA I I MUll  :�H;'>() • 

586-0 1 Ol/0�/B3 586-0 1 0 6 /0'1 1 8 3  5H6 - 0 1 0 9 / � 0/B3 

P AH AMU �:R P AHAM�� r � R P ARAMETER 

VAl UH / - lINCHU A I N H  VAl 1Jl' � I - I INCUt I A .I N T Y  VALUE + I - UNCl'R I A I NT Y  

- - - - - - - - - - - _ ._ - - - - - - -

5 6? 5/ 0 .  6 1 0 .  
0 . 0 1 1  

484 . 
3 1 0 .  

0 . 005 

0 . 00 4  I) . on 0 . 1 1  

- 1 1 . 2 7 - 3 . l' 7 0 . 7  

0 . 01 4  0 . J0 3  0 . 099 

0 . 0005 

4 B / . SHY . 5 1 0 . 

HOS . 860 . 020 . 

0 . 00 2  0 . 0 1 1  0 . 003 

0 . 00 1  0 . 0 1 7 0 . 00 3  

6<'00 . 5900 . 

0 . 00.,,8 0 . 0005 0 . 00 4  

3 . 4  

1 3 . 5  6 . 09 4 . 7 7 
0 . 00 1 

3 /' :� • 2 1 0 .  290 . 

4 . 01 3:1 4 . 4 . 6  

0 . 0001' 

0 . 4 7 0 . :16 0 . 36 

0 . 1 9  0 . 1 

31i'l . 
1 1 8 .  '/ 6 . 9  / B . 6  

' . J  / . ]  7 . 1 

0 . 1 4 

1 1 0 .  9 4 . 1 '2 0 .  
H I .  

o . oos 0 . 001' 0 . 002 

L':� .. 
0 . 002 

1 0 1' 0 . 9 4 0 . 10 00 . 

4 :i I'O . 4 '1 0 0 . ::IH()() • 

5B6-0 1 O l / 25/85 

P AR MIt: rER 
VALlIF+ I-UNCF R l  A I N l Y  

6 1 8 .  
0 . 1 

393 . 

0 . 0 1 ,' 
O . 0 1 B 

4 . 5 5 
0 . 1 
0 . 56 
0 . 00 2  

550 . 
1 4 0 . 

0 . 0 2 
0 . 0 1  

INOO . 
0 . 0 1 
0 . 0 1  
�� . 1 

49 0 .  

1 8 0 .  
0 . 2  

1 6 .  
0 . 0 1  

3 1 0 .  
4 . B  
0 . 000,' 
0 . 2 3 
0 . 1 1'  
1 .  

1 0 . 1 
1 � . • <> 7 .  
0 . 1 

1 .  
94 . 

1 . 1  
" . S  
o .  OO!.  

1 ,.' . 6  
0 . 0 1  

9'10 . 

4 . 7  

3/00 . 



"T'J I 1D co 

Ta b 1 e F .  3 . 1 1  IjROIJNO LlA r�J{ ImAU fY OA fA I H  '-'leA I' ( lJN 
S I I  .. : 6kANIJ JUNCT I ON 

O?lO ll�3 1 0  c)9/ 10/�5 ( Conti nued ) 

FORMA'f I ON Of COMP I.F.: H ON :  ALI.IJV l I JM 
HYORAI L I C  FlOLI RfLAT I ONSH I P : DOLIN GRAO l fNT 

-". , . .  ----,------,-- --, - ---- -,.'-,-,. - --'.'- - ,. - LOCA l J ON I II - SAMPI f- I II ANt> L 0(; DAn - - , - - - - - - - - - - - - - - - - - - - - -,. , - - - - - - - ,.". ,� 

S1-l5-0 1 09/ 10/135 5fu..-0 1 O?lOV83 5/36-0 1 OMO'//f.l3 5136-0 1  09nO/B3 586-0 1 0:f/25/1i5 

I m I T  OF P ARAM�T�R � ARAM� r�R PARAM� T�R P ARAMETER P ARAMETER 
P ARAMH .. R M!' ASllkF VAI I lf+ /-UNCFR T A l NTY VAI IIHI-UNCI:. R I A I NH VAL U H I-IJNCH HA 1 NlY VAUIF +/-UNCI:.R

'
l A I NH VAl..UE+/-lINCf:.R 1 A I NlY 

SUlF WI: 
H,MP , I N- S I I U 
T fM"l- I< A 1 URE 
HI- 230 
T l N  
fOT Al SOL ( oS 

lorAl U 
T O X  
1J-234 
lJ-'7.38 
URAN J UI1 
VANAO I UM 
Z I NC 

MG/L 
C-UI::flREE 
C - DI' GR F l:  

P C I I l  
MG/l 
MG/l 
P P M  
MG/l 
P C I /L 
P C l Il 
M6/1 
MG/l 
MG/L 

1 9 .  

0 . 005 
7 1 '?0 . 

n .  
7 3 .  

0 . 1 
0 . 0 1 5 

1 0 .  

1,160 . 
0 . 38(, 

0 . 1 4  
0 . 3  

1 / .  

61>'20 . 
() . 1 4 1  

0 . 4  
O . O� 

4 . 2  

6530 . 
0 . 229 

0 . 25 
0 . 0 1  

( 
( 

1 2 . 6  
1 .  
0 . 005 

7276 . 

0 . 5  

0 . 445 
0 . 13 
0 . 05 



---,-, 
I � � 

FORMA T I ON OF COMPtET I I1N :  AIUJV ( u M  

H YD R A U L I C F L  O W  R E L A T I ONSH ) P :  DOWN GkAD I I' NT 

I IN I T  O F  

P AR AME n- H MEASURf 

----- -- -.-.-
AI KAt I N JT Y M G / L  CACO:-l 

A L U M I NUM MG/ L 

AMMUN I A  MG/L 

AMMON I UM M G / L  

AN T I M O N Y  M G / L  

ARSEN I C  MG/L 

B ALANCE ;.:: 
B A R  I U M  MG/L 

B ORON M G / L  

CADM I UM MG/L 

C ALC I UM M G / L  

CHUJR I DE MOI L 

CHROM I UM M G / l. 

COB A L T  MOI L 

CONO . I N - S I TU UMHO/CM 

C ONI)UCT ANCE IJMHI1/CM 

COP P H( MG/L 
C Y AN I DE MG/L 
FI U O I U  Il l- M G / L  

(,ROSS AI_ P HA P C I IL 

GHOSS a . T A  P C I Il 

H Y D . Sil lY WE MG/L 
I RON Mti l l  

l E AD MG/L 

MAGNE S I UM MI, IL 

MANIJANFSE '''G/L 

MI-- R C U R Y  MG/l 

MOLYB DENUM Mll / L  

N l oa: 1 Mfl/l  

N IT R A T E  MG/L 

N I TROGE N . KJL M G / L  

O R G . CARB ON MG/L 

P fl - 2 1 0 P C I /L 

P H  SU 

P HO S P H A T F  M G / L  

P HOSP HURUS I'!G/L 

P O - 2 1 0 P C  I I I. 
P () TA�-;S L U M  M G / L 

R A- 2 ?A P e l /l 
R A- 2 ? 8  p e l l L 

SH .. E N J UM M t, / I. 

S I LC()N l'!tJ i L  

�, ] I. l e A  Mt, / I  

�) I I VFR MI, / I _  

�-;Ul) 111M M l i / I  

� ;  ik O N  r I U M  M I , / L  

Slil F A I l-- Mil / I  

586-0 1 0 6 / 0 1 1 85 

I. O e A -I ) ON I I ) - S A M P I  f- l/l A N D  l OG O A n:  

5 86-0 1 09/ 1 0/ 8 5  5�9-0 1 0 � / 0 1 / 83 589-0 1 06/08/83 589-0 1 0 9 / 2 2 / 8 3  

P AR A M F T � R  P AR A M � T � R  P AR AM � T � R  P AR AM E T E R  P AR A M E T E R  

VAI U f + I -UNCf R 1 A I N 1 Y V A I U F t / - I JNCl-- k T A I N T Y  VAl UI-- + I -UNCF k l A I N1 Y  VALUE + I -UNC�R T A I N T Y  VALUE + I-UNC � R T A I N T Y  

609 . 650 . 4 7 9 . 5 / 0 . 5 1 0 .  
0 . 1 0 . 1 0 . 1 9 

3134 . 
0 . 00:-1 
0 . 04 
4 . 66 
0 . 1 
0 . 6 7 

0 . 00 1  
6 30 . 
B60 . 

0 . 0 1  
0 . 05 

7320 . 

0 . 02 
0 . 0 1  
3 . 3  

1 2 . 8  
0 . 0 1  

364 . 
4 . 0 2 
0 . 0002 

0 . '2  
0 . 1 4  
1 .  

2 . 7  
I .  

0 . 1 

1 • 

1 0 1 .  
2 .  

1 .  
0 . 005 

1 1 . 8  
0 . 0 1  

'/ 1 4  • 

4 . 63 

3 7 40 . 

438 . 

O . OO::! 
0 . 02 

0 . 5  
0 . 05 

0 . 7 1  
0 . 00 1  

4 7 1 .  
8 '1 8 . 

0 . 0 1  
0 . 05 

1 0080 . 

0 . 0'. 

3 . 7  

0 . 1 

1 S . 4  

2HI' . 

4 . :33 
O . OOO? 

o . n  

0 . 1 /  
1 .  

6 . 9  

1 0 0 . 
1' . 1 

O . OOS 

2 /  . 8  

9 .,,0 .  
4 . 6 4 

�u 30 . 

0 . 00 1  

- 1 . 09 
0 . 08 

5 1 '  • •  
1 4 9 . 

0 . 00 1  
0 . 00 1  

4600 .  

O .  1 1 6 

2 .  /I' 

�:W:-j .  
1 . :2  

0 . 2  

0 . 't8 

58 . 
1 1 6 .  

7 .  

� 2 . S  

0 . 0 1 1'  

1 ()."O . 

::16:-10 . 

1 1 B � SB 

0 . 00 1  

-3 . £>9 
0 . 06 

58 1 .  
8 4 0 . 

0 . 005 
0 . 07 1  

6 1 00 . 

0 . 00 7 7  

O . OH 

260 . 

1 .  1 1  

0 . 09 3  

9 2 . 

7 . 4  

5 3 . 

O . OO? 

1 0()O . 

: l i'OO . 

1 0 . 4  

O . OOS 
0 . 0 2 2  

8 . 32 
0 . 1 3  

0 . 003 

4 8 0 . 
860 . 

0 . 004 
0 . 00 1  

0 . 00:-1 

0 . 5 4 

3 . 4 ;(1 
0 . 0 1  

360 . 
1 . 6 1  

O . OOO? 
0 . 0 1 2  

0 . 1 

1 1 B .  

7 . 3  

0 . 04 

5 3 .  

0 . 00,.' 

1 / . 
0 . 004 

1 :-100 . 

2900 . 
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Ta bl e F . 3 . 1 1  IlHtJtJND W A r �� R  ,JlJAU r y  OAf A B Y  1 .0 1 : A1 l 1JN 

FORMA T I ON OF C O M P L E T I O N :  AI . I . IJV ( UM 

HYDRAUL I C  FL .OW R � l A T J ONSH I P :  DOWN GRArl l � NT 

P AR AMF H R 

SULF J I lf 

I F MP , I N - S I T U  

n I'1 P I· N A T U R E  

T H - 2 30 

l l N 

rOTAl SOL I D S  

TOTAL U 

T O X  
U - i'34 

U-/!38 

URAN I UM 

VANAD I UM 

l l Ne 

UN I T  OF 

MF ASURf. 

Mel/L 

(>I)I')lRI:::E 

C - DEGRI- F 

P C I Il 

Mel/L 

MG/l 

P P I'1  

MG/l 

P CI /L 

P C I I l 

MIJ/L. 

MG/l 

1'16/L 

586-0 1 O � / O l / HS 

P AR A MI::: TER 

VALUb + / -UNC F k T A J N T Y  

0 . 1'  

1 5 .  

1 .  

0 . 005 

1 1 B6 . 

1 1 B .  

1 1 6 .  

0 . 27 

0 . 005 

s n f- :  GkANI!  JUNCl I ON . 
0 2 / 0 1 / 83 to 0 9 / 10/ 85 ( Contl n ued ) 

- LOCA 1 J UN J fl - SAMPI  F I n  A N D  l OG nATE 

586-0 1 09/ 1 0/85 S � 9 - 0 1 0 � / 0 1 / B3 5 8 9 - 0 1 0�/OA/83 

P AR AMl::: r�R 

VALUI- + / -UNCb R 1 A 1 N 1 Y  

1 9 .  

O . OOb 

1 1 / 0 . 

6 7 . 

�8 . 

0 . 1 3 

0 . 0 1 1 

P AH A M� TI::: R 

Vru. Ub + / -U N C E R 1 A I N T Y  

H .  

�4 0() . 

0 . 1'7 7  

0 . 0 27 

o . os 

P ARAME TER 

VALUF + / -tlNCF R T A I N T Y  

1 8 . 5  

�O:30 . 

0 . 1 4 7  

0 . 0 5 8  

o . on 

5B9-0 1 0 9 / 2 2 / 8 3  

P AHAME rER 

VAlU[ + / -UNCF R T A I N1 Y 

6 1 50 . 

o .  ��o �  

0 . 1 1  

0 . 39 
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T a b l e F . 3 . 1 1  I ,H I lI IN I )  WA f � H IJI JAU I Y  I )A l A  II I  U ) I : A I I I )N 

!j I I � :  ( jkAr�1 I JI INC I I I IN 
o n 0 1 / 1n  1 0  ()''> / 1 0 / 13�) ( Co n t i n ued ) 

FORMA T I ON OF COMP L E T I ON :  AI . U JV l IJM 

HYDRAIiU C F L OIJ RI· LAT I ONSIl I P :  OOIJN GRAil I f  N" 

l OC A l l IlN I I I - SMWI E J I I ANI) l.  Oti ot''II � 

SB9-0 1 0:J/ ,:>''; / A 5  

IIN I T  OF P M AMI'� T F R  

P ARAMl- n R  MEASlJRI' VAI. I I F  .. I-UNCF R I A I N I Y  

- - - - - - - - - - - - - - - - - .- - .•. - - - - - - - - - - - - - _ .  _ _ ... _ - - - -

AI I< AI I N J  1 Y l'\G/L CAf.03 522 . 

AI . lIM l NlIM M6/L 0 . 1 

AMMON I A  MG/L 

AMMON I UM MGIL 1 ?4 . 
ANT I MONY MG/L 0 . 00:-1 

ARSEN [ C  MG/L 0 . 0 1  

B ALANCE X 1 . 7 2 

H A R l U M  MG/L 0 . 1 

B ORON MG/L 0 . 6  

CADM I UM MGIL 0 . 002 

CALC I l I�1 MGIL 590 . 

Cfil .OR 1 DE MGIL 9 :30 .  

CfiROM I IIM MG/L O . O ? 

COHALT MG/L 0 . 0 1 

COND , I N- S J TlI Ul'\HO/Cl'\ 

CONDUC TANCE UMHO/CI'I 1 200 . 

C OP P f- k l'\G/L O . Ob 

C Y AN WE MGIL 0 . 0 1 

F I  UOR 1 1 1[ /'IG /L 0 . 3 

"ROSS ALPHA P C I I L 260 . 

(mOSs I-J U A P C I I L 1 :�O • 

fi Y D .  SULf WE l'\G/L 0 . 2  

I 1 WN MGIL 1 .  1 

I.FAD MGIL 0 . 0 1  

l'IAGNl: S IlIM l'\GIL 3 1 0 . 

MANGANESE MGIL 2 .  

Mf' RClIt< Y 1'113 / 1 .  0 . 0002 

MULYB DENUM MGIL 0 . 06 

N I Cf(H 1'1(;/1 0 . 0 4 

N l rRA I E  MGIL :39 .  

tl J 1 RrUil N , fUL MG/L 

llR G .  I:AR B ON MGIL 1 6 .  

f' 1I -' 2 1 0  P C I /L 1 . 5  

P H  SU 6 . 9  

P IlUSP fM l l  MG/L 0 . 1 

P fillSP fillRUS MGIL 

P fI- 2 1 0 P C l I l 1 .  

t> II r ASS WI'! MGIL 5';> . 

R A - ?i'1. P C I II 1 .  

H A - l'28 P C I I L 1 .  

�;H . F N 1 lJM 1'113/1 0 . 005 

�:> I LCON MG/L 

! i  I I  I r A MGII. 7 .  1 

') [ I  Vf-. R MI, / L  0 . 0 1  

!,OD l lIrl Mli/l 1 1 1'0 . 

!, I H IlN I 1 11M 1'11>/1. 6 . 1 

!.i l ll F A I I  MGll 3 4 00 . 

S�9-0 1 06/0'/�5 S89-0 1 OY/OY/85 590-0 1 0 2 / 0 2 / 8 3  

p t''1KAMF ' �� R  

V A l  UH / ·'-lINn k I A ]  N lY 

- - - - - _  
. . _ _  . _ - _ ._ - - - - - - - -

6 3�� • 

0 . 1 

1 4 8 .  

O .  O{)� .. 

0 . 0 1  

7. . 3 2 

0 . 1 

0 . 6  

0 . 00 1  

61.h . 

1 100 . 

< 0 . 0 1 

< o . OS 

1 1i00 . 

0 . 0<' 
0 . 0 1  

0 . 4  

3 . / 9 
0 . 0 1  

31>0 . 

£' . 1 B 

O . OOOi' 

0 . 0 1  

0 . 1 1 

1 .  

H . I  
1 . h  

I .  
0 . 1 

1 -

66 . 4  

1 .  

1 .  

o .  om, 

I . ;> 
0 . 0 1  

101-0 . 

b . 'i 4  

:nso . 

P ARAM� H R  

VAU'f- + / --lINCI R I A ]  N T Y  

!:i'lB . 
0 . 1 

1 4 9 .  

0 . 003 

0 . 0 1  

- 1 .  i'Y 
1) . 05 

O . b 4 

0 . 00 1  

6 1 1 .  

1 � 60 . 

0 . 0 1 

0 . 05 

Y 5 1 ·� • 

0 . 06 

0 . 3 8 

0 . 1 

3 .  O�) 

3L'I. • 

';> . 08 

O . OOO? 

0 . 0 4 

O . D 

1 .  

1 '1 .  

1 . 4  

6 :3 . 1  

1 .  

O . O()S 

1 'I . ,,> 

1 1 0 0 . 

I, . MI  
:3�)l,() • 

P M AME I£R 

VAI UE" I - I I NC F R T A I N lY 

4 4 9 . 

0 . 00 1 

1 . 5 1  

0 . 0 1 9 

SOO . 

1 36 . 

0 . 00 1'  

0 . 00 1  

4 I H O .  

0 . 0 1 2 2  

O . 0 1 E1::t 

4 0/ . 

0 . :36 

0 . 1 3 

J . 6  

8 . S  
1:1 1 . 9  

I .  1 

';'. 2 . 2  

0 . 00 2  

1 () ,i O . 

::1'1 1 0 .  

SYO- 0 1 0 6 / 0 1 1 � �  

P AH AMI- l £ R  

VAl .lJF + / -lINC f R T A  1 N IY 

390 . 

1 ,' .  1 

0 . 00 1 

- 1 . 91. 

0 . 0 3 

493 . 

990 . 

0 . 00 3  

0 . 05l 

3480 . 

O . O()OS 

0 . 056 

25'1 .  

0 . 38 

0 . 1 0 1  

1 9 . 1  

7 . 1 

1 / . l  

0 . 0 0 ,' 

1 0 0 . 

l' 1 00 . 
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Ta bl e F . 3 . 1 l  

FORI'tA T I ON OF CIlMP L E T I ON : AU .UV I l IM 
HYORAUI. I e  Fl UlJ RELA 1 I ONSII J f' : DOIJN GRAr I I F N T  

589-0 1 0:1 I / � j /H5 

I,RIIIINI) IJA r � H .mAI . HY I)A fA I:IY 1 .'lt.:A f HlN 
S I ll - : (,kANII .IlJNCn ON 

02/0 1 /�3 ro 09/ 10/�5 ( Conti nued ) 

U ICAl HlN I I I  - !lAMPI F I I I ANn I fiG DA n -_ . .•. _ - _  •• _. __ . __ . _._-_._ ._ .•.•• _ ._._ .•. _ . _ _ _  .. _ .• ... ....•. 

5ij9-'0 1 OM01/1:J5 5ij9-0 1 09/09/B5 590 - 0 1  OV02ltJ3 S90·-0 1 06/01/.:t::J 
- - _ ._ - - - - - - - - _ ._ . . . _ - - - - _  .•. _ ._ ._ - - - _ .  _ _ ._ - - _. _ - - - - - - - .•. _ - - - - - - _  . . _ - _. _ _  . _ _  . _ - - - - - - - - - _ . _ . _ - - - _ . _ - - - _ . _ - _ .- - - -- - - - - - - - - - _ ._ . _ - - - _. _ .• . . -

f'ARAME I I H 

St lLf I I  II:. 
TEMP , I N- S H U  
H MP I' RA l lIkF 
TH-230 

lI N 
TOTAL SOL l O S  
HIlAl II 
rox 
1J- 234 
11-238 
IIHANI IlM 
VANAD I UM 
l i Ne 

I IN I T  OF 
MFASUHf 

MG/I 
C·-L)F(JR�T 
C - OEGkH 
PC I IL 
MU/L 
�IG/L 
P P M  
MG/L 
P C I IL 
P C I I L  
MGIL 
MG/L 
MG/l 

P AR AMf': I �.R 
VAl UF -t / -IJNCl- R 1 A J NI Y  

1 3 .  
1 .  

0 . 0 1  

7 :) 0 2 .  

0 . 6  

0 . 77 

0 . 0 1  

0 . 1 

PAHAMF r�: R  
VAl lIH / - UN(;l- H I A I NT Y  

P AHAM .. : n:R 
VAI I.IH / ·-tlNCl- H I A I NlY 

P ARAMETER 
VAl llF- t/ -UNC£k T A I NlY 

PARAMH£R 
VAI .Ilt: -t /-UNClR TA I N  n 

_. _ - - - _  . . _ - - - - - _. _ - - - -
- - -- ._ - - - _  .•. _ ._ - - - - - - - - - - - - - - _  ... _ - - - - - - - - - - - - - -

- - - - - - - _ ._ - - - --
-

-
_._

-

0 . 1 

1 ::1 .  
1 .  

O . OOh 
7 1 1 H .  

0 . "-2 

99 . 

1:/9 • 

0 . 0 1  
O . O:H 

1 7 . 5  

O . OOh 
/5!-iO . 

Bit . 

7 9 . 

0 . 0 1  

0 . ()i'4 

1 0 .  

61;60 . 
0 . 376 

0 . 0 1  
0 . 02 

1 S . 5  

4670. 

0 . 1 35 

0 . 055 
0 . 04 
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FORMAT I ON OF COMP L E T I ON :  ALI . U V [ UM 

H YDRAUl J C  F L O W  R E L A ll ONSH J f' :  DOWN G R A/ l H N T 

L 0( :1'1 ' J ON 1 /l  - SAMIJ U  I II ANI) 1 . (It; I It'l l t  
S�O·- O  1 ()9 / � ? l 13 1  �j ';>O-0 1 <H I 2S / BS S'1'O-0 1 ()6 / 0 1 1 8S S'1'O-0 1 0 9 / 0 9 / 135 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

I J lH T O F  P M AM F T fC R  

P ARAM�_ 1  � H ME ASlIRf VAl llE: + I -UNCEH 1 A 1 N 1 Y  

- - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

AU( A I  ) N J 1 Y M G / L  CAC03 460 . 

AU 1M I: NUM M13 / L  0 . 0 1 8  

AMI10N 1 A MG/L 

AMMON [ 11M MG/L 1 8 . 1 

A N T I MONY I1 G / L  O . OOS 

I'1R �';EN I C MG/L 0 . 00 1  

B AL ANCE I. 9 . 0f. 

B AR I UM M G / L  0 . 0 7 

B OHON Mr; / L. 

t:ADM [ UM MG/L 0 . 00 1  

CALC 1 UM M G / l  4 fl O . 

CHI .OH I DE I'IG /L 1> 1 0 .  

C HROM I UM MI:I/ L  0 . 00 1'  

,))13  i'lL T I'IG / L  0 . 00 1 

COND . J N- S I T U UMHO/CI1 

C ONDUCT ANCE UMHn/CM 

Cnpp � H  M G / L  0 . 005 

, : V AN f OE '''G / L  

f- 1 (lOR WE M G / L  0 . 53 

, ;f{ OSS AI Y HA P C I /L 

(mOSS El f  I A  P C I /l 

H Y O .  S I J I . F l l)F� I'IG / L  

I kON M U ll 0 . 01>1' 

I �� AD M[, / L  0 . 02 

I'IAUNF S ]  11M M G /l 4 1' 0 .  

MAN" ANfSE �IIJ/L i .  ?::J 
111 H CUf< Y M G / l  0 . 00 0 1'  

MIl L Y B D E NUM rlG /L O . 0 1 S 

N .I C I(F I M G / l  

N l T R A IT M G / L  0 . 1 1  

N 1 1  ROhE:. N • IUl M G / L  

I )({ G .  '�I'1 f{ H ()N MG/L '1fl . 1 

P H - 2 1 0 P C T  II  

I ' ll  S U  7 . 1 

IJ HII S P H A I f M G / l  

P i l i )'';!' HUf{US M l; / L  0 . 1  

P (t ·· ,! 1 0  P CI /L 

I ' ll J ASS r UM I'I G / L  1 9 . 1 

H A-- 1' ? 6  P c ]  Il 0 . 6  

H A - 'i'2 8  P C I IL 

�-. f I F N I I JrI MG/l O . OO ? 
" l LLON 1'11, / 1. 

� ; J l f r: A  M G / I  {,O .  

' ;  I I  V�.R l'I I 1 / L  0 . 0 0 ,' 
� > l I [ )  1 IJM M" / I  w;o . 
'. , ( H U N  I l llM " 1 1 ; ; 1. 

� i l l l � A I � M U l l  ? b O () . 

P AH (',M�� IH{ P ()H AM U � R  P AHAM�: TER 

VAl UI ·  + 1 -- ( lNCf - k l A)  N lY VAl W· + / - I IN t : F H I A I N I Y VAl UE: + / - UNn k T A 1 N T Y  

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - .- - �  .. -. - -. .  -

S ? ?  4 Yfl . 4 91:1 • 

0 . 1  0 . 1  0 . 1 

1 7  . 4  13 .  :�6 1 B . 5  

0 . O() 4 O .  O O �i 0 . 00:-1 

0 . 0 1 0 . () 1  0 . 0 1  

- . b Y  1 . 3 1 ? • �i4 

O .  1 0 . 1 0 . 05 

0 . S 6  0 . 4 1  O .  �, Y 

0 . 002 0 . 0 0 1 0 . 00 1 

S A O . 3 't b .  4 9S . 

BJO . 4 S 9 . I S 9 . 

0 . 0 1' < 0 . 0 1 < 0 . 0 1 

0 . () 1  < O . OS < 0 . 05 

M O O . ;>;00 . 1>'l60 . 

0 . 0 1 O . Oi' 0 . 05 

0 . 0 1 0 . () 1  

0 . 3 0 . 5  0 . 6 5 
'2 4 0 . 

1 1 0 . 

O . 'i' 0 . 1 

1 . 1 < O . O :� O .  i s  
0 . () 1 < 0 . () 1  

340 . i l l .  2 9 9 . 

L S  0 . 1 4 1 . S7 

0 . 0001' O . O()O? 0 . 0002 

0 . 0 2 0 . () 1 0 . 0 4 

0 . 0 4 0 . 0 4 0 . 01 

1 2 .  1 .  7 . 4 

3 . 1  9 . 9  1 0 . 1  

i .  S 1 C . 0>  
6 . 1  I .  1 . 2  

0 . 1 

1 .  i .  
i! O . 1 5 . 7  2 3 . 1  

< 1 .  < i .  i .  
< i .  < 1 .  

< o , ()()�, < O .  ()O�, O .  O O �, 

8 .. �) 7 . 9  HI . fl 

0 . 0 1  0 . 0 1  

9 4 0 . 4 'tfJ . 8'<'0 . 
S . 'I  ? 'I I ';, . 7 2 

;-I I' O() • n / o . I' �J i' O .  

7:� 2 - 0  1 (H / 26/8S 

P AR A M F I E R  

VALllI + / -UNCI: R T A I  N T Y  

4 6 6 . 
O .  1 

O . 2� 

O . OO�-I 

< 0 . 0 1  

2 . 1 3  

0 . 1 

0 . 5 1  

< 0 . 002 

S 40 . 

9 3 0 . 

0 . 02 
0 . 0 1  

1 6 0 0 . 

0 . 0 1  

0 . 0 1  

0 . 9  

l O�j • 

60 . 

0 . 2  

0 . 1' 
0 . 0 1 

500 . 
1 .  

0 . 0002 

0 . 0 4 

< 0 . 04 

< 1 .  

< 1 .  �j 

1> . 95 

< 0 . 1 

< 1 • 

9 C' 
. .. ) 

< 1 .  

< 1 .  

< o . ()OS 

b . .  ! 
0 . 0 1  

'tHO . 

6 . H  
:HO() .. 
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Ta b 1 e F .  3 . 1 1  lif{ l )lJNO WArI- I{ fJl lAU I Y  t>A rA I:l l'  UJt : A  r u IN 
s I n : CikA N I i  JUNC - I  J (IN 

I)?10 1 / tn  Til O 'il 1 0/ H S  ( Co n t i n ued ) 

FORI'IA T ! ON OF COM P I. E T I ON :  AI . U JV lII �1 

HYDRAI I L I  C F L OW R F L A  1 IONSH J P :  DOWN GI<AI.> H N T  

P AI<AM� If R 

SI IL F I PE 
TEMP , I N -- S I  I U  

n M P E k A  1 U R F  

I H - 2 3 0  

UN C T  OF 

M� ASUFU-

M G / l  

[ - D E G R E E  

C - DEGR E E  

p e l /L 

TI N 

ItHAL 

T Ol AL 

l O X  

MG/L 
'-;01 _ I DS MG/L 

lJ P P M  

1/ - ,.'34 

lJ-238 

URAN I U M  

VANAD I l JM 
l I NC 

MG/L 

P C l l t 

P el / L  

MG /L 

MG/L 

MG/L 

S 9 0 - 0 1 1)9 / 2 ) 1 8 3  

P AflAMETFR 

VAl. Ul- + 1--UNrF R l  Al N '  Y 
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4 1 0 .  4 / 0 .  384 . 
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1 F M P  F M A  TlJI<F 
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U" 2 ��8 

URAN l t IM 

VANAD I UM 

Z l NC 

I'IG/L 

f;-OFGREE 

C - DEGREE' 

p e l lL 
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MG/L 
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P C  l IL 
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MG/L 
Mll /L 
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MG/ L 

Mfl / l  
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2 . 4  
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1 4 . 
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( 
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( 
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o .  4 �. 

0 . 00 ]  
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O . S 4 
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o . os 
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0 . 04 
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0 . 00 1' 
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0 . 0 1  
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0 . 03 
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( 50 . 
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( o . os 
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0 . 05 

0 . 0002 
0 . 02 

( 0 . 0 4 

( 1 .  

7 . 7  
1 . 5  

1 0 . �I 
0 . 1 

1 .  
1 2 .  

1 .  
1 .  

0 . 005 ,.� C ,) . �) 
0 . 0 1  

1 :3 4 0 . 

3 . 9  
C'OOO . 

D . !; 
( 1 .  
( O . ()OS 
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1 4 3 - 0 1 0 6 / 0 1 1 8 5  

P ARAM� T E R  
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0 . 1 

5 . 4 2 
O . OO J  

0 . 0 1  
-4 . 6 4 

0 . 1 
0 . 26 

0 . 00 1  
92 . 

83B . 

0 . 0 1  

0 . 05 
4 500 . 

0 . 02 
0 . 0 1  

0 . 4  

0 . 1 1  
0 . 0 1  

4 . 01 
0 . 0 1  

0 . 00 0 3  

0 . 0 1  
0 . 04 
1 .  

5 . 6  

1 c-. <>  
1 1 . 4  

0 . 1 

1 • 

1 3 . 3  

1 .  
1 .  

0 . 009 
4 . 2  

0 . 0 1  
1 :3'1 0 .  

3 . 7 4 
1 " 00 . 

0 . 6  
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1 .  

0 . 005 
43 1 6 .  



" 
I 

I--' 
I--' 

N 

T a b l e F . 3 . 1 2 

FORMA rI ON m'- COMPLE T I ON :  �HALE 

H Y D k A t l l . l C H . .  OW REI A T I ONSH 1 f' :  UP GRAD 11 - N T  

P AR AMF T I- R  

Hl X  
U - 2 3 4  

U - 2 :3H 

\.IRAIH UM 

VANAll J U/,1 

l I NC 

UN I T  OF 

MF ASURE 

MG/L 

P eL / L  

P C l /I 

MUlL 

Mlll L  

MOIL 

1 27 - 0 1 O J / ?9 / 8 5  

P AR AMI':TER 

VAI UF + I - UNCfR1 A 1 N I Y  

0 . 1 

2 . 9  

1 . 8  

0 . 0 1  

0 . 05 

f,H I JUNI) WA rl- R  tJl l,''l1 I I' (  I)A I I� B Y  1 . 1 ) t ; A U I )N 
SJ If· : r-jf( MH )  JUNC 1 J ON 

O J / 2 i / 8S I U  0 1 1 ?� / � 6  ( Co n t i n ued ) 

I orAl J(JN J I )  S A M I ' I �· ]II ANI) I. Ob I )A i t-

I ' U - O i .)I,! O I I I:lS 1 ; ; - 0 1  ()9 / 1 1,! �JS 1 4 3 - 0 1 0:U 2 1 / B 5  

P A H AI11- I F R  

V A l  U H / ·- UNLE- k I A .I N I Y  

0 . 1 

J .  

1' .  

o • ()�) 
o . O()S 

P AH A I1U H �  
V A l  I f f· + / · - t lNC� k I A .I N I  Y 

2 .  

1 .  

o . () 1 

0 . 0 1 4 

P AHAME rER 

VAl U F + / -UNCf R 1 A I N T Y  

0 . 6  

1 .  

1 • 

0 . 0 1  

0 . 05 

1 4 3 - 0 1 0 6 / 0 7 /1:1S 

P AR A M � TER 

VAL UE + /-UNCER TA I N 1 Y  
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( 

O .  i s  
1 .  

1 .  

0 . 0 1  

0 . 005 
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._ - - - _ ._ - - - _ . _ - _ . _  . . _. 

UN I f OF P AKAM� I I:. R  

P ARAM� TI ll Ml: ASUlH VAlU� + I -UNCfk I A I N 1 Y  

-. - - - - - . - - -. - - -- - _  . .•. _ _ . _ - - - - - - - - - - -

At KAI ] N J IY I1GIL CAf:03 3 1 1 .  

i'lL I 1M I NUM MBIL 0 . 1 

AMMI IN J l JM MG/l 2 .  

M4 f 1 110NY 111>/L 0 . 003 

AI<Sf: N I C  I1G/I. 0 . 0 1  

IlAI. t'lNCE /. - 1 . 5 1 

H Al( 111M MBIL 0 . 05 

IIIlIWN MG/L 0 . 5 2 

CA()M J UM MIl/I. 0 . 00 1 

, :ALC IUM MIl/L J2 . 2  

CHI. Il l<  J DF 11111l. 9Sb . 
CHROM I UM MG/L 0 . 0 1  

"T1 C ( llI AI 1 M(i/L 0 . 05 

1 CI1NDIJ C f ANCE I JMHO/eM 578 . 
t--' 

C OP P H! MG/L 0 . 04 t--' 
W , : l' AN WE �llJ/L 

I- I 1J()f< I ()f MG/L 0 . 56 

!.ilWSS A L P H A  P C l I L 

fikOSS 1l 1' 1 A P C I I L 

H Y D . SULF WE MG/L ( 0 . 1 

J kllN M(' / I. 0 . 06 

1 . 1: AD MG/L 

l'IAr;N� S l UM MG/I. 1 3 . 6  

.. IAN" ANFSE Ml, / L  0 . 0/ 
I'lf R U II< Y MG/I. 0 . 0002 

..  1111. Y H  DFN UI1 MIlIL 0 . 0 1  

N J Cf(l: I MIl/I. o . o� 
iH IR A T E  MOIL i .  
tII<b .  C A H B IIN MOil 7 9 . 2  

I' H ·- 2 1 O  p C I / L 

I' H Sll 1 0 . 2  

P HOSP HAT !:: 11lJ/L 

1' 11- 2 1 0 p e l il. 

p n fASS IUM MG/L 7 . 1 7 

I� A - 2 r A  P C l / t  i .  
HA-228 p e l / L  

! i� Lf N J  UrI M(3 / 1  0 . 005 

. ;  I I. l e A 11 Ll / L  1 1 . 1  

s I I  V� H M(; / I  

� ;lm llJM MUll . 1 4'/0 .  

! ;  I R O N  I I  UM Mf; / 1 .  3 . 1 6  

! ;l lI FA T F  1'lIi / L  1 /60 .  

! i l ll I J Ill Mi, / l  

II- M P E H A  f l l H F  c - 1 1I- l iIl E£ 1 6 . 5  

I J j- 2 ::iO P C l I l  

l i N 11' ; ; L  0 . 005 

1 11 1  Al �,UI I D�; I'/ l i / l  4 4 S0 . 

(;h ( ,I INP l.IA I f  f( (,1( 11'11 J II ' llA ( A  If l' L(lCA I I l iN 
::i£ If :  'it{ t'lNI)  IUN': I p lN 
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- - _. - - - - I U( AI ) fiN ] 1 1 - bMWI l· I P AND I CIt; [ltd f 
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1 . 4  

O . O i  

- . 0 2  
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9:�O • 

0 . 03 
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O . Oh 

1 '1 .  "' 

0 . 0 "' 

0 . 1 

O . O! 
1 .  

1I . !:.l' 

IL J 3  

O . OOS 

i S H) . 

1 '/O\) . 

1 4 .  

4 1 1 0 .  

I' AHAI1� I �.R 

VAl I II· t I - I INCH < I A J N ( Y 

p AR AME H R 

Vt'll l I f  t / ·- IIN C l !< I A I N lY 

p AR AI1 t l E R  
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lOX 
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I JR AN l IJM 
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Z I NC 
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M G / L  
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tl l lIW N  Mli/L 

C A I 'M J lIM Mu l l 
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1 : ( 11 ' 1' 1- I{ Mfi/l 
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1 1 '(1) . SIl l  I I I )�� MI,/I 
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Hft 1), 't4 P C I  I I  
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5 89 0 1  0 3 n S / 8 5  1 :30 ;> . 0 0 0 0  
5 8 9  0 1  0 6 / 0 1 1 8 5  7 1 8 4 . 00 0 0  
5 8 9  0 1  0 9 / 0 9 / 8 5  1 5 S 0 . 0 0 0 0  
5 9 0  0 1  O ? I O r l f:(� 6 S 6 0 . 0 0 ()O 
5 9 0  0 1  0 1> / 0 7 / 8 3  4 1> / 0 . 0 0 00 
590 0 1  0 9 1 '2 '; / 8 3  S 6 0 0 . 0 0 0 0  
5 9 0  0 1  0 3 n S /S5 6 S M . OOOO 

590 0 1  O M O i l 8 S  329 7 . 0 0 0 0  
5 'i 0  0 1  0 9 / 0 9 / 8 5  ,L, O ·?' O . OO()O 

732 0 1  0 3 l r M 8S 7S0 1t . 0 0 0 O  
7 1 2  0 1  0 1> / 0 7 1 8 5  I R !,4 . 0()<)0 

732 0 1  0 9 / 0 M 8 b  6 3 9 0 . 0 0 0 0  
7 3 3  0 1  0:3nS/ 8 S  / 9?. � . 0000 
7 3 3  0 1  0 6 / 0 7 / 8 S  8 0 9 1' . 0 0 0 0  
7 3 3  0 1  0 9 1 01>/85 1 8 S 0 . 0 0 c) O  
7 3 6  0 1  0 3 / 71' / 8 5  8 i r8 . 0 0 0 0  
7 3 6  0 1  0 1> / 0 7/85 81 9 "? . 0 0OO 
7 3 6  0 1  0 9 / 1 0 / 8 S  82 2 0 . 0 0 0 0  

F- 1 87 



Ta b 1 e F .  3 . 25 GROUND UATI-:R QUAI_ [ T Y MI-: A S U R ": M !:': N T S  !::X I ;  ... : ... )) C NG 
EPA Ok I Nt< J N(; U A TF"R QUAL l T Y Sl A NOAI<[IS 

S I TE :  G R A N D  JUNC T I ON 
02 / 0 1 /8:� T O  0 9 / 1 0 / 8S ( Co nc l u de d ) 

FORMAT I ON OF COMP L F.: T l O N : AU_UV r ul'l 

H YDRALlL J C  F L O U  R E L A T I O N SH I P : D O W N  G R AD J F" N T  

UN I T S OF MAX C MUI'I I . OCA r I ON 
P A R A M E T E R  M E A S U R E  VAL U F  ![l 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

T O T At S OL I D S M G /L 500 . 0  7 3 8  

1 3 8  

7 3 8  

7 4 0  
7 4 0  

7 4 0  

* j(· ·X· * S A MP L E S  E XCF E D 1 N G M,,,\ X J MU M  V A l  U E.  = 1 00 

ZI NC MG/L 5 . 0  

MAP P F R  [lA T A  F I L E : G R J 0 1 *U D P G W Q 1 00 3 7 2  

F- 1 88 

S A M P L F.:  
1 1 1  

0 1  
0 1  
0 1  

0 1  

0 1  

0 1  

X * * * * 

P AR A M �: T "': R  
l or; D A I �  �IAl U� + / - ( I i� ( : f R T A ] N I Y  

o:, n S / 8 S  
0 1-, 1 0 7 185 
09/09/8S 

0 3 / ,, 2 1 8 5  
0 6 / 0 i / 8 S  

0 9 / 09 1 85 

1 2 1 34 . 0000 

6 8 7 0 . 0000 
7 4 3 0 . 0 0 () ()  

AR/ 6 . 0000 

68 7 2 . 0 ()()0 
1, 7 Y O . OOOO 



Ta b l e  F . 3 . 2 6  G R O U N D  UA T E R  Q U A L I T Y  M f- A S tl R F M � N T S  E X C E: E LJ I N(, 
� P  A DR I Nf( I NG U A T F: R  GI U A I _  I T Y  S f  A N I ) Al<. D S 
S I T E :  G R A N D  JUNC T I ON 

0 1/ � 1 / 8 5  T O  0 1 1 �S / 8 6  

F OR M A T I ON O F  C O M P L E T I ON :  S H A L F 
H Y DR AUL I C  F L O W  R E L A T I ON SH I P : UP G R AO I F: N T  

UN I T S O F  

M F: A S U R E  

M A X l M U M  L O C A T I ON S A M P l F P AR AM � T F R  
P AR A M E T E R  V A L UE (0  1:0  I J J G  I ) A  r F:  V A U JE + I -I .I N I ;r::RfA I. N T Y  

A R S E N I C  
B AR I UM 
CADM I U M 
C H L O R I DE 

M G / L  
M G / I  
M G / L  
M G / L  

0 . 0 5 

1 . 0  

0 . 0 1  

2 5 0 . 0  

* * * *  S A M P L E S  F: X � EE D I NG M A X f MU M  V A L U E  

C H R OM 1 UM 
C O P P E R  
F L U O R I DE 

M G / l  
M t) l L  
MG/L 

O . O S 
1 . 0  
1 . 4  

* * * *  S A M P  L E S  O C E F: D  T NG M A X  r M U M  V A I . U F:  

7 2 7  

7 2 7  
7 '2 7  

7 4 3  

7 4 3  

7 4 3  

7 4 3  

= 1 00 :r. 

7 2 7  
7 2 7  
7 2 7  

� O  :r. 

0 1  

0 1  

0 1  

0 1  

0 1  
0 1  
0 1  

* * * *  

0 1  
0 1  

0 1  
**** 

0 3 1 2 9 / 8 5  
0 /:, / 0 / 1 8 5  
0 9 / i 6 / 8 �  

0 3 / � 1 / 8 5  

0 6 / 0 7 / 8 S  

0 9 / 1 0 / 8 5  
0 1 1 2 5 1 8 6  

0 8 1 2 9 / 8 5  
0 6 / 0 7/ 8 5  

0 9 / 1 6 / 8 5  

G k O S S  A L P H A  P C I / L 1 5 . 0  7 2 7  0 1  0 8 / 2 9 /85 
7 4 3  0 1  0 3/ � 1 / 8 S  

**** S A M P L E S  E XCEED I NG MA X I MU M VA L UE = 1 0 0  X **** 

I R ON 
L � A O  
M A N I l A N E S E  

M G / L  
M G / I  
M G / L  

0 . 3  

0 . 0 5 
0 . 0 5 n 7  

7 4 3  
* * * *  SAMP L E S  E X I:EF:D I N G  M A X  ( MU M  V A L U E  = � 8 :r. 

M F R C U R Y  
N IT R A T E  
P H  

M G / L  
M G / L  
S U  

0 . 00 1'  
44 . 0  

6 . 5  T O  8 . 5  7'2 7  
7 4 3  
7 4 3  

7 4 3  
7 4 3  

* * ** SA MP L ES F: X C E E D I NG M A X l MUI'! V A U J E  = 7 1 :r. 

RA226+RA228 P C I /L 5 . 0  7 2 7  

7 4 3  
* * * *  SAM P L F S E XC E F D T NG M A X I MUM VALU� = 2 2  X 

SELI:: N I UI'! 
S 1 1  VER 
SUL F A T E  

M G / L  
M G / l  
MG/L 

0 . 0 1  

O . OS 
250 . 0  1 4 3  

7 4 8  

1 4 3  

F- 1 8 9  

0 1  

0 1  
* ·11 ** 

0 1  
0 1  
0 1  

0 1  

0 1  

**** 

0 1  

0 1  
* * * *  

0 1  

0 1  

0 1  

0 9 / 1 1, / 8 S  

0 9 / 1 0 / 8 5  

0 3 1 ? 9 / R S  
0 3 / � 1 / 85 
0 6 / 0 / 1 8 5  

0 9 / 1 0/ 85 

0 / 1 2 5 / 8 6  

0 6 / 0 / 1 8 5  

()6/ 0 7 /SS 

O V '� 1 / 8 5  
0 6 / 0 / 1 85 
O <r / 1 0 / 85 

3 6 0 . 0(l()() 

:� i 2 .  OO()O 
3 2 S . 0'Wo 
";SO . O ()() O  
8 3 8 . 0 0 0 0  

<r 5 S . 00()0 
9 30 . 0 0 0 0  

2 . 8 ()()() 
2 . 40 00 

2 . 9000 

4 5 . 0000 

40 . 00()0 

• O � l O O  

. 0 / 0 0  

8 . 6 0 e·o 

1 0 . ?' OOO 
1 1 . 4 000 

1 0 . ",0<)0 

Ei . 5 L' O O  

6 . 00 0 0  

6 . 0000 

'",0<) 0 . 0 0 0 0  

1 9 0(} . 0 0 0 0  
1 1 "; 0 . ( ) O O O  



Ta b l e F . 3 . 2 6 GkCll lND U A T E: R  QUA/ I l Y M� A S U R � ME- N 1 S E X r E HI I N(; 
E P A  DR I Nf( I N G  WA r f': R  iJUAU ry S I ANI }AROS 
S I T � : G R A N D  J U N C 1 I ClN 

O V ? 1 / 85 fl) 0 / / ,)5 / 8 6 ( C o n e l  u d e d ) 

� O R M A 1 I ON OF C O M P L E- T I ON : SHAL E 
H Y D R A UL I C  FI. OU R E L A T I I1I\jSH I P : l IP "RA() I HH 

UN I T S OF M A X  I MlIl'I L Cl C A '1 I ON S A MP L t- P AkAME- IF R 

P A R A M E T E R  Mt::A SU R E  VALUE .£ D  I D  LOG I)A rt:: V A I . IJI:: + / - I IN C  ..... R I A  f. N T Y  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S U L F A T E  M G / L  ;: 5 0 . 0  7 4 3  O �  0/ nS/86 W O O . O O O O  
* * * *  S A MP L E S  E X C E E D I NG MA X I MUM VAL UfO = 5 7  � * * * *  

T O TAL S O L  [L)S M G / L  5 00 . 0  1'- 7  0 1  0 3 12 9 / 85 ,)()'y'rj . (· ! ) 0 0  
7 2 1  0 1  0 6 / 0 / / 8 S  2 1 1 8 . 0000 
7'2 7  0 1  09/ 1 � / 8 5  l 1 S 0 . 00 0 0  

7 4 3  0 1  0 :� I ? 1 / 8 S  4 0 3 4 . 0 0 () () 

7 4 3  0 1  0 1, / 0 7 / 8 5  4 3 1 6 . () O O O  

7 4 3  0 1  0 '7' / 1 0 / 8 5  4 4 5 0 . 0000 

7 4 3 0 1  0 1 1 2 S / 8 6  4 1 1 0 .  () 0 0 0  

* * '1(' *  S A M P L E S  E X C E E D I NG M A X I M U M  V A L UE = 1 00 % * * * *  

� l NC M G / L  S . O  

M A P P E R  D A TA F I LE : G k J O  1 * U[lf' G U G l1  0 0 :�7 8 

F- 1 90 



Ta bl e F . 3 . 27 GkOUND UA T E R  QUAL J 1 Y  Ml- ASUk� M r N T S  E X (; E .E: D 1 N(; 

E P A  DR ( NI< [ NG UATER i�UAL I T Y S I At.jt) A�L)S 

S I T F : G k AND JUNC T I ON 

0 � / 0 8 / 8 3  TO 0 9 / 1 1 /8 5  

F OR MA T I O N O� C O M P L � T I ON :  SHAL E 

H '(DRAUL I C  F I . O U  R E L A T I O N SH t P : UN-5 1 r E  

U N I T S  O F  
M �:ASURE 

M A X I MU M  L OC A T I ON S A MP L � P Ak A M � T � k 
P AR A M E T E R  V A L UE [ D  I D  l I l G  I ) A Tt::: V A I J .IE t / -UNC"� � T A  I N  r" Y 

- - - - - - - - - - - - - - - - - - - �  - - - - - - -

A � S E N I C  

B A R IU M  

C A D M  l UM 

C Hl OR J Lit. 

