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E X E C U T I V E S U M M A R Y

I N T R O D U C T I O N

The C a l i f o r n i a G u l c h S u p e r f u n d s i te is located in and near
L e a d v i l l e , C o l o r a d o , which is a p p r o x i m a t e l y 100 mile s south-
west of Denver. S u r f a c e water and groundwater f r o m the
11.5-square-mile s tudy area are contaminated with iron, zinc,
cadmium, l e a d , c o p p e r , manganese, and other metal s . Poten-
tial contaminant sources inc lude the Yak T u n n e l , which is a
m a j o r underground mine drainage sy s t em, and various t y p e s of
mine wastes f ound throughout the s tudy area.

Water can react with some of these mineralized waste s , f o rm
ac id s , and mob i l i z e ( d i s s o l v e ) heavy m e t a l s . Contaminated
waters drain into C a l i f o r n i a G u l c h and subsequent ly into the
Arkansas River.

S I T E D E S C R I P T I O N A N D B A C K G R O U N D

The s i t e is s i t u a t e d in a h i g h l y minera l i z ed area of the
C o l o r a d o Rocky M o u n t a i n s , with e l eva t i on s ranging f r o m
9 , 5 2 0 f e e t to a p p r o x i m a t e l y 14,000 f e e t above s ea l ev e l .
T h e d eve l opment o f L e a d v i l l e d a t e s back t o t h e 1 8 5 0 ' s with
the mining deve l opment of the rich mineral ized zones con-
ta ining p r i n c i p a l l y g o l d , s i l v e r , l e a d , z inc , a n d c o p p e r .
M i n i n g , p r o c e s s i n g , a n d / o r s m e l t i n g o p e r a t i o n s in the area
have been active for more than 125 years and varied in
degree wi th economic demand and t e c h n o l o g i c a l i m p r o v e m e n t s .
E a r l y a c t i v i t i e s c on s i s t ed o f p l a c e r mining f o r g o l d i n
C a l i f o r n i a G u l c h . L a t e r , underground mines were d e v e l o p e d
to the southeas t of L e a d v i l l e where the ores were e x t r a c t e d
and then p r o c e s s e d into m e t a l l i c c o n c e n t r a t e s . T h e s e
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concentrates were either s h i p p e d elsewhere or f u r t h e r pro-
cessed at the numerous sme l t e r s that were in the L e a d v i l l e
area. Many areas of the s i te received mining-re la t ed was t e s
i n c l u d i n g mine waste rock, t a i l i n g s , and s l a g p i l e s .

T u n n e l s were d e v e l o p e d to drain the ore bodies and to f a c i l -
i tate mining. The Yak T u n n e l , d e v e l o p e d f r o m 1895 to 1923 ,
ex t ends a p p r o x i m a t e l y 4 mile s into I r o n H i l l , which i s
located in upper C a l i f o r n i a Gulch . The tunnel drains numer-
ous underground mines. The tunnel drainage water d i s charge s
into C a l i f o r n i a G u l c h , which f l o w s 4.5 miles west to the
Arkansas River.

Mining ac t iv i ty has dec l ined to a much slower pace due to
lower metal pr i ce s» P r e s e n t l y there are only a few moder-
a t e l y sized mining operat ions in the L e a d v i l l e area, and the
L e a d v i l l e p o p u l a t i o n ha s decreased s i g n i f i c a n t l y f r om pas t
l e v e l s .

S U P E R F U N D P R O C E S S

Under S e c t i o n 1 0 4 ( a ) o f t h e Comprehen s iv e Environmental
Response, Compensa t i on , and L i a b i l i t y Act of 1980 (CERCLA or
also known as S u p e r f u n d ) , and the S u p e r f u n d Amendment s and
Reauthorization A c t o f 1 9 8 6 , ( S A R A ) , t h e Uni t ed S t a t e s
Environmental Pro t e c t i on Agency (EPA) is authorized to
respond to the actual or threatened r e l ea s e s of hazardous
sub s tance s , or p o l l u t a n t s and contaminants that may pre sent
an imminent and sub s tan t ia l danger to p u b l i c h e a l t h or wel-
f a r e . T h i s p r o c e s s involves several s t e p s bu t d i s c u s s i o n
here i s l i m i t e d t o a remedial i n v e s t i g a t i o n ( R I ) .

The p u r p o s e of the RI is to d e t e rmine the nature and ex tent
of the p r o b l e m p r e s e n t e d by the r e l e a s e o f h a z a r d o u s
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sub s tance s , p o l l u t a n t s , or contaminants. T h i s in c lude s
s a m p l i n g and moni tor ing as neces sary and in c lude s the
ga th er ing o f s u f f i c i e n t i n f o r m a t i o n to determine the neces-
s i ty for and the p r o p o s e d extent o f remedial action.

The Phase I RI ac t iv i t i e s for the C a l i f o r n i a G u l c h s i t e
i n c l u d e d : (1) s t ud i e s o f mine drainage and mine waste leach-
ates and impact s on water q u a l i t y ; (2) inve s t iga t i on of
groundwater q u a l i t y , g e o l o g y , and aqu i f e r charac t er i s t i c s;

(3) inve s t igat ion o f s u r f a c e water contamination and inter-
action with groundwater; and (4) an inve s t iga t i on to deter-
mine p o t e n t i a l r e c ep t or s and the p r o b a b l e e f f e c t s o f
contaminat ion on them.

R E M E D I A L I N V E S T I G A T I O N A C T I V I T I E S

Due to the extensive area of the s i te and its c o m p l e x i t i e s ,
the RI was conducted in a phased a p p r o a c h . Phase I, which
is the basis for th i s r e p o r t , f o c u s e d p r i m a r i l y on l i tera-
ture review, s i t e reconnais sance , and the subsequent deve l-
opment and i n s t a l l a t i o n of an ex tens ive s u r f a c e water and
groundwater m o n i t o r i n g sys t em. W a t e r s a m p l i n g and p r e l i m i -
nary mine waste s a m p l i n g was conducted f r o m S e p t e m b e r 1984
through November 1985.

The l arg e areal extent o f p o t e n t i a l contaminat ion sources
and the s u r f a c e water and groundwater f l o w p a t t e r n s into the
C a l i f o r n i a G u l c h drainage is a very c o m p l e x h y d r o l o g i c sys-
tem. I n i t i a l s i t e a s s e s sment s determined that the f o l l o w i n g
s hou ld be c on s id er ed p o t e n t i a l sources of c on tamina t i on:

o U p p e r C a l i f o r n i a G u l c h d r a i n a g e

o Y a k T u n n e l d i s c h a r g e
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o T h r e e m a j o r t a i l i n g s impoundments in C a l i f o r n i a
G u l c h

o S t a r r D i t c h , which i n t e r c e p t s the dra inage f r o m
t h e north s ide o f I r o n a n d Carbonat e H i l l s { S t r a y
H o r s e G u l c h )

o Oregon G u l c h t r ibu tary, which contains a f o u r t h
m a j o r t a i l ing s impoundment

o S t o r m drains f r o m L e a d v i l l e

o Other tributary drainages

o- S l a g p i l e areas near S t r i n g t o w n

o Discharge f r o m the L e a d v i l l e sewage treatment p l a n t
( S T P )

A de ta i l ed water quali ty monitoring p l a n and a s o i l s / t a i l i n g s
geochemical s a m p l i n g and t e s t i n g p l a n were d e v e l o p e d to eval-
uate these p o t e n t i a l contaminant source areas.

The s u r f a c e water s a m p l i n g program inc luded th e i n s t a l l a t i o n
o f f i v e P a r s h a l l f l u m e s t o p r o v i d e continuous f l o w measure-
ments. T h e s e were l o ca t ed at the Yak T u n n e l d i s c h a r g e ; in
the upper G u l c h above the three t a i l i n g s impoundment s ; in
S t a r r D i t c h ; and two in lower C a l i f o r n i a G u l c h . In a d d i t i o n ,
17 s u p p l e m e n t a l s a m p l i n g and f l o w measuring p o i n t s were
s e l e c t ed at cr i t i ca l l o c a t i o n s a l ong the drainage to be used
when f l o w s were pr e s en t .

The groundwater s a m p l i n g program inc luded the use o f numerous
p r i v a t e l y owned w e l l s at c r i t i c a l l o c a t i o n s and the i n s t a l -
l a t i o n of 21 new m o n i t o r i n g w e l l s . The new w e l l s were d e s i g n e d
and l o c a t e d to p r o v i d e more r e l i a b l e d a t a than were a v a i l a b l e
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f r o m the p r i v a t e l y owned w e l l s . To prov ide more i n f o r m a t i o n
on water exchange between s u r f a c e water and s h a l l o w ground-
water, p i e z o m e t e r p i p e s were i n s t a l l e d at various l o c a t i o n s
in the G u l c h and water l e v e l s were taken on one occasion.

The pre l iminary s o i l s / s e d i m e n t s and t a i l i n g s charac t er iza t i on
program cons i s t ed of c o l l e c t i n g one s u r f a c e sampl e f r o m each
of the f o u r m a j o r t a i l i n g s impoundments and two sampl e s near
the c o n f l u e n c e of the G u l c h and the Arkansas River. T h e s e
s a m p l e s were t e s t ed and ca t egor ized as character i s t i c or
noncharac t er i s t i c waste.

The h y d r o l o g i c cycle for this region has a s i g n i f i c a n t
i n f l u e n c e on the m o b i l i z a t i o n and transpor t of contaminants.
S n o w m e l t in May and June causes a large s u r f a c e water r u n o f f
to occur during this p e r i o d ; whereas s u r f a c e f l o w s are more
constant for other per iod s of the year with the e x c ep t i on of
winter when hard f r e e z i n g occurs. To take this into con-
s id era t ion, a long-term s u r f a c e and groundwater s a m p l i n g
program was conducted during the Phase I RI. U s i n g the
s a m p l i n g network p r e v i o u s l y d e s c r i b e d , water s a m p l i n g was
conducted in October and November 1 9 8 4 ; and in M a r c h , J u n e ,
S e p t e m b e r , and November 1 9 8 5 . Two a q u i f e r pump t e s t s were
al so conducted in November 1985.

N A T U R E A N D E X T E N T O F C O N T A M I N A T I O N

M a j o r f i n d i n g s and conc lu s ions determined f r o m the Phas e I
RI are summarized as f o l l o w s :

1. The p r e d o m i n a n t geochemical sy s t em in the p r o j e c t area
is an a c i d - s u l f a t e sy s t em caused by the o x i d a t i o n of
s u l f i d e mineral s . I n t e r a c t i o n s among s u r f a c e w a t e r ,
g r o u n d w a t e r , and the s u l f i d e m i n e r a l s g e n e r a t e acid
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that reacts with other minerals to release d i s s o lv ed
me ta l s such as l e a d , c o p p e r , cadmium, iron, manganese,
zinc, and iron to the waters on the s i t e .

2. The acid f o r m i n g and d i s s o l u t i o n reactions occur at
wide ly d i f f e r i n g rates d e p e n d i n g upon hydrologi c and
geohydro l og i c condi t ions and the type of metal bearing
mater ia l s they contact. The site is very large; the
hydrologic and geohydrologic regimes vary from location—
to-location with the t o p o g r a p h y , g e o l o g y , and other
s u r f i c i a l charac ter i s t i c s . The s o l i d s that the waters
react with vary d r a m a t i c a l l y in chemical c ompo s i t i on .
The s i te i s extremely complex g eo ch emi ca l ly .

3. A n a l y t i c a l r e su l t s of the s o i l s / s e d i m e n t s and t a i l i n g s
s a m p l e s varied w i d e l y in me ta l s content. For e x a m p l e ,
two t a i l i n g s sample s and one s o i l s / s e d i m e n t sample were
very high in iron content, ind i ca t ing a high concentra-
tion of iron pyr i t e (a strong acid genera tor). The
other t a i l i n g s s a m p l e s and s o i l s / s e d i m e n t s a m p l e s had
d r a m a t i c a l l y lower iron content s .

4. E P - T o x i c i t y t e s t s for c h a r a c t e r i s t i c waste on s o i l s /
sediment and t a i l i n g s s a m p l e s determined that one t a i l -
ings sampl e f a i l e d the cri teria for cadmium and one
s o i l s / s e d i m e n t s a m p l e d f a i l e d f o r l ead . I t should b e
noted that erosion in the drainage system by sur fac e
water f r o m the hundreds o f waste p i l e s , and f r o m ta i l -
ings and s l a g areas make s o i l s / s e d i m e n t charac t e r i za t i on
extremely d i f f i c u l t .

5. S u r f a c e water f l o w s in the s i t e dra inage sy s t em act as
t h e primary contaminant t r a n s p o r t sy s t em f o r s o l u b l e
metal c on taminant s as we l l as m e t a l - l a d e n s e d i m e n t s .
F l o w data ind i ca t e that t h e C a l i f o r n i a G u l c h mainstem
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a c c e p t s continuous f l o w s f r o m both the Yak T u n n e l and
STP d i s charg e . Other t r i bu tar i e s t o the G u l c h are
ephemeral and g e n e r a l l y on ly f l o w dur ing snowmelt ( M a y
and J u n e ) and dur ing h igh i n t e n s i t y summer t h u n d e r s t o r m s ,
R e p r e s e n t a t i v e high and low f l o w s a p p e a r to occur in
J u n e and November , r e s p e c t i v e l y .

6. S u r f a c e water qua l i ty i n f o r m a t i o n is extensive over the
f i v e s a m p l i n g p er i od s . Compar i s on s o f s u r f a c e water
quality result s with primary drinking water s tandards
( c a l l e d "maximum contaminant l eve l s" o r " M C L ' s " ) a n d
f e d e r a l water qua l i ty criteria for f r e s h water aquatic
l i f e l i s t e d for comparative purpo s e s are summarized as
f o l l o w s :

o Cadmium has a primary MCL of 10 micrograms per
l i t e r ( u g / D and a chronic aquatic l i f e criterion
of 1*1 u g / 1 . Cadmium concentrations in C a l i f o r n i a
G u l c h ranged f r o m 12 u g / 1 in u p p e r C a l i f o r n i a G u l c h
to 431 u g / 1 at the t a i l i n g s area. In the ephemeral
d r a i n a g e s , cadmium ranged f r o m d e t e c t i o n level to
3 8 0 u g / 1 i n Oregon G u l c h . T h e Y a k T u n n e l d i s c h a r g e
varied in cadmium concentra t ion f r o m 169 u g / 1 to
5 5 2 u g / 1 .

o C o p p e r has a chronic aquatic l i f e cri terion of
11.8 u g / 1 - C o p p e r concentrat ions in the G u l c h
ranged f r o m 20 u g / 1 near the s l a g area to
4 , 6 7 0 u g / 1 j u s t below t h e Y a k T u n n e l . I n t h e
ephemeral d r a i n a g e s , c o p p e r ranged f r o m 3 . 3 u g / 1
in G e o r g i a G u l c h t o 9 , 5 2 0 u g / 1 in Oregon G u l c h .
C o p p e r i n t h e Y a k T u n n e l d i s c h a r g e varied f r o m
4 3 7 u g / 1 t o 5 , 9 7 0 u g / 1 .

o I r o n and manganese in the C a l i f o r n i a G u l c h and i t s
t r ibu tar i e s ranged f r o m 1 5 2 u g / 1 t o 6 7 7 , 0 0 0 u g / 1
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for iron, and manganese concentrations ranged f r o m
146 u g / 1 to 708,000 y a / 1 .

o Lead has a primary MCL of 50 y g / 1 and a chronic
aquatic l i f e criterion of 3.2 u g / 1 . Lead concen-
t ra t ions in C a l i f o r n i a G u l c h ranged f r o m d e t e c t i on
to 382 u g / 1 in u p p e r C a l i f o r n i a Gul ch . In the
ephemeral dra inage s , lead values varied f r o m detec-
tion to 310 u g / 1 at Oregon Gulch . The Yak T u n n e l
discharge ranged f r o m de tec t ion to 116 u g / 1 .

o Z i n c has a chronic aquatic l i f e criterion of
86 u g / 1 . Zinc concentrat ions in C a l i f o r n i a G u l c h
varied f r o m 1,506 u g / 1 to 8 5 , 3 0 0 u g / 1 in, u p p e r
C a l i f o r n i a G u l c h . The Yak Tunne l d i s charge ranged
f r o m 43,700 u g / 1 t o 109,000 u g / 1 .

o Water quali ty at the Arkansas River ups tream of
C a l i f o r n i a G u l c h routinely exceeded the aquatic
criterion for zinc,

o W a t e r q u a l i t y at the Arkansa s River downstream of
C a l i f o r n i a G u l c h m e t pr imary M C L ' s f o r a l l p e r i o d s
except March 1 9 8 5 , when the cadmium standard was
exceeded. Aquat i c cr i teria were rout ine ly exceeded
for zinc and cadmium.

7. S u r f a c e water data f u r t h e r ind i ca t e that some d i s s o l v e d
metal s . ( c a t i o n s ) such as zinc and cadmium stay princi-
p a l l y in d i s s o l v e d f o r m in the s u r f a c e waters a l ong the
G u l c h . Other ca t ions such as iron, aluminum, and to a
l e s s e r d e g r e e , m a n g a n e s e , are o x i d i z e d and p r e c i p i t a t e d
as o x y - h y d r o x i d e s . T h e s e p r e c i p i t a t e s have a h igh sorp-
tive c a p a c i t y and can remove other d i s s o l v e d m e t a l s
f r o m s o l u t i o n . T h e s e p r e c i p i t a t e s e t t l e t o t h e b o t t o m
of the drainage at low f l o w s .
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During snowmel t , higher stream v e l o c i t i e s carry more
s ed iment s f r o m various waste areas. T h e s e mix with the
p r e v i o u s l y s e t t l e d s ed iment s and p r e c i p i t a t e s that are
then re-entrained in the water. The b u f f e r i n g , p r e c i p i -
t a t i o n , and re-entrainment f u r t h e r c o m p l i c a t e water
chemistry i n t e r p r e t a t i o n . For this reason, zinc,
cadmium, manganese, and s u l f a t e are used to f u r t h e r
s tudy the system since they are the most mobile.

8. Review of the data for groundwater indicates that ground-
water chemistry, p a r t i c u l a r l y d i s s o l v e d me ta l s concen-
t r a t i o n s , is more s t r o n g l y a f f e c t e d by d e p t h than by
loca t ion along C a l i f o r n i a G u l c h . The water level data
demons trated that recharge and drainage is most active
in the s h a l l o w al luvial material and decreases with
d e p t h . The groundwater chemistry r e f l e c t s the active
exchange between sur fa c e water and groundwater. S p e c i f i c
conductance, a measure of the t o ta l ionic material dis-
solved in the water, inc luding m e t a l s , is highest in
the u p p e r 25 to 50 f e e t of the C a l i f o r n i a G u l c h a l lu-
vial groundwater.

9 . Groundwater qua l i ty da ta f o r t h e f i v e s a m p l i n g p e r i o d s
i s extensive. Primary dr inking water s t a n d a r d s ( M C L ' s ) ,
secondary drinking water s t a n d a r d s ( s e c o n d a r y M C L ' s ) ,
and p r o p o s e d "maximum contaminant level goa l s" were
l i s t e d f o r comparative p u r p o s e s . Pre l iminary observa-
tions f r o m these compari sons are summarized as f o l l o w s :

o S u l f a t e i s c l o s e l y a s so c ia t ed with the o x i d a t i o n
o f s u l f i d e s . S u l f a t e , l i k e s p e c i f i c c o n d u c t i v i t y ,
de cr ea s e s wi th d e p t h . T h e mean s u l f a t e concentra-
t ion in the u p p e r 25 f e e t o f the C a l i f o r n i a G u l c h
a l l u v i u m range s f r o m l e s s than 100 m g / 1 to more
than 1,000 m g / 1 . T h e s e condary M C L i s 2 5 0 m g / 1 .
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Many of the pr iva t e and new w e l l s in the
C a l i f o r n i a Gul ch al luvium exceed this concentra-
t i on , p a r t i c u l a r l y those c o m p l e t e d in the u p p e r
50 f e e t of the alluvium.

Manganese , zinc, and cadmium are trace metal s that
are quite mobile in the groundwater sys t em; iron
and lead are not very mobile in o x i d i z e d , s u l f a t e -
rich groundwater. M a n g a n e s e , zinc, and cadmium
were used to determine the extent of vertical con-
tamination in the C a l i f o r n i a G u l c h a l l uv ia l
groundwater system r e s u l t i n g f rom recharge f rom
the s u r f a c e water.

Manganese has a secondary MCL of 50 u g / 1 * Manganes e
concentrations in groundwater in the upper 20 f e e t
of the alluvium ranged f r o m below the s tandard to
as much as 15,000 u g / 1 . In the 20— to 5 0 - f o o t
d e p t h range, manganese concentrations decrease to
l e s s than 4,000 u g / 1 ? below 5 0 - f o o t d e p t h s , man-
ganese g e n e r a l l y meets the s t a n d a r d .

Z i n c ha s a s econdary MCL o f 5 , 0 0 0 u g / l « Z i n c con-
centrations in the groundwater are highest in the
u p p e r 25 f e e t of the al luvium ranging f rom below
the standard to as much as 35 ,000 u g / 1 . Z i n c con-
c entrat ions in the 25- to 5 0 - f o o t d e p t h range f r o m
below s tandard to as much as 1,000 u g / 1 . Below an
a p p r o x i m a t e 5 0 - f o o t d e p t h , the t y p i c a l zinc con-
c entra t ion i s l e s s than 500 u g / 1 .

Cadmium has a pr imary MCL of 10 u g / 1 . L i k e man-
ganese and z inc , the h i g h e s t c o n c e n t r a t i o n of
cadmium is f o u n d in the u p p e r 25 f e e t of the
C a l i f o r n i a G u l c h a l l u v i u m . C o n c e n t r a t i o n s range
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f r o m below the drinking water s tandard to as much
as 100 u g / 1 . Mean cadmium concentrat ions decrease
to l e s s than 10 u g / 1 in the 25- to 5 0 - f o o t d e p t h
ranges and to l e s s than 5 u g / 1 in deeper p a r t s of
the groundwater sys tem.

o The upper 25 to 50 f e e t of the C a l i f o r n i a Gulch
groundwater system contain metal s in concentra-
tions in excess of both primary and secondary
drinking water s tandard s . T h e s e excessive concen-
t ra t ions result in part f r o m i n f i l t r a t i o n of
C a l i f o r n i a G u l c h s u r f a c e water.

o A number of pr ivate ly-owned w e l l s exceeded primary
M C L ' s . F o u r w e l l s exceeded t h e cadmium limit o f
10 u ^ r / l . T y p i c a l l y , the exceedance ranged f r o m
10 u g / 1 to 116 u g / 1 , but one well ranged f r o m
28 u g / 1 t o 1,124 u g / 1 f or a l l s a m p l i n g events.
One well exceeded the lead limit of 50 u g / 1 * It
was measured of 296 u g / 1 in November 1984. T h i s
value is suspect since lead was not d e t e c t e d on
f o u r subsequent s a m p l i n g events.

10. Based upon review of s u r f a c e water f l o w s and chemi s try,
groundwater l e v e l s and chemistry, and data f r o m the
p i e z ome t e r program, it was su sp e c t ed that the s h a l l o w
groundwater sys t em was i n t i m a t e l y connected with the
G u l c h mainstem s u r f a c e waters. Chemical p r o f i l e s were
d e v e l o p e d a long the G u l c h for the s u r f a c e water and
groundwater sy s t ems . S e a s o n a l f l o w and water level
d i f f e r e n c e s were a l s o c o n s i d e r e d . T h i s a n a l y s i s sup-
p o r t e d t h e p o s t u l a t i o n that s u r f a c e w a t e r / s h a l l o w a l l u -
vium groundwater is acting as a s i n g l e conduit a long
which con taminat ed waters move to the A r k a n s a s River.
Pump t e s t s a l s o i n d i c a t e d no s i g n i f i c a n t g r o u n d w a t e r
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contribut ion f r o m the G u l c h a l luv ium d i r e c t l y to the
A r k a n s a s River.

11. Based upon the s i n g l e conduit theory, it was p o s s i b l e
to conduct a mass l o a d i n g a n a l y s i s to b e t t e r d e f i n e
areal and point source contribution of contaminants to
the Gulch mainstem. M a s s l o a d i n g s were c a l c u l a t e d
along the G u l c h conduit for each s a m p l i n g event u s ing
a p p r o p r i a t e s u r f a c e water chemistry and f l o w da ta . The
individual mass l oading analyse s were then a d j u s t e d for
the contribut ion during snowmelt to de termine average
annual contaminant contr ibut ions f r o m the s u sp e c t ed
sources, considering the mobile ions such as zinc,
cadmium and s u l f a t e . Resu l t s of thi s a n a l y s i s are sum-
marized as f o l l o w s :

Percen tage s o fSource
Yak TunnelU p p e r G u l c hS t r a y H o r s e G u l c h { S t a r r D i t c h )Oregon G u l c hS l a g AreaS e w a g e T r e a t m e n t P l a n tM i s c e l l a n e o u s T r i b u t a r i e s

Zinc
80.44.82.0

1.6
1.90.4
8.9

Cadmium
84.87.0

3.50.50.20.7
3.3

S u l f a t e
74.76.11.85.63.93.7

4.2

N O T E : T h e s e percentages ar e no t neces sari ly repre s enta t ivef o r other s p e c i f i c contaminants .

P H A S E I I R I S A M P L I N G PROGRAM

C o m p l e t i o n of the Phas e I RI has p r o v i d e d an i n d i c a t i o n of
water q u a l i t y p r o b l e m s at various l o c a t i o n s in the s t u d y
area; p r o b a b l e sources and r e l a t i v e c o n t r i b u t i o n o f contami-
nants to the water sy s t em; and an in i t i a l asse s sment of the
h y d r o l o g y , g e o l o g y , g e o h y d r o l o g y , a n d g e o c h e m i s t r y o f t h e
sy s t em.
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I n order t o c o m p l e t e t h e s i te F S , t h e f o l l o w i n g d a t a a r e
needed to permit f u r t h e r charac t e r i za t i on of contaminant
sources:

o T a i l i n g s s t a b i l i t y and s u r f a c e chemistry

o W a s t e dump s t a b i l i t y , s u r f a c e and bulk chemistry

o S l a g s t a b i l i t y and bulk chemistry

o Air qual i ty data

o Sediment chemistry

o Sei smi c ac t ivi ty in the s tudy area

o S o i l data in the S t r a y H o r s e G u l c h drainage

o I n f o r m a t i o n to approx imat e base l ine chemistry of
s o i l s , s u r f a c e water, and groundwater

o A d d i t i o n a l s u r f a c e water f l o w , groundwater l e v e l s ,
and water chemis try during snowmelt r u n o f f

Data gathered wi l l be synthe s i z ed and p u b l i s h e d as the
Phase II RI report .
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A B B R E V I A T I O N S

BLM
C D H
C E R C L A
cf sCLP
COC
COE
EA
EPAF Sg d fgpmIAI C P
MCL
M C L Gm g / 1mgdmmmph
M S L
N C P
N O A A
O U F S
p p m • '
QAPP
Q A / Q C
RCRA
RI
S A R A
scs
S T P
U S D A
U S G Su g / iumhos

Bureau of Land ManagementC o l o r a d o Depar tment o f H e a l t hComprehen s iv e Environmental R e s p o n s e , Compen-s a t i on , and L i a b i l i t y Act of 1980Cubic f e e t per secondContract Labora tory ProgramChain o f C u s t o d yC o r p s o f EngineersEndangerment Ass e s smentU . S . Environmental Protect ion AgencyF e a s i b i l i t y S t u d yG a l l o n s per day per f o o tG a l l o n s per minuteI n t e r p r e t i v e A d d e n d aInduc t ive C o u p l e d PlasmaMaximum contaminant levelMaximum contaminant level goalM i l l i g r a m s p er l i t erM i l l i o n g a l l o n s per dayM i l l i m e t e r sM i l e s per hourMean Sea LevelN a t i o n a l Cont ingency P l a nN a t i o n a l Oceanic and Atmospher i c A d m i n i s t r a t i o nOperable Unit F e a s i b i l i t y S t u d yParts per m i l l i o nQual i ty Assurance P r o j e c t P l a nQ u a l i t y Assurance and Q u a l i t y Contro lResource Conservat ion and Recovery ActRemedial I n v e s t i g a t i o nS u p e r f u n d Amendment s and Reau thor i za t i on Acto f 1986S o i l Conservat ion S e r v i c eSewage Treatment PlantU . S . Department o f A g r i c u l t u r eU n i t e d S t a t e s G e o l o g i c a l SurveyMicrograms per l i t e rMicromhos
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Sect i on 1
I N T R O D U C T I O N

T h i s document i s th e Phase I Remedial I n v e s t i g a t i o n {RI)
Report f or th e C a l i f o r n i a G u l c h s i te. The purpo s e o f th e
Phase I RI report is to characterize the s i t e , and summarize
the data co l l ec t ed during the Phase I invest igations. The
report also i d e n t i f i e s a d d i t i o n a l work which wi l l be com-
p l e t e d during the Phase II RI act ivi t ie s .

The RI is one element of the S u p e r f u n d proce s s . T h i s intro-
ductory section de s cr ibe s background i n f o r m a t i o n on the
C a l i f o r n i a Gulch s i t e , the S u p e r f u n d p r o c e s s , RI g o a l s and
o b j e c t i v e s , and an overview of the contents of this report.

S I T E B A C K G R O U N D

The C a l i f o r n i a G u l c h site is located in and near L e a d v i l l e ,
C o l o r a d o , which is a p p r o x i m a t e l y 100 m i l e s southwest of Denver
( F i g u r e 1-1). The s tudy area encompasses an 11.5 square-

mile water shed that drains a long C a l i f o r n i a G u l c h and into
the Arkansas River j u s t west of L e a d v i l l e .

