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EXECUTIVE SUMMARY 

Purpose 

This report describes the remedial i n v e s t i g a t i o n 

performed by Geraghty & M i l l e r , Inc., at the Martin M a r i e t t a 

Reduction F a c i l i t y at The D a l l e s i n Wasco County, Oregon. 

The s i t e covers 350 acres and i s located j u s t west of the 

Columbia R i v e r . 

The remedial i n v e s t i g a t i o n was c a r r i e d out on behalf of 

Martin M a r i e t t a and was overseen by Region X of the U.S. 

Environmental P r o t e c t i o n Agency under a Consent Order (No. 

1085-04-02-106) dated September 1985. The i n v e s t i g a t i o n was 

implemented i n accordance with the Remedial I n v e s t i g a t i o n 

Work Plan dated December 1985, as modified i n May 1987, and 

i s c o n s i s t e n t with the requirements of the N a t i o n a l 

Contingency Plan and a v a i l a b l e CERCLA guidance documents. 

The o b j e c t i v e s of the remedial i n v e s t i g a t i o n were to: 

c h a r a c t e r i z e s i t e c o n d i t i o n s and the extent and nature of 

s i t e - r e l a t e d c o n s t i t u e n t s released to the environment; to 

gather s i t e data necessary to evaluate p o t e n t i a l remedial 

responses; and, to determine the nature and extent of the 

r i s k to p u b l i c h e a l t h , w e lfare, or the environment posed by 

the release of s i t e - r e l a t e d c o n s t i t u e n t s . This report 

summarizes the r e s u l t s of data c o l l e c t e d during remedial 

i n v e s t i g a t i o n a c t i v i t i e s and includes a r i s k assessment 

prepared by ICF/Clement Associates based on c o l l e c t e d data 

and a n a l y s i s . A separate f e a s i b i l i t y study report, scheduled 

for completion i n the f i r s t h a l f of 1988 , i s to be prepared 

based on the f i n d i n g s of the remedial i n v e s t i g a t i o n and the 

r i s k assessment. 
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Background 

The Martin M a r i e t t a Reduction F a c i l i t y i s designed to 

produce approximately 90,000 tons of aluminum annually. The 

p l a n t was operated from 1958 through December 1984, at which 

time the f a c i l i t y c l o s e d . In September 1986, Martin M a r i e t t a 

leased the plant and some adjacent property to Northwest 

Aluminum Company. Primary aluminum operations were resumed 

at a reduced rate by Northwest Aluminum Company i n l a t e 1986. 

During the period of operation by Martin M a r i e t t a , waste 

c o n s t i t u e n t s derived from alumina reduction were stored, 

t r e a t e d , and disposed of at the f a c i l i t y . Although waste 

management techniques acceptable at the time were employed 

and although a l l necessary environmental operating permits 

were obtained, some waste c o n s t i t u e n t s c o n s i s t i n g p r i n c i p a l l y 

of f l u o r i d e , sodium, s u l f a t e , cyanide, and polynuclear 

aromatic hydrocarbons were released to the n a t u r a l 

envi ronment. 

A number of remedial actions were taken p r i o r to 

i n i t i a t i n g the remedial i n v e s t i g a t i o n i n order to d i m i n i s h 

the environmental e f f e c t s of plant a c t i v i t i e s . These 

i n c l u d e : c o n s t r u c t i o n of a l i n e d pond for storage of 

scrubber sludges; r e l o c a t i o n of the old cathode waste p i l e to 

a new l i n e d cathode waste pad containing a leachate-

c o l l e c t i o n system; fencing of the l a n d f i l l to r e s t r i c t access 

(performed as an i n t e r i m remedial measure); c o n s t r u c t i o n at 

the l a n d f i l l of a l e a c h a t e - c o l l e c t i o n system c o n s i s t i n g of 

g u n i t e - l i n e d perimeter d i t c h e s and a c o l l e c t i o n sump; and, 

c o n s t r u c t i o n of a c o n c r e t e - l i n e d pad i n the cathode wash 

area. 

The Consent Order d i r e c t e d Martin Marietta to perform a 

remedial i n v e s t i g a t i o n and f e a s i b i l i t y study. A work plan 

i i 
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f o r the study, prepared f o r Martin M a r i e t t a by Geraghty & 

M i l l e r , Inc., was submitted to the Environmental P r o t e c t i o n 

Agency i n December 1985, modified i n February 1986, and 

approved and implemented i n March 1986. Remedial i n v e s t i g a ­

t i o n a c t i v i t i e s were c a r r i e d out from March 1986 to September 

1987. 

I n v e s t i g a t i v e Phases 

The remedial i n v e s t i g a t i o n was d i v i d e d i n t o two separate 

d a t a - c o l l e c t i o n events, the f i r s t of which was conducted 

p r i m a r i l y during the second and t h i r d quarters of 1986. An 

i n t e r i m report prepared from the information c o l l e c t e d i n 

1986 concluded that a d d i t i o n a l data were required to s a t i s f y 

the needs of the f e a s i b i l i t y study. In March 1987, a work 

plan addendum was submitted to the Environmental P r o t e c t i o n 

Agency d e s c r i b i n g the work needed to acquire the a d d i t i o n a l 

i n f o r m a t i o n for the second phase. The addendum was modified 

i n May 1987 and approved by the EPA i n June 1987 , at which 

time f i e l d a c t i v i t i e s were i n i t i a t e d . 

The f i r s t phase of the i n v e s t i g a t i o n consisted of waste 

c h a r a c t e r i z a t i o n at the l a n d f i l l and sampling of sediment, 

s o i l , a i r , surface water, and ground water to: c h a r a c t e r i z e 

s i t e c o n d i t i o n s and the extent and nature of s i t e - r e l a t e d 

c o n s t i t u e n t s released to the environment; gather s i t e data 

necessary to evaluate p o t e n t i a l remedial responses; and, 

determine the nature and extent of the r i s k posed to p u b l i c 

h e a l t h , w e l f a r e , or the environment by the release of s i t e -

r e l a t e d c o n s t i t u e n t s . During t h i s phase, i n order to 

determine geologic and hydrogeologic conditions at the 

f a c i l i t y , new monitor w e l l s were i n s t a l l e d , a q u i f e r t e s t s 

were conducted, and w a t e r - l e v e l measurements were made. 

The second phase of the i n v e s t i g a t i o n consisted of 

sediment, s o i l , a i r , surface-water, and ground-water sampling 

i i i 
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to confirm and to f u r t h e r define the extent of c o n s t i t u e n t s 

reported during the f i r s t phase. Selected monitor w e l l s 

i n s t a l l e d at the s i t e p r i o r to the remedial i n v e s t i g a t i o n 

appeared to be producing w a t e r - q u a l i t y and w a t e r - l e v e l data 

of questionable value due to w e l l - c o n s t r u c t i o n d e f i c i e n c i e s , 

and as a r e s u l t , the improperly constructed w e l l s were 

replaced. In a d d i t i o n , new monitor w e l l s were i n s t a l l e d i n 

o n - s i t e and o f f - s i t e areas to be t t e r define hydrogeologic 

c o n d i t i o n s and the a r e a l extent of waste c o n s t i t u e n t s . 

A d d i t i o n a l a q u i f e r t e s t i n g was conducted, and w a t e r - l e v e l 

measurements were c o l l e c t e d to be t t e r define the d i r e c t i o n of 

ground-water movement and h y d r a u l i c r e l a t i o n s h i p s between the 

various a q u i f e r systems. 

Findings 

During the i n v e s t i g a t i o n , 23 p o t e n t i a l source areas were 

i n v e s t i g a t e d . The types of c o n s t i t u e n t s found i n the source 

areas were c o n s i s t e n t with the nature of materials t r e a t e d , 

s t o r e d , or disposed of at the s i t e . These c o n s t i t u e n t s 

c o n s i s t p r i n c i p a l l y of f l u o r i d e , sodium, s u l f a t e , cyanide, 

and polynuclear aromatic hydrocarbons. 

Cyanide was detected above background l e v e l s i n the 

l a n d f i l l waste and leachate, s o i l s , perched water associated 

with the cathode management area, and i n the discharge 

channel sediments. F l u o r i d e concentrations above background 

were reported i n cathode wash area s o i l s , l a n d f i l l leachate, 

r e c y c l e pond and l i n e d pond sediments, and i n perched water 

unde r l y i n g the o l d cathode management area. Polynuclear 

aromatic hydrocarbons were reported i n l a n d f i l l waste 

m a t e r i a l s , the cathode waste-management area s o i l s , and 

scrubber sludge pond s o i l s and sediments. 

Four a q u i f e r systems were i d e n t i f i e d beneath the 

f a c i l i t y ; from shallowest to deepest, these a q u i f e r s were 

i v 
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labeled, the S, A, B, and Da l l e s Ground Water Reservoir. 

Perched water was encountered i n l o c a t i o n s that had been 

f i l l e d i n the o l d cathode management areas. In a d d i t i o n , an 

a l l u v i a l a q u i f e r of l i m i t e d a r e a l extent was i d e n t i f i e d north 

of the plant near Chenoweth Creek. 

Concentrations of some c o n s t i t u e n t s were reported as 

present i n the various a q u i f e r systems underlying the s i t e . 

The concentrations were g e n e r a l l y l o c a l i z e d near the source 

areas, being highest i n the perched water and at decreased 

concentrations at depth and distance from the source. The 

major sources of these c o n s t i t u e n t s were the scrubber sludge 

ponds, runoff and leachate generated at the l a n d f i l l , and the 

ol d cathode waste p i l e . Generation and migration of leachate 

har- been remedied to a large extent by r e l o c a t i n g the o l d 

cathode waste p i l e to the new concrete l i n e d pad and by 

i n s t a l l i n g a l e a c h a t e - c o l l e c t i o n system around the perimeter 

of the l a n d f i l l . 

A degree of h y d r a u l i c connection e x i s t s between the 

upper a q u i f e r s underlying the s i t e . The Dalles Ground Water 

Reservoir i s separated from o v e r l y i n g u n i t s by low 

p e r m e a b i l i t y sediments which e f f e c t i v e l y preclude the 

exchange of water between the Dalles Ground Water Reservoir 

and the B a q u i f e r . No w a t e r - q u a l i t y impacts were i d e n t i f i e d 

i n the D a l l e s Ground Water Reservoir. 

No concentration of any co n s t i t u e n t s i n the S, A, B, or 

Da l l e s Ground Water Reservoir exceeded ARARs ( a p p l i c a b l e , 

r e l e v a n t , and appropriate requirements) with the exception of 

f l u o r i d e i n the S a q u i f e r near the scrubber sludge ponds, the 

re c y c l e pond, and the alumina unloading b u i l d i n g , and i n one 

sample each from the A and B a q u i f e r s at monitor-well c l u s t e r 

MW-9. As discussed i n the t e x t , the r e s u l t s at MW-9 appear 

to be an a r t i f a c t of w e l l c o n s t r u c t i o n and not representative 

of ambient water q u a l i t y at t h i s l o c a t i o n . 

v 
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Six water-supply w e l l s i n the immediate v i c i n i t y and 

three Chenoweth I r r i g a t i o n w e l l s were sampled. No c o n s t i ­

tuents were reported above l a b o r a t o r y d e t e c t i o n l i m i t s i n any 

of the Chenoweth w e l l s . Although traces of selecte d 

c o n s t i t u e n t s were reported as present i n several of the 

water-supply w e l l s , no c o n s t i t u e n t s were reported to exceed 

ARARs with the exception of f l u o r i d e at the Old Residence 

We l l . This w e l l i s owned by Martin M a r i e t t a and i s not used 

as a potable water-supply source. 

Samples c o l l e c t e d from Chenoweth Creek showed no impacts 

from pl a n t a c t i v i t i e s and, i n general, c o n s t i t u e n t s analyzed 

were below l a b o r a t o r y d e t e c t i o n l i m i t s . Impacts to the 

Columbia River due to the source areas i n v e s t i g a t e d were not 

evaluated during the RI but are expected to be below 

d e t e c t i o n l i m i t s due to d i l u t i o n . 

The r i s k assessment performed for the s i t e evaluated the 

p o t e n t i a l impacts of s i t e - r e l a t e d c o n s t i t u e n t s i n ground 

water, surface water, s o i l , sediment, and a i r on human and 

environmental populations i n the area under current as w e l l 

as h y p o t h e t i c a l future land-use c o n d i t i o n s . Exposures 

evaluated were d i r e c t contact with s o i l and i n h a l a t i o n of 

dust, and exposures to ground water and surface water. Of 

the exposures evaluated i n the r i s k assessment, only the 

f o l l o w i n g are of p o t e n t i a l concern: (1) use of the S aq u i f e r 

as a sole drinking-water resource may pose adverse heal t h 

e f f e c t s based on f l u o r i d e concentrations i n several w e l l s at 

the s i t e that exceeded ARARs; and (2) exposure of hy p o t h e t i ­

c a l future o n - s i t e c o n s t r u c t i o n workers and future workers 

who work outdoors v i a d i r e c t contact with s o i l s c ontaining 

a r s e n i c and PAHs i n the f o l l o w i n g areas: l a n d f i l l , l a n d f i l l 

runoff areas, p o t l i n e r handling area, and the scrubber sludge 

ponds. In a d d i t i o n , concentrations of con s t i t u e n t s i n the 

v i 
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l a n d f i l l leachate may r e s u l t i n adverse e f f e c t s to w i l d l i f e 

d r i n k i n g t h i s water. 

Unresolved Data Needs 

The remedial i n v e s t i g a t i o n s a t i s f i e d the o b j e c t i v e s of 

the work plan and addendum, which were based on an under­

standing of hydrogeologic c o n d i t i o n s and source areas 

apparent at the time. However, during the course of the 

i n v e s t i g a t i o n , new information became a v a i l a b l e which 

modified the current i n t e r p r e t a t i o n of c o n d i t i o n s . Most of 

the m o d i f i c a t i o n s were handled i n the f i e l d as they occurred; 

however, one area was noted which requires a d d i t i o n a l data 

c o l l e c t i o n . This area i s l o c a t e d near the alumina unloading 

b u i l d i n g upgradient of the new cathode waste pad where 

elevated l e v e l s of f l u o r i d e and cyanide were reported as 

present i n the S a q u i f e r . These elevated l e v e l s may be a 

r e s u l t of a r e c e n t l y i d e n t i f i e d source of cathodic m a t e r i a l 

and/or the r e s u l t of p i p e l i n e leakage of water rerouted from 

the duck pond to the discharge channel (a r i s e i n water 

l e v e l s noted i n the area of the new cathode waste pad during 

the i n v e s t i g a t i o n was a l i k e l y r e s u l t of t h i s leakage). 

Conditions i n t h i s area do not pose a r i s k to human healt h 

and the environment; however, i n order to evaluate source 

c o n t r o l measures during the f e a s i b i l i t y study, a d d i t i o n a l 

data are necessary to define the character of t h i s p o t e n t i a l 

source area. 

566/6 
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GLOSSARY 

A A q u i f e r . F i r s t u n i t underlying the s i t e capable of 
supplying appreciable ground-water y i e l d s to w e l l s . Located 
i n the Middle R o s a l i a Flow. 

Aerobic. Conditions that e x i s t under free oxygen. 

A i r-impinger. Glass device containing l i q u i d s o l u t i o n 
through which a i r i s percolated using a pumping device. 

A l l u v i a l . A general term for unconsolidated m a t e r i a l 
deposited by a stream or other body of running water. 

Alumina Reduction Process. Manufacturing process of reducing 
alumina to aluminum e l e c t r o l y t i c a l l y . 

Anaerobic. Conditions that e x i s t i n the absence or near 
absence of free oxygen. 

Animal Shelter Well. Water-supply w e l l located o f f s i t e at 
Wasco County Animal S h e l t e r located north of the MMRF. 

Anode. A p o s i t i v e e l e c t r o d e . A pitch/coke mixture. 

A n t i c l i n e . A f o l d , the core of which contains the s t r a t i -
g r a p h i c a l l y older rock; i t i s convex upward. 

A q u i f e r . A formation that contains saturated permeable 
m a t e r i a l and y i e l d s s i g n i f i c a n t q u a n t i t i e s of water to w e l l s 
or s p r i n g s . 

A q u i t a r d . A c o n f i n i n g bed that retards but does not prevent 
the flow of water to or from an adjacent a q u i f e r . 

A r t e s i a n . Ground water confined under h y d r o s t a t i c pressure. 

A u t h i g e n i c . Formed or generated i n place. 

B A q u i f e r . Lower zone of the Ro s a l i a Flow comprised of a 
p i l l o w lava and present below the MMRF from about 170 to 200 
feet below land surface. May produce from 300 to 500 gpm. 

Barometric E f f i c i e n c y . Ratio of wat e r - l e v e l change to 
atmospheric pressure change. 

B a s a l t . General term for dark-colored i r o n and magnesium 
r i c h e x t r u s i v e v o l c a n i c rock. 

B a s a l t P i n n a c l e s . Spire-shaped p i l l a r s of b a s a l t . 

Bath. The process of soft e n i n g the spent cathode by quench-
ing with water for several days. 
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GLOSSARY continued 

Bingen A n t i c l i n e . A concave downward f o l d to the north of 
the Mossier s y n c l i n e . 

B r i q u e t t e s . A b r i c k made of compressed coal dust. 

Bus Bars. Aluminum bars which transmit e l e c t r i c a l power to 
the studs i n the anode. 

Byron Interbed. Weathered b a s a l t s and a l l u v i a l deposits 
present between the Lola and R o s a l i a b a s a l t flows. 

Cast House. Area of plant where molten aluminum i s 
s o l i d i f i e d i n various forms and s i z e s . 

Cathode. A negative e l e c t r o d e . The cathode i s composed 
mainly of carbon blocks and r e f r a c t o r y b r i c k s . 

Cathode Waste Management Area (Former). Includes Cathode 
Wash Area, P o t l i n e r Handling Area, Old Cathode Waste P i l e , 
Salvage Area, Bath Recovery Area, and Metal Pad Storage Area. 

Chain-of-Custody. W r i t t e n record which accompanies samples 
from the time of c o l l e c t i o n to the time of analyses. 

Chenoweth F a u l t . A reverse f a u l t i n the area of the 
Chenoweth Creek. 

Chenoweth Formation. Geologic formation above the Columbia 
River B a s a l t Group c o n s i s t i n g of v o l c a n o c l a s t i c s . 

Coke. Combustible m a t e r i a l c o n s i s t i n g of fused ash and f i x e d 
carbon of bituminous c o a l . 

C o l l e c t o r Bars. S t e e l bars i n s e r t e d through the carbon black 
to complete the e l e c t r i c c i r c u i t . 

Colluvium. Aluvium deposited by surface run-off or sheet 
e r o s i o n . 

Colonnade. The lower, t h i c k e r , and better formed zone i n 
columnar J o i n t i n g . 

Columbia H i l l s A n t i c l i n e . A concave downward f o l d north of 
The D a l l e s s y n c l i n e . 

Columbia River B a s a l t Group (CRBG). A geologic group of 
Miocene age comprised of approximately 300 bas a l t flows. 

Columnar J o i n t s . P a r a l l e l , p r i s m a t i c columns, e i t h e r 
hexagonal or pentagonal i n ba s a l t flows. 
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GLOSSARY .continued 

Confined A q u i f e r . An a q u i f e r bounded above and below by 
impermeable beds. 

Constant-Rate Pumping Test. An aqui f e r t e s t i n which a w e l l 
i s pumped at a constant rate for a period of time. 

C r y o l i t e . A white or c o l o r l e s s monoclinic mineral 
( T r i sodium-Aluminum-Hexa f l u o r i d e [Na 3 A l F 6 ]) used i n the 
manufacture of aluminum. 

D a l l e s Ground-Water Resevoir (DGWR). High capacity a q u i f e r 
supplying m u n i c i p a l , i n d u s t r i a l , and a g r i c u l t u r a l demands i n 
The D a l l e s area. Located i n the Frenchman Springs Member of 
the Columbia River B a s a l t . 

Draeger Tube. Glass tube with porous receptor media u t i l i z e d 
for monitoring a i r q u a l i t y . 

Drawdown. A lowering of the potentiometric surface caused by 
pumping of ground water from w e l l s . 

Evapotranspi r a t i o n . Loss of water from a land area through 
t r a n s p i r a t i o n of plan t s and evaporation from the s o i l . 

E x t r a c t i o n Procedure (EP) T o x i c i t y Metals. L i s t of metals 
i n c l u d i n g a r s e n i c , barium, cadmium, chromium, lead, mercury, 
selenium, and s i l v e r . 

F a u l t . A f r a c t u r e along which there has been displacement of 
the sTdes r e l a t i v e to one another. 

F i e l d Blank. Sample prepared i n the f i e l d from a clean 
source. Used to i n d i c a t e background sources of contamination 
during sampling. 

Foreset. A steep and advancing f r o n t a l slope. 

Formation. A geologic u n i t possessing d i s t i n c t i v e l i t h o l o g i c 
f e a t u r e s . 

Frenchman Springs Member. Lowest member of the Wanapum 
Bas a l t Group. 

Grande Ronde B a s a l t . The b a s a l t flow i n the CRBG that 
u n d e r l i e s the Frenchman Springs member. 

Gunite. Mixture of Portland cement, sand, and water a p p l i e d 
by pneumatic pressure and used as a s e a l i n g agent. 

Hessian-Skyline Complex. A s o i l complex that c o n s i s t s of 
l o e s s , v o l c a n i c ash, and all u v i u m . 
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GLOSSARY continued 

Homogeneity. The q u a l i t y or c o n d i t i o n of being s i m i l a r or 
i d e n t i c a l . 

Homogeneous. The same i n s t r u c t u r e or q u a l i t y , uniform. 

H y a l o c l a s t i t e . A deposit resembling t u f f formed by the 
f l o w i n g of b a s a l t under water. 

Hydraulic c o n d u c t i v i t y . A value of p r o p o r t i o n a l i t y 
d e s c r i b i n g the rate at which water can move through a 
permeable medium. 

Hydraulic gradient. Change i n t o t a l head with a change i n 
distance i n a d i r e c t i o n that provides the highest value. 

Hydrograph. A graph showing water l e v e l s as a f u n c t i o n of 
t i m e . 

I s o t r o p i c . Said of medium whose pr o p e r t i e s are the same i n 
a l l d i r e c t i o n s . 

L a c u s t r i n e . Produced by or formed i n a lake. 

Laurel F a u l t . Northeast trending, s t r i k e - s l i p f a u l t to the 
east of The D a l l e s . 

L i g n i t e . Brownish-black low-grade c o a l . 

Lola Flow. Uppermost b a s a l t u n i t at the MMRF. Part of the 
P r i e s t Rapids Member. 

Matrix Spike. Sample media i n j e c t e d with a standard of known 
concentr a t i o n and volume. 

Metal Pad. Slag m a t e r i a l produced during disassembly of the 
p o t l i n e r s . I t c o n s i s t s of alumina, aluminum, and i m p u r i t i e s . 

Metallo-Cyanide. Describes a compound i n which an atom of 
metal i s bound to cyanide. 

Monovalent. Having a valence of one. 

M o n t m o r i l l o n i t e . A group of e x p a n d i n g - l a t t i c e c l a y minerals. 

Mossier S y n c l i n e . Concave upwards f o l d north of the Columbia 
H i l l s a n t i c l i n e . 

Observation Well. Any nonpumping w e l l used to observe the 
e l e v a t i o n of the potentiometric surface. 

Ore. N a t u r a l l y o c c u r r i n g m a t e r i a l from which minerals of 
economic value can be e x t r a c t e d . 
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GLOSSARY continued 

Paleomagnetism. Natural remnant magnetism. 

Paleotopography. Topographic r e l i e f of an area at a 
p a r t i c u l a r time i n the geologic past. 

Pasco Basin. A geologic basin formed by a s e r i e s of 
east-to-northeast trending f o l d s . 

Perched Ground Water. Unconfined ground water separated from 
an u n d e r l y i n g main body of ground water by an unsaturated 
zone. 

Photovac Tip. An instrument which measures t o t a l i o n i z a -
t i o n a l p o l l u t a n t s . 

P h y r i c . Containing numerous c r y s t a l s . 

P i l l o w Lavas. A general term for those lavas d i s p l a y i n g 
discontinuous pillow-shaped masses formed i n subaqueous 
envi ronments. 

P i t c h . A dark-colored, viscous to s o l i d , n o n v o l a t i l e , 
f u s i b l e substance. The p i t c h contains polynuclear aromatic 
hydrocarbons. 

P l a g i o c l a s e Phenocrysts. Large c r y s t a l s of t r i c l i n i c 
f e l d s p a r s . 

P l e i s t o c e n e . An epoch of geologic time of the Quaternary 
pe r i o d . 

P l i o - P l e i s t o c e n e . A period of geologic time that includes 
the Pliocene and Pl e i s t o c e n e epochs. 

Pomona Member. A b a s a l t flow i n the CRBG above the Wanapum 
B a s a l t . 

P o t e n t i o m e t r i c Surface. A surface that represents the l e v e l 
to which water w i l l r i s e i n a w e l l . 

P r i e s t Rapids Member. Uppermost u n i t of the Wanapum b a s a l t 
c o n t a i n i n g EEi Lola Flow, Byron Interbed, and the R o s a l i a 
Flow. 

Production W e l l . A water-supply w e l l used for municipal, 
i n d u s t r i a l , or a g r i c u l t u r a l purposes. 

P y r i t e . Iron s u l f i d e . 

P y r o c l a s t i c . P e r t a i n i n g to c l a s t i c rock m a t e r i a l formed by 
v o l c a n i c explosion or a e r i a l expulsion from a v o l c a n i c vent. 
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GLOSSARY continued 

Quaternary. The second period of the Cenozoic era thought to 
cover the l a s t two to three m i l l i o n years. 

Quincy Loam Fine Sand. A s o i l complex c o n s i s t i n g of sandy 
a l l u v i u m . 

Quincy/Squaw Creek Interbed. D e p o s i t i o n a l clays that form 
the a q u i t a r d above the D a q u i f e r . 

R o s a l i a Flow. B a s a l t u n i t at the MMRF s i t e . Lower flow of 
the P r i e s t Rapids Member. 

Rosa Member. Middle geologic u n i t i n the Wanapum B a s a l t . 
The Rosa occurs between the Quincy and Squaw Creek Interbeds. 
i n the area of the MMRF, the Rosa i s absent. 

S A q u i f e r . Uppermost a q u i f e r comprised of the Lolo Flow, 
Byron Interbed, and s u b a e r i a l part of the Ro s a l i a Flow 
included i n the t r a n s i t i o n zone. 

Saddle Mountain B a s a l t . A ba s a l t flow of the CRBG and 
uppermost member ot tne Yakima Basa l t subgroup. 

S e n t i n e l Gap Flow. Uppermost b a s a l t flow of the Frenchman 
Springs Member and which contains the DGWR. 

Surrogate Spike. Mixture of standard compounds of known 
concentr a t i o n from which a known volume i s extracted and 
added to each sample. 

S y n c l i n e . A f o l d , the core of which contains the s t r a t i -
g r a p h i c a l l y younger rocks; i t i s concave upward. 

Target Waste. Waste ma t e r i a l s which include spent cathode 
waste, r e f r a c t o r y b r i c k s , and o f f - s p e c i f i c a t i o n carbon block, 
p i t c h , and coke. 

Tectonic F r a c t u r i n g . Fractures i n bedrock a t t r i b u t e d to 
mountain b u i l d i n g . 

The D a l l e s Syncline- The folded concave upwards bedrock i n 
The D a l l e s area. 

Three Mile F a u l t . A l a t e r a l s t r i k e - s l i p f a u l t i n the 
v i c i n i t y of The Dal l e s Dam. 

T r a n s m i s s i v i t y . The rate at which water i s transmitted 
through a u n i t width of an aquif e r under a u n i t h y d r a u l i c 
g r a d i e n t . 

T r i p Blank. Sample prepared i n the laboratory which accom­
panies sample b o t t l e s i n t r a n s i t . 
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GLOSSARY continued 

Tuffaceous. Sediments cont a i n i n g at l e a s t some p y r o c l a s t i c 
v o l c a n i c ash and dust. 

Van Horn Loam. S o i l complex c o n s i s t i n g of dark loam to c l a y 
loam. 

V e s i c u l a r . The texture of a v o l c a n i c rock con t a i n i n g 
abundant bubbles. 

V o l c a n o c l a s t i c s . P e r t a i n i n g to c l a s t i c rock m a t e r i a l formed 
by v o l c a n i c a c t i v i t y . 

Wanapum B a s a l t . B a s a l t u n i t c o n t a i n i n g numerous flows of the 
Columbia B a s a l t Group. Contains the P r i e s t Rapids Member, 
Rosa Member, and Frenchman Springs Member. 

Water Table. The surface i n an aquif e r at which the pore 
water pressure i s atmospheric. 

Weathering. The p h y s i c a l and chemical breakdown of rocks. 

Xeropsamments. A s o i l c o n s i s t i n g of rocks and weathered 
• mater i a l . 

Yakima B a s a l t . A subgroup of the CRBG, middle to upper 
Miocene i n age, comprised of seve r a l b a s a l t flows. 
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ACRONYMS 

ARAR A p p l i c a b l e , r e l e v a n t , and appropriate 

requi rement 

BN/A Base n e u t r a l / a c i d e x t r a c t a b l e organic 

BRPA Bath recovery pad area 
CERCLA Comprehensive Environmental Response, Compen­

s a t i o n and L i a b i l i t y Act of 1980. Also known 
as "Superfund" 

CRBG Columbia River B a s a l t Group 

CWA Cathode wash area 

DEQ State of Oregon, Department of Environmental 

Q u a l i t y 

DGWR Dal l e s Ground-Water Reservoir 

EP E x t r a c t i o n procedure 

EPA Environmental P r o t e c t i o n Agency 

FS F e a s i b i l i t y Study 

G&M Geraghty & M i l l e r , Inc. 

MMRF Martin M a r i e t t a Reduction F a c i l i t y 

MPSA Metal pad storage area 

NCP Nat i o n a l Contingency Plan 

NCWP New cathode waste pad 

NPDES Nat i o n a l P o l l u t a n t Discharge E l i m i n a t i o n 

System 

NPL National P r i o r i t i e s L i s t 

NWA 'Northwest Aluminum Company 

OCWP Old cathode waste p i l e 

OSHA Occupational Safety and Health A d m i n i s t r a t i o n 

PAH Polynuclear aromatic hydrocarbon 

PCB P o l y c h l o r i n a t e d biphenyl 
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PHA P o t l i n e r handling area 

QAPP Q u a l i t y Assurance P r o j e c t Plan 

RA Risk Assessment 

RCRA Resource Conservation and Recovery Act 

RfDs Reference doses 

RI Remedial I n v e s t i g a t i o n 

SOP Standard operating procedure 

SSP Scrubber sludge pond 

USGS U.S. Ge o l o g i c a l Survey 

VOC V o l a t i l e organic compound 
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Section One 



1.0 INTRODUCTION 

1.1 GENERAL 

This report describes the Remedial I n v e s t i g a t i o n 

performed i n 1986-87 by Geraghty & M i l l e r , Inc., (G&M) at the 

Martin M a r i e t t a Reduction F a c i l i t y (MMRF) located i n The 

D a l l e s , Wasco County, Oregon (Figure 1.1). The f a c i l i t y , 

used f o r processing of aluminum, covers 350 acres and i s 

loc a t e d j u s t west of the Columbia River (Figure 1.2). 

Operations were begun at the s i t e by Harvey Aluminum, 

Inc., i n 1958 p r i o r to t h e i r becoming a wholly-owned 

s u b s i d i a r y of Martin M a r i e t t a Corporation (Martin) i n the 

e a r l y 1970's. The MMRF continued operating u n t i l 1984, when 

the p l a n t was shut down; at approximately the same time, 

Martin acquired l e g a l t i t l e to the property from Martin 

M a r i e t t a Aluminum, Inc. In 1986, Martin leased the plant and 

po r t i o n s of the adjacent areas to Northwest Aluminum Company, 

which resumed primary aluminum operations i n 1987. 

During the period of operation, waste c o n s t i t u e n t s 

derived from alumina reduction were stored, t r e a t e d , and 

disposed of at the MMRF. Although waste management 

techniques acceptable at the time were employed and although 

a l l necessary environmental operating permits were obtained, 

some waste c o n s t i t u e n t s c o n s i s t i n g p r i n c i p a l l y of f l u o r i d e , 

sodium, s u l f a t e , cyanide, and polynuclear aromatic hydro­

carbons (PAHs) were released to the na t u r a l environment. As 

a r e s u l t , Martin entered i n t o a Consent Order (No. 1085-

04-02-106), with Region X of the U.S. Environmental 

P r o t e c t i o n Agency (EPA) i n September 1985 that d i r e c t e d 

Martin to perform a remedial i n v e s t i g a t i o n and f e a s i b i l i t y 

study (RI/FS) for the study area (Figure 1.3). The o b j e c t i v e 

of the RI was to determine the nature and extent of the 

thre a t to the p u b l i c h e a l t h , welfare, or the environment 
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Figure 1.1 Location Map Showing the MMRF and 
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caused by the release of c o n s t i t u e n t s from the MMRF. The 

o b j e c t i v e of the FS i s to evaluate remedial-action a l t e r n a ­

t i v e s to prevent or m i t i g a t e the migration, the r e l e a s e , or 

the threatened release of c o n s t i t u e n t s of concern from the 

f a c i l i t y as i d e n t i f i e d i n the r i s k assessment. 

The work plan for the study, prepared for Martin by G&M, 

was submitted to the EPA i n December 1985, modified i n 

February 1986, and implemented by G&M i n March 1986. The 

work plan described the techniques and scope of the f i e l d 

i n v e s t i g a t i o n , which included waste c h a r a c t e r i z a t i o n at 

s p e c i f i c source areas (see Section 3.0), monitor-well 

i n s t a l l a t i o n , and sampling and a n a l y s i s of s o i l , surface 

water, and ground water (Appendix C). The information 

c o l l e c t e d during the RI supplements the e x i s t i n g data base of 

ground-water and surface-water q u a l i t y data which i s 

presented i n Appendix A. 

The key areas i n v e s t i g a t e d included: 

o L a n d f i l l and adjacent areas 

o Former Cathode Waste Management Area 

o New Cathode Waste Pad 

o Duck Pond 

o Lined Pond 

o Recycle Pond 

o Scrubber Sludge Ponds 

o Wastewater and surface-water transport ditches 

Each source i s described i n Section 3.0 with a d d i t i o n a l 

d e t a i l provided i n Appendix A. 

The primary parameters of concern are those associated 

w i t h the alumina reduction process: t o t a l and free cyanide, 
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f l u o r i d e , sodium, and polynuclear aromatic hydrocarbons 

(PAHs). However, the work plan included c h a r a c t e r i z a t i o n of 

the presence of other parameters: metals ( i n c l u d i n g 

a r s e n i c ) , base/neutral and a c i d e x t r a c t a b l e compounds (BNAs), 

v o l a t i l e organic compounds (VOCs), and p o l y c h l o r i n a t e d 

biphenyls (PCBs). 

Results of the i n i t i a l d a t a - c o l l e c t i o n a c t i v i t i e s were 

summarized i n a report e n t i t l e d "Interim Report - Remedial 

I n v e s t i g a t i o n , Martin M a r i e t t a Reduction F a c i l i t y , The 

D a l l e s , Oregon," which was submitted to the EPA i n November 

1986 . 

The Interim Report i d e n t i f i e d several data d e f i c i e n c i e s , 

and i n March 1987, a work plan addendum was submitted to the 

EPA d e s c r i b i n g the work needed to acquire the a d d i t i o n a l 

i n f o r m a t i o n . The addendum was modified i n May 1987 and 

approved by the EPA i n June 1987, at which time f i e l d 

a c t i v i t i e s were i n i t i a t e d . The a d d i t i o n a l work included 

f u r t h e r sampling and a n a l y s i s of surface water and s o i l s at 

some of the source areas, c h a r a c t e r i z a t i o n of perched water 

w i t h i n the former cathode waste management area, reconstruc­

t i o n of p r e - e x i s t i n g monitor w e l l s determined to y i e l d 

non-representative ground-water q u a l i t y and potentiometric 

data, and a d d i t i o n a l ground-water sampling and a n a l y s i s . 

This report describes the f i n d i n g s of the RI, includes a 

Risk Assessment for the s i t e , and presents a p p l i c a b l e , 

r e l e v a n t , and appropriate requirements (ARARs) (see Appendix 

B). A separate FS report i s scheduled for completion i n the 

f i r s t h a l f of 1988. A community r e l a t i o n s plan for the s i t e 

was prepared f o r the EPA by Camp, Dresser, & McKee, Inc., i n 

December 1985. 
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1.2 BACKGROUND INFORMATION 

1.2.1 Physiographic Features 

The dominant physiographic features of The Da l l e s area 

are the Columbia River Gorge and the adjacent extensive 

undulating plateaus that are deeply i n c i s e d by streams. The 

land surface r i s e s from approximately 100 f t (feet) above 

mean sea l e v e l (msl) at the Columbia River to more than 3,000 

f t msl on the plateau (Grady, 1983). The major streams i n 

the area o r i g i n a t e i n the west and flow to the northeast, 

u l t i m a t e l y d i s c h a r g i n g to the Columbia River. 

The channel of the Columbia River has been eroded along 

j o i n t s and f r a c t u r e s of the Columbia River B a s a l t . In some 

pla c e s , the Columbia River descends over massive l a y e r s of 

b a s a l t , c r e a t i n g pronounced f a l l s . The l a r g e s t such f a l l , at 

C e l i l o , descended a t o t a l of 50 f t (Newcomb, 1969) but i s now 

submerged behind The D a l l e s Dam. 

The major land uses i n the area are a g r i c u l t u r a l , 

i n c l u d i n g orchards, grazing, and f o r e s t r y . Industry i s 

l i m i t e d and i s r e s t r i c t e d to the area of The D a l l e s . 

Approximately 60 percent of the population of Wasco County 

l i v e s i n the c i t i e s of The D a l l e s , Dufur, and Mosier. 

1.2.2 General H i s t o r i c a l Overview 

A summary of the h i s t o r y of waste generation, storage, 

and d i s p o s a l a c t i v i t i e s at the plant i s presented below; 

f u r t h e r d i s c u s s i o n , i n c l u d i n g an h i s t o r i c a l d e s c r i p t i o n of 

p o t e n t i a l source areas, i s given i n Appendix A. A d e t a i l e d 

d e s c r i p t i o n of the various source areas i s presented i n 

Section 3.1. 
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1.2.2.1 Background 

The MMRF plant c o n s i s t s of 300 alumina reduction c e l l s 

housed i n f i v e production b u i l d i n g s . When at f u l l c a p a c i t y , 

MMRF produced approximately 90,000 tons of aluminum annually, 

using the H a l l - H e r o u l t reduction process i l l u s t r a t e d i n 

Figure 1.4. As described i n Appendix A, wastes generated 

from the process came from the reduction c e l l s , a i r emission 

c o n t r o l s , water treatment, and other a c t i v i t i e s that 

supported the manufacturing process. 

In 1983, routine sampling of Production Well #2 at the 

s i t e reported l e v e l s of cyanide above d e t e c t i o n l i m i t s . The 

w e l l was thought to be improperly grouted, al l o w i n g contami­

nants to migrate downward along the annular space i n t o the 

Da l l e s Groundwater Reservoir (DGWR), and i t was subsequently 

p r o p e r l y abandoned. None of the other three production 

w e l l s , which are monitored on a regular b a s i s , have reported 

any w a t e r - q u a l i t y problems. 

In e a r l y 1983, leachate was detected migrating from the 

l a n d f i l l area across River Road to the Rockline quarry area. 

A design for a l e a c h a t e - c o l l e c t i o n system around the l a n d f i l l 

perimeter was prepared by Century West Engineering i n 1983 

and constructed by Martin i n 1984. 

In 1983, the EPA evaluated the MMRF and determined that 

i t had a hazardous waste ranking of 43.7, s u f f i c i e n t to place 

i t on the Nat i o n a l P r i o r i t i e s L i s t (NPL). The s i t e was 

subsequently designated as a Superfund s i t e i n January 1987. 

In December 1984, the plant ceased production, l e a v i n g a 

skeleton crew to continue the water-monitoring program and to 

operate and maintain e s s e n t i a l elements such as the r e c t i ­

f i e r s , sewage-treatment p l a n t , and the l e a c h a t e - c o l l e c t i o n 

system. In September 1986, as noted p r e v i o u s l y , Northwest 
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Figure 1.4 The H a l l - H e r o u l t Reduction 
Process. 
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Aluminum Company leased the f a c i l i t y and pre s e n t l y operates 

the p l a n t under a f i v e - y e a r l e a s e / s a l e agreement, which i s 

subordinate to the EPA Consent Order. 

1.2.2.2 Routine Cathode Handling 

The cathode handling procedure i s d e t a i l e d i n Appendix 

A. The expected l i f e of a cathode was approximately f i v e 

years, a f t e r which i t was u s u a l l y removed from s e r v i c e due to 

poor metal grades. The hot cathodes removed from s e r v i c e 

were transported to the cathode wash area where they were 

sprayed with water for approximately two days. A f t e r soak­

in g , the bath and metal pad were removed from the cathode. 

The metal pad was placed i n the metal pad storage area and 

the cathode was brought back i n s i d e the plant where i t was 

dismantled and the l i n i n g was removed. 

From 1963 to 1968, cathode waste was shipped o f f - s i t e 

for processing by a Reynolds Aluminum f a c i l i t y i n the State 

of Washington. Except during t h i s period, cathode waste was 

ret a i n e d o n - s i t e and stored i n the o l d cathode waste p i l e . 

When shipping the waste o f f - s i t e , the b r i c k s from the pots 

were separated from the rest of the waste and placed i n the 

l a n d f i l l . The b r i c k s put i n t o the l a n d f i l l comprise about 

one-half of the t o t a l waste volume. 

In 1983, the State of Oregon Department of Environmental 

Q u a l i t y l i s t e d cathode ( p o t l i n e r ) waste as hazardous. Since 

the s t a t e r e g u l a t i o n s were promulgated, Martin b u i l t an 

approved and permitted cathode waste pad to store i t s waste 

p o t l i n e r . The cathode waste p r e v i o u s l y stored at the o l d 

cathode waste p i l e was relocated to the permitted storage 

f a c i l i t y and any waste generated t h e r e a f t e r was placed on the 

new p i l e . 
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1.2.2.3 A i r Emissions Scrubber System 

When the p l a n t was b u i l t i n 1958, a scrubber was added 

to the design. The scrubber c o l l e c t e d emissions from the 

reduction c e l l s and "scrubbed" f l u o r i d e s i n a dry system. 

Some of the scrubbed p a r t i c l e s were recycled back i n t o the 

c e l l s and the re s t were disposed of by making a s l u r r y and 

pumping the r e s u l t i n g sludge i n t o the unlined scrubber sludge 

ponds. This system was c a l l e d the primary system. In 1980, 

the l i n e d pond was b u i l t to replace the scrubber sludge 

ponds. 

In 1969, a second scrubber, c a l l e d the secondary system, 

was added to c o n t r o l a i r emissions. This scrubber c o l l e c t e d 

emissions from the pot rooms through roof fans that 

"scrubbed." the p a r t i c l e s i n a wet system. The water 

c o l l e c t e d from the roof scrubber was routed through the 

discharge channel i n t o the recycle pond. Some sludges from 

the secondary system were al s o discharged to the scrubber 

sludge ponds. 

1.3 NATURE AND EXTENT OF THE PROBLEM 

1.3.1 Constituents Found i n Soil/Sediment/Ground Water/ 
Surface Water" " 

Waste c o n s t i t u e n t s c o n s i s t i n g p r i n c i p a l l y of f l u o r i d e , 

sodium, s u l f a t e , cyanide, and PAHs were reported as present 

at various l o c a t i o n s around the MMRF. The types of c o n s t i ­

tuents found were c o n s i s t e n t with the nature of m a t e r i a l s 

t r e a t e d , s t ored, or disposed of at the s i t e . Cyanides 

(complex and free) are associated with p o t l i n e r m a t e r i a l 

(spent cathodes), for example, and f l u o r i d e and sodium, found 

i n roof scrubber e f f l u e n t and spent cathodes are components 

of c r y o l i t e , the raw ma t e r i a l used i n the alumina reduction 

process. PAHs are associated with p i t c h and coke. 
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Levels of cyanide were found at the l a n d f i l l ( i n the 

waste and l a n d f i l l l e a c h a t e ) , the cathode management area 

( s o i l s and underlying perched water), and the discharge 

channel (sediments). Free cyanide was not i d e n t i f i e d i n 

samples of scrubber sludge pond sediments, the l i n e d pond, 

recycle pond sediments, or the duck pond. 

F l u o r i d e concentrations were reported at the cathode 

wash area ( s o i l s ) , l a n d f i l l ( l e a c h a t e ) , recycle pond ( s e d i ­

ments), l i n e d pond (sediments), and i n perched water 

unde r l y i n g the o l d cathode management area. PAHs were 

reported at the l a n d f i l l (waste m a t e r i a l s ) , the cathode 

waste-management areas ( s o i l s ) , and the scrubber sludge ponds 

( s o i l s and/or sediments). In general, no PAHs were reported 

as present i n any ground-water or surface-water samples. 

Concentrations of cyanides and sodium were reported as 

present i n the various a q u i f e r systems underlying the land­

f i l l , cathode waste-management areas, and areas east of River 

Road toward the Columbia R i v e r . With the exception of 

perched water found i n the o l d cathode management area, free 

cyanide concentrations i n the underlying a q u i f e r s were below 

ARARs, which are described i n Section 6 and are summarized i n 

Table 1.1. Appendix B provides a d d i t i o n a l d e t a i l regarding 

ARARs. 

Concentrations of f l u o r i d e s were reported as present i n 

the a q u i f e r systems underlying the recycle pond and scrubber 

sludge ponds. The d i s t r i b u t i o n of f l u o r i d e s i n ground water 

i s g e n e r a l l y r e s t r i c t e d to t h i s area, and no concentrations 

were reported to exceed ARARs except i n the uppermost a q u i f e r 

(S a q u i f e r ) . With the exception of one sample each from the 

A and B a q u i f e r s at w e l l c l u s t e r MW-9, no other f l u o r i d e 

analyses were reported above ARARs. The values from w e l l 

c l u s t e r MW-9 are f e l t to be an a r t i f a c t of w e l l c o n s t r u c t i o n , 
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TABLE 1.1 

POTENTIAL ARARS AND OTHER GUIDANCE FOR THE PROTECTION OF HUMAN HEALTH AND AQUATIC LIFE 

f o r GROUNDWATER: 

Chemical 
Federal MCL 
(SMCL) [a] Federal MCLG [b] Oregon MCL [c] Other 

Bicarbonate 
Calcium 
Carbonate 
Cyanide (free) 220 ug/L ( c h i l d ) 

770 ug/L (adult) 
[d] 
[e] 

F l u o r i d e 4 mg/L (2 mg/L) [f ] 1.4-2.4 mg/L [g] 
Magnesium 

^ Sodium 
^ S u l f a t e 

Zinc 
(250 mg/L) 
(5 mg/L) 

250 mg/L 
5 mg/L 

400 mg/L [h] 

f o r SURFACE WATER: 

Water Q u a l i t y C r i t e r i a f o r 
P r o t e c t i o n of Human Health [ i ] 

Chemical 

Water 
& F i s h 

I n g e s t i o n 

F i s h 
Consumption 

Only 

Water Q u a l i t y 
Standard f o r the 
Hood Basin [ j ] 

Water Q u a l i t y C r i t e r i a f o r 
P r o t e c t i o n of Aquatic L i f e [k] 

Acute Chronic 

Cyanide 
F l u o r i d e 
Zinc 

200 ug/L 

5 mg/L [1] 5 mg/L [1] 

0.005 mg/L 
1.0 mg/L 

0.01 mg/L 

0.022 mg/L 0.0052 mg/L 

0.12 mg/L [e] 0.11 mg/L [m] 



TABLE 1.1, continued 

[a] Maximum Contaminant Levels are enforceable d r i n k i n g water standards from 40 CFR 141.11. 
These l e v e l s are based on h e a l t h , t e c h n i c a l f e a s i b i l i t y , and cost b e n e f i t a n a l y s i s . Secondary 
Maximum Contaminant Levels are shown i n ( ) and are goals f o r d r i n k i n g water q u a l i t y based 
on a e s t h e t i c c o n s i d e r a t i o n s such as t a s t e , odor or s t r a i n i n g a b i l i t y , 40 CFR 143.3. 

[b] F i n a l and proposed MCLGs (maximum contaminant l e v e l goals) are developed as p a r t of the 
process f o r developing f i n a l d r i n k i n g water standards, ( i . e . , MCLs), under the Safe Water 
Dri n k i n g Act. MCLGs are e n t i r e l y health-based and are always l e s s than or equal to the 
proposed or f i n a l MCLs subsequently developed. Proposed MCLGs may be changed before they 
are promulgated as f i n a l requirements. Proposed MCLGs are i n parentheses. 

[c] Oregon A d m i n i s t r a t i o n Rule 333-61 
[d] Health advisory by USEPA O f f i c e of Dri n k i n g Water f o r longer-term exposure, March 1987; 

based on exposure t o f r e e cyanide. 
[e] Health advisory by USEPA O f f i c e of Dr i n k i n g Water f o r l i f e time exposure f o r a d u l t s , March, 

> 1987; based on exposure t o f r e e cyanide. 
X [ f ] Na t i o n a l Primary and Secondary D r i n k i n g Water Regulations. Federal R e g i s t e r 51: 11396-11412, 
•J A p r i l 1986. 
r V [9] Temperature dependent 

M [h] Guidance l e v e l proposed by USEPA O f f i c e of D r i n k i n g Water 50 FR 46936, 13 Nov. 1985. 
^ ^ [ i ] Oregon Water Q u a l i t y Standards. Oregon A d m i n i s t r a t i v e Rule 

340-41-525, August 28, 1987. 
5 [ j ] Oregon A d m i n i s t r a t i v e Rule 340-41-525 
„ [k] Q u a l i t y c r i t e r i a , f o r water, USEPA, 1987 (EPA 1987c) 
2 [ l ] Based on t a s t e and odor e f f e c t s 
° [m] Assuming a hardness of 100 mg/L calcium carbonate i n water 



as described i n Section 4.7.2.4, and not n e c e s s a r i l y . r e l a t e d 

to previous d i s p o s a l a c t i v i t i e s . 

1.3.2 Current Conditions 

At present, the plant i s being operated at a reduced 

c a p a c i t y by Northwest Aluminum. Two p o t e n t i a l sources 

s t u d i e d , the rec y c l e pond and l i n e d pond, are required for 

pla n t a c t i v i t i e s and are i n use. In a d d i t i o n , the discharge 

channel, used to convey water to the recycle pond, i s 

i n t e g r a l to pl a n t a c t i v i t i e s . The new cathode waste pad, a 

permitted RCRA storage f a c i l i t y , i s used to store spent 

cathodes r e s u l t i n g from plant operation. The other t r e a t ­

ment, storage, and d i s p o s a l areas are not necessary for plant 

a c t i v i t i e s , and t h e r e f o r e , are not i n use. 

The r e c y c l e pond, used to t r e a t water used i n the reduc­

t i o n process, operates under an NPDES permit. The NPDES 

permit regulates the amount of waste c o n s t i t u e n t s , p r i n c i ­

p a l l y cyanides, f l u o r i d e s , and PAHs, that can be discharged 

to the Columbia R i v e r . Because the pond i s unl i n e d , some of 

these c o n s t i t u e n t s would be expected to le»ak out of the pond 

i n t o the underlying a q u i f e r system. In a d d i t i o n , sediment 

accumulates on the pond bottom during the treatment process. 

In the past, t h i s sediment was dredged and placed i n t o the 

un l i n e d scrubber sludge ponds. 

The l i n e d pond i s used to s e t t l e out p a r t i c u l a t e s 

scrubbed from the a i r p o l l u t i o n c o n t r o l system. This 

m a t e r i a l c o l l e c t s on the pond bottom and w i l l p e r i o d i c a l l y 

need removal. Analyses of ground-water samples c o l l e c t e d 

from around the pond do not appear to r e f l e c t the inf l u e n c e 

of waste c o n s t i t u e n t s discharged to the pond, which seems to 

be f u n c t i o n i n g properly with no evidence of a major tear i n 

the l i n e r . However, patches and small tears are present i n 

the l i n e r . 
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Other sources not i n t e g r a l to plant a c t i v i t i e s were 

excluded from use i n the terms of the lease between Martin 

and Northwest Aluminum. These sources have been fenced by-

Martin to preclude t h e i r use. 

1.3.3 Summary of Previous and Current Remedial Actions 

The MMRF was operated under the conditions s p e c i f i e d i n 

the various environmental permits issued to the plant at the 

time. Those permits required that waste c o n s t i t u e n t s 

produced during plant a c t i v i t i e s be tr e a t e d , stored, or 

con s o l i d a t e d on s i t e . A d i s c u s s i o n of the relevant enforce­

ment h i s t o r y i s included i n Appendix A. 

A number of remedial a c t i o n s have been taken to dim i n i s h 

the environmental e f f e c t s of plant a c t i v i t i e s . These 

i n c l u d e : c o n s t r u c t i o n of the l i n e d pond; r e l o c a t i o n of the 

old cathode waste p i l e to a new l i n e d cathode waste pad 

con t a i n i n g a l e a c h a t e - c o l l e c t i o n and treatment system; 

fencing of the l a n d f i l l to r e s t r i c t access (an i n t e r i m 

remedial measure taken during the RI) ; c o n s t r u c t i o n at the 

l a n d f i l l of a l e a c h a t e - c o l l e c t i o n system c o n s i s t i n g of 

perimeter d i t c h e s and a c o l l e c t i o n sump; and co n s t r u c t i o n of 

a l i n e d pad i n the cathode wash area. 

1.4 INVESTIGATION SUMMARY 

The RI was d i v i d e d i n t o two separate d a t a - c o l l e c t i o n 

events, the f i r s t of which was conducted p r i m a r i l y during the 

second and t h i r d quarters of 1986. An i n t e r i m report 

prepared from the information c o l l e c t e d i n 1986 concluded 

that a d d i t i o n a l data were needed to s a t i s f y the needs of the 

FS; t h i s second d a t a - c o l l e c t i o n event occurred during the 

second and t h i r d quarters of 1987. 
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The i n i t i a l i n v e s t i g a t i o n consisted of waste 

c h a r a c t e r i z a t i o n at the l a n d f i l l and sampling of sediment, 

s o i l , a i r , surface water, and ground water to determine the 

nature and extent of impacts to the surrounding environment. 

During t h i s phase, new monitor w e l l s were i n s t a l l e d , a q u i f e r 

t e s t s were conducted, and w a t e r - l e v e l measurements were made 

to determine geologic and hydrogeologic conditions at the 

MMRF. 

The second phase of the i n v e s t i g a t i o n consisted of 

sediment, s o i l , a i r , surface-water, and ground-water sampling 

to confirm and to f u r t h e r define the extent of co n s t i t u e n t s 

reported during the f i r s t phase. Selected monitor w e l l s 

p r e v i o u s l y i n s t a l l e d at the s i t e appeared to be producing 

w a t e r - q u a l i t y and w a t e r - l e v e l data of questionable value due 

to w e l l - c o n s t r u c t i o n d e f i c i e n c i e s , and as a r e s u l t , the 

improperly constructed w e l l s were replaced. In a d d i t i o n , new 

monitor w e l l s were i n s t a l l e d i n on- s i t e and o f f - s i t e areas to 

bet t e r define hydrogeologic c o n d i t i o n s and the are a l extent 

of waste c o n s t i t u e n t s . A d d i t i o n a l aquifer t e s t i n g was 

conducted, and w a t e r - l e v e l measurements were c o l l e c t e d to 

be t t e r define the d i r e c t i o n of ground-water movement and 

h y d r a u l i c r e l a t i o n s h i p s between the various a q u i f e r systems. 

1.5 REPORT OVERVIEW 

This RI report summarizes the s i t e information c o l l e c t e d 

and analyzed during the i n v e s t i g a t i o n , f o l l o w i n g the format 

suggested by the EPA i n i t s RI guidance documents (1985). As 

recommended by the EPA, the report describes s i t e c o nditions 

and i n general presents only the data generated during the 

study that support a n a l y s i s of remedial a l t e r n a t i v e s for the 

FS. In order to focus the report so that i t presents s i t e 

c h a r a c t e r i s t i c s and major a n a l y s i s features c l e a r l y and 

l o g i c a l l y , d e t a i l e d d i s c u s s i o n s of several t o p i c s and 
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compilations of b a s i c supporting data are presented as 

appendices. 

The main rep o r t , d i v i d e d i n t o nine s e c t i o n s , has two 

major components, the f i r s t of which i s a summary of s i t e 

c o n d i t i o n s and a d i s c u s s i o n of the nature of c o n s t i t u e n t s 

found, t h e i r d i s t r i b u t i o n , and to the extent p o s s i b l e , the 

mechanisms a f f e c t i n g t h e i r fate and t r a n s p o r t . This 

i n f o r m a t i o n forms the basis of the second component, which i s 

an i n t e r p r e t a t i o n of the p u b l i c health and environmental 

s i g n i f i c a n c e of the nature and extent of c o n s t i t u e n t s 

reported to be present. This component of the study i s 

presented i n Appendix B and summarized i n Section 7, Risk 

Assessment. The write-up and i n t e r p r e t a t i o n of the f i r s t 

major component of the report was prepared p r i n c i p a l l y by 

G&M, with input on h i s t o r i c a l c o nditions and d e t a i l e d source 

d e s c r i p t i o n s by Martin and G&M Consulting Engineers, Inc. 

ICF/Clement As s o c i a t e s prepared the Risk Assessment i n i t s 

e n t i r e t y as w e l l as the information p e r t a i n i n g to chemical 

c h a r a c t e r i s t i c s and f u g i t i v e p a r t i c u l a t e modeling. 
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2.0 SITE FEATURES 

2.1 DEMOGRAPHY AND LAND USE 

information concerning land use and demography was 

obtained from s e v e r a l sources i n c l u d i n g U.S. Geo l o g i c a l 

Survey (USGS) topographic maps (7.5-minute s e r i e s ) , recent 

a e r i a l photographs, a C i t y of The Dal l e s zoning map (R and R 

D r a f t i n g 1982), G&M reports (1985, 1986, and 1987), and 

informati o n provided by Martin employees. 

2.1.1 Demography 

According to The Da l l e s C i t y Chamber of Commerce, the 

C i t y of The D a l l e s , l o c a t e d 1.5 to 2 miles southeast of the 

MMRF, has a population of 10,600 persons. In the r e s i d e n t i a l 

areas d i r e c t l y west of the MMRF, there are approximately 405 

homes and 2 t r a i l e r parks with approximately 100 mobile 

homes. Assuming that 2.5 to 3.5 persons reside i n each home, 

the population f o r these r e s i d e n t i a l areas would be 1,300 to 

1,800 persons. An a d d i t i o n a l 235 homes are located i n the 

r e s i d e n t i a l areas southwest of the MMRF, and using the 

per-house assumption noted above, the population f or these 

southwesterly r e s i d e n t i a l areas would be 600 to 1,000 

persons. 

2.1.2 Land Use 

The MMRF i s loc a t e d i n an 800-acre area zoned for heavy 

i n d u s t r y and manufacturing (Figure 2.1). The northern 

boundary of the zoning d i s t r i c t i s along the northern edge of 

the Mountain F i r f a c i l i t y , which i s owned by a wood hauling 

company that operates a chip m i l l on t h i s property. This 

boundary i s approximately 0.8 mile north of the MMRF. Weber 

S t r e e t , l o c a t e d 0.8 mile from the MMRF, c o n s t i t u t e s the 

southern boundary. The Columbia River, 0.4 mile from the 
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Figure 2.1 Zoning Map. 
Martin Marietta Corporation 
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MMRF, serves as the eastern boundary, and the Union P a c i f i c 

R a i l r o a d l i n e and West Second Street ( l e s s than one-third of 

a mile from the f a c i l i t y ) are the western boundaries. 

Northwest Aluminum i s c u r r e n t l y the l a r g e s t i n d u s t r y i n t h i s 

zoning area, employing 250 to 300 persons. 

A small f a c i l i t y (used by a t r u c k i n g company for pick up 

and drop o f f of f r e i g h t ) , the MMRF re c r e a t i o n area (which 

i n c l u d e s tennis c o u r t s , a g o l f course, and a bas e b a l l 

diamond), and the rodeo grounds are located near the southern 

boundary of t h i s zoning area. The northern part of the 

zoning area contains the Mountain F i r f a c i l i t y (employing ten 

to twelve people) and two small areas (8,000 f t 2 and 20 acres 

i n s i z e ) zoned as community f a c i l i t i e s . Located w i t h i n these 

community f a c i l i t i e s are the Wasco County Animal S h e l t e r , 

Rockline (which c o n s i s t s p r i m a r i l y of a machine shop and 

employs about four people), and an e l e c t r i c power s u b s t a t i o n . 

