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I. INTRODUCTION
,

An intensive water quality study of the Cheyenne River

and the tributary stream, Cottonwood Creek, in the environs
.

of the Mines Development Mill located at Edgemont, South

Dakota, was conducted by EPA personnel 1/ during July 26-30,

1971. The objectives of the study were to determine andr
,

evaluate:

|'
l. Water quality conditions in Cottonwood Creek and the-

~ Cheyenne River during a period of dry weather flow.

2. Chemical and radioactivity loadings (mass / day) on

Cottonwood Creek and the Cheyenne River as the re-'
9

,
,

. --

sult of seepage-from" mill ponds.
.

- 3. Radioactivity levels in_ the water, biota and bottom
'

- sediment of Angostura Reservoir.
.

p
i. The July study was conducted at the request-of the South Dakota
u:

State' Department of Health. In this respect, the study repre- ;._r,

# sented a continuation of the support provided to the State in
I

F-
J, its long-term program to monitor and assess the environmental ;

[.-
,

impact of mill operations. Mines Development personnel were h"

r;, ,

A
~

,'

ic
a .

. t
t' '

i 1/. Radiological Activities Section, Division of Technical .

Support, Of fice of Water Programs, Cincinnati, Ohio'
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f most cooperative in providing the field team with unlimited E-

d
i ;

access across mill property and bench space in the mill labora-
-

f
-

tory.'

-[
'

n

f d The "Edgemont" mill is operated by Mines Development, Inc., [
L'

s

.

a subsidiary of the Susquehanna Corporation. As shown in Figure r
; p
. '

I, the mill is located in the southwest corner of South Dakota-

&;

; on the south bank of the Cheyenne River. A tributary to the !;
, _

v
f

; Cheyenne River, Cottonwood Creek, traverses the mill property
r,|d.
"

and is flanked on both sides by inactive sand tailings piles'

-,
'

(Figure 2). Angostura Reservoir, a recreational lake, is
..

located about thirty-five miles downstream near the city of Hot ;
,

J
Springs.

Mineral processing operations carried out at the mill in ' j
volve the recovery of uranium, vanadium, and molybdenum (a

_j

contaminant in the uranium ore) . Recovery and extraction
i

operations' for vanadium and uranium are housed in separate j

buildings. However, the two circuits are connected with the

slime tailings effluent from the uranium circuit becoming the -

feed solution to the vanadium circuit after clarification in

the mill ponds. Uranium ore is locally obtained from shaft and j
J

open-pit mines. A foreign source of ore is used as the dry feed
!

to the vanadium circuit to supplement the soluble vanadium feed i

from the uranium. circuit. During the July study, the average
.

2 -

- .
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~ ore feeds to the uranium and vanadium circuits were 400 and

15.5 tons / day, respectively. For uranium, this corresponded to
.

operation at approximately sixty percent of plant capacity,

650 tons / day.'

Pre-operational surveillance of the Cheyenne River was per-

1

i formed during February, 1956, by personnel of the South Dakota
,

^

Department of Health and U. S. Public Health Service. Four
t

.

stations were sampled: (1) upstream from the mill site at the

State Highway 18 bridge, (2) approximately 1.5 miles downstreamt

- from Edgemont, (3) at Falls Canyon and (4) just upstream from

_

the confluence with Tepee Creek. Unfortunately, since the
,,

.

mechanics of environmental surveillance were in the develop-

'

mental stages at that time, radioactivity analysis was limited
_

.
to gross procedures instead of the more definite analysis for

,

specific radionuclides. Water samples contained 10 to 40 |-

"

') picoeuries per liter -(pci/1) of dissolved alpha activity and
f.'-

_ ,
10 to 120 pCi/l of dissolved beta activity; suspended radio- !.

W activity was negligible. In retrospect, dissolved gross alpha p
ir

and beta concentrations at the upper limits of the observed i

I.,

ranges now seem unusually high for natural background conditions. L
m. ,n
V,
' Bottom sediment samples showed an average content of 10 and 15 t.

||
picocuries per gram (pCi/g) . of dry solids of alpha and beta -

activity, respectively. All the biological ~ samples (algae, f:,

.
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1
: insects, minnows and plankton) showed corresponding low con-
- I
' tu~

centrations of gross ' radioactivity. The initial post-opera-
.-;

j tional monitoring effort (June 1957) did not show levels of
_

'.$

ul dissolved radioactivity in either the Cheyenne River or Cotton- -

. . ?! .

t '
4 c

; wood Creek greater than background levels, despite a low flow,

,

"! r
drainage from the sand tailings pond to the creek containing L

!

1400 and 1800 pCi/l of dissolved alpha and bets activity, re- --4

. .. u
spectively.'
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II. SUMMARY

,

Uranium and vanadium recovery operations carried out at

the Edgemont mill generate liquid wastes and spent ore solids ,

which are discharged to a system of ponds. These ponds retain

the fine (slimes) and coarse (sand tailings) ore solids on'the
-

However, due to the permeability of the soilmill property.

_

in which the' ponds are excavated, liquid wastes are lost to the

ground and eventually reach the Cheyenne River and Cottonwood'

I Creek in the form of seepage. The impact of this seepage in
t

the water environment is the following:

' 1. Unsightly discoloration of stream bank and channel

areas by the accumulation and/or deposition of " iron-

rich" solids.
c

Although the areas so affected are radher extensive ;~^

F during low flow conditions, the only area which is
t-
t. '

_

readily visible from the State Highway 18 bridge is
!

;
-

- the seepage zone adjacent to Pond No. 2.
t.
'r-

2. Increased chemical and radioactivity concentrations
g,

(-
in Cottonwood Creek and, to a much lesser extent, the

i; .

Cheyenne River. {.~

i
'

'

.

The 1964 study showed dissolved uranium and radium-
, -
's' } i .y.

I!|$' .
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226 concentrations in Cottonwood Creek substantially
Ii

l U
|

in excess of background concentrations (30 and 100X
.,

greater, respectively) . In subsequent studies,
__

'. radium and uranium concentrations were lower; approxi- _

: r
'~

-

'~i
.

mately one order of magnitude greater than back-
- -

', ground levels. . . .

f

Consistent with the findings for Cottonwood Creek, 7.

the maximum radioactivity concentrations in the *
"

j}Cheyenne River were obtained in the 1964 study. At
- *

a location about 1.5 miles below the mill, dissolved
i
~

radium-226 and uranium concentrations were 2.5 pCi/l
,

<.- .

These values corre- janii'130 pg/1, respectively.
,

The -~

sponded to a ten-fold increase above background. . i

a

results for other studies at this same sampling
,

station and other downstream stations were substan- -

tially lower - values less than 1.0 pCi/l of radium-
. -

| 226 and 50 pg/l of uranium.

!
Flow data for the 1971 study indicated that Hat Creek has a _

I

,

decided impact on Cheyenne River water quality conditions, at

-

i least during low flow periods. During the 1971 study, Hat
4

Creek was responsible for 80 percent of the Cheyenne River J
i

flow at the State Highway 71 bridge. i
[ J
l

|

8 ,

;
.

I

|

|
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Increased radioactivity levels in the Cheyenne River down-

stream from the mill do not pose a health hazard from excessive

exposure to radiation. Obviously, the non-use of the Cheyenne

River for domestic water supply makes this conclusion a fact.

