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Commander 
U.S. Army Engineer Division,  Huntsvi l le  
ATTN: HNDED - PM ( M r .  Jack Boswell) 
P.0. BOX 1600 
Huntsvi l le ,  AL 35807 

Subject:  F i n a l  Engineering Report f o r  Closure of Hazardous 
Waste F a c i l i t i e s  a t  t h e  Radford Army Ammunition P l a n t ,  
Contrac t  No. DACA 87-84-C-0079 

Gentlemen: 

Enclosed f o r  your review a r e  t h r e e  ( 3 )  copies  of t h e  F i n a l  
Fagineering Report f o r  t h e  c losure  of hazardous waste f a c i l i t i e s  a t  t h e  
Radford Army Ammunition P lan t .  Copies of t h e  r e p o r t  have a l s o  been 
d i s t r i b u t e d  i n  accordance with t h e  d i s t r i b u t i o n  of  submissions i n  our  
scope of se rv ices .  This r e p o r t  incorpora tes  the  comments received on 
the Intermediate Final  Report. 

It is our understanding t h a t  Radford AAP personnel  w i l l  submit t h i s  
r e p o r t  t o  t h e  Commonwealth of Virginia  Division of So l id  and Hazardous 
Waste Management. The submission of t h i s  Engineering Report would se rve  
a s  t h e  c losure  p lan  submission t o  t h e  S ta te .  

D r .  T.G. Shea, a r e g i s t e r e d  p rofess iona l  engineer with t h e  Common- 
wealth of Virginia  and Manager of Engineering Technology, has  reviewed 
t h i s  engineering repor t .  

S incere ly ,  

ENGINEERING-SCIENCE 

Timothy G. ~ h e K  Ph.D., P.E. - 

Manager, Engineering Technology 
R.P.E. NO. 7164 
Commonwealth of Virginia  
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Andrew 0. Kubala, P.E. 
P r o j e c t  Manager 

WT )C-& 
seph . Kavanagh, Ph.D., P.E. 

Deputy P r o j e c t  Manager 

cc: See Attached D i s t r i b u t i o n  L i s t  
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Commander 
AMC I n s t a l l a t i o n  & Serv ices  A c t i v i t y  
~ m :  AMEN-IC ( M r .  J e r r y  Dause) 
Rock I s l a n d ,  IL 61 299 ( 1 ) 

Commander 
Radford Army Ammunition P l a n t  
ATTN: SMCRA-EN ( M r .  Lar ry  C a l i )  
Radford, VA 24141 ( 3 )  

Director 
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A m :  NADEN-C 
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Norfolk, VA 23510 ( 2 )  

Commander 
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and Chemical Command 
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Commander 
U.S. Army Environmental Hygiene Agency 
A m :  HSHB-ES ( M r .  Gary Nemeth) 
Aberdeen Proving Ground, MD 21 010 ( 1 ) 
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EXECUTIVE SUMMARY 

The Radford Army Ammunition P l a n t  (Radford AAP) i n  Radford,  V i r g i n i a  

is a  government-owned, c o n t r a c t o r - o p e r a t e d  m i l i t a r y  f a c i l i t y .  The p l a n t  

h a s  been o p e r a t e d  by Hercu les ,  Inc .  s i n c e  t h e  e a r l y  1940 's  t o  manufac- 

t u r e  p r o p e l l a n t s ,  e x p l o s i v e s  and b a s i c  ammunition i n g r e d i e n t s .  To 

s u p p o r t  t h e  manufac tu r ing  o p e r a t i o n ,  t h e  Radford AAP o p e r a t e s  s e v e r a l  

hazardous  was te  management ( H W M )  f a c i l i t i e s  which i n c l u d e  s u r f a c e  

impoundments and a  l a n d f i l l  t r e n c h .  A s  a  r e s u l t  of  s e v e r a l  r e c e n t  

s t u d i e s  on t h e s e  HWM f a c i l i t i e s  t o  a s s e s s  compliance w i t h  t h e  F e d e r a l  

and S t a t e  Hazardous Waste R e g u l a t i o n s ,  i t  was dec ided  t o  c l o s e  t h e  

s u r f a c e  impoundments HWM Nos. 5 and 7 and t h e  hazardous  w a s t e  l a n d f i l l  

t r e n c h  HWM 16. 

Engineer ing-Sc ience  (ES) was r e t a i n e d  by t h e  U.S. Army Corps  of 

Engineers  (USACOE) t o  p r o v i d e  e n g i n e e r i n g  s e r v i c e s  f o r  t h e  c l o s u r e  of 

t h e s e  f a c i l i t i e s  ( H W M  Nos. 5 ,  7 a n d  6 The p u r p o s e  o f  t h i s  

Engineer ing  A n a l y s i s  Report  i s  t o  p r e s e n t  t h e  r e s u l t s  of t h e  c l o s u r e  

a n a l y s i s  which would l e a d  t o  t h e  s e l e c t i o n  of a  c l o s u r e  method s o  t h a t  

d e t a i l e d  c l o s u r e  p l a n s  and s p e c i f i c a t i o n s  cou ld  be p repared .  

SITE FACILITIES DESCRIPTION 

The Radford AAP is l o c a t e d  i n  P u l a s k i  and Montgomery C o u n t i e s  i n  

Southwest  V i r g i n i a .  The p l a n t  s i t e  i s  d i v i d e d  i n t o  a  n o r t h e r n  and a  

s o u t h e r n  s e c t i o n  by t h e  New River .  The Elbrook f o r m a t i o n ,  c o n s i s t i n g  

mainly  of s h a l y  d o l o m i t e  w i t h  i n t e r s p e r s e d  s t r a t a  of l i m e s t o n e ,  s h a l e  

and a r g i l l a c e o u s  l i m e s t o n e ,  u n d e r l i e s  t h e  s i t e .  R e s i d u a l  s o i l s ,  t e r r a c e  

d e p o s i t s  and a l l u v i a l  s o i l s  a r e  found i n  v a r i o u s  geomorphic u n i t s  i n  t h e  

a r e a .  Groundwater i n  t h e  v i c i n i t y  of t h e  s i t e  o c c u r s  a t  s h a l l o w  d e p t h s  

p r i m a r i l y  i n  t h e  overburden and n e a r  t h e  bedrock.  A t  some l o c a t i o n s  i n  

t h e  g e n e r a l  p l a n t  a r e a ,  t h e  b e d r o c k  f o r m a t i o n  i s  c h a r a c t e r i z e d  by 

s i n k h o l e s  and s o l u t i o n  c h a n n e l s  which o f t e n  a l l o w  groundwater t o  move 

r a p i d l y .  
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HWM 5 i s  a  h o l d i n g  lagoon t h a t  r e c e i v e s  v a r i o u s  a c i d  washdown w a t e r s  

and s p i l l s  from an  a c i d  t a n k  farm. The impoundment bottom was l i n e d  i n  

1981 w i t h  Hypalon of 60-mil t h i c k n e s s .  Because t h e  lagoon was o p e r a t e d  

w i t h o u t  a  l i n e r  i n  t h e  p a s t  and l eakage  o c c u r r e d  from t h e  a c i d i c  was te -  

w a t e r  p i p e  s o u t h  of t h e  l agoon ,  t h e  s o i l s  undernea th  t h e  lagoon and 

once- leaking p i p e  have p r o b a b l y  been con tamina ted  by a c i d i c  l i q u i d s .  

G r o u n d w a t e r  s a m p l e s  c o l l e c t e d  f r o m  t h e  m o n i t o r i n g  w e l l s  a t  HWM 5 

i n d i c a t e  t h a t  groundwater d e g r a d a t i o n  h a s  occur red  i n  t h e  v i c i n i t y  of 

t h e  s i te .  S p e c i f i c a l l y ,  low pH v a l u e s  were found a t  a l l  of t h e  moni- 

t o r i n g  w e l l s  and e l e v a t e d  n i t r a t e  and s u l f a t e  l e v e l s  were observed  a t  

t h e  downgradient  w e l l s .  These r e s u l t s  a r e  i n d i c a t i v e  of c o n t a m i n a t i o n  

caused by wastewater  c o n t a i n i n g  n i t r i c  and s u l f u r i c  a c i d s .  

HWM 7 is an  u n l i n e d  h o l d i n g  and n e u t r a l i z a t i o n  b a s i n  t h a t  r e c e i v e s  

s p i l l s  and c l e a n i n g s  from an  a c i d  t ank  farm and d a i l y  p r o d u c t i o n  of 

w a s t e  c a u s t i c .  HWM 7 i s  l o c a t e d  a d j a c e n t  t o  t h e  New River  and w i t h i n  

t h e  100-year f l o o d  boundary. Lime i s  added t o  n e u t r a l i z e  t h e  l i q u i d  

when a c i d i c  was tes  predominate  and t h e  n e u t r a l i z e d  w a t e r  i s  pumped t o  a  

s e t t l i n g  lagoon. Groundwater moni to r ing  r e s u l t s  f o r  HWM 7 i n d i c a t e  t h a t  

g r o u n d w a t e r  d e g r a d a t i o n  h a s  o c c u r r e d  i n  t h e  v i c i n i t y  o f  t h e  s i t e .  

E leva ted  n i t r a t e ,  s u l f a t e ,  c h l o r i d e  and manganese c o n c e n t r a t i o n s  were 

found i n  t h e  downgradient  w e l l s  a s  compared t o  t h e  u p g r a d i e n t  w e l l .  The 

i n d i c a t o r  pa ramete rs  (pH, s p e c i f i c  conduc tance ,  TOC and TOX) from t h e  

downgradient  w e l l s  were found t o  exceed t h e  background l e v e l s .  

R e s i s t i v i t y  s u r v e y s  conducted a t  HWM 7 a l s o  i d e n t i f i e d  s e v e r a l  a r e a s  

where groundwater d e g r a d a t i o n  h a s  p o s s i b l y  o c c u r r e d .  

HWM 1 6  i s  a  hazardous  w a s t e  l a n d f i l l  t r e n c h  l o c a t e d  on a  t e r r a c e  i n  

t h e  n o r t h e r n  p o r t i o n  of t h e  Radford AAP a r e a .  I t  r e c e i v e s  r e s i d u e  from 

open b u r n i n g  of e x p l o s i v e s ,  v a r i o u s  l a b o r a t o r y  was te  c h e m i c a l s  and 

lagoon s l u d g e s .  HWM 16 h a s  a  bottom c o n s i s t i n g  of compacted i n - s i t u  

s o i l  and began o p e r a t i o n  i n  1980. Groundwater samples  c o l l e c t e d  from 

moni to r ing  w e l l s  i n  t h e  v i c i n i t y  of HWM 16 i n d i c a t e  t h a t  groundwater  



d e g r a d a t i o n  h a s  occur red .  F u r t h e r  assessment  based on a d d i t i o n a l  moni- 

t o r i n g  w e l l s  i n s t a l l e d  i n  l a te  1984 and more e x t e n s i v e  a n a l y s i s  i n d i c a t e  

t h a t  t h e  TNT n e u t r a l i z a t i o n  s l u d g e  d i s p o s a l  s i t e ,  l o c a t e d  a b o u t  300 f e e t  

u p g r a d i e n t  of HWM 16 ,  is a p r o b a b l e  s o u r c e  o f  groundwater  c o n t a m i n a t i o n .  

An a d d i t i o n a l  groundwater  i n v e s t i g a t i o n  f o c u s i n g  on t h i s  TNT n e u t r a l i z a -  

t i o n  s l u d g e  d i s p o s a l  s i t e  i s  planned. 

Due t o  t h e  known groundwater  con tamina t ion  a t  a l l  t h e s e  sites, a 

Compliance Moni tor ing program i s  t o  be implemented by Radford AAP. It 

i s  v e r y  l i k e l y  t h a t  t h e  C o m p l i a n c e  M o n i t o r i n g  Program w i l l  e x t e n d  

s e v e r a l  y e a r s  i n t o  t h e  p o s t - c l o s u r e  p e r i o d  o f  HWM si tes 5,  7 and 16. 

GENERAL CLOSURE REQUIREMENTS 

The  Commonwealth of V i r g i n i a ,  Department of Hea l th  o b t a i n e d  f i n a l  

a u t h o r i z a t i o n  of i t s  Hazardous Waste Management R e g u l a t i o n s  from EPA i n  

December, 1984. T h e r e f o r e ,  t h e  c l o s u r e  and p o s t  c l o s u r e  o f  HWM Nos. 5 ,  

7 and 16 w i l l  be r e g u l a t e d  by t h e  V i r g i n i a  R e g u l a t i o n s .  During t h e  

p l a n n i n g  and i n i t i a l  phase  o f  t h i s  c l o s u r e  a n a l y s i s ,  i t  w a s  b e l i e v e d  

t h a t  t h e  s t a n d a r d s  i n  S e c t i o n  9.00 of t h e  V i r g i n i a  R e g u l a t i o n  f o r  In -  

t e r i m  S t a t u s  f a c i l i t i e s  would be a p p l i c a b l e  f o r  c l o s u r e  o f  t h e  HWM 

f a c i l i t i e s .  However, t h e  r e c e n t  amendment t o  t h e  S t a t e  R e g u l a t i o n s  

r e q u i r e s  t h a t  a r e g u l a t e d  HWM f a c i l i t y ,  i.e., one which r e c e i v e d  w a s t e s  

a f t e r  J u l y  26, 1982, must meet t h e  c l o s u r e  and p o s t - c l o s u r e  r e q u i r e m e n t s  

under  S e c t i o n  10.00 s t a n d a r d s .  Thus, HWM Nos. 5 ,  7 and 1 6  w i l l  have t o  

be  c l o s e d  f o l l o w i n g  t h e  r e l e v a n t  S e c t i o n  10.00 s t a n d a r d s .  While c l o s u r e  

of HWM 16 would n o t  be s i g n i f i c a n t l y  a f f e c t e d  by t h i s  amendment, t h e  

o p e r a t i o n a l  s u r f a c e  impoundments (HWM 5 and HWM 7 )  w i l l  have t o  s a t i s f y  

more s t r i n g e n t  requ i rements  i n  S e c t i o n  10.00 f o r  c l o s u r e ,  p o s t - c l o s u r e  

c a r e  and groundwater  p r o t e c t i o n .  

With p o s s i b l e  s u b s o i l  con tamina t ion  a s  i n f e r r e d  from t h e  groundwater  

q u a l i t y  and o p e r a t i o n a l  p r a c t i c e s  a t  t h e  Radford s i t e ,  t h e  g e n e r a l  
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r e q u i r e m e n t s  a p p l i c a b l e  f o r  c l o s u r e  of t h e  s u r f a c e  impoundments i n c l u d e :  

o Remove a l l  t h e  wastes and l i q u i d s .  

o S t a b l i l i z e  t h e  bottom sediment  and s u b s o i l  t o  t h e  e x t e n t  needed t o  

s u p p o r t  b a c k f i l l  and f i n a l  cover .  

o B a c k f i l l  t h e  d e p r e s s i o n s  and p r o v i d e  s i t e  d r a i n a g e .  

o I n s t a l l  a  f i n a l  c o v e r  sys tem and p r o v i d e  p o s t - c l o s u r e  care and 

g r o u n d w a t e r  moni to r ing  f o r  t h e  30-year p o s t - c l o s u r e  p e r i o d ,  u n l e s s  

i t  i s  demonstra ted t h a t  no hazardous  m a t e r i a l  remains  a f t e r  t h e  

f i n a l  c l o s u r e .  

The g e n e r a l  r equ i rements  a p p l i c a b l e  f o r  c l o s u r e  of t h e  hazardous  

w a s t e  l a n d f i l l  (HWM 1 6 )  i n c l u d e :  

o I n s t a l l  a f i n a l  c o v e r  sys tem t o  minimize i n f i l t r a t i o n  o f  

p r e c i p i t a t i o n .  

o P r o v i d e  p o s t - c l o s u r e  c a r e  and groundwater  moni to r ing  f o r  t h e  

p o s t - c l o s u r e  care p e r i o d  of 30 y e a r s .  

No f i n a l  cover  sys tem,  p o s t - c l o s u r e  c a r e  o r  p o s t - c l o s u r e  groundwater  

moni to r ing  would be r e q u i r e d  i f  a l l  t h e  wastes and t h e  con tamina ted  

m a t e r i a l s  ( i n c l u d i n g  contaminated s o i l )  a r e  removed and d i s p o s e d  i n  an  

o f f - s i t e  f a c i l i t y .  

CLOSURE METHOD 

The f o l l o w i n g  were c o n s i d e r e d  i n  s e l e c t i n g  c l o s u r e  methods f o r  t h e  

Radford AAP hazardous  w a s t e  f a c i l i t i e s :  
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o The r e g u l a t o r y  requ i rements  i n  S e c t i o n  10.00 of t h e  V i r g i n i a  

Hazardous Waste Management Regula t ions .  

o  Environmental  p r o t e c t i o n  a g a i n s t  p o s s i b l e  release of con taminan ts  

from t h e  c l o s e d  f a c i l i t i e s .  

o  T e c h n i c a l  f e a s i b i l i t y  o f  v a r i o u s  methodologies  t o  be used i n  t h e  

f i n a l  c l o s u r e  and t h e i r  a n t i c i p a t e d  p o s t - c l o s u r e  performance.  

o  Cos t  e f f e c t i v e n e s s  of t h e  method. 

Three  p o t e n t i a l  c l o s u r e  a l t e r n a t i v e s  w e r e  i d e n t i f i e d  f o r  t h e  c l o s u r e  o f  

t h e  s u r f  a c e  impoundments. They are: o f f  s i t e  d i s p o s a l ;  t r e a t m e n t ;  and 

i n - p l a c e  c l o s u r e .  

The o f f s i t e  d i s p o s a l  a l t e r n a t i v e  c o n s i s t s  o f  removal and 

t r a n s p o r t a t i o n  of a l l  w a s t e  material and contaminated s u b s o i l  t o  a 

p e r m i t t e d  o f f s i t e  f a c i l i t y  f o r  d i s p o s a l .  T h i s  i n v o l v e s  a n  e x c e s s i v e  

c o s t  a t  no a p p a r e n t  g a i n  i n  env i ronmenta l  p r o t e c t i o n .  

The t r e a t m e n t  a l t e r n a t i v e  i n v o l v e s  removal o f  s u r f i c i a l  w a s t e s ,  

e x c a v a t i o n  of t h e  contaminated s u b s o i l  and mixing w i t h  a n  a p p r o p r i a t e  

a g e n t .  Upon t r e a t m e n t ,  t h e  contaminated s o i l  would be n e u t r a l i z e d ,  

s o l i d i f i e d  and s t a b i l i z e d  and t h e  m o b i l i t y  of t h e  con taminan ts  would be  

s i g n i f i c a n t l y  reduced.  However, t h e  t r e a t m e n t  a l t e r n a t i v e  a l o n e  is 

p o t e n t i a l l y  incomple te  because  d e m o n s t r a t i o n  of no c o n t a m i n a t i o n  

p o t e n t i a l  remaining a f t e r  t r e a t m e n t  i s  d i f f i c u l t  and t h e r e f o r e  i s  v i a b l e  

o n l y  a s  p a r t  of o t h e r  c l o s u r e  a l t e r n a t i v e s .  

The i n - p l a c e  c l o s u r e  a l t e r n a t i v e  c o n s i s t s  o f  removal o f  s u r f i c i a l  

was tes  and c l o s u r e  w i t h  t h e  contaminated s u b s o i l  i n  p l a c e .  A f i n a l  

cover  sys tem and p o s t - c l o s u r e  c a r e  would be  r e q u i r e d  f o r  t h e  i n - p l a c e  

c l o s u r e .  The i n - p l a c e  c l o s u r e  a l t e r n a t i v e ,  a t  a  moderate c o s t ,  is 
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e n v i r o n m e n t a l l y  a c c e p t a b l e  and t e c h n i c a l l y  sound. The m a j o r i t y  o f  t h e  

i n - p l a c e  c l o s u r e  c o s t s  r e s u l t s  from t h e  p o s t - c l o s u r e  groundwater  

moni to r ing .  Because o f  t h e  Compliance Moni to r ing  t h a t  w i l l  be  imple- 

mented and because  of p r o b a b l e  groundwater  q u a l i t y  improvement w i t h i n  

s e v e r a l  y e a r s  a f t e r  c l o s u r e  of t h e  impoundments, t h e  t o t a l  groundwater  

moni to r ing  c o s t  c o u l d  be s i g n i f i c a n t l y  less t h a n  what is  r e q u i r e d  f o r  a  

30-year p o s t - c l o s u r e  p e r i o d .  

The i n - p l a c e  c l o s u r e  a l t e r n a t i v e  is  d e s i r a b l e  a l s o  f o r  t h e  hazardous  

w a s t e  l a n d f i l l  t r e n c h  ( H W M  1 6 ) .  The r e a s o n s  f o r  i n - p l a c e  c l o s u r e  

i n c l u d e :  no d i s t u r b a n c e  o f  was tes ;  no known a d v e r s e  impac t s  on t h e  

environment ;  and low p o t e n t i a l  o f  l e a c h a t e  g e n e r a t i o n  a f t e r  c l o s u r e  w i t h  

a f i n a l  cover  system. 

S i t e  p r e p a r a t i o n  t a s k s ,  such  a s  n e u t r a l i z a t i o n  o f  impoundment 

l i q u i d s  and f l a s h i n g  o f  t h e  p o t e n t i a l l y  NC-laden sed iments  i n  HWM 5  w i l l  

be performed by Radford AAP ( H e r c u l e s ,  Inc .  ) because  o f  s a f e t y  c o n c e r n s  

a s s o c i a t e d  w i t h  r e a c t i v e  compounds. The c l o s u r e  c o n s t r u c t i o n  f o r  t h e  

s u r f a c e  impoundments (HWM 5 and HWM 7 )  i n v o l v e s  d e m o l i t i o n  of appur-  

t e n a n t  s t r u c t u r e s ,  t r e a t m e n t  of s u b s o i l  and s e d i m e n t s ,  sampl ing /ana l -  

y s i s ,  b a c k f i l l i n g  and cover  sys tem i n s t a l l a t i o n .  The c l o s u r e  c o n s t r u c -  

t i o n  f o r  t h e  hazardous  was te  l a n d f i l l  (HWM 1 6 )  i n c l u d e s  compaction o f  

t h e  remaining bottom s e c t i o n  and f i l l e d  cover  area, l e a c h a t e  d r a i n  

i n s t a l l a t i o n ,  d i s p o s a l  o f  t h e  f i n a l  volume of  was tes  and c o v e r  sys tem 

i n s t a l l a t i o n .  The f i n a l  cover  sys tem,  t h e  most i m p o r t a n t  component i n  

t h e  c l o s u r e  of t h e  hazardous  was te  f a c i l i t i e s  w i t h  w a s t e  i n  p l a c e ,  

c o n s i s t s  o f :  one f o o t  of t o p s o i l  w i t h  g r a s s  c o v e r ;  one f o o t  o f  c o v e r  

s o i  1; 30-mil PVC membrane l i n e r ;  and compacted s o i l  bedding ( s e c o n d a r y  

l i n e r ) .  

COST, SCHEDULE AND RECOMMENDATIONS 

The p r e l i m i n a r y  e s t i m a t e d  c o s t  of c l o s u r e  c o n s t r u c t i o n  f o r  HWM s i t e s  

5 ,  7  and 16 i s  approx imate ly  $320,000. The a n n u a l  p o s t - c l o s u r e  c o s t  i s  
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es t ima ted  a t  about  $28,000, about  90 p e r c e n t  of which is a t t r i b u t a b l e  t o  

groundwater monitoring. S ince  a  s e p a r a t e  pos t -c losure  groundwater 

monitor ing i s  n o t  necessary  dur ing  t h e  Compliance Monitoring pe r iod  and 

t h e  pos t -c losure  groundwater monitor ing a t  t h e  HWM 5 and HWM 7 si tes 

could  be c u r t a i l e d  i f  t h e  groundwater q u a l i t y  is shown t o  approach 

background l e v e l s ,  t h e  annual  c o s t  of  $28,000 may n o t  be needed f o r  t h e  

e n t i r e  30-year pos t -c losure  pe r iod .  I t  is e s t ima ted  t h a t  t h e  c l o s u r e  of 

t h e  Radford AAP hazardous waste f a c i l i t i e s  (HWM Nos. 5, 7  and 16) can be 

completed i n  10 months fo l lowing  t h e  r e c e i p t  of a p p r o p r i a t e  funding. 

Two recommendations a r e  made a s  i n t e r i m  a c t i o n s  p r i o r  t o  t h e  c l o s u r e  

of t h e s e  f a c i l i t i e s :  minimize f i l l i n g  of i n t e r i m  s o i l  cover i n  HWM 16; 

and n e u t r a l i z e  a c i d i c  l i q u i d s  i n  HWM 7 a s  f r e q u e n t l y  a s  p r a c t i c a l .  The 

i n t e r i m  s o i l  cover ,  placed a f t e r  d i s p o s a l  of a  ba tch  of waste  m a t e r i a l ,  

c o n s t i t u t e s  a  s i g n i f i c a n t  p o r t i o n  of t h e  f i l l e d  m a t e r i a l  i n  HWM 16. By 

d i spos ing  of wastes i n  l a r g e  ba tches  and thereby  reducing t h e  i n t e r i m  

s o i l  cover  m a t e r i a l  i n  HWM 16, t h e  space f o r  t h e  c l o s u r e - r e l a t e d  wastes  

(e .g . ,  cover  sand and l i n e r  membrane from HWM 5 )  can be assured .  A t  t h e  

HWM 7 s i t e ,  surges  of a c i d i c  l i q u i d s  l eak ing  o u t  of t h e  impoundment 

p r i o r  t o  n e u t r a l i z a t i o n  may cause groundwater deg rada t ion  ( low pH and 

e l eva t ed  metal  c o n c e n t r a t i o n s )  i n  t he  immediate v i c i n i t y  of HWM 7. By 

more f r e q u e n t  n e u t r a l i z a t i o n  ( o r  a d d i n g  l i m e  b e f o r e h a n d )  and  t h u s  

m i n i m i z i n g  s u r g e s  of  a c i d i c  l i q u i d  p r i o r  t o  c l o s u r e  o f  HWM 7 ,  t h e  

groundwater q u a l i t y  a t  t h e  s i t e  could s t a b i l i z e  e a r l i e r ,  thereby  

a l lowing  t h e  p o s s i b l e  c u r t a i l m e n t  of c o s t l y  groundwater monitor ing.  
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SECTION 1  

INTRODUCTION 

1  1  BACKGROUND 

The Radfo rd  Army Ammunition P l a n t  ( R a d f o r d  AAP) i s  l o c a t e d  i n  

Pulask i  and Montgomery Counties  i n  Southwest V i rg in i a .  The Radford AAP 

i s  a  government-owned, con t r ac to r -ope ra to r  (GOCO) m i l i t a r y  i n d u s t r i a l  

i n s t a l l a t i o n  engaged i n  manufacturing p r o p e l l a n t s ,  exp los ives  and b a s i c  

ammunition i n g r e d i e n t s .  Other p l a n t  a c t i v i t i e s  i nc lude  power and steam 

gene ra t i on  and water  and wastewater t rea tment .  The main manufactur ing 

a r e a  covers  4,145 a c r e s  about  f o u r  miles n o r t h  of Radford, V i r g i n i a ,  and 

i s  sepa ra t ed  by t h e  New River  i n t o  two major a r e a s .  Within t h e  Radford 

AAP a r e a ,  t h e  New River f lows i n i t i a l l y  t o  t h e  e a s t ,  and then  forms a  

horseshoe-shaped a r e a  by t u r n i n g  180 degrees  t o  flow t o  t h e  w e s t .  The 

no r the rn  p o r t i o n  of  t he  Radford AAP, l oca t ed  w i t h i n  t h i s  horseshoe a r e a  

(Pu la sk i  County) ,  is thus  enc losed  by t h e  r i v e r .  The sou the rn  p o r t i o n  

of t h e  p l a n t  occupies  t h e  a r e a  south  of t h e  r i v e r  i n  Montgomery County 

(F igu re  1.1 ). 

Hercules ,  Inc.  , t h e  o p e r a t o r  of t h e  Radf o rd  AAP, began c o n s t r u c t i o n  

o f  t h e  p l a n t  i n  1940 and  m a n u f a c t u r e d  s m o k e l e s s  powder i n  1941. 

Cons t ruc t ion  of va r ious  f a c i l i t i e s  cont inued  u n t i l  t h e  end of World War 

11, when t h e  p l a n t  was p l a c e d  on s t a n d b y  s t a t u s .  I n  1949 ,  t h e  

product ion  of smokeless powder was resumed on a  l i m i t e d  s c a l e .  I n  1950, 

t h e  Radford AAP was r e h a b i l i t a t e d  t o  meet t h e  demands f o r  t h e  Korean 

c o n f l i c t  and f a c i l i t i e s  f o r  p roduct ion  of c a s t  p r o p e l l a n t  charges  f o r  

r o c k e t s  and missiles were added from 1952 t o  1958. Goodyear A i r c r a f t  

f a b r i c a t e d  missile component p a r t s  a t  t h e  Radford AAP u n t i l  Hercules 

took over  t h e  opera t ion .  The p l a n t  was f u r t h e r  expanded i n  1968 wi th  

t h e  c o n s t r u c t i o n  of t h r e e  automated cont inuous TNT l i n e s .  
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A s  p a r t  of p l a n t  production a c t i v i t i e s ,  the  Radford AAP has s e v e r a l  

hazardous waste management ( H W M )  f a c i l i t i e s  i n  operat ion.  Surface 

impoundments a r e  used t o  receive co r ros ive  wastes from various 

production waste streams (HWM Nos. 5, and 7 )  o r  se rve  a s  n e u t r a l i z a t i o n /  

equa l i za t ion  basins (HWM Nos. 4, 19 and 20). After  n e u t r a l i z a t i o n ,  

flows a r e  d i rec ted  t o  a s e t t l i n g  lagoon (SWM Nos. 8 o r  91, allowed t o  

s e t t l e  and then discharged t o  the  New River under National P o l l u t a n t  

Discharge Elimination System (NPDES) permits.  Several  l a n d f i l l s  have 

been i n  operat ion t o  dispose of s o l i d  wastes. These f a c i l i t i e s  inc lude  

the  f l y  ash l a n d f i l l s ,  s a n i t a r y  l a n d f i l l  t renches and a hazardous waste 

l a n d f i l l  t rench (HWM 16) .  Wastes received i n  HWM 16 inc lude  ash from 

open burn ing  of e x p l o s i v e  w a s t e s ,  a s h  from i n c i n e r a t i o n  of  w a s t e  

p rope l l an t s ,  waste labora tory  chemicals, and lagoon sludge produced by 

n e u t r a l i z a t i o n  of a c i d i c  wastewater. 