T h e origin o f L e a d v i l l e d a t e s back t o t h e 1 8 5 0 ' s with t h e
mining deve l opment o f a l a r g e , rich, s u l f i d e mineral ized
zone containing p r i n c i p a l l y g o l d , s i lver , l e a d , z inc, and
copper . The mining, proc e s s ing , and sme l t ing of these metal s
have continued for more than 125 years. The level of these
a c t i v i t i e s has varied in degree with economic demand and
t e c h n o l o g i c a l improvement s .
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Early a c t iv i t i e s cons i s t ed o f p l a c e r mining f o r g o l d . L a t e r /
underground mines were d e v e l o p e d southeast of L e a d v i l l e ,
where the ores were ex trac t ed and then pro c e s s ed into me ta l-
l i c concentrate s . T h e s e concentrat e s were e i ther s h i p p e d
el sewhere or f u r t h e r proce s s ed at the numerous s m e l t e r s that
were in the L e a d v i l l e area ( G r i s w o l d , 1 9 5 1 ; Emmons, et a l . ,
1 9 2 7 ) . Extensive mining and proce s s ing act ivi t ie s continued
in varying degree s until the end of the K o r e a n War in 1953.
S i n c e smel t ing s t o p p e d , mining ac t iv i ty has occurred at a
much slower pace (LaBounty , 1 9 7 5 ) . P r e s e n t l y , there are
only a few moderate-s ize active mining and m i l l i n g f a c i l i -
t i e s in the L e a d v i l l e area.

Mining wa s t e s , i n c l u d i n g rock, t a i l i n g s , and s l a g p i l e s ,
were d e p o s i t e d in many areas of the s tudy area. F i g u r e 1-2
ind i ca t e s how tnese various wastes r e la t e to mining and pro-
ce s s ing ac t iv i t i e s .

H i s t o r i c a l l y , miners created the underground a d i t s and d r i f t s
( t u n n e l s ) to reach the orebody by hauling much of the b la s t ed
rock to the s u r f a c e as waste. The waste rock was d e p o s i t e d
in p i l e s , t y p i c a l l y near the mine s h a f t or adi t p o r t a l .
Ex t ra c t ed material was pro c e s s ed in m i l l s , which concentrat-
ed the l e a d , z inc, c o p p e r , g o l d , and s i lver ores. The wet
m i l l waste m a t e r i a l s , ca l l ed t a i l i n g s , were p l a c e d in im-
p o u n d m e n t s , which were t y p i c a l l y l o ca t ed in v a l l e y s that
prov id ed adequate s torage c a p a c i t y . The concentrated ores
were s m e l t e d , which created a dark-co l or ed , f u s e d waste res-
idue c a l l e d s l a g . S l a g s were d e p o s i t e d near the sme l t e r
f a c i l i t i e s . P l a t e 1 shows t y p i c a l mine was t e s and s l a g
p i l e s that are l o ca t ed in the s t u d y area.
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W i t h i n the s tudy area there are several type s of mining and
p r o c e s s i n g waste s . The m a j o r t y p e s and l o c a t i o n s are as
f o l l o w s :

o F o u r m a j o r inactive t a i l i n g s impoundment s . T h r e e
m a j o r t a i l ing s impoundments are located in C a l i f o r n i a
G u l c h between the Resurrection M i l l Y a r d and H a r r i s o n
S t r e e t . The f o u r t h impoundment is in Oregon G u l c h .

o Thre e m a j o r s l a g p i l e s . One p i l e is l ocated on
H a r r i s o n S t r e e t and two p i l e s are located near
S t r i n g t o w n .

o Over 2,000 waste d u m p s , varying in size f r o m a few
tons to several hundred thousand tons. T h e s e dumps
are located in upper C a l i f o r n i a G u l c h , S t r i n g t o w n ,
Carbonate H i l l , a n d S t r a y H o r s e G u l c h . Some o f
the p i l e s in S t r a y H o r s e G u l c h are near r e s id en t ia l
areas. Many of these dumps contain mixed types of
waste in c lud ing t a i l i n g s , waste rock, and low grade
ore, which was not economical to pro c e s s at the
time.

T u n n e l s were deve loped in the area to drain ore bodies and
f a c i l i t a t e mining. T h e Y a k T u n n e l , d e v e l o p e d f r o m 1895
through 1 9 2 3 , ex t ends a p p r o x i m a t e l y 4 mi l e s into I r o n H i l l
and Breece H i l l , which are southeast o f L e a d v i l l e . T h i s
tunnel drains water f r o m numerous s u l f i d e and carbonate
underground mines. T h e tunnel e m p t i e s into C a l i f o r n i a G u l c h ,
which in turn conveys these mine waters westward 4.5 mi l e s
to the A r k a n s a s River.
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The mine wastes and water f r om the Yak Tunne l are p o t e n t i a l
sources of metal contamination to C a l i f o r n i a G u l c h , and
sub s equent ly the Arkansa s River. M e t a l s of concern are:
cadmium, c o p p e r , arsenic, iron, l e a d , manganese , and zinc.

S U P E R F U N D P R O C E S S

Under Sec t i on 1 0 4 ( a ) of the Comprehensive Environmental Re-
spons e , Compensa t i on , and L i a b i l i t y Act o f 1980 [42 U . S . C .
§ 9 6 0 4 ( a ) ( 1 9 8 2 ) ] , also known as CERCLA or S u p e r f u n d , the
United S t a t e s Environmental Prot e c t i on Agency ( E P A ) i s
authorized to respond to the actual or threatened re l ea s e s
into the environment of hazardous substances or re lease s or
subs tant ial threat s of release of p o l l u t a n t s or contaminants
that may present an imminent and subs tantial danger to the
p u b l i c health or w e l f a r e .

EPA has d eve l oped a process to f u l f i l l the S u p e r f u n d stat-
utory requirements. T h i s process consists of six s t ep s:

o A p r e l i m i n a r y evaluat ion of a s i t e , c o n s i s t i n g of
an as se s sment of e x i s t i n g d a t a and a s i t e inspec-
tion. T h e s e a c t iv i t i e s were conducted for the
C a l i f o r n i a G u l c h s i te in 1982.

o I n c l u s i o n o n t h e N a t i o n a l P r i o r i t i e s Li s t ( N P L ) o f
s i t e s , which are the h ighes t p r i o r i t y for EPA
re sponse action. The C a l i f o r n i a G u l c h s i t e wa s
p l a c e d on the NPL in S e p t e m b e r 1983.

o A remedial i n v e s t i g a t i o n ( R I ) , which i s a f i e l d -
oriented e f f o r t t o c o l l e c t s u f f i c i e n t s i t e charac-
t e r i z a t i o n d a t a to permit the d e v e l o p m e n t and eval-
uation o f r emedia l ac t ion a l t e r n a t i v e s . T h i s doc-
ument i s the r epor t d e s c r i b i n g the C a l i f o r n i a G u l c h
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s i te Phase I remedial inve s t iga t i on . Due to the
size and c o m p l e x i t y of the s i t e , a d d i t i o n a l s i te
i n f o r m a t i o n wil l be c o l l e c t e d at a la t e r date to
s u p p l e m e n t th i s r epor t .

A remedial inve s t i ga t i on also inc lude s an endan-
germent assessment (EA) , which asses ses the threat
to the p u b l i c h e a l t h , w e l f a r e , and environment
posed by the s i te contamination. An EA, based on
the C a l i f o r n i a G u l c h RI f i n d i n g s , will be s epara t e ly
p u b l i s h e d .

o A f e a s i b i l i t y s tudy ( F S ) d e v e l o p i n g a n d evaluat ing
remedial action a l t ernat ive s for a site. An FS
involves ( 1 ) i d e n t i f i c a t i o n o f a l t e rna t iv e s ; ( 2 )
init ial screening of a l t e rna t iv e s , based on h e a l t h
and environmental pro t e c t i on g o a l s , co s t , engineer-
i n g f e a s i b i l i t y , a n d e f f e c t i v e n e s s ? a n d ( 3 ) p e r f o r -
mance of a detai led environmental, engineering,
and cost analys i s . F e a s i b i l i t y s tudy work for the
C a l i f o r n i a G u l c h s i t e i s underway.

o S e l e c t i o n o f a c o s t - e f f e c t i v e remedial a l t e r n a t i v e
that e f f e c t i v e l y m i t i g a t e s and minimizes threat s
to and prov id e s adequate p r o t e c t i o n of p u b l i c h e a l t h
and w e l f a r e and the environment. The remedial
al t ernat ive for the C a l i f o r n i a G u l c h s i t e wi l l be
s e l e c t ed in accordance with the requirements of
S e c t i o n 121 of the S u p e r f u n d Amendment s and Reau-
t hor i za t i on A c t o f 1986 ( S A R A ) .

o D e s i g n o f the s e l e c t e d r emed ia l a c t i o n s , actual
s i t e r e m e d i a t i o n , and l ong- t e rm s i t e ob s ervat ion
t o de t ermine th e e f f e c t i v e n e s s o f s e l e c t e d a c t i on s .
F o r t h e C a l i f o r n i a G u l c h s i t e , t h i s work w i l l b eg in
a f t e r s e l e c t i o n o f the remedial action a l t e rna t iv e .
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A more d e t a i l e d d e s c r i p t i o n of the S u p e r f u n d proces s f o l l o w e d
by EPA is contained in the N a t i o n a l Oil and H a z a r d o u s Sub-
s tances P o l l u t i o n C o n t i n g e n c y P l a n , known as the N a t i o n a l
C o n t i n g e n c y P l a n ( N C P ) ( U . S . E P A , 1 9 8 5 ) .

GOALS A N D O B J E C T I V E S O F T H E REMEDIAL I N V E S T I G A T I O N ( R I )

The goals and o b j e c t i v e s of the Phase I of the C a l i f o r n i a
Gulch RI are to:

o I d e n t i f y and monitor contaminants that are in the
sur fac e water within the C a l i f o r n i a Gulch drainage
area.

o I d e n t i f y the nature and extent of groundwater
contamination along C a l i f o r n i a G u l c h „

o Determine the nature of contamination in the
Arkansas River at the c o n f l u e n c e with C a l i f o r n i a
G u l c h .

o Determine i d e n t i f i a b l e sources of metal contamina-
tion within the C a l i f o r n i a G u l c h drainage basin
and their relative contributions to water qual i ty
degrada t i on in the Arkansas River at the c o n f l u e n c e
with C a l i f o r n i a G u l c h .

REPORT S C O P E / O R G A N I Z A T I O N

T h i s r eport p r e s e n t s t h e s cope o f work, event s , d a t a ga th-
er ing , and d a t a i n t e r p r e t a t i o n s based on work c o m p l e t e d f r o m
March 1984 through J u n e 1986 . S u p p l e m e n t a l Phase I I R I
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activities are discussed later in this report. The sections
of the Phase I RI report f o l l o w i n g this S e c t i o n I are sum-
marized as f o l l o w s :

S E C T I O N 2 — S I T E D E S C R I P T I O N

T h i s section includes in f ormat i on on site loca t ion, site
hi s t ory , local d emography, local water s u p p l i e s , h y d r o l o g y
and g e o l o g y , and site geochemistry. An interpret ive addenda
(IA) is included as a s u p p l e m e n t to this RI to provide fur-
ther d e t a i l s on site d e s c r i p t i o n and d a t a in t e rpr e ta t i on .

S E C T I O N 3 — R E M E D I A L I N V E S T I G A T I O N A C T I V I T I E S

T h i s section summarizes act ivi t ie s at the s i t e , e x p l a i n s
s p e c i f i c ta sks as s igned to various contractors , and d e f i n e s
the chronology of the s a m p l i n g act ivit ie s and key events.

S E C T I O N 4 — N A T U R E - A N D E X T E N T O F C O N T A M I N A T I O N

T h i s sec t ion summarizes the data i n t e r p r e t a t i o n and pr e s en t s
conclusions on the nature and extent of s i te contamination.
T h e I A contains a d d i t i o n a l i n t e r p r e t i v e d e t a i l s .

All data c o l l e c t e d during the RI are pre s en t ed in two volumes
of a p p e n d i c e s . A p p r o p r i a t e technical memoranda, chemistry
d a t a , hea l th and s a f e t y p l a n s , and other pert inent in f or-
mation regarding the comprehensive s a m p l i n g program are pre-
sented in the A p p e n d i c e s .

S E C T I O N 5 — P H A S E I I R E M E D I A L I N V E S T I G A T I O N P R O G R A M

T h i s s ec t ion d e f i n e s the da ta g a p s that s t i l l exist a t the
c o m p l e t i o n o f the P h a s e I RI a c t i v i t i e s . The p l a n n e d ap-
proach to obtain necessary i n f o r m a t i o n during the s u p p l e -
mental Phas e II RI p r o g r a m i s p r e s e n t e d .
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S e c t i o n 2
S I T E D E S C R I P T I O N

The C a l i f o r n i a G u l c h s i t e encompas s e s an 11.5-square-mile
s tudy area, which inc lude s L e a d v i l l e and its o u t l y i n g area.
The s tudy area is shown in F i g u r e 2-1. The main f e a t u r e s of
the s tudy area are described below.

The m a j o r s u r f a c e water drainage i s C a l i f o r n i a G u l c h {here-
a f t e r ca l l ed "the G u l c h " ) , which receives water f r o m a number
o f ephemeral drainages: u p p e r C a l i f o r n i a G u l c h , S t r a y H o r s e
G u l c h , Oregon G u l c h , S t a r r Di t ch , Georg ia G u l c h , Pawnee G u l c h ,
A i r p o r t G u l c h , and M a l t a G u l c h » The G u l c h empt i e s into the
Arkansas River at the western boundaries of the s tudy area.
P l a t e s 2 and 3 show these various s u r f a c e water drainages .

The f o u r m a j o r t a i l i n g s impoundments within the s tudy area
are located in Sec t i on 25 of T o w n s h i p 95, Range S O W . T h e r e
are three m a j o r impoundment s in C a l i f o r n i a G u l c h and one in
Oregon G u l c h ( F i g u r e 2 - 1 ) . P l a t e 4 shows two o f these
t a i l i n g s impoundment s .

F r o m recent aerial p h o t o g r a p h s , over 2000 waste dumps have
been i d e n t i f i e d within the s tudy area. T h e s e dumps range in
size f r o m a few tons to over 100,000 t on s; they are p r i m a r i l y
located i n upper C a l i f o r n i a G u l c h , Carbonate H i l l , S t r i n g t o w n ,
and S t r a y H o r s e G u l c h . Many of these dumps are near s h a f t s
or p o r t a l s , which are indicat ed on F i g u r e 2-1. P l a t e s 5 and
6 show t y p i c a l waste dumps in u p p e r C a l i f o r n i a G u l c h and
S t r a y H o r s e G u l c h .

T h e r e are three l a r g e s l a g p i l e s w i t h i n the s t u d y area. One
p i l e i s l o ca t ed o n H a r r i s o n S t r e e t ( w i t h i n L e a d v i l l e c i t y
l i m i t s ) and two are l o c a t e d near S t r i n g t o w n . P l a t e 7 shows
the H a r r i s o n S t r e e t p i l e and one o f th e S t r i n g t o w n p i l e s .
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The Yak T u n n e l , which d i s charge s me ta l - lad en water to Cal i -
f o r n i a G u l c h , i s l o cated j u s t east o f the Resurrection M i l l
Y a r d . P l a t e 8 shows the Yak T u n n e l p o r t a l .

The city of L e a d v i l l e i s part of a H i s t o r i c Mining D i s t r i c t ,
S i n c e the m i d - 1 8 0 0 ' s , mining a c t iv i t i e s have been prevalent
within the boundaries of the site. The area has been exten-
s ively di s turbed by past mining ac t ivi t i e s (Emraons , et a l . ,
1 9 2 7 ; Emmons r 1886? G r i s w o l d , 1951? T w e t o , 1 9 6 3 ) .

S I T E C H A R A C T E R I S T I C S

The f o l l o w i n g subsections present a background d e s c r i p t i o n
of the phys i ca l characteri s t i c s o f the site. T h i s inc ludes
in f ormat i on regarding g e o l o g y , s o i l s , s u r f a c e water, ground-
water, vege ta t i on, w i l d l i f e , c l imate , etc.. T h e s e character-
i s t i c s are i n f l u e n c e d to varying degrees by the e f f e c t s of
the s u l f i d e minerals and mineral development ac t iv i t i e s
present within the s tudy area. Lake County , which inc lude s
the L e a d v i l l e M i n i n g D i s t r i c t , i s located wi thin the
C o l o r a d o Mineral B e l t . T h i s b e l t ( s e e F i g u r e 2 - 2 ) i s a geo-
c h e m i c a l l y enriched zone that is pre s ent in the central
C o l o r a d o mountains ( T w e t o , 1 9 6 3 ) . El eva t i on s within t h e
s i t e range f r o m 9 , 5 2 0 f e e t above Mean S e a Level ( M S L ) t o
a p p r o x i m a t e l y 14,000 f e e t M S L . The low point is at the
c o n f l u e n c e o f C a l i f o r n i a G u l c h and the Arkansa s River.

G E O L O G Y

The U p p e r Arkansas River V a l l e y i s l o ca t ed between the Mos-
quito Range to the east and the S a w a t c h Range to the west .
C a l i f o r n i a G u l c h drains f r o m t h e western s l o p e o f t h e Mos-
quito Range and cuts through g l a c i a l and g l a c i o f l u v i a l
s e d i m e n t s on its way to the A r k a n s a s River.
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The g e o l o g y o f the L e a d v i l l e M i n i n g D i s t r i c t i s complex
(Emmons, 1886, and Emmons, et a l . , 1 9 2 7 ) ( F i g u r e 2 - 3 ) . Bedrock
cons i s t s of Precambrian c r y s t a l l i n e rocks overlain by quart-
z i t e s , s h a l e s , l i m e s t o n e s , d o l o m i t e s , a n d s and s t one s o f p a l e -
ozoic age. A b r i e f d e s c r i p t i o n of the bedrock unit s and a
s t r a t i g r a p h i c column is p r e s e n t e d in the G e o l o g y sec t ion of
t h e I A .

Severa l t y p e s of s u r f i c i a l d e p o s i t s occur in the p r o j e c t
area. T h e s e inc lude ta lu s debr i s , l a n d s l i d e d e p o s i t s , and
rock g lac i er s . G l a c i a l , g l a c i o f l u v i a l , and a l luv ia l d e p o s i t s
are f ound in areas of lower e l eva t ions (Emmons, et a l . , 1 9 2 7 ;
Emmons, 1 8 8 6 ) . T h e s e d e p o s i t s are the primary s u r f i c i a l
d e p o s i t s that have been disturbed by mining ac t iv i t i e s .
T w o , p o s s i b l y three, g l a c i a l s tages have been recognized
within the p r o j e c t area. A l p i n e g lac i er s carved U-shaped
v a l l e y s , eroded the s u r f a c e , and subsequently d e p o s i t e d
large quanti t ie s of earth materials (Emmons , et al . , 1 9 2 7 ) .

Numerous f a u l t s exist within the general area of the site.
Severa l of these f a u l t s are shown in S e c t i o n E-E 1 of
F i g u r e 2-3. F a u l t i n g a long the western s ide o f the Mosqu i t o
Range c o n s i s t s of both h i g h - a n g l e normal and reverse f a u l t s .
M o s t of the f a u l t s trend north-south, and have d i p s that
approach vert ical . F a u l t zones range in wid th f r o m several
f e e t t o hundreds o f f e e t . S u r f i c i a l evidence o f f a u l t i n g i s
obscured in many p l a c e s by g l a c i a l d e p o s i t s . Many of the
f a u l t s have been ex t en s iv e ly mapped f r o m underground work-
i n g s , and their s tructures are quite wel l under s t ood . Minor
drag f o l d i n g and breccia or gouge zones are commonly asso-
ciated with t h e f a u l t s . S e v e r a l e p i s o d e s ( p r e m i n e r a l i z a t i o n ,
p o s t m i n e r a l i z a t i o n ) o f f a u l t i n g have been documented ( E m m o n s ,
e t a l . , 1 9 2 7 ) .

Ore d e p o s i t s o f the area are d i s c u s s e d in d e t a i l in U . S .
G e o l o g i c a l S u r v e y ( U S G S ) P r o f e s s i o n a l P a p e r 1 4 8 ( E m m o n s ,
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e t a l . , 1 9 2 7 ) . D e p o s i t i o n o f s u l f i d e ores occurred f r o m
hydro thermal s o lu t i on s that intruded the quar tz i t e and
l ime s tone s ed iment s o f th e area. T h e s e f l u i d s contained
high concentrat ions o f m e t a l s and s u l f u r . W h e n th e f l u i d s
permeated the s ed imen t s , metal s u l f i d e s were p r e c i p i t a t e d in
veins along f rac ture s . P r e c i p i t a t i o n al so occurred as blan-
ket replacement d e p o s i t s in the s trata that were more
s u s c e p t i b l e to d i s s o l u t i o n , p a r t i c u l a r l y the l ime s t one s .
The suite of minerals that cons t i tu t ed the ore bodie s was a
complex a s s emblage inc lud ing: native c o p p e r , s i l v e r , and
g o l d ; and s u l f i d e s , carbonates, and s i l i ca t e s of these and
other me ta l s . The primary minerals were p r e d o m i n a t e l y sul-
f i d e s of iron, zinc, and lead.

L a t e - T e r i t i a r y tectonic a c t i v i ty f a u l t e d th e mineralized
zones into b lock s and exposed them to oxygenated groundwaters.
S u l f i d e minerals were o x i d i z e d , f o rmed s u l f u r i c a c id , and
released meta l s into so lut ion^ T h e s e s o lu t i ons were trans-
ported to carbonate zones where reactions occurred between
the mineralized s u l f u r i c acid solut ions and the carbonate
rock. T h e s e reactions r e su l t ed in the p r e c i p i t a t i o n and
d e p o s i t i o n of carbonate and s i l i c a t e ore mineral s such as
m a n g a n o s i d e r i t e , s m i t h s o n i t e , and c eru s s i t e . T h i s d e p o s -
i t ion zone of s e condary, or r e m o b i l i z e d , metal ores is
termed the ox id iz ed zone. T h e s e carbonate ores were the
dominate ore zones in many of the mines in the area ( E m m o n s ,
et a l . , 1 9 2 7 ) .

Ore m i n e r a l s , gangue minera l s , and their a l t e r n a t i o n prod-
ucts are pre s en t ed in the Geoch emi s t ry s ec t ion of the IA. A
condensed l i s t of the most prominent m i n e r a l s i s p r e s e n t e d
in T a b l e 2-1. T h e s e minera l s i n c l u d e iron, m a n g a n e s e , z in c ,
l e a d , c o p p e r , and minor amounts o f g o l d and s i l v e r . W a s t e
rock m a t e r i a l s inc lude quartz, s e r i c i t e , c h l o r i t e , d o l o m i t e ,
l i m e s t o n e , and l ow-grade ore.
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T a b l e 2-1MOST PROMINENT MINERALS OF THE ORE DEPOSITS OF THE
L E A D V I L L E M I N I N G D I S T R I C T

Mineral Chemical F o r m u l a

C a l c i t e
Gold
S i l v e r
Arsenopyr i t e
Barite
Dolomite
Galena
M a n g a n o s i d e r i t e
Pyri t e
Quartz
S e r i c i t e
S p h a l e r i t e
S p e c u l a r i t e
H e m a t i t e
S i d e r i t e
M e l a n t e r i t e
Limonite
J a r o s i t e
P y r o l u s i t e
S m i t h s o n i t e
Cerus i t e
Pyromorphi t e
Chal can th i t e
C h l o r i t e ( C l i n o c h l o r e )

C a C 0 3Au
Ag
F e A s S o r F e S ~ *
B a S O .4C a M g ( C O 3 ) 2PbS

( F e , M n , M g ) C 0 3F e S 2S i O , ,
K H , A 1 3
ZnS

P e 2 ° 3F e C 0 3
F e S O 4 - 7 H 2 0
F e ( O H ) 3
K F e 3 ( S 0 4 ) 2 ( O H ) 6
MnO2
Z n C 0 3

P b 5 ( P 0 4 ) 3 C l

Source: (Emmons, e t a l . , 1 9 2 7 )
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The L e a d v i l l e Mining Dis tr i c t has a h i s tory of produc t i on
that p l a c e s it among the more important mineralized areas of
t h e world ( K l e f f , 1 9 4 1 ) . A c c o r d i n g t o o f f i c i a l e s t i m a t e s ,
p a s t p r o d u c t i o n has been in excess of 20 m i l l i o n tons of ore

( K l e f f , 1 9 4 1 ) . G o l d , s i lver, l e a d , zinc, iron, a n d manganese
were produced f r o m the ore zones (Klef f , 1 9 4 1 ) . Because o f
the numerous f a u l t s within the D i s t r i c t , the ore bodies were
cut of f and d i s p l a c e d . T h i s f a u l t i n g created the many dis-
continuous orebodies that subsequently re sul ted in the d e v e l o p -
ment o f numerous mining operat ions ( K l e f f , 1 9 4 1 ) .

S O I L S

The predominant soil association for C a l i f o r n i a G u l c h , a s
reported b y t h e U . S . Department o f A g r i c u l t u r e ( U S D A ) , S o i l
Conservat ion Service ( S C S ) , i s t h e T r o u t v i l l e - L e a d v i l l e Assoc-
iation. The most prevalent s o i l s found in the Gulch are
c l a s s i f i e d as Bross, L e a d v i l l e , Pierian, and T r o u t v i l l e series;
mine wastes are also prevalent soil material s . A c o m p l e t e
soil d e s c r i p t i o n is presented in S o i l Survey of the C h a f f e e -
Lake A r e a , C o l o r a d o ( F l e t c h e r , 1 9 7 5 ) .

F r o m aerial p h o t o g r a p h s and on-site ob servat ions , other m a j o r
s u r f a c e ma t e r ia l s in the s tudy area are mine d u m p s , mine
workings, s l a g p i l e s f r o m smel ter op e ra t i on s , and mill tai l-
ings. Based on pre l iminary e s t imate s f r o m aerial p h o t o g r a p h s ,
a p p r o x i m a t e l y 5 percent of the overall s tudy area has been
covered with mining or p r o c e s s i n g wastes. Some s p e c i f i c
areas are g r e a t l y dis turbed as shown on the previous p l a t e s .
T h e s e various mat er ia l s range in size f r o m very large b o u l d e r s
t o f i n e s i l t s .

No background i n f o r m a t i o n i s a v a i l a b l e concerning the geo-
chemi s try o f s i t e s o i l s pr i or to mining a c t i v i t i e s . Other
l i t e r a t u r e sources ( E m m o n s , 1 8 8 6 ; Emmons, e t a l . , 1 9 2 7 ;
G r i s w o l d , 1 9 5 1 ) s ta t e that p l a c e r min ing , h y d r a u l i c mining,
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and early m i l l i n g prac t i c e s re su l t ed in s i g n i f i c a n t al tera-
tion of s u r f a c e mater ia l s and structure in and along C a l i f o r -
nia Gul ch . Placer and hydraul i c mining created very mixed
and reworked a l l u v i u m s , and p r o b a b l y a l t e r ed natural stream-
beds and f l o o d p l a i n s . U n c o n t r o l l e d mine wastes f r o m early
m i l l i n g opera t i on s in upper C a l i f o r n i a G u l c h added sediments
to the lower G u l c h . T h e s e prac t i c e s p r o b a b l y al t ered the
geochemical equilibrium of the mineralization, s o i l s , ground-
water, and s u r f a c e water at the site.

G R O U N D W A T E R

The complex geo logy of the area l i m i t s under s tanding of ground-
water movement.. Groundwater in the region occurs in both
bedrock s t ra t igraphy and alluvial s trat igraphy. W i t h the
g eo l og i c and g e o h y d r o l o g i c c o m p l e x i t y of the s tudy area,
there appears to be no way of q u a n t i f y i n g pre-mining ground-
water quali ty.

In the upper portions o f C a l i f o r n i a G u l c h , p a r t i c u l a r l y above
the Pendry F a u l t , groundwater occurs p r i m a r i l y in the various
bedrock f o r m a t i o n s ( F i g u r e 2 - 4 ) . T h e s e f o r m a t i o n s inc lude
various t y p e s o f g r a n i t e , l i m e s t o n e , p o r p h y r y , and sands tone
units with varying degree s of p e rmeab i l i ty and poro s i ty .
Groundwater migra t ing through the bedrock sys t em in the min-
ing areas d i s charge s to C a l i f o r n i a G u l c h s u r f a c e waters;
discharges to the mine workings, c o l l e c t ed by the Yak Tunne l
and d i s charge s to C a l i f o r n i a G u l c h ; or moves through the
bedrock groundwater sys t em downgradient f r o m u p p e r
C a l i f o r n i a G u l c h .

Downstream f r o m the Pendry F a u l t , the change in g e o l o g y is
s i g n i f i c a n t . As shown in F i g u r e 2-5, three i d e n t i f i a b l e
g e o l o g i c units are noted: bedrock, lake bed s e d i m e n t s , and
high terrace grave l s . T h e t h i c k n e s s o f t h e u p p e r a n d m i d d l e
s t r a t i g r a p h i c units increases f r o m east to west. T u r k and
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T a y l o r ( 1 9 7 9 ) a n d T o p i e l e c ( 1 9 7 7 ) e s t imate d e p t h t o bedrock
near the Arkansas River to be 600 to 800 f e e t . The u p p e r
unit ( h i g h terrace g r a v e l s ) , a p p e a r s to be in excess of
50 f e e t thick near the Pendry F a u l t and th i cken s to several
hundred f e e t in d e p t h near the Arkansa s River. P l a c e r opera-
tions and d i s p o s a l of mine wastes probab ly altered the sur-
f a c e f ea ture s of this s t ra t igraph i c unit. Exi s t ing w e l l s in
the midd l e and lower sections of the Gulch t y p i c a l l y pen-
etrate the upper s t ra t igraph unit.