MG/L 

MG/L 

M G / L  

M G / L  

0 . 05 

'f . 0  

0 . 0 1  

2 50 . 0  

* * ** S A M P L E S  E X C E E D I NG M A x r M U M  VAL UE 

C H R O M  f U M  M G / L  0 . 05 

r OP p � k M G / L  1 . 0 

5 8 ?  0 1  

5 8 2  0 1  

5 8 /'  0 1  

S 8 2  0 1  

= 1 0 0  :t * * * *  

0 /' / 0 8 / 8 Cl  

(H / :� l) / 8 S  

0 6 / 0 i' / 8 S  
0 9 / 1 1 / 85 

F I . I) I 1K [ DE MG/L 1 .  4 582 0 1  0 9  1 1 1 / 8 5  

'Jf* 'JH(' SAMf-' l  t. S  F X C H D I N G  M A X ]  I'll 1 M  V A L  U fo  - 3 3 ::<: * * * *  

l:;R O S S  ALPHA P C t l L 1 5 . 0  '5 8 2  0 1  o :� n O / 8 S  

* * * *  S A MP L t. S  E X CE E D I NG M A X I MUM V A L U� = 1 0 0  ::<: * * * *  

I, RuN MG/L 0 . 1  5 8 2  

5 8 ?  

* * * *  SAMP L E S  EXCEE D I NG M A X  J: MU M  V AUJE 50 :t 

Lf- AD 

M M -lI,ANE S E  

M G / L  

M G / L  

0 . 05 

O . OS S 8 2  

5 8 "  
5 8 2  

5 8 2  

***it; S:AMPL£S F.XCEEO C Nl5  M A X  � MOM V ALUE = 1 0 0  :t 

Mfo RCURY' 

N I T R A T E  
P H  

R A 2 2 6 + R A V 8  

* * * *  SAMP L E S  

MG /L 

M6/t. 

SU 

P C ( / L  

E X C E F D I NG 

0 . 00 ?  

44 . 0  

6 . 5  T O  8 . S  

5 . 0  5 8 2  

M A X l MU M  V A l UF = 1 9 :t 

0 1  

0 1  

* ** * 

0 1  

0 1  

0 1  

0 1  

* ** * 

0 1  

* * * *  

O '2 / ( ) H / I B  

0 't / 1 1 / 8 S  

O N  () 8 ,/I'D 
O Cl / :� O /  8 S  

0 1-,/ 0 1  1 85 

0 'l I 1 1 / 8 S  

0 1-,/ 0 / / 85 < 

St:LEN I UM M G / L  0 . 0 1  5 8 2  0 1  O U0 8 / t B  

**** SAMP L E S  E X C E E D I NG M A X l MUM V A l UF = ?5 ::<: * * * *  

S I LVER 

S lil FA I F  

M G / L  

M G / L  

0 . 05 

2 5 0 . 0  5 8 2  0 1  

5 8 2  0 1  

58? 0 1  

5 8 2  0 1  

* * * *  SAMP L E S  E X CE F D I NG MAX J MU M  VAl  U� = 1 0 0  /. * * * *  

TOTAL SOL I DS "GIL 5 0 0 . 0  582 

582 

S82 

F- 1 9 1 

0 1  

0 1  

0 1  

0 2 1 0 8 / 8 3  

0:1130/85 

0 6 / 0 i 1 8S 

0 9 / 1 1 / 85 

0 ' 2/ 0 8 1 8 3  

0 3 / 8 0 /8b 

0 6 / 0/IB5 

4 9 6 . 0(;00 

�j '1'o . 0 0 0 0  
6 9 8 . 0 000 

I'i'.J • < )000 

1 .  1 0 0 0  

. SO<)O 
1 . 0 i OO 

. 1 1, 0 0  

. 3 0 0 0  

. HO O 

. ' S O O  

6 . 0 00 0 

. 0 1 10 

1 6 65 . 0 0 0 0  

'N ()O . OOOO 

2440 . 0000 

3 1 'T U . ()()<) O 

J 3 r� 0 . 0000 

5!) 1 0 . 0 0 0 0  

5 1 1:10 . 0000 



Ta bl e F . 3 . 27 GROLIND W A T E R  QUA LI l Y  M � ASURf Mf- N 1 S E X CEHl l N(; 
EPA OR [ NK I N G  W A T E R  QUAL I T Y  s rAN0AROS 

S I T F : GRANn JUNC T I ON 
( Co n c l uded ) 0 2 / 0 8 / 8 3  T O 09 / 1 1 / � S  

F [IRMA T 1 0N OF C O M P L E T I ON : SHAL E , 

H Y D R A U L I C  F L O W  R E L A T I ONSH I P : ON-S I T� 

UN I TS 01- M AX 1 MUM lOC A T l ON SAMP L E P AkAMI- H R 
P ARAME T E R  MI':A SUR E V A L U E  [ 0  I D UJG I)A fE V A Ll It:+I-IJNCt-: R  t" A (N t" Y 

- - - - - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
-

- - - - - -- - - - - - - - - - - - - - - - - - - - - -

TOTAL SlJl I OS M G / l  500 . 0  5 8 2  0 1  09/ 1 1 /85 6 1 /0 . 0000 
* * * *  SAMP l E S HeE m I NG I'IA X I MlIl'I VAl U �  = 1 00 X * * * *  

I t: NC M G /l 5 . 0  

M A � P E R  DA T A F I L E :  G R J 0 1 * unP GWQ 1 0 0 3 8 0  

F- 1 92 



Ta bl  e F .  3 .  2 8 GROUND IJ A l  E R  QUAL Il Y  M F ASUR F M E- N T S E X C !:. F fl l NG 
E P A  DR I N�( r NG IJAT I=.: R I-;lU A L IT Y  S 1 M- M A K O S  

S I T E : G R A N D  JUNC 1 I O N  

0 3 / 2 6 / 85 T O  0 7 / � S / 8 6  

FORMA T I ON OF COMP L E T I O N :  SHAl f 

H Y DR A UL I C  FI . O U  RELA T I ONSH I P : CROSS G�AD ( ENT 

P AR A ME T E R 

U N I T S m· 

M�: A S U R E  

M A X 1 MUM L OC A T I ON S A MP l F  P ARAM� T � k 

VALUE 1 0  I D I nG I) A T!:: 'J AI I J E + / -· I JN I ) ' R I A I N TY 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A R S E N I C  

B A R I UM 
I:AOM ( UM 
C HL OR l DE 

MG/L 

MG/L 

MG/L 

I'fG/L 

0 . 05 

1 . 0  

0 . 0 1  

2 5 0 . 0  

* U *  S A M "' l  E S  E X C E E D I NG M A X J MI JM V A L  UE-

C H H. f11'II UM 

C O P P E R  

F L UIJR I DE 

G R O S S  AL P HA 

* * * *  SAMP L F.: S  

M G / L  

M G / L  

MG/L 

P C I IL 

EX C EF.:D I NG 

0 . 05 

1 . 0  

1 . 4  

1 5 . 0  

MAX ( MU M  V A I I JE 

I R ON M G / L  0 . 3  

LEAD MG/L 0 . 05 

7 4 1 0 1  

7 4 '1 0 1  

7 4 1 0 1  

7 4 1 0 1  

= 1 0 0  � * * * _  

7 4 1 

= 1 00 7. 
0 1  

* � .�* 

MANGANF SF M G / L  O .  OS 7 4 1 0 1  

* * * *  * * * *  S A M P L E S  E X C � E D l N G  MAX ( M UM V A L U E  = �S 7. 

M F R ClIk Y 

N IT R A T E  

P H  

MG/L 

MG/L 

SU 

0 . 00 l'  

4 4 . 0  

6 . 5  T O  8 . 5  

* * * *  SA MP l F S E X CE E D I NG M A X I MUM V A L UF 

R A2 � 6 + R A 2 2 8  p c r / L  5 . 0  

7 4 1 

7 4 1 

SO 7. 

14 1 

0 '1  

0 1  

* * * *  

* * ** SAMP L E S  E XC F E D I NG MAX I MU M  V A L UE- = 1 9  � 

0 1  

* * * *  

SELEN I UM MG/L 

S J l Vf R  M G / L  

SULFATE M G / L  

T O T A L  SOL IDS M G /L 

0 . 0 1  

0 . 05 
�SO . O  
500 . 0  

* * * *  SAM P L E S EXCEFD J NG M A X I MUM VAl UF 

7. I N C  M G / L  5 . 0  

MAP P E R D A T A  F I L E :  GRJ0 1 *UDP GIJQ 'I00377 

7 4 '1 0 '1  

7 4 1 0 1  

7 4 1 0 1  

74 1 0 1  

= 1 0 0  :t * * * *  

F- 1 93 

0 3 1 2 M 8 S  

0 6 / 0 / / 1:35 

OS' / 1  :i /8S 

O / / ? S / 8 6  

0 9 / 1 3 /8 S 

0 3 1 2 M 8 h  

0 1, / 0 7 / 8 5  

O I, / O / / 8 S  

0 :V ? � / 8S 

0 1, / 0 7 / 8 5  

0 S' / 1 :� / 8 S  

0 /1 25/ 1:31, 

1 9 0 0 . 0 0 0 0  

·�O ,�O • 0000 

2 0 M . 0 0 0 0  

1 '>' 0 0 . n O ll o 

50 . 0 0 0 0  

. 06 0 0  

9 . 2000 

8 . 10 0 0  

1, . 0 0 0 0  

3308 . 0000 

::11'>'8 . 00<)0 

3�80 . 00 0 0  

:�I, ,>,o . 0(1)0 



Ta b l e F . 3 . 2 9 GROUN[1  WA I E: R QUAL I TY M� A S l IR E- ME- N T S  f Xct  E: [l J NL; 
E P A  O R I N�( { NG W A T E R  QUAL I T Y  S f Ai' M A R I) S  
S I Tr :  GRAND JUNr T I ON 

03/ � S / 8 5  T O  09/ 1 h/ 8 S  

F OR M A I I O N  OF COMP L E T I ON :  S H A L E  
H YD R A UL I C  F L OW R E L A T I ON SH I P : D OW N  GRAO £ � N T  

lIN I  T 8  Of­

M�: A S U R E  

MA X I MUM L O C A 1 I O N  S A M P L E: P A k A M � l � R  

P AR A M E T E R  V A L U �  f O  ( 0  l . tJG u A T t:: VALl Jt::: + I -UNLr R I A I N f Y  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

A K SI::N I C  MG/ L  0 . 0 5 

**** S A M P L E S  � X CEEO I NG M A X £ MUM V A L U E  = 

B AR I UM 
1 .: A I )r'f  f UM 

CHI O k l l i E:  

M G / L  
M I3 / L  

M G / I  

1 . 0  

0 . 0 1  

2 S0 . 0  

7 2 8  

7 3 S  

9 /. 

7 2 8  

7 28 

7 1' 8  

1" 2 8  

7:£'8 

7 28 

7:£' 8  
7 � 8 

7 28 

7 2 8  

7l' H  
7 I?9 

7 2 9  

7 2 9  

7 3 1 

7 3 1 

7 3 1 

n 5  

7 3 S  

7 3 5  

* * * *  SAMP L E S  E X C E E:D 1 NG M A X I M U M  VAI UF - 1 00 X 

C H R I ) M  I UM 
C O P P E k  

FLUOR I DE 

M G / L  
M G / L  

M G / L  

0 . 0 5 

1 . 0 

1 .· 4  

* * * *  SAMP L E S  E X Ct::E D I NG M A X I M UM VALUE = 

7 2 9  

7 3 5  

n 5  
7 3 5  

1 9  r. 

0 1  

0 1  

* * * *  

0 1  

0 1  

Or 

0 3  

04 

05 

0 1  

0 2  

0 ::1  

0 4  

O S  
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  

* * * *  

G R O S S  AL P HA P C I / L  1 5 . 0  7 2 8  0 1  
7 2 9  0 1  
7 3 1 0 1  

**** SAMP L E S  E X i:E E O ( NG MA X I M I J M VALUE = 1 00 r. * * * *  

I kON MG/L 0 . 3  7l' 8  
7 28 

7 2 8  

/ 2 8  

7 2 8  

/ 2 8  

F- 1 94 

0 1  

0 1  

O t'  
0 3  

0 4  

0 5  

- - - - - - - - - - - - - -- - - - - - - - - - - - -

0 6 10 / 1 8 5  

O Y / 1 6 / 8 S  

O :� I / S / kS 
0 1-,/ 0 1 1 8 5  

0 6 / 0 / 1 8 S  

0 1-,/ 0 1 1 8 5  

Oto I O / / 8S 

0 6/ 0 / / 85 
0 9 /0Y / 8 S 
() 9 / \) 9  1 8 5  

O Y / O Y / 8 S  

0 9 / 0 9 / 8 5  

OY/OY/8� 

() 4 / 0 1 / 8 5  

O to / O / 1 8 S  

0 9 / 1 M 8 S  

0 3 / 1' t. / 8 S  

0 1-,/ 0 7 1 85 

0 9 / 1 :; / 8 S  
0 �/ "' 9 / 8 5  

06 /0 / 1 8 S 
()9 / 1 6 1 85 

04/0 1 / 8 5  

0 3 1l' Y / 8 S  

0 6 1 0 1 1 8 5  

O Y / 1 6/ 8 S  

0�� n S / 8 S  

0 4 / 0 1 / 8 5  

0::1/l 'to /85 

0::1lrS/8S 

0 1-,/ 0 1 1 8 5  

0 6 /0 / 18 S 

0 1-,/ 0 / / 85 
0 6 1 0 / 185 

0 1-, 1 0 1 / 8 5  

. S 1 0 0  

. 0 6 0 0  

8 0 0 . ()()()() 

4 .:l 6 . 0 0 0 0  

436 . 0 0 () () 
4 ·;> 2 . 0 0 0 0  

4 :� ?  OO() O  

41-,:� . 0000 

7 1 6 . 0 000 

/ : 1 0 . 0 0 () 0  

8 0 1 . 00 0 0 

6 9 /  . OO()O 

7 6 5 . 0 () ()() 

nO,) . 0 000 

3 4 H O . O o O (} 

40 1 0 . 00 0 0  

3 0 0 . 0000 

SS4 . 0 0 0 0  

7 1 8 . 00()O 
;> / 0 . 0 0 00 
S O () . O(lO(l  
6 '1 0 . () O O O  

2 . 1;0 0 0  

2 . 1 00() 
3 . 4 0 0 0  

4 . 7 0 0 0  

1 20 . 0 () () O  

/ 0 . 0000 

40 . 0()OO 

2 . 5 0 0 0  

1 • '-,800 
1 . 5 8() (l 

1 . 4 <;00 

1 • 5 ��(lO 

1 . 5 1 00 



Ta bl e F . 3 . 2 9 GRO UND W A T E R  QUAL  l T Y M� ASUR� ME N 1 S E XC F F D I NG 

E P A  DR ( N f( T N G  W A T F.: R  Q I .l A L I T Y S I AN I ) A R O S  
S I T E :  GRAND JUNC T I ON 

0 3/ 25 / 8 5  TO 0 9 / 1 �/H 5 ( C o n t i n ued ) 
F O R M A l  J ON Of C O MP L E T I ON : SHAL E 
H Y D RAUL I C  F U J W  R F.: I _ A T I UNSH I P : D O W N  f3K AI) I FN T  

U N I 1 S  OF M A X I M U M  L OC A l  I ON S A MP L F P A R A M � l � R  
P AK A M E T E R  MI-: A SU R E  V ALUE I D I D UJG l)A f to:  V A IJ J E  + 1  - I  J N C I-" K 1 A INTY 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

**** SAMP L E S  E X C E E D [ NG M A X I MUM VALUE 29 :r. * * * * 

L � A!J 
M A N GANESE 

M G /l 
M G / L  

0 . 05 

0 . 05 7 2 8  

7 2 8  

728 
7 1' 8  

1 t! 8 

7 2 8  

1 2 8  
7 1' 8  

n 8  

i '?S 

1' 28 

7 35 

* * * *  SAMP LES E X CEED I NG M A X  ( MI .lM V A L U E  = S9 :r. 

M r  R C U R Y  
I �  i f K A fE 
P H  

M G / L  
M G / L  
S U  

0 . 00 2  

4 4 . 0  

6 . 5  T tl  8 . 5  

* * * *  S A M P L E S  E X CEE D I NG M A X  ( M I JM V A I . U E  

R A ? 2 6 + R A2 2 8  P C I / L  5 . 0  

7 2 9  

7 2 9 

7 2 9  

7 3 1 

7 3 1  

73 1 

7 3 5  

1 3 5  

7 3 5  

4 4  :r. 

7?8 
1 '2 9  

7 3 1  
* * * *  SAMP L E S  EXCEED I NG M A X  [ M U M  VALUE = 1 6  % 

S F L E N I U M  MG/L 0 . 0 1  

* * * *  S A MP L ES E X C EED I NG MAX ( 1'11 )1'1 VALUE = 

S J L  V E R  
S U L F A T E  

M G /L 

MG/L 

0 . 05 

2 5 0 . 0  

F- 1 95 

729 
7 35 

7 3b 

1 4  :r. 

7 2 8  

7 1' 8  

7 2 8 

7 2 B  

7 2 8  

7 2 8  

0 1  

0 1  

0 2  

O:� 

04 

os 
0 1  

O r  

03 

04 

05 

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  

* * * *  

O V "t! S / 8 5  

0 6 / 0 i l S S  

0 1, / 0 1 1 8 5  

O f,/ O /  I H �  

O i, / < ) / 1 >j 5  

0 6 / 0 / I S S  

0 9 / 0 9 / 1:1 S  

0 '-l / O 'i / 8 S  

0 9 / 0 'Y / 8 5  
0 9 / 0'-l/ 8 S  

O';> / O 'YI 8 5  
0 'T / 1 6 /8b 

0 4 / 0 1 /Sb 

<)i) / 0 1 1 8 5  

0 'T / 1 6 / 8 S  

(H / �6 / 8 5  

0 6 / 0 / / 8 S  

0 'Y1  H / 8 5  

0 3 1 ? 9 / 8 S  

0 � / 0 1 1 85 

0 9 / 1 6 / S S  

0 6 / 0 / 1 8 5  ( 

0 4 / 0 1 / 8 5  ( 

0 3 1 2 � /8S ( 

0 4 /0 1 / !:!b 

O V ",, 9 / 8 5  

0 6 / 0 / 1 8 b  

0 1  O V "-? S / 8 5  

0 1  0 6 / 0 / 1 8 S  

0 2  0 � / 0 7 1 8 5  

0 :-1 0 6 / 0 /  ISS 

04 0 � / O / 1 8 S  

OS 0 6 / 0 / 1 8 5  

1 . / 0 0 0  

. 9S0() 

• ?'OOO 

• '7' � O () 
. 'Y 4 0 0  

. 9 000 

1 . f> 1 00 

1 . 5 6 00 

1 .  tJ ?'()O 

1 . 6 1 00 

1 . 6 0 0 0  

. 06 0 0  

1 1 . bO O O  

9 .  "c 0 0 0  

9 . 1 00 0  

1 2 . 6 0 0 0  

1 l' . 5 0 () () 

1 "i! . 4 0 0 0  

1 1 . B OOO 

i () . 8 0 0 0  

9 . 6 0 0 0  

6 . 00 0 0  

1 . 00 0 0  

6 . 0 0 0 0  

. 0 1 1 0 

. 0 2 4 0  

. 0 1 6 0  

:�400 . <)000 

1 4 30 . 0 0 0 0  

1 4'"50 . 0 0 0 0  

1 40 0 . 0000 

1 4 :N . 0000 

1 S 7 0 . 0000 



Ta b 1 e F .  3 . 2 9 GROUND WATER QUAI . !  T Y  M �: A S I J R I-: Mt::N rs t-:X 1;"-: I-:lH NG 

EP A DR 1 Nt( ) NG IJA TF R QUAL 1 T Y  S I ANI  IAk()S 

S I T E :  " RA N I) ,J I JNCT ( uN 

0:;nS/8S Tu 0 9 / 1 6/8S ( Co n e l  uded ) 

F n R MA T I ON OF COMPL E T ( ON :  SHALE 

H Y ( )RA LIL IC FLOIJ Rt- L A T I ONSH l P :  DOI.JN GkA11 1 F N l  

I HU T S  OF 

M E A SURE 

MAX [ MI JM UJCA r I l )N �AMP L E  P M A ME r l:. R  

V A L U� I fl I[) LOb D A H  VAL U[,, + I- U NCl:- k I A I N TY P ARAMEo T E R  

- - -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

S U L F A 'I F MG/L 2S0 . 0  7 2 8  

7 2 8  

7 2 8  

/ 2 8  

7 2 8  

7' 2 9  

7 :; 5  

0 1  

0 2  

0 3  

0 4  

OS 

0 1  

0 1  

IH� * *  SAMP L E S  F.:XI;EED l N G  MAX I I'l l  Jt'!  VAUJE = 6 4  7. 1(, _ * *  

T OTAL SOL I l1S MG/L 5 0 0 . 0  

***_ SAMP L E S  E X C E E D I NG MAX I MU M  VAI UF 

L I N C  MG/L 5 . 0  

M AP P F R  D A T A  F I L E : GkJ0 1 *UDP GIoW 1 00 3 7 9  

7 1' 8  0 1 

7 2 8  0 1  

71'8 Or 

728 0 3  

1 28 0 4  

7 '2 8  05 

7 28 0 1  

7 28 0 2 

7 :i' 8  O �� 

1 ';' 8  0 4  

7 2 8  OS 

/ '2 9  0 1  

7 1' 9  0 1  

7 1. 9  0 1  
; :; 1  0 1  

7 3 1 0 1  
7 3 1  0 1  

735 0 1  

= 1 00 7. * * * *  

F- 1 96 

- - - - - - - - - - - -- - - - - - - - - -- - - --

09/09/8� 

0 9 / 0 9 / 8 5  

0 9 / 0 9 / 8 S  

O Y l 0 Y 185 

0 9 /0'7 / 8 S  

0 4 / 0 1 / 85 

06 10 1 1 8S 

O �� n S / El S  

O M O l 1 85 

0 6 / 0 1 1 8 S  

0 1-, 1 0 1 1 8 5  

0 6 / 0 1 1 8S 

0 6 / 0 / 185 

O Y / O Y / 8 S  

<)y / 0 y / 8 S  

0 9 / 0 Y / 8 S  

O'N O '>'  / 8 '>  

0 9 / 0 9 / 8 S  

0 4 / 0 1 / 85 

0 6 / 0 1 18S 

0 9 / 1 A 1 8 5  

0 ::1 1  j't- / ElS 

0 1,/ 0 1 1 85 
0'7' I 1 �� /8S 

0 y / 1 1,/ 8 5  

2 t. S O . OOOO 

'�H '�() . 0 0 0 0  

2 / 8 0 . 0000 

'�MlO . O OOO 
l' / O O . OuOO 

nO . 0<)00 

3 1 r . OOOO 

6 6 0 0 . 0000 

: 36 � fi . 0 0 0 0  

3 6 8 4 . 0000 

3'<'l-,I-j . OOOO 
36:;8 . 0000 

: 3 6 / ;> . 0000 

5 '7' 3 0 . 0(100 

S Y :'; O . 0000 

58S0 . 0 0 ()O 

SH / O . C<000 

5820 . 0 000 

4 1-1 4 2 . 0000 

6?80 . 00 0 0  

6 '<' S O . o0 0() 

£' '7' '7' 4 . IJO(;'O 

' U 4 0 . 0 0 0 0  

2830 . 0000 

18 i O .  0000 



Ta b 1 e F .  3 . 30 GROf.lN[) W A T E R  QUAL I T Y ME- ASURF- Mr NT S E X e n  n r  NG 
E P A  DR I NK I N G  W A T E R  QUAL I T Y  S fA N O A R U S  
S I T t :  GRAND J U N C l r ON 

0 3 / 2 9 / 8 5  T O  ( 1 1 ) 1 1 8 6  

F OR MA T r ON OF COMP I E T l a N :  S A N D S T O N E  
H Y DRAUL I C  F L O U  R E L A T I ON S H I P : UP ryM A D I EN T  

U N I T S  OF 
Mf-� A � U R E  

M A X J MUM l O C A 1 I ON S A M P L E P AM A M E- T � R 
P AR A M E T E R  V A L U F.:  [ D  I D  U l G  I ) A  p.: V A I . I Jt:: + I - I JNLI:: R  f A  I N  r Y  

A R SI::: N I C  
B AR I UM 

M G / L 

M G /L 
0 . 05 

1 . 0 

x· ·x u  SAMP L E S  �: X C I".: I:::D I N G  MAX ( MU M  V A L I J E  

C AfiM I U M  
i :HLlJR ( DE 

M G / L 
MG / L 

0 . 0 1  

;> 5 0 . 0  

* * * *  SAMP L E S  F.:Xt :EF.:D I NG rtAX t: rtUrt V AIJJE 

C H R O M ) UM 
C O P P E R  

F l  U O R l LIE 

M G / L  
M G / L  
M G / L  

O . O S 

1 . 0  

1 . 4  

7 2 4  

7 2 4  

7 2 4  

7 2 4  

7 2 4  

1 2 4  

7 2 5  

7 ? 5  

7 2 5  

n . 4  

7 ? 4  

7 2 4  

7 2 4  

1 2 4  

7 ? 4  

7 2 4  

7 2 4  

7 2 4  

7 ? 4  

7 '2 4  

7 ? 4  

7 2 4  

7 £' 4 

7 2 4  

7 ? 4  

7' 2 5  

7 2 5  

7' 2 5  

725 

n5 

7 2 6  

:: 1 0 0 X 

7 2 4  

7' 2 4  

7 2 4  

7' 2 4  

7 2 4  

1 2 4  

7 2 4  

7 2 4  

F- 1 9 7 

0 1  

0 1  

0 2  

0 3  

0 4  

05 

0 1  

0 2  

0 1  

0 1  

0 1  

0 2  

0 3  

0 4  

O S  

0 1  

0 2  

03 

0 4  

0 5  

0 '1  

0 2  

O :� 

0 4  

0 5  

0 1  

Or 

0 1  

0 1  

0 1  

0 1  

* * * *  

0 1  

0 1  

0 2  

0 3  

0 4  

05 

0 1  

0 2  

0 :V 3 0 / 8 5  

0 6 / 0 1 1 8 5  

0 t- I 0 7 / 8 5  

0 6 / 0 1 1 85 

06 / 0 i l 8S 

0 6 / 01 1 8 5  

0 3 1 ? 9 / 8 5  

O : 3 / � Y  1 8 5  

0 6 / 0 i l 8 S  

O V :� O / 8 5  

0 6 / 0 / 1 8 5  

0 1, 1 0 1 1 8 5  

O t- I O i IBS 

0 6 / 0 1 1 8 5  

O M O i l8S 

0 9 / 1 V 8 5  

0 9 / n / B S  

0 9  1 0/ 85 

0 9 / 1 3 / 8 S  

0 9 1  H / 85 

O i I ?S / 8 t-

0 1 / ;> 5 / 8 6  

0 7  / ? � / 8 6  

O l l ? S / 8 6  

0 / I ? S / 8 6  

0 3/ ·� 9 / 85 

0 :� n <; / 8 S  

0 6 / 01 18 5  

09 / 1 ? 1 8 S  

0 1  I ? /  1 8 6  

0 1  n S / 8 6  

0 :� / 8 0 / 8 5  

0 1, 1 01 1 85 

0 t- I O / 1 8 S  

0 1, / l) 1 1 8 5  

0 6 / 0 / 1 8 S 

0 6 / 0 1 1 8 5  

0 9 / 1 3 / 8 S  

0 9 / H / t:l 5  

5 .  1 0 00 

S . S 4 0 0  

5 . 2 9 (J 0  

S . :l 20 0  

5 . 4 9 0 0  

S .  '1:300 

1 . 8 000 

1 . 8 0 0 0  

1 . 0 5 0 0  

1 600 . (JO()O 

1 5 1' 0 . 0 0 0 0  

1 S  1 0 .  OC'OO 

1 S 6 0 . 0 0 0 0  

1 S() O . OO O O  

1 t-0 0 . 0000 

8 "' � , OO()O 

9 1 4 . 0 0 0(1 

Y0:3 . 0() O O  

9 ? 2 . 0 0 0 0  

9 ·25 . 00 0 0  

1 9 00 . 0 0 0 0  

1 800 . v 0 0 0  

1 8 00 . 0 0 0 0  

1 800 . 0 0 0 0  

1 80 0 . 0 0 0 0  

� 400 . ()O(}O 

2 30 0 . 0000 

:3/ ·20 . 0000 

4 1 5 0 . 00 0 0  

: �400 . () I)OO 
5 7 0 . 0 0 0 0  

2 . 6 0 0 0  

? 1 0()O 

2 . 1 00 0  

.� . i O O O  

2 . 1 00 0  

·2 . 0000 

2 . 1 00 0  

·2 . 1 0 0 0  



Ta b l e  F . 3 . 30 G kOU N Ll W A T E R  QUAL IT Y  M� A S l I R f- M� N T S  D C H · I J ) NG 

F.: P A  DR I Nf( t N G  \.J A T F: R  QIJAU T Y S I ANI)AR u S  
S I Tf :  G k A N D  JUNC T I O N  

0 � / 2 9 / 85 T O  0 7 1 ) 1 1 8 6 ( Con t i n ued ) 
F O R MA T I ON OF COMP L E T I ON :  S A N D S T ONE 

H Y DRAUL I C  F L O U  R E I . A T  t oNSH I P : UP I ' R A I. H E N T  

U N I 1 S  Of­

M I':: A S U R E  
M A X I MUM L OCA T I ON SAMP I  F P A k A M � T f- k 

P AR A M E T E R  V A U lt:: [ D  r D I . tJG I ) A  r t:  'J ALUt: + I ·· IJ N I > R r A I 1'1 I Y 

F I . UOR I DE M G / L  n it  

n it  

7 2 4  

03 
0 4  
05 

* *** SAMP L E S  E X C E E D I NG MA X J MU M  VAL UE = 7 3  % * * * 1-

I-,R f)SS A I . P H A  P C I / L 1 5 . 0  7 �4 0 1  
ns 0 '1  

n5 02 
**** SAMP l E S  E X C E E D I NG M A X J MU M  VA l U f- = '100 � **** 

I R ON MG/L 0 . 3  

* *** SAMP I E S  F X Cf ED I NG MA X I MUM VAl  U F  

LEAD 
M ANGANE S f  

M G / L  
M G / L  

0 . 05 
0 . 05 

* * * *  SAMP L E S  E X CF.: F: D I NG /'I A X [ /'IU /'I  V Al l IE = 

M f- R C U R Y  
N I r K A T E  

P H  

M G / L  
MI, / L  

S U  

0 . 00 1'  
4 4 . 0  

6 . 5  T O  8 . 5  

* * * *  SAMP L ES O C E E D  ( N G  I'IAX ( 1'1111'1 V A I I .lE 

R A ? 2 6 + R A??8 P C I /L 5 . 0  

**** SA I'IP L E S E X C E E D I NG M A X I MUM VAL UE = 

SEL E N I U/'I M G / L  0 . 0 '1  

* * * *  SAMP L E S  E X CE f D I NG I'IAX I MU I'I VA l U � = 

S ( LVER M G / L  

S U L F A T E  M G /L 

T O T AL S Ol _ l O S  MG/L 

0 . 05 
250 . 0  

500 . 0  

725 0 '1  
725 0 '1  
n6 0 1  

1 3  :r. * * * *  

7 ? 1t  
7 2 4  
7 ? 1t  
n it  

n it  

n 5  

7 2 6  
3 1  :r. 

ns 

725 
ns 

725 
7?S 

� �  :r. 

n it  

7 2 5  
7 ? 5  
7 25 

30 % 

7 2 5  
It % 

0 '1  
0 2  
0 3  
0 4  
0 5  
0 1  
0 '1  

* !I * *  

0 1  
0 2  
0 1  
0 1  
0 1  

* * * *  

0 '1  
0 1  
0 2  
0 1  

**** 

0 1  
* * * *  

0 1  
0 '1  

F- 1 9 8  

0 9 / 1 3 / 8 S  

0 9 / 0 /8S 
OU BII:IS 

O J / :� 0 / 8 5  
0:� / i' S'  lEIS 
0 :3 / 29 / 8 5  

0 6 / 0 1 / 8 5  
O i  I' ? i  1 8 1>  

0 1 1 ;> 5 / 8 6  

0 9 / '1 3/85 
U 9 / 1 V 8 5  
0 'l I O / 8 S  
U '-T I  H / 8 5  
0'1 1 0 / 8 5  
0 1 11' .7  1 8 6  
0 7 n S / El 6  

0:� 1 '? '1  I S S  
031 2 9 / 85 

06/ 0 i l 8 S  
O U 1 -. u 8 5  

0 7 1 1! i lE:!6 

0 6 / 0 i lElS 
OV�9/85 

0 3 / 2 S' / 8 5  
0 9 / 1 V 85 

0 6 / 0 1 1 8 S  

O V :�0 / 8 5  
0 6 / 0 / I S S  

-2 . 1 000 
2 . '1 00 0  
? 2 0 0 0  

!' o . Coono 
2 ? O . OOOO 
1 0 0 . 00<)0 

1 1 '1 . 00 0 0  
. 6 1 00 

1 • 6 �� O O  

. 0 7 0 0  

. 0 7<)0 

. O r-.Oo 

. 0 1 0 0  

. 0 /  (}O 

. 1 8 0 0  

. lt 6 0 0  

1 2 . 6 0 0 0  
1 ? 6 0 0 0  
1 1 . 9 0 0 0  
1 1 . 9 0()0 

9 . 0600 

8 . 0000 
1 1 . 0000 

5 . 3000 
s .  1 0 00 

. 0 1 6 0 

4 S / 6 . () 0 0 0  
4 4 38 . 0 0 0 0  



Ta b l e F . 3 . 30 f,R OUND W A n:: R IJ lJAI . I T Y  M�: A S I J R �: M �:N r s  �: x I Yf- [) l i'm 
E P A  Dk l N f( I NG W A T F R  Gl U AL l l Y  S ·I A N P A R P S  
S I T E : G R A N O  J UN C T I O N  

0 3 1 2 9 / E1 S  T (I O i l 2 / / 8 6  ( Con e l  uded ) 

F O R M A T I ON OF C O MP L E T I ON :  SANDS T ONE 
H Y D R A L K  IC F L OW R E L A T I ONSH I � : UP GkAD I F NT 

UN I T S  O F  M A X I MUM L O C A T I O N  SAM P L F.  P A R AMI:: H� R 
P AR AME T F R  M F A S llR E. V A L LIE' I n  l Cl L OG [lA-' E- V A L  U� + I - U N ( �  f n  A I N f  Y 

- - - --------- --- - ------ ---- ------ ------- - - ---- - -- ---- - - - -- _ ._ - --.-.---.-
T (lTAl SOL J OS MG/L 50 0 . 0  71'4 O r  0 6 / 0 i l Ei S  4 4 5 0 . 0 0 0 0  

7 2 4  0 3  0 6 / 0 7/ 85 4 4 " � . () O () 0  
7 24 0 4  0 6 / 0 / 18S 4 4 :W . O O OO 

7 2 4  O S  0 6 / 0 1 1 8 5  4 4 "' � . O O () () 

71' 4  0 1  0 9 / 1 :1 / 8 S  2 ", S O . O u () ()  
7 2 4  0 2 09 1 1 :3 / 8 5  J!YHO . O () O O  

7 2 4  O :� 0 9 / 1 :� / 8 S  3 1 1 0 . 0 0 0 0  

1' 2 4  0 4  0 9 / 1:3/ 85 :�O/ () . OO()O 
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M a p s  o f  i so - conc entrat i o n s  fo r t ho s e  cons t i tuents  for 
wh i ch a II p l ume ll cou l d  be def i n ed ar e pr es ented i n  F i g ures  
F . 3 . 15  thro u g h  F . 3 . 18 .  

B ac kground  water q u a l i ty.  Backg round water q ua l i ty i n  
the al l uv i um vari e s  bo t h  seasona l l y  an d wi t h  d i s tanc e  from t he 
Col o rad o R i ver  ( U . S .  Bureau  o f  Recl amat i o n ,  no date ) . Several  
we 1 1  s were used  to characte r i  ze back g round  water q ual  i ty i n  
t he al l u v i um.  Two U . S .  Bureau o f  Rec l amat i o n  we l l s ,  7 1 1  and 
7 12 ( F i g ure  F . 3 . 10 )  ex h i b i t  t he de crea s i n g  q ual i ty mov i n g  away 
from the  r i ver  ( Tab l e  F . 3 . 7 ) . 

The u s e  of B ureau o f  Rec l ama t i on we l l s  7 1 1  and  7 12 as rep­
re sen tat i v e  of back g round  water q ual i ty i n  the  a l l u v i um i s  
based o n  t he fo l l owi n g  reaso n s : 

o The we l l s  are approx i mate l y  2 . 5  mi l es from the  t a i l ­
i n g s  wh ere groun d -water l eve l s are more  t han 20 feet 
above t he l eve l s n e ar t he t a i l i n gs . 

o The we l l s  pe n e tr ate a grou n d -water sy s tem that  i s  
k nown to be co nt i n uo u s  t hrough  the  Grand Va l l ey ( U . S .  
B ureau o f  Rec l amat i o n ,  1 97 8 ) . 

Water qua l i ty for  samp l es take n f rom we l l 743  i s  def i n ed 
as  back g round  for t he Man c o s  S h a l e ,  b a s ed on  two re ason s :  

o The we l l i s  hyd r au l i ca l l y  upg rad i en t  o r  c ro s sg rad i e n t  
from t h e  t a i l i n g s  depe nd i n g  u p o n  temp oral  effects . 

o Water q ual i ty for a samp l e  t ak e n  from t he we l l i s  s i m­
i l ar to or bet te r  i n  q ual i ty t han reported  water q ua l ­
i ty for othe r  mo n i tor i n g  we l l s  comp l e ted  i n  M an c o s  
Sha l e i n  t he ar ea ( e . g . , U . S .  Bureau o f  Recl amat io n ,  
1978 )  • 

Background  water qua l  i ty fo r t he Dako ta  San d stone  wa s 
mo re d i ff i c u l t to def i ne than  bac k g round  i n  t he al l u v i um or 
M ancos  Sha l e .  An exten s i ve s t u dy of the  arte s i an water s up p l y 
of the Gran d J unc t io n  ar ea d i d not  i nc l u de samp l e s from we l l s  
comp l eted i n  t he D ak o t a  San d s tone  ( L o hman , 1 9 6 5 ) . I t  d i d ,  how­
ever ,  prod uce  q ual i tat i ve rep or t s  on  the water q ua l i ty i n  t he 
Dako t a  Sand s tone ( L o hman , 1965 ) : li The water general l y  i s  too 
poor for  use • . •  1 1 

I t  i s  al s o  re p orted  that l oc a l l y , water from e i ther t he 
B urro C anyo n F ormat i o n  or D ak o t a  S an d s tone  or bo t h ,  i s  sat i s­
f actory fo r dome s t i c  use ( L o hman , 1965 ) . Beca u s e  o f  t h i s  ap­
parent s p at i al var i ab i l i ty i n  t he q ual i ty of water i n  t he 
D ako t a  San d s to n e ,  prob l ems i n  de f i n i n g back g round  q ua l  i ty for 
the D ak o t a  Sands tone n e ar t he s i te were i d en t i f i ed :  

o Samp l es from dome s t i c  we l l s  comp l eted i n  t he Dako t a  
San d s tone m i g ht no t be re p r es entat i v e  o f  q ua l i ty n e ar 
the s i te .  

F-200  
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o The Man c o s  S h a l e t h i n s  from the e a s t  end of t he s i te 
to ward  t he wes t .  A we l l d r i  1 1  ed  t h r o u g h  t he u p g r a­
d i e n t  al l u v i um m i g ht not be repr es en tat i ve of back ­
ground  q ual i ty for t he D ak o t a  Sand stone  be l ow t he dow n ­
grad i en t  al l u v i um ,  wh e r e  t h e r e  i s  pr ob a b l y  mor e i n te r ­
act i on be tween wa ter i n  t he al l u v i um a n d  t h e  Dako t a  
S an d s tone . 

Thes e pr ob l ems i nd i cated  t he need to dr i l l  a back g ro u n d  
wel l i n  t he Dak ota  Sand stone  wh i c h  wa s n o t  o n l y be l ow the  dow n ­
g r ad i e n t  al l u v i um, but  reasonab l y  certa i n  o f  be i n g un co n tami ­
nated . A nes t  of we l l s  were  dr i l l ed on  o ne of the  i s l and s 
wes t  of the s i te ,  i nc l u d i n g  wel l s  i n  the  Man c o s  S ha l e and 
D ak o t a  Sand s to n e .  Water qual i ty from t he we l l i n  the Dak o t a  
S an d s t one ( 72 5 )  i s  de f i ned  as  back g ro u n d  ba sed  o n  t h e  fo l l ow ­
i n g  reaso n s : 

o F l ow i n  the  Dak o t a  S an d s t one i s  prob a b l y  from sou t h  t o  
nor t h ;  based  o n  t he d i p o f  the  bed s ,  and  i d e n t i f i c a­
t i o n  of the  probab l e  rec h ar g e  ar ea as t he outc rop ar ­
ea , wh i c h i s  to  t he sout h of t he s i te ( L o hma n ,  1 9 65 ) . 

o The al l u v i  um over l y i n g  the Man c o s  Sha l e and  D ak o t a  
S an d s to ne near t he bac k g rou n d  we l l i s  separated  from 
the  con tami nated  port i o n o f  t he a l l u v i um i n  t h e  i mme d i ­
ate v i c i n i ty of the ta i l i n g s  by an arm of t he Co l or ad o  
R i ve r .  

o Water q ual i ty for samp l es at an ad j ac e n t  back ground  
we l l comp l eted  i n  t he Man c o s  Sh a l e ( 72 7 )  d i d  not  s h ow 
i n d i cat i o n s  of con tami n a t i o n .  

To de term i ne  the nature  and exte n t  o f  co ntami nat i o n  i n  
the  al l u v i a l  grou nd water  res u l t i n g  from l e achate  generat e d  at 
the Grand  J unc t i on s i te ,  upg rad i e n t ,  on - s i te ,  c r o s sg rad i e n t ,  
a n d  down g ra d i e n t  concen trat i o ns  wer e  comp a r ed t o  back grou n d  a l ­
l uv i a l grou nd -water qua l i ty ( T ab l es F . 3 . 1 7 through  F . 3 . 20 ) , 
an d al l grou n d -wa ter an a l yses  wer e  comp a r ed t o  t he EPA  pr i mary 
an d sec o ndary dr i n k i n g wa ter stand a r d s  ( Tab l e s  F . 3 . 2 1  t h rough  
F . 3 . 30 ) . Comp ar i s o n s  to bo t h  the  s ta n d a r d s  and  t he b ack g ro u n d  
q ual i ty a r e  needed beca u s e  t he b ack grou n d  grou n d  wa ter ,  a s  r ep ­
re sented  by samp l e s  fr om we l l s  7 1 1  an d 7 1 2 ,  cons i ste n t l y  e x ­
ceeded seve r a l  s t an da r d s  ( Tab l e  F . 3 . 2 1 ) . Tab l e  F . 3 . 31 summa ­
r i ze s the  comp a r i s o n  to back grou n d  al l u v i a l grou n d -water 
q ual i ty ,  and  Tab l e  F . 3 . 32 summar i ze s  exceede nc e s  to the  E PA 
s t an d ard s . The standards  for g ro s s  al p h a ,  man gane s e ,  s u l f ate ,  
an d TOS  are exceeded by al l of  the  back g ro u n d  s amp l es .  The 
s tand ar d s  for c h l or i d e  an d i r on  ar e exc eeded by 66  pe rcent  o f  
t h e  back ground  samp l es an d for rad i um a n d  se l e n i um ,  1 9  a n d  16 
perc e n t  of t he samp l e s ,  respec t i ve l y .  