A number of s t u d i e s  have been performed on the  above l i s t e d  HWM 

f a c i l i t i e s  t o  a s sess  compliance with the  Resource Conservation and 

Recovery Act (RCRA) and Commonwealth of Virgin ia  Hazardous Waste 

Management Regulations (COVHWMR). A s  a r e s u l t  of these  previous s t u d i e s  

(NUS, January 1981 ; USAEHA, December 1980 and December 1981 ; USAEHA, 

October 1983, BCM, Apr i l  1984 and May 1984), t h e  U.S. Army Corps of 

Engineers decided t o  cons t ruc t  replacement s torage  tanks and c l o s e  

e x i s t i n g  su r face  impoundments HWM Nos. 5 and 7. HWM 16, the  hazardous 

waste l a n d f i l l  t rench,  is a l s o  scheduled t o  be removed from se rv ice .  

Preliminary Closure and Post-Closure Plans f o r  HWM Nos. 5, 7 and HWM 16 

were prepared previously (CH2M fill and PEER consu l t an t s ,  Ju ly  1984). 

The U.S. Army Corps of Engineers, Huntsvil le  Division (COE) ,  has 

r e t a ined  Engineering-Science (ES) t o  provide engineering se rv ices  f o r  

the  c losure  of HWM f a c i l i t i e s  Nos. 5, 7 and 16 (Figure 1.21, and the  

design of replacement tanks f o r  HWM Nos. 5, 6 and 7. HWM 6 was an 

a c i d i c  water holding lagoon t h a t  once received s p i l l s  and washdown 
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A s  p a r t  of p l a n t  product ion a c t i v i t i e s ,  the  Radford AAP has s e v e r a l  

hazardous waste management (HWM ) f a c i l i t i e s  i n  operat ion.  Surf ace  

impoundments a r e  used t o  r ece ive  co r ros ive  wastes from var ious  

product ion waste s t reams (HWM Nos. 5, and 7 )  o r  s e rve  a s  n e u t r a l i z a t i o n /  

e q u a l i z a t i o n  bas ins  (HWM Nos. 4, 19 and 2 0 ) .  Af ter  n e u t r a l i z a t i o n ,  

flows a r e  d i r e c t e d  t o  a s e t t l i n g  lagoon (SWM Nos. 8 o r  91, allowed t o  

s e t t l e  and then discharged t o  the  New River under National  P o l l u t a n t  

Discharge Eliminat ion Sys tem (NPDES ) permits .  Severa l  l a n d f i l l s  have 

been i n  opera t ion  t o  d ispose  of s o l i d  wastes.  These f a c i l i t i e s  i nc lude  

the  f l y  ash  l a n d f i l l s ,  s a n i t a r y  l a n d f i l l  t renches  and a hazardous waste 

l a n d f i l l  t rench  (HWM 16) .  Wastes rece ived  i n  HWM 16 inc lude  ash  from 

open b u r n i n g  of  e x p l o s i v e  w a s t e s ,  a s h  from i n c i n e r a t i o n  o f  w a s t e  

p r o p e l l a n t s ,  waste l abora to ry  chemicals,  and lagoon sludge produced by 

n e u t r a l i z a t i o n  of a c i d i c  wastewater. 

A number of s t u d i e s  have been performed on the  above l i s t e d  HWM 

f a c i l i t i e s  t o  a s s e s s  compliance wi th  the  Resource Conservation and 

Recovery A c t  (RCRA) and Commonwealth of V i rg in i a  Hazardous Waste 

Management Regulations (COVHWMR). A s  a r e s u l t  of these  previous  s t u d i e s  

(NUS, January 1 981 ; USAEHA, December 1 980 and December 1 98 1 ; USAEHA, 

October 1983, BCM, Apr i l  1984 and May 19841, t he  U.S. Army Corps of 

Engineers decided t o  c o n s t r u c t  replacement s t o r a g e  tanks and c l o s e  

e x i s t i n g  s u r f a c e  impoundments HWM Nos. 5 and 7. HWM 16, t h e  hazardous 

waste l a n d f i l l  t rench ,  is a l s o  scheduled t o  be removed from se rv ice .  

Prel iminary Closure and Post-Closure Plans f o r  HWM Nos. 5, 7 and HWM 16 

were prepared previous ly  (CH2M H i l l  and PEER c o n s u l t a n t s ,  July 1984). 

The U.S. Army Corps of Engineers,  Huntsv i l le  Divis ion  (COE) ,  has  

r e t a i n e d  Engineering-Science (ES) t o  provide engineer ing  s e r v i c e s  f o r  

t h e  c losu re  of HWM f a c i l i t i e s  Nos. 5, 7 and 16 (Figure  1 .2) ,  and t h e  

des ign  of replacement tanks f o r  HWM Nos. 5, 6 and 7. HWM 6 was an 

a c i d i c  water  holding lagoon t h a t  once rece ived  s p i l l s  and washdown 
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waters  from an a c i d i c  tank farm. HWM 6 has  n o t  been i n  s e r v i c e  s i n c e  

t h e  RCRA Hazardous Waste Management Regula t ions  came i n t o  e f f e c t  i n  

November, 1980. I t ,  t h e r e f o r e ,  i s  n o t  s u b j e c t  t o  r e g u l a t i o n s  f o r  

c l o s u r e .  A r e p l a c e m e n t  t a n k  i s  needed  f o r  HWM 6 b e c a u s e  o f  t h e  

l i k e l i h o o d  of  f u t u r e  o p e r a t i o n  of f a c i l i t i e s  i n  t h a t  a r e a  which w i l l  

r e q u i r e  temporary s t o r a g e  of a c i d  s p i l l s  and washdown waters .  

P r e s e n t e d  h e r e i n  a r e  t h e  r e s u l t s  o f  e n g i n e e r i n g  and  t e c h n i c a l  

a n a l y s e s  r e q u i r e d  f o r  t h e  f i n a l  c l o s u r e  o f  t h e s e  h a z a r d o u s  w a s t e  

management f a c i l i t i e s .  Relevant  in format ion  provided i n  t h e  Background 

and Records Evaluat ion Report (ES, 1984) i s  a l s o  i nco rpo ra t ed  i n t o  t h i s  

r e p o r t .  

S i n c e  t h e  Commonwealth of  V i r g i n i a  (COV) has  ob ta ined  F i n a l  

Author iza t ion  of i t s  Hazardous Waste Management Program from t h e  U.S. 

Environmental P r o t e c t i o n  Agency (EPA) on 18 December 1984, t h e  c l o s u r e  

of t h e  HWM f a c i l i t i e s  a t  t h e  Radford AAP w i l l  be conducted i n  compliance 

with COV regu la t i ons .  These r e g u l a t i o n s  (COVHWMR) a r e  a lmost  i d e n t i c a l  

t o  t hose  of  t h e  RCRA. The Radford HWM f a c i l i t i e s  w i l l  probably be t h e  

f i r s t  hazardous waste f a c i l i t i e s  c lo sed  under t h e  r e g u l a t o r y  app rova l  of 

t h e  COV. 

1.2 OBJECTIVES 

The o b j e c t i v e  of t h e  Engineer ing Report  i s  t o  p r e s e n t  t h e  r e s u l t s  of  

t h e  c l o s u r e  a n a l y s i s  f o r  HWM f a c i l i t i e s  Nos. 5,  7 and 16. The c l o s u r e  

a n a l y s i s  c o n s i s t e d  o f  a  t e c h n i c a l  and  economic  r e v i e w  o f  f e a s i b l e  

methods of c l o s u r e  i n c l u d i n g  c o n s i d e r a t i o n  of  a p p l i c a b l e  r e g u l a t i o n s .  

I t  was intended t h a t  t h e  c l o s u r e  a n a l y s i s  would l e a d  t o  t h e  s e l e c t i o n  of  

recommended c l o s u r e  methods and, t h e r e f o r e ,  a l l o w  f o r  t h e  p r e p a r a t i o n  of 

c l o s u r e  c o n s t r u c t i o n  documents ( s p e c i f i c a t i o n s  and d e t a i l e d  p l an  

drawings) .  A c o n t r a c t o r  would then  be engaged by t h e  COE t o  implement 

t h e  c l o s u r e  p l ans  and s p e c i f i c a t i o n s .  



1 . 3  REPORT FORMAT 

To meet t h e  o b j e c t i v e  of t h i s  r e p o r t ,  t h e  e x i s t i n g  i n fo rma t ion  

r e l e v a n t  t o  t h e  c l o s u r e  of t h e  hazardous was te  management f a c i l i t i e s  ha s  

been reviewed and is p re sen t ed  i n  subsequent  s e c t i o n s  of t h i s  r e p o r t .  

These i nc lude  : Geohydrologic and Geotechnica l  Summary (Sec t ion  2 ) ; 

Hazardous Waste C h a r a c t e r i s t i c s  Analysis  (Sec t ion  3 ) ;  and Contamination 

Analysis  (Sec t ion  4 ) .  The Background and Records Evaluat ion Report  (ES, 

December 1984) and a d d i t i o n a l  d a t a  t h a t  have r e c e n t l y  become a v a i l a b l e  

have been u t i l i z e d  t o  compile t h i s  e x i s t i n g  in format ion .  

Next, g e n e r a l  approaches and a l t e r n a t i v e s  f o r  c l o s u r e  of t h e  Radford 

A A P  d i s p o s a l  f a c i l i t i e s  a r e  p r e s e n t e d  ( S e c t i o n  5 ). The a n a l y s i s  

p r e sen t ed  focused on a  review of a v a i l a b l e  c l o s u r e  methods, a  

p r e l imina ry  c o s t  a n a l y s i s ,  pe rmi t s  and r e g u l a t i o n s ,  t e c h n i c a l  

f e a s i b i  li t y / p r a c t i c a l i t y ,  and environmental  impacts.  Comparisons of 

t h e s e  a l t e r n a t i v e s  w e r e  made based on t h r e e  c r i t i c a l  f a c t o r s :  t e c h n i c a l  

f e a s i b i l i t y ,  environmental a c c e p t a b i l i t y ,  and c o s t .  Based on t h e s e  

comparisons a  c l o s u r e  method was then  s e l e c t e d  and a  more d e t a i l e d  

a n a l y s i s ,  i s  provided i n  Sec t ion  6. Discussion of t h e  pos t - c l o s u r e  

c a r e  and groundwater monitor ing requirements  a r e  provided i n  S e c t i o n  7. 

A c o s t  e s t i m a t e  and  c l o s u r e  s c h e d u l e  a r e  p r e s e n t e d  i n  S e c t i o n  8. 

F i n a l l y  , a summary of t h e  c l o s u r e  a n a l y s i s  and recommendations a r e  

provided i n  Sec t ion  9. 

A H e a l t h  and  S a f e t y  P l a n  p r e s e n t i n g  a n  o v e r v i e w  o f  t h e  s a f e t y  

concerns a s s o c i a t e d  w i th  t h e  c l o s u r e  methods d i s cus sed  h e r e i n  i s  a l s o  

p r o v i d e d  (Appendix  A ) .  T h i s  p l a n  w i l l  s e r v e  a s  t h e  b a s i s  f o r  t h e  

development of a  d e t a i l e d  s i t e - s p e c i f  i c  Heal th  and S a f e t y  Plan,  which 

w i l l  be developed a s  p a r t  of t h e  c o n s t r u c t i o n  documents. The sampling, 

a n a l y s i s  and q u a l i t y  c o n t r o l  programs w i l l  a l s o  be p a r t  of t h e  

c o n s t r u c t i o n  documents. 
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SECTION 2 

GEOHYDROLOGIC AND GEOTECHNICAL SUMMARY 

T h i s  s e c t i o n  p r e s e n t s  a summary of r e l e v a n t  in format ion  concern ing  

t h e  geology, s o i l s  and geohydrology of t h e  sites. A d i s c u s s i o n  of t h e  

g e n e r a l  s e t t i n g ,  i nc lud ing  t h e  physiography, geology and geohydrology, 

of t h e  Radford AAP is  provided. S i t e - s p e c i f i c  subsur face  c o n d i t i o n s  a r e  

p re sen t ed  f o r  each of t h e  hazardous was te  management sites t o  f a c i l i t a t e  

c ros s - r e f e r enc ing  between t h e  geology and geohydrology of each f a c i l i t y .  

The informat ion  i n  t h i s  s e c t i o n  was compiled from va r ious  prev ious  

s t u d i e s  prepared f o r  t h e  Radford AAP s i t e  (NUS, 1981; USAEHA, 1980, 1981 

and 1983; BCM, A p r i l  and ~ Y I  1984; and C H 2 ~  H i l l  and PEER Consu l t an t ,  

1984). 

2.1 GENERAL SETTING 

Physiography 

The Radford AAP is  loca t ed  i n  t h e  Val ley  and Ridge Physiographic  

Province of t h e  Appalachian Highland Region. The topography of t h e  

reg ion  i s  cha rac t e r i zed  by e longa ted ,  narrow, f l a t - t opped  r i d g e s  con- 

s i s t i n g  of r e s i s t a n t  sands tones  and dolomi tes  t h a t  s t r i k e  southwest  t o  

no r theas t .  Narrow v a l l e y s  of varying wid th  and l eng th  i n t e r v e n e  t h e s e  

r i dges .  These landforms a r e  t h e  r e s u l t  of a complex sequence of t h r u s t  

f a u l t i n g  and m u l t i p l e  f o l d i n g  over  t h e  p a s t  hundred m i l l i o n  years .  The 

New River o r i g i n a t e s  i n  t h e  Blue Ridge P l a t eau  of North Ca ro l ina  and 

forms t h e  d i v i d e  between Montgomery and Pu la sk i  Count ies  i n  Southwest 

V i r g i n i a  (F igure  1.1 ). The r i v e r  is c h a r a c t e r i z e d  by a number of r a p i d s  

and entrenched meanders. The New River  f lows through t h e  Radford AAP 

d i v i d i n g  t h e  p l a n t  a r e a  i n t o  a no r the rn  and a sou the rn  s e c t i o n .  I n  
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gene ra l ,  su r f ace  water  d r a i n s  t o  t h e  New River  i n  t he  v i c i n i t y  of t h e  

Radford AAP. An except ion  i s  t h e  sou theas t e rn  po r t ion  of t h e  Radford 

AAP which is dra ined  by S t roub le s  Creek, a  major t r i b u t a r y  t o  t h e  New 

River.  

Geology 

The Radford a r e a  is unde r l a in  by sedimentary rocks c o n s i s t i n g  of 

l imestone,  dolomite and minor sandstone,  which a r e  complexly fo lded ,  

f a u l t e d  and f r ac tu red .  The Radford AAP s i t e  is  under la in  by t h e  Elbrook 

formation of Cambrian age, c o n s i s t i n g  mainly of s h a l y  dolomite  w i th  

i n t e r s p e r s e d  s t r a t a  of l imestone , s h a l e  and a r g i l l a c e o u s  limes tone. 

Common f e a t u r e s  of dolomite  and l imestone rocks i n  t h i s  a r e a  a r e  s ink -  

ho le s ,  s o l u t i o n  channels and pinnacled bedrock su r f ace .  These rocks a r e  

mantled by r e s i d u a l  s o i l s  c o n s i s t i n g  of sand,  s i l t  and c l a y  de r ived  from 

t h e  underlying pa ren t  rocks. A l l u v i a l  d e p o s i t s  a r e  a l s o  found a long  

s tream v a l l e y s  and i n  t h e  t e r r a c e  and f l o o d p l a i n  of t h e  New River.  

A l l u v i a l  s o i l s  inc lude  micaceous s i l ts  and sandy c l ays  unde r l a in  by 

c o a r s e r  d e p o s i t s  of s i l t y  and c layey  sands and g rave l s .  Cobbles and 

boulders ,  commonly r e f e r r e d  t o  a s  " r i v e r j a c k " ,  a r e  s c a t t e r e d  i n  t h e  

a l l u v i a l  s t r a t a .  

Geohydrology 

Groundwater i n  t h e  v i c i n i t y  of t he  Radford AAP occurs  a t  r e l a t i v e l y  

shal low depths  (unconfined)  i n  both t h e  overburden and bedrock. The 

groundwater is recharged by p r e c i p i t a t i o n  and streamflows i n  surrounding 

h i l l s  and t e r r a c e s ,  and f lows toward t h e  New River  and l o c a l l y  toward 

S t roub le s  Creek. I n  a r e a s  of t e r r a c e  d e p o s i t s  , t h e  groundwater s u r f  ace 

i s  encountered near  t h e  t o p  of t he  bedrock. In  f l oodp la in  a r e a s ,  t h e  

water  t a b l e  occurs  i n  t h e  a l l u v i a l  m a t e r i a l  due t o  t h e  g r e a t e r  depth  t o  

bedrock and t h e  a r e a ' s  proximity t o  t he  New River. Groundwater i n  t h e  

carbonate  bedrock ( i . e . , dolomite  and l imes tone  ) is found i n  f r a c t u r e s  
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and s o l u t i o n  channels .  This  cond i t i on  o f t e n  a l lows  groundwater and, 

t h e r e f o r e ,  any contaminants i n  t h e  groundwater,  t o  r e a d i l y  migra te  

l o c a l l y .  

2.2 SITE-SPECIFIC SUBSURFACE CONDITIONS 

Hazardous Waste Management S i t e  5 

HWM 5 is loca t ed  on a  r i v e r  t e r r a c e  which s l o p e s  g e n t l y  t o  t h e  no r th  

toward t h e  New River (F igu re  1.2). The overburden a t  HWM 5 is p r i m a r i l y  

s i l t y  s o i l s  and  u n d e r l a i n  by  a l l u v i a l  s i l t ,  s a n d  and  g r a v e l .  The 

t e r r a c e  materials a r e  depos i t ed  i n  d i s con t inuous  l e n s e s ,  p robably  t h e  

r e s u l t  of d e p o s i t s  of former s t ream channels .  The bedrock beneath t h e  

s i t e  c o n s i s t s  of weathered dolomi te  which s l o p e s  g e n t l y  toward t h e  n o r t h  

f o l l o w i n g  t h e  s u r f a c e  s l o p e .  The b e d r o c k  w a s  r e c o r d e d  a t  s i m i l a r  

e l e v a t i o n s  w i th  depths  from t h e  s u r f a c e  ranging  from 22 t o  34 f e e t .  

However, t h e  a c t u a l  bedrock s u r f a c e  may be i r r e g u l a r  due t o  s o l u t i o n  

channels ,  o r i g i n a l  s t ream e r o s i o n  and s inkho le s .  

The groundwater a t  HWM 5 i s  shal low and unconfined wi th  dep ths  

ranging from 12 t o  17 f e e t .  The groundwater e l e v a t i o n  t o  t h e  sou th  of 

HWM 5 ( u p g r a d i e n t )  i s  a p p r o x i m a t e l y  1770 f e e t .  To t h e  n o r t h  and 

n o r t h e a s t ,  which i s  t h e  d i r e c t i o n  of t h e  groundwater f low a t  HWM 5 

(F igure  2.1 , t h e  e l e v a t i o n  of t h e  groundwater i s  approximately 1760 

f e e t .  A t  HWM 5, t h e  groundwater t a b l e  drops  about  10 f e e t  over  a  s h o r t  

d i s t a n c e  between t h e  upg rad i en t  w e l l  (W-8B) and t h e  lagoon, and f l a t t e n s  

be tween  t h e  l agoon  and  t h e  d o w n g r a d i e n t  w e l l s  ( F i g u r e  2 .2 ) .  T h i s  

v a r i a t i o n  i n  g r a d i e n t  is due t o  t h e  occurrence of permeable b u t  d i s -  

cont inuous sand and g r a v e l  l e n s e s  i n  less permeable s i l t y  s o i l .  
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Figure 2 . 1  
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FIGURE 2 . 2  

GEOLOGIC CROSS-SECTION OF HWM 5 S I T E  
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Hazardous Waste Manasement S i t e  7 

HWM 7 i s  located wi th in  the f lood p l a i n  about 250 f e e t  from the  New 

River and about 100 f e e t  from the  r a i l r o a d  t r acks  (Figure 1.2).  The 

f loodp la in  i n  t h i s  a rea  is f a i r l y  f l a t  with a mild s lope  toward the  New 

River. The approximate su r face  e l eva t ion  of the  s i t e  i s  1715 f e e t  which 

is about 40 f e e t  above the  mean r i v e r  l eve l .  The HWM 7 s i t e  is located  

wi th in  the  100-year f lood boundary (NUS, 1981), which is one of the  

p r i n c i p a l  reasons f o r  c losure  of the  s i t e .  

The subsurface mate r i a l  underlying HWM 7 c o n s i s t s  of about 25 f e e t  

of a l l u v i a l  deposi t s  over ly ing dolomite/limestone bedrock. The a l l u v i a l  

s o i l s  range from s i l t y  sand with clayey s i l t  l enses  i n  the  upper p a r t  t o  

a mixture of s i l t ,  sand and g rave l  with r i v e r j a c k  toward t h e  base. 

These alluviums have been deposi ted by o ld  r i v e r  channels a s  we l l  a s  the  

r ecen t  r i v e r  channel during periods of f looding.  The bedrock c o n s i s t s  

of gray dolomite and a rg i l l aceous  limestone of t h e  Elbrook formation. 

Both the  dolomite and limestone formations a r e  moderately weathered and 

f rac tured .  

The groundwater a t  HWM 7 i s  shallow and unconfined. The depth of 

t h e  water t a b l e  i n  the  v i c i n i t y  of HWM 7 ranges from 17 t o  26 f e e t  i n  

depth. The d i r e c t i o n  of the  groundwater flow i n  the  v i c i n i t y  of HWM 7 

is  toward the  New River (Figure 2.3). The geologic cross-sect ion of t h e  

HWM 7 s i t e  is shown i n  Figure 2.4. Because of very permeable sub- 

surface  ma te r i a l  a t  the  base of the  a l l u v i a l  depos i t s  (coarse  sand/ 

g rave l  and f rac tu red  bedrock), the  groundwater t a b l e  beneath HWM 7 is 

v i r t u a l l y  f l a t  and r e a d i l y  responds t o  r i v e r  l e v e l  f l u c t u a t i o n s  (BCM, 

May 1984). 
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FIGURE 2 . 4  

GEOLOGIC CROSS-SECTION OF HWM 7 S ITE 
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Hazardous Waste Management S i t e  16 

HWM 16 is  located near the  edge of the  upper t e r r a c e  i n  the  horse- 

shoe sec t ion  of the  Radf ord AAP (Figure 1.2).  A d i s t i n c t  lower t e r r a c e  

approximately 1000 f e e t  wide separa tes  the  upper t e r r a c e  and the  New 

River. The surface  topography i n  the  immediate v i c i n i t y  of HWM 16 forms 

a mild s lope  t o  the  e a s t ,  s teepens a t  the  edge of the  upper t e r r a c e ,  and 

then becomes almost f l a t  i n  the  lower t e r race .  The edge of the  lower 

t e r r a c e  forms a bluff  above the  f loodpla in .  

S u b s u r f a c e  mate r i a l s  i n  the  v i c i n i t y  of HWM 16 c o n s i s t  of clayey t o  

micaceous sandy s i l t ,  s i l t y  sand and gravel ,  and limestone/dolomite 

bedrock. The su r face  ma te r i a l s  c o n s i s t  of clayey t o  micaceous sandy 

s i l t  and range i n  depth from 10 t o  40 f e e t .  The pH of s o i l  samples 

co l l ec ted  within 20 f e e t  of the  ground su r face ,  ranges from 4.8 t o  6.8 

w i t h  a t y p i c a l  v a l u e  of 5.4. Under ly ing t h e  s u r f a c e  m a t e r i a l  a r e  

t e r r a c e  depos i t s  of s i l t y  sand and gravel  with occasional  l a rge  cobbles 

( r i v e r j a c k ) .  Beneath t h e  s i l t y  sand and g r a v e l  i s  t h e  g r a y  l ime-  

stone/dolomite bedrock of the Elbrook formation. The top  of the bedrock 

is 50 t o  60 f e e t  below the  ground su r face  t o  the  west of HWM 16 and 

g rea te r  than 70 f e e t  deep t o  the  south and e a s t .  The rocks a r e  h ighly  

f r ac tu red ,  forming breccia a t  seve ra l  locat ions .  

Labora tory  permeabil i ty values of s o i l  samples co l l ec ted  from t h e  

HWM 16 s i t e  ranged from 9.0 x 1 o - ~  m / s e c  t o  4.4 x 1 o - ~  cm/sec. The 

average permeabil i ty of f r ac tu red  rock, est imated by f i e l d  permeabi l i ty  

t e s t s ,  i s  higher a t  2.3 x 1 0-3 cm/sec (NUS, 1981 ). The depth t o  the  

water t a b l e  is  about 50 f e e t  ( e l eva t ion  1790 f e e t )  t o  the  west of HWM 16 

and about 70 f e e t  (Elevation 1743 f e e t )  a t  the  eas te rn  end of HWM 16. 

In general ,  the  groundwater t a b l e  is  near the  top  of the  bedrock. The 

groundwater flow d i r e c t i o n  is  toward the  e a s t  and nor theas t ,  roughly 

p a r a l l e l  t o  the  HWM 16 trench,  and the  g rad ien t  is  s t e e p  a t  about e i g h t  

percent .  
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Borrow S i t e s  

Two l o c a t i o n s ,  Borrow S i t e s  1 and 2 (F igure  1 . 2 ,  a r e  p o t e n t i a l  

sources  of borrow m a t e r i a l  f o r  t he  cap  l i n e r  and common f i l l  needed t o  

c l o s e  t h e  Radford AAP Hazardous Waste Management f a c i l i t i e s .  Borrow 

S i t e  1 i s  p r e s e n t l y  being used a s  a borrow a r e a  f o r  s a n i t a r y  l a n d f i l l  

cover  ma te r i a l .  Borrow S i t e  1 i s  loca t ed  i n  t h e  nor thern  p o r t i o n  of t h e  

upper t e r r a c e  and about  one-half mile  northwest  of HWM 16. This a r e a  is  

grass-covered and forms a low h i l l  which s l o p e s  g e n t l y  downward t o  t h e  

north.  The exposed c u t  f a c e s  of Borrow S i t e  1 show predominantly mica- 

c e o u s  s a n d y  s i l t  t o  s i l t y  s and .  Borrow S i t e  2 i s  t h e  a r e a  t o  t h e  

northwest  of t h e  s a n i t a r y  and hazardous waste  l a n d f i l l  t renches .  I f  

borrow m a t e r i a l  were used from Borrow S i t e  2, t h e  a r e a  could be used f o r  

f u t u r e  s a n i t a r y  l a n d f i l l  expansion a f t e r  t h e  borrow m a t e r i a l  is  removed. 

The r e s u l t s  of t h e  Borrow S i t e  I n v e s t i g a t i o n  a r e  presented  i n  a 

s e p a r a t e  geotechnica l  r e p o r t  (Schnabel, 1985).  I t  appears  t h a t  t h e  

borrow a r e a s  i n v e s t i g a t e d  con ta in  m a t e r i a l  s u i t a b l e  f o r  use  a s  a cap  

l i n e r .  When compacted a t  t h r e e  pe rcen t  above t h e  optimum mois ture  

con ten t ,  t h e  po r t ions  of borrow s i t e  m a t e r i a l  gave l a b o r a t o r y  

pe rmeab i l i t y  values of  l e s s  than  10-~cm/sec. Except f o r  1-2 f e e t  of 

ove r ly ing  t o p s o i l ,  a l l  t h e  subsur face  m a t e r i a l s  i n  t he  two borrow s i t e s  

a r e  judged t o  be s u i t a b l e  f o r  common f i l l .  Laboratory t e s t  r e s u l t s  and 

recommendations f o r  cons t ruc t ion  a r e  provided i n  t h e  geotechnica l  r e p o r t  

(Schnabel,  1985). 
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SETION 3 

HAZARDOUS WASTE CHARACTERISTIC ANALYSIS 

P r o v i d e d  i n  t h i s  s e c t i o n  i s  a g e n e r a l  s i t e  d e s c r i p t i o n  and  a 

d i s c u s s i o n  of t h e  sou rces  of waste  f o r  each of t h e  HWM f a c i l i t i e s  (Nos. 

5,  7 and 1 6 ) .  The s p e c i f i c  p h y s i c a l  and chemical p r o p e r t i e s  of  t h e  

chemical subs t ances  i d e n t i f i e d  a t  t h e s e  si tes a r e  a l s o  p re sen t ed .  A 

p r o c e s s  f l o w  d i a g r a m  o f  t h e  HWM f a c i l i t i e s  a t  t h e  Radfo rd  AAP i s  

p re sen t ed  i n  F igure  3.1. This  f i g u r e  shows t h e  r e l a t i o n s h i p  between HWM 

f a c i l i t i e s  Nos. 5 and 7 and o t h e r  HWM f a c i l i t i e s .  