A g r a v e l p i t owned by Munson Paving, which employs approxi­

mately ten people, i s al s o located i n the northern part of 

t h i s zoning area. 

C u r r e n t l y , there i s l i t t l e development along the 

Columbia River waterfront i n the v i c i n i t y of the MMRF. A 

small barge company, with two to three employees, i s located 

on the waterfront approximately 0.5 mile to the southeast of 

the MMRF. There are plans to use an area between the s i t e 

and the Columbia River f o r i n d u s t r i a l development. That area 

has been l e v e l e d , graded, and landscaped i n preparation for 

t h i s future development. C u r r e n t l y , f i v e people are 

estimated to be employed by the Port of The Dalles i n t h i s 

area. The future workers at the Port of The Dalles w i l l be 

considered as p o t e n t i a l receptors. Municipal water l i n e s 

have been run to the port and water-supply w e l l s are not 

planned. Waste c o n s t i t u e n t concentrations i n s o i l s at the 

port are expected to be s i m i l a r to concentrations reported 

for the River Road d i t c h (Section 3.2), or l e s s . These s o i l s 
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have been covered with f i l l m a t e r i a l during c o n s t r u c t i o n of 

the p o r t . 

The remainder of the zoning area i s l i g h t l y vegetated or 

wooded with no other i n d u s t r i a l development; however, MMRF 

land that i s not used for i n d u s t r i a l processes i s leased for 

a g r i c u l t u r a l uses such as c a t t l e grazing. C a t t l e grazing 

takes place p r i m a r i l y i n the vegetated areas northwest of the 

f a c i l i t y and i n the area near the rodeo grounds. 

A s t r i p of land zoned for l i g h t i n d u s t r i a l and manufac­

t u r i n g development i s located between the r a i l r o a d tracks and 

I n t e r s t a t e 84 d i r e c t l y west of the MMRF main b u i l d i n g . In 

a d d i t i o n to sever a l small businesses, t h i s area c u r r e n t l y 

includes a few r e s i d e n t i a l homes. These homes have been 

"grandfathered", and upon new ownership or d e s t r u c t i o n of the 

homes, the area w i l l be used s t r i c t l y for l i g h t i n d u s t r i a l 

and manufacturing development. Based on recent a e r i a l 

photographs, there appear to be l e s s than 20 homes and 

businesses i n the area west of the s i t e . 

I n t e r s t a t e 84 separates the l i g h t and heavy i n d u s t r i a l / -

manufacturing area discussed above from r e s i d e n t i a l areas. 

D i r e c t l y west of 1-84 and approximately one-third of a mile 

from the MMRF s i t e are several areas zoned for r e s i d e n t i a l 

development, i n c l u d i n g areas upon which s i n g l e family homes, 

m u l t i - f a m i l y homes, and mobile homes are c u r r e n t l y l o c a t e d . 

These r e s i d e n t i a l areas are gen e r a l l y located between 

Chenoweth Road and Second S t r e e t , north of Snipes Avenue. 

General commercial s i t e s , such as a d r i v e - i n theater, are 

loc a t e d i n and around these r e s i d e n t i a l areas, approximately 

two-thirds of a mile west of the MMRF. More r e s i d e n t i a l 

areas zoned for s i n g l e - f a m i l y , m u l t i - f a m i l y , and mobile home 

dwellings are located southwest of the s i t e , i n the 

rectangular area bounded by Snipes Avenue, Cherry Heights 

Road, Chenoweth Road, and Second S t r e e t . 
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2.2 CLIMATE 

The MMRF i s located w i t h i n the semi-arid temperate 

climate of eastern Oregon and i s c h a r a c t e r i z e d by warm, dry 

summers and rather c o l d , r e l a t i v e l y wet winters. At The 

D a l l e s , the mean annual temperature i s about 54°F. J u l y i s 

g e n e r a l l y the warmest month with a mean maximum temperature 

of 86°F. The mean minimum temperature i s 34° F i n January, 

which i s g e n e r a l l y the coldest month. The f r o s t - f r e e season 

for The D a l l e s area v a r i e s from 100 to 217 days depending on 

e l e v a t i o n and l o c a t i o n ( P i p e r , 1932; and Oregon Water 

Resources Board, 1965). 

The area receives from 10 to 15 inches of p r e c i p i t a t i o n 

annually with a mean annual p r e c i p i t a t i o n at The Da l l e s of 

13.7 inches. The highest annual p r e c i p i t a t i o n reported at 

The D a l l e s was 21.8 inches i n 1950; the lowest was 5.1 inches 

reported i n 1935. 

Figure 2.2 shows average monthly p r e c i p i t a t i o n and 

estimated p o t e n t i a l e v a p o t r a n s p i r a t i o n for The Dalles s t a t i o n 

(Johnsgard, 1963). Months i n which p r e c i p i t a t i o n exceeds 

p o t e n t i a l e v a p o t r a n s p i r a t i o n are moisture-surplus months and 

months i n which evaporation exceeds p r e c i p i t a t i o n are 

m o i s t u r e - d e f i c i e n t months. T o t a l i n g the monthly values 

provides an average annual moisture balance. Records from 

The D a l l e s i n d i c a t e a cumulative moisture d e f i c i t of about 15 

inches per year. 

Average annual evaporation from shallow lakes i n the 

area i s approximately 40 inches ( L i n s l e y , and others, 1982). 

The annual evaporation rate i s much higher than t o t a l annual 

p r e c i p i t a t i o n at The D a l l e s , a r e l a t i o n s h i p t y p i c a l of semi-

a r i d and a r i d regions. 
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Wind i s a predominant c l i m a t i c f a c t o r at The D a l l e s . 

The p e r s i s t e n t winds are r e l a t e d to pressure d i f f e r e n t i a l s on 

e i t h e r side of the Cascade Range, with the Columbia River 

Gorge p r o v i d i n g an avenue for a i r transport between the 

pressure d i f f e r e n t i a l s . T y p i c a l l y , meteorologic highs are 

present on the west side of the Cascades and lows are present 

on the east (The Da l l e s ) side of the Cascades. 

A wind rose was constructed from data c o l l e c t e d at The 

Da l l e s a i r p o r t over a 13-year period (Appendix B, Figure 1). 

These data reveal long-term trends for the general s i t e 

v i c i n i t y . In order to c h a r a c t e r i z e s i t e - s p e c i f i c wind 

c o n d i t i o n s , wind v e l o c i t y was measured at the on - s i t e 

meteorological s t a t i o n during the months of June and J u l y 

1987. Figure 2.3 i s a wind rose developed from these 

measurements. Maximum wind speeds of up to 60 mph (miles per 

hour) were recorded and gusts of up to 30 mph are common. 

Highest wind speeds are associated with northwest winds. 

T y p i c a l wind speeds range from 5 to 20 mph and the 

predominant wind d i r e c t i o n i s from the northwest. 

Wind speeds vary throughout the day according to a 

d e f i n i t i v e p a t t e r n . Maximum wind speeds (g e n e r a l l y between 

15 and 35 mph) are observed between 10:00 am and 7:00 pm. 

Between 7:00 pm and 9:00 am, wind speeds g e n e r a l l y decrease 

and are predominantly l i g h t and v a r i a b l e . Wind speeds 

g e n e r a l l y remain at l e s s than 10 mph from 9:00 am to 10:00 

am. 

2.3 NATURAL RESOURCES 

Ground water i s an important source of water supply i n 

The D a l l e s area for domestic, i n d u s t r i a l , and a g r i c u l t u r a l 

uses. Two primary a q u i f e r s are i n use, namely The Dalles 

Ground Water Reservoir (DGWR) located i n the Columbia River 

B a s a l t Group (CRBG) and a q u i f e r s occurring i n the sediments 
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A - Percentage of t ime, between 5 June 1987 and 31 July 1987, that wind prevailed 
from given direction within speci f ic wind speed class. 

AW 

Figure 2.3 Wind Rose f o r the MMRF 
S i t e . 

CLIENT NAME: 

Martin M a r i e t t a Corporation 
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a s s o c i a t e d with the o v e r l y i n g Chenoweth formation. Surface 

waters are used f o r water-supply sources, h y d r o e l e c t r i c power 

generation, navigable waters, f i s h e r i e s h a b i t a t , and 

r e c r e a t i o n . 

The Columbia River and i t s t r i b u t a r i e s represent the 

major surface-water resources i n the area, with an impound­

ment on M i l l Creek being used as the p r i n c i p a l source of 

water supply for the C i t y of The D a l l e s . The flow 

c h a r a c t e r i s t i c s of the Columbia River are discussed i n 

Section 5.0. 

The Columbia River and i t s t r i b u t a r i e s provide h a b i t a t 

fo r major commercial and sport f i s h e r i e s , with salmon, t r o u t , 

s t e e l head, walleye, and bass being among the many game f i s h 

common to the r i v e r . In a d d i t i o n to commercial and sport 

f i s h i n g i n the area of the p l a n t , t r i b a l f i s h i n g r i g h t s are 

ex e r c i s e d by the native Americans i n the area. The f i s h that 

are harvested are used mainly for sustenance. Many of the 

t r i b u t a r i e s serve as hatcheries for the salmonoids. 

A gr a v e l p i t i s operated w i t h i n the quaternary gravels 

of the a l l u v i a l a q u i f e r northeast of the MMRF. This 

operation i s r e l a t i v e l y s m a l l , and probably could not be 

expanded s i g n i f i c a n t l y owing to the l i m i t e d extent of the 

al l u v i u m . 
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Section Three 



3.0 HAZARDOUS SUBSTANCES INVESTIGATION 

3.1 DETAILED SOURCE DESCRIPTION 

At the MMRF, there are numerous areas that were used 

during production to support o v e r a l l plant a c t i v i t i e s and 

other areas designated s p e c i f i c a l l y to manage or store wastes 

generated as part of the alumina reduction process. The 

p o t e n t i a l source areas i n v e s t i g a t e d as part of the RI 

in c l u d e : 

o L a n d f i l l and Adjacent Areas 
- L a n d f i l l 

L a n d f i l l Runoff Areas (four) 
o Former Cathode Waste Management Area 

Bath Recovery Pad Area 
Old Cathode Waste P i l e Area 
Salvage Area 
P o t l i n e r Handling Area 
Cathode Wash Area 
Metal Pad Storage Area 

o New Cathode Waste Pad 
o Duck Pond 
o Lined Pond 
o Recycle Pond 
o Scrubber Sludge Ponds (four) 
o Wastewater and Surface-Water Transport Areas 

Surface Drainage Ditch 
Leachate C o l l e c t i o n Ditch 
L a n d f i l l D i t c h 

- North D i t c h 
River Road D i t c h 
River Road Curb 
Discharge Channel 
Drainage D i t c h 
Old NPDES Discharge Channel 
Abandoned Scrubber Sludge Channel. 

A d e t a i l e d h i s t o r y of the major source areas under 

i n v e s t i g a t i o n i s presented i n Appendix A. The f o l l o w i n g 

d i s c u s s i o n focuses on each source area and i t s r e l a t i o n s h i p 

to MMRF operations; c o n s t r u c t i o n and di s p o s a l techniques; 

containment systems; and basic composition. Information on 

the c o n s t i t u e n t s found i n each area i s presented i n Section 

3.2, Source C h a r a c t e r i z a t i o n . 
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3.1.1 L a n d f i l l 

The l a n d f i l l occupies approximately 15 acres and i s 

lo c a t e d j u s t north of the reduction b u i l d i n g s (Figure 3.1). 

The l a n d f i l l i s bounded by the leachate c o l l e c t i o n d i t c h to 

the north and east, surface drainage d i t c h to the west, and 

the l a n d f i l l d i t c h , bath recovery pad area, o l d cathode waste 

p i l e , and salvage area to the south. 

Having been developed more than 30 years ago, the 

l a n d f i l l was constructed without any containment system as 

would be required by current r e g u l a t i o n s . The debris was 

placed d i r e c t l y on the ground surface and f i l l e d to the 

current e l e v a t i o n . 

Five t e s t p i t s were excavated during the RI at the 

l a n d f i l l , but none of the p i t s f u l l y penetrated the f i l l 

m a t e r i a l and were stopped at a depth of 10 f t for safety 

reasons. Century West Engineering Corp. (1983) conducted a 

shallow boring i n v e s t i g a t i o n for Martin i n the l a n d f i l l and 

determined an approximate range of mat e r i a l thickness of from 

5 to 21 f t at the d r i l l i n g l o c a t i o n s . U t i l i z i n g the boring 

information and the topographic map developed by Horizons, 

Inc., ( A p r i l 1986), the average-end area method was used to 

c a l c u l a t e a volume of approximately 200,000 cubic yards of 

mixed s o l i d waste i n the l a n d f i l l . 

The l a n d f i l l contains s e v e r a l d i f f e r e n t types of s o l i d 

waste. A large volume of the l a n d f i l l c o n s i s t s of b a s a l t 

fragments excavated from b u i l d i n g c o n s t r u c t i o n which vary i n 

s i z e from f i n e s to very large boulders. Wastes generated 

from spent cathodes c o n s i s t of unsalvageable m e t a l l i c 

m a t e r i a l s (bus bars, studs, c o l l e c t o r b a r s ) , carbon block, 

and r e f r a c t o r y b r i c k s . Other materials disposed of i n the 

l a n d f i l l c o n s i s t of o f f - s p e c i f i c a t i o n carbon block, p i t c h , 
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coke, p a l l e t s , cans, rags, and some empty drums. P u t r e s c i b l e 

waste and garbage were hauled o f f - s i t e for d i s p o s a l . Total 

q u a n t i t i e s of each type of waste disposed of i n the l a n d f i l l 

have not been estimated. However, based on v i s u a l 

o b s e r v a t i o n , i t appears that b a s a l t from b u i l d i n g excavations 

makes up the m a j o r i t y of the m a t e r i a l i n the l a n d f i l l , and 

that the wastes were deposited randomly throughout. 

Because the alumina reduction process occurs under 

intense heat, asbestos and other m a t e r i a l s containing asbes­

tos were used throughout the plant for t h e i r i n s u l a t i n g and 

non-combustible p r o p e r t i e s . I n i t i a l l y , asbestos was randomly 

placed i n the l a n d f i l l . When i t became evident that asbestos 

was a h e a l t h hazard, asbestos and asbestos-containing 

m a t e r i a l s were disposed of i n three s p e c i f i c areas w i t h i n the 

l a n d f i l l . 

In order to contain leachate generated from the 

l a n d f i l l , M artin i n s t a l l e d a leachate c o l l e c t i o n d i t c h and 

sump i n 1980. In a d d i t i o n , a surface drainage d i t c h was 

i n s t a l l e d to i n t e r c e p t runoff onto the l a n d f i l l from the area 

immediately to the west. H i s t o r i c a l information regarding 

the l a n d f i l l i s included i n Appendix A, Section I I . 

3.1.2 L a n d f i l l Runoff Areas 

Four areas (A, B, C, and D) around the l a n d f i l l which 

p o t e n t i a l l y received l a n d f i l l runoff were i n v e s t i g a t e d ; t h e i r 

l o c a t i o n s are shown on Figure 3.1. Areas A through D occupy 

about 0.22, 0.10, 0.14, and 0.09 acres, r e s p e c t i v e l y , or a 

t o t a l of 0.6 acre. Average s o i l thickness for these areas i s 

approximately 11, 11, 12, and 12 inches, r e s p e c t i v e l y , 

r e s u l t i n g i n an estimated volume of 510, 150, 230 , and 140 

cubic yards for each respective area. However, the a c t u a l 

volume of s o i l i s expected to be much l e s s due to the 
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presence of numerous b a s a l t pinnacles and boulders present i n 

these areas. 

These areas are l o w - l y i n g places where seepage e x i t e d 

from the l a n d f i l l as a r e s u l t of runoff of r a i n f a l l and snow 

melt or p e r c o l a t i o n of water through the l a n d f i l l . As such, 

they are not a d i r e c t r e s u l t of, or part of, plant a c t i v i ­

t i e s . The m a t e r i a l s i n these areas are f i n e - g r a i n e d s o i l s 

c o n s i s t i n g of a mixture of sands, s i l t s , and clays r e s u l t i n g 

from the n a t u r a l weathering of b a s a l t . The f i n e - g r a i n e d s o i l 

i s u n d e r l a i n by hard b a s a l t . H i s t o r i c a l information regard­

ing the l a n d f i l l runoff areas i s included i n Appendix A, 

Section I I . 

3.1.3 Metal Pad Storage Area 

The metal pad storage area (MPSA), located j u s t north of 

the reduction b u i l d i n g s (Figure 3.1), i s bounded by a fence 

on the north, the bath recovery pad area to the east, the 

north drainage d i t c h to the south, and the end of the 

reduction b u i l d i n g s on the west. The approximate surface 

area of the MPSA i s 3.1 acres. A very t h i n s o i l mantle, 

approximately 4-inches t h i c k , covers the area and represents 

1,690 cubic yards of s o i l . This area was i n v e s t i g a t e d 

because of the p o s s i b i l i t y that minor amounts of m a t e r i a l 

adhered to the metal pads and dislodged or came o f f due to 

exposure and weathering while awaiting r e c y c l i n g . 

The various components making up the metal pad consisted 

of aluminum, unrefined alumina, c r y o l i t e (bath), and impuri­

t i e s from the ore, cathode, and anode. The c r y o l i t e (bath) 

was recovered to the extent p o s s i b l e and stored on the bath 

recovery pad u n t i l i t was r e c y c l e d . 
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Storage of the metal pads i n the MPSA was random and 

subject to a v a i l a b l e space and number of pads being gener­

ated. Most of the metal pads were stored on the ground j u s t 

north of the north d i t c h but p e r i o d i c a l l y would be s c a t t e r e d 

throughout the area. Due to the proximity of the pads to the 

north d i t c h and the r e l a t i v e f l a t n e s s of the area, most of 

the runoff entered the north d i t c h . H i s t o r i c a l information 

regarding the metal pad storage area i s included i n Appendix 

A, Section I I . 

3.1.4 Bath Recovery Pad Area 

The bath recovery pad area (BRPA) i s located j u s t north 

of the reduction b u i l d i n g s (Figure 3.1). The BRPA covers 

approximately 1.0 acre and i s bounded to the north and east 

by the l a n d f i l l and l a n d f i l l d i t c h , to the south by the north 

d i t c h , and to the west by the metal pad storage area. The 

area along the l a n d f i l l d i t c h was f i l l e d with m a t e r i a l 

s i m i l a r to that disposed of i n the l a n d f i l l , to a distance of 

from 10 to 20 f t from the e x i s t i n g edge of the l a n d f i l l 

d i t c h . In 1983, Century West Engineering Corp*, d r i l l e d a 

shallow boring i n the area adjacent to the l a n d f i l l d i t c h and 

determined a depth to hard b a s a l t of approximately 8 f t . The 

shallow s o i l s range i n thickness from a couple of inches to 

approximately 1 f t . Taking i n t o account the boring informa­

t i o n and shallow s o i l depths, approximately 1,660 cubic yards 

of f i l l m a t e r i a l and s o i l s are estimated to e x i s t i n t h i s 

area. 

The BRPA was created by f i l l i n g low areas and the 

drainage swale now r e f e r r e d to as the l a n d f i l l d i t c h . S o l i d 

wastes generated from the plant were placed d i r e c t l y on the 

ground surface and graded acc o r d i n g l y . In places, s o l i d 

waste m a t e r i a l i s exposed at the surface; a vegetative cover 

has not been s u c c e s s f u l l y e s t a b l i s h e d . Surface runoff from 

the BRPA i s c o l l e c t e d by the l a n d f i l l d i t c h . H i s t o r i c a l 
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i n f o r m a t i o n regarding the bath recovery pad area i s included 

i n Appendix A, Section I I . 

3.1.5 Old Cathode Waste P i l e 

The o l d cathode waste p i l e (OCWP) i s an open area 

l o c a t e d j u s t o f f the northeast corner of the reduction 

b u i l d i n g and occupies approximately 2.0 acres (Figure 3.1). 

The OCWP i s bounded by the l a n d f i l l to the north, salvage 

area to the east, the p o t l i n e r handling area to the south, 

and the reduction f a c i l i t y and bath recovery pad area to the 

west. Four t e s t p i t s (Figure 3.2) excavated i n J u l y 1987 as 

part of the i n v e s t i g a t i o n of the OCWP area showed that the 

depth to hard b a s a l t ranged from j u s t under 5 f t to approxi­

mately 9 f t . The t e s t p i t s revealed an approximately 

6-inch-thick l a y e r c o n t a i n i n g cathodic m a t e r i a l s . The 

estimated volume of r e s i d u a l contamination i s 2,420 cubic 

yards to a depth of 9 inches and approximately 24 , 200 cubic 

yards to hard b a s a l t . 

The t e s t p i t excavations showed the OCWP area to be 

f i l l e d with a v a r i e t y of well-graded m a t e r i a l c o n s i s t i n g of 

s o i l s and boulders up to several feet i n diameter. The f i l l 

m a t e r i a l appeared to be t y p i c a l of that r e s u l t i n g from b l a s t ­

ing operations commonly used to excavate foundations, sumps, 

s h a f t s , e t c . , at the pl a n t . The fi n e - g r a i n e d m a t e r i a l s 

encountered near the bottom of the excavations appeared to be 

native s o i l s . These s o i l s were i n turn underlain by hard 

b a s a l t . 

Waste placed i n the OCWP was stored d i r e c t l y on top of 

the f i l l m a t e r i a l . The nature of the s o l i d wastes stored i n 

the OCWP allowed v e r t i c a l moundings and grading of the 

ma t e r i a l f o r containment. In 1984, a new cathode waste pad 

was constructed to store accumulated waste cathode components 

i n the OCWP area. A t h i n s o i l cover c o n s i s t i n g of s i l t , 
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EXPLANATION 

• SAMPLE/DEPTH TEST PIT 

H DEPTH TEST PIT 

TEST PIT ID SAMPLE ID PERCHED 
UJflTERt?) 

Saluage Area 

sn-fl SHSC No 
Sfl-B None No 
Sfl-C None No 
Sfl-D None Ves 

Old C a t h o d e Waste Pile 

ociup-n OCLUPSC-fl Ves 
OCUJP-B OCUJPSC-B Ves 
OCLUP-C OCLUPSC-C No 
OCUJP-D None Ves 

C a t h o d e UJash Area 

CLun-fl CLUflSC-1 No 
CLUfl-B None Ves 

AW 
AW 

Figure 3.2 Test P i t Locations. 

V J 

CLIENT NAME: 

Martin M a r i e t t a Corporation 

J 



sand, and small b a s a l t fragments was placed over the area i n 

an e f f o r t to cover the area and e s t a b l i s h vegetation. The 

current composition of the OCWP area i s a shallow s o i l 

mantle, a t h i n l a y e r of r e s i d u a l cathodic m a t e r i a l , and 

leached contamination below. 

The OCWP area i s r e l a t i v e l y f l a t and any runoff from 

p r e c i p i t a t i o n or snow melt would have entered the l a n d f i l l 

d i t c h . R a i n f a l l or snow melt p e r c o l a t i n g through the p i l e 

would produce leachate that could migrate through the f i l l 

down to hard b a s a l t . The perched water observed i n the t e s t 

p i t s represents leachate which accumulated i n depressions or 

i r r e g u l a r i t i e s i n the top of the underlying b a s a l t . H i s t o r i ­

c a l i n f o r m a t i o n regarding the o l d cathode waste p i l e i s 

included i n Appendix A, Section I I . 

3.1.6 Salvage Area 

The salvage area (Figure 3.1) i s contiguous with the o l d 

cathode waste p i l e on the west and i s bounded by the l a n d f i l l 

and l a n d f i l l d i t c h to the north and River Road to the east. 

Various types of p i t c h are s t o c k p i l e d to the south of the 

salvage area. The salvage area occupies approximately 2.6 

acres, about 1 acre of which i s covered with anode b r i q u e t t e s 

used i n p l a n t operations. 

Four t e s t p i t s (Figure 3.2) excavated i n J u l y 1987 as 

part of the i n v e s t i g a t i o n of the salvage area i n d i c a t e d that 

the depth from ground surface to hard b a s a l t ranged from 

approximately 3 f t to over 8 f t . Monitor w e l l s i n s t a l l e d i n 

the area (MW-11, MW-15) provided s i m i l a r data except on the 

eastern edge near River Road, where f i l l m a t e r i a l was found 

to a depth of about 12 f t below land surface. V i s u a l 

observation of the t e s t p i t s showed contamination from the 

land surface to a depth of 6 to 12 inches. The estimated 

volume of r e s i d u a l contamination i s approximately 5,300 cubic 
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yards to a depth of 15 inches and approximately 28,700 cubic 

yards to hard b a s a l t . 

Data from the t e s t p i t s showed the salvage area to 

c o n s i s t of f i l l m a t e r i a l s i m i l a r to that of the o l d cathode 

waste p i l e . The f i l l i s a well-graded m a t e r i a l varying from 

f i n e - g r a i n e d s o i l s to boulders up to several feet i n 

diameter. A ma j o r i t y of the f i l l appeared to be demolition 

d e b r i s from p l a n t excavation a c t i v i t i e s u n d e r l a i n by nati v e 

s o i l s of v a r i a b l e thickness which i n turn are un d e r l a i n by 

hard b a s a l t . 

The current topography of the salvage area i s rather 

f l a t , s l o p i n g s l i g h t l y to the north toward the l a n d f i l l d i t c h 

and a steep s l o p i n g face towards River Road. Runoff from the 

area enters the north d i t c h and the d i t c h p a r a l l e l i n g River 

Road. The d i t c h adjacent to River Road i s graded to flow to 

the north, d i s c h a r g i n g to the l a n d f i l l d i t c h i n the v i c i n i t y 

of the sump pump. H i s t o r i c a l information regarding the 

salvage area i s included i n Appendix A, Section I I . 

3.1.7 P o t l i n e r Handling Area 

The p o t l i n e r handling area (PHA) i s an open area located 

south of the o l d cathode waste p i l e and j u s t east of the 

reduction b u i l d i n g (Figure 3.1). The PHA i s approximately 

0.9 acre i n s i z e . The PHA was used e x t e n s i v e l y to gri n d 

waste generated from the disassembly of cathodes when t h i s 

m a t e r i a l was sent o f f s i t e f or r e c y c l i n g . The crushed 

fragments were loaded d i r e c t l y i n t o open top r a i l r o a d hopper 

ca r s . Over the years, dust from these operations s e t t l e d and 

accumulated throughout the PHA. Drainage i n the area was 

provided by a storm d r a i n located i n the southeast corner 

next to the s o f t p i t c h unloading b u i l d i n g . 
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The present composition of the PHA c o n s i s t s of a layer 

of r e s i d u a l cathodic m a t e r i a l u n d e r l a i n by f i l l and hard 

b a s a l t . Surface sampling i d e n t i f i e d a layer of mixed cathode 

waste and s o i l at l e a s t 6 inches t h i c k . Since crushing of 

cathode waste and loading of the crushed m a t e r i a l onto 

r a i l r o a d cards occurred i n t h i s area, i t i s expected that 

dust from these a c t i v i t i e s has s e t t l e d and accumulated i n the 

PHA. A thickness of 24 inches of r e s i d u a l cathode waste 

m a t e r i a l has been assumed for volumetric estimates. Test 

p i t s were not opened i n the PHA; however, i t i s a n t i c i p a t e d 

that the area i s f i l l e d with m a t e r i a l s s i m i l a r to that of the 

ol d cathode waste p i l e . Therefore, a 5-foot depth of f i l l 

m a t e r i a l has been assumed. Based on these assumed depths of 

r e s i d u a l and f i l l m a t e r i a l s , an estimated volume of 2,830 

cubic yards and 7,260 cubic yards are present, r e s p e c t i v e l y . 

H i s t o r i c a l i nformation regarding the p o t l i n e r handling area 

i s included i n Appendix A, Section I I . 

3.1.8 Cathode Wash Area 

The cathode wash area (CWA) was constructed to cool and 

soften spent cathodes p r i o r to disassembly. The CWA, located 

east of the p i t c h storage area and west of River Road (Figure 

3.1), occupies approximately 0.32 acre. The types of wastes 

generated i n the CWA consisted of contact c o o l i n g water and 

f i n e s washed from the surface of the spent cathode. The CWA 

was a l s o used to clean mixers which contained mortar from 

cathode r e - l i n i n g a c t i v i t i e s . This r e s u l t e d i n a small area 

with a white residue on the surface j u s t to the east of the 

CWA. 

As d e t a i l e d i n Appendix A, the CWA i s paved with 

concrete and c o n s i s t s of a curbed spray area, water 

c o l l e c t i o n ramp, and a sump/pond upstream of the sewer i n v e r t 

to remove sediments p r i o r to routing c o o l i n g waters to the 

discharge channel. The pavement and curbing provide 
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containment f o r the CWA contact c o o l i n g waters and d i r e c t 

p r e c i p i t a t i o n while d i v e r t i n g runoff onto the CWA from 

adjacent areas. At the time of the i n v e s t i g a t i o n , the CWA 

was dry and there d i d not appear to be any measurable amounts 

sediments i n the sump. 

Two t e s t p i t s were excavated i n J u l y 1987 i n the f i l l 

area between the CWA and River Road (Figure 3.2). Perched 

water appeared at the contact between the f i l l m a t e r i a l and 

hard b a s a l t i n one of the two p i t s (CWA-B). F i l l depths 

ranged i n thickness from approximately 6 to 11.5 f t . The 

f i l l c o n s i s t s of a range of ma t e r i a l from f i n e s to large 

b a s a l t boulders several feet i n s i z e . These ma t e r i a l s appear 

to be t y p i c a l of the ma t e r i a l s expected from excavation of 

b u i l d i n g basements, s h a f t s , or sumps at the s i t e . Based on 

these r e s u l t s , approximately 4,500 cubic yards of f i l l 

m a t e r i a l are present above the bedrock. H i s t o r i c a l informa­

t i o n regarding the cathode wash area i s included i n Appendix 

A, Section I I . 

3.1.9 New Cathode Waste Pad 

The new cathode waste pad (NCWP) was constructed 

s p e c i f i c a l l y to contain the ma t e r i a l moved from the o l d 

cathode waste p i l e area. The NCWP i s located south of the 

reduction b u i l d i n g s , as shown i n Figure 3.3. Based on i t s 

p h y s i c a l dimensions and the topographic survey performed by 

Horizons, Inc., i n A p r i l 1986, the pad i s estimated to 

contain approximately 34,000 cubic yards of m a t e r i a l . 

Part A and B hazardous waste permit a p p l i c a t i o n s for the 

NCWP have been f i l e d with the Oregon DEQ. The NCWP i s a 

sta t e permitted waste p i l e under i n t e r i m status regulated 

under RCRA. Therefore, the NCWP was not evaluated i n d e t a i l 

as part of the o v e r a l l f a c i l i t y i n v e s t i g a t i o n . H i s t o r i c a l 
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information regarding the new cathode waste pad i s included 

i n Appendix A, Section I I . 

3.1.10 Duck Pond 

The duck pond, located south of the plant and southwest 

of the new cathode waste pad (Figure 3.3), i s a n a t u r a l 

feature which occupies approximately 1.5 acres. An earthen 

dike provides containment of impounded waters on the south 

and there i s no evidence that a l i n e r e x i s t s other than 

n a t i v e m a t e r i a l s . A c o n t r o l s t r u c t u r e i n the southeast part 

of the duck pond regulated discharges when required. When 

discharges from the pond occurred, the flows followed a 

s e r i e s of underground pipes and n a t u r a l drainage paths. 

During sampling of the pond, i t was found that 

approximately 1 f t of sediment had accumulated on the pond 

bottom. The volume of sediments i n the pond has been 

estimated to be approximately 2,430 cubic yards. 

When Northwest Aluminum began operation, a new d r a i n 

l i n e was i n s t a l l e d , and flows are now di v e r t e d from the duck 

pond to the discharge channel. The sediment volume has not 

changed although since flows were d i v e r t e d , the volume of 

water has decreased to a few hundred gallons due mainly to 

evaporation. 

Waters d i v e r t e d to the duck pond consisted of non-

contact c o o l i n g water from the cast house, a sump i n the 

alumina unloading b u i l d i n g , and runoff from r a i n f a l l events 

or snow melt c o l l e c t e d by the storm d r a i n s . H i s t o r i c a l 

i n f o r m a t i o n regarding the duck pond i s included i n Appendix 

A, Section I I . 

3-13 

GERAGHTY & MILLER. INC. 



I 

m 
po 

n 

RECYCLE 
POND 

COLUMBIA 
RIVER 

AW 
AW 

Figure 3.3 Location of Operating Units and the Duck 
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3.1.11 Lined Pond 

The l i n e d pond, located southeast of the new cathode 

waste pad (Figure 3.3), i s approximately 1.6 acres i n s i z e 

and has a c a p a c i t y of 4 m i l l i o n gallons with 2 f t of f r e e ­

board. This pond can contain both s o l i d s and l i q u i d s , and at 

the time of the remedial i n v e s t i g a t i o n sampling, contained 

approximately 7,570 cubic yards of s o l i d s . Only a small 

amount of water was present during the i n v e s t i g a t i o n because 

the f a c i l i t y was shut down and the pond was not i n use. 

The pond was constructed using a basic cut and f i l l 

approach followed by the i n s t a l l a t i o n of a 45-millimeter 

scrim r e i n f o r c e d Hypalon l i n e r . P h y s i c a l i n s p e c t i o n of the 

l i n e r i n d i c a t e s that minor patches had been app l i e d to the 

exposed p o r t i o n s of the l i n e r . The only component stored i n 

the l i n e d pond c o n s i s t s of p a r t i c u l a t e s c o l l e c t e d from 

primary a i r emission c o n t r o l s . Water was added to help 

minimize f u g i t i v e dust emissions. 

In 1982, the l i n e d pond was dredged and the s o l i d s were 

placed i n scrubber sludge pond 3. The present volume of 

accumulated s o l i d s was generated during the plant operation 

from 1982 through 1984, at which time the reduction f a c i l i t y 

was c l o s e d . At the present time, Northwest Aluminum i s using 

the l i n e d pond for storage of primary scrubber p a r t i c u l a t e s 

and has placed an unknown q u a n t i t y of m a t e r i a l i n t o the pond. 

Northwest Aluminum i s inundating the l i n e d pond with water to 

c o n t r o l dust emissions. C u r r e n t l y , water l e v e l s are 

approximately 1 f t from the top. 

There i s a small amount of wind blown-material south of 

the l i n e d pond which accumulated during the period when the 

p l a n t was shut down. The wind-blown sediments cover about 

0.16 acre to a depth of approximately 6 inches, amounting to 
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about 130 cubic yards of m a t e r i a l outside the l i n e d pond 

area. H i s t o r i c a l information regarding the l i n e d pond i s 

included i n Appendix A, Section I I . 

3.1.12 Recycle Pond 

The r e c y c l e pond, located between River Road and the 

Columbia River (Figure 3.3), occupies approximately 3.0 

acres. The pond, with an average depth of approximately 8 

f t , has a ca p a c i t y of 8 m i l l i o n g a l l o n s and a surge ca p a c i t y 

of approximately 1 m i l l i o n g a l l o n s . Components of the 

re c y c l e pond c o n s i s t of water and sludge und e r l a i n by hard 

b a s a l t . The rec y c l e pond i s not equipped with an a r t i f i c i a l 

l i n e r . 

In 1982 the .recycle pond was dredged and the sediments 

were pumped to scrubber sludge ponds 2 and 3. The current 

volume of sludge has accumulated since the dredging occurred. 

Sounding of the pond bottom i n d i c a t e d a sediment thickness of 

from 0.1 to 4.5 f t with a c a l c u l a t e d volume of about 8,920 

cubic yards. An undetermined qu a n t i t y of sludge has been 

generated by Northwest Aluminum since i t resumed plant 

operations. 

The r e c y c l e pond i n i t i a l l y e x i s t e d as a n a t u r a l low 

l y i n g area p r i o r to c o n s t r u c t i o n of the pl a n t . When the 

rec y c l e pond was put i n t o operation, dikes were constructed 

from o n - s i t e f i n e grained s o i l s and b l a s t i n g of the b a s a l t 

was performed to construct the pond to current c o n f i g u r a t i o n 

and depth. Containment, t h e r e f o r e , i s being provided by 

these m a t e r i a l s . 

The r e c y c l e pond receives water from the secondary roof 

scrubbers used to c o n t r o l f u g i t i v e gaseous and p a r t i c u l a t e 

emissions from the reduction process. The primary gaseous 

c o n s t i t u e n t removed i s f l u o r i d e . Roof scrubber water would 
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be continuously r e c y c l e d and p e r i o d i c a l l y t r e ated when 

necessary. Treatment consisted of the a d d i t i o n of s e l e c t e d 

chemicals to p r e c i p i t a t e f l u o r i d e . Other waters discharged 

to the r e c y c l e pond include r e c t i f i e r c o o l i n g water, sewage 

plan t e f f l u e n t , l a n d f i l l leachate, c l a r i f i e r overflow, and 

t r e a t e d leachate from the new cathode waste storage pad. The 

r e c y c l e pond provided s u f f i c i e n t r e t e n t i o n time to act as a 

sedimentation pond p r i o r to r e c y c l i n g or d i s c h a r g i n g to the 

Columbia R i v e r . H i s t o r i c a l information regarding the recycle 

pond i s included i n Appendix A, Section I I . 

3.1.13 Scrubber Sludge Ponds 

There are four u n l i n e d ponds which c o l l e c t i v e l y are 

r e f e r r e d to as the scrubber sludge ponds (SSPs). The SSPs 

are l o c a t e d south of the l i n e d pond and west of River Road 

(Figure 3.4) and a l l are c u r r e n t l y i n a c t i v e . SSPl covers 

approximately 5.0 acres and has an average depth of approxi­

mately 9 f t , r e s u l t i n g i n an estimated q u a n t i t y of 71,700 

cubic yards of sludge. SSP2 i s approximately 3.4 acres i n 

s i z e with an average depth of 1.3 f t and contains an e s t i ­

mated 6,840 cubic yards of sludge. There i s approximately 

0.5 f t of s u b s o i l below SSP2 which r e s u l t s i n an a d d i t i o n a l 

2,740 cubic yards, b r i n g i n g the t o t a l volume of m a t e r i a l 

contained i n SSP2 to approximately 9,580 cubic yards. SSP3 

i s approximately 4.5 acres i n s i z e with an average sludge 

depth of approximately 6 f t and contains an estimated 43,600 

cubic yards. There are approximately 2 f t of s u b s o i l below 

S3P3 which r e s u l t s i n an a d d i t i o n a l 14,500 cubic yards, 

b r i n g i n g the t o t a l volume of m a t e r i a l contained i n SSP3 to 

approximately 58,100 cubic yards. The s i z e of SSP4 i s 

approximately 1.9 acres with a 7-ft average depth of sludge 

m a t e r i a l and s o i l cover, r e s u l t i n g i n approximately 22,300 

cubic yards of m a t e r i a l . SSP4 i s also underlain by approxi­

mately 2 f t of s u b s o i l s which r e s u l t i n an a d d i t i o n a l 6,200 

cubic yards, b r i n g i n g the t o t a l volume of m a t e r i a l for SSP4 

3-17 

GERAGHTY <? MILLER. INC. 



AW 

Figure 3.4 Location of Scrubber Sludge Ponds. 

CLIENT NAME: 

M a r t i n M a r i e t t a Corporation 



to approximately 28,500 cubic yards. The t o t a l estimated 

volume of sludges and s u b s o i l s for the four ponds i s 

approximately 168,000 cubic yards. 

The SSP area was s e l e c t e d for i t s n a t u r a l features as an 

area where flows from the plant could be discharged by 

g r a v i t y and which e a s i l y allowed impoundment of surface 

waters. Being a n a t u r a l drainage feature, the SSP area 

contained an accumulation of f i n e - g r a i n e d sediments i n t e r ­

mixed with b a s a l t outcroppings. The west side of River Road 

was dammed to s e t t l e suspended p a r t i c u l a t e s and c o n t r o l 

flows. As waste accumulated, the levee between SSP2 and SSP3 

was constructed to provide a d d i t i o n a l capacity. S i m i l a r l y , 

the levee between SSP3 and SSP4 was constructed to r e t a i n , 

sediments from the dredging of SSP2 and SSP3. This type of 

c o n s t r u c t i o n has s t a i r - s t e p p e d the e l e v a t i o n of each pond 

(Figure 3.4). SSPl and SSP4 have e s t a b l i s h e d vegetative 

covers; SSP2 and SSP3 remain uncovered. 

The SSPs were used as sedimentation basins for primary 

and secondary a i r emission c o n t r o l sludges from both dry and 

wet processes, as w e l l as dredgings from the recycle pond and 

l i n e d pond. The ponds designated SSP2 and SSP3 were a c t u a l l y 

the f i r s t two ponds put i n t o s e r v i c e . In 1977 , SSP2 and SSP3 

were dredged and the mat e r i a l s placed i n t o SSP4. This was 

the only s p e c i f i c time SSP4 was used, and i n 1982 i t was 

covered with approximately 18 inches of s o i l . In 1982, the 

rec y c l e pond and l i n e d pond were dredged and t h i s m a t e r i a l 

was placed throughout SSP2 and SSP3. SSPl was constructed i n 

1972 to contain the p r e c i p i t a t e r e s u l t i n g from treatment of 

secondary roof scrubber waters. SSPl was removed from 

s e r v i c e i n 1981 and was covered with approximately 1 f t of 

sc i 1. 

The sludge i n SSPl c o n s i s t s of sediment from a i r emis­

sion c o n t r o l s and calcium f l u o r i d e p r e c i p i t a t e r e s u l t i n g from 
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t r e a t i n g recycled water. SSP2 and SSP3 contain sediments 

from a i r emission c o n t r o l s and dredgings from the l i n e d pond 

and r e c y c l e pond. The l i n e d pond contains s i m i l a r a i r 

emission c o n t r o l sludges; the recycle pond i s a mixture of 

p a r t i c u l a t e s and calcium f l u o r i d e p r e c i p i t a t e . SSP4 contains 

dredgings of a i r emission c o n t r o l sludges from ponds SSP2 and 

SSP3. SSP2 and SSP3 o c c a s i o n a l l y have water present which i s 

s e a s o n a l l y dependent. 

An area approximately 1.0 acre i n s i z e to the south of 

SSP2 and SSP3 contains wind-blown sediments derived from the 

ponds (Figure 3.4). A f i e l d i n v e s t i g a t i o n performed i n J u l y 

1987 determined the average depth of sediment i n that area 

was 4 inches. The accumulated volume of wind-blown sediment 

i n t h i s area has been estimated to be approximately 540 cubic 

yards. H i s t o r i c a l information regarding the scrubber sludge 

ponds i s included i n Appendix A, Section I I . 

3.1.14 Ditches 

The MMRF used numerous ditch e s to route process waters 

and f a c i l i t a t e drainage. The f u n c t i o n of each d i t c h i s 

discussed i n the f o l l o w i n g t e x t ; the d e t a i l e d h i s t o r y of the 

various d i t c h e s i n v e s t i g a t e d i s presented i n Appendix A and 

the l o c a t i o n s of the d i t c h e s are shown i n Figure 3.5. 

3.1.14.1 Surface Drainage Ditch 

The surface drainage d i t c h functions as an i n t e r c e p t o r 

d i t c h for surface runoff from the l a n d f i l l flowing to the 

northwest. The slope of the d i t c h i s f a i r l y f l a t and 

c o l l e c t e d flows are routed to the leachate c o l l e c t i o n d i t c h . 

Vegetation i s s c a t t e r e d and the channel i s f i l l e d with f i n e ­

grained s o i l s and fragments of b a s a l t . Flows are g e n e r a l l y 

present only during r a i n f a l l or snow melt conditions and the 

d i t c h i s dry otherwise. 
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The surface drainage d i t c h was probed at s e v e r a l 

l o c a t i o n s along the center l i n e and an average sediment 

thickness of approximately 10 inches was determined. An 

estimated volume of 1,240 cubic yards of sediment i s present 

i n the surface drainage d i t c h . 

3.1.14.2 Leachate C o l l e c t i o n D itch 

The leachate c o l l e c t i o n d i t c h i s gunite l i n e d and 

c o l l e c t s surface runoff flowing to the northeast o f f the 

l a n d f i l l . Surface flows are routed to the l a n d f i l l d i t c h . 

There are three feeder d i t c h e s o f f the leachate c o l l e c t i o n 

d i t c h ; these are a l s o gunite l i n e d . Vegetation adjacent to 

the leachate c o l l e c t i o n d i t c h i s scattered and s o i l s c o n s i s t 

of a mixture of f i n e s and b a s a l t fragments. The slope of the 

d i t c h i s very gradual and ponding i s evident i n the low 

pla c e s . 

3.1.14.3 L a n d f i l l D i tch 

The l a n d f i l l d i t c h i s l o c a t e d on the south side of the 

l a n d f i l l ; i t s center l i n e i s that of a former surface 

drainage f e a t u r e . To provide a d d i t i o n a l work area, the 

shoulders of the o r i g i n a l drainage swale were f i l l e d from 

both banks r e s u l t i n g i n the current c o n f i g u r a t i o n of the 

d i t c h . The f i l l m a t e r i a l consisted of b a s a l t rubble from 

excavation a c t i v i t i e s and other debris s i m i l a r to that 

disposed of i n the l a n d f i l l . The materials i n the bottom and 

along the banks of the l a n d f i l l d i t c h appear to be f i n e ­

grained s o i l s and b a s a l t . Cathodic m a t e r i a l i s exposed along 

both banks of the d i t c h . The l i q u i d w i t h i n the d i t c h 

resembles l a n d f i l l leachate. 

Before 1980, flow w i t h i n the l a n d f i l l d i t c h was gener­

a l l y from the west to the east toward the Columbia River by 

way of the River Road d i t c h . A levee was constructed across 
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the d i t c h j u s t upstream of River Road and a pump s t a t i o n was 

constructed to d i v e r t c o l l e c t e d runoff to the process sewer 

co n t a i n i n g secondary roof scrubber water. The slope of the 

d i t c h i n v e r t i s very gradual and ponding occurs i n l o c a l i z e d 

areas. The bottom of the l a n d f i l l d i t c h c o n s i s t s mainly of 

sediments and i s sparsely vegetated. 

The bottom of the d i t c h was probed along i t s center l i n e 

and an average sediment thickness of 16 inches was deter­

mined, representing an estimated volume of approximately 

2,050 cubic yards of sediment. The f i l l m a t e r i a l used to 

narrow the l a n d f i l l d i t c h to i t s current c r o s s - s e c t i o n was 

included i n the volume estimate of the adjacent source areas 

( o l d cathode waste p i l e area, salvage area, l a n d f i l l , and 

bath recovery pad area). 

3.1.14.4 North Ditch 

The north d i t c h , a man-made d i t c h p r o viding surface 

drainage, p a r a l l e l s the north side of the reduction b u i l d i n g 

and the metal pad storage area and drains to the l a n d f i l l 

d i t c h . The north d i t c h received surface runoff as w e l l as 

flows from sumps c o l l e c t i n g water from under the reduction 

b u i l d i n g s and non-contact c o o l i n g water from the r e c t i f i e r s . 

The d i t c h has a r e l a t i v e l y f l a t slope and the bottom and 

sides are covered with v e g e t a t i o n . Sediment depths i n the 

bottom of the north d i t c h average 9 inches, r e s u l t i n g i n an 

estimated volume of approximately 610 cubic yards. 

3.1.14.5 River Road Ditch 

The River Road d i t c h was the continuation of the 

l a n d f i l l d i t c h before c o n s t r u c t i o n of the levee and pump 

s t a t i o n disconnected the flows. Since that time, the River 

Road d i t c h c o l l e c t s surface runoff from the east side of 

River Road and routes i t toward the Columbia River. The 
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bottom of the d i t c h i s a mixture of f i n e sediments, vegeta­

t i v e cover, and b a s a l t p i n n a c l e s . In J u l y 1987, the center 

l i n e of the d i t c h was probed i n several places and was found 

to c ontain an average sediment thickness of approximately 9 

inches. This r e s u l t s i n approximately 200 cubic yards of 

f i n e - g r a i n e d sediments that have accumulated i n the d i t c h . 

3.1.14.6 River Road Curb 

The River Road curb i s a surface drainage feature 

l o c a t e d east of River Road. The area was disturbed i n l a t e 

1986 by c o n s t r u c t i o n a c t i v i t i e s performed by The Da l l e s 

P u b l i c Works Department expansion of the c i t y d r i n k i n g water 

s e r v i c e area. The d i t c h p a r a l l e l s River Road and contains 

crushed b a s a l t used for the road bed, fi n e - g r a i n e d s o i l s , 

v e g e t a t i v e cover, and b a s a l t p i nnacles. Flows from t h i s area 

are routed southward to a c u l v e r t passing under River Road 

with discharge to the discharge channel (Figure 3.5). 

3.1.14.7 Discharge Channel 

The discharge channel i s the primary drainage feature 

that handles c o l l e c t e d storm water and process and s a n i t a r y 

flows. Some of the major sources c o n t r i b u t i n g to the 

discharge channel are: (1) storm water and leachate 

c o l l e c t e d by the surface drainage d i t c h , leachate c o l l e c t i o n 

d i t c h , l a n d f i l l d i t c h , and north d i t c h routed to the pump 

s t a t i o n ; (2) process waters i n c l u d i n g secondary roof scrubber 

water, non-contact once-through r e c t i f i e r c o o l i n g water, and 

storm water; (3) e f f l u e n t from the wastewater treatment 

f a c i l i t y ; and (4) other contact and non-contact process flows 

from c a s t i n g operations. These flows are routed to the 

rec y c l e pond where they are e i t h e r routed back to the plant 

secondary roof scrubber system or to the Columbia River under 

a N a t i o n a l P o l l u t a n t Discharge E l i m i n a t i o n System (NPDES) 

discharge permit (Figure 3.5). When treatment of the 
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r e c y c l e d water i s r e q u i r e d , chemicals (lime and c a u s t i c ) are 

s l u r r i e d to the discharge channel, which provides the mixing 

necessary to c o n d i t i o n the water, with sedimentation 

o c c u r r i n g p r i m a r i l y i n the recycle pond. Sediments which 

accumulate w i t h i n the discharge channel are p e r i o d i c a l l y 

removed i n order to maintain adequate flows. 

The discharge channel i s not a n a t u r a l surface feature 

and required excavation for removal of b a s a l t . Therefore, 

the bottom of the discharge channel would have been for the 

most part exposed b a s a l t . The sediments c u r r e n t l y present i n 

the channel are probably the r e s u l t of plant a c t i v i t i e s and 

n a t u r a l weathering processes. The center l i n e of the channel 

was probed and an average sediment thickness of approximately 

22 inches was determined i n the l o c a t i o n s i n v e s t i g a t e d , 

r e s u l t i n g i n approximately 1,100 cubic yards of sediment. 

3.1.14.8 Drainage Ditch 

The drainage d i t c h was used to transport by g r a v i t y the 

a i r emission c o n t r o l s l u r r y from the secondary roof scrubber 

system to the scrubber sludge ponds p r i o r to c o n s t r u c t i o n of 

the l i n e d pond. The drainage d i t c h flows i n a southerly 

d i r e c t i o n and i s j u s t east of the l i n e d pond and north of 

SSPs 1, 2, and 3 (Figure 3.5). 

The d i t c h i s not a n a t u r a l drainage feature and required 

c o n s t r u c t i o n i n a manner s i m i l a r to that for the discharge 

channel. There are two weirs constructed i n the drainage 

d i t c h to provide f l e x i b i l i t y i n routing process water at 

these points to the discharge channel, scrubber sludge ponds, 

or the c l a r i f i e r (near SSPl). The center l i n e of the 

drainage d i t c h was probed and an average sediment thickness 

of approximately 19 inches was determined. This represents 

approximately 920 cubic yards of sediments that have 

accumulated i n the drainage d i t c h . 

3-25 

GERAGHTY & MILLER. INC. 



3.1.14.9 Old NPDES Discharge Channel 

The o l d NPDES discharge channel was used to d i r e c t flows 

to the Columbia River p r i o r to c o n s t r u c t i o n of the recycle 

pond i n e a r l y 1974. I t i s located where the discharge 

channel i s d i r e c t e d from the recycle pond to the Columbia 

River j u s t south of the pond (Figure 3.5). The discharge 

channel and scrubber sludge channel discharged at two 

l o c a t i o n s , while the NPDES permit allowed for only one 

discharge p o i n t . Therefore, the extension of the drainage 

channel connecting i t with the scrubber sludge channel was 

constructed to comply with NPDES permit c o n d i t i o n s . A f t e r 

the c o n s t r u c t i o n of the extension, flows were d i v e r t e d to the 

scrubber sludge channel. 

3.1.14.10 Abandoned Scrubber Sludge Channel 

The abandoned scrubber sludge channel i s an e x i s t i n g 

surface drainage feature which routed overflow waters from 

the scrubber sludge ponds discharged through SSP2. Flow i n 

the abandoned scrubber sludge channel was due east from SSP2 

under River Road to the Columbia River and i s south of the 

ol d NPDES discharge channel (Figure 3.5). Supernatant 

overflowed the levee constructed for SSP2 adjacent to River 

Road, entered the channel, and discharged to the Columbia 

River through the NPDES discharge. The volume of sediments 

i n the abandoned scrubber sludge channel has not been 

quanti f i e d . 

3.1.15 Source D e s c r i p t i o n Summary 

As described i n t h i s s e c t i o n , a number of p o t e n t i a l 

sources were evaluated during the remedial i n v e s t i g a t i o n . 

The approximate volumes contained i n each of the source areas 

i s summarized i n Table 3.1. A di s c u s s i o n of the nature and 
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Table 3.1 Summary of Volume Estimates 

Area of I n v e s t i g a t i o n 
Estimated Volume 

(gallons) (cubic yards) 

L a n d f i l l 

L a n d f i l l Runoff Areas 
Area A 
Area B 
Area C 
Area D 

Metal Pad Storage Area 

Bath Recovery Pad Area 

Old Cathode Waste P i l e Area 

Salvage Area 

P o t l i n e r Handling Area 

Cathode Wash Area 

Duck Pond 

Lined Pond 
Lined Pond (Wind Blown) 

Recycle Pond 

Scrubber Sludge Ponds 
SSPl 
SSP2 
SSP3 
SSP4 
Wind Blown 

2 ) 

200,000 

510 
150 
230 
138 

1,690 

1,660 

24,200 

28,700 

9,910 

4,530 

2,430 

7,700 

8,915 

71,700 
9,850 

58,100 
28,500 

538 

Di tches 
Surface Drainage Ditch 
Leachate C o l l e c t i o n D i t c h 
L a n d f i l l D i t c h 
North D i t c h 
River Road Di t c h 
River Road Curb 
Discharge Channel 
Drainage D i t c h 
Old NPDES Discharge Channel 
Abandoned Scrubber Sludge Channel 

1,240 

2,050 
610 
200 

1,100 
920 

4 , 000, 000 

8,000,000 

1 Seasonally a f f e c t e d 
2 Lined with concrete; unable to proble s o i l s underneath 

Not relevant 
568/4 
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d i s t r i b u t i o n of c o n s t i t u e n t s detected i n the source areas as 

w e l l as t h e i r chemical c h a r a c t e r i s t i c s are presented i n the 

f o l l o w i n g s e c t i o n s . H i s t o r i c a l information regarding the 

di t c h e s and channels i s included i n Appendix A, Section I I . 

3.2 SOURCE CHARACTERIZATION 

The d i s t r i b u t i o n of waste co n s t i t u e n t s at the MMRF was 

evaluated by analyzing waste m a t e r i a l s and various environ­

mental media, e.g., s o i l , surface water, and ground water. 

Samples were c o l l e c t e d from the various sources, as i d e n t i ­

f i e d i n the RI/FS Work Plan and addendum, and were analyzed 

for a v a r i e t y of p o t e n t i a l waste c o n s t i t u e n t s . The r e s u l t s 

of a l l analyses performed during the remedial i n v e s t i g a t i o n 

are contained i n Appendix C, along with the q u a l i t y assurance 

summary (Appendix D). 

Cyanide, f l u o r i d e , sodium, s u l f a t e , and PAHs are the 

primary c o n s t i t u e n t s i d e n t i f i e d at the p o t e n t i a l source areas 

(Tables 3.2 and 3.3). Cyanide (complex and free) i s a s s o c i ­

ated with p o t l i n e r (spent cathodes). Fluor i d e and sodium are 

components of c r y o l i t e and alumina and are found i n roof-

scrubber e f f l u e n t and spent cathodes. PAHs are i d e n t i f i e d 

w ith p i t c h and coke. 

Cyanide was i d e n t i f i e d i n the l a n d f i l l area ( i n c l u d i n g 

l a n d f i l l l e a c h a t e ) , the former cathode management area 

( i n c l u d i n g i n underlying "perched water"), the upper part of 

the drainage d i t c h , the north d i t c h , and the discharge 

channel. Cyanides are g e n e r a l l y absent at the scrubber 

sludge ponds, the l i n e d pond, the recycle pond, and the duck 

pond. F l u o r i d e i s c h a r a c t e r i s t i c of the former cathode 

management area s o i l s , the l a n d f i l l area, recycle pond, l i n e d 

pond, discharge channel, perched water underlying the cathode 

management area, and the S aquifer near the scrubber sludge 

ponds. PAHs are present i n the l a n d f i l l area and the cathode 
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Table 3.2 Inorganic A n a l y t i c a l R e s u l t Summary 
( S o l i and sediment r e s u l t s r e p o r t e d as mg/kg, aqueous as mg/L) 

SAMPLE 7. TOTAL FREE 
SAMPLE LOCATION SAMPLE ID TYPE DATE SOLIDS CYANIDE CYANIDE FLUORIDE SODIUM SULFATE 

BATH RECOVERY BRASC SOIL 24-JUN-87 99 17 17 808 51800 -
BATH RECOVERY SOILREP 4R SOIL 24-JUH-87 99 26 12 869 36400 -
BATH RECOVERY BRFB XI AQUE * 24-JUN-87 - 21 <0 5 <0 5 <10 <10 

CATHODE WASH CWASG ̂  SOIL 24-JUN-87 98 20 9 6 1170 6630 -
CATHODE WASH CWBSG " SOIL 24-JUN-87 98 17 4 8 1330 6690 -
CATHODE WASH CWCSG SOIL 24-JUN-87 98 19 15 796 16900 -
CATHODE WASH CWASC-1 SOIL 26-JUN-87 90 7 3 0 56 - 2930 -

DISCHARGE CHANNEL DCAW AQUE 25-MAR-86 - 6 5 0 06 33 632 66 

DISCHARGE CHANNEL DCFBW AQUE 25-MAR-86 - 0 21 <0 017 <5 0.20 500 

DISCHARGE CHANNEL DCAQ AQUE 30-AUG-86 - <0 010 <0 010 - -
DISCHARGE CHANNEL DCAG SEDI 19-MAR-86 50 <1 0 492 21B0 -
DISCHARGE CHANNEL DCBG SEDI 19-MAR-86 48 3 5 1020 4080 -
DISCHARGE CHANNEL DCCG SEDI 19-MAR-86 55 2 8 385 8200 -
DISCHARGE CHANNEL DCDG SEDI 19-MAR-86 48 4 7 1240 7810 -
DISCHARGE CHANNEL DCEG SEDI 19-MAR-86 41 <1 2 767 3250 -
DISCHARGE CHANNEL DCFBS 1/ AQUE * 19-MAR-86 - <0 5 <10 40 -

DRAINAGE DITCH DDASG SEDI 25-MAR-86 50 1 3 926 15400 -
DRAINAGE DITCH DDBSG SEDI 25-MAR-86 43 3 2 271 1070 -
DRAINAGE DITCH DDCSG SEDI 25-MAR-86 64 <0 78 330 5490 -
DRAINAGE DITCH DDDSG SEDI 25-MAR-86 68 <0 74 312 5530 -
DRAINAGE DITCH DDESG SEDI 25-MAR-86 50 <1 0 416 9220 -
DRAINAGE DITCH DDFBS 1/ AQUE * 25-MAR-86 - <2 5 <1.0 70 " 

DUCK POND DPAW AQUE 24-MAR-86 - <0 017 <0 017 12 21 42 

DUCK POND DPBW AQUE 24-MAR-86 - <0 017 <0 017 11 29 42 

DUCK POND DPCW AQUE 24-MAR-86 - <0 017 <0 025 12 30 43 

DUCK POND DPDW AQUE 24-MAR-86 - <0 017 <0 017 12 28 43 

DUCK POND DPEW AQUE 24-MAR-86 - <0 017 <0 017 12 26 43 

DUCK POND DPFW AQUE 24-MAR-86 - <0 017 <0 017 13 26 43 

DUCK POND DPGW AQUE 24-MAR-86 - <0 017 <0 017 12 33 43 

DUCK POND DPHW AQUE 24-MAR-B6 - <0 017 <0 017 12 31 42 

DUCK POND DPIW AQUE 24-MAR-86 - <0 017 <0 017 11 25 43 

DUCK POND DPIW AQUE 02-SEP-86 - <0 01 <0 01 - - -
DUCK POND DPAS1 SEDI 24-MAR-86 14 <3 6 91 463 -
DUCK POND DPAS2 SEDI 24-MAR-86 18 <2 8 76 311 -
DUCK POND DPBS SEDI 24-MAR-86 14 <0 5 108 1037 -
DUCK POND DPCSG SEDI 24-MAR-86 16 <0 5 644 1105 -
DUCK POND DPFBS 1/ AQUE * 24-MAR-86 - <1 7 <10 28 -

1/ Aqueous f i e l d blank r e s u l t s are expressed l n mg/kg, not In ug/L. 
2/ " - " means t e s t not performed on t h a t sample 

( A l l analyses performed by Versa r L a b o r a t o r i e s ; r e s u l t s of s p l i t 
samples are i n c l u d e d i n Appendices C and D.) 



