
EXECUTIVE SUXMf4RY 

Red Devil Mine, loca ted  e l g h t  miles  down r l v e r  from Sleetmute on the  Kuskokwlm 

River ,  is a f a c i l i t y  on the  S t a t e  of Alaska l ist  of p o t e n t i a l  hazardous waste 

s l t e s .  A s l t e  i n v e s t i g a t i o n .  Including a s i t e  v i s l t  of June 2 6 ,  1956 was 

conducted t o  i n t e rv i ew r e s i d e n t s  and g a t h e r  in format ion  f o r  eva lua t ion .  
i 

Minlng, m i l l i n g  and mercury recovery ope ra t ions  a t  Red Devil  Mine spanned a 

per iod  of 3 3  years .  During t h i s  per lod ,  s l t e  ope ra t ions  evolved from a hand 

mining and retorting ope ra t ion  i n t o  a f u l l  s c a l e .  mechanized mine. Approxi-

mately 35.000 f l a s k s  of mercury were produced. The mine has  been i n a c t l v e  

s i n c e  1971. 

Three previous s i t e  sampling investigations by o t h e r  investigators were 

conducted I n  March. 1971; May, 1371; and J u l y ,  1979. S u f f i c i e n t  a n a l y t i c a l  

d a t a  w a s  a v a i l a b l e  from these  investigations t o  e v a l u a t e  t he  s i t e .  Samples 

taken contained water  and sediment mixed. Tes t  r e s u l t s  from t h e s e  inves t iga -  

t i o n s  showed mercury I n  t h e  water lsedlment  of Red Devll Creek below the mlne 

s e t t l i n g  ponds a t  0 .3 mg/l.  The r e l e a s e  of meta ls  t o  t he  Creek could be 

a t t r i b u t e d  t o  d i scha rges  from t h e  mine. 

Red Devil  Mine is loca t ed  i n  a r u r a l  a r e a  of Alaska. Only 50 persons l i v e  

wi th in  t h r e e  mi l e s  of t he  s i t e .  They use  groundwater a s  a source  f o r  d r lnk lng  

water  supply.  Res idents  interviewed dur ing  a s l t e  v l s i t  of June. 1986 were 

aware of t h e  mlning o p e r a t i o n s  and t h e  presence of mercury a t  t he  n lne .  

An Alaska S i t e  Investigation Score was c a l c u l a t e d  f o r  t h l s  s i t e .  The s c o r e  is 

Sm = 15.75 (Sgw = 16.33; Ssw = 21.82; Sa = 0 ) .  The d i r e c t  con tac t  s c o r e  is 
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SUSPECTED UNCONTROLLED HAZARDOUS WASTE S I T E  INSPECTIONS 

RED DEVIL MINE 

1 .0 INTRODUCTION 

1.1 Purpose 
i 

The Comprehensive Environmental Response, Compensation and L i a b i l i t y  Act 

(CERCLA) of 1980 author izes  the Environmental Protec t ion  Agency (EPA) t o  

respond t o  r e l e a s e s  o r  t h r e a t s  of r e l e a s e s  of hazardous substances t o  t h e  

environment which present  an imminent o r  s u b s t a n t i a l  danger t o  public  h e a l t h ,  

welfare,  o r  the  environment. Under the CERCLA o r  Superfund program. the  A l a s k a  

Department of Environmental Conservation ( D E C )  has been authorized by &PA t o  

perform s i t e  inspec t ions  a t  s i t e s  i n  the  S t a t e  of Alaska i n  order  t o  b e t t e i  

de f ine  the  ex ten t  of problems where hazardous subs tances  may be present  a t  o r  

may be migrating from the  s i t e s .  The scope of the  Alaska s i t e  i n v e s t i g a t i o n s  

a s  developed by Tryck, Nyman and Hayes (TNH)  f o r  DEC included a Phase I records 

search and d a t a  s y n t h e s i s  t o  provide a d a t a  base s u f f i c i e n t  t o  apply the  EPA 

Hazard Ranking System (HRS). For s i t e s  t h a t  required more infonnation,  a Phase 

I1 on-si te  inspect ion  w a s  undertaken t o  f i l l  i n  p e r s i s t e n t  da ta  gaps, f u r t h e r  

document s i t e  condi t ions ,  and t o  c o l l e c t  and analyze s o i l ,  water ,  o r  a i r  

samples on- and o f f - s i t e  i n  order  t o  complete the  HRS scor ing and t o  s a t i s f y  

the  o v e r a l l  s i t e  i n v e s t i g a t i o n  and CeRCLA ob jec t ives .  The infonnation gathered 

may a l s o  be used t o  determine whether f u r t h e r  a c t i o n  is warranted. 

1.2 S i t e  I d e n t i f i c a t i o n  and Problem Statement * CERCLA 

This repor t  summarizes the  s i t e  i n v e s t i g a t i o n  a c t i v i t i e s  a t  the  Red Devil Mine, 

No. AKD-980495618, located e igh t  mi les  down t h e  Kuskokwim River from 



2.0 FACILITY DESCRIPTION 

2.1 Location and Surrounding Land Use 

The Red Devil Mine is loca ted  e i g h t  mi les  down the Kuskokwlm River  from 

Slee tmute ,  on Red Devi+l Creek 450 f e e t  above i ts  confluence wl th  t h e  Kuskokwim 

River .  The a r e a  is i n  western Alaska, h a l f  way between Denal i  Nat ional  Park 
i 

and Bethe l ,  about one hundred mi l e s  downstream from HcGrath !T19N, R44U, 

Sec t ion  6 ,  Seward Meridian)  (F igu re  1 ) .  The a r e a  surrounding the  mine is 

mostly undeveloped land. F i f t y  people l l v e  wi th in  t h r e e  mi l e s  of t h e  s i t e ,  

mostly I n  wldely d ispersed  cab ins  (Vanderpool, 1986\.  The c l o s e s t  r e s i d e n t  

l i v e s  three-quar te rs  of a mile  down the  Kuskokwim River  from the  mine. Red 

Devil Vi l lage  c o n s l s t s  of a pub l i c  s choo l ,  post  o f f i c e  and a 4.500 f t .  a i r s t r i p  

loca ted  two miles  from the  mine (F igu re  2 ) .  