3.1 HAZARDOUS WASTE MANAGEMENT SITE NO. 5 

S i t e  Descr ip t ion  

H W M  5 i s  a s u r f a c e  impoundment s e r v i n g  a s  a h o l d i n g  b a s i n  f o r  

runo f f ,  s p i l l  and washdown wa te r s  from an a c i d  tank farm. HWM 5 h a s  

been i n  s e r v i c e  s i n c e  t h e  mid-70's. The dimensions of t h e  impoundment 

a r e  i l l u s t r a t e d  i n  F igure  3.2. The impoundment i s  approximately 150 

f e e t  by 100 f e e t  a t  t h e  crest e l e v a t i o n  of t h e  d i k e ,  and i s  

approximately 10 f e e t  deep wi th  s i d e  s l o p e s  of 30 t o  40 degrees .  The 

depth  of t h e  a c i d i c  water  i s  normally 2 t o  4 f e e t  f o r  a t o t a l  volume of 

about  140,000 t o  300,000 ga l lons .  The bottom of t h e  impoundment was 

l i n e d  i n  1981 w i t h  Hypalon of  60 m i l s  i n  t h i c k n e s s .  The l i n e r  i s  

covered wi th  about  12 inches  of  sand,  and t h e  s i d e s  a r e  covered w i t h  

approximately 6 i nches  of sand and g r a n i t e  r i p r a p .  The compa tab i l i t y  of 

t h e  Hypalon l i n e r  w i t h  t h e  a c i d i c  w a t e r  h a s  been  r a t e d  a s  "good"  

accord ing  t o  a prev ious  r e p o r t  (Wyss e t  a l ,  September 1980). 

A s  i l l u s t r a t e d  i n  F igure  3.1, t h e  e f f l u e n t  from HWM 5 is d i scha rged  

t o  an e q u a l i z a t i o n  bas in ,  HWM 4. The e f f l u e n t  is conveyed v i a  a sub- 
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s u r f a c e  g r a v i t y  p ipe .  The e f f l u e n t  from HWM 4 i s  t r e a t e d  by l i m e  s l u r r y  

n e u t r a l i z a t i o n  (HWM 1 9 )  and a l l o w e d  t o  s e t t l e  i n  SWM 8 p r i o r  t o  

d i s cha rge  t o  t h e  New River  under NPDES permi t  No. VA0000248. 

Waste C h a r a c t e r i z a t i o n  

The impoundment's i n f l u e n t  c o n s i s t s  of  r a inwa te r  runoff and va r ious  

s t r e n g t h s  and mixtures  of n i t r i c  and s u l f u r i c  ac id s .  An a n a l y s i s  of 

i n f l u e n t  water  taken dur ing  low flow i n  1981 i n d i c a t e d  t h a t  t h e  i n f l u e n t  

wastewater contained low concen t r a t i ons  of s e v e r a l  heavy meta l s .  These 

r e s u l t s  a r e  presen ted  i n  Table  3.1. 

The lagoon water  i s  c l a s s i f i e d  a s  a hazardous waste  because of  i ts  

c o r r o s i v i t y .  The pH of t h e  lagoon's  i n f l u e n t  when t e s t e d  i n  1981 was 

1.5 which c l a s s i f i e s  t h e  lagoon water  a s  a c o r r o s i v e  hazardous was te  (pH 

below 2.0 o r  above 12.5). 

Although t h e r e  a r e  very  l i t t l e  s o l i d s  accumulated on t h e  bottom of  

HWM 5, no sampling and a n a l y s i s  has  been conducted on t h e  accumulated 

s o l i d s .  Process  wastewater con ta in ing  low concen t r a t i ons  of 

n i t r o c e l l u l o s e  ( N C )  was p rev ious ly  conveyed t o  HWM 5 from t h e  a c i d  

s c r e e n  house l oca t ed  o n - s i t e  a t  t h e  Radford AAP. In  t h e  f a l l  of 1983, 

t h i s  p r a c t i c e  was d i scont inued  and t h e  p ipe  conveying t h i s  waste  s t ream 

was r e r o u t e d  t o  t h e  b o i l i n g  t u b  s e t t l i n g  p i t  f o r  r e c y c l i n g  (Webb, 

December 1984).  During t h e  hydrographic  survey  conducted by ES i n  

December 1984, a t h i n  l a y e r  of d r egs  ( p o s s i b l y  NC f i n e s )  was observed 

throughout  t h e  bottom of t h e  lagoon. 

Seve ra l  o t h e r  a c i d  waste  lagoons t h a t  r e c e i v e  s i m i l a r  was te  s t reams 

have been t e s t e d  t o  determine t h e  concen t r a t i on  of NC i n  t he  accumulated 

s o l i d s .  Microscopic examinat ion of s ludge  samples from t h e s e  lagoons 

i n d i c a t e d  NC i n  concen t r a t i ons  of less than one pe rcen t .  According t o  

t es t  c r i t e r i a  used by t h e  Radford APP l a b o r a t o r y  personnel ,  s l udges  

con ta in ing  less than 26 p e r c e n t  NC a r e  non-react ive when NC is  t h e  o n l y  

r e a c t i v e  component p r e s e n t .  Analyses f o r  o t h e r  exp los ive  m a t e r i a l s  

i n c l u d i n g  n i t r o g l y c e r i n  and d i n i  t r o g l y c e r i n  showed ve ry  low 
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TABLE 3.1 

HWM 5 

RESULTS OF ANALYSIS OF INFLUENT WASTE SAMPLE TAKEN DURING LOW FLOW 

(USAEHA, December 1981 

Parameter  

PH 

A s  

Ba 

Cd 

Cr 

Pb 

Hg 

Se 

A 9  

Measurement 

1.5 

N o t  De tec ted  (ND) 

ND 

0.029 mg/l 

0.20 mg/l 

ND 

0.020 mg/l 

ND 

ND 

Source:  USAEHA, December 1981, s i t e d  i n  CH M H i l l  and P e e r  
2 

C o n s u l t a n t s ,  J u l y  1984. 
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concen t r a t ions  of t h e s e  c o n s t i t u e n t s  i n  t h e  lagoon s ludges .  These 

r e s u l t s  i n d i c a t e  t h a t  i t  i s  u n l i k e l y  t h a t  t h e  s o l i d s  i n  HWM 5 a r e  

r e a c t i v e  due t o  NC o r  o t h e r  exp los ive  m a t e r i a l s  which may be p re sen t .  

S ince  t h e  presence o r  absence of contaminants (i.e., heavy me ta l s ,  

NC and/or o t h e r  r e a c t i v e  c o n s t i t u e n t s )  i n  t h e  HWM 5 accumulated s o l i d s  

has  n o t  been adequate ly  confirmed t o  d a t e ,  t h e  s o l i d s  i n  HWM 5 should be 

handled proper ly  (e.g., f l a s h i n g  t o  burn exp los ive  compounds and 

d i s p o s a l  i n  HWM 16)  a t  c lo su re .  

3.2 HAZARDOUS WASTE MANAGEMENT SITE NO. 7 

S i t e  Descr ip t ion  

HWM 7 is an  unl ined s u r f a c e  impoundment s e r v i n g  a s  a ho ld ing  and 

n e u t r a l i z a t i o n  bas in  f o r  s p i l l s  and washdown waters  from an  a c i d  (oleum) 

tank farm and d a i l y  product ion of waste  c a u s t i c .  The a r e a l  dimensions 

of t he  lagoon a r e  160 f e e t  by 90 f e e t  and i ts  depth  is  10 f e e t  w i t h  s i d e  

s l o p e s  of 45 degrees  (F igu re  3.3). Lime is added and mixed by two a i r  

d i f f u s e r s  t o  n e u t r a l i z e  t h e  a c i d i c  wastes.  

The n e u t r a l i z e d  e f f l u e n t  from HWM 7 is  pumped t o  an unl ined  hold ing  

bas in  (No. 7A) p r i o r  t o  be ing  discharged t o  SWM 9 f o r  s e t t l i n g .  In  some 

c a s e s ,  however, t h e  e f f l u e n t  from HWM 7 i s  d ischarged  v i a  a temporary 

s u r f a c e  p ipe  system d i r e c t l y  t o  SWM 9 (F igu re  3.1). Af te r  s e t t l i n g ,  t h e  

e f f l u e n t  from SWM 9 i s  d ischarged  t o  t h e  New River  under NPDES Permit  

NO. VA0000248. 

Waste Cha rac t e r i za t ion  

The HWM 7 i n f l u e n t  con ta ins  waste s u l f u r i c  a c i d  and c a u s t i c s  from 

t h e  product ion of oleum. According t o  EP t o x i c i t y  ana lyses  conducted on 

t h e  l agoon  i n f l u e n t  water and s e d i m e n t ,  s e v e r a l  heavy  m e t a l s  were  

d e t e c t e d  b u t  i n  very low concen t r a t ions  ( i . e . ,  nonhazardous).  The pH of 

t h e  lagoon water w a s  11.4 when t h e  a n a l y s i s  was conducted, which is a l s o  
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c l a s s i f i e d  a s  nonhazardous. S ince  t h e  pH of t h e  lagoon ' s  i n f l u e n t  is 

known t o  f l u c t u a t e  (be low 2.0 and  above  1 2 . 5 ) ,  t h e  w a s t e w a t e r  i s  

c l a s s i f i e d  a s  a c o r r o s i v e  s u b s t a n c e .  The r e s u l t s  o f  a n  a n a l y s i s  

conducted of t h e  lagoon water  and sediment a r e  p re sen t ed  i n  Table  3.2. 

Based on the  hydrographic  survey conducted by ES i n  December 1984, 

t h e  dep th  of accumulated sediments  i n  HWM 7 i s  about  5 f e e t ,  p robably  

r e s idues  of l i m e  p r e c i p i t a t i o n .  According t o  Radf o rd  AAP pe r sonne l ,  no 

was te  s t ream from t h e  NC-line has  been d i scha rged  t o  HWM 7 i n  t h e  p a s t .  

Therefore ,  no r e a c t i v e  was tes  a r e  l i k e l y  t o  be p r e s e n t  i n  MJM 7. 

The samples c o l l e c t e d  from t h e  lagoon wa te r  and sediment  i n d i c a t e  

t h a t  heavy meta l s  a r e  n o t  p r e s e n t  i n  concen t r a t i ons  t h a t  would c l a s s i f y  

t h e  was tes  a s  hazardous. However, t h i s  de t e rmina t ion  i s  based on o n l y  

one i n f l u e n t  and sediment sample. 

3.3 HAZARDOUS WASTE MANAGEMENT SITE NO. 16 

S i t e  Descr ip t ion  

HWM 1 6  i s  a hazardous was te  l a n d f i l l  l o c a t e d  a d j a c e n t  t o  a s a n i t a r y  

l a n d f i l l  (Permit  No. 401 ). These d i s p o s a l  f a c i l i t i e s  began o p e r a t i o n  i n  

1980 and 1976, r e s p e c t i v e l y .  HWM 16 c o n s i s t s  of  a t r ench  400 f e e t  by 60 

f e e t  (measured a t  t h e  s u r f a c e ) ,  a s  d e p i c t e d  i n  t h e  p l o t  p l a n  of HWM 16 

and t h e  s a n i t a r y  l a n d f i l l  (F igu re  3.4). The depth  of t he  l a n d f i l l  

t r ench  ranges between 10 and 14 f e e t .  The c a p a c i t y  of HWM 16 is about  

6,000 cub ic  yards ,  of which approximately 70 p e r c e n t  i s  f i l l e d  a s  of 

December, 1984. The bottom of t h e  t r ench  c o n s i s t s  of compacted i n - s i t u  

s o i  1. 

Waste C h a r a c t e r i z a t i o n  

The Radford  AAP g e n e r a t e s  a v a r i e t y  of was tes  t h a t  a r e  d i sposed  i n  

t h e  on - s i t e  hazardous was te  l a n d f i l l  t r ench  (HWM 16 ) .  Presented i n  

Table  3.3 is  a summary of t h e  wastes  d i sposed  i n  M J M  16. I t  should be 

noted t h a t  t h e  ash  from was te  p r o p e l l a n t  i n c i n e r a t i o n  and t h e  r e s i d u e  

3-8 
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PARAMETER 

T A B L E  3.2 

R E S U L T S  O F  A N A L Y S I S  O F  LAGOON WATER 

AND S E D I M E N T  S A M P L E S  FROM HWM 7 

LAGOON WATER 

11.4 

N o t  D e t e c t e d  

ND 

0.016 mg/l 

ND 

ND 

ND 

ND 

ND 

Source: USAEHA ( D e c e m b e r  1981 1 

S E D I M E N T  



TABLE 3.3 

SUMMARY DESCRIPTION OF WASTES DISPOSED I N  HWM 16 

Rate Of 
 ene era ti on^ phys ica la  Hazard EPA ~ a z a r d ~  

was t e a  ( t ons /y r  Form Desc r ip t ion  Number 

Ash from waste unknown s o l i d  r e a c t i v e ,  
a 

DO03 
p r o p e l l a n t  non-EP t o x i c  
i n c i n e r a t i o n  

Residue from unknown s o l i d  r e a c t i v e ,  D003, 
waste p r o p e l l a n t  EP t ox ica  DO08 
burning 

Residue from 200 
explos ive  
contaminated 
waste burning 

SAR a r e a  fume 0.1 
burner  ash  

Sludge from unknown 
neut .  of SAR 
process  water 

Sludge from unknown 
neut.  of n i t r o -  
c e l l u l o s e  mfg 
ac id  process  
water 

Sludges from 
Bioplant ,  
Building 470, 
and NG 2 
P re t r ea tmen t  
Building 9410 

s o l i d  a r e a c t i v e  DO03 

s o l i d  EP t ox ica  D006, 
DO07 

s ludge  nonhazardousa -- 

s ludge  nonhazardous b -- 

sludge non-h zard- 
ous c , % e  

a 
USAEHA (~ecernber  1 981 ) 
Ewing ( 1  5 January 1982) 

C 
E v e r e t t  ( 19 March 1982 ) 
E v e r e t t  (10 November 1982) 
J e n r e t t e  ( 1  8 November 1983 

Source: C h 2 ~  H i l l  and Peer  Consul tan ts ,  I ~ c ,  J u l y  1984 
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from e x p l o s i v e  c o n t a m i n a t e d  w a s t e  b u r n i n g  a r e  l i s t e d  a s  " r e a c t i v e  

wastes." This information i s  based on t h e  assumption t h a t  r e s idues  from 

t h e  t rea tment  of r e a c t i v e  wastes  a r e  cons idered  r e a c t i v e  hazardous 

wastes u n t i l  proven o therwise  (USAEHA, 1981).  S ince  HWM 16 began d i s -  

posa l  ope ra t ions  i n  1980, wastes c h a r a c t e r i z e d  a s  r e a c t i v e  (Table 3.3 

were i n c i n e r a t e d  o r  open burned p r i o r  t o  d i s p o s a l  i n  t h e  l a n d f i l l  t o  

render  them non-reactive. R e a c t i v i t y  t e s t  methods inc lud ing  thermal  

s t a b i l i t y ,  unconfined burning,  No. 8 b l a s t i n g  cap  and t h e  impact t e s t  

were used t o  ana lyze  p o t e n t i a l l y  r e a c t i v e  s ludges  p r i o r  t o  d i s p o s a l  i n  

HWM 16.  T h i s  t e s t i n g  d e t e r m i n e d  t h a t  t h e  l a n d f i l l e d  s l u d g e s  were  

non-react ive (Webb, 1984).  P re sen t ly ,  t h e s e  s ludges  a r e  n o t  d i sposed  i n  

t h e  l a n d f i l l .  Analysis  by t h e  Radford AAP l a b o r a t o r y  of a s h  and r e s i -  

dues from t h e  i n c i n e r a t i o n  and open burning of waste  p r o p e l l a n t s  u t i l i -  

z ing  t h e  USEPA approved r e a c t i v i t y  t e s t i n g  methods i e  Bureau of 

Mines Gap t e s t  and Def lagra t ion /Detonat ion  T r a n s i t i o n  (DOD) t e s t )  d e t e r -  

mined t h a t  t h e s e  m a t e r i a l s  were non-react ive ( C a l i ,  1985).  The a sh  and 

r e s i d u e s  t h a t  were analyzed and found t o  be non-reac t ive  a r e  s i m i l a r  t o  

t h e  wastes l a n d f i l l e d  p r i o r  t o  r e a c t i v i t y  t e s t i n g  performed us ing  t h e  

EPA approved methods. Table 3.4 lists t h e  wastes  open burned p r i o r  t o  

d i s p o s a l  i n  HWM 16. 

Presented i n  Table 3.5 a r e  EP t o x i c i t y  r e s u l t s  f o r  s e v e r a l  a s h  

r e s i d u e s  disposed i n  HWM 16. These 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  t h a t  

with t h e  except ions  of l ead  concen t r a t ions  of t h e  p r o p e l l a n t  burning 

ground a s h ,  none of  t h e  r e s idues  con ta in  concen t r a t ions  of heavy me ta l s  

t h a t  would c l a s s i f y  t h e  waste a s  hazardous (USAEHA, 1981 1 .  However, 

t h i s  de te rmina t ion  is based on one sampling even t  conducted i n  1981 and 

might n o t  be t o t a l l y  r e p r e s e n t a t i v e  of t h e  wastes disposed i n  t h e  land- 

f i l l .  

According t o  Radford personnel ,  smal l  q u a n t i t i e s  of l a b o r a t o r y  waste 

chemicals and m a t e r i a l s  were a l s o  disposed i n  HWM 16. These inc lude  

s u l f u r ,  ni t rodiphenylamine,  potassium n i t r a t e ,  c r y o l i t e ,  diphenylamine, 

potassium s u l f a t e  and o t h e r  chemicals i n  b o t t l e s .  A l i s t i n g  of t h e s e  

l a b o r a t o r y  wastes i s  presented  i n  Appendix B. 
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TABLE 3 - 4  

SUMMARY DESCRIPTION OF WASTES THAT ARE OPEN-BURNED 
PRIOR TO DISPOSAL I N  HWM 1 6  

PHYSICAL HAZARD EPA HAZARD 
WASTE FORM DESCRIPTION NUMBER 

N i t r o c e l l u l o s e  S o l i d  

L a b o r a t o r y  So l id ,  
explosive w a s t e s  L i q u i d  

Waste propellant S o l i d  

NG s l u m s  Sludge 

E x p l o s i v e  S o l i d  
c o n t a m i n a t e d  
w a s t e  

S o u r c e :  USAEHA ( ~ e c e m b e r  1 9 8 1 )  

RADFRD 4 : 2 9 / 2 8 5  

R e a c t i v e  DO03  

C o r r o s i v e  D O 0 2  

R e a c t i v e  

R e a c t i v e  

R e a c t i v e  



TABLE 3.5 

EP TOXICITY RESULTS FOR WASTES 
DISPOSED IN HWM 16 

Concentration i n  mg/l 

C 
Incinerator Ash from Contaminated Propel lant  Virginia 

Waste Propel lant  Burning Ground Burning Ground Maximum 
Parameter Incinerator Ash Ash 

I A s  ND (Not Detected) ND ND 5 . O  

Source: USAEHA (December 1981) 

- 
I 

C 

L 
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3.4 SUMMARY 

Based on t h e  a v a i l a b l e  in format ion  reviewed, t h e  wastes  i n  HWM Nos. 

5, 7 and 16 can  be c h a r a c t e r i z e d  a s  fo l lows:  

o HWM 5 and 7 p r e s e n t l y  r e c e i v e  c o r r o s i v e  washdown waters .  

o The concen t r a t i on  of n i t r o c e l l u l o s e  i n  HWM 5, should be less 

t h a n  o n e  p e r c e n t  by w e i g h t  ( n o n - r e a c t i v e )  b a s e d  on  t h e  

r e s u l t s  of a n a l y t i c a l  t e s t i n g  of accumulated s o l i d s  from 

o t h e r  Radford AAP s u r f a c e  impoundments. 

o Analysis  of t h e  lagoon water  (HWM 5 and 7 )  and accumulated 

s o l i d s  (HWM 7 )  d e t e r m i n e d  t h a t  o n l y  low c o n c e n t r a t i o n s  

(non-hazardous) of  heavy meta l s  a r e  p re sen t .  

o According t o  Radford personnel ,  wastes  c l a s s i f i e d  a s  

" r e a c t i v e "  w e r e  rendered "non-react ive" p r i o r  t o  d i s p o s a l  i n  

t h e  l a n d f i l l .  Various l a b o r a t o r y  chemicals  were a l s o  

disposed i n  HWM 16. 
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SECTION 4 

CONTAMINATION ANALYSIS 

Provided i n  t h i s  s e c t i o n  i s  a d i s c u s s i o n  of t h e  groundwater  

d e g r a d a t i o n  and p r o b a b l e  s o i l  c o n t a m i n a t i o n  t h a t  have o c c u r r e d  i n  t h e  

v i c i n i t y  o f  t h e  HWM s i t e s  (Nos.  5 ,  7 a n d  1 6 ) .  The  r e s u l t s  o f  t h e  

groundwater  m o n i t o r i n g  work and r e s i s t i v i t y  s u r v e y s  conduc ted  a t .  t h e  

si tes a r e  t h e  b a s i s  f o r  a s s e s s m e n t  of t h e  groundwater  q u a l i t y  i n  t h e  

v i c i n i t y  o f  t h e  Hazardous Waste Management f a c i l i t i e s  under  s t u d y .  The 

p r e s e n c e  o f  con taminan t s  i n c l u d i n g  a c i d i c  wastes ( p H ) ,  heavy m e t a l s  (EP 

t o x i c i t y )  and n i t r o c e l l u o s e  ( r e a c t i v i t y ) ,  i s  a l s o  d i s c u s s e d .  A 

d i s c u s s i o n  of  t h e  groundwater  f low and g e o l o g i c  f o r m a t i o n  o f  t h e  HWM 

f a c i l i t i e s  is  p r o v i d e d  when t h e s e  f a c t o r s  i n f l u e n c e  t h e  groundwater  

q u a l i t y .  

To comply w i t h  t h e  USEPA and Commonwealth o f  V i r g i n i a  Hazardous 

Waste R e g u l a t i o n s ,  groundwater  m o n i t o r i n g  w e l l s  were i n s t a l l e d  i n  t h e  

v i c i n i t y  of each  of  t h e  HWM s i tes  (Nos. 5, 7 and 1 6 ) .  Samples were 

c o l l e c t e d  on  a q u a r t e r l y  b a s i s  and ana lyzed .  The groundwater  samples 

from t h e  HWM Nos. 5 and 7 s i tes  were a n a l y z e d  f o r  p r i m a r y  and s e c o n d a r y  

i n d i c a t o r  p a r a m e t e r s .  The groundwater  samples  from t h e  HWM 1 6  s i t e  were 

a n a l y z e d  f o r  N a t i o n a l  I n t e r i m  Pr imary D r i n k i n g  Water R e g u l a t i o n s  

(NIPDWR) p a r a m e t e r s ;  c o n s t i t u e n t s  of  groundwater  q u a l i t y ,  i n c l u d i n g  

i r o n ,  manganese, sodium, c h l o r i d e ,  pheno l  and s u l f a t e ;  and i n d i c a t o r s  of 

groundwater  c o n t a m i n a t i o n ,  i n c l u d i n g  pH, s p e c i f i c  conductance ,  TOC and 

TOX. The i n d i c a t o r  p a r a m e t e r  r e s u l t s  were t h e n  s u b j e c t e d  t o  s t a t i s t i c a l  

a n a l y s i s  ( S t u d e n t ' s  t - T e s t )  t o  compare t h e  b a s e l i n e  d a t a  c o l l e c t e d  

d u r i n g  t h e  f i r s t  y e a r ' s  q u a r t e r l y  m o n i t o r i n g  w i t h  t h e  d a t a  c o l l e c t e d  

d u r i n g  t h e  f i r s t  q u a r t e r  of t h e  second y e a r  o f  o p e r a t i o n .  A d i s c u s s i o n  

o f  t h e  m o n i t o r i n g  and s t a t i s t i c a l  a n a l y s i s  r e s u l t s  i s  p r o v i d e d  i n  t h e  

d i s c u s s i o n  s e c t i o n s  f o r  e a c h  of  t h e  HWM sites. 
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R e s i s t i v i t y  surveys  w e r e  conducted a t  each of t h e  s u r f a c e  impound- 

ments (HWM Nos. 5 and 7 )  t o  i d e n t i f y  a r e a s  of low r e s i s t i v i t y ,  t he reby  

i n d i c a t i n g  more conduct ive zones. These conduct ive zones a r e  

i n t e r p r e t e d  t o  be a r e a s  of  p o s s i b l e  groundwater degrada t ion  due t o  

i n f i l t r a t i o n  of waste l i q u i d s .  The r e s i s t i v i t y  surveys  conducted a t  t h e  

sites can on ly  be used t o  i n d i c a t e  a g e n e r a l  t r e n d  on ly  and cannot  be 

used t o  determine t h e  e x t e n t  and migra t ion  r a t e  of contamined 

groundwater. The r e s u l t s  of t h e  geophysical  surveys  conducted a t  t h e s e  

sites a r e  desc r ibed  i n  t h e  d i s c u s s i o n  s e c t i o n s  f o r  each of t h e  HWM 

sites . 

HWM 5 had been opera ted  wi thout  a l i n e r  system p r i o r  t o  1981 and HWM 

7 is  an unl ined  s u r f a c e  impoundment. Therefore ,  it i s  l i k e l y  t h a t  t h e  

s u b s o i l s  underneath t h e s e  impoundments have been contaminated by 

p e r c o l a t i n g  waste l i q u i d s .  S ince  no sampling and a n a l y s i s  have been 

made f o r  s u b s o i l s ,  t h e  n a t u r e  and  e x t e n t  o f  s o i l  c o n t a m i n a t i o n  i s  

i n f e r r e d  from o t h e r  s i t e  c h a r a c t e r i s t i c s  such a s  l i q u i d  was tes ,  s u b s o i l  

cond i t i ons ,  o p e r a t i o n a l  p r a c t i c e  and groundwater q u a l i t y  da t a .  

4.1 HAZARDOUS WASTE MANAGEMENT SITE NO. 5 

Groundwater Ouali  t v  

Locat ions of  t h e  HWM 5 groundwater monitor ing w e l l s  a r e  shown i n  

F igure  2.1. The S t u d e n t ' s  t -Tes t  r e s u l t s  f o r  t h e  primary i n d i c a t o r  

parameters  i n d i c a t e d  a s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  f o r  a t  l e a s t  

one of t h e  primary parameters  f o r  each of t h e  w e l l s  a t  HWM 5. A summary 

of t h e  S t u d e n t ' s  t - T e s t  f o r  HWM 5 us ing  both t h e  C l a s s i c a l  and Cochran 's  

Approximation methods i s  presen ted  i n  Table 4.1. The r e s u l t s  of t h e  

S t u d e n t ' s  t -Test  f o r  pH, s p e c i f i c  conductance, TOX and MC from t h e  HWM 

5 monitor ing w e l l s  a r e  presen ted  i n  Appendix C. 



TABLE 4 - 1  

SUMMARY OF GROUNDWATER DATA STATISTICAL ANALYSIS 
FOR HWM 5 

Total Total 
Specific Organic Organic 
Conductance Carbon Halogen pH 

Classical Student's t-Test 

Upgradient Well Comparison 
HWM 5 - Well W-8 (S5W8) --- Upgradient Well --- 
HWM 5 - Well W-5 ( S 5 ~ 5 )  N S H N SH 
HWM 5 - Well W-6 (S5W6) N N N SH 
HWM 5 - Well W-7 (SSW7) N S H N SH 

Each Well Compared to Itself 
HWM 5 - Well W-8 (S5W8) N 
HWM 5 - Well W-5 (SSWS) N 
HWM 5 - Well W-6 (S5W6) N 
HWM 5 - Well W-7 (S5W7) N 

Cochran ' s Approximation 

Upgradient Well Comparison 
HWM 5 - Well W-8 (S5W8) --- Upgradient Well --- 
HWM 5 - Well W-5 (S5W5) N S H N SH 
HWM 5 - Well W-6 ( S 5 ~ 6 )  N N N S H 
HWM 5 - Well W-7 ( S 5 ~ 7 )  N S H N S H 

Each Well Compared to Itself 
HWM 5 - Well W-8 (S5W8) N 
HWM 5 - Well W-5 (S5W5) SH 
HWM 5 - Well W-6 ( S 5 ~ 6 )  N 
HWM 5 - Well W-7 (S5W7) N 

SH - Significantly higher 
SL - Significantly lower 
N - No significant change 

Source: BCM, 1984 



The groundwater  i n  t h e  v i c i n i t y  of t h e  upgrad ien t  w e l l  (W-8) a t  HWM 

5 was found t o  be contaminated due t o  a l eak ing  a c i d  p ipe  (NUS, 1981; 

USAEHA, 1981).  A new upgradien t  w e l l  (W-8B) was p laced  approximately 80 

f e e t  w e s t  of t h e  contaminated upgradien t  w e l l  (W-8). Recent groundwater 

monitor ing r e s u l t s  (August 1984) from t h e  new upgradien t  w e l l  showed 

l o w e r  s p e c i f i c  c o n d u c t a n c e ,  TOC and  TOX v a l u e s  a s  compared t o  t h e  

contaminated upgradien t  w e l l .  However, a l l  of t h e  groundwater samples 

c o l l e c t e d  from t h e  monitor ing w e l l s  i n  t h e  v i c i n i t y  of HWM 5, i n c l u d i n g  

t h e  new upgradien t  w e l l ,  have low p H  va lues .  The r e s u l t s  shown i n  Table  

4.2 i n d i c a t e  t h a t  t h e  groundwater i n  t h e  v i c i n i t y  of HWM 5 is degraded. 

Groundwater samples c o l l e c t e d  from t h e  monitor ing w e l l s  a t  HWM 5 

and analyzed f o r  Primary Drinking Water S tandards  a l s o  i n d i c a t e  t h a t  

g r o u n d w a t e r  d e g r a d a t i o n  h a s  o c c u r r e d .  P r e s e n t e d  i n  T a b l e  4.2 a r e  

monitor ing r e s u l t s  i n d i c a t i n g  groundwater q u a l i t y  a t  HWM 5. 

S p e c i f i c a l l y ,  t h e  contaminat ion a s  i n d i c a t e d  by h igh  n i t r a t e  and s u l f a t e  

l e v e l s  a t  t h e  downgradient w e l l s  would be expected s i n c e  t h e  s u r f a c e  

impoundment (HWM 5 )  r e c e i v e s  wastewater c o n t a i n i n g  n i t r i c  and s u l f u r i c  

ac id s .  It is a l s o  no t ab l e  t h a t  e l eva t ed  me ta l  concen t r a t i ons  ( a r s e n i c ,  

chromium and mercury) a r e  a s s o c i a t e d  w i t h  low pH i n  Wells W-8, W-5B and 

W-7B. The groundwater monitor ing r e s u l t s  f o r  HWM 5 a r e  provided i n  

Appendix D. 