Table 3.2 (continued) 

Table 3.2 Ino r g a n i c A n a l y t i c a l R e s u l t Summary 
( S o i l and sediment r e s u l t s r e p o r t e d as mg/kg, aqueous as mg/L) 

SAMPLE X TOTAL FREE 

SAMPLE LOCATION SAMPLE ID TYPE DATE SOLIDS CYANIDE CYANIDE FLUORIDE SODIUM SULFATE 

BATH RECOVERY BRASC SOIL 24-JUN-87 99 17 17 808 51800 -
BATH RECOVERY SOILREP AR SOIL 24-JUN-87 99 26 12 869 36400 -
BATH RECOVERY BRFB 1/ AQUE * 24-JUN-87 - 2/ <0 5 <0 5 <10 <10 

CATHODE WASH CWASG SOIL 24-JUN-87 98 20 9 6 1170 6630 -
CATHODE WASH CWBSG SOIL 24-JUN-87 98 17 4 8 1330 6690 -
CATHODE WASH CWCSG SOIL 24-JUN-87 98 19 15 796 16900 -
CATHODE WASH CWASC-1 SOIL 26-JUN-87 90 7 3 0 56 - 2930 

DISCHARGE CHANNEL DCAW AQUE 25-MAR-86 - 6 5 0 06 33 632 66 

DISCHARGE CHANNEL DCFBW AQUE 25-MAR-86 - 0 21 <0 017 <5 0.20 500 

DISCHARGE CHANNEL DCAQ AQUE 30-AUG-86 - <0 010 <0 010 - -
ni DISCHARGE CHANNEL DCAG SEDI 19-MAR-86 50 <1 0 492 2180 -

DISCHARGE CHANNEL DCBG SEDI 19-MAR-86 48 3 5 1020 4080 -
> DISCHARGE CHANNEL DCCG SEDI 19-MAR-86 55 2 8 385 8200 -

DISCHARGE CHANNEL DCDG SEDI 19-MAR-86 48 4 7 1240 7810 -
X DISCHARGE CHANNEL DCEG SEDI 19-MAR-86 41 <1 2 767 3250 -
H DISCHARGE CHANNEL DCFBS 1/ AQUE * 19-MAR-86 - <0 5 <10 40 ** 

DRAINAGE DITCH DDASG SEDI 25-MAR-86 50 1 3 926 15400 -
V DRAINAGE DITCH DDBSG SEDI 25-MAR-86 43 3 2 271 1070 -

OJ DRAINAGE DITCH DDCSG SEDI 25-MAR-86 64 <0 78 330 5490 -
r 1 DRAINAGE DITCH DDDSG SEDI 25-MAR-86 68 <0 74 312 5530 -
r~ OJ DRAINAGE DITCH DDESG SEDI 25-MAR-86 50 <1 0 416 9220 -
m 
?° 

o DRAINAGE DITCH DDFBS 1/ AQUE * 25-MAR-86 - <2 5 <1.0 70 ~ 

y DUCK POND DPAW AQUE 24-MAR-86 - <0 017 <0 017 12 21 42 

DUCK POND DPBW AQUE 24-MAR-86 - <0 017 <0 017 11 29 42 

DUCK POND DPCW AQUE 24-MAR-86 - <0 017 <0 025 12 30 43 

DUCK POND DPDW AQUE 24-MAR-86 - <0 017 <0 017 12 28 43 

DUCK POND DPEW AQUE 24-MAR-86 - <0 017 <0 017 12 26 43 

DUCK POND DPFW AQUE 24-MAR-86 - <0 017 <0 017 13 26 43 

DUCK POHD DPGW AQUE 24-MAR-86 - <0 017 <0 017 12 33 43 

DUCK POND DPHW AQUE 24-MAR-86 - <0 017 <0 017 12 31 42 

DUCK POND DPIW AQUE 24-MAR-86 - <0 017 <0 017 11 25 43 

DUCK POND DPIW AQUE 02-SEP-86 - <0 01 <0 01 - - -
DUCK POND DPAS1 SEDI 24-MAR-86 14 <3 6 91 463 -
DUCK POND DPAS2 SEDI 24-MAR-86 18 <2 8 76 311 -
DUCK POND DPBS SEDI 24-MAR-86 14 <0 5 108 1037 -
DUCK POND DPCSG SEDI 24-MAR-86 16 <0 5 644 1105 -
DUCK POND DPFBS 1/ AQUE * 24-MAR-B6 - <1 7 <10 28 

1/ Aqueous f i e l d blank r e s u l t s are expressed l n mg/kg, not l n ug/L. 

21 " - " means t e s t not performed on t h a t sample 

( A l l analyses performed by Versa r L a b o r a t o r i e s ; r e s u l t s of s p i l t 
samples are i n c l u d e d i n Appendices C and D.) 



Table 3.2 (continued) 

SAMPLE LOCATION 
SAMPLE 

SAMPLE ID TYPE 
X TOTAL FREE 

DATE SOLIDS CYANIDE CYANIDE FLUORIDE SODIUM SULFATE 

LANDFILL (SE) LFAS SOIL 10-MAY-86 93 0 52 <0 27 1160 63000 

LANDFILL (NE) LFBS SOIL 10-MAY-86 82 0 32 <0 30 2010 66200 

LANDFILL (SW) LFCS SOIL 10-MAY-86 88 11 <0 28 204 3440 

LANDFILL (NW) LFDS SOIL 10-MAY-86 87 1 4 <0 29 1250 69050 

LANDFILL (NC) LFES SOIL 10-MAY-86 81 70 54 2880 82200 

LANDFILL LFFBS 1/ AQUE * 10-MAY-86 - <0 5 <100 100 

z n 

LANDFILL DITCH LDAWG AQUE 23-JUN-87 - - 7620 36600 10500 

LANDFILL DITCH LDBWG AQUE 23-JUN-87 - - 5750 37300 12000 

LANDFILL DITCH DLSW- AQUE 23-JUN-87 - - 5400 37600 11000 

LANDFILL DITCH REP1E 

LANDFILL DITCH LDAWG AQUE 2-AUG-87 - 373 34.2 6880 68000 15200 

LANDFILL DITCH LDBWG AQUE 2-AUG-87 - 1090 11 .2 8000 79200 39900 

LANDFILL DITCH DLSW- AQUE 2-AUG-87 - 1280 59.7 7750 99800 49300 

REP1E 
LANDFILL DITCH LDFB AQUE 23-JUN-87 - - <1.0 - <5.0 

LANDFILL DITCH LDFB AQUE 02-AUG-87 - <0.010 <0 01 <1.0 1.05 O.O 

LANDFILL DITCH NDAW AQUE 25-MAR-86 - 5.15 0 82 190 513 146 

LANDFILL DITCH NDBW AQUE 25-MAR-86 - 1.6 0 59 196 444 148 

LANDFILL DITCH NDAW AQUE 01-SEP-86 - 0.16 0 066 - -
LANDFILL DITCH NDBW AQUE 01-SEP-86 - 0.26 0 18 - -
LANDFILL DITCH NDAS SEDI 19-MAR-86 76 - <0 66 204 3030 -
LANDFILL DITCH NDBS SEDI 19-MAR-86 53 - 3 6 189 2720 ~ 

LANDFILL LEACHATE LLAW AQUE 26-MAR-86 - 10 0 25 1490 4270 840 

LANDFILL LEACHATE LLBW AQUE 26-MAR-86 - 31 0 39 2090 5780 2130 

LANDFILL LEACHATE LLCW AQUE 26-MAR-86 - 9.4 0 91 2440 5900 2660 

LANDFILL LEACHATE LLDW AQUE 26-MAR-86 - 19 1 0 1740 4780 1890 

LANDFILL LEACHATE LLAW AQUE 18-SEP-86 - 0.11 <0 010 - - -
LANDFILL LEACHATE LLBW AQUE 18-SEP-86 - 29 4 7 - - -
LANDFILL LEACHATE LLCW AQUE 18-SEP-86 - 14 3 6 - - -
LANDFILL LEACHATE LLCW-D AQUE 18-SEP-86 - 15 2 5 - - -
LANDFILL LEACHATE LLDW AQUE 18-SEP-86 - 14 1 6 - - -

LANDFILL RUNOFF A LRASC* SOIL 22-JUN-87 98 10.00 0 66J 2300 10500 <510J 

LANDFILL RUNOFF B LRBSC SOIL 22-JUN-87 93 7.4 0 80J 1830 12400 3440J 

LANDFILL RUNOFF C LRCSC SOIL 22-JUN-87 96 60.00 5 OOJ 604 12900 3440J 

LANDFILL RUNOFF D LRDSC SOIL 22-JUH-87 98 4.0 0 50J 347 5030 <510J 

LANDFILL RUNOFF REP IE SOIL 22-JUN-87 93 3.8 0 68J 1510 11600 3330J 

LANDFILL RUNOFF LRFB 1/ AQUE * 22-JUN-87 - <0.5 <0 5 <10 <100 <100 

Aqueous f i e l d blank r e s u l t s are expressed l n mg/kg, not l n ug/L. 

" - " means t e s t not performed on th a t s ample 
( A l l analyses performed by Ve r s a r Labora t o r l e s ; r e s u l t s of s p i l t 
samples are Inc luded l n Appendices C and D . ) 



Table 3.2 (continued) 

SAMPLE LOCATION 
SAMPLE 

SAMPLE ID TYPE DATE 
X TOTAL 

SOLIDS CYANIDE 
FREE 
CYANIDE FLUORIDE SODIUM SULFATE 

LINED POND LPAH AQUE 
LINED POND LPBW AQUE 
LINED POHD LPCW AQUE 
LINED POND LPDW AQUE 
LINED POND LPEW AQUE 
LINED POND LPFW AQUE 
LINED POHD LPGW AQUE 
LINED POND LPHW AQUE 
LINED POND LPIW AQUE 
LINED POND LPW ** AQUE 
LINED POND LPW AQUE 
LINED POND LPFBW AQUE 
LINED POND LPS SEDI 
LINED POND LPFB 1/ AQUE * 

rn 
X METAL PAD STORAGE MPAS SOIL 
;j> METAL PAD STORAGE MPASG SOIL 
O METAL PAD STORAGE MPBSG SOIL 
X METAL PAD STORAGE MPCSG SOIL 
- \ METAL PAD STORAGE SOILREP 3R SOIL 

r-i NORTH DRAIHAGE DITCH NDCW AQUE 
. V NORTH DRAINAGE DITCH NDDW AQUE 
H NORTH DRAINAGE DITCH NDEW AQUE 
p w NORTH DRAINAGE DITCH NDFBW AQUE 
[— ^ NORTH DRAINAGE DITCH HDCW AQUE 
m M NORTH DRAINAGE DITCH NDDW AQUE 
~P NORTH DRAINAGE DITCH NDEW AQUE 

NORTH DRAINAGE DITCH NDCS SEDI 
NORTH DRAINAGE DITCH HDDS SEDI 

O NORTH DRAINAGE DITCH NDES SEDI 
NORTH DRAINAGE DITCH NDFBS 1/ AQUE * 

OLD CATHODE WASTE PILE OCS SOIL 
OLD CATHODE WASTE PILE OCFBS 1/ AQUE * 
OLD CATHODE WASTE PILE OCWPSC-A SOIL 
OLD CATHODE WASTE PILE OCWPSC-B SOIL 
OLD CATHODE WASTE PILE OCWPSC-C SOIL 
OLD CATHODE WASTE PILE OCWP AQUE 

PITB-H20 

OLD NPDES DISCHARGE ODCSC-1 SOIL 
CHANNEL 

POTLINER HANDLING PHASC SOIL 
POTLIHER HANDLING SOILREP 2 SOIL 

20-MAR-86 - - - - -
20-MAR-86 - - - - -
20-MAR-86 - - - - -
20-MAR-86 - - - - -
20-MAR-86 - - - - -
20-MAR-86 - - - - -
20-MAR-86 - - - - -
20-MAR-86 - - - - -
20-MAR-86 - - - - -
20-MAR-86 - <0.01 <0. 025 31.5 881 2360 

02-SEP-86 - <0.01 <0. 01 - - -
20-MAR-86 - <0.01 <0. 025 <0.5 <0.6 <1.0 

20-MAR-86 62 - <0. 02 3730 - -
20-MAR-86 - - <0. 5 <5.0 - -

26-MAR-86 84 - <0. 59 465 10100 -
24-JUN-87 97 1.5 <0. 52 856 49800 -
24-JUN-87 99 0.62 <0. 52 687 19900 -
24-JUN-87 99 0.54 <0 50 778 19500 -
24-JUN-87 98 2.3 <0 52 714 50000 -

25-MAR-86 _ 0.37 <0 017 <10 51 37 

25-MAR-86 0.39 <0 02 3.8 88 33 

25-MAR-86 - 0.037 <0 017 3.7 35 35 

25-MAR-86 - <0.017 <0 017 <0.1 0.3 <10 

01-SEP-86 - <0.010 <0 010 - -
01-SEP-86 - <0.010 <0 010 - -
01-SEP-86 - <0.010 <0 010 - -
19-MAR-86 48 - <1 0 92 4160 -
19-MAR-86 25 - <2 0 92 10400 -
19-MAR-86 55 - <0 91 172 1210 -

- - <0 5 <5.0 36 -

26-MAR-86 89 - 23 475 7919 -
26-MAR-86 - - <0 5 <0.5 - -
26-JUN-87 86 29 0 72 - 4600 -
26-JUN-87 90 26 <0 56 - 4380 -
26-JUN-87 93 19 5 2 - 10900 -
26-JUN-87 - 294 3 01 3000 10500 

24-JUN-87 - - - - -

23-JUN-87 98 14 4 0 673 29600 _ 
23-JUN-87 98 16 4 8 898 28600 -

1/ Aqueous f i e l d blank results are expressed In mg/kg, not In ug/L. 
2/ " - " means test not performed on that sample 

( A l l analyses performed by Versar Laboratories; results of s p l i t 
samples are included ln Append ices C and D.) 



Table 3.2 (continued) 

SAMPLE LOCATION 
SAMPLE 

SAMPLE ID TYPE 
X TOTAL FREE 

DATE SOLIDS CYANIDE CYANIDE FLUORIDE SODIUM SULFATE 

m 

r" r m 

v. 
o 

u> 
I 

RECYCLE POND RPAW AQUE 22-MAR-86 - - - -
RECYCLE POND RPBW AQUE 22-MAR-86 - - - -
RECYCLE POND RPCW AQUE 22-MAR-86 - - - -
RECYCLE POND RPDW AQUE 22-MAR-86 - - - -
RECYCLE POND RPEW AQUE 22-MAR-86 - - - -

• 
RECYCLE POND RPFW AQUE 22-MAR-86 - - - -
RECYCLE POHD RPGW AQUE 22-MAR-86 - - - -
RECYCLE POND RPHW AQUE 22-MAR-86 - - - -
RECYCLE POHD RPIW AQUE 22-MAR-86 - - - -
RECYCLE POND RPJW AQUE 22-MAR-86 - - - -
REC VCLE POND RPW ** AQUE 22-MAR-86 - 0.190 <0.017 21.6 100 94 4 

RECYCLE POHD RPFBW AQUE 22-MAR-86 - <0.017 <0.017 <0.05 16 <0 5 

RECYCLE POND RPAS SEDI 22-MAR-86 46 - <1 1 856 12000 

RECYCLE POND RPBS SEDI 22-MAR-86 43 - <1 2 1260 11800 

RECYCLE POND RPCS SEDI 22-MAR-86 44 - <1 1 1320 14200 

RECYCLE POND RPDS SEDI 22-MAR-86 45 - <1 1 1020 11800 

RECYCLE POND RPFBS 1/ AQUE * 22-MAR-86 - - <0 85 <10 -
RECYCLE POND RPS-1 SEDI 04-SEP-86 - - - -
RECYCLE POND RPS-2 SEDI 04-SEP-86 - - - -
RECYCLE POND RPS-3 SEDI 04-SEP-86 - - - -
RECYCLE POND RPS-4 SEDI 04-SEP-86 - - - -
RECYCLE POND RPS-5 SEDI 04-SEP-86 - - - -
RECYCLE POND RPS-6 SEDI 04-SEP-86 - - -

RIVER ROAD DITCH RRAS SOIL 26-MAR-86 52 - <0 96 232 3620 

RIVER ROAD CURB RRBS SOIL 26-MAR-86 62 - <0 81 166 1480 

SALVAGE AREA OCAS SOIL 26-MAR-86 75 - 4 4 67.3 8704 

SALVAGE AREA SASC SOIL 26-JUN-87 95 196 86 - 54500 

SALVAGE AREA SAFB 1/ AQUE * 26-JUN-87 - - <0 85 <0.5 100 

SCRUBBER SLUDGE PONDS SSP1AS SEDI 28-MAR-86 50 - <1 0 204 15400 

SCRUBBER SLUDGE PONDS SSP1BS SEDI 28-MAR-86 45 - <1 1 291 20600 

SCRUBBER SLUDGE PONDS SSP1CS SEDI 28-MAR-86 44 - <1 1 407 20700 

SCRUBBER SLUDGE PONDS SSP1DS SEDI 28-MAR-86 39 - <1 3 285 18700 

SCRUBBER SLUDGE PONDS SSP2ES SEDI 28-MAR-86 38 - <1 3 263 17700 

SCRUBBER SLUDGE PONDS SSP2FS SEDI 28-MAR-86 60 - <0 83 317 14500 

SCRUBBER SLUDGE PONDS SSP3GS SEDI 28-MAR-86 39 - <1 3 613 45000 

SCRUBBER SLUDGE PONDS SSP3HS SEDI 27-MAR-86 47 - <1 1 387 18400 

SCRUBBER SLUDGE PONDS SSP4IS SEDI 27-MAR-86 53 - <0 94 258 13600 

SCRUBBER SLUDGE PONDS SSP4JS SEDI 27-MAR-86 68 - <0 74 212 6250 

SCRUBBER SLUDGE PONDS SSPFBS 1/ AQUE * 28-MAR-86 - - <0 85 0.5 52 

SCRUBBER SLUDGE PONDS SCRUBBER AQUE 26-JUN-87 - 0.053 <0 01 120 2550 

PIPE-EFF 

1/ Aqueous f i e l d blank r e s u l t s are expressed l n mg/kg, not In ug/L. 

21 " - " means t e s t not performed on that sample 

( A l l ana .yses performed by Versa r L a b o r a t o r i e s ; r e s u l t s of s p i l t 

samples ace included in Appendices C and D.) 



Table 3.2 (continued) 

SAMPLE LOCATION 

SAMPLE 
SAMPLE ID TYPE DATE 

X TOTAL FREE 
SOLIDS CYANIDE CYANIDE FLUORIDE SODIUM SULFATE 

SURFACE DRAINAGE DITCH SDAS SEDI 26-MAR-86 
SURFACE DRAINAGE DITCH SDFBS AQUE * 26-MAR-86 
SURFACE DRAINAGE DITCH SSD-1 SEDI 03-SEP-86 
SURFACE DRAINAGE DITCH SSD-2 SEDI 03-SEP-86 
SURFACE DRAINAGE DITCH SSD-3 SEDI 03-SEP-86 

80 <0.62 
<0.5 

519 
0.5 

5600 
31 

1/ Aqueous f i e l d blank r e s u l t s are expressed l n mg/kg, not In ug/L. 
2/ " - " means t e s t not performed on t h a t sample 

( A l l analyses performed by Vers a r L a b o r a t o r i e s i r e s u l t s of s p l i t 
samples are i n c l u d e d i n Appendices C and D.) 

* Aqueous f i e l d blank f o r s o i l and sediment samples. 
•.V-1 ** Reported c o n c e n t r a t i o n s are from s e v e r a l composite samples 
m t e s t e d f o r d i f f e r e n t c o n s t i t u e n t s . When two or more 
7 J samples were t e s t e d f o r the same c o n s t i t u e n t the average 
^ was r e p o r t e d . 
L J 

v 

r i m ^ 
73 

n 

(MM.T3-2IARS) 



T»b l« 3 . J Or» .nLc A n a l y t l c a L R e i u L t S u w i r f 
( S o i l tnd • c d l m . n t m u l t i r epor ted • • m ( / k | , i q u w » • mt /L) 

rn 
X-

a 

r-
(— 
m 

n 

SAMPLE LOCATION 

ABANDONED SCRUBBER 
SLUDCE 

BATH RECOVERY 
BATH RECOVERY 
BATH RECOVERY 

CATHODE WASH 
CATHODE WASH 
CATHODE HASH 
CATHODE UASH 

DISCHARCE 
DISCHARCE 
DISCHARGE 
DISCHARCE 
DISCHARGE 
DISCHARGE 
DISCHARGE 
DISCHARGE 
DISCHARGE 

CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 
CHANNEL 

I 

DRAIHAGE DITCH 
DRAINAGE DITCH 
DRAINAGE DITCH 
DRAINAGE DITCH 
DRAINAGE DITCH 
DRAINAGE DITCH 

DUCK POND 
DUCK TOHD 
DUCK POND 
DUCK POND 
DUCK POND 
DUCK POHD 
DUCK POHD 
DUCK POND 
DUCK POHD 
DUCK POND 
DUCK POND 
DUCK POND 
DUCK POHD 
DUCK POND 
DUCK POHD 

SAHPLE 
TYPE 

niRFHZO f> h i FLOUR- INDENO-1,2,3 
Al'rilBAciSE ANTHENE rLUORENE (c.d) PYRENE NAPHTHALENE PHENANTHRENE 

ANTHHA-
ACEHAPHTHEKE CEHE 

BENZO (•) 
ANTHRACENE 

BENZO (•) BENZO ( b l k ) 
PYRENE FLUORANTHENES 

BIS 
BENZO ( t , h , l > (2-ETHYLHEXYL) 
PERYLENE PHTHALATE CHRYSENE 

ODCSC-X SOIL 24- JUN- e; 

BRASC 50IL 24- JUN- 67 

OILREP *R SOIL 24- JUH- 87 
BRJB AQUE" 24- JUN-a; 

CWASG 50IL 24- JUH- 87 

CWBSG SOIL 24- JUH- 87 
CWCSG SOIL 24- JUN- B7 
CWASC-1 SOIL 26- JUH- 87 

DC AW AQUE 23- HAR- B6 
DCFBU AQUE 23 KAR- 86 
DCAQ AQUE 30- AUG- 06 
DCAG SEDI 19 HAR- 86 
DCBC SEDI 19 HAR 06 
DCCG SEDI 19 KAR 86 
DCDG SEDI 19 HAR 86 
DCEG SEDI 19 KAR 86 
DCFBS 2/ AQUE* 19 HAR 86 

DDASG SEDI 23 HAR 86 
DOBSG SEDI 25 MAR 86 
DDCSG SEDI 23 HAR B6 
DDDSG SEDI 25 HAR 86 
DDESG SEDI 25 HAR 86 
DDFBS AQUE* 25 HAR 86 

DP AW AQUE 2* -HAR 86 
DPBW AQUE 24 HAR 86 
DPCU AQUE 24 -HAR -86 
DFDW AQUE 24 -HAR 86 
DPEW AQUE 24 -HAR -86 
DFFU AQUE 24 -HAR -86 
DFGU AQUE 2* - HAR -86 
DPHW AQUE 24 -HAR -86 
DPIW AQUE 24 -HAR -66 
DPIW AQUE 02 -SEP -86 
DPA51 SEDI 24 -HAR -86 
DPAS2 SEDI 24 -HAR -86 
DPBS SEDI 24 -HAR -86 
DTCSG SEDI 24 -HAR -86 
DPFBS AQUE' 24 -MAR -86 

<1.67 

- If 

<0.01 
<0.01 

120 
<100 
<10 
<100 
<100 
<10 

<0.005 
<0.003 

1020 
1340 
120 

1080 
830 

<3.0 

<0.003 
<0.003 

<0.01 
<0.01 

210 
170 

<10 
130 
130 

<10 

<0 01 <0.003 <0 005 <0 01 
<0 01 <0.005 <0 003 <0 01 
<0 01 <0.003 <0 003 <0 01 
<0 01 <0.005 <0 005 <0 01 
<0 01 <0.003 <0 005 <0 01 
<0 01 <0.003 <0 005 <0 01 

<0 01 <0.005 <0 005 <0 01 
<0 01 <0.005 <0 005 <0 01 
<0 01 <0.003 <0 005 <0 01 

<0.003 
<0.005 

<0.005 
<0.005 
<0.003 
<0.005 
<0.005 
<0.005 
<0.003 
<0.004 
<0.003 

<0.005 
<0.003 

190 
110 

200 
<30 

<0.003 
<0.005 
<0.003 
<0.005 
<0.003 
<0.005 
<0.003 
<0.005 
<0.005 

<0.003 
<0.003 

640 
980 
100 
830 
650 

<3.0 

<0.003 
<0.003 
CO.005 
<0.005 
<0.005 
<0.003 
<0.005 
<0.005 
<0.005 

<0.003 
<0.003 

<50 
<30 

<30 
<50 

<0.003 
<0.003 
<0.005 
<0.003 
<0.003 
<0.005 
<0.003 
<0.003 
<0.005 

<0.005 
<0.003 

34 
OO 

<30 
<30 

<0.003 
<0.003 
<0.005 
<0.005 
<0.003 
<0.003 
<0.003 
<0.005 
<0.003 

«0.005 
<0.003 

410 
460 
24 
330 
280 
O.O 

<0.005 
<0.005 
<0.005 
<0.005 
<0.005 
<0.003 
<0.003 
<0.005 
<0.005 

<0.003 
<0.003 

310 
200 

ieo 
180 

<0.005 
<0.003 
<0.003 
<0.003 
<0.005 
<0.003 
<0.003 
<0.003 
<0.003 

<0.003 
<O.O03 

640 
540 
30 

440 
470 

O.O 

<0.005 
<a.003 
<0.005 
<0.003 
<0.005 
<0.003 
<0.003 
<0.003 
<0.005 

<0.01 
<0.01 

320 
210 
12 

210 
270 
O.O 

<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 
<0.01 

<0.01 
<0.01 

0.61 
0.016 

<0.01 
<0.01 
<0 .0 l 
<O.01 

0.084 
<0.01 
<0.01 

<0.003 
<0.003 

360 
610 

it 
470 
430 
O.O 

<0.003 
<0.005 
<0.003 
<0.003 
<0.003 
<0.005 
<0.005 
<0.005 
<0.005 

sample d i l u t i o n s 
they vary fiom sample to sample 
( A l l *n»Lyses performed by Veisac Laborato 

u l t s of s p l i t s»<tipl«s are Included In Appendlce 

Aqueous f i e l d blank. 



Table 3.3 (continued) 

SAHPLE LOCAIIOH SAHPLE ID 
SAHPLE 
TYPE 

D1BEH20 (a.h) FLOUR- IHOEIIO-1.2.3 ANTI1RA- BEHZO (a) 
ANTHRACENE ANTHENE FLUORENE (e,d) PYRENE NAPHTHALENE PIIEHAHTE1RENE PYRENE ACEHAPHTHENB CEHE ANTHRACEHE 

BEHZO (a) BEHZO ( b l k ) 
PYRENE FLUORANTNEHES 

BIS 
BEHZO <I.h,l) (2-ETHYLHEXYL) 
PERYLENE PHTHALATE CHRYSENE 

m 

O 

m 

/ 

OJ 
I 

OJ 
CTl 

LANDFILL (SE) LFAS SOIL 10-HAY-86 83 340 13 210 
LANDFILL (NE) LFBS SOIL 10-HAY-86 40 240 16 110 

LANDFILL (5U) LFCS SOIL 10-HAY-B6 <8 4 48 5 13 
LANDFILL (NU) LFDS SOIL 10-HAY-B6 36 130 9 100 
LANDFILL (HC) LFF.S SOIL 10-HAV-86 13 100 <4 .2 42 

LANDFILL LFFBS 1/ AQUE* IO-HATf-86 <2 5 <1.23 <1.25 <2.3 

LANDFILL DITCH LDAUG AQUE 23-JUN-87 <0 02 <0.02 <0.02 <0.02 
LANDFILL DITCH LDBWG AQUE 23-JUN-87 <0 02 0.028 <0.D2 <0.02 
LANDFILL DITCH DLSV- AQUE 23-JUH-B7 <0 02 •CO. 02 <0.02 <0.O2 
LANDFILL DITCH REF1E AQUE 
LANDFILL DITCH LDAUG AQUE 2-AUG-87 <0 1 <0.1 <0.1 <0. 1 
LANDFILL DITCH LDBWG AQUE 2-AUC-87 <0 1 <0.1 <0.1 <0.1 
LANDFILL DITCH DL5W- AQUE 2-AUC-87 <0 1 <0.1 <0.1 <0.1 

REP1E 
LANDFILL DITCH LDFB AQUE 23-JUN-87 <0 01 <0.01 <0.01> <0.01 
LANDFILL DITCH LDFB AQUE 02-AUC-87 <0 1 <0.1 <0.1 <0.1 
LANDFILL DITCH NDAU AQUE 23-HAR-86 <0 01 <0.003 <0.003 <0.01 
LANDFILL DITCH NDBU AQUE 23-HAR-B6 <0 01 <o;oo3 <0.003 <0.01 
LANDFILL DITCH NDAU AQUE 01-5EP-86 - _ _ LANDFILL DITCH NDBU AQUE 01-SEP-86 - - -LANDFILL DITCH HDAS SEDI 19-HAR86 _ _ LANDFILL DITCH MDBS SEDI 19-HAR-86 - -

LANDFILL LEACHATE LLAU AQUE Z6-HAR-S6 <0 01 <0.003 <0.003 <0.01 
LANDFILL LEACHATE LLBU AQUE 26-HAR-86 <0 01 <0.003 <0.003 <0.01 
LANDFILL LEACHATE LLCU AQUE 26-HAR-86 <0 01 <0.0Q3 <0.003 <0.01 
LANDFILL LEACHATE LLDU AQUE 26-HAR-8 ti <0 01 <0.003 <0.003 <0.01 
LANDFILL LEACHATE LLAU AQUE 18-SEP-86 - -LANDFILL LEACHATE LLBU AQUE 18-SEP-86 _ _ LANDFILL LEACHATE LLCU AQUE 18-SEP-86 - - -LANDFILL LEACHATE LLCW-D AQUE 18-SEP-86 - - _ LAHDFILL LEACHATE LLDU AQUE 1B-SEP-86 - -
LANDFILL RUNOFF A LRASC SOIL 22-JUH-87 _ 
LANDFILL RUNOFF B LRBSC SOIL 22-JUN-87 - -LANDFILL RUNOFF C LRCSC SOIL 22-JUN-87 - _ LANDFILL RUNOFF D LRDSC SOIL 22-JUN-87 - _ LANDFILL RUNOFF REP IE SOIL 22-JUH-B7 - _ _ LANDFILL RUNOFF LRFB AQUE* 22-JUN-B7 - - -

1/ ' - • means t e s t not performed on that 
2/ Aqueous f i e l d blank parameteri f o r s o l 

•re baaed on worst case c o n d i t i o n s (L. 
of samples) without applying any d i l u t i o n 

10 170 2(0 19 19 2)0 200 •to 200 _ 7 180 200 20 40 120 120 210 96 _ 7 3B 37 <4 .2 7 22 22 31 l t _ <».2 02 120 11 11 100 110 210 91 _ <a.2 73 93 6 16 17 »3 79 J7 
<1.23 <1.23 <1.23 <1 .23 <1.23 <l .23 <1 .23 <1 .23 <2.3 <2.3 

<0.02 <0.02 0.021 <0 02 <0.02 <0 02 <0 .02 0 023 <0.02 0.077 
<0.02 <0.02 <0.02 <0 02 <0.02 <0 02 <0 .02 <0 02 <0.02 <0.02 
<0.02 <0.02 0.032 <0 02 <0.02 0 023 <0 .02 0 Oal <0.02 0.06a 

<0.1 <0.1 <0.1 <0 1 <0.1 <0 I <0 .1 <0 1 <0.1 <0.1 
<0.1 <0.1 <0.1 <0 1 <0.1 <0 1 <0 1 <0 1 <0.1 <0.1 
<0.1 '0.1 <0.1 <0 1 <0.1 <0 1 <0 1 <0 1 <0.1 <0.1 

<0.01 <0.01 <0.01 <0 01 <0.01 <0 01 <0 01 <0 01 <0.01 <0.01 
<0.1 <0.1 <0.1 <0 1 <0.1 <0 1 <0 1 <0 1 <0.1 0.206 
<0.003 <0.003 <0.003 <0 003 <0.003 <0 003 <0 003 <0 003 <0.01 <0.Ol 
<0.003 <0.003 <o.oos <0 003 <0.DO3 <0 003 <0 003 <0 003 <0.01 <0.01 

<0.005 
<0.003 
<0.003 
<0.005 

arc expressed In ma/kg, not In ug'Li 
Ing the l e a s t sample velght analyzed f o r each batch 
c o n c e n t r a t i o n f a c t o r s . Ic should be understood that 

csIon c a l c u l a t i o n s 

<0.00S 
<0.005 
<0.003 
<0.003 

<0.003 <0.003 
<0.003 <0.003 
<0.003 <0.005 
<0.003 <0.003 

<0.005 <0.003 
<0.003 <0.005 
<0.005 <0.003 
<0.005 <0.005 

<0.003 <0.003 
<0.003 <0.003 
<0.003 <0.003 
<0.003 <.0.003 

sample d i l u t i o n s and concentrations w i l l a l s o a f f e c t d e t e c t i o n l i m i t s f o r each sample because 
they vary from sample co sample and could not be Included i n conversion c a l c u l a t i o n s of f i e l d blanks. 
<All analyses performed by Versar L a b o r a t o r i e s , resuLts of s p l i t aamples are Included Ln Appendices C and D. 

•CO.01 
<0.01 
<0.01 
<0.01 

<0.01 
0.016 

<0.01 
<0.01 

210 
110 

28 
110 

58 
<1.25 

0.024 
<0.02 
0.025 

<0.003 
<0.003 

<0.003 
<0.005 
<0.005 
<0.003 

Aqueous f i e l d blank. 



Tabic 3.3 (continued) 

BIS 
SAMPLE DIBENZO (a,h) FLOUR- lHDEHO-1,2,3 AHTIIRA- BENZO («) BEHZO (a) BENZO ( b l k ) BENZO (g.h.L) (2-ETHYLHEXYL) 

SAHPLE LOCATION SAHPLE ID TYPE DATE ANTHRACENE ANTHENE FLUORENE (c,d) PYREHE NAPHTHALENE PHENANTHRENE PYRENE ACENAPHTHENE CENE ANTHRACENE PYREHE FLUORANTHENES PERYLENE PHTHALATE CHRYSENE 

LINED ronD LPAW AQUE 20-HAR 86 - - - - - - - - - - - - - -LINED POND LPDU AQUE 20-HAR 86 - - - - - - - - - - - - -LINED POND LPCU AQUE 20-HAR 86 - ' - - - - - - - - - - - - -LINED POND LPDU AQUE 20-HAR 86 - - - - - - - - - - - - - -LINED POND LPEU AQUE 20-HAR 86 - - - - - - - - - - - - - -LINED POND LPFU AQUE 20-HAR 86 - - - - - - - - - - - - - -LINED POND LPGU AQUE 20-HAR 86 - - - - - - - - - - - - - -LINED POND LPHU AQUE 20-HAR 86 - - - - - - - - - - - - -LINED POHD LPIU AQUE 20-HAR B6 - - - - . - - - - - - - - - -LINED POND LPW** AQUE 20-HAR B6 <0.01 <0.003 <0.003 <0.01 <0.003 <0.003 <0.005 <0 003 <0.003 <0.003 <0.003 <0.005 <0.01 <0 01 <0.005 
LINED POND LPW AQUE 02-SEP 86 - - - - - - - - - - - - - -LINED POND LPFBW AQUE 20-HAR 86 <0.01 <0.003 <0.005 <0.01 <0.003 <0.003 <0.003 <0 003 <0.003 <0.003 <0.003 <0.005 <0.01 <0 01 <0.005 
LINED POND LPS SEDI 20-HAR 86 uo 1460 <6.23 290 <6.2S 19 640 <6 23 10 1030 300 2120 270 1310 
LINED POND LPF8 1/ AqUE" 20-HAR 86 <2.3 <1.25 <1.25 <2.3 . <1.25 <1.23 <1.23 <1 23 <1.23 <1.25 <1.23 <1.23 <2.3 <2 3 <1.23 

HE TAL PAD STORAGE HPAS SOIL 26-HAR 86 - - - - - - - - - - - - - -
HE TAL PAD STORAGE HPASG SOIL 2t-JUN 87 - - - - - - - - - - - - - -METAL PAD STORACE MPBSG SOIL 2»-JUH 87 - - - - - - - - - - - - - -METAL PAD STORACE KPCSG SOIL 24-JUH B7 - - - - - - - - - - - - - -METAL PAD STORACE SOILREP 3R SOIL 24-JUN 87 - - - - - - - - - - - - - -

I 
U) 

NORTH DRAINAGE DITCH NDCU AQUE 23 -HAR- 86 <0 01 
NORTH DRAINAGE DITCH NDDU AQUE 23 HAR- 86 <0 01 
NORTH DRAINACE DITCH NDEU AQUE 25 -KAR- 86 <0 01 
NORTH DRAINAGE DITCH NDFBU AQUE 25 -HAR- 86 
NORTH DRAINAGE DITCH NDCU AQUE 01 SEP-86 
NORTH DRAINACE DITCH NDDU AqUE 01 -SEP- 66 
NORTH DRAINAGE DITCH NDEU AQUE 01 5EP- 86 
HORTH DRAINAGE DITCH NDCS SEDI 19 HAR- 86 
NORTH DRAINAGE DITCH HDDS SEDI 19 HAR- 86 
NORTH DRAINAGE DITCH NDES SEDI 19 KAR- 86 
NORTH DRAINAGE DITCH NDFBS AQUE* 

1/ " - " mean teat no t perfo rm«d on that J amp 1 , . 
21 Aqueous f i e l d blank parame t e n f o r I O I L BCC expres sed In 

a re based on wont caaa co n d l t l o n s • " I ing the lea • t 

40.003 
<0.005 
10.003 

<0.003 
<0.003 
<0.005 

<0.01 
<0.01 
<0.01 

<0.003 
<0.005 
<0.003 

<0.005 
<0.005 
<0.005 

<0.005 <0.003 
<0.005 <0.0O3 
<0.005 <0.005 

<0.003 
<0.003 
<0.003 

<0 003 <0 003 <0 005 <0 01 <0 01 <0 003 
<0 003 <0 00} <0 003 <0 01 <0 01 <0 003 
<0 005 <0 005 <0 005 <0 01 <0 01 <0 003 

m»f*kg, not l n ug/Li convcriLon c a l c u l a t i o n s 
s amp le weight analyted f o r each batch 

of aamples) without applying any d i l u t i o n or co n c e n t r a t i o n f a c t o r s . I t should be understood that 
sample d i l u t i o n s and concentrations w i l l a l s o a f f e c t d e t e c t i o n l i m i t s f o r each sample because 
they vary from sample to sample and could not be included l n conversion c a l c u l a t i o n s of f i e l d blanks. 
( A l l analyses performed by Versar L a b o r a t o r i e s ) r e s u l t s of s p l i t samples ara Included In Appendices C and I 

• Aqueous f i e l d blank. 
** Reported concentrations are front s e v e r a l composite samples tes t e d f o r d i f f e r e n t c o n s t i t u e n t s , 

samples were tested f o r the same c o n s t i t u e n t the average was reported. 
When two or 



Tabl c 3.3 (cone truied ) 

S A M P L E L O C A T I O N 

SAHPLE 
TYPE 

DI BENZO (a.h) FLOUR-
ANTHRACENE ANTHENE 

INDENO-1,2,3 
FLUORENE (o,d) PYRENE NAPHTHALENE PHENANTHRENE 

BI5 
ANTHRA- SENZO (a) BEHZO (a) BENZO (btk) BEHZO (|,h,l) (2-ETHYLHEXYL) 

PYRENE ACENAPHTHENE CENE ANTHRACENE PYRENE FLUORANTHENES PERYLENE PHTHALATE CHRYSENS 

m 

OLD CATHODE WASTE PILE OCS 
OLD CATHODE WASTE PILE OCFBS 
OLD CATHODE WASTE PILE OCWPSC-A 
OLD CATHODE WASTE PILE OCWPSC-B 
OLD CATHODE WASTE PILE OCWPSC-C 
OLD CATHODE WASTE PILE OCWP 

PITB-H20 

POTLINER HANDLING 
POTLINER HANDLING 

8863 

PHASC 
SOILREP 2 

SOIL 26-HAR 86 - - - - - -AqUE* 26-HAR 66 - - -SOIL 26-JUN 87 - - - * * SOIL 26-JUN 87 - - - -SOIL 26-JUH B7 - - - - - -

AQUE 26-JUN 87 <0.02 0.050 <0.02 <0.02 <0.02 0.029 0.066 

SOIL 23-JUN 87 27* 1600 359 696 893 

SOIL 23-JUH 87 451 1200 - 444 * 353 7B3 

I 
U) 
CO 

RECYCLE POHD RPAW AQUE 22 HAR 86 <0.01 <0.003 
RECYCLE POND RPBW AQUE 22 HAR 86 <0.01 <O.O03 
RECYCLE POHD RPCW AQUE 22 HAR 86 - -RECYCLE POND RFDW AQUE 22 HAR 86 - -RECYCLE POND RPEW AQUE 22 HAR 86 - -RECYCLE POND RPFW AQUE 22 HAR 86 - -RECYCLE POND RPGW AQUE 22 HAR 86 - -RECYCLE POND RPHW AQUE 22 HAR 86 - -RECYCLE POHD PPIW AQUE 22 HAR 86 - -RECYCLE POHD RFJW AQUE 22 HAR 86 - -RECYCLE POND LPW** AQUE 22 HAR 86 - -RECYCLE POND RTFBW AqUE 22 HAR 66 <0.01 <0.003 
RECYCLE POND RPAS SEDI 22 HAR B6 <1 25 2170 
RECYCLE POND RPBS SEDI 22 HAR 86 <123 13B0 
RECYCLE POND RPCS SEDI 22 HAR 86 <30 2410 
RECYCLE POND RPDS SEDI 22 HAR 86 <123 1220 
RECYCLE POND RPFBS 1/ AQUE* 22 HAR 86 <2.3 <1.25 
RECYCLE POND RPS-1 SEDI 04 SEP 86 603 884 
RECYCLE POND RPS-2 SEDI 04 SEP 86 79.3 1100 
RECYCLE POND RPS-3 SEDI 04 -SEP 86 82. 4 941 
RECYCLE POND RPS-4 SEDI 04 -SEP 66 <30 773 
RECYCLE POHD RPS-5 SEDI 04 -SEP 86 73.4 968 
RECYCLE POND RPS-6 SED: 04 -SEP 86 76.3 935 

< 0 . 0 0 9 
< 0 . 0 0 3 

< 6 . 2 5 
< 6 . 2 3 
( 2 5 
< 6 . 2 5 
< 1 . 2 3 
<50 
< SO 
<50 
<50 
O O 
<S0 

<0.01 
<0.01 

<0.01 
130 

<123 
160 

<123 
< 2 . S 

n l 
136 
1.9 
139 
I I I 
1)0 

< 0 . 0 0 3 
< 0 . 0 0 3 

< 0 . 0 0 ) 
< 0 . 0 0 3 

< 0 . 0 0 3 
< 0 . 0 0 3 

l i t 
91.3 

< 0 . 0 0 3 
< 0 . 0 0 3 

< 0 . 0 0 3 
< 0 . 0 0 3 

9 8 9 
• 20 

< 0 . 0 0 5 
< 0 . 0 0 3 

3 8 3 

< 0 . 0 0 3 
< 0 . 0 0 3 

1600 
1300 

< O . O 0 3 
. 0 . 0 0 3 

1 6 6 
2 0 0 

<0.01 
<0.01 

<0.01 
<0.01 

<0.003 <0.003 <0.003 <0.003 <0.003 <0.005 <0.003 <0.003 <0.01 <0.01 

<6.23 i t o 1230 <62.3 <62.3 470 190 470 i t o -<6.23 130 1000 <62.3 <62.3 3 70 143 400 <123 

• 
<23 270 1330 <23 <23 790 310 920 i t o -<6.23 98 770 <62.3 <62.5 3t0 110 380 <125 -<1.23 <1.2S <1.23 ( 1 1 ! <1.23 (1.23 <1.2S (1.25 <2.5 <2.5 

<30 l t 7 692 <30 52 380 182 527 106 
<30 173 921 <30 39.9 491 226 649 l t 3 
<30 199 781 <30 37.6 tB8 209 623 I t s -<30 138 399 <50 30.6 39t 194 571 126 -<30 137 683 <30 60.1 430 200 388 117 -<30 161 712 <30 37.6 429 197 608 117 

672 
• 13 

< 0 . 0 0 3 
( 0 . 0 0 3 

<0.003 
710 
560 

1040 
510 

<1.23 
594 
742 
72B 
698 
700 
692 

z 
n 

1/ " - * means t c i t not petf .med on that sample. 
2/ Aqueous f i e l d blank parameters f o r s o i l s are expressed l n mg/kg, not In ug/L| conversion c a l c u l a t i o n s 

are based on v o r s t case c o n d i t i o n s ( i . e . , using the l e a s t sample weight analysed f o r each batch 
of samples) without applying any d i l u t i o n or co n c e n t r a t i o n f a c t o r s . I t should be understood that 
sample d i l u t i o n s and concentrations v l l l a l s o a f f e c t d e t e c t i o n l l m L t s f o r each sample because 
they vary from sample to sample and cou l d not be Included In conversion c a l c u l a t i o n s of f i e l d blanks. 
( A l l analyses performed by Versar L a b o r a t o r i e s , r e s u l t s of s p l i t samples are Included l n Appendices C and D.) 

* Aqueous f i e l d blank. 
*• Reported concentrations are from se v e r a l composite samples tes t e d f o r d i f f e r e n t c o n s t i t u e n t s . When two or more 

samples were tested f o r the same c o n s t i t u e n t tha average was reported. 



Table 3.3 ( c o m l imed) 

rn 

m 

v 

OJ 
I 

OJ 

SAMPLE LOCATION SAHPLE ID 
SAMPLE 
TYPE 

DIBENZO (a,h) FLOUR- INDEHO-1,2,3 
ANTHRACENE ANTHENE FLUORENE (c.d) PYRENE NAPHTHALENE PHENANTHRENE 

BIS 
ANIHRA- BENZO (•) BEHZO (•) BENZO ( b l k ) BENZO («,h,l) (2-ETHYLHEXYL) 

ACENAPHTHENE CENE ANTHRACENE PYRENE FLUORANTHENES PERYLENE PHTHALATE CHRYSENE 

RIVER ROAD DITCH 
RIVER ROAD CURB 

SALVACE AREA 
SALVAGE AREA 
SALVAGE AREA 

SCRUBBER 
SCRUBBER 
SCRUBBER 
SCRUBBER 
SCRUBBER 
SCRUBBER 
SCRUBBER 
SCRUBBER 
SCRUBBER 
SCRUBBER 
SCRUBBER 
SCRUBBER 

SLUDCE 
SLUDGE 
SLUDGE 
SLUDGE 
SLUDCE 
SLUDGE 
SLUDCE 
SLUDGE 
SLUDGE 
SLUDCE 
SLUDCE 
SLUDCE 

PONDS 
PONDS 
PONDS 
PONDS 
PONDS 
PONDS 
PONDS 
PONDS 
PONDS 
PONDS 
PONDS 
PONDS 

PRAS 
RRBS 

OCAS 
SA5C 
SAFB 

SSP1AS 
SSP1BS 
SSP1CS 
SSP1DS 
SSP2ES 
SSP2FS 
SSP3G5 
SSP3HS 
SSP'IS 
SSFUS 
SSPFBS 1/ 

SCRUBBER 
PIPE-EFF 

SOIL 26 MAR 86 _ - -
SOIL 26 MAR 86 

SOIL 26 KAR 86 - - -
SOIL 26 JUN 87 - -AQUE* 26 JUN 87 

SEDI 28 HAR 86 oo 970 140 -
SEDI 28 HAR 86 < 123 2310 320 
SEDI 28 HAR B6 OO 770 130 
SEDI 28 HAP. 86 OO 700 OO 
SEDI 28 HAR 66 <123 1780 370 
SEDI 28 HAR B6 OO 360 OO * SEDI 28 HAR B6 <123 630 160 
SEDI 27 HAR 86 <123 2390 260 -

SEDI 27 HAR 86 <123 1130 <123 
SEDI 27 HAR 86 <123 OO 220 
AQUE* 28 HAR 86 <2.S <1.23 <1.23 <2.3 <1.23 
AQUE 26 -JUN 87 <0.02 0.616 <0.02 0.023 10.02 

SURFACE DRAINAGE DITCH 
SURFACE DRAINAGE DITCH 
SURFACE DRAINAGE DITCH 
SURFACE DRAINAGE DITCH 
SURFACE DRAINACE DITCH 

SDAS SEDI 26 HAR 66 <0 3 0 27 

SDFB5 1/ AQUE* 26 HAR 86 <0 30 <0 25 
SSD-1 SEDI 03 SEP 86 <1 67 <1 47 
SSD-2 SEDI 03 SEP 86 <1 67 <1 67 
SSD-3 SEDI 03 SEP 86 3 17 7 89 

<0.50 
< 1. 6 7 
<1.67 

not l n u|/Li c o n v e r s i o n c a l c u l a t i o n * 

<25 360 <23 <23 270 280 690 

130 2000 <62.3 <62.3 330 360 1110 

<2S 310 <23 <23 250 170 610 

1.0 390 <23 <23 200 200 4 50 
<62.3 1120 <62.3 <62.3 340 330 14)0 
100 2 BO <23 <2S 120 160 360 
260 310 <62.3 <62.S 300 180 790 
BBO 1400 <62.3 <62.3 430 430 1090 

<62.3 070 <62.S <62.3 260 160 670 
<62 .3 260 <62.3 <62.3 <62.3 160 700 
<1.2S <1.23 <1.25 <1.23 <1.23 <1.2S <1.23 
<0.02 0.36 0.026 <0,02 0.110 0.024 0.096 

<0.23 
<0.23 
<1.67 
<1.67 
2.02 

<0.25 
<1.67 
11.11 

<0.23 
<0.23 
<1.67 
<1.67 
c l . 67 

<0.25 
<0.23 
<1.67 
C1.67 
<1.67 

0.27 
<0.25 
<1.67 
<1.67 

3.0 

<0.23 
<0.23 
<1.67 
<1.67 

4.66 

0.54 
<0.25 
<1.67 
<1.67 
<1.67 

ISO 
3B0 
130 

<30 
470 

<30 
250 
260 
244 
290 
<2.3 
'0.02 

<0.30 
11.67 
<1.67 

<2.3 
<0.02 

670 
1230 
640 
480 

1240 
360 
630 

1020 
623 
390 

0.23 
0.134 

<0.23 
<1.67 
<1.67 

1/ " - " means tea t not performed on that sample. 
2/ Aqueous f l a l d blank parameters l o r s o i l s are expressed In Big/kB. 

sre bai.d on v o r s t case c o n d i t i o n s ( I . e . , u s i n g the l e a s t sampl. v e l a h t analysed f o r .ach batch 
of samples) without a p p l y l n , >n) d i l u t i o n or c o n c e n t r a t i o n f . c t o r a . I t should be understood that 
sample d i l u t i o n s and co n c e n t r s t I o n . w i l l a l s o a f f e c t d e t e c t i o n l i m i t s f o r each sample because 
they vary from sample to sample and could not be Included l n conversion c a l c u l a t i o n s of f i e l d blanks. 
( A l l analyses performed by V e r i e r LaboratorLas| r e s u l t s of s p l i t samples are Included In Appendices C and D.) 

• A q u e o u s f i e l d b l a n k . 

** Reported c o n c e n t r a t i o n s are from s e v e r a l composlce samples t e s t e d f o r d i f f e r e n t c o n s t i t u e n t s , 
samples uere t e s t e d f o r the same c o n s t i t u e n t the average was reported. 

(KM.T3-30ARS) 

When two or mora 



waste-management area s o i l s , and the scrubber sludge pond, 

rec y c l e pond, discharge channel, and l i n e d pond sediments. 

3.2.1 L a n d f i l l C h a r a c t e r i z a t i o n 

The l a n d f i l l area includes the l a n d f i l l , the leachate 

c o l l e c t i o n system, the l a n d f i l l d i t c h , the surface drainage 

d i t c h , and l a n d f i l l runoff areas (see Figure 3.1). Waste 

c o n s t i t u e n t concentrations at each of these sub-areas were 

evaluated during the RI as described below. 

Samples were c o l l e c t e d i n March 1986 to c h a r a c t e r i z e 

waste m a t e r i a l s at the l a n d f i l l . The samples were obtained 

from f i v e , 10-ft-deep t e s t p i t s (Figure 3.6). Two subsamples 

were c o l l e c t e d from each t e s t p i t and composited. The f i v e 

composited samples and an aqueous f i e l d blank were analyzed 

for t o t a l cyanide, f l u o r i d e , sodium, EP t o x i c i t y metals, VOCs 

( v o l a t i l e organic compounds), and base/neutral and a c i d 

e x t r a c t a b l e organics. In a d d i t i o n , part of each composite 

sample was combined i n t o one sample to be analyzed for the 

presence of PCBs ( p o l y c h l o r i n a t e d b i p h e n y l s ) . 

The a n a l y t i c a l r e s u l t s i n d i c a t e that no VOCs, a c i d 

e x t r a c t a b l e s , or PCBs were present. The presence of one EP 

t o x i c i t y metal (barium) was reported at a concentration of 

234 mg/kg (mi l l i g r a m s per kilogram) i n one sample (LFCS). 

T o t a l cyanide (0.32 to 70 mg/kg), sodium (3,440 to 82,200 

mg/kg), f l u o r i d e (204 to 2,880 mg/kg), and se l e c t e d PAHs were 

i d e n t i f i e d (up to 440 mg/kg). The a n a l y t i c a l r e s u l t s of the 

l a n d f i l l samples support the h i s t o r y of the nature of 

m a t e r i a l s deposited i n the l a n d f i l l . 

As part of the RI, samples of l a n d f i l l leachate were 

c o l l e c t e d from the l e a c h a t e - c o l l e c t i o n system, upstream from 

the sump. These samples were analyzed for VOCs, base/neutral 
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and a c i d e x t r a c t a b l e organics, free and t o t a l cyanide, 

sodium, f l u o r i d e , EP t o x i c i t y metals, PCBs, a r s e n i c , and 

s u l f a t e . No base/neutrals, a c i d e x t r a c t a b l e s , or PCBs were 

detected i n any of the samples. None of the metals analyzed 

by EP t o x i c i t y exceeded the l e v e l s which are used to c l a s s i f y 

the waste as hazardous by EP t o x i c i t y . Results of analyses 

for t o t a l a r s e n i c were s i m i l a r to the EP t o x i c i t y t e s t 

r e s u l t s f o r a r s e n i c . 

One VOC ( t r i c h l o r o e t h y l e n e ) was reported at a concentra­

t i o n of 8 f jg /L (micrograms per l i t e r ) i n one sample. 

Concentrations of t o t a l and free cyanide, f l u o r i d e , sodium, 

and s u l f a t e were reported to be present i n a l l samples. 

F l u o r i d e concentrations ranged from 1,490 to 2,440 mg/L 

(m i l l i g r a m s per l i t e r ) , sodium from 4,270 to 5,900 mg/L, and 

s u l f a t e from 840 to 2,660 mg/L. Total and free cyanide 

ranged from 0.11 to 29 mg/L and <0.01 to 4.7 mg/L, 

r e s p e c t i v e l y . 

These a n a l y t i c a l r e s u l t s supplement the extensive data 

base r e l a t i v e to cyanide ( t o t a l and free) and f l u o r i d e 

concentrations of l a n d f i l l leachate. Appendix A includes the 

a n a l y t i c a l r e s u l t s of l a n d f i l l leachate samples c o l l e c t e d 

since i n s t a l l a t i o n of the leachate c o l l e c t i o n system. 

The volume of leachate generated at the l a n d f i l l i s 

p r i m a r i l y a f u n c t i o n of p r e c i p i t a t i o n . A v a i l a b l e records of 

leachate pumped from the c o l l e c t i o n sump range from 0 to more 

than 50,000 gpd (ga l l o n s per day). Figure 3.7 i s an example 

of the v a r i a b i l i t y i n the volume of leachate pumped from the 

c o l l e c t i o n sump. 

I t appears that some of the leachate generated by the 

l a n d f i l l i s capable of by-passing the e x i s t i n g leachate 

c o l l e c t i o n system. The c o l l e c t i o n system i s most e f f e c t i v e 

i n i n t e r c e p t i n g overland runoff; however, p r e c i p i t a t i o n that 
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p e r c o l a t e s through the l a n d f i l l may migrate beneath the 

c o l l e c t i o n system and e x i t as seepage i n areas downgradient 

or continue to percol a t e downward to recharge the uppermost 

aqui fe r. 

The l a n d f i l l d i t c h i s an area not formally defined i n 

the RI/FS Work Plan. In the Work Plan, the lower part of the 

l a n d f i l l d i t c h was included as part of the north d i t c h . As 

c u r r e n t l y d e f i n e d , the l a n d f i l l d i t c h borders the southern 

part of the l a n d f i l l and includes the lower part of the north 

d i t c h (Figure 3.5). The l a n d f i l l d i t c h drains to the 

l e a c h a t e - c o l l e c t i o n sump. Cathodic m a t e r i a l and p i t c h are 

v i s i b l e on the northern side of the upper part of the land­

f i l l d i t c h . Although not part of the engineered leachate 

c o l l e c t i o n system, the l a n d f i l l d i t c h apparently receives a 

component of l a n d f i l l leachate. Surface-water flow through 

the l a n d f i l l d i t c h i s c o l l e c t e d at the l e a c h a t e - c o l l e c t i o n 

system sump. 

Samples of l i q u i d from the l a n d f i l l d i t c h were c o l l e c t e d 

i n March and September 1986 (four) and June and August 1987 

(eight i n c l u d i n g two r e p l i c a t e samples). In samples from the 

upper part of the d i t c h , sodium (36,600 to 99,800 mg/L), 

f l u o r i d e (5,400 to 8,000 mg/L), s u l f a t e (10,500 to 49,300 

mg/L), and c h l o r i d e (1,210 to 3,430 mg/L) were reported. 

Base/neutral compounds detected included benzo(a)pyrene (25 

//g/L), benzo( b&k) fluoranthenes (23 and 41 /ug/L), chrysene (24 

and 25 /ug/L), and pyrene (21 and 32 //g/L). Three of the 

samples from the upper d i t c h were analyzed for t o t a l and free 

cyanide, and reported concentrations ranged from 373 to 1,280 

mg/L and 34.2 to 77.2 mg/L, r e s p e c t i v e l y . 

Two aqueous samples were c o l l e c t e d from the l a n d f i l l 

d i t c h downgradient of the juncture with the north d i t c h . In 

the work plan, these samples were designated as north d i t c h 

samples (NDAW and NDBW). The a n a l y t i c a l r e s u l t s i d e n t i f i e d 
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190 to 196 mg/L f l u o r i d e , 0.16 to 0.26 mg/L t o t a l cyanide, 

and 444 to 513 mg/L sodium. 