@ 	 2 . 2  S i t e  H i s to ry~Respons lb l e  P a r t l e s  

The information included In  t h i s  s e c t i o n  was ohta ined  from documents and f i l e s  

reviewed while conducting l l b r a r y  research  and dur ing  in t e rv i ews  wl th  agency 

personnel .  Also. persons who worked a t  Red Devll Mine, dur ing  the  time i t  was 

o p e r a t i n g ,  were contac ted .  By fa r  the  most u s e f u l  r e f e rence  was w r i t t e n  by 

Mark P. Yeyer, Geologis t ,  U.S. Bureau of Mines, Anchorage. H i s  r epo r t  l nc ludes  

a compendium of h i s t o r i c a l  in format ion ,  inc luding  s i t e  h i s t o r y  and responsible 

p a r t i e s .  The fo l lowing  d i s c u s s i o n  was der ived  p r imar i ly  from h l s  r epo r t .  

Addi t iona l  information w a s  ob ta lned  from the  o r i g i n a l  i n v e s t l g a t l o n s  by Burr S. 

Webber and W.S. Wright, who t r a c e d  the  mine a c t l v l t i e s  from ~ t sdiscovery  

through 1946. The fo l lowing  t e x t  summarizes, t o  a l a r g e  e x t e n t ,  the  observa- 

t i o n s ,  f i nd ings  and quoted m a t e r i a l  from these  primary sources .  a 






* through J u i v  l 8 3 i 3 .  the t o t a l  mercury produced from the Lower Kuskokwlm a r e a ,  

principally Red Devil Mlne. was 800 76-pound f l a s k s .  Durlng World War 11. t he  

increased  demand and high p r l c e s  o f f e r e d  the  incen t ive  t o  boost production. 

During 1943-1944. 1096 f l a s k s  were recovered from 2.652 tons  of o r e  from Red 

Devil a lone .  On June 30. 1944. ope ra t ions  were curtailed due t o  poor mar 

cond i t i ons  (Heyer. 1'385). 
1 

Burr Webber. a mining engineer  f o r  U.S. Bureau of Mines. has  desc r ibed  site 

h i s t o r y  and product ion i n  1945. Webber r e p o r t s  t h a t  i n  1945. t he  mine ope ra t ed  

127 days between Apr i l  and September. During t h a t  per iod  962 f l a s k s  were 

produced from 1,514 tons  of o re  reducing the  feed r a t e  t o  t h e  furnace  from 

the  previous 25 tonsiday t o  6-112 tons  per  day. Mercury recovery inc reased  

d rama t l ca l ly  from 24 poundslton t o  66.6 poundslton of o r e .  This  i n c r e a s e  

not  a t t r i b u t e d  t o  any change i n  o r e  concentration but t o  removal of t h e  heavy 

bed of crushed ma te r l a l  t h a t  was prevent ing a l r  Prom f r e e l y  c i r c u l a t i n g  between 

o r e  particles. thus  reduclng the  formation of s u l f u r  d ioxide .  The conclus ion  

was t h a t  only a p a r t l a l  ox ida t ion  of the  s u l f u r  i n  the  c lnnabar  (HIS) was 

occurr ing  (Webber, 1947).  

According t o  Meyer, development work by t h e  Kuskokwlm Hining Company cont inued 

through t h e  r e s t  of 1945 and 1946. dur ing  which t i n e  A99 f e e t  of d r i f t i n g .  155 

f e e t  of c r o s s c u t s  and 112 f e e t  of sha f t s /w inzes  were excavated. Opera t ions  

cont inued.  bu t  by the  end of 1946. the  company s u f f e r e d  a l o s s  vhen mercury 

p r i c e s  dropped. The mine was s h u t  down. Robert Lyman he ld  a l e a s e  on the  

proper ty  and produced about 500 f l a s k s  (probably  from s t o c k p i l e d  o r e ) .  



e ~ l lknown ore  was z lned  3nd processed by Septezber  1963. a t  whlch time t h e  

equipment was removed and the nine allowed t o  f l ood .  Bv September 19. 1963 

water f i l l e d  the mine, the  s h a f t  was sea led  and a l l  p o r t a l s  c lo sed .  

In  October 1963, Dort Holloway and Mariano Juancorena obta ined  a one-year 

lease .  Jack Neubauer joined them and a f t e r  d r i v i n g  a 100 f o o t  a d i t  i n  Re&*"e 

b 

Devil Gulch, they  were a b l e  t o  f ind  and s t o c k p i l e  GO t ons  of high grade ore. 

By 1964 a l l  new known o r e  bodies were exhausted. Explora t ion  financed by an  

Of f i ce  of Mineral Explora t ion  (OME) loan f a i l e d  t o  provide any new o re .  

Production was l i m i t e d  t o  t h a t  from small l e a s e  ho lde r s .  