S ince  groundwater deg rada t ion  was i d e n t i f i e d  a t  HWM 5, a Groundwater 

Qua l i t y  Assessment Plan was prepared and conducted a s  r equ i r ed  by both  

t h e  Commonwealth of V i rg in i a  and Federa l  Hazardous Waste Regula t ions .  

The purpose of t h e  Assessment Plan i s  t o  determine i f  HWM 5 i s  t h e  

source  of t he  groundwater degrada t ion  and determine t h e  r a t e  and e x t e n t  

of migra t ion  of t h e  hazardous wastes  o r  hazardous waste c o n s t i t u e n t s  i n  

t h e  g r o u n d w a t e r .  The r e s u l t s  of  t h e  Phase  I Groundwater  Q u a l i t y  

Assessment Program i n d i c a t e d  t h a t  groundwater deg rada t ion  has  occur red  

beneath HWM 5 (Nemeth, 1984).  A s  a r e s u l t ,  a Compliance Monitoring 

Program ( V i r g i n i a  R e g u l a t i o n  10.06.10)  w i l l  b e  implemented  i n  t h e  
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TABLE 4.2 

MONITORING RESULTS INDICATING GROUNDWATER QUALITY 

AT HWM 5 

Groundwater ' Upgradient Downgradient W e l l s  Drinking 
Monitoring W e l l s  Water 

Parameter W8B W 8  W5B W6 W7B Standards  

N i t r a t e  mg/l 5.30 285 

S u l f a t e  mg/l 1.0 2125 

Chlor ide  mg/l NC 35 

Manganese mg/l 0.068 44.2 

pH u n i t s  4.9 3.4 

2 Arsenic  mg/l ND 0.174 
ND 2.670 

2 Chromium mg/l ND 0.097 
ND 0.132 

From samples c o l l e c t e d  28 August 1984, excep t  f o r  s u l p h a t e  and c h l o r i d e  
analyzed from 26 A p r i l  1983 samples. 

Resu l t s  of f i l t e r e d  and u n f i l t e r e d  sample a n a l y s i s .  

NOTES: ND - Not d e t e c t e d  
NC - Not c o l l e c t e d .  
Spec. Cond. - S p e c i f i c  conductance. 
UMC - Micromhos pe r  cen t imeter .  
UGL - Microgram pe r  l i t e r  

Source: Radford AAP Groundwater Monitoring Data 
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f u t u r e .  The purpose of t he  Compliance Monitoring Program is t o  f u r t h e r  

a s s e s s  t h e  groundwater contaminat ion i n  t h e  v i c i n i t y  of t h e  HWM si te .  

R e s i s t i v i t y  Survey 

The r e s i s t i v i t y  surveys  conducted a t  HWM 5 g e n e r a l l y  y i e l d e d  r e s u l t s  

t h a t  may be r e l a t e d  t o  t h e  leakage  of a c i d i c  wastes.  More s p e c i f i c a l l y ,  

groundwater degrada t ion  was i d e n t i f i e d  i n  t h e  a r e a  south  of t h e  a c i d  

waste lagoon, towards t h e  upgrad ien t  w e l l .  The a r e a s  of low r e s i s t i v i t y  

r ead ings  a l s o  i n d i c a t e  t h a t  a c i d i c  was tes  a r e  p r e s e n t  both t o  t h e  north-  

w e s t  and n o r t h e a s t  of  t h e  s i te  (BCM, 1984).  Other read ings  taken  t o  t h e  

s o u t h e a s t  w e r e  i nconc lus ive  s i n c e  t h e  r e s u l t s  could n o t  d i f f e r e n t i a t e  

between t h e  p o t e n t i a l  p resence  of a c i d i c  waste  leakage o r  a  f i l l e d  

s inkhole .  

According t o  Radford AAP personnel ,  a c i d  sewer p ipe  leakage  was a  

source  of groundwater deg rada t ion  i n  t h e  v i c i n i t y  of t h e  upg rad i en t  w e l l  

(W-8) a t  HWM 5. I n  March 1984,  t h e  sewer p i p e  was r e p l a c e d  and  

contaminat ion ( a c i d i c  wa te r )  was noted d u r i n g  t h e  excava t ion  (Webb, 

1984) .  S ince  t h e  a c i d  p ipe  had been l eak ing  a t  l e a s t  f o r  a  few y e a r s ,  

t h e  probable  contaminated zone i n  t h e  n o r t h  of  t h e  lagoon ( a s  i n d i c a t e d  

by r e s i s t i v i t y  survey)  could  be e i t h e r  from t h e  p i p e  leakage o r  from t h e  

lagoon leakage p r i o r  t o  l i n e r  i n s t a l l a t i o n .  

S o i l  Contamination 

No sampling and a n a l y s i s  have been conducted t o  d a t e  t o  i d e n t i f y  t h e  

n a t u r e  and e x t e n t  of  s o i l  contaminat ion underneath t h e  HWM 5 s i te .  

Therefore ,  s o i l  contaminat ion is a s se s sed  from o t h e r  i n d i r e c t  d a t a  such 

a s  groundwater q u a l i t y ,  o p e r a t i o n a l  c h a r a c t e r i s t i c s  of  t h e  s u r f a c e  

impoundment and t y p i c a l  s o i l  contaminat ion known from o t h e r  s i m i l a r  

s i t u a t i o n s  . 
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P r i o r  t o  t h e  l i n e r  i n s t a l l a t i o n  i n  1981, t h e  a c i d i c  water  i n  HWM 5 

would have pe rco l a t ed  i n t o  t h e  s u b s o i l  a t  a slow r a t e .  Acidic  l i q u i d s  

(low pH) tend t o  d i s s o l v e  and c a r r y  va r ious  meta l s  i n  s o i l .  I f  heavy 

meta l s  (i l . , a r s e n i c ,  barium, cadmium, chromium, l ead ,  mercury, 

selenium, and s i l v e r )  a r e  p r e s e n t  i n  t h e  s o i l ,  t hey  could be mobil ized 

a t  h ighe r  concen t r a t i ons  than  t h e  background l e v e l s .  This  g e n e r a l  t r e n d  

i s  shown a t  t h e  HWM 5 s i t e  by t h e  r e c e n t  groundwater q u a l i t y  d a t a  (Table  

4.2). 

The Augus t  1984 d a t a  from Wells W-8 and W-7B show low pH va lues  and 

h ighe r  meta l  ( a r s e n i c ,  chromium and mercury) concen t r a t i ons  t han  found 

i n  t h e  uncontaminated upgradien t  w e l l .  It should be noted t h a t  t h e s e  

concen t r a t i ons  a r e  f a r  below t h e  EP t o x i c i t y  l e v e l .  They exceed t h e  

Nat iona l  Drinking Water S tandards ,  bu t  t h e r e  a r e  no downgradient water  

w e l l s  from HWM 5. Once t h e  pH approaches a n e u t r a l  l e v e l  i n  t h e  a q u i f e r  

by d i l u t i o n ,  t he  meta l  i o n s  would be adsorbed t o  s o i l  and t h e  impact of 

any groundwater contaminat ion would be d e t e c t e d  on ly  w i t h i n  t h e  l i m i t e d  

downgradient a r e a  of t h e  Radford AAP proper ty .  

HWM 5 has  been opera ted  w i t h  an  impermeable l i n e r  system s i n c e  

l a t e  1981 and thus  t h e  l i k l i h o o d  of a c i d i c  water  e n t e r i n g  t h e  s u b s o i l  

a f t e r  t h i s  d a t e  i s  minimal .  Any a c i d i c  w a t e r  p r e s e n t  t h a t  m i g h t  

mobil ize  any metals  from t h e  s o i l  should have a l r e a d y  dra ined  by g r a v i t y  

o r  be  r e d u c i n g  i n  amount .  Any f u r t h e r  g r o u n d w a t e r  c o n t a m i n a t i o n  

r e s u l t i n g  from low pH water  mobi l iz ing  meta l s  from t h e  s u b s o i l  should 

n o t  be s i g n i f i c a n t .  

Sed imen t s  i n  HWM 5 may c o n t a i n  some NC s o l i d s  because wastes  from 

t h e  NC p roces s  l i n e  w e r e  p r ev ious ly  d i scharged  t o  HWM 5. However, 

contaminat ion by t h e  NC s o l i d s  would be l i m i t e d  t o  t h e  impoundment 

bo t tom s e d i m e n t s  s i n c e  f i b r o u s  NC s o l i d s  c a n n o t  m i g r a t e  i n t o  t h e  

s u b s o i l .  The bottom sediment of HWM 5 should be t r e a t e d  t o  e l i m i n a t e  

p o s s i b l e  r e a c t i v i t y  caused by NC. 
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4.2 HAZARDOUS WASTE MANAGEMENT SITE NO. 7 

Groundwater Qual i ty  

F igure  2.3 shows t h e  l o c a t i o n s  of t h e  HWM 7 groundwater monitor ing 

w e l l s .  I n i t i a l l y ,  f o u r  groundwater monitor ing w e l l s  w e r e  i n s t a l l e d  i n  

t h e  v i c i n i t y  of HWM 7. The upgradien t  w e l l  (W-12) was d r y  d u r i n g  a l l  

b u t  one of t h e  q u a r t e r l y  monitor ing e f f o r t s .  A new upgrad ien t  w e l l  

(W-12B) was l a t e r  i n s t a l l e d .  Consequently,  no upgradient /downgradient  

w e l l  c o m p a r i s o n s  w e r e  p o s s i b l e  f o r  HWM 7 u s i n g  t h e  i n i t i a l  d a t a .  

S t a t i s t i c a l  ana lyses  w e r e  conducted comparing monitor ing d a t a  ( i n d i c a t o r  

parameters )  from each w e l l  t o  t h e  r e s u l t s  ob t a ined  p rev ious ly  from t h a t  

w e l l  and t h e  r e s u l t s  a r e  presen ted  i n  Table  4.3. The S t u d e n t ' s  t - T e s t  

r e s u l t s  f o r  HWM 7 a r e  presen ted  i n  Appendix C. 

Recent  groundwater d a t a  (August 1984) i n c l u d e  d a t a  from t h e  newly 

i n s t a l l e d  u p g r a d i e n t  m o n i t o r i n g  w e l l  (W-12B). Compar i son  o f  t h e  

u p g r a d i e n t  and d o w n g r a d i e n t  w e l l  d a t a  c o l l e c t e d  d u r i n g  t h e  r e c e n t  

monitor ing e f f o r t  i n d i c a t e s  t h a t  t h e  groundwater i n  t h e  v i c i n i t y  of HWM 

7 i s  degraded. The groundwater contaminants found i n  h ighe r  concen- 

t r a t i o n s  i n  t h e  downgradient w e l l s  a s  compared t o  t h e  upg rad i en t  w e l l  

i nc lude  n i t r a t e ,  s u l f a t e ,  c h l o r i d e  and manganese. The i n d i c a t o r  

parameters  i nc lud ing  pH, s p e c i f i c  conductance, t o t a l  o rgan ic  carbon 

(TOC) and t o t a l  d i s so lved  s o l i d s  (TDS) a t  t h e  downgradient w e l l s  a l s o  

exceed t h e  background l e v e l s  a t  t h e  upg rad i en t  w e l l .  The e l e v a t e d  

n i t r a t e  and s u l f a t e  l e v e l s  would be expected s i n c e  HWM 7 i s  unl ined  and 

t h e  wastewater  contained n i t r i c  and s u l f u r i c  a c i d s .  Also, t h e  cadmium 

and chromium concen t r a t i ons  i n  W-11B, p robably  caused by a low pH, 

e x c e e d  t h e  D r i n k i n g  Water  S t a n d a r d s .  The l o c a t i o n  of  t h e  u n l i n e d  

impoundment r e l a t i v e  t o  t h e  monitor ing w e l l s  i n d i c a t e  t h a t  t h e  a c i d  

waste  lagoon is t h e  l i k e l y  source  of t h e  contamination. A summary of 

monitor ing r e s u l t s  i n d i c a t i n g  groundwater q u a l i t y  i n  t h e  v i c i n i t y  of HWM 

7 i s  presen ted  i n  Table  4.4 The groundwater d a t a  f o r  HWM 7 a r e  provided 

i n  Appendix D. 
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TABLE 4.3 

SUMMARY OF GROUNDWATER DATA STATISTICAL ANALYSIS 

FOR HWM 7 

T o t a l  T o t a l  
S p e c i f i c  Organic Organic 
Conductance Carbon Halogen pH 

C l a s s i c a l  S tudent '  s t -Tes t  

Each W e l l  Compared to I t s e l f  
HWM 7 - W e l l  W-9 

Cochran's Approximation 

Each W e l l  Compared to I t s e l f  
HWM 7 - W e l l  W-9 SH 

SH - S i g n i f i c a n t l y  h ighe r  
SL - S i g n i f i c a n t l y  l o w e r  
N - N o  s i g n i f i c a n t  change 

Source: Radford AAP Groundwater d a t a  compiled by BCM, 1984. 
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TABLE 4.4 

MONITORING RESULTS INDICATING GROUNDWATER 

QUALITY AT HWM 7 

Groundwater 1 
Upgradient Downgradient We 11s Drinking 

Monitoring 
Parameter 

W e l l  
W-12B 

Water 
W-9 W-1 OB W-11B Standards 

N i t r a t e  mg/l 

Su l fa te  mg/l 

Chloride mg/l 

Manganese mg/l 

PH u n i t s  

Spec. Cond. UMC 

TOC mg/l 

TDS mg/l 

cadmium2 UGL 

2 Chromium mg/l 

From samples co l l ec ted  29 August 1984, except  f o r  ch lo r ide  analyzed from 
2 May 1983 samples. 

Results  of dup l i ca te  sample analys is .  

NOTES: ND - Not detec ted  
TOC - Total  Organic Carbon 
TDS - Total  Dissolved Sol ids  
UMC - Micromhos per  centimeter  
UGL - Microgram per l i t e r  

Source: Radford AAP Groundwater Monitoring Data compiled by BCM, 1984 
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The movement of groundwater should a l s o  be a c o n s i d e r a t i o n  i n  d e t e r -  

mining t h e  e x t e n t  of groundwater degrada t ion  i n  t h e  v i c i n i t y  of HWM 7. 

The s o i l s  a t  t h e  base of t h e  a l l u v i a l  d e p o s i t s  under ly ing  HWM 7 a r e  

known t o  be h igh ly  permeable and respond r a p i d l y  t o  rises i n  t h e  r i v e r  

water  l e v e l .  These water  l e v e l  f l u c t u a t i o n s  may a c t  t o  d i l u t e  and 

d i s p e r s e  t h e  groundwater contaminants  thereby  reducing t h e  contaminant  

concen t r a t i ons  i n  t h e  groundwater. 

A Groundwater Qual i ty  Assessment Plan f o r  HWM 7 was prepared  and 

conducted a s  r equ i r ed  by t h e  Commonwealth of V i rg in i a  Hazardous Waste 

r e g u l a t i o n s  s i n c e  groundwater degrada t ion  has  occurred i n  t h e  v i c i n i t y  

of t h e  s i te .  The purpose of t h e  Assessment Plan is  t o  determine i f  HWM 

7 i s  the  source  of t h e  groundwater deg rada t ion  and determine t h e  r a t e  

and e x t e n t  of migra t ion  of  t h e  contaminated groundwater. The r e s u l t s  of 

t h e  Phase  I Groundwater  Q u a l i t y  Asses smen t  Program i n d i c a t e d  t h a t  

groundwater degrada t ion  has  occurred a t  HWM 7 (Nemeth, 1984).  A s  a 

r e s u l t ,  a Compliance Monitoring Program w i l l  be r equ i r ed  i n  t h e  f u t u r e .  

R e s i s t i v i t y  Survey 

The r e s i s t i v i t y  survey conducted a t  HWM 7 i n d i c a t e s  t h a t  groundwater 

degrada t ion  has  occur red  t o  t h e  immediate sou th  and w e s t  of t h e  a c i d  

waste  lagoon (BCM, 1984). Readings taken  f u r t h e r  w e s t  of t h e  lagoon 

i n d i c a t e  t h a t  groundwater degrada t ion  has  occur red  b u t  t o  a lesser 

e x t e n t .  The proximity of HWM 7 t o  t h e s e  contaminated a r e a s  suppor t s  t h e  

p o s s i b i l i t y  t h a t  t h e  lagoon is  t h e  source  of t h e  groundwater 

degrada t ion .  The r e s u l t s  of t he  r e s i s t i v i t y  survey  a r e  supported by t h e  

r e c e n t  groundwater q u a l i t y  d a t a  da ted  August 1984 (Appendix D ) .  

Soi  1 Contamination 

HWM 7 i s  an  unl ined  s u r f a c e  impoundment which r e c e i v e s  both a c i d i c  

was tes  (oleum) and waste  c a u s t i c .  With no l i n e r  p r o t e c t i o n ,  t h e  s o i l  

RADFORD 6 :  14/285 



beneath t h e  impoundment could con ta in  f r e e  l i q u i d  of very  low o r  h igh  pH 

t h a t  may render  t h e  s o i l s  hazardous. Since HWM 7 s e r v e s  a s  a  n e u t r a l -  

i z a t i o n  bas in  and t h e  pH of t h e  waste  s t ream c h a r a c t e r i s t i c a l l y  

f l u c t u a t e s ,  any l i q u i d  w i th  an extreme pH va lue  i n  t h e  s o i l  would be 

n e u t r a l i z e d  t o  some e x t e n t  by subsequent  i n f i l t r a t i o n  of n e u t r a l i z e d  

l i q u i d s .  Thus, s o i l  o r  groundwater contaminat ion by an  extreme pH would 

be l i m i t e d  on ly  t o  t h e  immediate v i c i n i t y  of t h e  impoundment when a c i d i c  

l i q u i d  accumulates f o r  s e v e r a l  days be fo re  n e u t r a l i z a t i o n .  This  is 

shown by the  August 1984 groundwater d a t a  (Table  4.4). Only Well W-1 lB, 

t h e  n e a r e s t  d o w n g r a d i e n t  w e l l ,  showed a  low pH and  e l e v a t e d  m e t a l  

c o n c e n t r a t i o n s  (cadmium and  chromium) .  Upon f u r t h e r  d i l u t i o n  and  

n e u t r a l i z a t i o n  toward t h e  downgradient a r e a ,  t h e  pH should approach t h e  

n e u t r a l  l e v e l  and meta l s  would be immobilized by adso rp t ion  on to  s o i l s .  

According t o  Radford personnel ,  no waste  s t ream from t h e  NC p roces s  

l i n e  h a s  been  d i s c h a r g e d  t o  HWM 7. T h e r e f o r e ,  t h e  s e d i m e n t s  and  

subsur face  s o i l  a t  HWM 7 would n o t  c o n t a i n  any NC. 

4.3 HAZARDOUS WASTE MANAGEMENT SITE NO. 16 

Groundwater Qual i ty  

Groundwater samples were c o l l e c t e d  q u a r t e r l y  du r ing  t h e  f i r s t  yea r  

of t h e  hazardous waste  d i s p o s a l  a c t i v i t i e s  a t  HWM 16 t o  compile b a s e l i n e  

d a t a .  Groundwater samples were c o l l e c t e d  semi-annually d u r i n g  t h e  

second year  and were s t a t i s t i c a l l y  ( S t u d e n t ' s  t -Tes t )  compared t o  t h e  

b a s e l i n e  da t a .  The parameters  analyzed inc luded  Nat iona l  In t e r im  

Primary Drinking Water Regula t ions  (NIPDWR) parameters ;  c o n s t i t u e n t s  of 

groundwater q u a l i t y ,  i n c l u d i n g  i r o n ,  manganese, sodium, c h l o r i d e ,  phenol  

and s u l f a t e ;  and i n d i c a t o r s  of groundwater contaminat ion,  i n c l u d i n g  pH, 

s p e c i f i c  conductance, TOC, and TOX. 
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Based on t h e  s t a t i s t i c a l  a n a l y s i s  of t h e  b a s e l i n e  and second y e a r ' s  

semi-annual d a t a ,  w e l l s  CDH2 and C-4 showed s i g n i f i c a n t  changes f o r  

s e v e r a l  of t h e  i n d i c a t o r  parameters .  Add i t i ona l  samples w e r e  c o l l e c t e d  

and analyzed and confirmed these  e a r l i e r  r e s u l t s .  A summary of t h i s  

s t a t i s t i c a l  a n a l y s i s  f o r  HWM 16 is  p re sen t ed  i n  Table 4.5. The r e s u l t s  

of the  s t a t i s t i c a l  a n a l y s i s  a r e  presen ted  i n  Appendix C. 

A n a l y s i s  f o r  t h e  NIPDWR parameters  f o r  t h e  groundwater monitor ing 

w e l l s  f o r  HWM 16 i n d i c a t e d  t h a t  most of t h e  parameters  d i d  n o t  show any 

no tab l e  d i f f e r e n c e  i n  concen t r a t i on  i n  t he  downgradient we l l s .  Some 

s l i g h t  changes f o r  t h e  NIPDWR parameters  t h a t  were noted i n  t h e  down- 

g r a d i e n t  w e l l s  were n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .  A summary of t h e  

monitor ing r e s u l t s  i n d i c a t i n g  groundwater q u a l i t y  a t  HWM 16 is p re sen t ed  

i n  Table  4.6. As noted i n  t h e  summary t a b l e ,  t h e  s u l f a t e ,  s p e c i f i c  

c o n d u c t a n c e  and  TOC v a l u e s  i n c r e a s e  and  t h e  pH d e c r e a s e s  a t  t h e  

downgradient w e l l  a s  compared t o  t h e  upg rad i en t  wel l .  However, t h e  

background (upg rad i en t )  l e v e l s  f o r  n i t r a t e  and c h l o r i d e  a r e  h ighe r  than  

a t  t h e  downgradient wel l .  I t  should a l s o  be noted t h a t  none of t h e s e  

i n i t i a l  r e s u l t s  exceed t h e  Drinking Water Standards.  Groundwater d a t a  

f o r  HWM 16 a r e  presen ted  i n  Appendix D. 

Because of t he  s t a t i s t i c a l l y  s i g n i f i c a n t  groundwater q u a l i t y  changes 

a t  t he  HWM 16 s i t e ,  a Groundwater Assessment Program was implemented and 

t h e  r e s u l t s  became a v a i l a b l e  ve ry  r e c e n t l y  (USAEHA, March 1985).  Four 

a d d i t i o n a l  monitor ing w e l l s ,  16-1, 16-2, 16-3 and 16-4 were i n s t a l l e d  a s  

shown i n  F igure  4.1. Samples were c o l l e c t e d  from t h r e e  new w e l l s  (16-2, 

16-3 and 16-4) and two e x i s t i n g  w e l l s  (C1 and CDH2) i n  November 1984 and 

analyzed f o r  i n d i c a t o r  paramaters ,  i n o r g a n i c  parameters ,  exp los ives ,  

p e s t i c i d e s  and o rgan ic  p r i o r i t y  p o l l u t a n t s .  The r e s u l t s  of t h e  o rgan ic  

p r i o r i t y  p o l l u t a n t  a n a l y s i s  a r e  summarized i n  Table 4.7 and t h e  r e s u l t s  

of a n a l y s i s  f o r  i n d i c a t o r  parameters ,  i no rgan ic  parameters  and 

exp los ives  a r e  shown i n  Appendix D ( s i t e  16, run d a t e :  March 1 ,  1985) .  

I n  a d d i t i o n  t o  compounds l i s t e d  i n  Table 4.7, samples from a l l  w e l l s  
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TABLE 4.5 

SUMMARY OF 

GROUNDWATER DATA STATISTICAL ANALYSIS FOR HWM 16  

S p e c i f i c  T o t a l  O r g a n i c  T o t a l  O r g a n i c  
Conductance  Carbon Halogen PH 

C l a s s i c a l  S t u d e n t ' s  t -Tes  t 

Each W e l l  Compared t o  I t s e l f '  

HWM 1 6  - W e l l  C-1 
HWM 16  - W e l l  C-4 
HWM 16  - W e l l  CDH2 

Each W e l l  Compared t o  1 t s e l f L  

HWM 1 6  - W e l l  C-1 
HWM 1 6  - W e l l  C-4 
HWM 1 6  - W e l l  CDH2 

SH - S i g n i f i c a n t l y  Highe r  
SL - S i g n i f i c a n t l y  Lower 
N - No S i g n i f i c a n t  Change 

I 
Groundwater  d a t a  from t h e  J u n e  1983 s a m p l i n g  e f f o r t .  
Groundwater  d a t a  from t h e  September  1983  s a m p l i n g  e f f o r t .  

S o u r c e :  T a b l e  compi l ed  b y  E n g i n e e r i n g - S c i e n c e  from i n f o r m a t i o n  p r e s e n t e d  
i n  t h e  C l o s u r e  and Pos t -C losu re  P l a n s  p r e p a r e d  b y  CH M H i l l  and 
P e e r  C o n s u l t a n t s ,  J u l y  1984. 

2 

RADFORD 2: 27/385 



TABLE 4.6 

MONITORING RESULTS 

INDICATING GROUNDWATER QUALITY AT HWM 16 

Groundwater Upgradient W e l l  Downgradient Wells Drinking 
Monitoring Water 
Parameters C-1 C-4 CDH2 C-2' S tandards  

  it rate^ mg/l 6.0 

s u l f a t e 3  mg/l N D ~  

4 Chlor ide  mg/l 7.0 

pH3 u n i t s  7.6 

Spec. ~ o n d . ~  UMC 245 

T O C ~  mg/l 7.0 

Groundwater monitor ing w e l l  d r y  d u r i n g  a l l  sampling e f f o r t s  . 
Sample c o l l e c t e d  12 June 1982. 
Sample c o l l e c t e d  13  June 1983. 
Sample c o l l e c t e d  19 A p r i l  1982. 

5 Non-detectable. 

Note : UMC- micromhos p e r  cen t ime te r  

Source: Radford AAP Groundwater Monitoring Data, USAEHA, 1983 
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Figure 4 . 1  

LOCATIONS O F  VARIOUS WASTE DISPOSAL SITES 

I N  THE V I C I N I T Y  O F  HWM 16 



TABLE 4.7 

ORGANIC PRIORITY POLLUTANTS DETECTED I N  HWM 1 6  

GROUNDWATER MONITORING WELLS 
1 

Compound 
2 

Uni t :  Microgram p e r  L i t e r  
C1 - 16-2 - 16-3 - 16-4 - CDH2 

Bromodichloromethane - - - - 3 

Chloroform - 4 12 3 2 

Dich lorof luoromethane  - - - - 5-20 

Methylene c h l o r i d e  - - - - 3 

T r i c h l o r o f l u o r o m e t h a n e  - - - - 5 

D i e t h y l  p h t h a l a t e  - - 14 - - 

'samples c o l l e c t e d  on November 12,  1984. 
2~ornpounds a t  n o n d e t e c t a b l e  l e v e l s  are n o t  shown. 
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conta ined  t r a c e  l e v e l s  (non -quan t i f i ab l e )  of va r ious  p h t h a l a t e s  

i nc lud ing  b i s  (2-ethylhexyl)  p h t h a l a t e ,  di-n-butyl  p h t h a l a t e ,  di-n-octyl  

p h t h a l a t e ,  and dimethyl  p h t h a l a t e .  

According t o  the assessment  by USAEHA (March, 19851, t h e  groundwater 

i s  contaminated w i t h  low l e v e l s  of DNT and halomethane compounds. The 

contaminat ion of the upqrad ien t  w e l l  16-4 sugges t s  t h a t  t h e  sou rce  of 

this contaminat ion is n o t  HWM 16. A s  shown i n  F igu re  4.1, a former 

d i s p o s a l  t r ench  which r ece ived  TNT n e u t r a l i z a t i o n  s ludge  is c l o s e  t o  and 

upgradien t  of W e l l  16-4. Therefore ,  it is ve ry  l i k e l y  t h a t  t h e  TNT 

n e u t r a l i z a t i o n  s ludge  d i s p o s a l  t r ench  is t h e  sou rce  of  contaminat ion.  

I t  i s  planned by Radford AAP t o  f u r t h e r  i n v e s t i g a t e  t h i s  p o s s i b l i t y .  

S o i l  Contamination 

Wastes disposed i n  HWM 16 a r e  most ly  s o l i d s  and t h e r e f o r e ,  would n o t  

be caus ing  s o i l  o r  groundwater contaminat ion u n l e s s  a s i g n i f i c a n t  amount 

of l e a c h a t e  is formed. Probable  sources  of l e a c h a t e  i nc lude  wastewater  

and lagoon s ludges  and i n f i l t r a t i o n  o f  p r e c i p i t a t i o n .  The compacted 

t r ench  bottom s lopes  down from t h e  f i l l e d  s e c t i o n  toward t h e  u n f i l l e d  

s ec t i on .  I f  any l e a c h a t e  were formed, t h e r e f o r e ,  it could be r e a d i l y  

no t i ced  a t  the t o e  of  t h e  s lope .  No l e a c h a t e  h a s  been observed t o  da t e .  

Thus, it is  u n l i k e l y  t h a t  s u b s o i l  is contaminated by l e a c h a t e  gene ra t ed  

from t h e  was tes  i n  t h e  t rench .  With a f i n a l  cover  system provided a t  

c l o s u r e  the p o t e n t i a l  of  l e a c h a t e  gene ra t i on  w i l l  be f u r t h e r  reduced. 