Two composite sediment samples were c o l l e c t e d i n March 

1986 from the lower part of the l a n d f i l l d i t c h (NDAS and 

NDBS). Free cyanide was detected i n one sample at a 

concentration of 3.6 mg/L but was not detected i n the other. 

F l u o r i d e (189 and 204 mg/L) and sodium (2,720 and 3,030 mg/L) 

were reported i n both composite samples. 

P r i o r to c o n s t r u c t i o n of the leachate c o l l e c t i o n system, 

surface-water runoff from the l a n d f i l l discharged by overland 

flow to the east, through the River Road d i t c h , and to the 

east-northeast, through the l a n d f i l l runoff areas. At the 

present time, surface-water flow from the north d i t c h , 

l a n d f i l l d i t c h , and the l e a c h a t e - c o l l e c t i o n system i s 

in t e r c e p t e d by the leachate c o l l e c t i o n system sump. 

A n a l y t i c a l r e s u l t s for the leachate c o l l e c t i o n system sump 

are included i n Appendix A. 

Before c o n s t r u c t i o n of the leachate c o l l e c t i o n system, 

leachate d i s c h a r g i n g to the l a n d f i l l d i t c h flowed eastward, 

through a c u l v e r t beneath River Road. The leachate continued 

to flow eastward through the River Road d i t c h to a point 

about 300 f t west of the Columbia River. From t h i s point the 

leachate flowed northward, f o l l o w i n g the d i t c h , u n t i l 

reaching the Pl e i s t o c e n e gravel deposits, i n t o which i t 

i n f i l t r a t e d to recharge the a l l u v i a l a q u i f e r . 

A composite sediment sample c o l l e c t e d from the upper 

part of the River Road d i t c h was analyzed for free cyanide, 

sodium, and f l u o r i d e . The a n a l y t i c a l r e s u l t s reported free 

cyanide below d e t e c t i o n l i m i t s , sodium at a concentration of 

3 , 620 mg/kg, and f l u o r i d e at 232 mg/kg. The lower part of 

the River Road d i t c h , located on Port of The Dalles property, 
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was graded during c o n s t r u c t i o n of the Port, and the area 

formerly occupied by the d i t c h i s covered with f i l l . 

Another component of l a n d f i l l leachate migrated o f f s i t e 

to the east-northeast p r i o r to c o n s t r u c t i o n of the leachate-

c o l l e c t i o n system. To the west of River Road, t h i s flow 

component was channelized to some degree, and i t was 

predominantly contained i n t o p o g r a p h i c a l l y low areas. The 

leachate crossed River Road and was a source of recharge to 

the a l l u v i a l a q u i f e r . S o i l samples from l a n d f i l l runoff 

areas A, B, and C, west of River Road, and runoff area D, 

east of River Road (Figure 3.6), were c o l l e c t e d i n June 1987 

and analyzed f o r cyanide ( t o t a l and f r e e ) , f l u o r i d e , and 

sodium. Other areas east of River Road that may have been i n 

contact with l a n d f i l l runoff are now covered with f i l l 

emplaced during c o n s t r u c t i o n of the Port of The D a l l e s . 

The a n a l y t i c a l r e s u l t s of the s o i l samples from the 

l a n d f i l l runoff areas reported sodium (5,030 to 12,900 

mg/kg), f l u o r i d e (347 to 2,300 mg/kg), s u l f a t e (<510 to 3,440 

mg/kg), t o t a l cyanide (3.8 to 60 mg/kg), and free cyanide 

(0.50 to 5.0 mg/kg). Generally, waste-constituent concentra­

t i o n s are highest at runoff area C, moderate at areas A and 

B, and low at area D. 

The surface drainage d i t c h borders the l a n d f i l l to the 

west (Figures 3.5 and 3.6). Runoff from the western part of 

the l a n d f i l l may discharge p e r i o d i c a l l y to the surface 

drainage d i t c h . One composite sediment sample was c o l l e c t e d 

from the surface drainage d i t c h i n March 1986 and analyzed 

for free cyanide, sodium, f l u o r i d e , EP t o x i c i t y metals, 

base/neutral and a c i d e x t r a c t a b l e organics, and VOCs. Sodium 

(5 , 600 mg/kg), f l u o r i d e (519 mg/kg), and PAHs (up to 0.28 

mg/kg) were reported as present i n the sediment sample. 

Holding times for base/neutral and acid e x t r a c t a b l e organics 

for t h i s sample were exceeded and three grab samples were 
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r e c o l l e c t e d from the drainage d i t c h i n September 1986 to be 

analyzed f o r the same parameters. PAHs were reported as 

present i n one sample (SSD-3) with a maximum i n d i v i d u a l 

c o ncentration of 9.16 mg/kg. 

3.2.2 Former Cathode Waste Management Area 

As described i n Section 3.1, past cathode waste manage­

ment a c t i v i t i e s were concentrated near the northeast corner 

of the process b u i l d i n g . Included w i t h i n the former cathode 

waste management area are the metal pad storage area, the 

bath recovery area, the salvage area, the cathode wash area, 

the p o t l i n e r handling area, and the o l d cathode waste p i l e 

(Figure 3.8). The north d i t c h borders the metal pad storage 

area and the River Road curb bounds the former cathode waste 

management area to the west. The s p e c i f i c waste management 

a c t i v i t i e s conducted i n these areas are described i n Section 

3.1. The c h a r a c t e r i z a t i o n of the cathode waste management 

area i s described below. 

3.2.2.1 Metal Pad Storage Area 

One composite (March 1986) and four grab s o i l samples 

(June 1987) were c o l l e c t e d from the metal pad storage area, 

i n c l u d i n g a r e p l i c a t e . The grab samples were analyzed for 

sodium, f l u o r i d e , and t o t a l and free cyanide. For the grab 

samples, sodium concentrations ranged from 19,500 to 50,000 

mg/kg; f l u o r i d e from 687 to 856 mg/kg; and free cyanide 

concentrations were l e s s than the laboratory d e t e c t i o n l i m i t , 

which ranged from 0.50 to 0.52 mg/kg. Total cyanide ranged 

from 0.54 to 2.3 mg/kg. The composite sample (MPSA) was 

analyzed for free cyanide, sodium, and f l u o r i d e . Sodium was 

reported at a concentration of 10,100 mg/kg, and f l u o r i d e was 

reported at 465 mg/kg. Free cyanide was not detected i n the 

grab or composite samples. 
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3.2.2.2 Bath Recovery Pad Area 

One composite sample of s u r f i c i a l s o i l s was c o l l e c t e d 

from the bath recovery area i n June 1987; the analyses 

reported elevated l e v e l s of sodium (51,800 mg/kg), f l u o r i d e 

(808 mg/kg), t o t a l cyanide (17 mg/kg), and free cyanide (17 

mg/kg) . 

3.2.2.3 Salvage Area 

Two composite s o i l samples were c o l l e c t e d from the 

salvage area, a composite from the s u r f i c i a l s o i l s (March 

1986), and a composite from t e s t p i t SA-A (June 1987). 

V i s u a l examination of the four t e s t p i t s dug i n the salvage 

area i n d i c a t e the presence of a t h i n zone of cathode waste 

m a t e r i a l concentrated below a 6-in layer of s o i l . The 

composite sample of the salvage area s u r f i c i a l s o i l s 

contained l e v e l s of free cyanide (4.4 mg/kg), f l u o r i d e (67.3 

mg/kg), and sodium (8704 mg/kg). The composite sample from 

the t e s t p i t i n d i c a t e d higher free cyanide (86 mg/kg) and 

sodium (54,500 mg/kg), as w e l l as concentrations of t o t a l 

cyanide (196 mg/kg). 

Perched water was encountered i n one of the t e s t p i t s 

excavated i n the salvage area. A shallow w e l l (OW-4) had 

been p r e v i o u s l y i n s t a l l e d by Century West (1983) i n the 

perched water. H i s t o r i c a l data from t h i s w e l l (Appendix A) 

reported the presence of cyanide and f l u o r i d e i n the perched 

water . 

A shallow sump was i n s t a l l e d i n te s t p i t SA-D to c o l l e c t 

samples of perched water i n the salvage area. The sump has 

been evacuated p e r i o d i c a l l y (generally weekly) and samples 

c o l l e c t e d f or a n a l y s i s of t o t a l and free cyanide and 

f l u o r i d e . Test p i t SA-D y i e l d s very l i t t l e water (one g a l l o n 

or l e s s ) and has been e s s e n t i a l l y dry since October 15, 1987. 
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F l u o r i d e concentrations i n water evacuated from the sump are 

about 300 mg/L, t o t a l cyanide concentrations are about 100 

mg/L, and free cyanide concentrations range from 0.365 to 

over 10 mg/L. 

3.2.2.4 Cathode Wash Area 

A t o t a l of four s o i l samples were c o l l e c t e d i n June 1987 

from the cathode wash area (Figure 3.8). Three of the 

samples were grab samples of s u r f i c i a l s o i l s and one sample 

was a composite from t e s t p i t CWA-A (Sample CWASC-1). The 

samples were analyzed for t o t a l and free cyanide, f l u o r i d e , 

and sodium. The a n a l y t i c a l r e s u l t s reported l e v e l s of t o t a l 

cyanide (7.3 to 20 mg/kg), free cyanide (0.56 to 15 mg/kg), 

f l u o r i d e (796 to 1,330 mg/kg), and sodium (2,930 to 16,900 

mg/kg). 

3.2.2.5 P o t l i n e r Handling Area 

At the p o t l i n e r handling area, cathodes were crushed and 

loaded onto r a i l cars for o f f - s i t e shipment. Scattered 

pieces of cathodic m a t e r i a l and p i t c h and coke are v i s i b l e at 

the p o t l i n e r handling area. 

Two composite s o i l samples, i n c l u d i n g a r e p l i c a t e , were 

c o l l e c t e d from t h i s area i n June 1987 and analyzed for t o t a l 

and free cyanide, f l u o r i d e , sodium, and PAHs. Concentrations 

of t o t a l cyanide (14 and 16 mg/kg), free cyanide (4.0 and 4.8 

mg/kg), f l u o r i d e (673 and 898 mg/kg), and sodium (28,600 and 

29,600 mg/kg) were reported. Concentrations of i n d i v i d u a l 

PAHs ranged from 274 to 1,800 mg/kg. . 

3.2.2.6 Old Cathode Waste P i l e 

One composite sample of s u r f i c i a l s o i l s (OCS) was 

c o l l e c t e d i n March 1986 from the old cathode storage area and 
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analyzed f o r free cyanide, sodium, and f l u o r i d e . Four t e s t 

p i t s were excavated i n the o l d cathode waste p i l e area i n 

June 1987 (Figure 3.2). Composite s o i l samples (OCWPSC-A, B, 

and C) c o l l e c t e d from three of the t e s t p i t s were analyzed 

f o r t o t a l and free cyanide and sodium. The a n a l y t i c a l 

r e s u l t s f o r the t e s t p i t s o i l s reported concentrations of 

t o t a l cyanide (19 to 29 mg/kg) and sodium' ( 4 , 380 to 10,900 

mg/kg). Free cyanide was reported at 0.72 mg/kg at t e s t p i t 

OCWP-A and 5.2 mg/kg at t e s t p i t OCWP-C, but was reported at 

l e s s than the lab o r a t o r y d e t e c t i o n l i m i t of 0.56 mg/kg at 

te s t p i t OCWP-B. V i s u a l examination of the t e s t p i t s 

i n d i c a t e d a t h i n zone of cathodic waste ma t e r i a l below a 2-

to 4-inch-thick layer of clean s o i l . 

In t e s t p i t s OCWP-B and OCWP-D, a saturated zone 

(perched water) was encountered and sumps were i n s t a l l e d i n 

these t e s t p i t s . An aqueous sample was c o l l e c t e d from p i t 

OCWP-B and analyzed f or t o t a l and free cyanide, f l u o r i d e , 

sodium, and base/neutral and ac i d e x t r a c t a b l e organics. The 

a n a l y t i c a l r e s u l t s reported l e v e l s of t o t a l cyanide (294 

mg/L), free cyanide (3.01 mg/L), f l u o r i d e (3,000 mg/L), 

sodium (10,500 mg/L), and PAHs (summed at 0.255 mg/L). Two 

a d d i t i o n a l samples were c o l l e c t e d from the te s t p i t OCWP-B 

sump. One sample was f i l t e r e d and the other was not f i l t e r e d 

and both were analyzed for PAHs. PAHs were not detected i n 

e i t h e r sample. 

The t e s t p i t sumps have been evacuated p e r i o d i c a l l y 

( g e n e r a l l y on a weekly basis) and samples c o l l e c t e d from each 

sump have been analyzed for t o t a l and free cyanide and 

f l u o r i d e . Test p i t OCWP-D c o n s i s t e n t l y produces about 10 

gal l o n s before being pumped dry. Fluoride concentrations are 

about 2,000 mg/L, t o t a l cyanide 300 mg/L, and free cyanide 

about 2 to 8 mg/L. Tota l volumes pumped from t e s t p i t OCWP-B 

have d e c l i n e d with time. In August 1987, volumes pumped 

before dewatering the sump were on the order of 10 to 15 
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g a l l o n s . During September 1987, volumes pumped before 

dewatering were between 5 and 10 g a l l o n s , d e c l i n i n g to about 

0.5 g a l l o n s by the end of October 1987. Fluori d e concentra­

t i o n s i n the sump water sample ranged from 1,300 to 1,500 

mg/L during August and d e c l i n e d to about 700 to 800 mg/L by 

October. To t a l cyanide concentrations remained r e l a t i v e l y 

constant at about 300 mg/L. Free cyanide concentrations 

g e n e r a l l y d e c l i n e d from about 6 mg/L i n August to about 2 

mg/L i n October. 

3.2.2.7 River Road Curb 

A composite s o i l sample (RRBS) was c o l l e c t e d from the 

River Road curb area i n March 1986 (Figure 3.6), and was 

analyzed f o r free cyanide, f l u o r i d e , and sodium. Free 

cyanide was reported below d e t e c t i o n l i m i t s . Sodium (1,480 

mg/kg) and f l u o r i d e (166 mg/kg) were reported to be present. 

3.2.3 Scrubber Sludge Management Areas 

3.2.3.1 Drainage D i t c h 

Five sediment samples c o l l e c t e d i n March 1986 from the 

drainage d i t c h were analyzed for free cyanide, sodium, and 

f l u o r i d e (Figure 3.9). Free cyanide ranged from <0.74 to 3.2 

mg/kg; f l u o r i d e from 271 to 926 mg/kg; and sodium from 1,070 

to 15,400 mg/kg. 

3.2.3.2 Scrubber Sludge Ponds 

Ten composite sediment samples were c o l l e c t e d i n March 

1986 from the scrubber sludge ponds (Figure 3.9). Each 

composite was prepared from a hand-auger boring advanced 

through 10 f t of the scrubber sludge, or to the base of the 

sludge i f i t was l e s s than 10-ft t h i c k . Each composite 
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sample was analyzed for free cyanide, f l u o r i d e , a r s e n i c , 

sodium, VOCs, base/neutrals, and' a c i d e x t r a c t a b l e s . PAHs 

( i n d i v i d u a l concentrations ranging from 120 to 2,000 mg/kg), 

sodium (6,250 to 45,000 mg/kg), f l u o r i d e (204 to 613 mg/kg), 

and a r s e n i c (<12 to 77 mg/kg) were reported as present i n the 

scrubber sludge pond sediments. Free cyanide was not 

detected i n any of the scrubber sludge pond samples. 

3.2.3.3 Old NPDES Discharge Channel 

The primary p o t e n t i a l source of s i t e - d e r i v e d 

c o n s t i t u e n t s i n the o l d NPDES discharge channel, i f present, 

i s from the abandoned scrubber sludge channel. Therefore, i n 

order to evaluate t h i s area, a composite sample was c o l l e c t e d 

from the abandoned scrubber sludge channel above and below 

the confluence with the o l d NPDES discharge channel. 

3.2.3.4 Abandoned Scrubber Sludge Channel 

A composite s o i l sample was c o l l e c t e d from the abandoned 

scrubber sludge channel and analyzed for base/neutral and 

a c i d e x t r a c t a b l e organic compounds. None were detected. 

3.2.4 North Ditch 

Three surface-water samples c o l l e c t e d i n March 1986 from 

the north d i t c h (Figure 3.8) were analyzed for PCBs, VOCs, 

base/neutral and a c i d e x t r a c t a b l e organics, free and t o t a l 

cyanide, sodium, f l u o r i d e , EP t o x i c i t y metals, t o t a l a r s e n i c , 

and s u l f a t e . Three a d d i t i o n a l surface-water samples were 

c o l l e c t e d i n September 1986 from t h i s d i t c h and were analyzed 

for t o t a l and free cyanide. 

No PCBs, VOCs, a c i d e x t r a c t a b l e organics, free cyanide, 

or a r s e n i c were reported i n surface water from the north 

d i t c h . One base/neutral e x t r a c t a b l e , b i s 2-ethylhexyl 
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p h t h a l a t e , a chemical widely d i s t r i b u t e d throughout the 

environment, was reported i n one of the samples. A l l EP 

t o x i c i t y t e s t r e s u l t s f o r metals were below l e v e l s used to 

c l a s s i f y a waste as hazardous by EP t o x i c i t y . 

Sodium (35 to 88 mg/L) and s u l f a t e (33 to 37 mg/L) were 

reported as p r e s e n t ' i n the samples. Fluo r i d e was reported i n 

two samples at concentrations of 3.7 and 3.8 mg/L; f l u o r i d e 

concentrations i n the t h i r d sample were reported at <10 mg/L. 

T o t a l cyanide was reported as present i n the three samples 

c o l l e c t e d i n March 1986 at concentrations of from 0.037 to 

0.39 mg/L. However, these samples were not screened f o r 

s u l f i d e i n t e r f e r e n c e and the r e s u l t s were i n v a l i d a t e d . No 

t o t a l or free cyanide was reported i n a d d i t i o n a l surface-

water samples c o l l e c t e d from the north d i t c h i n September 

1986 . 

Three composite sediment samples were c o l l e c t e d i n March 

1986 from the north drainage d i t c h . Each composite was 

analyzed for free cyanide, f l u o r i d e , sodium, and EP t o x i c i t y 

metals. Free cyanide was not detected i n the samples. 

Sodium (1,210 to 10,400 mg/kg) and f l u o r i d e (92 to 172 mg/kg) 

were reported i n a l l samples. EP t o x i c i t y metals were not 

present above l e v e l s used to c l a s s i f y a waste as hazardous by 

EP t o x i c i t y . 

3.2.5 Duck Pond 

A t o t a l of nine surface-water samples were c o l l e c t e d i n 

March 1986 from the duck pond (Figure 3.9) and analyzed for 

PCBs, VOCs, base/neutral and a c i d e x t r a c t a b l e organics, free 

and t o t a l cyanide, sodium, f l u o r i d e , EP t o x i c i t y metals, 

a r s e n i c , and s u l f a t e . A l l a n a l y t i c a l r e s u l t s for PCBs, VOCs, 

a c i d e x t r a c t a b l e organics, t o t a l and free cyanide, and 

a r s e n i c were below l a b o r a t o r y detection l i m i t s . The 

base/neutral e x t r a c t a b l e b i s - 2 - e t h y l h e x y l phthalate, a 
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chemical widely d i s t r i b u t e d throughout the envvironment, was 

reported i n three of the nine samples. Sodium (21 to 33 

mg/L), f l u o r i d e (11 to 13 mg/L), and s u l f a t e (42 to 43 mg/L) 

were reported as present i n a l l samples. EP t o x i c i t y t e s t 

r e s u l t s f o r metals were below a p p l i c a b l e standards. 

Cyanide ( t o t a l or free) was hot detected i n surface-

water samples c o l l e c t e d i n March 1986 from the duck pond, but 

the analyses were i n v a l i d a t e d due to a f a i l u r e to screen for 

s u l f i d e s (Appendix D). The duck pond was resampled i n 

September 1986 and one composite water sample was c o l l e c t e d 

and analyzed for t o t a l and free cyanide. No cyanide was 

reported as present i n t h i s sample. 

Four sediment samples, two composite and one grab, and a 

r e p l i c a t e were c o l l e c t e d from the duck pond (March 1986) and 

analyzed for free cyanide, f l u o r i d e , and sodium. Sodium (311 

to 1,105 mg/kg) and f l u o r i d e (76 to 644 mg/kg) were reported 

as present; free cyanide was not detected. 

3.2.6 Operating Units 

Several areas o r i g i n a l l y included i n the RI are 

c u r r e n t l y being used by Northwest Aluminum as part of t h e i r 

o perations. These u n i t s include the discharge channel, the 

rec y c l e pond, and the l i n e d pond. The c h a r a c t e r i z a t i o n of 

these operating u n i t s made during the RI i s described below. 

3.2.6.1 Discharge Channel 

A surface-water sample was c o l l e c t e d from the discharge 

channel i n March 1986 (Figure 3.9), while the plant was not 

oper a t i n g , and analyzed for PCBs, VOCs, base/neutral and a c i d 

e x t r a c t a b l e organics, free and t o t a l cyanide, sodium, 

f l u o r i d e , and EP t o x i c i t y metals. A l l a n a l y t i c a l r e s u l t s for 

PCBs, VOCs, base/neutral and a c i d e x t r a c t a b l e organics, and 
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EP t o x i c i t y metals were below lab o r a t o r y d e t e c t i o n l i m i t s , 

but free cyanide (0.06 mg/L), t o t a l cyanide (6.5 mg/L), 

sodium (632 mg/L), and f l u o r i d e (33 mg/L) were reported as 

present i n the sample. A second surface-water sample was 

c o l l e c t e d i n August 1986, a l s o when the plant was not 

op e r a t i n g , and analyzed f o r free and t o t a l cyanide. No 

cyanide was detected. 

Five composite sediment samples were c o l l e c t e d i n March 

1986 from the discharge channel and analyzed for free 

cyanide, sodium, f l u o r i d e , EP t o x i c i t y metals, VOCs, a c i d 

e x t r a c t a b l e organics, and base/neutral e x t r a c t a b l e organics. 

The only organic compounds detected were PAHs (concentrations 

of i n d i v i d u a l PAHs ranged from 10 to 1 , 540 mg/kg). Two of 

the samples (DCDG and DCEG) exceeded holding times for VOCs 

(Appendix D). A d d i t i o n a l sediment samples were c o l l e c t e d at 

these l o c a t i o n s i n September 1986 and analyzed for VOCs; none 

were detected. Sodium (2,180 to 8,200 mg/kg), f l u o r i d e (385 

to 1,240 mg/kg), and free cyanide (<1.0 to 4.7 mg/kg) were 

reported as present. EP t o x i c i t y metal concentrations were 

l e s s than l e v e l s used to c l a s s i f y a waste as hazardous by EP 

t o x i c i t y . 

3.2.6.2 Recycle Pond 

Ten composited surface-water samples from the recycle 

pond were c o l l e c t e d i n March 1986 (Figure 3.9), while the 

plant was not operating, and were combined to create one 

composite sample for a n a l y s i s for PCBs, base/neutral and a c i d 

e x t r a c t a b l e organics, EP t o x i c i t y metals, cyanide ( t o t a l and 

f r e e ) , sodium, f l u o r i d e , a r s e n i c , and s u l f a t e . No free 

cyanide, a r s e n i c , PCBs, base/neutral and a c i d e x t r a c t a b l e s , 

or EP t o x i c i t y metals were detected; t o t a l cyanide (0.190 

mg/L), sodium (100 mg/L), s u l f a t e (94.4 mg/L), and f l u o r i d e 

(21.6 mg/L) were reported as present. 
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A separate sample for VOC analyses was c o l l e c t e d at each 

of the ten sampling s t a t i o n s . No VOCs were detected. 

The a n a l y t i c a l r e s u l t s for cyanide from the March 1986 

samples were i n v a l i d a t e d due to a f a i l u r e to screen for 

s u l f i d e s . An a d d i t i o n a l composite water sample of the 

r e c y c l e pond was c o l l e c t e d i n August 1986 and was analyzed 

fo r t o t a l and free cyanide; t o t a l cyanide was reported as 

present at a concentration of 0.02 mg/L, while free cyanide 

was below the d e t e c t i o n l i m i t . 

Four composite sediment samples were c o l l e c t e d from the 

r e c y c l e pond i n March 1986 and analyzed for free cyanide, 

f l u o r i d e , sodium, EP t o x i c i t y metals, VOCs, base/neutral and 

a c i d e x t r a c t a b l e organics, and PCBs. Fluoride (856 to 1,320 

mg/kg), sodium (11,800 to 14,200 mg/kg), and PAHs ( i n d i v i d u a l 

PAH concentrations ranged from 98 to 2,410 mg/kg) were 

reported as present. Holding times were exceeded for the 

PCBs and the base/neutral and a c i d e x t r a c t a b l e organics and 

s i x a d d i t i o n a l composite samples were c o l l e c t e d i n September 

1986 and analyzed for these parameters. No PCBs were 

detected; PAHs were reported as present at i n d i v i d u a l concen­

t r a t i o n s from 52 to 1,100 mg/kg. 

3.2.6.3 Lined Pond 

Nine composited surface-water samples were c o l l e c t e d 

from the l i n e d pond i n March 1986 (Figure 3.9), while the 

pl a n t was not operating, and were combined by the l a b o r a t o r y 

to create one composite sample for a n a l y s i s . This composite 

was analyzed for PCBs, base/neutral and a c i d e x t r a c t a b l e 

org a n i c s , t o t a l and "free cyanide, sodium, f l u o r i d e , a r s e n i c , 

and s u l f a t e . A l l r e s u l t s were reported at l e s s than detec­

t i o n l i m i t s except for sodium (881 mg/L), f l u o r i d e (31.5 

mg/L), a r s e n i c (0.039 mg/L), and s u l f a t e (2,360 mg/L). 
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A separate sample for VOC analyses was c o l l e c t e d at each 

of the nine sampling s t a t i o n s . No VOCs were detected. 

The March 1986 analyses for t o t a l and free cyanide were 

i n v a l i d a t e d due to a f a i l u r e to screen for s u l f i d e s , and the 

l i n e d pond was resampled for these parameters i n September 

1986. No cyanide ( t o t a l or free) was detected i n these 

samples. 

One composite sediment sample was c o l l e c t e d from the 

l i n e d pond i n March 1986 and analyzed for free cyanide, 

f l u o r i d e , EP t o x i c i t y metals, VOCs, base/neutrals, PCBs, and 

a c i d e x t r a c t a b l e s . PAHs ( i n d i v i d u a l concentrations ranging 

from 19 to 2,120 mg/kg) and f l u o r i d e s (3,730 mg/kg) were 

reported as present. No VOCs, a c i d e x t r a c t a b l e s , PCBs, or 

free cyanide were detected. EP t o x i c i t y metal concentrations 

were lower than the l e v e l s used to c l a s s i f y a waste as 

hazardous by EP t o x i c i t y . 

3.3 CHEMICAL CHARACTERISTICS 

The behavior of a chemical i n the environment i s deter­

mined by both i t s physio-chemical p r o p e r t i e s and e x t e r n a l 

environmental c h a r a c t e r i s t i c s . This s e c t i o n discusses 

general p h y s i c a l - c h e m i c a l p r o p e r t i e s as they r e l a t e to 

p o t e n t i a l f a t e and transport mechanisms relevant to the 

primary c o n s t i t u e n t s of p o t e n t i a l concern (cyanide, PAHs, 

f l u o r i d e , sodium, and s u l f a t e ) reported as present i n wastes 

or environmental media sampled at the MMRF. Appendix B 

(Sectio n B.4.1) w i l l r e l a t e these p o t e n t i a l mechanisms to 

s i t e - s p e c i f i c environmental f a c t o r s i n order to determine the 

i n f l u e n c e of c e r t a i n mechanisms oft the past and future 

migration of waste c o n s t i t u e n t s . 
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3.3.1 Cyanide 

The term cyanide, as used here, ref e r s to the c l a s s of 

ino r g a n i c compounds conta i n i n g the CN f u n c t i o n a l group. 

Cyanide at the MMRF i s found as a by-product of the alumina 

reduction process. High temperatures achieved during the 

reduction process produce a r e a c t i o n between carbon i n the 

cathode and ambient ni t r o g e n and r e s u l t i n the formation of 

inorg a n i c cyanide compounds i n the p o t l i n e r . 

Inorganic cyanides contain compounds with widely varying 

p h y s i c a l / c h e m i c a l and t o x i c o l o g i c a l p r o p e r t i e s . As a r e s u l t , 

i n o r g a n i c cyanides are often c l a s s i f i e d as f r e e , simple, or 

complexed. Hydrogen cyanide (HCN) i s a weak a c i d and can 

d i s s o c i a t e i n water i n t o i t s corresponding conjugate base or 

anion (CN" ) . Together, these two species (HCN and CN) are 

r e f e r r e d to as free cyanide. The term free cyanide used i n 

t h i s report includes these two species as w e l l as weak a c i d 

d i s s o c i a b l e cyanide (Appendix D). 

Under most environmental c o n d i t i o n s , the form of free 

cyanide encountered i n water w i l l be hydrogen cyanide (HCN). 

HCN i s a v o l a t i l e compound and can be expected to e x i s t i n 

the gaseous s t a t e i n the environment. This implies that HCN 

may be more mobile i n the environment since i t can v o l a t i l i z e 

from the s o i l or water, or hydrolyze to form the CN~ i o n . 

The simple cyanides are comprised of cyanide s a l t s 

(metal bound to the cyanide anion) with widely varying 

s o l u b i l i t i e s . A l k a l i and a l k a l i n e earth cyanides such as 

sodium and barium cyanide d i s s o l v e r e a d i l y i n water, whereas 

t r a n s i t i o n metal cyanides such as n i c k e l and copper* cyanide 

have low s o l u b i l i t i e s and are more s t a b l e . 

Complex cyanides are compounds i n which cyanide (as CN) 

i s c o v a l e n t l y bound to a metal, forming a large "complex" 
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w i t h a negative charge (anion). Such anions can subsequently 

bind with a metal of p o s i t i v e charge ( c a t i o n ) . Sodium 

fe r r o c y a n i d e , N a 4 [ F e ( C N ) 6 ] , i s an example of a compound i n 

t h i s c l a s s . In a d d i t i o n , i r o n , gold, cadmium, copper, 

n i c k e l , s i l v e r , and zin c have been found to form m e t a l l o -

cyanide complexes ( F u l l e r , 1977). Metallocyanide complexes 

have v a r y i n g s t a b i l i t i e s and when they d i s s o c i a t e i n water 

can release free cyanides. The cadmium and zinc complexes 

are found to r e a d i l y d i s s o c i a t e i n water while the s t a b i l i t y 

of copper and n i c k e l cyanide complexes depends on pH. Iron 

and co b a l t cyanide complexes are very stable (U.S. EPA 1985a; 

Callahan, et a l , 1979). The s o l u b i l i t y of i r o n cyanide 

depends on the complex. For example, the f e r r i c s a l t of 

f e r r i c y a n i d e , or prussian blue, Fe 4[Fe(CN) 6 ] 3 , i s i n s o l u b l e , 

whereas the sodium s a l t of ferrocyanide, Na 4[Fe(CN) 6], i s 10% 

so l u b l e i n water by weight (American Cyanamid, 1953). 

B i o l o g i c a l u t i l i z a t i o n of cyanide i n s o i l has been 

studied by a number of authors (Raef, et a l , 1977a,b; 

S t r o b e l , 1967; Ware and P r i n t e r , 1955). Both anaerobic and 

aerobic degradation of cyanide can occur with the ul t i m a t e 

breakdown products being carbon dioxide (C0 2 ) and ammonia 

(NH 3). In the aerobic m i c r o b i a l environment, cyanide f i r s t 

undergoes enzymatic conversion to cyanate, which i s then 

converted to carbon di o x i d e and ammonia (VanZyl, 1985). The 

rate at which such biodegradation occurs w i l l be h i g h l y 

v a r i a b l e and w i l l depend on many f a c t o r s i n c l u d i n g the types 

of m i c r o b i a l c o l o n i e s present and the nature and concentra­

t i o n of the waste. A c t i v a t e d sludge, which c o n s i s t s of 

acclimated microorganisms, i s used to degrade cyanide waste, 

although F u l l e r (1977) reported that these microorganisms are 

s e n s i t i v e to the q u a n t i t y of cyanide present i n the waste. 

T o w i l l , et a l , (1978) concluded that microorganisms should be 

used i n the treatment of cyanide wastes and i n the p u r i f i c a ­

t i o n of aquatic environments containing such waste. 
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i n e v a l u a t i n g the fate and transport of cyanides i n t h i s 

s e c t i o n of the report and t h e i r p o t e n t i a l impacts i n l a t e r 

s e c t i o n s , i t i s necessary to consider the form i n which 

cyanide i s l i k e l y to be present i n p o t l i n e r wastes and how 

the s o i l environment w i l l i n f l u e n c e i t s fate and tr a n s p o r t . 

F i r s t , cyanide can be present as an i r o n cyanide complex 

formed during the e l e c t r o l y t i c smelting process. Spent 

p o t l i n e r can contain between 0.3 and 2.8% i r o n (Hurt, 1981). 

Since free cyanide i s als o present i n t h i s matrix, i t can 

react with a v a i l a b l e i r o n to form various i r o n cyanide 

complexes. Secondly, any free cyanide that i s present i n the 

spent p o t l i n e r can react with any i r o n or other metals 

present i n the s o i l s to form a r e l a t i v e l y s t a b l e complex. 

For example, the s o i l s at the MMRF are formed from b a s a l t , a 

rock c o n t a i n i n g high concentrations of i r o n . Thus, any free 

cyanide migrating from the waste could react with n a t u r a l l y 

o c c u r r i n g i r o n to form a sta b l e i r o n cyanide complex. 

Iron cyanide complexes vary i n s o l u b i l i t y and undergo 

complex at t e n u a t i o n r e a c t i o n i n s o i l . In a d d i t i o n , they are 

al s o r e l a t i v e l y s t a b l e and not r e a d i l y degraded. I t i s 

l i k e l y that any free cyanide that i s present i n the s o i l 

could v o l a t i l i z e from the s o i l , react with the minerals to 

form a more st a b l e complex, or become biodegraded by the 

microorganisms present i n the s o i l . These r e l a t i o n s h i p s are 

supported by the a n a l y t i c a l data, presented i n d e t a i l l a t e r 

i n the report, which show that most of the cyanide i s present 

at the MMRF s i t e as t o t a l cyanide and not as free cyanide. 

The m o b i l i t y of cyanide i n the type of s o i l present at the 

MMRF s i t e i s discussed i n Appendix B, Section 4.1. 

Once i n the s o i l , the cyanide may be present as 

complexes that are solu b l e i n the ground water. Based on 

analyses of MMRF s i t e ground-water samples by Rocky Mountain 

A n a l y t i c a l Laboratory (RMAL) for ir o n cyanides (Enseco, 

1987), i t i s estimated that t o t a l i r o n cyanides may comprise 
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up to 40 percent of the t o t a l cyanide present, while free 

cyanide may comprise 1 to 6 percent of the t o t a l cyanide 

present. The pH of the ground water has been found to range 

from approximately 7 to 9. Within t h i s range, any free 

cyanide w i l l be present predominantly as HCN. The cyanide 

that i s present i n the ground water i s expected to be mobile 

based on the s o i l c h a r a c t e r i s t i c s which would favor 

r e t a r d a t i o n of i t s movement only at low pH. 

As discussed i n other sections of t h i s report, some of 

the ground water i n the S a q u i f e r may discharge i n t o the 

Columbia R i v e r . The fate of cyanide i n the r i v e r would 

depend on the type of cyanide present upon discharge. 

V o l a t i l i z a t i o n of free cyanide i s an important process i n 

determining the fat e of t h i s chemical i n surface-water 

bodies. Cyanide has been reported to v o l a t i l i z e at a rate of 

0.021 mg CN/ft 2-hr (temperature unknown) from s t i l l surface-

water bodies c o n t a i n i n g a concentration range of 0.1 to 0.5 

mg/L (VanZyl, 1985). This attenuation mechanism would be of 

fa r l e s s importance at pH values greater than 9.2, since the 

so l v a t e d CN" ion i s not as v o l a t i l e as HCN. 

Cyanide may a l s o be discharged i n t o surface-water bodies 

as an i r o n cyanide complex. Both f e r r o - and f e r r i c y a n i d e 

complex anions, (Fe[CN] 6

_ < 1 and F e [ C N ] 6 "
3 , r e s p e c t i v e l y ) , are 

of p a r t i c u l a r i n t e r e s t i n surface-water environments since i t 

has been shown that f e r r i c y a n i d e , or ferrocyanide once i t has 

been o x i d i z e d to f e r r i c y a n i d e , photochemically l i b e r a t e s free 

cyanide. The rate of t h i s p h o t o l y s i s i n n a t u r a l water bodies 

w i l l be extremely v a r i a b l e and w i l l depend on such f a c t o r s as 

the t u r b i d i t y of the water and the i n t e n s i t y and duration of 

the s u n l i g h t . 

In summary, cyanides i n the environment are capable of a 

wide range of behavior i n c l u d i n g s o l u b i l i t y and migration i n 

ground water; v o l a t i l i z a t i o n from s o i l and surface water; 
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complexation w i t h other chemicals; p h o t o l y t i c transforma­

t i o n s ; and m i c r o b i a l degradation. The p o t e n t i a l s i g n i f i c a n c e 

of these behaviors i n determining the s i t e - s p e c i f i c past and 

future migration of chemicals at t h i s s i t e are discussed i n 

d e t a i l i n Appendix B. 

3.3.2 Polynuclear Aromatic Hydrocarbons 

The term polynuclear aromatic hydrocarbons ( r e f e r r e d to 

as PAHs or PNAs) describes, a diverse c l a s s of chemicals 

c o n s i s t i n g of two or more fused benzene r i n g s , which vary 

widely i n arrangement. PAHs are c h i e f l y formed from the 

combustion of organic m a t e r i a l . They are present i n scrubber 

sludge wastes at the MMRF, captured from emissions generated 

during anode preparation or e l e c t r o l y t i c reduction. The 

anode that i s s a c r i f i c e d during the reduction process 

c o n s i s t s of b r i q u e t t e s produced from a v a r i a b l e mixture of 

petroleum p i t c h and coke. The PAHs i n the scrubber sludge 

ponds c o n s i s t p r i m a r i l y of the 4- and 5-membered r i n g 

compounds (e.g., fluoranthene, pyrene, chrysene, and benzo (b 

& k) fluoranthenes), although other PAHs, i n c l u d i n g benzo(a)-

pyrene, are also present. 

The p h y s i c a l p r o p e r t i e s of PAHs, which i n turn a f f e c t 

t h e i r m o b i l i t y i n the environment, depend g r e a t l y on the s i z e 

and shape of the molecule. P r o p e r t i e s such as vapor pressure 

and s o l u b i l i t y vary widely w i t h i n the c l a s s and can be 

c o r r e l a t e d with molecular weight. 

The lower molecular weight PAHs, such as naphthalene, 

acenaphthylene, acenaphthene, and fluorene, have r e l a t i v e l y 

high s o l u b i l i t i e s , and therefore would migrate from s o i l s 

i n t o the ground water. The higher molecular weight PAHs, 

with high organic carbon p a r t i t i o n c o e f f i c i e n t s (Koc) and low 

aqueous s o l u b i l i t i e s (such as benzo[a]pyrene) , tend to be 

adsorbed onto s o i l or p a r t i c u l a t e surfaces and do not r e a d i l y 
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migrate. For t h i s reason, s o i l e r o s ion, surface runoff, and 

wind d i s p e r s i o n of p a r t i c u l a t e s are p o t e n t i a l mechanisms of 

migration for these chemicals. 

A l l of the PAHs are capable of undergoing p h o t o l y t i c 

transformations i n the environment, and t h e i r degradation 

h a l f - l i v e s vary widely. These transformations would be 

r e s t r i c t e d to the PAHs near the surface and would not l i k e l y 

r e s u l t i n considerable degradation i n wastes or sludges at 

lower depths. 

Biodegradation of PAHs does occur i n the environment. 

In general, the d i - and t r i c y c l i c PAHs are more r e a d i l y 

biodegraded than the t e t r a c y c l i c and higher p o l y c y c l i c 

hydrocarbons (Tabak, et a l , 1981). Biodegradation i s 

dependent on numerous f a c t o r s such as the species of 

microorganism, a v a i l a b i l i t y of n u t r i e n t s , presence or absence 

of oxygen, degree of a c c l i m a t i o n , nature of the medium, 

concentration of the chemical, temperature, and pH. 

In summary, the PAHs may not pose a problem to 

ground-water s u p p l i e s or to surface-water bodies i n t o which 

ground water discharges. The PAHs contained i n concentrated 

waste streams would be expected to be r e s i s t a n t to biodegra­

d a t i o n . Dust d i s p e r s i o n of t i g h t l y bound compounds may be 

considered a s i g n i f i c a n t mechanism of migration. 

3.3.3 F l u o r i d e 

F l u o r i d e (F) most probably i s present at the MMRF 

because of the molten f l u o r i d e s a l t s , such as c r y o l i t e and 

calcium f l u o r i d e , used i n the reduction process. Gaseous 

f l u o r i d e emissions from the manufacture of aluminum include 

hydrogen f l u o r i d e and s i l i c o n t e t r a f l u o r i d e , while p a r t i c u ­

l a t e f l u o r i d e emissions include c r y o l i t e , aluminum f l u o r i d e , 

calcium f l u o r i d e , and c h i o l i t e (NRC, 1971). In a d d i t i o n , the 
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f l u o r i d e composition of spent p o t l i n e r can range between 7.5 

and 22 percent (Hurt, 1981). 

F l u o r i d e i s the monovalent anion of the element 

f l u o r i n e , the most r e a c t i v e element i n the p e r i o d i c t a b l e . 

F l u o r i d e e x i s t s i n s o i l s and n a t u r a l waters. Basalt forma­

t i o n s of the type found at The Dalle's can contain on average 

up to 470 ppm (parts per m i l l i o n ) f l u o r i d e (U.S. G e o l o g i c a l 

Survey, 1975), and ground-water supplies i n the area are 

known to contain approximately 2 mg/L of n a t u r a l l y o c c u r r i n g 

f l u o r i d e . 

F l u o r i d e forms simple compounds with metals and many 

complex io n s . Many inorganic f l u o r i d e s , such as sodium 

f l u o r i d e , are r a p i d l y hydrolyzed and are very soluble i n 

water; others, such as f l u o r a p a t i t e are l e s s s o l u b l e . The 

s o l u b i l i t i e s of sodium f l u o r i d e , and calcium f l u o r i d e at 18°C 

are 42,000 mg/L and 16 mg/L, r e s p e c t i v e l y (Weast, 1978). 

Thus, the presence of calcium would tend to reduce the 

m o b i l i t y of f l u o r i d e . 

F l u o r i d e s a l t s present as p a r t i c u l a t e s i n surface 

m a t e r i a l s can migrate by wind d i s p e r s i o n or with surface 

runoff during r a i n f a l l events. The s a l t s that are present i n 

these m a t e r i a l s may not be r e a d i l y soluble and would not be 

expected to migrate to the ground water. These airborne 

s a l t s may, however, be sodium f l u o r i d e r e c r y s t a l l i z e d upon 

water evaporation, which would r e a d i l y d i s s o l v e when 

deposited i n an aqueous area. 

3.3.4 Sodium 

Sodium i s a component of the c r y o l i t e ( N a 3 A l F g ) , which 

i n the molten state functions as the e l e c t r o l y t i c medium 

during the reduction of alumina. Sodium (Na) i s found i n the 

+1 o x i d a t i o n state i n the environment. Because of the ease 
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of removal . of i t s s i n g l e outer s h e l l e l e c t r o n , sodium i s 

e x c l u s i v e l y monovalent i n i t s compounds. Like the other 

a l k a l i metals, sodium forms compounds with v i r t u a l l y a l l the 

anions, organic as w e l l as in o r g a n i c . Sodium ranks as the 

s i x t h most common element oc c u r r i n g i n the earth's c r u s t , 

with an average of 3.27 weight percent Na 20 reported i n 

b a s a l t s (U.S. G e o l o g i c a l Survey, 1975). 

In t h e i r e v a l u a t i o n of the p o t e n t i a l of c l a y minerals 

f o r a t t e n u a t i n g l a n d f i l l leachate, G r i f f i n , et a l , (1976) 

found that sodium at t e n u a t i o n was r e l a t i v e l y low, only 15.4 

percent. The at t e n u a t i o n of sodium follows the general order 

of c a t i o n r e p l a c e a b i l i t y i n s o i l s : L i + <Na+ <K+ <Cs +. 

Studies comparing the exchange of mono-, d i - , and t r i v a l e n t 

c a t i o n s on c l a y have shown that cations of higher charge are 

more t i g h t l y bound ( B o l t and Bruggenwert, 1976). Thus, 

sodium i s l i k e l y to be mobile i n the s o i l environment and 

should migrate with the ground water. 

3.3.5 S u l f a t e 

S u l f a t e i s a by-product of the alumina reduction process 

and i s ass o c i a t e d with cathodic waste m a t e r i a l and scrubber 

sludge. S u l f a t e ( S 0 4

2 ~ ) , a d i v a l e n t anion, i s found as a 

free anion or ass o c i a t e d with cations i n minerals. The 

d i s s o l u t i o n of these minerals w i l l r e s u l t i n the i n t r o d u c t i o n 

of s u l f a t e ions i n t o the environment. The s o l u b i l i t y of 

s u l f a t e s a l t s (the form i n which s u l f a t e i s ge n e r a l l y found) 

v a r i e s . The sodium, potassium, and magnesium s a l t s are 

r e a d i l y soluble i n water and thus the presence of these s a l t s 

would r e s u l t i n the i n t r o d u c t i o n of s u l f a t e i n t o the 

ground-water regime (U.S. Environmental P r o t e c t i o n Agency, 

1985b). Aluminum, calcium, and i r o n s a l t s form under 

o x i d i z i n g c o n d i t i o n s . Their s o l u b i l i t y and hence t h e i r 

s t a b i l i t y i s dependent on the s o i l conditions (Kabata-Pendias 

and Pendias, 1984). The f e r r i c s u l f a t e s a l t would release 
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s u l f a t e under reducing c o n d i t i o n s , for example. Barium and 

lead s u l f a t e s are i n s o l u b l e and should, therefore, tend to 

hinder s u l f a t e transport (NRC, 1977). 

The more common s u l f a t e s a l t s are water-soluble and 

g e n e r a l l y remain d i s s o l v e d once they are introduced i n t o 

surface waters and ground water. Thus, under o x i d i z i n g 

c o n d i t i o n s , s u l f a t e tends to be very mobile. Under reducing 

c o n d i t i o n s i n ground water or sediments, however, s u l f a t e i s 

reduced to s u l f i d e . The s u l f i d e anion can then react with 

heavy metal cations to form i n s o l u b l e p r e c i p i t a t e s , or i t can 

form hydrogen s u l f i d e (H 2S) which can v o l a t i l i z e to the 

atmosphere (NRC, 1977). Thus, reducing environments w i l l 

reduce the s u l f a t e burden i n the environment but not the 

s u l f i d e burden since s a l t s w i l l be present i n a reduced form. 

3.3.6 Arsenic 

A r s e n i c i s an impurity i n p i t c h and i s associated with 

cathodic- waste m a t e r i a l . Arsenic (As) has four stable 

o x i d a t i o n s t a t e s , +5, +3, 0, and -3. The ox i d i z e d forms, 

As(V) and A s ( I I I ) , are the most common under environmental 

c o n d i t i o n s . The free element As(0) i s r a r e l y found, and the 

reduced form A s - 3 , occurs only when the Eh i s very low 

(Callahan, et a l , 1979). Metal arsenates ( A s 0 4 ) "
3 and 

a r s e n i t e ( A s 0 3 ) ~
3 are formed with calcium, magnesium, and 

other u n i - or d i v a l e n t c a t i o n s . In the environment, as a 

s o l u t i o n or s o i l becomes more anaerobic, arsenate w i l l be 

reduced to a r s e n i t e . In t h i s study, t o t a l a rsenic 

measurements were taken, which would include both the 

o x i d i z e d and reduced forms. 

Arsenate can form r e l a t i v e l y i n s o l u b l e complexes with a 

v a r i e t y of c a t i o n s ; consequently, i t s s o l u b i l i t y depends on 

the i o n i c composition of the water. Barium i s the ca t i o n 

that produces the l e a s t soluble arsenate complex and i s 
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l i k e l y to c o n t r o l a r s e n i c concentrations to very low l e v e l s . 

In the absence of barium, other metal arsenate complexes w i l l 

c o n t r o l a r s e n i c t r a n s p o r t . 

In a d d i t i o n to removal by p r e c i p i t a t i o n of s a l t s , 

a r s e n i c i s removed from s o l u t i o n by adsorbing to i r o n and 

aluminum oxides. Adsorption to i r o n oxide should be favored 

by low pH l e v e l s (Lemmo, et a l , 1983). Arsenic can al s o 

complex with d i s s o l v e d organic matter having low molecular 

weight. As a r e s u l t of these processes, t y p i c a l concentra­

t i o n s of a r s e n i c i n f r e s h water are at ug/L l e v e l s (Woolson, 

1977) . 

The fate of arsenic i n s o i l s depends on the adsorption 

of a r s e n i c to s o i l p a r t i c l e s . Korte, et a l , (1976) found 

that c l a y content, surface area, and free i r o n oxide content 

of s o i l could be used to p r e d i c t s o r p t i o n . Because the 

p o t l i n e r m a t e r i a l at the MMRF has a high i r o n content, 

a r s e n i c present i n the areas containing p o t l i n e r , such as the 

l a n d f i l l , i s l i k e l y to b-e r e l a t i v e l y immobile. In a d d i t i o n , 

a r s e n i c can undergo redox reactions under conditions found i n 

some s o i l s . In aerated s o i l s , arsenate may be formed, while 

i n flooded or nonoxidized s o i l s , a r s e n i t e may be produced. 

B i o l o g i c a l a c t i v i t y may co n t r i b u t e to the o x i d a t i o n of 

A s ( I I I ) back to As(V), and v i c e versa (Walsh, et a l , 1977). 

568/3 
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• 

• 

Section Four 

• 



4.0 HYDROGEOLOGIC INVESTIGATION 

4.1 SURFACE SOILS 

Surface s o i l s at The Dalles are poorly developed and i n 

most places are non-existent. A review of the s o i l survey 

f o r Wasco County, Oregon, published by the United States 

Department of A g r i c u l t u r e S o i l Conservation Service (1982), 

i n d i c a t e s that four major native s o i l groups (Table 4.1) are 

present on d i s t i n c t areas of the MMRF (Figure 4.1). These 

groups, i n order of decreasing surface extent, are: 

1. Rock Outcrop-Xeropsamments Complex, 

2. Hessian-Skyline Complex, 

3. Van Horn Loam, 

4. Quincy Loamy Fine Sand. 

As shown on Figure 4.1, a large part of the native s o i l s 

at the MMRF have been covered during c o n s t r u c t i o n and opera­

t i o n . In a d d i t i o n , the Port of The Dalles has f i l l e d a large 

area east of River Road. 

4.1.1 Rock Outcrop-Xeropsamments Complex 

This i s the predominant s o i l complex at the MMRF. I t 

extends from Chenoweth Creek south to the duck pond and 

scrubber sludge ponds and from I n t e r s t a t e 84 east to River 

Road. This area was p r e v i o u s l y part of the Columbia River 

channel but now c o n s t i t u t e s a terrace above the r i v e r . Past 

stream a c t i o n had scoured holes i n the b a s a l t beds and subse­

quently deposited sand and water-worn g r a v e l . Numerous large 

and small outcrops of bedrock protrude from a few inches to 

as much as 15 f t above the s o i l and make up 50 to 75 percent 

of the complex. Where present, the s o i l i s g e n e r a l l y from 5 

to more than 60 inches deep and con s i s t s mostly of sandy, 
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Table 4.1 S o i l Summary 

S o i l Type 

Maximum 
Thickness 
(inches) Permeability E r o d i b i l i t y 

Rock Outcrop -
Xeropsamments 60 High Moderate 

Hessian-Skyline 16 Moderate S l i g h t to Moderate 

Van Horn Loam 50 Moderate S l i g h t 

Quincy Loamy Fine 
Sand 60 High S l i g h t 
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l i g h t c o l o r e d , w a t e r - l a i d and w i n d - l a i d m a t e r i a l c o n t a i n i n g 

l i t t l e organic matter. 

4.1.2 Hessian-Skyline Complex 

The second l a r g e s t s o i l complex mapped i n the area 

extends east from River Road to the Columbia Ri v e r , and south 

from Chenoweth Creek to the recycle pond. Most of t h i s area 

has been subjected to excavation and grading and as a r e s u l t , 

most of the native s o i l s have been removed. Where present, 

the complex c o n s i s t s of w e l l drained s o i l formed i n l o e s s , 

v o l c a n i c ash, and al l u v i u m weathered from sandstone on 

uplands. 

In a repre s e n t a t i v e p r o f i l e , the surface l a y e r i s a very 

dark g r a y i s h brown stony loam. The upper 9 inches of the 

s u b s o i l i s dark brown loam and the lower 5 inches i s dark 

brown cobbled loam. Semi-consolidated sandstone i s encoun­

tered at a depth of about 23 inches. The s o i l m a t e r i a l 

throughout the p r o f i l e i s n e u t r a l and the per m e a b i l i t y i s 

moderate. 

4.1.3 Van Horn Loam Complex 

The t h i r d s o i l complex i s located i n the area of the 

duck pond, the r e c r e a t i o n area, and the scrubber sludge 

ponds. Where the s o i l complex i s f u l l y developed, i t 

c o n s i s t s of w e l l - d r a i n e d m a t e r i a l s formed i n s t r a t i f i e d 

a l l u v i a l deposits on uplands. 

In a representative p r o f i l e , the surface layer i s a very 

dark, grayish-brown and dark brown loam about 11 inches 

t h i c k . The s u b s o i l i s a dark brown loam and c l a y loam about 

38 inches t h i c k . The substratum i s dark brown loam 11 inches 

or more i n thi c k n e s s . The s o i l m a terial i n the p r o f i l e i s 
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s l i g h t l y a c i d i c to n e u t r a l , the permeability i s moderate, 

runoff i s slow, and the hazard of erosion i s s l i g h t . 

4.1.4 Quincy Loamy Fine Sand 

The f o u r t h and smallest of the s o i l complexes i s 

asso c i a t e d ' with the Chenoweth Creek and Chenoweth f a u l t 

areas. This complex c o n s i s t s of s o i l s formed i n sandy 

a l l u v i u m from mixed m a t e r i a l on bottom lands. 

In a repre s e n t a t i v e p r o f i l e , the surface layer i s very 

dark gray, loamy f i n e sand about 6 inches t h i c k . The under­

l y i n g m a t e r i a l i s very dark grayish-brown sand to a depth of 

35 inches; the next 9 inches i s dark gray, f i n e sand; and 

below t h i s i s dark gray, very f i n e sand to a depth of 60 

inches or more. The surface l a y e r i s f a i r l y a c i d i c , and the 

underlying m a t e r i a l i s s l i g h t l y a c i d i c to n e u t r a l . Perme­

a b i l i t y i s r e l a t i v e l y high, runoff i s slow, and the hazard of 

erosion i s s l i g h t . 

4.2 GEOLOGY 

Two primary geologic u n i t s are present i n the general 

study area, the Chenoweth Formation and the Columbia River 

Bas a l t Group (CRBG). Figure 4.2 i s a geologic map of the 

area modified from that prepared by Sam Sargent of the Corps 

of Engineers. The map shows the d i s t r i b u t i o n of CRBG b a s a l t 

flows i n the area and the d i s t r i b u t i o n of a l l u v i a l d e p o s i t s . 

The v o l c a n o c l a s t i c deposits of the Chenoweth Formation, being 

r e s t r i c t e d to the t e r r a c e s , are located east of the area 

reproduced i n Figure 4.2. 

4.2.1 Regional Geology 

The Columbia River Basalt Group i s comprised of approxi­

mately 300 f l o o d b a s a l t flows that erupted from l i n e a r 
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f i s s u r e s i n the eastern t h i r d of the Columbia Plateau from 

about 17 to 6 m i l l i o n years ago. The t o t a l area of the CRBG 

has been c a l c u l a t e d to be approximately 63,000 mi 2 (square 

miles) and the t o t a l volume to be 41,000 mi 3 (cubic miles) 

(Tolan, and others, 1987). I n d i v i d u a l flows are t y p i c a l l y 

tens of mi 3 to more than 100 mi 3 i n volume. Some flows 

extend from the eastern part of the plateau a l l the way to 

the P a c i f i c Coast. A d e t a i l e d d i s c u s s i o n of the re g i o n a l and 

s i t e geology i s included i n Appendix E. 

4.2.2 S i t e S t r a t i g r a p h y 

The s i t e s t r a t i g r a p h y presented i n t h i s report i s based 

on the geologic samples from boreholes of production and 

observation w e l l s at the MMRF, geologic maps (Bela, 1982; 

Sargent, 1956), and geologic mapping conducted during the RI. 

One d r i l l hole (MW-16D) i n s t a l l e d during the RI was con­

t i n u o u s l y cored to a depth of 272 f t . The core was described 

l i t h o l o g i c a l l y , checked for magnetic p o l a r i t y (top and 

bottom), and analyzed f o r chemical c o n s t i t u e n t s (Appendix E). 

Cu t t i n g samples from 32 other d r i l l holes i n s t a l l e d during 

the RI were c o l l e c t e d and described l i t h o l o g i c a l l y and 

l i t h o l o g i c d e s c r i p t i o n s of on-s i t e production w e l l s and 

p r e - e x i s t i n g monitor w e l l s are als o a v a i l a b l e (Appendix E). 

Cut t i n g samples s e l e c t e d f or chemical a n a l y s i s were hand-

picked and u l t r a s o n i c a l l y cleaned. The chemical analyses 

(Appendix E) were performed by the X-Ray Fluorescence (XRF) 

lab o r a t o r y at Washington State U n i v e r s i t y i n Pullman, 

Washington. 

Samples from borehole MW-16D at the MMRF were analyzed 

for major oxides, magnetic p o l a r i t y , and l i t h o l o g i c composi­

t i o n . These data were used to c o r r e l a t e the sequence 

i d e n t i f i e d beneath the MMRF with the CRBG s t r a t i g r a p h y . The 

sedimentary interbeds between the lava flows have been 

assigned names based on a s t r a t i g r a p h i c column developed from 
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measured se c t i o n s near the center of the Columbia Plateau 

(Figure 4.3). 

C o r r e l a t i o n s of the CRBG flows i n the d r i l l holes at the 

MMRF were i n i t i a l l y based on the l i t h o l o g i c d e s c r i p t i o n s of 

the core and chip samples. L i t h o l o g i c d e s c r i p t i o n s also 

allowed c o r r e l a t i o n of sever a l i r r e g u l a r and crudely defined 

zones w i t h i n the R o s a l i a flow. Confirmation of the o r i g i n a l 

c o r r e l a t i o n s was based on the r e s u l t s of the XRF a n a l y t i c a l 

data (Appendix E) for 19 samples select e d from the 9 

chip-sample holes and for 6 samples from the core hole at 

MW-16D. 

The 272-ft-deep core hole (MW-16D) provides a d e t a i l e d 

b a s e - l i n e s t r a t i g r a p h i c s e c t i o n (Figure 4.4) to which the 

other d r i l l holes have been c o r r e l a t e d . The s t r a t i g r a p h y 

i d e n t i f i e d and bed thickness at t h i s borehole, from top to 

bottom, i s as f o l l o w s : 

Lolo flow of P r i e s t Rapids Member 54 f t 

Sedimentary Interbed (Byron Interbed) 2.5 f t 

Ro s a l i a flow of P r i e s t Rapids Member 141 f t 

Sedimentary Interbed (Quincy/Squaw Creek) 25 f t 

Se n t i n e l Gap flow of Frenchman Springs Member..49+ f t 

The Lolo flow i s a s l i g h t l y open-textured ( d i k t y t a x i t i c ) 

to dense, coarse-grained b a s a l t that contains some large 

p l a g i o c l a s e phenocrysts with few v e s i c l e s . In outcrop, t h i s 

flow e x h i b i t s a blocky/columnar type of j o i n t i n g . The j o i n t s 

are g e n e r a l l y v e r t i c a l and commonly contain c l a y or manganese 

oxide f i l l i n g s . In the v i c i n i t y of The D a l l e s , the Lolo flow 

narrows to form a tongue extending westward toward Mount 

Hood. 
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The Byron Interbed contains about 1 f t of gravel o v e r l y ­

ing a c l a y - r i c h sediment that ranges i n thickness from 1 to 3 

f t . The R o s a l i a flow i s present beneath the Byron Interbed. 