Between 1964 and 1969 the  mine was l n a c t l v e .  Heanwhile. t he  p r i c e  of mercury 

r a l l i e d  t o  S7SO per  f l a s k  i n  1966. Alaska Mines and Minera ls ,  Inc. ,  decided t o  

Bank. Nissho-Iwai Co. Ltd. and Yomura Mining Co.. L td . ,  Japanese companies, 

agreed t o  add $225.000 f o r  openlng and exp lo ra t ion .  Agreements were reached 

f o r  the concent ra ted  c lnnaba r  t o  be shlpped t o  Japan f o r  processlng.  The mine 

began opera t ion  i n  J u l y  1969. Ray Wolfe was the  president of Alaska Hines and 

Minerals a t  t h a t  t ime (Meyer, 1985). 

B i l l  Mrak a r r i v e d  i n  November t o  take  over  a s  manager and helped t u r n  Red Devil 

mine once aga in  i n t o  Alaska ' s  No. 1 producer .  About 2.600 tons of o r e  were 

mined and processed through the  f l o t a t i o n  u n i t  from underground and open p i t  

mining i n  1970 and 1971. The m i l l  opera ted  f o r  1 3  months a t  almost maximum 

capac i ty ,  A crew of 34 was employed. a 
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vere  not repor ted .  Hocecer, a conpendlum w r l t t e n  by Yark P .  Yeyer. Geologist. 

U.S. Bureau of Mines. Anchorage. summarlzed the  ope ra t lon  from a v a i l a b l e  f i l e s  

and L i t e r a t u r e .  Burr Webber and Wllford Wright wrote r epo r t s  i n  1947 t h a t  

d i scussed  the  ope ra t lon  up t o  t h a t  time.. In a d d i t i o n ,  f i r s t  hand i n f o n a t i o n  

concerning mercurv nine opera t lono  i n  gene ra l  and Red Devil Mine i n  p a r t l c u l a r .  

was ob ta ined  through personal  communications wi th  persons who were previ0ttb.L~ 
I 

employed a t  t h e  mine and with Ind iv idua l s  who a r e  knowledgeable wl th  mercury 

mining. m i l  l i n g  and recovery ope ra t ions .  The f o l  lowing overview was developed 

from t h e s e  sources .  Refer t o  Figures  3 and 4 f o r  a depiction of the  s i t e .  

According t o  Meyer, p r l o r  t o  1942 minlng cons i s t ed  of s u r f a c e  t renching  and 

hydrau l i c  s l u i c i n g  of the overburden. Ground s l u i c i n g  cont inued i n t o  t h e  bank 

u n t l l  1942. Af te r  1342. a d i t s  were d r i v e n  from a s u r f a c e  s h a f t .  The e a r l y  we 

of Johnson-McKay tubes f o r  recovery was d iscont lnued  111 1940. when two "0" type  

r e t o r t s  were i n s t a l l e d .  A "D" r e t o r t  is a manually charged. c a s t  i r o n  c y l i n d e r  

t h a t  is D shaped In  c ros s  s e c t l o n .  Between 1941 and 1944. mlnlng and furnac ing  

equipment was brought i n  and a 40-ton/dav r o t a r y  k i l n  and a condensing system 

were i n s t a l l e d  (Meyer , 1985 ) . The process  f low of the  furnac lng  and r e t o r t  is 

descr ibed  i n  Flgure 5 (Webber, 1947).  Between 1943 and 1945, f u e l  f o r  the  k i l n  

and r e t o r t  was seasoned wood. The k i l n  was converted t o  f u e l  o i l  I n  1946 

(Wright ,  1947).  

S t l b n l t e  and c innabar  were t h e  only s u l f i d e s  encountered l n  t h e  d e p o s i t .  The 

an t imonia l  conten t  from s t l b n i t e  was almost  equal  t o  the nercury recovered from 

the  c innabar .  Consequently, l t  took c a r e f u l  temperature c o n t r o l  t o  keep t h e  

antimony out  of t he  mercury. The ox ides  of antlmony p r e c l p l t a t e  before t h e  dew 



poin t  of v s c u r y .  Antl?ony oxides passlng through the condensing jvstem were 

e l imina ted  by e x t r a  hoeing i n  the mercury t a b l e  and by recycle  retorting. 30 

at tempt  was made t o  recover the  antlmony concent ra te  because no profitable 

aa rke t  was a v a i l a b l e .  

Mercury f l a s k s  were shipped down the  Kuskokwim River by r i v e r  boat t o  Bet-
1 

and then  t o  a market i n  San Francisco by ocean s teamer (Webber. 1 9 4 i ) .  Between-

1943 and 1954.  t he  s i t e  ope ra t ions  and recovery process  remained e s s e n t i a l l y Z  

unchanged. I 

Wilford Wright,  a mining engineer  wi th  t h e  U.S. Bureau of Nines. r epo r t ed  t h a t  

mined o r e  was crushed and t r anspor t ed  by conveyor t o  a f l n e  o r e  b in .  A feederr 

loaded the  i n c l i n e d  k i l n .  A fan  kept  nega t ive  pressure  on t h e  k i l n .  The hot 

gasses  produced by the  k i l n  contained mercury vapor. Mercury vapor passed  

through e i g h t  condensers f o r  cool ing .  A.secondary recovery system t h a t  

i nco rpora t ed  a redwood water  tank was placed i n  s e r i e s  wlth the  condensers  and 

s t a c k .  The tank condensed and captured  sma l l  amounts of mercury t h a t  had 

passed through the condensers (Wright ,  1 9 4 7 ) .  