However, a comparison of the observed concentrations of radium-,

} -

226 and uranium with currently. accepted standards (Table I)-

-

also shows that the radiological quality of the Cheyenne River

~

is acceptable for drinking water purposes. Based on the radium-

226 concentrations observed during low flow conditions, it
-

seems possible that the annual average concentration of radi-

.um-226 does not exceed 1.0 pCi/1. If the Cheyenne River was

used as a regular source of drinking water, the resultant in-
'

.

take would be only 5% of the transient rate of daily intake for
i

the general population, as recommended by the Federal Radiation
--,

_
Council . (upper limit of Range II) . The fact that the maximum !

radium concentration observed in the Cheyenne River was less fv

} than the current Public Health Service guideline for radium-
g -

-7

226 in drinking water also demonstrates the absence of a poten- f
2 tial health hazard from this radionuclide.. Similarly, the dis-

,

-

j solved uranium concentrations in the river have not approached
'

;-

levels of public health significance. The maximum concentration f

-- (
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TABLE I RADIOACTIVITY STANDARDS

M:.

M.yALimiting Rate Of Jg
Daily Intake .JhDrinking Water From All Sources Recommending $Radionuclide Standard (Annual Average) Authority Q

N@ '; Radium-226 3.0 pCi/l(a) 20 pCi/ day U.S. Public Health Service
e ??

O m

0 to 2 pCi/ day-Range I ID) Federal Radiation Council S'
, .

2 to 20 pCi/ day-Range II Lp;

20 to 200 pCi/ day-Range III , | ) ('
'* Yi.

Uranium 700 ug/l(c) 0.7 mg/dayId) International Commission i
on Radiological Protection ($ |[
(ICRP) p

:n a
y 22 mg/l(c) 22 mg/ day (d) National Committee on

'

Radiation Protection (NCRP) i '1
-

s

;, s:
s .

. .~*'

(a) The limit may be exceeded if the radioactivity intake from all sources in addition to j fthat from water does not exc'eed intake levels recommended by the Federal Radiation .. ?.-
Council for control action (the upper limit of Range II) .

,

(b) Action required: 2

1(Range I - Periodic confirmatory surveillance as'necessary. )
Range II - Quantitive surveillance and routine control. *2

;

Range III - Evaluation and application of conditional control measures as necessary. (
(c) Calculated from the limiting rate of daily intake by assuming a daily intake from 4 "

drinking water of 1 liter / day and no intake from other sources. O i
(d) Based on 1/30 of the maximum permissible concentration for natural uranium for con- j

tinuous occupational exposure, the specific activity for uranium-238, an activity j p
ratio (uranium-234/ uranium-238) equal to unity, and a dai'ly water intake'of 2.2

. q.]-

j, V.liters / day from all sources. -

'

s i:. [ .pp .

e , $ %

.
_ l

. ( ~. # _ .. ~
_ e
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,
of dissolved uranium observed in Cheyenne River was about 20%~

of the ICRP standard; negligible in comparison to the NCRP

standard. (Note: To date, the more restrictive ICRP standard

has not been formally adopted by the NCRP.)
.

The contaminated reach of Cottonwood Creek lies wholly

i within the mill property with access to the general public re-

[ stricted. Therefore, the creek is not a direct source of
1
(

radiation exposure to the general public.
7. .
' Based on visual observations, sand tailings from the three

r storage areas (Pile No. 1, Pile No. 2, and Pond No. 2) are
I

<

entering the water environment by wind and/or water errosion.

'

Such off-site losses of these high-radioactivity solids is most

undesirable and should be curtailed at an early date.-
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III. RECOMMENDATIONS fi
)i
i _

l. The bottom and sidewalls of the retention ponds should be c

.i

-J.j sealed to eliminate seepage into Cottonwood Creek and the {.,
- e_,

'

*f Cheyenne' River.'; .

C
i .

2. A two phase program providing for the stabilization and '-

,.

-l _-
: ultimate disposal of sand tailings should be developed with .

.! . . c

a reasonable timetable for implementation. As a first _

'phase, immediate action should be taken to stabilize the'

huge bulks of sand tailings stored in Pile No. 1, Pile

No. 2, and Pond No. 2 against wind and/or water errosion.
._,{

~

-

.

The most desirable alternative for the second phase of the "

e

program, ultimate disposal, seems to be storage in the ex- '

cavated portions of the open-pit uranium mine operated by ,

t
I

Mines Development, Inc. -
"

3. Monitoring stations should be established on Cottonwood

Creek (at the mouth) and the Cheyenne River (downstream

from the mill) to determine the extremes in chemical and 7

fradioactivity concentrations as well as the annual average .3

radioactivity concentrations. As a minimal effort, weekly
!

J
grab samples should be collected with analyses performed

|

on monthly composites. Monitoring should be coatinued j

12
,
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- < .. ,
.

.

e- after recommendation (1), above, has been implemented to

show the sustained integrity of the sealed ponds. Dur-

ing this stage, the frequency of sample collection could
,

be reduced to monthly grabs.

4. The classification of Cottonwood Creek should be resolved,.

.s
( in regard to applicable standards, i.e., e'ffluent limits

,

I or receiving water standards. Upstream from the mill the
t

creek is an intermittent stream whereas flow in the reachp
I

( traversing mill property is maintained by seepage, possible
,

r

|
spring flow, and drainage from an abandoned railroad well.

-
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1 IV. WASTE MANAGEMENT PRACTICES
,

i
-

The waste management program conducted by Mines Develop-
__
,

- - ment essentially provides for the on-site retention of liquid -

R'
>
'and solid wastes with no direct release to the water environ-,

,

-

ment. .Briefly, liquid wastes from the uranium and vanadium
!

,o

extraction circuits are discharged to a system of process ponds f
i .

wherein volume reduction occurs by evaporation and seepage.'
~

*

,

Seepage losses are the result of pond excavation in a zone of
-

permeable soil. In order to control the total volume of re- 3

Iw
quired ponding, water is recycled for use as process water.

9
Sand tailings are stored in two unstabilized piles and two re- ;

tention ponds. An areal schematic showing the locations of the i

ponds and the sand tailings piles is presented in Figure 2.

Operational functions of the various ponds are summarized , a

in Table II.. The flow scheme for the pond system is the follow- )

:
o

ing:

1. Slime tailings and sand tailings from the uranium cir- _

cuit are discharged to Pond No. 7, a pond functioning j
a

as a retention and sedimentation basin.

2. Clarified vanadium-bearing liquor (blue liquor) is J

pumped to Pond No. 3. !

..

14
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# # TABLE II MILL PROCESS & RETENTION PONDS *

i
.

3

q .

Pond Use
' h;bv e

PastI Pond Current

1. i
. jjg No 1 Disposal of raffinate from Retention of slime tailings from9 i

the vanadium extraction circuit. the uranium circuit.

Disposal of vanadium raffinate and 3w. . No 2 Sand tailings storage.pg. retention of slime tailings.
li

[k'I.
No 3 Storage basin for vanadium- Retention of slime tailings.

th
~ bearing liquor (blue liquor) .

.

'f h - No 4 Not in use.
" Polishing" sedimentation basin forn

vanadium-bearing liquor.
@l,' y
.c
l b. . Retention and storage of' slime Same as current use except for the

No 7(j)
tailings and sand tailings; storage of sand tailings.

;g sedimentation basin to pro-
Q.
'h

duce clarified b1_ue liquor.

~

No 8 Contingency.

- g":

Ff No 9 Not in use.

$Wh|.
No 10 Contingency.

10$.y%

U,E
li

'
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h
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I 3. Clarified blue liquor is. pumped from Pond No. 3 to ._

i the head-end of the vanadium extraction circuit.