P i l l o w lavas and h y a l o c l a s t i t e s are present i n the lower 

two-thirds of the flow, which apparently was deposited i n a 

large shallow l a k e . The R o s a l i a flow makes a t r a n s i t i o n from 

p i l l o w lavas formed i n a shallow lake to an intracanyon flow 

near Mosier (Tolan and Beeson, 1984). 

C a v i t y f i l l i n g s are more abundant i n the R o s a l i a than i n 

e i t h e r the o v e r l y i n g Lolo or the underlying S e n t i n e l Gap 

flows. This suggests that the R o s a l i a flow cooled i n water 

and that heated water c i r c u l a t e d through the flow during 

c o o l i n g , leaching and then d e p o s i t i n g c a l c i t e , o pal, and c l a y 

minerals i n v e s i c l e s . 

The R o s a l i a flow can be d i v i d e d i n t o three subunits 

based on l i t h o l o g y . These u n i t s are, from top to bottom, the 

s u b a e r i a l , t r a n s i t i o n , and subaqueous subunits. The 

s u b a e r i a l part of the R o s a l i a i s approximately 50-ft t h i c k . 

The uppermost 15 f t contains abundant v e s i c l e s that are 

p a r t i a l l y f i l l e d and grades downward to a l e s s v e s i c u l a r , 

denser, coarse-grained rock. 

Below t h i s dense, coarse-grained rock i s the t r a n s i t i o n 

zone. The t r a n s i t i o n zone i s up to 2 0 - f t - t h i c k and forms a 

gr a d a t i o n a l contact between the su b a e r i a l and subaqueous 

parts of the flow. The t r a n s i t i o n zone i s f i n e r grained, 

more v e s i c u l a r , and often more a l t e r e d than the o v e r l y i n g 

dense rock, but i t does not contain g l a s s . 

The lowest part of the R o s a l i a flow i s the subaqueous 

zone (80 to 100 f t t h i c k ) , which i s comprised of two p i l l o w 

l a v a horizons l o c a l l y separated by a lava lobe. The upper 

part of the subaqueous zone contains p i l l o w lavas and some 

glass with abundant c l a y a l t e r a t i o n products and authigenic 
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c l a y s . This upper subaqueous zone i s 5-ft to 45-ft t h i c k and 

i s r e f e r r e d to as the A a q u i f e r . 

A lava lobe, which i s up to 20-ft t h i c k , l o c a l l y 

separates the upper and lower p i l l o w lava horizons of the 

subaqueous zone. This lobe conceivably represents a surge of 

lava that plunged over the terminal margin of the Roza Member 

and blanketed the h y a l o c l a s t i c debris that had washed out i n 

fr o n t of the flow. The lobe i s not considered to be exten­

s i v e l a t e r a l l y and i s quite v e s i c u l a r i n places. However, 

l o c a l l y , the lobe provides a degree of hy d r a u l i c separation 

between the A and B a q u i f e r s . 

The lowest 30 to 50 f t of the subaqueous zone represents 

the B aq u i f e r and i s ch a r a c t e r i z e d by an abundance of 

h y a l o c l a s t i t e (glass and sc o r i a ) with scattered p i l l o w lavas. 

The base of the subaqueous zone i s cha r a c t e r i z e d by an 

enriched zone of p y r i t e . 

The Quincy/Squaw Creek Sedimentary Interbed i s approxi­

mately 20-ft t h i c k and c o n s i s t s of a basal 3-ft l i g n i t e l a y e r 

o v e r l a i n by white tuffaceous s i l t s t o n e and sandstone of 

f l u v i a l and/or l a c u s t r i n e o r i g i n . The Rosa flow, which i s 

normally present between the Quincy and Squaw Creek i n t e r ­

beds, i s absent at the MMRF. 

The S e n t i n e l Gap flow i s an open-textured b a s a l t with 

zones of large v e s i c l e s , but i n contrast to the Ro s a l i a flow, 

c a v i t i e s are predominantly u n f i l l e d . The v e s i c u l a r flow top 

and i n t r a f l o w v e s i c u l a r zones w i t h i n the Se n t i n e l Gap flow 

are permeable and correspond to the top of the DGWR at the 

MMRF . 

The Sand Hollow flow i s an open-textured b a s a l t with 

zones of l a r g e r v e s i c l e s and numerous f r a c t u r e s . The 
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v e s i c u l a r flow top of the Sand Hollow flow represents the 

primary w a t e r - y i e l d i n g zone w i t h i n the DGWR. 

4.2.3 S i t e Geologic Structure 

The MMRF i s s i t u a t e d on the axis of the broad, 

nort h e a s t - t r e n d i n g The Da l l e s s y n c l i n e . The Dalles basin i s 

e f f e c t i v e l y bounded by the northwest-trending Threemile f a u l t 

on the east, the south limb of The Dalles s y n c l i n e on the 

south, the Cascade Upwarp on the west, and the Chenoweth 

f a u l t on the north. A geologic cross s e c t i o n (Figure 4.5) 

from Threemile f a u l t to the Chenoweth f a u l t presents the 

st r u c t u r e at the s i t e as r e l a t e d to the greater The Dal l e s 

area. Note that the CRBG flows that are aqu i f e r s beneath the 

MMRF are shallower to the south and that the A and B aq u i f e r s 

( R o s a l i a flow) are t o t a l l y exposed; to the north these u n i t s 

are cut o f f by the Chenoweth f a u l t . 

Immediately beneath the s i t e , very l i t t l e s t r u c t u r a l 

complexity i s evident. D r i l l hole and surface data show 

g e n e r a l l y u n f a u l t e d , h o r i z o n t a l lava flows and interbeds 

(Figure 4.6). Only one d r i l l hole (MW-8A) located at the o l d 

cathode waste p i l e shows greater than normal f r a c t u r e 

d e n s i t y . This w e l l also shows a zone of greater than normal 

a l t e r a t i o n that may be r e l a t e d to t e c t o n i c a l l y produced high 

j o i n t d e n s i t y . The manganese oxide coating on these j o i n t 

s u r faces, s i m i l a r to that found i n other t e c t o n i c zones where 

the CRBG i s f r a c t u r e d , i n d i c a t e s that these j o i n t s predate 

the c o n s t r u c t i o n a c t i v i t y at the s i t e . 

North of the MMRF, the Chenoweth f a u l t marks an abrupt 

change i n o r i e n t a t i o n of the ba s a l t l a y e r s from nearly 

f l a t - l y i n g to southward-dipping at 5 to 10 degrees. The 

R o s a l i a , S e n t i n e l Gap, and Sand Hollow flows emerge at the 

surface to the north of the f a u l t . 
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The b a s a l t flows that crop out to the north of the MMRF, 

near Chenoweth Creek, were analyzed for chemical c o n s t i t u e n t s 

(see Appendix E). This information was u t i l i z e d to evaluate 

the character of the Chenoweth f a u l t and to estimate the 

magnitude of s t r a t i g r a p h i c o f f s e t . The base of the Lolo flow 

i s exposed along River Road south of Chenoweth Creek, and the 

top of the S e n t i n e l Gap flow i s exposed along the road to the 

north of the creek. Therefore, the amount of s t r a t i g r a p h i c 

o f f s e t at t h i s l o c a t i o n i s approximately the thickness of the 

missing R o s a l i a flow plus the Quincy/Squaw Creek interbed, or 

about 165 f t . The R o s a l i a flow (A & B a q u i f e r s ) , complete 

with p i l l o w b a s a l t , i s exposed north of the f a u l t toward the 

Columbia River (Figure 4.2), suggesting l e s s o f f s e t nearer 

the r i v e r . The Chenoweth f a u l t brings the Frenchman Springs 

flows to the surface and marks an abrupt change i n the dip of 

the flows. 

4.3 DESCRIPTION OF HYDROSTRATIGRAPHIC UNITS 

The a q u i f e r systems at the MMRF include a water-table 

a q u i f e r (S-aquifer) o v e r l y i n g a s e r i e s of confined a q u i f e r s 

(A a q u i f e r , B a q u i f e r , and DGWR). Perched water and an 

a l l u v i a l a q u i f e r are present l o c a l l y . The h y d r o s t r a t i g r a p h i c 

nomenclature i s c o n s i s t e n t with previous i n v e s t i g a t i o n s 

conducted at the s i t e and i s appropriate for the production 

f a c i l i t y v i c i n i t y . Further from the p l a n t , t h i s s t r a t i ­

graphic sequence may not p e r s i s t . For instance, the A 

a q u i f e r merges with the B a q u i f e r to the north (near 

Chenoweth F a u l t ) , and with the S a q u i f e r to the south (near 

the scrubber sludge ponds). 

Major studies have been published on the ground-water 

resources of The D a l l e s area by Piper (1932), Newcomb (1969), 

and Grady (1983). Piper (1932) noted two water-bearing zones 

w i t h i n the CRBG: one i n the uppermost 100 f t of b a s a l t and 

one 300 to 375 f t below the top of the b a s a l t . Piper (1932) 
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described the upper water-bearing zone (apparently c o r r e s ­

ponding to the A and B aqui f e r ) as "perched," and the lower 

water-bearing zone (apparently corresponding to the DGWR) as 

the "main body of ground water." Newcomb (1969) i d e n t i f i e d 

the R o s a l i a flow (A and B aqui f e r s ) as h i s "highway p i l l o w 

l a v a " and named the lower a q u i f e r "The Dalles Ground Water 

Reservoi r . " 

The S aq u i f e r i s present w i t h i n the r e l a t i v e l y low-

per m e a b i l i t y b a s a l t s of the Lolo flow and the su b a e r i a l 

p o r t i o n of the R o s a l i a flow. The f i r s t confined a q u i f e r (A 

aqu i f e r ) i s w i t h i n the upper lava horizon of the subaqueous 

p o r t i o n of the R o s a l i a . The B aquife r i s below the A 

aq u i f e r , l o c a l l y separated from i t by a low per m e a b i l i t y 

b a s a l t ( l a v a l o b e ) . The lava lobe i s apparently absent north 

of the s i t e due to non-deposition. In areas where the lava 

lobe i s absent, the A and B aqu i f e r s combine to form a s i n g l e 

hydrogeologic u n i t . A t h i c k c l a y - s h a l e and s i l t s t o n e u n i t i s 

present below the B a q u i f e r , forming the co n f i n i n g u n i t 

between the B aqu i f e r and the underlying Dalles Ground-Water 

Reservoir (DGWR). The top of the DGWR occurs w i t h i n the 

permeable zones of the S e n t i n e l Gap flow. The most permeable 

p o r t i o n of the DGWR i s w i t h i n the flow-breccia top of the 

Sand Hollow flow. 

An a l l u v i a l a q u i f e r , l i m i t e d i n a r e a l extent but used as 

a water-supply source by the Animal S h e l t e r , i s present to 

the north of the study area. Perched water has been i d e n t i ­

f i e d at the s i t e i n an area that was covered by permeable 

f i l l m a t e r i a l . 

4.3.1 Perched Water 

The perched water occurs above competent b a s a l t w i t h i n 

the permeable f i l l m a t e r i a l emplaced during c o n s t r u c t i o n and 

has been i d e n t i f i e d below the former cathode waste management 
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area. The saturated thickness of the perched zone v a r i e s 

with a v a i l a b l e recharge, and was approximately 0 to 3 f t i n 

t e s t p i t s opened i n August 1987. 

One source of the perched water i s p r e c i p i t a t i o n . 

I n f i l t r a t i o n from the l a n d f i l l d i t c h and north d i t c h and 

leaks i n below grade water d i s t r i b u t i o n l i n e s are other 

p o t e n t i a l sources. A storm-water pipe was damaged during the 

RI which, p r i o r to r e p a i r , l i k e l y contributed to the perched 

zone. 

4.3.2 A l l u v i a l A q u i f e r 

The a l l u v i a l a q u i f e r occurs north of the MMRF i n the 

P l i o - P l e i s t o c e n e a l l u v i a l d e p o s i t s . The a l l u v i a l a q u i f e r i s 

very l i m i t e d i n a r e a l extent and only one w e l l (Animal 

S h e l t e r ) produces water from t h i s a q u i f e r . The geometry of 

the a l l u v i a l a q u i f e r i s apparently c o n t r o l l e d by the l o c a t i o n 

of the trace of the Chenoweth f a u l t (see Figures 4.1 and 

4.2). The a l l u v i a l a q u i f e r i s approximately 400 f t wide and 

i s at l e a s t 60 f t deep. The long axis of the a q u i f e r i s 

o r i e n t e d east-northeast and extends approximately 3,000 f t 

from the Columbia River to the area where River Road crosses 

Chenoweth Creek. At i t s northeastern end, the a l l u v i a l 

a q u i f e r merges with the f l o o d p l a i n deposits of Chenoweth 

Creek. 

The m a t e r i a l s i n the a q u i f e r , comprised of cobbles, 

g r a v e l , sand, and c l a y , are poorly sorted. Ground-water 

y i e l d s from the a l l u v i a l a quifer are s u f f i c i e n t for domestic 

supply, but the l i m i t e d extent and thickness of the a q u i f e r 

r e s t r i c t s i t s water-supply p o t e n t i a l . 
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4.3.3 The S A q u i f e r 

The S-aquifer i s under unconfined (water-table) condi­

t i o n s and occurs w i t h i n the Lolo flow, the Byron Interbed, 

and the s u b a e r i a l p o r t i o n of the R o s a l i a flow ( i n c l u d i n g the 

t r a n s i t i o n zone). The S a q u i f e r averages about 100 f t i n 

t h i c k n e s s . The flow base of the Lolo, the sediments of the 

Byron i n t e r b e d , and the top of the R o s a l i a represent a zone 

of enhanced p e r m e a b i l i t y w i t h i n the S-aquifer. 

The S a q u i f e r i s heterogeneous with a h o r i z o n t a l 

h y d r a u l i c c o n d u c t i v i t y that i s greater than the v e r t i c a l . 

Ground water i n b a s a l t s of the S a q u i f e r i s present w i t h i n 

the j o i n t s and f r a c t u r e s , predominantly c o o l i n g f r a c t u r e s , i n 

the b a s a l t and i n the sediments of the Byron Interbed. 

G e n e r a l l y , the c o o l i n g f r a c t u r e s are oriented v e r t i c a l l y , yet 

are v e r t i c a l l y discontinuous. The f r a c t u r e s are more 

predominant at the top and bottom of the flows (e.g., s i t e s 

of r e l a t i v e l y rapid cooling) and l e s s pronounced i n the 

middle of the flows. Viewed from above, the c o o l i n g 

f r a c t u r e s form a s e r i e s of polygons joined at t h e i r apex. 

The polygonal arrangement of the interconnected j o i n t s does 

not create a p r e f e r e n t i a l l a t e r a l f r a c t u r e o r i e n t a t i o n , but 

rather a f r a c t u r e "net." 

The h y d r a u l i c c o n d u c t i v i t y values c a l c u l a t e d for the S 

a q u i f e r p r i m a r i l y represent h o r i z o n t a l h y d r a u l i c c o n d u c t i v i t y 

r e s u l t i n g from l a t e r a l zones of enhanced per m e a b i l i t y w i t h i n 

s p e c i f i c p o r t i o n s of i n d i v i d u a l flows (Appendix G) . The 

S a q u i f e r i s c h a r a c t e r i z e d by a steep v e r t i c a l h y d r a u l i c 

gradient. Because the p o t e n t i a l recharge at The Dalles i s 

low, the v e r t i c a l h y d r a u l i c c o n d u c t i v i t y of the S a q u i f e r 

must a l s o be low i n order to support the observed steep 

v e r t i c a l gradient under steady-state c o n d i t i o n s . 
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The v e r t i c a l h y d r a u l i c c o n d u c t i v i t y of the S aqu i f e r i s 

enhanced i n places where secondary f r a c t u r e s are more 

pronounced. Enhanced f r a c t u r i n g of the Lolo and upper 

R o s a l i a flows was i d e n t i f i e d i n samples from w e l l MW-8A, 

loc a t e d at the o l d cathode waste p i l e . Water-level data near 

the o l d cathode waste area i n d i c a t e a potentiometric low i n 

the lower part of the S aqu i f e r ( t r a n s i t i o n zone) and a 

poten t i o m e t r i c high i n the A a q u i f e r . 

The S aq u i f e r i s bounded to the east by the Columbia 

River and to the north by the a l l u v i a l a q u i f e r and the 

Chenoweth f a u l t . Saturated c o n d i t i o n s were not i d e n t i f i e d i n 

the S-aquifer to the west (wells MW-1, MW-12, MW-13, and 

MW-34). 

4.3.4 The A Aquif e r 

The A aquif e r occurs w i t h i n the upper p i l l o w lava 

horizon of the Ro s a l i a subaqueous zone. The p i l l o w lava 

horizon has s i g n i f i c a n t primary p o r o s i t y due to rapid c o o l i n g 

of the lava which quenched i n water while s t i l l mobile. The 

p i l l o w lava horizon comprising the A aquifer i s l a t e r a l l y 

continuous i n the northern part of the MMRF, but the A 

aqu i f e r t h i n s and becomes l e s s permeable to the south. 

The A aq u i f e r ranges from 5 to 45 f t t h i c k . The t h i c k ­

ness and water-bearing capacity of the A aquifer decreases 

s i g n i f i c a n t l y to the south (as observed at w e l l c l u s t e r s 

MW-18, MW-24, and MW-30), and i t becomes h y d r a u l i c a l l y and 

l i t h o l o g i c a l l y i n d i s t i n g u i s h a b l e from the S a q u i f e r . The A 

aqu i f e r i s bounded by the Columbia River to the east and by 

the Chenoweth f a u l t to the north. The A aquifer i s the 

uppermost aq u i f e r underlying the s i t e which i s capable of 

producing appreciable q u a n t i t i e s of water. Y i e l d s of up to 

20 gpm are p o s s i b l e from the A a q u i f e r . 
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The lava lobe l o c a l l y separates the A and B a q u i f e r s . 

This lobe represents a surge of lava i n t o the r a p i d l y f i l l i n g 

p a leo-basin, which cooled more slowly than the zones above or 

below. The lobe i s t h i c k e s t (about 20-ft t h i c k ) near the 

process b u i l d i n g s . Where present, the degree of confinement 

v a r i e s according to the thickness of the lobe and f r a c t u r e 

d e n s i t y . The degree of confinement provided by the lava lobe 

i s i n d i c a t e d by the r e l a t i v e h y d r a u l i c head d i f f e r e n c e s 

between the A and B a q u i f e r s (Appendix G). 

4.3.5 The B Aquif e r 

The B a q u i f e r i s the most p r o l i f i c a q u i f e r w i t h i n the 

Ro s a l i a flow. This a q u i f e r occurs w i t h i n the lower p i l l o w 

l a v a horizon of the subaqueous zone of the Ro s a l i a flow and 

i s capable of producing water at over 500 gpm. The most 

permeable p o r t i o n of t h i s a q u i f e r i s the zone of hyalo-

c l a s t i t e (debris flow material) immediately above the 

Quincy/Squaw Creek inter b e d . 

The B a q u i f e r i s continuous beneath the MMRF and ranges 

i n thickness from 30 to 50 f t . The channel of the Columbia 

River apparently extends to the base of the aquif e r i n places 

and bounds, at l e a s t p a r t i a l l y , the aquifer to the east. 

The B a q u i f e r i s bounded by the Chenoweth f a u l t to the 

north. The a l t i t u d e of the aquif e r increases to the south of 

the MMRF, along the southern limb of the Dalles s y n c l i n e 

(Figure 4.5). The southern boundary of the aquifer i s 

loca t e d south of M i l l Creek, where the Ro s a l i a flow outcrops. 

The westward extent of the aquif e r i s c o n t r o l l e d by the 

geometry of the basin i n which i t was deposited. 

The Quincy/Squaw Creek Interbed separates the B-aquifer 

from the DGWR. The interbed c o n s i s t s of tuffaceous s i l t s t o n e 

and sandstone with a l i g n i t e layer at the base. Laboratory 
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t e s t i n g of a sample of the Quincy/Squaw Creek interbed from 

w e l l MW-16D i n d i c a t e s a v e r t i c a l h y d r a u l i c c o n d u c t i v i t y of 

1.25 x 10 6 cm/sec and a h o r i z o n t a l h y d r a u l i c c o n d u c t i v i t y of 

9.02 x 10" 7 cm/sec. 

The lower R o s a l i a i s not expected to be as productive i n 

areas where the Rosa flow i s present. The permeable nature 

of the lower R o s a l i a i s r e l a t e d to i t s de p o s i t i o n i n a 

shallow l a k e . The l o c a t i o n of the lake i s r e l a t e d to the 

absence of the Rosa. In areas where the Rosa i s present, the 

per m e a b i l i t y of the lower R o s a l i a i s much l e s s . 

4.3.6 The Dal l e s Ground-Water Reservoir 

The D a l l e s Ground Water Reservoir (DGWR) i s the major 

water-supply a q u i f e r i n the area with reported y i e l d s of over 

1,000 gpm. The aqu i f e r ranges i n thickness from 10 to 50 f t 

and covers an area of 25 to 30 mi 2 (Grady, 1983 ). Although 

the water-bearing zones w i t h i n the Sen t i n e l Gap flow are part 

of the DGWR, the primary water-bearing zone w i t h i n the. DGWR 

i s the h i g h l y permeable flow top of the Sand Hollow flow. 

Grady (1983) notes an abrupt change i n potentiometric 

l e v e l s from 100 f t msl to 600 f t msl w i t h i n the CRBG south of 

The D a l l e s . He speculates (as d i d Newcomb, 1969) that t h i s 

may r e s u l t from e i t h e r a s t r u c t u r a l b a r r i e r or a r e l a t i v e 

increase i n hy d r a u l i c c o n d u c t i v i t y w i t h i n the rocks. These 

authors have suggested that the abrupt change i n po t e n t i o ­

metric l e v e l c o incides with the southern and western extent 

of the DGWR. The Chenoweth f a u l t bounds the DGWR to the 

north, and the r e f o r e , the MMRF i s located near the northern 

extent of the DGWR. To the north of the f a u l t , the rocks of 

the DGWR (S e n t i n e l Gap and Sand Hollow flows) have been 

elevated to a p o s i t i o n across from the B aquifer and form a 

separate a q u i f e r system. The DGWR extends northward i n t o 
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Washington where i t i s bounded by Threemile and Big Eddy 

f a u l t s (Figure 4.2). 

4.4 GROUND-WATER USE 

A review of well-completion records f or K l i c k i t a t 

County, Washington, and Wasco County, Oregon, was conducted. 

These records were used i n conjunction with information 

provided i n "Ground-Water Resources of the Hood Basin, 

Oregon" (Grady, 1983) to i d e n t i f y water-supply w e l l s i n the 

area of The Da l l e s ( l o c a t i o n s shown on Figure 4.7 and depth, 

l o c a t i o n , and ownership information summarized i n Table 4.2). 

Well-completion records are a v a i l a b l e f or w e l l s numbered 1 

through 88, except w e l l 16, and are included i n Appendix F. 

Approximately 35 percent of the w e l l s i n The Dal l e s area 

at l o c a t i o n s south and east of the MMRF are screened i n the 

sediments of the Chenoweth formation. The w e l l y i e l d s are 

ge n e r a l l y 0.5 to 55 gpm with a few wel l s producing 150 to 250 

gpm (Grady, 1983). A l l of these w e l l s are i n the uplands at 

el e v a t i o n s greater than 1,000 f t above mean sea l e v e l , and 

because the aq u i f e r that they penetrate i s above the eleva­

t i o n of the MMRF, they cannot be af f e c t e d by a c t i v i t i e s on 

the p l a n t s i t e . 

Approximately 65 percent of the supply w e l l s i n the area 

produce water from the CRBG, with most of these producing 

from the DGWR. Reported y i e l d s of wel l s i n the DGWR range 

from 100 to 2,500 gpm, with an average y i e l d of 1,000 gpm. 

S p e c i f i c c a p a c i t i e s range from 100 to 550 gpm/ft of drawdown 

with an average of 300 gpm/ft of drawdown (Grady, 1983). 

The C i t y of The Da l l e s operates s i x production w e l l s , 

f i v e of which produce from the DGWR. The s i x t h produces from 

the CRBG at a s i t e approximately three miles south of the 

southernmost extent of the DGWR. These w e l l s are used to 
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Figure 4.7 Location of Supply Wells 

i n the V i c i n i t y of The 
Da l l e s . 

CLIENT NAME: 

Martin M a r i e t t a Corporation 
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Table 4.2 L i s t of Available Well-Construction Records of 
Supply Wells in The Dalles Area 

Well Owner Depth Location 
Number ( f t ) 

K l i c k i t a t County 

1 Marvin Harrison 200 SE-SW-28-2-13 
2 Franke Leno 205 SE-SW-28-2-13 
3 Hugh Bullock 220 NE-SW-28-2-13 
4 Harold Shepler 120 NE-SE-28-2-13 
5 Larry H o l l i d a y 140 NE-SE-28-2-13 
6 Mt. Veiw Water A s s o c i a t i o n 210 NE-SE-28-2-13 
7 Harold Shepler 251 NE-SE-28-2-13 
8 Jim Wise 155 SW-NE-28-2-13 
9 Harry Toda 170 SE-NW-28-2-13 
10 Leroy Showalter 110 NW-SW-27-2-13 
11 Roger Cool 125 NE-SE-27-2-13 
12 J a r l Construction 215 NE-NE-27-2-13 
13 Vernie J a r l 150 NE-NE-27-2-13 
14 J a r l Construction 595 NE-NE-27-2-13 
15 D a l l e s p o r t I n d u s t r i a l Park 292 SE-SE-26-2-13 
16 K l i c k i t a t County Port #1 210 SW-SW-25-2-13 
17 Fred Smith 500 SE-NW-22-2-13 
18 W.H. Gregory 285 SE-SW-22-2-13 
19 Don Graves 160 SE-SE-21-2-13 
20 Larry F r a z i e r , Inc. 150 NW-NE-21-2-13 
21 Da r r e l King 170 NW-NE-21-2-13 
22 Minor's A d d i t i o n Water Supply 119 SE-SW-16-2-13 
23 Murdock Tract Water Fund 200 SE-SW-16-2-13 
24 Ivor T. Jones 205 SE-SW-16-2-13 
25 E a r l B. Cooper 280 SW-SW-16-2-13 
26 George McKinnen 175 E-SW-16-2-13 
27 E.B. Cooper 109 NW-SW-16-2-13 
28 P h i l l i p Hearron 109 NW-SW-16-2-13 
29 Ken Z e i l i n s k i 88 NW-SW-16-2-13 
30 Robert G. Knowles 250 NE-SW-16-2-13 
31 P e a r l Fehr 115 NE-SW-16-2-13 
32 E a r l Cooper (1) 325 NE-SW-16-2-13 

E a r l Cooper (2) 280 NE-SW-16-2-13 
33 Larry Odom 330 NW-SW-16-2-13 
34 E a r l Cooper 175 NE-SW-16-2-13 
35 E a r l Cooper 150 NE-SW-16-2-13 
36 E a r l Cooper 344 NE-SW-16-2-13 
37(1) C e c i l Odom 170 NE-SW-16-2-13 
37(2) C e c i l Odom 286 NE-SW-16-2-13 
37(3) C e c i l Odom 220 NE-SW-16-2-13 
38 Robert Knowles 125 NE-SW-16-2-13 
39 Larry F r a z i e r 100 NE-SE-16-2-13 
40 J e r r y F r a z i e r 290 SW-SW-15-2-13 
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Table 4.2 (continued) 

W e l 1 Owner Depth Location 
Number ( f t ) 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 

67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 

Martha Niblack 
Frenche Vezina 
Joseph H. Blanck 
Jack Schreiner 
Charles S t e r r i t 
Ronald Johnson 
Melvin Thornburg 
Dennis Beeks 
John Huteson, J r . 
Dan Gunkle 
Yakima Indian Nation 
D a l l e s p o r t Water A s s o c i a t i o n 
Donald M. Dietz 
C l i f f Whitt 
C l i f f Whitt 
Lyle School D i s t r i c t 
George Sheradella 
Lyle School D i s t r i c t 
John Haggard 
Foley 
Mike Helyer 
D a l l e s p o r t Community 
Bud Will i a m s 
D a l l e s p o r t Domestic 
Arthur Dahl 
Dayton Henderson 

Wasco County 

Chenoweth I r r i g a t i o n Co-op #1 
Chenoweth I r r i g a t i o n Co-op #2 
Chenoweth I r r i g a t i o n Co-op #3 
Harvey Machine #1 (MMRF) 
Harvey Machine #2A(A) (MMRF) 
Harvey Machine #3A (MMRF) 
Harvey Machine #4A (MMRF) 
Jack Huffman 
Jordon St. Well 
K l i n d t 
Linebarger (Rockline) 
Lone Pine Well 
Marks Well 
Floyd Marsh 
George Moon 

490 SE -SW-14 -2 -13 
550 NE -SE-14 -2 -13 
340 NE -SE-14 -2 -13 
285 NE -SE-16 -2 -13 
370 NW -NW-13 -2 -13 
340 NW--NE-13 -2 -13 
200 NW--NE-13 -2 -13 
160 SW--SE-12 -2 -13 
390 SW--SE-12 -2 -13 
420 NW--NW-14 -2--14 
445 NE--NE-14 -2--14 
334 NE--NE-34 -2--13 
163 SE--SW-3 3 -2--13 
298 SW--SW-33 -2--13 
298 SW--SW-3 3 -2--13 
320 NW--SE-33--2--13 
230 NE--SE-33--2--13 
320 NE--SE-33--2--13 
120 SE--NE-33--2--13 
250 NE--NE-33--2--13 
265 NE--NE-33--2--13 
365 NE--NE-33--2--13 
205 SW--SE-28--2--13 
182 SW--SE-28--2--13 
210 SW--SE-28--2--13 
160 NW--NW-06--2--13 

258 NE--SE-32--2--13 
260 NE--SE-32--2-•13 
275 NE-•NE-32--2--13 
314 NW-•SW-28--2--13 
302 NE- SW-28--2-•13 
319 SW-SW-28--2-•13 
303 SE- SW-28--2- 13 
152 SW-SE-19--2- 13 
291 SE-NW-04--1- 13 
100 21--2- 13 
98 NW-NE-28--2- 13 
385 NE-NW-01--1-13 
570 SE-SW-04--1-13 
350 NE-NE-20-•2-13 
539 SW-32--2- 13 
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Table 4.2 (continued) 

Well 
Number 

Owner Depth 
( f t ) 

Location 

82 M i l l Creek Well 371 
83 Mt . F i r Lumber 145 
84 Pine Wood Mobile 220 
85 Richard J . Murray 118 
86 N e i l Pake 164 
87 Wasco Animal Shelter 65 
88 Fred Wetle 251 
89 The D a l l e s Country Club 480 
90 Tooley Water D i s t r i c t 306 
91 Tooley Water D i s t r i c t 32 

D. H i l l 78 
92 W. Pu l l e n Spring 
93 W. Pu l l e n 605 
94 R. Walters 665 
95 Lower Chenoweth Water D i s t r i c t 243 
96 Lower Chenoweth Water D i s t r i c t 222 
97 E. Kuck 443 
98 C. Buster 500 
99 W. Goeckel 500 
100 R. Krueger 700 
101 R. Goolsby 160 
102 E. Ayres 360 
103 J. Ayres 365 
104 L. Shoemaker 880 
105 L. Shoemake r 790 
106 C. Smith 360 

C. Smith 350 
107 M. Malcolm 103 
108 E. Hendricks 530 
109 Foley 323 
110 Martin Marieta 537 
111 J. M i l l e r 395 
112 Cherry Heights I r r i g a t i o n Co. 546 
113 J. Fieck 470 
114 Columbia Lodges 303 
115 R. Bennett 320 
116 S i s t e r s of the Holy Name 210 
117 D a l l e s Cherry Growers 114 
118 C i t y of The Dal l e s 200 
119 Martin M a r i e t t a Recreation Well 

NW-SW-08 
SE-SW-21 

21 
NE-SW-19 
SW-SW-19-
NE-NW-23-
SW-NE-29-
SE-SE-17-
NE-NW-17-
NE-NW-17-
NE-NW-17-
NE-NE-30-
NE-NE-30-
NE-NW-30-
SE-NW-30-
NE-SW-30-
SE-SE-25-
SE-SE-36-
NE-NE-01-
NW-NW-06-
SE-NW-01-
SE-NW-06-
SE-NW-06-
NE-NW-06-
NW-NE-06-
NE-NE-06-
NE-NE-06-
NE-NE-06-
SW-NW-05-
NW-SW-05-
NW-NW-05-
NW-NW-05-
SW-NE-05-
SE-NE-05-
SW-NW-04-
NW-NW-0 4-
NE-NW-04-
SE-NW-03-
NE-NE-03-
NW-NW-3 3-

-1-13 
-2-13 
-2-13 
-2-13 
-2-13 
-2-13 
-2-13 
-13-2 
-13-2 
-13-2 
-13-2 
-13-2 
-13-2 
-13-2 
-13-2 
-13-2 
-12-2 
-12-2 
-12-1 
-13-1 
-12-1 
-13-1 
-13-1 
-13-1 
-13-1 
-13-1 
-13-1 
-13-1 
-13-1 
-13-1 
-13-1 
-13-1 
-13-1 
-13-1 
-13-1 
-13-1 
-13-1 
-13-1 
13-1 
13-2 

Note: L i t h o l o g i c d e s c r i p t i o n s a v a i l a b l e for a l l w e l l s except 16 
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augment surface w.ater, the major source of water supply for 

the C i t y of The D a l l e s . 

The Lower Chenoweth Water D i s t r i c t , located west of the 

MMRF, operates two w e l l s , both of which are screened i n the 

sediments of the Chenoweth formation. South and southwest of 

the p l a n t , the Chenoweth I r r i g a t i o n Cooperative operates 

three w e l l s , a l l of which produce from the DGWR. Based on 

co n s t r u c t i o n d e t a i l s of these w e l l s , they also produce water 

from the R o s a l i a flow (A and B a q u i f e r s ) . On the Washington 

side of the Columbia River there are approximately 70 w e l l s , 

most of which produce from the CRBG. 

Five shallow supply w e l l s are located i n the immediate 

v i c i n i t y of the p l a n t . To the north, two we l l s operated at 

Mt. F i r and Rockline produce from the Se n t i n e l Gap flow of 

the CRBG. The Mt. F i r w e l l a l s o produces from the Sand 

Hollow flow. These formations comprise the DGWR south of the 

f a u l t . Another w e l l north of the plant (Animal Shelter) i s 

screened i n Ple i s t o c e n e channel deposits ( a l l u v i a l a q u i f e r ) 

a s s o c i a t e d with the trace of the Chenoweth Fa u l t . To the 

east of the MMRF, one w e l l ( K l i n d t ) produces from the S 

aqu i f e r and the A a q u i f e r s . 

Six supply w e l l s o r i g i n a l l y were present at the plant 

s i t e , four located around the main plant b u i l d i n g , one i n the 

re c r e a t i o n area, and one at the house near the recycle pond. 

Of the four w e l l s near the p l a n t , three are used to produce 

water f o r plant operations. A l l three of these w e l l s are 

cased o f f below the Quincy/Squaw Creek interbed and produce 

water from the DGWR. The fourth production w e l l (PW-2) was 

abandoned i*n 1985 by p u l l i n g the pump and b a c k f i l l i n g the 

borehole with cement grout. The rec r e a t i o n area w e l l 

produces water for i r r i g a t i o n purposes; no well-completion 

record i s a v a i l a b l e f or t h i s w e l l to i n d i c a t e depth or 

production i n t e r v a l s . The "residence" w e l l , located at the 
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o l d farmhouse near the recycle pond i s not c u r r e n t l y used, 

but a submersible pump remains i n the w e l l . The w e l l was 

completed to a depth of 120 f t and produced from the A and B 

aqui f e r s . 

4.5 AQUIFER CHARACTERISTICS 

To c h a r a c t e r i z e the h y d r a u l i c p r o p e r t i e s of various 

a q u i f e r s underlying the s i t e , slug t e s t s and constant-rate 

pumping t e s t s were performed. Slug t e s t s were conducted i n 

the S, A, and B a q u i f e r s and constant-rate pumping t e s t s i n 

the A and B a q u i f e r s and the DGWR. An a l y s i s and i n t e r p r e t a ­

t i o n of t e s t data are presented i n Appendix G. The aq u i f e r 

t e s t r e s u l t s are summarized i n Tables 4.3 and 4.4. 

When water i s withdrawn from a w e l l , the water l e v e l or 

pote n t i o m e t r i c surface of the surrounding aqu i f e r i s drawn 

down to form a cone of depression, the gradient and extent of 

which are determined by the aquif e r c h a r a c t e r i s t i c s of 

tr a n s m i s s i v i t y - and s t o r a t i v i t y . As pumping continues, the 

cone of depression continues to expand u n t i l a state of 

e q u i l i b r i u m i s reached between the volume of water being 

pumped and the volume of recharge induced by the lowered 

water l e v e l . 

In confined a q u i f e r s , such as the A and B a q u i f e r s , the 

cone of depression expands u n t i l the increased area of 

increased head d i f f e r e n c e i s s u f f i c i e n t to induce leakage 

through the c o n f i n i n g beds equal to the pumpage. Results of 

both the A and B aquif e r t e s t s i n d i c a t e d a l i m i t e d amount of 

leakage occurred during pumping. Drawdown continued 

throughout the t e s t s and recovery of water l e v e l s a f t e r the 

pumping ceased occurred slowly i n d i c a t i n g that water had been 

withdrawn p r i m a r i l y from storage. 
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Table 4.3 Slug Test Results 

Monitor 
Well No. Aqui f e r 

Hydraulic C o n d u c t i v i t y 
Bouwer Hvorslev 

feet/day 

Open Well Packer Tests 

MW-15S S 23.1 24 . 4 
MW-20S S 0.7 0.4 
MW-16A S 3.5 3.9 
MW-13A A 44.9 65.1 
MW-14A A 6.3 8.1 
MW-15A A 40.3 42.6 
MW-2OA B 75.7 61.1 

Cased Well Tests 

MW-16A S 0.2 
MW-6A A 87 135.5 
MW-7A A 0.042 
MW-8 A A 14.3 17.8 
MW-14A A 6.0 7. 3 
MW-15A A 7.6 10.9 
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Table 4.4 Results of Aquifer Test Analyses 

Well Distance from 
Number T r a n s m i s s i v i t y S t o r a t i v i t y Pumping Wells 

gpd/ft f t 

A A q u i f e r (pumping w e l l 8A) 

6AA 2,900 2.43 x 10~ 4 345 
9A 2,600 2.3 x 10" 3 76 
15A 2,800 2.46 x 10" 4 193 

B A q u i f e r (pumping w e l l 8B) 

6B 1 7 222,000 5.67 x IO" 4 345 
9B 254,000 6.83 x 10" 3 76 
15B 326,000 1.07 x 10" 3 193 
16B 194,000 3.43 x 10" 4 439 
26B 181,000 2.16 x 10" 4 654 
27B 258,000 1.83 x 10" 4 629 

1/ Corrected for barometric e f f i c i e n c y 

569/4 
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The mathematical concepts on which aqu i f e r t e s t analyses 

are based include the assumptions that the a q u i f e r i s 

i s o t r o p i c , homogeneous, and of i n f i n i t e a r e a l extent. 

C l e a r l y , the A and B a q u i f e r s i n The Dalles area do not meet 

these c r i t e r i a . P r e c i s e a n a l y t i c a l s o l u t i o n s , t h e r e f o r e , 

have not been obtained. I n t e r p r e t a t i o n of the data, however, 

do provide reasonable, i n t e r n a l l y consistent values for 

a q u i f e r c h a r a c t e r i s t i c s , and, i n conjunction with knowledge 

of l o c a l geology, a f f o r d an understanding of the ground-water 

flow regime i n the area. 

The geologic s e t t i n g of the A and B a q u i f e r s suggests 

that ground-water flow may be a f f e c t e d to the northeast by 

the Chenoweth f a u l t and to the east by the Columbia R i v e r , 

whose channel i s i n c i s e d through both a q u i f e r s . Although 

f a u l t s commonly serve as ground-water conduits and r i v e r s 

commonly are i n h y d r a u l i c connection with adjacent a q u i f e r s , 

both serving as recharge l i n e s , p l o t s of drawdown data i n the 

A and B t e s t s suggest that t h i s i s not the case i n The D a l l e s 

area and that the f a u l t and r i v e r may form impermeable 

boundaries. Ground-water p e r c o l a t i o n through the f a u l t zone 

may have r e s u l t e d i n p r e c i p i t a t i o n of minerals that have 

e f f e c t i v e l y sealed the f r a c t u r e zones. Clay minerals of the 

montmorillonite group are a common weathering product of the 

CRBG. These cl a y s are noted for t h e i r capacity to s w e l l when 

wet and may have formed an impermeable seal i n the r i v e r 

bottom. 

The l i n e a r increase of drawdown with time, as shown i n 

the l o g - l o g graphs of Appendix G, s t r o n g l y suggests imperme­

able Boundaries and only s l i g h t recharge i n response to 

pumping. The data from observation w e l l s used i n the t e s t s 

of the A and B a q u i f e r s suggest that impermeable boundaries 

may e x i s t at distances of about 2,400 and 13,000 f t from the 

pumped w e l l . The idea that the f a u l t and the r i v e r comprise 
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impermeable boundaries to both a q u i f e r s , though s t r o n g l y 

supported by a q u i f e r - t e s t analyses, must remain a hypothesis. 

Pumping from the B aq u i f e r ( w e l l MW-8B) appeared to have 

an e f f e c t on the wa t e r - l e v e l trend i n the A aqu i f e r as shown 

by the hydrograph of w e l l MW-8A i n Appendix G. No method i s 

known f o r c a l c u l a t i n g leakage through a co n f i n i n g bed except 

by i n t e r p r e t a t i o n of the e f f e c t s noted i n the pumped a q u i f e r . 

In the case of the B aq u i f e r t e s t , the strong i n d i c a t i o n s of 

impermeable boundaries e f f e c t i v e l y masked any e f f e c t s of 

leakage. 

4.6 GROUND-WATER MOVEMENT 

Ground-water flow through b a s a l t i s t y p i c a l l y through 

f r a c t u r e s w i t h i n the rock. Newcomb (1969) has documented the 

e f f e c t of geologic s t r u c t u r e on the movement of water i n 

ba s a l t a q u i f e r s . According to these s t u d i e s , f o l d s and 

f a u l t s may i s o l a t e segments of a q u i f e r s , thus d i s r u p t i n g 

t h e i r h y d r a u l i c c o n t i n u i t y . Tectonic s t r u c t u r e s lead to 

i n c l i n a t i o n of aq u i f e r s and formation of b a r r i e r s to l a t e r a l 

p e r c o l a t i o n and paths f o r v e r t i c a l movement. 

The measured h y d r a u l i c c o n d u c t i v i t i e s associated with 

the A and B aq u i f e r s are predominantly due to primary 

p o r o s i t y which i s a r e s u l t of the subaqueous d e p o s i t i o n of 

b a s a l t . The high h y d r a u l i c c o n d u c t i v i t y of the DGWR i s 

ass o c i a t e d with the flow b r e c c i a top of the Sand Hollow Flow. 

F r a c t u r i n g (secondary p o r o s i t y ) of these water-bearing zones 

i s not a n t i c i p a t e d to s i g n i f i c a n t l y increase the h y d r a u l i c 

c o n d u c t i v i t y w i t h i n the u n i t s and flow through these u n i t s 

should be as flow through porous media. 

Ground-water flow w i t h i n the S aquifer i s p r i m a r i l y 

c o n t r o l l e d by the presence and character of the Byron 

Interbed, a sedimentary u n i t . Cooling f r a c t u r e s w i t h i n the S 
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a q u i f e r create a f r a c t u r e - n e t , l a c k i n g a p r e f e r e n t i a l 

o r i e n t a t i o n . 

Based on the above d i s c u s s i o n , ground water and 

p o t e n t i a l contaminant migration can be evaluated and 

described under porous media assumptions. P o t e n t i a l l y , 

f r a c t u r i n g would have the greatest impact on v e r t i c a l ground­

water flow by enhancement of the per m e a b i l i t y of the 

co n f i n i n g u n i t s which separate the a q u i f e r s . I f present, 

f r a c t u r e s of t h i s nature would impact the potentiometric 

d i s t r i b u t i o n nearby and, i n areas of shallow ground-water 

degradation, be r e f l e c t e d i n the chemistry of ground water i n 

lower hydrogeologic u n i t s . The o l d cathode waste management 

area i s the only area where these c h a r a c t e r i s t i c s are 

observed and s i g n i f i c a n t f r a c t u r i n g i s i n d i c a t e d . 

Numerous potentiometric maps were made based on water-

l e v e l measurements from monitor w e l l s i n s t a l l e d at the s i t e 

i n order to determine the d i r e c t i o n of ground-water movement 

and the hy d r a u l i c r e l a t i o n s h i p between the various a q u i f e r 

systems (Appendix G). Movement i s predominantly h o r i z o n t a l 

i n the a q u i f e r s , although the p o t e n t i a l for ground-water 

movement i n b a s a l t s underlying the MMRF s i t e i s als o 

v e r t i c a l l y downward. In the aquif e r systems underlying the 

MMRF, poten t i o m e t r i c l e v e l s are gen e r a l l y highest i n the more 

shallow a q u i f e r s , becoming p r o g r e s s i v e l y lower i n the deeper 

a q u i f e r s . Seasonally, ground-water l e v e l s are higher i n the 

DGWR than i n the B aqu i f e r and ground-water flow p o t e n t i a l i s 

from the DGWR to the B a q u i f e r . 

The d e s c r i p t i o n of ground-water movement i n each a q u i f e r 

i s based on a v a i l a b l e data; these data i n d i c a t e that the 

general d i r e c t i o n of ground-water flow i s not l i k e l y to vary 

s i g n i f i c a n t l y . However, d e t a i l s presented i n the d e s c r i p t i o n 

of ground-water flow are l i k e l y to vary due to temporal 
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d i f f e r e n c e s i n ground-water conditions and d i f f e r e n c e s i n 

i n t e r p r e t a t i o n of e x i s t i n g data. 

4.6.1 Recharge/Discharge 

Recharge i n The D a l l e s area i s l i m i t e d by low annual 

p r e c i p i t a t i o n and high p o t e n t i a l e v a p o t r a n s p i r a t i o n . The 

OWRB (1965, p. 110) estimated about 1 inch per year ( i n / y r ) 

of ground-water recharge i n the F i f t e e n m i l e Creek watershed, 

which includes the more a r i d eastern part of the Wasco area. 

Newcomb (1969, p. 24) suggested that recharge i n the more 

humid Mosier Creek watershed i s between 1 and 3 i n / y r . 

Consequently, the recharge rate i n the Dalles area i s e s t i ­

mated to be between 1 and 1.5 i n / y r , a value c h a r a c t e r i s t i c 

of semi-arid regions. 

P o t e n t i a l recharge i s greatest i n the winter months. 

During December and January, average monthly p r e c i p i t a t i o n i s 

highest, the average temperature i s about 34°F, and evapora­

t i o n p o t e n t i a l i s r e l a t i v e l y low. P r e c i p i t a t i o n during these 

months i s g e n e r a l l y i n the form of snow. Melting of the snow 

provides a source of water over a longer period of time, 

which enhances recharge p o t e n t i a l i n areas c h a r a c t e r i z e d by a 

low i n f i l t r a t i o n r a t e . 

The cumulative moisture d e f i c i t for The Dalles (see 

Section 2.2) i n d i c a t e s very l i t t l e a v a i l a b l e recharge for the 

l o c a l ground-water system. Recharge p o t e n t i a l i s greatest at 

l o c a t i o n s where the substrate e x h i b i t s a high i n f i l t r a t i o n 

rate and where there i s minimal vegetative cover such as i n 

areas that have been f i l l e d . 

Table 4.5 presents the recharge/discharge r e l a t i o n s h i p s 

based on e v a l u a t i o n of h y d r a u l i c head d i s t r i b u t i o n s among the 

various a q u i f e r s underlying the MMRF. In general, ground­

water flow i s p r i m a r i l y h o r i z o n t a l with p o t e n t i a l downward 
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Table 4.5 Potential Recharge/Discharge Relationships 

Aquifer 
Potential 
Recharge From: 

Potential 
Discharge To: 

Perched Water Precipitation 
Landfill ditch 
North ditch 
Underground pipes 

S-aquifer 
Landfill ditch 
Allu v i a l aquifer 
Discharge channel 
Seeps 
Hardpitch sump 

All u v i a l Aquifer Precipitation 
S-aquifer 
Perched water 
Runoff 
Columbia River 

Wells 
A and B aquifers 
Columbia River 

S Aquifer Precipitation 
Perched water 
Recycle pond 
Discharge channel 

Columbia River 
A aquifer 

A Aquifer Columbia River 
S aquifer 
A l l u v i a l aquifer 

Wells 
B aquifer 

B Aquifer Columbia River 
A aquifer 
DGWR (seasonally) 

Wells 
DGWR 
A aquifer (seasonally) 

DGWR Columbia River 
B aquifer (seasonally) 

Wells 
Lower aquifers 
B aquifer (seasonally) 

569/13 
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movement of water from upper aq u i f e r s to lower a q u i f e r s . 

During the winter months when ground-water withdrawals from 

the DGWR are reduced, an upward ground-water flow p o t e n t i a l 

from the DGWR to the B aq u i f e r has been observed. 

4.6.2 Perched Water 

Movement of the perched water i s c o n t r o l l e d by topo­

graphy of the bedrock underlying the f i l l , the degree of 

hy d r a u l i c l o a d i n g , and the h y d r a u l i c p r o p e r t i e s of the f i l l 

m a t e r i a l . The bedrock surface underlying the perched zone 

g e n e r a l l y slopes to the east and northeast, and migration of 

perched water also should be i n these d i r e c t i o n s . 

A component of perched water i s apparently i n t e r c e p t e d 

by the hard-pitch sump. The numerous NPDES a n a l y t i c a l 

r e s u l t s (Appendix A) from the hard-pitch sump water i n d i c a t e 

c h e m i s t r i e s s i m i l a r to those of the perched water from the 

t e s t p i t s . 

The perched water would be expected to flow preferen­

t i a l l y along underground u t i l i t i e s and u l t i m a t e l y discharge 

to the discharge channel. The sewers at the ol d cathode 

waste management area were l a i d i n excavations b l a s t e d i n t o 

the bedrock and f i l l e d with sand. The excavations slope 

toward and terminate at the discharge channel to accommodate 

the g r a v i t y - f l o w sewer l i n e s . 

Some of the perched water migrates downward and 

recharges the S a q u i f e r . A zone of enhanced v e r t i c a l f r a c ­

t u r i n g near the o l d cathode waste p i l e area may be an area of 

p r e f e r e n t i a l recharge of perched water to the S a q u i f e r . 

4-37 

GERAGHTY & MILLER. INC. 



4.6.3 A l l u v i a l A q u i f e r 

Potentiometric data from the a l l u v i a l a q u i f e r are not 

a v a i l a b l e . However, since the a q u i f e r i n t e r s e c t s Chenoweth 

Creek at a higher e l e v a t i o n than i t does the Columbia R i v e r , 

p o t e n t i a l ground-water flow i s expected to be to the south­

east from the creek toward the r i v e r . Potentiometric l e v e l s 

i n the a l l u v i a l a q u i f e r are a n t i c i p a t e d to be between the 

creek and the r i v e r , or about 75 f t msl. 

4.6.4 S A q u i f e r 

In the S a q u i f e r , ground water flows through j o i n t s and 

f r a c t u r e s w i t h i n the rock matrix. The rock matrix c o n s i s t s 

of the Lolo Flow and the s u b - a e r i a l p o r t i o n of the R o s a l i a 

Flow; columnar j o i n t s are most w e l l developed w i t h i n the base 

and top of these flows. Together with the i n t e r v e n i n g Byron 

Interbed, the flow top and bottom create a l a t e r a l l y 

continuous zone of enhanced permeability and p r e f e r e n t i a l 

ground-water flow. Below t h i s zone, f r a c t u r e density w i t h i n 

the S a q u i f e r decreases, as does bulk h y d r a u l i c c o n d u c t i v i t y . 

The decrease i n h y d r a u l i c c o n d u c t i v i t y impedes downward 

v e r t i c a l movement except i n areas of enhanced secondary 

f r a c t u r i n g . 

In the S a q u i f e r , ground-water flows to the east and 

northeast (Figure 4.8) to discharge to the Columbia River and 

the a l l u v i a l a q u i f e r . Ground-water movement through the S 

a q u i f e r i s i n f l u e n c e d by the geometry of the more permeable 

zone (flow top, i n t e r b e d , flow bottom). As shown on the 

geologic map (Figure 4.2) the outcrop pattern of the 

Rosa/Rosalia contact, corresponding to the zone of enhanced 

p e r m e a b i l i t y , does not extend to the Columbia River but 

terminates at the a l l u v i a l a q u i f e r . In f a c t , the outcrop 

represents a l o c a l discharge point for the S a q u i f e r , 

although flow continues eastward through l e s s permeable 
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rocks. Therefore, there i s a zone of decreased h y d r a u l i c 

c o n d u c t i v i t y ( i . e . , lower permeability) w i t h i n the S aq u i f e r 

between the MMRF and the Columbia River. The rate of 

ground-water flow through t h i s l e s s permeable zone i s 

c a l c u l a t e d to be approximately 1 ft/day based on a h y d r a u l i c 

c o n d u c t i v i t y of 2.1 ft/day (average c a l c u l a t e d at w e l l s 

MW-16A and MW-20S), a h y d r a u l i c gradient of 0.05, and an 

e f f e c t i v e p o r o s i t y of 0.10. Assuming a saturated thickness 

of the S aqu i f e r near the Columbia River of 50 f t , discharge 

from the S aq u i f e r to the Columbia River i s c a l c u l a t e d to be 

l e s s than 1 gpd/linear f o o t . 

L a t e r a l ground-water flow w i t h i n the S aquifer may be 

p r e f e r e n t i a l l y along the zone of enhanced p e r m e a b i l i t y , which 

extends to the a l l u v i a l a q u i f e r . Based on a h y d r a u l i c 

c o n d u c t i v i t y of 23.7 ft/day (average c a l c u l a t e d at w e l l 

MW-15S), a h y d r a u l i c gradient of 0.05, and an e f f e c t i v e 

p o r o s i t y of 0.10, ground-water flow rates along t h i s 

p r e f e r e n t i a l d i r e c t i o n are c a l c u l a t e d to be about 12 ft/day. 

The value of 0.10 for e f f e c t i v e p o r o s i t y of the S aquif e r was 

estimated based on published values for fr a c t u r e d b a s a l t 

( F e t t e r , 1980, and Morris and Johnson, 1967) and considering 

the enhanced e f f e c t i v e p o r o s i t y associated with the Byron 

Interbed. 

Some ground water w i t h i n the S aquif e r migrates 

v e r t i c a l l y downward and provides recharge to the A a q u i f e r , 

the r e l a t i v e amount of the recharge v a r i e s s p a t i a l l y , based 

on f r a c t u r e d e n s i t y . A zone of enhanced recharge appears to 

be l o c a t e d beneath the salvage area and o l d cathode waste 

p i l e , where geologic samples from w e l l MW-8A i n d i c a t e some 

t e c t o n i c f r a c t u r i n g . In a d d i t i o n , potentiometric l e v e l s i n 

the S aq u i f e r are lower i n t h i s area ai.d c a l c u l a t e d h y d r a u l i c 

c o n d u c t i v i t i e s of the aq u i f e r are higher. 
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4.6.5 A Aqui f e r 

Ground-water flow i n the A a q u i f e r , as i n the S a q u i f e r , 

i s c o n t r o l l e d by the r e l a t i v e d i s t r i b u t i o n of h y d r a u l i c 

c o n d u c t i v i t y throughout the a q u i f e r . The per m e a b i l i t y of the 

A a q u i f e r i s greatest i n areas where the upper p i l l o w lava 

horizon (glass zone) i s best developed (e.g., beneath the 

l a n d f i l l and former cathode waste management area). In t h i s 

area, w e l l y i e l d s on the order of 10 to 15 gpm are common. 

In c o n t r a s t , y i e l d s of A aq u i f e r w e l l s to the south are l e s s 

than one gpm and the A aq u i f e r i s gene r a l l y i n d i s t i n g u i s h a b l e 

both h y d r a u l i c a l l y and l i t h o l o g i c a l l y from the S a q u i f e r . 

The d i s t r i b u t i o n of potentiometric head w i t h i n the A 

aq u i f e r a l s o shows t h i s h y d r a u l i c c o n d u c t i v i t y contrast 

(Figure 4.9). Water l e v e l s i n the A aquif e r beneath the o l d 

cathode waste pad are on the order of 25 to 35 f t mean sea 

l e v e l , whereas water l e v e l s i n the A aquifer to the south are 

much higher, on the order of 75 to 85 f t msl. 

The ground-water flow d i r e c t i o n i n the A aq u i f e r i s 

predominantly from east to west, but fur t h e r to the south, 

the flow i s to the northwest (Figure 4.9). This flow pattern 

may be in f l u e n c e d by recharge from the a l l u v i a l a q u i f e r , and 

along the zone of p r e f e r e n t i a l f r a c t u r i n g w i t h i n the S 

aq u i f e r (near the salvage area). 

Based on a h y d r a u l i c c o n d u c t i v i t y of about 15 ft/day 

c a l c u l a t e d from h y d r a u l i c t e s t data, a h y d r a u l i c gradient of 

0.005, and an assumed e f f e c t i v e p o r o s i t y of 0.20, ground­

water flow rates w i t h i n the A aquif e r are c a l c u l a t e d to be 

approximately 0.3 ft/day. The e f f e c t i v e p o r o s i t y of 0.20 i s 

an estimate based on published data for v e s i c u l a r b a s a l t 

( F e t t e r , 1980, and Morris and Johnson, 1967). 
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Figure 4.9 Potentiometric Surface of 
the A Aquifer, August 23, 
1987. 

CLIENT NAME: 

Martin Marietta Corporation 
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4.6.6 B Aquif e r 

Ground-water flow w i t h i n the B aquifer i s g e n e r a l l y to 

the west and south from the MMRF. However, h y d r a u l i c 

gradients across the s i t e i n the B aquifer are very low 

(Figure 4.10) and the measured potentiometric l e v e l s are 

subject to in f l u e n c e s such as pumping for i r r i g a t i o n and 

p u b l i c supply, changes i n r i v e r stage, and changes i n 

barometric pressure (Appendix G) . Based on a h y d r a u l i c 

c o n d u c t i v i t y of about 1,300 ft/day, an e f f e c t i v e p o r o s i t y of 

0.20, and a h y d r a u l i c gradient of 0.0002, ground-water flow 

rates w i t h i n the B aq u i f e r are c a l c u l a t e d to be on the order 

of 1.3 ft/ d a y . The e f f e c t i v e p o r o s i t y of 0.20 i s an estimate 

based on published data for v e s i c u l a r b a s a l t ( F e t t e r , 1980, 

and Morris and Johnson, 1967). 

4.6.7 D a l l e s Ground Water Reservoir 

No potentiometric maps of the DGWR have been prepared 

with the exception of the e a r l y work done by Grady (1983). 

L i t t l e information on potentiometric l e v e l s i n the DGWR 

e x i s t s i n the v i c i n i t y of the MMRF. The l o c a l ground-water 

flow d i r e c t i o n i n the DGWR i s toward the on-s i t e production 

w e l l s , when they are operating. Pumping of the numerous 

i r r i g a t i o n w e l l s l o c a t e d to the west of the MMRF would 

i n f l u e n c e the ground-water movement i n the DGWR and a 

component of flow i n the DGWR would be toward these w e l l s . 

The i n f l u e n c e of these w e l l s i s also apparent i n the 

long-term d e c l i n e i n water l e v e l s i n the DGWR over the l a s t 

30 years. 

4.7 GROUND-WATER QUALITY 

The ground-water q u a l i t y at the MMRF has been impacted 

near s e v e r a l p o t e n t i a l source areas. The primary 

c o n s t i t u e n t s associated with the observed ground-water 
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Figure 4.10 Potentiometric Surface 
of the B A q u i f e r , 
August 13, 1987. 