Marion H.  Morris ,  F i e ld  Engineer,  Sun O i l  Company, r eca l l ed  from h l s  experience 

a t  a mine s i m i l a r  t o  Red Devil how m e t a l l i c  mercury, accompanled by wood t a r s ,  

o i l  and s o o t  was p e r i o d i c a l l y  washed down t h e  condenser p ipes  w i th  water  and 

c o l l e c t e d  i n  c a s t  i r o n  po t s .  The soot /mercury  "mud" was emptied on to  a s l o p i n g  

mercury t a b l e  and hoed wi th  unslaked lime. The lime reac ted  wi th  the  wa te r ,  

producing hea t .  Thls  broke t h e  s u r f a c e  t ens ion  of the t a r s  and o i l s  

surrounding the  mercury p a r t i c l e s  and al lowed them t o  coa lesce .  Mercury 



*iyud" from the rrercurv t a b l e  was recvcled through 3 r e t o r t .  Xercury l o s s e s  

during the  hoelng ope ra t lon  a r e  typically 0.01 Kginet r lc  ton t y e r k e r v l s ,  

1 3 7 6 ) .  Burned o r e  ( c a l c i n e )  was ex t r ac t ed  a t  the  low end of  t he  k l l n .  near  the  

f i r e b o x ,  and was trammed t o  dump s l t e s  and used f o r  f i l l  {Webber, 1947; Wrlght, 

I 
S i n t e r e d  t a p l i n g s  ( c a l c i n e )  ranges from l i g h t  plnk t o  white  i n  co lo ra t ron .  The 

chemical composltlon of water  percolating through a mercury mine t a i l i n g  p i l e  

process ing  200,000 tons  of o re  per  year  was repor ted  i n  p a r t  as fo l lows  

(Nerkerv is .  1976): 

Boron 
Cyanide 
Lead 
Arsenic 
Copper 0.08 
Mercury 0.02 

Tota l  Hardness 1950.O 
PH 4.8-5.7 

Meyer reported t h a t  dur ing  October 1954 a  f l r e  destroyed t h e  m l l l  equipment. 

When the  m i l l  was r e b u i l t  by DeCoursey Brewls I n  1955. ~t was re loca t ed  a c r o s s  

Red Devil Creek, sou th  of t h e  mine p o r t a l  and headworks (F igure  3 ) .  Thls  

f a c i l i t y  is s t i l l  i n t a c t  and was observed dur ing  the TNH s i t e  v i s i t  i n  June 

The new m i l l  was deslgned and b u i l t  t o  p roces s  40-tons/day using an 011-f i red 

Herrshoff 6 h e a r t h  furnace  and a r e t o r t .  Power was suppl ied  by two 650-kw 

Ingersoll-Rand Generators .  



--- --- 

--- --- 

probablv c a r r l e d  over from the  f l o t a t l o n  Unit ( Y o r r l s ,  1 3 7 9 ) .  Very  l l t t l e  

water  was discharged from t h e  f l o t a t l o n  system. The l l q u l d  contained f l o t a t l o n  

a d d l t l v e s  and was va luab le .  I t  was continually recycled IMrak. pe r s .  conm., 

1987) .  The s e t t l i n g  pond dlmenslons and estimated volume of discharged waste 

a r e  provlded i n  Table 4. 

I 
Between 1969 and 1972. t h e  o r e  was obtained from both underground and open p i t  

mining. Two s u r f a c e  o p e r a t i o n s  were conducted northwest  of t h e  mlne, on a 

s l o p e  above the Kuskokwim River  (Mrak. pers .  comm., 1987).  

The f i r s t  s l g n l f i c a n t  mercury product ion began i n  1940 and cont inued  through 

the  f a l l  of 1463 a t  which time recovery by furnac ing  and r e t o r t i n g  ceased. 

Mineral c innabar  was concen t r a t ed  but never furnaced a f t e r  1963. Product ion 

a f i g u r e s  obtained f o r  t h e  pe r lod  of operations a r e  a s  fo l l ows  (Meyer, 1985): 

Year Flasks of Hercury Tons of Ore Income from S a l e  

1933-40 11 --- ---
1940 158 --- ---
134 1 135 
1942 117 --- ---
1943-44 1,096 2,652 3 171,717.70 
1945 962 1,514 114,325.49 
1946 491 872 40.156.29 
1953-54 1,084 2.500 ---
1956-60 19,800 47.250 ---
1961 3,200 ( a p p r o ~ . )  --- ---
1962-63 4,800 
1969-7 1 3,146 ( a p p r o ~ . )  --- ---

Tota l  : 35,000 ( a p p r o ~ . )  



3.0 ENVIRONMENTAL SETTING 


3.1 Climate 


The Red Devil Mine lies in a subarctic transition area between the Continental 


Climate Zone of interior Alaska and the Maritime Climate Zone of the ccaaal 


regions. Figures for precipitation and evapotranspiration are those reco-d- 

k 


at Aniak Airport located 75 miles to the west of the Red Devil Mine. 


Mean annual precipitation in the form of snow and rain is relatively low iazthe 

Aniak area at 18.41 inches per year (AEIDC, 1976). Information on the evapg.~a- 

tion rate is scarce. Perhaps the best source is provided by Patric 6 Black 

(1968) who studied evapotranspiration at sites throughout Alaska. The value 

for mean annual evapotranspiration in Aniak is 17.17 inches. Data on lake 

evaporation needed for the HRS scoring is not available. Using the value of 

17.17 inches for evapotranspiration and a precipitation value of 18.41 inches 

(AEIDC. 19761, the estimated net precipitation is 1.24 inches. Lake evapora- 

tion is probably less than evapotranspiration. Therefore, "actual" net preci- 

pitation is probably greater than 1.24 inches. 