B a s ed o n  the  exceedence  of the  s ta n d a r d s  and  the  excee­
de n c e  of  the ma x i mum back grou n d  va l ues by a l l u v i a l  grou n d ­
wa ter  samp l e s o n  the s i te a n d  down grad i e n t  o f  t h e  s i te ,  f i v e  
co n s t i tu e n t s  are mo s t  c r i t i ca l : 

F - 20 5  



Max i mum 

Co ns t i t ue n t a back g roHnd  
va l ue 

A l k al i n i ty 1073 
A l umi n um 0 . 05 
Ammo n i um 15 . 7  
A nt i mo ny 0 . 008 
Ars en i c 0 . 00 5  
B ar i um 0 . 068 
Bor on 1 . 097  
C admi um 0 . 00 1 2  
C al c i  urn 423 
C h l or i de 399 . 8  

� C hr om i  urn 0 . 02 
� Cobal t 0 . 03 9  
0'1 Conduc  tance 67 15  

Copper 0 . 0508 
Cya n i de 0 . 00 5  
F l uor i de 1 . 15 
Gro s s  A l p h a  12 6 . 6  
Gro s s Bet a 25 . 0  
I ro n  1 . 48 
L ead 0 . 00 5  
Magnes i um 548 
M an ganese  8 . 74 
Mercu ry 0 . 0003 
Mo l ybden um 0 . 07 6  
N i c k e l  0 . 068 
N i t r at e  8 . 45 
TOC 55 . 8  
L ead -2l0  2 . 7  

Tab l e F . 3 . 31 Compar i so n  t o  back ground  a l l uv i a l  g r ou n d -water  q ua l i ty 

Upgrad i en t  

Perce n t  c Max i mum 
exc eeden c e  v a l ue 

0 
4 0 . 30 

13 62 . 1  
0 
8 0 . 01 
0 
0 
0 

100 65 5 
30 783 . 0  

4 0 . 07 
0 
4 7 7 3 5  
0 
0 

13 1 . 60 
25  230 
50 100 . 0  
13 3 . 04 
0 
4 570 
0 
0 

21 0 . 150  
9 0 . 090 
0 
8 525 
0 

On- s i t e  

Percent  Max i mum 
exceedence va l ue 

15 137 5 
12 0 . 5 1  

100 5 2 1 . 0  
0 

78 0 . 18 
� 0 . 17 
0 

37 0 . 42 
90 654 
96  1030 

3 0 . 03 
31 0 . 66 
64 10 , 004 
25 0 . 20 

0 
83 4 . 90 
7 5  2 5 5  

100 15 5 
53 12 . 0  

6 0 . 01 
0 
3 10 . 0  
4 0 . 0004 

90 0 . 53 
84 0 . 380 
10 50 . 00 
38 139 . 0  
25  2 . 8  

Down grad i en t  

Perc e n t  Max i mum 
exc eede n c e v a l ue 

0 
6 0 . 19  

54 438 
3 0 . 012 

25  0 . 1 1  
15 0 . 30 

0 
3 0 . 003 

89 665 
97 1270  
10 0 . 03 

7 0 . 082 
76 10 , 780 

7 0 . 1 1 6  
0 

25  3 . 7  
88 490 

100 200 
53 16 . 0  

9 0 . 02 
10 620 

2 334 
6 0 . 0009 

46  0 . 44 
40 0 . 17 
14 39 
39 522  

5 2 . 7  

Cros  sg rad i e n t  

Perc e n t  Max i mum 
exc eedence  v a l ue 

0 
1 1  0 . 20 

0 
0 
0 
0 
0 
0 

100 630 
100 1250  

33  0 . 030 
0 

88 9360 
0 
0 

1 1  1 .  20 
33 185 
66 80 
33 5 . 7 

0 
33 625 

0 
0 

66 0 . 1 4  
0 
0 

22  562  
0 



Tab l e F . 3 . 31 Comp ar i s o n  t o  back g round  al l uv i a l  g round -water q ua l i ty ( co nc l uded ) 

Cons t i t ue n t a 

p H  
Pho sp h ate 
Pol o n i  um- 2 l 0  
Pot a s s i um 
Rad i um-226  
Rad i um-2 28 
Sel e n i um 
S i l i ca  
S i l  ver 
Sod i um 

., Stron t i um 
� S u l f  ate 
� Tho r i um- 230 

T i n 
TD S 
TO X 
U ra n i um-234 
Ura n i u m- 238 
V anad i urn 
Z i n c  

Upg rad i en t  

M ax i mum 
backg roHnd  Percent  c Max i mum 

val ue exceeden c e  va l ue 

7 . 45 
2 . 54 
0 . 50 

15 . 63 
0 . 50 
0 . 50 
0 . 01 5  

21 . 3  
0 . 005 

952 
4 . 52 

3834 
0 . 50 
0 . 0025  

7 2 2 1  
0 . 25 

35 . 2  
23 . 1  

0 . 02 
0 . 06 

13  
o 
o 

13  
o 

16 
o 
o 
o 
o 

36 
o 
o 
o 
o 

38 
5 

1 1  
o 
8 

7 . 8  

29 . 70 

1 . 10 

6 . 84 

8 . 20 
36 . 0  
30 . 7  

1 . 00 

On- s i t e  Down g r ad i e n t  

Perc ent  Max i mum Perce n t  Max i mum 
ex ceede n c e  va l ue exceeden c e  val ue 

o 
o 

12  
90 
83 
44 
28 
4 1  

o 
2 1  
84 
25  
1 9  

9 
9 

50 
46  
61  
59 
46  

2 
o 

1 . 10 0 
1 1 3 . 00 7 6  

29 . 00 16 
2 . 20 9 
0 . 24 0 

29 . 0  17 
o 

12 1 0  7 4  
6 . 7 96 

4900 15 
0 . 95 9 
0 . 008 7 

8100 3 5  
0 . 70 53 

64 . 0  95 
66 . 0  100 
13 . 8  43  
37 . 0  17 

7 . 6  

120 
18 

4 . 5  

27 . 8  

1370 
7 . 9  

4500 
5 . 4  
0 . 01 

1 2 , 1 34 
0 . 90 

1 1 8  
1 1 6  

0 . 40 
0 . 39 

Cros s g rad i e n t 

Percent  Max i mum 
exceedence  va l ue 

o 
o 
o 
o 
o 
o 
o 
o 
o 

66 
100 

22 
o 

22  
66 
66 
88 

100 
11 
22 

12 60 
7 . 40 

4000 

0 . 005 
853 0 

0 . 60 
1 1 8  

33  
0 . 03 
0 . 09 

aA l l c o nc entrat i o n s  are i n  mg /l  except spec i f i c  conductance  wh i c h  i s  i n  un i ts of mi c romho s  pe r c en t i me te r .  Gros s 
al p ha , gro s s  bet a ,  l ead -2l0 ,  po l o n i u m- 2 l 0 ,  rad i um- 2 2 6 ,  rad i um- 2 2 8 ,  thor i um- 230 ,  uran i um-234 , an d uran i um- 2 3 8  are i n  
un i t s of pC i / l , and  p H  i s  i n  standard  p H  u n i ts .  

b The ma x i mum back ground  val ue i s  t he g r eater of t he h i g h es t  recor ded va l ue and  t he me an of al l v a l ues  p l us two s tan­
dard  dev i at i o ns .  

c Perc ent  exceedanc e represents  t he n umber of samp l es t hat exceed t he max i mum back g round  l eve l . 
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Con s t i tuent 

Arsen i c  
B ar i  um 
C admi um 
C hl or i de 
C hr omi um 
Copper 
F l uor i de 
Gro s s  A l p h a  
I ron 
L ead 
Manganese 
Merc ury 
N i t rate 
pH 
Rad i um 
Sel eni um 
S i l  ver 
S u l f  ate 
TDS 
Z i nc 

Standarda 

B ack ground 
a l l uv i um 
pe rc ent 

exceedenc e 

0 . 05 0 
1 . 0  0 
0 . 01 0 

250 . 0  66 
0 . 05 0 
1 . 0  0 
1 4 0 

15fl 100 
0 . 3  66 
0. 05 0 
0 . 05 100 
0 . 002 0 

44 . 0  0 
6 . 5  to � . 5  0 

5 . 0  19 
0 . 01 16 
0 . 05 0 

250 . 0  100 
500. 0 100 

5 . 0  0 

Tab l e  F . 3 . 32 Compar i so n  of ground -water qua l i ty to E PA s t andar d s  

Upgrad i ent 
al l uv i um 
pe rc e n t  

exceedence 

o 
o 
o 

65 
4 
o 
9 

100 
43 

o 
100 

o 
o 
o 

26 
o 
o 

B6 
95 

o 

On - s i te 
al l uv i um 

perc ent 
exceedenc e 

15 
o 

25 
100 

o 
o 

B3 
100 

6B 
o 

100 
o 
3 
o 

50 
34 

o 
100 
100 

o 

Downgrad i en t  
al l uv i um 
pe rcent 

exceedenc e 

2 
o 
3 

97 
o 
o 

25 
100 

66 
o 

100 
o 
o 
o 

2B 
2 
o 

100 
100 

o 

Crossgrad i e n t  
a l l uv i um 
pe rcent 

exceedenc e 

o 
o 
o 

100 
o 
o 
o 

100 
BB 

o 
100 

o 
o 
o 

19 
o 
o 

100 
100 

o 

Upgr ad i en t  
sha l e 

perc ent 
exceedence 

o 
o 
o 

100 
o 
o 

50 
100 

o 
o 

2B 
o 
o 

7 1  
2 2  

o 
o 

57 
100 

o 

Downgrad i e nt 
shal e 

perce n t  
exc eedence 

9 
o 
o 

100 
o 
o 

19 
100 

29 
o 

59 
o 
o 

44 
16 
14 

o 
64 

100 
o 

Cros sgrad i e n t  
shal e 

perc ent 
exceedence 

o 
o 
o 

100 
o 
o 
o 

100 
o 
o 

25 
o 
o 

50 
19 

o 
o 
o 

100 
o 

Upgr ad i e n t  
sand s tone 

perc e n t  
exceede nc e 

o 
59 

o 
100 

o 
o 

73 
100 

1 3  
o 

31 
o 
o 

22 
30 

4 
o 
o 

100 
o 

aA l l standards are i n  un i ts of mg / l  except pH,  gross al p h a ,  and rad i um .  Gro s s  al pha and rad i um ( rad i um-2 2 6  pl u s  rad i um- 2 28) are i n  u n i t s  of 
p C i / l , and pH i s  i n  s t andard pH un i ts .  

bThi s standard exc l udes uran i um and rado n .  Anal yses i nc l uded al l a l p h a  em i t ters i nc l udi ng uran i um and rado n ;  t herefore,  t he perc ent exc eedences 
for gross al pha are conservat i v e l y  h i gh .  A l s o ,  the gros s al pha i s  not a dr i nk i ng water s t andar d but i s  appl i e d  to con tami n a t i on from uran i um 
mi l l  ta i l i ng s .  

cMany val ues were l e s s  than s i x pC i / l . These val ues were cons i dered to be i n  exceedenc e o f  t he  s tandar d ;  t herefore , t he perc ent exceedences 
for rad i um are conservat i ve l y  h i gh .  



o C h l or i d e  exceeded t he dr i n k i n g water standard  i n  100 
perc e n t  of t he on- si te samp 1 es and 97 pe rcent  of  the 
downg rad i en t  samp l es ;  i t  exceeded the  max i mum bac k ­
ground  val  u e  i n  9 6  pe rcent  o f  t he o n - s i te samp l es and 
97 pe rc ent  of  t he down grad i en t  s amp l e s .  

o F l uor i de exceeded t he d r i n k i n g water s tandard i n  83 
perc e n t  of t he o n - s i  t e  samp 1 es and 25 pe rcent of  t he 
down grad i en t  samp l es ,  an d exceeded the  max i mum bac k ­
grou nd val ue i n  8 3  pe rcent  o f  the o n - s i t e  samp l es and  
25 perc e n t  of  t he down grad i en t  s amp l es .  

o I r o n  exceeded t he dr i n k i n g water s tandard  i n  68 per­
c e n t  of  t he o n - si t e  s amp l es an d 66 perc en t of  the down ­
grad i e n t  samp 1 es ; i t  exceeded t he ma x i mum back g ro u n d  
v a l  u e  i n  5 3  pe rcent  of bo t h  t he o n - s i t e  an d down gra­
d i e n t  s afllJ l es .  

o S u l f ate exceeded t he dr i n k i n g  water standard  i n  100 
perc e n t  of  o n - s i te and  down grad i en t  s amp l es and  excee d ­
e d  t he ma xi mum bac k ground  v a l  ue i n  2 5  perc en t  of  t he 
on - s i te samp l es an d 15 pe rc ent  of  t he down grad i e n t  
samp 1 es . 

o Cadmi um exceeded t he dr i n k i n g water standard  i n  2 5  per­
cent of the o n - s i  te samp 1 es an d t hr ee pe rcen t of  t he 
downgrad i ent  safllJ l es ;  i t  exceeded t he ma x i mum bac k ­
ground  va l ue i n  37 pe rcent  o f  t he o n - s i t e  samp 1 e s  and 
t hree pe rcent  of t he down grad i en t  s amp l e s . 

O t he r  c o n s t i t ue n ts who s e  conc entrat i on s  exceeded t he max­
i mum bac k g round  val ues  i n  o n - s i t e  and down grad i en t  s amp l es ,  
b ut  have no as soc i ated dr i n k i n g water stan d ar d s ,  i nc l ude  c a l c i ­
um,  gros s  be t a ,  pot a s s i um,  s tro n t i um ,  ammo n i u m ,  spec i f i c con­
d u c t an c e ,  mo l ybde n um,  n i cke l , sod i um,  uran i um ,  tota l  ha l oge­
nated hyd r oc arbo n s  ( TO X )  , an d van ad i um .  Dur i n g  p l aceme n t  o f  
t he ta i l  i n g s  s l  urry , 1 e achate  may have moved  upgrad i e n t  i n  t he 
sh al l ow ground  water . Th i s  past  moveme n t  of  l e ac hate may 
ac cou n t  for e l e vated , u pgrad i en t  co nc entrat i o n s  of some cons t i ­
t u e n t s  s u c h  a s  ammon i um .  

A l l of  t he man ganese  an d TDS conc entrat i on s  i n  o n - si t e  
an d down grad i e n t  safllJ l es exc eeded t he dr i n k i n g  water s tan d a r d s  
but  o n l y  exceeded t he max i mu m  b ac k g ro u n d  c o nc en trat io n for man ­
ganes e i n  three pe rc ent  of  t he o n - s i te s amp l es and  two perc en t 
of t he down grad i e n t  safllJ 1 e s . For TD S, n i  ne  percen t o f  t he o n ­
s i te samp l e s an d 35 perc ent  o f  t he down grad i en t  s amp l e s  exc eed ­
ed t he ma x i mum back g round  c o nc entr at i o n .  

A l t ho u g h  rad i um and gross  al p ha ar e shown to exc eed t he 
T i t l e I I  uran i um mi l l  ta i l i ngs  standar d ,  t hes e va l ues ar e not  
ap pr opr i ate . Rad  i u m  i s  cons  i dered to exceed  t he standard  for 
an a l ys es wi t h  de tec t i o n  l i mi ts over f i v e  pC i / l . Many of t he 
re cor ded exceeden c es are l es s  than  s i x pC i / l . Thes e s amp l e s  
may b e  w i t h i n co mp l i anc e of the  standard . T h e  gro s s  a l p ha 
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me asureme n t s  i nc l u ded uran i um and rad i um whe r eas the  s tand a r d  
ex c l u d e s  the s e  two co n s t i t u e n ts . Exc l ud i n g  uran i um ac t i v i ty 
from t he gro s s  al p h a  count  wo u l d  red uc e the me asu reme nts  to 
l e s s  t han t he s tand ar d  for mo s t  of the samp l es .  

The or g a n i c cOlJl) onents , total  organ i c  carbo n ( TOC ) , and  
to t a l  ha l o genated  hyd roc arbo ns ( TOX ) of ten exc eed t he back ­
grou nd concen trat i o n s . To check the tox i c i ty o f  the org a n i c  
comp o ne n t ,  s everal  samp l e s were c o l l ec ted  for an a l ys i s  o f  p r i ­
or i ty po l l utan ts an d s everal  or gan i c s wh i c h  have  dr i n k i n g wa ­
ter s tand ard s .  The se sarrp l es were  c o l l ec ted  from l oc a t io n s  
that  h ad h i g h  TOe i n  pr e v i o u s  an a l ys es . The anal ys es for t he 
spec i f i c  or gan i c s i nd i cated  co nc en trat i o ns l e s s  than  de tec t io n  
or ve ry l ow c o nc en trat i o ns . 

The d i s tr i b ut i o n  o f  key c h em i c al cons t i tue n ts i n  grou n d  
water i s  d i scus sed fu r t her be l ow , i nd i cat i n g  the  d i s t i nc t i o n  
be tween  contam i n an ts wh i c h  have a read i l y de f i n ab l e p l ume 
( e . g .  pat ter ned d i s tr i b ut i o n )  and tho s e  wh i c h  a l t ho u gh 
e l evated , h ave a s por ad i c  d i s tr i b ut i o n .  

A l umi num .  Bac kground  conc entrat i o n s  of  al umi n um appe ar 
to be ne ar t he l ower de tec t i on l i mi t  ( L OL ) of 0 . 00 1  to 0 . 1 
mg / l . S amp l e s  co l l ected i n  Sep tembe r ,  1 983,  de tec ted a l  um i n um 
at l ev e l s of 0 . 17 to 0 . 5 1  m i l l i g rams pe r l i ter  ( mg / l ) near  t he 
t a i l i n g s  and 0 . 018 to 0 . 1 9  mg / l  down grad i e n t  of the  t a i l i n g s .  
S amp l es col l ec ted  i n  Marc h ,  1985 , were anal y ze d  u s i n g a L DL o f  
0 . 1  mg / l . A l umi n um wa s de tec te d  i n  one upg rad i e n t  al l u v i a l  
we l l  ( 745 ) at a c o nc en trat i on o f  0 . 3  mg/ l  and  i n  t hree down g ra ­
d i e n t  wel l s  comp l e ted  i n  be droc k ( 72 9 ,  7 35 ,  7 3 1 ) a t  c o nc e ntra­
t i o n s  of 0 . 2  to  0 . 7 mg/ l . 

Ammo n i um .  ' Ammo n i um i s  a key i nd i c a t or o f  c o n tami n a -
t i o n .  At back g round  a l l u v i a l  we l l s ,  c o nc e n tr at i ons  d o  n o t  ex­
ceed 15 . 7  mg/ l . Be l ow or nE:ar t he t a i l i ngs , c o nc e n tra t io n s i n  
t he a l l u v i um range  between 18 an d 39 3 mg / l  fo r s arrp l e s  co l l ec t­
ed  i n  M arc h ,  1 985 . Oowngrad i en t  conc entrat i o n s  i n  t he a l l u v i ­
um ranged from back ground  1 e ve 1 s up  to 124 mg / l . A p l ume 
extend s at l ea s t  HOO fe et  b ut l es s  than 2600  fe et  down g ra ­
d i e n t  i n  t he a l l uv i um ( F i g u r e  F . 3 . 15 ) . Wel l s  comp l eted  i n  t he 
s h a l l ow bedroc k a l s o  show e l e vated  l e ve l s  o f  ammo n i um ,  r an g i n g  
from back g rou nd ( 6 . 05 mg / l ) to 18 . 1 mg/l . A n  i nd us tr i al dra i n ­
ag e ( f l ood -contro l ) we l l  ( 7 10 )  had a repor ted c o nc entrat io n  o f  
45 mg / l  i n  Marc h ,  1 985 . The d i str i b ut i o n o f  ammon i um be n e a t h  
an d around t he s i te i n  the s h a l l ow ground  water i n d i  cated  t h at 
the  water qua l i ty i n  we l l 710  may be af fected by l e ac h a t e  
t hrou g h  t he ta i 1 i n g s .  N o  ot her i n d i  c a t  i o n s  o f  co n t ami  nat  io  n 
we re fo u n d  at th i s  we l l  wi th the pos s i b l e  exc ep t i o n o f  e l e­
vated uran i um ( see be l ow ) . 

Arsen i c .  Bac kground  ar sen i c  co nc en tr at i o n s  appe ar to  
be  the L OL of  0 . 01 mg / l . Samp l es co l l ec ted  from al l uv i a l  
we 1 1  s i n Marc h ,  1 985 , fo u n d  ars e n i  c above  the LOL o n l  y i n 
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we l l s  near or be l ow the ta i l i n g s , at l e vel s be tween 0 . 015  and 
0 . 0 19 mg/ l . Down grad i e nt  we l l s  comp l eted in  t he s h a l l ow bed ­
rock showed arsen i c  at conc e n trat io ns  be tween 0 . 010 and 0 . 0 13  
mg/ l . W i t h i n t he s h a l l ow bed r ock a de tectab l e  p l  ume of ar se­
n i c pr ob ab l y  exte n d s  at l east  2000 feet b ut l e s s  than 3000 
feet down grad i e nt fr om t he t a i l i n g s  ( F i g u r e  F . 3 . 1 6 ) . 

Ars en i c  i n  t he bed r oc k  may repr es ent  res i d u a l  c o n tam i n a ­
t i o n .  Dur i n g ac t i ve mi l l i n g ar sen i c  conc entr at io n s  i n  t he a l ­
l uv i um cou l d  h ave been  h i g h  e n o u g h  to ac t as a sourc e of c o n ta­
mi  nat  i o  n for the under l  y i  ng Man cos  Sha l e .  F l ow t hrough  t he 
re l at i ve l y  h i g h  pe rme ab i l i ty al l u v i um cou l d  have f l ushed  
arsen i c  out of  the al l u v i um ( no ar s en i c  wa s me asu r ed i n  down ­
grad i en t  samp l es from al l u v i al we l l s ) , whe reas  f l ow i n  t he 
re l at i ve l y  l ow pe rme ab i l i ty s h a l e d i d  no t f l u s h  out  t he 
arsen i c .  

Boro n . Co ncentr at i o ns of bo ron i n  samp l es co l l ec ted  i n  
the 1985 and 1986 fi e 1 d program wer e  ve ry s i m i 1 ar to b a c k ­
grou nd conc e n trat io n s . 

C hrom i um.  Bac k g rou nd  co nc en trat i on s  of ch rom i um appe ar 
to be between the  LDL  of 0 . 01 mg/ l  and 0 . 03 mg / l . The pr i mary 
dr i n k i n g  water standard  for c h r om i um i s  0 . 05 mg/ l . On l y three 
we l l s  samp l e d i n  Marc h ,  1 985 , fa l l o ut s i d e t he back grou nd  con­
cen trat io n ran ge ( 74 3 ,  744 ,  582 ) . E l e vated concen tr at io n s  of 
c h rom i um do no t seem to be as soc i at ed wi t h  t he t a i l i n gs .  

Coba l t .  Bac k ground  co nc en trat io ns of cobal t appe ar to 
be at t he LDL . Samp l es col l ected i n  Mar c h , 1 985 , s howed e l ­
e v ated  conc e n tr at i o ns of cob a l t on l y  i n  we l l s  comp l eted be ­
neath  t he ta i l i n g s  ( 583,  5 84 )  or  evaporat i o n  pond ( 74 7 ) . 

Mangane se . Ma nganese  i s  ab sent  i n s ha l l ow be d r oc k  
we l l s  except for  one we l l comp l eted be neat h  the  t a i l i n g s .  
B ack ground  co nc entrat i o n s  of man gan e s e  i n  al l u v i al we l l s  ap­
pe ar to ran ge f rom 1 . 1 to 2 . 6  mg/ l . S amp l es  showed e l evated 
conc entr at i o n s  be l ow or near t he t a i l i n gs , ran g i n g  u p  to 4 . 8  
mg / l . There i s  no appar ent  down g rad i e nt  p l ume .  The second ary 
dr i n k i n g wa ter standard  for man ganese  i s  0 . 0 5 mg / l , a n d  t he ma­
jor i ty of wel l s  samp l ed exceeded t h i s  s tandar d .  

Mo l ybden um.  Mo l ybde n um i n  ground  water i s  common l y as-
soc i ated wi t h  uran i um mi l l  t a i l i n g s .  Mo l ybden um i s  al s o  com­
mo n in t he waters  of Co l orad o .  It  h a s  been  me asured  at a c o n ­
centrat io n o f  0 . 03 3  mg / l  i n  t h e  Co l or ado R i ve r  be l ow G l enwood 
S pr i n g s , and at a co nc e n tr at i o n  of 0 . 087 mg/ l  i n  t he Co l or ad o 
R i ve r  be tween Kremml i n g and Dotsero ( Voe gel i and  K i n g ,  1 969 ) . 
B ac k g round  co nc en tr at i o  ns i n  t he al l u v i  al grou n d  water  are 
pr ob ab l y  su b jec t to a rel at i v e l y h i g h  de gree of uncert a i n ty ,  
b u t  appe ar t o  r a n ge u p  to 0 . 12  mg/ l . 

Mo l ybden um appe ar s to be pr esent  i n  el eva ted conc e ntra­
t i on s  be l ow t he ta i l i n gs wi t h  conc entrat i on s  up  to 0 . 5 3 mg / l . 
B ased on an uppe r  bac k g round  co nc entr at i o n  of 0 . 12 mg / l , and  
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al s o  l ook i n g at t he sp at i al var i at io n s  i n  c o nc en tr at io n ,  t here 
does not  appe ar to be a down grad i en t  p l u me . 

N i c k e l . Bac k g round  co nc entrat i o n s  of n i c k e l  appe ar t o  
b e  at or be l ow t he L DL o f  0 . 04 mg / l . E l evated conc en tr at i o n s  
we re fou n d  be l ow the  t a i l i n g s  and evapor at i o n pond s ,  r an g i n g  
u p  to 0 . 29 mg / l . O ne down grad i en t  al l uv i al we l l ( 7 36)  had a 
conc en trat i o n  of 0 . 10 mg / l , and one de ep be drock we l l we s t  o f  
the  t a i l i n g s  had a pos s i b l e  anomal o u s  c o nc en tr at i o n o f  0 . 0 5  
mg / l . 

R ad i um- 2 26 . B ac k g round  conc en tr at i o n s  of rad i u m- 2 2 6  i n  
t h e  al l uv i u m  are l es s  t han L DL o f  one pC i / l . Back grou n d  con­
ce ntrat i ons  i n  t he D ak o t a  San d s  tone  ar e more d i f f i  c u l t to de­
term i n e . A nat i o na l  s u r vey of  uran i um an d rad i u m conc entra­
t i ons  i n  grou nd  water found  t hat i n  the  Co l or ado P l at e au , 
wh i c h  i nc l u des Grand J unc t io n ,  i n terpre tat i o n of grou nd  water 
i s  comp l i cated by t he ab u ndance  of uran i u m depos i t s ( Scott  and  
B arke r ,  1962 ) : 

li The re g i o n  i s  t he ch i ef uran i um pr ov i n ce of t he U n i t e d  
S tat e s ,  bo t h are a l l y and q ua n t i t  at i vel y . It wa s not p 0 s -
s i b l e before prep arat io n of  t h i s  repor t  to  c o l l ec t  s uff i ­
c i ent  samp l es of grou n d  water for stat i s t i ca l  tr eatme nt  
fr om sources  known  to  be  una s soc i ated  wi t h  uran i um 
de pos i t s . "  

As  an al ternate  me an s  of character i z i n g back g rou n d ,  t he 
re c omme nd at i o n  of t he same aut hor s wa s fo l l owed ( Scott  and 
B arke r ,  1 96 2 ) : li The s t at i st i c a l  res u l ts from t he we s tern s t a­
b l e re gi o n  mi g h t  ten t at i ve l y  be u s ed to ev a l uate  t h i s  reg i o n ,  
for t he s e two re g i o ns were coexte n s i ve before the  L ar am i d e  
or ogeny . "  T h e  " anomal y t hres h o l d "  for t he wes tern stab l e re­
g i o n  i s  7 . 3  pC i / l ( Scott  and B ar k e r ,  1962 ) . 

A s i n g l e water samp l e from a we l l comp l eted bel ow t he 
t a i l i n gs had a rad i u m-226  conc en trat i o n  o f  29 pC i / l , and  sever­
al water  samp l es from be l ow t he t a i l i n g s  hav e  had  concentra­
t i ons  of 15 to 18 pC i / l . Rad i u m- 2 2 6  has  no t been  de tec ted at 
any wel l s away from t he t a i l i n gs , except  for concentr at i o n s  of 
1 . 6  to 5 . 5  pC i / l at two bedrock wel l s  to  t he we s t  o f  t he s i te  
( 724 , 7 25 ) , wh i c h i s  bel ow t he " anomal y t h resho l d "  u s ed to  de-
f i n e b ack grou n d .  

Se l e n i u m .  The bac k g rou nd  concen trat i on of se l en i um ap-
pe ar s to be at or bel ow t he L DL of 0 . 002  mg / l  or 0 . 005 mg / l . 
E l e vated co nc entrat i o n s  of se l en i um are assoc i at ed w i t h  t he 
ta i l i n g s ,  p ar t i c u l ar l y at one  we l l ( 584 ) where concentr at i on s  
have re ached 0 . 240 mg / l . Two down grad i en t  we l l s  ( 729 , 7 35 )  
comp l eted i n  the sha l l ow be drock al s o  show co nc en trat i on s  of 
s e l e n i u m  at c o ncentr at i o n s  of 0 . 01 1  an d 0 . 024 mg / l  i n  Mar c h , 
1985 . There i s  no appar ent down grad i en t  p l u me  i n  t he al l u v i ­
u m ;  however ,  f i ve we l l s  ( 58 1 ,  582 , 5 83 , 584 , an d 589 ) h av e  
sh own se l en i u m l eve l s  g r eater t han t he pr i mary dr i n k i n g  water 

F - 2 1 2  



s t an da r d  of 0 . 01 mg / l . Thes e l e vel s have  not been cons i s te n t­
l y  e l e vated b ut have f l  u c t u ated above an d be l ow t he s tandard  
upon  repe ated samp l i n g .  

Tota 1 d i s so 1 ved s o l i d s . Conc e n trat i on s  o f  total  d i  s-
so l v ed so l i d s  ( T D S )  i n  the al l u v i um r a n g e  from seasona l  l ows 
of l es s  than 900 mg / l  upg rad i en t  of t he t a i l i n g s  ( 588) up  to a 
l o c a l  h i g h  of 12 , 000 mg / l  ( 738 ) . The h i g hes t co nc e n trat io n s  
of f the s i te ( 738 ) exceed t he h i g hes t co nc entrat i o n s me a s u r ed 
bel ow t he t a i l i n g s  by a f actor  of three ,  and  ar e prob a b l y  a r e­
s u l t  of o t he r  sourc e s  of con tami n at io n ( Sec t i o n F . 3 . 2 . 5 ) , r a t h­
er  t han contam i nat i on from the  t a i l i n gs . Ther e i s  no read i l y  
ap paren t down g rad i e n t  p l  u me i n  the al l u v i  u m .  The s econdary 
dr i n k i n g wa ter stan dard  for TDS i s  500 mg / l , and  al l wel l s  sam­
pl eel exc eeded t h i s standard . On  t he ba s i  s o f  TDS ( Hem , 1 9 70 )  
water q ual i ty i n  the al l u v i um ranges  f rom seasona l l y  fr esh  t o  
brac k i s h  to  sa l ty . I t  i s  predom i n an t l y brack i s h .  

Water q ual i ty i n  the Mancos  S h a l e an d Dak ota  San d s to n e  
near t he s i te c a n  b e  c l a s s i f i e d  a s  bra c k i sh .  There i s  n o  read ­
i l y a pparen t TDS p l ume i n  t he s h al l ow bedrock . 

U ran i um .  Back ground  co nc e n trat i ons  of uran i um i n  s ha l -
l ow ground  water vary , reach i n g  at l e a st 40 pC i / l  ( B u r eau o f  
Rec l amat io n wel l 7 12 )  an d have b e e n  me a s u r ed as l ow as  6 . 8  
p C i / l  ( wel l 588 ) . Uran i um concen trat i o ns  f l uc t u ate  seasona l l y  
by a f ac t or o f  two t o  s i x . .  Be l ow t he t a i l i n g s ,  co ncentra t i on s  
have b e e n  me as u red as  h i g h  as  6 1 0  pC i / l ( 584 ) . 

A pl u me  of uran i u m  el e vated  above back g rou n d  co ncentra­
t i ons  exte n d s  down g rad i ent  of  t he t a i l i n g s  ( F i g ur e  F . 3 . 1 7 ) . 
Conc e n tra t i o n s are 100 pC i / l at a d i s tanc e  of appr ox i mate l y  
20 00 fe et from t he s i te ,  and  8 0  p C i  / 1  a t  a d i stance  o f  appr ox­
i ma te l y  3000 fe et  from the  s i te .  Wel l s  20 00 fe et  no rt h to  
nor t hwe s t  of  t he ta i 1 i n g s  ( 7 37 , 7 3 9 )  ar e cross- grad i ent  fr om 
t he t a i l i n g s . Concentr at i o n s  at thes e wel l s  were me a s u r ed a t  
5 8  an d 34 pC i / l . Bec a u s e  o f  the var i ab i l i ty an d known h i g h  
co nc e n trat i o ns o f  uran i um i n  the back grou n d , i t  i s  not  c ert a i n  
i f  the s e  concentrat i o n s  ref l ec t  co n tami nat io n .  There are no 
cor re l at i ve i n d i c at or s  of con tami nat io n at thes e we l l s  ( e . g .  
el e vated co ncen trat i o n s  o f  ammo n i um ,  van ad i um ,  or ot her c o n ­
st i tu e n t s  assoc i ate d  w i t h  m i l l  t a i l i n g s ) . 

B ack g round  co ncentrat i o n s  of uran i um i n  deep be droc k  
we l l s  may be d i scer n ed from pr ev i o u s  s t u d i es o f  geochem i stry 
i n  t he are a .  A samp l e popu l at i o n  o f  30 ( Marko s and B ush , 
1 983a ) i n c l uded  several  artes i an wel l s  and fo u n d  a me an uran i ­
um concentrat i o n  of 0 . 012  mg / l  ( 8 . 2  pC i / l ) ,  w i th  a r a n g e  ca l c u ­
l ated ma x i mum of 0 . 034 mg / l  ( 23 . 1  pC i / l ) .  A comp i l at i o n o f  
data  o n  uran i um concen trat i o ns i n  grou n d  water fou n d  too l i t­
t l e data  to pr od uc e s t at i s t i c s  for  the geotec t o n i c reg i o n  
wh i c h  i n c l u de s  Gran d J unc t io n ,  b ut rec omme nded t he u s e  o f  d a t a  
for ano t he r  reg i  on wherei  n t he I I  anoma 1 y t hr es ho 1 d II for uran i um 
was 0 . 048 mg / l  ( 32 . 64 pC i / l ) ( Scott  and Barke r ,  1 96 2 ) . Co n -
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centrat i o n s  i n  samp l es co l l ected i n  Marc h ,  1 985 , i n  b e d r ock  
we l l s  near  the t a i l i n g s  wer e  al l wi t h i n  t he ran ge ca l c u l a t e d  
ma x i mu m  a n d  b e l ow t he anoma l y  t h r es ho l d .  Uran i u m  h as no t 
shown a tend ency to  mi g rate i n to t he bedrock . S h a l l ow be d r ock  
we l l s  ( 72 9 ,  7 35 ,  74 1 )  wh i c h exh i b i t  o t her i nd i cat i o n s  of  c o n ­
tami nat i o n  ( s ee be l ow ) al l had uran i u m co nc en trat i o n s  be l ow 
the l ower detec t i o n  l i m i t .  

One u p g rad i en t  i nd us tr i a l d r a i nage  we l l ( 7 1 0 )  h ad a re­
po rt ed u r an i u m concentrat i o n  of  52  pC i / l . Th i s  i s  more  t ha n  
25  pe rc ent  abo ve t he h ig hes t me a s u r ed back g rou n d  conc e n t r a t  i o n 
of 40 pC i / l  an d may repr es ent  co ntami nat i o n .  

V an ad i um .  Bac k g round  conc entrat i ons  of  vanad i um  appe a r  
to b e  the  L DL o f  O .  01  mg / l . F o r  water  samp l es co 1 1  e c  ted  i n  
Marc h ,  1 985 , v an ad i um wa s s een at a few we l l s .  Be l ow t he t a i l ­
i n g s  ( 584 ) co n ce n trat i o n s  reached 7 . 48 mg / l . Down g r ad i e n t  o f  
the t a i l i n gs  vanad i um i s  seen i n  we l l s  comp l e ted i n  t he s h a l ­
l ow be d r ock ( 72 9 , 74 1 , 735 , 731 ) . No vanad i u m wa s reported  
for  a l l u v i a l  we l l s  sarrp l ed i n  Marc h ,  1 985 . 

Z i  n c .  B ac k g ro u n d  co nc en trat io ns  of z i  nc pr o b a b  1 y ran  g e  
up  tOG. 1 mg / l . E l e vated conc en tr at i o n s  ar e appar en t be l ow 
the ta i l i n g s  to 4 . 1  mg / l  ( 584 ) , at one we l l upg r ad i e n t  of t he 
t a i l i n gs  ( 745 ) at 1 . 0  mg / l , and  i n  s h a l l ow be d rock w e l l s  down ­
grad i en t  o f  t he t a i l i n g s ( 72 9 ,  735 )  at conc en trat i o ns u p  to  
5 . 3  mg / l . On l y  three al l u v i al we l l s  showed z i nc at conc en ­
trat i o n s  g re ater  than 0 . 1 mg / l . Thes e ar e wel l s 582 ,  5 8 3 ,  a n d  
7 3 8  w i t h  co ncentr at i o n s  o f  0 . 2 , 0 . 6 , an d 0 . 2 mg / l , res p e c ­
t i ve l y .  

Other  r ad i o i sotope s .  No de tectab l e c o nc en trat io n s  o f  
po l o n i u m-210 or thor ; u m-230 ,  we r e  fou nd for  a L DL o f  o n e  
pC i / l . Lead - 2 l 0  wa s re p or ted i n  o n e  bac k g ro u n d  we l l ( 7 1 1 )  at 
2 . 3  pC i / l  an d at one  we l l be l ow t he t a i l i n g s  ( 584 ) at 2 . 8  
pC  i / 1 • 

O rgan i c  compo u nd s .  Organ i c  comp ou n d s  were u s ed i n  t he 
mi l l i n g  pro c es s at Grand  J unc t i o n ,  i nc l u d i n g  d i ( 2-et hy l he xy l ) 
pho s p hor i c  ac i d  ( E HPA ) , and  tr i b uty l p ho s phate ( TB P )  d i s so l v e d  
i n  No . 2 fue l o i l  ( Me r r i t t ,  1 97 1 ) . Tota l  or gan i c  carbo n ( T O C )  
a n d  to ta l  or gan i c  h a l ogen ( Ta X )  wer e  u s ed a s  a s c reen i n g  g u i d e  
i n  an at temp t to d e term i n e i f  or gan i c  comp ou n d s  wer e  pres e n t  
i n  grou nd water near t he s i te .  Co ncen trat i o n s  o f  TO C a n d  Ta X 
are re p orted  i n  Tab l es F . 3 . 7  t hr o u g h  F . 3 . 1 6 .  

Bec a u s e  TO C an d Ta X were  fou nd i n  t he grou n d  wat e r ,  t he 
fo l l ow i n g  se l ected we l l s  wer e  samp l ed for  an a l ys i s of or gan i c  
comp o u n d s :  

5 8 1 , 583 
7 3 2 , 736  
7 3 7  
744 , 746  
747 

( be l ow t a i l i n gs ) 
( down grad i en t )  
( cros s - grad i en t ,  north  o f  t a i l i n gs )  
( up g rad i en t )  
( be l ow evapor a t i o n pond ) . 
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F . 3 . 1 . 7 

A n  an a l y s i s of water samp l es wa s done  for EPA pr ior i ty 
po l l u t a n ts an d up  to 10 other comp ou nd s .  No organ i c  comp ou n d s  
were  reported wi t h  t he fo l l ow i n g  excep t io n :  

o Met hyl ene ch l or i d e ,  found  i n  four  anal ys es at f i v e  t o  
e i  ght  p a r t s  pe r b i  1 1  i o n  ( p p b ) , a n d  t hou g h t  to be fr om 
l aboratory co ntam i nat i o n .  

o Te trahydrofuran , rep o rted at we l l 583 at 4 6  pp b .  The 
s u g ges ted pe rm i ss i b l e  co nc en trat io n in water i s  8100 
ppb  ( S i t t i g ,  1 98 1 ) . 

o B i s ( 2- et hy l he xy l ) p h t ha l ate , re ported  at upgrad i e n t 
we l l  746 at 150  pp b .  

o N i n e  a l k anes , repor ted at u p g rad i en t  we l l 746 at c o n ­
cen trat io n s  be tween 2 6  t o  72 ppb . 

The Grand  J un c t i o n  t a i l i n gs ar e i n  an ar ea where t here i s  
s u b s t an t i a l  i n d u s t r i  al , comme rc i a l , and ag r i c u l tura l  ac t i v i ty 
wh i c h  wou l d  i nvo l ve t he u s e  of or gan i c  chem i c a l s .  The de tec ­
t i o n  of or gan i c  chem i c a l s i n  grou n d  water at u p grad i e n t  we l l 
746  can pr obab l y  be attr i b uted  to one  of t he s e  s ou rc es , a s  can  
the detect i o n  of  one  comp o u n d  be l ow t he t a i l i n g s  ( we l l 583 )  at 
a concentr at i o n  wel l be l ow t he s u g g es ted perm i s s i b l e conc e n tra­
t i on  i n  water . There i s  no apparent  or gan i c c o n tami nat  i on  of 
ground  water  a s so c i ated  wi th  t he t a i l i n gs . 

Prox i m i ty of s i te to s urface water 

The t a i l i n gs ar e i mme d i at e l y ad j acent  to and hyd r a u l i c a l ­
l y  c o n nected to the Co l or ad o R i ver . At t i me s  of  h i g h  r i ver  
stage the  Co l or ado R i ver  f l ows d i r ec tl y ag a i n s t  the  covered 
t a i l i n g s . The other pr om i n e n t  nearby bod i es of  surface  water 
are a dra i n ag e  d i tch  i mme d i  ate l y  ad j acent  to the  e a s t  end of 
the t a i l i n g s , a dra i n age  d i tc h  wh i c h  f l ows nor t h- so ut h appr ox ­
i matel y 1 5 0 0  fee t  east  o f  t he t a i l i n gs , and  a d uck p o n d  near 
the  eas t end of the t a i l i n gs . ( F i g ur e  F . 3 . 1 0 ) . N umerous  o th­
er  major an d m i nor c a n a l s ,  l atera l s ,  dra i n a g e  d i tc hes , and 
ep heme ra l  dra i n ages ar e wi t h i n  t hree mi l es of the t a i l i n g s . 
The d i scharge  of  con tami nan ts to s urface  water i s  d i scus sed i n  
Sec t i o n  F .  3 . 2 . 4 .  

F .  3 . 2 P HY S I CAL AND CHEM I CAL CHARACTER I ZAT IO N OF WA STE AN D CONTAMI NANT TRAN S ­
PORT 

The phys i ca l  and chem i c a l  ch aracter i zat io n of wa ste and con t ami nan t 
tran sport ha s s everal  purpo ses : 

o I den t i f i c at i o n  of t he poten t i al c o ntam i nan ts . 

o Determ i nat i on of  wh i c h  con tami n a n ts have mi g rated from t he t a i l ­
i n g s . 
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o I de n t i f i c at i o n  of t he exte n t  an d re l a t i ve  c o nc entr at i o n o f  con­
tami n at i o n ,  e . g . , t he co ntam i n a n t  p l u me .  

o Determi nat i o n  o f  t he rate of  co ntami nant  m i g rat i o n .  

o De term i nat i o n  o f  the extent  to wh i c h  co ntami  nated  grou nd  water 
i s  d i sch arg i n g  to hyd r au l i ca l l y  c o n ne cted s urface  water . 

o Sep arat i o n  of the contami nat i o n  d ue to mi l l  t o i l i n gs from o t her  
c o ntami n an t  sourc es . 

F . 3 . 2 . 1  Geochem i stry of waste 

The geochem i ca l  sett i n g  o f  the poten t i al l y af fe cted  hyd ro­
geo l o g i c env i r onme n t  ha s been s t u d i ed  i n  de ta i l on a s i te­
s pec i f i c  ba s i s .  Pert i n e n t  f i n d i n gs of these s t u d i es ar e 
d i sc us s ed b e l ow . 

M i l l i n g .  The Grand  J un c t i o n  m i l l  wa s ope rated as an ac-
i d - l e ach  pr oces s .  Re l at i ve to other ac i d  l e ach t a i l i n g s ,  t he 
p H  i s  abo ut two pH  un i ts h i g h er ( l es s  ac i d i c ) : ran g i n g fr om 
4 . 0  to 6 . 5  w i th  a me d i an of 5 . 5 .  Both  hyd r och l or i c  and  s u l f u ­
r i c ac i d  were  u s ed d ur i n g t he mi l l i n g  pr oc es s .  I ron , a mmon i a , 
an d s a l  t ( N a C l ) were ot her pr om i n e n t  cons t i t ue n ts assoc i at ed 
w i t h  t he m i  1 1  i ng  pr oc es s ( Merr i tt ,  197 1 ) . 

T a i l i ngs . The wat er- so l ub l e  co n c en trat i o n  of chem i ca l 
co n st i tuents  i n  the t a i l i n g s  i s  an i n d i cator of wh i ch co n s t i t ­
uents  repr es ent  potent i al contam i n at io n .  Amo n g  t h e  co n s t i t ­
ue nts wh i ch have been fo u n d  to be pr es ent i n  t he t a i l i n g s  i n  
wate r - so l ub l e form at co nc en trat io ns  abo ve bac k grou n d  l e ve l s  
are  uran i um ,  van ad i u m ,  ar s en i c ,  cadmi um ,  and  mo l yb de n um .  The 
so i l s  i n  the evaporat i o n  pond s a l s o  co nta i n  water- so l ub l e c o n ­
centrat i o n s  of ar s e n i c ,  ur an i u m ,  a n d  vanad i um  w h  i c h  a r e  abo ve  
backg round  co nc entrat i o n s  ( Mar k o s  an d B ush , 1983a ) . 

Compar i son o f  uran i um an d rad i u m data  for  t a i l i n gs v e r s u s  
ad j acen t ,  co ntami n ated so i l s  shows d i f ferences ( Mar k o s  and  
B us h ,  1 983a ) . The mi g rat i o n of rad i um i s  muc h l es s  t han t hat 
of ur an i u m .  Uran i um can  be expected to be mo re  mob i l e  t han ra­
d i um beca u s e  i t  forms s u l f ate an d carbonaceo u s  comp l exes , 
wh ereas rad i um forms pr ec i p i t ates  wi t h  s u l f ate and carbo nate .  

The  t a i l i n g s  al so  co nta i n  h i g h  co ncentr at i o ns of  t he 
an i o ns  s u l f ate an d ch l or i d e . The h i g h  co nc entrat i o n s  o f  t he s e  
an i o ns an d t he ac i d i c  co nd i t i o ns of t he t a i l i n gs e n h anc e t he 
mob i l i ty of mo s t  e l eme nts , i nc l ud i n g  s u c h  e l eme n ts as t he wa ­
ter s o l ub l e  co n s t i tue n ts l i ste d  abo ve as we l l as se l e n i um ,  
i r on ,  and  a l umi n um .  

The mob i l i ty o f  t hese  co n s t i t ue n t s  decrea ses i n  t he 
ground  water re l at i ve to t he i r  mob i l i ty i n  t he t a i l i n g s .  The 
mi g rat i o n  rates of t hes e cons t i t ue n ts i s  l es s  t han t he g rou n d ­
water seepag e ve l o c i ty d ue to geo chem i c a l  retardat i on pr oces s ­
es s u c h  as pre c i p i t at i o n  and  adsorpt io n .  
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F . 3 . 2 . 2  

Some dat a o n  t he l e ach i n g  be h av i o r  of t he t a i l i n gs i n  
fres h water ar e av a i l ab l e  ( Veyera ,  1 980) , and  ar e pr es ented i n  
T ab l e  F . 3 . 33 an d F i g ure  F . 3 . 19 .  Thes e dat a i n d i cate t hat key 
c o n s t i t ue n ts have l e ached from the t a i l i n gs . The mob i l i ty o f  
many of t he s e  cons t i tue n ts dec rea ses i n  t he grou n d  water . 
Sec t i o n  F . 3 . 1 . 6 d i s c u s ses wh i c h  cons t i t u e n ts are de tec ted 
above b ack ground  c o n centrat i o n s  i n  grou n d  water . 

Water- q u a l i ty i mpacts  

W at e r - q ual i ty i mp acts  ar e ev a l u ated for t hree  c a ses : ex­
i s t i n g c o nd i t i o ns , re l ocat i o n  of t he t a i l i n gs , a n d  i mp acts  f or 
stab i l i zat i o n  on  t he s i te .  

E x  i s t  i ng  i mpact s .  W ater  qua l  i ty for  the  af fected hyd ro-
geo l o g i c reg i me i s  d e s c r i bed  i n  Sec t i o n  F . 3 . 1 . 6 . The conc en­
tr at i o n  of several  cons t i tue n ts exc eed s EPA  s tandards  for 
dr i nk i n g  water as a res u l t  of t a i l i n gs l each ate . The t a i l i n gs 
have not c a u s ed t he q ua l  i ty of t he Co l or ado R i ve r  to f al l o ut­
s i  de  Co l or ado water q ual  i ty s t andar d s .  The  b a c k g round  q ual  i ty 
of the ground  water  i s  pre dom i nan t l y  brack i s h ,  a n d  t he af fec t­
ed sys tem i s  not c urrent l y u s ed for  any p u r p o s e .  

R e l o c at i o n of the  t a i l i ngs  - re s i d u al  effects  at the  pro­
c e s s i ng s i te .  I f  t he ta i l i ngs  are re l o cated to an al ternate 
d i s po s a l  s i te ,  i mp acts  to wat er q ua l i ty n e ar t he pr oces s i n g  
s i te wou l d  be due  to res i d u al contami nat i o n  i n  t he grou nd  wa ­
ter ,  an d pos s i b l y  sor b ed or pr ec i p i t ated  contami nants  i n  t he 
a l l uv i um .  The  i mp ac ts to grou n d  water at  t he Cheney Res er vo i r  
and Two Road s i tes are d i sc u s s ed i n  Sec t io n s F . 4  an d F . 5 ,  
respec t i ve l y .  