Recharge to the aqu i f e r system is p r i n c i p a l l y f rom i n f i l t r a -
tion of snowmelt and r a i n f a l l . The average annual pr e c ip i -
ta t ion is a p p r o x i m a t e l y 18 inches. Observed f l u c t u a t i o n s in
the water table indicate that recharge occurs p r i n c i p a l l y
during the snowmelt , and- tha t short duration summer thunder-
storms are of l i t t l e consequence ( T u r k and T a y l o r , 1 9 7 9 ) .

S U R F A C E W A T E R

The upper Arkansas River headwaters start at an elevation of
1 2 / 5 4 0 f e e t M S L , a n d t h e mainstem f l o w s downstream pas t Lead-
v i l l e over 34 miles to its c o n f l u e n c e with Lake Creek at an
elevation o f 9 , 0 3 8 f e e t M S L . T h e drainage system inc lude s
877 miles of tr ibutarie s , in addi t i on to the mainstem. T h i s
stream system j o i n s the mainstem Arkansas River that f l o w s
eastward across C o l o r a d o . Fur th er i n f o r m a t i o n , in c lud ing a
stream order a n a l y s i s , p r o f i l e s , and seasonal f l o w s , i s pre-
sented in the H y d r o l o g y section of the IA.

C a l i f o r n i a G u l c h drains a p p r o x i m a t e l y 7 ,400 acres o f water-
shed into the Arkansa s River ( s e e IA H y d r o l o g y s e c t i o n ) .
The mains t em o f t h e G u l c h receives water f r o m several ephem-
eral d r a i n a g e s : S t a r r D i t c h , u p p e r C a l i f o r n i a G u l c h , Oregon
G u l c h , G e o r g i a G u l c h , Pawnee G u l c h , A i r p o r t a n d M a l t a G u l c h e s ,
etc. I t a l s o receives p e r enn ia l d i s c h a r g e s f r o m t h e Y a k
Tunnel a n d t h e L e a d v i l l e S e w a g e T r e a t m e n t P l a n t ( S T P ) .
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S t a r r Dit ch drains S t r a y H o r s e G u l c h and other areas east of
L e a d v i l l e . Average f l o w a t t h e G u l c h ' s c o n f l u e n c e with t h e
Arkansa s River ranges between 2.2 and 6.4 cubic f e e t per
second ( c f s ) ( L a B o u n t y , 1 9 7 5 ) with in frequent f l o o d f l o w s
also being observed. F l o o d i n g at this e l evat ion u s u a l l y
occurs as a result of rapid snowmelt in May and J u n e . The
10-year, 7-day low f l o w in the Arkansas River at the Cal i -
f o r n i a G u l c h c o n f l u e n c e is about 24 c f s . Low f l o w s observed
f r o m the Yak Tunnel are about 1.1 c f s . The balance of Cal i-
f orn ia G u l c h low f l o w is a p p r o x i m a t e l y 1.0 cfs being contri-
buted by the S T P . Combining these f l o w s y i e l d s a normal low
f l o w of about 2.1 cfs at the Arkansas River c o n f l u e n c e , which
produc e s a d i l u t i o n ratio of a p p r o x i m a t e l y 11 (LaBounty ,
1 9 7 5 ) . Digerness ( 1 9 7 7 ) indicate s that prior t o construction
of the Yak Tunnel and the S T P , C a l i f o r n i a G u l c h was an ephe-
meral system. It was noted that various d i t c h e s , in c lud ing
the S t a r r D i t c h , were buil t in the la t e 1860' s t o convey
water for p la c e r mining opera t ions to C a l i f o r n i a G u l c h f r om
Evans Gul ch .

The f l o o d p o t e n t i a l in the area, p a r t i c u l a r l y in the u p p e r
G u l c h , i s quite high because o f r e l a t i v e l y spar s e v eg e ta t i on .
T h e C o r p s o f Engineers ( C O E , 1 9 8 3 ) e s t imate s t h e u p p e r C a l i -
f o r n i a G u l c h channel c a p a c i t y at 50 c f s . T h e i r e s t imate of
the 100-year f l o o d event is 270 cfs at the c o n f l u e n c e of the
G u l c h and the Arkansa s River and, by rat io , 90 cfs at the
Yak Tunne l p o r t a l . I n v e s t i g a t i o n o f h i s tor i c and pa l eogeo-
log i c f l o o d s a t this e l eva t i on indi ca t e s the worst f l o o d s
occur during snowmelt and not f r o m short d u r a t i o n , high-
i n t e n s i t y thunder s t orms during the summer months ( T u r k and
T a y l o r , 1 9 7 9 ) . U s i n g d a t a f r o m C O E ( 1 9 8 3 ) t h e 100-year f l o o d -
p l a i n was e s t ima t ed and is shown on F i g u r e 2-6. P o t e n t i a l
w e t l a n d s wi th in th e G u l c h were i d e n t i f i e d f r o m aerial p h o t o -
g r a p h s ( E P A , 1 9 8 2 ) , and are shown on the same f i g u r e .
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V E G E T A T I O N

The spec ie s d iver s i ty and percent cover of vegetative com-
munit ie s of C a l i f o r n i a G u l c h are l imi t ed in the dra inage
bo t t oms . T h i s has been caused by phys i ca l d i s turbance s as-
sociated with the presence of t a i l i n g s impoundments and waste
p i l e s , and p l a c e r ac t iv i t i e s . S m a l l p ine s and aspen grow
a l o n g s i d e the G u l c h in the u p p e r por t i on s of the drainage.

A wide variety of vegetation exist s in the upper Arkansas
River Basin, pr imari ly because of the variation in e levation.
Eleva t i on s within the site range f r o m 9 , 5 2 0 f e e t MSL to
a p p r o x i m a t e l y 12 ,200 f e e t M S L . T h e higher e l evat ions f o l l o w
t h e Carbonate H i l l - I r o n H i l l r idge that s epara t e s C a l i f o r n i a
G u l c h f r o m S t r a y H o r s e G u l c h . T i m b e r l i n e occurs at approx i -
mate ly 11,500 f e e t MSL; the vegetat ion above that e levation
is a lp ine tundra. The tundra is composed of grasses, sedges ,
and herbs. In the S u b a l p i n e Zone ( 1 0 , 0 0 0 to 11,500 f e e t
MSL), the ex i s t ing f o r e s t s are dominated by Englemann spruce
and A l p i n e f i r . S t a n d s o f aspen and l o d g e p o l e pine can al so
be f o u n d in th i s S u b a l p i n e Zone. In the v a l l e y bo t toms around
L e a d v i l l e ( 9 , 0 0 0 t o 10,000 f e e t M S L ) , s edge-gra s s meadows
are common, and marshy areas a l ong stream banks s u p p o r t wil-
lows and dwarf birch ( T o p i e l e c , 1 9 7 7 ) .

Areas southwest of L e a d v i l l e are in the Montane Zone ( 8 , 0 0 0
t o 10 ,000 f e e t M S L ) . D o u g l a s f i r a n d Pondero sa pine a r e
f o u n d in th i s zone. Open or t rans i t i on areas, such as the
M a l t a G u l c h area, may contain bearberry and j u n i p e r ; s tand s
of a spen and l o d g e p o l e can be f o u n d . In th i s zone, cotton-
woods can be f o u n d along the stream bottoms a long with
a l d e r , b i r ch , a n d w i l l o w ( r i p a r i a n v e g e t a t i o n ) . H o w e v e r ,
there i s l i m i t e d r i p a r i a n v e g e t a t i o n a l o n g C a l i f o r n i a G u l c h
and i t s t r i b u t a r i e s . The l i m i t e d r i p a r i a n h a b i t a t s are
f o u n d near t h e M a l t a G u l c h c o n f l u e n c e ( T o p i e l e c , 1 9 7 7 ) .
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Inquir i e s with t h e C o l o r a d o N a t u r a l Areas Program ( O ' K a n e ,
1 9 8 6 ) noted that Lake County has two threatened or ex emplary
p l a n t communitie s: Por t e r N e e d l e g r a s s and A l p i n e braya.
H o w e v e r , these s p e c i e s are not l o ca t ed in the s i t e s t udy
area.

W I L D L I F E

There i s l i t t l e s p e c i f i c i n f o r m a t i o n on w i l d l i f e within the
s i te s tudy area. The w i l d l i f e f ound within the s tudy area
should be s imilar to those f ound in the general L e a d v i l l e
area. However , the di s turbed l a n d s c a p e and level of pas t
and present human ac t iv i ty in both L e a d v i l l e and the C a l i -
f o r n i a G u l c h area may tend to minimize the number and
diversity of w i l d l i f e within the site.

The mountain f o r e s t s and meadows elsewhere in Lake County
suppor t large numbers of deer and elk. Much of the area
along the Arkansas River V a l l e y is important winter range
for deer and e lk. Elk calving grounds are f ound around T w i n
L a k e s , which are several mi l e s downstream f r o m L e a d v i l l e .
B l a c k bear, bighorn s h e e p , and Rocky Mounta in goat s are a l s o
f o u n d in the area ( T o p i e l e c , 1 9 7 7 ) .

Numerous smal l er animals are p r e s e n t , i n c l u d i n g furbearer s
such as beaver, mink, racoon, wea s e l s , and muskrat s; small
game such as c o t t o n t a i l s and j a c k r a b b i t s ; and rodents such
as mice, mol e s , chipmunks, squirrels , and marmots. Coyot e s
are very common in the U p p e r A r k a n s a s Basin; bobcat , red
f o x , and mountain l i on s are o c c a s i o n a l l y seen. Pika are
common on th e t a l u s s l o p e s near t imber l in e ( T o p i e l e c , 1 9 7 7 ) .

W a t e r f o w l , such as m a l l a r d s , t e a l , and c o o t s , use the marsh-
l a n d s a l o n g the A r k a n s a s River as r e s t i n g areas. T u r q u o i s e
L a k e , west o f L e a d v i l l e , may s u p p o r t a b r e e d i n g p o p u l a t i o n
of du ck s . Amer i can k e s t r e l ( S p a r r o w hawk) are common in the
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area/ and there are a few ne s t ing goshawks and g o l d e n e a g l e s
in the mountains a l ong the river v a l l e y s . Bald e a g l e s , red-
ta i l ed hawks, and f e r r u g i n o u s hawks are sometimes pre sent as
t r a n s i e n t s . T h e r e is a wide variety of small b i rd s in the
L e a d v i l l e area. U p l a n d game birds are not common ( T o p i e l e c ,
1 9 7 7 ) .

O'Kane ( 1 9 8 6 ) s ta t ed that th e lynx had been noted t o exist
in the s tudy area. The. tiny hawksbeard was also noted to
exist in Lake County, but not s p e c i f i c a l l y in the study area.

F I S H A N D B E N T H I C M A C R O I N V E R T E B R A T E S

The Arkansas River, ups tream of L e a d v i l l e ( T e n n e s s e e Creek
and East F o r k ) , s u p p o r t s a f a i r p o p u l a t i o n of brown and brook
trout; however, most f i s h are small with an average l ength
o f 180 mi l l ime t e r s (mm) (LaBounty, 1 9 7 5 ) . The b o t t om-dwe l l ing
macroinvertebrates include a variety o f m a y f l i e s , s t o n e f l i e s ,
and c a d d i s f l i e s ^

C a l i f o r n i a G u l c h waters do not s uppor t any f i s h because of
heavy metal concentra t ions and high t u r b i d i t i e s . R e p o r t s
ind i ca t e that no f i s h and only a few l imi t ed s p e c i e s of aquatic
invertebrates are f ound in the Arkansa s River for 1.5 mile s
downstream of the c o n f l u e n c e with C a l i f o r n i a G u l c h
{ L a B o u n t y , 1 9 7 5 , a n d M c L a u g h l i n , 1 9 8 1 ) .

Some s t o n e f l i e s and m o s t l y d i p t e r a larvae, being r e l a t i v e l y
to l erant of heavy m e t a l s , were c o l l e c t e d in another inves-
t i g a t i o n a l l a long the A r k a n s a s River. Genera o f m a y f l i e s
and c a d d i s f l i e s , being s en s i t i v e to lower water q u a l i t y ,
with f ew e x c e p t i o n s , were not f o u n d i m m e d i a t e l y be low the
c o n f l u e n c e o f C a l i f o r n i a G u l c h and th e A r k a n s a s River
( L a B o u n t y , 1 9 7 5 , a n d R o l i n e , 1 9 8 1 ) .
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S t u d i e s by the C o l o r a d o Divi s i on of W i l d l i f e have shown a
marked decrease in the d i v e r s i t y of aquatic organisms in the
Arkansa s River i m m e d i a t e l y below C a l i f o r n i a G u l c h . D i v e r s i t y
increases within a few mi l e s because t r i b u t a r i e s , such as
Lake F o r k and H a l f m o o n Cre ek , d i s charge h igh-qua l i ty water
into the Arkansas River. Trou t p o p u l a t i o n s increase down-
river of these tr ibutarie s and include brown, brook, and
rainbow trout. A n a l y s e s of brown trout l ivers for heavy
meta l s ( c o l l e c t e d downriver o f C a l i f o r n i a G u l c h ) indicated
that these f i s h had been chron i ca l ly exposed to high l eve l s
of me ta l s and had bioaccumulated c o p p e r and zinc ( R o l i n e ,
1 9 8 1 ) .

C L I M A T E

The climate in the C a l i f o r n i a Gulch s tudy area is considered
to be normal for the mountainous areas of central C o l o r a d o .
The severe local t o p o g r a p h i c f e a t u r e s s t r o n g l y i n f l u e n c e
local c l imat i c variations in Lake County. The C i t y of Lead-
v i l l e i s at an e levation of a p p r o x i m a t e l y 10,000 f e e t MSL.
W e a t h e r c o n d i t i o n s are recorded at the N a t i o n a l W e a t h e r Ser-
v i c e ' s L e a d v i l l e airport s t a t i o n l o ca t ed 2 mi l e s southwest
o f L e a d v i l l e . E l eva t i on o f th e L e a d v i l l e s t a t i on i s
9 , 9 3 8 f e e t M S L .

T h e normal temperature extremes range f r o m 8 6 ° P t o - 3 0 ° F ,
with the average minimum temperature being 21.9° F ( T o p i e l e c ,
1 9 7 7 ) . The average f r o s t - f r e e season i s 79 days. The wind
is pr edomina t e ly f rom the northwest and ranges f r o m calm to
30 mi l e s per hour (mph) ( G i l g u l i n , 1985) . No wind rose i s
a v a i l a b l e .

Average annual p r e c i p i t a t i o n i s 18 inches . J u l y and A u g u s t
record the most p r e c i p i t a t i o n , w h i l e the months o f l owe s t
p r e c i p i t a t i o n a r e December a n d J a n u a r y ( U S D A , S C S , 1 9 6 5 ) .
Summert ime p r e c i p i t a t i o n i s u s u a l l y a s s o c i a t e d wi th convective
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showers ( T o p i e l e c , 1 9 7 7 ) . Annual s n o w f a l l d e p t h s f o r moun-
tains in the area are between 200 and 300 inches. During
winter months , the d e p t h of snow on the ground in L e a d v i l l e
i s commonly 6 inches { G i l g u l i n , 1 9 8 5 ) .

P r e c i p i t a t i o n data were extracted f r o m N a t i o n a l Oceanic and
A t m o s p h e r i c A d m i n i s t r a t i o n ( N O A A ) c l i r a a t o l o g i c a l data records
f o r Colorado . The monthly p r e c i p i t a t i o n data f o r t h e s tudy
period and 10-year average (1975 through 1 9 8 5 ) at the Lead-
v i l l e Weather Report ing S t a t i o n are tabu la t ed in T a b l e 2-2
and graphed in F i g u r e 2-7. The annual peak snowmelt u sua l ly
occurs in June and is d e p i c t e d in the hydrograph for the
m i d d l e f l u m e pre s en t ed in the stream f l o w section of A p p e n -
d i x N .

T a b l e 2-2REPORTED AND 10-YEAR AVERAGE PRECIPITATION

Month
NovemberDecemberJanuaryFebruaryMarchA p r i lMayJuneJ u l yAugustS e p t e m b e rOctober
T o t a l

1983
Month

0.280.530.470.310.931.242.180.371.221.710.570.27

AnnualCumulative
0.280.811.281.592.523.765.946.317.539.249.8110.08

1984AnnualMonth Cumulative
1.183.510.170.270.980.790.470.922.404.250.620.87

1.184.694.865.136.116.907.378.2910.6914.9415.5616.43

1985 10 YearAverage
Month AnnualCumulative

0.400.991.571.693.465.676.827.449.8910.5112.4213.55

Month AnnualCumulative
1.062.433.855.206.638.339.5510.6012.5814.4415.6616.82

10.08 16.43 13.55 16.82
N o t e : Measurements presented in inches.
Source: N a t i o n a l Weather Service
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Limited air qua l i ty i n f o r m a t i o n for the L e a d v i l l e area is
ava i lab l e f r o m t h e C o l o r a d o Department o f H e a l t h ( C D H ) f o r
su spended p a r t i c u l a t e s and l ead . T h e s e data w i l l be evalu-
ated dur ing t h e Phase I I R I .

L A N D U S E

A p p r o x i m a t e l y 2/3 of the land in Lake County i s f e d e r a l l y
owned; the s tudy area is p r i n c i p a l l y private ly-owned land .
Most of the- f e d e r a l land is within the San I s a b e l N a t i o n a l
F o r e s t , with the Bureau of Land Management (BLM) overseeing
most of the remaining land. Land use in the C a l i f o r n i a G u l c h
area is pr edominant ly mining, commercial, and r e s i d e n t i a l .
A l o n g the Arkansas River V a l l e y , land use inc lude s agricul-
tural areas ( p a s t u r e s , r a n g e l a n d ) , recreation areas, and
re s ident ia l areas ( T o p e l i e c , 1 9 7 7 ) . A land use map is shown
as F i g u r e 2-8 (Lake County, 1 9 8 0 ) . .

D E M O G R A P H Y A N D S O C I Q E C O N O M I C S

C a l i f o r n i a G u l c h and the C i t y of L e a d v i l l e are in Lake C o u n t y ,
a r e l a t i v e l y small ( 3 8 0 square m i l e s ) rural area with a cur-
rent es t imated p o p u l a t i o n o f a p p r o x i m a t e l y 6 , 6 0 0 ( S h r o y e r ,
1 9 8 6 ) . Lake County i s d e p e n d e n t upon agr i cu l tur e , t our i s t ,
and mining industries. Its past employment and economic
base stemmed pr imar i ly f r o m mining and mine-related indus-
t r i e s , which have diminished s i g n i f i c a n t l y since 1977. Mine
l a y - o f f s have d r a m a t i c a l l y reduced employment in Lake County.
Curren t ly ASARCO e m p l o y s a work f o r c e of about 140, but C l i m a x
M o l y b d e n u m C o m p a n y r e c e n t l y c lo s ed i t s o p e r a t i o n , f u r l o u g h i n g
about 5 0 0 p e o p l e ( S h r o y e r , 1 9 8 6 ) .

T a b l e 2-3 shows p a s t and pre s en t e s t i m a t e d p o p u l a t i o n s that
c l e a r l y d e m o n s t r a t e the impact of mine c l o sur e s on p o p u l a t i o n .
T h e p o p u l a t i o n o f L e a d v i l l e h a s remained r e l a t i v e l y cons tant
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since a p p r o x i m a t e l y 1920. No o f f i c i a l growth p r o j e c t i o n s or
income l e v e l s of the p o p u l a t i o n are ava i lab l e .

T a b l e 2-3L A K E C O U N T Y P O P U L A T I O N D A T A
A N D C U R R E N T E S T I M A T E D P O P U L A T I O N

Area 1960 1970 1975 1980
Lake County 7,101 8 , 2 8 2 9 ,445 8830 6 , 6 0 0L e a d v i l l e 4,008 4,314 4,745 4356 3,800Unincorporat ed 3 , 0 9 3 3 , 9 6 8 4,700 4474 2,800
a Shroyer e s t imate , 1986.
Source: T o p i e l e c , 1977.

L e a d v i l l e has a current p o p u l a t i o n of about 3 , 8 0 0 , with an
a p p r o x i m a t e ag e d i s t r i b u t i o n a s f o l l o w s { S h r o y e r , 1 9 8 6 ) :

o 0-16 y e a r s — 2 5 percent
o ' 17-21 y e a r s — 1 5 percent
o 22-41 y e a r s — 2 5 percent
o 42-60 y e a r s — 1 5 percent
o 60-100 y e a r s — 2 0 percent

W A T E R S U P P L Y

The P a r k v i l l e Water Di s t r i c t s u p p l i e s water t o L e a d v i l l e ,
S t r i n g t o w n , S i l v e r H i l l s , and M a t c h l e s s and has 1,807 p a y i n g
customers ( H e r a l d Democrat, 1 9 8 5 ) . In 1 9 7 9 , th i s number wa s
1 , 9 0 9 ( S h r o y e r , 1 9 8 6 ) , which corroborates t h e d e c l i n i n g area
p o p u l a t i o n . T h e d i s t r i c t ' s sources o f water inc lude t h e
Canterbury T u n n e l , t h e Elkhorn S h a f t , w e l l s , a n d t h e B i g
Evans G u l c h Reservoir. T h e r e is a l so a report of a d iv er s i on
f r o m I o w a G u l c h , bu t th i s ha s no t been f u l l y s u b s t a n t i a t e d .
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The P a r k v i l l e water sys t em has a f l i t e r / c h l o r i n a t i o n treat-
ment sy s t em with a c a p a c i t y of 1.6 m i l l i o n g a l l o n s per day
(mgd) and treated s torage c a p a c i t y of 1.5 mgd. W a t e r samp-
les are taken m o n t h l y and have r o u t i n e l y met water q u a l i t y
s t a n d a r d s .

The northwestern boundary of the P a r k v i l l e system inc lude s
S i l v e r H i l l s subdiv i s ion, M a t c h l e s s E s t a t e s subd iv i s i on, a n d
West Park subdivision. The northern boundary is at the junc-
tion of U . S . H i g h w a y s 24 and 91. The eastern boundary
extends the L e a d v i l l e city l imi t s . The southern boundary
extends f r om Apache Energy and Mineral s C o m p a n y ' s t a i l ing s
impoundment to S t r i n g t o w n ( i n c l u d i n g the C o l o r a d o Mountain
C o l l e g e ) . The southwestern boundary is known as the
"dividing line" road that runs north f rom U . S ^ H i g h w a y 24 at
the j u n c t i o n with C o l o r a d o Mountain C o l l e g e road. T h i s
inc lude s St . V i n c e n t s H o s p i t a l and th e L e a d v i l l e s chool s .

Outside of the P a r k v i l l e W a t e r Service A r e a , well water is
used for domest ic s u p p l i e s , i rr igat ion, commercial , munici-
p a l , and indu s t r ia l uses. T h e r e are 624 w e l l s in Lake C o u n t y ,
based on well p e r m i t t i n g i n f o r m a t i o n . A p p r o x i m a t e l y 35 of
the s e e x i s t i n g w e l l s are l o ca t ed in the s t u d y area ( s e e S e c -
tion 3, F i g u r e 3 - 3 ) . A number of p e o p l e in S t r i n g t o w n and
the lower part of C a l i f o r n i a Gulch have domestic we l l s . The
current usage of these w e l l s is p r e s e n t e d in S e c t i o n 3.
W i t h i n the s tudy area, this well water p r i m a r i l y comes f r o m
the s h a l l o w groundwater system in the upper terrace g r a v e l s .

S I T E H I S T O R Y

M i n i n g and m i n i n g - r e l a t e d a c t i v i t i e s have occurred in the
L e a d v i l l e area s ince t h e m i d - 1 8 0 0 ' s . E a r l y m i n i n g - r e l a t e d
a c t i v i t i e s a t L e a d v i l l e i n c l u d e d t h e f o l l o w i n g : p l a c e r op er-
a t i o n s ; l o d e mining of s i l v e r and l ead ore s; and l o d e mining
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of zinc ores (Emmons, 1 9 2 7 ) . H u n d r e d s of mines, more than
40 sme l t er s , and several p l a c e r operat ions contributed to
the economy and environmental p r o b l e m s in L e a d v i l l e . Emmons
( 1 9 2 7 ) i d e n t i f i e d 1 , 3 2 9 mine s h a f t s , 1 5 5 t u n n e l s , a n d
1 , 6 2 8 p r o s p e c t ho l e s in the L e a d v i l l e D i s t r i c t having an
e s t imated aggrega t e l eng th of 75 mi l e s . In the surrounding
area, Behre ( 1 9 5 3 ) i d e n t i f i e d an add i t i ona l 1,800 op en ing s
of various t y p e s .

Environmental d e g r a d a t i o n occurred from mining-related ac-
t i v i t i e s , i n c l u d i n g th e f o l l o w i n g :

o Dis charge of mineral p r o c e s s i n g wastes and tai l-
ings; smelter f l u m e emiss ions and d u s t ; and dis-
posal of smelter s lags . Mining-re la ted wastes
were d i s p o s e d of on the l a n d , in s u r f a c e waters ,
and in the atmosphere of the L e a d v i l l e area. By
1881, 14 smelters were operat ing at the same time
( U b b e l o h d e , - B e n s o n , & S m i t h f 1 9 7 2 ) .

o Discharge of mine waters f r o m dewater ing p u m p s and
tunne l s into s u r f a c e wat er s , r e s u l t i n g in decreased
water q u a l i t y . By the 1 8 9 0 ' s , as much as 15 mgd
were pumped f r o m the mines ( E m m o n s , 1 9 2 7 ) .

o Plac e r and hydraul i c mining d i s turbance s that
s t r i p p e d s u r f a c e s o i l s and a l luvium ( D i g e r n e s s ,
1 9 7 7 ) .

o Cons t ruc t i on of the Yak T u n n e l to dewater mines in
t h e I r o n H i l l , Breece H i l l , I b e x , a n d Resurrection
areas. By 1 9 2 3 , the T u n n e l p r o d u c e d a f l o w o f
1 5 , 0 0 0 g a l l o n s p e r minute ( g p m ) ( L a b o u n t y , e t a l . ,
1 9 7 5 ) .
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o Local d e f o r e s t a t i o n for f u e l i n g the s m e l t e r s , con-
s truct ing diversion f l u m e s , and s u p p l y i n g under-
ground mine workings. T h i s removal of v eg e ta t i on
increased r u n o f f rates and contributed to increased
erosion and sediment t ranspor t ( E m m o n s , et a l . ,
1 9 2 7 ) .

A d d i t i o n a l in f ormat i on on L e a d v i l l e can be f o u n d in F r a n k
H a l l ' s multi-volume set, H i s t o r y o f t h e S t a t e o f C o l o r a d o ,
a n d D . L . a n d J . H . G r i s w o l d ' s T h e Carbonate Camp C a l l e d
L e a d v i l l e . A d d i t i o n a l d e t a i l s on the hi s tory of the Yak
Tunnel are presented in the f o l l o w i n g section.

Y A K T U N N E L H I S T O R Y

H i s t o r i c a l l y , the Yak Tunnel was one of several drainage
tunnels constructed to dewater mines in the L e a d v i l l e D i s t r i c t .
S t a r t e d by A. A. Blow in 1 8 9 5 , the Yak Tunnel was targeted
to drain the Iron H i l l area ( M c L a u g h l i n , 1 9 8 1 ) * Previous
s tud i e s have indicated that the Yak T u n n e l is the m a j o r con-
tributor of acid and me ta l s to the C a l i f o r n i a G u l c h drainage
system ( M c L a u g h l i n , 1981; LaBounty, et a l . , 1 9 7 5 ; and Moran
and W e n t z , 1 9 7 4 ) .

W i t h the por ta l a t an e l evat ion o f 1 0 , 3 3 0 f e e t M S L , the Yak
Tunnel was driven eastward to p ene t ra t e the I r o n - M i k a d o
f a u l t system. The venture proved so s u c c e s s f u l that the
tunnel was extended at various t imes, su c c e s s ive ly pene-
t r a t i n g the Breece H i l l , I b e x , and Resurrect ion areas. In
1 9 1 2 , it was terminated at the Resurrection No. 2 Mine . The
t o t a l l e n g t h , i n c l u d i n g p r i n c i p a l l a t e r a l s , i s over 4 m i l e s
( M c L a u g h l i n , 1 9 8 1 ) . F i g u r e 2-9 pr e s en t s th e m a j o r mining
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areas in the L e a d v i l l e M i n i n g D i s t r i c t , the f a u l t s o f
impor tance , and the tunne l s draining the area.

A surge of mining act ivi ty in the early 1 9 2 0 ' s in the Car-
bonate H i l l and I r o n H i l l areas sparked new interes t in
using t h e Y a k T u n n e l f o r dewater ing p u r p o s e s . I n M a y 1 9 2 3 ,
the Yak Tunnel was again e x t e n d e d , and produced a f l o w of
15 ,000 gpm ( L a B o u n t y , e t al., 1 9 7 5 ) . T h i s f l o w rate had
diminished to a p p r o x i m a t e l y 8,700 gpm by June of 1924. By
that t ime, the tunnel drained a c ompl ex area of massive
s u l f i d e and carbonate mines through a maze of underground
mine workings.