4. Vanadium raffinate is discharged to Pond No.1.

There is sufficient flexibility built into the pumping system --

I !
c. ; to transfer liquid between any two ponds, including the two ponds

~
'

-

: which are in standby condition.
-

i
.,

'

| Until the weekend of August 27-28, 1966, Pond No. 2 was -
'

;

used for the storage and retention of slime tailings and
'

'

,

vanadium raffinate. At that time, the discharge of repulped
_

,

sand tailings was diverted from Pile No. 2 to' tliis pond. This -

was an attempt to seal the bottom of Pond No. 2 with ore solids;
_

,

. .;

thereby stopping the seepage into the Cheyenne River at the base j

of the bank. The resultant mass of sand tailings stored in this j
j

area rises above the original elevation of the pond surface.
I

Based on visual observations, the tailings appear to be drifting .j

toward Highway 18 and down the river bank with perhaps some
_

level of entry into the Cheyenne River. This was anticipated

|
when it was noted in the report on the 1966 study that " storage J

l
l

of sand tailings in Pond No. 2 does present this somewhat un-
"

|

| desirable feature of placing the sand directly on the bank of the
i i

B

Cheyenne River." .J

Sand tailings Pile No. 1 is contiguous with Cottonwood I

.]
Creek for a distance of several hundred feet (conservatively

16 -
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.

estimated). Therefore, there is undoubtedly some loss ofa

solids to the creek as the result of errosion during a period

of high runoff and wind transport. Although the bulk of sand

2 is located at much. higher elevation thantailings Pile No.

the channel of Cottonwood Creek, there appears to be sloughing
7- of material from the pile onto the flood plain. In essence,

sand tailings from the inactive piles are probably reachingr
i

the Cheyenne River with subsequent transport downstream into|-

, . .

Angostura Reservoir..
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V. PREVIOUS WATER QUALITY STUDIES r'

N
| -

.

Short-term field studies to monitor water quality condi- O

-.

,) tions in the Cheyenne River and Cottonwood Creek have been con-
-

.

i
,

ducted on five occasions since the initial 1957 post-operational L
,

study: October 17-18, 1962; August 6-7, 1964; September 7-9, .~]
'

:!
1966; carly December, 1967; August 15, 1968. Thase have been .

f ~l
J,

cooperative investigations between the South Dakota State De--

partment of Health and the Environmental Protection Agency (a) ,

For all studies, the radiochemical analyses were performed in
7
J

EPA laboratories. In the case of 1966 study, water and bottom
_

sediment sampling was a cooperative undertaking. State personnel
-

were solely responsible for sample collection in the other
&

studies. A list of the stations at which water and bottom sedi- -

ment samples have been collected in the course of these studies
-

is given in Table III. ,

The results of the physical and chemical analyses of water -

samples are summarized in Tables IV and V'. Similar data for
..

,

the seepage samples collected during the 1966 study are pre-

(a) Organizational predecessors of the Office of Water Programs,
Environmental Protection Agency. That is, th e U . S . Public

'

Health Service (Division of Water Supply and Pollution Con-
trol), the Federal Water Pollution Control Administration

!
and the Federal Water Quality Administration.

18
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| TABLE III CHEYENNE RIVER AND COTTONNOOD CREEK SAMPLING STATIONS

.

v i .-

j Station Description*

.il .

[' 1 Cheyenne River just upstream from the Highway 18 bridge outside of Edgemont.
i

.. 2 Cottonwood Creek at the pedestrian bridge; 200 feet above sand tailings Pile
ffq No. 1 and just south of the fence that forms the south boundry of mill property.

"

3 Cottonwood Creek several hundred feet upstream from its confluence with they

Q Cheyenne River; downstream from sand tailings Pile No. 2.

I59 ;

Q) 4 Cheyenne River between the Cottonwood Creek confluence and Pond No. 1.
(FF
!)7L 5 Cheyenne River about 1.5 miles downstream from the mill,
v .s

iiI
t# 6 Cheyenne River at the Highway 71 bridge.
f g
v. . e
J 7 Cheyenne River in the headwaters of Angostura Reservoir; 0.5 miles downstream
.fj in Tepee Canyon.

n

8 Central portion of Angostura Reservoir.{
N
6- 9 Cheyenne River about 0.25 miles below Angostura Dam.
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TABLE IV DISSOLVED RADIOACTIVITY IN CHEYENNE RIVER p
AND 3}.

' ,[!E-2COTTONWOOD CREEK WATER SAMPLES .

; e. . .;r.

L:^
'2;,

Dissolved Radioactivity @;
+rn

Gross Alpha Gross Beta Radium-226 Lead-210 Uranium Thorium g,.

Station (pci/1) (pci/1) (pci/1) (pci/1) (uq/1) (uq/1) - :

---- --- -- ---- g{W1 - 1962 12 55 g.
171964 -- -- 0.26 ----

-Gf.
---

%1966 15 61 0.25 0.6 12 ----

O.10 0.9 13 N.D. 5..1967 -- --

7 N.D. $-1968 -- -- O.10 ---

c ), i.

a[i
,

D,'2 - 1962 9 -- ---- --- -- ----

51::-1964 -- - 0.26 --- 7 ;----
,1,u
afilO 1966 17 163 0.10 0.7 18 -----

8 U,1967 -- ,-- ---- --- -- ----

-- -- 0.11 --- 18 N.D. U h.-1968
.: .;. .

c. .. s-

MCottonwood

b- 5%kCreek at the
seepage zone yL'
adjacent to ;.~i;
Pond No. 7 ki

k e"0.86 --- 100-200 (a) ---- j y,,(1968) -- --

%,

h $
n !

(a) Analytical difficulty prevented reporting of a specific concentration.
. c
] f

N.D. - Not detectable, i.e. net counting rate less than two standard deviations counting rate y ,;f
-

1 F.,
s. i,..

g, .
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/f%[ TABLE IV (Continued) DISSOLVED RADIOACTIVITY IN CHEYENNE RIVER -

fAc'
'

AND
S Ye' COTTONWOOD CREEK WATER SAMPLES
QM
Td.:'gn
h Dissolved Radioactivity

JK Gross Alpha Gross Beta Radium-226 Lead-210 Uranium Thorium

1 p/?v Station (pci/1) (pCi/1) (pci/1) (pci/1) (pg/1) (pg/1)
. .

Y:p
J. . ' Cottonwood -,

s
+.

Uh, Creek at the
,w

f;[ seepage zone
,i adjacent to

jjj sand tailings
< d. Pile No. 2
[;-f, . (1967). -- -- 0.60 N.D. 53 2.3
e
;a w
!o.,a 3 - 1962 48 180 ---- --- -- ----P

in. 1964 -- -- 24 --- 550 ----

Fc 1966 1 53 1.6 1.2 49 ----

|i'
i}k
f 1967 -- -- 0.60 N.D. 64 5.7

g". -- -- 0.46 --- 12 5.01968
.

-A

h., Cheyenne River >

d. (4
adjacent toV

44) Pond No. 2W
g@.

seepage zone
1964 0.26 4 ----, -- -- ---

1966 14 -- 0.50 4.7 18 ----

1 1967 -- -- O.10 0.2 26 ----

}9c,}; ,+
-- 0.27 --- 15 ----h, 1968 --

;v

|YY ,s
, A A'
g 4 i

!k.
I: 4

k,h
;y_

.1 t. ;-r . - ut,w,
-- -- _. - . . . . -

,
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t
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TABLE IV (Continued) DISSOLVED RADIOACTIVITY IN CHEYENNE RIVER 'Mf
' Si ~AND ' a .. r

COTTONWOOD CitEEK WATER SAMPLES
.#"M .- 4 |
-

( ;y, s.Se
..e - ,

Dissolved Radioactivity I h;'f "

Gross Alpha Gross Beta Radium-226 Lead-210 Uranium Thorium fjU
Station (pci/1) (pCi/1) (pCi/1) (pci/1) (uq/1) (uq/1) ' EI'! ~

r ?8'.

hi
O.c |.14 - 1966 15 50 0.29 --- -- ----

. s.

| Nji1967 -- -- ---- --- -- ----

, f '.,
~

10 N.D. ' . .0.441968 -- -- ---

,9d{$v
5 - 1962 11 56 ---- --- -- ----

41
130 #2.51964 --------- --

d[[|1966 9 127 0.50 0.2 26 ----

)1;'b? .U 6 - 1962 20 -- ---- --- -- ----

,' l j .80.441964 -- --
-------

$1
? fh,1966 5 101 0.30 E.D. 13 ----

.[-- -- O.40 N.D. 19 8.51967
' e v... ~

h|, F7 - 1962 3 37 ---- --- -- ----

j1966 5 51 0.26 0.1 9 ----

. .-) .1(i
,

'

8 - 1966 5 23 0.14 --- -- ---- - . -

a
'.t -

4.