3.2 Topography and Surface Water Characteristics 


Topographic and surface water information is useful in assessing the potential 


for contaminant migration via surface waters. Following is information con-


cerning these characteristics for the Red Devil Mine site. 


3.2.1 Topo~raphy The Red Devil Mine is located on Red Devil Creek, 


upstream of the Kuskokwim River on rolling terrain. Topography was 


observed during the site visit of June 1986. Slopes adjacent to the mine 






RED DEVIL YINE 


TABLE 1 


SETTLING POND DI?IENSTONS AND VOLUMES 


S e t t l i n g  Pond l k 1  TPI ) 10 f e e t  deep 
200 f e e t  wlde 
200 f e e t  long 

t 

S e t t l i n g  Pond !I2 (TP2) 10 f e e t  deep 
200 f e e t  wide 
100 f e e t  long 

S e t t l i n g  eond 413 ( T P 3  10 f e e t  deep 
100 f e e t  wide 
100 f e e t  long 

Source: S i t e  V i s i t ,  June 1356. 

S e t t l i n g  ponds were cons t ruc ted  of t a l l l n g s  deposited 
a t  t h e l r  p re sen t  location. The ponds were used t o  s e t t l e  
s o l i d s  from the  flotation process .  bout 2500 t o n s  of 
o r e  were processed whlle the f l o t a t i o n  u n i t  was I n  
operation. 



pe r s .  C O T ? . .  5 - 7 7 - 5 6 1 .  Bedrock COnSlStS of sandstone lnterbedded w l t h  

sha l e .  Bedding 1s nea r ly  v e r t l c a l  u l t h  i t s  s t r i k e  perpendicular  t o  Red 

Devil Creek. 

Lode and p l ace r  ne,rcury depos i t s  a r e  widespread i n  Alaska wi th  occurrences  

- being most abundant over  an  a r e a  about f i v e  hundred ml l e s  long and two 

hundred mlles  wide, extending from the  Yukon River  t o  Dillingham. The a r e a  

1s drained by  the  Kuskokwim River  which empties i n t o  Kuskokwim Bay. This  

a r e a  con ta ins  many mercury mines and probably has  t h e  p o t e n t i a l  t o  become a 

n a j o r  producing d i s t r i c t .  Yost of the  mercury was probably depos i ted  i n  

t he  T e r t i a r y  period about  twenty m i l l l o n  years  ago. Cinnabar,  o r  c r y s t a l -  

l i n e  mercuric s u l f i d e  (HgS), could have been t r anspor t ed  t o  form the 

d e p o s i t s  i n  an a l k a l i n e  sodlum s u l f i d e  s o l u t i o n ,  a s  mercury vapor ,  a s  a 

supe r sa tu ra t ed  s o l u t l o n  of mercury s u l f i d e ,  o r  a s  an organic  complex. I t  

is poss ib le  t h a t  minor amounts of mercury a r e  now being deposited by hot  

s p r i n g s  (Yaloney, 1 3 7 1 ) .  

The general  geology a t  Red Devll Mine has been described bv Wrlght ( 1 3 4 7 ) :  

Underground workings a t  t h e  Red Devll mlne expose a1  t e r n a t e  l a y e r s  
of blocky graywacke and thin-bedded dark  gray  s h a l e s .  The s t r l k e s  
of the  sedlments  throughout most of the  mlne range from N 3 2  W t o  N 
40 W;  l i kewise ,  t h e  d i p s  cover  a narrow range of 5 5  t o  62  degrees  
southwest.  I n  t h e  Red Devil  workings, c lnnabar  and s t l b n l t e  occur  
a t  o r  near  t h e  andeslte-graywacke, o r  andes l te -sha le  c o n t a c t s .  The 
two m e t a l l i c  mlne ra l s  occur a s  nea r ly  massive lenses  along the  
con tac t s ,  and a s  b l ebs  I n  t he  a n d e s i t e  and sedlments .  Sur face  
t renching by the  Bureau of Mines and underground mlnlng by  the 
ope ra to r s  have disclosed an o re  zone a t  l e a s t  1.050 f e e t  long, 
t rending N6O W and ranging In  width from 30 t o  100 f e e t .  The 
l n t r u s l v e  bodies o f t e n  p a r a l l e l  the  beddlng, but  In many p l aces  the  
andes i t e  ends a b r u p t l y  and reappears  along ano the r  beddlng p lane ,  
o r  c u t s  a c r o s s  t h e  sedimentary l aye r s .  Th i s  tendency of t he  
intrusive bodles  t o  be o f f s e t  a t  i r r e g u l a r  I n t e r v a l s  and the  c l o s e  
a s soc l a t lon  of t he  m e t a l l l c  mlne ra l s  wl th  the  a n d e s l t e  has r e s u l t e d  
In  the o re  l enses  belng arranged rn  a somewhat echelon p a t t e r n .  



$ .O FIELD PROGRXlY 

4.1 Program Summary 


The s tudy  of the  Red Devil mine s i t e  Included a  f i l e  s ea rch  by TJH personnel .  