4.4 Summary 

HWM 5 

Based on the groundwater monitor ing d a t a  and r e s i s t i v i t y  su rveys ,  

bo th  t h e  a c i d  p ipe  leak  and lagoon p r i o r  t o  l i n e r  i n s t a l l a t i o n  should be  

cons idered  a s  sou rces  of  groundwater degrada t ion .  The l eak ing  sewer 
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p i p e  was r e p a i r e d  i n  e a r l y  1984. The groundwater degrada t ion  i d e n t i f i e d  

no r th  of HWM 5 is probably due t o  leakage from t h e  lagoon ( p r i o r  t o  

l i n e r  i n s t a l l a t i o n )  which has  migrated i n  t h e  d i r e c t i o n  of t h e  

groundwater flow. The s o i l s  beneath t h e  l i n e r  system most p robably  do  

n o t  c o n t a i n  NC. The s o i l s  may c o n t a i n  a c i d i c  l i q u i d s  and e l e v a t e d  

concen t r a t i ons  of d i s so lved  metals .  Since HWM 5 has  been opera ted  wi th  

an  impermeable l i n e r  a f t e r  1981, f u r t h e r  mob i l i za t i on  of any 

c o n t a m i n a n t s  i n  t h e  s o i l  t o  t h e  g r o u n d w a t e r  s h o u l d  b e  min ima l  o r  

non-exis tent .  

HWM 7 

The groundwater d a t a  and r e s i s t i v i t y  surveys  i n d i c a t e  t h a t  t h e  

groundwater is degraded i n  t h e  v i c i n i t y  of HWM 7. A l i m i t e d  amount of 

s u b s o i l  may have been contaminated by a c i d i c  l i q u i d  and meta l  i ons .  

This contaminat ion should be confined w i t h i n  t h e  immediate v i c i n i t y  of 

t h e  impoundment because t h e  lagoon wa te r  is f r e q u e n t l y  n e u t r a l i z e d .  

HWM 16 

Two m a j o r  i s s u e s  a s s o c i a t e d  wi th  t h e  c l o s u r e  of HWM 16 a r e  p o s s i b l e  

d i s p o s a l  of r e a c t i v e  was tes  and the  sou rce  of groundwater contaminat ion 

i n  t h e  v i c i n i t y  of HWM 16. Based on t h e  p r a c t i c e  of open burning and 

i n c i n e r a t i o n  of  exp los ive  r e s idues ,  ash  r e s i d u e s  should no longer  be 

r e a c t i v e .  The r e c e n t  groundwater assessment  program f o r  HWM 16 has  

i d e n t i f i e d  t h e  TNT n e u t r a l i z a t i o n  s ludge  d i s p o s a l  t r ench  a s  be ing  t h e  

probable  source  of  groundwater contaminat ion.  Fu r the r  i n v e s t i g a t i o n  of 

t h i s  p o s s i b i l i t y  w i l l  be conducted. There is no evidence of l e a c h a t e  

be ing  genera ted  i n  s i g n i f i c a n t  q u a n t i t i e s  w i t h i n  t h e  HWM 16 t r ench .  I f  

l e a c h a t e  is ,  o r  was, p r e s e n t  i n  smal l  q u a n t i t i e s ,  t h i s  should  n o t  have 

caused s i g n i f i c a n t  s u b s o i l  contaminat ion.  
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SECTION 5 

GENERAL CLOSURE ANALYSIS 

The o b j e c t i v e  of t h i s  s e c t i o n  is t o  deve lop  gene ra l  c l o s u r e  concepts  

and t o  s e l e c t  a  c l o s u r e  method f o r  each of t h e  HWM f a c i l i t i e s .  Seve ra l  

c l o s u r e  a l t e r n a t i v e s  a r e  i d e n t i f i e d  based on t h e  r egu la to ry  requirements  

f o r  c l o s u r e  of t h e  Radford AAP hazardous waste  f a c i l i t i e s .  A com- 

p a r a t i v e  a n a l y s i s  of t h e s e  a l t e r n a t i v e s  is performed t o  dec ide  t h e  most 

e f f e c t i v e  c l o s u r e  method wi th  r e s p e c t  t o  environmental  p r o t e c t i o n ,  c o s t  

and p r a c t i c a l i t y .  An e v a l u a t i o n  of t h e  requirements  f o r  cover systems 

f o r  t he  HWM s i t e s  i s  a l s o  provided. 

5.1 GENERAL CLOSURE CRITERIA 

Reaulatorv Overview 

U n t i l  r e c e n t l y ,  it was be l i eved  t h a t  t he  Radford AAP f a c i l i t i e s  

( H W M  Nos. 5 ,  7 and 1 6 )  would b e  c l o s e d  f o l l o w i n g  t h e  s t a n d a r d s  i n  

Sec t ion  9.00 f o r  In te r im S t a t u s  f a c i l i t i e s  of t h e  V i rg in i a  Hazardous 

Waste Regulations.  However, t h e  r e c e n t l y  amended S t a t e  Hazardous Waste 

Management Regulat ions r e q u i r e  t h a t  a l l  r egu la t ed  HWM f a c i l i t i e s  

(hazardous waste  d i s p o s a l  f a c i l i t i e s  t h a t  r ece ived  wastes  a f t e r  J u l y  26, 

1982)  a r e  t o  meet t h e  c l o s u r e  and p o s t - c l o s u r e  r e q u i r e m e n t s  u n d e r  

Sec t ion  10.00 a s  i f  they  w e r e  pe rmi t t ed  hazardous waste  f a c i l i t i e s .  

Thus, t h e  c l o s u r e  and pos t - c lo su re  of t h e  Radford AAP hazardous waste  

f a c i l i t i e s  ( H W M  Nos. 5, 7 and 16)  w i l l  be r egu la t ed  by t h e  Sec t ion  10.00 

Standards.  Although t h e s e  two s e c t i o n s  a r e  s i m i l a r  i n  framework, t h e  

s t anda rds  i n  Sec t ion  10.00 a r e  more s t r i n g e n t  s i n c e  they a r e  a p p l i c a b l e  

t o  f a c i l i t i e s  designed and cons t ruc t ed  t o  meet t h e  r e g u l a t i o n s  under 

RCRA. The impact of t h e  Sec t ion  10 Regulat ion i s  e s p e c i a l l y  s i g n i f i c a n t  

f o r  c l o s u r e  of t h e  s u r f a c e  impoundments a s  summarized i n  Table  5.1. In  
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TABLE 5.1 

UAJOR DIFFERENCES I N  SJ3CTIONS 9.00 AND 10.00 OF THE VIRGINIA HAZARDOUS WASTE REGULATIONS 
AS RELATED TO CLOSURE OF SURFACE IWPOUNDMENTS . 

SECTION 9.00 SECTION 10.00 

C l o s u r e  and Pos t -Closure  C l o s u r e  and Pos t -Closure  
C l o s u r e  Condi t i o n e  Requirements C l o s u r e  C o n d i t i o n s  Requirements 

CMSURE - No hazardous  w a s t e s  - None. 
ALTERNATIVES remain 

- S I  w i t h  s y n t h e t i c  - None. 
o r  c l a y  l i n e r  (no  l e a k ) .  
Remove o r  d e c o n t a m i n a t e  
a l l  h a z a r d o u s  m a t e r i a l  
i n c l u d i n g  l i n e r .  

- Hazardous m a t e r i a l  
remains.  

- Drying o f  remain ing  l i q u i d s .  - SI w i t h  s y n t h e t i c  - S t a b i l i z e  was tes .  
I n e t a l l  c o v e r  system. l i n e r  ( n o  l e a k ) .  I n s t a l l  c o v e r  system. 
P r o v i d e  p o s t - c l o s u r e  c a r e  Hazardous m a t e r i a l  P r o v i d e  p o s t - c l o s u r e  c a r e .  

remains.  Conduct  g roundwater  m o n i t o r i n g  
i f  t h e  d i s p o s a l  f a c i l i t y  is n o t  
d o u b l e - l i n e d  and d o e s n '  t have  
a l e a k  d e t e c t i o n  sys tem.  

GROUNDWATER - S I  to b e  c l o s e d .  - C o n t i n u e  q u a r t e r l y  
PROTECTION Groundwater Q u a l i t y  a s s e s s m e n t  u n t i l  f a c i l i t y  

Assessment Program is c l o s e d .  
i n  p r o g r e s s .  Semi-annual  g roundwater  
Groundwater contami-  m o n i t o r i n g  a f t e r  c l o s u r e .  
n a t i o n  h a s  o c c u r r e d .  

- S I  w i t h  l e a k  o r  with-  - S t a b i l i z e  w a s t e s / s u b e o i l .  
o u t  l i n e r .  I n s  t a l l  c o v e r  system. 
Remove o r  decontami- P r o v i d e  p o s t - c l o s u r e  c a r e .  
n a t e  a l l  hazardous  Conduct  g roundwater  moni tor ing .  
m a t e r i a l  b u t  n o t  a l l  
contamina ted  s u b s o i l s .  

- S I  t o  b e  c l o s e d .  - Complete t h e  groundwater  
Groundwater p l a l i  t y  Q u a l i t y  Assessment 
Assessment Program i n  Program. 
p r o g r e s s .  Develop/ implement a 
Groundwater contami-  C o r r e c t i v e  Act ion  Program. 
n a t i o n  h a s  o c c u r r e d .  C o n t i n u e  c o r r e c t i v e  

a c t i o n  u n t i l  g roundwater  
p r o t e c t i o n  s t a n d a r d  is 
m e t .  



t h i s  s e c t i o n ,  t h e  S t a t e  Hazardous Waste Management Regula t ions ,  p r i -  

mar i l y  from Sec t ion  10.00, a r e  re fe renced  wherever a p p l i c a b l e .  These 

r e g u l a t i o n s  a r e  in lcuded  i n  Appendix E. 

Closure  Performance Standards 

The c l o s u r e  performance s t anda rds ,  a s  p resen ted  i n  t h e  V i r g i n i a  

Hazardous Waste Regulat ions (10.07.02), r e q u i r e  t h a t  t h e  owner o r  opera-  

t o r  of a hazardous waste  d i s p o s a l  f a c i l i t y  s h a l l  c l o s e  t h e  f a c i l i t y  i n  a 

manner t h a t  : 

o minimizes t h e  need f o r  f u r t h e r  maintenance, and 

o c o n t r o l s ,  minimizes o r  e l i m i n a t e s  t o  t h e  e x t e n t  necessary  t o  

prevent  t h r e a t s  t o  human h e a l t h  and t h e  environment, pos t - c lo su re  

e s c a p e  of hazardous waste ,  hazardous was te  c o n s t i t u e n t s  , leach-  

a t e ,  contaminated r a i n f a l l  o r  waste decomposition products  t o  t h e  

ground o r  s u r f a c e  wa te r s  o r  t o  t h e  atmosphere. 

The escape of contaminants  t o  t h e  environment occurs  p r i m a r i l y  

through migra t ing  water  and, t o  a l im i t ed  e x t e n t ,  migra t ing  gas.  A t  t h e  

Radford AAP hazardous waste management sites, t h e  gene ra t i on  and migra- 

t i o n  of gas  i s  not  expected due t o  t h e  n a t u r e  of t h e  wastes  d i sposed .  

Therefore ,  t h e  aforementioned c l o s u r e  s t anda rds  can be m e t  by e f f e c -  

t i v e l y  i s o l a t i n g  t h e  h a z a r d o u s  w a s t e s  f rom m i g r a t i n g  w a t e r  i n  t h e  

subsu r f ace  environment. S ince  hazardous was te  f a c i l i t i e s  should be 

s i t u a t e d  above t h e  f l u c t u a t i n g  groundwater t a b l e ,  a s  i s  t h e  c a s e  f o r  t h e  

Radford AAP hazardous waste  management f a c i l i t i e s ,  t h e  l a t e r a l  

groundwater flow would n o t  be d i r e c t l y  r e spons ib l e  f o r  t h e  migra t ion  of 

contaminants i n  t h e  groundwater. Thus, t h e  pr imary components of the  

Closure Plan should i nc lude  a f i n a l  cover  system t o  minimize t h e  perco-  

l a t i o n  of  r a i n w a t e r  i n t o  t h e  w a s t e  m a t e r i a l  a n d ,  i f  a p p l i c a b l e ,  a 

l e a c h a t e  c o l l e c t i o n  s y s t e m  t o  p r e v e n t  t h e  l e a c h a t e  f rom m i g r a t i n g  
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downward t o  t h e  groundwater t a b l e .  Pos t -c losure  c a r e  requ i rements  

emphasize ma in t a in ing  t h e  i n t e g r i t y  of  t h e  waste con ta inment  system 

( e s p e c i a l l y  t h e  f i n a l  c o v e r )  and moni to r ing  groundwater  

(10 .07 .08(a ) ( l  ) ) .  

5.2 CLOSURE ALTERNATIVES FOR SURFACE IMPOUNDMENTS 

Regula to ry  Requirements 

The s t a n d a r d s  f o r  c l o s u r e  and pos  t - c l o s u r e  c a r e  of s u r f  ace impound- 

ments a r e  p rov ided  i n  10.07 and 10.11.09 of t h e  V i r g i n i a  Hazardous Waste 

Regula t ions .  The c l o s u r e  s t e p s  vary  depending on t h e  o r i g i n a l  d e s i g n  of 

t h e  f a c i l i t y ,  c h a r a c t e r i s t i c s  of wastes af ter  c l o s u r e ,  and t o  a l i m i t e d  

e x t e n t ,  t h e  owner I s  p r e f e r e n c e  as d i c t a t e d  by t h e  f a c i l i t i e s  o v e r a l l  

Waste Management Program. F igure  5.1 i l l u s t r a t e s  t h e  g e n e r a l  c l o s u r e  

requ i rements  and a l t e r n a t i v e s  as de f i ned  i n  t h e  V i r g i n i a  Hazardous Waste 

R e g u l a t i o n s .  I n i t i a l l y ,  t h e  owner o r  o p e r a t o r  mus t  c h o o s e  e i t h e r  

removal o r  t r e a tmen t  op t i on .  A f t e r  t h i s  i n i t i a l  a c t i o n  t h e r e  are t h r e e  

p o s s i b l e  s c e n a r i o s  f o r  c l o s u r e  sequences:  

o Treatment  of  wastes fol lowed by i n -p l ace  c l o s u r e  (i.e., p rov ide  a 

f i n a l  cover  system,  pos t - c lo su re  care and groundwater  

moni to r ing  1. 

o Removal and d i s p o s a l  of wastes fo l lowed  by c o n t i n g e n t  t r e a t m e n t  

o f  remaining wastes /contaminated materials and i n -p l ace  c l o s u r e  

i f  t h e  s u r f a c e  impoundment is  un l i ned .  Th i s  c o n t i n g e n t  a c t i o n  

may be exempted i f  no was tes  o r  contaminated m a t e r i a l s  ( i n c l u d i n g  

s u b s o i l )  remain i n  p l a c e  a t  c l o s u r e .  

o Removal and d i s p o s a l  of  wastes fo l lowed  by c l o s u r e  of t h e  s u r f a c e  

impoundment as a nonhazardous s i te  i f  no wastes o r  con tamina ted  

m a t e r i a l s  remain i n  p l a c e  a t  c l o s u r e  of  a l i n e d  s u r f a c e  

impoundment . 
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ES ENGINEERING-SCIENCE 

Figure 5 .1  

REGULATORY REQUI,REMENTS FOR CLOSURE OF 

SURFACE IMPOUNDMENTS 

CONTINGENT P U N  - 
TREATMENT AND IN- 
PLACE CLOSURE 
( lo.ll.o9.(c) (1) ) 

w r 

PROCEED TO 9 UNLESS IT CAN BE 
DEMONSTRATED THAT NO CONTAMINATED 

MATERIAL REMAINS IN PLACE 

REMOVAL - REMOVE ALL 
LIQUIDS, WASTES, AND 
CONTAMINATED MATERIALS 
AND DISPOSE IN A 

TREATMENT - DRAIN LIQUIDS. 
SOLID1 FY ISTABLIZE WASTES, 
TO SUPFORT FINAL COVER 
( lO.ll.o9.(a) (2) 1 

PERMIVED FACILITY 
( 10.11.1l9.(a) (1) ) 

* 
S. 1. WITH 

UNLINED 3.1. 

IN-PUCE CLOSURE ( CLOSURE 
WITH WASTES IN P U C E  )-  
PROVIDE A FINAL COVER SYSTEM 
At40 30 YEARS OF POST CLOSURE 
CARE AND GROUND WATER 
MONITORING 
( 10.11.09.(a) (2) iii and (b) ) - 

CLOSURE AS HON- 
HAZARDOUS SITE 
- NO ACTION 



Genera l  approaches t o  determine t h e  most d e s i r a b l e  c l o s u r e  method 

can be der ived  from c h a r a c t e r i s t i c s  of the  s u r f a c e  impoundments and 

impacts of s p e c i f i c  methods on t h e  o v e r a l l  waste  management program. 

From an  economic s t andpo in t ,  op t ions  r e q u i r i n g  long-term pos t -c losure  

monitoring and maintenance should be avoided i f  poss ib l e  s i n c e  they  

would e n t a i l  s i g n i f i c a n t  c o s t s  o v e r  t h e  30-year  p o s t - c l o s u r e  c a r e  

period.  For c losu re  purposes, both HWM 5 and HWM 7 a r e  considered t o  be 

unl ined  s u r f a c e  impoundments: HWM 5 had been operated wi thout  a l i n e r  

u n t i l  1981 and HWM 7 i s  a n  u n l i n e d  s u r f a c e  impoundment. Thus,  

r ega rd le s s  of t he  i n i t i a l  a c t i o n  whether t o  remove wastes  o r  not ,  t h e  

c l o s u r e  of t he  su r face  impoundments inc ludes  poss ib l e  t rea tment  and 

in-p lace  c l o s u r e  a c t i v i t i e s  (F igure  5.1 ) . The cont ingent  p l an  

( t r ea tmen t  and in-p lace  c l o s u r e )  is  a safeguard a g a i n s t  contaminated 

s u b s o i l s  which a r e  l i k e l y  t o  e x i s t  a t  an  unl ined su r face  impoundment 

s i t e .  Since the  s u b s o i l s  a t  t h e  HWM 5 and HWM 7 s i t e s  a r e  probably 

contaminated t o  some e x t e n t  a s  discussed i n  Sec t ion  4, t h e  con t ingen t  

p lan  t o  d e a l  with t h e  contaminated s o i l  should be implemented. This 

l e a d s  t o  t h r e e  p o s s i b l e  c l o s u r e  a l t e r n a t i v e s  t h a t  meet  t h e  S t a t e  

Hazardous Waste Regulations. Since t h e  amount of t h e  s u r f  i c i a l  wastes  

(e .g. , l i n e r  , sediment and cover sand ) is  i n s i g n i f i c a n t ,  t hese  a l t e r -  

na t ives  a r e  p r imar i ly  based on the  method of handling t h e  contaminated 

s o i  1s : 

o O f f s i t e  d i s p o s a l  - Remove and d i s p o s e  of  a l l  w a s t e s  and 

contaminated m a t e r i a l s  ( inc lud ing  s u b s o i l )  i n  a permi t ted ,  

o f f s i t e  d i s p o s a l  f a c i l i t y .  No a d d i t i o n a l  a c t i o n s  a r e  requi red  i f  

i t  can be demonstrated t h a t  no wastes o r  contamined m a t e r i a l s  

remain on s i t e  a t  c losu re .  

o Trea tment  - Decontaminate a l l  wastes and contaminated m a t e r i a l s  

( i n c l u d i n g  s u b s o i l ) .  No a d d i t i o n a l  a c t i o n s  a r e  requi red  i f  it 

can be demonstrated t h a t  no contaminants remain on s i t e  a t  c lo-  

su re .  Natural ly,  a combination of removal and t rea tment  i s  a l s o  

acceptable  a s  an a l t e r n a t i v e .  
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o In -P lace  C l o s u r e  - Remove and d i s p o s e  o f  some w a s t e s ,  s o l i d i f y  

t h e  remaining wastes, and s t a b l i z e  w a s t e s  and s u b s o i l s  t o  t h e  

e x t e n t  n e c e s s a r y  t o  s u p p o r t  f i n a l  cover .  P rov ide  a f i n a l  c o v e r  

sys tem.  Also p r o v i d e  p o s t - c l o s u r e  c a r e  and groundwater  

moni to r ing  f o r  t h e  30-year p o s t - c l o s u r e  p e r i o d .  

Comparative A n a l y s i s  

The r e s u l t s  of a compara t ive  a n a l y s i s  f o r  c l o s u r e  of t h e  s u r f a c e  

impoundments a r e  summarized i n  Table  5.2, i n c l u d i n g  t h e  c l o s u r e  

a c t i v i t i e s ,  p r e l i m i n a r y  c o s t  e s t i m a t e s  and a d v a n t a g e s  and d i s a d v a n t a g e s  

f o r  each  o f  t h e  c l o s u r e  methods. Genera l  assumptions  and methods o f  

t h i s  comparat ive  a n a l y s i s  a r e :  

o Only c o r e  t a s k s  f o r  each  of t h e  c l o s u r e  a l t e r n a t i v e s  a r e  i n c l u d e d  

f o r  t h i s  comparison.  C o s t  items s u c h  as s i t e  p r e p a r a t i o n ,  h e a l t h  

a n d  s a f e t y ,  equipment decon tamina t ion  and con t ingency  a r e  n o t  

i n c l u d e d  i n  t h i s  p r e l i m i n a r y  a n a l y s i s .  

o For t h e  purpose  o f  c o s t  e s t i m a t i o n ,  t h e  t o t a l  amount of 

c o n t a m i n a t e d  s o i l  a t  HWM Nos. 5 a n d  7 was  assumed  t o  b e  t h e  

volume above t h e  groundwater t a b l e  and w i t h i n  t h e  lagoon 

p e r i m e t e r  and e s t i m a t e d  t o  b e  a b o u t  20,000 c u b i c  ya rds .  

o The  volume o f  s o i l  n e e d e d  t o  b a c k f i l l  t h e  e x c a v a t e d  s u r f a c e  

impoundments  ( H W M  Nos. 5 a n d  7 )  i n c l u d e s  b o t h  t h e  e x c a v a t e d  

volume (20,000 c y )  and t h e  volume r e q u i r e d  t o  b r i n g  t h e  s i t e  t o  

g r a d e  (8 ,000 c y ) .  

o Groundwater m o n i t o r i n g  a t  t h e  HWM f a c i l i t i e s  i s  n o t  p a r t  of t h e  

p o s t - c l o s u r e  r e q u i r e m e n t s  once a l l  t h e  w a s t e s  and con tamina ted  

m a t e r i a l  are removed o r  decontaminated.  
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TABLE 5.2 

COMPARATIVE ANALYSIS OF SURFACE IMPOUNDMENTS (HWM 5 AND HWM 7 )  CLOSURE METHODS 

C l o s u r e  Method Major A c t i v i t i e s  C o s t  E s t i m a t e  Advantage D i s a d v a n t a g e  

O f f - s i t e  D i s p o s a l  
D i s p o s a l  s i t e :  
T r i a n g l e  Resource ,  
Pinewood, S.C. 

Trea tment  
Removal o f  w a s t e s  
and s u b s o i l  
t r e a t m e n t  

~ x c a v a t i o n / L o a d i n g  
T r a n s p o r t a t i o n  
D i s p o s a l  f e e  
B a c k f i l l  

D i s p o s a l  o f  HWM 5 
Wastes i n  HWM 16 

T r e a t a b i l i t y  S t u d y  
S u b s o i l  Trea tment  
Sampl i n g / A n a l y s i s  

m 
I n - P l a c e  C l o s u r e  D i s p o s a l  o f  KWH 5 
30-years p o s t - c l o s u r e  w a s t e  i n  HWH 16 

O t h e r  s i t e  c l e a n u p  
c a r e  and groundwater  I n - p l a c e  t r e a t m e n t  
(GW) m o n i t o r i n g  S a m p l i n g / a n a l y s i s  

B a c k f i l l  
Cover System 
P o s t - c l o s u r e  c a r e  
GW m o n i t o r i n g  e q u i p n e n t  

Gh' s a m p l i n g  - l a b o r ,  
equipment  

CW a n a l y s i s  

20,000 CY x  $3.00 = $ 60,000 - Wastes Removed o f f - s i t e  - Very e x p e n s i v e  
30,000 t o n  x  $62 = 1,860,000 - No p o s t - c l n s u r e  c a r e  - I n t e r f e r e s  w i t h  p l a n t  
30,000 t o n  x  $60 = 1,800,000 o p e r a t i o n  

- Negat ive  impact  a l o n g  
t r a n s p o r t a t i o n  r o u t e  

- Unknown long-term l i a b i l i t y  
- Complete removal  i m p r a c t i c a l  

350 Cy x  $20.00 = $ 7,000 - Low p o t e n t i a l  o f  c o n t a m i n a n t  - Complete t r e a t m e n t  p r o b a b l y  
r e l e a s e  i m p o s s i b l e  

Lump Sum 30,000 - S i m p l e s t  and l e a s t  e x p e n s i v e  - U n c e r t a i n  i n - s i t u  per formance  
20,000 Cy x $8.00 = 160,000 i f  f i n a l  c o v e r  and p o s t - c l o s u r e  - P r o b a b l e  P o s t - c l o s u r e  
Lump sum 35,000 c a r e / m o n i t o r i n g  a r e  n o t  r e q u i r e d  groundwater  m o n i t o r i n g  and 

T o t a  1 $ 232,000 f i n a l  c o v e r  r e q u i r e m e n t s  
A d d i t i o n a l  c o s t  f o r  f i n a l  c o v e r  and p o s t - c l o s u r e  groundwater  
m o n i t o r i n g  may b e  r e q u i r e d .  

Lump Sum 
1,600 c y  x  $15.00 = 
Lump Sum 

8,500 c y  x  $3.00 = 
50,000 s f  x $1.20 = 
$2,500 x 30 y e a r s  = 

8 w e l l s  x  $2,000 = 
One-time r e p l a c e m e n t  

10.000 - P o s s i b l e  c u r t a i l m e n t  of long-  - Long-term l i a b i l i t y  
te rm GW m o n i t o r i n g  - P o s s i b l e  r e l e a s e  o f  

10,000 
24,000 - L e a s t  i n t e r f e r e n c e  w i t h  p l a n t  c o n t a m i n a n t s  a t  a  
35,000 o p e r a t i o n  low r a t e  f o r  a  l i m i t e d  
25,500 p e r i o d  
60,000 
75,000 
16,000 
16,000 

2 x 30 y e a r  x $600 = 36,000 
2 x 8 x 30 y r  x $400 = 192,000 

T o t a l  $ 499,500 

Notes:  o  C o s t  d a t a  a r e  from p u b l i s h e d  d a t a ,  ES p a s t  p r o j e c t  e x p e r i e n c e  and c o n t r a c t o r / v e n d o r  s u p p l i e d  i n f o r m a t i o n  w i t h  minor s i t e - s p e c i f i c  
a d j u s t m e n t s .  

o  C o s t  e s t i m a t e s  a r e  i n t e n d e d  f o r  c o m p a r a t i v e  c o s t  p u r p o s e s  o n l y .  
o  The t o t a l  volume of c o n t a m i n a t e d  s o i l  and w a s t e s  i n  HWM 5 and HWM 7 i s  assumed a t  20,000 c u b i c  y a r d s .  
o  A d d i t i o n a l  c o s t  i t e m s  s u c h  a s  s i t e  p r e p a r a t i o n ,  h e a l t h / s a f e t y  and c o n t i n g e r ~ c y  a r e  n o t  i n c l ~ l d e d  i n  t h i s  c o m p a r a t i v e  

a n a l y s i s .  
o Grol~ndwater  m o n i t o r i n g  f c ~ r  t h e  i n - p l a c e  c l o s u r e  o p t i o n  w i l l  b e  a  d e t e c t i o n  m o n i t o r i n g  proyram. 
o  I t  is assumed t h a t  p o s t - c l o s u r e  c a r e  and groundwater  m o n i t o r i n g  w i l l  be performed by t h e  Rd(1Eord AAP p e r s o l i n e l .  
o  C o s t s  a r e  i n  Hay 1985 d o l l a r s .  In e s t i m a t i n g  t h e  p r e s e n t  worth of  c o s t s ,  i t  was assumed t l ~ a t  t h e  i n €  l a t i o n  r a t e  and t h e  d i s c o u n t  r a t e  

were tho  same; t h e r e f o r e ,  t h e  p r e s e n t  wor th  o f  t h e  a n n t ~ a l  c o s t s  is  t h e  c u r r e n t  c o s t  e s t i m a t e  t imes  t h e  number of  y e a r s .  
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o The groundwater monitoring c o s t  f o r  in-place c losu re  is  based on 

a  semi-annual d e t e c t i o n  monitoring program (minimum l e v e l  of 

monitoring requi red  by the  r e g u l a t i o n s )  with e x i s t i n g  monitoring 

w e l l s .  Because of t h e  confirmed groundwater contamination a t  t h e  

s u r f a c e  impoundment s i t es  ( H W M  5 and HWM 71,  a  Compliance 

Monitoring Program (expanded monitoring when groundwater contami- 

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

program) is  t o  be implemented a t  t hese  s i t e s .  The groundwater 

monitoring c o s t  f o r  t h e  in-place c l o s u r e  method could be consi-  

derably  lower than t h a t  presented  by sha r ing  t h e  d a t a  from t h e  

Compliance M o n i t o r i n g  f o r  i n i t i a l  y e a r s  of t h e  p o s t - c l o s u r e  

period.  

o  Unit  c o s t s  have been compiled based on published c o s t  d a t a  with 

adjustments  f o r  t h e  s i t e - s p e c i f i c  cond i t ions ,  quotes  form con- 

t r a c t o r s  and s u p p l i e r s  and  ES' p a s t  e x p e r i e n c e  w i t h  s i m i l a r  

p r o j e c t s .  These published d a t a  sources  inc lude:  Matrecon (1983) ;  

L u t t o n ,  e t . a l .  ( 1  979) ; Rogoshewski, e t .  a l .  ( 1983) ; Ehrenfeld 

and Bass (1983);  and Department of t h e  Army (1984). 