EPA  standards  req u i re an eva l u at i o n  o f  t he pe rs i s tence  
and  pe rmanence  of  ad verse  effe cts  of t he grou n d  water . A m i  x­
i n g  ce l l mod e l  was u s ed to eva l u ate t he pe r s i stenc e of res i d ­
u a l  c o n t am i n at i o n  at Grand  J unct i o n . A s i n gl e  ce l l mod e l  for  
water q ual i ty i s  c re ated by a s s i g n i n g  a water  q ual i ty to each  
comp o n e n t  of  t he water  ba l anc e for t he c e l l .  A m i x i n g  ce l l 
mod e l  was  chos e n  bec a us e :  

o The var i ed f l ow d i r ec t i on w i t h i n  t he s h a l l ow grou n d  wa­
ter wou l d  tend to mak e t he sy s tem an a l o gous  to a mi x­
i n  g c e l l .  

o A s i ng l e cel l m i x i n g ce l l mod e l  i s  s i mp l e an d i s  e a sy 
to u s e .  

The mi x i n g  ce l l mod e l  f o r  t he al l u v i a l  sy s tem h a s  t he fo l ­
l ow i n g fe at u res : 

o The water ba l anc e  cons i sts of grou n d -water i nf l ow ,  
tran s i e n t  s t or age , an d grou n d -water out f l ow .  Net i n ­
f i  l trat i o n  an d seepag e t o ,  or from ,  deeper aq u i fers  i s  
co n s i de r ed neg l i g i b l e . 
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Tab l e F . 3 . 33 Chem i ca l  an a l ys i s o f  f i r s t  e ff l ue n t  samp l e for 
d i s t i l l ed water l e ach i n g  te s t  

So i l  ty pe 
Sol i d  we i g ht ( g ) 
F i rs t  s a mp l e we i g ht ( g )  

C a  
Mg  
Na  
K 
P 
A l  
Fe 
Mn 
Ti  
C u  
Zn  
N i  
Mo 
Cd  
Cr  
S r  
B 
B a  
P ba H 9 a 
A S a Se 
H C 03 S04 C l  
N0 3 p H  
C o nd 
Tds 

ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
p pm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
ppm 
pprn 
ppm 
stan dard  u n i ts 
ppm 
ppm 

D as h  - samp l e no t ana l yze d  

NO  - Not de term i ned  

Be ach  sand  
1 , 000 
27 3 . 8  

687 . 00 
169 . 00 
314 . 00 

12 . 00 
0 . 6U 
0 . 30  
0 . 03 
0 . 36 
0 . 0 1 
0 . 07  
0 . 04 
0 . 05 
2 . 68 
0 . 01 
0 . 02 
2 . 80 
0 . 1 9  
0 . 08 
0 . 10  
0 . 01 
1 .  60 

10 . 70  
124 . 00 

2 , 3 3 0 . 00 
504 . 00 

96 . 00 
6 . 40 

4 , 700 . 00 
4, 5 60 . 00 

Sl  i me s 
1 , 1 7 0  
27 5 . 0  

607 . 00 
2 , 23 0 . 00  
6 , 880 . 00  

84 . 00 
1 .  00 

7 6 . 00  
1 .  5 3  
7 . 84 
0 . 08 

13 . 00 
225 . 00 

7 . 5 1  
0 . 3 1  
6 . 44 
0 . 08 
6 . 39 
1 .  60  
0 . 1 3  
5 . 80 

0 . 00 
10 , 800 . 00  
10 , 640 . 0 0 

NO 
4 . 30 

3 5 , 800 . 00 
3 5 , 5 60 . 00 

a H g ,  As , Se determi ned by NaBH4 reduc i n g tech n i q ue ( vapor  genera t i o n )  t o  
avo i d  s pectra  1 i n te r fe re n c e .  

Ref . Veyera , 1 98 0 .  
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o The ml x l n g  c e l l i s  treated  as a comp l etel y m i xe d  sy s ­
tem . D i sper s i v i ty i s  not tr eated  exp l i c i t l y ,  b u t  i s  
con s i dered  on l y  i n  t hat i t  enhan c es mi x i n g and  es sen­
t i a l l y ,  c re ates  a d i l ut i o n  pr ob l em .  

o Geo chemi c a l  re tar dat i on ( i  . e .  sorpt i o n ,  p r ec i p i t a-
t i on ) , des o rp t i o n ,  and  r ad i o act i ve dec ay ar e not  con­
s i d e r ed .  Th i s  a s s u mp t i on overe s t i mate s contami n an t  
mi g rat i o n  r ates  and  may undere s t i mate f l u s h i n g  t i me s . 

o Ti me i s  d i s c ret i ze d on an an n ual  bas i s .  

A sc hemat i c  i l l u s trat io n of t he co nc ep tua l  mod e l  an d t he 
eq uat i o n s r epr es en t i n g  the  mod e l  are s hown i n  F i g u r e  F . 3 . 20 .  
The res u l ts o f  t he mod e l  for  t he grad u a l  d i l ut i o n  o f  uran i um 
are pr es en ted i n  Tab l e  F . 3 . 34 .  A ran ge of res u l t s i s  fo u nd ,  
depend i n g on t he i n i t i al co nc entrat i o n s  i n  the  grou n d -water 
back g ro u n d  co nc en tr at i o n s , vo l ume of al l u v i a l  ground water be­
l ow the t a i l i ngs  ( c a l c u l at e d  us i n g d r a i n ab l e  poros i ty ) , and 
t he rate of grou n d -water f l u x .  Th i s  range  i n  res u l ts  g i ves  
some i n d i c at i o n  of  the  sens i t i v i ty of  t he mod e l , and  of t he 
p hys i c a l  sy s tem , to t he u n c e rt a i n ty or v ar i ab i l i ty i n  v a r i o u s  
f ac t or s . 

The res u l t s of t he mode l s how t hat res i d u a l  u r an i um w ou l d  
be f l u s h e d  from the aq u i fe r wi t h i n  100 ye ar s ,  b ut t hat c o nc e n ­
trat i o ns o f  uran i um greater  t han t he EPA ' s  h e a l t h  ad v i sory l ev­
el of 10 pC i / l may pe rs i s t for  mor e  t han 25  ye ars . How e ve r ,  
back ground  conc en trat i o n s  o f  uran i u m may be more t han t he ad v i ­
sory l e ve l ( Sect io n F . 3 . 1 . 6 ) . 

Res i d ua l  conc en tr at i o n s  of co n tami n an ts o t her  t han u r an i ­
um were not eva l u ated wi t h  t he mi x i n g ce l l mod e l . Other  t han 
ur an i u m ,  o n l y  ammo n i u m  had a read i l y  def i n a b l e p l ume i n  t he al ­
l uv i a l ground  water . The sp or ad i c  d i s tr i b ut io n  o f  o t he r  c o n ­
tami n an ts i nd i c ates t hat one  or mo r e  o f  s e v e r a l  proc e s s es i s  
oc c ur r i n g :  

o The co ns t i t ue n ts ar e s ubjec t to s u b s tan t i al geoc hem i ­
c a l  r etardat i o n and d i s pe r s i o n .  

o The effe c ts of l each i n g o f  co ns t i t ue n ts i n t o  g ro u n d  wa­
ter are ob s c ur ed by t he co nc entrat i o n s  p r es ent  i n  t he 
back g r ou n d  water . 

o The cons t i tuents ar e rap i d l y  f l u s hed  from t he g r ou n d  
water . 

o V ar i ab i l i ty may al s o  res u l t  from t he de ns i ty ,  l o c a­
t i o ns , a n d  comp l et i o n  dept h s  of t he mo n i t or wel l s .  

Sol ute  tran s p or t  ca l i b r at i o ns and  s i mu l at i o n s  wer e  c o n ­
d u c te d  f o r  ammo n i u m ,  ar s en i c ,  ch l or i d e ,  a n d  u r an i um i n  the  al ­
l uv i a l ground -wate r  sy s tem . The ca l i b rat i o n s  ar e b a s ed on 
i n terpr etat io n of F i g ures F . 3 . 1 5 t hro u g h  F . 3 . 1B .  So l ute  t r a n s ­
por t wa s s i mu l ated w i t h  a n  an a l y t i ca l  eq uat i o n pr es ented i n  
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Tab l e F . 3 . 34 Res u l t s  of  mi x i ng cel l mode l  for res i d ua l  uran i um 
concen trat i o n  i n  ground  wat e r  

Ave r a g e  i n i t i al Eff l  ue n t  concentrat  i o n s
e 

Gro u n d -wa�er  B ack  ground  b 
v���� c 

conc en t r at i o n
d 

f l  u x  r ate  conc en tr a t  i o n  under t a i l i n gs  

5 . 7  x 10
6 20 7 . 0  x 10 

7 600 

1 . 6  x 10 
7 20 1 . 4  x 10

8 600 

1 . 0  l( 10
8 20 2 . 5  x 108 600 

1 .  6 x 1 0  
7 20 1 . 4  x 10 

8 
125  

7 20 
8 

300 1 .  6 x 10 1 . 4  x 10 

1 .  6 x 10  
7 

6 . 8  1 . 4  x 10 
8 

300 

1 .  6 x 10 
7 40 1 . 4  x 10 

8 300 

� I n  l i t e r s  per year , fr om Tab l e F . 3 . 5 .  
I n  pC i / l , from Tab l e  F . 3 . 6 . � I n  l i te r s , from Tab l e  F . 3 . 6 . 
I n  pC i / l , h i g he s t  seasona l  c o nc entrat i ons be l ow t a i l i ngs , f r om Tab l e F . 3 . 6 . e
I n  pC i / l , for g i ven n umber of year s af ter r eme d i a l  ac t io n .  

10 yr s 

285 

2 1 7  

4 0  

5 6  

1 1 5  

106  

128  

25 yr �; 

102  

59 

20 

27  

39 

26  

57 

50 yrs  100 yrs  

32  20  

23  20  

20 20 

20 20 

2 1  20 

8 6 . 8  

4 1  40 



J av a n d e l  et al , 1 984 , p ag e  1 9 .  The eq uat i o n i s  a s o l ut io n to  
a two- d i me n s i o nal , homo geneo u s , i sotr op i c  por ou s me d i um hav ­
i n g  a u n i d i rect io na l  s teady s t ate f l ow .  The d i s pe r s i o n  coe ff i ­
c i e n ts are i n  the d i r ec t i o n and  or thogo n a l  to  t he d i rec t i o n  of 
f l ow .  The sourc e i s  a str i p  or t ho go n al  to the d i rec t i o n  of 
f l ow .  Ret ar dat i o n ,  exponen t i al de cay of the so l ute , a n d  exp o-
nen t i a l decay of the sourc e can be s i mu l ated . The comp uter 
code wh i c h  n ume r i c a l l y  so l ves  t h i s eq uat i o n  i s  docume n te d ;  
th i s  docume n t at i o n  i s  av a i l ab l e i n  the UMTRA Projec t Off i c e ,  
A l b u q ue rq ue , N ew Mex i c o .  

For each s i mu l at i o n ,  a sourc e l en g th of 960 fe e t  and  a de­
cay c o n s  tant  for  t h e  so l ute  of zero  were used .  The  pr es e n t  
t i me wa s a s s u me d  t o  be 25  ye ar s  s i n c e  so l ute  trans por t  bega n . 
The ca l c u l ated  average  l i n ear ve l oc i ty for t he a l l u v i um at t he 
s i te ran ges from 60 to 1800 fee t/year . Cal i br at i o n s  were de­
term i ned  us i n g t he l ow va l ue , 60  fe e t/y ear , a n d  ad j us t i n g  the 
reta rdat i on coef f i c i e nt to appr ox i mate rre a sured va l ues . 
Bec a u s e  the de cay co ns tan t for  t he so l ute  wa s ze ro an d t he de­
cay f ac t or for  the so urc e wa s sma l l ( 0 . 02 to 0 . 044) , retarda­
t i o n coeff i c i e n ts an d ave rage  l i n ear ve l o c i t i es tend t o  vary 
1 i n e ar l  y and d i  rect l  y .  Therefo r e ,  i f  the transp ort for a g i  v ­
en  so l ute  wa s ca l i b r ated  a t  t h e  l ow ve l oci ty a n d  some retarda­
t i o n factor , a s i m i l ar ca l i b r at i on cou l d  be  obta i n ed at  t he 
h i g h  ve l o c i ty by mu l t i pl y i n g the f i rst  re tar da t i o n f ac tor by 
the  rat io  of the  h i g h  ve l oc i ty to the l ow ve l o ci ty .  D i sper­
s i v i t i e s  were ca l i b r ated wi th  t he ammo n i um p l ume be ca u s e  t h i s 
p l ume was d e f i n ed bes t .  The ca l i b r ated  va l ues o f  d i spe r s i v i ty 
were 2 2 5  fe et for l o n g i t u d i n a l  an d 22 . 5  fe e t  for  tran sve r s e .  
The s e  va l ues ar e w i t h i n  t he ran ge  expec ted for al l u v i um 
( F reeze an d Cherry ,  1979 ) . Tab l e F . 3 . 35 pr es ents  t he i n put 
and  r es u l ts of t he c a l i br at i o n s . 

Two s i mu l  at i o n s  we re  pe rforme d for each co n s t i t ue n t  b a s ed 
on t he ca l i brat io n s . I n  one  s i mu l at io n ,  i t  wa s ass ume d  t hat 
the  sourc e wo u l d  co n t i n ue to d ecay at t he same rate as i n  t he 
ca l  i b r a  t io n .  T h i s  i s a n  0 act i o n  s c en a r i o . I n  t he 0 t he r s i m­
u l a t i o n ,  i t  was  assume d t hat t he sourc e wou l d  decay from i t s 
pr es e n t  co n c en trat i o n  to bac k g round  d ur i n g a t h ree-year reme d i ­
al  ac t i o n .  Th i s  scenar i o  pr ed i c ts l ower c o nc en tr at i o n s  than  
may be expec ted bec a u s e  res i d ua l  co n tami n at i o n  i s  not  t ak e n  i n ­
to ac cou n t .  The 1 i k e l y o c c u r r enc e wou l d  be somewhere  b e tween 
these two pr ed i c t i o n s . F i g ures  F . 3 . 2 1 throu gh  F . 3 . 24 show t he 
res u l ts of t he s e  s i mu l at io n s  for a po i n t al o n g  t he a x i s  of t he 
p l ume at the l o ca t i o n  of t he D ako t a  San d s to n e  s ub c r o p .  

The s e  ana l yses i nd i cate t he fo l l ow i n g :  

o Leve l s of t he four  cons t i tuents  g en erated d ur i n g r eme ­
d i a l  ac t io n  shou l d  be  m i nor . 

o Arse n i c i s  pr es en t l y ,  a n d  e ve n  w i t h  no ac t i o n  shou l d  
rema i n ,  wel l be l ow d r i n k i n g  wa ter s tan dar d s .  
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Tab l e F . 3 . 3 5 So l ute  tran s p o rt c a l i b rat i o n s  

C o n s t i t u e n t  - Ammo n i um Decay f ac tor f o r  s o u rc e  = 0 . 0 2 
co ncen trat i o n  = 500  mg / l  P r es e n t  sourc e c o nc e n tr at i o n 
Vel o c i ty/retarda t i o n coeff i c i e n t  = 1 2 /feet/year 

X- coor d i  nate  
( fe e t ) 

20 0 
650 
900 

1450 
200 
650 
900 

1450 

V - coor d i nate  
( fe e t ) 

o 
o 
o 
o 

500 
500 
500 
500 

Me a s u re d  concen­
t r at i o n  ( mg / 1 ) 

300 
100 

2 5  
1 

100 
15 

1 
< 1 

C o n s t i tue n t  - Ar s en i c Dec ay f ac t or fo r sourc e = 0 . 044  

I n i t i al s ou rc e  
= 3 03 mg / l  

Ca l c u l ated co nc e n ­
trat i on ( mg / l ) 

294 
1 1 1  

37 
0 . 7  

9 0  
42  
14  

0 . 3 

c o ncen trat i o n  = 0 . 025  mg / l  P r es ent source  conc e n trat i o n  
I n i t i al s o u rc e  

= 0 . 008 mg / l  
Vel o c i ty/retardat i o n  coeff i c i e n t  = 60/fe et/year 

X- co or d i n ate Y - coor di  n ate Me a s u r ed c o n c e n - Ca l c u l ated  concen-
( feet ) ( fe et ) t r at i o n  ( mg / 1 ) t ra t i o n ( mg / 1 ) 

7 7 5  0 12  1 2 . 2  
1 3 50 0 1 1  1 1 . 4  
1645 0 10 9 . 6  

7 7 5  500 1 1  5 . 2  
1350  500 9 5 . 1 
1645 500 4 4 . 3 

Co n s t i tue n t  - Uran i um Dec ay f ac t or for s o u rc e  = 0 . 02 I n i t i al s o u rc e 
co ncentrat i o n = 300  pC i / l i ter  Pres ent  sourc e c o nc e n trat i o n = 1 8 2  pC i / l i ter 
Vel o c i ty/retardat i o n  coeff i c i e n t  = 54/fe et/year 

X- co o r d i  n ate V - coor d i n ate Me a s u re d  concen- Ca l c u l ated c o nc e n -
( fe e t ) ( fe e t ) trat i o n  ( mg / l ) t r a t  io n ( mg / 1 ) 

190  0 180 192  
2 1 30 0 60 5 7  

190  500  100  61 
2 1 30 500 20 2 6  
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T ab l e F . 3 . 3 5 S o l ute  Tra n s p o rt C a l  i b rat i o n s  ( co n c l uded ) 

� o n s t i t u e n t  - Ch l or i de Decay f ac t or for s o u r c e  = 0 . 1  I n i t i al s o u rc e  
c o nce n t r at i o n  = 2 340 mg / l  P res e n t  s o u rc e  c o nc en trat i o n  = 5 1 3  mg / l  
B ack g r o u n d  co n c entrat i o n  = 3 50 mg / l - averag e l i n e ar ve l oc i ty = 1 2 4  ft/y r- No 
re tardat i o n  

X- coor d i n ate  V - coor d i n ate Me a sured  c o n c e n - Ca l c u l ated  c o n c e n -
( fe et ) ( fe et ) t r a t  i o n ( mg / 1 ) t rat  i on ( mg / 1 ) 

880  0 700  750  
1 9 20 0 l l OO 1090 
2640 0 1200 1200  
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o Ammon i um may pe r s i s t i n  the  grou n d  water  for  s ev e r d :  
h u nd r ed year s a t  e l e vated  c o nc en trat i o ns . N o  S t at e  o f  
C o l orado  or Federa l  water q u a l i ty s t an d a r d  i s  a pp l i c ­
ab l e .  

o Uran i um may pers i st i n  t he s h a l l ow g r o u n d  wat er  for u p  
t o  150  ye ar s .  No Stat e  of C o l or ado o r  Federa l g r ou n d -
water s t an d a r d  i s  a s soc i ated w i t h  uran i u m .  

o D ue t o  retardat i o n  o f  t he se cons t i t u e n ts , p ar t i c u l ar l y  
ammo n i u m ,  natura l  res tor at io n or art i f i c i al res tor a ­
t i o n wou l d  b e  exceed i n g l y t i me  c o n s u m i n g .  

o The moveme nt of ot her e l e vated  co ns t i t ue n ts wh i c h  a r e  
cat i o ns s uch  as i ron , man ga n e s e ,  and  n i c k e l  a l s o  w i l l  
be ret arded . 

I n  add i t i o n  to  s i mu l at i n g  the  trans p or t  of cat i o n s , t he 
tran s p or t  of ch l or i d e  wa s s i mu l ated . C h l or i d e  i s  a mob i l e  
an i o n  an d us ua l l y  i s  trans por t ed w i t h  t he g ro u n d  water  w i t ho u t  
retardat i o n .  T h e  p l ume f o r  c h l or i d e  i s  h i g h l y  i r regu l ar w h i c h 
mak es t he u s e  of t he s o l ut e tran s p or t  eq uat io n d i f f i c u l t .  A 
pr i mary ch aracte r i s t i c of t he p l ume i s  t hat t he h i g h er  c h l o­
r i de co nc en tr at i o n s  ar e f art her from t he p i l e . F i g ure  3 . 1 8 i l ­
l u s trates t he i d e a l  i zed p l ume u s ed for s o l ut e t r an s por t c a l  i ­
brat i o n .  B ased on  t h i s i de a l i ze d  pl ume , t h e  ca l i b rat i o n  
re s u l t s are s hown o n  Tab l e 3 . 35 .  

U s i n g  t he c a l i brated  parame ter s , two s i mu l at io n s were per­
forme d : ( 1 ) as sum i n g  t hat t he sourc e co nc en trat i o n  wou l d  c o n ­
t i n ue to decay at an exp onen t i al rate of 0 . 1 ( no act i o n ) ;  a n d  
( 2 ) as sum i n g  t h a t  t h e  sou rc e co nc en trat i o n  wou l d  be  e l  i m i n a t ed  
d u r i n g t he reme d i a l  ac t io n  ( co n t i n u i n g  contam i n at i o n d ur i n g  
source  remova l ) .  The re s u l t s of t hes e two s i mu l at i o ns  are  
sh own o n  F i g ur e  3 . 24 .  The  ana l ys es i n d i cate t hat  t he pres en t 
l e ve l  of ch l or i d e  due  to t he t a i l i n g s  con tami n at i o n  i s  p r es en t­
ly  the  ma x i mum expected  at t he D ako t a  San d s to n e  s u b c rop a n d  
t he concen trat i o n s  s ho u l d rap i d l y  dec l i n e i n  t he n e x t  2 0  to 3 0  
ye ar s . Al s o , ad d i t io na l  con tami nat io n res u l t i n g  from r eme d i a.l  
ac t i o n  s hou l d  be mi n i ma l . 

S t a b i l i za t i o n  o n  the  s i te .  For  stab i l i zat io n o n  t h e  
s i te ,  wa ter-q ual i ty i mp ac t s  wou l d  b e  d ue to tw o c a u s e s : 

o Ex i s t i n g  c o n t ami nat i o n  i n  t he g round  water . 

o Cont i n u i n g  con tami nat io n of t he ground  water by t a i l ­
i n g s  1 eachat e .  

The s e  i mp ac t s  can be e v a l  u ated  by expan s i o n of t he m l  x l n g  
ce l l mod e l  used to eva l  u at e  t he wat e r - q ual  i ty i mp ac t s  of t a  i l ­
i n g s  re l ocat i o n .  A new term i s  ad ded  to t he water  b a l anc e t o  
accou n t  fo r i nf i l trat i o n  through  t he t a i l i n g s , an d a wa t e r­
q ual i ty de s c r i pt io n  i s  at tached  to t h at term . 
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F . 3 . 2 . 3 

F .  3 .  2 . 4  

The re are no ava i l ab l e data  o n  t he c o nc e ntrat i o n of uran i ­
um w i t h i n  t he t a i l i n g s  pore wa t e r ,  and  for t he mi x i n g ce l l mod ­
el a c o n c e n trat i o n  of 600 pC i / l w i l l  be a s sume d  ( 61 0  pC i / l  wa s 
the  h i g hes t me asured co n centrat io n of uran i um i n  a wel l com­
pl eted be l ow t he t a i l i n g s ) . Beca u s e  grou nd water moves  
through  t he t a i l i n g s ,  t h i s a ppe ar s to  be a repr es entat i v e  con­
centra t i o n  of  t he contami n a n t  sourc e stren gt h .  

Res u l t s  o f  mi x i n g cel l ca l c u l at i o n s  ar e pr es en te d  i n  
Tab l e  F . 3 . 36 for two d i f fe rent  rates of i nf i l trat i o n  corre­
s p o nd i n g to  two d i fferen t  va l ues of hyd r au l i c  conduc t i v i ty for 
t he cover ( Sect io n F . 3 . 3 . 2 )  an d for var i o u s  v a l ues of hyd r au -
1 i c and water-q ual  i ty parame te r s . I t  car  be conc l  uded  t hat 
the co ncen trat i o n  of contami n an t s  i n  t he grou n d  wat er  i s  rel ­
at i ve l y  sens i t i ve to  t he rate of i nf i l trat io n through  t he co­
ve r .  Fo r the  ca se of ur an i um,  a h i  g h er i nf i 1 trat i on  rate 
i n d i  cates l o ng-te rm concent rat i o ns i n  t he ran ge of 39 to 2 3 5  
pC i / l , s eve r a l  t i me s  EPA ' s  hea l t h  ad v i sory l e ve l . F o r  t he l ow ­
er i nf i l tr at i o n  rate , the  mi x i n g ce l l mod e l  i n d i cates l o ng­
term co nc entrat i o ns of ur an i um of  8 . 8  to 52  pC i / l . T h i s i s  
s l i g ht l y be l ow to severa l t i mes abo ve t he EPA ' s  he al t h  ad v i so­
ry l ev e l . The range i n  co nc entrat i o ns refl ec t s  var i ab i l i ty i n  
back g round  c o nc e n tr at i o n s  and  hyd r a u l i c  parame ter s . 

For  the  tox i c  no n- rad i o ac t i ve contam i n a n t s  i n  t he ground  
wat e r ,  a quan t i t at i ve a sses sme n t  wa s no t pe rforme d .  Uran i um 
and ammo n i um are t he o n l y  co nst i tuents for wh i c h  a de f i n i te 
p l ume cou l d  be de f i ned , wh i l e  ot he r  co n s t i tue n t s  ar e s porad ­
i c a l l y  d i s tr i b uted  i n  al l u v i a l  grou n d  water o r  are  not  present  
at co ncentrat i o n s  above  b ack g ro u n d  l eve l s  ( Sect i on F . 3 . 1 . 6 ) . 
Stab i l i zat i o n  o n  t he s i te wou l d  i nc l ude remova l  of the  t a i l ­
i n g s  from t he ground  wa te r ,  and thus  wo u l d  remove t he m a i n 
source  of t he sporad i ca l l y  d i s tr i b uted  co nst i tue nts . Bec au s e  
t h e s e  co n s t i t u e n t s  ar e no t mob i l e  eno u g h  t o  de ve l op a def i n ­
ab l e  p l ume , remo v a l  of t he i r ma i n  sou rc e  me an s t hat t hey wo u l d  
probab l y  be rap i d l y  f l u s hed  from t he al l u v i a l  grou n d  wat e r ,  
re l a t i ve t o  t he rate o f  f l u s h i n g  o f  uran i um .  

Extent  of contam i nant  p l ume 

I so - concentrat io n map s for t ho se co n s t i tue n ts for wh i c h  a 
p l ume cou l d  be de f i ned  ar e pres ente d  i n  Sec t i o n  F . 3 . 1 . 6 . 

D i s c h arge of p l ume to s u rf ace water 

R e v i ew of ex i s t i ng d a t a . A s i te- spec i f i c  geoc hem i ca l  
i n v es t i g at i o n  of  t he Gra n d  J unc t i o n  t a i l i n gs ( Marko s and  B u s h , 
1 98 3a ) i nc l uded  expe r i me n ts to i n ves t i g ate the  pos s i b l e move­
me n t  of  co n t ami n a n t s  i n to the  C o l or ad o  R i ver  ( B ush  et  al . ,  
1 9 8 0 ) . Thes e stu d i es co nc l u ded t hat li Th e C o l orado R i ve r ,  how ­
eve r ,  conta i n s  n o  me asurab l e  co ntami nat i o n  from t he t a i l i n g s . "  
( Marko s and  B u s h , 1 983a ) .  
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Tab l e  F . 3 . 36 Res u l t s  o f  m l x l n g ce l l mod e l  of uran i um c o nc en trat i on i n  
ground  water  for s t a b i l i zat i o n  on  s i te 

Ave rage  i n i t i al 
Ef f l ue n t  c o nc en tr a t i on s

g 
B ack ground  Leachate  concen-

Ground -wa ter  
f l  u x  r a t e  

5 . 7 x l 0
6 

5 . 7  x 10 

1 x lOB 

1 x 10
8 

1 x 10
8 

., B I 1 x 10  
N w 
N I x  10

8 

6 

c o nc en r 
t r a t i o n ) 

20 

20 

20 

20 

20 

6 . 8  

40 

I nf i  l tr�t i o n  
rat e 

B . 9  x 10- 1  

8 . 9  x 10  
-2  

8 . 9  x 10  
- 1  

8 . 9  x 10  
-2  

B . 9 x 10  
- 2  

8 . 9  x 10  
-2  

8 . 9 x 10  - 2  

� I n  l i ters  pe r year , fr om Tab l e F . 3 . 4 .  
I n  pC i / l , from Tab l e  F . 3 . 6 . 

c 

conc en-
d 

Ce 1 1  trat  i o n  
tra t i o n  vo l ume e under  t a i l i n gs  

600 7 . 0  x 1 0  7 600 

600 7 . 0  x 10 
7 

600 

600 2 . 5  x l OB 600 

600 2 . 5  x 1 0
8 

600 

600 2 . 5  x 10 
8 

12 5 

600 2 . 5  x 10  
8 

1 2 5  

600 2 . 5  x 1 0  
8 

1 2 5  

d I n  cm/ye ar , f r om T ab l e F . 3 . 1 1 .  
I n  pC i / l , h i g hes t ,ne a sured  concentrat i o n  be l ow t h e  t a i l i n gs , f r om Tab l e F . 3 . 6 . � I n  l i ters , from Tab l e  F . 3 . 5 .  
I n  pC i / l , h i g he s t  s e a s o n a l  c o n c en t rat i ons  be l ow t a i l i n g s , f rom Tab l e F . 3 . 6 . 

g
I n  pCi / l , for g i ve n  n umbe r of year s af ter  reme d i a l  ac t i on .  

f 
10 yrs  25  yrs  50 yr s 100 yr s 

34 3 253  23 6 235  

29 2 1 2 2  61 52 

57 39 39 39 

42 22 22 22 

25 22 22  22  

13  8 . 8  8 . 8  8 . 8  

45 42 42 42 



Cont i n uo u s l y-mo n i tor ed water - q ua l i ty d a t a  from t he 
Co l orado R i ver sy s tem near Grand  J u nc t i o n  ar e av a i l ab l e fr om 
two sources : t he U . S .  Geol o g i ca l  S u r vey ( USGS , 1 9 31 - 1986 )  and  
t h e  R ad i um Mo n i to r i n g  Networ k ( E PA , 1 97 3 ) . As of  1983 ,  the  
USGS rep or ted water- q ua l i ty i nformat i o n  for s tat io ns at Came o 
( up s tr eam of Grand  J unc t i o n ) , t he G u n n i  so n R i ver near Grand  
J unct i o n ,  and t h e  Co l o rado R i ver near  t h e  C o l orad o - Ut a h  state  
l i n e .  As of  1972  the Rad i um Mo n i t or i n g N e twork  ( RMN ) r ep or te d  
water-q ua l i ty fo r stat io ns  at DeBeq ue ( up s tr eam o f  Grand  
J un c t i o n ) , the  G u n n i so n R i ver  at Gran d J unc t io n ,  and  t he 
Col o rado R i ve r  near  F ru i t a ,  Co l o rado ( down s tr eam of Gr and  
J unc t i o n ) . T he  RMN  wa s re d u c ed af ter 1972 , a n d  i t s  us efu l n e s s  
w a s  i mp a i red ( E PA , 1 97 3 ) . 

The USGS dat a i nc l  ude  me as u r eme nts  of spec i f i c  cond uc ­
tanc e ,  commo n i o ns s u c h  as  ca l c i um ,  mag n e s i um ,  sod i um ,  p o t a s s i ­
u m ,  al k al i n i ty ,  s u l f at e ,  and ch l or i de ; and  ot her d i s s o l v e d  
co nst i tuent s s uch  as ar s en i c ,  bar i um ,  cadm i um ,  chrom i um ,  c o ­
bal t ,  co pper , i r o n ,  l e ad ,  man gan e s e ,  merc ury , se l e n i u m ,  s i l ­
ve r ,  and  z i nc . The RMN d a t a  i nc l ude  me a s u r eme n t s  of r ad i u m-
22 6 ,  u r an i um ,  and occa s i o na l  rre asur eme nts  of tota l  a l p ha ,  
gro s s  be t a ,  t ho r i um- al p h a, l ead -2 1 0 ,  stro nt i u m-90 ,  an d po­
l o n i u m- 2 1 0 .  

E v a l  u at i o n o f  USGS d a t a  for t he 1982 \'Jater  year f a i  l ed t o  
s h ow any me asurab l e ch anges i n  C o l or ado R i ver  water q ual i ty at­
tr i b ut ab l e  t o  t he t a i l i n g s  • .  Th i s  i s  to be expe cted d ue t o  sev­
er a l  f ac t or s : 

o The re l at i ve l y  l arge  f l ow of t he Co l or ad o R i ver  wou l d  
d i l ute  an d d i s pe r s e  co ntam i n a n t s  or i g i n at i n g fr om t he 
t a i l i n g s .  

o The effe c t  of t he t a i l i n g s  wo u l d  be over s h ad owed by ef-
fec ts  of i nf l u x of t h e  G u n n i so n R i ver i n t o  t he 
Col orado R i ve r  one  m i l e  down s t r eam of t he t a i l i n g s . 

o The i nf l u x  to t he Co l o r ado  R i ve r  of i rr i gat i on retu r n  
f l ow ,  urban  ru noff ,  an d ep heme r a l  dra i n ag es shou l d  
ov e r s h adow t he effec t s  of t he t a i l i n g s . 

E v a l uat i o n of the  RMN d a t a  for the  yea r s  1 9 62 to 1 9 72 
s h owed no e v i dence  of co ntami n at io n i n  the  Co l or ad o  R i v e r  
wh i c h co u l d  b e  attr i b ut ab l e  t o  t he Gran d J u nc t i o n  t a i l i n g s ,  
even t ho u g h  m i l l i n g operat i o ns wer e  ac t i ve  dur i n g the t i rre .  
The m i l l  s i te l i es be tween u p s tr eam  s t at i o n s  o n  t he Co l orado 
R i ver  at  DeBeq ue and  the G u n n i  so n R i ve r  u p s tream  of Grand  
J unc t i o n , and the down s tr eam stat i o n o n  t he C o l or ado R i v e r  
n e ar F r u  i t a .  T h e  E PA s t a t e d  t h at rad i u m  conce ntrat i o ns d i  d 
no t appr ec i ab l y  i nc rea s e  t h ro u g h  t he reach  but  uran i um d i d  i n ­
crease  by about  20 perc en t .  Part  or a l l of t hat i nc re a s e  i s  
due  to t he h i g h  co ncentrat i o n s  of ur an i um  i n  t he G u n n i  son 
R i ver  up s tr e am of Grand J unc t i o n ,  wh i c h exceed conc e ntr at i o n s  
i n  t he Co l or ado  R i ver  a t  DeBeq ue . I t  i s  ev i de n t  t hat  t here 
wo u l d  be no c l e ar i nd i cat io n of ( e . g . , me a su r ab l e contam i n a­
t i on )  rad i ome tr i c  contam i n at i o n  of t he Co l or ad o  R i ver  wa ter by 
t he Grand  J unc t io n  t a i l i n g s  beca u s e :  
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o The  re l at i ve l y  l arge  f l ow of t he Co l orad o  R i ve r  d i -
l utes  known ground -water i nf l ow from be n e at h t he 
t a i l i n g s . 

o The  effects of t he t a i l i n gs ar e o ver s h ad owed by t he e f-

o 

fe c t s  of i nf l ux of t he G u n n i so n R i v e r  i n to t he 
Co l o rado R i ve r  one  m i l e  down s tre am of t he t a i l i n g s .  

The amb i ent  co nc en trat i o n s  of 
C o l o rado R i ve r  water ove r s h ad ow 
Gran d J unc t i o n  t a i l i n g s . 

rad i o n uc l i d es i n  
t he effec t s  of t he 

o The  c umu l at i ve effe c t s  of uran i u m m i l l i n g  o n  t he 
Co l o rado R i ve r  sy s tem abo ve Gran d J unc t io n  wou l d  t e nd 
to o b s c u r e  t he effe c t s  of t he Grand  J u nc t i o n  t a i l i n g s . 

I mpact  a s s e s sme n t .  Al t ho u gh t he effe c t s  of t he G r a n d  
J unc t io n t a i l i n g s  on  Co l orado R i ve r  water q u a l i ty h av e  n o t  
be en me a su r ed t o  date , there i s  a n  unme a surab l e  b u t  es t i mat­
ab l e  m i n i ma l  i mp ac t  o n  the wat er  res o urc e .  The d e g r ee o f  t h i s 
i mp ac t  may be es t i mated for a g i ve n  wat e r- q u a l i ty c o n s t i t ue n t  
by ca l c u l at i n g  t he d i l ut i o n  o f  that  con s t i t u e n t  i n  t he 
C o l orado  R i ve r .  Fo r examp l e ,  cal c u l at i o n s  cou l d  be b a s e d  o n  
a n  ave rage  f l ow i n  the  Co l or ado R i ve r  abo ve I mpe r i a l  D a m  of  
1 0 , 90 0  cub i c feet  per sec o nd ( USGS ,  1 9 79 ) , a� averag e g ro u nd ­
water f l  u x_ 2under  t he ta  i l  i n gs  of 7 . 1  x 10 1 i te r  per y e ar 
( 7 . 95 x 1 0  c ub i c  feet per sec o nd ) , and  an exces s conc e n t r a ­
t i o n  o f  to ta l  d i s so l ved s o l i d s  ( T D S )  o f  5 0 0 0  mg / l  i n  t h e  
g r ou n d  wat e r .  T h e  h i g he st  down grad i e n t  co nc en trat io n o f  T D S  
i s  l es s  t han 5000 mg / l  more t ha� t he m a x i mum of t he b a c k g ro u n d  
ran ge . T h e  f l ux  o f  7 . 1 x 10  l i ters  pe r ye ar i s  i n  the  
range  of f l u xe s  ca l c u l ated us i n g D arcy ' s  l aw ( Sec t i o n  
F . 3 . 1 . 5 ) , and i s  t he same a s  cal c u l ated i n  a pr ev i o u s  s tu dy 
( N US ,  1983 ) . B a s ed on  t hes e n umbe r s  a d i l ut i o n  f ac t or of 
1 3 7 , 000 i s  ca l c u l ated , and i nf l ux  of co ntami n a ted g!p u n d  water  
i n to t he C o l or ado R i ver  wou l d  co n tr i b ut e  3 . 7  x 1 0  mg / l  TDS  
to the Co l or ado R i ve r .  A U . S .  B ureau  of  Re c l amat io n s t u dy 
( UR S ,  1 98 3 )  es t i mated an an n ual  l o s s  of $540 , 000  for  e ac h  i n ­
c r e a se of one  mg / l  TD S i n  t he C o l or ado R i ve r  at I mpe r i al Da rn 
( a l o n g  t he Ar i zo na - Ca l i fo r n i a bo rder ) .  B a sed o n  t he s e  a s s u mp ­
t i o n s  and approx i mate ca l c u l at i o n s , t h e  TD S l o ad due to the  
t a i l i n g s  may repres ent  an  an nual l o s s of no  g r eater t h an 
$ 2 0 , 060  i n  t he val ue of t h e  res ourc e to down s tre am wat e r  
u s e r s . 

U s i n g  s i m i l ar as sump t i o n s  hea l  t h  effe cts  can  b� ad d r e s s -
ed a U s i n g  ground -water f l ow vo l ume s  of 1 . 6  x 1 0  t o  1 x 
1 0  l i t ers  pe r ye ar ( T ab l e  F . 3 . 5 ) , an ave rag e concentrat i o n  
of ur an i u m i n  t he g round  water of 600  pC i / l , and  a f l ow i n  t h e  
C o l o rado R i ve r  of 37 80 cf s ( t he 49-ye a r  avera g e  a t  C ame o ;  
US G S ,  1 9 7 9 ) , t he i nf l u x  of con tami n ated  gro��d wat er i n t o  to'9 
Co l o rad o R i ve r  wou l d  co ntr i b ute 2 . 9  x 10 to 1 . 8  x 1 0  � 

pC i / l  oppos i te t he t a i l i n g s . Th i s  i s  an  over-es t i mate beca u s e  
600 pC i / l  repres e nts t he h i g h e st me a sured co ncentrat i o n  o f  
uran i u m  i n  t he ground  water , no t an ave rage . He a l  t h  effec ts  
of  i n ges t i n g water  ar e d i s c us sed i n  d e t a i l i n  Appe nd i x I ,  R ad i ­
at i o n  He al t h  Effe c t s .  
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F . 3 . 3 

F . 3 . 2 . 5 Contam i n ant  sources  other  t h a n  m i l l  t a i l i ng s  

The re are s e vera l  poten t i al co ntam i n a n t  sourc es o t her  
than  m i l l  t a i l i n g s  wi t h i n  t he pote n t i al l y  af fected hyd ro l og i c 
set t i n g .  Thes e i nc l  ude : 

o I r r i gat i o n  r e tu r n  f l ow .  
o Urban  r u n o ff .  
o L an df i l l s or bur i ed tra sh . 
o I nd us tr i a l act i v i t i e s .  

The mo s t  ea s i l y  i de nt i f i ab l e  sourc e of g r ou n d -water con­
tam i n at i o n  i n  t he ar ea i s  i r r i g at io n retu r n  f l ow ,  i nc l u d i n g  
seepag e from can a l s ,  deep perc o l at i o n  of i rr i g at io n  wa ter ,  a n d  
urban  s eepag e from water m a  i n s ,  s ewer s ,  a n d  garden i  n g .  T h  i s  
water pe rc o l ates t hrough  t he al l u v i um  and  i n t o  t he Man c o s  
S h a l e ,  where  i t  l eaches  sa l ts . Concen trat i o ns  o f  s al ts exceed 
3000 to 4000 mg / l  i n  t he Man c o s  S h a l e .  Th i s l e ac h a te mo ves to­
ward  the  ac t i ve al l u v i um a l o n g the  C o l or ado R i ve r  and  t hen i n ­
to the  r i ve r .  The e n t i re Gra n d  V al l ey c o n tr i b utes  eno u gh s al t 
to the C o l or ado R i ve r  to i nc r ease  t h e  s a l i n i ty of t he r i ver  at  
I mper i a l D am by mor e t han 4 3  mg / l  ( U . S .  B ureau o f  Rec l amat i o n ,  
1 9 7 8 )  . The a n n ual  cos  ts o f  t h i  s 1 eachate  can  be e s  t i mated a t  
mo re  t han $23 m i l l i o n us i n g a s i m i l ar es t i ma t i o n  appr o ach a s  
t h e  o n e  pres ented  above  ( Sec t io n  F . 3 . 2 . 4 ) . 

The i mp ac t s  of urban  runoff  o n  gro u n d -water  q ua l  i ty i n  
the  Grand  J unc t io n  are a  have  not  been  q uan t i f i ed .  I t  i s  k nown 
t h at contam i n a n t s  p r es ent o n  s treet surfaces contr i b ute  to wa ­
ter po l l ut i o n  ( E PA , 1 97 2 ) . Amo n g  t he c o n t am i n a n ts known t o  be 
pres e n t  o n  ci ty s tre e ts are p hosp hate s ,  ni trates , he avy me t ­
a l s ,  a n d  pe s t i c i des . 

At one  bo r i n g  l ocat i o n  down - grad i en t  of t he t a i l i n gs 
( 73 3 )  t r a s h  wa s enco u n tered . The exte n t  o f  t h i s " l an df i l l "  i s  
un k no wn . Th i s  mate r i a l co u l d  co ntr i b ut e  to grou n d -water conta­
m i n at i o n .  

There ar e n ume ro u s  i n dus tr i es i n  t he v i c i n i ty o f  t he t a i l ­
i n g s .  Se ve ra l  of t h e s e  u s e  c h em i c a l s i n  t he i r  ope rat i o n s .  The  
effe c t s  of  t he s e  i nd u s tr i e s o n  g ro u n d -water qua l i ty ,  i f  any , 
are unk  nown . 

CL I MAT I C  E F FE CTS ON  CONTAM I NA NT  M I G RAT I O N  

F . 3 . 3 . 1 C l i mate 

The c l i mate i n  t he v i c i n i ty of Grand  J unc t io n  i s  r el at i ve­
ly dry . An n u a l  prec i p i tat i o n  ave rag es abo ut 8 . 9 i nc h e s  ( 22 . 6  
cm ) . S i mmo n s  and  Gee ( 198 1 )  report va l  ues of p o t e n t i  al e va po­
t r a n  S p i ra t i o n  ( P E T )  for G ran d J un c t i o n  i n t he ran g e 0 f 18 0 cm 
pe r year . T h u s  the rat io  of P E T  to prec i p i tat i o n  i s  i n  the  
range  of  seve n  to e i g ht .  Se l  ec ted data  for  pan e va porat i o n  
a r e  s hown i n  Tab l e  F . 3 . 37 .  
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Tab l e  F . 3 . 37 Se l ec ted pan  e v a po r at i o n  d a t a  f o r  t he G r a n d  J unc t io n  are a 

Tot al  e v a porat i o n  
Y ear Mon t h s  of record  ( i n ches ) 

GRAND J UNCT ION  6 ESE  

1977  M ay- Se ptember  5 5 . 87 
1978  May - Se ptem be r  5 4 . 9 3 
1979  May - Se ptembe r 5 7 . 29 
1980 May -J u l y ,  S e ptem be r  4 1 .  7 8  

A verage  ( pe r i  od 
of rec ord ) May- Se ptem be r  74 . 8 1 

MON TROSE  1 

1977  Apr i l ,  J une-Oct ob e r  38 . 23 
1978  Apr i l - November 5 2 . 9 3 
1979  Apr i l -October  50 . 13 

1980 May -October  45 . 90 
A verage  ( pe r i  od 

of recor d )  Apr i l - November 52 . 89 

Ref . NOAA,  1 9 7 7 - 1 980.  
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F .  3 . 3 . 2  Contam i nant  m i grat i o n  i n  t h e  u n s a t u r ated zo ne 

E x i st i ng co nd i t i o n s .  Dur i n g the pe r i o d  of act i v e m i l l -
i n g  and up  to t he pres e n t t i me , t he i mp act  of  contam i nant  
t r an s p 0 r t i n t he u n sat  u r at e d zo n e has  bee  n r e 1 a t i v e l  y m i n  0 r • 

The ma jor  i mp acts  to gro u n d  water h ave  been  t he d r a i nag e o f  
t he i n i t i a l l y  satur ated t a i l i n g s  af ter depos i t i o n  a n d  t he f l ow 
of grou nd water t hrou g h  t ho se por t i o n s  of t he t a i l i n gs wh i c h  
are be l ow t he water t ab l e . 

F u t u re cond i t i o n s .  I n f i l trat io n o f  i nc i d e n t  prec i p i t a-
t i o n  t hr o u g h  t he ta i l i n gs  can g enerate  l e achate  wh i ch c a n  move 
out  o f  t he s t ab i l i ze d  s i t e embankme n t .  I t  i s  d i f f i c u l t t o  pre­
d i c t  t he pre c i p i t at io n wh i c h  wou l d  i nf i l trate ;  howeve r ,  c a l c u ­
l a t i o ns have  been made to pr o v i de an u p per  bo u n d  on  i nf i l tr a­
t i o n .  

A va r i e ty of me thod s a r e  u s ed t o  compe n s ate  for  t he d i f f i ­
c u l ty i n  pr ed i c t i n g  i nf i l trat i o n  rates . The var io u s  me t hod s 
are br i e fl y de s c r i bed be l ow ,  wh i l e  pred i cted i nf i l trat i o n  
rates  are pr es ented i n  Tab l e  F . 3 . 38 .  Th e s e  ca l c u l at io ns 
s h o u l d  be c o n s i d e re d  as  pre l  i m i n a ry .  