C 

t h e  s i t e  v i s i t  of the mlne s i t e  by TNH i n  June. 1956. and in t e rv i ews  wi th  l o c a l  

r e s i d e n t s .  A11 information needed t o  compute an HRS s c o r e  is a v a i l a b l e .  The 

f i l e  s ea rch .  s i t e  v i s i t  and in te rv lews  completed Phase I a c t i v i t i e s  f o r  t he  

s i t e .  Phase I1 a c t i v i t i e s  cons i s t ed  of f i n a l  document review, f i n a l  HRS 

s c o r i n g  and the  wr i t i ng  of t h i s  r epo r t .  Two previous f i e l d  i n v e s t i g a t i o n s  

conducted I n  1971, one previous  f i e l d  i n v e s t l g a t l o n  conducted i n  1979 and t h e  

s i t e  v i s i t  by Mr. Tim Terry i n  June ,  1956, provided necessary  informat ion  t o  

s u b s t a n t i a t e  t he  r e l ea se  of hazardous wastes  from Red Devil  Hine t o  t h e  envi- 

ronment. No new samples were c o l l e c t e d  In  the  1986 s i t e  v i s i t .  The sampling 

i n v e s t l g a t l o n  conducted I n  1971 by EPA personnel  showed the  r e l e a s e  of mercury 

and a r s e n i c  t o  Red Devil Creek, and t h a t  a n a l y t i c a l  q u a l i t y  c o n t r o l  was 

sufficient t o  have confidence In  the  r e s u l t s .  This  s e c t i o n  of t h e  repor t  

d e s c r i b e s  the TNH s l t e  v l s i t  and the  prevlous sampllng ~ n v e s t l g a t i o n s .  

4 .2  Previous F ie ld  I n v e s t i g a t i o n s  

On Harch 2 2 ,  1971, Steve Provant from the  EPA, Alaska Opera t ions  Off ice  

c o l l e c t e d  water and sediment samples f o r  mercury and a r s e n l c  ana lyses .  There 

was deep snow on the  ground a t  t h e  time of the  i n v e s t i g a t i o n .  Water was 

observed flowing from the  mine en t r ance .  A water sample which a l s o  contalned 

an unknown amount of sediment ,  t aken  from Red Devll Creek below the  discharge 

from S e t t l l n g  Pond {)I had 9.000 u g / l  of mercury. An upstream, background 

sample could not be taken because a thawed p a r t  of the  Creek could not  be 

found. A water sample taken from nearby YcCally Creek ( F i g u r e  2 )  had 3 u g / l  of 



0 On July 31.  1979,  Ray Horrls  of the EPA, Alaska Operations Of f i ce ,  c o l l e c t e d  

water samples from f i v e  s l t e s  a t  the  Red Devil Mine. Sample loca t ions  a r e  

referenced on Figure 3. Sample r e s u l t s  a r e  a l s o  l i s t e d  In  Table 2. There was 

no runoff from the  mine s e t t l i n g  ponds and no water was bexng pumped from the  

mine a t  the  time of th'e Morris v i s i t .  Red Devil Mine had been i n a c t i v e  since 

1971. A l l  water samples had l e s s  than 0.3 ug/1 mercury. A s o i l  sample uas 
i 

skimmed from the  moist silt i n  the  bottom of TPl. The t e s t  r e s u l t s  ind ica ted  

216 ppm of mercury wet weight. S o i l  moisture content  was not determined on 

these  samples and therefore  no conclusions can be reached on the  dry weight 

mercury concentrat ion.  Morris d id  not sample sediments i n  Red Devil Creek. 

4.3 Recent S i t e  V i s i t  A s i t e  v i s i t  was made by Tim Terry. of t h e  TNH team, on 

June 26, 1986 a s  p a r t  of t h i s  inves t lga t ion .  He v i s i t e d  the  mine, s e t t l i n g  

ponds and t a i l i n g  p i l e s .  and Red Devil Creek and prepared the  drawings shown i n  

Figures 5 and 6. He a l s o  Interviewed l o c a l  r e s iden t s  including Dan and Elvina 

Heman, Gail Baird, and Robert and Gail  Vanderpool. Information from these  

interviews has been incorporated i n t o  e a r l i e r  sec t ions  of t h i s  repor t .  The 

Hermans reported t h a t  a geo log i s t  had recen t ly  panned elemental mercury from 

creeks  i n  the  Red Devil Vi l lage  a r e a  al though not from Red Devil Creek. M r .  

Gail  Baird s a i d  t h a t  he obtained h i s  dr inking water from McCally Creek and 

knows t h a t  mercury is present .  

The Department of Environmental Conservation t e s t e d  well  water  from two 

residences i n  the  a r e a  on October 2 ,  1985 according t o  J i m  Pat terson.  DEC 

employee. The i d e n t i t y  of the  res idences  is conf iden t i a l  because of the  

d e s i r e s  of the  owners. The r e s u l t s  of t h e  well sampling a r e  provided i n  

Both mercury and a r s e n i c  were below de tec t ion  l i m i t s  i n  both 

samples. 



- -  

5.0 FINDINGS AND CONCLUSIONS 


AS stated in the introduction, the purpose of this investigation was to 1) 

assess the extent of hazardous waste problems at the Red Devil Mine site, 

including the potentiil for off-site migration, and 2 )  to apply EPA's Hazardous 

Ranking Systym (HRS) to the site. In this section. the results of the four 

site visits conducted since 1971 are evaluated. An Alaska Site Investigation 

Score. which is related to the HRS, is calculated and conclusions about the 

site are presented. 

5.1 Evaluation Results 


The sampling investlgation conducted by Provant and Sceva In May, 1971 clearly-


demonstrates the release of mercury and arsenic to Red Devil Creek. Background 


levels above the mine were established. A discharge to the creek containing 


mercury and arsenic was observed. High levels of these metals were measured in 


the mixed water and sediments of the creek downstream of the discharge point. 