Determinat ion of all underground connections i s i m p o s s i b l e ,
but many of the m a j o r areas such as the W h i t e C a p , I b e x ,
Resurrection, and Irene Mine group s are known ( M c L a u g h l i n ,
1 9 8 1 ) . A c c o r d i n g t o previous s tudie s (URS/Ken R. W h i t e
Company, 1 9 7 4 ) r d r i f t s extend f r o m the Yak Tunne l t o th e
H o r s e s h o e M i n e , Ruby M i n e , N o r t h Mike Mine , S o u t h Mike M i n e ,
I b e x No. 4 M i n e , L i t t l e Vinnie M i n e , Resurrection No. 1 M i n e ,
and the Black Cloud Mine through the Irene No. 2 Mine. Other
nearby mines al so drain to the Yak Tunnel through intercon-
nect ions with the se and other mines, or through f a u l t s , cracks ,
and f i s s u r e s in the rock surrounding the tunnel. Lower por-
tions of many of the mines described above are at e l evat ions
lower than the Yak Tunne l and were pumped during mining.

In 1983 and 1 9 8 5 , surge events occurred at the Yak T u n n e l .
S u r g e events are shor t-durat ion, h i g h - f l o w events f r o m the
sudden r e l ea s e of impounded water within the tunnel or its
l a t e r a l s . W h e n the tunnel was maintained as part of ongo ing
mining o p e r a t i o n s , surge events did not occur. Once main-
tenance s t o p p e d , t h e tunnel l i k e l y began t o decay. R o o f
rock and t imbers have p r o b a b l y c o l l a p s e d , c r e a t i n g water
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impoundments . When the hydraulic pressure becomes high
enough, it bursts the impoundment and a surge occurs. F l o w
rates and volumes of a surge event are not p r e d i c t a b l e ; the
rates and volumes are determined by the l o ca t i on and s ize of
the water impoundments in the tunnel.

The 1983 event was caused by ASARCO personnel removing col-
l a p s e d t imbers; the 1985 event was l i k e l y re lated to lack of
tunnel maintenance. P l a t e 9 shows some of the r e su l t s of
the 1985 surge event. The event in 1985 la s t ed about
15 hours, and had a release of a p p r o x i m a t e l y 1 ,000 ,000 gal-
lons with an e s t imated instantaneous peak f l o w rate of 10 c f s .
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Sec t i on 3
R E M E D I A L I N V E S T I G A T I O N A C T I V I T I E S

P r e l i m i n a r y RI a c t i v i t i e s on the p r o j e c t s tar t ed in J u n e
1983 with a site visit and deve lopment of a d r a f t work p l a n .
The s p e c i f i c d e t a i l s on how the RI was conducted are exten-
sive; the RI approach evolved with increasing knowledge of
the site. T h i s section summarizes i n f o r m a t i o n about the RI
goal s and subsequent data gathering ac t ivi t i e s .

R E M E D I A L I N V E S T I G A T I O N GOALS A N D O B J E C T I V E S

A c c o r d i n g to requirements of the N a t i o n a l Cont ingency P l a n ,
the RI proce s s was de s igned to determine the nature and extent
of the threat presented by the release or threatened release
of hazardous substances. Source s of contamination and migra-
tion pathways for the contaminants were i d e n t i f i e d . I n f o r m a -
tion generated f r o m the RI proce s s will be used to c ompl e t e
a n Endangerment Assessment ( E A ) a n d a F e a s i b i l i t y S t u d y ( F S ) .
T h e F S wi l l evaluate remedial action a l t e r n a t i v e s .

G o a l s of thi s p h a s e of the RI were to:

o I d e n t i f y and monitor contaminants that are in the
s u r f a c e water within the C a l i f o r n i a G u l c h drainage
area.

o I d e n t i f y the nature and extent of groundwater con-
tamination a l ong C a l i f o r n i a G u l c h .

o A s s e s s the nature of c on tamina t i on in the A r k a n s a s
River at the c o n f l u e n c e with C a l i f o r n i a G u l c h .
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A s s e s s i d e n t i f i a b l e sources o f metal contamination
within the C a l i f o r n i a G u l c h drainage basin and
their r e la t ive c on tr i bu t i on s to water q u a l i t y deg-
radation in the Arkansas River at the c o n f l u e n c e
with C a l i f o r n i a G u l c h .

WORK S C O P E

Preliminary RI work p lanning for the p r o j e c t was directed to
the known s u r f a c e water qual i ty prob l ems in C a l i f o r n i a G u l c h
and the Arkansas River. In la t e J u l y 1984, the p r o j e c t
management team, a f t e r conducting a thorough site recon-
naissance, determined that a broader inves t igat ion than was
o r i g i n a l l y planned was necessary to addre s s p o t e n t i a l site
concerns. In August and S e p t e m b e r 1984, the Phase I RI work
scope was deve loped . T h i s scope of work took into account
the areal extent of po t en t ia l sources of contamination and
s ur fa c e water f l o w s into the C a l i f o r n i a Gulch drainage area.
The s i t e was c o n c e p t u a l l y d iv ided into areas of po t en t ia l
sources of contamination. A conceptual model of these areas
is shown in F i g u r e 3-1. A f i e l d s a m p l i n g program was de s igned
to s a m p l e the f o l l o w i n g areas:

o U p p e r C a l i f o r n i a G u l c h ,

o Yak Tunnel discharge.

o T h r e e t a i l i n g s p i l e s l o ca t ed i n t h e G u l c h ' s 100-year
f l o o d p l a i n .

o S t a r r D i t c h drainage i n t e r c e p t i n g the north s i d e
o f I r o n and Carbonat e H i l l and d i s c h a r g i n g into
th e G u l c h .
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o T a i l i n g s p i l e in Oregon G u l c h ,

o S t o r m drains f r o m L e a d v i l l e .

o Other t r i bu tary d r a i n a g e s ,

o S l a g p i l e areas near S t r i n g t o w n ,

o Discharge f r o m the L e a d v i l l e sewage treatment
p l a n t .

A water qual i ty monitoring p l a n and a s o i l s / t a i l i n g s geo-
chemical s a m p l i n g and t e s t i n g p l a n were d e v e l o p e d . Mee t ing s
were he ld with pr iva t e p r o p e r t y owners and several mining
companies to review these p l a n s and to gain s i te access ap-
proval s . A f t e r review, a f i n a l s u r fa c e water and groundwater
sample p l a n was developed and implemented. The groundwater
program u t i l i z ed the numerous pr ivat e w e l l s in the v i c in i ty ,
as well as new monitor w e l l s .

T h e s u r f a c e water s a m p l i n g p l a n required: ( 1 ) i n s t a l l a t i o n
o f f i v e P a r s h a l l f l u m e s with continuous f l o w recording i n -
s t rumen ta t i on i n s t r a t e g i c l o c a t i o n s , a n d ( 2 ) t h e s e l e c t i o n
of 17 a d d i t i o n a l s u r f a c e water qua l i ty s a m p l i n g and f l o w lo-
cations to be used when a p p r o p r i a t e . P l a t e s 10 and 11 show
several of these f l u m e s and s e l e c t ed s u r f a c e water s a m p l i n g
lo ca t i ons . T h e s e s u r f a c e f l o w moni tor ing f a c i l i t i e s , a l ong
with 21 new groundwater monitoring w e l l s , were i n s t a l l e d in
October and November 1984. F i g u r e 3-2 shows the l o ca t i on of
the re spect ive sur fa c e water s a m p l i n g locat ions . T a b l e 3-1
de s cr ib e s each l o ca t i on and i d e n t i f i e s th e t y p e s o f f l o w
measurement used at each l o c a t i o n .

A l i t e r a t u r e review of the g e o l o g y and g e o h y d r o l o g y of the
area was c o m p l e t e d to s e l e c t s p e c i f i c s i t e s for new ground-
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T a b l e 3-1
S U R F A C E W A T E R S A M P L I N G L O C A T I O N S

S W - 1
S W - 2
S W - 3
S W - 3 A 2

S W - 4 a

SW-4A
SW-5
SW-6
S W - 7 a

S W - 8
S W - 9 a

SW-10
SW-11
S W - 1 2
SW-13
SW-14

a

S W I - 1
S W I - 2
S W I - 3
S W I - 4
S W I - 5
S W I - 6

Location
C a l i f o r n i a G u l c h above the Yak T u n n e l
P a r k v i l l e Water Line Break
Yak Tunnel Discharge at Portal
C a l i f o r n i a Gulch j u s t below the Yak

Tunnel (Resurection M i l l Y a r d )C a l i f o r n i a Gulch below T a i l i n g s
P i l e No. 2 (above Apache Energy and
Mineral s C o . )C a l i f o r n i a Gulch below Apache Energy
and Minerals Co.

Starr Ditch at Hwy 24, L a n d f i l l Road JetS p r i n g behind Berthed Truck ing Co.C a l i f o r n i a Gulch behind Berthed
S u p e r 8 S p r i n gC a l i f o r n i a Gulch above S l a g P i l e

( S e c 2 7 }S p r i n g below S l a g P i l e ( S e c 2 7 )
L e a d v i l l e Wastewater Treatment Plant

DischargeC a l i f o r n i a Gulch at C o n f l u e n c e with
the Arkansas RiverArkansas River at the USGS Gauging
S t a t i o n ( U S G S #070812)

Arkansas River below Lake F o r k
T r a i l e r Park
Intermi t t en t S a m p l i n g Locat ions

Oregon G u l c h Culvert
S t o r m Drainage f r o m the west s ide

o f L e a d v i l l e ( in J a c k s o n )
Georgia Gulch Culvert
Pawnee Gulch Culvert
A i r p o r t Road G u l c h Culvert
M a l t a Gulch Culvert

F l o w Measurement Method
8" Cutthroat f l u m e
4" Cut throat f l u m e
9" Parshal l f l u m e
12" Parshal l f l u m e
8" Cutthroat f l u m e

Current Meter
12" Parshall f l u m e
4" Cutthroat f l u m e12" P a r s h a l l f l u m e
4" Cutthroat f l u m e
Current Meter
4" Cutthroat f l u m e
STP Recorder and/orCurrent Meter18" Parshall f l u m e
U S G S S t a f f Gauge and/or
Current Meter
Current Meter

4" Cut throa t F l u m e
4" Cut throat F l u m e
4" Cutthroat F l u m e
4" Cutthroat F l u m e
4" Cutthroat F l u m e
4" Cutthroat F l u m e

I n d i c a t e s locations d i r e c t ly on mainstem of C a l i f o r n i a Gulch
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water monitor w e l l s . The location and d e p t h s of the new
monitoring w e l l s were p lanned to compl iment the use of exist-
ing pr ivate w e l l s and to s tudy groundwater p r i m a r i l y in the
u p p e r terrace grave l s . W h i l e d r i l l i n g individual w e l l s ,
f i e l d observations r e su l t ed in s l i g h t m o d i f i c a t i o n s to p l a n -
ned d e p t h s and screened in t erval s . F i g u r e s 3-3 and 3-4 iden-
t i f y the loca t ions of the new monitoring w e l l s and e x i s t ing
w e l l s , r e sp e c t iv e ly . T a b l e s 3-2 and 3-3 describe new and
ex i s t ing well construct ion, inc lud ing d e p t h s and screened
intervals. In a d d i t i o n , about 40 p i ezometer p i p e s were
i n s t a l l e d at various locat ions in the drainage to bet ter
understand the f l u c t u a t i o n s o f s h a l l o w groundwater l e v e l s
with variations in s u r f a c e water f l o w s . D e t a i l s of the
i n s t a l l a t i o n o f these f a c i l i t i e s ar e f ound in A p p e n d i x F.

During 1984 storm and r u n o f f events, cons iderab l e a l t e ra t i on s
to the natural drainage channel occurred ad ja c en t to several
t a i l i n g s pond s ia the u p p e r Gulch . T h e s e a l t e ra t i on s caused
sur fac e f l o w s to meander over the t a i l i n g s p i l e s . In Nov-
ember 1984, ASARCO realigned the channel to its previous
course, and the f l o w p a t h was res tored.

S A M P L I N G PROGRAM

The annual h y d r o l o g i c cycle is important to the under s tand-
ing of p o l l u t a n t concentrat ions and transpor t mechanisms.
For this reason, a f ive-quarter s a m p l i n g program was
in i t ia t ed for s u r f a c e water and groundwater as f o l l o w s :

o November 1 9 8 4 — e a r l y winter ( l o w f l o w s ) .
o March 1 9 8 5 — e a r l y s p r i n g ( l o w t o medium f l o w s ) .
o J u n e 1 9 8 5 — e a r l y summer ( h i g h snowmel t r u n o f f ) .
o S e p t e m b e r 1 9 8 5 — f a l l ( m e d i u m t o l o w f l o w s ) .
o N o v e m b e r 1 9 8 5 — e a r l y winter ( l o w f l o w s ) .
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T a b l e 3-2
SUMMARY OF NEW MONITORING WELL CONSTRUCTION DATA

T o t a l
W e l l

No
NW-1
N W - 2
N W - 3
NW-4
N W - 5
N W - 5 A
N W - 5 B
N W - 6
N W - 6 A
NW-7
N W - 8
N W - 9
NW-10
NW-11
NW-12
NW-13
NW-13A
NW-14-
NW-15
NW-16
NW-17
a

Depth
Location

Yak Tunnel upgd
Yak Tunnel dngd
Apache
Oregon Gulch
A S A R C O / I n t e n a e d i a t f r
A S A R C O / S h a l l o w
A S A R C O / D e e p
M i d F l m / D e e p
M i d F l m / S h a l l o w
A s p h a l t Plant
Diedrich S l a g dngd
H e c l a upgd
H e c l a dngd
Diedrich House
M a l t a Gulch
Molleur Fid /Deep
M o l l e u r F i d / S h a l l o w
Trai l er Park
Super 8
Starr Ditch
Diedrich S l a g upgd

( f t )
22
28
96
45

108
35

220
123

29
130

53
50
SO
55
50

100
25
50
35
80

100

Screened
Interval

( f t )
5-22
8-28

26-76
5-45

48-108
15-35

160-220
90-110

9-29
90-130

16-53
10-50
10-50
25-55
10-50

20-100
14.5-25

10-50
14-35
40-80

60-100

T o p
of S t e e l

Casing
Elevation

( f t )
10,340.47
10,324.16
10,067.15
10,135.23
10,114.83
10,UA.78
10,115.45
9,974.11
9,974.23
9,809.27
9,746.34
9,874.62
9,787.71
9,816.24
9,615.40
9,621.59
9,622.27
9,530.49
9,897.61

10,125.42
9,818.19

Casing
S t i c k u p

( f t )
2.08
1.92
1.50
1.75
2.60
2.02
2.00
2.15
2.00
1.96
2.35
1.94
2.71
2.17
2.31
2.58
2.58
2.92
2.13
1.46
2.67

Ground
Level

Elevation C o m p l e t i o n
( f t )

10,338.39
10,322.24
10,065.65
10,133.48
10,112.23
10,112.76
10,113.45

9,971.96
9,972.23
9,807.31
9,743.99
9,872.68
9,785.00
9,814.07
9,613.09
9,619.01
9,619.69
9,527.57
9,395.48

10,123.96
9,815.52

Date
11/01/84
H / 0 2 / 8 4
1 0 / 2 5 / 8 4
11/03/84
10/25/84-
11/02/84
11/13/84
10/20/84
11/02/84
10/22/84
11/06/84
11/04/84
11/03/84
11/04/84
11/06/84
10/23/84-
11/05/84-
11/05/84
11/06/84-
11/07/84
1 0 / 2 3 / 8 4

U p g r a d i e n t
Down gradient
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T a b l e 3-3
S U M M A R Y O F E X I S T I N G P R I V A T E W E L L C O N S T R U C T I O N D A T A

W e l l
No

BW-1
EW-1
EW-2
EW-3
EW-4
EW-5
EW-6
EW-7
EW-8
EW-9
EW-10
EW-U
EW-12
EW-13
EW-14
EM-15
EW-16
EW-17
EW-18
EW-19
EW-20
EW-21
EW-23
EW-24
EW-25
EW-26
EW-27
EW-28
EW-29
EW-32
EW-33-
EW-35
EW-36
EW-3 7
E W - M . S .

Location
Elk Horn S h a f t
Airport
Mo l leur / H o u s e
S e p p i
Casias
Beck
Lk Fk T r l r Park
Schmidt
Baughman
Martinez
F l g u e r o
Gardner
C h a s e / S h o p
Chas e /Hous e
Mestas
H e c l a
H i n s l e y
Zakraisek
F. Shober
R. Shober
Bain
A r c h u l e t t a
W i n k l e r
Wibbenmeyer
M y e r s / W e l l
Gruden
F l o r e s
M o l l e u r / P o n z i e
M o l l e u r / F i e l d
Mjrer s /Cr ibb ed
L e a d v i l l e G o l d
Cerise
Zadra
Lk Fk T r l r Aban
M o l l e u r / S h o p

T o t a l 3

Depth
( f t )

500.00
200.00
120.00
37.00
65.00
35.00
50.00
55.00
45.00
50.00
30.00
39.00

125.00
92.00
34.00

575.00
530.00
50.00
90.00
45.00
90.00
90.00
39.00
76.00
42.00
43.00
15.00

110.00
100.00

20.00
130.00

60.00
180.00
40.00
32.00

bScreened
Internal

( f t )
0-500

170-200
85-120

NA
NA
NA
NA

31-55
21-45
25-50
0-30

27-39
NA

77-92
22-34

161-575
500-530

NA
66-90

NA
NA
NA

17-39
NA
N A
NA

0-15
85-110
65-100

0-20
NA
NA

135-180
NA
N A

T o p
o f S t e e l

Casing
Elevation

( f t )
NA
NA
NA
NA

9,528.15
NA
NA
NA

9,530.97
9,840.14
9,853.27
9,545.85
9,627.50
9,660.61
9,838.08

NA
NA

9,866.15
9,871.87
9,874.99

NA
9,829.15
9,839.67

MA
9,930.15
9,958.13
9,854.50
9,626.52
9,622.15
9,928.71
9,812.09
9,502.05

NA
9,822.00
9,634.00

Casing
S t i c k u p

( f t )
NA
HA
NA
NA

-5.92
NA
NA
NA

-10.97
1.08
1.75

-3.50
-7.50

2.17
-5.50

NA
NA

-6.17
-5.75
-4.50

NA
-5.75
-3.67

N A
-5.92

0.17
2.67

-6.71
2.00

-7.08
2.00

-4.52
N A

2.00
1.00

Ground
Level

Elevation
( f t )

10,600.00
9,930.00
9,615.00
9,530.00
9,534.07
9,525.00
9,515.00
9,530.00
9,541.94
9,839.06
9,851.52
9,549.35
9.635.00
9,658.44
9,843.58
9,855.00

10,600.00
9,872.32
9,877.62
9,879.49

10,620.00
9,834.90
9,843.34
9,750.00
9,936.07
9.957.96
9,851.83
9,633.23
9,620.15
9,935.79
9,810.09
9,806.57
9,685.00
9,520.00
9,633.00

C o m p l e t i o n
Date

NA
1 1 / 2 0 / 7 2
1 0 / 2 5 / 7 2
01/01/57
01/01/79
07/01/78
01/01/78
0 7 / 1 3 / 6 6
0 8 / 0 1 / 6 6
0 8 / 3 0 / 7 3

NA
0 9 / 3 0 / 7 4
01/01/62
0 9 / 1 5 / 8 3
0 9 / 1 6 / 6 3
0 6 / 0 1 / 5 9
09/01/80
01/01/65
1 2 / 1 6 / 6 6
0 1 / 0 1 / 6 2
01/01/80
0 1 / 0 1 / 6 5
0 9 / 1 2 / 7 2
0 1 / 0 1 / 7 6

N A
10/01/85

NA
1 0 / 1 2 / 7 2
0 9 / 2 8 / 7 4

NA
NA
NA

0 1 / 0 1 / 7 9
NA
MA

W e l l construct ion i n f o r m a t i o n l i m i t e d . Best a v a i l a b l e i n f o r m a t i o n used, bu t s p e c i f i c d e t a i l s
of well construct ion unknown.

N o t e : N A ^ I n f o r m a t i o n not avai lable .
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S o i l s and t a i l i n g s s a m p l e s were c o l l e c t e d in October 1984.
In November 1984 , the f o l l o w i n g s a m p l e s were taken: s u r f a c e
water s a m p l e s ; groundwater s a m p l e s f r o m the 21 new
moni t o r ing w e l l s ; and s a m p l e s f r o m a p p r o x i m a t e l y 20 e x i s t i n g
p r i v a t e w e l l s . All water s a m p l e s were submi t t ed t o
l abora t or i e s in th e EPA Contrac t Labora tory Program (CLP)
f o r a n a l y s i s . T h i s e f f o r t w a s cons i s t en t with t h e Q u a l i t y
Assurance P r o j e c t P l a n (QAPP) shown in A p p e n d i x A and d e s ig-
nated by the S a m p l e T r a c k i n g C o d e s in A p p e n d i x B.

All subsequent s a m p l i n g rounds were conducted in a s imilar
manner and are documented c h r o n o l o g i c a l l y in d e t a i l in A p p e n -
dices C through N. I n c l u d e d with each s a m p l i n g round are
technical memoranda documenting the f o l l o w i n g : f i e l d work,
re su l tant water chemistry da ta , f i e l d hea l th and s a f e t y
p l a n s , data qual i ty control s ta t ement s , and documentat ion of
any concurrent special ac t iv i t i e s .

S p e c i a l a c t iv i t i e s that occurred during the s a m p l i n g program
cons i s t ed o f ( 1 ) s p e c i f i c s u r f a c e water f l o w measurements
conducted i n Augus t 1985 ( A p p e n d i x K ) ; ( 2 ) s a m p l i n g a n d f l o w
measurements because of a surge event f r o m the Yak T u n n e l on
October 2 2 , 1985 ( A p p e n d i x M ) ; a n d ( 3 ) a q u i f e r pump t e s t s i n
c o n j u n c t i o n with th e November 1985 routine f i e l d s a m p l i n g
event ( A p p e n d i x N ) .

D E T A I L E D C H R O N O L O G Y O F T H E R I

To ass i s t in the under s t and ing of p r o j e c t d e v e l o p m e n t , a
m o n t h l y chrono logy of RI a c t i v i t i e s is p r e s e n t e d as f o l l o w s :

J u n e 1 9 8 3 — I n i t i a l s i t e v i s i t c onduc t ed a n d p r e l i m i n a r y
work p l a n d e v e l o p e d .
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J u l y 1 9 8 3 — D r a f t work p l a n submitted to EPA for review
and comment.

A u g u s t 1 9 8 3 — R e v i s e d work p l a n re submi t t ed t o EPA for
review.

October 1 9 8 3 — P r o j e c t team k i c k o f f meeting was imple-
mented; work p l a n not yet approved .

November 1 9 8 3 — P r o j e c t team site visit made. Canvas s ing
of exis t ing private we l l s was conducted.

December 1 9 8 3 — W o r k p l a n was approved by EPA. COE Report
on ta i l ing s impoundments received and reviewed. A p l a n
f or winter d r i l l i n g ac t iv i t i e s was p r e p a r e d .

January 1 9 8 4 — D r i l l i n g was not conducted due to extremely
poor weather condi t ions . Ground and s u r f a c e water moni-
toring p l a n s were submitted. Agri cu l tura l s a m p l i n g and
geotechnical inves t igat ion p l a n s were d e v e l o p e d .

February 1 9 8 4 — T h e QAPP was c o m p l e t e d and approved
( A p p e n d i x A ) ; groundwater moni t or ing p l a n s were a p p r o v e d

by EPA.

March 1 9 8 4 — A s a m p l i n g round of e x i s t ing w e l l s was com-
p l e t e d (see A p p e n d i x B f or S a m p l e T r a c k i n g C o d e s and
A p p e n d i x C for groundwater d a t a ) . A d r a f t work p l a n
f o r t a i l i n g s t a b i l i t y s tud i e s w a s c o m p l e t e d . T h e d r a f t
agr i cu l tural s a m p l i n g p l a n was p r e p a r e d and underwent
review by EPA.

A p r i l 1 9 8 4 — G r o u n d w a t e r d a t a f r o m M a r c h 1984 s a m p l i n g
round were received and a u d i t e d . The f o r m a l a g r i c u l t u r a l
s a m p l i n g p l a n and t a i l i n g s impoundment work p l a n revis ion

D E / C A L G U 6 / 0 0 4 3-15



request were s ubmi t t ed; s i g n i f i c a n t work scope expan-
sions were a n t i c i p a t e d .

M a y 1 9 8 4 — A meet ing with t h e C D H , E P A , a n d A S A R C O w a s
conducted r e g a r d i n g the Yak T u n n e l . F o u r f l u m e s were
i n s t a l l e d in the C a l i f o r n i a G u l c h dra inage . A revised
work p l a n for an a l luv ia l groundwater i n v e s t i g a t i o n was
submit t ed. The agricul tural work p l a n was not a p p r o v e d .

June 1 9 8 4 — S u r f a c e water and groundwater s a m p l i n g was
conducted (see A p p e n d i x D for f i e l d memoranda and chem-
ical d a t a ) ; extremely rapid snowmelt and several intense
thunders torms caused breaching of the e x i s t i n g drainage
course in u p p e r C a l i f o r n i a G u l c h . The high r u n o f f washed
out several of the f l u m e s .

J u l y 1 9 8 4 — F l u m e washouts occurred again due to high
p r e c i p i t a t i o n and r u n o f f . F l u m e repairs were made.
A d d e n d a to groundwater sampl ing p l a n s were submit t ed.
The p r o j e c t management team conducted a thorough s i t e
reconnaissance.

A u g u s t 1 9 8 4 — M e e t i n g s were organized and conduc t ed with
A S A R C O , H e c l a Mining C o . , a n d A p a c h e Energy a n d M i n e r a l s
Co. concerning such items as s i t e access agreements and
s a m p l i n g p l a n s . D r a f t technical memoranda were then
d e v e l o p e d regarding revised Phase I RI ac t iv i t i e s with
primary emphas i s being given to the water qua l i ty pro-
gram.

S e p t e m b e r 1 9 8 4 — L i m i t e d s u r f a c e water s a m p l i n g was con-
duc t ed ( A p p e n d i x E ) . Revi s i on s t o t h e p r o p o s e d s a m p l -
ing and m o n i t o r i n g p r o g r a m ( P h a s e I work p l a n r e v i s i o n s )
were c o m p l e t e d a f t e r a d d i t i o n a l review m e e t i n g s wi th
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a p p r o p r i a t e interested par t i e s . Work s copes and requests
f o r p r o p o s a l s ( R F P ' s ) f o r contractor f i e l d work were
d e v e l o p e d and submit ted to EPA for review. A s s i g n m e n t
o f t a i l i n g s s t a b i l i t y a n a l y s i s and sp e c ia l water s u p p l y
issues were given t o E P A ' s Emergency Response T e a m ( E R T ) .

October and November 1 9 8 4 — F i e l d work began on a f a s t -
track basis: f i v e Parshal l f l u m e s were reconstructed
a n d / o r r e l o ca t ed; 21 new groundwater monitoring w e l l s
were i n s t a l l e d ; a p p r o x i m a t e l y 40 s h a l l o w p i ezometer
p i p e s were i n s t a l l e d ; all well casings were f i e l d sur-
veyed for vertical contro l; sur face and groundwater
s a m p l i n g was c onduc t ed; t a i l i n g s and s o i l s s a m p l e s were
taken; ( A p p e n d i x F d e t a i l s a c t iv i t i e s f o r f i e l d construc-
t ion; A p p e n d i c e s G and H de ta i l s o i l s and water s a m p l i n g
a c t i v i t i e s / r e s p e c t i v e l y ) . ASARCO repaired erosion
breaches that occurred a d j a c e n t to T a i l i n g s Pond No. 2
during the summer and rechannelled f l o w away f rom the
impoundment»

December 1 9 8 4 — A p r o j e c t meet ing with EPA was conducted
t o d e v e l o p p r o j e c t s u r f a c e water q u a l i t y da ta g o a l s ,
p h y s i c a l p r o j e c t boundar i e s , cost e s t i m a t e s , and revised
p r o j e c t s chedule s .

January and February 1 9 8 5 — Q u a l i t y assurance and q u a l i t y
control (QA/QC) reviews were conducted on November 1984
water qual i ty da ta that r e su l t ed in s e l e c t iv e re-analysi s
b y E P A laborator i e s { A p p e n d i x H ) . A D r a f t T e c h n i c a l
Report documenting October and November 1984 f i e l d work
was c o m p l e t e d and d i s t r i b u t e d .

M a r c h 1 9 8 5 — T h e T e c h n i c a l Report ( A p p e n d i x F ) w a s
f i n a l i z e d , and ear ly s p r i n g water s a m p l i n g was conduc t ed
( A p p e n d i x I ) .
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A p r i l and May 1 9 8 5 — D a t a ana ly s i s was conducted. A
f i e l d maintenance program f o r s u r f a c e water f a c i l i t i e s
was d e v e l o p e d and i m p l e m e n t e d .

J u n e 1 9 8 5 — T h e summer water q u a l i t y s a m p l i n g program
w a s conducted ( A p p e n d i x J ) .

J u l y a n d Augus t 1 9 8 5 — D a t a a n a l y s i s continued. S p e c i a l
s u r f a c e water f l o w measurements were conducted within
C a l i f o r n i a G u l c h and on the u p p e r and lower segments of
the Arkansas River to determine groundwater contribu-
t ions , i f any/ f rom C a l i f o r n i a G u l c h to the Arkansa s
River ( A p p e n d i x K ) .

S e p t e m b e r 1 9 8 5 — T h e f a l l water qua l i ty s a m p l i n g program
w a s conducted ( A p p e n d i x L ) .

October 1 9 8 5 — C o n s i d e r a t i o n was given to the d ev e l op-
ment of a pump test program to gather add i t i ona l data
for the groundwater issues raised earlier. A surge
f r o m the Yak Tunne l occurred on October 22 that r e s u l t e d
in a two-day f i e l d visit where water and s l u d g e s a m p l e s
were taken and f l u m e maintenance was conducted ( A p p e n -
d i x M ) .