-. 
O f f s i t e  Disposal  

P resen t ly  no commercial hazardous waste l a n d f i l l s  a r e  a v a i l a b l e  

wi th in  t h e  Commonwealth of V i rg in i a  f o r  o f f - s i t e  d i s p o s a l  of wastes and 

contaminated s o i l .  Therefore,  a  quo ta t ion  f o r  o f f - s i t e  d i s p o s a l  was 

obtained from Tr iangle  Resource Indus t ry  of R e i d s v i l l e ,  North Carol ina ,  

t h e  c l o s e s t  d i s p o s a l  f a c i l i t y  t o  the  Radford AAP s i t e .  For d i s p o s a l  a t  

t h e i r  Pinewood, South Carol ina f a c i l i t y ,  t h e  u n i t  c o s t  f o r  t ranspor-  

t a t i o n  would be 62 d o l l a r s  pe r  ton  ( $ 1  235/load by a  20-ton t r u c k )  and 

t h e  d i s p o s a l  f e e  would be 60 d o l l a r s  pe r  t on  ( 3  c e n t s  p e r  pound). A 

s i m i l a r  quo ta t ion  ($45/ton f o r  t r a n s p o r t a t i o n  and $85/ton f o r  d i s p o s a l )  

was obtained from Chemical Waste Management, Inc. f o r  d i s p o s a l  a t  i t s  

For t  Wayne, Indiana f a c i l i t y .  Since t h e  quoted d i s p o s a l  f e e  i s  t y p i c a l  

f o r  s o i l s  contaminated by hazardous wastes ,  t he  t o t a l  c o s t  of o f f - s i t e  

d i s p o s a l ,  even a t  a  much c l o s e r  f a c i l i t y ,  would be a t  l e a s t  two m i l l i o n  

d o l l a r s .  I n  s p i t e  of apparent  advantages of t h e  o f f - s i t e  d i s p o s a l  a s  a  
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"walk away" s o l u t i o n ,  t h e  h igh  c o s t s  of  t h i s  method p r ec lude  o f f - s i t e  

d i s p o s a l  from s e r i o u s  c o n s i d e r a t i o n .  I t  should  a l s o  be noted t h a t  

d i s p o s a l  of was tes  a t  an  o f f - s i t e  f a c i l i t y  does  n o t  n e c e s s a r i l y  

e l i m i n a t e  concerns  w i th  long-term l i a b i l i t y .  I f  t h e  o f f  - s i t e  f a c i l i t y  

were t o  be improper ly  ope ra t ed  o r  abandoned, t hen  t h e  g e n e r a t o r s  o f  t h e  

wastes s t o r e d  a t  t h e  f a c i l i t y  cou ld  be l i a b l e  f o r  any ensu ing  damages. 

Thus, t h e  long-term l i a b i l i t y  becomes a n  unknown and u n c o n t r o l l a b l e  

i s s u e .  I n  a d d i t i o n ,  complete removal of  a l l  t h e  contaminted s u b s o i l  i s  

probab ly  imposs ib le  due t o  s i te  c o n s t r a i n t s  h i n d e r i n g  removal of t h e  

p robab l e  be l l - shaped  area of con tamina t ion  benea th  t h e  s i te .  

Treatment  

The t r e a t m e n t  method i nvo lve s  d i s p o s a l  of  t h e  was tes  ( l i n e r  and 

m a t e r i a l s  above t h e  l i n e r )  from HWM 5 ,  a t r e a t a b i l i t y  s t u d y  t o  op t im ize  

t h e  s u b s o i l  t r e a t m e n t  program, t r e a t m e n t  of  t h e  contaminated s u b s o i l  and 

a sampl ing /ana lys i s  program t o  conf i rm t h e  e f f e c t i v e n e s s  of t r e a tmen t .  

Because of  t h e  p robab l e  p r e sence  o f  NC f i n e s  i n  HWM 5,  t h e  sed iment  and 

sand above t h e  l i n e r  should  be removed and " f l a s h e d "  (exposed t o  h i g h  

t empe ra tu r e )  and then  t h e  r e s i d u e  d i sposed  i n  HWM 16. The l i n e r  a l s o  

would be removed and d i sposed  i n  HWM 16. The sediment  i n  HWM 7 w i l l  be 

t r e a t e d  i n - p l a c e  as p a r t  o f  t h e  s u b s o i l  t r e a t m e n t .  A f t e r  p r o p e r  

t r e a t m e n t  ( n e u t r a l i z a t i o n  and s o l i d i f i c a t i o n  by h y d r a t i n g  r e a g e n t s ) ,  t h e  

amount  o f  f r e e  w a t e r  i n  t h e  s o i l  i n t e r s t i c e s  would b e  m i n i m a l  a n d  

groundwater  con tamina t ion  from t h e  t r e a t e d  s o i l  is  n o t  l i k e l y .  Although 

t h e  e s t ima t ed  c o s t  f o r  t h i s  a l t e r n a t i v e  of approx imate ly  $230,000 i s  t h e  

l owes t  of  t h e  t h r e e  a l t e r n a t i v e s ,  two major  def  f  i c i e n c i e s  a r e  i n h e r e n t  

wi th  t h i s  a l t e r n a t i v e :  complete  t r e a t m e n t  of  t h e  e n t i r e  contaminated 

s o i l  would be p r a c t i c a l l y  imposs ib le  due t o  t h e  s i t e  c o n s t r a i n t s ;  and 

i n f i l t r a t i o n  of  s u r f a c e  water i n t o  t h e  t r e a t e d  s u b s o i l  should  n o t  b e  

a l lowed t o  p r e v e n t  r e m o b i l i z a t i o n  of  t h e  contaminants .  Thus, it would 

be nece s sa ry  t o  i n s t a l l  a f i n a l  cover  system ( t o  p r e v e n t  i n f i l t r a t i o n  of 
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s u r f a c e  w a t e r )  and t o  p r o v i d e  a t  least a  l i m i t e d  p e r i o d  o f  groundwater  

moni to r ing  ( t o  conf i rm t h e  e f f e c t i v e n e s s  of t r e a t m e n t ) .  A s  a  r e s u l t ,  

t h e  t r e a t m e n t  a l t e r n a t i v e  e v e n t u a l l y  would i n v o l v e  a l m o s t  a l l  o f  t h e  

a c t i o n s  r e q u i r e d  f o r  t h e  i n - p l a c e  c l o s u r e  method d e s c r i b e d  below. 

In-Place  C l o s u r e  

The i n - p l a c e  c l o s u r e  method i n v o l v e s  d i s p o s a l  o f  t h e  s u r f i c i a l  

w a s t e s  from HWM 5 ,  l i m i t e d  s o i l  t r e a t m e n t  ( n e u t r a l i z a t i o n  and s o l i d i -  

f i c a t i o n ) ,  s a m p l i n g / a n a l y s i s ,  b a c k f i l l i n g ,  c o v e r  sys tem i n s t a l l a t i o n ,  

p o s t - c l o s u r e  c a r e  and groundwater  moni to r ing .  N e u t r a l i z a t i o n  and 

s o l i d i f i c a t i o n  o f  t h e  con tamina ted  s o i l  c a n  b e  ach ieved  by mixing t h e  

i n - s i t u  s o i l  w i t h  a p p r o p r i a t e  a d d i t i v e s .  A d i s c u s s i o n  o f  t h e  a v a i l a b l e  

a d d i t i v e s  i s  p r e s e n t e d  i n  S e c t i o n  6. A f t e r  conf i rming  t h e  c h a r a c -  

terist ics of t h e  t r e a t e d  m a t e r i a l  and u n d e r l y i n g  s o i l s  ( sampl ing /ana l -  

y s i s ) ,  t h e  s u r f a c e  impoundments would b e  b a c k f i l l e d  and a c o v e r  sys tem 

be i n s t a l l e d .  P o t e n t i a l  cover  sys tem a l t e r n a t i v e s  a r e  d i s c u s s e d  i n  

S e c t i o n  5.4. The p o s t - c l o s u r e  c a r e  r e q u i r e m e n t s  c o n s i s t  of i n t e g r i t y  

i n s p e c t i o n s  and maintenance of t h e  c l o s e d  s i t e  f o r  a  30-year p e r i o d .  

Groundwater moni to r ing  i s  a l s o  r e q u i r e d  f o r  30 y e a r s .  The e s t i m a t e d  

c o s t  f o r  t h i s  i n - p l a c e  c l o s u r e  method is a b o u t  $500,000. For a few t o  

s e v e r a l  y e a r s  a f t e r  c l o s u r e ,  a  s m a l l  amount o f  a c i d i c  w a t e r  w i t h  ele- 

v a t e d  c o n c e n t r a t i o n s  of v a r i o u s  m i n e r a l s  and m e t a l s  cou ld  be  r e l e a s e d  

from t h e  s u b s u r f a c e  s o i l s .  However, i t s  impac t  on t h e  groundwater  

q u a l i t y  would be  i n s i g n i f i c a n t  s i n c e  no major  s o u r c e  o f  con taminan ts  

w i l l  be  p r e s e n t  a f t e r  c l o s u r e  of t h e  s u r f a c e  impoundments. 

Eva lua t ion  o f  C l o s u r e  Method 

To s e l e c t  a  f i n a l  c l o s u r e  method f o r  t h e  s u r f a c e  impoundments, t h r e e  

f a c t o r s  a r e  c o n s i d e r e d  as s c r e e n i n g  c r i t e r i a :  env i ronmenta l  p r o t e c t i o n ,  

t e c h n i c a l  feasibility/practicality, and c o s t  e f f e c t i v e n e s s .  Each o f  t h e  

a v a i l a b l e  a l t e r n a t i v e s  i s  reviewed w i t h  r e s p e c t  t o  t h e s e  cr i ter ia .  
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Also, eva lua t ion  of each a l t e r n a t i v e  i s  focused on t h e  contaminated 

s u b s o i l  s i n c e  c o s t  of handl ing  o t h e r  s u r f i c i a l  wastes  is minor. 

Off s i te  Disposa l  

Environmental p r o t e c t i o n  - The removal of a l l  wastes and contami- 

na ted  s o i l  w i l l  d e f i n i t e l y  e l i m i n a t e  f u r t h e r  deg rada t ion  of groundwater 

a t  t h e  sites. However, t h e  a c t u a l  l e v e l  of groundwater degrada t ion  t h a t  

could  be prevented by t h i s  a l t e r n a t i v e  would be i n s i g n i f i c a n t  s i n c e :  

o The major sou rce  of  groundwater contaminat ion,  l i q u i d s  i n  t h e  

s u r f a c e  impoundments, w i l l  n o t  be p r e s e n t  a f t e r  c l o s u r e  of t h e s e  

f a c i l i t i e s ;  

o The r e m a i n i n g  s o u r c e  o f  g r o u n d w a t e r  c o n t a m i n a t i o n ,  t h e  s o i l  

i n t e r s t i c e  water with a low pH and p o s s i b l e  e l e v a t e d  

concen t r a t i on  of minera l s  and meta l s ,  i s  very l i m i t e d  i n  

q u a n t i t y ;  

o There  a r e  no downgradient water  supply  w e l l s  b e fo re  t h e  

groundwater f lows i n t o  t h e  New River ,  which may be impacted by 

contaminants  i n  t h e  s u b s o i l  underneath t h e  c lo sed  f a c i l i t i e s ;  

o Eleva ted  meta l s  i n  groundwater would l i k e l y  be adsorbed t o  s o i l  

once low pH of  groundwater is n e u t r a l i z e d  by d i l u t i o n  and would 

t h e r e f o r e  n o t  be d e t e c t a b l e  a t  a g r e a t  d i s t a n c e  from t h e  source ;  

and, 

o The groundwater a t  t h e  Radford AAP s i t e  d i scha rges  i n t o  t h e  N e w  

R i v e r .  Very conse rva t ive  e s t i m a t e s  of d i l u t i o n  upon d i scha rge  
4 i n t o  t h e  r i v e r  a r e  about  5 x l o5  f o r  HWM 5 and 1 x 10 f o r  HWM 7 

(USAEHA, 1985). The r e s u l t a n t  water q u a l i t y  deg rada t ion  would 

n o t  be a t  d e t e c t a b l e  l e v e l s .  
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This opt ion  a l s o  involves  s e v e r a l  p o t e n t i a l  negat ive  impacts such a s  

p o s s i b l e  s p i l l s  and acc iden t s  dur ing  excavat ion and the  long hau l  t o  the  

d i s p o s a l  s i t e .  Long-term l i a b i l i t y  a s soc ia t ed  wi th  f u t u r e  environmental 

degradat ion  due t o  problems a t  the  o f f s i t e  d i s p o s a l  f a c i l i t y  cannot  be 

completely ru l ed  out .  A s  a r e s u l t ,  t hese  p o t e n t i a l  negat ive  f a c t o r s  

o f f s e t  most of t he  l imi t ed  b e n e f i t s  i n  environmental p r o t e c t i o n  achieved 

by removal of t he  on-s i te  contaminated s o i l .  

Technical  F e a s i b i l i t y / P r a c t i c a l i t y  - Although some contamination i s  

involved,  t he  s i t e  s o i l  can be e a s i l y  excavated wi th  common excavat ion  

equipment. Transpor ta t ion  and r ed i sposa l  s e r v i c e s  a r e  o f t e n  a v a i l a b l e  

from a s i n g l e  con t rac to r  and do n o t  involve  any t echn ica l  problems. 

I n f i l t r a t i o n  of l i q u i d s  i n t o  t h e  unsa tura ted  s u b s o i l  t y p i c a l l y  forms a 

be1 1-shaped contaminated zone, i .e . , the  a r e a l  e x t e n t  of t he  contami- 

na t ion  near  the  groundwater t a b l e  i s  l a r g e r  than t h e  bottom a r e a  of t h e  

su r face  impoundment. For complete removal of t h e  e n t i r e  contaminated 

s o i l ,  t h e  a r e a  of excavat ion a t  t he  ground s u r f a c e  could be much l a r g e r  

than t h e  genera l  a r e a  of t h e  su r face  impoundments. Excavation beyond 

t h e  a r e a l  e x t e n t  of t h e  f a c i l i t y  i s  n o t  f e a s i b l e  f o r  HWM 5 because of 

t he  numerous p i p e l i n e  networks i n  the  v i c i n i t y  of HWM 5. Therefore,  t h e  

p r a c t i c a l  e x t e n t  of e x c a v a t i o n  would be  l i m i t e d  w i t h i n  t h e  l agoon  

perimeter .  Considering a s lope  se tback  f o r  t h e  depth of excavat ion ,  a 

s i g n i f i c a n t  po r t ion  of t he  contaminated s o i l  could remain i n  p l ace .  

Cost  Effec t iveness  - The t o t a l  c o s t  e s t i m a t e  f o r  t he  o f f s i t e  d i s -  

p o s a l  a l t e r n a t i v e  i s  about  $3,790,000 a s  presented  i n  Table 5.2. Con- 

s i d e r i n g  the  l imi ted  b e n e f i t s  achieved f o r  environmental p r o t e c t i o n  and 

r e c o g n i z i n g  t h a t  comple te  removal  of a l l  c o n t a m i n a t e d  s o i l  may be 

imprac t i ca l ,  the  high c o s t  of the  o f f s i t e  d i s p o s a l  a l t e r n a t i v e  cannot  be 

j u s t i f i e d .  
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Treatment 

Environmental P r o t e c t i o n  - The t r ea tmen t  of t h e  contaminated s u b s o i l  

would involve  n e u t r a l i z a t i o n  of a c i d i c  water  i n  s o i l  i n t e r s t i c e s  and 

s o l i d i f i c a t i o n  of t h e  s o i l  mass t o  r e t a r d  l each ing  of contaminants .  

This  would e l i m i n a t e  most o f ,  i f  no t  a l l ,  f u t u r e  groundwater contamina- 

t i o n  by t h e  contaminated subsoi  1. The enhancement of environmental  

q u a l i t y  i s  be l ieved  t o  be marginal  based on t h e  fo l lowing  reasons:  

removal of t he  major sou rce  ( lagoon l i q u i d )  a t  c l o s u r e ;  very l i m i t e d  

q u a n t i t y  o f  t h e  r e m a i n i n g  c o n t a m i n a t i o n  s o u r c e  ( a c i d i c  w a t e r ) ;  no  

downgradient water  supply  w e l l s ;  ad so rp t ion  of metal  i ons  t o  

downgradient s o i l s ;  and a l a r g e  d i l u t i o n  f a c t o r  by t h e  New River .  

Technica l  F e a s i b i l i t y  and P r a c t i c a l i t y  - Seve ra l  types  of t r ea tmen t  

methodologies a r e  a v a i l a b l e  f o r  n e u t r a l i z a t i o n  and s o l i d i f i c a t i o n  of 

acid-contaminated s o i l s .  Most of t e n ,  lime-based pozzolan ic  m a t e r i a l  is 

mixed i n t o  s o i l  t o  ach ieve  mu l t i p l e  e f f e c t s  : a c i d i c  l i q u i d  is 

n e u t r a l i z e d  by l i m e ;  exces s  moisture  i s  removed by hydra t ion ;  and t h e  

s o i l  mass i s  s o l i d i f e d  by pozzolan ic  r e a c t i o n .  Thus, t he  o v e r a l l  poten-  

t i a l  of groundwater contaminat ion by t h e  contaminated s o i l  i s  g r e a t l y  

reduced. Due t o  t h e  o p e r a t i o n a l  c h a r a c t e r i s t i c s  (i .e. , excava t ion  and 

mixing) and s i te  c o n s t r a i n t s ,  complete t r ea tmen t  of t h e  e n t i r e  contami- 

nated s u b s o i l  would be i m p r a c t i c a l  and it i s  l i k e l y  t h a t  some would 

remain un t r ea t ed  a t  c l o s u r e .  Also, t h i s  type of  t r ea tmen t  i s  in tended  

on ly  t o  s i g n i f i c a n t l y  reduce t h e  mob i l i t y  of contaminants  r a t h e r  than  t o  

d e s t r o y  o r  remove them. I f  excess  wa te r  i s  allowed t o  i n f i l t r a t e ,  

r emob i l i za t i on  of contaminants i s  p o s s i b l e .  Therefore ,  a f i n a l  cover  

system and pos t -c losure  groundwater monitor ing would u s u a l l y  be r e q u i r e d  

un l e s s  it is  demonstrated t h a t  no o r  l i t t l e  contaminants could migra te  

i n t o  groundwater a f t e r  c l o s u r e .  

Cos t  E f f ec t i venes s  - A t  an e s t ima ted  c o s t  of about  $230,000 (Table  

5.2), t h e  t r e a t m e n t  a l t e r n a t i v e  a p p e a r s  t o  be  t h e  l e a s t  e x p e n s i v e  
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opt ion .  A s  d i s cus sed  i n  t h e  prev ious  paragraph,  t h i s  a l t e r n a t i v e  would 

p r o b a b l y  need  a f i n a l  c o v e r  s y s t e m  and  p o s t - c l o s u r e  c a r e .  Thus,  

t r ea tmen t  would be p a r t  of a more comprehensive c l o s u r e  method such a s  

in -p lace  c l o s u r e ,  r a t h e r  t han  a complete a l t e r n a t i v e  by i t s e l f .  

In-Place Closure  

Environmental P r o t e c t i o n  - The p o t e n t i a l  groundwater contamina t ion  

by t h e  remaining contaminated s u b s o i l  would n o t  p r e s e n t  a s i g n i f i c a n t  

environmental t h r e a t .  This  is based on s e v e r a l  f a c t o r s :  removal of  t h e  

major contaminat ion sou rce  ( lagoon l i q u i d )  a t  c lo su re ;  l i m i t e d  q u a n t i t y  

of p o t e n t i a l  contaminant ( a c i d i c  l i q u i d )  i n  t h e  remaining contaminated 

s o i  1; no downgradient water  supply  w e l l s  ; adso rp t ion  of some hazardous 

c o n s t i t u e n t s  (meta l  i o n s  ) t o  downgradient s o i l ;  and d i l u t i o n  upon d i s -  

charge  t o  t h e  New River.  S i t e - s p e c i f i c  e v a l u a t i o n s  of t h e  contaminated 

s u b s o i l  a s  r e l a t e d  t o  groundwater q u a l i t y  a t  t h e  sites a r e  provided 

he re in .  

A t  t h e  HWM 5 s i t e ,  t he  major source  of contaminat ion was v i r t u a l l y  

e l imina t ed  when a s y n t h e t i c  l i n e r  was i n s t a l l e d  i n  l a t e  1981. Af t e r  

some l a g  pe r iod ,  i t  is  expected t he  groundwater q u a l i t y  would show a 

g e n e r a l l y  improving t r end .  A summary of s e l e c t e d  i n d i c a t o r  parameters  

(pH, s p e c i f i c  conductance, n i t r i t e  and n i t r a t e  a s  N, and s u l f a t e  ) from 

t h e  HWM 5 monitor ing w e l l s  (5 ,  6, 7 and 8 )  is presen ted  i n  Table  5.3. 

I n  t h i s  t a b l e ,  t h e  downgradient Wells 5, 6 and 7 show a d e f i n i t e  t r e n d  

of improvement i n  groundwater q u a l i t y .  A t  Well N o .  8, it is be l i eved  

t h a t  t h e  groundwater contaminat ion was caused by a nearby a c i d  p i p e  

leak .  The p ipe  leak  was r epa i r ed  very  r e c e n t l y  ( e a r l y  1984) and i t  

appears  t h a t  t h e  e lapsed  time is not  long enough t o  r eve r se  t h e  ground- 

w a t e r  q u a l i t y  t r e n d .  I n  summary, e x c e p t  f o r  Well  No. 8 wh ich  was 

contaminated by a more r e c e n t  p i p e  l eak ,  t h e  groundwater q u a l i t y  a t  t h e  

HWM 5 s i t e  a p p e a r s  t o  be  i m p r o v i n g  w i t h  a d i m i n i s h i n g  c o n t a m i n a n t  

r e l e a s e  from t h e  s o i l .  This  t r e n d  would con t inue ,  p o s s i b l y  w i th  minor 

RAD 5: 10/285 



TABLE 5 - 3  

GROUNDWATER QUALITY TREND AT HWM 5 

A p r i l  81 O c t .  82 J u l y  83 N o v .  84 

W e l l  5 

P H  1 
S p e c .  C o n d .  (UMC) 
NO W03 as N ( r n g / l )  
~ u ? f a t e  ( r n g / l )  

W e l l  6 

P H  
S p e c .  C o n d .  (UMC) 
N o  +NO as N ( m g / l )  
~ u ? f a t 2  ( r n g / l )  

W e l l  7 

P H 6.7 7.1 7.4 
S p e c .  C o n d .  (UMC) 6,800 47 5 660 
NO +NO3 as N ( r n g / l )  420 3 - 
~ u f f a t e  ( r n g / l )  3,630 64  5 0 

WELL 8 

PH 4.5 4.0 3 - 8  3.4 
S p e c .  C o n d .  (UMC) 7 3 3 4,750 3,700 3,900 
NO +NO as N ( m g / l )  0.53 260 - 

3 
285 

~ u t f a t e  ( r n g / l )  88 3 30 2,100 2,370 

1 
UMC - M i c r o m h o s  per centimeter 
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f l u c t u a t i o n s  due t o  t h e  i n£  luence of t h e  prev ious  p ipe  l e a k ,  f o r  a few 

t o  s e v e r a l  yea r s  u n t i l  t h e  l o c a l  groundwater q u a l i t y  r e t u r n s  t o  

pre-opera t ion  condi t ions .  

A t  t h e  HWM 7 s i te ,  t h e  pr imary sou rce  of contaminat ion ( a c i d i c  

w a t e r )  is r o u t i n e l y  n e u t r a l i z e d .  Although t h e r e  i s  some p o s s i b i l i t y  of 

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

groundwater q u a l i t y  a t  t h e  HWM 7 s i t e  should no t  p r e s e n t  a major concern 

w i t h  r e s p e c t  t o  low pH and r e s u l t a n t  heavy me ta l  problems. This  can be 

seen  i n  t h e  groundwater q u a l i t y  d a t a  p re sen t ed  i n  Table 4.4 and Appendix 

D. The pH va lues  from t h e  HWM 7 monitor ing w e l l s  a r e  c o n s i s t e n t l y  very  

c l o s e  t o  7.0. One excep t ion  is t h e  November 1984 d a t a  from W e l l  No. 

11B, which show a low pH of 4.3 and e l e v a t e d  meta l  concen t r a t i ons .  

Because Well No. 11B is the  c l o s e s t  downgradient w e l l  t o  t h e  

impoundment, it appears  t h a t  t h i s  low pH has r e s u l t e d  from a s l u g  of 

a c i d i c  water  before  s t a b i l i z a t i o n .  Since i n f i l t r a t i o n  of a c i d i c  water  

w i l l  n o t  be p e r s i s t e n t  (i .e. ,  r o u t i n e  n e u t r a l i z a t i o n  of a c i d i c  water  i n  

HWM 7 ) ,  t h e  pH of groundwater a t  t h e  Well 1 1 B  l o c a t i o n  and f u r t h e r  

downgradient would r e t u r n  t o  n e u t r a l .  A s  a r e s u l t ,  t h e  e l e v a t e d  meta l  

concen t r a t i ons  should a t t e n u a t e  t o  t h e  background l e v e l .  I n  t h e  absence 

of a c i d i c  water  i n f i l t r a t i o n  a f t e r  c l o s u r e ,  t h i s  temporal groundwater 

q u a l i t y  problem would q u i c k l y  d i sappear .  

Technica l  F e a s i b i l i t y / P r a c t i c a l i t y  - A c t i v i t i e s  involved i n  t h e  

in -p lace  c l o s u r e  method a r e  r e l a t i v e l y  s imple  and s t r a igh t fo rward .  Most 

of t h e  c l o s u r e  a c t i v i t i e s  c o n s i s t  of r o u t i n e  earthwork such a s  exca- 

va t ion ,  hau l ing ,  b a c k f i l l i n g ,  compaction and grading.  The des ign  and 

i n s t a l l a t i o n  of t h e  cover  system a l s o  uses  well-known, p r a c t i c a l  

technology. With a p p r o p r i a t e  s e l e c t i o n  of cover  m a t e r i a l  (see Sec t ion  

5.4) ,  t h e  i n f i l t r a t i o n  of s u r f a c e  water  would be v i r t u a l l y  e l imina ted .  

Cos t  E f f ec t i venes s  - The t o t a l  e s t ima ted  c o s t  f o r  in -p lace  c l o s u r e  

of the  s u r f a c e  impoundments is about  $471,000. Only 29 p e r c e n t  ( o r  
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$136,000) would be s p e n t  f o r  c l o s u r e  a c t i v i t i e s  such  a s  waste removal,  

s o i l  t r e a tmen t ,  b a c k f i l l  and cover  system. Thus, t h e  pos  t - c l o s u r e  

groundwater p o l l u t i o n  p o t e n t i a l  would be g r e a t l y  reduced a t  a minimal 

c o s t .  The m a j o r i t y  of  t h e  i n -p l ace  c l o s u r e  c o s t  (71  p e r c e n t )  i s  re- 

q u i r e d  f o r  pos t - c lo su re  c a r e  and groundwater moni tor ing.  For s e v e r a l  

y e a r s  a f t e r  c l o s u r e  of  HWM 5 and HWM 7, groundwater  q u a l i t y  d a t a  w i l l  be  

a v a i l a b l e  from t h e  Compliance Moni tor ing Program. Th i s  moni to r ing  d a t a  

can  be used  t o  s a t i s f y  pos t - c lo su re  care moni to r ing  needs. It i s  a l s o  

p o s s i b l e  t h a t  i f  it can be shown by improved groundwater q u a l i t y  t h a t  

i n -p l ace  c l o s u r e  of t h e  s u r f a c e  impoundments does  no t  p r e s e n t  an  adve r se  

impact  on t h e  environment,  t h e  requ i rements  f o r  groundwater moni to r ing  

may n o t  have t o  ex tend  f o r  30 years .  Thus, t h e  t o t a l  p o s t - c l o s u r e  c o s t  

f o r  t h e  i n -p l ace  c l o s u r e  a l t e r n a t i v e  cou ld  be l e s s  than  t h a t  e s t ima t ed .  

Recommended C losu re  A l t e r n a t i v e  

The o f f s i t e  d i s p o s a l  a l t e r n a t i v e  i s  t o o  c o s t l y  w i t h  no s i g n i f i c a n t  

b e n e f i t s  from an  o v e r a l l  env i ronmenta l  p r o t e c t i o n  p o i n t  of view. It is 

u n c e r t a i n  t h a t  t h e  t r e a t m e n t  a l t e r n a t i v e  a l o n e  would comple te ly  e l i m i -  

n a t e  f u t u r e  groundwater p o l l u t i o n  p o t e n t i a l .  There fore ,  t h e  t r e a t m e n t  

o p t i o n  i s  v i a b l e  o n l y  as p a r t  of t h e  i n -p l ace  c l o s u r e  a l t e r n a t i v e .  The 

i n -p l ace  c l o s u r e  a l t e r n a t i v e  would be a b l e  t o  minimize f u t u r e  ground- 

w a t e r  con tamina t ion  even though some contaminated s u b s o i l  remains i n  

p l ace .  It a l s o  s a t i s f i e s  t h e  r e g u l a t o r y  requ i rements  a t  a r ea sonab l e  

c o s t .  There fore ,  t h e  i n -p l ace  c l o s u r e  method i s  recommended f o r  t h e  

c l o s u r e  of t h e  s u r f a c e  impoundments a t  t h e  Radford AAP. Since  t h e  

long-term groundwater mon i to r i ng  (Compliance Moni to r ing)  is  r e q u i r e d  

anyway a t  t h e s e  s i t e s ,  t h e  a d d i t i o n a l  burden t o  meet t h e  p o s t - c l o s u r e  

requ i rements  does  n o t  appear  t o  be exces s ive .  Also,  based upon p a s t  

groundwater moni to r ing  r e s u l t s ,  t h e r e  is r ea son  t o  b e l i e v e  t h a t  ground- 

water q u a l i t y  w i l l  c o n t i n u e  t o  improve t o  background l e v e l s .  The re fo r e ,  

a f t e r  a p p r o p r i a t e  n e g o t i a t i o n  w i t h  t h e  S t a t e ,  t h e r e  may be p o t e n t i a l  f o r  

d i s c o n t i n u i n g  groundwater moni to r ing  o r  s i g n i f i c a n t l y  r educ ing  i t s  
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scope. The d e t a i l e d  c l o s u r e  a n a l y s i s  f o r  t h e  s e l e c t e d  a l t e r n a t i v e  

( i . e . ,  in -p lace  c l o s u r e )  is p re sen t ed  i n  Sec t ion  6. 