Martin M a r i e t t a Corporation 
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q u a l i t y degradation are t o t a l and free cyanide, f l u o r i d e , 

sodium, and s u l f a t e . The observed impacts are greatest i n 

the shallow a q u i f e r s and decrease with depth. The primary 

p o t e n t i a l source areas which contribute to ground-water 

q u a l i t y degradation at the s i t e are the l a n d f i l l , former 

cathode waste management area, scrubber sludge ponds, and the 

area near the alumina unloading b u i l d i n g . 

Ground-water q u a l i t y impacts associated with the 

l a n d f i l l are p r i m a r i l y r e l a t e d to overland flow of l a n d f i l l 

leachate to the a l l u v i a l a q u i f e r p r i o r to c o n s t r u c t i o n of the 

leachate c o l l e c t o r system. L a n d f i l l leachate flowed north 

and north-east, p r o v i d i n g recharge to the a l l u v i a l a q u i f e r . 

The a s s o c i a t e d wash c o n s t i t u e n t s migrated from the a l l u v i a l 

a q u i f e r to the A and B a q u i f e r s through which they began 

migrating southward, back under the l a n d f i l l . Construction 

of the leachate c o l l e c t i o n system has e l i m i n a t e d t h i s 

contaminant pathway. 

Ground-water degradation at the former cathode waste 

management area ( p r i m a r i l y the o l d cathode waste p i l e and the 

salvage area) i s greatest i n the perched water found i n the 

f i l l m a t e r i a l . Enhanced f r a c t u r i n g of the b a s a l t i n t h i s 

area p o t e n t i a l provides a pathway for downward migration of 

waste c o n s t i t u e n t s to underlying a q u i f e r s . However, the 

degree of ground-water q u a l i t y degradation i n t h i s area 

g e n e r a l l y decreases and becomes l e s s widespread with depth; 

ground-water q u a l i t y of the DGWR (the deepest aqu i f e r tested) 

i s w i t h i n ARARs. 

Ground-water q u a l i t y degradation associated with the 

scrubber sludge ponds i s p r i m a r i l y r e s t r i c t e d to the 

uppermost (S) a q u i f e r . The potentiometric surface of the S 

a q u i f e r i s above the bottom of the onds and a p o r t i o n of the 

scrubber sludge i s saturated. Recharge of the S a q u i f e r 

through the scrubber sludge co n t r i b u t e s to transport of waste 
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c o n s t i t u e n t s ( p r i m a r i l y f l u o r i d e and s u l f a t e ) to the S 

aq u i f e r i n t h i s area. 

The other area of i d e n t i f i e d ground-water q u a l i t y 

impacts i s near the alumina unloading b u i l d i n g , h y d r a u l i c a l l y 

upgradient of the new cathode waste pad. Cathode waste 

m a t e r i a l was used to f i l l topographic depressions near the 

alumina unloading b u i l d i n g and i s the apprarent source of the 

impacts i d e n t i f i e d . The observed impacts are g e n e r a l l y 

r e s t r i c t e d to the uppermost (S) a q u i f e r , although some 

degradation of ground-water q u a l i t y ( p r i m a r i l y cyanide) i n 

lower a q u i f e r s i s observed. 

4.7.1 Geochemical Evaluation of Native Ground Waters 

D e t a i l e d studies have been conducted to assess the 

e v o l u t i o n of ground-water chemistry w i t h i n the CRBG. A paper 

by the USGS (Newcomb, 1972), the most comprehensive work to 

date, i n d i c a t e s that two predominant changes occur i n the 

ground water with time and depth. As the water gets o l d e r , 

there i s a decrease i n the concentration of calcium, 

magnesium, and bicarbonate and an increase i n the concentra­

t i o n of sodium and potassium. Calcium, magnesium, and 

bicarbonate are d i s s o l v e d i n the water due to i n t e r a c t i o n 

w ith the s o i l environment. As the ground water enters the 

b a s a l t a q u i f e r system, d i s s o l u t i o n of b a s a l t i c glass 

introduces sodium and potassium, and calcium and magnesium 

are p r e c i p i t a t e d as carbonates or incorporated i n t o c l a y s . 

The r e s u l t i s a predominantly sodium-bicarbonate ground 

water. 

Figure 4.11 presents a Piper diagram prepared from 

a n a l y t i c a l r e s u l t s of the 10 monitor and 3 production w e l l s 

b e l i e v e d to be unaffected by plant a c t i v i t i e s and includes a 

dashed l i n e which incorporates the average values for data 

c o l l e c t e d by Newcomb. Although a l l of the data f a l l w i t h i n 
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the boundaries of the dashed l i n e and are considered t y p i c a l 

fo r b a s a l t ground water, a geochemical evaluation of the 

ground water from a l l o n - s i t e monitor wells does not provide 

s u f f i c i e n t information to i n t e r p r e t the d i r e c t i o n of ground­

water movement or mixing between a q u i f e r s . 

4.7.2 D i s t r i b u t i o n of Constituents 

The d i s t r i b u t i o n of co n s t i t u e n t s i n the ground-water 

systems underlying the MMRF has been described from the 

a n a l y t i c a l r e s u l t s of samples from the monitor-well network. 

Two sets of ground-water samples were c o l l e c t e d during the 

RI, during the summers of 1986 and 1987. A t o t a l of 60 

ground-water samples, 6 aqueous f i e l d blanks, and 46 aqueous 

t r i p blanks were c o l l e c t e d from August 26 to September 4, 

1986. The analyses performed included base/neutral a c i d 

e x t r a c t a b l e organics, v o l a t i l e organic compounds, PCBs, t o t a l 

and free cyanide, f l u o r i d e , sodium, a r s e n i c , EP t o x i c i t y 

metals and s u l f a t e . 

During the period from J u l y 27 to September 2, 1987, 101 

ground-water samples, 14 f i e l d blanks, and 2 t r i p blanks were 

c o l l e c t e d i n accordance with the sampling p r o t o c o l presented 

i n the RI/FS work plan. Samples were submitted to Versar, 

Inc., and Compuchem Labo r a t o r i e s . Samples submitted to both 

l a b o r a t o r i e s were analyzed for t o t a l and free cyanide, 

f l u o r i d e , s u l f a t e , and sodium. Samples submitted to Versar 

were a l s o analyzed f or calcium, magnesium, potassium, 

c h l o r i d e , bicarbonate, and carbonate. 

The r e s u l t i n g a n a l y t i c a l data (Table 4.6 and Appendix C) 

have been v a l i d a t e d as described i n the QA/QC summary 

(Appendix D). i n a d d i t i o n , numerous ground-water analyses of 

samples from the monitor w e l l s at the MMRF had been performed 

p r i o r to implementation of the RI. These data, where 

u t i l i z e d , were l i m i t e d to q u a l i t a t i v e i n t e r p r e t a t i o n s and no 
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Table 4.6 Ground-Water Quality Analytical Results 
( a l l results expressed in milligrams per l i t e r ) 

Well Free Total Sodium 
No. Date Cyanide Cyanide Total Fluoride Sulfate 

MW-2S 08/04/87 <0.01 <0.01 10.5 <1.0 33 

MW-3S 08/09/87 <0.01 <0.01 28.3 <1.0 <5.0 

MW-4S 08/28/86 <0.01 0.049 15 0.83 98 
MW-4S 08/02/87 <0.01 0.024 12.9 <1.0 25J 

MW-5S 08/09/87 0.215 34.10 1270 57 680 

MW-8S 08/03/87 0.136 7.07 57.2 <1.0 103 

MW-9S 08/04/87 0.060 16.7 82.2 1.9 41 

MW-15S 08/26/86 0.049 0.67 59 7.4 136 
MW-15S 08/03/87 0.095 0.312 59.7 4.7 74 

MW-17S 08/26/86 0.024 0.78 22 1.3 143 
MW-17S 07/30/87 0.027 0.549 31.4 <1.0 1130J 

MW-18S 08/28/86 <0.01 0.05 16 12 617 
MW-18S 08/08/87 <0.01 0.05 374 7.1 1810 

MW-19S 08/26/86 <0.01 <0.01 184 8.9 573 
MW-19S 07/30/87 <0.01 <0.01 246 4.8 117J 

MW-2OS 08/26/86 <0.01 <0.01 39 0.98 37 
MW-2OS 07/30/87 <0.01 <0.01UJ 49.9 <1.0 66J 

MW-21S 08/27/86 <0.01 <0.01 45 12 74 
MW-21S 08/05/87 <0.01 0.014 90.5 5.5 871 

MW-22S 08/02/87 0.012 0.112 32.0 <1.0 46J 

MW-23S 07/31/87 0.015 0.18J 18.8 <1.0 16J 

MW-24S 08/03/87 <0.01 <0.01 3.93 <1.0 10 

MW-25S 08/08/87 <0.01 <0.01 11.3 <1.0 33 

MW-26S 07/31/87 <0.01 <0.01UJ 32.3 <1.0 22J 

MW-27S 08/03/87 0.077 0.795 15.7 <1.0 32 
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Table 4.6 (continued) 

Well Free Total Sodium 
No. Date Cyanide Cyanide Total Fluoride Sulfat 

MW-28S 08/07/87 <0.01 <0.01 82.6 <1.0 123 

MW-29S 08/08/87 <0.01 <0.01 658.0 <1.0 3020 

MW-30S 08/24/87 <0.01 <0.01 84.8 <1.0 924 

MW-31S 08/27/87 <0.01 0.041 58.5 1.0 153 

MW-32S 08/24/87 0.052 1.02 24.5 2.5 45 

MW-lA 08/29/86 <0.01 <0.01 49 0.93 48 
MWR-lA 08/16/87 <0.01 <0.01J 56.4 <1.0 36 

MW-2A 08/29/86 <0.01 0.13 23 0.65 20 
MWR-2A 08/15/87 0.038 0.608J 31.7 <1.0 91 

MW-3 A 08/27/86 <0.01 <0.01 24 0.97 30 
MWR-3A 08/09/87 <0.01 0.016 23.0 <1.0 38 

MW-4A 08/28/86 <0.01 0.059 15 0.86 135 
MWR-4A 08/09/87 <0.01 0.213 29.1 <1.0 64 

MW-5 A 08/28/86 <0.01 <0.01 17 0.51 37 
MW-5 A 08/07/87 <0.01 0.041 17.1 <1.0 59 

MW-6A 09/03/86 0.23 0.38 23 1.1 9.1 
MW-6AA 09/01/86 0.036 0.32 24 0.97 8.3 
MW-6AA 08/12/87 0.062 0.557 34.9 1.0 22 

MW-7A 08/28/86 0.086 0.46 19 1.2 18 
MWR-7A 08/05/87 0.099 0.803 29.0 <1.0 28 

MW-8A 09/03/86 0.48 1.1 38 1.0 44 
MWR-8A 07/28/87 0.030J 1.78 42.7 <1.0 76 

MW-9A 09/03/86 0.053 1.8 42 1.4 40 
MWR-9A 08/04/87 0.132 12.6 167 10 100 

MW-1OA 08/28/86 <0.01 <0.01 24 0.58 22 
MW-1OA 08/06/87 <0.01 0.020 26.8 <1.0 21 

MW-12A 08/27/86 0.013 0.084 25 0.90 13 
MW-12A 07/28/87 <0.01 0.096J 29.5 <1.0 <5.0 

MW-13A 08/27/86 <0.01 0.13 20 0.85 20 
MW-13A 07/29/87 0.037 0.241 20.9 <1.0 21J 
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Table 4.6 (continued) 

Well Free Total Sodium 
No. Date Cyanide Cyanide Total Fluoride Sulfat 

MW-14A 08/26/86 <0.01 0.026 29 1.3 14 
MW-14A 07/29/87 <0.01 0.023 31.8 1.0 77 

MW-15A 08/26/86 0.049 2.4 33 1.1 52 
MW-15A 08/11/87 0.052 0.270 37.0 <1.0 44 

MW-16A 08/28/86 <0.01 0.033 43 1.2 22 
MW-16A 08/11/87 0.012 0.040J 41.2 <1.0 25 

MW-18A 08/29/87 <0.01 <0.01J 46.7 <1.0 81 

MW-20A 08/27/86 <0.01 <0.01 34 1.0 35 
MW-20A 08/05/87 <0.01 <0.01 38.4 <1.0 27 

MW-24A 08/12/87 <0.01 <0.01 44.7 1.0 23 

MW-26A 08/10/87 0.025 0.312J 61.2 <1.0 75 

MW-27A 08/10/87 0.016 0.200J 28.1 1.0 29 

MW-33A 08/24/87 0.085 1.50 43.2 <1.0 71 

MW-34A 08/27/87 <0.01 <0.01 61.4 <1.0 27 

MW-lB 08/28/86 <0.01 <0.01 30 1.3 22 
MWR-lB 08/17/87 <0.01 <0.01 41.1 <1.0 17 

MW-2B 08/28/86 0.093 0.57 35 0.9 80 
MWR-2B 08/16/87 0.034 1.180J 48.3 <1.0 100 

MW-3B 08/28/86 <0.01 0.026 26 1.3 24 
MWR-3B 08/13/87 <0.01 0.024J 31.3 <1.0 22 

MW-4B 08/13/87 <0.01 <0.01J 33.9 <1.0 54 

MW-6B 09/03/86 0.47 1.2 26 0.93 83 
MWR-6B 07/28/87 0.051 1.12J 25.1 <1.0 73 

MW-7B 09/01/86 0.042 0.77 22 0.71 78 
MWR-7B 08/16/87 0.035 0.953J 27.7 <1.0 99 

MW-8B 09/03/86 0.19 0.48 25 1.8 67 
MWR-8B 07/27/87 0.062J 1.22 43.7 2.9 61 

MW-9B 09/04/86 0.54 1.0 32 1.4 50 
MWR-9B 08/15/87 0.057 10.OOJ 195.0 20 92 
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Table 4.6 (continued) 

Well Free Total Sodium 
No. Date Cyanide Cyanide Total Fluoride Sulfate 

MW-12B 
MW-12B 

08/27/86 
07/29/87 

0.01 
0.02 

0.08 
0.099J 

16 
17.4 

0.65 
<1.0 

22 
9.4 

MW-13B 
MW-13B 

08/27/86 
07/29/87 

0.025 
0.022 

0.15 
0.138 

13 
14.8 

0.82 
<1.0 

24 
20J 

MW-14B 
MW-14B 

08/26/86 
07/29/87 

0.058 
0.041 

0.30 
0.641 

24 
24.8 

0.86 
<1.0 

73 
72J 

MW-15B 
MW-15B 

08/26/86 
08/11/87 

0.052 
0.095 

1.5 
0.802 

22 
23.8 

1.1 
<1.0 

97 
88 

MW-16B 
MW-16B 

08/28/86 
08/23/87 

0.030 
0.015 

1.1 
0.260 

34 
25.1 

4.2 
1.4 

31 
21 

MW-18B 08/17/87 <0.01 <0.01J 67.0 <1.0 271 

MW-26B 08/20/87 0.047 1.28 32.5 <1.0 83 

MW-27B 08/26/87 0.033 0.716 27.0 <1.0 34 

MW-33B 08/24/87 0.10 0.955 21.7 <1.0 145 

MW-34B 08/25/87 <0.01 0.013 37.2 <1.0 12 

MW-1C 08/28/86 <0.01 <0.01 27 1.0 22 

MW-3C 09/02/86 <0.01 0.036 28 0.9 24 

MW-11D 
MW-llD 

08/28/86 
08/09/87 

<0.01 
<0.01 

<0.01 
<0.01UJ 

17 
16.4 

0.77 
<1.0 

24 
22 

MW-16D 
MW-16D 

08/27/86 
08/11/87 

<0.01 
<0.01 

<0.01 
<0.01UJ 

17 
17.9 

0.68 
<1.0 

24 
21 

PW-1 
PW-1 

09/02/86 
08/11/87 

<0.01 
<0.01 

<0.01 
<O.OIUJ 

29 
29.3 

1.2 
<1.0 

34 
29 

PW-3 
PW-3 

09/01/86 
08/11/87 

<0.01 
<0.01 

<0.01 
<0.01UJ 

33 
38.9 

1.1 
<1.0 

29 
20 

PW-4 
PW-4 

09/02/86 
08/11/87 

<0.01 
<0.01 

0.01 
<0.01UJ 

23 
23.8 

0.72 
<1.0 

21 
16 

Animal Shelter 
09/03/86 
08/11/87 

<0.01 
<0.01 

0.036 
0.023 

7.4 
6.23 

0.38 
<1.0 

26 
15 
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Table -4.6 (continued) 

Well Free Total Sodium 
No. Date Cyanide Cyanide Total Fluoride Sulfate 

Chenoweth No. 1 
09/04/86 
08/13/87 

<0.01 
<0.01 

<0.01 
<0.01 

43 
47.4 

1.1 
<1.0 

42 
40 

Chenoweth No. 3 
09/04/86 
08/13/87 

<0.01 
<0.01 

<0.01 
<0.01 

39 
44.8 

1.0 
1.0 

32 
30 

Klindt 09/02/86 
08/11/87 

0.013 
0.037 

0.46 
0.177 

10 
14.0 

0.63 
<1.0 

49.5 
55 

Mt. Fir Lumber 
09/02/86 
08/11/87 

<0.01 
<0.01 

0.013 
<0.01 

19 
20.5 

1.1 
<1.0 

194 
125 

Recreation Well 
08/29/86 
08/06/87 

<0.01 
<0.01 

<0.01 
0.01 

36 
40.0 

1.3 
<1.0 

22 
33 

Rockline 09/03/86 
08/11/87 

<0.01 
0.023 

0.29 
0.336 

35 
4.16 

2.8 
2.2 

121 
105 

CRSWG-1 08/25/87 <0.01 <0.01 5.23 <1.0 11 

CCSWG-1 08/02/87 
CCSWG-2 08/24/87 

<0.01 
<0.01 

<0.01 
<0.01 

18.4 
6.0 

<1.0 
<1.0 

22 
9.0 

Residence Well 
08/19/87 <0.01 0.055 95.1 6.6 429 

8B Pump Test Start 
08/27/87 0.057 0.608 28.5 1.0 60 

8B Pump Test Middle 
08/29/87 0.026 0.402 18.5 <1.0 41 

8B Pump Test End 
08/30/87 0.038 0.457 18.9 <1.0 38 

0 CWP (Test Pit B) 
06/26/87 3.010 294.0 10500 3730 

3000 

Notes: J = value estimated because did not meet QC criteria 
U = value estimated because did not meet QC criteria and was below 

the detection limit 

569/8 
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data v a l i d a t i o n has been performed on pr e v i o u s l y c o l l e c t e d 

t e s t r e s u l t s . 

Several inorganic c o n s t i t u e n t s have been i d e n t i f i e d 

w i t h i n the perched water, the a l l u v i a l , S, A, and B a q u i f e r s , 

but not i n the DGWR. The i d e n t i f i e d waste c o n s t i t u e n t s 

included t o t a l and free cyanide, f l u o r i d e , sodium, and 

s u l f a t e . With few exceptions, the concentrations of these 

c o n s t i t u e n t s i n the p o t e n t i a l water-supply a q u i f e r s (A and B) 

are below ARARs. Highest c o n s t i t u e n t concentrations were 

i d e n t i f i e d i n perched water with p r o g r e s s i v e l y lower 

concentrations g e n e r a l l y i d e n t i f i e d w i t h i n the S, A, and B 

a q u i f e r s . 

Sodium, s u l f a t e , f l u o r i d e , t o t a l and free cyanide were 

i d e n t i f i e d i n samples of perched water. Fou-r separate areas 

co n t a i n i n g concentrations of c o n s t i t u e n t s above background 

were i d e n t i f i e d i n the S a q u i f e r : one near the l a n d f i l l and 

former cathode waste management areas; one near the alumina 

unloading b u i l d i n g area and the new cathode waste pad; one 

from the scrubber sludge ponds; and one from the recycle 

pond. The area containing constituent concentrations 

a s s o c i a t e d with the l a n d f i l l and former cathode waste 

management areas extends v e r t i c a l l y from the S to the B 

a q u i f e r , i n c l u d i n g the a l l u v i a l a q u i f e r , and i s ch a r a c t e r i z e d 

p r i m a r i l y by t o t a l cyanide; f l u o r i d e , s u l f a t e , sodium, and 

free cyanide are also present but more l o c a l i z e d i n d i s t r i b u ­

t i o n . The area con t a i n i n g constituent concentrations 

a s s o c i a t e d with the scrubber sludge ponds contains s u l f a t e , 

sodium, and f l u o r i d e with cyanides e s s e n t i a l l y absent and i s 

ge n e r a l l y r e s t r i c t e d to the S a q u i f e r . S u l f a t e and f l u o r i d e , 

below ARARs, were detected i n the B aquifer near the ponds. 

The c o n s t i t u e n t s associated with the area near the alumina 

unloading b u i l d i n g and the new cathode waste pad are t o t a l 

cyanide and some free cyanide, which are apparently 

r e s t r i c t e d to the S and A a q u i f e r s . The area containing 

4-54 

GERAGHTY & MILLER. INC. 



c o n s t i t u e n t concentrations associated with the recycle pond 

i s apparently very l o c a l i z e d and contains f l u o r i d e , sodium, 

and s u l f a t e . The ground-water q u a l i t y associated with the 

various a q u i f e r s i s described below. The di s c u s s i o n s 

reference the a n a l y t i c a l data from the summer of 1987, which 

represent the data from the reconstructed monitor w e l l s . 

4.7.2.1 Perched Water 

The perched water contains concentrations of t o t a l 

cyanide (294 mg/L), free cyanide (3.01 mg/L), f l u o r i d e (3000 

mg/L), sodium (10,500 mg/L), and PAHs i n one of the 

u n f i l t e r e d samples (summed at 0.255 mg/L) (Tables 3.2 and 

3.3). PAHs were not i d e n t i f i e d i n subsequent samples of 

perched water, whether f i l t e r e d or u n f i l t e r e d . 

4.7.2.2 A l l u v i a l A quifer 

Only the Animal Shelter w e l l uses the a l l u v i a l a q u i f e r 

as a source of supply. A n a l y t i c a l r e s u l t s of samples taken 

from the Animal Shelter w e l l i n August 1987 provide an 

i n d i c a t i o n of ground-water q u a l i t y i n the northwestern part 

of the a l l u v i a l a q u i f e r (Figure 4.12). Total cyanide 

concentration was reported at 0.023 mg/L; no free cyanide or 

f l u o r i d e was detected. Water samples from the quarry 

adjacent to the MMRF and located w i t h i n the a l l u v i a l a q u i f e r 

were c o l l e c t e d p r i o r to the RI. Although these analyses are 

not supported by s u f f i c i e n t q u a l i t y assurance documentation, 

l e v e l s of t o t a l and free cyanide and f l u o r i d e were reported 

as present. These samples were c o l l e c t e d p r i o r to construc­

t i o n of the l e a c h a t e - c o l l e c t i o n system and probably represent 

a component of l a n d f i l l runoff. The Rockline w e l l i s cased 

through the a l l u v i a l a q u i f e r and screened i n the underlying 

S e n t i n e l Gap flow. The cyanide concentrations i d e n t i f i e d at 

Rockline are apparently r e l a t e d to the plume w i t h i n the 
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EXPLANATION 
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PRODUCTION WELL 
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Figure 4.12 Water-Supply Well Water 
Quality. 

CLIENT NAME: 

Martin Marietta Corporation 
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a l l u v i a l a q u i f e r , p o s s i b l y r e s u l t i n g from leakage down the 

casing or downward ground-water flow. 

4.7.2.3 S Aqui f e r 

Four r e l a t i v e l y d i s t i n c t areas of elevated c o n s t i t u e n t 

concentrations with d i f f e r i n g chemical c h a r a c t e r i s t i c s , can 

be i d e n t i f i e d i n the S a q u i f e r (Figures 4.13, 4.14, 4.15, and 

4.16). These are s i t u a t e d near the l a n d f i l l and former 

cathode waste management area, recycle pond, scrubber sludge 

ponds, and i n the v i c i n i t y of the aluminum unloading b u i l d i n g 

and the new cathode waste pad area. 

The l a r g e s t of these areas i s associated with the 

l a n d f i l l area and the former cathode waste management area. 

The highest concentrations w i t h i n the area are located 

beneath the former cathode waste management area. This 

corresponds to the area of the S aqui f e r o v e r l a i n by perched 

water. This area i s c h a r a c t e r i z e d by t o t a l cyanide (up to 

16.7 mg/L) and s u l f a t e (up to 103 mg/L); f l u o r i d e concentra­

t i o n s were i d e n t i f i e d below the salvage area and at w e l l 

MW-32S (1.9 to 4.7 mg/L), but otherwise are reported at l e s s 

than l a b o r a t o r y d e t e c t i o n l i m i t s (1.0 mg/L). Free cyanide 

concentrations range from <0.010 to 0.136 mg/L. Maximum 

sodium concentrations were i d e n t i f i e d below the o l d cathode 

waste pad and salvage area ranged from 57.2 to 82.2 mg/L. 

The area c o n t a i n i n g elevated concentrations of t o t a l cyanide 

extends from the l a n d f i l l area eastward to the Columbia 

R i v e r , northward to the a l l u v i a l a q u i f e r , and south to the 

area of f l u o r i d e concentrations above background associated 

with the recycle pond. 

Another d i s t i n c t area of elevated constituent concentra­

t i o n s i n the S aqui f e r i s r e l a t e d to the scrubber sludge 

ponds. That area contains f l u o r i d e (4.8 to 7.1 mg/L), sodium 

( 246 to 658 mg/L), and s u l f a t e (117 to 3,020 mg/L). Free 
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Figure 4.14 Total Cyanide 
Concentration, S Aquifer, 
August 1987. 

CLIENT NAME: 

Martin Marietta Corporation 
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Figure 4.15 Free Cyanide 
Concentration, S Aquifer, 
August 1987. 

CLIENT NAME-. 

Martin Marietta Corporation 
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Figure 4.16 Fluoride 
Concentration, S Aquifer, 
August 1987. 

CLIENT NAME: 

Martin Marietta Corporation 

4-61 

GERAGHTY & MILLER. INC. 



cyanide was below d e t e c t i o n l i m i t s and t o t a l cyanide was 

reported i n only one w e l l (MW-18S) at 0.05 mg/L. This area 

extends from the northwestern boundary of the scrubber sludge 

ponds southeastward to the Columbia River. 

In the S a q u i f e r , the highest concentrations of 

co n s t i t u e n t s are reported at w e l l MW-5S, located upgradient 

of the new cathode waste pad. These concentrations suggest a 

p o t e n t i a l source area, not i n v e s t i g a t e d during the RI, near 

the alumina unloading b u i l d i n g . A pr e l i m i n a r y e v a l u a t i o n of 

p o t e n t i a l sources has i d e n t i f i e d cathode waste i n t h i s area. 

The d i s t r i b u t i o n of the cathode waste m a t e r i a l w i l l be 

evaluated as part of the FS. Ground water i n the S aq u i f e r 

near t h i s area contains t o t a l cyanide; concentrations of 

f l u o r i d e , sodium, and s u l f a t e are found at w e l l MW-5S but 

were below d e t e c t i o n l i m i t s i n samples from downgradient 

w e l l s c o l l e c t e d i n J u l y and August 1987. Total cyanide 

concentration at w e l l 5S was 34.1 mg/L but ranged from 0.112 

to 0.549 mg/L i n the w e l l s immediately downgradient. The 

sample from w e l l 17S, c o l l e c t e d i n August 1986, contained 

0.78 mg/L t o t a l cyanide and 1.3 mg/L f l u o r i d e . Total cyanide 

and other c o n s t i t u e n t s decrease l a t e r a l l y ( t o t a l cyanide 

concentration at w e l l 4S was 0.024 mg/L), and v e r t i c a l l y 

( t o t a l cyanide concentrations at we l l s 5A and 10A, screened 

at the base of the S a q u i f e r , were 0.041 and 0.020 mg/L, 

r e s p e c t i v e l y ) . S u l f a t e concentrations were 1,270 mg/L at 

w e l l MW-5S and 1,130 mg/L at w e l l MW-17S. 

The fourth area i d e n t i f i e d i n the S aquif e r containing 

elevated c o n s t i t u e n t concentrations i s associated with the 

recy c l e pond. This area contains concentrations of f l u o r i d e , 

sodium, and s u l f a t e , i s l o c a l i z e d near the pond and extends 

eastward to the Columbia R i v e r . Concentrations of 5.5 mg/L 

of f l u o r i d e and 871 mg/L of s u l f a t e were noted i n MW-21S. 
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4.7.2.4 A Aqui f e r 

Ground-water q u a l i t y impacts i n the A aquif e r are l e s s 

widespread and at lower concentrations than those i d e n t i f i e d 

i n the S aq u i f e r (Figures 4.17, 4.18, 4.19, and 4.20). The 

highest concentrations of co n s t i t u e n t s i n the A aquif e r are 

reported east of the l a n d f i l l and the former cathode waste 

management area. Ground water i n t h i s area contains t o t a l 

cyanide i n concentrations ranging from 0.023 to 1.78 mg/L. 

Concentrations of t o t a l cyanide were 1.5 mg/L at w e l l MW-33A, 

0.312 mg/L at w e l l MW-26A, and 0.200 mg/L at w e l l MW-27A. A 

value of 12.6 mg/L t o t a l cyanide reported at w e l l MW-9 A i s 

f e l t to be an a r t i f a c t of w e l l c o n s t r u c t i o n and not 

represe n t a t i v e of ambient water q u a l i t y i n t h i s area. Well 

MW—9A was constructed i n an area underlain by perched water 

and the borehole was open for several days u n t i l i n s t a l l a t i o n 

of the w e l l casing and annular s e a l . Perched water, 

c h a r a c t e r i z e d by concentrations of t o t a l cyanide of about 300 

mg/L and f l u o r i d e of about 3,500 mg/L, flowed down the 

borehole and entered the A a q u i f e r . Assuming a flow rate of 

1 gpm for three days, over 4,000 gallons may have been 

introduced. Although a d d i t i o n a l analyses are required to 

confirm t h i s hypothesis, the de c l i n e i n reported f l u o r i d e 

concentrations at w e l l MW-16B (also i n s t a l l e d through the 

perched water) from 1986 to 1987 provides supporting data. 

Sodium concentrations were 167 mg/L beneath the o l d 

cathode waste p i l e ( w e l l MW-9 A) but are l e s s than 60 mg/L 

elsewhere. Free cyanide concentrations range from 0.016 to 

0.132 mg/L and are highest below the o l d cathode waste p i l e . 

The area c o n t a i n i n g elevated constituent concentrations 

extends from the l a n d f i l l southeast to the Columbia River and 

northeast to the Chenoweth f a u l t . Cyanide at w e l l MW-31S 

(0.041 mg/L) may represent the extent of t o t a l cyanide 

concentrations derived from the former cathode waste 

management area. 
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R O S A L I A U P P E R G L A S S - A Z O N E 
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Figure 4.17 A Aquifer Water Q u a l i t y . 

CLIENT NAME: 
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Figure 4.18 Total Cyanide 
Concentration, A Aquifer, 
August 1987. 

CLIENT NAME: 

Martin Marietta Corporation 
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4Wr Figure 4.19 Free Cyanide 
Concentration, A Aquifer, 
August 1987. 

CLIENT NAME: 

Martin Marietta Corporation 
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Figure 4.20 Fluoride 
Concentration, A Aquifer, 
August 1987. 

CLIENT NAME: 

Martin Marietta Corporation 
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In the A aq u i f e r near the scrubber sludge ponds, sodium 

was reported at 44.7 and 84.8 mg/L, s u l f a t e at 23 and 924 

mg/L, and f l u o r i d e at 1.0 and <1.0 mg/L. In the A aq u i f e r 

near the recycle pond, the ground water contains low l e v e l s 

of s u l f a t e (153 mg/L) presumably r e l a t e d to operation of the 

pond. 

4.7.2.5 B Aquifer 

Ground-water q u a l i t y impacts i n the B aqu i f e r are 

p r i m a r i l y confined to the l a n d f i l l and o l d cathode waste 

management areas (Figures 4.21, 4.22, 4.23, and 4.24). The 

impacted area extends from west of the l a n d f i l l eastward to 

the Chenoweth f a u l t , and southeastward through the cathode 

wash area toward the Columbia River. The area i s 

ch a r a c t e r i z e d by l e v e l s of t o t a l cyanide g e n e r a l l y ranging up 

to 1.5 mg/L. Tot a l cyanide concentrations at w e l l MW-9B were 

reported at 10.0 mg/L. Free cyanide concentrations are 0.10 

mg/L or l e s s . F l u o r i d e concentrations were 20.0 mg/L at w e l l 

MW-9B and 2.9 at w e l l MW-8B, but are otherwise l e s s than 1.4 

mg/L. As described p r e v i o u s l y , the elevated concentrations 

of t o t a l and free cyanide and other c o n s t i t u e n t s at w e l l s 

i n s t a l l e d i n the perched water ( c l u s t e r s MW-8 and MW-9) are 

bel i e v e d to be an a r t i f a c t of w e l l c o n s t r u c t i o n . These data 

are considerably higher than h i s t o r i c a l l y reported i n t h i s 

area. Well MW-8B was sampled three times during the pump 

t e s t of the w e l l and the t o t a l cyanide r e s u l t s ranged from 

0.402 to 0.608 mg/L, about h a l f the o r i g i n a l r e s u l t . 

F l u o r i d e analyses were below d e t e c t i o n l i m i t s f or the pump 

t e s t samples versus 2.4 mg/L for the o r i g i n a l sample. 

No other majo»r areas on cons t i t u e n t concentrations above 

background are evident i n the B aq u i f e r . Total cyanide 

concentrations i n the B aqu i f e r near the new cathode waste 

pad are 0.024 mg/L. Su l f a t e concentrations i n the B aquif e r 

near the scrubber sludge ponds are s l i g h t l y elevated (271 
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Figure 4.22 Total Cyanide 
Concentration, B Aquifer, 
August 1987. 

CLIENT NAME: 

Martin Marietta Corporation 

4-70 

GERAGHTY & MILLER. INC. 



AWW Figure 4.23 Free Cyanide 
Concentration, E Aquifer, 
August 1987. 

CLIENT NAME: 
Martin Marietta Corporation 
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mg/L). The ground-water q u a l i t y i n the B aquif e r near the 

recy c l e pond has not been defined but presumably i s be t t e r 

than i n the o v e r l y i n g A a q u i f e r . 

4.7.2.6 The Dal l e s Ground-Water Reservoir 

Ground-water q u a l i t y impacts to the DGWR were not 

i d e n t i f i e d (Figure 4.25). Concentrations of co n s t i t u e n t s i n 

water samples from o n - s i t e production w e l l s and monitor w e l l s 

and o f f - s i t e production w e l l s i n the DGWR were low and w i t h i n 

the range expected for background. 

4.7.3 Transport and Attenuation Mechanisms 

Waste c o n s t i t u e n t s d i s s o l v e d by i n f i l t r a t i n g p r e c i p i ­

t a t i o n from process, storage, and di s p o s a l a c t i v i t i e s have 

become part of and move with the surrounding ground water. 

A l s o , waste c o n s t i t u e n t s may have been transported by over­

land runoff to recharge a q u i f e r s i n areas some distance away. 

Once i n the ground-water system, the d i s s o l v e d c o n s t i ­

tuents w i l l move from areas of higher f l u i d p o t e n t i a l to 

areas of lower f l u i d p o t e n t i a l . This movement may be 

l a t e r a l l y and/or v e r t i c a l l y away from the source. The 

s p e c i f i c d i r e c t i o n of movement w i l l depend on the aqu i f e r 

system under c o n s i d e r a t i o n , as described i n e a r l i e r s e c t i o n s . 

The p r i n c i p a l c o n s t i t u e n t s of i n t e r e s t at the MMRF are 

cyanides, f l u o r i d e s , s u l f a t e s , and sodium. The mechanism of 

atten u a t i o n f or the f l u o r i d e s , s u l f a t e s , and sodium i s 

p r i n c i p a l l y d i l u t i o n . Attenuation mechanisms for cyanides 

i n c l u d e : v o l a t i l i z a t i o n , d i l u t i o n , anion exchange, d i s p e r ­

s i o n , and chemical complexation. A d e t a i l e d d i s c u s s i o n of 

the chemical c h a r a c t e r i s t i c s of these c o n s t i t u e n t s , i n c l u d i n g 

a t t e n u a t i o n mechanisms, was provided i n Section 3.3. 
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Figure 4.25 DGWR Water Quality. Martin Marietta Corporation 
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Based on the hydrostratigraphy of the s i t e , there are 

three primary routes for contaminant migration' through the 

ground-water system. These routes are: 

o V e r t i c a l migration of co n s t i t u e n t s of concern 

from the perched water and/or shallow a q u i f e r 

to deeper water-producing a q u i f e r s . 

o H o r i z o n t a l migration of cons t i t u e n t s of con­

cern from the l a n d f i l l to the a l l u v i a l a q u i f e r 

with subsequent downward migration to the B 

aqui fe r. 

o H o r i z o n t a l migration of con s t i t u e n t s of con­

cern through the S aquife r to the Columbia 

R i v e r . 

The h y d r a u l i c p r o p e r t i e s of the various h y d r o s t r a t i ­

graphic u n i t s are h i g h l y v a r i a b l e ; the B aquif e r and the DGWR 

are by f a r the most productive u n i t s . Based on the 

completion and d i s t r i b u t i o n of production w e l l s i n the area, 

the B and the DGWR are the primary a q u i f e r s of concern. 

Although the a l l u v i a l a q u i f e r i s u t i l i z e d , the only e x i s t i n g 

production w e l l i s upgradient of the area of concern. 

Because of the vast d i l u t i o n e f f e c t s of the Columbia R i v e r , 

t h i s t ransport pathway i s a n t i c i p a t e d to be of minor concern. 

To evaluate the p o t e n t i a l impact of s i t e - d e r i v e d 

c o n s t i t u e n t s on ground-water users i n the area, a pr e l i m i n a r y 

assessment of contaminant migration was c a r r i e d out. The 

focus of t h i s assessment was the Chenoweth production w e l l s 

located downgradient (based on measured gradients i n the B 

aqu i f e r ) of the s i t e ; these w e l l s draw water from a l l zones, 

but p r i m a r i l y from the B aquif e r and the DGWR (based on the 

t r a n s m i s s i v i t y of the various u n i t s ) . The w e l l of p a r t i c u l a r 

concern i s Chenoweth I r r i g a t i o n Well #3 located approximately 

one mile southwest of the MMRF. 
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The most d i r e c t pathway for contaminant migration to the 

Chenoweth w e l l s i s v i a the second pathway described above; 

that i s , c o n s t i t u e n t s of concern migrate h o r i z o n t a l l y to the 

a l l u v i a l a q u i f e r with subsequent v e r t i c a l migration along the 

Chenoweth f a u l t to the B a q u i f e r . Although d i r e c t v e r t i c a l 

m i g r a t i o n i s a p o t e n t i a l route at the s i t e , the low v e r t i c a l 

h y d r a u l i c c o n d u c t i v i t y of geologic u n i t s i n h i b i t migration 

v i a t h i s pathway. 

To evaluate future concentrations of s i t e - d e r i v e d con­

s t i t u e n t s at the Chenoweth w e l l , a well-documented a n a l y t i c a l 

s o l u t i o n of the two-dimensional, advection-dispersion equa­

t i o n was used (Appendix G) . The s o l u t i o n was published by 

Cleary and Ungs (1978). The major assumptions of the 

assessment performed i n c l u d e : 

o S i t e - d e r i v e d chemical c o n s t i t u e n t s may reach 

production w e l l s pumping from the a q u i f e r s i n 

The D a l l e s Basin; the most l i k e l y route of 

transport i s from shallow zones v i a the 

Chenoweth f a u l t to the B a q u i f e r . The w e l l of 

p a r t i c u l a r concern i s Chenoweth I r r i g a t i o n 

Well #3. 

o The major source of the constituents of con­

cern i s from the o n - s i t e l a n d f i l l . This 

source was v i r t u a l l y c u t o f f i n 1983 a f t e r the 

i n s t a l l a t i o n of the l e a c h a t e - c o l l e c t i o n 

system. 

o The concentrations of free cyanide, t o t a l 

cyanide, f l u o r i d e , sodium, and s u l f a t e 

observed i n monitor w e l l s near the l a n d f i l l 

and open to the B a q u i f e r w i l l decay over time 

as water of background q u a l i t y replaces/-
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d i s p l a c e s e x i s t i n g water. The concentrations 

w i l l drop to h a l f very q u i c k l y ( l e s s than two 

years based on measured aqui f e r c h a r a c t e r i s ­

t i c s ) ; however, as a conservative estimate, i t 

i s assumed that concentrations w i l l drop to 

h a l f the measured values i n approximately 16 

years. 

The distance from the source (Chenoweth f a u l t ) 

to the p o t e n t i a l receptor (Chenoweth w e l l #3) 

i s s e v e r a l thousand f e e t ; on t h i s scale the B 

a q u i f e r acts as a porous media. 

I t i s assumed that no "clean" water v e r t i c a l l y 

migrating from o v e r l y i n g u n i t s reaches the B 

a q u i f e r between the source and p o t e n t i a l 

receptor. This assumption i s conservative; 

that i s , any recharge reaching the B a q u i f e r 

would d i l u t e the concentration of c o n s t i t u e n t s 

of concern. 

I t i s c o n s e r v a t i v e l y assumed that c o n s t i t u e n t s 

are n e i t h e r retarded by chemical a c t i o n or 

degraded by b i o l o g i c a l a c t i o n . 

I t i s c o n s e r v a t i v e l y assumed that the source 

i s assumed to be d i r e c t l y upgradient of the 

p o t e n t i a l receptor. 

The average ground-water v e l o c i t y i n the B 

a q u i f e r i s 1.3 ft/day. 

The l a t e r a l and transverse d i s p e r s i v i t y of the 

B a q u i f e r i s assumed to be 100 and 60 ft/day, 

r e s p e c t i v e l y . These values are based on those 
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values used i n a comparable study of ba s a l t 

formations (Ahlstrom, 1977). 

o The dimension of the source area i s assumed to 

be 2,000 f t (the approximate length of the 

f a u l t which i s l i k e l y to be i n contact with 

s i t e - d e r i v e d c o n s t i t u e n t s ) by 500 f t ( e s t i ­

mated width of f a u l t zone). 

o The i n i t i a l source concentrations were c a l c u ­

l a t e d by averaging values measured i n August 

1987 f o r the B aquif e r w e l l s nearest the f a u l t 

( w e l l s 26B, 33B, 7B, 14B, and 2B). 

Because there i s not a continuous source of co n s t i t u e n t s 

present, the peak concentrations reaching the receptor w i l l 

be f o r a short d u r a t i o n only. The table below presents three 

sets of values; the average i n i t i a l concentration, the con­

c e n t r a t i o n i n the B aqu i f e r at the receptor (average peak 

value .over a 70-year p e r i o d ) , and the d i l u t e d concentration 

w i t h i n the production w e l l (based on a t r a n s m i s s i v i t y r a t i o 

of 5:2 for the DGWR to the B aquif e r and assuming the DGWR 

contains n e g l i g i b l e concentrations of the co n s t i t u e n t s of 

conce r n ) . 

CONSTITUENT CONCENTRATION (mg/L) 

I n i t i a l B Aquifer Production Well 

Free CN 0.051 0.012 0.003 
Tota l Cn 1.00 0.24 0.07 
Na 31 7.5 2.1 
F 1.12 0.27 0.08 
SO, 84 • 20 5.7 

As shown above, even using very conservative assump­

t i o n s , the concentrations of cons t i t u e n t s reaching the 

nearest downgradient receptor are expected to many times 
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lower than those concentrations reported on s i t e . If addi­
t i o n a l assumptions are made regarding the degradation and 
retardation of the constituents of concern, the calculated 
values would l i k e l y be much lower. The ground-water pathway 
evaluated above i s anticipated to be the most direct and 
important pathway; other pathways are more d i f f i c u l t to 
assess, but are l i k e l y to be longer and slower pathways to 
potential receptors with correspondingly lower concentra­
tions . 
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Section Five 



5.0 DRAINAGE AND SURFACE WATER 

The C i t y of The D a l l e s i s located i n the Wasco drainage 

b a s i n , which covers an area of approximately 540 square miles 

(346,000 a c r e s ) . The Wasco area contains 226 miles of 

p e r e n n i a l and 818 miles of i n t e r m i t t e n t streams, which 

g e n e r a l l y run n o r t h e a s t e r l y through narrow, deep canyons, 

d i s c h a r g i n g to the Columbia Ri v e r . I n t e r m i t t e n t streams i n 

the Wasco basin g e n e r a l l y o r i g i n a t e at lower e l e v a t i o n s or on 

the e a s t e r l y slopes of the Cascade Range. Natural stream 

flow i s q u i t e low i n most pere n n i a l streams during the summer 

(OWRB, 196 5 ) . 

Estimated average annual runoff ranges from about 13,000 

A c - f t (acre feet) for Eightmile Creek near Boyd to almost 

40,000 A c - f t for F i f t e e n m i l e Creek near Wrentham. Average 

annual outflow from the Wasco area i s about 130,000 A c - f t 

(4.6 inches per a c r e ) . Seasonal d i s t r i b u t i o n of runoff for 

streams i n the Wasco area i s t y p i c a l of semi-arid regions, 

w i t h over 70 percent of the runoff o c c u r r i n g during the 

December through A p r i l non-growing season. 

5.1 COLUMBIA RIVER 

The Columbia River i s the l a r g e s t P a c i f i c Coast drainage 

system i n North America, with a drainage basin of 259,000 

square miles i n the United States and Canada. The r i v e r 

o r i g i n a t e s at Columbia Lake, Canada, and flows for more than 

1,000 miles before reaching i t s mouth west of P o r t l a n d , 

Oregon. The s e c t i o n of the r i v e r adjacent to the study area 

i s part of the B o n n e v i l l e Reservoir. 

Two impoundments d i r e c t l y a f f e c t the discharge of water 

from and the l e v e l of the water i n the Columbia River near 

the study area. The D a l l e s Dam, located approximately one 

r i v e r mile east and upstream of the study area, i s used 
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p r i m a r i l y f o r e l e c t r i c power generation and to improve 

n a v i g a t i o n on the r i v e r . There i s l i t t l e storage reserve i n 

The D a l l e s Reservoir for f l o o d c o n t r o l or seasonal water 

storage (Stanford Research I n s t i t u t e [SRI], 1971). 

The B o n n e v i l l e Dam, located downstream approximately 45 

r i v e r miles west of the study area, i s used to improve 

n a v i g a t i o n on the lower Columbia River and to produce 

e l e c t r i c power. The w a t e r - l e v e l e l e v a t i o n of the B o n n e v i l l e 

Reservoir can f l u c t u a t e from 70 to 82.5 f t msl as a r e s u l t of 

releases at the B o n n e v i l l e Dam (SRI, 1971). The normal 

w a t e r - l e v e l e l e v a t i o n i n the Columbia River near the s i t e i s 

about 70 f t msl. 

A surface-water sample was c o l l e c t e d from the Columbia 

River as part of the w a t e r - q u a l i t y i n v e s t i g a t i o n . Calcium 

was the predominant c a t i o n at 17.8 mg/L, with almost equal 

amounts of magnesium (4.89 mg/L) and sodium (5.28 mg/L). 

Bicarbonate was the dominant anion at 63 mg/L (as calcium 

carbonate) with minor s u l f a t e (8.2 mg/L) and c h l o r i d e (5.0 

mg/L). T o t a l cyanide, free cyanide, and f l u o r i d e concentra­

t i o n s were below d e t e c t i o n l i m i t s . 

5.2 CHENOWETH CREEK 

Chenoweth Creek, an i n t e r m i t t e n t stream that discharges 

to the Columbia R i v e r , i s l o c a t e d at the northern boundary of 

the study area. Most of the water i n t h i s creek o r i g i n a t e s 

as snow melt from the Cascade Mountains and runoff from l o c a l 

p r e c i p i t a t i o n events. The highest discharge occurs during 

the s p r i n g thaw, and i n the summer the creek a l t e r n a t e s 

between low flow and dry stream bed c o n d i t i o n s . No data are 

a v a i l a b l e on annual discharge. 

Water-quality samples were c o l l e c t e d from Chenoweth 

Creek on August 2 and 24, 1987, as part of the surface-water 
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i n v e s t i g a t i o n . T o t a l cyanide, free cyanide, and f l u o r i d e 

concentrations were reported below laboratory d e t e c t i o n 

l i m i t s (Appendix C). The water i s predominantly a calcium-

bicarbonate s o l u t i o n . An increase i n the concentrations of 

a l l c a t i o n s and anions was reported between the August 2 and 

August 24 sampling events. The increase i s apparently a 

r e f l e c t i o n of low-flow c o n d i t i o n s i n which evaporation of 

water from the creek concentrated the inorganic c o n s t i t u e n t s . 

The August 24 sampling event i s an example of water q u a l i t y 

during increased flow associated with l o c a l r a i n f a l l . 

5.3 LOCAL DRAINAGE FEATURES 

The topography at the MMRF l a r g e l y c o n t r o l s the d i r e c ­

t i o n of surface-water flow, except where man-made s t r u c t u r e s 

have been b u i l t to a l t e r flow patterns. Local drainage 

systems and surface drainage features are shown i n Figure 

5.1. i n general, surface-water runoff from a c t i v e p o r t i o n s 

of the s i t e i s routed to the recycle pond. 

North-northwest of the production b u i l d i n g s i s a stand 

of trees maintained by i r r i g a t i o n , with the excess i r r i g a t i o n 

water flowing to the north-northeast to discharge to 

Chenoweth Creek. To the south of the production b u i l d i n g s , 

the g o l f course at the r e c r e a t i o n area i s i r r i g a t e d , with the 

excess i r r i g a t i o n waters flowing southward to discharge to an 

unnamed i n t e r m i t t e n t stream, which i n turn discharges to the 

Columbia R i v e r . 

Runoff from the l a n d f i l l area i s c u r r e n t l y i n t e r c e p t e d 

by the leachate c o l l e c t i o n system and the l a n d f i l l d i t c h and 

then routed to the recycle pond v i a the discharge channel. 

P r i o r to the c o n s t r u c t i o n of t h i s i n t e r c e p t i o n network, 

runoff from the l a n d f i l l followed three primary drainage 

pathways, a l l of which discharged to the a l l u v i a l a q u i f e r . 

The northernmost drainage system i s associated with l a n d f i l l 
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Figure 5.1 Site Drainage Features. 

CLIENT NAME: 

Martin Marietta Corporation 
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runoff areas B and D (Figure 3.1), continuing to the north­

east to the a l l u v i a l a q u i f e r . The middle drainage system i s 

a s s o c i a t e d with l a n d f i l l runoff area C, extending to the 

quarry w i t h i n the a l l u v i a l a q u i f e r . The southernmost d r a i n ­

age system as s o c i a t e d with the l a n d f i l l i s the north 

d i t c h / l a n d f i l l d i t c h / R i v e r Road d i t c h drainage system. 

Surface-water flow through t h i s system was from the southern 

part of the l a n d f i l l to the north-northeast, u l t i m a t e l y 

d i s c h a r g i n g to the southeastern end of the a l l u v i a l a q u i f e r . 

The ponds at the MMRF are the four scrubber sludge 

ponds, re c y c l e pond, duck pond, and l i n e d pond. The recycle 

pond, which serves as a c o l l e c t i o n point for runoff from the 

l a n d f i l l , the former cathode waste management area, and areas 

to the immediate south and west of the p l a n t , discharges to 

the Columbia River i n accordance with a National P o l l u t a n t 

Discharge E l i m i n a t i o n System (NPDES) permit. The recycle and 

l i n e d ponds are c u r r e n t l y i n use. The scrubber sludge ponds 

are no longer i n use but i n t e r s e c t the water table and are 

indurated i n p r o p o r t i o n to the r e l a t i v e ground-water 

e l e v a t i o n . 
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Section Six 



6.0 AIR INVESTIGATION 

During the s i t e i n v e s t i g a t i o n , several a i r - q u a l i t y 

e v a l u a t i o n s were conducted as proposed i n the work plan and 

i t s addendum (Table 6.1). In a d d i t i o n , several other s t u d i e s 

were performed that extended and enhanced the d a t a - c o l l e c t i o n 

a c t i v i t i e s s p e c i f i e d i n the work plan. These studies 

included ambient a i r - q u a l i t y monitoring, health and s a f e t y 

a i r - q u a l i t y monitoring, and c o l l e c t i o n of sediment samples at 

se v e r a l l o c a t i o n s to be used i n f u g i t i v e p a r t i c u l a t e modeling 

c a l c u l a t i o n s . 

6.1 AMBIENT AIR-QUALITY MONITORING 

6.1.1 1986 Sampling Results 

An ambient a i r - m o n i t o r i n g study i n the area was con­

ducted from May 29 through J u l y 23, 1986, during which 128 

ai r - i m p i n g e r s o l u t i o n s were c o l l e c t e d and analyzed f o r 

gaseous hydrogen cyanide (HCN) and gaseous hydrogen f l u o r i d e 

(HF). Samples were c o l l e c t e d upwind and downwind of a c t i v e 

d r i l l i n g s i t e s for approximately a one-hour period twice each 

day from each of four s t a t i o n s . 

The r e s u l t s of that study (Appendix H) show that the 

reported concentrations of cyanide at the four s t a t i o n s 

(Figure 6.1) were c o n s i s t e n t l y below both the method 

d e t e c t i o n l i m i t (MDL) and the OSHA Permissible Exposure L i m i t 

(PEL). The reported concentrations of f l u o r i d e v a r i e d 

s l i g h t l y above and below the MDL but remained y e l l below the 

OSHA PEL. 

In a d d i t i o n to the ambient a i r monitoring, 34 samples 

(plus 5 blanks) were c o l l e c t e d i n the period between during 

June 10 and June 18, 1986, at l o c a t i o n s upwind and downwind 
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Table 6.1 A i r Data Summary 

Sample 
Dates Parameter 

Number of 
Analyses T y pe 1 7 Max Min Units 

5/29-7/23/86 HCN gas 128 Area <0 26 <0. 26 mg/L -
HF gas 128 Area 0 24 <0 .2 mg/L 

6/10-6/18/86 Dust, Total 7 Personnel/16, 21 11 52 0. 24 
, 3 mg/m 

CN part 14 Area/15, 16, 20, 21 <2.5 <2 .5 ug/ml 
HCN gas 14 Area/5, 15, 16, 20, HCN gas 

21 <2.5 <2 .5 ug/ml 
F part 18 Personnel/15, 16, 20 , 3 

21 0. 317 0.002 mg/m 

F part 2 Area/16 0. D07 0.002 mg/ra^ 
F gas 17 Personnel/15, 16, 20 3 F gas 

21 <0. 310 <0.003 mg/m 

F gas 3 Area/16, 20 <0. 307 <0.003 
, 3 mg/m 

CPT V o l a t i l e s 7 Personnel/16, 20 0. 476 0. 02 mg/m̂  

6/16-6/18/87 CN part 9 Area/8A, 9S <0 .01 <0. 01 TWA/PEL 6/16-6/18/87 
HCN gas 9 Area/8A, 9S 0 .01 <0. 01 TWA/PEL 
HF gas 6 Area/8A, 9S <0 .01 <0. 01 TWA/PEL 
HF gas 3 Personnel/8A, 9S <0 .01 <0. 01 TWA/PEL 
F part 6 Area/8A, 9S <0 .01 <0. 01 TWA/PEL 
F part 3 Personnel/8A, 9S <0 .01 <0. 01 TWA/PEL 
Dust, Total 6 Area/8A, 9S <0 .01 <0. 01 
Dust, Total 3 Personnel/8A, 9S 0 .07 0. 03 TWA/PEL 

CPT V o l a t i l e s 6 Area/8A, 9S 0 .31 <0. 01 TWA/PEL 
CPT V o l a t i l e s 3 Personnel/8A, 9S 0 .18 <0. 01 TWA/PEL 

6/25-6/27/87 F part 9 Area/Test P i t <0 .01 <0. 01 •TWA/PEL 6/25-6/27/87 
HF gas 9 Area/Test P i t <0 .01 <0. 01 TWA/PEL 
CN part 9 Area/Test P i t <0 .02 <0. 02 TWA/PEL 
HCN gas 9 Area/Test P i t <0 .02 <0. 02 TWA/PEL 
Dust, Total 6 Area/Test P i t 0 .07 <0. 01 
Dust, Total 3 Personnel/Test P i t 0 .04 0. 01 TWA/PEL 

CPT V o l a t i l e s 6 Area/Test P i t 1 .20 <0. 01 
CPT V o l a t i l e s 3 Personnel/Test P i t 0 .39 <0. 01 TWA/PEL 

NOTE: D e t a i l s of the a i r studies are provided i n Appendix H. 

1/ Indicates sample type (area or personnel/sample s i t e s ) 

CPT = Coal Tar Pi t c h 
Part = P a r t i c u l a t e 
gas = gaseous 
TWA = Tot a l Weighted Average 
PEL = Permissible Exposure Limit 
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of s e l e c t e d d r i l l i n g s i t e s . These samples were analyzed for 

the f o l l o w i n g parameters. 

P a r t i c u l a t e cyanide (14 samples) 

Gaseous cyanide (14 samples) 

P a r t i c u l a t e f l u o r i d e (3 samples) 

Gaseous f l u o r i d e (3 samples) 

A l l reported values were below OSHA PELs. The r e s u l t s of the 

analyses are contained i n Appendix H. 

6.1.2 1987 Sampling Results 

During implementation of the RI addendum, a t o t a l of 78 

airborne samples (plus 9 f i e l d blanks) were c o l l e c t e d upwind 

and downwind of areas ( i . e . , d r i l l i n g and t e s t p i t s i t e s ) i n 

which f i e l d a c t i v i t i e s were o c c u r r i n g . These samples were 

c o l l e c t e d during the periods from June 16 to 18 , 1987 , and 

from June 25 to 27, 1987. The samples were analyzed f o r : 

Gaseous cyanide (18 samples) 

P a r t i c u l a t e cyanide (18 samples) 

Gaseous f l u o r i d e (15 samples) 

P a r t i c u l a t e f l u o r i d e (15 samples) 

Coal t a r p i t c h v o l a t i l e s / t o t a l dust (12 

samples) 

The sampling r e s u l t s are contained i n Appendix H. None of 

the reported r e s u l t s for the 1987 ambient a i r - q u a l i t y 
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monitoring program exceeded OSHA PELs with the exception of 

coal t a r p i t c h v o l a t i l e s i n one sample c o l l e c t e d on June 26, 

1987. This sample, taken at a l o c a t i o n upwind of the backhoe 

being used to excavate t e s t p i t s , was s l i g h t l y above the PEL. 

A l l other samples were g e n e r a l l y below MDLs or w e l l below the 

PEL. 

6.2 PERSONNEL/HEALTH AND SAFETY AIR-QUALITY MONITORING 

6.2.1 1986 Sampling Results 

Health and sa f e t y a i r monitoring, as described i n the 

P r o j e c t Safety and Health Plan, was performed during the RI 

work i n 1986. The f o l l o w i n g parameters were monitored during 

the various f i e l d a c t i v i t i e s : 

T o t a l i o n i z a b l e p o l l u t a n t s using a Photovac 

TIP™ (215 measurements) at 30- and 60-minute 

i n t e r v a l s . 

Gaseous cyanide using Draeger tubes (115 

measurements) at 30- and 60-minute i n t e r v a l s . 

Gaseous f l u o r i d e using Draeger tubes (111 

measurements) at 30- and 60-minute i n t e r v a l s . 

The r e s u l t s of t h i s monitoring reported no concentra­

t i o n s of i o n i z a b l e p o l l u t a n t s above the threshold r e q u i r i n g 

Level C p r o t e c t i o n . No concentrations of gaseous cyanide or 

f l u o r i d e were detected with the Draeger tubes during the 1986 

f i e l d i n v e s t i g a t i o n . 

In a d d i t i o n to healt h and safety monitoring with the 

TIP™ and Draeger tubes, personnel samples were c o l l e c t e d 

during the period June 10 to 18, 1986 and analyzed for the 

f o l l o w i n g c o n s t i t u e n t s : 
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P a r t i c u l a t e f l u o r i d e (17 samples) 

Gaseous f l u o r i d e (17 samples) 

Coal t a r p i t c h v o l a t i l e s / t o t a l dust (6 

samples) 

The r e s u l t s of these analyses, which are contained i n 

Appendix H, showed a l l values to be below the OSHA PEL with 

the exception of three coal t a r p i t c h v o l a t i l e r e s u l t s f or 

samples c o l l e c t e d on June 13, 1986, at d r i l l s i t e MW-21. A l l 

other r e s u l t s were e i t h e r below the MDL or w e l l below the 

PELS. 