November 1 9 8 5 — T h e ear ly winter water qua l i ty s a m p l i n g
program and a q u i f e r pump t e s t s were conducted ( A p p e n -
d i x N ) .

December 1 9 8 5 , January 1 9 8 6 — D a t a i n t e r p r e t a t i o n and
p r e p a r a t i o n of the d r a f t RI Report was under taken.

F e b r u a r y t o J u n e 1 9 8 6 — E P A reviewed t h e d r a f t P h a s e I
RI R e p o r t .
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May 1 9 8 6 — - P h a s e II and RI s u p p l e m e n t a l data gathering
act iv i t i e s commenced. Data gather ing p r i m a r i l y oc-
curred on t a i l i n g s p i l e s t a b i l i t y / Yak Tunne l g e o l o g y
and mining r e cord s , and mine waste p i l e s .

J u l y to S e p t e m b e r 1 9 8 6 — P h a s e I RI Report revised for
add i t i ona l review by E P A . S u r f a c e s o l i d s s t a b i l i t y
assessed and sur face s o l i d s s a m p l i n g occurred.

October to December 1 9 8 6 — P h a s e I RI Report revised.
Operable Unit F e a s i b i l i t y S t u d y ( O U F S ) o n t h e Y a k Tunnel
authorized and s tar t ed . F i e l d s a m p l i n g por t ion o f
Phase II RI c o m p l e t e d .

January to A p r i l 1 9 8 7 — O U F S on the Yak Tunnel revised
to incorporate SARA requirements. S t a t e reviewed and
commented on d r a f t s of the RI and OUFS..

D A T A B A S E

The da ta c o l l e c t e d during the C a l i f o r n i a G u l c h RI are shown
in V o l u m e s 1 and 2 of the A p p e n d i c e s . The t y p e s of data
i n c l u d e :

o W a t e r Qual i ty Data

- N e w M o n i t o r i n g W e l l s
E x i s t i n g Private W e l l s
S u r f a c e W a t e r

o T a i l i n g s / S o i l s / P r e c i p i t a t e

T o t a l M e t a l s a n d A n i o n s
E P - T o x i c i t y
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o X-Ray D i f f r a c t i o n ( X R D A n a l y s i s on Yak Tunne l
surge event p r e c i p i t a t e )

o F i e l d Measurements

pH ( in s tan taneou s and c on t inuou s)
S p e c i f i c Conduc t i v i ty
W a t e r T e m p e r a t u r e
W a t e r Leve l s

W e l l s
Piezometer s

- Pump T e s t Data
- S u r f a c e F l o w

—• P a r s h a l l F l u m e s and Continuous Recorders
— - Cut throat F l u m e s
— Marsh-McBirney Current Meter
— USGS Gauging S t a t i o n

- L i t h o l o g i c D r i l l i n g Logs f o r N e w W e l l s
- Representat ive G e o p h y s i c a l Logs f o r N e w W e l l s

All s a m p l e s and f i e l d measurements were c o l l e c t e d according
to proc edure s out l ined in the QAPP ( A p p e n d i x A) and the T e c h -
nical Report ( A p p e n d i x F ) . T h e p u r p o s e o f these document s
was to assure Q A / Q C of f i e l d and laboratory proc edure s and
to v a l i d a t e the data.

M a j o r s t e p s in the data v a l i d a t i o n proce s s f or the
C a l i f o r n i a G u l c h s i t e are:

o Chain-o f- cu s t ody ( C O C )
o F i e l d Q A / Q C
o L a b o r a t o r y Q A / Q C
o C a t i o n / a n i o n ba lanc e s
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C H A I N - O F - C U S T O D Y ( C O C )

COG is an s t e p in the da ta v a l i d a t i o n proc e s s whereby the
f i e l d team and the l abora t ory per sonnel maintain a s a m p l e
cu s tody chain. T h i s involves the use of COC records to
inventory all s a m p l e s and s eal s to prevent sampl e tamper ing .
T h i s system was d e v e l o p e d by the CLP and is ou t l ined in
A p p e n d i x A .

F I E L D Q U A L I T Y A S S U R A N C E / Q U A L I T Y C O N T R O L ( Q A / Q C )

Water s a m p l e s c o l l e c t e d in the f i e l d to v e r i f y Q A / Q C are:

o F i e l d blanks
o Bot t l e blanks
o F i e l d r e p l i c a t e s

F i e l d blanks were c o l l e c t e d to v e r i f y that no cross-
contamination is entering the sampl e due to sample c o l l e c t i o n
procedures . S a m p l i n g equipment was decontaminated between
each s a m p l i n g l o c a t i o n , and Q A / Q C s a m p l e s o f this proc e s s
were c o l l e c t e d at a f r equency of 1 in 20. D o u b l e - d i s t i l l e d ,
d e i o n i z e d water was run through the s a m p l i n g pro c e s s ( i n c l u d -
ing f i l t r a t i o n ) and then a n a l y z e d .

Bott l e b lanks are run by the container d i s t r i b u t o r to deter-
mine cros s-contamination. F i e l d r e p l i c a t e s were also col-
lec t ed at a f r equency of 1 in 20 to v e r i f y the repre senta-
t ivenes s o f the s a m p l e s c o l l e c t e d .

L A B O R A T O R Y Q A / Q C

T h e C L P l a b o r a t o r i e s conduct t h e f o l l o w i n g Q A / Q C p r o c e d u r e s
at a f r e q u e n c y of 1 in 20:

o L a b o r a t o r y reagent b l a n k s
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o Laboratory p r e p a r a t i o n b lanks

o Laboratory r e p l i c a t e s

o Labora tory natural matrix s p i k e s

o I n d u c t i v e C o u p l e d P l a s m a ( I C P ) i n t e r f e r e n c e check
s a m p l e s

o Instrument de t e c t i on l i m i t s

o Instrument ca l i bra t ion

o Instrument ca l ibrat ion b lanks

o I n i t i a l cal ibrat ion v e r i f i c a t i o n

o Continuing cal ibrat ion v e r i f i c a t i o n

The Q A / Q C review of the above laboratory procedure s is in-
c luded in the A p p e n d i x for each s a m p l i n g event. The review
cr i t er ia for laboratory da ta are in the CLP S t a t e m e n t of
W o r k , I n o r g a n i c s A n a l y s i s , 1984 contrac t .

C A T I O N / A N I O N B A L A N C E

F o l l o w i n g Q A / Q C , the data were entered into a da taba s e manage-
ment system. T h i s system incorpora t e s dBase I I I a n d T D M I I .
S a m p l e s were coded with the f o l l o w i n g d e s i g n a t i o n for QA
t y p e s :

o 0 — O r i g i n a l
o S — S p i k e s a m p l e
o R — R e p l i c a t e s a m p l e
o F B — F i e l d b l a n k
o B B — B o t t l e b l a n k
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Only original sampl e s were run on the c a t i o n / a n i o n balances
program. • T h i s was to check the v a l i d i t y of the data based
on cr i t er ia of l e s s than 20 percent error in the balance .
T h i s program served to check both da ta input and labora t ory
errors. In summary, all data so far have been checked for
Q A / Q C , and the data in the a p p e n d i c e s are a c c e p t a b l e for
use.

S T A T I S T I C A L A N A L Y S I S

To assist in under s tanding data p r e s e n t a t i o n and analys i s
covered in the next section of the r e p o r t , a br ie f e xp lana-
tion of s t a t i s t i c a l analys i s of data is u s e f u l . A more
d e t a i l e d d e s c r i p t i o n is o f f e r e d in S e c t i o n 4. The labor-
atory ana ly t i ca l r e su l t s were s u b j e c t e d to s t a t i s t i c a l
analys i s that determined which cations and anions corre lated
well and could be used as surrogates to be t ter describe and
unders tand the water quali ty data* S i g n i f i c a n t corre lat ion
between certain cations were e s tab l i sh ed and a subsequent
f a c t o r analys i s per formed. . Use o f this technique i d e n t i f i e d
cadmium, zinc, and s u l f a t e as useable surrogates for the
C a l i f o r n i a G u l c h geochemical sys tem.
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N a t u r e and Extent ofC o n t a m i n a t i o n



S e c t i o n 4
N A T U R E A N D E X T E N T O F C O N T A M I N A T I O N

The Phase I RI i n v e s t i g a t i o n p r i m a r i l y centered upon asses-
sing the nature and extent of groundwater and s u r f a c e water
contamination. In thi s s ec t ion, the r e s u l t s o f the s a m p l i n g
program for s u r f a c e s o l i d s , s u r f a c e water, and groundwater
are pr e s en t ed . Chemical reactions that mob i l i z e me ta l s are
d i s cu s s ed . A i r , a p o t e n t i a l contaminant transport pa thway,
was not s a m p l e d as part of this program. Air qua l i ty is
di s cu s s ed in S e c t i o n 5.

The C a l i f o r n i a G u l c h drainage acc ep t s continuous f l o w s f r o m
both the Yak T u n n e l and the sewage treatment p l a n t d i s charge .
Other tr ibutarie s to the G u l c h are ephemeral and g e n e r a l l y
f l o w during snowmelt (May and J u n e ) and high in t en s i ty summer
thunders torms.

F i g u r e 4-1 pr e s en t s the conceptual model of p o t e n t i a l sources
of contamination and l i k e l y media in t erac t ion at the s i t e .
S t a t i s t i c a l a n a l y s e s have been conducted on the d a t a , which
i d e n t i f i e d a p p r o p r i a t e cat ions and anions that are used to
assess the r e l a t i o n s h i p s between s u r f a c e water and ground-
water. S u r f a c e water and groundwater data are compared
using seasonal f l o w s , water l e v e l s , and chemis try. Pump
t e s t s were conducted to bet ter unders tand a l l u v i a l a q u i f e r
charac t er i s t i c s . Piezomet er i n f o r m a t i o n was a n a l y z e d and
demons tra t ed the interconnec t ion between the s h a l l o w
groundwater and s u r f a c e water sy s t em in the mainstem of the
G u l c h . T h i s r e l a t i o n s h i p a l l owed t h e u s e o f m a s s - l o a d i n g
a n a l y s i s to a s s e s s bo th area and p o i n t sources of contami-
nation and x the r e l a t i v e c o n t r i b u t i o n of each to the main s t em
o f C a l i f o r n i a G u l c h . S u b s e q u e n t l y , water q u a l i t y w a s
a s s e s s ed for the A r k a n s a s River a t i t s c o n f l u e n c e w i th the
G u l c h .
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W i t h an under s tand ing of the water qual i ty and the i d e n t i f i -
cation of contaminant sources, a f o c u s e d Phase II RI program
has been ou t l in ed in S e c t i o n 5.

S U R F A C E S O L I D S

S u r f a c e s o l i d s include mill t a i l i n g s , mi s c e l l aneou s mine
waste d u m p s , s l a g p i l e s , s o i l s , and s ediments . T h e s e remnant
mining-related wastes are p o t e n t i a l sources of metal contami-
nation to s ur fa c e water and groundwater. The wastes are
composed of ma t e r ia l s taken f r o m below ground and exposed to
an o x i d i z i n g environment. Oxidat ion of the s u r f a c e s o l i d s
causes release of me ta l s f r om the s u l f i d e minerals by con-
verting the me ta l s to more s o lub l e f o r m s . T h e s e s o l u b l e
f o rms can be t ranspor t ed into the s u r f a c e water and ground-
water systems. In a d d i t i o n , s u r f a c e s o l i d s can be carried
by s u r f a c e water r u n o f f as su spended sediments.

S e a s o n a l r u n o f f can carry large quant i t i e s of s ed iment s to
the A r k a n s a s River. S u s p e n s i o n , d e p o s i t i o n , and f u r t h e r
chemical o x i d a t i o n can occur when this m o b i l i z a t i o n of
s ed iment s occurs.

M I N E R A L - W A T E R I N T E R A C T I O N S

The predominant geochemical sys tem in the p r o j e c t area is an
a c i d - s u l f a t e sy s t em caused by the o x ida t i on of s u l f i d e min-
eral s . Mine wa s t e s , t a i l i n g s , s l a g s , and waste rock material
contain various concentrat ions o f numerous s u l f i d e mineral s .
The o x i d a t i o n o f p y r i t e ( iron s u l f i d e - F e S - ) i s one o f t h e
most a c i d i c wea ther ing r eac t i on s known. Oxygen sources
i n c l u d e the surrounding air and d i s s o l v e d oxygen in water.
The p r o c e s s ha s been d e s c r i b e d in d e t a i l by N o r d s t r o m ( 1 9 8 5 ) .
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The overall reaction is commonly described as f o l l o w s :

(1) 4 F e S 2 + 15 0 2 + 14 H 20 -»• 4 P e ( O H ) 3

The key to the high acid produc t i on in pyr i t e ox idat ion l i e s
in the <
pyri t e*
in the generation o f f e r r i c i on (Fe ), which al so attacks

(2) F e S 2 + 14 Fe* 3 + 8 H 2 0 •* I S F e * 2 + 2 SO^ -K 16H*

T h e s e reactions are d i r e c t l y related to pH, because reac-
tions 2, 3, and 4 involve hydrogen ions (H ). However , the
ox id iz ing rate of the f e r r i c ion occurs extremely s l o w l y in
the pH range of typ i ca l acidic drainage» A ca ta ly t i c agent,
bacterial microorganisms, s u b s t a n t i a l l y increases the reac-
tion rates ( S i n g e r and S t o m m , 1 9 7 0 ) .

The oxidat ion of other metal s u l f i d e minerals (such as CuS,
PbS, ZnS, and A g 2 S ) does not contribute to the f o rmat i on o f
acid water ( W e n t z , 1 9 7 4 ) . T h e s e metals are mobil ized as
metal ions by the acid created with the generation of f e r r i c
i on ( s e e reaction #2 above). M o b i l i z a t i o n o f me ta l s (Me)
f r o m s u l f i d e ores i s described as f o l l o w s :

(3) MeS + 2 H* -»• Me** + H2S

When acidic mine water mixes with oxygen, the metal cations
in so lu t ion are o x i d i z e d . The ox idized me ta l s may f o r m pre-
c i p i t a t e s . T h i s reaction i s e x e m p l i f i e d by the f o r m a t i o n of
f e r r i c hydrox ide p r e c i p i t a t e :

(4) 2 F e + + + 1 / 2 0
2
 + 5 H 2° * 2 F e < O H > 3 + 4 H +
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The f o rmat i on o f f e r r i c hydrox id e , mixed with various f o r m s
of basic f e r r i c s u l f a t e s , gives rise to the accumulation of
"ye l low boy" (Emmons , 1 9 2 7 ) . Y e l l o w boy is a l imoni t i c pre-
c i p i t a t e which f o r m s a l ong the bottom of stream channel s and
drainage tunne l s .

A c i d - s u l f a t e water al so reacts with the l imes tone contained
within certain mineral ized zones of the I r o n H i l l and
Carbonate H i l l ore bodie s . T h i s reaction moderates the con-
centration of metals in so lu t ion by the f o r m a t i o n of carbon-
ates.

T h e r e are a variety of b u f f e r i n g reactions p o s s i b l e between
acids and limestone. T h e s e reactions seek equilibrium based
on the amount of oxidized p y r i t e and a v a i l a b i l i t y of lime-
stone and bicarbonate in solut ion.

T A I L I N G S

The mill t a i l i n g s po s e a threat to water qual i ty because of
t h e pre s ence o f s u l f i d e mineral s , p a r t i c u l a r l y p y r i t e .
S u l f i d e s , being the me ta l -b ear ing ore, were proce s s ed to
remove l e a d , z inc , c o p p e r , g o l d , and s i lv er . The iron
s u l f i d e , or p y r i t e , remained in the t a i l i n g s . During the
m i l l i n g pro c e s s , the s u l f i d e ores were ground to a small
grain size to s epara t e out the m e t a l s ; p a r t i c l e s could be as
small as 200 mesh ( 0 . 0 7 4 m i l l i m e t e r s ) , which is a common
gr ind ing size f o r m a s s i v e - s u l f i d e ores. T h e s e small p a r t i c l e s
have then been exposed to the o x i d i z i n g atmosphere and s u r f a c e
water.

T h e general chemical c o m p o s i t i o n o f t h e t a i l i n g s m a t e r i a l ,
when d e p o s i t e d , l i k e l y changed on a m o n t h l y or quar t e r ly
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ba s i s , because mined ores were mixed f r o m d i f f e r e n t por t i on s
of the underground workings. Extensive c oming l ing of wastes
occurred. S u l f i d e wastes were mixed with carbonate wa s t e s ;
s u l f i d e was t e s that were high in lead were mixed with sul-
f i d e wastes high in zinc. T h i s m i n g l i n g and layer ing of
ch emi ca l ly varying wastes made the t a i l i n g s c h e m i c a l l y
heterogeneous. T h u s , the t a i l i n g s are d i f f i c u l t t o p r o p e r l y
s ampl e to obtain repre s entat ive r e su l t s .

An ini t ia l evaluation of the chemical characterization of
the f o u r m a j o r abandoned t a i l i n g s impoundments at the s i te
was undertaken. T h r e e impoundments (ASARCO Resurrect ion,
ASARCO #2, and A p a c h e ) are located in C a l i f o r n i a G u l c h ,
a d j a c e n t to the southeast boundary of the City of L e a d v i l l e .
The f o u r t h is located in Oregon G u l c h , a tributary to C a l i f -
ornia G u l c h . T h e s e impoundments are shown in F i g u r e 4-2.

The volume of t a i l i n g s in each impoundment was est imated
f r om ex i s t ing t o p o g r a p h i c maps? ASARCO Resurrection -
1 5 5 , 0 0 0 cubic yards; ASARCO #2 -322,000 cubic yard s; A p a c h e
Energy and Mineral Co. - 7 2 5 , 0 0 0 cubic y a r d s ; and Oregon
G u l c h - 5 2 3 , 0 0 0 cubic yards ( S t e f f e n Robertson a n d K i r s t e n ,
1 9 8 6 ) .

The t a i l i n g s charac t er izat ion program was de s igned to assess
if any of these impoundment s contained a p o t e n t i a l source of
the me ta l s that are f o u n d in nearby s u r f a c e water and ground-
water. A secondary assessment was undertaken to ca t egor ize
the t a i l i n g s mat er ia l s as charac t er i s t i c or non-characteristic
waste. T h i s c harac t e r i za t i on was done u s ing the E P - T o x i c i t y
t e s t .

S a m p l e s f r o m each o f t h e t a i l i n g s impoundmen t s were c o l l e c t e d
by auger to an a p p r o x i m a t e 7 - f o o t d e p t h ; see F i g u r e 4-2 for
s a m p l e l o c a t i o n s . T h e s e s a m p l e s were a n a l y z e d f o r t h e t o t a l
m e t a l s p r e s e n t e d in T a b l e 4-1. The s a m p l e s were a l s o ana lyz ed
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T a b l e 4-1
A N A L Y S I S O F T A I L I N G S S A M P L E S

ICO

ASARCOResurrectionT a i l i n g s ___Parametera s m g / K g
A l u m i n u m , A l
Chromium, to ta l Cr
Barium, Ba
B e r y l l i u m , Be
C a d m i u m , Cd
C o b a l t , Co
C o p p e r , Cu
I r o n , t o t a l F e
L e a d , Pb
N i c k e l , N i
Mangane s e , Mn
Z i n c , Zn
Boron, B
V a n a d i u m , V
C a l c i u m , Ca
M a g n e s i u m , M g
S o d i u m , Ma
P o t a s s i u m , K
A r s e n i c , As
A n t i m o n y , S b
S e l e n i u m , S e
T h a l l i u m , T l
Mercury , Hg
T i n , S n
S i l v e r , A g
C y a n i d e , t o t a l CN
S u l f u r , t o t a l S
p l l
M o i s t u r e
S u i t a t e ( S O ) S o l u b l e
C h l o r i d e , C\

A s R e c ' d a

225
2.91

•2.15
<0.2
90.0

4.31
354

15,500
5.28
7.24

5,560
9,350

78
<2

9,350
6,540

3.33
1.17

54.8
15.7

0.29
1.9
0.090

<20
0.20

<0.02
3,770

5.8
128,000

8,540
1,070

Dry
258

4.49
2.47

<0.2
103

4.94
406

17,800
6.06
8.31

6,380
10,700

89
<2

10,700
7,500

3.82
1.34

62.9
18.0

0.33
2.2
0.100

<23
0.23

<0.02
-
-
-
-
-

A S A R C O
T a i l i n g s #2

A s R e c ' d
252

4.10
1.80

<0.2
29.2

5.41
254

21,600
12.9

7.70
4,320
3,800

<16
<2

7,960
4,420

2.46
1.47

59.0
11.5

0.18
<0.2

0.135
<16

0.16
<0.02

5,890
5.7

150,000
9,120

978

Pry
296

4.82
2.12

<0.2
34.3

6.36
298

25,400 2
15.2

9.05
5,080
4,470 5

<19
<2

9,360 20
5,200 9

2.89
1.73

69.4
13.5

0.21
<0.2

0.159
<19

0.19
<0.02

3
-

203

As
242

1.59
2.65

<0.2
34.4

6.12
460

,630
29.4

8.93
1.14%

,720
<17

<2
,500
,750

4.14
<0.83
18.2
14.9

0.25
1.6
0.070

<17
0.33

<0.02
,060

5.2
,000

ASARCOOregon GulchT a i l i n g s
R e c ' d

303
1.99
3.32

<0.2
43.1

7.68
577

3,300
36.9
11.2

1.43%
7,180

<21
<2

25,700
1.22%
5.19

<1.00
22.9
18.7

0.31
2.0
0.088

<21
0.41

<0.02
-
-
-

7,780
- 751 -

Dry
534

1.63
1.96
0.2

18.6
5.09

166
8,680

2.16
8.81

2,580
2,500

<20
<2

13,100
4,660

3.52
<1.0

1.96
9.8
0.14
3.9
0.048

<20
0.30

<0.02
2,960

6.7
76,000

6,200
227

A P A C H E
T a i l i n g s

A s R e c ' d D r y
578

1.76
2.12
0.2

20.1
5.51

180
9,390

2.34
9.53

2,790
2,700

<21
<2

14,200
5,040

3.81
4.0
2.12

10.6
0.15
4.2
0.052

<21
0.22

<0.02
-
-
-
-
-

i"

As r e c e ived , i n c l u d i n g moisture.
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by the Resource Conservat ion and Recovery Act (RCRA) extrac-
tion procedure f o r t o x i c i t y , ( 4 0 C F R 2 6 0 . 2 0 ) . T h e r e s u l t s
are shown against the criteria in T a b l e 4-2.

T a i l i n g s s a m p l e s were analyzed both on a wet (as r e c e i v e d )
and dry basis. The wet analys i s provide s an indication of
the moisture content ex i s t ing in the t a i l i n g s . T a i l i n g s are
measured as metal weight per unit weight of t a i l i n g s ; the
weight of the water ( s o i l mo i s tur e) increases the unit weight
of the t a i l i n g s / thus decreas ing the metal concentration.
Dry analyses indicate the actual metal concentrations in the
t a i l i n g s .

Moisture content of the ta i l ing s ranged f r o m 7.6 to 20.3 per-
cent, which i f oxygenated could be p a r t i a l l y r e s p o n s i b l e for
s u l f i d e o x ida t i on . S o l u b l e s u l f a t e , which i s a surrogate of
the ox idat ion p r o c e s s / ranged f r o m 6 , 2 0 0 to 8 , 5 4 0 m i l l i g r a m s
per l i t er ( m g / 1 ) . W a t e r / in large amounts, can transport
the so luble metals into the s ur fa c e water and groundwater
sys tems.

On a dry ba s i s , the m e t a l s concentrat ion in the t a i l i n g s
were h i g h ; zinc ranged f r o m 2 , 7 0 0 p a r t s p er m i l l i o n ( p p m ) t o
1 0 / 7 0 0 p p r a ; lead f r o m 2.34 to 36.9 p p m ; and cadmium from
20.1 to 103 ppm. The ASARCO Resurrection t a i l i n g s s a m p l e
contained t h e h ighe s t concentrat ions o f zinc ( 1 0 , 7 0 0 p p m ) ,
cadmium ( 1 0 3 p p m ) , a n d iron ( 1 7 / 8 0 0 p p m ) . T h e Oregon G u l c h
t a i l i n g s s a m p l e contained the h ighe s t concentration of lead
( 3 7 p p m ) a n d manganese ( 1 4 , 3 0 0 p p m ) .

T h e RCRA ex t rac t i on proc edure f o r t o x i c i t y ( E P - T o x i c i t y )
r e s u l t s are pr e s en t ed in T a b l e 4-2. T h e s e r e s u l t s ind i ca t ed
the mat er ia l in the Resurrec t i on t a i l i n g s impoundment as a
c h a r a c t e r i s t i c hazardou s waste . T h e A S A R C O Resurrec t ion
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T a b l e 4-2
T A I L I N G S E P - T O X I C I T Y D A T A

It-o

P a r a m e t e ra s m g / L
A r s e n i c , A sBarium, BaC a d m i u m , CdC h r o m i u m , t o t a l CrL e a d , P bM e r c u r y , H gS e l e n i u m , S e
S i l v e r , A g

A S A R C OResurec t ionT a i l i n g s
§0.0050.071.68 a

§0.0051.80
§0.0005
§0.005
§0.001

A S A R C O
T a i l i n g s #2

§0.0050.070.640§0.0050.42
§0.0005
§0.005
§0.001

A S A R C O A P A C H EOregonT a i l i n g s T a i l i n g s
§0.005 §0.0050.06 0.060.026 0.043
§0.005 §0.005

1.20 §0.005
§0.0005 §0.0005
§0.005 §0.005
§0.001 §0.001

E x c e e d e d c r i t e r ia f or th e d e t e r m i n a t i o n o f c h a r a c t e r i s t i c waste.

C r i t e r i a
5.01001,5 , ,0,05.0

.2
1.0
5.0
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t a i l i n g s material exceeded the E P - t o x i c i t y cri teria for cad-
mium, which is 1.0 m g / 1 . T h i s was the only metal in any of
th e f o u r t a i l i n g s s a m p l e s that exceeded E P - T o x i c i t y cr i t er ia .

P h y s i c a l s t a b i l i t y o f the t a i l i n g s impoundment s i s important
because of p o t e n t i a l mass was t ing. Mass was t ing is the
removal of material by two mechanisms: (1) having the mate-
rial s o l u b i l i z e d , and (2) having the material t ranspor t ed as
su spended s o l i d s . M a s s was t ing was observed during site
v i s i t s , and is of concern because three t a i l i n g s impound-
ments are located within the 100-year f l o o d p l a i n of Cal i-
f o r n i a G u l c h . T h e m a j o r f a c t o r a f f e c t i n g t h e p o t e n t i a l f o r
f a i l u r e of the impoundments a p p e a r s to be embankment erosion
f r om s u r f a c e r u n o f f rather than t y p i c a l s l o p e f a i l u r e s
( S t e f f e n Robertson a n d K i r s t e n , 1 9 8 6 ) .

In summary, the f our m a j o r abandoned ta i l ing s impoundments
within the site boundary can act as a source of heavy metals
to the s u r fa c e water and groundwater. The primary migration,
mechanisms are release of s o l u b i l i z e d me ta l s through
l each ing and mass wa s t ing ,

S T R E A M S E D I M E N T S

S u r f a c e water f l o w s within C a l i f o r n i a G u l c h vary by season.
The stream f l o w i s g e n e r a l l y c o n t r o l l e d by the r e l a t i v e l y
s t eady d i s charge f r o m th e Yak T u n n e l and STP. However , dur-
ing snowmelt and heavy rains torms , the ephemeral drainages
(such as upper C a l i f o r n i a G u l c h , Oregon G u l c h , and S t a r r
D i t c h , e t c . ) contribute s i g n i f i c a n t amounts o f a d d i t i o n a l
f l o w as d i s c u s s e d l a t e r in this s e c t i on.

T h e a d d i t i o n a l f l o w during r u n o f f a n d ra ins torms increase s
s tream v e l o c i t i e s ; t h i s can t r a n s p o r t s i g n i f i c a n t q u a n t i t i e s
o f s e d i m e n t s . N e a r th e c o n f l u e n c e o f th e G u l c h and the
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Arkansas River, the near-level t o p o g r a p h y has r e su l t ed in
the f o r m a t i o n o f a d e l t a . T h i s d e l t a was f ormed f r o m stream
s ediment s d r o p p i n g ou t o f su spens ion because o f lower f l o w
ve l o c i t i e s . In th e d e l t a , s ed iment s f r o m both th e s u r f a c e
and several f e e t below s u r f a c e are l i k e l y r e p r e s e n t a t i v e of
the s ed iment s carried down C a l i f o r n i a G u l c h over time.

Two s o i l s / s e d i m e n t s ampl e s were c o l l e c t e d during cons truc t ion
of the lower f l u m e ( S W - 1 2 ) to characterize thi s t y p e o f mate-
rial » One sample was taken at the surface and one sampl e at
a d e p t h o f a p p r o x i m a t e l y 4 f e e t . The ana ly t i ca l r e s u l t s f or
these s a m p l e s are shown in T a b l e 4-3. S a m p l e s were analyzed
on both a wet and dry basis. The s u r f a c e soil s a m p l e has
higher l ev e l s than the sub sur fac e s a m p l e for cadmium, c o p p e r ,
iron, l e a d , manganese, zinc, arsenic, mercury, and silver.
Active d e p o s i t i o n of these me ta l s is occurring in the stream
sediments. The metal s concentrations in the two sediment
s a m p l e s , as compared to t a i l i n g s , ind i ca t e s imilar iron val-
ues r lower cadmium, zinc, and manganese,* and higher lead
concentrations.