O ne conse rvat i ve rre t hod of c a l c u l a t i n g  an u p pe r  bo u n d i n g  
va l ue o f  i nf i l trat io n t hr o u g h  t he t a i l i n gs  embankme nt i s  t o  a s ­
s u rre  a co ns tan t saturated  f l  u x  t hr o u g h  t he co v e r  ( me t hod 1 ,  
Tab l e  F . 3 . 38 ) . Th i s  ca l c u l at io n  u s es D arcy ' s  L aw t o  c a l c u l ate 
f l u x : 

wh ere 

q = K � 
d l  

q = f l u x  ( l i t )  

K = saturated  hyd r au l i c  cond uc t i v i ty ( l i t )  

d h l d l  = hyd rau l i c  g rad i e nt 

Net i nf i l trat io n wou l d  prob ab l y  be s i g n i f i ca n tl y l es s  
t han  ca l c u l ated w i t h  me thod 1 ,  bec a u s e  t he f l u x  o f  mo i s t u r e  i n ­
to the cover  i s  no t co n s tant  and bec a u s e  mo i s t u r e  a l s o  mov e s  
out  o f  t he cover  by evapotran s p i rat i o n .  A l ower ,  more repr e­
sen tat i ve va l ue of n e t  i nf i l tr at io n wa s ca l c u l ated  us i n g  t he 
fo l l ow i n g  a s s u mp t io ns  ( rre thod 2 ) : 

o The s l op i n g emb ankme n t  co v e r  prom otes l atera l  r u no ff 
of exces s mo i s ture . 

o I nf i l trat i o n occurs  o n l y u n d e r  a snowp ack or  d ur i n g  
s i g n i f  i can  t ( i .  e . mo re t han  O .  1 i nc h ) pre  c i p i t  at i o n  
e ve n t s . 
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Tab l e  F . 3 . 38 Pred i c ted i nf i l trat i o n  rate t hr o u g h  t he cover 
at t he Grand  J unc t i o n  s i te 

Cover Durat i o n  

M ethod a hydr a u l i c  b ofc I nf i l  trat io  n 
c o n d uc t i v i ty f l ow rate ( cm /y r )  

1 1 x 1 0- 6 
co ns tan t 3 . 1 5 x 1 0 1 

1 1 x 10- 7  co n s tan t 3 . 1 5 x 1 0
0 

2 1 x 1 0- 6  246 8 . 90 x 1 0- 1  

2 1 x 10- 7  
24 6 8 . 90 x 1 0- 2 

3 Data  not  av a i l ab l e  

4 Not app l  i cab l e  

aMet hod 1 i s  cons tan t D arcy f l ow under u n i t hydrau l i c  g rad i en t ;  
M et hod 2 i s  c o n s t an t  D arcy f l ow d ur i n g ra i nf al l eve n ts > 0 . 1 i n c h ; 
Method 3 i s  wett i n g  fr o n t  ad vance  d ur i n g ra i nf a l l events > 0 . 1  i n c h ;  

bM et hod  4 i s  water b a l a n c e . 
I n  cm/ s ec . Hydrau l i c  c o n d uc t i v i ty o f  cover wo u l d  be spec i f i ed i n  e n g i n eer i n g  
de s i g n .  c I n  hours  per year . 
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o A downwa rd , un i t  hyd r a u l i c  grad i en t  ex i sts  o n l y under  
a s nowp ack  or  d ur i n g s i g n i f i ca n t  pr ec i p i t at i o n eve nts . 

o Co ntr i b ut i o n  of s nowp ack to  i nf i l trat i o n  i s  m i n i ma l , 
beca u s e  snows are l i g h t  and  t hey se l d o m  rema i n  o n  the 
grou nd fo r l o ng  pe r i o d s of t i me  ( U . S .  B ur eau o f  Rec l a­
mat i o n ,  1 9 7 8 ) . 

o S i g n i f i c a n t  net  i nf i l trat i o n  oc c u r s  on l y d ur i n g d ays 
w i t h  pr ec i p i tat io n g r eater than  0 . 1 i nc h  of prec i p i t a­
t i o n .  For  pr ec i p i t at i o n  events  l es s  than  0 . 1 i nc h ,  i t  
i s  a s s ume d  that  t he over l y i n g  rock  cover wo u l d  ca u s e  
l arge  i n te rc ep t io n  l o s ses . F o r  t h e  pe r i o d  1965 - 1 98 1 , 
t h e  ar ea ave raged  41  d ays wi t h  pr ec i p i t at i o n  greater 
t h an 0 . 1  i n c h  ( Co l or ado C l i ma t o l o g i ca l  Off i c e ,  1 98 2 ) . 

o For days wi t h  pr ec i p i t at i o n greater than  or eq ual  t o  
0 . 1 i n c h , t he pr ec i p i t at i o n  oc c u r s  over a s i x - h o u r  pe­
r i od .  For  the  pe r i od J a n uary , 1 98 1 ,  t h rou gh  Marc h ,  
1985 , c l i mat i c  da t a  for Grand  J u nct i o n  s how t hat  days 
w i t h  pr ec i p i ta t io n  greater than or eq ua l  to  0 . 1  i nc h  
av e ra g ed 5 . 5 hours  of me a s u r ab l e  pr ec i p i tat i o n ( NOAA, 
1 9 8 1 - 1 985 ) • 

B ased  o n  t hes e a s s u mp t i o n s ,  a u n i t hyd r a u l i c  grad i e n t  oc­
curs  for  a l i m i te d  pe r i o d : 

4 1  days x 6 ho u r s  
d ays 

= 246  hour s 

T h i s ca l c u l ated d u r at io n of a downwa r d ,  u n i t hyd rau l i c 
grad i en t  i s  u sed  to ca l c u l ate an n u a l  n e t  i nf i l tr at i o n ( T ab l e  
F .  3 . 38 )  . 

An  a l ternate me an s  ( me t hod  3 )  o f  c a l c u l at i n g  an n ua l  i nf i l ­
tr a t i o n  i s  made us i n g a fo rm u l a for ad v a n c eme n t of a we tt i n g 
front  d ur i n g cons tan t i nf i l trat i o n  ( St a l l man , 1 9 67 ) : 

dw/ h c  + l o g 1/ ( 1  + dw/h c )  = kt/ h cSc 

whe re 

dw = dep t h  of we tt i n g  f r o n t  at t i me t 

h c  = pr es s u r e  head a c r o s s  we tt i n g  f r o n t  

k = saturated  hyd r a u l i c  c o n d uc t i v i ty 

t = t i me  af ter t he g round  surface  i s  wet te d  

S c  = c h a n ge i n  vo l ume tr i c  water co nte nt ac ross  
t he we tt i n g f ro n t  
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The  u s e  o f  t h i s  eq uat io n for  c a l c u l at i n g  i nf i l tr a t i o n  i s  
a s  fo l l ow s : 

o I nf i l tr at io n oc c urs  o n l y when t here i s  a s urface  
s o urce  of  wat er , a l  t h o u g h  t he we tt i n g f r o n t  wou l d  c o n ­
t i n ue t o  ad v a n c e  af ter t h e  sourc e i s  r emove d .  

o Sc eq ual  s t h e  d i f ferenc e be tween t he - 1 5  bar  and  sat­
ur at i o n  mo i sture  pe rce ntag e .  

o N e t  i nf i l tr at i o n  oc c u r s  on l y  dur i n g  pr ec i p i t at i o n  
events  of 0 . 1  i nc h  or g reater ( see  me t hod  2 for  r ea s o n ­
i n g ) , wh i c h are a s s u me d  to l a s t  s i x  h o ur s .  

o Net  i nf i l trat i o n  e q ua l s dw x Sc . 

Th i s  me t hod  wa s no t us ed for t h e  Gr o u n d  J unc t i o n s i t e ,  
but  wa s u sed  for t he C h e n ey Res e r vo i r  s i te ( Sec t i o n  F . 4 ) . An 
a l tern a t i ve me an s of es t i mat i n g t he n e t  i nf i l tr at i o n i s  to  a s ­
S U ITe  t h at i t  wo u l d  b e  l es s  t han or  e q u a l  to  t he ex i s t i n g  n e t  
i nf i l trat i o n  t hrough  t he u n d i sturbed  s o i l s  at  t he s i t e ,  a n d  es ­
t i mate the  ex i s t i n g  i nf i l trat i o n  rate  us i n g a water ba l ance  
c a l c u l at i o n  ( me t hod 4 ) . The re a so n i n g  be h i n d t h i s  e st i mate 
wo u l d  be t hat t he e n g i n eered  cover wi l l  h ave  a l ower perme ab i l ­
i ty t h an the u n d i sturbed s o i l s , wh i c h wo u l d  tend to restr i c t 
i nf i l trat i o n  to l es s  than  ex i st i n g rates . I t  mus t be noted 
that  f ac tors  ot her t han t he pe rme ab i l i ty of t he s o i l  c o n t r o l  
i nf i l trat io n ,  e . g .  evapo tran s p i rat io n by t he ex i st i n g  ve g e t a­
t i o n .  The ex i s t i n g  rate of net i nf i l trat io n s t i l l  prov i de s  a 
q ual  i t at i ve me a sure  of what i nf i  l tr at i o n t hr o u g h  t he covered  
t a i l i n g s  cou l d  be . 

P re v i o u s  s t u d i e s .  The Grand  J unc t i o n  s i te wa s u s e d  t o  
i n ves t i gate  t he u s e  of vegetat i o n  a n d  r o c k  co vers  to  s tab i l i ze 
u r an i um m i l l  t a i l i n g s  ( Mayer e t  al . ,  1 98 1 ) . The i n ve s t i g at i on 
co n s i s ted of s i mu l at i n g  mo i sture  moveme nt t hr o u g h  t he t a i l i n g s  
and  cover  l ayer s . The s i mu l at i o n  u s e d  a vers i on of t he comp u ­
ter c od e ,  UNSAT ( Gu p t a  et al . ,  1 97 8 ) . The ve r s i o n  i s  ca l l ed 
UNSATV and ac c o u n t s  for  t he i mp o rt an t  f ac t ors  i nf l ue nc i n g t he 
u n s a t u r ated  zo ne : 

o Water i nf i l trat i o n  f rom pr ec i p i t at i o n  or i r r i g at i o n .  
o E va porat i o n .  
o Tra n s p i ra t i o n .  
o R u no ff . 
o D r a i nag e .  
o Water vapor d i ffus i o n ( a  fe at u r e  o f  UNSATV ) . 

The s i m u l at i o n s  were r u n  for  a o n e-year per i od to  i n i t i al ­
i ze t he mod e l , and  t hen  for  a two-year per i od u s i n g  e i t her  t he 
repeated c l  i ma t i c  d a t a  for 1979  ( wettest  ye ar i n  1 97 6  to 1979  
pe r i od )  or the  repeated  c l i mat i c  dat a for  197 6 ( d r i e s t  year 
1 9 7 6  to 197 9 ) . 

The res u l ts of t he s i mu l at i o n stu dy h av e  s eve ra l  l i m i t a­
t i ons  wh i c h re s t r i c t  t he i r  appl i c ab i l i ty to the  c urrent  de­
s i g n s  for s tab i l i z i n g t he t a i l i n gs .  I t  s h o u l d be noted  t hat  
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al t h o u g h  t he s i mu l a t i o ns are l i m i te d  i n  t he i r  appl i ca b i l i ty ,  
t h e s e  1 i m i tat i o n s  tend t o  ove res t i ma te mo i st u r e  moveme nt  and 
t h u s , d i s c u s s i o n of t he se l i m i t at io n s  fo l l ows : 

o The cover sy s tem des i g n  u sed  i n  t h e  s i mu l at i o ns wa s 
q u i te d i ffe re n t  from t he current  de s i g n .  Mo s t  s i g n i f­
i c a n t  i s  that  t he s i mu l a t e d  pr of i l e  h ad a l ow­
pe rme ab i l i ty l ayer at de pt h ( 1 . 3  me ter s ) w i t h i n t he 
mu l t i - l ayer cove r ,  where a s  t h e  c ur rent  conc eptu a l  
des i g n  has  a l ow - pe rme ab i l i ty l ayer near t he top  of  
t he cover  sy s tem . The s i mu l ated  cover  h ad a 1 . 3-me ter 
t h i c k  l ayer of ove r b ur den wh i c h co u l d r eta i n mo i stu r e ,  
te nd i n g to  dr i ve water down throu g h  t he l ow­
pe rme ab i l i ty cove r .  

o The l o w- pe rme ab i l i ty l ayer u s e d  i n  t he s i mu l at i o n  wa s 
o n l y 15  cm th i c k ,  approx i matel y one-tenth  ( 1/ 1 0 )  t he 
t h i c k nes s of t he c ur rent  des i g n .  Us i n g D arcy ' s  L aw 
mod i f i e d for u n s at u r ated  f l ow ( H i l l e l ,  1 9 7 1 ) : 

- K  ( t het a )  dh  q = 

d l  
wh ere 

q = f l u x  

K = u n s at urated  hyd r au l i c  cond uc t i v i ty 

t he t a  = water co n te n t  

dh l d l  = hyd r au 1 i c grad i e nt 

dh  = c h an ge i n  t o t al h e ad 

d l  = l en g t h  of f l  ow p at h 

I t  can  be seen t hat for a g i v e n  va l  ue of K an d a g i ve n  
ch ange  i n  h e ad ac r o s s  a t a i l i n gs  sy s tem ; t he gr eater t he 
l e n g t h  of t he f l ow p at h  ac ros s  t he l ow- pe rme ab i l i ty l aye r t he 
sma 1 1  er  t he f l  u x .  The rat io KI d l  i s  somet i me s  ca l l ed  t he 
" Effe c t  i ve n e s s  Factor " ( Bue l t an d B arnes , 1 9 8 1 ) . The c ur r ent 
des i g n h a s  an effec t i venes s f ac t or appr ox i mat e l y four t i me s  
that  o f  t he s i mu l at i o n  study . 

o The s i mu l at i o n  wa s performe d us i n g a one-d i me n s i o n a l  
mod e l ,  t herefore  l atera l  dr a i n a g e  wa s not  cons i d e red .  
And  mor e  i mp or t an t l y ,  t he mod e l  does  not  ca l c u l ate r u n ­
off d i rect l y ,  a n d  do es  no t t ak e  i n t o  acco u n t  t h e  ef­
fec t s  of a s l oped  sur face o n  runo ff .  The c u r r ent  
co ncep t u a l de s i g n  i nc l u des  a cover  top  s l ope of  two  to  
four  pe rc ent to  promote r u no f f ,  w i  t h  s i des  l o pe s of 20  
pe rc en t .  

I t  can  be conc l uded  t hat t he pr ev i o u s  s i mu l at i o n  s tu dy 
( Mayer e t  al . ,  1 9 8 1 )  i n c l  uded  s e ve r al aspects  wh i ch  wou l d  tend 
to ove res t i mate net i nf i l tr at i o n  an d wh i c h l i m i t  t he appl i c -
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ab i l i ty of the  s i mu l at io n  s tu dy to the cur rent  de s i g n .  ThE:.'  
c ur r e n t  conc ept u a l  de s i g n wo u l d  be  mor e effe c t i ve i n  m i n i m i z ­
i n g  i n f i l trat io n and l e achate  prod uc t io n  t h an t he de s i g n  u s ed 
i n  t he p r ev i o u s  s i mu l at i o n  s t u dy .  

The Grand  J unc t i o n  ta i l i n gs  wer e  al s o  t he l o c at i o n  o f  a 
f i e l d  s t u dy of the u s e  of ve getat i o n  and rock  covers  ( Be e d l o w ,  
1 984) . F i e l d me a sureme nts o f  mat r i x  pote n t i al  a n d  vo l u me tr i c  
mo i s ture  for  two sets  of two dates  i n  1 982 cor rob o ra t e  t he s i m­
u l a t i o n s tu d i es .  The vege tated co ver  s h owed very l i t t l e 
ch ange  i n  mo i sture  conte n t  rel  at i ve to  r o ck cover  ( t he c h a n ges  
i n  mo i s tu r e  co ntent  u nder  t he ve getat i ve co ver  ar e near  t he 
r e s o l  ut i o n of t he neu t r o n  pr obe t h at wa s us e d  to make  t he 
me asuremen t s ) . 

The appl i c ab i l i ty of t he f i e l d s tu dy to t he c ur r e n t  de­
s i g n  i s  al s o  l i mi ted by d i ffe re n c es be tween t he two c o v e r  de­
s i g n s . The  tes t p l ots  were re l at i v e l y f l at ( s ee F i g u r e  1 i n  
K i r kh am et al . ,  1 982 ) , wh i c h wou l d  m i n i m i ze ru no f f .  The  c u r ­
r e n t  co n c ep t u a l  de s i g n i nc l  u des a cover s l oped  t hree t o  f o u r  
perc e n t ,  wi t h  s i de s l o pe s  o f  2 0  pe rc e n t ,  t o  promote ru no ff . 
The tes t p l ots  had a l ow - pe rme ab i l i ty l ayer at d e p t h  w i t h  o v e r ­
b u r den  wh i c h cou l d  reta i n  mo i s ture , wh i c h wou l d  t e n d  t o  d r i v e  
water t hr o u g h  t he l ow - pe rme ab i l i ty l ay er . Al s o ,  t he t h i ck ne s s  
of t he l ow - pe rme ab i l i ty l ay er i s  l es s  t han i n  t he c u r r e n t  s i t e  
de s i g n  al tho u g h  t he hyd r a u l i c  co nd uc t i v i ty i s  l ower . The  n e t  
re s u l t wa s t hat the current  des i g n  h a s  a g reater e ffec t i v e n es s 
factor t han t he tes t p l o t .  Th e s e  d i ffe re nc e s  al l i n d i  c a te  
t h at net  i nf i l trat i o n  wou l d  tend  to be  l es s  wi t h  t he c u r r e n t  
de s i g n t han f o r  t he t e s t  p l o ts .  

F . 3 . 4 . EX I ST I NG USAG E AND VAL UE OF  WATER R E SOUR C E S  

F . 3 . 4 . 1  G r o u n d  water 

U s age . Ut i l  i zat io n of grou nd wa ter i n  the G r a n d  
J unct i o n area i s  pr edom i n a n tl y from de epe r conf i n ed aq u i f e r s  
rat her t han from t he s h a l l ow aq u i fers . T h e  l ack  of u s a g e  o f  
s h a l l ow grou nd water c a n  b e  attr i b ut ed t o  t hr ee f ac tor s :  t he 
poor q u al i ty and l ow y i e l d of s h a l l ow aq u i f e r s , and t he r e ady 
av a i l ab i l i ty of al tern ate water s u p p l i es .  Reports  on t he 
hydro geo l ogy of t he Grand  J unc t io n are a cor robo rate  t h i s  
( L o hman , 1 96 5 ) : 

" I n t he Grand  J unct io n are a ,  u n c o nf i n ed aq u i f e r s  y i e l d  
but  1 i t tl e water  or wa ter of poor  q ua l  i ty ,  or bo t h  . . .  
W he re th i c k ,  t he al l u v i um  al o n g  t he pr i nc i p a l  s t re ams 
pr ob ab l y  wo u l d  y i el d  co ns i d erab l e  water  to prope r l y c o n ­
structed we l l s ,  but t he water prob a b l y wo u l d be too h a r d  
f o r  dome s t i c  or pu b l  i c  s u p p l  i e s .  I t  wou l d  b e  s u i t ab l e  
c h e m i c a l l y  for i rr i gat io n ,  but i r r i g at i o n  water from t he 
r i ve r s  i s  ab u n d an t l y  av a i l ab l e at l ower co s t . " 

I n  t h e  i mme d i  at e v i c i n i ty of t he t a i l i n gs o n l y o n e u n re g ­
i s tered we l l ,  a n  i nd us tr i al dra i n age  we l l upg rad i e n t  of t he 
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t a i l i n g s , i s  known to be comp l eted i n  t he al l u v i u m .  Th i s  
upg rad i e nt wel l i s  u s e d  o n l y i n  s u mme r mon t h s  when h i g h  
ground -water l e ve l s i n  the al l u v i um  f l ood l an d  adj ace nt  t o  t he 
C o l o rado R i ve r .  L o ca t i o n o f  t h e  wel l ( 7 10 )  i s  s h own i n  F i g u r e  
F . 3 . 1 . 

There are fo ur  artes i an a q u i fers  i n  t h e  Grand  J unc t i o n  ar­
e a ,  wh i ch are , i n  order  of i mp or t an c e  and pr od uc t i v i ty ,  
( L o hma n , 1965 ) : 

o The E n trada  S an d s t o n e .  

o T h e  W i n gate S an d s to n e .  

o The l en t i c u l ar  san d s to ne be d s  i n  t h e  S a l  t W a s h  Membe r 
of t he Mor r i son Format io n and  i n  some p l aces  i n  t he 
Br u s hy B a s i n Membe r .  

o The D ak o t a  S an d s t one and san d s tone i n  t he Bur ro C anyo n  
F o rmat i o n .  

The D a k o t a  Sand s tone  i s  the  u p pe rmo s t  artes i an a q u i fer  i n  
t he v i c i n i ty of ta i l i n gs . No re gi stered we l l s  are k nown t o  be 
comp l e te d  i n  the  D ak o t a  San d s to n e  wi t h i n the pote n t i al l y af ­
fec te d  hyd r o geo l o g i c  e nv i ro nme n t  of the  t a i l i n g s .  

V a l u e .  The va l ue o f  s h a l l ow grou n d  water i n  t he v i c i n -
i t y  of t he t a i l i n gs  can  be j ud ged by t he v a l ue of a 1 ter nat  i v e  
water s u p p l i e s  i n  t h e  are a .  The actua l  v a l ue i s  proba b l y l es s  
than  al ternat i ve water s u p p l  i es beca u s e  of t he poorer q u a l  i ty 
of t he g rou n d  water  ve r s u s  the  qua l  i ty of a l  ternat  i v e  water 
s u p p l i e s .  A rate s c h e d u l e  for de l i ve ry of c i ty water i s  s hown 
i n  Tab l e  F . 3 . 39 .  

Tab l e F . 3 . 3 9  Rate s c he d u l e fo r water  u s er s  
wi t h i n  Gran d J unc t io n  c i ty l i m i t s  

Q uan t i ty pe r mo n t h  
( ga l l o n s ) C h arge  

F i rs t  3 , 000 
Next 7 , 000 
Next 1 0 , 000 
More t h a n  20 , 000 

R ef . C i ty of Grand  J unc t io n ,  1 985 . 

$5 . 3 5 
$ 0 . 9 0/1000 ga l . 
$ 1 .  0 5/ 1 000 ga 1 .  
$ 1 .  25/ 1 000 ga l . 

Bec a u s e  grou n d  water i n  t he D ak o t a  S a n d stone  va r i es s i g ­
n i f i ca n t l y i n  y i e l d a n d  q ua l i ty depe nd i n g  o n  l o cat i o n ,  i t s va l ­
ue mus t be j ud ged accor d i n g  to  y i el d  a n d  q u a l i ty .  The Dako t a  
S an d s tone  i s  n o t  ut i l i ze d  i n  the  near v i c i n i ty o f  t he t a i l ­
i n g s ,  a n d  t here for e h a s  o n l y a f u t u r e  v a l ue ( Sec t io n  F . 3 . 6 ) . 
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F .  3 . 5 

F . 3 . 6 

F . 3 . 4 . 2  S u rface water 

U s age . The C o l o rado R i ve r  ma i n s tr eam be l ow t he t a i l -
i n g s  i s  u s ed by severa l  s t ates and  by Mex i co fo r var i ou s  p u r ­
po ses  i nc l u d i n g  dome s t i c  u s e ,  i nd u s tr i a l u s e ,  i rr i g at io n ,  l i v e­
stock  wa ter i n g ,  and  for  f i sh  and  wi l d l i fe . 

There are no major  dome s t i c  u s e r s  of C o l or ado R i ve r  wat er 
for 200 m i  l es down s tr eam from Gra n d  J u nc t i o n  ( F B D U ,  1 97 7 ) . 
The normal  water  s u p pl i e s  fo r Grand  J unc t i o n  ar e obta i n ed from 
Grand Mes a  s urfac e  water , t h e  J un i  at a an d Pur dy Mesa reser­
vo i rs be i n g t he major  sourc e s .  Dur i n g d ry spe l l s ,  Gra n d  
J unc t i o n  c a n  u s e  G u n n i so n R i ve r  wat e r ,  t he i n take  be i n g approx­
i ma te l y  one m i l e  u p s tr e am from t he co nf l ue nce  wi t h  t he 
C o l orado  R i ve r . The U te Water  D i s tr i c t u s es C o l orado R i v e r  wa ­
ter dur i n g d ry spe l l s ,  but i t s i n take  i s  j us t  u p s tr e am from 
P al i sade and t her efo re u p s tream from t he p i l e . 

V a l ue .  I n  the  h i g he s t cate g o ry of u s e ,  m u n i c i p a l  rate 
sched u l es ar e i nd i c at i ve of t he h i g he st pote n t i a l  va l ue of 
C o l orado  R i v e r  wat e r  ( T ab l e F . 3 . 39 ) . Ano t her  way to l oo k  at 
v a l ue i s  to l oo k  at t he i nc reme n t a l  l o s s es  d ue to p o l l ut i o n  o f  
t h e  r i v e r .  A 1 983  study by t he B ureau  o f  R e c l a mat i on h a s  es t i ­
mated an an n u a l  l o s s  of $5 40, 000 fo r eac h i nc re a s e  o f  o n e  mg / l  
i n  the to t a l  d i s so l ved  so l i d s  ( T D S )  co nte n t of t he Co l or ad o 
R i ve r  at  I mper i a l  D am ( UR S ,  1983 ) . 

AL TER NAT E WATER  S U P PL I E S 

The ta i l i n g s  have  no t af fe cted  any grou n d  water t hat i s  c ur r en t l y  
u s ed . Shou l d  t he af fe cted  grou n d  water  b e  co ns i d e r e d  f o r  u s e ,  t here 
wou l d  be poten t i al a l ternate  water  s u p p l i e s .  Al tern ate wat e r  s u p p l i es 
i n  the pote n t i al l y af fected  hyd r o geo l o g i c s e tt i n g  wo u l d  i nc l u de severa l  
sou rces : 

o Grand  J u nc t i o n  m u n i c i pa l  wat e r  sy s tem . 
o Comme rc i a l water s u p p l y ( de l i v e ry by tanker ) .  
o D r i l l i n g o f  we l l s  i n to m u l t i pl e  ar tes i an aq u i f e r s . 
o Appr opr i at i o n  o f  C o l orado  R i ve r  wa ter  ( s u b j e c t  t o  av a i l ab i l i ty )  • 

. , 

FUTURE  USAGE AND VAL UE OF WAT ER RESOURCES  

F . 3 . 6 . 1 Ground  water 

U s age . F ut ure  u s a g e  of s h a l l ow grou n d  water i n  the  af -
fec ted hyd r o geo l o g i c env i ronme n t  wi l l  be m i n i ma l  becau s e  of 
t h e  av a i l ab i l i ty of t he c i ty wate r ,  t he s e a so na l l y  l ow q ua l i ty 
of the  al l uv i a l aq u i fe r ,  and  the  i mp ac t  o f  o t her c o n t ami n a n t  
s o u r c e s  o n  t he water  ( Sect i o n  F . 3 . 2 . 5 ) . The  o n l y k nown ex i s t­
i n g  u s e  of the al l u v i a l aq u i fe r ,  at  a we l l upgr ad i e n t  of t he 
t a i l i n g s , oc c u r s  o n l y s ea so n a l l y  when t h e  r i ver  i s  at h ig h  
s t ag e ,  and  i s  o n l y  for dra i n age  o f  f l ooded  l an d .  

F - 244 



F .  3 . 6 . 2  

F ut ure  u s e  of t he uppe rmo s t  artes i an aq u i fer  i s  a l s o  ex ­
pec ted to be mi n i ma l : 

li The  sands t ones i n  the Dakota  San d s t one and  B u r ro C anyo n 
Format i o n  are t apped by very few we l l s  but , bec a u s e  of 
the  general l y  poor q ua l i ty of t he water . • •  ve ry l i tt l e 
ad d i t i o na l  de ve l o pme nt of water  from t h e s e  forma t i o ns i s  
l i k e l y or an t i c i pated . " ( L o h ma n ,  1 965 ) . 

V a l ue . E st i mates  o f  t h e  fut ure v a l ue of water re-
so urces  are d i f f i c u l t to es tab l i sh ,  and are severe l y  l i m i ted  
a s  to  t he durat i o n  over wh i c h t hey can be  de eme d re l i ab l e .  
One re a so n  for  the  u n c ert a i n ty of e s t i mates o f  water v a l ue i s  
that  water va l ue i s  str on gl y re l ated  to popu l at i o n  and  water 
deman d ,  an d es t i mates of  popu l at io n  c h a n ge s  tend  to be  ve ry 
short  term . I n  the  Grand  J un c t  io  n are a f ut u r e  wat e r  deman d 
wo u l d  a l s o  be t i e d  to s u c h  unc ert a i n f actors  a s  t he econo m i c s  
o f  o i l - sh a l e deve l opme nt ( o i l - sh a l e proces s i n g  may c o n s ume 
l arge  amo u n t s  of water ) .  

E st i mates of the va l ue of s h a l l ow grou n d  water n e ar t he 
Grand  J unc t io n  t a i l i n gs mus t be b a s e d  o n  t he f ac t  that  i t  i s  
not  a d i screte  water res o urc e .  The  s h a l l ow g r o u n d  water i s  hy­
d r au l i ca l l y  c o n nected to the C o l orado R i ve r  and any ca pt u r e  o f  
ground  water wou l d  draw water from t h e  r i ve r .  I t  ca n no t  be 
" mi ned " as can some grou n d -water sy s tem s ,  e . g . t here i s  no n o n ­
re newab l e  por t io n  o f  t he a l l uv i a l  sy s tem . 

Severa l  factor s can  be u s e d  to q ua l i t at i ve l y  j ud ge t he f u ­
ture va l  ue of s h a l l ow gro u n d  water near  t he t a i  l i  n g s . The s e  
fac tor s a l�e : 

o Expe c ted future  u s a g e  ( l ow ) . 

o Extent  ( l i m i te d  to are a ad j ac e n t  to C o l or ado R i ve r ) . 

o Amo u n t  of sy s tem wh i ch i s  no n - re newab l e  ( no n e ) . 

o Q ua l  i ty ve r s u s  al te rna t i v e  s o u rc es ( poor - ex ceed s E PA 
dr i n k i n g  water s t a n d a rd s ) . 

o Av a i l ab i l i ty 
a v a i l  ab 1 e )  • 

of a 1 te rna  t i ve  s u p p l i e s ( re ad i 1 y 

B ased  on t h e s e  q ua l  i t at i ve f ac t ors , i t  can  be c o n c l  u ded  
t h at t h e  expected fut ure va l ue of  t he s h a l l ow grou n d  water  i s  
re l at i ve l y  l ow .  

Surf ace water 

U s age . I n  the i mrre d i ate v i c i n i ty of t h e  t a i l i n gs , fu -
ture  u s a g e  wi  1 1  be m i  n i  ma 1 .  Th i s i s beca u s e  o f  t he s a me  r ea ­
s o ns a s  t he expected l ow u s e  o f  g r o u n d  water  i n  t he a r e a  ( t he 
re ady ava i l ab i l i ty of good q ua l  i ty m un i c i p al water ) .  
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F . 3 . 7 

V a l u e .  The va l ue of Co l or ado  R i ve r  wa ter i n  t h e  a r e a 
can  be expec ted to i nc re a s e .  I n c r ea s i n g  po pu l at i o n ,  ag r i c u l ­
t u r a l  de ve l o pme nt , and  mi nera l  or energy de ve l opme nt  i n  t hE: 
Grand  J unc t io n area and  the  Co l or ado R i ve r  B a s i n  wou l d  be  e x ­
pec ted t o  i nc r ea s e  deman d for Co l or ado R i v e r  water . The  i n ­
crea s i n g  dema n d  wo u l d  i nc r ea s e  t he va l ue p l aced o n  t he wate r .  

IMPACTS I N  AF F E C TED  H YDROG EOLOG I C  E N V I RONM E NT 

I mp a c t s  o n  the  af fected hyd r o geo l o g i c env i ro nme n t  
bo t h  fo r ex i s t i n g co n d i t io n s  a n d  fo r fut u r e  c o n d i t i o n s . 
t i o n s  can  be af fec ted by any of the  al terna t i ve ac t io n s :  

o N o  act io n .  
o Stab i l i zat io n o n  t he s i te .  
o Re l o ca t i o n t o  an al ter n ate d i sp o sa l  s i te .  

F . 3 . 7 . l  H uman h ea l t h  r i s k s  

are d i  s c u s  s e d  
Fut u r e  c o n d i -

Hea l th  effec t s  of i n ge s t i n g  grou n d  water and  s u r fa c e  w a ­
t e r  are d i s c u s sed i n  det a i l i n  Ap pe nd i x I ,  R ad i at i o n  He a l t h  
Effec t s . 

E x i s t i n g cond i t i o n s . To dat e ,  there are no k no wn u s e r s  
o f  gro u n d  water i n  t h e  af fec ted hyd r o geo l o g i c e n v i ro nme n t  and  
therefor e there are no k nown h uma n h e a l t h  r i s k s  from t he i n ge s ­
t i o n of t h i s g ro u n d  water . 

F ut u r e  co nd i t i o n s .  For the no act i o n  al te rn a t i v e ,  i m-
pacts  o n  ground -water  and  s ur f ace-water q ua l i ty wou l d  prob a b l y 
be abo ut t he same as  ex i st i n g co nd i t i o ns  ( Sec t i o n  F . 3 . 1 . 6 ) . 
The pro b a b i l i ty of h uman i n ge s t i o n  o f  gro u n d  water wo u l d  be 
l ow ( Sec t i o n F . 3 . 6 . l ) . 

F or s tab i l i zat io n o n  t he s i te ,  co ntami nated  g ro u n d  water  
wo u l d  be  f l us hed  from the  af fe c ted e nv i ro nme nt u n t i l i t  ap­
p r o ac h ed back g ro u n d  co nd i t i o n s .  Unt i l  the  f l u s h i n g  i s  com­
p l et e ,  co ncen trat i o n s  of some co ns t i tuents  ( e . g .  ar s en i c ,  
cadm i u m ,  i r on , man gan es e ,  se l en i um ,  and z i nc ) wo u l d exceed  
Federa l  dr i n k i n g  water  s tanda r d s  i n  the  g round  water  be l ow t he 
t a i l i n g s . Dur i n g t he t i �  o f  f l u s h i n g  ( l es s  t han  100 ye ar s ) ,  
the probab i l  i ty of h uma n i n gest io n wou l d  be l ow d ue to t h e  l o vi 
prob ab i l i ty of future  u s e  of t h i s water ( Sec t i o n  F . 3 . 6 . 1 ) . 
Pot  e n t i a 1 h u ma n he a 1 t h e ff e c t s d ue to i n g e s t  i o n 0 f s ur fa  c e w a -
ter wou l d  dec l i n e o ver  t h i s  same s h o rt pe r i o d . Uran i u m c o nc e n ­
trat i o ns wo u l d  pe r s i s t at co nc en trat io n s  abo ve b ac k g rou n d  
( S ec t i o n  F . 3 . 2 . 2 ) . Human  hea l t h  r i s k s  d ue to i n ges t i o n  o f  
grou nd wat e r  co n t a  i n i  n g  el  e vated  co ncen trat io  ns  of ur an  i U I ' 
wou l d  be m i n i ma l , bec a u s e  the  expe c ted u s e  of t he g round  w a t e r  
i s  l ow ( Sect i o n  F . 3 . 6 . l ) . He a l t h  effe c t s  are d i s c u s s ed i n  
more d e t a i l i n  Appen d i x I ,  R ad i at io n  He a l th Effects . 
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F . 3 . 8  

F . 3 . 7 . 2  

F . 3 . 7 . 3  

F . 3 . 7 . 4  

D amage to crops  and  vegetat i o n 

There i s  no k nown ag r i c u l t u r a l  ac t i v i ty o v er l y i n g  t he af ­
fec ted hyd r ogeo l o g i c  sy s tem . There h a s  been no known i mp ac t  
to crop s or ve getat i o n .  T h e  f u t u r e  1 i k e l  i hood of damage  t o  
crop s an d vegetat i o n  i s  mi n i ma l  beca u s e  o f  t he urban  s e tt i n g  
of the  af fected hyd rogeo l o g i c  sy s tem . 

D am age to w i l d l i fe 

T he re have  been no known i mp ac t s  t o  wi l d l i fe d ue to i n g es ­
t i o n of co ntami n ated  gro u n d  water . Co n s i der i n g  t h e  mag n i tude  
of co n tami n at i o n  rel at i ve t o  t h at c a u s ed by othe r  sourc es  
( e . g .  i rr i g at io n  return  f l ow ) , t he l i k e l i ho od of d amag e at tr i b ­
ut ab l e  t o  t he t a i l i n g s  i s  r e l at i ve l y  smal l .  

P er s i stence  and  permanence of ad verse  effects  

Q uan t i t at i ve and  q ua l i t at i ve conc l u s i o n s o n  t he per s i s­
tence  of g round -water  contam i nat i o n  ar e d i s c us sed  i n  Sec t i o n 
F . 3 . 2 . 2 . B ased on  t he l ack  of known ad v e r s e  i mp acts  at p r e s ­
en t a n d  t he projec t i o n  o f  decreas i n g amo u n t s  o f  c o n t am i n at io n ,  
pe r s i  stent  or pe rman e n t  ad v e r s e  effec t s  ar e expec ted to be 
m i n i ma l . 

AQ U I F E R  R E STO RAT I O N  

F or af fec te d  ground  water  a t  UMTRA Proj e c t  s i tes t he dec i s i on o n  
whet her to i n s t i tute  reme d i a l  ac t i o n ,  what  spec i f i c  ac t i o n  to  tak e ,  and  
to  what  l e ve l s an  aq u i fe r  s hou l d  be  protected  or res t or e d  s ho u l d  be m ad e  
o n  a c a s e - by - ca se b a s i  s .  O n  September 3 ,  1 985 , t he U n i  te d States Te n t h  
C i rc u i t  C o ur t  o f  Appe a l s s e t  a s i d e  E PA ' s  water  pr otec t i o n  s tanda rd s ,  4 0  
CF R P a r t  19 2 . 20 ( a ) ( 2 ) - ( 3 ) , a n d  E PA ha s no t ye t re i s sued  t he s e  s tand a r d s .  
W he n  E PA i s sues  rev i s i o ns to t he wa ter pr otec t i o n  s t an d a r d s ,  DOE wi l l  
re-ev a l  u ate  t he ground -water  i s s ues at t h e  s i te to  a s s u r e  t h a t  the  
re v i sed  s t an dar d s  ar e me t . Perfo rm i n g  reme d i al  ac t i o n s  t o  stab i l i ze t he 
t a i l i n g s  pr i o r  to E PA i s su i n g new s t an dar d s  wi l l  not  af fec t  t he me a sures  
t hat ar e u l t i mate l y  req u i red t o  me e t  t he re v i sed  water protec t io n  EPA 
s t andar d s . On  t h i s bas i s ,  t he eva l u at i o n of t he need for aq u i fer  res t o­
rat i o n  mus t t ak e  i n t o  ac cou n t  seve r a l  f ac t or s : 

o Tec h n i c a l  fe a s i b i l i ty o f  i mp r ov i n g  t he aq u i fe r  i n  i t s hyd r o geo l o­
g i c  sett i n g .  

o Co s t  of app l i c ab l e  res tor at i ve o r  pr otect i ve programs . 

o P res e n t  and future  v a l ue of t he aq u i fe r  as  a water  res ourc e .  

o Av a i l ab i l i ty o f  a l ter nat i ve wat e r  s u p p l i e s .  

o The deg ree t o  w h i c h h uman exposure  i s  l i k e l y t o  oc c ur . 
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As  i nd i cated  by t he re g u l at io n s ,  reme d i a l  ac t i o n s  for af fec ted a q u i ­
fe rs  can  be d i v i de d  i n to two ba s i c appr o ache s :  grou n d -water pr otec t i o n  
a n d  aq u i fe r  res tor a t i o n .  A reme d i a l  ac t io n  s t r a t e gy c a n  a l s o  be a c omb i ­
nat i o n  of t he se two appr o ac h es . At the Gr a n d  J unc t io n  s i te , grou n d ­
water co n tami nat i o n  h a s  pr ob a b l y al re ady re ached  a max i mu m  p hys i c a l  
ex tent  bec a u s e  t h e  co ntami n a t i o n  ha s been o n go i n g  f o r  a re l at i ve l y  l o n g  
t i me i n  an al l u v i a l  aq u i fe r  wi t h  re l at i ve l y  l ar g e  an n ua l  f l u x  ( i nf l ow 
and o u tf l ow ) . Therefore , p r otec t i ve me a s u r es wou l d  h ave  o n l y f u t u r e  b e n ­
ef i t  to t he af fected aq u i fe r .  Protect i ve me a s ures are i nc o rporated  i n to 
t h e  reme d i a l  ac t i o n :  remov a l  of the  t a i l i n gs t o  an a l tern ate s i te or , 
fo r s t ab i l i zat i o n  i n  p l a c e ,  remo v a l  of t he t a i l i n gs from the  g r ou n d  wa­
ter an d use of a l ow - pe rme ab i l i ty cover to m i n i m i ze i nf i l trat io n . The 
d i s c u s s i o n  that fo l l ows co v e r s  o n l y aq u i fer  res torat i o n .  

F .  3 . 8 . 1 Tec h n i c a l  fea s i b i l i ty 

Two b a s i c  appr oaches  to  aq u i fer res torat i o n  are p l ume ca p­
ture  and  p l  u me  man a g eme nt . An aq u i fe r  res torat i on pro gram 
cou l d  al s o  be a comb i nat i o n  o f  t he two appr o ac h e s . Co s t  d i f ­
fe re nces be tween the  var i o u s tec h n i ca l  a l ter na t i v es wi l l  be 
d i s c u s sed s ep arate l y  from fe a s i b i l i ty .  

P l ume capture  co ns i s ts o f  some me t hod  or me t hod s of o b ­
t a i n i n g co n t am i nated  ground  water , wh i c h i s  t hen  p u mp e d  o r  fed  
by grav i ty f l ow to a treatme nt  f ac i  1 i ty .  Amo n g  the  me t ho d s  
f o r  obt a i n i n g co n t am i n ated  gro u n d  wate r are d r a i n s ,  we l l s , 
s u mp s ,  a n d  trenches . 

P l  u me man a g eme n t  co ns i sts  of i nj ec t i n g u n c o n t am i n ated  wa­
ter i n t o t he aq u i fe r .  The u n c o ntam i nated  water  di  sp l aces  t he 
pl ume , fo rc i n g i t  i n  a d i rec t io n  de term i ned by t he i nj e c t i on 
set - up . I njec t io n  can  be perfo rme d us i n g wel l s  or  s pr ead i n g  
ba s i n s .  The i nje c t i o n  can  be pe r forme d t o  ob t a i n  s e vera l  
effects : 

o To keep the p l u me  away from ex i st i n g or  poten t i al 
ground -water u s ers . 

o To for ce t he pl u me  towa r d  a c o l l ec t i o n  sy s tem . 

o To force  t h e  p l u me  toward  a d i sc harge  are a .  

I n  the case  o f  the  co n tami n ated  gro u n d  water at G r a n d  
J unc t i o n ,  th ere a r e  n o  known ex i s t i n g  grou n d -water u s e r s  
( S ec t i o n  F . 3 . 4 )  down g rad i e nt  of t he t a i l i n gs , and  on l y o n e  
upg rad i en t  i n d u s tr i a l wel l wh i ch may h a v e  been af fe ct ed by t he 
ta i l i n g s  ( S ec t io n  F . 3 . 1 . 6 ) . The upgrad i e n t  we l l i s  o n  t he 
edge  of the co ntami nated  s h a l l ow ground  water , a n d  i s  u s e d  to 
c o n tro l h i g h  water l e ve l s wh i ch f l ood a truck  sca l e at an i n ­
dus tr i al fac i l i ty ad j ac en t  to t he C o l or ado R i ve r .  The water 
i s  pumped back  i n to the  C o l o rado R i v e r ,  and  i s  rare l y  u s ed 
( S eeve r s , 1985 ) . P l  ume man a g eme nt c o u l d  be performe d to forc e 
co n t ami nated  g ro u n d  water toward  a co l l ec t i o n  sy s tem or towa r d  
a d i s c harge  are a .  T h e  d i scharge  are a i n  t h i s  ca se wou l d  be 
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the  C o l or ado R i ver . D i s c h a r ge to the Co l or ado R i ve r  wo u l d o n ­
l y  tran s fe r  c o n t am i nat io n from o n e  water res o u rc e ( g r o u n d  wa­
ter ) to ano t her ( s u r face  water ) .  Pl  u me man ageme nt wou 1 d be o f  
mo st be nef i t i f  i t  i s  us ed to  f o rc e  t he p l ume towa r d  a c o l l ec ­
t i o n sys tem . 

P l ume ca pture  n e ar the  Grand  J unc t i o n t a i l i n g s  i s  comp l i ­
cated  by bo t h  phy s i c a l  and cu l t u r a l  featur e s . The  pres enc e o f  
t he C o l or ado R i ve r  ad j acent  to t he p l ume me an s t hat  t here i s  a 
re ady source  of rec h a rg e  to t he al l u v i  a l  aq u i f e r .  P u mp i n g i n  
the  s h a l l ow aq u i fe r  wou l d  i n d u c e  f l ow from the  r i v e r  to t he 
d r a i n ,  we l l ,  s u mp , or tr enc h ( F i g ur e  F . 3 . 25 ) . The  f l ow f r om 
the  nearby r i ver d i l utes  the  c o n t ami nated  ground  wat e r .  There ­
fore , a n  i nc r ea sed vo l ume o f  water wou l d  b e  c a p tured  and  t r e at­
ed , and thus  co s ts for  each act i v i ty wou l d  be  i nc r ea s ed . The  
amo u n t  of  i n d uc ed f l ow can be re duc ed by var i o u s  pump i n g 
s c hemes ( e . g .  mor e wel l s  pump i n g l es s  water ) or by i n s tal l i n g  
a l ow-pe rme ab i l i ty s l urry wal l a s  a bar r i er ( F i g ur e  F . 3 . 26 ) . 
E ach  of t he s e  rre asures  wou l d al s o  i nc r e a s e  co s ts for pl u me  
capt u r e .  

C u l  t u r a l  comp l i c a t  i o n s  to  aq u i fer  re s t or at i o n  a t  Gr and  
J un c t i o n  are  d ue t o  t he co n t ami nated  g r o u n d  water  u n d e r l y i n g  a 
popu l a ted are a wi t h  a co nc entrat i o n  of c u l tur a l  fe at u r es 
( b u i l d i n g s , road s ,  p i pe s ,  and  the  l i k e ) . A c ap t u r e  s c h eme may 
be d i f f i c u l t to i mp l eme nt . There may not  be e no u g h  av a i l ab l e 
l a nd  to effec t i ve l y  i mp l eme nt  tr enc hes . Dra i n s or we l l s  ( w i t h  
t he ac comp any i n g p i pe l i nes to  t he treatme nt  p l a n t ) wo u l d  i n ­
vo l ve trenc h i n g and cor respo n d i n g  d i sr u pt i o n  to  t he commu n i ty . 

P l urre treatme n t  can  be accomp l i s hed  i n  a c o u p l e of ways . 
There are var i ou s  me t hods  of remov i n g contam i n an t s  from wa te r ;  
t h e s e  d o  no t me r i t  fur ther  d i  s c u s s i o n except to conc l u d e  t ha t  
i t  i s  tech n i c a l l y  f e a s i b l e  to  c l ean up t he capt u r ed wate r ,  i f  
g i ve n  suff i c i e n t  mo netary res ourc es . T h e  tre atme nt  sy s tem c a n  
e i t her b e  a n  ex i st i n g one  or one  spe c i f i c a l l y  c on s tr u c ted  f o r  
a q u i f e r  res t or at i o n .  

An ex i s t i n g tre atme nt sy s tem co u l d be ut i l i ze d  by rout i n g  
c o n t am i nated  water i n t o  the  ex i s t i n g  wa s te water ( s ewag e )  
tre atme nt sy s tem of the  c i ty of G r a n d  J un c t io n .  Th i s  h a s  t he 
ad v a n tage  of t he u s i n g ex i s t i n g  wa s te tran sm i s s i o n  sy s tems 
( sewer s )  • It  h a s  the  d i s a d van  t a g  e 0 f m i x i n g t he p 1 u me wa s t e 
water w i t h  t he norma l  mun i c i p a l  wa s te water . M u n i c i pa l  wa ste­
water treatme nt p l a n t s  us u a l l y  do not  use treatme nt tec h no l ­
o g i es de s i g n ed to remove  co n s t i t u e n t s  s u c h  a s  t ho s e  i n  t he 
t a i l i n gs  pl ume . D i f fe rent  ca pab i l i t i es co u l d be ad de d to t he 
ex i s t i n g  tre atme nt p l an t ;  however , t hes e mus t tre at no t o n l y 
the  captured  p l  ume b ut al s o  t he m u n i  c i  p al wa s te water wh i c h  i s  
d i l ut i n g i t .  I t  may be i neffec t i ve to d i l ut e  a wa ste  bef o re 
tr eat i n g i t . 