6.2.2 1987 Sampling Results 

In order to document f u l l - s h i f t personnel exposure 

during f i e l d a c t i v i t i e s , 12 personnel samples were c o l l e c t e d 

during the periods from June 16 to 18, 1987, and June 24 to 

27, 1987. The samples were analyzed for the f o l l o w i n g 

parameters: 

Gaseous f l u o r i d e (3 samples) 

P a r t i c u l a t e f l u o r i d e (3 samples) 

Coal t ar p i t c h v o l a t i l e s / t o t a l dust (6 

samples) 

The r e s u l t s of these analyses are contained i n Appendix H. 

None of the a n a l y t i c a l r e s u l t s was found to exceed OSHA PELs, 

with most r e s u l t s reported below the MDL. 

Routine health and saf e t y monitoring was also performed 

during implementation of the work plan addendum. The 
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monitoring conducted during 1987 was s i m i l a r to that per­

formed i n 1986 with the f o l l o w i n g parameters analyzed during 

the various f i e l d a c t i v i t i e s : 

T o t a l i o n i z a b l e p o l l u t a n t s using a Photovac 

TIP™ (175 measurements) at 30- and 60-minute 

i n t e r v a l s . 

Gaseous cyanide using Draeger tubes (127 

measurements) at one- to three-hour i n t e r v a l s . 

Gaseous f l u o r i d e using Draeger tubes (127 

measurements) at one- to three-hour i n t e r v a l s . 

The r e s u l t s of the healt h and safety monitoring reported 

no concentrations of i o n i z a b l e p o l l u t a n t s above the threshold 

r e q u i r i n g Level C p r o t e c t i o n . No concentrations of gaseous 

cyanide or f l u o r i d e were detected with the Draeger tubes 

during the 1987 f i e l d i n v e s t i g a t i o n . 

6.3 FUGITIVE PARTICULATE MODELING 

Wind erosi o n could lead to entrainment of contaminated 

dust p a r t i c l e s reported i n the surface m a t e r i a l s of three 

unvegetated areas at the MMRF s i t e : the l a n d f i l l , the o l d 

cathode waste p i l e , and scrubber sludge ponds 2 and 3. 

Scrubber sludge ponds 1 and 4 are not expected to co n t r i b u t e 

contaminants to the a i r since both ponds have been covered 

with a l a y e r of s o i l and are vegetated. Mechanical (e.g., 

v e h i c u l a r ) erosion of the three study areas (another 

mechanism by which s i g n i f i c a n t q u a n t i t i e s of dust can be 

generated) i s not expected to be s i g n i f i c a n t inasmuch as 

these areas are c u r r e n t l y i n a c t i v e and fenced. A d d i t i o n a l l y , 

none of the c o n s t i t u e n t s of i n t e r e s t reported i n the s o i l s 
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are v o l a t i l e , and t h e r e f o r e , no s i g n i f i c a n t a i r concentra­

t i o n s due to v o l a t i l i z a t i o n of contaminants from the surface 

m a t e r i a l s are expected at the MMRF. 

During the week of June 15, 1987, s o i l samples were 

c o l l e c t e d from the o l d cathode waste p i l e area, l a n d f i l l , 

scrubber sludge pond 3, and the berm around scrubber sludge 

pond 3. These samples were sieved and analyzed for g r a i n 

s i z e i n order to determine the threshold f u n c t i o n v e l o c i t y 

for use i n p a r t i c u l a t e modeling c a l c u l a t i o n s . The r e s u l t s of 

the s i e v e - s i z e analyses are contained i n Appendix H. 

The emissions of r e s p i r a b l e dust ( i . e . , those p a r t i c l e s 

w i t h an aerodynamic diameter equal to or l e s s than 10 um) 

from each of the study areas have been estimated using a 

model (Versar, 1986) i d e n t i f i e d by EPA i n i t s d r a f t Superfund 

Exposure Assessment Manual. The r e s u l t s of the modeling are 

combined with an appropriate a i r d i s p e r s i o n model to assess 

p o t e n t i a l impacts to exposed populations. A d e t a i l e d d i s c u s ­

s i o n of the f u g i t i v e p a r t i c u l a t e model, a i r d i s p e r s i o n model, 

and a s s o c i a t e d c a l c u l a t i o n s i s presented i n the Risk 

Assessment i n Appendix B. 

571/2 
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7.0 RISK ASSESSMENT SUMMARY 

As part of the RI performed for the MMRF s i t e , the 

p o t e n t i a l impacts of past operations at the s i t e on human 

hea l t h or the environment were assessed. This baseline r i s k 

assessment i s equivalent to an eva l u a t i o n of the no-action 

a l t e r n a t i v e and therefore enables a determination to be made 

of whether remedial a c t i o n s are i n d i c a t e d for any areas of 

the s i t e . 

Tables 7.1 and 7.2, which are explained b r i e f l y below, 

summarize the main features and r e s u l t s of the r i s k 

assessment. The complete r i s k assessment (presented i n 

Appendix B) should be consulted for d e t a i l s concerning the 

information summarized i n these t a b l e s . 

In the summary t a b l e s , the main features and r e s u l t s of 

the r i s k assessment are organized by study area and exposure 

medium (water, s o i l , etc.) i n a p a r t i c u l a r study area. A f t e r 

t h i s , chemicals of p o t e n t i a l concern (defined as those 

chemicals present i n environmental media i n a p a r t i c u l a r 

study area at above n a t u r a l l y - o c c u r r i n g l e v e l s ) are 

i d e n t i f i e d . 

Subject to the a v a i l a b i l i t y of adequate t o x i c i t y 

i n f o r m a t i o n , those chemicals of p o t e n t i a l concern were 

evaluated i n the r i s k assessment by f i r s t i d e n t i f y i n g the 

'exposure pathways by which human and environmental 

populations could be exposed under . e i t h e r current or 

hy p o t h e t i c a l future land use of the MMRF and surrounding 

areas. A l l exposure pathways i n v o l v i n g ground water and 

surface water were evaluated. Many pathways i n v o l v i n g human 

exposure to contaminated s o i l s and dust were p o s s i b l e ; 

t h e r e f o r e , f or each category of exposure to s o i l s ( i . e . , 

i n d u s t r i a l or general population exposures, with and without 
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# 

Table 7.1 

Summary of P o t e n t i a l Human Health and Environmental Risk Assessment 

Study Area/ 
Exposure Medium 

Chemicals of ^ 
Poten t i a L Concern Exposure Scenarios Evaluated 

Risk C h a r a c t e r i z a t i o n 
Carcinogenic R i s k s 8 Hazard Index 

Average Maximum Average Maximum 
Exposure Exposure Exposure Exposure 

L a n d f i l l 

- s o i l s PAHs, Cyanide, 
F l u o r i d e , Sodium 

v.. J 

ro 
> o 
X 
-) 

r 
r 
m 

n 

I 
to 

L a n d f i l l Runoff Area 

- s o i l s A r s e n i c , Cyanide, 
F l u o r i d e , S u l f a t e 

a) Future o n s i t e C o n s t r u c t i o n Workers: 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 

& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s 
TOTAL RISK: 

b) Future o n s i t e employees: 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 
& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s 
TOTAL RISK: 

c) Future o n s i t e r e s i d e n t s : 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 
& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s 
TOTAL RISK: 

a) Future o n s i t e c o n s t r u c t i o n workers: 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 

& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s 
TOTAL RISK: 

b) Future o n s i t e employees: 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 

&. dermal absorption) 
- I n h a l a t i o n of p a r t i c u l a t e s from whole 

s i t e 

TOTAL RISK: 
c) Future o n s i t e r e s i d e n t s : 

- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 
& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s from whole 
s i t e 
TOTAL RISK: 

10~ 5 (cPAHs) 
I O - 6 (cPAHs) 
10~ 5 

10 M (cPAHs) 
10~ 8 (cPAHs) 
IO"* 

10 J (cPAHs) 
10" 7 (cPAHs) 
IO' 3 

10_ (As) 
10 1° (As) 
10" 8 

10 (As) 
10~ 8 (cPAHs) £ 

10 

10 (As) 
10~ 7 (cPAHs) 6 

10 

10_ (cPAHs) 
10 5 (cPAHs) 

io-* 

10 * (cPAHs) 
10" 7 (cPAHs) 
I O - 2 

10 ' (cPAHs) 
10~ 6 (cPAHs) 
10" 2 

10 " (As) 
1 0 " 1 0 (As) 
10" 6 

10_ (As) 
10 7 (cPAHs) 6 

10 

10 J (As) 
10" 6 (cPAHs) 6 

10 

0.004 (<1) 0.02 (<1) 
0.0004 (<1) 0.001 (<1) 
0.004 (<1) 0.02 (<1) 

0.003 (<1) 0.02 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.003 (<1) 0.02 (<1) 

0.003 (<1) 0.02 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.003 (<1) 0.02 (<1) 

0.004 (<1) 0.02 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.004 (<1) 0.02 (<1) 

0.003 (<1) 0.01 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.003 (<1) 0.01 (<1) 

0.003 (<1) 0.02 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.003 (<1) 0.02 (<1) 

Leachate C o l l e c t i o n D i t c h 

- surface water A r s e n i c , Cyanide, 
F l u o r i d e , Sodium 
S u l f a t e 

a) B i r d s and animals d r i n k i n g 
ponded leachate 

B i r d s and animals are at r i s k of adverse e f f e c t s due to 

f l u o r i d e . 



Table 7.1, continued 

Study Area/ 
Exposure Medium 

Chemicals of 
Potential Concern Exposure Scenarios Evaluated 

Risk Characterization 
Carcinogenic Risks 3 Hazard Index 

Average Maximum Average Maximum 
Exposure Exposure Exposure Exposure 

L a n d f i l l Ditch 
- surface water PAHs, Arsenic, Cyanide, 

Fluoride, Sodium, 
Sulfate 

a) Birds and animals drinking 
water 

Birds and animals are at ris k of adverse effects 
due to cyanide and fluoride. 

sediments Cyanide 

G 
rn 

> 
O 
X 
H 
s 

r 
r* 
m 
73 

i 

a) Future onsite construction workers: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

b) Future onsite employees: 
- Direct contact (incidental 
& dermal absorption) 

- Inhalation of particulates 
sit e 
TOTAL RISK: 

c) Future onsite residents: 
- Direct contact (incidental 
& dermal absorption) 

- Inhalation of particulates 
whole site 
TOTAL RISK: 

NR NR <0 0001 (<1) 0.0002 (<1) 
NR NR <0 0001 (<ir<o.oooi (<D 
NR NR <0 0001 (<1) 0.0003 (<1) 

ingestion 
NR NR <0 0001 (<1) 0.0001 (<1) 

from whole 10 " 8 (cPAHs) e 10" 7 (cPAHs) 8 <0 0001 (<1) <0.0001 (<1) 

10 -8 10" 7 <0 0001 (<1) 0.0001 (<1) 

ingestion 

from 10 
NR 
" 7 (cPAHs) 8 io" 

NR 
6 (cPAHs) e 

<0 
<0 

0001 
0001 

(<1) 
(<1) 

0.0002 (<1) 
<0.0001 (<1) 

10 -7 10" 6 <0 0001 (<1) 0.0002 (<1) 

z n North Drainage Ditch 
- surface water Arsenic, Cyanide, 

Sodium, Fluoride 
Sulfate 

a) Birds and animals drinking 
water 

Birds and animals are unlikely to be at risk of adverse effects 
since concentrations are below the no-effect l e v e l . 

- sediment none detected above 
background 



Table 7.1, continued 

Study Area/ 
Exposure Medium 

Chemicals of 
Potential Concern Exposure Scenarios Evaluated 

Risk Characterization 
Carcinogenic Risks 3 Hazard Index 

Average Maximum Average Maximum 
Exposure Exposure Exposure Exposure 

Metal Pad Storage Area 
- soil s Cyanide, Fluoride 

rn 
70 

> a •x 
H 

V 

r 
m 
70 

n 

I 

a) Current site maintenance workers: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

b) Future onsite construction workers: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

c) Future onsite employees: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

d) Future o n s i t e r e s i d e n t s : 
- D i r e c t con tac t ( i n c i d e n t a l i n g e s t i o n 

& dermal absorp t ion) 
- I n h a l a t i o n o f p a r t i c u l a t e s f rom whole 

s i t e 
TOTAL RISK: 

HR 
NR 
NR 

NR 
NR 
NR 

NR 
-8 

10 (cPAHsT 

-8 10 

NR 
10 (cPAHs) 6 

10 

NR 
NR 
UR 

NR 
NR 
NR 

NR 
10 ' (cPAHsT 

I O ' 7 

NR 
10 6 ( c P A H s ) 9 

10 -6 

<0.0001 (<1) <0.0001 (<1) 
<0.0001 (<1) <0.0001 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.003 (<1) 0.007 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.003 (<1) 0.007 (<1) 

0.002 <<1) 0.005 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.002 (<1) 0.005 (<1) 

0.002 (<1) 0.007 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.002 (<1) 0.007 (<1) 

Bath Recovery Pad Area 
- s o i l s Cyanide, Fluoride a) Future onsite construction workers: 

- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

b) Future onsite employees: 
- Direct contact (incidental ingestion 
& dermal absorption 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

c) Future onsite residents: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

NR 
NR 
NR 

NR 
-8 

10 " (cPAHsT 

-8 10 

NR 
10 7 (cPAHs)6 

10 

NR 
NR 
UR 

NR 

10"7 (cPAHs)6 

10"7 

_ HR 
10 6 (cPAHs)e 

-6 
10 

0.003 (<1) 0.009 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.003 (<1) 0.009 (<1) 

0.002 (<1) 0.006 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.002 (<1) 0.006 (<1) 

0.003 (<1) 0.008 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.003 (<1) 0.008 (<1) 



Table 7.1, continued 

Study Area/ 
Exposure Medium 

Chemicals of 
Potential Concern Exposure Scenarios Evaluated 

Risk Characterization 
Carcinogenic Ris k s 8 Hazard Index 

Average Maximum Average Maximum 
Exposure Exposure Exposure Exposure 

Old Cathode Waste P i l e 
- soil s Cyanide, Fluoride 

rn 

O 

<-»•< 
H 

P 
r m 
po 

n 

i 

Potliner Handling Area 
- s o i l s PAHs, Cyanide, 

Fluoride 

a) Current site maintenance workers: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

b) Future onsite construction workers: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

c) Future onsite employees: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

d) Future onsite residents: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

a) Future onsite construction workers: 
- Direct contact (incidental ingestion 

SL dermal absorption) 
- Inhalation of particulates 
TOTAL RISK: 

b) Future onsite employees: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

c) Future onsite residents: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

NR 
NR 
NR 

NR 
NR 
NR 

NR 
IO - 8 (cPAHs)e 

10 

NR 
10 ' (cPAHs)6 

10 

10 (cPAHs) 
IO - 7 (cPAHs) 

10 3 (cPAHs) 
10" 8 (cPAHs)e 

10 

10 " (cPAHs) 
10 7 (cPAHs)c 

IO" 2 

NR 
NR 
NR 

NR 
NR 
NR 

NR 

10"7 (cPAHs)6 

10"7 

NR 

IO - 6 (cPAHs)e 

IO"6 

10 (cPAHs) 
10"7 (cPAHs) 
10~3 

10 * (cPAHs) 
IO - 7 (cPAHs)e 

10 

10 * (cPAHs) 
10"6 (cFAHs)€ 

10 

•CO.OOOl (<1) <0.0001 (<1) 
<0.0001 (<1) <0.0001 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.002 (<1) 0.006 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.002 (<1) 0.006 (<1) 

0.001 (<1) 0.004 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.001 (<1) 0.004 (<1) 

0.001 (<1) 0.006 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.001 (<1) 0.006 (<1) 

0.003 (<1) 0.006 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.003 (<1) 0.006 (<1) 

0.002 (<1) 0.004 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.002 (<1) 0.004 (<1) 

0.002 (<1) 0.007 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.002 (<1) 0.007 (<1) 



Table 7.1, continued 

Study Area/ 
Exposure Medium 

Chemicals of 
Potential Concern Exposure Scenarios Evaluated 

Risk Characterization 
Carcinogenic Risks 3 Hazard Index 

Average Maximum Average Maximum 
Exposure Exposure Exposure Exposure 

Salvage Area 
- soil s Cyanide 

1,1 

sO 
> 
CJ 
X 

r,. 
V 

r 
m 
jo 

v 
ri 

Cathode Wash Area 
- s o i l s Cyanide, Fluoride 

a) Future onsite construction workers: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

b) Future onsite employees: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

c) Future onsite residents: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

a) Future onsite construction workers: 
- Direct contact (incidental ingestion 

& dermal absorption) 
- Inhalation of particulates 
TOTAL RISK: 

b) Future onsite employees: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
si t e 
TOTAL RISK: 

c) Future onsite residents: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

NR 
NR 
NR 

NR 
IO - 8 (cPAHs)€ 

10 

NR 
10 7 (cPAHs) e 

10 

NR 
NR 
NR 

NR 
10 8 (cPAHs)e 

10 

-»R 
10 ' (cPAHs)6 

HR 
HR 
HR 

NR 
10"7 (cPAHs) 8 

10 

HR 

10"6 (cPAHs)6 

10'6 

HR 
NR 
NR 

10 

HR 

10 7 (cPAHs)6 

IO"7 

NR 

10 6 (cPAHs)e 

IO"6 

0.0006 (<1) 0.009 (<1) 
NQ <0.0001 (<1) 

0.0006 (<1) 0.009 (<1) 

0.0004 (<1) 0.007 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.0004 (<1) 0.007 (<1) 

0.002 (<1). 0.004 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.002 (<1) 0.004 (<1) 

0.004 (<1) 0.01 (<1) 
NQ NQ 

0.004 (<1) 0.01 (<1) 

0.003 (<1) 0.009 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.003 (<1) 0.009 (<1) 

0.003 (<1) 0.01 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.003 (<1) 0.01 (<1) 



Table 7.1, continued 

Study Area/ 
Exposure Medium 

Chemicals of 
Potential Concern Exposure Scenarios Evaluated 

Risk Characterization 
Carcinogenic R i s k s 3 Hazard Index 

Average Maximum Average Maximum 
Exposure Exposure Exposure Exposure 

Scrubber Sludge Pond 1 
- sediments PAHs, Fluoride, 

Arsenic 

m 
70 
> 
O 
X 
H 

0, 
r 
r~ 
rn 
70 

2. 

n 

i 
-0 

Scrubber Sludge Pond 2 
- sediments PAHs, Fluoride, 

Arsenic 

a) Future onsite construction workers: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

b) Future onsite employees: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

c) Future onsite residents: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

a) Future onsite construction workers: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

b) Future onsite employees: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

c) Future onsite residents: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

10 (cPAHs) 
10"7 (cPAHs) 
IO"'1 

IO"3 (cPAHs, As) 
10" 8 (cPAHs) 
IO" 3 

10 (cPAHs, As) 
IO - 7 (cPAHs) 
IO' 2 

10 (cPAHs) 
10"7 (cPAHs) 
10"" 

10 * (cPAHs, As) 
IO - 8 (cPAHs) 
IO' 3 

10_ (cPAHs, As) 
10 7 (cPAHs) 
10" 2 

10 (cPAHs) 
10"6 (cPAHs) 
IO"4 

10 * (cPAHs, As) 
10~7 (cPAHs) 
IO" 2 

10 2 (cPAHs, 
10"6 (cPAHs) 
IO" 2 

As) 

10_ (cPAHs) 
IO - 7 (cPAHs) 
io -'' 

10_ (cPAHs, As) 
10 8 (cPAHs) 
10~ 2 

(cPAHs, As) 
(cPAHs) 

0.001 (<1) 0.003 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.001 (<1) 0.003 (<1) 

0.0008 (<1) 0.002 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.0008 (<1) 0.002 (<1) 

0.0009 (<1) 0.003 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.0009 (<1) 0.003 (<1) 

0.001 (<1) 0.002 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.001 (<1) 0.002 (<1) 

0.0008 (<1) 0.002 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.0008 (<1) 0.002 (<1) 

0.002 (<1) 0.005 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.002 (<1) 0.005 (<1) 



Study Area/ 
Exposure Medium 

Chemicals of 
Potential Concern 

Table 7.1, continued 

Exposure Scenarios Evaluated 

Risk Characterization 
Carcinogenic Risks 3 Hazard Index 

Average Maximum Average Maximum 
Exposure Exposure Exposure Exposure 

Scrubber Sludge Pond 3 
- sediments 

m 

> 
O 
X 
H 

m 
70 

I 
00 

PAHs, Fluoride, 
Arsenic 

a) Future onsite construction workers: 
- Direct contact (incidental ingestion 

&. dermal absorption) 
- Inhalation of particulates 
TOTAL RISK: 

b) Future onsite employees: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

c) Future onsite residents: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

d) Current individuals: 
- Ingestion of beef from cows grazing 

on land adjacent to scrubber sludge 
pond 3 

10 H (cPAHs) 
10~7 (cPAHs) 
io-* 

10 " (cPAHs, As) 
IO - 8 (cPAHs) 
IO"3 

10 ' (cPAHs, As) 
10~7 (cPAHs) 
IO" 2 

10 ̂  (cPAHs) 
10~7 (cPAHs) 
10 _* 

10 (cPAHs, As) 
10"7 (cPAHs) 
IO" 2 

10 ' (cPAHs, 
IO'6 (cPAHs) 
IO" 2 

As) 

0.002 (<1) 0.005 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.002 (<1) 0.005 (<1) 

0.001 (<1) 0.004 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.001 (<1) 0.004 (<1) 

0,002 (<1) 0.005 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.002 (<1) 0.005 (<1) 

Risks via this pathway were qualitatively evaluated due to 
lack of data on uptake of the chemicals of concern into 
edible flesh. Ingested fluoride i s expected to accumulate 
in bones rather than in edible tissue. PAHs are readily 
metabolized by mammals. 

'Z 
n 

Scrubber Sludge Pond 4 
- sediments PAHs, Fluoride, 

Arsenic 

a) Future onsite construction workers: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

b) Future onsite employees: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

c) Future onsite residents: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

10 ' (cPAHs) 
10~7 (cPAHs) 
10 _* 

10_ (cPAHs) 
10 8 (cPAHs) 
IO"3 

10 J (cPAHs, As) 
IO - 7 (cPAHs) 
10'3 

10"* (cPAHs) 
10 7 (cPAHs) 
10"* 

10 * (cPAHs, As) 
IO"7 (cPAHs) 
IO" 2 

10 
10 6 (cPAHs) 

(cPAHs, As) 

10 -2 

MQ 
HQ 
NQ 

HQ 
HQ 
NQ 

NQ NQ 
<0.0001 (<1) <0.0001 (<1) 
<0.0001 (<1) <0.0001 (<1) 

NQ NQ 
<0.0001 (<1) <0.0001 (<1) 
<0.0001 (<1) <0.0001 (<1) 



Table 7.1, continued 

Study Area/ 
Exposure Medium 

Chemicals of 
Potential Concern Exposure Scenarios Evaluated 

Risk Characterization 
Carcinogenic Risks 3 Hazard Index 

Average Maximum Average Maximum 
Exposure Exposure Exposure Exposure 

Surface Drainage Ditch 
- sediments PAHs, Fluoride 

L. ) 
rn 
70 
> 
O 
X 
H 
rii 
'if 

F 
r-
m 
70 

Z 
n 

i 
LD 

Drainage Ditch 
- sediments Cyanide, Fluoride 

a) Future onsite construction workers: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

b) Future onsite employees: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

c) Future onsite residents: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

a) Future onsite construction workers; 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates 
TOTAL RISK: 

b) Future onsite employees: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

c) Future onsite residents: 
- Direct contact (incidental ingestion 
& dermal absorption) 

- Inhalation of particulates from whole 
site 
TOTAL RISK: 

10 * (cPAHs) 
10* (cPAHs)c 

Mf* 

10_ (cPAHs) 
IO" 8 (cPAHs)£ 

-3 10 

10 (cPAHs) 
10 - 7 (cPAHs)6 

10 

NR 
NR 
NR 

NR 

IO - 8 (cPAHs)6 

IO" 8 

NR 
10 (cPAHs) 6 

10 3 (cPAHs) 
10"* (cPAHs) 0 

10"* 

10 -1 (cPAHs) 
IO - 7 (cPAHs)6 

10 

10 A (cPAHs) 
10"6 (cPAHs)6 

10 

10 -7 

NR 
NR 
NR 

_ NR 
10 7 (cPAHs)6 

IO"7 

NR 

10"6 (cPAHs)e 

-6 10 

0.002 (<1) 0.004 (<1) 
0.002 (<1)° 0.003 (<l) c 

0.004 (<1) 0.007 (<1) 

0.002 (<1) 0.003 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.002 (<1) 0.003 (<1) 

0.002 (<1) 0.004 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.002 (<1) 0.004 (<1) 

0.002 (<1) 0.007 (<1) 
0.001 (<1) C 0.005 (<1)C 

0.003 (<1) 0.012 (<1) 

0.001 (<1) 0.005 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.001 (<1) 0.005 (<1) 

0.001 (<1) 0.008 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.001 (<1) 0.008 (<1) 



Table 7.1, continued 

Study Area/ 

Exposure Medium 

Chemicals of 

P o t e n t i a l Concern Exposure Scenarios Evaluated 

Risk C h a r a c t e r i z a t i o n 

Carcinogenic R i s k s 3 Hazard Index 
Average Maximum Average Maximum 
Exposure Exposure Exposure Exposure 

Discharge Channel 
- surface water Cyanide, F l u o r i d e , 

Sodium 

a) B i r d s and animals d r i n k i n g 

water 

B i r d s and animals are u n l i k e l y t o be at r i s k o f adverse 
e f f e c t s s i n c e concentrations are below the n o - e f f e c t l e v e l . 

sediments 

rn 
yo 
> 

a 

r-
r 
m 
yo 

ri 

Cyanide, F l u o r i d e , 

PAHs 

I 

Lined Pond 
- surface water F l u o r i d e , A r s e n i c , 

Sodium, S u l f a t e 

a) Future o n s i t e c o n s t r u c t i o n workers: 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 

& dermal absorption) 
- I n h a l a t i o n of p a r t i c u l a t e s 
TOTAL RISK: 

b) Future o n s i t e employees: 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 
& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s from whole 
s i t e 

TOTAL RISK: 
c) Future o n s i t e r e s i d e n t s : 

- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 
& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s from whole 
s i t e 

TOTAL RISK: 

a) B i r d s and animals d r i n k i n g 

water 

10 (cPAHs) 
10" 7 (cPAHs) C 

1 0 * 

10 J (cPAHs) 
1 0 - 8 (cPAHs) 6 

-3 
10 

10; (cPAHs) 
10 7 (cPAHs) 6 

10 

10 * (cPAHs) 
1 0 - 7 (cPAHs) C 

10"* 

10 ' (cPAHs) 
I O - 7 (cPAHs)' 

10 

10 (cPAHs) 
10" 6 (cPAHs) 6 

10 

0.003 (<1) 0.008 (<1) 
0.002 (<1) C 0.006 (<1) C 

0.005 (<1) 0.014 (<1) 

0.002 (<1> 0.006 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.002 (<1) 0.006 (<1) 

0.002 (<1) 0.009 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.002 (<1) 0.009 (<1) 

B i r d s and animals are u n l i k e l y to be at r i s k of adverse 
e f f e c t s s i n c e concentrations are below the n o - e f f e c t l e v e l . 

sediments PAHs, F l u o r i d e a) Future o n s i t e c o n s t r u c t i o n workers: 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 
& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s 
TOTAL RISK: 

b) Future o n s i t e employees: 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 

& dermal absorption) 
- I n h a l a t i o n of p a r t i c u l a t e s from whole 

s i t e 

TOTAL RISK: 
c) Future o n s i t e r e s i d e n t s : 

- D i r e c t contact ( i n c i d e n t a l i n g o s t i o n 
& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s from whole 
s i t e 
TOTAL RISK: 

10_ (cPAHs) 
10 6 (cPAHs) 
10"* 

10 J (cPAHs) 
I O - 8 (cPAHs) 

-3 10 

10_ (cPAHs) 
10 7 (cPAHs) 

10 (cPAHs) 
10"'6 (cPAHs) 
IO" 3 

10_ (cPAHs) 
10 7 (cPAHs) 

-2 

10 

10 

10_ (cPAHs) 
10 6 (cPAHs) 

IO" 1 

0.01 (<1) 0.03 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.01 (<1) 0.03 (<1) 

0.01 (<1) 0.02 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.01 (<1) 0.02 (<1) 

0.01 (<1) 0.03 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.01 (<1) 0.03 (<1) 



Table 7.1, continued 

Study Area/ 
Exposure Medium 

Chemicals of 
P o t e n t i a l Concern Exposure Scenarios Evaluated 

Risk C h a r a c t e r i z a t i o n 

Carcinogenic R i s k s 3 Hazard Index 
Average Maximum Average Maximum 
Exposure Exposure Exposure Exposure 

Recycle Pond 
- surface water Cyanide, F l u o r i d e , 

Sodium 

a) B i r d s and animals d r i n k i n g 
water 

B i r d s and animals are u n l i k e l y to be at r i s k o f adverse 
e f f e c t s s i n c e concentrations are below the n o - e f f e c t l e v e l . 

sediments F l u o r i d e , PAHs 

rn 
70 

X 

r 
i 

m 
70 
rz 
n 

i 

Duck Pond 
- surface water F l u o r i d e , Sodium, 

S u l f a t e 

from whole 

a) Future o n s i t e c o n s t r u c t i o n workers: 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 
& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s 
TOTAL RISK: 

b) Future o n s i t e employees: 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 
& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s 
s i t e 

TOTAL RISK: 
c) Future o n s i t e r e s i d e n t s : 

- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 
& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s from whole 
s i t e 

TOTAL RISK: 

a) B i r d s and animals d r i n k i n g 
water 

10 H (cPAHs) 

10" 6 (cPAHs) 0 

10"* 

10" 3 (cPAHs) 
10 8 (cPAHs) 6 

10 

10~* (cPAHs) 
1 0 - 7 (cPAHs) £ 

10 

10 * (cPAHs) 

I O - 6 (cPAHs) 0 

10"* 

10 2 (cPAHs) 
I O - 7 (cPAHs) 6 

10 

10 ' (cPAHs) 
I O - 6 (cPAHs) 6 

10 

0.004 (<1) 0.02 (<1) 
0.003 (<1)° 0.008 (<1) C 

0.007 (<1) 0.03 (<1) 

0.003 (<1) 0.008 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.003 (<1) 0.008 (<1) 

0.003 (<1) 0.01 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.003 (<1) 0.01 (<1) 

B i r d s and animals are u n l i k e l y to be at r i s k of adverse 
e f f e c t s s i n c e concentrations are below the n o - e f f e c t l e v e l . 

sediments F l u o r i d e a) Future o n s i t e c o n s t r u c t i o n workers: 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 
& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s 
TOTAL RISK: 

b) Future o n s i t e employees: 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 
& dermal absorption) 

- I n h a l a t i o n of p a r t i c u l a t e s 
s i t e 
TOTAL RISK: 

c) Future o n s i t e r e s i d e n t s : 
- D i r e c t contact ( i n c i d e n t a l i n g e s t i o n 

& dermal absorption) 
- I n h a l a t i o n of p a r t i c u l a t e s 

s i t e 
TOTAL RISK: 

from whole 

from whole 

NR 
NR 
HR 

NR 
I O - 8 (cPAHs) e 

IO" 8 

NR 
10 ' (cPAHs) e 

HR 
NR 
NR 

NR 
10 ' (cPAHsT 

10" 7 

NR 
10 6 (cPAHs) 6 

10 10 

0.0006 (<1) 0.005 (<1) 
<0.0001 (<1) <0.0001 (<1) 
0.0006 (<1) 0.005 (<1) 

0.0004 (<1) 0.004 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.0004 (<1) 0.004 (<1) 

0.0005 (<1) 0.005 (<1) 
<0.0001 (<1) <0.0001 (<1) 

0.0005 (<1) 0.005 (<1) 



Table 7.1. continued 

Study Area/ 
Exposure Medium 

Chemicals of 
Potential Concern Exposure Scenarios Evaluated 

a Hazard Index*3 

Risk Characterization 
Carcinogenic Risks 

Average Maximum Average 
Exposure Exposure Exposure 

Maximum 
Exposure 

Columbia River 
- surface water Fluoride, Zinc a) Current individuals: 

- ingestion of freshwater f i s h 
b) Exposure of aquatic l i f e 

NR NR <0.0001 (<1) <0.0001 (<1) 
Estimated concentrations of chemicals resulting from 
site groundwater discharge are well below concentrations 
associated with adverse effects in f i s h . 

m 

> 
a 

r 
r 
m 
TO 

n 

i 

Chenoweth Creek 
- surface water None detected 

Whole Site 
- s o i l s Arsenic, Cyanide, 

Fluoride, PAHs 

a) Exposure of aquatic l i f e 

a) Future o f f s i t e employees: 
- Inhalation of particulates 

b) Future o f f s i t e l o c a l residents 
of the City of the Dalles: 
- Inhalation of particulates 

c) Future o f f s i t e l o c a l residents 
at t r a i l e r park: 
- Inhalation of particulates 

Although no chemicals were detected, the quantification 
l i m i t for cyanide (0.01 mg/liter) i s above the Ambient 
Water Quality C r i t e r i a for the protection of aquatic 
l i f e (AWQC) of 0.005 mg/L and the quantification l i m i t 
for fluoride (1 mg/liter) i s above the concentration 
associated with avoidance behavior (0.2 mg/Hter). The 
creek i s being resampled using quantification li m i t s 
below the chronic AWQC values for cyanide and the avoidance 
behavior le v e l for fluoride. 

IO - 8 (cPAHs) 

IO - 8 (cPAHs) 

10 8 (cPAHs) 

10 (cPAHs) <0.0001 (<1) <0.0001 (<1) 

10 ' (cPAHs) <0.0001 (<1) <0.0001 (<1) 

10 7 (cPAHs) <0.0001 (<1) <0.0001 (<1) 



Table 7.1, continued 

Carcinogenic risks has been rounded to the nearest 10. In determining remedial actions at Superfund si t e s , EPA has recommended a target risk range of 10 4 

to IO - 7 for tot a l excess carcinogenic risk; an excess cancer risk of 10"b ( i . e . one excess cancer per m i l l i o n persons exposed for a lifetime) i s t y p i c a l l y 
used in risk assessments as a benchmark against which to evaluate the magnitude of exposures. The chemical(s) l i s t e d in parentheses after the risk estimates 
is (are) the most significant chemical(s) with respect to the excess cancer risk i n this exposure scenario. 

bThe overall hazard index i s defined as the sum of the ratios of the daily intakes of noncarcinogenic 
substances to their corresponding relevant health-based guidelines. Hazard indices less than 1 indicate 
endangerment of human health i s unlikely to result from given exposures; hazard indices greater than 1 
suggest possible cause for concern. Hazard indices less than 0.0001 were l i s t e d as "<0.0001". 

P o t e n t i a l exposure to chemicals in these areas (ditches and discharge channel) has been 

evaluated by analogy to study areas which were quantitatively evaluated. 
dChemicals are of potential concern based on their presence at or near the site at above background concentrations. 
eBecause future residents or employees may potentially be exposed to dust emissions from a l l areas equally, the whole s i t e was 

considered as a source for exposure v i a inhalation. Risks calculated for onsite employees or onsite residents who inhale 

particulates were assessed on a whole-site basis; therefore, although no potential carcinogens were detected i n a particular 

i f l study area, the carcinogenic risks calculated for this exposure scenario were contributed from a different s i t e area. 

NR = not relevant, chemicals of potential concern have not been associated with carcinogenic effects. 
Q) NQ = not quantified 

H 

p w 

m 

z n 



Summary of Comparison of Groundwate 

Exposure Medium/Area 
Chemicals of 
Potential Concern 

Groundwater: 
S Aquifer Bicarbonate, Calcium, 

Carbonate, Cyanide, 
Fluoride, Magnesium, 
Potassium, Sodium, 
Sulfate, Zinc 

A Aquifer Bicarbonate, Carbonate 
Cyanide, Fluoride, 
Sodium 

B Aquifer Bicarbonate, Calcium, 
Carbonate, Cyanide, 
Fluoride, Magnesium, 
Sodium, Sulfate, Zinc 

Klindt Well Cyanide, Zinc 

Mountain F i r Well Cyanide, Magnesium, 
Calcium, Bicarbonate, Zinc 

Rockline Well Cyanide, Fluoride, 
Calcium, Bicarbonate, Zinc 

Animal Shelter Well Total Cyanide 

Table 7.2 

and Estimated A i r Concentrations with ARARs or other c r i t e r i a 

Results of Comparison with ARARs or other c r i t e r i a 

Fluoride in 6/26 wells exceeds Federal drinking water standard (MCL) of 
4 mg/liter; fluoride in 8/26 wells exceeds or i s within the range of the 
Oregon temperature-dependent drinking water standard of 
1.4-2.4 mg/liter. 
Sulfate i n 5/26 wells exceeds health-based standard of 400 mg/liter. 
Sulfate i n 6/26 wells exceeds Oregon MCL of 250 mg/L. 
Wells exceeding standards are located primarily i n areas near scrubber 
sludge ponds, recycle pond, former cathode waste management areas, 
and alumina unloading area. Cyanide and zinc concentrations i n a l l wells 
are below ARARs (770 ug/L or 220 ug/L for free cyanide; 5 mg/L for zinc); 
no ARARs or adequate t o x i c i t y c r i t e r i a are available for the other 
chemicals of potential concern. 

Fluoride i n 1/19 wells exceeded the Federal standard (4 mg/liter); 
Fluoride l n 1/19 wells exceeded the Oregon (1.4-2.4 mg/liter) standard. 
No ARARs or adequate t o x i c i t y d r i t e r i a are available for the other 
chemicals of potential concern. 

Fluoride i n 1/18 wells exceeds Federal MCL of 4 mg/liter; fluoride i n 
2/18 wells exceeds Oregon standard of 1.4-2.4 mg/liter. Cyanide and 
zinc levels i n a l l wells are below ARARs (770 ug/L or 220 ug/L for 
cyanide; 5 mg/L for zinc). No ARARs or adequate t o x i c i t y c r i t e r i a 
are available for the other chemicals of potential concern. 

No concentrations exceed ARARs (770 ug / l i t e r or 220 ug / l i t e r for 
free cyanide, 5 mg/liter for zinc). 

No concentrations exceed ARARs (770 ug/ l i t e r or 220 ug/ l i t e r for 
free cyanide, 5 mg/liter for zinc); no ARARs or adequate t o x i c i t y 
c r i t e r i a are available for the other chemicals). 

Fluoride level less than Federal MCL of 4 mg/liter but within Oregon 
standard range of 1.4-2.4 mg/liter. Cyanide and zinc concentrations below 
ARARs (770 ug/L or 220 ug/L for cyanide; 5 mg/L for zinc); no ARARs or 
adequate t o x i c i t y c r i t e r i a are available for the other chemicals. 

Free cyanide was not analyzed for i n the Animal Shelter well. Total cyanide 
levels are below ARARs of 770 ug/ l i t e r or 220 ug/ l i t e r for free cyanide. 



Chemicals of 
Exposure Medium/Area Potential Concern 

Recreation Area 
Production Well 

Chenoweth Irrigation 
Company Wells 

Onsite Production 
Wells 

Air: 
Onsite Dust 

(short-term 
exposure of 
onsite workers) 

Offsite Dust 
(short-term 
exposure of 
of f s i t e residents) 

No chemicals except lead 
detected at above 
background cone. 

No chemicals currently 
above background cone. 
Predicted future cone, 
of cyanide and fluoride 

No chemicals detected at 
above background cone. 

Arsenic, Cyanide, 
Fluoride, PAHs 

Arsenic, Cyanide, 
Fluoride, PAHs 

— = Not applicable 

Table 7.2, continued. 

Results of Comparison with ARARs or other c r i t e r i a 

Lead level i s approximately equal to the proposed federal drinking water 
Maximum Contaminant Level Goal (MCLG) of 20 ug / l i t e r and i s below Oregon 
drinking water standard (MCL) of 50 ug/ l i t e r . 

Predicted future cone, of cyanide and fluoride below ARAR values. 

Estimated short-term maximum concentrations of chemicals due to airborne 
dust are below OSHA PEL values. 

Estimated short-term maximum concentrations of chemicals due to airborne 
dust are below OSHA PEL values which have been adjusted for general 
populations. 



s o i l disturbance at the s i t e ) , the exposure scenario s e l e c t e d 

for e v a l u a t i o n was that which would r e s u l t i n the highest 

exposure and r i s k . For each exposure pathway evaluated, an 

average case and a maximum exposure case are evaluated. For 

the average exposure case, populations are assumed to be 

exposed to mean concentrations of contaminants i n the 

exposure medium at average exposure frequencies, e t c . Under 

the maximum exposure case, the maximum reported concentration 

i s used together with upper-bound exposure parameters. 

In reviewing the r i s k s that may r e s u l t from these 

exposures, the p r o b a b i l i t y or i m p r o b a b i l i t y of these 

exposures o c c u r r i n g should be kept i n mind. For instance, 

one of the future exposure scenarios evaluated assumes that 

houses w i l l be b u i l t at the MMRF s i t e and that an i n d i v i d u a l 

l i v i n g i n one of these homes for a 70-year l i f e t i m e w i l l 

f r e q u e n t l y be exposed to contaminated s o i l s by d i r e c t 

contact. The r i s k s p r e d i c t e d for t h i s scenario are l i k e l y to 

provide an upper bound on p o t e n t i a l r i s k s from the s i t e . 

As can be seen from the r i s k c h a r a c t e r i z a t i o n column of 

Tables 7.1 and 7.2, r i s k s from these exposures were 

c h a r a c t e r i z e d i n seve r a l ways. P r e f e r e n t i a l l y , p o t e n t i a l 

r i s k was assessed by comparing concentrations of chemicals i n 

the contaminated exposure medium (e.g., ground water) at 

poi n t s of p o t e n t i a l exposure to state or f r e d e r a l 

environmental standards, c r i t e r i a , or guidance that were 

i d e n t i f i e d as ARARs or other relevant guidance. When such 

comparison values were not a v a i l a b l e for a l l chemicals i n a 

p a r t i c u l a r exposure medium, exposures of humans to that 

contaminated medium were evaluated by q u a n t i t a t i v e r i s k 

assessment. Ground water was the only exposure medium for 

which ARARs were a v a i l a b l e for a l l chemicals. Hence, 

exposures to chemicals i n surface water, s o i l , and a i r were 

evaluated by q u a n t i t a t i v e r i s k assessment. 
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Q u a n t i t a t i v e r i s k assessment involves estimating intakes 

(doses) by p o t e n t i a l l y exposed populations based on the 

assumed exposure scenario. These intakes are then combined 

wit h reference doses (Rfds, defined as acceptable d a i l y doses 

for noncarcinogens) or cancer potency f a c t o r s ( f o r c a r c i n o ­

gens) to derive estimates of noncarcinogenic hazard or excess 

l i f e t i m e cancer r i s k s of the p o t e n t i a l l y exposed populations. 

For carcinogens ( i n the case of the MMRF s i t e , these are 

ars e n i c and cPAHs), the excess l i f e t i m e cancer r i s k i s 

expressed as a p r o b a b i l i t y . A IO' 6 r i s k i n d i c a t e s t h a t , as a 

r e s u l t of the exposure being considered, an exposed 

i n d i v i d u a l has a p r o b a b i l i t y of one i n a m i l l i o n of g e t t i n g 

cancer. 

When cons i d e r i n g the carcinogenic r i s k s presented i n the 

t a b l e , i t should be noted that there i s un c e r t a i n t y i n the 

s c i e n t i f i c community regarding the cancer potency f a c t o r used 

to evaluate carcinogenic PAHs. This could p o t e n t i a l l y r e s u l t 

i n overestimation of the ac t u a l cancer r i s k s associated with 

these compounds. 

For noncarcinogens (which i n the case of the MMRF s i t e 

i n cludes a l l of the chemicals of p o t e n t i a l concern except 

a r s e n i c and cPAHs) r e s u l t s are presented as a hazard index, 

which i s defined as the sum of the r a t i o s of the intake of 

each chemical to i t s RfD. Hazard i n d i c e s exceeding u n i t y 

i n d i c a t e that h e a l t h hazards might r e s u l t from such 

exposures. 

Pathways by which environmental receptors at and near 

the MMRF could p o t e n t i a l l y be exposed to contaminants 

o r i g i n a t i n g at the s i t e were gen e r a l l y q u a l i t a t i v e l y 

evaluated due to the general paucity of data with which to 

evaluate such exposures. When s u f f i c i e n t data were 

a v a i l a b l e , estimates of r i s k s to b i o t a were made based on 

exposure and t o x i c i t y estimates. With respect to the 
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p o t e n t i a l r i s k s to environmental receptors shown i n Table 

7.1, i t should' be noted that proposed or e x i s t i n g e c o l o g i c a l 

r i s k assessment methodology used by EPA gen e r a l l y assumes 

t h a t , except i n the case of an i n d i v i d u a l belonging to a 

threatened or endangered species, adverse e f f e c t s to 

i n d i v i d u a l organisms may be acceptable for most species i f 

the i n t e g r i t y of the population of that species i s not 

a f f e c t e d . Several s i t e - s p e c i f i c f a c t o r s are expected to 

reduce the r i s k at the population l e v e l at the MMRF s i t e : 

(1) Because the di t c h e s and puddles of concern at 

the s i t e are smaller than other sources of 

fre s h water nearby, the impacts of the o n - s i t e 

study areas on e n t i r e environmental popula­

t i o n s are expected to be small; and 

(2) Because much of the area around the s i t e i s 

undeveloped, a population of organisms prob­

ably e x i s t s to replace a i l i n g i n d i v i d u a l s . 

F i n a l l y , i t should be noted that these summary r i s k 

t a b l e s do not capture a l l aspects of the u n c e r t a i n t y 

as s o c i a t e d with t h i s r i s k assessment and r i s k assessment i n 

general. A d i s c u s s i o n of these u n c e r t a i n t i e s i s contained i n 

Appendix B. The estimates of r i s k presented i n the r i s k 

assessment or t h i s summary are not precise and are presented 

s o l e l y to guide the d e c i s i o n of whether to take remedial 

a c t i o n at the MMRF s i t e . In general, the exposure 

assumptions and models used to estimate these human healt h 

r i s k s are conservative, i . e . , tend to overestimate exposure 

and r i s k , and the he a l t h e f f e c t s c r i t e r i a incorporate margins 

of u n c e r t a i n t y . Hence, f i n a l estimates of exposure and r i s k 

w i l l be near to or higher (often much higher) than the upper 

end of the a c t u a l range of exposure and r i s k . 
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Section Eight 



8.0 SUMMARY OF FINDINGS 

8.1 PURPOSE 

This report describes the RI performed by G&M at the 

MMRF i n The D a l l e s , Wasco County, Oregon. The i n v e s t i g a t i o n , 

conducted on behalf of Martin M a r i e t t a Corporation (MMC), was 

overseen by Region X of the U.S. Environmental P r o t e c t i o n 

Agency under a Consent Order (No. 1085-04-02-106) dated 

September 1985. Implemented i n accordance with the RI Work 

Plan dated December 1985, as modified i n May 1987, the 

i n v e s t i g a t i o n i s co n s i s t e n t with the requirements of the 

Nat i o n a l Contingency Plan and CERCLA guidance documents. 

This report summarizes the r e s u l t s of data c o l l e c t e d 

during RI a c t i v i t i e s and includes an RA prepared by 

ICF/Clement A s s o c i a t e s . A separate FS report, scheduled for 

completion i n the f i r s t h a l f of 1988, i s to be prepared based 

on the f i n d i n g s of the RI and the RA. 

8.2 SITE BACKGROUND 

8.2.1 S i t e Location 

The MMRF s i t e i s loc a t e d i n The D a l l e s , Wasco County, 

Oregon, west of the Columbia River and east of the Union 

P a c i f i c R a i l r o a d Road. The s i t e occupies approximately 350 

acres w i t h i n an 800-acre area zoned for heavy indus t r y and 

manufacturing. The area of the s i t e used for i n d u s t r i a l 

purposes encompasses approximately 110 acres. The MMRF i s 

bounded near the Mountain F i r wood hauling and chip m i l l on 

the north, Webber Street to the south, the Columbia River on 

the east, and the Union P a c i f i c R a i l r o a d l i n e and West Second 

St r e e t to the west. 
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The MMRF i s an aluminum processing f a c i l i t y designed to 

produce approximately 90,000 tons per year of aluminum from 

alumina. Operations were begun at the s i t e by Harvey 

Aluminum, Inc., i n 1958. That company became a wholly owned 

s u b s i d i a r y of MMC i n 1970. The MMRF continued operations 

under the name of Martin M a r i e t t a Aluminum, Inc., u n t i l 1984, 

when the pl a n t was shut down and MMC acquired l e g a l t i t l e to 

the property. In 1986, MMC leased the plant and portions of 

property adjacent to the plant to Northwest Aluminum Company, 

which resumed primary aluminum operations i n 1987. A chrono­

l o g i c a l h i s t o r y of events and actions r e l a t e d to the aluminum 

plan t operations i s provided i n Table 8.1. 

During f a c i l i t y operation, waste c o n s t i t u e n t s derived 

from alumina reduction were stored, t r e a t e d , and disposed of 

at the MMRF. Although waste management techniques such as 

i n s t a l l a t i o n of wet and dry scrubbers were employed and a l l 

necessary environmental operating permits were obtained, 

waste c o n s t i t u e n t s , p r i n c i p a l l y f l u o r i d e , sodium, s u l f a t e s , 

cyanide, and polynuclear aromatic hydrocarbons (PAHs), were 

released to the environment. As a r e s u l t of such releases, 

MMC entered i n t o a Consent Order with Region X of the EPA i n 

September 1985 that d i r e c t e d MMC to perform an RI/FS for 

s p e c i f i c areas at the s i t e that might have been impacted 

during p l a n t operations. 

P r i o r to i n i t i a t i n g the RI, a number of i n t e r i m remedial 

a c t i o n s were performed at the MMRF to mitigate the environ­

mental e f f e c t s of plant a c t i v i t i e s . These in c l u d e : 

c o n s t r u c t i o n of the l i n e d pond; r e l o c a t i o n of the old cathode 

waste p i l e to the new cathode waste pad containing a leachate 

c o l l e c t i o n system; fencing of the l a n d f i l l to r e s t r i c t access 

(performed as an i n t e r i m remedial measure); and con s t r u c t i o n 
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Table 8.1 Chronological History of MMRF Operations 

Dates Event 

1957 and Plant construction debris placed in the Landfill. Paper and 
through 1960 wood burned in the Landfill. 

1958 Process operations initiated by Harvey Aluminum, Inc. Plant 
emissions collected in a wet primary fluoride scrubber system 
(known as the "Old Tower" system) and discharged to Scrubber 
Sludge Ponds 2 and 3. 

I960 Paper and wood waste were crushed and shipped to Wasco County 
Landfill. 

1960's Old Tower system replaced with electrostatic precipitators. 
Collected emissions sent to Scrubber Sludge Ponds 2 and 3. 

I960 Old Cathode Waste Pile started at northeast corner of the 
plant. Old Cathode Wash Area constructed east of plant and 
next to River Road. 

1961-1971 Bricks separated from cathodes taken out of service and 
placed in the Landfill. Other cathode waste shipped off-site 
for processing at Reynolds Aluminum. 

1968 Berm and settling basin added to Old Cathode Wash Area. 

1969 Secondary scrubber added to existing scrubber system to 
enhance air emission controls. 

1970 Harvey Aluminum, Inc., becomes a wholly-owned subsidiary of 
Martin Marietta Corporation. 

1972 C l a r i f i e r placed on-line. Use of Scrubber Sludge Pond 1 
began. Scrubber Sludge Ponds 2 and 3 use discontinued except 
for use as a backup when c l a r i f i e r was off-line. 

1974 Recycle Pond constructed for use as settling basin for solids 
separation from secondary scrubber water. Old NPDES Dis­
charge Channel taken out of service. 

1974-1984 Waste from the Casthouse, Paste Plant, and plant operations 
deposited in the Landfill. 

1976 Scrubber Sludge Pond 4 constructed and used to store dredged 
materials from Scrubber Sludge Ponds 2 and 3 and the Recycle 
Pond. 

1977 Scrubber Sludge Pond 2 dredged and dredged material placed in 
Scrubber Sludge Pond 4. 
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Table 8.1 (Continued) 

Dates Event 

1978 Dry Scrubber system installed to replace electrostatic 
precipitators. Wet scrubber added downstream of the dry 
system as a backup and to collect sulfur dioxide emissions. 
Fluoride in the dry scrubber adsorbed by alumina and recycled 
to the pots. Solids from the wet system were pumped to the 

Scrubber Sludge Ponds. 

Old Cathode Wash Area extended to the east. 

Lined pond constructed to reduce volume placed in the 
Scrubber Sludge Ponds. 

Piping from the Landfill to the Landfill leachate collection 
sump installed. Sump pump installed to mitigate discharges 
from the Landfill. 

Use of Scrubber Sludge Ponds 1 and 4 discontinued; ponds 
capped. 

Scrubber Sludge Pond 2 receives runoff from Scrubber Sludge 
Pond 3. Dredged bottoms of Lined Pond and Recycle Pond 
placed in Scrubber Sludge Pond 3. 

Cyanide levels above detection limits detected during routine 
sampling of Production Well #2. Well subsequently properly 
abandoned. 

Century West Engineering investigates Landfill as a result of 
detected leachate migration. Surface cover added to Landfill 
to control surface drainage towards the east and drainage 
ditches were constructed to control runoff and runon. A 
diversion .berm was constructed on west side of ditch to 
eliminate surface runoff. 

EPA performs hazardous waste ranking of MMRF. 

State of Oregon Department of Environmental Quality l i s t s 
potliner waste as hazardous. Permitted waste pad built to 
store waste potliner; potliner waste previously stored at the 
Old Cathode Waste Pile relocated to the permitted storage 
area. 

1984 Martin Marietta Corporation acquires legal t i t l e to property 
from Martin Marietta Aluminum, Inc. Martin Marietta Corpora­
tion constructs leachate collection system for the Landfill 
and new Cathode Waste Pad. Remaining Old Cathode Waste Pile 
waste and six inches of s o i l relocated to the new Cathode 
Waste Pad. 

December 1984 Martin Marietta Aluminum, Inc., ceases production. 

1979 

1980 

July 1980 

1981 

1982 

1983 

Spring 1983 

Spring 1983 

Spring 1983 

8-4 

GERAGHTY & MILLER. INC. 



Table 8.1 (Continued) 

Dates Event 

September 1985 Martin Marietta Corporation enters into a consent order with 
EPA Region X. Requirements of the consent order include the 
performance of a Remedial Investigation and Feasibility Study 
(RI/FS) for the MMRF. 

December 1985 Work plan for the RI/FS prepared by Geraghty & Miller, Inc. 
for Martin Marietta Corporation submitted to the EPA. Camp, 
Dresser & McKee, Inc. submits a community relations plan for 
the MMRF to the EPA. 

February 1986 RI/FS Work Plan modified. 

March 1986 RI/FS Work Plan implemented by Geraghty & Miller, Inc. 

April 1986 Fencing installed to secure Landfill. 

September 1986 Martin Marietta Corporation leases the MMRF to Northwest 
Aluminum Company under a five-year lease/sale agreement. 
Lined Pond, Discharge Channel, and Recycle Pond are 
reactivated for plant operations. 

November 1986 Results of i n i t i a l RI data collection activities summarized 
by Geraghty & Miller, Inc. in "Interim Report - Remedial 
Investigation, MMRF, The Dalles, Oregon," submitted to EPA. 

November 1986 Northwest Aluminum Company resumes primary aluminum opera­
tions . 

1987 Flows to the Duck Pond are diverted to the discharge channel. 

January 1987 MMRF designated as a Superfund site. 

March 1987 RI/FS Work Plan Addendum submitted to EPA. 

May 1987 RI/FS Work Plan Addendum modified. 

June 1987 EPA approves RI/FS Work Plan Addendum. Field a c t i v i t i e s 
specified in the addendum initiated. 

November 1987 Preliminary Remedial Investigation Report submitted to EPA. 

566/5 
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the l a n d f i l l of a leachate c o l l e c t i o n system c o n s i s t i n g of 

perimeter d i t c h e s and a c o l l e c t i o n sump. 

8.2.3 Summary of the Remedial I n v e s t i g a t i o n 

The RI fo r the s i t e was i n i t i a t e d by G&M i n March 1986. 

The areas i n v e s t i g a t e d during the RI are the: 

o L a n d f i l l and Adjacent Areas 
o Former Cathode Waste Management Area 

0 New Cathode Waste Pad 

o Duck Pond 

0 Lined Pond 

o Recycle Pond 

o Scrubber Sludge Ponds 

o Wastewater and Surface-Water Transport Ditches. 

Table 8.2 summarizes the volumes of s o i l , sediment, 

waste, or l i q u i d estimated to be contained w i t h i n these 

areas. In a d d i t i o n , ground-water systems located beneath the 

f a c i l i t y were i n v e s t i g a t e d for impact from plant operations. 

Four a q u i f e r systems, l a b e l e d the S, A, and B aq u i f e r s and 

the DGWR, have been i d e n t i f i e d at the MMRF. Perched water at 

the o l d cathode waste p i l e , salvage area, p o t l i n e r handling 

area, cathode wash area, and an a l l u v i a l a q u i f e r of l i m i t e d 

a r e a l extent were al s o evaluated during the RI. 

The RI consisted of waste c h a r a c t e r i z a t i o n at the 

l a n d f i l l and sampling of sediment, s o i l , a i r , surface water, 

and ground water throughout the s i t e to: c h a r a c t e r i z e s i t e 

c o n d i t i o n s and the extent and nature of constituents released 

to the environment; gather s i t e data necessary to evaluate 

p o t e n t i a l remedial responses; and determine the nature and 

extent of the r i s k posed to p u b l i c h e a lth, welfare, or the 

environment by the release of constituents at the MMRF. 

During t h i s work, monitor w e l l s were i n s t a l l e d , several 
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Table 8.2 Summary of Volume Estimates 

Area of I n v e s t i g a t i o n 
Estimated Volume 

cubic yards gal Ions" 

L a n d f i l l 

L a n d f i l l Runoff Areas 
Area A 
Area B 
Area C 
Area D 

Metal Pad Storage Area 

Bath Recovery Pad Area 

Old Cathode Waste P i l e Area 

Salvage Area 

P o t l i n e r Handling Area 

Cathode Wash Area 

Duck Pond 

Lined Pond 
Lined Pond (Wind Blown) 

Recycle Pond 

Scrubber Sludge Ponds 
SSPl 
SSP2 
SSP3 
SSP4 
Wind Blown 

200,000 

510 
150 
230 
138 

1,690 

1,660 

24,200 

28,700 

9,910 

4,530 

2,430 

7,570 
130 

8,915 

71,700 
9,580 

58,100 
28,500 

538 

4,000,000 

8,000,000 

Ditches 
Surface Drainage D i t c h 1,240 
Leachate C o l l e c t i o n D i t c h 
L a n d f i l l D i t c h 2,050 
North D i t c h 610 
River Road Di t c h 200 
River Road Curb 
Discharge Channel 1,100 
Drainage D i t c h 920 
Old NPDES Discharge Channel 
Abandoned Scrubber Sludge Channel 

Seasonally a f f e c t e d 
2 Lined with concrete; unable to probe s o i l s underneath. 

Not' relevant 
566/7 
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p r e v i o u s l y constructed w e l l s were replaced, a q u i f e r t e s t s 

were conducted, and w a t e r - l e v e l measurements were made. New 

monitor w e l l s were i n s t a l l e d o n - s i t e and o f f - s i t e to enhance 

d e l i n e a t i o n of the d i r e c t i o n of ground-water movement and 

h y d r a u l i c r e l a t i o n s h i p s among the aquif e r systems. 

RI d a t a - c o l l e c t i o n a c t i v i t i e s included the f o l l o w i n g : 

o Abandonment of 3 w e l l s ; 

o Reconstruction of 16 p r e - e x i s t i n g monitor w e l l s ; 

o I n s t a l l a t i o n of 41 new monitor w e l l s ; 

o Completion of 66 borings; 

o Completion of 15 t e s t p i t s ; 

o C o l l e c t i o n of 272 f t of rock core; 

o Completion of 13 slug t e s t s ; 

o Completion of 6 aquif e r pumping t e s t s ; 

o X-ray d i f f r a c t i o n a n a l y s i s of 29 rock samples; 

o C o l l e c t i o n and a n a l y s i s of 133 ground-water 

samples; 

o C o l l e c t i o n and a n a l y s i s of 38 surface-water 

samples; 

o C o l l e c t i o n and a n a l y s i s of 19 s o i l samples; 

o C o l l e c t i o n and a n a l y s i s of 60 sediment samples; 

o C o l l e c t i o n and a n a l y s i s of 22 waste samples; 

o C o l l e c t i o n and a n a l y s i s of 446 a i r samples. 