The sediment s a m p l e s were a l s o s u b j e c t e d to the E P - T o x i c i t y
test to ca t egor ize them as charac t e r i s t i c or non-charac t er i s t i c
waste. T h e s e r e su l t s are presented in T a b l e 4-4. The u p p e r
( o x i d i z e d ) s e d i m e n t / s o i l s a m p l e ind i ca t e s that th i s sampl e
is a characteri s t ic waste. Because the a n a l y s i s technique
does not i d e n t i f y the lead compound, the a b i l i t y of the lead
to mob i l i z e in the s u r f a c e water is not known.

T h e s e in i t ia l sediment analy s e s ind i ca t e that f u r t h e r charac-
t e r i z a t i o n of various mine s p o i l areas and c o l l e c t i o n of
a d d i t i o n a l s ediment s a m p l e s shou ld be c o n d u c t e d in the
Phase I I R I program t o b e t t e r d e f i n e t h e i m p a c t s o f s edi-
ments and sediment t r a n s p o r t .
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T a b l e 4-3
ANALYSES OF SOIL SAMPLES

Parameter
as tag/Kg
Aluminum, Al
Chromium, total Cr
Barium, Ba
Beryllium, Be
Cadmium, Cd
Cobal t , Co
Copper, Cu
Iron, total Pe
Lead, Pb
N i c k e l , N i
Manganese, Mn
Zinc, Zn
Boron, B
Vanadium, V
Calcium, Ca
Magnesium, Mg
Sodium, Na
Potassium, K
Arsenic, As
Antimony, Sb
Selenium, Se
T h a l l i u m , T l
Mercury, Hg
T i n , Sn
Si lv er , Ag
Cyanide , total CN
S u l f u r , total S
pH .
Moisture
S u l f a t e ( S O ) , S o l u b l e
Chlor ide , CI

A s R e c ' d
1,680

3.55
154

<0.2
9.39
2.17

52.6
13,600

1,790
2.37

1,030
1,550

39
3.9

456
266

26.4
185
18.4

<10
<1.10
<2

SW-12 Soil
( S u r f a c e )

Dry
1,920

4.05
176

<0.2
11.3

2.48
60.2

15,500
2,040

2.71
1,180
1,770

44
4.4

521
304

30.2
211

21.0
<11
<1.10
<2

4.21 4.31
<20

5.73
<0.02

2,260
3.9

125,000
6,580

696

<23
6.55

<0.02
-
-
-
-
-

SW-12
(at

A s R e c ' d
9,590

20.9
78.3

1.26
0.088
4.92
3.08

6,550
15.9

8.21
454
351

12.6
26.5

2,310
2,640

15.1
258

4.17
6.3
0.10

<1
0.660

<13
0.13

<0.02
1,200

5.0
318,000

2,620
2,680

S o i l / C l a y
D e p t h )

Dry
140,000

30.6
115

1.85
0.129
7.21

11.8
9,600

23.3
12.0

665
514

18.5
38.8

3,390
3,370

22.1
378

6.11
9.2
0.15

<2
0.967

<19
0.19

<0.02
-
-
-
-
—
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T a b l e 4-4
S O I L S E P - T O X I C I T Y D A T A

Parameteras m g / L
A r s e n i c , A sBarium, BaCadmium, CdChromium, total CrL e a d , PbMercury, H gS e l e n i u m , S eS i l v e r , A g

S W - 1 2 S o i l( S u r f a c e )
<0.005<0.050.068<0.0059.20 a

<0.0005<0.005<0.001

S W - 1 2 S o i l / C l a y( 4 f t D e p t h ) C r i t e r i a
<0.005<0.050.0007<0.005

0.031<0.0005<0.005<0.001

5.0
1001.0

5.05.0.2
1.05.0

Exceeded criteria for the de t erminat ion o f charac t er i s t i cwaste.

D E / C A L G U 6 / 0 1 1 . 4
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In add i t i on , p r e c i p i t a t e sample s f r om the October 1985 surge
event were al so c o l l e c t e d . The p r e c i p i t a t e was analyzed
s e m i - q u a n t i t a t i v e l y / us ing a X-Ray d i f f r a c t o m e t e r . It was
determined that the m a j o r trace c o n s t i t u e n t s of the pre-
c i p i t a t e inc luded l e a d , arsenic, z inc , and c o p p e r . A sum-
mary of the r e su l t s is pr e s en t ed in T a b l e 4-5. D e t a i l e d
re su l t s are f o u n d in A p p e n d i x M.

S L A G S

Up to 40 smel t er s were located in the s tudy area (Emmons,
1 9 2 7 ) , each using a variety of proce s s e s and f e e d s t o c k con-
centrate s . T h e r e were both c o p p e r smel t er s and lead smel-
ters. S l a g s f r om these operations probably varied in
chemical compos i t ion and metal concentration. During this
initial inve s t igat ion pha s e , s l a g sampl e s were not c o l l e c t e d .
I n s t e a d , l i t erature ( S c h u h m a n n , 1 9 5 2 ) was reviewed to de-
termined typ i ca l s l a g chemistry f r o m c opper and lead smel t er s-
T h e s e s l a g s contain cons t i tuent s t y p i c a l l y in the concen-
tration ranges shown in T a b l e 4-6.

Lead s l a g s are p r i m a r i l y compri s ed of s i l i c a , ca l c ium, and
iron; unrecovered zinc and l e a d s are p r e s e n t . C o p p e r s l a g s
are a l so p r i m a r i l y compri s ed of s i l i c a , calc ium, iron, and
alumina; unrecovered c o p p e r i s pre s ent . Both t y p e s of s l a g s
contain s u l f u r , which i s a by-product of turning s u l f i d e s
into metal oxides. The s lags located within the site pro-
bab ly contain the t y p e s of me ta l s that have been f o u n d in
the nearby s u r f a c e water and groundwater. T h e s e s l a g s a l s o
p r o b a b l y contain s u l f u r that c o u l d , when o x i d i z e d , produc e
ac id s that would m o b i l i z e these m e t a l s .

S U R F A C E W A T E R

S u r f a c e water act s a s the pr imary t r a n s p o r t mechanism for
both s o l u b l e m e t a l s and m e t a l - l a d e n s ed iment s . The s u r f a c e

D E / C A L G U 8 / 0 2 2 4-15



T a b l e 4-5X R D R E S U L T S O F O C T O B E R 1985 S U R G E E V E N T P R E C I P I T A T E

M a j o r E l emen t s
[ F e 2 ( O H ) 3 ]

2

[ A 1 2 ( O H ) 3 ]

P 2 ° 5

W e i g h t

88.3
5.1
3.2
1.9

.4

.2

M a j o rT r a c e Elements
Zinc ( Z n )C o p p e r ( C u )Lead ( P b )Arsenic ( A s )

( p p m )
11281046551158

D E / C A L G U 6 / 0 1 8
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T a b l e 4-6T Y P I C A L F U R N A C E S L A G C H E M I S T R Y
Lead Blast C o p p e rFurnac e Reverb F u r n a c eW e i g h t Percent

37.3 - 38.3
4.7 - 20.3

22.3 - 46.0
trace - 2.1

6.9 - 10.9
0.14 - 1.1
0.44 - .1.1

Compound
S i 0 2

CaO
F e O a

MgO
A1 20 3

S
Cu
Pb
ZnO

W e i g h t
26.8

8.0
28.7

1.7
3.4
1.1

trace
0.9
5.6

Percent
- 35.0
- 20.5
- 36.8
- 4.9
- 5.7
- 3.0
- 0.3
- 1.6
- 12.5

iron content expressed as FeO*
Source: (Schuhmann,. 1 9 5 2 )

D E / C A L G U 6 / 0 1 9
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waters of the C a l i f o r n i a G u l c h drainage were measured for
f l o w rate and sampl ed for chemistry numerous t imes ,
g e n e r a l l y in c o n j u n c t i o n with groundwater s a m p l i n g and water
level measurements. Data f r o m the s a m p l i n g e p i s o d e s are
t a b u l a t e d a n d pr e s en t ed i n A p p e n d i c e s D , E , H , I , J , L , a n d
N. A summary of the d a t a i s pr e s en t ed in the f o l l o w i n g
sections.

S U R F A C E W A T E R F L O W

The pr inc ipal contributors to surface water f l o w in the main-
stem of the G u l c h are the d i s charge s of the Yak Tunne l and
t h e S T P . F l o w f r om t h e Y a k T u n n e l s e a s o n a l l y varies between
1 and 2 c f s ; and the STP f l o w s at a nearly constant I c f s .
The Yak Tunnel f l o w g e n e r a l l y peaks in J u n e , about the same
time as peak r u n o f f of snowmelt occurs. During snowmelt ,
and during intense, short duration summer thunder s t orms ,
ephemeral drainages such as upper C a l i f o r n i a G u l c h , S t a r r
D i t c h , and Oregon Gulch carry a cons iderab l e f l o w volume.
F l o w was measured at key locat ions during the m a j o r f i v e
quarter ly s a m p l i n g p e r i o d s and is shown in T a b l e s 4-7 to
4-11. T h e s e t a b l e s a l s o in c lud e pH and chemis try da ta at
various l o c a t i o n s a l o n g the G u l c h , i t s t r i b u t a r i e s , and the
Arkansa s River ups tr eam and downstream of i t s c o n f l u e n c e
with the G u l c h . Overa l l , the November and June events
appear r epr e s en ta t iv e o f low and high f l o w s , r e s p e c t i v e l y .
The f l o w da ta for November and June are summarized in
T a b l e 4-12. All s u r f a c e water f l o w measurements are sum-
marized in the H y d r o l o g y C o r r e l a t i o n section o f the IA.

S U R F A C E W A T E R C H E M I C A L D A T A A N D S E A S O N A L I N F L U E N C E

T a b l e s 4-7 to 4-11 contain the r e s u l t s of a n a l y s e s of sur-
f a c e water s a m p l e s c o l l e c t e d during the f i v e quarter ly sam-
p l i n g p e r i o d s . F o r c ompar i s on p u r p o s e s , there i s a l i s t i n g
of the pr imary d r i n k i n g water s t a n d a r d s and f e d e r a l water
qual i ty cr i t er ia f o r aquatic l i f e .

D E / C A L G U 8 / 0 2 2 4-18
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T a b l e 4-12
S U R F A C E W A T E R PLOW R A T E S A N D p H

C A L I F O R N I A G U L C H - A R K A N S A S R I V E R
AT HIGH AND LOW FLOW PERIODS

S t a t i o n Name
S W - 1S W - 2S W - 3S W - 3 ASW-4S W - 4 AS W - 5S W I - 1SW-6S W - 7S W I - 2
S W I - 3S W - 8
S W I - 4S W - 9S W I - 5S W - 1 0
S W - 1 1
S W I - 6SW-12 —
SW-1 3SW-1 4

H i g hJ u n eF l o w( c f s )
2.67Dry2.703.526.15NA0.350.040.083.88Dry0.031.02Dry5.76Dry0.030.93Dry3.85300NA

F l o w
1985

pH(s.u. )
3.4N A3.23.23.2

NA3.32.84.13.2
NA6.67.1
NA3.3NA6.47.4
NA

4.07.47.1
NA = Not a v a i l a b l e / n o t a n a l y z e d .

D E / C A L G U 6 / 0 1 2

L o w F l o wNovember 1984F l o w p H( c f s ) ( s . u . )
0.31 8.10.15 7.61.10 6.01.57 6.00.89 3.7

NA NA0.58 7.6Dry NADry NA2.53 6.3Dry NA0.03 6.80.01 7.5Dry NA2.38 5.5Dry NA0.11 6.31.13 8.3Dry NA1.52 7.030 8.8
NA 8.5
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Under the S a f e Drinking Water A c t , EPA has e s tab l i shed primary
dr inking water s t a n d a r d s to protec t human h e a l t h c a l l e d "maxi-
m u m contaminant l eve l s " o r " M C L ' s . " T h e current M C L ' s f o r
inorganic contaminant s f ound in 40 CFR § 1 4 1 . 1 1 ( b ) are i n c l u d e d
i n each tab l e . T h e S t a t e o f C o l o r a d o ' s primary d r i n k i n g
water r egu la t i on s e s t a b l i s h ident i ca l s tandards f or inorganic
contaminants.

Under the Cl ean W a t e r A c t , EPA has d ev e l op ed water qual i ty
criteria based on the e f f e c t s of concentrations of various
contaminants on human hea l th and aquatic specie s . The cri-
teria for contaminants measured during the s u r f a c e water
s a m p l i n g are l i s t e d in each table . The criteria for both
acute and chronic tox i c i ty to f r e s hwa t e r aquatic l i f e f rom
E P A ' s Qual i ty Cr i t e r ia f o r W a t e r , 1 9 8 6 , a r e l i s t e d . T h e
acute criteria (CMC) are the 1-hour average concentrations
that are not to be exceeded more than once every 3 years on
average. The chronic criteria (CCC) are 4-day average con-
centrations that are not to be exceeded more than once every
3 years on average.

Prel iminary observations f r o m these compari sons are sum-
marized as f o l l o w s :

o Cadmium has a primary MCL of 10 micrograms per
l i t e r ( u g / D and a chronic aquatic l i f e cr i t er ion
of 1.1 u g / 1 - Cadmium concentra t ions in C a l i f o r n i a
G u l c h ranged f r o m 12 u g / 1 in u p p e r C a l i f o r n i a G u l c h
to 431 u g / 1 at the t a i l i n g s area (SW-4). In the
ephemeral d r a i n a g e s , cadmium ranged f r o m d e t e c t i o n
level t o 3 8 0 u g / 1 i n Oregon G u l c h ( S W I - 1 ) . T h e
Y a k T u n n e l ( S W - 3 ) d i s c h a r g e varied i n cadmium con-
centrat ion f r o m 1 6 9 u g / 1 t o 5 5 2 u g / 1 .

o C o p p e r has a chronic aquatic l i f e c r i t e r i on o f
11.8 u g / 1 . C o p p e r c o n c e n t r a t i o n s in th e G u l c h
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ranged f r o m 20 u g / 1 at S t r i n g t o w n (SW-9) to 4 , 6 7 0 at
t h e Resurrection M i l l Y a r d ( S W - 3 A ) . I n t h e ephemeral
d r a i n a g e s , c o p p e r ranged f r o m 3.3 u g / 1 in G e o r g i a
G u l c h ( S W I - 3 ) t o 9 , 5 2 0 u g / 1 i n Oregon G u l c h . C o p p e r
in the Yak T u n n e l d i s c h a r g e varied f r o m 437 u g / 1
t o 5 , 9 7 0 u g / 1 .

Iron and manganese in the C a l i f o r n i a Gulch and its
tr ibutarie s ranged f r o m 152 u g / 1 t o 6 7 7 , 0 0 0 u g / 1
for iron, and manganese concentrations ranged f r o m
146 u g / 1 to 708 ,000 u g / 1 .

Lead has a primary MCL of 50 u g / 1 and a chronic
aquatic l i f e criterion of 3.2 u g / 1 . Lead concen-
trat ions in C a l i f o r n i a G u l c h ranged from de t e c t i on
to 382 u g / 1 in upper C a l i f o r n i a G u l c h . In the
ephemeral drainages , lead values varied f r o m
de t e c t ion to 310 u g / 1 at Oregon G u l c h . The Yak
Tunnel discharge ranged from de t e c t i on to 116 u g / 1 .

Zinc has a chronic aquatic l i f e criterion of
86 u g / 1 . Z i n c concentrat ions in C a l i f o r n i a G u l c h
varied f r o m 1 , 5 0 6 u g / 1 i n u p p e r C a l i f o r n i a G u l c h
to 8 5 , 3 0 0 u g / 1 at the Resurrection M i l l Y a r d area.
T h e Y a k Tunnel d i s charge ranged f r o m 4 3 , 7 0 0 u g / 1
t o 1 0 9 , 0 0 0 u g / 1 .

W a t e r qua l i ty at S W - 1 3 , the Arkansa s River up s t r eam
o f C a l i f o r n i a G u l c h , r ou t ine ly exceeded th e aquatic
cri terion f or zinc.

W a t e r q u a l i t y a t S W - 1 4 , th e A r k a n s a s River down-
stream o f C a l i f o r n i a G u l c h , m e t p r imary M C L ' s f o r
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all p e r i od s except March 1 9 8 5 , when the cadmium
standard was exceeded. Aquat ic cr i t er ia were
rou t in e ly exceeded for zinc and cadmium.

F i g u r e 4-3 pr e s en t s data for d i s s o l v e d cadmium, zinc, and
s u l f a t e in p r o f i l e f o r m a l ong the G u l c h at the low f l o w
(November 1 9 8 4 ) and high f l o w ( J u n e 1 9 8 5 ) p e r i o d s . Key sur-
f a c e water f l o w locat ions and p o t e n t i a l contributors of con-
tamination are also i d e n t i f i e d . Rela t iv e ly low concentrations
occur at the upper Gulch s ampl ing site ( S W - 1 ) . There was a
rapid increase in concentration of me ta l s due to the Yak
T u n n e l d i s charge . During l o w - f l o w p e r i o d s , the contr ibut ion
of me ta l s f r o m the t a i l i n g s impoundments was seen by the
rise in concentrations at S W - 4 . The concentrations remain
e l e v a t e d , with l i t t l e change, until S W - 9 . F r o m S W - 9 t o S W - 1 2 ,
there was a marked decrease in concentration r e f l e c t i n g di lu-
tion b y t h e S T P . T h e r e l a t i v e l y high a l k a l i n i t y o f t h e S T P
di s charge changed stream pH and p r o b a b l y caused p r e c i p i t a -
tion of the l e s s mobile metal s . T h e s e me ta l s would inc lude
iron and aluminum. Downstream f r o m S W — 1 2 , C a l i f o r n i a G u l c h
enters the Arkansas River.

The STP d i s c h a r g e was d i r e c t l y s a m p l e d ; s e e T a b l e 4-7 t o
4-11, s ta t ion S W - 1 1 . T h e S T P d i s charge c o n s i s t e n t l y h a d
high pH and high concentrations (re la t iv e to the other G u l c h
tr ibutary s a m p l i n g s t a t i o n s ) o f n i t ra t e and c h l o r i d e .

F i g u r e s 4-4 and 4-5 present zinc and cadmium concentrat ions
observed during the November 1984 and June 1985 s a m p l i n g
p e r i o d s a t t h e Y a k T u n n e l ( S W - 3 ) , t h e m i d d l e f l u m e ( S W - 7 ) ,
S t r i n g t o w n ( S W - 9 ) , a n d t h e lower f l u m e ( S W - 1 2 ) . During h igh
f l o w c o n d i t i o n s , the observed increase in metal concentra-
t ions i s p r o b a b l y a s s o c i a t e d wi th the entrainment of
s ed imen t s . S m a l l var iance s , where d i s s o l v e d m e t a l s concen-
t r a t i o n s a r e s l i g h t l y g r e a t e r than t o t a l m e t a l s
c o n c e n t r a t i o n s , are wi th in ana ly t i ca l v a r i a b i l i t y .

D E / C A L G U 8 / 0 2 2 4-27



I
400 ^

300 .
2
2 200 .

100 .

0 J

90 „

60

70

60

i3> 50
o

30

20

10

0

D I S S O L V E D C d ( 6 / 6 5 )

A R K A N S A S
R I V E R S T P

S U L F A T E ( I t / 8 4 )

J SLAQPIl-E ___ S T A R RD I T C H I t t

1600

1200

600

400

en

Si

S W - 1 2 S W - 1 1 8W 8W-7 SW-4 SW-3A S W - 1

F I G U R E 4 - 3S U R F A C E W A T E R P A R A M E T E R V A R I A N C EA L O N G C A L I F O R N I A G U L C HC A L I F O R N I A G U L C H R lL E A D V I L L E . COLORADO



100 -

tio -

60 -
2O
1C
I I Jo
O 40O

Q I 8 8 O L V E O Z I N C
J U N E I M S

D I S S O L V E D Z n
N O V E M B E R 1«M

.. _
s w - i a S W - 7 S W - 3

FIGURE 4-4Z I N C S E A S O N A L S U R F A C EW A T E R P R O F I L EC A L I F O R N I A G U L C H n iL E A O V I L L E , C O L O R A D O

| i W'^'<^ • • ^ ' " '^W^f-,^^': i ' • * : (



500 -i

400 -

3 300 -
o
a;
2UIOz
g 200
i )O

100

0

P I S S O L V E D C A D M I U M
J U N E 1995

T, T O T A L C A D M I U M
J U N E 1985

D I S S O L V E D C A D M I U MN O V E M B E R W4

T O T A L C A D M I U M
N O V E M B E R 1884

S W - 1 2
I

S W - 8 S W - 7 S W - 3

F I G U R E 4 - 5C A D M I U M S E A S O N A L S U R F A C EW A T E R P R O F I L EC A L I F O R N I A G U L C H H IL E A O V I L L E . COLORADO



T o t a l - m e t a l and d i s s o lv ed-me ta l concentrations of zinc and
cadmium p a r a l l e l each o ther , which i n d i c a t e s that these
meta l s s tay p r i n c i p a l l y in the d i s s o l v e d f o r m a long the
l e n g t h o f the G u l c h . T h i s i m p l i e s that the geochemical en-
vironment in the stream channel is s t a b l e with re spec t to
s o l u b i l i t i e s o f those me ta l s ( f o r e x a m p l e , d i s s o l v e d s p e c i e s
are in equil ibrium with their as soc iated so l id p h a s e s ) .

However , thi s is not the case for iron; iron is ea s i ly oxi-
dized and p r e c i p i t a t e d as iron oxy-hydroxides . T h e s e limo-
nitic p r e c i p i t a t e s , commonly re f erred to as "yel low boy,"
have a high s o rp t i on c a p a c i t y and can remove d i s s o lv ed me ta l s
f r o m s o lu t i on . H i g h e r stream v e l o c i t i e s , which occur during
snowmel t , scour the bot toms and banks of the drainages*

T h i s re-entrains sediments and y e l l o w boy into the s u r f a c e
water s , which can re lease more contaminants into the s tream,
both as d i s s o lv ed spec ie s and su spended s o l i d s . V i s u a l
observations during f i e l d s a m p l i n g c o n f i r m the mob i l i za t i on
of iron p r e c i p i t a t e s in the lower por t ion of the G u l c h .

P o t e n t i a l sources o f heavy metal contaminants inc lude Yak
T u n n e l ( S W - 3 ) , S t a r r D i t c h ( S W - 5 ) , a n d t h e S t r i n g t o w n area
(above S W - 9 ) . S t a r r D i t c h contr ibute s me ta l s that a r e

p r o b a b l y o r i g i n a t i n g f r o m mine waste areas l o ca t ed on the
north s ide o f Carbonate H i l l a n d S t r a y H o r s e G u l c h . S W - 9 ,
which has c o n s i s t e n t l y high values o f m e t a l s and s u l f a t e ,
may be receiving m e t a l s f r o m nearby s l a g p i l e s . Yak T u n n e l
a p p e a r s to be a m a j o r contr ibutor of heavy m e t a l s to
C a l i f o r n i a G u l c h , and sub s equent ly the Arkansa s River.

M e t a l c o n c e n t r a t i o n s at l o c a t i o n s near the c o n f l u e n c e wi th
the A r k a n s a s River are shown in T a b l e 4-13 for both h igh and
l o w f l o w p e r i o d s . F o r t h e C a l i f o r n i a G u l c h d i s c h a r g e a t
S W - 1 2 dur ing h igh f l o w , v i r t u a l l y every parame t e r s i g n i f i -
c a n t l y increase s in c o n c e n t r a t i o n , p r o b a b l y due to the in-
creased s u s p e n d e d s o l i d s . W a t e r q u a l i t y a t SW-13 was
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T a b l e 4-13
M E T A L C O N C E N T R A T I O N S ( u g / 1 )

C A L I F O R N I A G U L C H - A R K A N S A S R I V E R
AT HIGH AND LOW FLOW PERIODS

H I G H F L O W ( J u n e 1985)

Parameter
Aluminum ( A l )
Cadmium ( C d )
Calcium ( C a )
Copper (Cu)
Iron ( F e )
Magnesium ( M g )
Manganese ( M n )
Zinc ( Z n )

Lover end
Dissolved

3,920
277

101,000
2,500
4,110

50,200
18,400
55,600

of Cal Gulch
( S W - 1 2 )

T o t a l
5,140

282
109,000

2,560
16,900
50,000
19,500
57,700

Ark River above
( S W - 1 3 )

Dissolved
26
0

9,950
4.9

83
3,960

40
109

C o n f l
T o t a l
. 144

U
10,500

4.0
324

3,980
58

132

Ark River
Dissolved

49
7.3

11,500
21
88

4,730
213
594

below C o n f l
( S W - 1 4 )

T o t a l
355
4.0

12,200
29

664
4,730

253
709

LOW FLOW (November 1984)
Lower end of Cal Gulch

( S W - 1 2 )
Parameter

Aluminum ( A l )
Cadmium ( C d )
Calcium (Ca)
Copper ( C u )
Iron ( F e )
Magnesium ( M g )
Manganese (Mn)
Zinc ( Z n )

Dissolved
0

47
66,510

13
56

33,530
9,074

14,710

T o t a l
368

62
67,270

26
1,092

32,020
9,222

20,170

Ark River above C o n f l
( S W - 1 3 )

Dissolved
81

G
23,030

U
101

8,450
103
240

T o t a l
265

U
17,600

12
619

7,039
145
331

Ark River below C o n f l
( S W - 1 4 )

Dissolved
U
U

28,160
U

38
11,860

649
1,317

T o t a l
419

U
28,380

U
459

11,120
657

1,625
Note: U-Undetected at detection limits.
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o p p o s i t e to SW-12 at high f l o w ; that i s , water qua l i ty
improved during r u n - o f f .

It a p p e a r s that h igh p o l l u t a n t concentra t ions occur in the
G u l c h during peak r u n - o f f , bu t the r e su l tant concentrations
in the Arkansa s River ( S W - 1 4 ) are much lower, due to the
large f l o w s o f be t t er qua l i ty water f rom ups tream ( S W - 1 3 ) .
The r u n o f f e f f e c t r e su l t ed in g e n e r a l l y improved water
quali ty at S W - 1 4 .

G R O U N D W A T E R

As mentioned in the G e o l o g y subsection in S e c t i o n 2 t down-
gradient o f the Pendry F a u l t several s t r a t i g r a p h i c units
exist that have a direct bearing on the local groundwater
system. Twenty-one newly i n s t a l l e d monitoring w e l l s ( N W ) ,
19 of which are below the Pendry F a u l t , were sampled over
the same f i v e quarterly p er i od s as the s u r f a c e water. In
a d d i t i o n , approx imat e ly 20 ex i s t ing pr ivat e w e l l s (EW) were
a l s o s ampl ed on the same s chedule . New w e l l s were i n s t a l l e d
because l i t t l e i n f o r m a t i o n was known about the construct ion
d e t a i l s o f t h e e x i s t i n g w e l l s . N e w moni tor ing wel l water
q u a l i t y da ta wil l be used for d a t a i n t e r p r e t a t i o n because
d e s i g n and deve l opment are known? EW i n f o r m a t i o n wi l l be
considered s u p p o r t i v e where a p p r o p r i a t e . Most o f the w e l l s

(NW and EW), with the e x c e p t i o n o f EW-15 and E W - 1 6 , were
c ompl e t ed at varying d e p t h s into the C a l i f o r n i a Gul ch allu-
vium ( h i g h terrace g r a v e l s ) . T h e s e r e s u l t s w i l l e s t a b l i s h
s i t e - s p e c i f i c groundwater ac t iv i ty and behavior p r i n c i p a l l y
in the u p p e r 125 f e e t of th i s unit. D e t a i l e d groundwater
d a t a a r e d e s c r i b ed i n A p p e n d i c e s C , D , E , H , I , J , L , a n d N .
A summary of da ta is p r e s e n t e d in the f o l l o w i n g s e c t i on s .
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G R O O N D W A T E R F L O W

Groundwater f l o w d e p e n d s upon a c o m p l e x , balanced mixture o f
recharge, h y d r a u l i c g r a d i e n t , p h y s i c a l a q u i f e r characteri s-
t i c s , and d i s charge . The f l o w d i r e c t i on and h y d r a u l i c gra-
dient are t y p i c a l l y d e f i n e d by water l ev e l s . Groundwater
l eve l s were measured in ac c e s s i b l e w e l l s in c o n j u n c t i o n with
the water qual i ty s a m p l i n g programs. W a t e r level data are
shown in A p p e n d i x N where they have been both t a b u l a t e d and
contoured to show the water table during each s a m p l i n g
event.

The basic phy s i ca l a q u i f e r charac t e r i s t i c s are the trans-
mis s iv i ty ( f i e l d p e r m e a b i l i t y times saturated t h i c k n e s s ) and
s t ora t iv i ty ( t h e volume of water taken into or released f r o m
storage in the a q u i f e r ) . T h e s e charac t er i s t i c s were deter-
mined for two d i f f e r e n t d e p t h intervals in the C a l i f o r n i a
G u l c h al luvial system to determine the amount of groundwater
moving f r o m C a l i f o r n i a G u l c h alluvium into the Arkansas
River alluvium. The two pump tes t r e s u l t s are shown in
A p p e n d i x N and described in the pump test section of the
repor t .

W a t e r L e v e l s

The water level da ta f or the w e l l s in the C a l i f o r n i a G u l c h
high terrace grave l s (Emmons, e t a l . , 1 9 2 7 ) indi ca t e that
groundwater level e s s e n t i a l l y f o l l o w s t h e t o p o g r a p h y .
Recharge i s f r o m snowmel t , r a i n f a l l , and C a l i f o r n i a G u l c h
s u r f a c e water p e r c o l a t i n g into the a l l u v i a l groundwater sys-
tem. T h r e e we l l nes t s were c o m p l e t e d to varying d e p t h s in
t h e h igh terrace g r a v e l s : i n t h e t a i l i n g s area ( N W - 5 , N W - 5 A ,
a n d N W - 5 B ) ; be low t h e t a i l i n g s area, b u t above J a c k t o w n ( N W - 6
and NW-6A); and above the c o n f l u e n c e wi th the A r k a n s a s River
a l l u v i u m ( N W - 1 3 a n d N W - 1 3 A ) . W a t e r l e v e l s measured d u r i n g
the RI i n v e s t i g a t i o n i n d i c a t e that groundwat er moves to d e e p e r

D E / C A L G D 8 / 0 2 2 4-34



l ev e l s at all three lo ca t ions . T h e r e are no s i g n i f i c a n t
upward ( a r t e s i a n ) heads ind i ca t ed by the water level measure-
ments .