' '

9 - 1966 3 29 0.28 0.1 13 ----

r &
)

.

>

1
'

s . .
.

'

j,

h { '
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M 3 TABLE V CHEMICAL AND PHYSICAL CHARACTERISTICS OF

,,

. -.' CHEYENNE RIVER AND COTTONWOOD CREEK WATER SAMPLES
'

.

O
:.' Dissolved Susp. Total

,( Solids Solids Iron Sulfates Nitrates pH Vanadium
,

i *, Station (mq/l) (mq/l) (aq/1) (mq/1) (mq/l) (uq/1)
.

. Yf.' e, 1 - 1962 3552 .-- -- ---- ---- -- ---

Ei/ 1964 ---- -- 36 2140 0 7.8 - 8.0 ---

A
ift 1966 3098 28 -- ---- ---- -- ---

{k 1967 <100 3---- -- -- ---- ---- --
, ,

{} 1968 (20---- -- -- ---- ---- --

Na
3 g, 2 - 1962 4160 - -- ---- ---- -- ---

(r i ; ~-D 1964 20 2350 0 7.0' ------- --

iu 1966 4112 39 7.3 ----- ---- ----

[$ u 1967 -__- -_ -_ ____ _-__ _- ---
,

r!;p.:
w

( 201968 ___ __ __ ____ ____ __

%
k Cottonwood *

vtb;+h Creek at the'

$Y.
di seepage zone

h adjacent to ,-
,

h-
,

Pond No.-7 * -

(2044; (1968)%
-- --~---- ---- ---- --

-

Id I
+
m. .
s

:
-?
1

&

. ,-. .

i m' -1
$
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TABLE V (Contined) CHEMICAL AND PHYSICAL CHARACTERISTICS OF
CHEYENNE RIVER AND COTTONWOOD CREEK WATER SAMPLES 17~.;|

s.-

f .P.! . .,
Wr3

Dissolved susp. Total 'p , '
'

Solids Solids Iron Sulfates Nitrates pH Vanadium
.

h
Station (mq/1) (mq/1) (aq/1) (ma/1) (ma/1)

_
(uq/1) 'dd .

'.;;,. n.
O 8. .o^3,,

Cottonwood

[ M ''
Creek at the '

$i.seepage zone
adjacent to 'N'.

sand tailings :Y's
Pile No. 2 -Wi

(100 k(1%7) ---- -- -- ---- ---- --

h*
'

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

f'7
3 - 1962 5328

% 1964 --- -- 67 2400 0.29 6.4 ---

1966 6286 268 6.3 ,4-- ---- ---- --- -

(100 j f.1%7 ---- -- -- ---- ---- --

(20 21968 - -- -- --- --- --

Cheyenne River
'

0,1
'

adjacent to Ip-
.w{?iCPond No. 2

seepage zone c *.

f(1%4 196 3240 0.36 6.0 '---- - - --

1966 19500 178 -- ---- ---- 6.5 :; , d .---

(100 Blib '1%7 ---- -- -- ---- ---- --<

| 1968 (20--- -- - ---- ---- --
,
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j-h TABLE V (Continued) CHEMICAL AND PHYSICAL CHARACTERISTICS OF
.

~

f]!j CHEYENNE RIVER AND COTTONWOOD CREEK WATER SAMPLES

i$U

g:g]j.
p Dissolved Susp. Total

j Solids Solids Iron Sulfates Nitrates pH Vanadium
Station (mg/l) (mg/1) (mg/1) (mg/1) (mg/l)

___
(pq/1)

t $p..g; .
}d1 4 - 1966 3556 21 -- ---- ---- -- ---

}N3 1967 ---- -- -- ---- ---- -- ---

I. Tf.: 1968 ---- -- -- ---- ---- -- ( 20.

tr..eso
l .e, ' 5 - 1962 3624 -- -- ---- ---- -- ---

'Y. 1964
s *z

-- 42 3667 1.52 7.4 -------

s7:' 1966 3538 6 -- ---- ---- -- ---

11r.f

?dI 6 - 1962 3084 -- -- ---- ---- -- ---

1%' 1964 ---- --u 47 1593 0.10 7.8g ;+j ---

V'gj . 1966 -2664 5 -- ---- ---- -- ---

!b 1967 ( 100---- -- -- ---- ---- --

!. s,>

[h;
C 7 - 1962 824 -- -- ---- ---- -- ---

; 1966 1558 37 -- ---- ---- -- ---

g.
Av
su 8 - 1966 1656 2

.
-- ----

If
---- -- ---

i3 9 - 1966 1668 3j. . : -- ---- ---- -- ---

q
i .*
t$
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s.
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I sented in Table VI. Although data for the 1962, 1964, and 1966
"

!
4

; studies were the subject of a previous report, these data are
^

~].

included herein to maintain continuity and to present the com- 4

.i plate historical record, particularly for comparative purposes. ['

u;

1 As shown in Table IV seepage into Cottonwood Creek re- _,

!

| sults in significant degradation of water quality. The specific -

reductions in chemical, physical and radiological quality were
_

,

..,
,

i the following: .,,

'\:,,
'''

1. Significant increases in the concentration of dissolved
,

..

gross alpha and beta radioactivity, radium-226, urani-'

um, and lead-210. The maximum concentrations of ,

|i
"

radium-226 and uranium were observed in 1964. These

values, 550 pg/l of uranium and 24 pCi/1 of radium- -

226 were approximately 30 and 100 times the respective
'~

background levels.

2. Increases in the dissolved solids and total iron (dis- f
..>

solved) concentrations. ;

!
-J

3. pH decrease. -

4. Discoloration to the extent that the creek has been

described as " running red" on occasion. This was con-

sidered to 'be attributable to a chemical reaction be-

tween the natural water and the iron-bearing seepage.

26 ,
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j TABLE VI PHYSICAL AND RADIOLOGICAL CHARACTERISTICS OF SEEPAGE SAMPLES *

,

"

Dissolved Radioactivity-

# Gross Gross Dissolved
Alpha Beta Radium-226 Lead-210 Uranium Solids

Description ~(pCi/1) (DCi/l) (pCi/1) (pCi/1) (uq/l) (mq/1) pH
..

,
.

'

Seepage frosa
r. i bank of cotton-
[g wood Creek
{3t; . adjacent to
?R Sand Tailings

, ').

h) Pile No. 2 148 187 32 0.8 175 8212 6.3 to
{d4 6.7
e

h'ar: Seepage from

k[d
[ bank of Cheyenne

U River upstream
,

i$ from Pond No. 1 35 342 1.4 0.4 89 21,800 5.7
'4
>-
.y''

h,5
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Presumably, iron-bearing precipitate was formed which.
d":

'

s e

.! gave the stream a red to reddish-brown appearance when
! -,

suspended and transported in the liquid phase. d.

.