5.3 CLOSURE ALTERNATIVES FOR LANDFILL 

The s t anda rds  f o r  c l o s u r e  and pos t - c lo su re  c a r e  of a hazardous waste  

l a n d f i l l  a s  p resen ted  i n  t h e  V i rg in i a  Hazardous Waste Regula t ions  a r e  

summarized below: 

o A f i n a l  cover  system must be i n s t a l l e d  and maintained t o  

minimize migra t ion  of l i q u i d  through t h e  c lo sed  l a n d f i l l  

(10.14.11 ( a ) ) .  

o Pos t -c losure  c a r e  which c o n s i s t s  of groundwater monitor ing and 

m a i n t e n a n c e  o f  t h e  c l o s e d  f a c i l i t y  mus t  be  p r o v i d e d  f o r  t h e  

30-year pos t -c losure  pe r iod  (10.07.08(a) ( 1  ) and 10.14.11 ( b )  ). 

Although no t  s p e c i f i c a l l y  s t a t e d  i n  t h e  r e g u l a t i o n s ,  t h e  was tes  and 

contaminated m a t e r i a l s  could be removed f o r  d i s p o s a l  i n  an o f f s i t e  ( o r  

o n - s i t e ) ,  permi t ted  f a c i l i t y  and HWM 16 would no longer  be s u b j e c t  t o  

V i r g i n i a ' s  Hazardous Waste Management Regula t ions .  Table 5.4 p r e s e n t s  a 

comparative a n a l y s i s  of t h e s e  c l o s u r e  op t ions .  For t h i s  p r e l imina ry  

a n a l y s i s ,  t h e  t o t a l  volume of waste  i n  HWM 16 was assumed t o  be 5,500 

cub ic  yards.  This  e s t i m a t e  i nc ludes  4,200 c u b i c  yards  i n  HWM 16 a s  of 

December 1984 p l u s  an es t imated  volume of 1,300 cub ic  yards  t o  be d i s -  

posed  b e f o r e  t h e  l a n d f i l l  i s  c l o s e d .  Most of  t h e  u n i t  c o s t  d a t a  

compiled f o r  t h e  c l o s u r e  of t he  s u r f a c e  impoundments is a l s o  a p p l i c a b l e  

t o  t h e  c o s t  e s t i m a t e  f o r  c l o s u r e  of HWM 16. 

Based on the  same u n i t  c o s t s  used f o r  o f f - s i t e  d i s p o s a l  of t h e  

wastes  from t h e  s u r f a c e  impoundments, t h e  t o t a l  e s t ima ted  c o s t  of o f f -  

s i t e  d i s p o s a l  f o r  HWM 16 is about  $1,050,000. A s  i n  t h e  c a s e  of t h e  

s u r f a c e  impoundments, o f f - s i t e  d i s p o s a l  is t h e  most expensive d i s p o s a l  

method. 
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TABLE 5.4 

COMPARATIVE ANALYSIS OF LANDFILL (HWM 16) CLOSURE METHODS 

CLOSURE METHOD MAJOR ACTIVITIES COST ESTIMATE ADVALJ'TAGE DISADVANTAGE 

M o b i l i z a t i o n  Lump Sum = $ 10.000 
Of f - s i  te D i s p o s a l  ~ x c a v a t i o n / l o a d i n g  5,500 c y  x $4.00 = 22,000 - Waste  removed o f  f - s i t e  - Very e x p e n s i v e  
D i s p o s a l  s i t e :  T r a n s p o r t a t i o n  8,250 t o n  x $62 = 511,500 - No p o s t - c l o s u r e  c a r e  - Unknown l o n g - t e r m  l i a b i l i t y  
T r i a n g e  R e s o u r c e  D i s p o s a l  F e e  8,250 t o n  x $60 = 495,000 
pinewood,  SC B a c k f i l l  5,500 c y  x $2.00 = 11.000 

T o t a l  1,049,500 

O n - s i t e  D i s p o s a l  ~ e s i g n j p e r m i t t i n g  Lump Sum $100,000 
A new, o n - s i t e  C o n s t r u c t i o n  20,000 s f  x $5.50 = 110,000 
d i s p o s a l  f a c i l i t y  E x c a v a t i o n / d i s p o s a l  5,500 c y  x $5.00 = 27,500 
w i t h  d o u b l e  l i n e r  C l o s u r e / c o v e r  s y s t e m  20,000 s f  x  $1.50 = 30,000 
l e a k  d e t e c t i o n  and  P o s t - c l o s u r e  c a r e  30 y e a r s  x  $3,000 = 90,000 
c o v e r  s y s t e m  T o t a l  $357,500 
About 6,000 c y  c a p a c i t y  

I n - P l a c e  C l o s u r e  Cover  s y s t e m  40,000 SF x $1.20 = $48,000 
Cover  s y s t e m  and  30 P o s t - c l o s u r e  c a r e  $ 2,500 x 30 y e a r  = 75,000 
y e a r s  p o s t - c l o s u r e  GW m o n i t o r i n g  and  4 w e l l s  x  $2,000 = 8,000 
c a r e  and  g r o u n d w a t e r  e q u i p m e n t  One-t ime r e p l a c e m e n t  = 8,000 
(GW) m o n i t o r i n s  GW S a m p l i n q  - l a b o r  2 x 30 y r  x  $1,000 = 60,000 - - 

GH a n a l y s i s  2 x 4 x 30 y r  x  $400 = 96,000 
T o t a l  $295,000 

- Waste  s e c u r e d  o n - s i t e  - Long-term commitment  
- Long-term commitment  and  p a r t  o f  - D i s t u r b a n c e  o f  w a s t e s  

c l o s u r e  c o s t  a b s o r b e d  b y  HWM 5 - U n c e r t a i n  p e r m i t  a p p r o v a l  
c l o s u r e .  

- L e a s t  e x p e n s i v e  a l t e r n a t i v e  - Long-term l i a b i  L i  t y  
i f  HWh 5 c a n n o t  b e  u s e d  as - P o s s i b l e  r e l e a s e  o f  
a n  o n - s i t e  d i s p o a s l  f a c i l i t y .  c o n t a m i n a n t s .  

- P r o b a b l e  c o m p l i c a t i o n  
d u e  t o  i m p a c t  of  
s a n i t a r y  l a n d f i l l  
a n d  f l y a s h  l a n d f i l l  
o n  g r o u n d w a t e r .  

Notes :  o  C o s t  d a t a  a r e  f rom p u b l i s h e d  d a t a ,  ES p a s t  p r o j e c t  e x p e r i e n c e ,  a n d  c o n t r a c t o r / v e n d o r  s u p p l i e d  i n f o r m a t i o n  w i t h  minor  s i t e - s p e c i f i c  
a d j u s t m e n t s  . 

o The t o t a l  volume o f  w a s t e s  i n  HWM 16 is assumed  a t  5,500 c y .  
o  Groundwate r  m o n i t o r i n g  p r o g r a m  f o r  t h e  i n - p l a c e  c l o s u r e  o p t i o n  w i l l  be a d e t e c t i o n  m o n i t o r i n g  program. 
o I t  is  assumed t h a t  p o s t - c l o s u r e  c a r e  and  g r o u n d w a t e r  m o n i t o r i n g  w i l l  h e  p e r f o r m e d  b y  t h e  R a d f o r d  AAP p e r s o n n e l .  
o  H e a l t h ,  s a f e t y  a n d  c o n t i n g e n c y  c o s t s  a r e  n o t  i n c l u d e d  i n  t h i s  c o m p a r a t i v e  a n a l y s i s .  
o  C o s t  e s t i m a t e s  a r e  o n l y  i n t e n d e d  f o r  c o m p a r a t i v e  c o s t  p u r p o s e s .  
9 C o s t s  a r e  i n  May 1985 d o l l a r s .  I n  e s t i m a t i n g  t h e  p r e s e n t  w o r t h  o f  c o s t s ,  i t  was ass~ l rned  t h a t  t h e  i n f l a t i o n  r a t e  a n d  t h e  d i s c o u n t  r a t e  

were  t h e  same;  t h e r e f o r e ,  t h e  p r e s e n t  w o r t h  o f  t h e  a n n u a l  c o s t s  i s  t h e  c u r r e n t  c o s t  e s t i m a t e  t i m e s  t h e  number o f  y e a r s .  



For o n - s i t e  d i s p o s a l ,  a new d i s p o s a l  f a c i l i t y  would have  t o  be b u i l t  

w i t h  a double  l i n e r  and l e a k  d e t e c t i o n  system. The t o t a l  c o s t  f o r  

o n - s i t e  d i s p o s a l  a t  a new o n - s i t e  f a c i l i t y ,  s i z e d  f o r  a  waste volume of  

6,000 c u b i c  y a r d s ,  i s  e s t i m a t e d  a t  a b o u t  $360,000. 

I n - p l a c e  c l o s u r e  of HWM 16 r e q u i r e s  a f i n a l  cover  sys tem and p o s t -  

c l o s u r e  c a r e  and groundwater  moni to r ing  f o r  30 y e a r s .  The t o t a l  c o s t  

f o r  in -p , l ace  c l o s u r e  i s  e s t i m a t e d  t o  be  a b o u t  $300,000. 

HWM 1 6  h a s  a compacted n a t u r a l  s o i l  bottom and i s  n o t  equipped w i t h  

a l e a c h a t e  c o l l e c t i o n  system.  Consequent ly ,  s h o u l d  l e a c h a t e  be genera-  

t e d  i n  HWM 16,  it cou ld  e v e n t u a l l y  be  r e l e a s e d  a t  a  s low rate i n t o  t h e  

s u b s o i l  and groundwater benea th  t h e  s i te .  Based on t h e  r e c e n t  Ground- 

water Q u a l i t y  Assessment Program, it w a s  found t h a t  t h e  groundwater  i n  

t h e  v i c i n i t y  of HWM 16 h a s  been degraded. According t o  t h e  p r e l i m i n a r y  

a s s e s s m e n t  by t h e  USAEHA (USAEHA, 19851, one s o u r c e  of con tamina t ion  i s  

t r a c e d  t o  t h e  TNT n e u t r a l i z a t i o n  s l u d g e  d i s p o s a l  t r e n c h  l o c a t e d  

u p g r a d i e n t  of HWM 16 ( F i g u r e  4.1 ). 

I n  t h e  absence of any known o r  l i k e l y  a d v e r s e  impac t  of HWM 16 on 

t h e  environment ,  t h e r e  i s  no reason  t o  d i s t u r b  wastes i n  HWM 1 6  f o r  

o f f s i t e  o r  o n - s i t e  d i s p o s a l .  With a  f i n a l  c o v e r  system i n s t a l l e d  a t  

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

groundwater con tamina t ion  would be  minimized. T h e r e f o r e ,  t h e  i n - p l a c e  

c l o s u r e  method a p p e a r s  t o  be t h e  most l o g i c a l  c h o i c e  f o r  HWM 16 and a l s o  

meets t h e  g e n e r a l  r e q u i r e m e n t s  o f  t h e  S t a t e  R e g u l a t i o n s .  The d e t a i l s  of 

t h e  c l o s u r e  method and p r o c e d u r e s  a r e  d i s c u s s e d  i n  S e c t i o n  6. 

5.4 COVER S YSTEM ALTERNATIVES 

Should a hazardous  was te  d i s p o s a l  s i t e  be  c l o s e d  w i t h  w a s t e s  i n  

p l a c e ,  a f i n a l  c o v e r  sys tem must be i n s t a l l e d  which meets t h e  f o l l o w i n g  

c r i t e r i a  (10.11.09 ( a )  ( 2 )  iii and 10 .14 .11(a ) ) :  
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o P r o v i d e s  long-term minimizat ion of migra t ion  of l i q u i d s  through 

t h e  c lo sed  f a c i l i t y  ; 

o Funct ions w i th  minimal maintenance; 

o Promotes d ra inage  and minimizes e r o s i o n  o r  a b r a s i o n  of t h e  cover ;  

o Accomodates s e t t l i n g  and subsidence s o  t h a t  t h e  c o v e r ' s  i n t e g r i t y  

is maintained;  and 

o Has a p e r m e a b i l i t y  less than o r  equa l  t o  t h e  pe rmeab i l i t y  of any 

bottom l i n e r  system o r  n a t u r a l  s u b s o i l s  p r e sen t .  

These c r i t e r i a  can be m e t  by t h e  fo l lowing  p rov i s ions :  

o U s e  of an  a p p r o p r i a t e  l i n e r  m a t e r i a l  t o  minimize t h e  i n f i l t r a t i o n  

of s u r f a c e  water  i n t o  t h e  conta ined  was tes ;  

o Placement of a good g r a s s  cover and d i v e r s i o n  of s u r f a c e  water  

f low away from t h e  c lo sed  f a c i l i t y  t o  minimize e r o s i o n  and washout 

of t h e  cover  m a t e r i a l ;  

o Proper s u r f a c e  grad ing  ( s l o p e )  and i n s t a l l a t i o n  of an  i n t e r m e d i a t e  

d ra inage  l a y e r  t o  promote dra inage  of p r e c i p i t a t i o n ;  and 

o Compaction of conta ined  m a t e r i a l  (waste  o r  b a c k f i l l )  t o  minimize 

p o s t - c l o s u r e  s e t t l emen t .  With proper  compaction, t h e  amount of 

pos t - c lo su re  s e t t l e m e n t  should be minimal. However, a s u f f i c i e n t  

camber and f l e x i b l e  l i n e r  m a t e r i a l  should  be cons idered  t o  

accommodate any pos t - c lo su re  s e t t l emen t .  

P r e s e n t e d  i n  F igures  5.2, 5.3 and 5.4 a r e  t h r e e  cover system a l t e r -  

n a t i v e s  t h a t  could be  cons idered  f o r  t h e  c l o s u r e  of t h e  Radford AAP 
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Figure 5. 3 

SOIL- BENTONITE LINER COVER SYSTEM 
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Figure 5 .4  

SYNTHETIC MEMBRANE LINER COVER SYSTEM 
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Hazardous Waste Management f a c i l i t i e s .  These a l t e r n a t i v e s  a r e  based on 

t h e  r e v i e w  o f  s e v e r a l  t e c h n i c a l  g u i d e l i n e s  ( L u t t o n ,  e t . a l . ,  1979;  

L u t t o n ,  1980; and Matrecon, 1983) i n c l u d i n g  t h e  r e c e n t  Army T e c h n i c a l  

Manual TM 5-814-7 (Department of Army, 1984) .  The major d i f f e r e n c e  

between t h e s e  cover  sys tems  i s  t h e  low p e r m a b i l i  t y  l i n e r  material: 

compacted s o i l  l i n e r ;  s o i l - b e n t o n i t e  l i n e r ;  and s y n t h e t i c  membrane 

l i n e r .  Design f e a t u r e s  and a s s o c i a t e d  c o s t  a n a l y s e s  are summarized i n  

Table  5.5. I n  most l i n e r  a p p l i c a t i o n s ,  s y n t h e t i c  l i n e r s  are t h e  most 

e x p e n s i v e  whereas s o i l  l i n e r s  a r e  t h e  least  expens ive .  I n  t h i s  a n a l y s i s  

( T a b l e  5.5 ) , however, t h e r e  a r e  no s i g n i f i c a n t  c o s t  d i f f e r e n c e s  between 

t h e  l i n e r  sys tems.  One r e a s o n  f o r  t h i s  low c o s t  d i f f e r e n t i a l  i s  t h e  

s m a l l  ear thwork volume r e q u i r e d  f o r  t h e  s o i l  l i n e r  system. S i n c e  t h e  

m o b i l i z a t i o n  c o s t s  f o r  e a r t h  moving equipment  i s  h i g h  and t h e  volume of 

ea r thwork  i s  s m a l l ,  t h e  u n i t  c o s t  f o r  t h e  s o i l  l i n e r  i s  r e l a t i v e l y  h igh .  

The c o s t  of a sand d r a i n a g e  b l a n k e t  a l s o  c o n t r i b u t e s  t o  t h e  h i g h  c o s t  of 

t h e  s o i l  l i n e r  system. Although a sand  d r a i n a g e  b l a n k e t  i s  n o t  a  man- 

d a t o r y  requ i rement  i n  t h e  V i r g i n i a  R e g u l a t i o n s ,  it is  d e s i r a b l e  because  

of t h e  p redominan t ly  s i l t y  l i n e r  s o i l  a t  t h e  s i t e  and l a c k  o f  bottom 

l i n e r  o r  l e a c h a t e  c o l l e c t i o n  system a t  t h e  s i t e  f a c i l i t i e s .  

A n o t h e r  reason  f o r  comparable l i n e r  c o s t s  i s  t h e  u s e  of a n  i n e x -  

p e n s i v e  PVC l i n e r .  For a c o v e r  sys tem,  t h e  s y n t h e t i c  l i n e r  w i l l  be  i n  

c o n t a c t  w i t h  n a t u r a l  s o i l  and r a i n w a t e r  under  a  minimum l o a d .  F u r t h e r ,  

t h e  PVC l i n e r  is compat ib le  w i t h  somewhat a c i d i c  s i t e  s o i l s .  T h e r e f o r e ,  

a c o s t l y  l i n e r  m a t e r i a l  i s  n o t  needed f o r  reason  of c o m p a t i b i l i t y .  

Also,  t h e  c o s t  f o r  r e i n f o r c e m e n t  i s  nega ted  under  t h e s e  cover  

a p p l i c a t i o n s .  While t h e  minimum t h i c k n e s s  requ i rement  i s  20 m i l s ,  i t i s  

recommended t h a t  a  30-mil PVC s y n t h e t i c  l i n e r  be  used f o r  a d d i t i o n a l  

s t r e n g t h  and s e r v i c e  l i f e .  

S o i l - b e n t o n i t e  i s  o f t e n  used t o  a v o i d  t h e  h i g h  c o s t  of s y n t h e t i c  

l i n e r s  where a d e q u a t e  c l a y  material f o r  a s o i l  l i n e r  i s  n o t  a v a i l a b l e .  

However, i n  a d d i t i o n  t o  n o t  hav ing  s i g n i f i c a n t  c o s t  advan tages  o v e r  t h e  
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LINER MATERIAL AND DESIGN FEATURE 

Compacted S o i l  ( F i g u r e  5.3) 
o 2 - f t  compacted s o i l  ( c l a y  y s i l t )  -% 
o P e r m e a b i l i t y  e s t i m a t e  10 cm/sec 
o 6-in sand b l a n k e t  f o r  d r a i n a g e  

So i l -Ben ton i te  ( F i g u r e  5.4) 
o 6-in s o i l - b e n t o n i t e  

Bentonite-4% by weight  
-7 

o P e r m e a b i l i t y  e s t i m a t e  1 0  t o  1 o - ~  cm/sec 
o 20-mil PVC l i n e r  a l o n g  p e r i m e t e r  

( p r e v e n t  d r y o u t  and c r a c k i n g )  

TABLE 5.5 

COVER SYSTEM ALTERNATIVES 

S y n t h e t i c  Membrane (F igure  5.5) 
o 30-mil PVC 
o Impermeable 

Common F e a t u r e s  
o 1 - f t  t o p s o i l  and 1-Et cover  s o i l  
o Vegeta t ion ( g r a s s )  
o Riprap,  f a b r i c ,  swale ,  e t c .  

COST ESTIMATE 

2 
Volume f o r  90,000 it x 2 f t :  6 ,700 cy 
Borrow, h a u l ,  compact 6,700 c y  x $ 4.00 = $26,800 
Sand d r a i n a g e  b l a n k e t  1 ,670 c y  x $1 5.00 = 25,050 
Less common f i l l  i n  

HWM5andHWM7 3 , 0 0 O c y x $  2 . 5 0 =  -7,500 
T o t a l  $44,350 

Benton i te ,  d e l i v e r e d  110 t o n  x $200 = $22,000 
Mixing, h a n d l i n g ,  

compaction 1 ,750 c y  x $10.00 = 17,500 
20 m i l  PVC l i n e r  8 ,000 s f  x $ 0.40 = 3,200 

T o t a l  $42,700 

30 m i l  PVC l i n e r ,  
i n s t a l l e d  90,000 s f  x $0.50 = $45,000 

T o p s o i l  
Cover s o i l  
Vege ta t ion  
Riprap  
F a b r i c ,  swa le ,  e t c .  L.S. = 4,000 

T o t a l  $62,600 

Notes: o Cost  e s t i m a t e  is  based on a t o t a l  a r e a  o f  90,000 s q u a r e  f e e t  f o r  HWM Nos. 5, 7 and 16. 
o Cos t  d a t a  a r e  from p u b l i s h e d  d a t a ,  ES p a s t  p r o j e c t  e x p e r i e n c e  and c o n t r a c t o r / v e n d o r  s u p p l i e d  

in format ion  w i t h  minor s i t e - s p e c i f i c  ad jus tments .  
o Cos t  e s t i m a t e s  a r e  o n l y  in tended  f o r  comparat ive  c o s t  purposes .  
o Uni t  c o s t  f o r  t h e  e n t i r e  cover  system ( i n c l u d i n g  common f e a t u r e s )  i s  $1.20/sf a s  used 

i n  Tables  5.2 and 5.4. 
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PVC l i n e r  sys tem,  u s e  of a s o i l - b e n t o n i t e  sys tem g e n e r a l l y  p r e s e n t s  d u s t  

c o n t r o l  problems. Also,  l a b o r a t o r y  s t u d i e s  and e x t e n s i v e  f i e l d  q u a l i t y  

c o n t r o l  are f r e q u e n t l y  needed f o r  t h e  i n s t a l l a t i o n  of s o i l - b e n t o n i t e  

c o v e r  sys tems.  

I n  summary, t h e  PVC membrane a p p e a r s  t o  b e  t h e  b e s t  c o v e r  sys tem f o r  

t h e  Radford HWM because  of i t s  comparable c o s t  and e a s y  f i e l d  

i n s t a l l a t i o n .  S i t e - s p e c i f i c  a s p e c t s  of t h e  d e s i g n  and e v a l u a t i o n  of t h e  

PVC l i n e r  cover  sys tem are p r e s e n t e d  i n  S e c t i o n  6. 
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SECTION 6 

DETAILED CLOSURE ANALYSIS 

- General  approaches and methods f o r  c losure  of the  hazardous waste 

f a c i l i t i e s  a t  t h e  Radford  AAP and s e l e c t i o n  o f  t h e  most d e s i r a b l e  

h - a l t e r n a t i v e  a r e  d i s c u s s e d i n  S e c t i o n  5. T h i s  s e c t i o n  p r e s e n t s  a 

d e t a i l e d  a n a l y s i s  f o r  t h e  s e l e c t e d  c losure  method ( in-place c l o s u r e  1. 

- I n  a d d i t i o n  t o  procedural  d e s c r i p t i o n s  of s i te  prepara t ion,  c losure  

cons t ruc t ion  and sampling/analysis , an evaluat ion of t h e  proposed cover 

system i s  provided. A summary of s i t e - s p e c i f i c  c losure  r e l a t e d  

a c t i v i t i e s  i s  presented i n  Table 6.1. 

6.1 SITE PREPARATION 

S i t e  prepara t ion includes  a l l  a c t i v i t i e s  t o  be performed p r i o r  t o  

i n i t i a t i o n  of c losure  cons t ruc t ion  by a c o n t r a c t o r  t o  be s e l e c t e d  by t h e  

COE. These a c t i v i t i e s  p r imar i ly  c o n s i s t  of t h e  handling of l i q u i d s  and 

s o l i d s  i n  t h e  s u r f a c e  impoundments when t h e  r e p l a c e m e n t  t a n k s  a r e  

opera t iona l  and t h e  su r face  impoundments can be closed. Radford AAP 

(Hercules, Inc. ) w i l l  perform these  a c t i v i t i e s  because of the.  n a t u r e  of 

t h e  work. The handling of a c i d i c  l i q u i d s  i n  t h e  lagoons is  a f i n a l  

opera t ion  a c t i v i t y  and i s  b e s t  conducted by opera to r s  f a m i l i a r  with t h e  

site. The s o l i d s  i n  HWM 5 may conta in  some NC fine* and Hercules i s  i n  

t h e  b e s t  p o s i t i o n  t o  handle t h i s  ma te r i a l  because of t h e  r e a c t i v e  na tu re  

of t h e  NC f i n e s  and t h e i r  e x i s t i n g  on-s i t e  f a c i l i t i e s  f o r  t h e  

d e s t r u c t i o n  of t h e  n i t r o c e l l u l o s e .  Detai  1s of s i te  p repara t ion  

a c t i v i t i e s  a r e  discussed here in .  



TABLE 6.1 

SUMMARY OF CLOSURE-RELATED ACTIVITIES 

S i t e  Preparation - Replacewnt tank - Replacewnt tank 
by Radford AAP completed completed 

- Divert  lagoon - Diver t  lagoon 
inflow to r e p l a c e w n t  tank inflow t o  replacement tank - Neutral ize l i q u i d  - Neutral ize l i q u i d  - Drain l i q u i d  - Drain l i q u i d  - Wash r i p r a p  - Remove and f l a s h  
bottom sand and s e d i m n t  and 
s t o r e  near HWM 16 

Closure Construction - Remove and dispose of 
by Contractor appurtenant s t r u c t u r e s  

- Remove and s t o c k p i l e  
r i p r a p  - Remove s ides lope  cover 
sand and dispose of i n  
H W  16 

- Remove l i n e r  and 
dispose of i n  HWM 16 - Provide approximately 2 '  of 
s o i l  treatment - Conduct sampling/analysis - Provide backf i l l /g rad ing  

- I n s t a l l  cover system 
- Provide f i n a l  grading and 

drainage - I n s t a l l  vegetat ion - Place warning s e c u r i t y  s igns  

- Remove and dispose of - I n s t a l l  l eacha te  d r a i n  
appurtenant  s t r u c t u r e s  s ye tem - Receive cover sand and 

l i n e r  from HWM 5 - Receive f i n a l  volume 
of wastes 

- Provide approximately 7 '  
of s e d i m n t / s o i l  t reatment  - Conduct sampling/analysis - Provide backf i l l /q rad ing  

- I n s t a l l  cover system - Provide f i n a l  grading and 
drainage - I n s t a l l  vegetat ion - Place warning s e c u r i t y  s igns  

- Conduct sampling/analysis 
- Compact wastes and cover 

s o i l  - I n s t a l l  cover system - Provide grading/drainage 

- I n s t a l l  vegetat ion - Place warning s e c u r i t y  
s i g n s  

For A l l  F a c i l i t i e s  
Resula to rv  Follow-uv 
and Pos t -Closure - Obtain approval of the c losure  plan. 
A c t i v i t i e s  by RAAP - Notify the  S t a t e  a t  l e a s t  180 days p r i o r  t o  

beginning of c losure  work. - Complete s i t e  cleanup within 90 days and a l l  o ther  
c losure  work within 180 days a f t e r  receiving the 
f i n a l  volume of wastes. 

- Provide c e r t i f i c a t i o n  by the  owner and an independent 
p rofess iona l  engineer. - Provide no t ice  t o  l o c a l  land au thor i ty .  - Place no t ice  i n  deed t o  property. 

- Provide f o r  f u t u r e  use r e s t r i c t i o n s  not  t o  d i s t u r b  the components 
of the closed f a c i l i t y .  

- Provide post-closure ca re  ( inspec t ion ,  maintenance and 
groundwater monitoring 1. 



HWM 5 

Following the  completion of t h e  replacement tank, t h e  a c i d i c  water 

would be d i v e r t e d  t o  the  new tank and the  impoundment would be ready f o r  

c losure .  The fol lowing s i t e  prepara t ion a c t i v i t i e s  w i l l  be performed by 

Radford AAP: 

o Lower t h e  l i q u i d  l e v e l  i n  HWM 5 t o  a p r a c t i c a l  minimum v i a  t h e  

e x i s t i n g  e f f l u e n t  l i n e .  

o Flush the  o ld  i n f l u e n t  pipe,  manholes, s t a i n l e s s  trough and 

g r a n i t e  r i p r a p  on the  s ides lopes  with a weak sodium hydroxide 

s o l u t i o n  and water. By n e u t r a l i z i n g  a c i d i c  res idues  on these  

m a t e r i a l s  and s t r u c t u r e s  and f l u s h i n g  wi th  water ,  they can be 

reused, bur ied  i n  p lace ,  o r  disposed of i n  the  s a n i t a r y  l a n d f i l l  

without  t h e  need f o r  c o s t l y  handling a s  hazardous mater ia l .  

o Allow t h e  sodium hydroxide s o l u t i o n  t o  soak i n  t h e  sediment and 

cover sand of t h e  impoundment thereby n e u t r a l i z i n g  a c i d i c  

l iqu ids .  Addit ional  sodium hydroxide may have t o  be added i f  

t h e  q u a n t i t y  used f o r  f l u s h i n g  of p ipes  and o t h e r  mate r i a l s  i s  

not  s u f f i c i e n t .  

o D r a i n  the  neu t ra l i zed  l i q u i d  and a l low excess l i q u i d  i n  low 

s p o t s  t o  dry. 

o When the  cover sand and sediments a r e  s t i l l  w e t ,  remove and 

f l a s h  a l l  bottom s o l i d s  (sand and sediments)  t o  burn NC f i n e s .  

S t o r e  n e a r  HWM 16 f o r  l a t e r  d i sposa l  and cover wi th  a p l a s t i c  

sheet .  