G r o u n d w a t e r l e v e l s measured on both the NW and EW w e l l s a long
C a l i f o r n i a G u l c h ind i ca t e as much as 14 f e e t of f l u c t u a t i o n
in s h a l l o w w e l l s . The nested well se t at NW-5, NW-5A, and
NW-5B has p e r f o r a t e d d e p t h interval s of 15 to 35, 48 to 108,
and 160 to 220 f e e t . The water level f l u c t u a t i o n ranges
f r o m : 10 f e e t in the sha l l owe s t well to 5 .62 f e e t in the
intermediate well and to 0.25 f o o t in the de epe s t we l l .
T h i s pa t t e rn of f l u c t u a t i o n in the groundwater, with the
s ha l l owe s t w e l l s having the highes t f l u c t u a t i o n and the f l u c -
tuation d e c l i n i n g with d e p t h , is common in a l luv ia l systems
with recharge moving f r o m the s ur fa c e downward. The recharge
reaches its h ighes t level between May and J u n e , based on the
water level measurements. The water l eve l s then decl ine for
the rest of the year, as the water drains f rom the C a l i f o r n i a
G u l c h a l luv ia l system.

A m a j o r source of year-round recharge to the C a l i f o r n i a G u l c h
a l luv ium is the snowmelt that p e r c o l a t e s f r o m the mountain
s u r f a c e s , through the mine work ings , to the Yak T u n n e l . The
Tunnel drains as a point d i s c h a r g e to the C a l i f o r n i a G u l c h
s u r f a c e water system t h a t , in turn, recharges the a l l uv ia l
groundwater system. The changes in groundwater level sugges t
that the amount of recharge decreases with d e p t h . The u p p e r
10 f e e t of the groundwater sys tem at the nested well NW-5
g r o u p , is recharged and drained f r o m the a l l u v i a l sys t em
during the year and is r e p l e n i s h e d by recharge in the next
snowmelt p e r i o d . By c o n t r a s t , l e s s than I f o o t of groundwater
drained f r o m the d e e p e s t we l l in the nest over the same time
p e r i o d .
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Piezometer Tube Program

T o d e f i n e t h e amount o f groundwater f l o w i n g through various
l e v e l s o f t h e C a l i f o r n i a G u l c h a l l u v i a l sys tem per unit
t ime, however, requires de t ermining the h y d r a u l i c grad i en t
and d e v e l o p i n g the basic p h y s i c a l c h a r a c t e r i s t i c s that are
determined by pump t e s t i n g . S u r f a c e water f l o w measurements
noted several segments of the G u l c h that were l o s ing f l o w to
t h e groundwater ( l o s i n g s t r e a m ) . T o v e r i f y th i s intimate
connection of sur fac e water with the s h a l l o w zone (up to
10 f e e t ) of the a l luvium, a p i ezome t er tube program was
imp l emen t ed .

H a n d - d r i v e n p i ezomet er devices are t r a d i t i o n a l l y used to
examine g r o u n d w a t e r / s u r f a c e water interact ions in s i tua t ions
where s h a l l o w groundwater may be d i s c h a r g i n g to a lake or
streanu Lee and Cherry ( 1 9 7 8 ) present a d e t a i l e d d e s c r ip-
tion of the d e s i g n of such devices and their role in examin-
ing groundwater hydraulic p o t e n t i a l beneath lake or s treambeds
of interest*

The use of p i e zome t e r s in g r o u n d w a t e r / s u r f a c e water inter-
action s t u d i e s involves observing the h y d r a u l i c head po t en-
t i a l s where a stream is e i ther gaining f l o w or l o s i n g f l o w
as a resul t of interact ion with the u n d e r l y i n g s h a l l o w
groundwater body. H y d r a u l i c head wi l l decrease with d e p t h
below the stream under c ond i t i on s where the stream is l o s i n g
f l o w to the groundwater s y s t e m , and w i l l increase with d e p t h
under condi t i ons where the groundwater sys t em is d i s c h a r g i n g
to the stream. The water l eve l s observed in p i ezometer s
c o m p l e t e d at d i f f e r e n t d e p t h s beneath a stream bed are an
i n d i c a t i o n o f the h y d r a u l i c head a t that p a r t i c u l a r d e p t h .
By comparing water l e v e l s in p i e z o m e t e r s c o m p l e t e d at d i f -
f e r e n t d e p t h s to one another and to s tream l e v e l , a r a p i d
as se s sment as to whether the s tream is g a i n i n g f l o w ( u p w a r d
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hydraul ic g r a d i e n t ) , or l o s i n g f l o w (downward hydraul i c
g r a d i e n t ) can be made.

Twenty-one p i ezometer s ta t i ons were i n s t a l l e d within or imme-
d i a t e l y a d j a c e n t to the C a l i f o r n i a G u l c h stream channel in
November 1984. The section of stream under s tudy inc luded
the a p p r o x i m a t e l y 5-mile segment between the Yak Tunne l and
the Arkansa s River c o n f l u e n c e . The s ta t ions cons i s t ed of
either: one piezometer ( t h e water l eve l s of which could be
compared to stream l e v e l ) ; or 2 to 3 p i ezometer s which could
al l ow comparisons of water l ev e l s to one another as well as
to stream level . The p i ezome t er s consi s t ed of 5- to 10-foot
l e n g t h s of 3 / 4 - i n c h iron p i p e containing a short (3- to 5-inch)
section of s l o t t e d s u r f a c e and drive po int . The p i ezomet er s
were hand-driven into p l a c e to either a desired d e p t h or to
r e f u s a l . The p i ezometer s were checked for opennes s with a
response test by f i l l i n g with water and allowing the water
level to drop to a s tab l e l eve l . Piezometers which were not
open or operat ing s u c c e s s f u l l y were removed and either redriven
or r e p l a c e d . A f u l l - s u i t e of water level measurements were
obtained f r o m the p i e zome t e r s on November 20, 1984, and an
asses sment was made r egard ing gaining and l o s i n g stream con-
d i t i o n s in e x i s t enc e at that time. The r e s u l t s show that
the C a l i f o r n i a G u l c h stream channel is in h y d r o l o g i c connec-
tion with sha l l ow groundwater and that there are several
m a j o r t ran s i t i on sect ions where the stream goes f r o m gaining
to l o s ing condi t ions .

F i g u r e 4-6 shows the l o ca t i ons of the p i ezome t er s ta t i on s
and i d e n t i f i e s whether gaining or l o s ing condit ions were
observed on the November 20, 1984 da t e of s t udy. The r e s u l t s
show that there are several stream segment s that are re-
ceiving groundwater d i s c h a r g e ( g a i n i n g ) as ev idenced by the
s t r eam-groundwater h y d r a u l i c c o n d i t i o n s observed on the
November 20, 1984 t e s t d a t e . Other s e g m e n t s o f the s t r eam
were observed to be l o s i n g f l o w to the s h a l l o w groundwa t e r
regime beneath the s tream channe l .
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T h r e e main stream segments were observed to be l o s i n g f l o w
on the test da t e . The most prominent area of l o s i n g f l o w
c o n d i t i o n s was the lowermost s e c t ion of the G u l c h , f r o m the
A r k a n s a s River c o n f l u e n c e up s t r eam to about 1.5 mi l e s above
th e c o n f l u e n c e . All p i e z o m e t e r s t a t i o n s wi thin th i s reach
showed downward hydraul i c g r a d i e n t s . The other two areas
where l o s i n g condi t ions were observed, as shown on F i g u r e 4-6,
are in the v i c in i ty of S t r i n g t o w n in S e c t i o n 27, and j u s t
upstream of the C a l i f o r n i a G u l c h - G e o r g i a G u l c h c o n f l u e n c e in
S e c t i o n 26.

Downward hydraul i c grad i en t s were observed at two successive
p i ezome t er s ta t i ons in each of these two r e sp e c t iv e stream
segments. Based on these f i n d i n g s and the l o ca t i on s of the
s t a t i on s , the S e c t i o n 27 l o s i n g segment may be a p p r o x i m a t e l y
1/2 to 3/4 of a mile in l e n g t h ; the S e c t i o n 26 segment may
be a p p r o x i m a t e l y 1/4 to 1/2 mile in l e n g t h . All remaining
p i ezome t er s ta t i on s along the 5-mile long test section
showed upward or neutral hydrau l i c g r a d i e n t s i n d i c a t i n g , for
the most p a r t , g a i n i n g - f l o w stream condi t i on s .

The p i e z o m e t e r s t a t i o n d a t a ind i ca t e that groundwater -
s u r f a c e water h y d r a u l i c i n t e r a c t i o n s are occurring wi th in
the C a l i f o r n i a G u l c h watershed. The l o c a t i o n s and con-
d i t i o n s under which the in t erac t i on s occur { l o s i n g or
gaining c o n d i t i o n s ) may change f r o m the November " snapsho t"
of hydrau l i c r e l a t i o n s h i p s that were observed.

Pump T e s t s

Two pump t e s t s were p e r f o r m e d in the C a l i f o r n i a G u l c h a l l u -
vium. The f i r s t wa s p e r f o r m e d on we l l N W - 1 5 , l o c a t e d near
S t r i n g t o w n , that eva lua t ed t h e t r a n s m i s s i v i t y o f t h e u p p e r
3 5 f e e t o f t h e a l l u v i a l ( g r a v e l ) sy s t em. T h i s l o c a t i o n
( N W - 1 5 ) w a s chosen t o eva lua t e t h e p o s s i b i l i t y o f s u r f a c e
i n f i l t r a t i o n into t h e a l l u v i a l a q u i f e r used f o r dome s t i c
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p u r p o s e s on the site. A second pump test was p e r f o r m e d on
well E W - 2 9 , l o ca t ed near the c o n f l u e n c e o f the C a l i f o r n i a
G u l c h a l luvium and Arkansa s River a l l u v i u m , to evaluate
groundwater movement f r o m the G u l c h into the A r k a n s a s River
al luv ium.

The pump test on wel l NW-15 indicat ed a r e l a t i v e l y low
t ran smi s s iv i ty [ 3 1 6 g a l l o n s p e r d a y p e r f o o t ( g d p ) ] and,
t h e r e f o r e , a r e l a t i v e l y l ow p e r m e a b i l i t y ( 6 . 3 g a l l o n s p e r
day per square f o o t ) in the u p p e r 35 f e e t of C a l i f o r n i a
G u l c h a l luv ia l material above S t r i n g t o w n . T h i s level o f
p e r m e a b i l i t y is comparab l e to a s i l ty- sand grain size in
u n c o n s o l i d a t e d d e p o s i t s ( F r e e z e a n d Cherry, 1 9 7 9 ) . T h i s
c o n f i r m s what was observed f r o m the d r i l l i n g da ta .

The pump t e s t on well EW-29 involved the monitoring of six
other w e l l s c o m p l e t e d in d i f f e r e n t d e p t h s o f th e a l l u v i a l
( g r a v e l ) aqu i f e r . W e l l EW-29 has a p e r f o r a t e d interval o f
85 to 110 f e e t , r e p r e s e n t i n g a d e ep er part of the a l luv ia l
than the pump test on well N W - 1 5 . The pump test indicated a
t ran smi s s i v i ty o f 1 ,280 g d f , r e s u l t i n g in a p e r m e a b i l i t y o f
2 5 . 6 g a l l o n s per day per square f o o t . T h i s p e r m e a b i l i t y i s
comparab l e to a c l ean sand grain size d i s t r i b u t i o n in
u n c o n s o l i d a t e d d e p o s i t s .

T a b l e 4-14 compares the drawdown in the pumped wel l E W - 2 9
with the f o u r moni tor ing w e l l s . The moni tor ing w e l l s are
arranged in order o f drawdown; N W - 1 3 , E W - 2 8 , N W - 1 2 , and
N W - 1 3 A . T h e nested well pa i r , N W - 1 3 a n d N W - 1 3 A , a r e l o ca t ed
a p p r o x i m a t e l y 92 f e e t f r o m th e pumped w e l l . H o w e v e r , well
N W - 1 3 , p e r f o r a t e d f r o m 20 to 100 f e e t , had a drawdown of
almost 5 f e e t whereas w e l l N W - 1 3 A , p e r f o r a t e d f r o m 14.5 t o
25 f e e t , had a much lower drawdown of 0.14 f o o t . T h i s
s t r o n g l y s u g g e s t s a l i m i t e d v er t i ca l h y d r a u l i c connec t ion
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T a b l e 4-14
C O M P A R I S O N O F D R A W D O W N S I N M O N I T O R I N G W E L L S D U R I N GPUMP T E S T I N G I N NOVEMBER 1985

D i s t a n c e W e l l P u m p i n gf r o m T o t a l S c r e e n e d E l a p s e dPumped W e l l D e p t h I n t e r v a l T i m e Drawdown( f t ) ( B G L ) ( f t B G L ) ( h r ) ( f t )
EW-29 0 100 65-100 11.75 13.86NW-13 92.4 100 20-100 12.16 4.95
EW-28 447 110 85-110 11.90 0.53NW-12 630 50 10-50 12.17 0.38N W - 1 3 A 92.0 25 14.5-25 12.07 0.14
N o t e s : Comparison of drawdowns in monitoring w e l l s is aresult o f pumping W e l l EW-29 f o r a p p r o x i m a t e l y12 hours.BGL-Below Ground Level .
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( l o w vertical p e r m e a b i l i t y ) between the u p p e r a p p r o x i m a t e l y
25 f e e t and the 85- to 110- foo t zone of the C a l i f o r n i a G u l c h
al luv ium.

W e l l N W - 1 2 , a p p r o x i m a t e l y 6 3 0 f e e t f r o m pumped well E W - 2 9 ,
had a drawdown of only 0.38 f o o t a f t e r a p p r o x i m a t e l y 12 hours
of p u m p i n g , ind i ca t ing a p o t e n t i a l l y large area of la teral
hydraul i c connection o f the C a l i f o r n i a G u l c h a l luvial a q u i f e r ,

Pump test da ta were also used to ca l cu la t e the groundwater
discharge to the Arkansas River al luvium f r o m the C a l i f o r n i a
G u l c h al luvium. The c a l c u l a t i o n i s described in A p p e n d i x N.
The t ransmi s s iv i ty o f the C a l i f o r n i a G u l c h a l luvium was ap-
proximated by combining the r e su l t s of both pump t e s t s , re-
s u l t ing in a total ca l cu la t ed groundwater f l o w of 0.06 c f s .
T h i s analys i s indicate s that groundwater moves very s l o w l y
from C a l i f o r n i a G u l c h al luvium into the Arkansas River allu-
vium. T h i s was also v e r i f i e d by water measurements and
balance done at S W - 1 2 , . S W - 1 3 and S W - 1 4 in Augus t and S e p t e m -
ber 1 9 8 5 - No groundwater f l o w component was f o u n d to exist
to the Arkansa s River. See A p p e n d i x K for a d d i t i o n a l d e t a i l s .

G E N E R A L G R O U N D W A T E R C H E M I S T R Y

All groundwater chemical data r e s u l t i n g f r o m the ana ly s i s o f
s a m p l e s c o l l e c t e d f r o m both e x i s t ing pr iva t e w e l l s {EW) and
n e w monitoring w e l l s ( N W ) a r e t abu la t ed i n A p p e n d i c e s H , I ,
J , K , a n d N . T h e concentrations o f contaminants f o r t h e
f i v e quarterly s a m p l i n g events for both EW and NW w e l l s , and
with relevant water q u a l i t y s t a n d a r d s are pre s ent ed in
T a b l e s 4-15 through 4-24. The water q u a l i t y d a t a are com-
pared to pr imary and secondary d r i n k i n g water s t a n d a r d s and
p r o p o s e d maximum contaminant g o a l s .

U n d e r t h e S a f e D r i n k i n g W a t e r A c t , E P A h a s e s t a b l i s h e d pri-
mary dr inking water s t a n d a r d s to p r o t e c t human h e a l t h c a l l e d
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"maximum contaminant l eve l s " o r " M C L ' s . " T h e current M C L ' s
for inorganic contaminants f o u n d in 40 C . F . R . § 1 4 1 . 1 1 ( b ) .
a r e inc luded i n each tab l e . T h e S t a t e o f C o l o r a d o ' s pr imary
d r i n k i n g water r e g u l a t i o n s e s t a b l i s h i d e n t i c a l s t a n d a r d s f o r
inorganic contaminant s .

E P A h a s al so e s t a b l i s h e d "secondary" M C L ' s which a r e w e l f a r e -
based s t a n d a r d s r e l a t i n g to p u b l i c accep tance o f dr inking
water ( e . g . , t a s t e or o d o r ) . At much higher l e v e l s , h e a l t h
i m p l i c a t i o n s may al so exi s t . Each tab l e l i s t s the secondary
M C L ' s f o r inorganic contaminants f r o m 4 0 C . F . R . § 143.3.
T h e S t a t e o f C o l o r a d o h a s n o t e s t a b l i s h e d secondary M C L ' s .

The 1986 amendments t o t h e S a f e Drinking W a t e r Act prov id e
for p r o m u l g a t i o n of "maximum contaminant level goal s" or
"MCLG's." MCLG's are to be se t at l ev e l s at which no known
or a n t i c i p a t e d h e a l t h e f f e c t s occur, with an adequate margin
o f s a f e t y . C u r r e n t l y there a r e n o M C L G ' s f o r inorganic con-
taminant s , except f l u o r i d e . However , p r o p o s e d M C L G ' s f o r
other inorganic contaminants are f o u n d in the November 13,
1 9 8 5 , F e d e r a l Regis ter. For comparison p u r p o s e s , th e pro-
po s ed M C L G ' s a r e l i s t e d i n each t a b l e .

Groundwater chemis try, p a r t i c u l a r l y d i s s o l v e d me ta l s concen-
t r a t i o n s , i s more s t r o n g l y a f f e c t e d by d e p t h than by l o c a t i o n
along C a l i f o r n i a G u l c h . The water level data demonstrated
that recharge and drainage is most active in the s h a l l o w e r
a l l u v i a l material and decrease s with d e p t h . The groundwater
chemis try r e f l e c t s the active exchange between s u r f a c e water
and groundwater. S p e c i f i c c onduc tance , a measure of the
t o t a l ionic material d i s s o l v e d in the w a t e r , i n c l u d i n g m e t a l s ,
i s h i g h e s t in the u p p e r 25 to 50 f e e t o f the C a l i f o r n i a G u l c h
a l l u v i a l g r o u n d w a t e r . Mean s p e c i f i c c o n d u c t i v i t y va lue s f o r
both new and e x i s t i n g w e l l s in t h i s d e p t h range are a p p r o x i -
m a t e l y the same as the mean value for C a l i f o r n i a G u l c h sur-
f a c e water , a p p r o x i m a t e l y 1 ,000 micromhos ( u m h o s ) . S p e c i f i c
c o n d u c t i v i t y , in g e n e r a l , d e cr ea s e s wi th d e p t h .

D E / C A L G U 8 / 0 2 2 4-53



S u l f a t e i s c l o s e l y a s so c ia t ed with t h e o x i d a t i o n o f s u l f i d e s .
S u l f a t e , l i k e s p e c i f i c c o n d u c t i v i t y , d e cr ea s e s with t h e d e p t h .
The mean s u l f a t e c onc en tra t i on in the u p p e r 25 f e e t o f the
C a l i f o r n i a G u l c h a l luv ium ranges f r o m l e s s than 100 m g / 1 t o
more than 1,000 m g / 1 . The s e condary MCL i s 250 m g / 1 . Many
o f t h e p r i v a t e ( E W ) a n d n e w w e l l s ( N W ) i n t h e C a l i f o r n i a
G u l c h a l luvium exceed thi s c onc en t ra t i on , p a r t i c u l a r l y those
c o m p l e t e d in the u p p e r 50 f e e t of the al luvium.

M a n g a n e s e , z inc, and cadmium are trace me ta l s that are e a s i l y
mobile in the groundwater system; iron and lead are not very
mobile in o x i d i z e d , s u l f a t e - r i c h groundwater . M a n g a n e s e ,
z inc , and cadmium were used to de termine the extent of verti-
cal contaminat ion in the C a l i f o r n i a G u l c h a l l u v i a l groundwater
sys tem r e s u l t i n g f r o m the recharge f rom the s u r f a c e water.

M a n g a n e s e has a secondary MCL of 50 u g / 1 - Mangane s e concen-
trat ions f o r s u r f a c e water a t s t a t i on s S W - 4 , S W - 7 , S W - 9 , a n d
S W - 1 2 ranged f r o m 9 , 3 3 0 u g / 1 a t S W - 1 2 t o 2 4 / 5 3 0 u g / 1 a t S W - 9 .
Manganese concentrat ions in groundwater in the u p p e r 20 f e e t
of the a l luv ium ranged f r o m below the s tandard to as much as
1 5 , 0 0 0 u g / 1 . In th e 20- t o 5 0 - f o o t d e p t h range , manganese
c o n c e n t r a t i o n s decrea s e t o l e s s than 4 ,000 u g / 1 ; b e low 5 0 - f o o t
d e p t h s , manganese g e n e r a l l y meets t h e s t a n d a r d .

Z i n c ha s a s e condary MCL o f 5 , 0 0 0 u g / 1 . The zinc concentra-
t ions measured f r o m the above s u r f a c e water s t a t i o n s range
f r o m 2 5 , 0 0 0 u g / 1 a t S W - 1 2 t o 6 2 , 5 0 0 u g / 1 a t S W - 4 . T h e zinc
content decrease s in a downstream order; it is h i g h e s t be low
the Yak T u n n e l d i s c h a r g e and lowe s t at the c o n f l u e n c e wi th
the A r k a n s a s River. Z i n c c o n c e n t r a t i o n s in the g r o u n d w a t e r
are h i g h e s t in the u p p e r 25 f e e t o f the a l l u v i u m r a n g i n g
f r o m below the s t a n d a r d to a s much a s 3 5 , 0 0 0 u g / 1 . Z i n c
c o n c e n t r a t i o n s in the 25- to 5 0 - f o o t d e p t h range f r o m be low
s t a n d a r d to as much as 1 ,000 u g / 1 . Below an a p p r o x i m a t e
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5 0 - f o o t d e p t h , the t y p i c a l zinc concentrat ion i s l e s s than
5 0 0 u g / 1 .

Cadmium has a primary MCL of 10 u g / 1 . Cadmium c onc en tra t i on s
d i s s o l v e d in the s u r f a c e water of the f o u r comparat ive s u r f a c e
water s t a t i o n s mentioned p r e v i o u s l y ranged f r o m 104 u g / 1 at
SW-12 to 267 u g / 1 a t S W - 4 . Cadmium, l ike zinc, g e n e r a l l y
decreases with d i s tanc e below the Yak T u n n e l d i s c h a r g e .
Like manganese and zinc, the u p p e r 25 f e e t of the C a l i f o r n i a
G u l c h a l luvium contains the h ighe s t concentration of cadmium.
Concentra t i on s range f r o m below the dr ink ing water s tandard
to as much as 100 u g / 1 . Mean cadmium concentrat ions decrease
to l e s s than 10 u g / 1 in the 25- to 5 0 - f o o t d e p t h ranges and
to l e s s than 5 u g / 1 in d e e p e r p a r t s of the groundwater system.

The u p p e r 25 to 50 f e e t o f the C a l i f o r n i a G u l c h groundwater
sys t em contain me ta l s in concentrat ions in excess of drink-
ing water s t a n d a r d s . T h e s e excess ive concentrat ions re sul t
in part f r o m i n f i l t r a t i o n o f C a l i f o r n i a G u l c h s u r f a c e water.

E x i s t i n g w e l l s that exceed primary M C L ' s a r e noted a s
f o l l o w s :

o Chase S h o p , E W - 1 2 . Cadmium ranged between 65 and
1 1 6 u g / 1 f o r a l l f i v e s a m p l i n g events.

o Chas e H o u s e , E W - 1 3 . C y a n i d e exceeded 200 u g / 1 on
two occasions ( 2 0 4 u g / 1 in J u n e 85 and 203 u g / 1 in
S e p t e m b e r ) . C y a n i d e r o u t i n e l y a p p e a r s a t E W - 1 2 ,
E W - 1 3 , and o c c a s i o n a l l y a t E W - 2 9 . To d a t e , th e
source of the c on tamina t i on has not been l o c a t e d .
S e v e r a l a d d i t i o n a l moni tor w e l l s wou ld b e required
to l o c a t e the source, but unt i l c y a n i d e l e v e l s
d r a m a t i c a l l y increase , no a d d i t i o n a l work is
a n t i c i p a t e d .

D E / C A L G U 8 / 0 2 2 4-55



o M e s t a s r EW-14. A cadmium concentrat ion in June 85
of 15 u g / 1 was noted. Based on th i s p l u s a d d i t i o n a l
s a m p l i n g d a t a , EPA took action in May 1986 to con-
nect the M e s t a s hou s eho ld to the P a r k v i l l e p u b l i c
water sys tem.

o S h o e b e r , E W - 1 9 . Cadmium ranged f r o m 28 to 1124 u g / 1
over all f i v e s a m p l i n g events.

o G r u d e n , E W - 2 6 . Lead at 296 u g / 1 was noted during
the November 1984 s ampl ing ep i sode . T h i s value is
suspect since lead was not d e t e c t ed for the f o u r
subsequent s a m p l i n g events.

o Meyer , EW-32 ( c r i b b e d ) „ Cadmium ranged f r o m 10 to
15 u g / 1 on f o u r of the f i v e s a m p l i n g events.

T h e s e w e l l s , a n d o ther s , exceeded secondary M C L ' s o n several
occasions. T h e s e data are p r e s e n t e d in T a b l e s 4-20 through
4-24.

G r o u n d w a t e r a n d T a i l i n g s I m p o u n d m e n t s

S i x n e w moni tor ing w e l l s ( N W ) were i n s t a l l e d downgradi en t o f
t a i l i n g s impoundment s: one below the Oregon G u l c h t a i l i n g s
impoundment ( N W - 4 ) , o n e be low t h e semi-active L e a d v i l l e Corp-
orat ion t a i l i n g s impoundment near S t r i n g t o w n ( N W - 1 0 ) , a n d
f o u r below the three impoundments on the C a l i f o r n i a G u l c h
mains t em ( N W - 3 , N W - 5 , N W - 5 A , a n d N W - 5 B ) . W e l l water below
the t r i bu tary impoundment s contains some of the h ighe s t con-
c e n t r a t i o n s o f d i s s o l v e d m e t a l s o f any s a m p l e s c o l l e c t e d on
t h e s i t e . I n c o m p a r i s o n , w e l l water f r o m b e l ow t h e C a l i f o r n i a
G u l c h i m p o u n d m e n t s s i t e s contained several o f t h e l owe s t
c o n c e n t r a t i o n s o f d i s s o l v e d m e t a l s . T a b l e 4-25 p r e s e n t s
mean d i s s o l v e d c o n c e n t r a t i o n s o f s u l f a t e , z i n c , m a n g a n e s e ,
and cadmium in the s e s ix g r o u n d w a t e r m o n i t o r i n g w e l l s .
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T a b l e 4-25
M E A N D I S S O L V E D C O N C E N T R A T I O N S O F S U L F A T E A N D S E L E C T E D

M E T A L S I N N E W M O N I T O R - I N G W E L L S BELOW S I T E T A I L I N G S
I M P O U N D M E N T S F O R A L L S A M P L I N G E V E N T S

S c r e e n e d Mean Di s s o lv ed C o n c e n t r a t i o nM o n i t o r i n g I n t e r v a l S u l f a t e Z i n c M a n g a n e s e CadmiumW e l l ( f t B G L ) ( y g / 1 ) ( u g / 1 ) ( u g / l ) ( u g / D
NW-4 5-45 1 7 , 1 0 0 , 0 0 0 £ 7 6 , 0 0 0 1 , 3 9 6 , 0 0 0 906
N W - 1 0
N W - 3
N W - 5
N W - 5 A
N W - 5 B

10-5026-7648-10815-25160-220

2 4 0 , 0 0 061,0001 , 2 5 3 , 0 0 03 , 1 0 0 , 0 0 05 2 9 , 0 0 0

8,24014952457446

3 , 7 0 099211
1699

54U
UUU

N o t e : U = U n d e t e c t e d .BGL=Below Ground Level

M o n i t o r i n g well NW-4, "below the Oregon G u l c h impoundment ,
had metal and s u l f a t e concentrations much higher than the
mean d i s s o l v e d c on s t i tu en t s for the -Yak T u n n e l d i s charge to
C a l i f o r n i a G u l c h sur face water. T h e groundwater moving
downgradient f r o m the O r e g o i U S u l c h impoundment does not seem
t o i n f l u e n c e C a l i f o r n i a G u l c h s u r f a c e water q u a l i t y between
the NW-5 we l l nest and the NW-6 we l l nest. G r o u n d w a t e r
q u a l i t y improves ( d e c r e a s e s in m e t a l s ) in the mains t em of
t h e G u l c h between NW-2 and N W - 6 A .