A scheme for treat i n g  t he captured  p l  ume can  al s o  be a 
tr eatme nt sy s t em near the  m i l l  t a i l i n gs s i te .  Th i s  scheme c a n  
b e  any p hys i ca l , bi o l og i c a l , or c h em i c a l  me an s  of remov i n g 
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contam i n a n t s  fr om t he water . I t  c a n  a l s o  be as  s i mp l e  as  eva p­
or at i n g t he co n t am i nated  water , and  d i spo s i n g  o f  t he re s i d ua l  
sa  1 t s . The m a  i n  d i  s advan tage  of tre atme n t  a t  t he s i  t e  i n  
Grand  J unc t i o n  i s  t h e  nec es s i ty for  a wa s te-water transm i s s i o n  
sy s tem wh i ch wou l d  have  t o  tra n s ec t  the  many c u l t u r a l  s truc ­
tures  i n  t he are a .  

F . 3 . B . 2  C o s t  

B a sed o n  t he E PA standards  f o r  i nact  i v e  u r a n i  um  m i  1 1  s ( 40 
CFR  Part  192 ) i t  h a s  been determ i ned t h at aq u i fer  res torat io n 
i s  no t needed at the Grand  J un c t io n s i te .  Th i s  determ i n a t i o n  
to o k  i n to acco u n t ,  a s  req u i  red by t he EPA s tandards , t he c o s t  
o f  a res tor at i o n  pr o gram .  T h e  fo l l ow i n g  d i s c u s s i o n  i s  i nc l u d ­
e d  to demo n s trate  how co s t  wa s co n s i d e red i n  de term i n i n g  t he 
need for aq u i fe r  r es torat io n .  The es t i ma t i o n  o f  co s t s  wh i ch 
fo l l ow s  i s  no t me an t  to be a r i gor o u s  an a l ys i s ,  but o n l y an 
i n i t i al i nv e s t i gat i o n  of appr ox i mate co s ts . For t he Grand  
J unc t i o n s i te th i s  i n i t i al i nves t i gat io n of costs  a ppe are d to  
be  ad eq uate for eva l u a t i n g  t h e  need for  aq u i fer  res torat i o n .  

Reme d i al  a c t io n for  t he Grand  J un c t i o n  t a i l i n g s  wou l d  i n ­
c l u de dewate r i n g  and  wa s te-water treatme nt . Th i s  wo u l d i n  ef­
fec t  c l e an up a l l u v i a l  ground water be l ow and  ad j ac e nt to t h e  
s i t e .  A q u i f e r  re s torat i o n  cou l d be do ne f o r  off- s i t e  are a s  
w i t h i n t he extent  of co ntam i nan t p l u me s . 

I t  i s  pos s i b l e to de term i n e s ome appr ox i mate c o s ts of an 
a q u i f e r  re s tor at i o n  pro gram wi t ho u t  do i n g a p r ec i se c o s t  es t i ­
mat e .  Neces sary expe nd i t u res  for  a n  a q u i fe r res torat i o n  pro­
gram ca n be i d e nt i f i e d and appr ox i mate  co s ts a s s i g ne d  t o  t hem . 
At  a m i n i mum ,  nec e s sa ry aspects of an a q u i fer  re s torat i o n pro­
gram  fo r t he off- s i te al l u v i a l  grou n d  water at Grand  J unc t i o n  
wo u l d  i nc l ude : 

o Wel l i n s ta l l at i o n  to capt u r e  co n t am i n ated  grou n d  
water . 

o P u mp s  to  l i f t  t h e  water out  o f  t he we l l s .  

o P i pe to c a r ry t h e  captured  water to a tr eatme nt p l a n t .  

o Trenc h i n g  to  p l ace  t h e  p i pe b e l ow grad e .  

o Road  repa i r  ( a sp h a l  t pav i n g )  wh ere t h e  p i pe c ro s s es 
c i ty s treets . 

o A water tre atme nt pl a n t  or  added  capac i ty fo r t he 
waste-water tre atme nt  p l a n t  o n  t he s i te .  

o We l l aband o nme n t  for  t he capt u r e  we l l s .  

o Ope rat i o n  and  ma i n te n a n c e  o f  t he re s torat i o n  sy s tem . 

o Dec ommi s s i o n i n g  o f  t h e  we l l s  a n d  p i pe l i n e .  
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F . 3 . 8 . 3  

S ome approx i mate  co s ts are pres e n te d  i n  Tab l e  F . 3 . 40 .  
The sy s tem de s c r i be d  i n  t h i s  t ab l e  i s  for  20-fo ot-deep  we l l s  
250  fe et apar t .  Thes e co s ts cou l d  be sca l ed  down d e pe nd i n g  o n  
how m u c h  of t he p l ume i s  t o  be c a p t u re d . Howeve r ,  many n eeded  
i tems are  not  i nc l uded , and  t he co s t  es t i mate i n  Tab l e 3 . 40 i s  
therefor e c o n s e r vat i ve l y  l ow .  

C o s t s  co u l d  al s o  be chan ged by c h an g i n g  we l l sp ac i n g .  
Note that  the tab l e does no t i nc l  u de co sts  for  o pe rat i o n  and  
ma i n te nance , nor  fo r water  treatme nt capac i ty ;  the se  co s t s  
wo u l d  no rma l l y  co n s t i t u t e  a major port i o n  o f  the  t o t a l  c o s t s  
o f  an aq u i fe r  res t or at i o n pro gram . Th u s  t he t o t a l  c o s t  1 i s te d  
i n  t he t ab l e co u l d  po s s i b l y  be  i nc rea sed by a f ac t or of  two or  
mo re to ac c o u n t  for water  tre at rre nt capac i  ty , ope rat i o n ,  a n d  
ma i n te nance . Con s i de r i n g  t he op t i o n  o f  sca l i n g down t he pro­
gram des c r i bed  in  Tab l e F . 3 . 40 and the u n accou n ted cos t s ,  an  
aq u i f e r  res tor at i o n  program at Gra n d  J un c t i o n  cou l d  co s t  be­
tw ee n a few h u n d r ed t ho u s and do l l a rs  to  more t han a m i l l i o n 
do l l ar s . 

Some other  cos ts o f  an aq u i fer  re s torat i o n  p r o g ram are 
no t ad d r es sed  i n  the di s cus s i o n abo ve . Bec a u s e  the pro gram 
wo u l d  be do ne  i n  a me trop o l  i t an are a ,  t here wou l d  be  o t he r d i ­
re c t  and i nd i rec t  co s ts s uch  as  traf f i c ba r r i e r s ,  re l ocat i o n  
of ut i l i t i es o r  t u n ne l i n g whe r e  p i pe l i nes c ro s s  ut i l i ty e a se­
me n t s ,  temp or ary d i  s r up t i o n  to  b u s i nes s es , amo n g  o t he r s . I t  
wo u l d  be d i ff i c u l t t o  q ua n t i fy i nd i rec t cos ts s u c h  a s  d i s r u p ­
t i o n  t o  b u s i nes se s .  

F u t u re v a l ue  o f  the  re so urce  

The  f u t u r e  va l  ue  of  t he af fected gro u n d  wat e r  i s  d i  s­
c u s sed  fu l l y i n  Sec t i o n  F . 3 . 6 . 

�. 3 . 8 . 4 Ava i l ab i l i ty o f  a l ternat i ve water s upp l i e s 

F . 3 . 8 . 5 

Wate r u s e  i n  the Gra n d  J unc t i o n  are a i s  d i s c us sed i n  
Sec t i o n  F . 3 . 4 .  I n  the  are a over l y i n g  t he p l ume o f  c o n tami nat­
ed gro u n d  water , good q u a l i ty po tab l e  water  i s  read i l y  ava i l ­
ab  1 e from water ma i n s . There i s  1 i t t l  e re a so n  at p r es e n t  f or 
peo p l e  i n  t he area  i mme d i ate l y  ad j acent  to the  t a i l i n gs to 
dr i l l  wel l s  i n to the a l l u v i a l  aq u i f e r . 

Degree of h uman  e xpo s u re l i ke l y  to o cc u r  

Seve ra l  c i rc ums tances i nd i cate t h a t  t he l i k e l i ho od of h u ­
man ex pos ure to co n t am i nated  s h a l l ow grou n d  water i s  l ow .  
The se  are : 

o A wat e r  d i s tr i b ut i o n sy s tem i s  a l re ady i n  p l ace  and  
fu l l y used  i n  t he are a over l y i n g  co n tami nated  gro u n d  
wate r .  
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T a b l e F . 3 . 40 Appro x i ma t e  co s t s  for  s el ected expe nd i tures  req u i red 
for aq u i fe r  r es tor at i o n  

I tem  

W e l l i n s ta l l at io n  
ea seme nt  p urc h a se 
l eg a l  s ur vey 
we l l d r i l l  i n g 
4 - i n c h  ca s i n g ,  i n s t a l l ed 
100- g pm p ump 
we l l de ve l o pme n t  
s e tt  i n g p u mp 
f i e l d  e n g i neer  

P i pe 1 i n e i n s t a l l at  i o n  
ea seme nt purc h a se 
l e ga l  s ur vey 
en g i neer i n g ( des i g n )  
2 - i nc h P V C  p i pe 
tr enc h i n g ( backho e ) 
a s p h a l t p av i n g  
f i el d  e n g i neer 

M i s ce l l aneo u s  
fe nc i n g ,  i n s ta l l e d 
e l ec tr i ca l  hoo k - up 
water tre atme nt p l a n t  

O perat i o n  and  ma i ntenance  
wa ter  tre atme nt 
e l ectr i c i ty ( pu mp i n g )  
water s a mp l i n g and ana l ys i s 

Decommi s s i o n i n g  
p u  1 1  i n g  p u mp 
p u mp res a l e 
d i sma n t l i n g  fenc e 
trench i n g ( ba c kh oe ) 
a s p ha l t p av i n g  
we 1 1  ab a n d o  nme n t 

TOTAL C O S T  

U ni t 
pr i c e ( $ ) 

30  
12  

197 5 
100 
105  

25  

2 
5 
2 

250 
600 

2500 
260 

105  
64% 
30 

5 
2 

263  

Un i t 
de s cr i pt i o n  
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feet 
fe et 
u n i t 
h o u r  
u n i t 
hour  

fe e t  
feet 

sq uare fe e t  

un i t  
u n i t 

mo n t h  
s amp 1 e 

u n i t 
u n i t 
u n i t 
feet 

sq uare feet 
un i t  

U n i t s  

- no t 
- no t 
1 7 60 
1 7 60 

88 
1 7 6  

88 
200 

- no t 
- not  
- no t 

24 , 000 
24 , 000 

2 , 000 
- no t  

Co s ts ( $) 

i nc l uded ­
i nc l u ded -

52 , 800 
2 1 , 120  

17 3, 800 
17 , 600 

9 , 240  
5 , 000 

i nc l uded ­
i nc l u de d ­
i nc l u de d -

48 , 000 
120, 000 

4 , 000 
i nc l u de d -

88 2 2 , 000 
88 52 , 800 

- no t  i ncl  u de d -

- no t  i nc l  u ded -
24 65 , 320 

264 68 , 640 

88 
88 
88 

24 , 000 
2 , 000 

88 

9 , 240 
- 1 1 1 , 232  

2 , 640 
120 , 000 

4 , 000 
23 , 1 44 

708 , 1 12 



F . 3 . B . 6 

o The ex i st i n g  water d i s tr i b ut i o n  sy s tem can be e a s i l y  
ho oked i n to by f ut ure  de vel opme nt i n  t he are a .  

o The s h a l l ow ground  water and  C o l orado  R i ve r  i n  t he g e n ­
era l  area  a r e  k nown to b e  o f  poorer  q ua l i ty t han ava i l ­
ab l e  water  s up pl i es .  

o The t a s te and s h o r t - te rm e ffec ts o f  i n ges t i n g  c o n t am­
i n ated g rou n d  water ( e . g . , l a x at i ve effects d ue to s u l ­
fat  e ) wo u 1 d d i s c 0 u r ag e 1 0 n g -term us a g e ,  and  1 0 n g - term 
us age i s  nec es sary to ca u s e  a h i  g h  prob a b i  1 i ty o f  
h a rm . 

o On l y one  ex i s t i n g  u s e r  i s  po s s i b l y  w i t h i n  t he extent  
of  c o n t am i n ated  g rou nd wat er , and  t he we l l i s  u s ed for  
f l ood co ntro l . 

S u mmary 

The need for aq u i fe r re s torat i o n  i n  t he af fected  s h a l l ow 
g r ou nd water ha s been co n s i dered  us i n g t he re comme nded fac tors  
of  40  CFR  Part  1 92 . 20 .  The  fo l l ow i n g  co nc l us i o ns have  be e n  
re ac h e d : 

o I t  i s  tec h n i c a l l y  d i f f i c u l t to i mp rove  t he a q u i fe r  i n  
i t s  hyd ro geo l o g i c sett i n g .  The effor t wo u l d  be c omp l i ­
cated by rec h arge  from t he nearby r i ve r .  

o Co nduc t i n g  an aq u i fe r  re s torat i o n  pr ogram co u l d  ca u s e  
a d i s r u p t i o n  to t he commu n i ty . 

o I n mo ne tary terms on l  y ,  cos t of the  re s torat i v e  pro­
gram wou l d  be  re l at i ve l y  h i g h comp ared to t he be nefi t .  

o There are n o  known u s e r s  of the  af fected g ro u n d  wat e r .  

o The pr es e nt and f uture  va l u e  o f  t he aq u i fe r a s  a water 
re sourc e i s  much  l ower t han  the  co s t  o f  re s tor at i o n . 

o A l te r nat i ve water s u p pl i es ar e read i l y  av a i l ab l e and  
a r e  c ur r en t l y  be i n g u s e d . 

o The degr ee o f  h u man exp o s ure  wh i c h  i s  l i k e l y to o c c u r  
i s  l ow .  

o One i nd u s tr i a l u s e r  u p g r ad i e n t  of t he t a i l i n g s  may be 
wi t h i n t he affe cted  ( e . g .  co n t am i n ated )  hyd ro geo l og i c 
sett i n g .  The we l l i s  u s ed pr i mar i l y  to co n tr o l  h i g h 
water l e ve l s  wh i ch o c c ur d ur i n g  h i g h  s t age i n  t he 
Co l o rado R i v e r .  Me a su r es o t he r  t han aq u i fe r  re s tora­
t i o n wo u l d  seem appropr i ate to e n s u r e  t ha t  t he re are 
no h e a l t h  e ffects  from i n ges t i o n  of t h i s  wat e r .  
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F . 3 . 9 

B ased  on  these  c r i t e r i a ,  a q u i f e r  re s torat i o n  o f  t he s h a l ­
l ow ground  water i s  ne i t he r  a co s t  effec t i ve  no r a neces s a ry 
me an s of m i t i g at  i n g  gro u n d -water co n t ami n at i o n  ca u s e d  by the 
u r an i u m  m i l l  t a i l i n g s  at  G r a n d  J un c t i o n .  

NO ACT IO N  AL TERNAT I V E  

O ne of t h e  al ternat i ve s  addr es sed  i n  t h i s  E I S  i s  t he "no  act i o n "  al ­
ternat i ve .  I t  i s  d i ff i cu l t  to q uan t i fy the  i mp ac t s  d ue to no  ac t i o n .  
O n  a q ua l i t at i ve ba s i s i t  c a n  be c o nc l uded  t hat  the  i mp ac t s  wo u l d  be 
ve ry s i m i l ar to co nd i t i o ns i n  t he ex i st i n g  env i ro nme nt . The  f o l l ow i n g  
ge ne ra l  co nc l u s i o n s can  be reached  regard i n g  t he no act i o n  a l tern a t i v e : 

o I n  t he shor t - te rm t he  t a i l i n g s  wou l d  rema i n  i n  co n t act  w i t h  t he 
g r ou nd water and  wou l d  co nt i n ue to act  as  a s o u rc e o f  con tami n a ­
t i o n .  W at e r - q ua l i ty i mp ac t s  i n  the  s h o rt term wou l d  b e  v e ry s i m­
i l ar to  t ho s e  s een i n  the  ex i s t i n g env i ro nme nt . 

o I n  the  l o n g - term t he re i s  a h i g h pr obab i l i ty t hat  e ro s i o n cou l d  
remove t he ex i st i n g  temp or ary co ve r .  The t a i l i n g s  cou l d  be  d i s­
pe r s ed ove r  a w i de r  are a and  the  potent i al f o r  l e ach i n g  o f  c o n ­
tami n an ts co u l d b e  i nc re a se d . 

The water- q ua l  i ty i mp ac t s  d ue to t he no ac t i o n  a l  ternat  i ve w i  1 1  n o t  
be f u r t h er a s s e s s ed wi t h i n  t h i s  appe nd i x .  More de t a i l ed d i s c u s s i o n of 
the i mp ac t s  of no ac t i o n  may be der i ve d  by re v i ew i n g  t he d e s c r i p t i o n  o f  
the  ex i st i n g hyd r ogeo l o gi c  e nv i r o nme nt  ( Sec t i o n  F . 3 . 1 ) . 
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F . 4  POTE N T IAL L Y  AF FE CTED H YD ROGEOLOG I C  E N V I RONM E N T- CH E NEY  R ES E R VO I R  S I TE 

F . 4 . 1  CHARACTER I ZAT ION  OF HYDROG EOL OG I C  E N V I RONM E NT 

F . 4 . 1 . 1 

F . 4 . 1 . 2  

F . 4 . 1 . 3  

Pre v i o u s  i n v e s t i gat i o n s  

The C heney R e s e r vo i r  area  ha s been i nc l uded  wi t h i n  r e g i o n ­
a l  hyd ro geo l og i c  stud i e s ;  how e ver  i t  h a s  be en t he s u b je c t  of 
on l y  one s i te- spec i f i c s t u dy .  The Co l orado Geo l o g i ca l S ur vey 
( C G S ,  1982 ) pe rfo rme d a rec o n na i s sance  l e vel  s t u dy of t he l o c a­
t i on ' s  poten t i a l u s e  as  a m i l l  t a i l i n gs d i s p o s a l  s i te .  

Recent  i n ve s t i gat i o n s  

T h e  f i e l d pro grams h a ve i nvo l ved  exp l or at ory d r i l l i n g ,  hy­
dr au l i c  tes t i n g ,  mo n i tor i n g  wel l i n s ta l l at i on ,  and water s am­
p l i n g i n  two p h a ses . The f i rs t  p h a se w a s  be gun  w i t h  d r i l l i n g  
i n  November t o  Dec em be r ,  1982 . The seco n d  p h a se w a s  be gun  
wi t h  dr i l l i n g i n  M arc h ,  1 985 . 

I n  the  f i r s t  p h a se ,  s i x exp l o ratory bo r i n gs were d r i l l ed 
and  samp l ed for s trat i g raph i c  l o g g i n g  and  to  obt a i n  s o i l  s am­
p l es for  l aboratory tes t i n g .  The s e  bo r i n gs were a l s o  u s e d  for  
f i e l d pe rme ab i l i ty tes ts . An  ad d i t i on a l  t hree bor i n gs were 
dr i l l ed and u s ed for mo ni tor wel l i n s ta l l at io n .  

I n  t he s ec o n d  p h a s e ,  two bo r i n gs were d r i l l ed for  mon i t or­
i n g  we l l i n s t a l l at i o n .  The s e  bor i n gs were s amp l ed d ur i n g d r i l ­
l i n g f or s trat i g r ap h i c  l o g g i n g .  Wel l co ns tr u c t i o n  d e t a i l s  for 
bo t h  t he f i r s t  and s ec o n d  pha se s  are pr es en te d  i n  Tab l e F . 4 . 1 ,  
and  wel l l o cat i o n s  are pres e nted  i n  F i g u r e  F . 4 . 1 .  

The f i r s t  p h a se was  co n d uc ted i n  accor da n c e  w i t h  a wor k 
p l an for  geotec h n i c a l  and  gro u n d -water hyd r o l ogy wor k ( Go l d e r  
A s so c i ates , 1982 ) . Al l f i el d  and  l abor at ory wo rk  i n  t he s ec ­
ond p h a s e  was  comp l eted  i n  accordance  wi t h  s t an d a r d  o pe ra t i n g  
proced ur es . Thes e s t andar d ope rat i n g procedures  are o n  f i l e  
wi t h  t he U . S .  DO E UMTRA Projec t Off i ce  i n  A l b u q ue r q ue , New 
Mex i co .  

Strat i gr aphy 

The strat i g ra phy of t he d i spo sa l  s i te h a s  be en def i n ed 
through  a s er i e s  o f  bor i n gs  ( F i g u r e s  F . 4 . 2  t h rou g h  F . 4 . 4 ) . 

O n  a hyd r o geo l o g i c ba s i s t he s tr a t i g ra p hy c a n  be d i v i d e d  
i n to f o u r  zones : 

o A s ur f i c i al l ayer of u n c o n s o l i d a t e d  de p os i ts .  

o The u p pe r  weat hered  zo ne  of t he Mancos  S h a l e .  
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TAIlLE F . 4 . 1  CHE NE Y R[ Sl IlVO I R  S I T E 1l0� E liOLE AND WE l L  I NF ORMAT I ON 

SCIl E E NE O I N TE IlVAL 

LOCAT l UN
a 

NOR T H  b E A S r b 
WE l l  TOTAL SUR F ACE TOP OF - - - - - - ... ... _ - ... _ - - - -

DI AME T[R DE PTH E l f  VAT I ON CAS I NG 8E G DP LENGTH 
I D  COOR D I NATE COORDI NATE ( I N .  ) ( F T .  ) [ F TMSL l [F TMSL ] [F TFD) [F T .  ) 

50 1 1524 1 . 1  95 359 . 8  5301 . 80 
502 1 4 28 1 . 7  94 1 62 . 6  52 7 1 . 70 
503 1 3 348 . 9  92t136 . 0  5238 . 40 
504 1 4 1 4 0 . 3  96238 . 6  5325 . 80 
505 1 3 1 32 . 9  94694 . 8  5 2 79 . 30 
506 1 1 834 . 9  93 1 98 . 0  5233 . 10 
50 7 1 1 902 . 9  93261 . 4  2 . 000 53 . 40 52 35 . 14 5236 . 54 32 . 40 21 . 0  
508 14 1 69 . 1  96 1 80 . 2  2 . 000 52 . 60 5324 . 06  5325 . 96 32 . 60 20 . 0  
509 14 336 . 4  94 1 30 . 7 4 . 000 102 . 50 52 7 1 .  5 7  52 7 3 . 07 82 . 50 20 . 0  
701 14463 . 1 9502 1 . 4  2 . 000 40 . 00 529 3 . 10 5295 . 02 211 . 00  10. 0 
lU't. 134 1 2 . 9  93568 . 3  2 . 000 39 . 50 5252 . 96 5254 . 73 2 1 . 50 5 . 0  

a 
50 1 - 506 c o r respond t o  GCI/- I through GCH-6 i n  DOE . 1 9t1 3 ;  507-509 c o r re s pond t o  GWCH- I 
t h rouyh GWCH- 3  i n  DOE . 1 9H 3 ,  

b 
S i t e  coord i na t e  sys t em i s  ba s ed o n  a t runca t i o n  o f  mod i f i ed Co l o rado coord i na t e sys t em .  

BOREHOLE 
DE P T H  
(F T F D )  

4 9 . 8 3  
51 . 00 
50 . 00 
55. 70 
50 . 50 
50 . 50 
52 . 00 
50 . 70 

105 . 00 
38 . 00 
37 . 50 
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o The l ower , l es s-weat hered por t i o n  o f  t he Man c o s  S ha l e .  

o The Dak o t a  Sand s t one an d ot her forma t i o ns under l y i n g  
t he Man cos  S ha l e .  

S u rf i c i a l l ayer . The C heney Reservo i r  s i te i s  o n  a ped -
i me n t  s u r face as can  be s een  by t he u n i forml y- sl o p i n g  s u r face 
of  t he Man cos  S ha l e in  F i g ur es F . 4 . 3 , F . 4 . 4 ,  an d F . 4 . 5 .  The  
unconso l i d ated  de pos i t s ,  ba s ed on  t he l o gs  o f  n i ne bo r i n g s ,  
r a n g e  i n  t h i ck nes s f r om 23 . 5  t o  42 . 0  feet . A b r own t o  r ed d i sh 
br own eo l i  an s i l t  w i t h  some c l ay an d s a n d  and occa s i o n a l  grav­
e l  to bo u l der  s i zed fragme nts  o f  basa l t ,  var i es from zer o  to  
two to t hree feet  at  t he s ur f ac e .  Th i s  mate r i a l  i s  u n d e rl a i n  
by i n te r l ay ered c l ay ,  s i l t , san d ,  and  grave l , w i t h  occa s i o n a l  
l ayer s o f  co b b l es and  bo u l d e r s  o f  b a s a l t .  Th i s  l ay er ap parent­
ly  repr es ents mi xe d a l l u v i al  an d co l l u v i a l  de p os i ts ,  and  h a s  
been ma p pe d  a s  a ped i me nt grave l  ( Co l e a n d  Sext o n ,  1 9 8 1 ) . 

The pr i m a ry geoch em i c a l  me c h an i sm for atte n uat i n g  ac i d  
l e ac h ate  i s  neutra l i zat i o n .  E i g ht so i l  s amp l es wer e co l l ec te d  
a t  t he C he n ey R e s er vo i r  s i te .  The a n a l y s es for  c a l c i um c a rbo n ­
ate ranged  f rom 4 . 83 t o  34 . 90 perc ent  by we i g h t  wi t h  a n  aver­
ag e of  1 6 . 1 7  pe r c en t .  Th i s  eq uates t o  an  ac i d  neutra l i z i n g 
pote n t i al  i n  to n s  of c a l c i um car b o n ate eq u i v a l e n t  per 1000 
t o n s  ran g i n g f rom 60 . 6  to 3 50 . 4  w i t h  an average  of 1 6 2 . 3 .  
L i m i te d  data  re g a r d i  n g  t he geoche m i  c a  1 c h a ra c t e r i  s t  i c s  o f  t he 
s u r f i c i a l  l ayer are  av a i l ab l e ,  and  ar e pr es en te d  i n  Tab l es 
F . 4 . 2  an d F . 4 . 3 . The occ u r rence  of water  i n  the  s u r f i c i a l  
zo ne i s  d i s c u s sed i n  Sec t i o n  F . 4 . 1 . 5 .  

Weat hered Mancos  S h a l e .  At other  l oc a t i o n s , i nc l u d i n g  
S h i pr o ck , New Mex i co ( DO E ,  1 984 ) , i t  h a s  been de term i n ed t ha t  
t h e  uppe r por t i o n s  of t he Man c o s  S h a l  e w i  1 1  tra n s m i  t me a s u r ­
ab l e  q uan t i t i e s  of wate r .  T h e  hydr a u l i c  pr ope rt i es of t he 
M an c o s  S ha l e wou l d  be expec te d  to vary depen d i n g o n  l o cat i on 
and  s trat i g rap h i c pos i t i o n w i t h i n  the s h a l e .  At t he Che ney 
Res e r vo i r  s i te ,  d a t a  are av a i l ab l e  reg a rd i n g  the  ca pac i ty o f  
t h e  l oc a l  s h a l e t o  transm i t  wate r :  

o No ne  o f  t he 1 1  bor i n g s  at t he s i te e n c o u n tered  no t i ce­
ab l e  amo u n t s  of  wa ter  i n  t he s h a l e at t he t i me  o f  
d r i l l i n g .  

o The two wel l s  comp l eted be l ow t he top  of t he s h a l e  
( 50 7 ,  509 ) have  rema i ned d ry for over  two ye ar s . 

o The t h r ee wel l s  wh i c h  have  encou n te re d  grou n d  water 
are comp l eted part l y i n  t he u p pe r  s h a l e and  par t l y  i n  
t he o v e r b u r de n .  

o I n- s i tu  pe rme ab i l i ty tes t s  ( T ab l e F . 4 . 4 )  i n d i c a te t hat  
n e ar one  of t he d ry wel l s  ( 50 1 )  t h ere i s  l i tt l e d i f fer­
ence  be tween the  pe rme ab i l i ty of t he s h a l e an d t he per­
me ab i l i ty of t he over l y i n g  u n c o n s o l i d ated  de pos i ts .  
Th i s  i s  a l s o  true for one  of t he we l l s  ( 508 ) wi t h  me a­
s u r ab l e g ro u n d  wate r .  

F -2 63 
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Tab l e F . 4 . 2  Cat i o n -ex change  capac i ty re s u l t s  

P ar a me ter  U n i ts a 

E xc h an g e ab l e  s od i um 22 . 1  
So l  ub  1 e s o d i  u m  19 . 2  

E xch an geab l e pota s s i um 0 . 28 
So l ub l e  pota s s i um 0 . 04 

E xch angeab l e  c a l c i um 9 1 .  3 
S o l u b l e c a l c i u m  5 . 6 9 

E xc h a n g e ab l e magnes i um 4 . 38 
S o l u b l e mag ne s i um 1 .  2 2  

C E C  20 . 0 

S u l f ate 2 . 2 1 
C a r bo nate  9 . 5 0 

aA l l ex cept  s u l f ate and  c a r bo nate  dat a ex p re s s ed i n  m i l l i eq u i v a l e n t s  p e r  
1 0 0  grams . Va l ue s for s u l f ate and  carbo nate expres s ed i n  we i g h t - pe rc en t .  

Ref . N US ,  1983 .  
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Tab l e F . 4 . 3  M i nera l ogy ana l y s i s o f  b u l k and  c l ay- s i ze f r ac t i o ns o f  
s o i l s  a t  t h e  C h e n ey R e s e r vo i r  s i t e  

P h ase  

A na 1 c i me 
A nk e r i t e  ( F e -do l om i te )  
Apat i t e 
C al c i t e 
C l ays ( s )  + ch l or i te 
Cr i  s t oba l lte 
Gyp s um 
Hemat i t e  
K -fe l d sp ar 
M i ca - i l l i te 
P l a g i o c l a se-fe l d sp ar 
Pyr oxene  
Q uartz  
S i der i t e 
Amor p h o u s  

P h as e  

C al c i te 
C h l or i t e ( +kao l i n i te ? )  
Gyp s u m  
K -fe l d sp ar 
M i ca - i l l i te 
M i xe d - l ayer c l ay s 
Montm or i l l o n i te 
P l a g i o c l a se fe l d s p ar 
Q uartz 

a 17 • 8  we i ght  perc e nt l es s  t h an 2 m i crons . 

Ref . N US ,  1 98 3 .  
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B u l k samp l e 

1 
1 

7 
4 

1 1  
2 

1 0  
8 
8 
4 

28 
1 

15  

a C l ay - si ze - f r ac t i o n  s a mp l e 

1 
8 

<1  
1 3  

7 5  
< 1  

2 



Tab l e F . 4 . 4  I n - si t u  pe rme ab i l i ty t e s t s  at C he ney Res e r vo i r  

L o cat i o n a Dep t h  i n terva l  ( ft ) Perme ab i l i ty ( em / se c )  

5 0 1  12 - 2 2  4 x 10- 6 

2 1 - 3 1  1 x 1 0- 6  

3 1 - 40 < 1  x 1 0- 7 

40-50 <1  x 1 0- 7  

502 10- 14 2 x 10-4 

20- 3 1  3 x 10- 6  

36-46  <1  x 1 0- 7  

4 1 - 5 1  < 1  x 1 0- 7 

503 8- 14 5 x 10- 5 

14-28 1 x 1 0- 7 

30-40 < 1  x 1 0- 7 

40- 50 1 x 10- 6  

5U4 10- 1 8  3 x 1 0- 5 

22-34 5 x 1 0- 6  

35 -44 6 x 1 0- 5 

44- 5 6  < 5  x 1 0-8  

505  8- 1 8  1 x 1 0- 5 

18-28 9 x 1 0- 6  

2 3 - 3 5  1 x 1 0- 5 

38 - 5 1  1 x 1 0- 7 

506 10- 1 9  6 x 10
- 5  

2 1- 2 9  1 x 10- 4 

29-40 6 x 1 0- 5 

to 1 x 10-4 

40- 5 1  1 x 1 0- 5 

to 5 x 10- 5 

a Bor i n g  l o cat i o n s  are s h own i n  F i g ur e  F . 4 . 1 

Ref . NUS , 1 983 . 
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The s e  data  s h ow t ha t  t he u p pe r  weat here d Mancos  S h a l e i s  
no t transm i t t i n g  s i g n i f i ca n t  amou n t s  of water ; howeve r ,  t he re 
may be zo nes i n  t he u p pe r  weat here d Man c o s  S h a l e wh i c h are 
tr a n sm i t t i n g  sma l l amo u n t s  of water , b ut t hes e zo n e s  are l oc a l ­
l y  pe rc hed  and l at e r a l l y  d i sco n t i n uo u s .  

Comm u n i c at i o n w i th deep a q u i fers . The Co l or ado Geo l o g i -
c a l  S ur vey repor t s  t hat t he s i te appe ar s  to  be u n d e r l a i n  by 
abo ut 300 to 700  feet of Manc o s  S h a l e ( CG S ,  1 982 ) . The Man c o s  
S h al e i s  mor e t han 400 fe et t h i c k  be ne at h t he s i te ,  a s  d e ter­
m i  ned from t he s tr u c tu r a l  co n tou r s  of  W i  1 1  i ams ( 1964 ) . The 
Dako ta  S an d s tone wo u l d  be t he u p pe rmo st  pote n t i al a q u i f e r  
under l y i n g  the  Man c o s  S ha l e .  

The Man c o s  S h a l e i s  genera l l y  re ga r de d  a s  a l ow-
pe rme ab i l i ty fo rm a t i o n  wh i c h re tar d s  t he moveme nt  of water 
( L o hman , 1965 ; C o o l ey et  a l . ,  1 969 ) . Beca u s e  of t he l ow 
pe rme ab i  1 i ty an d t h i  c k nes  s of the  Man c o s  S h al e ,  hyd r au l i c 
commu n i cat i o n  between geo l o g i c u n i t s  abo ve and  be l ow t he s h a l e 
i s  expected  to be m i n i ma l . 

F . 4 . 1 . 4  U n s a t u rated  zone  hyd r a u l i c s  

F . 4 . 1 . 5  

The de s c r i pt i on of u n s aturated  zo ne  hyd rau l i cs at an al ­
ternate  d i s p o s a l  s i te can  i nc l ude bo th  vert i ca l  and  hor i zo nt a l  
moveme n t  o f  mo i stur e .  T h e  ch aracter i za t i o n  o f  hyd r a u l i c prop­
ert i es of  t he Grand  J unct i o n  t a i l i n g s  ha s been d o c ume n ted e l s e­
wh ere ( s ee  Sec t io n  F . 3 . 1 . 4 ) , and i nc l udes  propert i es for t he 
i n - s i t u t a i l i n gs as  wel l as  pr ope rt i es for d i f fe r en t  m i xt u r es 
a n d  d i ffe r en t  de grees of comp act i o n  ( Veyera , 1 980 ) . 

The f l u x  of mo i sture  away from t he s i te bo u n da r i e s  wou l d  
be co ntro l l ed by t he propert i e s  of the  s ur rou n d i  n g  s o i  1 or 
rock  ma tr i x ,  an d by the propert i e s  of t he e n g i n eered cove r .  
F i e l d pe rme ab i l i ty tes ts o f  the  mat r i x  d�4erm i n ed satur ated  
pe rme ab i l i ty _�a l ues  ran g i n g from 2 x 10  cm/ s ec t o  l es s  
t han 5 x 10 cm/ s ec . Thes e tes ts  are s u mmar i ze d  i n  Tab l e 
F . 4 . 4 .  The u n s a t u r ated  hyd r a u l i c co nd uc t i v i ty wi l l  be l es s  
t han t he s a t u r ated  pe rme ab i l i ty .  

Sat urated  zone  hyd r a u l i c s 

F i ve mo n i tor i n g we l l s  were i n s ta l l ed at t h e  C he ney Res e r­
vo i r  s i te .  Three  o f  the  we l l s  enc ou n te r e d  s a t ur ated  cond i ­
t i o n s ,  an d a l l three  wer e comp l eted acro s s  t h e  i n terface be t­
ween  t he Man c o s  Sh a l e and  t he over l y i n g  u n c o ns o l i d a t e d  for ma­
t i o n .  Th i s  i n d i cates  the  ex i stenc e of water t ab l e  c o nd i t i o n s 
i n  the l ower part of the  u n c o n so 1 i dated  zo ne or i n  t he u p pe r  
we at hered zo ne o f  t he Man c o s  S h a l e .  F i g ur e  F . 4 . 6  i s  a water­
l e ve l  map for May ,  1985 . Water l e ve l s for  Marc h ,  1 985 , were 
a l l w i t h i n 0 . 5  foot of t he May water l eve l s .  S l u g  tes t 
res u l t s  for two wel l s  are s umma r i zed i n  Tab l e F . 4 . 5 .  
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Tab l e F . 4 . 5  S l u g  tes t res u l t s  fo r t he Che ney 
Res e r vo i r  s i te 

Hyd rau l i c  c o n d uc t i v i ty 
L ocat i o n  ( cm / s ec )  

50S 4 . S  x 1 0- 6  

7 0 1  2 . 1  x 1 0- 5  

Tes t a n a l yze d  w i t h  Bo uwe r - R i c e  Met hod ( Bo uwe r ,  1 97 8 ) . 

B ased  on  F i g ur e  F . 4 . 6 , t he average hyd rau l i c g r ad i e n t i n  
t h i s s h a l l ow sy s tem i s  appr ox i mate l y 0 . 02 5 .  The hyd ra u l i c  c o n ­
d u c t i v i ty i n  the satur ated zo n e  i s  k nown f rom i n - s i t u pe rme ­
ab i l i ty tes t s  ( T ab l e F . 4 . 4 ) and  s l u g  tes t s  ( T ab l e F . 4 . 5 ) . 
The s e  d a t a  were u s e d  to ca l c u l ate  an ave rage  l i ne ar or  D a rc i a n 
g r ou nd -water  f l u x  i n  t he s h a l l ow sy s tem us i n g  D ar cy ' s L aw :  

where 

q = K dh 

dl 

q = f l u x  ( l /t )  

K = hyd r a u l i c co nd uc t i v i ty 

dh / d l = hyd r a u l i c  grad i e n t  ( d i me ns i o n l es s ) . 

The l owes t me a sured _ §yd r au l i c  c o n d uc t i v i ty i n  o n e  o f  t he 
two s l ug  tes t s  wa s 5 x 1 0  cm/sec . 

For t h i s  pe rme ab i l i ty t he f l u x  i s :  

q = ( 5  x 1 0- 6 ) ( 0 . 02 5 ) ( 3 . 15 3 6  
= 3 . 9  cm/y r  
= 0 . 1 3 ft/y r 

7 
x 1 0  s ec/y r )  

-5  For  t he h i g h e r  pe rme ab i l i ty of  1 x 10  cm/s ec , wh i c h 
seems to be re p r es e n tat i ve of t he s a t u r ated  zo ne ( T ab l e F . 4 . 4 ) 
a n d  i s  approx i mate l y t h e  rre a sured  va l ue of t he o t her  s l ug  
te s t :  

q = ( 1  x 10-5
) ( 0 . 02 5 ) ( 3 . 1 5 3 6  x 1 07 s ec/y r )  

= Cl cm/y r 
= 0 . 2 6 ft/yr . 

U s i n g  t h e s e  
ca l c u l ated  f o r  a 
i n g  Darcy ' s  L aw .  
of a co nt i n uo u s 

f l  u x  rate s ,  t he grou n d -water d i  schar ge can  b e  
c ro s s - sec t i o n  of t he grou n d -water sy s tem , u s ­

Th i s  ca l c u l at io n i s  ba sed  o n  t h e  a s s umpt i o n 
grou n d -water sy s tem . I f  the  sy s tem i s  l a t-
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e r a l l y  d i scon t i n uo u s t he f l u x  wo u l d be l es s  t han  t he rate c a l ­
c u l ated be l ow .  Based  o n  t he pr es enc e or ab s e n c e  of s atur ated 
cond i t i o ns i n  mo n i tor i n g we l l s  comp l eted at d i ffere n t  de pth s ,  
t h e  t h i c k n es s of t he sy s tem appe ar s  t o  be l es s  t han 1 0  feet . 
The d i sch a r ge for a O . 5 -m i l e-w i d e  s ec t io n  o f  t he sy s tem i s : 

Q = q x A 

whe re 

Q = d i s c h a r ge ( 1 3/t ) 

A = cros s - sec t i o na l  area  ( 1 2 ) 

Q = ( 0 . 1 3 to 0 . 2 6  ft/yr ) ( 10 feet x 2 640 feet ) 

= 3432 to 68 64 ft 3/y r .  

The average  ve l o ci ty of t he g r o u n d  water c a n  be c a l c u l at­
ed if  t he effec t i ve poro s i ty wi t h  respe c t  to the  me d i u m  i s  
k n own ( Be ar ,  1 9 79 ) . The spec i f i c y i e l d  i s  some t i me s  c a l l ed ef­
fe c t i v e  poro s i ty ( Be ar ,  1979 ) . Spec i f i c  y i el d  wa s not  me a­
sured  at the Cheney Re s e r vo i r  s i  t e ,  but can  be as s u me d  ba s ed 
on  pu b l i shed  v a l ue s fo r s i m i l ar s o i l type s f o u n d  at t he s i te .  
Us i ng t h es e a s s u me d  va l  ues of effec t i ve por o s i ty ( Tod d ,  1 980 ) , 
average  ve l oc i ty c a n  be ca l c u l ated  as f o l l ows ( Be a r ,  1 9 79 ) : 

v = Q / nef A 

whe re 

v = average  v e l oc i ty ( 1  /t  ) 

Q = f l ow rate  ( 1 3/t ) 

nef 
= effe c t  i v e  poros i ty 

A = cros s - sec t io n a l  area  ( 1  2 ) 

V = ( 3432  to 28 64 ft 3/y r ) / ( 0 . 03 to 0 . 23 )  x 
( 26400 ft  ) 

= 0 . 5 7 to  8 . 67 ft/yr 

The unc er t a i n ty i n  t he a s s u me d  ran ge of e ffec t i v e  por o­
s i ty i s  ref l ected i n  t he ca l c u l ated  average ve l o c i ty of t he 
g r ou n d  water . 

R e c h arge . Rec h a r g e  of sha l l ow ground  water  i n  t he v i -
c i n i ty of the  C h e n ey Reservo i r  s i te proba b l y  comes from s e ve r ­
a l  sourc es i nc l ud i n g  s eep age  l o s ses  from W h i t i n g ' s  D i t c h  
( F i g ur e  F . 4 . 7 ) , i nf i l trat i o n o f  pr ec i p i tat io n ,  a n d  seepag e 
fr om e p heme r a l  and  i n term i t tent  s tre ams . Of t he s e  s o u r c es , 
s eepag e from W h i t i n g ' s  D i t c h  pr o ba b l y  pr edom i n ates  for  two 
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reaso n s : i t  i s  a co ns tan t h e ad source  for part o f  the  year , 
and i t  i s  d i re c t l y up h i l l f rom t he s i te ar ea . 

I nf i l trat i o n  o f  pr ec i p i tat i o n i s  pr obab l y  a mi nor sourc e 
of rec h ar g e .  U s i n g  t he f l u x  va l ues  ca l c u l ated  abo v e , an es t i ­
mate of t he bo und i n g ma x i mum va l  ue of net  i nf i  l trat i on can be 
made u s i n g t he hyd r o l o g i c eq uat i o n  ( Ch ow ,  1 964 ) : 

where 
I - 0 = dS 

dS  = chan ge i n  sto rag e 
I = i nf l ow 
o = outf l ow 

I n  a l o n g - term , s teady s t ate c o n d i t i on ,  i nf l ow mu s t  eq ua l  
o utf l ow to  sa t i sfy t he co nt i n u i ty eq uat io n .  A ma x i mum v a l ue 
of i nf i l trat i o n  res u l t s if i t  i s  as s ume d  that al l i nf l ow i s  
d ue  to  i nf i l tr at i o n .  

To e s t i mate a max i mum rate o f  i nf i l tr at i o n ,  t he area  over  
wh i c h i nf i l trat i o n  oc c u r s  must  be k n own or  a s s ume d :  

o For d i s c h a r g e  t hr o u g h  t he 0 . 5 -m i l e-w i de cros s s ec t i o n  
( see above ) ,  i t  i s  a s s ume d  t h at i nf i 1 tr at i o n  o c c u r s  
ov e r  a n  a r e a  0 . 5  mi l e  wi d e  exte n d i n g  o ne m i l e  up h i l l  
of t he c ro s s - sect i o n .  

o I nf i l trat i o n over  t he ar ea i s  u n i f o rm .  

The s e  as sump t i o n s  are reasonab  1 e beca u s e  re c o n na i s sance  
of the ar ea shows i t  to  be re l at i ve l y  u n i fo rm w i t h  re s pect  t o  
f ac to rs wh i ch wo u l d  i nf l u e n c e  i nf i l tr at i o n  i nc l u d i n g  s l ope , 
ve ge tat i o n  type and coverag e ,  and  surf i c i al geo l ogy .  The ma x­
i mum i nf i l tr at i on rate i s  t hen : 

where 

I = Q/A . ma x 1 

Imax 
= ma x i mum i nf i l trat i on rate ( l /t )  

Q = d i s c h a r ge t hr o u g h  cros s - sect i o n  

A .  1 
= ar ea  of  i nf i  l trat  i o n  

I ma x 
= ( 3 . 4  x 1 03 to 6 . 8 x 10 3 ft 3/y r ) /  

( 2640 ft  x 5 280 f t ) 

2 . 4  x 10-4 4 . 9  x -4 
= to 10 3 ft/y r 
= 2 . 9  x 10- 3  to 5 . 9 x 10- i n /yr . 

( 1 
3

/t ) 

A l t ho u g h  t h i s  v a l ue of r ec h a r g e  i s  very l ow ,  i t  i s  c o n s i s­
te nt  wi  t h  t he f i  n d i  n g s  of s t u d i  es e l  s ew he r e  i n  t he ar ea .  For  
e x amp l e , at t he Two R o ad s i te ( Sect i o n  F . 5 )  ground  water  i s  
not  pre s e nt  i n  the s h a l l ow un c o ns o l i dated  de pos i ts or Manc o s  
S ha l e ,  i nd i cat i n g a very l ow r ate o f  rec h a r g e .  
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I f  a s u b s tan t i  al f r ac t i o n  o f  the  gro u n d -water rec h a rg e  i s 
de r i ve d  from seepage  from Wh i t i n g ' s  D i tc h  or I n d i an  Cr eek , t he 
net i nf i l tr at i o n of pr ec i p i t at i o n  wou l d  be muc h l es s  t han  t he 
ca l c u l ated  v a l ue . 

A q u an t i f i cat i o n  of the  rate of rech a r ge from W h i t i n g ' s 
D i tc h  i n to the  s h a l l ow ,  pe rc hed grou nd water wa s at temp t e d . 
U s i n g  a pygmy rre te r ,  s tre amf l ow wa s me a sured  d i re c t l y  up stre am 
of the Cheney Res e r vo i r  s i te and  down s tream of a p pr ox i ma t e l y  
one- t h i r d  of t he s i te .  Me a sureme nts fur ther  down s tr eam  c o u l d  
no t be o b t a i ned  d ue to a s tr u c t u r a l  d i vers i on .  The re s u l t s  o f  
t he me a sureme n t s  a r e  s h own o n  Tab l e  F . 4 . 6 . T h e  f l ows were l ow 
and  t he stream bo t tom wa s soft wh i c h re s u l ted i n  co n s i d e r a b l e  
var i at i o n  i n  ca l c u l ated  s tre amf l ow ,  part i c u l ar l y at  t he do wn ­
s tre am l o cat i o n .  A l tho u g h  t he re s u l t s are no t p r ec i s e a n d  may 
be i n a c c urate , the ave rage  of the downs tre am rre a su r erne n ts  i s  
0 . 0 1 9  cf s ( 8 . 5  ga l l o ns  pe r mi n ut e )  l e s s  t han t he ave r ag e  o f  
the  up s tre am me asureme n t s .  As s um i n g  t ha t  no eva porat i o n  oc ­
c urred  from the  up stream to t he down s tre am l o ca t i o n ,  a n d  t h a t  
t he re c h ar ge from the  re ach  upgrad i e nt o f  t he C he ney R e s e r v o i r  
s i te i s  t hree t i me s  t he ca l c u l ated rechar ge rate , t he n  t he r e­
ch a rg e  rate from the d i t ch to the  s h a l l ow ,  perched  g rou n d  w a ­
t e r  i s  25 . 6  ga l l on s  p e r  m i n ut e .  