.j ~

, C. l Although the flow in Cottonwood Creek is intermittent in n'ature I
1 -

!?
w

~

upstream from the mill, seepage or a combination of seepage and-'

~-

, .- e
.

spring flow apparently maintain flow in the creek throughout a

.

1, the reach on mill property. Intermittent flow appears to be
[]l .' Li . .

the reason for the finding of maximum concentrations du' ring the'

,,,

; 1964 study. There was no observable flow upstream from the see- ..
,

page zone in 1964 - the only study period for which such n con- ],

dition was noted. Correspondingly, the differences in concentra-
,

'

tion increases indicated by the five studies are, considered to 'be -

]more a function of specific flow conditions and the dilution " -

-,

provided rather than differences in seepage flow or quality.
/

Several factors indicated the proces.s and-retention ponds ~'

>
)

were a major source of the seepage entering Cottonwood Creeki
_.

the extension of the zone of active seepage to bank height (s) .,

|.

substantially above the water surface, accumulation of reddish- ;"

./ ')
brown deposits in the seepage zone considered to be indicativ'e

i
of high iron content in the seepage, and the physical and .

i

f

radiological characteristics of the seepage samples. Thd high ",
radium-226 and uranium concentrations (Table VI) low pH, and

.

v
< '
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'

implied high iron content of the seepage samples were consis-

tent with the physical and chemical composition of the vanadium

raffinate and vanadium-bearing liquors held in the ponds. These

ponded liquors were characterized by low pH values (2.0 to 2. 5) , -

dissolved radium-226 concentrations in the range of 60 to 300

! pCi/1, and dissolved iron concentrations in excess of 500 mg/1.
,

[ Another possible source of seepage in 1966 was drainage-

_
from sand tailings Pile No. 2 since the pumping of repulped

.

tailings (50% slurry) was terminated only two weeks before thei

study. Moreover, mill personnel believed that as far as bulk

flow into the creek was concerned, an underground spring rather
i

-

I

than pond seepage or tailings pile drainage was the causative

agent. If an underground spring is responsible for sustained
,

flow in the creek, the water quality conditions in the creek in-

~

dicate that the spring flow is contaminated by. pond seepage.
,

_

The adverse effect of seepage from Pond No. 2 into the
.

~ Cheyenne River was the unsightly discoloration of.the stream

"
bed at the base of the bank and for some distance downstream.

|-Although the 1966 water samples from this location showed in-

'
;r creased radioactivity levels (Table IV) ,. . the results were

L; ' '

judged to be representative of partially diluted seepage perco-
' -

,

r-
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1ating up through the stream bed; not stream quality. These

t

i samples were collected from a channel of flowing water adjacent m
: a

.

to the dike, but separated from the main channel by a sand bar.

's As such, the indicated change in radiological water quality rep- f
M

'

'

. | ~

, ]
resented only a minute fraction bf- the Cheyenne River flow at

c
j this site.

I Seepage into the Cheyenne River at a point just upstream * [
.

~ from Pond No. 1 contained concentrations of dissolved radium ,,
^

"]
,

;
and uranium in excess of surface water background levels (Table-

i
,

VI). However, the concentrations were much lower than those
_

_
found in the seepage flowing into Cottonwood Creek - an order _

.-

'
' -of magnitude less for radium-226. The seepage had no effect

-

on Cheyenne River water quality because the observed flow was '
,

only trickle. ,

.!
'"

Downstream from the confluence with Cottonwood Creek, the ,

.

Cheyenne River showed recovery to nominal or background levels ]
in the vicinity of Station 5 or 6. Consistent with the find-

ings for Cottonwood Creek, the maximum results for dissolved 2

radium-226 and uranium concentrations in the Cheyenne River were

observed in the 1964 study - 2.5 pCi/l of radium-226 and 130 pg/l ;

i
J

of uranium. This is in contrast to the results of the other
1

studies which have shown radium-226 and uranium concentrations j

30
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in the river to be only slightly in excess of background-

.

levels. For example, with exception of the 2. 5 pCi/1 result,

'

the maximum radium-226 concentration was 0.5 pCi/1 at Station

5 during the 1966 study. .

Chemical and radioactivity results for bottom sediment

samples are presented in Table VII. Although the vanadium re-
-

~ sults indicated somewhat higher levels in the seepage zone of
.

Cottonwood Creek, the finding was not considered definitive in

F
terms of providing positive identification of vanadium liquors'

" as a major source of seepage. This was due to the limited num-

_.

ber of samples analyzed and the relative insensitivity of the

analytical procedure. Similarly, the iron data did not provide

"
a qutntitive-type illustration of the bank and channel discolora-

s

_
tion. This was, in part, attributable to the method of sample

collection. Sediment samples were collected in a manner such ;
-

that they were representative of the average condition at each |

location and were not limited to the collection of obviously I

w discolored material (unless the discoloration was distributed
}*

,

,.

across the channel width). .

. . .

Radium-226 and uranium concentrations in the bottom sedi-

J ments showed the same contamination pattern as that exhibited .

..

by the corresponding results for water samples. That is, the
4._.

.

se

[.]
,
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TABLE VII RADIOACTIVITY CHEMICAL CONTENTS OF .M.

7BOTTOM SEDIMENTS FROM THE J VC'w
CHEYENNE RIVER AND COTTONWOOD CREEK .J,,b -

, :.

Gross Alpha Gross Beta Radium-226 Uranium Vanadium Iron | ,.ib
Station (pCi/g) (pCi/g) (pCi/q) (pq/q) (pq/q) (pq/q) c/d'

.;.yn, -
-

,.

)Ib1 - 1962 7 37 .--- --- --- ----

1964 1.4 2.4 4>5 .
-- -- --- ----

1966 5 18 1.2 --- --- ---- co-.
1 r.:1967

!].{ j
-- -- --- --- --- ---- -

.

1.2 0.6 (50 47201968 -- --

-x 1
2 - 1962 70 195

4.4 5.6
- J * l, ',.

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

1964 -- --

.

4 .'.
--- ----

(50 >2500 f1966 7 41 2.0 ---

d 1967 -- -- --- --- --- ---- cd
2.3 2.2 60 8180 Id$1968 -- --

t;,
J

p%r \.
e

Cottonwood .

:3
Creek at the ~ 5) *

' o> cseepage zone :fc.
adjacent to M-
Pond No. 7, fifj;
(1968) -- -- 7.9 2.7 (50 9530 p4-

5:.; .
S.

{y k '
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k TABLE VII (Continued) RADIOACTIVITY CHEMICAL CONTENTS OF ~ *
,

,

f- * * BOTTOM SEDIMENT FROM THE
CHEYENNE RIVER AND COTTONWOOD CREEK

~ Gross Alpha Gross Beta Radium-226 Uranium Vanadium Iron
. Station (DCi/q) (pCi/q) (DCi/q) (uq/q) (pq/q) (pq/q)

'

Cottonwood

If Creek at the .I
'

seepage zone

$ adjacent to

.} ? sand tailings

j( jJ' Pile No. 2
1966 55 61 12 --- --- ----

hfS 1967 15 9.5 310 >2500-- --

?. *
Ij $ 3 - 1962 124 195 -- --- --- ----

't j. 1964 -- -- 74 62 --- ----

; p 1966 55 61 12 --- --- ----

45 6.5 190 >25003 j 1967 -- --

'. 1968 31 8.5 90 6350-- --

Cheyenne River
.fg.:; at base of '

~W Pond No. 2 -

f; dike
-- -- 1.1 - 9.3t, 1964 --- ----

L '' 1966 4 24 1.0 --- (50 1550f

1.8 1.9 (50 >2500m ? 1967'
-- --

f 1968 1.1- O.6 (50 1890-- --

/

k

: .
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s

/i}h:en
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TABLE VII (Continued) RADIOACTIVITY CHEMICAL CONTENTS OF . ;C ? <'.r o-

BOTTOM SEDIMENPS FROM THE 'j;p
CHEYENNE RIVER AND COPTONWOOD CREEK N

' [dj* -

Gross Alpha Gross Beta Radium-226 Uranium Vanadium Iron . .{U.