M o n i t o r i n g well N W - 1 0 , downgradi ent o f t h e semi-active t a i l -
ings impoundment (now owned by L e a d v i l l e C o r p o r a t i o n ) , on a
t r i bu tary to M a l t a G u l c h , had metal c onc en tra t i on s much Tower
than the groundwater concentrat ion in well NW-4. The d i f -
f e r e n c e between the two se t s of value s is due to e i ther
d i l u t i o n by groundwat er or because of low q u a n t i t i e s of
s u l f i d e s i n t h e i m p o u n d m e n t s . C o m p a r e d " t o N W - 4 , t h e d i s -
so lved zinc to s u l f a t e rat io i s e s s e n t i a l l y the same, and
the cadmium to zinc ra t io i s w i th in one order of m a g n i t u d e .
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The three t a i l i n g s impoundments in the C a l i f o r n i a G u l c h main-
stem do not a p p e a r to s i g n i f i c a n t l y a f f e c t the water q u a l i t y
of the l e s s than 3 0 - f o o t - d e p t h groundwater sy s t em in the
C a l i f o r n i a G u l c h a l luv ium. C o m p a r i s o n o f groundwater chemis-
t r y i n moni t or ing w e l l s N W - 2 ( U p p e r C a l i f o r n i a G u l c h ) a n d
N W - 6 A ( b e l o w t a i l i n g s i m p o u n d m e n t s ) d emons t ra t e s t h e q u a l i t y
in the 5- to 3 0 - f o o t interval ( T a b l e 4 - 2 6 ) .

T a b l e 4-26
M E A N D I S S O L V E D C O N C E N T R A T I O N S O F S U L F A T E A N DS E L E C T E D M E T A L S FROM ABOVE A N D BELOW T A I L I N G S

I M P O U N D M E N T S O N C A L I F O R N I A G U L C H
S a m p l eS i t eNumber
N W - 2S W - 4S W - 7
N W - 6 A

ScreenedI n t e r v a l( f t B G L )
8-28

N A
N A
9-29

Mean D i s s o l v e d C o n c e n t r a t i o nS u l f a t e
( u q / 1 )
7 3 6 , 0 0 0
7 9 4 , 0 0 0
7 6 8 , 0 0 06 1 8 , 0 0 0

Z i n c
( y q / 1 )

7 4 , 7 0 06 2 , 5 0 05 6 , 1 2 014,800

Mangane s e Cadmium( u g / D ( u g / D
3 0 , 4 0 0 40419 ,100 2672 4 , 3 0 0 2304 ,020 53

N o t e : N A = N o t A p p l i c a b l e ( S u r f a c e W a t e r S t a t i o n s )BGL = Below Ground Level

W e l l N W - 2 , i n u p p e r C a l i f o r n i a G u l c h , i n d i c a t e s groundwater
q u a l i t y above the t a i l i n g s impoundment s . H o w e v e r , this well
m a y r e f l e c t i n f l u e n c e s o f t h e Y a k T u n n e l d i s charge . W e l l
NW-6A is a p p r o x i m a t e l y h a l f a mi l e below the nearest t a i l i n g
impoundment and a p p r o x i m a t e l y 1 , 5 0 0 f e e t downgradi en t o f the
Oregon G u l c h c o n f l u e n c e wi th C a l i f o r n i a G u l c h . H o w e v e r ,
a c cord ing to da ta p r e s e n t e d in F i g u r e 4-6, C a l i f o r n i a G u l c h
i s a gaining stream in this h a l f - m i l e s t r e t ch . N e a r NW-6A,
t h e G u l c h becomes a l o s i n g stream. T h u s , l e a c h a t e f r o m th e
t a i l i n g s i m p o u n d m e n t s c o u l d enter the G u l c h and be trans-
p o r t e d downs t r eam t o t h e area o f N W - 6 A . H e r e , they c ou ld
enter the near s u r f a c e g r o u n d w a t e r sy s t em.
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S u l f a t e , z inc , manganese, and cadmium all decrease in the
s h a l l o w groundwater f r o m the Yak T u n n e l area to below the
t a i l i n g s impoundment s o n C a l i f o r n i a G u l c h . S u l f a t e shows
l i t t l e change in concentrat ion, p r o b a b l y because it is near
the minimum concentration for groundwater in the mineralized
area. Z i n c , cadmium, and manganese concentrations decrease
by more than a f a c t o r of 5. A water chemistry comparison
with the two surface water s i t e s , S W - 4 and S W - 7 ( l o c a t e d
between the A p a c h e Energy and Minera l s C o m p a n y ' s impoundment
and Oregon G u l c h ) , indicate that the s u r f a c e water s u l f a t e ,
zinc, and cadmium al so decrease over this reach; however,
manganese increases*

The cadmium to zinc ratios of the groundwater are reasonably
constant, and s t r ong ly correlate with the cadmium to zinc
ratios of s u r f a c e water at both S W - 4 and S W - 7 . T h i s , p l u s
the increase in concentration of manganese in the s ur fa c e
water, c on f i rms t ha t , in the t a i l i n g s impoundment area on
C a l i f o r n i a G u l c h , shallow groundwater (to 30 f e e t ) i s moving
into the s ur fa c e water. The sub sur face area covered by the
t a i l i n g s impoundments i s s t r u c t u r a l l y c o m p l e x . T h i s in c lude s
several m a j o r f a u l t zones that mark the b eg inning of the
m a j o r a l l u v i a l sy s t em o f lower C a l i f o r n i a G u l c h .

Groundwater a n d S l a g P i l e s

M o n i t o r i n g well N W - 1 7 is a d j a c e n t to and upgradi en t f r o m the
m a j o r s l a g p i l e on lower C a l i f o r n i a G u l c h ; well NW-8 i s
downgradient o f the p i l e . A s p r i n g , S W - 1 0 , i s a d j a c e n t to
and downgradient o f the s l a g , but u p g r a d i e n t o f well N W - 8 .
A compari son o f the mean d i s s o l v e d c onc en tra t i on s for
s u l f a t e a n d other m e t a l s f o r th e s e three s a m p l i n g s i t e s i s
shown i n T a b l e 4-27. R e s u l t s , i n t h e order N W - 1 7 , S W - 1 0 ,
N W - 8 i n d i c a t e d : ( 1 ) zinc increased b y a l m o s t t w o order s o f
m a g n i t u d e ( 8 1 a n d 4 7 t i m e s ) ; ( 2 ) mangane s e c o n c e n t r a t i o n s
e s s e n t i a l l y t r i p l e d ; a n d ( 3 ) cadmium c o n c e n t r a t i o n s d o u b l e d .
The s l a g a p p a r e n t l y has an impact on the meta l content in
the groundwater.
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T a b l e 4-27
M E A N D I S S O L V E D C O N C E N T R A T I O N O F S U L F A T E A N D S E L E C T E D

M E T A L S I N N E W M O N I T O R I N G W E L L S A N D S U R F A C E W A T E R S T A T I O N S
BELOW S T R I N G T O W N S L A G P I L E F O R A L L S A M P L I N G E V E N T S

M o n i t o r i n gW e l l
N W - 8N W - 1 7
S W - 1 0

Scre enedI n t e r v a l( f t B G L )
16-5360-100N A

Mean D i s s o l v e d C o n c e n t r a t i o nS u l f a t e( u g / D
9 6 9 , 0 0 01 , 3 9 3 , 0 0 01,114,000

Z i n c( u g / D
21,1754433 6 , 1 1 4

Mangane s e( u g / l )
8843171,172

Cadmium( u g / D
763954

N o t e : N A = N o t A p p l i c a b l e ( S u r f a c e W a t e r S t a t i o n )BGL=Below Ground Level

D A T A I N T E R P R E T A T I O N

S T A T I S T I C S

Data management was an impor tant tool in regard to da ta inter-
p r e t a t i o n . C o m p u t e r - a s s i s t e d da ta r educ t i on was made an
in t egra l part of thi s i n v e s t i g a t i o n to assure q u a l i t y and
e f f i c i e n c y o f e f f o r t . A s a f i r s t s t e p t o s or t ing a n d corre-
l a t i o n o f d a t a , q u a l i t y - a u d i t e d l a b o r a t o r y a n a l y t i c a l
r e s u l t s were s u b j e c t e d to s t a t i s t i c a l a n a l y s i s . A d e t a i l e d
d e s c r i p t i o n of the pro c e s s is f o u n d in the S t a t i s t i c s and
W a t e r C h e m i s t r y C o r r e l a t i o n s ec t ions i n t h e I A .

T h e s t a t i s t i c a l a n a l y s e s i n d i c a t e d t h a t , i n s p i t e o f t h e
large range in c onc en t ra t i on ( v a r i a n c e ) of most i ons ,
e s p e c i a l l y the m e t a l s , many o f the ions are s t r o n g l y inter-
r e l a t e d . R e s u l t s o f t h e c o r r e l a t i o n a n a l y s i s ( a measure o f
the s t r e n g t h o f a r e l a t i o n s h i p be tween two v a r i a b l e s ) be tween
t h e d i s s o l v e d ions s u g g e s t e d that t h e d e f i n i t i o n o f a f e w
ions would e s s e n t i a l l y d e f i n e t h e behavior o f many ions.
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For e x a m p l e , iron is s t r o n g l y c o r r e l a t e d with zinc and c o p p e r .
T h i s i n d i c a t e s that th e o x i d a t i o n o f th e s u l f i d e s o f iron
( p y r i t e ) , zinc ( s p h a l e r i t e ) , a n d c o p p e r ( c h a l c o p y r i t e ) essen-

t i a l l y occurs at the same time and p l a c e . T h e r e f o r e , any
one of the se e l e m e n t s could be used to d e f i n e the general
geochemical charac t e r i s t i c s of the others. Z i n c and cadmium
are s t r o r i g l y c o r r e l a t e d , s u g g e s t i n g that d i s s o l v e d cadmium
i s p r o b a b l y coming f r o m the o x i d a t i o n of the zinc s u l f i d e
( s p h a l e r i t e ) . S u l f a t e , r e s u l t i n g f r o m t h e o x i d a t i o n f r o m
the s u l f i d e s , i s very s t r o n g l y r e la t ed to t o ta l d i s s o l v e d
s o l i d s , iron, zinc, and copper .

S u r f a c e W a t e r / G r o u n d w a t e r C o r r e l a t i o n

T h e geochemical weather ing proce s s ( o x i d a t i o n o f s u l f i d e s t o
mobi l i z e me ta l s f o u n d in t a i l i n g s , s l a g s , and other mine
w a s t e s ) r e s u l t s in m e t a l s contaminat ion to the s u r f a c e water
and groundwater in the s tudy area. A n a l y s i s of chemical
p r o f i l e s a long th e G u l c h f or s u r f a c e water and a l l u v i a l
groundwater ind i ca t e s p o t e n t i a l sources o f contaminat ion,
i.e., t h e Y a k T u n n e l , t a i l i n g s i m p o u n d m e n t s , S t a r r D i t c h ,
and areas c on ta in ing s l a g s ; see F i g u r e s 4-7 through 4-9. In
a d d i t i o n , changes in s easonal s u r f a c e f l o w and c o r r e s p o n d i n g
changes in the s h a l l o w zone of the a l l u v i a l groundwater
l e v e l s ind i ca t e an int imate connection to each other. Pump
t e s t s f u r t h e r e s t a b l i s h e d a l i m i t e d vertical connect ion be-
tween the u p p e r and lower l e v e l s of the a l l u v i a l ( h i g h ter-
race g r a v e l ) groundwater sys t em. M e t a l contaminat ion l e v e l s
t y p i c a l l y decreased wi th d e p t h into t h e a l luv ium. R e s u l t s
o f t h e p i e z o m e t e r p i p e p r o g r a m s u p p o r t e d t h e s u r f a c e w a t e r /
s h a l l o w a l l u v i u m groundwater c onne c t i on , and the p o s t u l a t i o n
that the ma in s t em of the G u l c h i s a c t i n g as a s i n g l e c o n d u i t
or p i p e l i n e a l o n g which c o n t a m i n a t e d wa t e r s are moving to
t h e A r k a n s a s River. Pump t e s t s a n d f i e l d mea sur ement s a l s o
i n d i c a t e d no s i g n i f i c a n t g r o u n d w a t e r c o n t r i b u t i o n f r o m th e
G u l c h a l l u v i u m d i r e c t l y t o t h e A r k a n s a s River.
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M A S S L O A D I N G S A N A L Y S I S

A mass l o a d i n g a n a l y s i s was under taken to d e f i n e area and
po in t sources o f contaminat ion to the G u l c h mains tem. T h i s
technique to i d e n t i f y sources of c on taminat i on is enhanced
by d e m o n s t r a t i n g the p h y s i c a l and chemical s i m i l a r i t i e s
between the s u r f a c e water and s h a l l o w a l luv ia l groundwater.

F l o w and chemistry data ind i ca t e a r e l a t i v e l y constant con-
taminant load to C a l i f o r n i a G u l c h throughout the year, prin-
c i p a l l y f r om the Yak Tunnel and the STP di s charges . Other
sources of contamination are more d i f f i c u l t to measure; these
contaminant l o a d s are generated f r o m t a i l i n g s or s p o i l p i l e s ,
s l a g p i l e s / and other areal sources. For e x a m p l e / an approx-
imation of the annual r e la t ive contribut ion of contaminat ion
f r o m the S t r a y H o r s e G u l c h area can be made knowing f l o w r a t e ,
dura t i on , and water qua l i ty over time. The same technique
can be used for other tributary f l o w s to the G u l c h mainstem.

Contaminant mass l o a d i n g s were ca l cu la t ed a long the C a l i f o r n i a
G u l c h conduit us ing measured s u r f a c e f l o w s and r e s p e c t i v e
s u r f a c e water q u a l i t y da ta f or a number o f c on taminant s .
The mass l oad c a l c u l a t i o n s i d e n t i f i e d tho se areas that con-
tributed s i g n i f i c a n t contaminant l o a d s t o C a l i f o r n i a G u l c h .
The mass load c a l c u l a t i o n s were p e r f o r m e d for each of the
f i v e p r i n c i p a l s a m p l i n g p e r i o d s ( i . e . , November 1984 and
M a r c h , J u n e , S e p t e m b e r , and November 1 9 8 5 ) . Six k ey l o c a t i o n s
in the G u l c h mainstem were se lec ted for load c a l c u l a t i o n s
con tro l . F o u r t e e n a d d i t i o n a l tr ibutary s t a t i o n s were in-
cluded f o r a n a l y s i s , when s u r f a c e f l o w s warranted th i s .
E x a m p l e mass load c a l c u l a t i o n s for manganese and sine are
shown o n T a b l e 4-28. C a l c u l a t i o n s f o r a p p r o p r i a t e anions
and c a t i o n s for a l l s a m p l i n g p e r i o d s can be f o u n d in the IA.
Both d i s s o l v e d and to ta l mass l o a d i n g s of key cat ions and
anions were c a l c u l a t e d and p l o t t e d to d e t e r m i n e where pre-
c i p i t a t i o n and s o r p t i o n were occurring in the s tream.
E x a m p l e s f o r t h e J u n e 1985 h igh f l o w p e r i o d ,
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T a b l e 4-28H A T E R A M D H A S S B A L A N C E E X A M P L E F O R C A L I F O R N I A G U L C HSAMPLING PERIOD JUNE 17, 1965

S t a t i o n M a t t e
U. Cal G u l c l iP a r k v l l e LeakY a k T u n n e l F l u m eH i l l Y a r d r luueT a i l i n g s A r e aBelow A p a c h eS t a r r D l t c l i f i n i t eOregon G u l c l iBerthod S p r i u yM i d d l e f l u n eS t o r » DrainG e o r g i a G u l c hSuper-0 S p r i n gPawnee G u l c hS t r l n g t o w nA i r p o r t G u l c hS l a g P i l e S p r i n gS I PM a l t a G u l c hLower F l u m eU p p e r A r k a n s a sLower A r k a n s a s

K a t e : N j T — H o T a v a i l a b l e o r n o t a p p l i c a b l e .
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Dry

Dry
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5.373.526.15

NA

4.93
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showing the mobile cation zinc ( t o t a l and d i s s o l v e d ) p r o f i l e s
to compare with the iron cation (which is s u b j e c t to b u f f e r i n g ) ,
are shown in F i g u r e s 4-10 and 4-11, r e s p e c t i v e l y . All p l o t s
are shown in the M a s s L o a d i n g A n a l y s i s s e c t i on o f the IA.
M a s s l o a d i n g variat ions o f cadmium for high and l ow f l o w
events are shown on F i g u r e 4-12, which d emons t ra t e the s i g n i f i -
cance of seasonal i n f l u e n c e s on mass l o a d i n g rates.

C o n c l u s i o n s that were noted f rom the mass load a n a l y s i s i n c l u d e ;

o Extensive p r e c i p i t a t i o n of iron and aluminum/ l i k e l y
as o xy-hydrox id e s , occurred in the G u l c h mainstem
when b u f f e r e d ( h i g h p H ) water, such a s t h e S T P
d i s c h a r g e , was introduced. The p r e c i p i t a t i o n can
be c on f i rmed by noting the d i f f e r e n c e s between
d i s s o l v e d and to ta l mass l o a d i n g s . To a l e s s e r
degree , other l e s s reactive cations such as
manganese and lead are a l s o b u f f e r e d , and are co-
p r e c i p i t a t e d or.sorbed with the i ron/aluminum oxy-
hydroxides .

o I n t e r p r e t a t i o n of mass load c on tr i bu t i on s of arse-
nic, l e a d , and c o p p e r are not m e a n i n g f u l because
of their ex tr eme ly low concen tra t i on s .

o Z i n c , cadmium, manganese , and s u l f a t e are best
suited f or f u r t h e r d i s cu s s i on because o f their
higher concentra t ions and r e l a t i v e l y h igh m o b i l i t y
in the environment of the G u l c h .

o T h e r e is a l a r g e increase in mass l o a d i n g s of contam-
inant s w i th in t h e C a l i f o r n i a G u l c h d r a i n a g e w i th
snowmelt that occurred in J u n e 1985.
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As demons tra t ed in the seasonal p l o t f or cadmium ( F i g u r e 4 - 1 2 ) ,
the s i g n i f i c a n c e of higher contaminant mass l o a d s due to the
J u n e 1985 peak f l o w i s ev ident . A d d i t i o n a l d a t a a n a l y s i s
must be c onduc t ed to n o r m a l i z e the c on tr i bu t i on of the
higher peak f l o w per iod to determine average annual
contaminant con tr ibu t i on s f r o m the su sp e c t ed sources.
C o n s e q u e n t l y , seasonal f l o w dynamics had to be c o n s i d e r e d .

The mass load a n a l y s i s for each s a m p l e per iod shows the con-
tr ibut ion of various contaminant sources contained in
tributary s u r f a c e waters f l o w i n g to the G u l c h mainstem.
Contr i bu t i on s f r o m these various contaminant sources were
cons idered as a p er c en tage of the d i s c h a r g e d mass load in
pounds per day at S W - 1 2 . The a n a l y s i s was conducted for
d i s s o l v e d zinc, cadmium, and s u l f a t e . The percent contribu-
tion of a source was determined by comput ing the mass load
f r o m the source and d i v i d i n g it by the sum of the mass l o a d s
f r o m all sources. The ana ly s i s was p e r f o r m e d in segments of
the G u l c h . The analys i s was a c c o m p l i s h e d by s t a r t i n g at the
d i s charge segment ( S W - 1 2 ) and p r o c e e d i n g ups tream. S e g m e n t s
on th e G u l c h were bound by: S W - 1 2 , S W - 9 , S W - 7 , S W - 3 A , and
t h e u p p e r G u l c h . F o r c l a r i t y , t h e mechanics o f t h e a n a l y s i s
are d e s c r i b e d as f o l l o w s :

1. C a l c u l a t e the mass load for all sources and the up-
stream control s t a t i o n for each segment.

2. Sum the mass l o a d s on each segment.

3. Determine the percent contribution to the segment by
d i v i d i n g the source mass load f r o m S t e p 1 by the sum of
t h e segment mass l o a d s f r o m S t e p 2 .

4 . M u l t i p l y t h e s o u r c e ' s p erc ent c o n t r i b u t i o n b y t h e segment
d i s c h a r g e to f i n d the c o n t r i b u t i o n of a source to the
segment d i s c h a r g e .
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5. M u l t i p l y the s o u r c e ' s percent contribut ion by the stream
s e g m e n t ' s d i s c h a r g e percent c on tr i bu t i on t o f i n d t h e
contr ibut ion of a source to the d i s c h a r g e of the next
downs t r eam segment. T h i s c on tr i bu t i on i s d e t e rmined by
a n a l y z i n g the downs tream s egmen t , and the d o w n s t r e a m
mass l o a d i n g rate. T h i s pro c edure i s continued for a l l
s egments up the stream. The percent con tr ibu t i on of
the lowest s e g m e n t ' s d i s c h a r g e is 100 p e r c e n t , and is
the only contr ibut ion known pr ior to the a n a l y s i s .

6. Repeat s t e p s 1 through 5 for all segments up the mainstem.

7. Repeat the above 6 s t e p s for each s p e c i f i c s a m p l e
per iod . T h e ind iv idua l percent c on tr i bu t i on s r e s u l t i n g
f r o m this a n a l y s i s for each s a m p l e per iod are shown in
t h e M a s s L o a d i n g A n a l y s i s s ect ion o f t h e I A .

The average annual percent contribut ion over the f i v e s a m p l e
p e r i od s for each contaminant by source are shown in the Mas s
L o a d i n g A n a l y s i s section o f th e IA. The average annual percent
contr ibu t i on of d i s s o l v e d zinc, cadmium, manganese, and sul-
f a t e f r o m various sources to the G u l c h are shown g r a p h i c a l l y
in F i g u r e 4-13. The Yak T u n n e l d i s c h a r g e c on tr i bu t e s about
80 percent of d i s s o l v e d z inc, 85 percent of d i s s o l v e d
cadmium, and about 75 percent of the s u l f a t e through SW-12
to the Arkansa s River. C o n t r i b u t i o n s of zinc and cadmium
f r o m the ephemeral drainage s ( such as the u p p e r G u l c h , S t a r r
D i t c h , Oregon G u l c h , e t c . ) range f r o m 1 to 7 p er c en t .

D E / C A L G U 8 / 0 2 2 4-72



••i I
: u>

S T A R R D I T C H
D I S C H A R G E F R O M

S T R A Y H O R S E G U L C H
M A L T A G U L C H

D R A I N A G E
Zn 1.9
Cd
Mn 0.2

SO4 * 3.9
S T O R M D R A I N A G E

F R O M C I T YO f L E A D V I L L E

S E W A G E
T R E A T M E N T

P L A N T
Y A K T U N N E L D I S C H A R G E
D R A I N I N G M I N I N G A R E A S

U P P E R C A L I F O R N I A
G U L C H D R A I N A G E

Zn 4.8Cd 7.0
Mn 50

SO4 = 6.1
M I S C E L L A N E O U S

T R I B U T A R Y D R A I N A G E S T A I L I N G S P O N D S
S E C T I O N 2 5 '

OREGON
G U L C Hzn a.aCd t.3

Mn 34
S 0 4 M . I Zn 1.6Cd 06Mn 12.8

S04 * 5.6

A L L V A L U E S A R E I N W E I G H T P E R C E N T .
N O T I N C L U D E D I N T H E A N A L Y S I S

F I G U R E 4-13
A V E R A G E A N N U A L C O N T R I B U T I O N O F
D I S S O L V E D C O N T A M I N A N T S T O T H E
G U L C H F R O M V A R I O U S S O U R C E S
C A L I F O R N I A G U L C H R l . L E A D V I L L E . COLORADO

•' t



S a m p l i n g Program



S e c t i o n 5
P H A S E ' I I R I S A M P L I N G PROGRAM

C o m p l e t i o n of the Phase I RI a c t i v i t i e s has p r i n c i p a l l y iden-
t i f i e d : (1) water qua l i ty p r o b l e m s a t various l o c a t i o n s in
th e s tudy area; (2) p r o b a b l e sources and r e la t ive contri-
bution of contaminants to the water sy s t em; and (3) an ini-
t ial assessment of the g e o l o g y , h y d r o l o g y , g e o h y d r o l o g y , and
geochemis try of the system. The p r o b a b l e contaminant sources
that have been i d e n t i f i e d are l imited in number: mine was te s;
t a i l i n g s impoundment s ; s l a g p i l e s ; and th e Yak T u n n e l . As
described in S e c t i o n 4, the Yak T u n n e l is the m a j o r contrib-
utor of me ta l s to C a l i f o r n i a G u l c h , and sub s equent ly to the
Arkansas River.

The f o l l o w i n g s p e c i f i c data needs have been i d e n t i f i e d t o
permit f u r t h e r charac t er iza t ion of contaminant sources:

o T a i l i n g s s t a b i l i t y and s u r f a c e chemis try.

o W a s t e dump s t a b i l i t y , s u r f a c e ch emi s t ry , and bulk
chemi s t ry . -

o S l a g s t a b i l i t y and bulk chemis try.

o Air qua l i ty to de termine i f thi s p a r t i c u l a r media
pr e s en t s a p u b l i c h e a l t h threat.

o S e d i m e n t chemis try.

o P o t e n t i a l f o r s e i smic a c t i v i t y w i t h i n t h e g enera l
area to cause f a i l u r e o f t a i l i n g s i m p o u n d m e n t s and
waste p i l e s .
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o S o i l and water qua l i ty in S t a r r D i t c h f r o m l o c a t i o n s
in c l o s e p r o x i m i t y to re s idence s .

o I n f o r m a t i o n to a p p r o x i m a t e base l ine chemistry of
s o i l s , groundwat er , and s u r f a c e water.

o T r i b u t a r y and gulch mainstem f l o w s and water
chemistry during snowmelt r u n o f f . Several
cri t ical groundwater w e l l s w i l l be monitored al so .

The f o l l o w i n g di scuss ion d e t a i l s the ac t iv i t i e s f or the
Phase II remedial inve s t i ga t i on work:

1. T a i l i n g s S t a b i l i t y and S u r f a c e C h e m i s t r y — S u p p l e m e n t a l
f i e l d w o r k was c o m p l e t e d to inv e s t i ga t e the s t a b i l i t y of
the three t a i l i n g s impoundments in C a l i f o r n i a G u l c h and
the impoundment in Oregon G u l c h . S u r f a c e s a m p l e s were
obtained f or total metals ana ly s i s .

2. W a s t e Dump S t a b i l i t y , S u r f a c e Chemis try, and Bulk Chem-
i s t r y — S u p p l e m e n t a l f i e l d w o r k p r i o r i t i z e d and inves-
t i g a t e d the s t a b i l i t y of key waste dumps that may p o s e
p o t e n t i a l t hr ea t s t o human h e a l t h and w e l f a r e . S a m p l e s
of the s e waste dumps were obtained to generate da ta on
s u r f a c e chemis try, bulk chemis try, and E P - T o x i c i t y
a n a l y s i s .

3 . S l a g P i l e S t a b i l i t y a n d Bulk C h e m i s t r y — S u p p l e m e n t a l
f i e l d w o r k obtained s a m p l e s f or bulk chemi s t ry , and
E P - t o x i c i t y a n a l y s i s . Because s l a g p i l e s were f u s e d in
p l a c e , s t a b i l i t y d a t a was not o b ta in ed .

4. Air Q u a l i t y D a t a — E x i s t i n g air q u a l i t y d a t a w i l l be
obtained and reviewed. S a m p l i n g of the mine waste s and
t a i l i n g s i m p o u n d m e n t s w i l l i n c l u d e t h e chemical a n a l y s e s

D E / C A L G U 6 / 0 0 5 5 - 2



of the minus-80 mesh size f r a c t i o n ( f i n e - g r a i n e d mate-
r i a l s ) . T h i s chemistry i n f o r m a t i o n may be used in air
q u a l i t y m o d e l s t o as se s s the p o t e n t i a l h e a l t h t hr ea t s
via i n h a l a t i o n ; air q u a l i t y m o d e l i n g could be used as a
check on the h e a l t h as se s sment r e s u l t s derived f r o m the
e x i s t i n g a ir q u a l i t y d a t a .

5. Sediment C h e m i s t r y — S a m p l e s o f C a l i f o r n i a G u l c h and
S t a r r Ditch sediments were obtained during s u p p l e m e n t a l
f i e l d a c t iv i t i e s? i n f o r m a t i o n on me ta l s content w i l l be
de t ermined.

6. S e i s m i c A c t i v i t y — A s e i s m i c i t y expert was s e l e c t e d to
provide an opinion on the po t en t i a l for seismic ac t iv i ty
within the s i t e area. T h i s i n f o r m a t i o n w i l l be used to
determine the need for a d d i t i o n a l s t a b i l i t y da ta on
t a i l i n g s impoundments and mine was t e s .

7 . Basel ine D a t a — N o base l ine data exist f or the p r o j e c t
area. S o i l s a m p l e s were obtained to a p p r o x i m a t e base-
l ine soil c harac t e r i s t i c s . No other s a m p l i n g i s p l a n n e d .

8. S n o w m e l t R u n o f f — S u r f a c e water and s e l e c t e d moni tor
w e l l s w i l l be s a m p l e d over a 4- to 6-week per i od dur ing
snowraelt r u n o f f . F l o w rates and water l e v e l s w i l l a l s o
be ob ta ined . F l o w s through mine w a s t e s , t r ibu tary and
gulch mainstera f l o w s and monitoring of the Arkansas
River c o n s t i t u t e the l o c a t i o n s for th i s program. Data
f r o m th i s a c t i v i t y w i l l be c orr e la t ed with other
Phase II d a t a t o p r o v i d e th e i n f o r m a t i o n neces sary t o
c o m p l e t e t h e overa l l s i t e F S .

S u p p l e m e n t a l P h a s e I I R I f i e l d w o r k h a s a l r e a d y been under-
t a k e n ; a n a l y t i c a l work w i l l b e c o m p l e t e d d u r i n g the i n i t i a l
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phas e s o f t h e F S . Data gathered during this f i e l d program
wi l l be s y n t h e s i z e d and p u b l i s h e d as a Phase II RI Repor t .
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