D i s c h arge .  Nat u r a l  d i s c h a r ge of grou n d  water o c c u r s  
t h r o u g h  t hree ma i n  comp o ne n t s  ( W ar d ,  1 9 7 5 ) : 

o E vapotran s p i r at io n .  

o D i s c h a r ge by me an s o f  spr i n g f l ow and  s eepage i n t o  s ur ­
face  water bod i es .  

o Leak age  fnto  ad j acent  aq u i fe r s . 

L e a k a g e  from the s h a l l ow sy s tem i n t o  ad j acent  a q u i f e r s  i s  
pr ob a b l y  neg l i g i b l e  ( Se c t i o n  F . 4 . 1 . 3 ) . [) i s c h a r ge by eva po­
tran s p i r at i o n ,  spr i n g f l ow ,  or  seepag e  i n to s u r face  water  bod ­
i e s  can be expected to o c c ur wh ere t he g ro u n d  sur face  i n te r ­
sec ts  t he water t ab l e  a n d  where an under l y i n g  re l at i ve l y  i mp e r ­
me ab 1 e 1 ayer c r o p s  out . Wes t of t he s i te t here i s  a topo­
g r ap h i c  break  where t he s l o pe i nc rea ses , a n d  the Ma n c o s  S h a l e 
crop s out  i n  s ome p l aces i n  e p heme r a l  dr a i n a g es . Be ca u s e  t h i s 
area  seems l i k e a f avo rab l e  p l ace for  g ro u n d -w ate r d i  s c h a r ge  
to  occu r a rec o n na i s sanc e wa s co n d uc ted i n  M ay ,  1 98 5 .  

D ur i n g  t h e  re c o n na i s s a n c e  a wa l k i n g  t o u r  w a  s mad e o f  
thre e are a s  wh i ch co u l d  b e  potent i a l d i s c harge  are a s :  i nc i sed 
dr a i nages  abo ve t he topograp h i c  br eak , the h i l l s l ope a l o n g  t he 
to p o g r a p h  i c br e ak , and dra  i nages be l ow the top ograph  i c break . 
No  s i g n s  of seepage  were o b s erve d . Some sma l l are a s  of s a l  t 
a c c umu l at i o n  were s een al o n g  Manco s Sh a l e o u t c r ops  i n  t h e  i n ­
c i sed dra i nages ; h oweve r ,  t here are many s u c h  are a s  o f  s al t a c ­
c umu l at io n  w i t h i n  the  G r a n d  Va l l ey ( L o hman , 1 9 65 ) . Be c au s e  
t here we r e  no o b s e r ved s i g n s  of seepage ,  no def i n i te c o n c l  u ­
s i  on abo ut  the are a of gro u n d -water d i  scharge  can  be mad e .  
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Tab l e F . 4 . 6  Stream f l ow me a s u r eme n t s  o n  W h i t i n g ' s D i t c h
a 

S tre am Stream  Ve  1 o c i ty 
wi d t h  de p t h  Rot at i o n s  ( fe e t/ D i s c h arge 

L ocat i o n ( fe e t ) ( fe et ) per m i n ut e  sec o nd )  ( cf s )  

Upstre am- stat i o n  1 2 . 3 0 . 42 9 . 6  0 . 18  0 . 089 
Ups tre am- stat i o n  2 2 . 1 0 . 1 9  42 . 5  0 . 72 0 . 144 
Upstr eam- stat i o n  3 2 . 2  0 . 28 16 0 . 29 0 . 089  
Ave rage  up stream 0 . 107  

Dow n s tre am- stat i o n  1 1 . 9 0 . 1 6  30 . 5  0 . 5 3  0 . 08 0  
Down s tream- stat i o n  2 1 . 85 0 . 2 2 1 1 .  85 0 . 2 2  0 . 04 5  
Dow n s tream- stat i o n  3 1 . 8 0 . 44 19 . 75 0 . 35 0 . 1 3 9  
Ave ra g e  down s tream 0 . 088  

aD at e :  J u l y  2 5 ,  1986 .  Me a sureme nt  d e v i c e :  pygmy me te r .  
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I ns tead , s evera l  potent i al me an s o f  g rou n d -water  d i  s c harge  c a n  
b e  p o s tu l at e d : 

o The grou n d -water d i  s c h arge  i s  sm a l l a n d  d i  s c h a r g e  i s  
i n  t he f o rm of d i f fu s e  s eepag e o v e r  a r e l at i v e l y  l ar g e  
a re a .  T h  i s  type o f  d i  scharge o c c u r s  i n homo geneous  
g eo l og i c mate r i al s  ( Da v i s and  DeW i es t , 1 966 ) . The d i s ­
ch arge  i s  co n s ume d  by d i rec t  eva porat i o n  a n d  tran s p i ra­
t i o n ,  a n d  t here i s  no  ev i de n ce of s eepag e .  

o The grou n d -water f l u x  mov e s  down t he topograph i c  br eak 
t hrough  t he u nc o n s o l i d a t e d  de po s i t s on t he h i l l s l ope . 
The u n c o ns o l i dated  de pos i ts are es s e n t i a l l y  c o n t i n uo u s 
w i t h  t h e  Man c o s  S h a l e c ropp i n g  o u t  o n l y  i n  t he i nc i s ed 
d r a  i n a g es t hat  tran s ec t  t he topo grap h i  c break . T here 
i s  no seepage  at t he topograp h i c  b r e ak , a n d  t he g rou n d  
water  moves t h ro u g h  unco ns o l  i d ated  de pos i t s  to  d i  s ­
ch arge  a t  the  G u n n i so n R i ve r  s eve r a l  mi l es to  t h e  
we s t .  

o Near the  topograp h i c  break t he Mancos  S h a l e i s  c l o ser 
to t he g ro u nd surface  an d t he weat he re d ,  more perme ­
ab l e ,  zo n e  of t he s h a l e t h i ck e ns . Gro u n d  water  mov e s  
ac ros s t he topogra ph i c  br eak deep i n  t he s h a l e an d 
e v e n t u a l l y  d i scharges at some u n known p o i n t .  

o A comb i nat io n o f  t he three  pos tu l ated  me an s  of d i s­
c h ar g e  occur s . 

W h i c h e ve r  of thes e pos tu l ated  me an s  of d i  s c harge  o c c ur s ,  
i t  can  be co nc l  uded  that  d i  scharge  e i t he r  o c c u r s  a t  a po i n t  
re l a t i v e l y  f ar from t he s i te or d i sch arge  i s  mo s tl y  c o n sume d  
by eva potran s p i rat i o n . 

Y i e l d .  The s h a l l ow groun d -wat e r  sy s tem appe ar s  t o  h ave 
a sma l l p o t e nt i a l  y i e l d ,  where potent i al " saf e y i e l d "  i s  de­
f i n e d  a s  t he amo u n t  o f  water t hat  can be w i t hdrawn w i t ho u t  r u n ­
n i  n g  o u t  of wat er  ( L o hm an , 197 2 ) . O n  a quan t i t at i ve ba s i  s ,  
t he Th i em e q uat io n w i t h  D up u i t  a s sump t io n s c a n  be u s e d  to es t i ­
mate t he s afe y i e l d  of t he sy s tem ( To d d ,  1 980 ) : 

where 

h 2 
_ h 

2 

Q = ( P  i ) K  o w 

Q = 

K = 

h 0 
= 

h = 
w 

r = 0 

I n ( r  Ir ) o w 

d i scharge  ( 1 3 It ) 

hyd r a u l  i c co n d uc t i v i ty ( l /t )  

or i g i n a l  h e ad ( pr e - pump i n g or 

head at  wel l 

no d r awdown ) 

rad i u s  to  p o i n t  of n e gl i g i b l e  d rawdown 
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r = rad i u s of wel l w 

F or a two - i n c h  wel l at t h e  u p h i l l  s i de of t he s i te ,  a s sum­
i n g  n e g l i g i b l e  drawdown at t he recharge  source  ( W h i t i n g ' s  
D i tch ) ,  an i n i t i al satur ated  t h i ck nes s of 10 fe e t ,  a n d  draw­
down  of e i g ht fe e t :  

K 1 . 4  t o  2 . 8  -2 
= x 10  ft/day 

h = 1 0  feet 
0 

hw 
= 2 feet 

r = 2 600 feet 0 

r = 0 . 08 3 3  fe et  
w 

Q = 3 to 6 ga l l o n s  pe r d ay . 

However , beca u s e  t he ground -water  sy s tem i s  s l o p i n g  an d 
t here i s  no recharge  sourc e o n  t he down h i l l s i de of t h e  we l l ,  
s u s t a i ned  y i el d  o f  ground  water can  come o n l y  from t he u p h i l l  
sem i c i rc l e  s ur ro u n d i n g the  we l l an d t h e  pote n t i al y i el d  i s  
h a l ved : 

Q = 1 . 5  to 3 ga l l on s  pe r d ay . 

The es t i mated  f l ow t hrou g h  a o ne-m i l e  wi � cros s - sec t i o n  
i n  t he s h a l l ow sy s tem i s  34 32 to 68 64 f t  /ye ar ( Sec t io n  
F . 4 . 1 . 5 ) . A wel l or wel l s  captur i n g al l of t h i s  water ( an i m­
po s s i b i l i ty )  wo u l d  y i e l d  o n l y  70  t o  1 4 1  gal l on s  per day . 

F . 4 . 1 . 6  Water  q u a l i ty 

W ate r - q ual i ty an al yses for  t hr ee mo n i tor i n g  wel l s  are pr e­
s e n te d  i n  Tab l es F . 4 . 7 an d F . 4 . 8 . L i s ts of a l l exceeda n c e s  of 
EPA pr i mary a n d  s ec o nd ary dr i n k i n g  water stan da r d s  are pr es ent­
e d  i n  Tab l es F . 4 . 9  an d F . 4 . 1 0 .  The water q ua l i ty at t he f ar ­
thes t upgrad i en t  wel l can b e  de s c r i be d  a s  fresh , a n d  a s  b r a c k ­
i s h a t  t he o t he r  two we l l s .  The g r o u n d  water e x h i b i t s  a def i ­
n i te  i n c r e a s e  i n  tota l  d i s so l ve d  so l i d s  i n  t he down g r ad i e n t  
d i rec t i o n .  Th i s  i nc rease  c a n  b e  at tr i b ut e d  to contact  wi t h  
the  mar i n e or i g i n  Man c o s  S ha l e .  Co n c e n trat i o n s of s everal  
co n s t i tue n t s  exc ee d i n g Nat i o na l  P r i ma ry or  Sec o nd a ry Dr i n k i n g  
W ater  Stan dar d s  i nc l ude i r o n ,  man gan e s e ,  pH , s u l f ate , tota l  
d i s s o l ved  so l i d s ,  a n d  ur an i u m ( he a l t h  ad v i sory l e ve l ) .  

Tot al  or ga n i c carbo n ( TO C ) exceeded  700  mg / l  at t he two 
we l l s  i n s ta l l ed i n  1 985 . Th i s  pr o b a b l y  res u l te d  from t he s l ow 
br eak down o f  b i o d e grad a b l e  or gan i c  dr i l l i n g  f l u i d  a d d i t i ve s , 
a s  h a s  be en noted  by ot her i nves t i g at ors  ( B arc e l ona , 1 984 ; 
E r i cso n et al . ,  1985 ) . The wel l s  were purged  af ter i n s ta l l a ­
t i o n an d were b a i l ed dry severa l  t i me s  pr i or t o  s amp l i n g .  The 
pers i s te nc e  of h i g h  co nc entrat i o n s  of TOC may i n d i cate t hat  
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t he sy s tem i s  re l at i v e l y  s t ag na n t  wi t h  l ow f l ow rat e s ;  t he com­
p l ete remo v a l  of d r i l l i n g f l u i d  from an d ar o u n d  t he wel l bo re 
may req u i re remov i n g severa l  add i t i o n a l  bo r e  vo l ume s  of water 
( an d  d r i l l i n g f l u i d ) . 

P ro x i m i ty of s i te to  s urface water 

The C he ney R e s e r vo i r  s i te i s  
nor t hwes t of C heney Res e r vo i r . 
Kan na h Creek  an d Smi t h  D i t c h  ( an 
i mate l y  o n e  mi l e  from t he s i te .  

a pprox i mat e l y  0 . 8  m i l e  nor th­
To the  nort h of t he s i t e 

i r r i g at io n  c a n a l ) are approx-

Severa l  e p heme ra l  dra i n ag es of vary i n g  s i  ze  run  g e nera l l y  
nor t hwes t t o  s o ut he ast  w i  t h i  n o n e  m i  1 e of t he s i  te o The s e  
d r a i n a g es f l ow i n t o  I nd i a n  Cree k ,  an  ep heme r a l  d r a i n a g e  appr ox­
i mate l y 0 . 1 to 0 . 5 mi l e  wes t- so ut hwes t of t he s i te .  The 
Co l o rado Geo l o g i ca l  S ur vey ( C G S ,  1 982 ) no ted  t hat an i r r i g a ­
t i o n  d i t ch o f  un k nown nature  c ro s  s e s  t he u p pe r  part  of the  
s i te  wh i c h wa s i nve s t i gated . The d i t c h  ( W h i t i n g ' s  D i t c h ) i s  
a p prox i mate l y 0 . 2 5 mi l e  nort he a s t  of t he s i t e  bo u n da ry as i t  
i s  n ow de s i g n ated . The d i t c h  f l ows i n to McDo na l d Res ervo i r , a 
stock -water i n g an d i rr i g at io n reservo i r  approx i mate l y o n e  m i l e  
nor t hwes t of t he des i g nated  s i te b o u n d a ry .  

F . 4 . 2  CL I MATE E F FE CTS O N  CONTAMI NAN T  M I G RAT I O N  

F . 4 . 3 

F . 4 . 2 . 1  

F . 4 . 2 . 2  

C l i mate 

The s i te i s  l es s  than  15  mi l es from t he pr oces s i n g  s i te  
an d abo ut 600  fe et h i g h er  i n  e l evat io n .  E x c ept f o r  l oc a l  t opo­
g r ap h i c  effe c t s , the  l o n g- term c l i mate i s  prob a b l y ve ry s i m­
i l ar to t hat  at t he p r o ce s s i n g s i te ( Se c t i o n F . 3 . 3 . 1 ) . 

C o n t ami nant  mi grat i o n i n  t he u n s a t urated  zo ne 

The pre d i c te d  rate o f  net i nf i  1 trat i o n  t h ro u g h  t he s t ab i -
1 i zed ta i l i n gs  i s  a key i n d i c a t or o f  t h e  rate o f  c o n tami n a n t  
mi g rat i o n ,  be c a u s e  i nf i l trat i o n wo u l d  g en er at e l e ac hate . F o u r  
me thod s o f  ca l c u l at i n g  i nf i l trat i o n  r a t e s  are de s c r i b e d  i n  
Sec t i o n F . 3 . 2 . 2 .  The s e  s ame me thod s are u s e d  t o  p r ed i c t  i nf i l ­
trat i o n  rates  t hr o u g h  the  stab i l i ze d  t a i l i n g s at t he C he n ey 
Res ervo i r  s i te .  The res u l t s  are s umma r i ze d i n  Tab l es F . 4 . 1 1 
t hr o u g h  F . 4 . 13 .  

EX I ST I N G USAG E  AND VAL UE O F  WATER  RESOUR C E S  

F . 4 . 3 . 1  G r o u n d  water 

U s age . There are no re gi ster ed wel l s  wi t h i n  abo ut two 
mi l es of t he s i te ,  and no s h a l l ow we l l s  wi t h i n  abo ut 3 . 5  m i l es 
of t he s i te .  E x i st i n g  u s ag e of g ro u n d  wa ter i n  t he v i c i n i ty 
of t he C he n ey Res e r vo i r s i te i s  m i  n i ma 1 d ue t o  t h re e  f ac t or s . 
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M e t hod  a 

1 

1 

2 

2 

3 

4 

Tab l e  F . 4 . 1 1  P re d i cted  i nf i l trat i o n  r ate t hrou g h  t he cover  at t he 
C he ney Res e r vo i r  s i te 

Cover  hyd r a u � i c  Durat  i o  e I nf i  l tr at i o n  
rate ( cm /y r )  co nd uc t  i v i  ty of f l  ow 

1 x 1 0-6 
Co n s tan t 3 . 1 5 x 1 01 

1 x 10- 7 
Cons tan t 3 . 1 5 x 1 0

0 

1 x 10- 6  
246 8 . 90 x 1 0- 1 

1 x 10- 7 
24 6 8 . 90 x 1 0-2  

Ta b l e F . 4 . 8  

7 . 4 x 1 0- 3 

1 . 5 x 1 0- 2  t o  

aMet hod 1 i s  co n s tan t D arcy f l ow u n d e r  u n i t hyd r au l i c  g rad i en t ;  
Method  2 i s  co n s tan t D arcy f l ow d ur i n g ra i nf al l eve n ts > 0 . 1 i nc h ; 
M e t hod  3 i s  we t t i n g  f r o nt ad v a n c e  d u r i n g r a i nf a l l e v e n t s > 0 . 1 i nc h ; 

b Met ho d 4 i s wa t e r b a 1 a n c e ( S  e c t i o n  F .  4 • 1 .  5 )  • 

I n  cm/ s ec . Hydrau l i c  co n d uc t i v i ty of co v e r  wou l d  be spec i f i ed i n  en g i n eer i n g 
des i g n . c I n  h o u r s  pe r year . 

F-288 



Tab l e F . 4 . 12 Ca l c u l ated  i nf i l trat io n r ates us i n g eq uat i o n  
fo r wet t i n g  f ro n t  ad v a n c e  

I nf i l t rat i o n  

E ve n t  A n n u a l  
t ,  s ec k ( em/ sec ) he  ( em )  S c  ( %) a dw ( em )  eve nts  I ( em )  

2 1 , 60 0  1 x 1 0- 6  15 700 7 0 . 5 5  3 . 8  x 10-2  41  1 .  6 x 
2 1 , 600  1 x 10- 6 5235  4 . 3  0 . 89 3 . 8  x 10- 2  4 1  1 .  6 x 
2 1 , 600  1 x 10- 6  1047 2 . 1  1 .  80 3 . 8  x 1 0-2  41  1 .  6 x 
2 1 , 600  1 x 1 0- 7  15 700 7 0 . 05 5  3 . 8  x 1 0- 3  4 1  1 .  6 x 
2 1 , 600  1 x 1 0- 7  5 2 3 5  4 . 3  0 . 089  3 . 8 x 10-3  41  1 .  6 x 
2 1 , 600  1 x 10- 7  1047 2 . 1  0 . 18 3 . 8  x 1 0- 3  4 1  1 .  6 x 

a 
F r om T ab l e F . 4 . 9 

T a b l e F . 4 . 1 3 C a p i l l ary mo i sture  re te n t i o n  for  C h e n ey Res ervo i r  
cover  s o urc e 

1 00 

1 00 

1 00 

1 0- 1 

1 0- 1  

1 0- 1  

C ap i l l ary pre s sure  
( B ar ) Wat e r  re ten t i o n ,  % 

0 . 1  
0 . 3  
0 . 5  
0 . 7  
1 . 0  
3 . 0  
5 . 0  
7 . 0  

1 0 . 0 
15 . 0  

24 . 47 
23 . 74 

22 . 38 
2 1 .  02 
2 0 . 1 9  
19 . 5 5 
18 . 24 
17 . 5 9 

Not e :  A bo ve tes ts pe rforme d us i n g bo t h  ASTM 0 31 5 2  a n d  0 23 2 5  tes t me t hod s .  
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F i rs t ,  t he c ur r e n t  l ow pop u l at io n d e n s i ty i n  t he are a  res u l t ::> 
i n  a l ow deman d for  water i n  the  are a .  Se cond , t he l i m i te u  
av a i l ab i l i ty o f  s h a l l ow g r o u n d  water i s  s hown by t he f ac t  t h a t  
mo ni tor i n g we l l s  d r i l l ed o n  t he s i te f a i l ed t o  enc ou n ter  s i g ­
n i f i ca n t  q uan t i t i e s  o f  s h a l l ow grou n d  water an d i s  s up p or t e Cl 
by es t i mates o f  y i e l d ( Sec t i o n  F . 4 . 1 . S ) . The Mancos  S h a l e i s  
no t co ns i d e re d  to be wat e r - be ar i n g  i n  t h e  Gr a n d  J unc t i o n  a re a  
( L o hman , 1 9 65 ) . S i g n i f i c an t  q uan t i t i es o f  de epe r g ro u n d  w ater  
may be av a i l ab l e ,  b ut at  g r eat er d r i l l i n g  c o s ts . Th i rd ,  s h a l ­
l ow grou n d  water i s  probab l y  too  p o o r  i n  q ua l i ty f o r  dome s t i c 
us e ,  e x c ept  i n  l o ca l i ze d  are a s .  

A home owner  o n  H i g h way S O  appr ox i mat e l y 1 . S  m i l es sout h­
we s t  of  t he s i te reported  t h a t  she  an d her  i mrre d i ate n e i g h bo r s  
h a u l e d  t he i r  water f rom Gr a n d  J un c t i o n . A l S 0-foot  tes t we l l 
on  her pr ope r ty y i e l d e d  water t h at was  too s al i n e for u s e .  
Where  s h a l l ow g r o u n d  water i s  pr es e n t  i n  t h i s  v i c i n i ty ,  i t  c a n  
be expe c ted t o  be s a l i n e d ue to co ntact  w i t h  t he mar i n e-or i g i n 
Mancos  s h a l e ;  a s  i s  t he ca se for  s h a l l ow grou n d  water i n  t he 
Gra n d  V al l ey ( L o hman , 1 9 6 5 ) . 

Ano t her home owner at a l o cat i o n appr ox i mat e l y O . S  m i l e  
nor t hwes t of t he s i te re p or t ed t hat s h e  and her i mme d i  ate 
ne i g h bor s al s o  ha u l ed water  from a l oc a t i o n  i n  t he K an n a h  
C r ee k  commu n i ty .  

V a l ue . Beca us e  t here i s  n o  ex i st i n g u s a g e  o f  s h a l l ow 
or deep gro u n d  water wi t h i n  t he pote n t i al l y  affec ted hyd r o ge­
o l o g i c  e nv i ro nme n t ,  g r o u n d  water h a s  no ex i st i n g  pr es e n t  v a l ue 
an d o n l y a very l ow f u t ur e  v a l ue ( Sec t i o n  F . 4 . S ) . 

S u rface  water 

U s age . Pere n n i al  s tre ams wi t h  he adwate r s  i n  Gr a n d  
Mes a ,  e a st o f  t he s i te ,  i nc l ude  K an na h  Creek  a n d  I n d i an  C r eek . 
Kannah  Creek  i s  ut i 1 i ze d for  i r r i  g at i o n  al o n g  some o f  i t s 
l en g t h ; howeve r ,  re s i de nts  a l o n g  K an na h  Cre e k  obt a i n  p o t ab l e 
water for  dome s t i c  u s e  f r om a c i ty of Grand  J unc t io n  water s u p­
p l y l i n e  wh i c h  r u n s  a l o n g  t he C r ee k .  

I nd i an Creek  i s  t apped  by a n  u n l i ned  d i t c h  wh i c h d i v e r t s  
f l ow to McDo na l d Reservo i r  ( F i g ur e  F . 4 . 7 ) . Ac cord i n g  t o  t he 
ope rator of the  d i tc h ,  t he d i ve r s i o n  i s  u s ed for s tock ­
water i n g  and for  i r r i g at i n g  p a sture  n e ar McDo n a l d Res ervo i r .  

V a l u e .  The va l ue of s urface  water i n  t he vi c i n i ty of  
the  s i t e can  b e  eva l  u a t e d  by t w o  me an s .  One  i s  to  determ i ne 
t he co s t  of al ter nat i ve water s up p l  i e s i n  the  are a .  A r ate  
sched u l e  for water s u p pl i ed by t h e  c i ty of  Grand  J unc t i o n  to  
b u l k  water  users  i n  the  W h i tewater are a  i s  shown i n  T ab l e 
F . 4 . 14 .  Ano t her al ter nat i ve sourc e o f  water i s  de l i v e ry fr olll 
comme rc i al s upp l  i er s  based  i n  Grand  J unc t io n ,  who re po r t  
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charges  of $16  to $25  pe r l lOO ga l l o ns  for de l i vered  water i n  
the  W h i tewater and Kannah  Creek ar ea . The s e  ch a rg es can vary 
s i g n i f i ca n t l y depe n d i n g  on t he exact  l ocat i o n  of t he de l  i very 
and t he to ta l  quan t i ty of wa ter to be de l i v e r ed .  T h e s e  
c h a r g es ref l ect a muc h h i g h er va l ue t h an wo u l d b e  attached  
w i t h  t he prob ab l y  poor  q ual i ty water  u nder l y i n g  t he s i te .  

Tab l e  F . 4 . 1 4 Rate s c he d u l e for b u l k water u s er s  
near W h i tewat er  

Q uan t i ty pe r mo n t h  ( ga l l ons ) 

F i rs t  3 , 000  
Next  7 , 00 0  
Next 1 0 , 000  
More  t han 20 , 000  

Ref . C i ty of Grand  J unc t io n ,  1 985 . 

C h a r g e  

$9 . 40 ( m i n i mu m )  
$ 1 .  40 /1 000 g a l  
$ 1 . 7 0 /1 000 ga l 
$ 2 . 10/1 000 ga l 

AL TERNATE WATER  S U P PL I E S  

Stab i l i zat i o n  o f  t he t a i l i n gs a t  t he C h e n ey Reservo i r  s i te wo u l d  
no t af f ec t  any c ur re n t l y u s ed water r es o u rc e s ,  a n d  u s e  of t he pote n t i al ­
l y  affected  ground  water wou l d  be  un l i k e l y ( Se c t i o n F . 4 . 5 ) . Sho u l d  t he 
po te n t i  al l y  af fe cted  grou n d  water be co ns i d e re d  for u s e , s eve r a l  a l  ter ­
n a t e  s o u r c es o f  water  are ava i l ab l e .  

Water s u p p l i e s i n  t he i mme d i ate v i c i n i ty of the  C h e ney Res er vo i r  
s i te c o u l d  be o b t a i ned  from s everal  s o u rc es . Home ow n e r s  i n  t he ar e a  a l ­
re ady h a u l water or obt a i n  i t  from a c i ty of Grand  J unc t io n  wa ter l i n e 
r u n n i n g  al o n g Kan na h Cree k .  S urface  water c o u l d  be obt a i ned  fr om per en ­
n i  a l  s treams s u c h  a s  Kan n a h  Creek  an d I n d i  a n  Creek  i f  appr opr i ate water 
r i g ht s  were obt a i n ed . Deep ground  water may be  ava i l ab l e b ut i t s poten­
t i al i s  u nk nown . 

F UTUR E U SAG E AND VAL UE OF WATER R ESOUR C E S  

F . 4 . S . 1 G r o u n d  water 

U s age . I n  Feb r u ary ,  1 985 , a home owner at a l o cat io n ap-
pr ox i ma te l y  0 . 5 mi l e  nor t hwe s t  of t he s i te re por ted  t hat  s he 
h ad p l a n s  to d r i l l  a wel l t o  a de p t h  of l es s  t han 1 000 fe et . 
Attemp t s  to ut i 1 i ze de ep grou nd -water res o u rc es i n  t he are a 
w i t h i n s e ve r a l  m i l es of t he s i te may be an t i c i pate d .  The co n ­
t r o l l i n g  f ac t or s  wo u l d  be t he exte n t  t o  wh i c h  t he popu l at io n  
i n c rea s es , t he exte n t  to wh i ch ot her water  res o urc es and  t he i r  
d i  s tr i b ut i o n  sy s tems ar e de ve l ope d , an d t he s u c c e s s  of at­
temp ts to f i nd u s ab l e deep g r o u n d  wate r . 
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Some zo nes of fres h or pot ab l e  s h a l l ow grou nd  water  can  
b e  fo u n d  near  c re e k s  an d d i  t c h e s  i n  t he are a ,  where t he s u r ­
face  water re p r es ents  a so urc e o f  rec h a r g e .  T h e  ext e n t  o f  
these  zo nes  i s  pr ob a b l y  l i m i t ed to a n  are a ve ry n ear t he re­
ch arge  s o u rc e .  The area l  ex t e n t  o f  t he s e  potab l e zo nes  i s  l i m­
i ted by t he sma l l amo u n t  of rec h a r g e  and t he tendency of t he 
u n de r l y i n g  M an c o s  Sh a l e  to de grade water q u a l  i ty .  The  poten­
t i a l  s u s t a i ned  y i e l d of t h e  zo nes  i s  a l s o  smal l ( Se c t i o n  
F . 4 . 1 . 5 ) . The potent i al fo r de ve l opme nt o f  s h a l l ow g rou n d  wa­
ter  i s  mi n i ma l . 

V a l ue . The d i f f i c u l ty of e s t ab l i sh i n g  t he fut u r e  va l ue 
of water re s o urc es i s  d i sc u s se d  i n  Sec t io n  F . 3 . 6 . 1 .  The v a l ue 
of s h a l l ow gro u n d  water i n  t he v i c i n i ty of the s i te wou l d  be 
l i m i te d  by the l ow potent i al y i e l d ( Sec t i o n  F . 4 . 1 . 5 )  of t he 
sy s tem . O n  a q ual i t at i ve ba s i s ,  i t  c a n  be c o nc l uded  t h a t  t he 
resourc e va l ue of s h a l l ow grou n d  water i s  l ow .  

S urface water 

U s age . The neare s t  potent i al l y  de ve l op ab l e sourc es of 
s u rface  water are I nd i an Cr eek and a d i v e r s i o n  d i tch  wh i ch c a r ­
r i e s water from I nd i  a n  Cree k .  I n  ye ar s of h i g h e r  f l ow i n  
I nd i an Creek  t hes e bo t h  co u l d be u s e d  to d e ve l op g reater u s e  
of surface  water i n  the  v i  c i  n i ty o f  t he s i t e .  The de g ree o f  
de ve l o pme n t  wou l d  probab l y  be govern e d  by l an d  u s e  res tr i c ­
t i o n s  o n  t he Federa l  l an d ,  by econom i c  f ac t or s  o n  n e ar by pr i ­
vate l an d , and  by t he ava i l ab i l i ty of a d d i t io na l  water  r i g h ts .  

V a l ue . The d i f f i c u l ty of e s t ab l i sh i n g  t he f u t u r e  v a l ue 
of water re s ourc es i s  d i s c u s sed  i n  Sec t io n  F . 3 . 6 . 1 .  I n  t he v i ­
c i n i ty of the  C he ney Re s e r vo i r  s i te water i s  u s ed f or v a r i o u s  
ag r i c u l t u r a l  purpo ses . The va l ue o f  water i n  t he are a wou l d  
probab l y  para l l e l t he v a l ue o f  ag r i c u l t u r a l  p r od uc ts . A l terna­
t i ve l y ,  popu l at io n  grow t h  i n  t he are a  cou l d  i nc r e a s e  dema n d  
for  a dome s t i c water s u p p l y .  O n  a q ua l i t at i v e  or  re l at i v e  
b a s i  s ,  i t  c a n  b e  co nc l  uded  t hat t h e  v a l  u e  o f  sur face water 
re sourc es i n  t he are a i s  moderate  t o  h i g h . 

IMPACTS I N  AF F E CTED H YDROGEOLOG I C  E NV I RONM E NT 

The  i mp a c t s  i n  the  poten t i al l y  affec ted  hyd r o geo l ogi c s ett i n g at 
t he C h e n ey Res e r vo i r  s i te are d i s c us sed  b e l ow . 

F . 4 . 6 . 1  H uman h e a l t h  r i s k s  

T here  i s  n o  k nown ex i st i n g u s e  o f  s h a l l ow g rou n d  water i n  
the  potent i a l l y  af fec ted hyd r o geo l o g i c e n v i ronme n t ,  a n d  f u t u r e  
us e of s h a l l ow gro u n d  water i s  expec ted  t o  be mi n i ma l . 
Bec a u s e  t he pr oba b i  l i ty of h uma n i n ges t i o n  o f  potent i al l y af ­
fec ted g r o u n d  water wou l d  be m i n i ma l , t he proba b i l i ty o f  h u man 
he a l t h  r i s k s  wou l d  be  mi n i mal . 
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D amage to c ro p s  and  vegetat i o n  

The re i s  no k nown ex i s t i n g  u s e  o f  s h a l l ow g ro u n d  water by 
c rop s an d ve get at i o n  i n  t h e  potent i al l y affe c te d  hyd r ogeo l o g i c 
env i r o nme n t ,  and  f uture  use  o f  s h a l l ow g ro u n d  water i s  expect­
ed to be  mi n i ma l . Bec a u s e  t he prob a b i  l i ty of water u s e  by 
c rop s an d vegetat i o n wou l d  be mi n i ma l , t he prob ab i l i ty o f  d am­
age to c ro p s  and ve getat i o n  wou l d  be m i n i ma l . 

D amage to w i l d l i fe 

There i s  no known ex i st i n g u s e  o f  s h a l l ow grou n d  water  by 
w i l d l i fe ,  and  no  k n own l oc a t i o n  where w i l d l i f e cou l d  p otent i a l ­
l y  i n ges t i t .  I t  can  be c o nc l uded  t hat  damage to w i l d l i fe d ue 
to i n ges t i o n  of g ro u n d  water wou l d  be m i n i ma l . 

Pe r s i ste nce and  permanence of adverse affects  

Adve r s e  effe c ts d ue to i n ge s t  i on  of g rou n d  water  by h u ­
man s ,  c rop s and ve ge t at i o n ,  and  w i l d l i f e are d i scus s ed abo ve . 
I t  i s  conc l uded  t hat t he probab i l i ty of i n ge s t i o n  o f  p otent i al ­
l y  affec ted gro u n d  water wou l d  be mi n i mal . There fore i t  can  
be  conc l uded  t hat ad vers e effec ts d ue to i n ge s t i o n  of g round  
water  wou l d  be  ne i t he r  pe r s i s te n t  no r pe rman e n t .  
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F . 5 POTE NT IALLY  AF F ECTED H YDROGEO LOG I C  E N V I R O NM E N T- TW O  ROAD S I TE 

CHARACTER I ZAT I O N  O F  H YDROGEOLOG I C  E N V I R O NM E N T  

F . 5 . 1 . 1  Prev i o u s  i n ve s t i ga t i o n s  

The Two R o ad are a h a s  pr ev i  o u s  1 y be en t he s u b jec t of two 
i nv es t i g at i o n s  wh i c h i nc l u d e d  c h a r a c t er i zat io n of t he hyd r o ge­
o l og i c  re g i me .  The Co l or ado Geo l o g i c a l  S ur vey ( CG S ,  1982 ) d i d  
a rec o n n a i s sa n c e l e v e l  s t u dy of t he l oc a t i o n ' s  po te n t i a l us e 
a s  a mi l l  t a i l i n gs d i s p o s a l  s i t e .  The B ur e au o f  Rec l ama t l o n 
h a s  s tu d i e d  a l ar g e r  are a wh i ch i nc l u des t he propo s ed t a i l i n gs 
d i sp o s a l  area  ( UR S , 1983 ) . The l at ter  i nv es t i g at i o n  wa s part  
of  t he Co  l or ado  R i ve r  Water  Q u a l  i ty  I mp rov eme n t  Pro g r a m :  t he 
Two Road are a  i s  a pr o p os ed l o cat io n f o r  eva porat i o n  po nd s .  
The l at te r  i n v es t i g at io n i nc l uded  23 bo r i n gs a n d  t he i n s t a l l a­
t i o n o f  22  we l l s .  

F . 5 . 1 . 2  Rece n t  i n ve s t i gat i o n s  

F . 5 . 1 . 3  

The f i e l d program h a s  i n vo l v e d  ex p l o r a t o ry dr i l l i n g ,  s o i l  
te s t i n g ,  mo n i t or i n g  we l l i n s ta l l at i o n ,  a n d  water  s a rnp l  i n g . 
The pr o g ram wa s be g u n  w i t h  d r i l l i n g i n  M a rc h , 1 98 5 . P re v i o u s  
i n v e s t i g a t i o n s  by t h e  U . S .  B ureau  o f  Re c l a mat i o n  for a sep­
a r a t e  pr o j e c t  ( Sec t i o n  F . 5 . 1 . 1 )  i nc l uded  two  ex p l orat ory bo r ­
i n g s ,  f i e l d  a nd  l abo r a t ory  tes t i n g , a n d  t he i n s t a l l at i o n  o f  
two mo n i to r i n g wel l s  w i t h i n  t he des i g n at e d  s i te bo u n da ry .  

I n  t h e  Marc h ,  1985 , f i e l d pr o gr a m ,  1 6  e x p l orat o ry bo r i n g s  
we re  dr i l l ed o n  a fo u r - by -fo u r  g r i d  pat tern . Mo n i t or i n g we l l s  
were i n s ta l l e d i n  f i ve of t he bor i n gs .  So i l  samp l es were c o l ­
l ec ted from t he bor i n gs  f o r  s tr a t i g ra p h i c  l o g g i n g  a n d  for  l ab ­
or a t ory tes t i n g .  We l l  co n s truc t io n  de t a i l s  are pr es e n t e d  i n  
Tab 1 e F .  5 • 1 .  

A l l f i  e 1 d a n d  1 a bo r ator y wo rk wa s pe r forme d i n  acco r da n c e  
wi t h  s t an d a r d  ope r a t i n g  proc edur es . The s e  s t an d a r d  ope r a t i n g  
p r ocedures  are o n  f i l e  wi t h  t he U . S .  DO E UMTRA P r oj ec t Off i c e 
i n  A l b u q ue rq ue , N ew Mex i co .  

S t ra t i g r a p hy 

The s tr at i g ra p hy at t h e  s i te h a s  be e n  d e f i n e d  by 18 bo r ­
i n g s .  Geo l o g i c cros s - sec t i o n s  are pr es ented  i n  F i g ur es F . 5 . 1  
t hr ou g h  F . 5 . 4 . On  a hyd r o g eo l o g i c  ba s i s t he s t r a t i g r a p hy c a n  
b e  d i v i de d  i n to  t hree zo nes : 

o A s ur f i c i a l l ayer  o f  unco n s o l i d a t e d  de po s i t s .  

o M an co s  S h a l e .  
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SOl and S02 a re U . S .  Bureau of Rec l ama t i on bor t n9� and .on l tor wel ts C - l  and C - 2  tn URS ( 1983) . 

b S t te coor d i na te system I s  based on a t runca t i on of mod i f i ed Col orado coord i na te system. 
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F . 5 . 1 . 4  

F . 5 . 1 . 5  

o The Dako ta  San d s tone  and o t her  format i ons  underl y i n g  
the Man c o s  S ha l e .  

S urf i c i a l l ayer . The s i te i s  o n  a pe d i me n t s urface 
formed by eros i o n  of t he Mancos  S h a l e .  The dom i nan t sur f i c i al 
mater i a l s  pres en t i n  t he s i te area are re s i d ua l  so i l s  forme d 
by we at he r i n g  of the Manco s ,  pe d i me n t  gravel s ,  and  eo l i an de­
po s i t s .  Ground  water wa s not  e nc o u n tered i n  t he s u r f i c i a l de­
po s i t s .  I n term i tte n t  grou nd  water ha s been reported i n  one  
we l l ad j acent  to  a s tock po nd ( U . S .  Bureau  of Rec l  amat i o n ,  
1 9 7 8 )  • 

Commu n i c at i o n w i t h deep aqu i fer s .  The Co l orado Geo l o g i -
c a l  Sur vey re ports  that the s i te i s  underl  a i n  by approx i mate l y  
500 to 1 1 00 feet o f  Man c o s  S h a l e ( CGS,  1982 ) . The l og o f  an 
o i l we l l dr i l l ed l es s  t han 0 . 5  m i l e  from the des i g nated s i te 
bo undary reported t he to p of the Dako ta San d sto ne at 748 fe et 
be l ow l an d  surfac e .  The Dakota  San d s tone  wou l d  be t he uppe r­
mo s t  potent i al aq u i fer u nderl y i n g  t he Manc o s  S h a l e .  Mancos  
S h al e i s  general l y  ack now l edged to be  a l ow-pe rmeab i l i ty forma­
t i o n  o n  a reg i o na l  ba s i s , as  reported by var i o u s  aut hors 
( L o hman , 1 965 ; Coo l ey et a l . ,  1 9 69 ) . Beca use  of t he l ow perme ­
ab i l i ty and t h i c knes s of t he Man cos  S h a l e ,  hyd rau l i c  commu n i ca­
t i o n  be tween geo l og i c  un i ts abo ve an d be l ow the s ha l e i s  
ex pec ted to be mi n i mal . 

U n s at urated zone hyd rau l i c s 

The de scr i pt io n  of u n s atur ated zo ne hyd r au l i c s at an al ­
te rnate d i spo s a l  s i te can  i nc l ude bo t h  vert i c al  and h or i zo n tal 
mo veme n t  of mo i s ture . The vert i ca l  moveme nt of mo i s ture i s  
contro l l ed to a l ar ge exte n t  by t he prope rt i es of t he m i l l  
ta i l i n gs and t he e ng i n eered cove r .  The characte r i zat i o n  of hy­
drau l i c  propert i e s  of t he Grand J un c t io n  t a i l i n gs h a s  bee n doc­
ume nted el s ewhere,  a nd  i nc l udes propert i e s  for t he i n - si tu 
ta i l i n gs as we l l  as propert i e s  of d i ffe rent m i xt ures  and d i f ­
fe re nt de grees of comp ac t io n  ( Veyera , 1 980) . 

The hor i zo n t al f l u x of mo i s ture away from t he s i te bound ­
ar i e s  i s  part i al l y  co n tro l l ed by t he propert i e s  of t he s ur ­
round i n g so i l  o r  roc k matr i x .  F i e l d pe rme ab i l i ty tes ts o f  t he 
matr i x  have been  reported for two bo reho l e s wi tb� n t he s i t e 
bo und a r i es _3( UR S , 1983 ) , ran g i n g  from 1 . 29 x 10  cm/s ec t o  
1 . 4  x 10  cm/sec . These  tes ts  are summar i zed i n  Tab l e  
F . 5 . 2 .  The un saturated hyd r au l i c  co nduc t i v i ty wi l l  be l es s  
t h an the saturated pe rme ab i l i ty .  

Saturated zone hyd ra u l i c s  

A l l of the mon i tor i n g wel l s  i n s tal l ed d ur i n g Marc h ,  1 985 , 
were dry i n  Apr i l or May , 1 985 . Two B ur eau of Re c l amat i o n  
we l l s  wh i ch are wi t h i n  the propo sed s i te were dry i n  May ,  
1 985 .  These we l l s  had been i n s tal l ed more t han  two ye ars 
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Tab l e F . 5 . 2  I n - s i tu  pe rme ab i l i ty tes ts at Two Road 

a Dep t h  
L ocat i o n i nterva 1 ( ft ) Type of tes t 

50 1b 0 - 1  b uc ket 
4-7 . 5 s ha l l ow wel l 

8 . 5 - 12 . 7  s ha l l ow we 1 1 
16-20  sha l l ow wel l 

31 . 4-40 . 9 packer 
40 . 5 -50 . 1  packer 

5 1-56  packer 

502c 1 1-21  packer 
21 - 31  packe r 
31-41  packer 

�Bor i n g l ocat i o n s are s hown i n  F i g ure F . 5 . 1 .  
UR S bo r i  ng  C - 1 .  cUR S bor i n g C -2 . 

Ref . UR S ,  1 983 . 
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Perme ab i l i ty 
( cm/sec ) 

1 .  4 x 1 0-3  

4 . 2  x 1 0-4 

1 .  4 x 1 0-3  

7 . 8  x 1 0-4 

1 .  6 x 1 0-4 

1 .  3 x 10-4 

2 . 1  x 1 0-4 

2 . 1 x 1 0-4 

1 .  8 x 1 0-4 

1 .  5 x 1 0-4 



befo re . I t  may be co nc l uded  t ha t  t he r e  i s  no ex i st i n g  s h a l l ow 
zo ne  o f  satur at io n .  I n - s i t u  pe rme ab i l i ty tes ts are de s c r i be d  
i n  Sec t i o n  F . 5 . 1 . 4 .  I f  s i g n i f i ca n t  q uan t i t i e s  of water were 
to move as  satur ated f l ow at  t he Two R o ad s i te ,  t h e  re s u l ts o f  
the  pe rme ab i l i ty tes ts are pr o b ab l y  i n d i cat i v e  o f  t he hyd r au -
1 i c propert  i e s  of p o t e n t  i al zo nes  of s at u r at i o n .  

F . 5 . 1 . 6  Water q u a l i ty 

Bec a u s e  of the  ab s en c e  o f  a satur ated s h a l l ow grou nd ­
water sy s tem i n  t he v i c i n i ty of t he s i te ( Sec t i o n  F . 5 . 1 . 5 ) , 
there are no dat a re gard i n g  s h a l l ow grou n d -water q ua l i ty .  
There may b e  ground  water i n  t h e  ep heme r a l  wa she s o n  e i t he r  
s i de of t he s i te .  T h e  qua l i ty o f  a l l u v i a l  g rou n d  water i s  d e ­
s c r i bed  by comme nts mad e abo ut  a n  o l d we l l l o cate d o n  a wa sh , 
abo ut  four  m i l es s o u t hwes t o f  t he s i te ( St at e  o f  U tah , 1 9 38 ) . 

" Th i s  wat er i s  used  as a s up p l eme n t al s up pl y o f  water for 
stock . • .  dur i n g t he w i n ter  seaso n  on l y ;  i t  i s  not  f i t  for  
dome s t i c use  at any s e a so n o f  t he ye ar , and  i n  t he s umme r 
the m i n e r al co ntent  i s  too  h i g h . "  

F . 5 . 1 . 7  Pro x i m i ty of s i te to s urface water 

The Two Ro ad s i te i s  l oc ated i n  an are a of e p heme r a l  
dr a i n a g es . Two epheme ra l  dr a i n ag es bo u n d  e i t he r  s i d e o f  t he 
pe d i me n t  surface  on  wh i c h  t he s i te l i e s ,  and  are w i t h i n  0 . 1  
mi  l e  of the  proposed  s i te bo u n da ry . Bo t h  of t h e s e  u n na me d  
washes  are tr i b ut ary t o  B i tter  Cree k ,  a n  ep heme r a l  wa sh  t o  t he 
sout hwes t of t he s i te .  The hydr o l o g i c s e tt i n g  of t he s i t e  i s  
pres ented i n  F i g ure  F . 5 . 5 .  

F . 5 . 2  CL I MAT I C  E F F E CTS ON  CO N TAM I NANT  M I G RAT I O N  

F . 5 . 2 . 1  C l i mate 

Some short- term s i te - sp ec i f i c  c l i mat i c  dat a are ava i l ab l e  
from t he U . S .  B ur e au of Rec l a ma t io n ' s  s t u dy o f  t he Two Ro ad 
s i t e .  The s i te i s  l es s  t han 20 m i  l es from t he pr oces s i n g  s i te 
and  i s  abo u t  100 feet h i g her  i n  e l e vat i o n .  E xcept  for  l o c a l  t o­
po grap h i c  effe c t s , the  l o n g - term c l i mate  i s  proba b l y very s i m­
i l ar to t hat  at t he proces s i n g  s i te ( Sec t io n  F . 3 . 3 . 1 ) . 

F . 5 . 2 . 2  C o n t am i n ant  m i gr at i o n i n  t h e  u n s at urated zone  

Gro u n d  water was  no t e nc o u n te re d  i n  we l l s  at  t he Two Ro ad 
s i t e .  T h i s i nd i cates  that i nf i l tr at i o n rat e s  are too l ow t o  
ma i n t a i n a s h a l l ow zo ne  o f  s at u r at i o n ,  a n d  are c o ns i stent  w i t h  
t he res u l t s of water b a l an ce  c a l c u l at i o n s  o f  rec h arge  for  t he 
Che ney Reservo i r  s i te ( Sec t io n  F . 4 . 2 . 2 ) . Ot her  q ua l i t at i ve i n ­
d i cat i o ns  o f  l ow rec h a r ge rates  i n  t he are a are ava i l ab l e .  