Station (pCi/q) (pCi/q) (pci/4) (uq/q) (uq/q) (uq/q) N% ',[
i * * . 'ff.

. . ?) ' ..

<50 1875 di-4 - 1966 11 33 2.9 ---

~

C .

1967 -- -- 3.7 2,2 <50 1970
1968 2.7 1.6 60 3010

. ..ld
e-- --

$g}.
:

45 - 1962 14 64 :n y--- --- -- ----
.

M1964 -- -- 3.9 11 -- ----

kJ1966 15 25 2.7 --- -- ----

1968 2.1 1.5 ( 50 3150 %-- --

|' ' .\ ..
--- --- -- ---- )ki.[ j6 - 1962 13 91

$ 1964 0. 9 * 1.4 .l(Q
~.

-- -- -- ----

1966 7 24 1.7 ( 50 1075
- @U i '
'

--

'

1967 0.9 0.9 (50 825-- --

'F;',

ji
7 - 1962 11

~
.

47 gg!--- --- -- ----

1966 8 31 1.7 g--- -- ----

I8 - 1966 6 32 1.5 ( g ,'--- -- .----

-

9 - 1966 4 17 1.3
.

--- -- ---- , c
,, a

>
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highest level of contamination occurred in Cottonwood Creek

with concentrations ranging from 12 to 74 pCi/ gram for radium-

226 and 7 to 85 pg/ gram for uranium (Table VII -Station 3) .

- These values are in comparison to background concentrations on
,

the order of 1.0 to 2.0 pCi of radium-226 and 1.0 to 2.0 pg of

! uranium. In the Cheyenne River, the sediment concentrations

.[ decreased to background levels in the reach between Stations 5

and 6. Radium-226 and uranium concentrations at the pedestrian

bridge across Cottonwood Creek (Station 2) were slightly greater '

than background levels. A possible explanation is periodic

'

contamination of this location by windblown sand tailings from
-

[ Pile No. 1 (located several hundred feet downstream).
'

Radium-226 results for fish collected from Angostura Reser--

I
voir during the September, 1966, study are shown in Table VIII.

c- -

Based on a comparison with similar results for fish collected at ;

i
- locations upstream from uranium mills in the Colorado River '

a
Basin, the Angostura fish were at typical background levels.

I

This was consistent with the background level of dissolved ra-
_

dium-226 in Angostura Reservoir.
__

s .

d f' '' .
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$@d'5'",TABLE VIII RADIUM-226 CONCENTRATIONS IN ANGOSTURA RESERVOIR FISH
SEPTEMBER, 1966

dih ,
'IM #Radium-226 in Flesh . Radium-226 in Bone :

Live Weight of ilMs

)N'}'|^
Composite Sample pCi/ gram pCi/ kilogram pCi/ gram

.hf.
.
.

Species (a) (gram) Ash Weight Wet Weight Ash Weight

e. -
f,c'[,4

'"

Black Crappie ,

0.08 @ 6 ig-(3) 105 0.06' O.75
c,,,.-
.d:. r[ j..
t

Bluegill
(6) 151 0.04 0.52 0.07 j f

Aq'

N(Ig:
'

Ringed Perch
S(48) 727 0.47 (b) 5. 3 (b) 0.10 . gf:

w
m ,-g i ,

I.N,,;.*

,7 I

M,dp| -y
[ dh . '
, a.3 t.,

(a) Number in parentheses refers to the number of fish in the composite sample . .b} -;
*

'!(b) Probably high as the result of the fusion of the sample 'with the porcelain dish
during dry ashing. }
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VI 1971 FIELD STUDY
r

The July 1971 field study was conducted by personnel of the
-

Environmental Protection Agency (Radiological Activities Sec-

tion, Of fice of Water Programs) in cooperation with the South
c

i.
Dakota State Department of Health. Sampling extended over the

-.-
! five day period of July 26-30.

.

"- STUDY PROCEDURES

-

Sampling stations on the Cheyenne River and three tribu-
-

taries, Cottonwood Creek, Hat Creek, and Cascade Springs, are

,~ listed in Table IX. Water samples were collected daily at
,

I
t,

the Cheyenne River and Cottonwood Creek stations (excluding
'

Stations 9 and 10) whereas single grab samples were collected

from Hat Creek and Cascade Springs. Bottom sediment samples' ,

s"

were collected once at each station during the study period. t
J

. _ ,

J Staff gages (rated with a pygmy current meter) were used t.
.-

t'

t5 meter the flow in Cottonwood Creek at each of the three j~~

|L >

fsampling stations. The permanent gaging stations of the U. S.
e.

Geological Survey were used to obtain the flows in the Cheyennez

7 River above the Edgemont mill and downstream at the State High-
d ;.-

way 71 bridge. Flow in Hat Creek was also obtained from a -

.,

.

- U.S.G.S. gaging station.

.
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TABLE IX ' COTTONWOOD CREEK AND CHEYENNE RIVER R
SAMPLING STATIONS - 1971 ; Cff.h

.{ --L

| Station Description ?ic? , .
,

y'.
.

1 Cheyenne River just upstream from the State Highway 18 bridge outside Jhij
of Edgemont; at the railroad bridge. . p:P

?b
2 Cottonwood Creek upstream from mill property at the county road bridge; Q ..!h -

,

.

off State Highway 52. "g
$$ I.';

;

' *
3 Cottonwood Creek at the road culvert; downstream from sand tailings

,n' :i .
:

Pile No. 2.
.! e

'' $ j -.

4 Cottonwood Creek at confluence with the Cheyenne River. f;i ,
. ;. n
e . . .

3

5 Cheyenne River about 1.5 miles downstream from the mill. 7 ii'
w 3 .9
oo ,. .-

6 Cheyenne River about 6 miles downstream from the mill; at Gull Hill Park. I
a

. k. .k
7 Cheyenne River at ford on County Road 11. 4g<

!Nff-
8 Cheyenne River at State Highway 71 bridge.

9 Cheyenne River in the headwaters of Angostura Reservoir. I4d
. 15$s

10 Cheyenne River below Angostura Dam. 6 I,
p 1.
n :

11 Hat Creek. ': ).,

~
> [p

. . ,

12 Cascade Springs. '? ;
'

.

n ,

2 N,
'

*

{ ;.

* )" 1s .-

l.: .

''
i
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In addition to the collection of samples at the main-

stations on Cottonwood Creek and the Cheyenne River, bottom

sediment samples were also collected in the following areas:

(a) Cottonwood Creek:

Six locations between the pipeline suspension bridge
__

= immediately upstream from sand tailings Pile No. 2'

and the pedestrian footbridge. Sampling locations -i

were selected to assess the variations in radio-
I

.[ activity concentrations.throughout this previously

~

unsampled reach.

(b) Cheyenne River:
'

Along the edge of the river channel extending fromu
f

![ the downstream edge of . Pond No. 1 for-a distance of
.

!L
approximately one mile downstream (seven samples) . )

+r1
b This area was characterized by. reddish-brown discolora- f

f
", tion. [.

t
f: - .-:

_

Thirteen . soil samples were collected from'the bank and dry stream [ ~'

bed adjacent to Pond No. 2.r-

t'
h Seepage samples were collected at four locations by ex-:

: D.

cavating small collection basins in the bank proper:

| {.
. ,

:b (1) Cottonwood Creek jus't upstream from the pipeline sus-

pension bridge (at the bank-stream bed interface) .;b-

i..
I !