The types of c o n s t i t u e n t s detected i n source areas and 

ground-water systems at the MMRF were consistent with the 

types of m a t e r i a l s t r e a t e d , stored, or disposed of at the 

s i t e . Table 8.3 i s a summary of the a n a l y t i c a l data obtained 

for s o i l , sediment, waste, and surface-water samples. 
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Table 8.3 Constituents Measured Above Detection Limits 

rn 
> 
O 
X 
H 

'v 

F 
r-
m 
pa 

o 

00 
I 

Area of 
Investigation Media 

Total 
CN 

Free 
CN F Na AS so4 Ba Hg Cd Cr PAHs 

Bls-(2-
Ethylhexyl) 
Phthalate TCE 

Chloro­
form 

1,1,1 
TCA 

Bath Recovery 
Pad 

Soil X X X X 

Cathode Wash 
Area 

Soil X X X X 

Discharge 
Channel 

Surface 
Water 
Sediment 

X X 

X 

X 

X 

X 

X 

X 

X X X 

Drainage 
Ditch 

Sediment X X X 

Duck Rand Surface 
Water 
Sediment 

X 

X 

X 

X 

X X X 

Landfill Soil X X X X X X 

Landfill 
Ditch 

Surface 
Water 
Sediment 

X X 

X 

X 

X 

X . 

X 

X X 

X 

X X X 

Landfill 
Leachate 

Surface 
Water 

X X X X X X X X X X 

Landfill 
Runof f. 
Area A 
Area D 
Area C 
Area D 

Soil 
Soil 
Soil 
Soil 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X 
X 

X 
X 
X X 

Lined Pond Surface 
Water 
Sediment 

X 

X 

X X 

X 

X 

X 

X 

X 

X X 

Metal Pad 
Storage Area 

Soil X X X 

North Ditch Surface 
Water 
Sediment 

X X 

X 

X 

X 

X X 

X 

X 



Table 8.3 (Continued) 

Area of 
Investigation Media 

Total 
CN 

Old Cathode Soil X 
Waste Pile Surface X 

Water 

Free 
CH Fl SO. Ua 1*3 Cd Cr PAI Is 

Bis-<2-
Ethylhexyl) 
Phthalate TCE 

Chloro­
form 

1,1,1 
TCA 

m 

r~ 
m 
70 

o 

00 
I 

Potliner Soil 
Handling Area 

Recycle Pond Surface 
Water 
Sedbnent 

River Road Soil 
Ditch 

Salvaqe Area Soil X 

Scrubber 
Sludge 
Bond 1 Sediment 
Pond 2 Sediment 
Fond 3 Sediment 
Kind 4 Sediment 

Surface Sediment 
Drainage 
Ditch 

S Aquifer Water X 
A Aquifer Water X 
B Aquifer Water X 
DGWR Water X 
Alluvial Water X 
Rockline Water X 
Well 

Explanation: 
Total CN Total Cyanide 
Free CN = Free Cyanide 
F = Fluoride 
Na = Sodium 
As = Arsenic 
SO Sulfate 
Ba4 = Barium 
Hg = Mercury 
Cd Cadmium 
Cr = Chromium 

X 
X 
X 
X 
X 
X 

X 
X 
X 
X 

PAHs = Polynuclear Aranatic Hydrocarbons 
TCE = Trichloroethene 
1,1,1 TCA =• 1,1,1-Trichloroethane 
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8.3 PHYSICAL CHARACTERISTICS OF THE SITE 

8.3.1 Climate 

The MMRF i s located w i t h i n the semi-arid region of 

eastern Oregon where the climate i s char a c t e r i z e d by warm, 

dry summers and c o l d , r e l a t i v e l y wet winters. At The D a l l e s , 

the mean annual temperature i s about 54°F. J u l y i s g e n e r a l l y 

the warmest month with a mean maximum temperature of 86° F. 

The mean minimum temperature i s 34°F i n January. 

The area receives from 10 to 15 inches of p r e c i p i t a t i o n 

annually with a mean annual p r e c i p i t a t i o n at The Dal l e s of 

13.7 inches. Average annual evaporation from shallow lakes 

i n the area i s approximately 40 inches. Records from The 

Da l l e s i n d i c a t e a cumulative moisture d e f i c i t of about 15 

inches per year; that i s , evaporation exceeds p r e c i p i t a t i o n . 

Wind v e l o c i t y measured at an on-site meteorological 

s t a t i o n during the months of June and J u l y 1987 showed 

maximum wind speeds of up to 60 miles per hour (mph); gusts 

of up to 30 mph were common. The highest wind speeds are 

asso c i a t e d with northwest winds. T y p i c a l wind speeds range 

from 5 to 20 mph and the predominant wind d i r e c t i o n i s from 

the northwest. 

8.3.2 Topography 

Land-surface e l e v a t i o n s at the MMRF range from about 100 

f t msl at the Columbia River to more than 155 f t msl at the 

L a n d f i l l . The topography of the s i t e has changed over time 

due to f i l l i n g of low areas; i n general, the s i t e i s l e v e l 

w ith the exception of d i s t i n c t man-made and na t u r a l features. 

These features i n c l u d e : man-made ponds, the l a n d f i l l , 

drainage d i t c h e s , stream channels, and road beds. 

8-11 

GERAGHTY & MILLER. INC. 



The topography at the MMRF l a r g e l y c o n t r o l s the d i r e c ­

t i o n of surface-water flow, except where man-made s t r u c t u r e s 

have been b u i l t to a l t e r flow patterns. In general, 

surface-water runoff from a c t i v e portions of the s i t e i s 

routed to the recycle pond. 

Runoff from the l a n d f i l l area i s c u r r e n t l y i n t e r c e p t e d 

by the leachate c o l l e c t i o n system and the l a n d f i l l d i t c h and 

then routed to the recycle pond v i a the discharge channel. 

P r i o r to the const r u c t i o n of t h i s i n t e r c e p t i o n network, 

l a n d f i l l runoff followed three primary drainage pathways, a l l 

of which discharged to the a l l u v i a l a q u i f e r . 

The ponds at the MMRF are the four scrubber sludge 

ponds, r e c y c l e pond, duck pond, and l i n e d pond. The rec y c l e 

pond, which serves as a c o l l e c t i o n point for runoff from the 

l a n d f i l l , the former cathode waste management area, and areas 

to the immediate south and west of the pl a n t , discharges to 

the Columbia River i n accordance with a National P o l l u t a n t 

Discharge E l i m i n a t i o n System (NPDES) permit. The recycle and 

l i n e d ponds are c u r r e n t l y i n use. The scrubber sludge ponds 

are no longer i n use but i n t e r s e c t the water table and are 

indurated i n proportion to the r e l a t i v e ground-water 

e l e v a t i o n . 

Surface-water runoff from the southwest part of the s i t e 

flows to the south and east through a nat u r a l drainage 

channel p r i o r to discharging to the Columbia Ri v e r . 

Surface-water drainage from the non-active part of the MMRF 

(northwest of the l a n d f i l l ) discharges d i r e c t l y to Chenoweth 

Creek. 
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8.3.4 Lithology/Geology 

The surface s o i l s at The Da l l e s are poorly developed and 

i n most places are non-existent. The four native s o i l groups 

known to be present, are, i n order of decreasing a r e a l 

extent: (1) the Rock Outcrop-Xeropsamments Complex, (2) the 

Hessian-Skyline Complex, (3) the Van Horn Loam, and (4) the 

Quincy Loam Fine Sand. During c o n s t r u c t i o n and operation of 

the MMRF, a large part of the native s o i l s at the s i t e were 

covered w i t h f i l l m a t e r i a l . 

Underlying the s o i l s / f i l l at the s i t e i s rock of the 

Columbia River B a s a l t Group (CRBG). The rock formations 

evaluated c o n s i s t of the f o l l o w i n g s t r a t i g r a p h i c horizons ( i n 

order of i n c r e a s i n g depth): 

o Lolo flow of P r i e s t Rapids Member; 

o Sedimentary (Byron) Interbed; 

o R o s a l i a flow of P r i e s t Rapids Member; 

o Sedimentary (Quincy/Squaw Creek) Interbed; and 

o S e n t i n e l Gap flow of Frenchman Springs Member. 

The rock s t r a t a at the s i t e are ge n e r a l l y f l a t l y i n g except 

i n the north where the Chenoweth Fault transects the s i t e . 

The CRBG i s o v e r l a i n by Plei s t o c e n e Age a l l u v i a l deposits i n 

the northern parts of the s i t e . 

8.3.5 Hydrogeology 

The ground-water flow system at the MMRF includes a 

water-table a q u i f e r (S a q u i f e r ) o v e r l y i n g a s e r i e s of con­

f i n e d a q u i f e r s (A and B a q u i f e r s and DGWR). Zones of perched 

water and an a l l u v i a l a q u i f e r are present l o c a l l y . 

The unconfined S aqui f e r i s present w i t h i n the r e l a ­

t i v e l y low p e r m e a b i l i t y b a s a l t s of the Lolo flow and the 
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s u b a e r i a l p o r t i o n of the R o s a l i a flow and the Byron Interbed. 

The f i r s t confined a q u i f e r (A aqui f e r ) i s w i t h i n the upper 

p i l l o w lava horizon of the subaqueous p o r t i o n of the R o s a l i a 

flow. The A aq u i f e r ranges from 5 to 45 f t i n thickness. 

The B aq u i f e r i s below the A aqu i f e r and i s l o c a l l y separated 

from i t by a low p e r m e a b i l i t y b a s a l t (lava l o b e ) . The lava 

lobe i s apparently absent north of the s i t e due to non-

de p o s i t i o n . The B aq u i f e r ranges from 30 to 50 f t i n 

thi c k n e s s . In areas where the lava lobe i s absent, the A and 

B a q u i f e r s combine to form a s i n g l e hydrogeologic u n i t . A 

t h i c k , low pe r m e a b i l i t y s i l t s t o n e and sandstone u n i t forms 

the c o n f i n i n g u n i t between the B aquifer and the underlying 

DGWR. The top of the DGWR occurs w i t h i n the permeable zones 

of the S e n t i n e l Gap flow, and the most permeable p o r t i o n of 

the DGWR i s w i t h i n the flo w - b r e c c i a top of the Sand Hollow 

flow. 

Ground-water flow i n the S aquife r i s g e n e r a l l y to the 

east and northeast; discharge from the S aquif e r i s b e l i e v e d 

to be i n t o the a l l u v i a l a q u i f e r and the Columbia R i v e r . 

Ground-water flow i n the A aqu i f e r i s predominantly east to 

west. The A aq u i f e r may be recharged by the a l l u v i a l 

a q u i f e r , the Columbia R i v e r , and the S a q u i f e r ; discharge 

appears to be to the B aq u i f e r and regional water-supply 

w e l l s . Ground-water flow i n the B aquifer i s gen e r a l l y to 

the west and south; h y d r a u l i c gradients vary, however, 

depending on the hydrologic and pumping c o n d i t i o n s . 

An a l l u v i a l a q u i f e r , approximately 400 f t wide and at 

l e a s t 60 f t deep, i s present i n the area north of the plant 

w i t h i n P l e i s t o c e n e age sand dep o s i t s . The geometry of the 

a l l u v i a l a q u i f e r i s apparently c o n t r o l l e d by the l o c a t i o n of 

the trace of the Chenoweth F a u l t . Flow i n the a l l u v i a l 

a q u i f e r i s expected to be east, toward the Columbia River. 
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Perched water has been i d e n t i f i e d at the o l d cathode 

waste p i l e , salvage area, and p o t l i n e r handling areas w i t h i n 

the permeable f i l l m a t e r i a l emplaced above competent b a s a l t 

during p l a n t c o n s t r u c t i o n . The saturated thickness of the 

perched zone v a r i e s with rates of na t u r a l recharge, and was 

approximately 0 to 3 f t i n t e s t p i t s opened i n August 1987. 

One source of the perched water i s p r e c i p i t a t i o n ; other 

p o t e n t i a l sources include i n f i l t r a t i o n from the l a n d f i l l 

d i t c h and north d i t c h and leaks i n below-grade water 

d i s t r i b u t i o n l i n e s . 

8.3.6 E x i s t i n g and Future Land and Ground-Water Use 

The MMRF, as noted p r e v i o u s l y , i s located w i t h i n 800 

acres zoned f o r heavy i n d u s t r y and manufacturing. Northwest 

Aluminum i s c u r r e n t l y the l a r g e s t i n d u s t r y i n t h i s zoning 

area, employing 250 to 300 persons. 

A small t r u c k i n g f a c i l i t y , the MMRF re c r e a t i o n area, and 

the rodeo grounds are loc a t e d near the southern boundary of 

the i n d u s t r i a l area. The northern part of the area contains 

the Mountain F i r f a c i l i t y and two small areas zoned as 

community f a c i l i t i e s . Located w i t h i n these community 

f a c i l i t i e s are the Wasco County Animal S h e l t e r , Rockline 

(which c o n s i s t s p r i m a r i l y of a machine shop employing about 

four people), and an e l e c t r i c power subs t a t i o n . A gravel p i t 

owned by Munson Paving i s al s o located i n the northern part 

of t h i s zoning area. 

C u r r e n t l y , there i s l i t t l e development along the 

Columbia River waterfront i n the v i c i n i t y of the MMRF, 

although there are plans to use a t r a c t between the s i t e and 

the r i v e r f or i n d u s t r i a l development. The area has been 

l e v e l e d , graded, and landscaped. A small barge company i s 

loca t e d on the waterfront approximately 0.5 mile southeast of 

the MMRF. 
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The remainder of the zoning area i s l i g h t l y vegetated or 

wooded; MMRF land that i s not used for i n d u s t r i a l processes 

i s leased f or a g r i c u l t u r a l uses such as c a t t l e g r a z i n g . 

C a t t l e grazing takes place p r i m a r i l y i n the vegetated areas 

northeast of the f a c i l i t y and i n the area near the rodeo 

grounds. 

A s t r i p of land zoned for l i g h t i n d u s t r i a l and manufac­

t u r i n g development i s located between the r a i l r o a d t racks and 

I n t e r s t a t e 84 d i r e c t l y west of the MMRF main b u i l d i n g . In 

a d d i t i o n to sever a l small businesses, t h i s area c u r r e n t l y 

i ncludes a few r e s i d e n t i a l homes. These homes were i n place 

p r i o r to zoning, and upon new ownership or d e s t r u c t i o n of the 

homes, the area w i l l be used s t r i c t l y for l i g h t i n d u s t r i a l 

and manufacturing development. Based on recent a e r i a l 

photographs, l e s s than 20 homes and businesses are i n the 

area west of the s i t e . 

I n t e r s t a t e 84 separates the l i g h t and heavy i n d u s t r i a l / 

manufacturing area from r e s i d e n t i a l areas. D i r e c t l y west of 

the i n t e r s t a t e and approximately one-third of a mile from the 

MMRF s i t e are several areas zoned for r e s i d e n t i a l develop­

ment. General commercial s i t e s , such as a d r i v e - i n t h eater, 

are l o c a t e d i n and around these r e s i d e n t i a l areas, approxi­

mately two-thirds of a mile west of the MMRF. A d d i t i o n a l 

r e s i d e n t i a l areas zoned for s i n g l e - f a m i l y , m u l t i - f a m i l y , and 

mobile home dwellings are located southwest of the s i t e . 

Ground water i s an important source of water supply i n 

The D a l l e s area for domestic, i n d u s t r i a l , and a g r i c u l t u r a l 

uses. The primary aquifer i n the area i s the DGWR; the 

a l l u v i a l a q u i f e r located i n the Chenoweth Creek area i s used 

by the Animal S h e l t e r . 
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The Columbia River and i t s t r i b u t a r i e s represent the 

major surface-water resources i n the area, with an impound­

ment on M i l l Creek used as the p r i n c i p a l source of water 

supply for the C i t y of The D a l l e s . The Columbia River and 

i t s t r i b u t a r i e s provide h a b i t a t f o r important commercial and 

sport f i s h e r i e s , with salmon, t r o u t , s t e e l head, walleye, and 

bass being among the many game f i s h common to the r i v e r . 

Many of the t r i b u t a r i e s serve as hatcheries for the 

salmonoids. 

A gravel p i t i s operated w i t h i n the quaternary gravels 

of the a l l u v i a l a q u i f e r northeast of the MMRF. This opera­

t i o n i s r e l a t i v e l y s m a l l , and probably could not be expanded 

s i g n i f i c a n t l y owing to the l i m i t e d extent of the all u v i u m . 

8.4 NATURE AND EXTENT OF SITE-DERIVED CONSTITUENTS 

The nature and extent of the s i t e - d e r i v e d c o n s t i t u e n t s 

can be defined from the RI r e s u l t s , i n c l u d i n g the RA 

conclusions and the c h a r a c t e r i s t i c s of the s i t e and waste 

m a t e r i a l s . A n a l y t i c a l data obtained during the RI are used 

to a s c e r t a i n the l a t e r a l and v e r t i c a l extent of the released 

c o n s t i t u e n t s . Conditions are f u r t h e r defined based on waste 

and s i t e c h a r a c t e r i s t i c s f or the areas of concern i n order to 

evaluate p o t e n t i a l exposure, t r a n s p o r t , and remediation of 

s i t e m a t e r i a l s . F i n a l l y , i n the RA, p o t e n t i a l l y impacted 

areas are assessed for points of exposure and associated 

r i s k s to human h e a l t h , welfare, and the environment. In 

order to perform the RA, c h e m i c a l - s p e c i f i c standards f o r 

c o n s t i t u e n t s detected at the s i t e are e s t a b l i s h e d . 
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8.4.1 S i t e and Waste C h a r a c t e r i z a t i o n f or Areas of 
Conce rn 

8.4.1.1 L a n d f i l l 

The l a n d f i l l occupies approximately 15 acres j u s t north 

of the alumina reduction b u i l d i n g . Former drainage pathways 

from the l a n d f i l l area correspond to the l a n d f i l l runoff 

areas. The i n s t a l l a t i o n of the leachate c o l l e c t i o n d i t c h , 

which was l a t e r gunite l i n e d , was intended to cut o f f migra­

t i o n of the leachate. The leachate c o l l e c t i o n d i t c h i s 

e f f e c t i v e i n preventing surface runoff but i s apparently l e s s 

e f f e c t i v e i n capturing leachate f o l l o w i n g the contact between 

surface s o i l s / f i l l and the underlying b a s a l t . MMRF i n s t a l l e d 

an i n t e r c e p t o r trench i n an e f f o r t to minimize the impact of 

surface-water runoff from the area to the west of the 

l a n d f i l l . 

Wastes at the l a n d f i l l were placed randomly on the 

ground surface and p i l e d to the current c o n f i g u r a t i o n ; t o t a l 

waste volume i s estimated to be about 200,000 cubic yards. 

Wastes present i n the l a n d f i l l as a r e s u l t of the reduction 

process and c o n s t r u c t i o n operations c o n s i s t of: c o n s t r u c t i o n 

d e b r i s ( p r i m a r i l y b a s a l t fragments); spent cathode waste 

m a t e r i a l s ; r e f r a c t o r y b r i c k s ; o f f - s p e c i f i c a t i o n carbon block, 

p i t c h , and coke; c r y o l i t e ; m e t a l l i c materials such as buss 

bars and c o l l e c t o r studs; and p a l l e t s , cans, rags, and empty 

drums. P r i o r to the r e g u l a t i o n of asbestos d i s p o s a l and 

handling p r a c t i c e s , asbestos and materials c o n t a i n i n g 

asbestos were disposed of i n a random fashion w i t h i n the 

l a n d f i l l . Since r e g u l a t i o n of these m a t e r i a l s , MMRF disposed 

of asbestos i n d i s c r e t e areas of the l a n d f i l l . 

Waste m a t e r i a l s w i t h i n the l a n d f i l l can be d i v i d e d i n t o 

four main c a t e g o r i e s : 
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o B a s a l t fragments; 

o Asbestos; 

o M e t a l l i c wastes; and 

o Target wastes. 

Most of the waste appears to be b a s a l t from c o n s t r u c t i o n 

a c t i v i t i e s ; p a r t i c l e s i z e s range from very f i n e s i l t s to 

boulders s e v e r a l feet i n diameter. Although w r i t t e n records 

do not e x i s t , the volume of asbestos i n the l a n d f i l l i s not 

a n t i c i p a t e d to be a large q u a n t i t y ( l e s s than 100 cubic 

y a r d s ) . However, i t i s not p o s s i b l e to a c c u r a t e l y estimate 

the volume of asbestos d i s t r i b u t e d throughout the l a n d f i l l 

p r i o r to c o n t r o l l e d b u r i a l . M e t a l l i c wastes c o n s i s t of buss 

bars, c o l l e c t o r studs, and miscellaneous drums, cans, e t c . 

However, there does not appear to be a s i g n i f i c a n t q u a n t i t y 

of m e t a l l i c wastes. The target wastes c o n s i s t of the 

remaining m a t e r i a l s , i n c l u d i n g : spent cathode waste, 

r e f r a c t o r y b r i c k s , and o f f - s p e c i f i c a t i o n carbon block, p i t c h , 

and coke . The f o l l o w i n g volumes have been estimated for the 

waste types i n the l a n d f i l l : 

o B a s a l t Fragments 100,000 yds 3 

o Asbestos 

- Buried 100 yds 3 

- D i s t r i b u t e d 200 yds 

o M e t a l l i c Wastes 500 yds 3 

o Target Wastes 99,200 yds 3 

I t i s estimated that 5,000 tons of spent cathode waste 

m a t e r i a l s are present i n the l a n d f i l l ; these wastes contain 

high l e v e l s of carbon, s u l f a t e , sodium, and f l u o r i d e i n 

a d d i t i o n to minor amounts of cyanide. C r y o l i t e , which i s 

composed of f l u o r i d e , sodium, and aluminum, i s also present 

i n the l a n d f i l l . P i t c h and coke associated with the 

continuous anode i n the reduction process are present i n the 
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l a n d f i l l and contain elevated l e v e l s of PAHs and low l e v e l s 

of a r s e n i c . 

To confirm the composition of the l a n d f i l l , f i v e t e s t 

p i t s were excavated. The ma t e r i a l s observed ranged from f i n e 

dust to very large b a s a l t boulders. Composite samples from 

the f i v e t e s t p i t s i n d i c a t e the presence of the f o l l o w i n g 

c o n s t i t u e n t s : 

o EP T o x i c i t y Metals 
- Barium 

o T o t a l cyanide 

o Free cyanide 

o Sodium 

o F l u o r i d e 

o PAHs 

0.234 mg/L (one sample) 

0.32 - 70 mg/kg 

<0.27 - 54 mg/kg 

3,400 - 82,200 mg/kg 

204 - 2,880 mg/kg 

276 - 2,406 mg/kg 

Leachate generated by the l a n d f i l l i s contained by a 

leachate c o l l e c t i o n system that c o n s i s t s of the f o l l o w i n g 

d i t c h e s : 

o Surface Drainage D i t c h ; 

o Leachate C o l l e c t i o n D i t c h ; and 

o L a n d f i l l D i t c h . 

The generation of leachate i s seasonally dependent and 

i t s presence i s d i r e c t l y r e l a t e d to p r e c i p i t a t i o n or snow 

melt. A v a i l a b l e records of leachate c o l l e c t e d and pumped 

range from 0 to 50,000 gal l o n s per day (gpd) with peak flows 

o c c u r r i n g g e n e r a l l y i n the e a r l y s p r i n g . 

Analyses of leachate samples from the leachate c o l l e c ­

t i o n d i t c h i d e n t i f i e d the presence of the f o l l o w i n g 

c o n s t i tuents: 

o V o l a t i l e Organic Compounds 
- T r i c h l o r o e t h y l e n e 
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o Cyanide 
- Tot a l 0.11 - 29 mg/L 

- Free 0.01 - 4.7 mg/L 

o F l u o r i d e 1,490 - 2,440 mg/L 

o Sodium 4,270 - 5,900 mg/L 

o S u l f a t e 840 - 2,660 mg/L 

Analyses of leachate samples from the l a n d f i l l d i t c h 

i d e n t i f i e d the presence of the f o l l o w i n g c o n s t i t u e n t s : 

o PAHs ( i n c l u d i n g B i s [ 2 - e t h y l ­
hexyl ] Phthalate ) <0.01 - 206 ug/L 

o Cyanide 
- T o t a l 373 - 1,280 mg/L 
- Free 34.2 - 77.2 mg/L 

o Fl u o r i d e 5,400 - 8,000 mg/L 

o Sodium 36,600 - 99,800 mg/L 

o S u l f a t e 10,500 - 49,300 mg/L 

o Chloride 1,210 - 3,430 mg/L 

The surface drainage d i t c h was dry and leachate was not 

present for sampling. The leachate c o l l e c t i o n d i t c h was 

gunite l i n e d and sediment samples were not a v a i l a b l e . 

Sediments from the surface drainage d i t c h and the l a n d f i l l 

d i t c h were analyzed f o r the f o l l o w i n g c o n s t i t u e n t s : 

o Cyanide 

- Free < 0.62 - 3.6 mg/kg 

o Fl u o r i d e 189 - 519 mg/kg 

• o Sodium 2,720 - 5,600 mg/kg 

The inorgan i c s i n the leachate and sediments are the 

r e s u l t of p r e c i p i t a t i o n and/or snow melt p e r c o l a t i n g through 

the wastes i n the l a n d f i l l and flowing to the d i t c h e s . A 
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small s e c t i o n of the l a n d f i l l d i t c h upstream of i t s i n t e r ­

s e c t i o n with the north d i t c h has exposed wastes i n the 

adjacent banks of the l a n d f i l l and bath recovery pad areas, 

which account f o r the high l e v e l s of c o n s t i t u e n t s i n the 

leachate samples taken from t h i s area. The v i s u a l c o n d i t i o n 

of the leachate suggests that i t contains high l e v e l s of 

suspended p a r t i c u l a t e s . Because of the low s o l u b i l i t y of 

PAHs, the presence of the PAHs i n the leachate can be 

a t t r i b u t e d to suspended p a r t i c l e s . 

8.4.1.2 L a n d f i l l Runoff Areas 

The l a n d f i l l runoff areas (LRAs) c o n s i s t of four 

separate areas (A through D) which are located north and 

northeast of the e x i s t i n g l a n d f i l l . The l o c a t i o n s of the 

LRAs correspond to the h i s t o r i c a l drainage features around 

the l a n d f i l l . The s i z e and estimated volume of m a t e r i a l for 

each LRA c o n s i s t of: 

Size Volume 
LRA (Acres) (Cubic Yards) 

A 0.22 510 
B 0.10 150 
C 0.14 230 
D 0.09 140 

LRA A, B, and D c o n s i s t of s o i l that has been i n contact with 

surface water or leachate emanating from the l a n d f i l l . LRA C 

has both s o i l s and large b a s a l t fragments from MMRF construc­

t i o n a c t i v i t i e s w ith estimated volumes of 180 and 50 cubic 

yards, r e s p e c t i v e l y . 

The LRAs were formed when runoff and leachate generated 

by p r e c i p i t a t i o n c o n t a c t i n g the l a n d f i l l e d wastes flowed or 

migrated along the h i s t o r i c a l drainage pathways. Surface 

waters are present i n the areas only i n r e l a t i o n to 
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s i g n i f i c a n t p r e c i p i t a t i o n events while leachate may migrate 

along the s o i l / f i l l and underlying b a s a l t for a longer 

p e r i o d . The LRAS are u s u a l l y wet during the winter and e a r l y 

s p r i n g months and dry i n the summer through f a l l when ponded 

water i n f i l t r a t e s or evaporates. 

S o i l samples from each LRA were c o l l e c t e d and analyzed 

fo r the f o l l o w i n g c o n s t i t u e n t s : 

L a n d f i l l Runoff Areas 

Cyanide 
T o t a l (mg/kg) 
Free (mg/kg) 

F l u o r i d e (mg/kg) 

Sodium (mg/kg) 

Ar s e n i c (mg/kg) 

S u l f a t e (mg/kg) 

EP T o x i c i t y Metals 
Barium (mg/L) 

10 
0.66 

2,300 

10,500 

BDL 

BDL 

BDL 

7.4 
0.80 

60 
5.0 

1,830 

12,400 

BDL 

3,440 

BDL 

604 

12,900 

19 

3,440 

4 
0.5 

347 

5,030 

BDL 

BDL 

0.314 BDL 

Ponded water was absent during sampling of the LRAs and 

was not c h a r a c t e r i z e d . 

8.4.1.3 P o t l i n e r Handling Areas 

The p o t l i n e r handling area (PHA) occupies approximately 

0.9 acre, j u s t east of the reduction b u i l d i n g . The PHA was 

used during the period when waste.cathode was crushed and 

loaded onto r a i l r o a d cars for o f f - s i t e r e c y c l i n g . As a 

r e s u l t of the crushing process, cathodic dust, p i t c h , and 

coke r e s i d u a l s have accumulated on the surface of the PHA. 

8-23 

GERAGHTY & MILLER. INC. 



Test p i t s i n the o l d cathode waste p i l e area immediately 

north of the PHA exposed f i l l thicknesses between 4.7 and 8.8 

f t f o r the o l d cathode waste p i l e . E x t r a p o l a t i n g t h i s 

i n f o r m a t i o n to the PHA i n d i c a t e s that an estimated 9,910 

cubic yards of f i l l and r e s i d u a l s may be present at the PHA. 

The 3-inch l a y e r of r e s i d u a l s accounts for approximately 

1,450 cubic yards of the t o t a l volume. The primary m a t e r i a l 

crushed for o f f - s i t e r e c y c l i n g was carbon block. Therefore, 

the m a j o r i t y of the r e s i d u a l s on the PHA surface w i l l be 

cathode waste. The sample from the PHA surface r e s i d u a l s 

i n d i c a t e s the presence of the f o l l o w i n g c o n s t i t u e n t s : 

o Cyanide 
- T o t a l 14 mg/kg 
- Free 4 mg/kg 

o F l u o r i d e 673 mg/kg 

o Sodium 29,600 mg/kg 

o PAHs 9,0 41 mg/kg 

These r e s u l t s are c h a r a c t e r i s t i c of cathode waste, coke, and 

pi t c h . 

8.4.1.4 Scrubber Sludge Ponds 

The scrubber sludge ponds (SSPs) c o n s i s t of four surface 

impoundments (numbered 1 through 4) located south of the 

reduction b u i l d i n g s and west of River Road. The l o c a t i o n s 

for the SSPs were s e l e c t e d because the a i r emission s l u r r y 

produced i n the aluminum reduction process could be 

discharged to the SSPs under g r a v i t y c o n d i t i o n s . The large 

surface area and r e t e n t i o n capacity of the SSPs allowed for 

p a r t i c u l a t e settlement and f i n a l discharge of accumulated 

water to the Columbia R i v e r . 

SSPl was diked and was used to receive chemical sludges 

r e s u l t i n g from the lime p r e c i p i t a t i o n of the a i r emission 
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c o n t r o l waters f o r f l u o r i d e removal. The primary s a l t formed 

during the p r e c i p i t a t i o n was calcium f l u o r i d e . SSP4 received 

dredgings from SSP2 and SSP3 and the recycle pond. Both SSPl 

and SSP4 were removed from s e r v i c e and covered i n 1981. 

C o l l e c t i v e l y , the l a t e r a l extent of the SSPs i s 

approximately 14.8 acres. SSPl and SSP4 have s o i l covers and 

e s t a b l i s h e d vegetation which c u r r e n t l y precludes d i r e c t 

contact with the wastes. SSP2 and SSP3 are not covered. The 

m a t e r i a l present i n the SSPs can be d i v i d e d i n t o three 

c a t e g o r i e s : (1) s o i l cover, (2) sludges, and (3) 

contaminated s u b s o i l s . The volumes for each SSP by category 

are presented below: 

Pond Cover Sludge Subsoil Subtotal 

SSPl 7,970 63,730 - 71,700 
SSP2 - 6,820 2,760 9,580 
SSP3 - 43,600 14,500 58,100 
SSP4 4,640 17,660 6,200 28,500 

TOTAL 167,880 

In a d d i t i o n , prevalent winds have scattered approximately 538 

cubic yards of sludge south of SSP2 and SSP3. 

The elemental sludge produced at the MMRF was 9 percent 

f l u o r i d e . Of the f l u o r i d e present, only 4 percent was 

s o l u b l e . Therefore, approximately 0.36 percent of scrubber 

sludge i s p o t e n t i a l l y leachable f l u o r i d e . 

Samples were c o l l e c t e d from each pond and a n a l y t i c a l 

• r e s u l t s i n d i c a t e the presence of the f o l l o w i n g chemicals: 

SSPl 

o Cyanide 
- Free 

o F l u o r i d e 
o Arsenic 

BDL 
20 4 - 4 07 mg/kg 
BDL - 64 mg/kg 
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o 
o 
o 

Sodium 
VOCs 
PAHs 

15,400 - 20,700 mg/kg 
BDL 

2,760 - 8,570 mg/kg 

SSP2 

o Cyanide 
- Free 

o F l u o r i d e 
o Ar s e n i c 
o Sodium 
o VOCs 
o PAHs 

BDL 
263 - 317 mg/kg 
34 - 71 mg/kg 

14,500 - 17,700 mg/kg 
BDL 

1,940 - 7,180 mg/kg 

SSP3 

o Cyanide 
- Free 

o F l u o r i d e 
o Ar s e n i c 
o Sodium 
o VOCs 
o PAHs 

BDL 
387 - 613 mg/kg 
66 - 77 mg/kg 

18,400 - 45,000 mg/kg 
BDL 

3,950 - 8,360 mg/kg 

SSP4 

o Cyanide 
- Free 

o F l u o r i d e 
o Arsenic 
o Sodium 
o VOCs 
o PAHs 

BDL 
212 - 258 mg/kg 
BDL - 50 mg/kg 

6,250 - 13,600 mg/kg 
BDL 

2,670 - 3,979 mg/kg 

Water was not present i n SSP2 when samples were c o l l e c t e d and 

there f o r e could not be analyzed. 

8.4.1.5 Ground Water 

The c o n s t i t u e n t s of concern i d e n t i f i e d i n the ground­

water system include t o t a l and free cyanide, f l u o r i d e , 

sodium, and s u l f a t e . The highest constituent concentrations 

are present i n the perched water with p r o g r e s s i v e l y lower 

concentrations i d e n t i f i e d w i t h i n the S, A, and B a q u i f e r s . 
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Concentrations of c o n s t i t u e n t s i n w e l l s tapping the DGWR are 

low and w i t h i n the range expected for background. 

Perched water samples from the o l d cathode waste p i l e 

show elevated concentrations of t o t a l cyanide (294 mg/L), 

free cyanide (3.01 mg/L), f l u o r i d e (3,000 mg/L), and sodium 

(10,500 mg/L). Samples from the w e l l i n the a l l u v i a l a q u i f e r 

at the Animal Shelter include a t o t a l cyanide concentration 

of 0.023 mg/L; no free cyanide or f l u o r i d e was detected. 

Elevated c o n s t i t u e n t concentrations were i d e n t i f i e d i n 

the S a q u i f e r at sev e r a l l o c a t i o n s : 

(1) Near the l a n d f i l l and former cathode waste 

management area. T o t a l cyanide i s present i n 

the ground water up to a concentration of 16.7 

mg/L and s u l f a t e up to 103 mg/L. F l u o r i d e 

concentrations range from <1.0 mg/L to 4.7 

mg/L. Free cyanide ranged from <0.90 to 0.136 

mg/L, and sodium ranged from 57.2 to 82.2 

mg/L. 

(2) Scrubber sludge ponds. This area contains 

f l u o r i d e (4.8 to 7.1 mg/L), sodium (246 to 658 

mg/L), and s u l f a t e (117 to 3,020 mg/L). Free 

cyanide i s below d e t e c t i o n l i m i t s and t o t a l 

cyanide i s reported i n only one w e l l (MW-8S) 

at 0.0 5 mg/L. 

(3) The new cathode waste area near the alumina 

unloading b u i l d i n g . T o t a l cyanide i s found at 

a concentration of 34.1 mg/L i n w e l l MW-5S, 

but ranges from 0.112 to 0.549 mg/L i n the 

w e l l s immediately downgradient. S u l f a t e i s 

found at concentrations of up to 1 , 270 mg/L. 

Ground-water samples show detectable f l u o r i d e 
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and sodium at w e l l MW-5S, but r e s u l t s are 

below d e t e c t i o n elsewhere. 

(4) Recycle pond. Samples from w e l l MW-31 

downgradient of the pond i n d i c a t e f l u o r i d e 

concentrations of 5.5 mg/L, sodium concentra­

t i o n s of 90.5 mg/L, and s u l f a t e concentrations 

of 871 mg/L. 

Ground-water q u a l i t y impacts i n the A aquife r are l e s s 

widespread and at lower concentrations than those i d e n t i f i e d 

i n the S a q u i f e r . The highest concentrations i n the A 

aqu i f e r e x i s t east of the l a n d f i l l and the former cathode 

waste management area. In t h i s area, t o t a l cyanide 

concentrations range from 0.023 to 1.78 mg/L; sodium i s found 

at 167 mg/L. In parts of the area, f l u o r i d e and free cyanide 

concentrations exceed 1 mg/L. 

S i t e - d e r i v e d c o n s t i t u e n t s are also present i n the A 

aq u i f e r near the scrubber sludge ponds. Sodium ranges from 

44.7 to 84.8 mg/L, s u l f a t e from 23 to 924 mg/L, and f l u o r i d e 

from <0.1 to 1.0 mg/L. 

In the B a q u i f e r , elevated c o n s t i t u e n t concentrations 

are c h i e f l y confined to a s i n g l e l o c a t i o n : the l a n d f i l l and 

ol d cathode waste management area. The highest readings are 

reported f o r w e l l s MW-9B and MW-8B, but they are suspected to 

be an a r t i f a c t of w e l l c o n s t r u c t i o n . In other w e l l s , l e v e l s 

of t o t a l cyanide range up to 1.0 mg/L. Free cyanide 

concentrations are 0.10 mg/L or le s s and f l u o r i d e 

concentrations are l e s s than 1.4 mg/L. 

8.4.1.6 A i r 

Ambient a i r samples were c o l l e c t e d upwind and downwind 

of a c t i v e d r i l l i n g and t e s t p i t s i t e s during the 
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i n v e s t i g a t i o n . Samples were analyzed for gaseous cyanide, 

p a r t i c u l a t e cyanide, gaseous f l u o r i d e , p a r t i c u l a t e f l u o r i d e , 

and c o a l t a r p i t c h v o l a t i l e s / t o t a l dust. A l l samples 

c o l l e c t e d were below OSHA PELs with the exception of one 

upwind sample f o r coal t a r p i t c h v o l a t i l e s . 

Personnel/Health and Safety a i r - q u a l i t y monitoring was 

al s o c a r r i e d out; no concentrations of i o n i z a b l e p o l l u t a n t s 

were detected above the threshold r e q u i r i n g Level C protec­

t i o n and a l l samples were below OSHA PELs (except one sample 

for c o a l t a r p i t c h v o l a t i l e s ) . 

In order to assess f u g i t i v e dust from the s i t e , s o i l 

sieve analyses and f u g i t i v e p a r t i c u l a t e modeling was c a r r i e d 

out. The r e s u l t s of t h i s modeling i s included i n the Risk 

Assessment (Appendix B) for the s i t e . 

8.4.2 I d e n t i f i c a t i o n of ARARs 

A p p l i c a b l e or relevant and appropriate requirements 

(ARARs) are designated standards i d e n t i f i e d i n accordance 

with SARA f o r the establishment of cleanup l e v e l s for reme­

d i a t i o n of CERCLA s i t e s . There are b a s i c a l l y three types of 

ARARs: ambient or chemical s p e c i f i c , performance or design 

c r i t e r i a , and l o c a t i o n standards. Ambient or chemical-

s p e c i f i c ARARs are used to set health or r i s k based concen­

t r a t i o n l i m i t s i n various media for s p e c i f i c substances. 

C h e m i c a l - s p e c i f i c ARARs include Maximum Contaminant Levels 

(MCLs) and Maximum Contaminant Level Goals (MCLGs) promul­

gated under the Federal Safe Drinking Water Act, n a t i o n a l 

ambient a i r q u a l i t y standards under the Clean A i r Act, and 

sta t e standards i f those standards are more s t r i n g e n t than 

f e d e r a l r e g u l a t i o n s . Because of the l i m i t e d number of 

ambient and chemical s p e c i f i c standards c u r r e n t l y i n e f f e c t , 

non-promulgated advisory l e v e l s , such as carcinogenic potency 
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f a c t o r s or reference doses, are often used as chemical-

s p e c i f i c ARARs. 

Tables 8.4 and 8.5 l i s t ARARs for c o n s t i t u e n t s detected 

i n samples of ground water and surface water from the MMRF. 

ARARs f o r c o n s t i t u e n t s detected i n a i r are presented i n Table 

8.6. For c o n s t i t u e n t s which do not have an ARAR for ground 

water, surface water, or a i r , a q u a n t i t a t i v e RA was 

performed. 

ARARs f o r the c o n s t i t u e n t s detected i n s o i l s and 

sediments at the s i t e are not a v a i l a b l e . However, acceptable 

concentration l e v e l s for a r s e n i c and PAHs i n s o i l have been 

developed, based on a 10~ 4 excess l i f e t i m e cancer r i s k f or 

ars e n i c and an urban background concentration for PAHs. The 

proposed values f o r these c o n s t i t u e n t s are 65 mg/kg for 

ars e n i c and 175 mg/kg for PAHs. 

Fl u o r i d e concentrations i n the s o i l s at the MMRF are a 

p o t e n t i a l source of elevated ground-water concentrations at 

the s i t e . L imited information i s a v a i l a b l e on health based 

l e v e l s f o r r e g u l a t i n g f l u o r i d e concentrations i n s o i l s . 

Performance, design, or other a c t i o n s p e c i f i c r e q u i r e ­

ments c o n t r o l the s i t e remediation methods. Examples of 

a c t i o n s p e c i f i c requirements include Resource Conservation 

and Recovery Act (RCRA) rul e s governing hazardous waste 

d i s p o s a l u n i t closure or i n c i n e r a t i o n . Location ARARs are 

based on f e d e r a l and state s i t i n g laws for hazardous waste 

f a c i l i t i e s . 

8.4.3 Risk Assessment Summary 

As part of the RI performed for the MMRF s i t e , the 

p o t e n t i a l impacts of past operations at the s i t e on human 

hea l t h or the environment were assessed. This baseline r i s k 
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Table 8.4 Chemical-Specific ARARs for 
Detected in Ground Water or 

Constituents of 
Perched Water 

Concern 

Federal MCL 
(SMCL) 
(mg/L) l a ) 

Federal 
MCLG 
(mg/L) ( b ) 

Oregon MCL 
(SMCL) 
(mg/L)(c) 

Other 
(mg/L) 

Bicarbonate 
Calcium 
Carbonate 
Cyanide (free) 

Fluoride 
Lead 
Magnesium 
Sodium 
Sulfate 
Zinc 

4 ( 2 ) ( f ) 

.050 

(250) 
(5) 

.020 
1.4-2.4(9) 

250 
5 

.220 ( c h i l d ) ' d ) 

.770 (adult)' e ) 

400'h) 

(a) Maximum Contaminant Levels are enforceable drinking water standards from 40 CFR 
141.11. These levels are based on health, technical f e a s i b i l i t y , and cost bene­
f i t analysis. Secondary Maximum Contaminant Levels are shown in parentheses and 
are goals for drinking water quality based on aesthetic considerations such as 
taste, odor, or staining a b i l i t y , 40 CFR 143.3. 

(b) Final and proposed MCLGs (maximum contaminant level goals) are developed as part 
of the process for developing final drinking water standards, i.e., MCLs, under 
the Safe Drinking Water Act. MCLGs are entirely health-based and are always less 
than or equal to the proposed or fin a l MCLs subsequently developed. 

(c) Oregon Administration Rule 333-61. 
(d) Health advisory by USEPA Office of Drinking Water for long-term exposure of 

children, March 1987; based on exposure to free cyanide. 
(e) Health advisory by USEPA Office of Drinking Water for lifetime exposure for 

adults, March 1987; based on exposure to free cyanide. 
(f) National Primary and Secondary Drinking Water Regulations. Federal Register 51: 

11396-11412, April 1986. 
(g) Temperature dependent. 
(h) Guidance level proposed by USEPA Office of Drinking Water 50 FR 46936, 13 Nov. 

1985. 
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Table 8.5 Chemical-Specific ARARs for Constituents of Concern in Surface Water 

m 

> 
O 

r 
m 

n 

Water-Quality Criteria (a) 

Water 
& Fish 
Ingestion 
(mg/L) 

Fish 
Consumption 

Only 
(mg/L) 

Water-Quality Criteria 
for Protection of. 

Water-Quality Standard,j. 
for the Hood Basin 

(mg/L) 

Aquatic Life •(c) 

Acute 
(mg/L) 

Chronic 
(mg/L) 

Cyanide 0.200 — 0.005 0.022 0.0052 

Fluoride — — 1.0 — — 

Zinc 5(d) 5(d) 0.01 0.12 ( e ) 0.11 ( e ) 

CO 
I 
OJ 
to 

(a) Oregon Water Quality Standards. Oregon Administrative Rule 340-41-525, 
August 28, 1987. 

(b) Oregon Administrative Rule 340-41-525. 
(c) Oregon c r i t e r i a for water, USEPA, 1987 (EPA 1987c). 
(d) Based on taste and odor effects. 
(e) Assuming a hardness of 100 mg/L calcium carbonate in water. 
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Table 8.6 Chemical-Specific ARARs for Chemicals 
of P o t e n t i a l Concern i n A i r 

OSHA 
Permissible 
Exposure 

L i m i t ( P E L ) ( a ) 

Chemical (mg/m3 ) 

Arse n i c 

Bicarbonate 

Calcium 

Carbonate 

Cyanide (Free) 

F l u o r i d e 

Magnesium 

Sodium 

S u l f a t e 

Zinc 

Coal Tar P i t c h V o l a t i l e s 

( p a r t i c u l a t e PAHs) 

(a) NIOSH/OSHA Pocket Guide to Chemical Hazards, U.S. 
Department of Health, Education, & Welfare. 

(b) OSHA Pe r m i s s i b l e Exposure L i m i t (PEL) for arse n i c i s 
based on l e v e l s of a r s i n e . 

(c) OSHA PEL for f l u o r i d e dust. 
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assessment i s equivalent to an eva l u a t i o n of the no-action 

a t e r n a t i v e and therefore enables a determination to be made 

of whether remedial a c t i o n s are i n d i c a t e d for any areas of 

the s i t e . 

Exposure media (e.g., s o i l or water) and chemicals of 

p o t e n t i a l concern (defined as those chemicals present i n 

environmental media i n a p a r t i c u l a r study area at above 

n a t u r a l l y - o c c u r r i n g l e v e l s ) were i d e n t i f i e d i n each study 

area at the MMRF. Subject to the a v a i l a b i l i t y of adequate 

t o x i c i t y i n f o r m a t i o n , these chemicals of p o t e n t i a l concern 

were evaluated i n the r i s k assessment by f i r s t i d e n t i f y i n g 

the exposure pathways by which human and environmental 

populations could be exposed under e i t h e r current land use or 

h y p o t h e t i c a l future land use of the MMRF and surrounding 

areas. A l l exposure pathways i n v o l v i n g ground and surface 

waters were evaluated. Many pathways i n v o l v i n g human 

exposure to contaminated s o i l s and dust were p o s s i b l e ; 

t h e r e f o r e , f o r each category of exposure to s o i l s ( i . e . , 

i n d u s t r i a l or general population exposures, with and without 

s o i l disturbance at the s i t e ) , the exposure scenario s e l e c t e d 

for e v a l u a t i o n was that which would r e s u l t i n the highest 

exposure, and therefore highest p o t e n t i a l r i s k (worst case). 

This r e s u l t e d i n sever a l exposure scenarios r e l a t e d to 

p o t e n t i a l future uses of the s i t e and surrounding areas, by 

both future i n d u s t r i a l and r e s i d e n t i a l populations, being 

evaluated. For each exposure scenario evaluated, an average 

case (populations exposed to average s i t e chemical concentra­

t i o n s at average exposure frequencies, etc.) and a maximum 

exposure case (maximum reported concentration was used with 

upper-bound exposure scenarios) were evaluated. 

Risk from these exposures were ch a r a c t e r i z e d i n several 

ways. Because ground water was the only exposure medium for 

which ARARs were a v a i l a b l e for a l l chemicals of p o t e n t i a l 

concern, p o t e n t i a l concern r i s k s associated with ground water 
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were assessed by comparing concentrations of chemicals i n 

ground water at points of p o t e n t i a l exposure (both on and o f f 

s i t e ) to ARARs. Such comparison values were not a v a i l a b l e 

for a l l chemicals i n other s i t e exposure media ( i . e . , surface 

water, s o i l , and a i r ) ; exposure of humans to these contami­

nated media were evaluated by q u a n t i t a t i v e r i s k assessment i n 

which p o t e n t i a l intakes c a l c u l a t e d for each p o t e n t i a l l y 

exposed population were combined with c r i t i c a l t o x i c i t y 

values. 

Pathways by which environmental receptors ( f l o r a and 

fauna) at. and near the MMRF could p o t e n t i a l l y be exposed to 

s i t e - d e r i v e d chemical c o n s t i t u e n t s were g e n e r a l l y 

q u a l i t a t i v e l y evaluated due to the general paucity of data 

with which to evaluate such exposures. When s u f f i c i e n t data 

were a v a i l a b l e , estimates of r i s k s to b i o t a were made based 

on exposure and t o x i c i t y estimates. Because the ditche s and 

puddles of concern at the MMRF are smaller than other sources 

of f r e s h water nearby, the p o t e n t i a l impacts of the s i t e 

study areas on e n t i r e environmental populations i s expected 

to be s m a l l . 

The noncarcinogenic chemicals of p o t e n t i a l concern 

(e.g., f l u o r i d e and cyanide) are not expected to pose adverse 

h e a l t h e f f e c t s to humans under any of the s o i l - r e l a t e d 

exposure scenarios q u a n t i t a t i v e l y evaluated; t h i s conclusion 

i s based on c a l c u l a t e d hazard i n d i c e s which were a l l several 

orders of magnitude l e s s than 1 (the hazard index i s defined 

as the sum of the r a t i o s of the d a i l y intakes of noncarcino­

genic substances by p o t e n t i a l l y exposed i n d i v i d u a l s to t h e i r 

corresponding relevant reference dose or i n t a k e ) . I t should 

be noted, however, that f l u o r i d e and s u l f a t e concentrations 

i n a few ground-water W P I I S exceeded ARARs. 

C e r t a i n areas of the MMRF were i d e n t i f i e d i n the r i s k 

assessment as being associated with p o t e n t i a l l y unacceptable 
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carcinogenic r i s k to humans under the exposure scenarios 

assumed and to p o t e n t i a l l y have adverse health impacts on 

environmental receptors. These areas are l i s t e d below with 

d e t a i l s of the exposures, media, and chemicals which have 

been as s o c i a t e d with t h i s r i s k . Included i n t h i s l i s t are 

those areas which may al s o be p o t e n t i a l sources of chemical 

c o n s t i t u e n t s i n ground water. 

o L a n d f i l l and associated areas: 
d i r e c t contact by humans with cPAHs i n 
l a n d f i l l s o i l s ; 
d i r e c t contact by humans with arsenic i n 
l a n d f i l runoff area s o i l s ; 
i n g e s t i o n by w i l d l i f e of f l u o r i d e i n leachate 
c o l l e c t i o n d i t c h water; 

- i n g e s t i o n by w i l d l i f e of cyanide and f l u o r i d e 
i n l a n d f i l l d i t c h water; 
d i r e c t contact by humans with cPAHs i n sur­
face drainage d i t c h sediments. 

o P o t l i n e r Handling Area: 
d i r e c t contact by humans with cPAHs i n s o i l s . 

o Discharge Channel: 
- d i r e c t contact by humans with cPAHs i n 

sediments. 

Scrubber Sludge Ponds: 
d i r e c t contact by humans with cPAHs i n pond 
sediments; 
sediments are p o t e n t i a l source of f l u o r i d e i n 
ground water. 

Lined Pond: 
d i r e c t contact by humans with cPAHs i n pond 
sediments. 

Recycle Pond: 
- d i r e c t contact by humans with cPAHs i n pond 

sediments; 
sediments are p o t e n t i a l source of f l u o r i d e i n 
ground water. 

Alumina Unloading B u i l d i n g Area (Upgradient of 
New Cathode Waste Pad): 

buried cathodic waste mat e r i a l i s a p o t e n t i a l 
source of f l u o r i d e i n ground water. 
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o Former Cathode Waste Management Areas: 
- s o i l s are p o t e n t i a l source of f l u o r i d e to 

ground water. 

o Perched Water: 
- p o t e n t i a l source of s i t e - d e r i v e d chemical 

c o n s t i t u e n t s to ground water. 

8.5 DISCUSSION OF MAJOR FINDINGS 

The f i n d i n g s of the remedial i n v e s t i g a t i o n at the Martin 

M a r i e t t a Reduction F a c i l i t y are summarized as f o l l o w s : 

o Numerous areas around the f a c i l i t y were used to 

support o v e r a l l p l a n t a c t i v i t i e s as w e l l as to 

manage or store wastes generated as part of the 

alumina reduction process. During the i n v e s t i ­

g a t i o n , 23 p o t e n t i a l source areas were 

i n v e s t i g a t e d . The types of cons t i t u e n t s found 

i n the source areas were consistent with the 

nature of m a t e r i a l s t r e a t e d , stored, or disposed 

of at the s i t e . These con s t i t u e n t s c o n s i s t 

p r i n c i p a l l y of f l u o r i d e , sodium, s u l f a t e , 

cyanide, and polynuclear aromatic hydrocarbons. 

o Samples of s o i l , sediment, and waste m a t e r i a l s 

i n d i c a t e the presence of cyanide above back­

ground i n the l a n d f i l l waste and leachate, 

s o i l s , perched water associated with the cathode 

management area, and i n the discharge channel 

sediments. F l u o r i d e concentrations above back­

ground were reported i n cathode^wash area s o i l s , 

l a n d f i l l leachate, recycle pond and l i n e d pond 

sediments, and i n perched water underlying the 

old cathode management area. Concentrations of 

polynuclear aromatic hydrocarbons above back­

ground were reported i n l a n d f i l l waste 

m a t e r i a l s , the cathode waste-management area 
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s o i l s , and scrubber sludge pond s o i l s and 

sediments. 

During monitor-well i n s t a l l a t i o n , four a q u i f e r 

systems were i d e n t i f i e d beneath the f a c i l i t y . 

F ollowing h i s t o r i c a l nomenclature, from 

shallowest to deepest, these a q u i f e r s were 

la b e l e d the S, A, B, and Dalles Ground Water 

Reservoir (DGWR). Perched water was encountered 

i n l o c a t i o n s that had been f i l l e d i n the former 

cathode waste management areas. In a d d i t i o n , an 

a l l u v i a l a q u i f e r of l i m i t e d a r e a l extent was 

i d e n t i f i e d north of the plant near Chenoweth 

Creek. 

Concentrations of co n s t i t u e n t s above background 

were reported as present i n the various a q u i f e r 

systems underlying the s i t e . The concentrations 

were g e n e r a l l y l o c a l i z e d near the source areas, 

being highest i n the perched water and at 

decreased concentrations with depth and distance 

from the source. The major sources of these 

c o n s t i t u e n t s were the scrubber sludge ponds and 

runoff and leachate generated at the l a n d f i l l 

and o l d cathode waste p i l e . Generation and 

migration of leachate has been remedied to a 

large extent by r e l o c a t i n g the o l d cathode waste 

p i l e to the new concrete l i n e d pad and by 

i n s t a l l i n g a l e a c h a t e - c o l l e c t i o n system around 

the perimeter of the l a n d f i l l . 

A degree of h y d r a u l i c connection e x i s t s between 

the upper a q u i f e r s underlying the s i t e . The 

DGWR i s separated from o v e r l y i n g u n i t s by low 

per m e a b i l i t y sediments which e f f e c t i v e l y pre­

clude the exchange of water between the DGWR and 
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B a q u i f e r . No wa t e r - q u a l i t y impacts were 

i d e n t i f i e d i n the DGWR. 

No concentration of any con s t i t u e n t s i n the S, 

A, B, or DGWR exceeded ARARs ( a p p l i c a b l e , r e l e ­

vant, and appropriate requirements) with the 

exception of f l u o r i d e i n the S aquif e r near the 

scrubber sludge ponds, the recycle pond, and the 

alumina unloading b u i l d i n g ( w e l l MW-5S), and i n 

one sample each from the A and B aqu i f e r s at 

monitor-well c l u s t e r MW-9. As discussed i n the 

t e x t , the r e s u l t s at MW-9 appear to be an a r t i ­

f a c t of w e l l c o n s t r u c t i o n and not to represent 

ambient water q u a l i t y at t h i s l o c a t i o n . 

Six water-supply w e l l s i n the immediate v i c i n i t y 

( K l i n d t , Animal S h e l t e r , Rockline, Mt. F i r , 

Residence W e l l , Recreation Area) and three 

Chenoweth I r r i g a t i o n w e l l s were sampled. No 

co n s t i t u e n t s were reported above de t e c t i o n or 

background i n any of the Chenoweth w e l l s . 

Although traces of sel e c t e d constituents were 

reported as present i n several of the water-

supply w e l l s , no co n s t i t u e n t s were reported to 

exceed ARARs with the exception of f l u o r i d e at 

the o l d Residence Well. This w e l l i s owned by 

Martin M a r i e t t a and i s not used as a potable 

water-supply source. 

Samples c o l l e c t e d from Chenoweth Creek showed no 

impacts from plant a c t i v i t i e s and i n general, 

a l l c o n s t i t u e n t s analyzed were below de t e c t i o n 

and/or below background for the area; a d d i t i o n a l 

samples of sediment and water from Chenoweth 

Creek are being c o l l e c t e d and analyzed. Because 

of the e f f e c t s of d i l u t i o n , impacts to the 
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Columbia River due to the source areas i n v e s t i ­

gated are expected to be below d e t e c t i o n , i f 

present. 

o The r i s k assessment performed for the s i t e 

evaluated the p o t e n t i a l impacts of s i t e - r e l a t e d 

c o n s t i t u e n t s i n ground water, surface water, 

s o i l , sediment, and a i r on human or environ­

mental populations i n the area under current 

land-use c o n d i t i o n s as w e l l as h y p o t h e t i c a l 

future land-use c o n d i t i o n s . Exposures evaluated 

were d i r e c t contact with s o i l and i n h a l a t i o n of 

dust, and exposures to ground water and surface 

water. Of the exposures evaluated i n the r i s k 

assessment, only the f o l l o w i n g are of p o t e n t i a l 

concern: (1) use of the S aquifer as a sole 

drinking-water resource may pose adverse health 

e f f e c t s based on f l u o r i d e concentrations i n 

several w e l l s at the s i t e that exceeded ARARs; 

(2) exposure of h y p o t h e t i c a l future o n - s i t e 

c o n s t r u c t i o n workers, and future workers who 

work outdoors v i a d i r e c t contact with s o i l s 

c o n t a i n i n g a r s e n i c and PAHs i n the f o l l o w i n g 

areas: l a n d f i l l , l a n d f i l l runoff areas, pot­

l i n e r handling area, and the scrubber sludge 

ponds. In a d d i t i o n , concentrations of c o n s t i ­

tuents i n the l a n d f i l l leachate may r e s u l t i n 

adverse e f f e c t s to w i l d l i f e d r i n k i n g t h i s water. 

A l l of the p o t e n t i a l r i s k s i d e n t i f i e d can be remedied 

with c u r r e n t l y a v a i l a b l e technologies; these remedial 

measures w i l l be f u l l y considered i n the f e a s i b i l i t y study. 

A number of c o n t r o l measures have already been implemented by 

Martin to d i m i n i s h or el i m i n a t e the environmental e f f e c t s of 

past plant a c t i v i t i e s . These include c o n s t r u c t i o n of the 

l i n e d pond; r e l o c a t i o n of the o l d cathode waste p i l e to a new 
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l i n e d cathode waste pad; fencing of the l a n d f i l l to r e s t r i c t 

access ( i n t e r i m remedial measure taken during the R I ) ; 

c o n s t r u c t i o n of a l e a c h a t e - c o l l e c t i o n system at the l a n d f i l l ; 

and, c o n s t r u c t i o n of a concrete l i n e d pad i n the cathode wash 

area. 

566/15 
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