F - 303 



T. 18 S. 

�--------4-------�� � 
c .. 

T. 9 S. 

\ 
( 

� 
.... 
('oj 
z o 
� 

�� ______ ��fi�---i----- 5 .., 
BI TTER CREEK 
WELL (FLOWING> 

\ .. ' ! 
CO O R AD O  RIVER 7 

. 5  0 

SCALE IN MI LES 

FIG U RE F. S.S  
HYDR OLOGI C  S ETTI NG TWO ROAD SITE 

F- 304 

o z < a:: (!) 
o I-

3 gO 1 5 ' 



An  i nve s t i g at i o n  of amb i en t  so i l  mo i s ture  co ntent  i n  t he 
Grand  J unc t io n  are a found re l at i ve l y  l ow va l ues  ( R ogers  e t  
a l . ,  1 98 1 ) . The s tu dy wa s d o n e  spec i f i ca l l y  t o  i n ves t i g a te ex ­
pec ted l o n g- term mo i sture c o n te n ts i n  mat er i al s  l i ke l y  to  be 
used  for co vers  on  s tab i l i ze d  m i l l  t a i l i n gs . So i l  s afllJ l es 
from the s i t e  wer e  co l l ec ted d ur i n g a U . S .  B ur eau of  Recl ama­
t i o n s t u dy ( UR S , 1 983 ) . Thes e s amp l es s h owed ve ry l ow mo i s­
ture c o n ten t s ,  i n  t h e  ran g e  o f  two to s i x perc e n t .  

The trans i t io n  from s a t u r at i o n  to  part i al s aturat i o n  
( i  . e .  dec re a s i  n g  so i l  mo i s ture co n ten t )  e n t a i  l s  a s teep drop 
i n  hydrau l i c  cond uc t i v i ty ( H i l l e l , 197 1 ) . U S i n g D arcy ' s  l aw 
mod i f i e d for u n s a t u r ated  f l ow ( H i l l e l , 1 97 1 ) , i t  c a n  be s ho wn 
that  under  a un i t  hyd r a u l i c  grad i e nt the  f l u x  r ate i s  ex ac t l y 
eq ua l  to the u n s a t u r ated  hydrau l i c  co nd uc t i v i ty .  Th u s  a l ow 
amb i e n t  s o i l  mo i s ture  co ntent  i s  i nd i cat i v e  of a l ow f l u x r ate 
and a l ow rate of rec h a rg e .  

The s i te  concep t u a l  de s i g n f o r  s t ab i l i zat io n o f  t he t a i l ­
i n g s  i nvo l ve s  p l ac eme nt of the  t a i l i n g s at l ow mo i s tu re c o n ­
ten ts . Furt her  dra i nage  beyo nd t hat  wh i c h h a s  a l ready 
oc curred  at t he pro ces s i n g s i te wou l d  be re l at i ve l y  sma l l .  

The co n s tr u c t  i o n  o f  a comp acted 1 ow- pe rme ab i 1 i ty cover  
wo u l d  mi n i m i ze i nf i l trat io n .  If  i nf i l trat i o n  rates  wer e ap­
prox i mate l y  equa l  t o  t ho se i n  t he ex i s t i n g  unc omp acted s o i l s ,  
i t  wou l d  be expec ted that  re l at i ve l y  l i t t l e m i g rat i o n  o f  co n ­
t ami nat io n wou l d  o c c ur . 

I mpact a s s e s sme n t .  The d i  s tanc e from the propos ed l o ca -
t i o n  of the  s t ab i l i ze d  t a i l i n gs to  s u r rou nd i n g  d r a i n a g es i s  
re l at i v e l y shor t ,  l es s  than  0 . 1 m i l e . These  d r a i n ag es are t o­
po grap h i c  l ows and repres e n t  pote nt i al o u t l ets  for co n t am­
i n a n ts . A l t hough  the de ve l opme nt of t he conc ep t u a l  mod e l  for 
po te nt i al c o n t ami n a n t  m i g ra t i o n  d i d no t i nc l ude  s i te- spec i f i c 
an a l yt i c a l  or n u me r i ca l  c a l c u l at io n s ,  a q u a l i t at i ve a s s es sme n t  
o f  pote nt i al i mp ac t s  c a n  be made : 

o E x i st i n g  and expected  u s a g es and  va l ues  of water re­
sources i n  the  are a are l ow ( Se c t io ns F . 5 . 3  and  
F . 5 . 5 ) . 

o Bec a u s e  t he re i s  no ex i st i n g grou n d -water sy s tem at 
the s i t e ,  pote nt i al s eepage  cou l d  b u i l d  up i n  the u p ­
pe r Mancos  S h a l e a n d  ove r b u r de n  before f l  ow i n  g away 
from the  s i te .  Con t am i n a n t  m i g rat i o n away f r om t he 
s i t e wou l d  be del ayed wh i l e  mo i s tur e  de f i c i t s  are 
re p l  e n i  s he d . 

o E x i st i n g  water qua l i ty i n  the  ad j acent  d r a i n a g es i s  
br ack  i sh .  I f  seep age  were to re ach  t he a l l u v i um  t he 
affe c te d  water wou l d  a l re ady be o f  poor  q ua l i ty .  
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F . S . 3  

o Vegetated  s l ope s  are fo und  on  each  s i d e o f  t he s i t e .  
I f  l ow rates  of s eep age  reached  t hes e are a s ,  t he water  
wo u l d  poten t i al l y be  co ns ume d  by e v a porat i o n  or tran s ­
p i rat i o n .  

EX I ST I N G  USAGE AND VAL UE O F  WATER RESOURCES  

F . S . 3 . 1 

F . S . 3 . 2  

G r o u n d  water 

U s age . Rev i ew of re c or d s  o f  t he C o l or ado D i v i s i o n  o f  
W ater Res o urc es s hows t hat t here i s  n o  ex i s t i n g u s a g e  o f  s h a l ­
l ow or deeper g ro u n d  water i n  t he v i c i n i ty of t he s i te .  T h e re 
are no r e g i stered wel l s  i n  t he t own sh i p  surrou n d i n g  t he s i t e .  
There are mon i t or i n g wel l s  ad j acent  t o  t he s i te wh i c h  were i n ­
s t a l l ed by t he U . S .  B ureau  o f  Rec l ama t i o n 1 s  Co l or ado  R i v e r  
W ater Q ua l i ty C o n tr o l  Pro gram.  

R ev i ew of rec o r d s  of t he State o f  Co l orado h a s  s h own t ha t  
there are no  ex i st i n g  water r i g h t s  i n  t he town s h i p  i ml1l2 d i a t e l y  
to the wes t  of t he s i te ( T 17 S ,  R 2 6E ) . There are two wel l s  i n  
T l8S ,  R 2 6E wh i ch i s  to  the  s o u t hwes t of t he s i te ( F i g ur e  
F . S . S ) . One  i s  a h a n d -d u g  wel l 1 1  feet deep i n  Sec t i o n  1 6 ,  a p ­
prox i mate l y four  m i l es from t h e  s i te .  T h e  o t her  i s  t he U . S .  
B ureau  of Rec l ama t i o n 1 s  B i t te r  Creek  Wel l i n  Sec t i o n  3 0 ,  a p ­
prox i ma te l y s i x m i l es f rom t he s i te .  

V a l ue . Beca u s e  t here i s  no  ex i s t i n g  u s a g e  o f  g r o u n d  w a -
t e r  i n  the  v i c i n i ty o f  t he s i t e ,  i t  h a s  n o  ex i st i n g  pr es en t 
v a l ue and o n l y potent i al f ut ur e  v a l ue ( Sec t i o n  F . S . S . l ) . 

S urface water 

U s age .  S urface  water i n  the  v i c i n i ty of t he s i te  i s  
u s ed for stock  water i n g  and  for c a s u a l  u s e  by w i l d l i fe .  

V a l ue .  The es t i mated va l ue of s tock -water i n g s u p pl i es 
c a n  vary ex tens i ve l y .  I n  year s i n  wh i c h  l i ves t oc k  prod uc t i o n  
prod u c es mi n i ma l  prof i t s  o r  even  l os s es  for t he prod u c e r ,  t he 
v a l ue of s u c h  s u pp l i e s  i s  rel at i ve l y very sma l l .  An u p pe r  
bo und  o n  t he v a l ue of s uc h  s up pl i e s i s  probab l y  t he c o s t  o f  
pr ov i d i n g al ternat i ve water s u p p l i e s . I n  t he are a o f  t he pr o ­
po sed  s i te t h i s i s  l es s  than  $ 2 0  pe r t ho u s and  g a l l o n s  f o r  
h a u l ed water . Water o f  l es ser q ua l i ty t han  fre s h  h au l ed water  
wo u l d  h ave  a l es ser v a l ue . 

F . S . 4  AL TERNAT I V E  WAT ER S U P PL I ES 

There  i s  no ex i s t i n g s h a l l ow ground  water be l ow t he Two Ro ad s i t e ,  
and  i t  i s  not  expec ted t hat water res o urc es n e a r  t he s i te  wo u l d  b e  af ­
fec ted by s t a b i l i zat i o n of t he t a i l i n gs at t he s i te .  I n  t he even t t ha t  
water re sourc es wer e  af fec ted , i t  wou l d  b e  pos s i b l e  for fut ur e water  u s ­
ers t o  o b t a i n water s up p l i e s  from o t her sourc es ; i nc l u d i n g  deep  wel l s  i n ­
to artes i an aq u i fe r s  or by h a u l i n g water . 
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F . S . S  

F . S . 6  

FUTUR E U SAG E AND VAL UE OF  WATER  R ESOUR C E S  

F . S . 5 . 1  G r o u n d  water 

F . S . S . 2  

U s age . I n  the i mme d i ate v i c i n i ty of t he s i te ,  tes t 
bo r i n gs h a ve s h own t hat t he re i s  no  c o n t i n uo u s  s h a l l ow ground ­
water sy s tem . Beca u s e  o f  the l i mi t ed amou n t  and poor  qua l i ty 
of s h a l l ow ground  water , t he poten t i al us e i s  m i n i mal . 

V a l u e .  S h a l l ow grou n d  water i s  n o t  pres ent i n  s u f f i -
c i e n t  q uan t i ty t o  have  any but  a m i n i ma l  f u t u r e  v a l ue . 

Su rface water 

U s age . Beca u s e  of the l ow p r ec i p i t at io n and  h i g h  e va po-
tran s p i rat i o n  i n  t he are a ,  t he potent i al s u r face-water de ve l op ­
me n t  i n  t he are a i s  prob ab l y  sma l l .  U s a g e  i n  t he are a wou l d  
pr ob ab l y  co n t i n ue to be l i m i te d  to s tock water i n g  and ca s u a l  
u s e  by w i l d l i fe .  

V a l ue . The d i f f i c u l ty of es tab l i sh i n g  t he f u t u r e  va l ue 
of water re s o u rc es i s  d i s c u s sed  i n  Sec t i o n  F . 3 . 6 . 1 .  I n  t he v i ­
c i n i ty of the Two R o ad s i te t he v a l ue o f  water wou l d  p r obab l y  
p a ra l l e l t he va l ue o f  l i v e s tock  prod u c t s . O n  a q ua l i t at i ve o r  
re l at i ve b a s i s ,  i t  c a n  be c o n c l uded  t hat t he v a l ue o f  water re­
sources i n  t he v i c i n i ty of t he s i te wo u l d  rema i n  l ow .  

I M PACTS I N  AF FECTED  H YDROGEOLOG I C  E NV I RONM E N T  

The re i s  n o  ex i s t i n g  s h a l l ow ground  wat e r  at t he Two Ro ad s i te .  
Pote n t i al i mp ac t s  o n  h u man s ,  c rops  and  ve ge t at i o n ,  a n d  w i l d l i fe are d i s­
c u s sed  o n l y  i n  order  to me e t  E PA st anda r d s .  

F . S . 6 . 1  H uman h e a l t h  r i s k s  

The re i s  n o  ex i s t i n g  u s e  o f  s h a l l ow ground  water a t  t he 
s i te and fut u re u s e  i s  expec ted t o  be m i n i ma l . I t  c a n  be c o n ­
c l  u ded t hat  human  h e a l  th  r i  sk s d ue t o  i n ge s t i o n  o f  s h a l l ow 
g r o u nd water wou l d  be m i n i ma l . 

F . S . 6 . 2 D amage to c rops and  vegetat i o n  

The re i s  no ex i st i n g s h a l l ow grou n d  water at t he s i te .  
I t  can  be conc l  u de d  t hat  d amag e t o  c rop s and  ve get at i o n  d ue t o  
up t ak e  o f  s h a l l ow g ro u n d  water wou l d  be m i n i ma l . 

F . S . 6 . 3  D amage to w i l d l i fe 

The re i s  no ex i s t i n g  s h a l l ow ground  water at t he s i te ,  
and  t he refor e n o  potent i a l  way for  w i  l d l  i fe t o  upt ak e  g r ou n d  
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F . S . 6 . 4  

water . I t  can  be co n c l  u ded  t ha t  d a ma g e  to w i  l d l  i fe d ue to up -
t ak e  of p o te n t i a l l y  af fe c te d  g r o u n d  water wou l d  be  mi n i ma l . 

Per s i s te n ce and  permanence of adverse  effects  

Adverse  effe c ts d ue to i n ges t i o n  of  grou n d  water  by h u ­
man s ,  c rops  and  ve g e t at i o n ,  and  w i  l d l  i f e are d i  s c u s s ed abo ve . 
Bec a u s e  o f  t he ab s e n c e  o f  s h a l l ow gro u n d  water , i t  i s  c o nc l u d ­
e d  t hat  per s i  s te n t  or permanent  ad v e r s e  effects a s s o c i  ate d  
w i t h  t h e  i n ges t i o n  of grou n d  water wou l d  b e  mi n i ma l . 
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F . 6 CONCL US I O N S  - GRO U N D  WATER  

The ground -wa ter  sy s tems o f  t he Grand  J unc t i o n  t a i l i ngs  and  potent i al a l ter­
nate d i s po s a l  s i tes  have  been s t u d i ed t ak i n g i n t o  acco u n t  f ac t ors i n d i cated  by 
E P A  s t a n d ar d s . On  September 3 ,  1985 , t he Un i te d  Stat e s  Te n t h  C i  rc u i t Co u r t  o f  
A ppea l s s et as i de EPA l s water protec t i o n  s t an d ar d s ,  4 0  CFR Part  1 9 2 . 20 ( a ) ( 2 ) ­
( 3 ) ,  a n d  E PA ha s no t ye t re i s sued  t he s e  s t an da r d s . W hen  E PA i s s ues  r e v i s i o ns t o  
the water  protec t i o n  s t an da r d s ,  DO E wi l l  re-eva l uate t he grou n d -water i s sues  at 
t he s i te to a s s u r e  that t he re v i  s ed stan d ar d s  ar e me t .  Perform i n g reme d i  a l  
ac t i o n s  to stab i l i ze t he t a i l i n g s  pr i or to  E PA i s s u i n g new s tan d a r d s  wi l l  not  
a f fe c t  t he me a s ures that  are u l t i mate l y  req u i r ed to  meet t he rev i  sed  water pro­
tec t i o n EPA s tandar d s . B a s ed o n  t he s e  s t u d i es and  f ac t or s ,  s i g n i f i ca n t  conc l u ­
s i o n s  have  been reached  wi  t h  res pe c t  t o  t he effe c t s  or pote nt i al effects of t he 
t a i l i n g s  o n  t he hydr o geo l o g i c  reg i me :  

G r a n d  J u nct i o n  e x i s t i ng  e n v i ronme n t  

o Gro u nd water near t he proc es s i n g  s i te i s  stro ng l Y i nf l ue nc ed by t he adj a­
c e n t  C o l or ado  R i ve r .  

o Ver t i ca l  hyd ra u l i c  g ra d i ents  a r e  ve ry c l o s e  t o  zer o .  Me a sured  g rad i e nts  
have i n d i cated  bo t h  upwar d  and  downwa rd f l ow .  There i s  s ome u n c ert a i n ty 
abo ut  t he ve r t i ca l  grad i en t  d ue t o  t he hyd r a u l i c  ch aracter i s t i c s of t he 
M an c o s  S h a l e ( l ow pe rme ab i l i ty ,  s l ow recovery af ter  de ve l o pme nt , an d 
samp 1 i n  g )  • 

o B ack g ro u n d  water  q ua l i ty i n  t he al l u v i um  very near  t h e  Co l or ad o R i v e r  
c a n  v a ry seasona l l y  f rom f re s h  to  brack i sh .  Away f r om t he r i ver  i t  v a r ­
i e s  f rom br ack i sh t o  sa l ty . 

o Water  q ua l i ty i n  t he Mancos  S h a l e an d D ak o t a  S an d s tone  a l s o  r an ges f r om 
br ack  i s h to sa l  ty . The D a k o t a  San d s t one ,  t he u p pe rmo st  potent  i al be d -
rock  aq u i fe r ,  h a s  l ow pote n t i al u s e  n e ar t he s i te .  

o The Grand  J unct i o n  t a i l i n g s  ar e set wi t h i n  a comp l i c ated  hyd r o ge o l o g i c 
a r e a . Fac t or s  s u c h  as t he pr es enc e of co ntam i n a n t  sourc es o t he r  t han  
m i l l  t a i l i n g s  comp l i cate  t he c h aracte r i zat i o n  o f  t he s i te .  

o The t a i l i n gs co ntr i b ute  co n t am i nat i o n  i n  t he fo rm of ammo n i um a n d  u r an i ­
um  t o  t he al l u v i a l ground  wate r .  

o The r e  i s  e v i d e n c e  o f  co n t ami nat io n i n  t he Mancos  S ha l e i nc l u d i n g  a p l u me  
o f  a rs en i c  an d spo rad i ca l l y  d i s tr i b ut e d , e l evated  c o nc en tr at i o n s  of a l u ­
m i n um ,  ammo n i u m ,  se l en i um ,  v a n ad i um ,  and  z i nc . There  i s  no ev i d e nce of 
r ad i o n uc l i de mi g r at i o n  i n t o  t he bedrock . 

o R ad i o n uc l i des  o t h e r  t h an ur an i um an d r ad i um ar e not con t ami nat i n g  t he 
g r o u n d  wa ter . R ad i um-226  does  not a ppe ar to be mi g rat i n g  away f r om t he 
g r ou n d  water d i rec t l y  be l ow t he t a i l i n g s . Po l o n i um- 2 l 0  an d t hor i um-230  
we re not  detected  in  any we l l s .  Lead - 2 l 0  wa s de tec ted at approx i mate l y 
eq ua l  l eve l s  i n  one  back g round  wel l and  one  wel l comp l e te d  be l ow t he 
ta i l i n g s .  
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o The re i s  no e v i d e nce  of  co n tami nat i o n i n  t he D a k o t a  S an d s tone , t he u p pe r­
mo s t  p o t e n t i a l bed r o ck aq u i fe r .  

o A l t h o u g h  t he t a i l i n gs have ca u s ed chan ges i n  the  q ua l i ty o f  a l l u v i a l  
g ro u nd wat e r ,  t he re are n o  k nown ex i s t i n g effe c ts o n  h u ma n s  d ue t o  t he 
ab s enc e of e x i s t i n g  u s e . 

o The ta i l i n g s  have  no t ca u s ed a me a s u r ab l e  de grad a t io n i n  t he q u a l i ty o f  
the Co l orado R i ve r  wate r ;  howeve r ,  s ome de grad a t io n can  be ca l c u l a t e d . 
For i n c re a se s  i n  s a l i n i ty o n l y ,  t he es t i mated a n n ua l  l o s s  o f  $ 2 3 , 7 60 d ue 
to t he t a i l i n g s  i s  re l at i ve l y  smal l wh en  comp ared to t he es t i mated  a n n u ­
a l  l o s s  o f  $23  mi l l i o n c a u s ed by i r r i ga t i o n  w i t h i n  t he Grand  V al l ey .  

A q u i fe r  r e s to r a t i o n  

o Aq u i fe r  re s torat  i o n h a s  be en eva l u ated  for t he af fe c ted g ro u n d water  a n d  
rejec ted based  on  rel e va n t  co ns i de rat i o n s  i n  E PA re q u i reme n ts ( 40 C F R  
P ar t  1 9 2 ) . L i mi ted  me a s ures  may be needed t o  e n s u r e  t ha t  t he re i s  n o  
us e of wat er  from a po s s i b l y  c o ntami nated i nd u s tr i al dra i n a g e  we l l .  

S ta b i l i zat i o n o n  t h e  s i te 

o A m i x i n g  ce l l mod e l  pred i c ts t he pe r s i s tenc e of e l evated  c o nc e n tr at i o ns  
of  uran i um i n  g ro u n d  water . The mag n i t u de o f  co nc en trat i o ns  d e pe nd s on  
i n pu t  va l ues  for gro u n d -water f l u x  and  amb i ent  ( bac k g ro u n d ) u r an i um c o n ­
centrat io n ;  but may be 1 3  t o  243 pC i / l  ten ye ars af ter reme d i a l a c t i o n ,  
8 . 8  to 2 5 3  p C i / l  at 2 5  ye ars  af ter  reme d i a l  ac t i o n ,  and  s t ab i l i ze d  a t  
8 . 8  to  235  pC i / l  a t  50 ye ars  af ter reme d i a l  ac t io n .  Pre d i c ted l o n g - t e rm 
co nc entrat i o ns are l ower for  a l ow - pe rme ab i l i ty cover  t ha n  for  a h i g h e r ­
pe rme ab i l i ty co v e r  o v e r  t he t a i l i n gs .  

o B a s e d  o n  co nd i t i o n s  i n  the  ex i st i n g  e n v i ronme n t ,  no n - rad i o ac t i ve c o n t am­
i n a n t s  are expec t ed to be f l us hed  from t he ground  wate r  re l at i v e l y  
ra p i d l y .  

R e l o c a t i o n  of t h e  ta i l i ng s  

o Re l ocat i o n  o f  t he t a i l i n gs to  a n  a l ternate s i te wou l d  l e av e res i d ua l  c o n ­
tami nat i o n  i n  t he ground  water . B a s ed o n  a mi x i n g ce l l mod e l , u r an i um 
may pe rs i s t at l e ve l s exceed i n g  back g ro u n d  concen trat i o n s  for  u p  t o  100  
ye ar s . Con t ami n a n ts other  t han uran i um wou l d  be  f l u s he d  r el at i v e l y 
ra p i d l y .  

o S po rad i c  co n t am i nat io n wou l d  pe rs i st i n  t he Man c o s  Sh a l e at t he G r a n d  
J unc t i o n  s i t e .  T h e  same hyd r o geo l og i c  cond i t i o ns wh i ch c a u s e  t h i s  pe r -
s i stence  mak e  t he u s e  of t h i s  g ro u n d  water u n l i k e l y .  

o U s e  o f  the af fe c ted g ro u n d  water i n  t h e  near fut u r e  i s  u n l i k e l y .  

C he ney R e s e r vo i r  s i te 

o The re  i s  a s h a l l ow g ro u n d -water sy s tem pe rc hed  on t he Manc o s  S h a l e .  
Th i s  sy s tem i s  prob a b l y  l es s  t han 1 0  fee t  i n  t h i ck n es s .  
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o The s h a l l ow ground  water moves t hr o u gh l ow - pe rme ab i l i ty de po s i t s , at an 
ave r ag e  v e l oc i ty of appr ox i mate l y 0 . 5 7  to 8 . 67 feet per  ye ar . 

o The q ual  i ty of the  water ran g es from fresh  to  brack i s h . The repres e n t a­
t i ve n es s of some wat e r - q u a l i ty an a l yses  i s  q ue s t io n ed bec a u s e  t he res i d ­
u al p r es enc e o f  b i od e gr ad a b l e d r i l l i n g  f l u i d  i s  s u s pec ted . The res i d ua l  
p r es enc e of d r i l l i n g f l u i d  af ter r epe at ed p u r g es o f  t he wel l s  wou l d  i nd i ­
cate  a v e ry l ow pe rme ab i l i ty sy s tem . 

o I n f i l trat io n ra_tc s c a l c u l ated us i n g a water b a l anc e  are ve ry l ow ,  l es s  
t han 1 . 5  x 1 0  ce n t i me te r s  pe r year . Ot her ca l c u l ated i nf i l trat i o n  
rates  i nd i cate  that  a l ow pe rme ab i l i ty cover  over  t he t a i l i n g s  wou l d  per­
mi t l i t t l e net  i nf i l tr at i o n  of mo i s tur e .  

o The poten t i a l y i e l d  of t he grou n d -water sy s tem i s  l ow ,  1 . 5  to 3 . 0  ga l ­
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Two Road  s i te 

o Ground  water wa s no t enc o u n tered at t he s i te .  C ur r ent  and  potent i a l u s e 
of g r o u nd water wo u l d  be mi n i ma l  beca u s e  t here i s  no n e .  

o Seep age from s t ab i l i ze d  t a i l i n g s  wou l d  b e  l ow due to l ow i nf i l tr a t i o n  
and d r a i n ag e . There i s  n o  o n - s i t e  g r o u n d  water wh i c h wou l d  be i mp ac ted . 
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G . l PROJE C T  D E S CR I PT I O N  

M ater i al s  co ntam i nated  by uran i um m i l l  t a i l i n gs f rom t he i n act i ve proc e s s ­
i n g s i te at Gra n d  J unc t i o n ,  Co l or ad o , are pre s en t  i n  t he f l o od p l a i n  o f  the  
C o l orado  R i ver and i n  t he we t l an d s  w i t h i n  t he f l ood p l a i n .  The r e  are  no f l ood ­
p l a i n s  or wetl a n d s  as soc i ated  w i t h  t he C he ney Res ervo i r  or t he Two R o ad s i tes . 

The pr i mary fe ature  o f  t he remed i a l ac t i on i s  t h e  c o n s o l i d a t i o n an d s t ab i ­
l i z at i o n  of ta i l i.n g s  and ot he r  c o n tami n ated so i l s  e i t her  at t he proc e s s i n g s i te 
or at an a l ternate d i s po s a l  s i te .  

Reme d i a l  act i o n  wo u l d  req u i re the  fo l l o w i n g  major co ns tru c t i o n  ac t i v i t i e s  
regard l es s  of wh i c h  al ternat i ve i s  s e l e c te d : 

o Remov a l  o f  ap prox i mate l y  0 . 2 ac re o f  ve g e tat i o n o n  the  100-year f l ood ­
p l a i n  pr i or to excavat i o n o f  co ntami n ated  so i l s .  

o Grad i ng an d revege tat i n g  t he f l ood p l a i n  where excavated , i nc l u d i n g ad d ­
i n g  any nec es sary s o i l  co nd i t i o ners . 

o Upo n  comp l e t i o n  of t he reme d i al ac t i o n , r ad i o ac t i ve c o ntami nat i o n i n  t he 
f l ood p l a i n  wo u l d  be reduced  to l e v e l s t h at comp l y  w i t h  t h e  EPA stan­
d ard s for  i n ac t i ve u r an i um proc es s i n g  s i tes ( 40 CFR Part  1 9 2 ) . The s e  ar­
e a s  wo u l d  t he n  be re l e ased for any use c o n s i ste nt  wi t h  l oc a l  l an d  u s e  
c o ntro l s .  
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G . 2  FLOOD PL A I N  E F F ECTS 

A l terat i o n o f  the  f l ood p l a i n  d ur i n g an d af ter reme d i a l ac t i o n  i s  of  c o n ­
c e r n  due  t o  t he pote n t i al for c h an ge s  i n  r i ve r  e l evat i o n s  d ur i n g f l ood events 
and  t he res u l t i n g i mp acts  t o  ne arby pr ope rt i e s  and  structures . Thes e i mp acts  
are  d i s c u s s ed i n  t h i s a s s es sme n t .  

other  temp orary i mp ac t s , s u c h  a s  i nc rea sed s ed i me n t at i o n an d eros i o n ,  a l ­
terat i o n  of hab i tat , and water - q ua l i ty c h anges , ar e of ad d i t i o n a l  concern . 
After remed i al ac t i o n ,  l o n g - term i mp a c t s  o n  grou n d -water q ua l i ty an d f l ow and  
s u r f ac e-water  q ua l i ty wou l d  res u l t  from t he remov a l  of  con tami n ated  mater i al s  
p r es en t  i n  t he f l ood p l a i n .  Temp o rary and  l o n g -term i mp ac t s  ar e d i s c u s s ed i n  
Sec t i o ns 5 . 5  and 5 . 6 o f  t h i s E I S . M i t i g at i o n  me a s u r es for t hes e s h or t - and  
l o ng - term i mp ac ts ar e d i s c u s sed i n  Sec t i ons  5 . 20 an d G . 2 . 2 .  

Effec t s  o f  f l ood i n g res u l t i n g fr om c h an ges  i n  f l ood e l evat i o n s  d ur i n g con ­
struc t i o n  and af ter comp l et i o n  of the  reme d i a l  ac t i o n were c a l c u l ate d . Res u l ts 
of t he se an a l yses ar e s u mma r i ze d i n  Sec t i ons  G . 2 . l  t h r ou g h  G . 2 . 3 . Ad d i t i o na l 
d i sc us s i o n can  be f o u nd i n  Appe n d i x F ,  Hyd r o l ogy Rep or t .  

G . 2 . l  

G . 2 . 2  

FL OOD ANAL Y S I S  

D ur i n g a 100-year f l ood eve n t ,  t he f l ow o f  t he Co l or ad o R i v e r  at  
t h e  Grand  J unc t i o n  s i te wou l d  be  6 1 , 600 cf s .  The ma x i mum water  s u r face 
e l evat i o n at t he s i te wou l d  be 4 5 7 5 . 1 fe et  at t he t a i l i n g s  p i l e  w i t h  a 
me an ve l oc i ty o f  8 . 4  f p s . F i g ure G . 2 . l i s  a map o f  t he 1 00-ye ar f l ood ­
p l a i n  at t he Grand  J unc t i o n  s i te .  The b a s e  o f  t he t a i l i n g s  wou l d  be  u n ­
de r approx i mate l y  s i x fe et o f  water . E x i s t i n g  eros i o n  at t he sout h e a s t  
corner  o f  t he p i l e  wou l d  be  acce l erated  d ur i n g a major f l ood . 

The 5 00-year f l o od f l ow wou l d  be 84 , 20 0  cf s wi t h  t he water  s u r face 
e l evat i o n rang i n g from 457 4 t o  4578 a l o n g  t he t a i l i n g s  p i l e . The ba s e  
of t he t a i l i n g s  p i l e  wou l d  b e  appr o x i mate l y  n i ne  fe et u n d er water . Me an 
ve l oc i t i e s  wo u l d  range  be tween  s i x an d 12 f p s . F i g ur e  G . 2 . 2  i s  a map of 
the  500-ye ar f l o od p l a i n  bo u n d ary . 

The PMF ,  as des c r i bed  i n  Sec t i o n 4 . 6 . 1 ,  for the  Co l or ad o R i v e r  at  
t h e  t a i l i n g s  p i l e  wou l d  be  appr ox i mat e l y 889 , 000 cf s a n d  wou l d  r a n ge i n  
el evat i o n fr om 4589 t o  4600 a l o n g  t he t a i l i n g s  p i l e . 

FL OOD COND I T IO NS D UR I NG REMED I AL AC T I O N  

D ur i n g  reme d i al  ac t i o n ,  a s i de from t he t a i l i n g s , a p pr ox i matel y 0 . 2 
ac re wou l d  be removed  from t he C o l orado  R i ver  f l ood p l a i n .  The c h a n ges 
i n  t he f l o od l e ve l and  ve l oc i t i es wo u l d  be u ndetec tab l e from c u r r ent  
f l ood l eve l s  and  ve l oc i t i es . 

Poten t i al i mp ac t s  wo u l d  be mi t i g ated  by u s e  o f  the  fo l l ow i n g  me a­
s u r es d ur i n g reme d i a l  ac t io n :  

o E xc av at i o n o f  contam i n ated  mater i al s  i n  the  f l ood p l a i n  d ur i n g 
the  s e a so n a l  d ry pe r i o d , when  r u no ff i s  l owes t .  
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G . 2 . 3  

o Res tr i c t i o ns on  r emo v a l  of r i par i an ve g e t at i o n  ad j acent  to ar­
eas  s u b j e c t  to ex c a v at io n to reduce  r i ve r  v e l o c i t i es and  a s s oc i ­
ated eros i o n  d u r i n g f l ood e ve n ts . 

o I n i t i at i o n  of rev e g e t at i o n  effor t s  as  soon  as  pr a c t i cab l e  af t e r  
remov a l  of co n t ami nated  mater i a l s .  

o S e l ec t i ve u s e  of wat er  bar s , m u l c h , r i pr a p ,  o r  o t he r  s o i l  ero­
s i o n  co ntro l s  t o  m i n i m i ze e ro s i o n .  

FLOOD COND I T IO N S  FOLLOW I NG R EM E D I AL ACT IO N  

Fo l l ow i n g remed i al a c t i o n ,  i f  t he t a i l i n g s  are s t ab i l i ze d  o n  t he 
s i te , t he p i l e  wou l d  be s t ab i l i zed abo ve t h e  100-year f l ood pl a i n . Th e 
co nf i g ur at i o n  of the exc av ated areas  wi t h i n  and  ad j ac e n t  to t he r i v e r  
wou l d  be t h e  s a me as  dur i n g t he rerre d i a l ac t io n  un t i l t he vegetat i o n o f  
the  f l o od pl a i n  i s  r ees tab l i she d .  D ur i n g a 100-year or 500-year f l o o d  
e ve n t ,  i mp ac t s  to  nearby pr operty and  s t r u c tu res wou l d  b e  s i m i l ar t o  
f l ood i mp ac t s  be fore reme d i a l  act i o n .  The rees tab l i shrre nt o f  a ve g e t a­
t i ve co v e r  wou l d  tend to s t ab i l i ze t he f l ood pl a i n  an d m i n i m i ze t he i m­
pacts  d u r i n g f l oodf l ows . E xcav ated ar eas  of t h e  f l ood p l a i n  wo u l d  be 
re c l a i me d  by co ntour i n g the ar ea , ad d i n g any neces sary s o i l  c o nd i t i o n ­
e r s , a n d  reve getat i n g  t he a r e a  wi t h  nat i ve r i par i an p l an t s . 

I f  t he t a i l i n g s  are removed  from t he Grand  J unc t i o n  s i te ,  t h e  1 00-
ye ar f l o od f l ow bo u nd a r i e s  wou l d  ch ange  s l i g h tl y f rom e x i s t i n g  co nd i ­
t i o n s . F i g ur e  G . 2 . 3  shows t he 100-ye ar f l ood  bo u n dary w i thout  t he t a i l ­
i n g s  pr es e n t .  The e l e vat i o n  o f  the  f l ood wou l d  be s l i g h t l y h i g he r  ( 0 . 1  
fo o t ) , and t he me an ch an ne l  ve l oc i ty wou l d  be s l i g h t l y  h i g her  ( 0 . 1  f p s )  
t h an the co nd i t io n s pre d i c te d  for t he 100-ye ar f l ood w i t h  t he t a i l i n g s 
i n  p l ac e .  F i g ure  G . 2 . 4  shows t he 500-year  f l ood bo u n d a ry wi t h o u t  t he 
ta i l i n g s  pres e n t . The ma x i mum wa ter surface  e l e vat i o n  d ur i n g a 500-
ye ar f l o od eve n t  wou l d  be  4 5 77 . 1  fe e t  at  t he t a i l i n g s  p i l e , wh i l e  t he 
me an c h a n n e l  ve l oc i ty wou l d  be 9 . 6  f p s .  Thes e e l e vat i o ns a n d  ve l o c i t i es 
for t he 500-year  e ve n t  are s l i g h t l y  l es s  t han wou l d  occur  i f  t he t a i l ­
i n g s  p i l e  were  l eft i n  p l ace . 
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G . 3 WETL AN D S  EFFECTS 

G . 3 . 1  WETL ANDS  DESCR I PT IO N  

G . 3 . 2 

G . 3 . 3  

The U . S . Army Corps  o f  E n g i neers ( COE ) h a s  de te rm i ned t hat appr ox­
i matel y 47 ac res of t he C o l o rad o R i ver  f l ood pl a i n  near t he ex i st i n g t a i l ­
i n g s  s i te are wetl and s ( COE , 1985 ) . F i g ur e  G . 3 . 1 sh ows we tl and s ad j a­
cent  to the s i t e .  D i scharge of d r ed ged or fi l l  mater i al i nc l u d i n g  back ­
f i l l i n g or rec o ntour i n g i n  COE-des i g n ated  we t l and s wou l d  req u i re  a per­
m i t under Sec t i o n  404 of t he C l ean Water Act . 

The we tl and s ar ea cons i sts pr i mar i  l y  of pal u s tr i n e s c ru b -shrub  h ab ­
i t at , wi t h  some r i ver i n e uncons o l i d ated h ab i t at and some p al us tr i n e for­
es ted hab i tat . The scrub -shrub  wet l and  i s  dom i n ated  by t ama r i sk  and t he 
fo res ted wetl and  i s  pr i mar i l y  cottonwood ( USFWS ,  1 985 ) . 

W i l d l i f e  a s s o c i ated wi t h  t he we tl and s cons i s ts of b i r d s ,  smal l m am­
mal s ,  and some smal l fur be ar er s  ( be aver and  musk rat ) .  

WE TLANDS I MPACTS 

Remed i al ac t i o n  ac t i v i t i e s  i n  th i s  r i par i an zo ne wi l l  be l i m i ted 
to the dec ontam i nat ion  of the 400- to 600- square-fo ot are a  on  Watson  
I s l and  ( F i g ure G . 3 . l ) . Th i s  ac t i v i ty wou l d  have  ve ry l i tt l e i mp act  on  
the  r i p ar i an vegetat i o n  s i nc e  t he eq u i pme n t  neces sary to pe rfor m t he 
job  wi l l  trave r s e  an ex i s t i n g br i d ge to Watson I s l and  and ex i st i n g  
r o ad s  o n  the i s l and . I n  add i t io n ,  the co n t am i n ated ar ea i s  l o cated i n  
a h i g h l y  d i sturbed sec t io n  of Watson I s l and  hav i n g be en c l e ared of 
tree s ,  an d p i l ed wi t h  rub b l e and s l a sh . The ac t i v i ty wi l l  h ave very 
l i tt l e or no i mp act  o n  t he smal l s i de c h an ne l  of t he C o l or ad o  R i ver  s i t­
uated near t he are a  o f  contami nat io n .  

WETL ANDS  I MPACTS M I T I GAT I O N  

The Dep artme nt  of I n ter i or comffi2 nted ( Sect i o n  6 . 1 6 )  on  i rrp acts t o  
the r i par i an ar ea and suggested several  m i t i g at i o n s . On the ba s i s o f  
the s e  comme n t s , t he poten t i al i mp ac t s  to  t he we tl and s ar ea wou l d  be m i t­
i g ated by me asures l i s ted i n  Sec t io n  G . 2 . 2  and  by t he fo l l ow i n g  ac t i ons : 

o Rec o ntour i n g of excav ated ar eas to  create cond i t i o n s  f avo rab l e  
to rees tab l i s hme nt  of s c ru b - sh rub we t l and s .  

o Reve getat io n of t he ar ea us i n g pl an t mater i al s  t hat wo u l d  l e ad 
to the rees tab l i shme nt  of pa l u s t r i ne s c ru b - sh ru b  we tl and s .  

o Se l ec t i ve use of water bars , mu l c h ,  r i pr a p ,  or ot her so i l ­
eros i o n  contr o l s  to  mi n i m i ze eros i o n .  

Af ter vege tat i o n  h a s  be en rees tab l i sh e d , hab i t at s i m i l ar t o  pre-
remed i al act i o n  cond i t i o ns wou l d  deve l op .  

The DO E wi 1 1  cont i n ue t o  cons u l t wi t h  t he Departme n t  o f  I n ter i or 
to deve l op appropr i ate  m i t i g at io n s . 
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G . 4 AL TERNAT I V E S  

The al ternat i ve remed i al ac t i on s  are d i s c u s sed i n  Sect i o ns  1 . 2 a n d  3 . 2 o f  
t h i s  E I S . The i mp a c t s  of t hes e al ternat i ves  ar e d i s c u s sed  i n  Sect i o n s  5 . 1 
thro u g h  5 . 17 .  M i t i g at i o n  me a s ures t hat are l i k e l y t o  be u s ed ar e des c r i b e d  i n  
Sec t i o ns  5 . 20 ,  G . 2 . 2 , and  G . 3 . 3 .  

The no act i o n al ternat i ve ,  wh i ch ent a i l s  l eav i n g t he s i te i n  i ts pr es ent 
co nd i t  i o n ,  wou l d  not be co n s i  stent wi t h  t he i n te n t  o f  Co ngres s i n  P L 9 5 -6 04 an d 
wou l d  no t res u l t  i n  DO E ' s  comp l i anc e  wi t h  t he E PA s t an d a r d s .  For  t he o t her a l ­
ternat i ves , t he co ns tr u c t i o n  act i v i t i e s  an d i flll acts  t h at wou l d  occ u r  are d i s­
c u s s ed i n  Sect i o n s  G . 2  and  G . 3 . 2 .  
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G . 5 STATEM E N T  OF  F I N D I NGS 

Th i s  i s  a Stateme n t  o f  F i nd i n g s  p r ep ar ed p u r s u a n t  to E xec ut i ve Orders  1 1988 
and 1 1 9 9 0 ,  and 10 CFR Part 1022 ,  Comp l i an c e  w i t h  F l ood p l a i n /Wet l a n d s  E nv i r on ­
me n t a l  Rev i ew Req u i reme n t s . Under  aut hor i ty granted  by t he U r an i u m  M i l l  T a i l ­
i n g s  R ad i at i o n  Contr o l  Act of 1978 ,  t he DO E pr o p o s es to c l e an up  t he res i d u a l  
rad i o ac t i v e  wa s tes a n d  other  co n t am i n ated  mater i al s  at  t he i na c t i v e  u r an i um m i l l  
t a i l i n g s  s i te i n  Gra n d  J unc t i o n ,  C o l o r ad o ,  a n d  re l ocate t hes e mater i a l s  t o  t he 
C he n ey Res ervo i r  s i te .  

Mo s t  o f  t he rad i o ac t i ve l y  co n t am i n ated  mater i al s  ar e l o cated o n  t he ed ge of 
the 100-ye ar f l o od p l a i n  o f  t he C o l o rado  R i ver . As i n d i cated  i n  Sec t i on G . 3 . 1 ,  
t h e  U . S .  Army Cor p s  o f  E n g i neers  i nd i c ated t hat wet l a nd s wer e  pr es ent  w i t h i n  t he 
a r e a  o f  p l an ned co n s tr uct i o n ac t i v i t i e s . 

T he pr i nc i pa l  feat u r e  of t he pr oposed  ac t io n  i s  t he tran s p or t at i o n  o f  t a i l ­
i n g s  an d ot he r  co n t am i nated  so i l s  ( from t he f l ood p l a i n ,  m i l l  s i te ,  a n d  wet l a n d s )  
to t he C h e n ey Res e r vo i r  s i te approx i mate l y  1 8  m i  l es sout h e a s t  of t he fo rme r m i l l  
s i te .  The  C heney Res ervo i r  s i te i s  wel l out  o f  t he r e ac h  o f  t he n e ar es t pere n n i ­
a l  s tr e am and i s  no t s u b j e c t  to f l o od even ts . Af ter remov a l  o f  t he wa s tes , t he 
fo rme r m i  1 1  s i te wou l d  be res t or ed w i t h  u nco n t ami n ated  f i  1 1  and  r eco n t ou r ed t o  
c o nform t o  t he s ur r o u n d i n g terra i n .  

S pe c i f i c  co n s tr u ct i o n ac t i v i t i e s  rel ated to t he f l ood p l a i n  a n d  wetl and s ar­
ea  i n c l u de : ( 1 ) remov a l  of approx i mate l y  0 . 2 a c re o f  v e g e t at i o n on  t he 1 00-ye ar 
f l o od p l a i n  pr i o r  to exc av at i o n o f  co ntami n ated  so i l s ;  ( 2 ) g rad i n g an d revegetat­
i n g  t he f l o od p l a i n  where ex cav ate d , i nc l u d i n g  ad d i n g any  n ec e s s ary so i l  c o nd i ­
t i o ne r s ; and  ( 3 ) u s e  of water b ar s , mu l c h , r i pr a p ,  or ot her so i l  er o s i on  con ­
tr o l s t o  m i n i m i ze eros i o n .  

The DOE  ex am i ned  t h r ee al ter n at i ve s  ( w i t h  mu l t i pl e  tran s p or t at i o n  mod e s ) 
for t he reme d i a l  ac t i o ns i n  t h i s E I S . The DOE ' s  pr o po sed  act i o n  ( a l tern at i v e  3 )  
i s  t o  de c o n t am i n ate t he G r a n d  J u nc t i o n  mi l l  s i te an d t o  re l o ca te t he wa s tes t o  
t h e  C he n ey Res e r vo i r  s i te .  T h e  o t he r  al ter nat i ves  an a l yze d i n  t he E I S  i nc l uded  
t ak i n g no act i o n ,  s t ab i l i z i n g t he wa s tes  o n  t he Gran d J unct i o n  m i l l  s i te ,  and  r e­
l o c at i n g t he wa stes t o  t he Two Ro ad s i te .  

The reme d i a l  act i o n  h a s  been des i g ned  to c o nform t o  app l i c ab l e  F e d e r al a n d  
s t ate  re g u l at i o n s .  Be fo r e  co n s tr uc t io n  be g i n s ,  al l app l i c ab l e perm i t s  a n d  a p­
p r o v a l s ,  s u c h  as  t ho se  req u i red under  s ec t i o n  404 o f  t he C l e an Water Act ,  w i l l  
be obt a i n e d  from t he U . S .  Army C o r p s  o f  E n g i neer s ,  C o l o r ad o  s t ate ag enc i es ,  a n d  
o t he r  ag enc i es hav i n g j ur i sd i c t io n .  I n i t i al c o ns u l t at io n  w i t h  t he ag enc i es h a s  
t ak e n  p l ace ,  a n d  as  a res u l t  t he c o nc ept u al des i g n  h a s  be en mod i f i ed t o  m i n i m i ze 
e n v i r o nme n t a l  i mp ac ts ( s ee Sec t io n s G . 2 . 2  a n d  G . 3 . 3 ) . 

The no ac t i o n al ter n a t i ve wou l d  l e av e  co n t am i n ated  mater i al i n  t he f l ood ­
p l a i n  and wet l a n d s .  C le an up of t h i s mate r i a l  ( al l ac t i o n  al tern at i v e s )  i n he r ­
e n t l y  i nvo l ves  act i o n w i t h i n  t he f l ood p l a i n  an d wetl an d s  ar ea s .  On  t he b a s i s o f  
t he f l ood p l a i n  a n d  we t l an d s  a s s es sme n t  ( Appe nd i x G ) , t he DO E h a s  de term i n ed t hat  
t he r e  i s  no pr ac t i c a b l e  a l ter n at i ve to t he pr o p o s ed act i v i t i e s  an d that  t he pro­
po s ed ac t io n  has  be en des i g ned  t o  m i n i m i ze pote n t i al  h a rm t o  or  w i t h i n  t he f l ood ­
p l a i n  and  wetl a n d s .  
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R E F E R E NC ES FOR A P P E ND I X  G 

COE ( U . S .  Army Corps  o f  E n g i neers ) , 1 985 . W r i tte n  c ommu n i cat i o n from G .  M c N u r e ,  
C h i ef Regu l at ory Un i t  4 ,  Gra n d  J unc t io n ,  Co l or ado ,  t o  R .  Peel , Jac ob s 
E n g i neer i n g  Group , I n c . ,  UMTRA Projec t Off i c e ,  Al b u q ue rq ue , New Mex i co ,  
dated  M ay 7 ,  1 985 . 

US FWS ( U . S . F i s h and  · W i l d l i f e  Ser v i c e ) , 1 985 . Wr i t te n  commu n i cat io n from R .  
Garr i s o n , Act i n g  F i e l d Superv i sor , S a l t L ak e  C i ty ,  Utah , to  R .  Pee l , 
J ac o b s  E n g i neer i n g  Grou p , UMTRA Projec t Off i c e ,  A l b u q ue rq ue , New Mex i co ,  
dated  M arc h 28 , 1985 . 
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