L 39 [
6
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(2) Cottonwood Creek several hundred yards upstream from c
s

l the pipeline suspension bridge (approximately six
"'

l
feet above the water level in the creek) . ,3

't

(3) Cheyenne River just upstream from Pond No. 1-(approxi- -

. i:.
'

mately two feet above the stream water level) .
n

(4) Cheyenne River about 1 1/2 miles downstream from the
,

.-

i

mill (just above the stream water level) . (i

i -

The collection basins were allowed to flush overnigh't and th'e ~
~

~

'

--

.$ samples collected the following morning with a polyethlene

beaker or glass pipette. At the base of the Cheyenne River bank -

.

adjacent to Pond No. 2, seepage was collected from a natural
n

i

depression in the dry steam bed. .j

Water and bottom sediment samples were collected from , j
,

,

Angostura Reservoir at thirteen locations, providing couplete

coverage of the impoundment. At each station, the water column m
i

,

'was sampled at the surface and near the bottom. Fish samples
a

for radiological analysis were obtained from the fish sampling
t

study conducted earlier in the year by the Division of Field -

Investigations - Denver, Environmental Protection Agency. j

.J

To assess the chemical and radiological characteristics .

,

.!

t

of ground water in the mill environs, grab samples of well -

'
water were collected from the Edgemont reservoir well, Edgemont

:

40
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/

.
~ .,

.

.

park well, Edgemont airport well, Mines Development process

water well, an abandoned railroad well (next to Pond No. 2) ,

and the Cheyenne River campground well (across the river from

the mill).

SAMPLE PROCESSING PROCEDURES

Surface water samples and seepage samples were filtered on
,

|
the day of collection. Well water samples were not filtered.

- All pH measurements were performed in the field or in the mill

laboratory (within a few hours of collection) with a Yellow
r--

f Springs portable meter.

Chemical and radiochemical analyses will be performed on
b the daily water samples collected at the Cottonwood Creek and

Cheyenne River stations as well as 5-day composite samples.

~ In the case of seepage in the vicinity of Pond No. 1, analyses

~ will be performed on a composite sample prepared from the f
_.

_,

samples collected on two consecutive days.

Due to the large number of samples requiring analysis, | .' ' -

!
-

..- the time required''for a radium-226 determination, and the com- [
l
1

plexities of preparing sediment samples for radiochemical |_.

I .,

analysis, the quantitive data to be' reported herein, are largely -

'

t2
limited to pH, dis ~ solved uranium, and total alpha radium (dis- '

-.
solved) for water samples. A complete compilation of the

..,
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radioactivity results will be the subject of a supplemental l
J

report.
/*

Spectrographic metals analysis of the seepage samples was
.

j performed by the EPA Analytical Duality Control Laboratory, -

t
.

Cincinnati, Ohio,
e

RESULTS |

Flows in Cottonwood Creek during the study period averaged ?
I

.
ij

0.1 cfs at the upstream stations, 0.4 cfs at the roa'd culvert,
1

and 0.5 cfs at the mouth. The small increase between the 4.

*J

culvert and the mouth might represent the drainage into the -J
,;
.J

creek from the abandoned railroad well. However, the small

difference is within the limits of metering error. Flow in the j

Cheyenne River was about 5 cfs at the upstream railroad bridge , ]
.J

and approximately 132 cfs at the State Highway 71 bridge. The

increase was largely attributable to Hat Creek (100 cfs) and ...

Cascade Springs. All other tributaries were dry.
..

The limited results on water quality conditions in Cotton-

wood Creek and the Cheyenne River are presented in Table X.

Thece data show the same pattern of water quality degradation

as observed in past studies. That is, due to seepage, the

dissolved uranium concentration in Cottonwood Creek approached

a level in excess of 10X the natural level. In contrast, there
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'! - .. TABLE X DISSOLVED RADIOACTIVITY
IN THE *

,
*

CHEYENNE RIVER, COTTONWOOD CREEK,
'

HAT CREEK, AND CASCADE SPRINGS
.

.

. $. Dissolved Radioactivity (a).

Total Alpha
( j' Radium Uranium Thorium pH

' [I o. Station (pCi/1) (pq/l) (pq/l)q __

.rp

i}f. 1 0.11 16 4 8.0 - 8.2: .

Eit- 2 0.67 26 3 7.0 - 7.1
'I 3 0.75 147 2- 6.4 - 6.8J

-[ 4 0.09 177 1 6.7 - 7.1

df 5 0.17 28 7 7.8 - 8.0

~{4 f
t 6 0.32 14 5~ 8.1 - 8.4

A 7 0.11 '19 3 7.9 - 8.2
.h.0 " 8 0.10 14 3 7.9 - 8.2
g 9 0.14 10 3 -----

'

Y' .10 0.11 12 - -----

%h 11 0.08 24 2 7.7

% 12 0.00 5 - 6.8
15 f.

'

.h {
Ji )
.? 9--

,

y

) ff
.

h (a) With the exception of single grab samples for Stations 11 and 12, the values refer
'!,gi to 5-day composite samples.*
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! was a negligible concentration increase in the Cheyenne River p
a

downstream from the mill. This finding is consistent with the
,

-

flow data which showed the dilution capacity afforded by the
'

,

I Cheyenne River was on the order of 50 times. O
,l 1:j

i The total alpha radium analysis is commonly used as a
,,

quick guide to the probable radium-226 concentration. However,

! the analysis is not particularly sensitive and should not be "]
.i

j depended upon completely to demonstrate small differences.
,

For example, dhe results for the total alpha concentrations in'

<

the Cottonwood Creek samples indicated essentially no increase ^l
>-,

4

: in the dissolved radium-226 concentration in the reach receiv- ,

*iing seepage, a finding which was not consistent with the urani- .c

;

"

! um results. However, radium-226 determinations on the composite
-

samples for Stations 2 and 3 showed dissolved concentrations of:

J0.26 and 3.1 pCi/1, respectively. This was in complete accord

with the uranium results.
- '

.

By visually inspecting the reach of Cottonwood Creek ex- ,

tending from the pipeline bridge to the pedestrian bridge, the
~

occurence of seepage from mill ponds was observed to extend 7]

at least as far upstream as a point opposite the north edge of

Pond No. 7. In this area, the high bank was observed to be
.

moist (and " dripping") to heights of over six feet above the
-

water surface. Further, pooled . sections of the creek were

44
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observed to have the same yellowish-green color as the seepage

samples. Quantitative support for the conclusion that the mill

ponds were a significant source of seepage was the high concen-

I trations of molybdenum (5 to 25 mg/1) in the seepage samples.
f

Molybdenum is a mill byproduct and dissolved concentrations in

the ponds ranged from 20 to 75 mg/1(a) . The seepage samples
-

~

also showed traces of iron and manganese ((2 mg/1) and, in one

case, chromium, nickel and lead concentrations in the range of

i

5 to 25 mg/1.

Areas of reddish-brown (reddish-orange) channel discolora-
I 1.

_.
tion were observed in Cottonwood Creek as far upstream as the

pedestrian bridge and on both sides of the channel. This'

-

[ suggested the possibility that natural sources (springs, etc.)
m

_ were partly responsible for the channel discoloration effect.

- However, the magnitude of discoloration within the mill proper

indicates that seepage intensifies the problem and the overall
-

situation is undoubtedly much worse than it would be in them.
t

absence of seepage from the ponds.