Based on the results of the Provant and Sceva investigation and data collected 


as part of this investlgation, all necessary data needed to score this site 


appears to be available. 


5.2 Alaska Site Investigation Score 

An Alaska Site Investigation (ASI) score was developed for the site to allow 

the Alaska Department of Environmental Conservation to compare this site with 

other potential hazardous waste sites in Alaska. The AS1 score for the Red 

Devll Mine is Sm = 15.75, (Sgw = 16.33; Ssw = 21.82; Sa = 0). based on the 

- - - c to Red Devll Creek, The direct contact score is 
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r 

1.PERMITINF ORMAflOW 

02 PERMJTW-R 03 DAIE ISSUED 04 EXPHIATION DATE 05 COMMENTS 


O' :E.Yzz -
S C. AM I I 
s 0. IICIIA NONF. SIXIS A QOSFD MINE. N ~ D E SPERMIT WAS 

*& zE R C ~ AU ~ R I N V A ~ U I  NEVER ISSUED. ! 

Z F  SCCCCUU 
-- 0. STAT@.*,&,I 

tn LOCAL -#", 

Z I. OTHER,-

111. S t f f  DLSCRlPTION 

01 STOIUQ~DUPOS*LIC"=IWUUV~ 02 *MOUNT 03 LINT OF MEASURE 1 04 TREATMENT C n u n rmwlorr, ( 0s 01-R 


1A SURFACEIMPOCIWENT Z A. INCENERATlON 
9 a. PnES Z 8. UNOEFKiAOUNO INJECTION 

X W.8 UON SITE ~ ~ 

2 C. DRUMS. ABOVE GROUND z c CnEMlmPnYslcAL 
C 0 TANK ABOVE-NO 2 0 BKXOOICAL 
IE. TANK. BELOWGROUND Z E. WASTE OIL PROCESSING 08 AREA OF ST€ 

2 F U N D n u .  Z F SOLVENT RECOVERY 
Z G. LANOFARM 1G OTHER RECYCUWRECOVERY 

None 

1V. CONTAINMENT 
01 CONTAINMENT OF WASTES ;.*cn :-*I

1 5 n ADEQUATE. SECURE 5 B MOOERATE YXC INAOEQUATE. POOR 1 o WSECURE UNSOUND CANGEROUS 1 
02 DESCRIPTION OF DRUMS OlKlNG LINERS 8ARRIERS ETC I 

D i k i n g  around t h e  t h r e e  s e t t l i n g  ponds consists of 6"-0 cobbles in a s ~ l t  
m a t r i x .  Pond d i kes  show e r o s i o n  r u t s  t h a t  a l l o w  runo f f  wa te r  t o  f l ow  t o  IRed Devi 1 Creek. 1 

( V. ACCESSIalLlf Y 

01 WASTE EMLY XCESSWCE. a YES Z YO 

S2 COMMENTS 


I Access road leads f r o m  Red Devi 1 Mine t o  Red Oevi 1 V i  11 age. No fences. I 
VI. SOURCES OF INFORMATION :r -2 .  . r,r,.-c*r r ; , es ,-.* r r r , ,  5 r:= .I I 

F i l e  search. 
S i t e  v i s i t :  6/86 

- I P A F O R M 2 0 7 0 . 1 3 ~ 7d t I  
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t 3 UNO USEIN vlClNlN 

DISTANCETO. 
RESIDENTIALAREAS. NATIONALSTATE PARKS. AGRICULTURAL UNOS 
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I r 0EX;RIPnON OF SITE INREUTION TO SURROUNOINGTOPOGRAPHY 

Red Dev i l  k i ne  i s  s i t ~ l a t e di n  a v a l l e y  above Red Dev i l  Creek a t  an e l e v a t i o n  o f  
approximately 300 fee t .  The v a l l e y  f l o o r  i s  approximately 200 fee t  wide a t  t he  
mine and slopes downward toward t h e  nor theas t  a t  an approximate 7.5% grade. 
Mine t a i l i n g s  have been placed on t h e  v a l l e y  f l o o r  t o  an est imated he igh t  o f  about 
30 f e e t  t o  prov ide a l e v e l  work pad f o r  mine operations. Four of  these l e v e l  pads 
have been constructed on t h e  east  side o f  t h e  v a l l e y  a t  e l e v a t i o n s  of about 30, 
60, 100 and 150 fee t  above t h e  creek. The upper th ree  pads were excavated i n t o  
the  s i d e  h i l l .  On the  f i l l  psc a t  ?O f e e t  above the  creek bed tailings, stockpiles 
have been placed 15 f e e t  h igh  i n  an area approximately 50 by 200 fee t .  North of  

t he  s tockp i l es  a re  th ree  settling ponds a t  he igh ts  approximately 15 t o  25 feet  
above t h e  creek. Dikes have been const ruc ted  t o  enclose t h e  settling ponds 
and prov ide  a  b a r r i e r  t o  sur face water r i ~ n c f f .  However, t h e  settling ponds have 

been f i l l e d  w i t h  s i l t  t o  e l e v a t i o n s  rang ing  from 4 fee t  below t h e  d ~ k et o  overtoppi 
t he  d ike .  