~i

,

Based on the discoloration of the dry stream channel
_

.

i

adjacent to Pond No. 2, seepage from the pond has not been com- 1e,

J

(a) Analysis of samples collected from the ponds.p

L:
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pletely stopped despite the fact that the pond is an inactive p
L

repository for uranium sand tailings. The pond was not com-

7
pletely dry but contained a small pool of water in the end g.

.'
nearest the mill. Presumably, drainage from the abandoned rail- p.

1 f32

4 road well is entering the pond.
.

.|
, -- The impact of seepage in the area of Pond No. 1 was sub- 3.

!
*

|
'

stantially greater than that observed in 1966. During the q'
i. . . d
I 1966 study, the seepage caused only a small~ localized effect.

-

However, in this most recent study, the impact of the seepage ,
.

| as measured by channel discoloration was observed for a dis- "
;.

.J
tance of over one mile downstream. It was not determined

l
whether this was the result of differences in Cheyenne River j

flow or increased seepage flow. l,

-1

Dissolved uranium concentrations in the Angostura Reser-
,

voir samples were at natural background levels. The overall -

concentration range was 6 to 13 ug/l with no significant ]
'
,

| differences between the surface and " bottom" samples.'

,

J
%

.A

i

%

.
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STATE OF SOUTH DAKOTA -

MCHt Ho F kNEIP EXECurtVE orFICE
GCvEHNoR

July 30,1976 - MO ',

, -. ,
,

I-~U. x- N
. -

.

The lionorable Gentge McGovern.

thiiled States Senat9 ,
,

Washington, D.C. '

.

Dear George: . -

o

Pei sonnel frrnn the South -Dakota Department of Environmental Protection, the Soull
Dahnta Department of Ilcalth and individuals in Edgemont, South Dakota, have for -
some time now been concerned with the radioactive oficcts of tailings from past
uranium milling operations in Edgemont, South Dakota.

In I!!5G, Mines Development, Inc. , began operating the Edgemont uranium mill,
which operated continuously until 1972. Tailings from the mill were deposited
in a number of . tailings ponds and piles; and during the mill operation, radio- ,

active Icachnte from the ponds sceped into the Cheyenne River and Cottonwood !

r:r eck . This pollution was detected through a monitoring program of the U.S.
Enviinnmental Protection Agency, but the monitoring program discontinued when
the mill ceased operations in 1972. ;

i

I? . P . A . reports indicate that the largest problem and potential healih hazard is |
4

e: mined by migralien of radon gas to adjacent popuhited areas, subjecting nearby ,'
.. homes to entrapping radon gas which subsequently decays into radioactive !

daughter products which is limn inhaled by residents. This type of radiation
espo:nre is chronic since lhe lladium 22G parent in the uranium inill tailingso

has a iadioactive hnif-life of 1020 years. The effects of chronic exposurc .;
to Inw Invnis of radiation arc well documented. Radon daughter clements have i
heen implicaind in contribbling to the high incidence ni lung cancer mnong
inelividuals whn in e occupalinnally exposed to those radioactive elements.-

Whnllalown s adioactive tailings arc also deposited on private pinpes ty near the
site, 4 *

*

_ llannd on the ahnvn e:ntn:orns. I holivn that we shnuhl hogin iminediately to
invnvli ; ate the lo oper use, disposition and stabilization of the Edgemont i
mill tailings piles. I-

,

!

.

! *

-
*
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The llentoi ahic Geon ge McGovun n-
/ . Inly J0, ID7G

I Page Two

.

A recent etuote fiom remarlis by Edward A. Mason, Commissioner of the U .S.
Nnclear Hegulatory Commission may indicate to you the present situation on
disposal responsibility of abandoned miM.tailhigs. Mr Mason said:

,-- ; .g - -
"We (the N .R .C .) and the E.P.A. have recognized the potential
efiviionmental danger from mill tailings, and upon investigation
the N.R.C. discovered a regulatory gap which precludes an immediate'

.

dis ect attack on the problem. While the N.R.C. licenses uranium
mills, our jurisdiction expires with the license when the mill

closes down. The National Environmental Policy Act does provid'e
N.H .C. with some jurisdiction over abandoned plics of mill
tailings, but the jurisdictional problem is complicated by' the
fact that thcre are 20 'so-called Agreement States to which the
N.R.C. has turund over certain regulatory responsibilitics,
histru ically including mill tailings. Those 25 States include
some of those in which the mill tailings are located. Who, then.

has responsibility for dolcimining the nature and extent of the-

environmental hazard and the cause of action to combat it? N.R.C.
is in the midst of making a decision on such important questions
as lho (Iraf ting of a Gencric Environmental Impact Statement on '

mill lailings, the assignment of regulatory jurisdiction, and
possible legislation to resolve the present regulatory ambiguity.",

. .

It, therefore, apparently scems that in this specific case the ultimate responsibility ;

for controlling the environmental impact of radioactive mill tailings at Edgemont '

lies with the State of South Dakota, which is not an Agreement State.
!

Tlic 11.S. lincigy Rese:n ch and Development Administration and the Joint Committee i

on Alnmic Ennrgy recently instituted a pingram to unelortake r>ngineering assessment !
-

at inac.tivn uranium mill sites and to ritcommend rnmodial conliol actions. Pha'sc 1 |
nf this pio p am invnived n survey indicaling the number of sut:h sites. I?ighteen {.
sites wuic identified in Octnber 1974, and became eligilile for a Phase II sindy j

which' entails the prepm ation of a repoi t on nach site "cnncorning the proper !''
; tinalment, use anel staliilization of uranium failings which have resnlied from past |
| pinduction activilins throughout the westm n United States." E.R .D .A . recently '

crnnpleted a $1nn,000 l'haso 11 sinely on ihn uranium mill tailings, at the former i,,

Vilio :ile in . Salt I.ake City ,11tah. The final icport on the Utah site is elesigned
to pioride an ansonsmtml of the liroblem, examine the alternative solutions, and.;

prrpm n e nst e: slim:ites and plans and specifications for alteinntive remedial action '

measur es.
;-

!

ISince the Ed ;cmont mill site ceased ihn paneluction of uranium in 1972, Ii

believe that it shnnhl epmlify as an inactive mill site, particularly since the ,'

N .H .C . ",on t en M ate s ini licen m of thin siin nynired in early 1 'rin rb-
.

,
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environmental problems and public health concerns at Edgemont are the
same as those associated with the Vitro site in Salt Lake City, with the
exception' that the population is not nearly as large.

In view of the foregoing. I am reques. ting"that you seek a mechanism with
'

the .lohit Commillec on Atomic Energy: which will result in the inclusion of'

the Edgemont site on E.R.D.A.'s sluitylist of inactive uranium mill sites
1 also believe that a Phase 11 study'

is necessary so that we can decide upon
.,

the.most efficient and effective means of controlling the long-term public health'

problems which will exist in Edgemont.

I would certainly appreciate your bringing this matter to the atten5 ion of the
appropriate J.C.A.E. members and I ask that you use whatever influence is
necessary to initiate the Phase 11 study of the Edgemont mill site and tailings

,

piles.
I should also pnint out that I have also written to the other members

of the South Dakota Congressional Delegation on this matter.

I will be happy in piovide you with any further inictmatinn to aid you in thiseoelcavor.
f.all or Secrclary Allyn I,ockncr on this matterYou are also more than welcome to contnct either Secretary Judy

Your cooperation is greatlyappi cciated and I wish you the very best. As always, I remain
.

Sincerely,

.s

..... M b
RICllAllD F. KNEIP :

i
GOVERNOR !

'
,

IWK/mdg

Miss ..ludilh K. Call. Secretal y *

!
cc:

*

1)rpartment of Ilcalth
.

11r. A flyu 1,ockner. Sect clary
Department of Envir' nmental Protectiono ,

"I

;
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