Ill. SOURCES OF INFORMATION r I r;.c ,i. w e * ~ * 1  2 , . , I * .  rs .rro,e ,car., r rnovs 
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POTENTIAL HAZARDOUS WASTE SITE 1. IDENTIFEATION 1 

SITE INSPECTIONREPORT 
PART 10 PAST RESPONSEACTIVITIES 

I 

II. PAST R m M m  
1 

None 
01 C A. WATER SUPPLY CLOSE0 02 DATE 03 AGENCY 
04  0 E X m  

01 t 8. TEMPORARY WATER SU-Y 02 DATE 03M3E)rCv 
04 OESCWPllON 

01 C C. P E R M 7  WATER SUPPLY PAOVlMD 02 DATE 0 3  AGENCY 
04 E S C w  

01 Z 0 SPLlED MATERIAL REMOVED 02 DATE 03 AGENCY 
0 4  EX-

01 f E. CONTAMwTED SOIL REMOVED 02  DATE 0 3  AGENCY 
04  E m 

01 Z F WASTE REPACICK*OU) 02 DATE 03 AGENCY 
04  DESCRIPTION 

- = 

01 1G WASTE OSPOSEO ELSEWHERE 02 DATE 0 3  AGENCY 
04 DESCRlPflON 

01 IH ON SITE BURIAL 02 DATE 03AGENCY 1 

01 = J IN SlTU BIOLOGICAL TREATMENT 32 DATE 03 AGENCY 
04 DESCRIPTION 

31 Z K IN SlTU PHYSICALTREATMENT 02 DATE 23 AGENCY 
04  DESCRIPTION 

91 1L ENCAPSUUTION 02 DATE 53 AGE%CY 
04 DESCRIPTION 

I 01 Z M EMERGENCY WAsrE TREATMENT 02 DATE ;3 iGE%CY 
04 DESCRIPTION I 
S 1 7 N CUTOFF WAUS 32 OATE:3iGELCV 
04 DESCRIPTION 

01 T 0 EWERGE\CY DIKING SbilFACE b'JA7ER OIVERSION ;2 DATE ;3 GEQCY 
04 DESCRIPTION 

01 - P CUTOFF TPENCHES SUMP 02DATE - ;3 k.iihCY 
54 DESCRIPTION 

5 '  Y Q SU8SURFACE CUTCFF ~ ' V ~ L L  32 DATE ;3 AGEhCY 
94 DESCRIPTION 



NONE KNOWN 
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SITE INSPECTIONREPORT 

I. IOENTWCATION 

01A KSTATE 021198flU9cif;l8SITE NUMBER , 
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PART 11 .ENFORCEMENTINFORMATION 
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li. ENfOAcEMEw WOeYArn 
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CHEMICAL & GEOLOGICAL LABORATORIES OF ALASKA,  INC. 
TELEPHONE (907) 562.2343 ANCHORAGE INDUSTRIAL CENTER 

5633 B Street 

ANALYTICAL REPORT 

;USTOMER0V i l  SAMPLE LOCATION: 

)ATE COLLECTED 10-2-85 TIME COLLECTED: 10:00 a.m. 
;AMPLED BY J- Pat- SOURCE m m - B DATE RECEIVED 
IEMARKS DATE COMPLETED 

mgll mgll m@l 
4 . 0 5  

( ) STRONTIUM. Sr 0.10
)ALUMINUM, A1 ( 1 TOTAL DISSOLVER .-

SOLIDS<o -05 
( ) TIN. Sn 4 - 0 5  

) ARSENIC. As ( ) TOTAL VOLATILE 
SOLIDS 

0.05 dl.05 
) BARIUM. Ba ( ) VANADIUM. V ( ) SUSPENDED 

SOLIDS 

) BORON. B 
<0.05 

( ) ZINC. Zn 0.79 
( ) VOLATILE SUSPENDED' 

SOLIDS 

CIUM. Ca 16 
( ZIRCONIUM. Zr <o 05 

( ) HARDNESS AS 54 
CaCO3 

<o. 01DMIUM. CdIP ( 1 ( ) ALKALINITY AS 
55 

CaCOj 

) CHROMIUM. Cr <O. 05 
( 1 ( ) 

) COPPER, Cu 
0.18 

( ) ( 1 

) IRON. Fc <o. 05 
( )AMMONIA ( 1 

NITROGEN-N 
4 - 0 5  

( ) KJELDAHL 
........................ 

) LEAD, Pb 
NITROGEN-N 

) MAGNESIUM. Slg 
3.3 

( ) NITRATE-N 
0.73 ( ) COLOR-UNITS 

) MANGANESE. .Mn <O. 05 
( ) NITRITE-N ( ) CONDUCTIVITY. 

110 
umhos/cm 

) MERCURY. Hg <0*0002 ( ) CHLORIDE ( ) LANGLIER INDEX 

) NICKEL. Ni 4.05 
( I CYANIDE ( ) LANGLIER INDEX 

) PHOSPHOROUS. P 
<0.05 

( ) FLUORIDE ( ) pH. UNITS 

) POTASSIUM. K 0.52 
( ) OIL AND GREASE ( ) TURBIDITY, ntu 

0.54 

ENIUM. Sc <0.05 
( ) PHENOL ( ) COLlFORM/IOOml 

CON. Si@ 9.0 ( ) PHOSPHOROUS ( 1
(ORTHO)-P

<o. 05 
) SILVER, AS ( SULFATE 

I 

( 1 

) SODIUS1. Na 2-0 ( ) SULFIDE (HIS) 
( 1 



West side of 
Settl ing Pond tb1 
(TP1); leachate 
toward Creek. 



Fror South. looklng 
at the 31111 i e t o r t  
furnace and flota-
t ion  uni t  area. 

Hcadwor k s  over 