Following the  completion of the  replacement tank, t h e  a c i d i c  water 

would be d i v e r t e d  t o  the  new tank and the  impoundment would be ready f o r  

c losure .  The fol lowing w i l l  be performed by Radford AAP: 



o Flush the  o l d  i n f l u e n t  p ipe  (from t h e  d ive rs ion  p o i n t  t o  the  

d i s c h a r g e  o u t l e t )  and  manhole w i t h  a weak sodium h y d r o x i d e  

s o l u t i o n  and water. 

o Add l i m e  s l u r r y  t o  t h e  lagoon wastewater and mix us ing t h e  a i r  

d i f f u s e r s  u n t i l  t h e  wastewater i n  t h e  lagoon i s  neutra l ized.  

o Remove and f l u s h  t h e  a i r  d i f f u s e r  p ipes  with water. The p ipes  

may be  reused,  recycled a s  s c r a p  metal o r  disposed of i n  t h e  

s a n i t a r y  l a n d f i l l .  

o Drain neu t ra l i zed  wastewater t o  SWM 9 and a l low t h e  bottom of 

t h e  impoundment t o  dry. 

HWM 16 

No s i t e  p repara t ion  work is needed f o r  HWM 16. 

Regulatory Follow-Up 

The Vi rg in ia  Hazardous Waste Management Regulat ions requ i re  c e r t a i n  

follow-up a c t i v i t i e s  f o r  c l o s u r e  of hazardous waste management 

f a c i l i t i e s  ( 10.07). These follow-up a c t i v i t i e s  a r e  app l i cab le  t o  a l l  

t h r e e  f a c i l i t i e s  (HWM Nos. 5, 7 and 16) and w i l l  be handled by t h e  COE 

i n  cooperat ion with Radford AAP: 

o Obtain approval of t h e  c losure  p lan  from t h e  Commissioner. This 

eng ineer ing  r e p o r t  desc r ibes  t h e  c l o s u r e  p lans  f o r  the  Radford 

AAP hazardous waste management f a c i l i t i e s  and i ts  approval  of 

t h i s  r e p o r t  w i l l  s a t i s f y  t h i s  requirement. 

o Notify the  Commissioner a t  l e a s t  180 days p r i o r  t o  t h e  d a t e  

a c t u a l  c l o s u r e  work is t o  be i n i t i a t e d .  Based on t h e  schedule 



d i scussed  i n  Sec t ion  8 of t h i s  r e p o r t ,  t h e  c l o s u r e  work would be  

i n i t i a t e d  i n  June, 1986. The s u b m i t t a l  of t h i s  r e p o r t  t o  t h e  

S t a t e  t h e r e f o r e  should  s a t i s f y  t h i s  n o t i f i c a t i o n  requirement.  

o T h e  i n i t i a l  c l e a n u p  o f  t h e  s i t e  ( i .e . ,  s i t e  p r e p a r a t i o n  as  

d i s c u s s e d  i n  S e c t i o n  6.1) should be completed wi th in  90 days 

a f t e r  r e c e i v i n g  t h e  f i n a l  volume of hazardous wastes.  

o The c l o s u r e  a c t i v i t i e s  should be completed w i t h i n  180 days a f t e r  

r e c e i v i n g  t h e  f i n a l  volume of  wastes.  

o When c l o s u r e  i s  completed, a c e r t i f i c a t i o n  t h a t  t h e  f a c i l i t y  has  

been c losed  i n  accordance wi th  t h e  s p e c i f i c a t i o n s  i n  t h e  

approved c l o s u r e  p l a n  should  be submit ted  t o  t h e  Commissioner. 

T h i s  c e r t i f i c a t i o n  should  be i s s u e d  both by t h e  owner (Radford 

AAP) and by an independent  p r o f e s s i o n a l  eng inee r  r e g i s t e r e d  by 

t h e  Commonwealth. 

Addi t ional  r e g u l a t o r y  requi rements  f o r  pos t -c losure  of t h e  f a c i l i t i e s  

are d i scussed  i n  Sec t ion  7. 

6.2 CLOSURE CONSTRUCTION 

A l l  c l o s u r e  c o n s t r u c t i o n  a c t i v i t i e s  desc r ibed  i n  t h i s  s e c t i o n  w i l l  

be performed by a c o n t r a c t o r  s e l e c t e d  by COE. A g e n e r a l  d i s c u s s i o n  of 

s i t e - s p e c i f i c  c l o s u r e  a c t i v i t i e s  a s  summarized i n  Table 6.1 i s  

presented .  De ta i l ed  d i s c u s s i o n s  of s p e c i f i c  s u b j e c t s  such  as s o i l  

t r ea tmen t ,  sampl ing/analys is  and cover  system e v a l u a t i o n  are provided i n  

s e p a r a t e  subsec t ions .  



HWM 5 

C l o s u r e  cons t ruc t ion  a c t i v i t i e s  f o r  HWM 5 include a d d i t i o n a l  s i t e  

cleanup, s o i l  t reatment,  sampling/analysis ,  b a c k f i l l  and f i n a l  cover 

system i n s t a l l a t i o n  : 

o Remove a l l  the appur tenant  s t r u c t u r e s  inc lud ing  the  trough,  

m a n h o l e ,  i n f l u e n t  p i p e ,  d e c a n t  p i p e  and guard  r a i l s .  The 

i n f l u e n t  pipe s e c t i o n s  not  a f f e c t e d  by t h e  cons t ruc t ion  

a c t i v i t i e s  a t  t h e  HWM 5 s i t e  may remain i n  p lace  a f t e r  plugging 

b o t h  ends  with concrete.  The concre te  and c l a y  pipe  w i l l  be 

d i s p o s e d  a t  the non-combustible dump and t h e  m e t a l l i c  m a t e r i a l  

hauled t o  the  contaminated waste i n c i n e r a t o r  f o r  handl ing by 

Hercules. 

o Remove t h e  r i p r a p  on t h e  s i d e  s lopes  of t h e  impoundment and 

s t o c k p i l e  f o r  l a t e r  use. This w i l l  be used f o r  the  

s t a b i l i z a t i o n  of t h e  high s lope  f o r  the  c losure  of HWM 16. The 

es t imated volume of r i p r a p  from HWM 5 is about 120 cubic yards. 

o Remove t h e  cover sand on the  s i d e  s lopes  and dispose  of i n  HWM 

16. The cover sand on the  s i d e  s lopes  does n o t  need f l a sh ing .  

The t o t a l  volume of sand from HWM 5 i s  est imated a t  about  400 

c u b i c  y a r d s .  T h i s  s a n d  w i l l  be p l a c e d  i n  HWM 1 6  s o  t h a t  

a d d i t i o n a l  wastes ( l a s t  batch of hazardous wastes and l i n e r  

m a t e r i a l  from HWM 5 )  can be placed above t h e  sand l ayer .  A t  

c l o s u r e  t h e  sand l a y e r  can a c t  a s  a dra inage l a y e r  t o  c o l l e c t  

any leachate  generated from t h e  wastes. 

o Remove t h e  hypalon l i n e r ,  c u t  i n t o  p ieces  and dispose  of i n  HWM 

16. 

o T r e a t  approximately two f e e t  of s u b s o i l  with l i m e  k i l n  dus t .  A 

d i scuss ion  of s o i l  t rea tment  i s  provided i n  Sect ion 6.3. 



o A f t e r  t h r e e  days of c u r i n g  t i m e ,  perform sampling of t h e  s u b s o i l  

t o  i d e n t i f y  t h e  n a t u r e  of t h e  s o i l  contaminat ion.  The sampling 

and a n a l y s i s  program i s  d i scussed  i n  S e c t i o n  6.4. 

o B a c k f i l l  t h e  dep res s ion  w i t h  t h e  s o i l  excavated  from t h e  borrow 

s i t e .  The l o c a t i o n  of t h e  borrow s i t e  is shown i n  F igure  1.2. 

The f i l l  material should  be compacted w i t h i n  t h r e e  p e r c e n t  of 

t h e  optimum mois ture  c o n t e n t  t o  no less than  95 p e r c e n t  of t h e  

maximum d r y  d e n s i t y  (ASTM D-698). Deta i ls  o f  common f i l l  

c o n s t r u c t i o n  a r e  d e s c r i b e d  i n  t h e  Geotechnica l  Report  (Schnabel ,  

1985). 

o I n s t a l l  a f i n a l  cover  system i n  g e n e r a l  accordance wi th  t h e  

proposed system shown i n  F igu re  5.4. A d e t a i l e d  e v a l u a t i o n  of 

t h i s  cover  system i s  provided  i n  S e c t i o n  6.5. 

o Provide  f i n a l  g rad ing  f o r  d ra inage  c o n t r o l  around t h e  c l o s e d  

f a c i l i t y .  The f i n a l  topography of t h e  HWM 5 s i te  a f t e r  c l o s u r e  

i s  shown i n  F igure  6.1. 

o Provide  v e g e t a t i o n  cover  on t h e  f i n a l  cover ,  d ra inage  swales  and 

o t h e r  d i s t u r b e d  areas. Discuss ions  on t h e  s e l e c t i o n  of a g r a s s  

s p e c i e s  f o r  v e g e t a t i o n  cover  are provided  i n  Sec t ion  6.5. 

o I n s t a l l  a warning s i g n  t o  i n d i c a t e  t h e  p re sence  of a c l o s e d  

haza rdous  w a s t e  f a c i l i t y  and t o  p r o h i b i t  t h e  a c c e s s  of 

u n a u t h o r i z e d  pe r sonne l  o r  veh ic l e s .  Enclosure  of t h e  f a c i l i t y  

by f enc ing  i s  n o t  necces sa ry  because t h e  e n t i r e  p l a n t  a r e a  i s  

u n d e r  a strict s e c u r i t y  c o n t r o l  and t h e  cover  system (crushed  

s t o n e  perimeter) is  des igned  t o  d e t e r  a c c i d e n t a l  a c c e s s  t o  t h e  

area. 





Closure construction a c t i v i t i e s  f o r  HWM 7 include the following: 

o Remove a l l  t h e  a p p u r t e n a n t  s t r u c t u r e s  such a s  guard r a i l s ,  

i n f l u e n t  pipe, concrete pad, and e f f luen t  ( 3-inch s t a i n l e s s  

s t e e l )  pipe. The concrete and c lay  pipe w i l l  be disposed a t  the  

non-combustible dump and the metal l ic  mater ia l  hauled t o  the 

contaminated waste inc inera tor  f o r  handling by Hercules. The 

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

remain i n  place a f t e r  plugging both ends with concrete. 

o Treat  approximately seven f e e t  of sediments and s o i l  ( f i v e  f e e t  

of bottom sediment and addi t iona l  two f e e t  of subsoi l )  with lime 

k i l n  dust. The treatment procedures a r e  described i n  Section 

6.3. 

o Perform subsoi l  sampling a f t e r  the  t r ea t ed  sediment and s o i l  i s  

cured f o r  three days. Section 6.4 presents  fu r the r  d e t a i l s  of 

the sampling and analysis  program. 

o Backf i l l  the depression with the s o i l  excavated from the borrow 

s i t e .  F i l l  mater ia l  should be compacted within three percent of 

t h e  optimum moisture content t o  no l e s s  than 95 percent of the  

maximum dry density.  Detai ls  of common f i l l  construction a r e  

presented i n  the  Geotechnical Report (Schnable, 1985). 

o I n s t a l l  a f i n a l  cover system as  proposed i n  Figure 5.4. The 

d e t a i l s  of l i n e r  evaluation a r e  presented i n  Section 6.5. 

o Provide f i n a l  grading f o r  drainage cont ro l  around the closed 

f a c i l i t y .  The f i n a l  topography of the HWM 7 s i t e  a f t e r  c losure  

i s  shown i n  Figure 6.2. 





o Provide vegetation cover on the f i n a l  cover, drainage swale and 

o the r  disturbed areas.  Select ion of an adequate grass  species  

and seeding method a r e  described i n  Section 6.5. 

o I n s t a l l  a warning sign.  

Closure  construction a c t i v i t i e s  f o r  WM 16 involve i n s t a l l a t i o n  of 

a l e a c h a t e  d r a i n  system,  d i s p o s a l  of t h e  f i n a l  volume of was t e s ,  

sampling of wastes i n  the trench and subsoi l ,  compaction of the  ex i s t i ng  

cover s o i l  and f i n a l  cover i n s t a l l a t i o n .  

o I n s t a l l  a leachate d ra in  system (Figure 6.3). The compacted 

t r ench  bottom slopes  down toward the  un f i l l ed  sec t ion  of the  

t r e n c h  and any leachate ,  i f  generated, would flow t o  the  toe of 

t h e  h igh  slope.  The leachate d ra in  system is intended t o  dra in  

t h i s  leachate  and not  al low it t o  bui ld  up o r  t o  migrate i n t o  

the  subsoil .  

o Dispose of the  cover sand from HWM 5 i n  WM 16, covering the  

bottom of the  un f i l l ed  sec t ion  of the  trench t o  promote drainage 

i n  conjunction with the  leachate drain  system. 

o D i spose  of t h e  f i n a l  volume of was t e s ,  i n c l u d i n g  t h e  l i n e r  

mater ia l  removed from WM 5, i n  WM 16. 

o Perform sampling of wastes and subso i l  i n  HWM 16. This sampling 

i s  t o  a i d  t h e  Radford AAP i n  t h e i r  groundwater assessment  

program and may be conducted by Radford AAP p r i o r  t o  closure.  

o Compact the ex i s t i ng  cover s o i l  t o  provide support f o r  a f i n a l  

cover system. 



o I n s t a l l  t h e  f i n a l  cover  system a s  shown i n  F igure  6.3. 

o Provide f i n a l  g rad ing  t o  promote s u r f a c e  d ra inage  around t h e  

c l o s e d  l a n d f i l l .  The f i n a l  topography of t h e  HWM 16 s i te  a f t e r  

c l o s u r e  i s  shown i n  F igure  6.4. 

o Provide vege ta t ion  cover  on t h e  f i n a l  cover ,  d ra inage  swales and 

o t h e r  d i s t u r b e d  areas. S e l e c t i o n  of  a g r a s s  s p e c i e s  and seed ing  

method are-prese_nts?d i n  Sec t ion  6.5. 

o I n s t a l l  a warning s ign .  

6.3 SOIL TREATMENT 

S e l e c t i o n  of  Addit ive 

Presented  i n  Table 6.2 are s e v e r a l  cand ida te  agen t s  f o r  t h e  

n e u t r a l i z a t i o n ,  s t a b i l i z a t i o n  and s o l i d i f i c a t i o n  of t h e  impoundment 

sediments  and subso i l .  I n i t i a l l y ,  a mixture of l i m e  and f l y a s h  was 

cons idered  as t h e  a p p r o p r i a t e  t r ea tmen t  a g e n t  s i n c e  f l y a s h  i s  a v a i l a b l e  

a t  t h e  Radford AAP. A f t e r  a d e t a i l e d  review, l i m e  k i l n  d u s t  is  favored  

over  t h e  lime/f l yash  mixture because : 

o Lime k i l n  d u s t  is a waste material and is  a v a i l a b l e  l o c a l l y .  

o I n  a d d i t i o n  t o  accomplishing a l l  t h r e e  r equ i red  f u n c t i o n s  ( a c i d  

n e u t r a l i z a t i o n ,  s t a b i l i z a t i o n ,  and s o l i d i f i c a t i o n ) ,  l i m e  k i l n  

d u s t  can be  a p p l i e d  wi thout  t h e  premixing s t e p  r equ i red  f o r  t h e  

l i m e  and f l y a s h  mixture. 
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TABLE 6.2 

MATERIAL 

Cement 

Lime 

* (Quicklime) 

Lime 

( Hydrated 

Hydrated Lime 

and Flyash 

Cement Kiln Dust 

Lime Kiln Dust 

ADVANTAGES AND DISADVANTAGES OF 
NEUTRALIZATION/SOLIDIFICATION AGENTS 

ADVANTAGES DISADVANTAGES 
1 

High phys ica l  s t r e n g t h  High Cost  

Readily a v a i l a b l e  Low n e u t r a l i z a t i o n  power 

High n e u t r a l i z a t i o n  Low Physica l  S t rength  

Power High c o s t  

Quick-setting Highly r e a c t i v e  

High n e u t r a l i z a t i o n  Low physica l  s t r e n g t h  

power Slow s e t t i n g  

Not a s  r e a c t i v e  a s  

quicklime 

Low o v e r a l l  c o s t  

u l t i m a t e l y  high 

s t r e n g t h  

LOW c o s t  

Available l o c a l l y  

Low c o s t  

Quick-setting 

High n e u t r a l i z a t i o n  

power 

Available l o c a l l y  

Dust problem is common t o  a l l  t hese  m a t e r i a l s .  

Requires mixing 

Low n e u t r a l i z a t i o n  power 

In termedia te  s t r e n g t h  

In termedia te  phys ica l  

s t r e n g t h  



Source of Lime Kiln Dust 

U.S. Gypsum a t  Kimballton, V i rg in i a ,  which is t h e  s u p p l i e r  of l i m e  

t o  Radford AAP, can  supp ly  abou t  25 tons  of l i m e  k i l n  d u s t  p e r  day 

d e l i v e r e d  i n  a pneumatic t ruck .  Once unloaded, s t o r i n g  and hand l ing  of 

t h i s  t y p e  of  m a t e r i a l  would i n v o l v e  many problems (e.g., s t o r a g e  space ,  

d u s t ,  and p r o t e c t i o n  from r a i n  and wind).  Therefore ,  it is d e s i r a b l e  t o  

p l a n  t h e  s o i l  t r ea tmen t  work i n  accordance wi th  t h e  material p roduc t ion  

and d e l i v e r y  schedule.  To treat 1,600 cubic ya rds  of sediment  and s o i l  

(650 c u b i c  yards  f o r  HWM 5 and 950 c u b i c  y a r d s  f o r  HWM 7 )  wi th  abou t  15  

p e r c e n t  by volume of l i m e  k i l n  d u s t ,  abou t  240 cubic yard  ( o r  260 t o n s )  

of l i m e  k i l n  d u s t  i s  needed. A t  a t y p i c a l  d e l i v e r y  rate of 22 t o  24 

tons  p e r  t r u c k ,  t h e  s o i l  t r e a t m e n t  work can be scheduled f o r  a p e r i o d  of  

12 days. P r i o r  t o  s o i l  t r ea tmen t ,  t h e  c o n t r a c t o r  should  conduct  a brief 

t e s t i n g  program t o  determine a n  adequate  p r o p o r t i o n  of  l i m e  k i l n  dus t .  

Method of Cons t ruc t ion  

The impoundment bottom of  HWM 5 should n o t  be s o f t  and any l i g h t  

equipment (e.g., l oade r ,  g r a d e r ,  small b u l l d o z e r ,  t i l l e r ,  etc.) would be 

able t o  work on it t o  mix l i m e  k i l n  d u s t  i n t o  t h e  s o i l .  A t  HWM 7, 

however, t h e  bottom sediments  and s o i l  are a n t i c i p a t e d  t o  be t o o  s o f t  t o  

suppor t  any equipment. To overcome t h e  s o f t  founda t ion  problems and t o  

p h a s e  t h e  work p r o g r e s s  w i t h  t h e  d e l i v e r y  o f  l i m e  k i l n  d u s t ,  t h e  

fo l lowing  procedures  are recommended: 

o Due t o  d e e p e r  e x c a v a t i o n  ( a b o u t  7 f e e t )  a n d  a c c e s s i b i l i t y  

problem a t  HWM 7, a backhoe wi th  a t  l e a s t  25 f e e t  of reach  would 

be r equ i r ed .  

o Lower t h e  bank l e v e l  of two s h o r t  s i d e s  t o  abou t  two f e e t  above 

t h e  impoundment bottom. The backhoe can  s t a r t  excava t ion  on 

t h e s e  lowered banks (working benches) .  



o The backhoe excavates the  sediment and s o i l  t o  a depth of seven 

f e e t  and mixes it with l i m e  k i l n  dus t  del ivered by a pneumatic 

truck. Considering the  del ivery r a t e  of l i m e  k i l n  dus t  and 

normal backhoe performance, approximately a 15 foo t  wide s t r i p  a 

day could be completed. 

o Maneuvering on one of the  benches, the backhoe would work on the 

f i r s t  15 f o o t  s t r i p  of the  impoundment bottom during the  f i r s t  

day. Next day, the  backhoe would move t o  the  o ther  bench and 

would work on the second 15 foo t  strip along t h a t  bench. 

o I n  two days ,  the backhoe can continue working on the  next s t r i p  

maneuvering on a new bench (previously t rea ted  and hardened 

s t r i p  1 and proceed toward the  center  s t r i p .  About two f e e t  of 

f i l l  would be placed t o  minimize the  contact  between the backhoe 

and the  contaminated s o i l .  New work benches could be re inforced 

with geofabric (placed under the  two f e e t  f i l l  1 i f  the  t r ea t ed  

s o i l  could not  support the backhoe. 

o Each day 's  work would cons i s t  of two phases: excavation and 

mixing. During the  excavation phase, the  pneumatic truck s t ays  

on-site and appl ies  the  addi t ive  on the  f r e sh ly  excavated areas.  

When excavation i s  f in i shed ,  the  pneumatic truck leaves the  s i t e  

and the backhoe continues mixing the excavated s o i l  and 

addi t ive  . 
o A t  a r a t e  of a 15 foo t  s t r i p  a day, the  e n t i r e  work f o r  HWM 7 

can be completed i n  e i g h t  days assuming there  i s  no 

i n te r rup t ion  . I f  necessary because of other  equipment 

scheduling o r  a need f o r  fu r the r  hardening of the t r ea t ed  s o i l ,  

t h e  work a t  HWM 7 can be stopped and the pneumatic truck could 

be assigned t o  HWM 5. 



6.4 SAMPLING AND ANALYSIS 

The o b j e c t i v e  of the  sampling and a n a l y s i s  program i s  t o  document 

the  c h a r a c t e r i s t i c s  of wastes ( i n  HWM 16) and s u b s o i l s  (HWM Nos. 5, 7 

and 16) f o r  f u t u r e  reference .  This documentation would be very u s e f u l  

s h o u l d  a need a r i s e  t o  t r a c e  t h e  s o u r c e  o f  a n y  f u t u r e  g roundwate r  

contamination and t o  develop a c o r r e c t i v e  a c t i o n  program. It would a l s o  

s e r v e  a s  suppor t ing  d a t a  i f  groundwater q u a l i t y  s t a b i l i z e s  i n  s e v e r a l  

years  a f t e r  c l o s u r e  and t h e  Radford AAP would l i k e  t o  nego t i a t e  with t h e  

S t a t e  t o  cease  groundwater monitoring a t  t h e  s u r f a c e  impoundment sites. 

If t h e  d a t a  c o l l e c t e d  r e v e a l  l i t t l e  o r  no s u b s o i l  contamination, then 

t h i s  information could be used i n  d i scuss ions  with t h e  S t a t e  a t  c l o s u r e  

t o  b e t t e r  d e f i n e  t h e  n e c e s s i t y  o r  type of pos t -c losure  c a r e  requi red .  

The sampling program would have t o  be conducted p r i o r  t o  b a c k f i l l i n g  

and cover system i n s t a l l a t i o n .  Due t o  t h e  access  problem, sampling a t  

the  HWM 5 and HWM 7 sites could be done only a f t e r  s o i l  t rea tment ,  upon 

which t h e  impoundment bottom would be a b l e  t o  suppor t  a d r i l l i n g  r i g .  

Sampling a t  t h e  HWM 16 s i te  can be done p r i o r  t o  c l o s u r e  cons t ruc t ion  

s i n c e  no access  problem is involved. The USAEHA is i n v e s t i g a t i n g  t h e  

merits and p o s s i b i l i t y  of sampling a t  HWM 16 p r i o r  t o  c losure .  Unless 

a n  e a r l y  s a m p l i n g  program a t  HWM 16  i s  implemented by t h e  USAEHA, 

sampling a t  a l l  t h r e e  sites w i l l  be conducted by the  c o n t r a c t o r  s e l e c t e d  

f o r  c l o s u r e  cons t ruct ion .  

A summary of t h e  sampling and a n a l y s i s  program i s  t o  be conducted is 

provided i n  Table 6.3. A t  t he  s u r f a c e  impoundment sites (HWM 5 and HWM 

71, t h r e e  borings w i l l  be d r i l l e d  wi th in  each impoundment. Each bor ing 

w i l l  be advanced t o  t h e  groundwater t a b l e  and t h r e e  s o i l  samples, t h e  

f i r s t  sample from t h e  t r e a t e d  zone and next  samples i n  t h e  u n t r e a t e d  

zone, w i l l  be co l l ec ted .  Samples w i l l  be analyzed f o r  pH and heavy 

metals.  A t  t he  HWM 16 s i te ,  t h e  borings w i l l  be advanced through wastes 

i n  the  t rench and about  10 f e e t  i n t o  t h e  s u b s o i l .  Continuous waste 



TABLE 6.3 
SUMMARY OF SAMPLING AND ANALYSIS PROGRAM 

HWM 7 

Number of Borings 3 3 

Depth of  bo r ing  ( f t )  10 12 
To w a t e r  To w a t e r  
t a b l e  from t a b l e  from 
t h e  impound- t h e  impound- 
ment bottom ment bottom 

Number of samples 3 a t  1 ,  5 3 a t  3, 8 
p e r  bo r ing  and 

( b )  
and 10 f t  and 12 f t  

sample dep ths  

Analys is  Parameters  pH and heavy pH and heavy 
metals metals 

24 
10 f t  i n t o  
subso i  1 

Continuous w a s t e  
sampling i n  l a n d f i l l  
and 3 s o i l  samples a t  
3, 6 and 10 f t  

Composite waste  : 
heavy metals, 
e x p l o s i v e s  , and 
purgeable  o r g a n i c s ;  
S o i l  : heavy me ta l s  
and o r g a n i c s  i f  
p r e s e n t  i n  t h e  
wastes . 

( a )  Sampling and a n a l y s i s  f o r  HWM 16 may be conducted by Radford 
AAP and/or  USAEHA p r i o r  t o  i n i t i a t i o n  of c l o s u r e  cons t ruc t ion .  

( b )  Sample dep ths  from t h e  bottom of t h e  containment  system. 

(NS) RAD 2: 2/585 



samples and three  s o i l  samples w i l l  be co l lec ted  from each boring. The 

waste samples w i l l  be composited within each boring and analyzed f o r  

heavy metals, explosives and purgeable organics. The s o i l  samples a r e  

t o  be analyzed f o r  heavy metals. I f  purgeable organics a r e  found i n  the  

waste  samples ,  t h e  s o i l  samples  w i l l  a l s o  be s u b j e c t  t o  pu rgeab le  

organic ana lys i s  t o  i d e n t i f y  possible  migration of these compounds i n t o  

the  subsoi l .  

Spec i f i c  sampling locat ion,  sampling procedure, heal th  and s a f e t y  

requi rements  and q u a l i t y  c o n t r o l  program w i l l  be i nc luded  i n  t h e  

Sampling, Analysis and Qual i ty  Control Program t o  be provided a s  p a r t  of 

the construct ion documents. 

6.5 COVER SYSTEM EVALUATION 

Proposed Cover Sys tem 

Cross-sections of the  proposed cover system a r e  presented i n  Figure 

5.4 (appl icable  t o  HWM 5 and HWM 7 )  and Figure 6.3 (appl icable  t o  HWM 

16). The basic  components of the  cover system and t h e i r  functions are:  

o Grass-covered surface t o  prevent erosion of the  cover s o i l  and 

t o  promote evapotranspiration of moisture i n  s o i l .  The slope of 

the  surface should range from f i v e  t o  t en  percent depending on 

the  surrounding topography. 

o One f o o t  of t opso i l  and one foo t  of cover s o i l  t o  support  the  

growth of grass  and t o  p ro tec t  the  underlying PVC l ine r .  

o A primary l i n e r  cons i s t ing  of 30-mil PVC membrane t o  prevent 

i n f i l t r a t i o n  of surface water i n t o  the subso i l  o r  wastes within 

t h e  c l o s e d  f a c i l i t i e s .  One foo t  of drainage sand above the  PVC 

l i n e r  w i l l  be included f o r  HWM 16 only. 



o A compacted' s o i l  layer to  serve as a bedding layer for  the PVC 

l iner  and as a secondary l iner  i n  case of primary l iner  fai lure.  

The thickness of the compacted s o i l  layer, to  be placed on the 

compacted f i l l  i n  HWM 5 and HWM 7 and on the compacted existing 

s o i l  cove,r a t  HWM 16, would vary from one to  two feet .  The 

thickness of the bedding (and secondary l i ne r )  layer w i l l  be a t  

l eas t  two feet. 

Additional features associated w i t h  the cover system include: 

o A crushed stone perimeter designed to do the following: to 

protect  the slope against erosion; to  promote drainage of the 

cover  s o i l  l ayer ;  t o  c l e a r l y  mark the ex t en t  of the closed 

fac i l i ty ;  and to  deter accidental vehicle or equipment access. 

o A f i l t e r  fabric between the crushed stone and the cover soi l .  

This is  necessary to prevent piping ( internal  erosion) of the 

cover s o i l  in to  the crushed stone zone. 

o Drainage swales to  divert  surface flows around and away from the 

containment area. 

o A leachate drain system (HWM 16 only) consisting of a drainage 

b l anke t  layer  (sand salvaged from HWM 51, a d r a in  pipe and 

a leachate collection sump. The bottom of the HWM 16 trench 

w i l l  be scarif ied and recompacted, prior  to  disposal of the 

f i n a l  volume of wastes and sand, to  a compacted thickness of 18 

inches. The leachate drain system and compacted bottom w i l l  

minimize escape of hazardous waste cons t i tuen ts  should any 

leachate be formed i n  the landfi l l .  

o Placing of riprap on the high slope of HWM 16 for protection 

against erosion and added s tabi l i ty .  The riprap available from 



HWM 5 w i l l  be reused f o r  t h i s  purpose. This r iprapped a r e a  w i l l  

a l s o  be under la in  by f i l t e r  f a b r i c  t o  prevent  p ip ing  of cover 

s o i l .  

Vegetation 

The f a c t o r s  considered f o r  s e l e c t i o n  of a vegeta t ion spec ies  a r e :  

o Shallow rooted species t o  avoid damage of the  l i n e r  m a t e r i a l  by 

p l a n t  r o o t s  ; 

o F a l l  seeding species assuming t h a t  major cons t ruc t ion  a c t i v i t i e s  

w i l l  t a k e  p lace  i n  summer months and seeding w i l l  fo l low i n  the  

f a l l .  

o P e r e n n i a l  spec ies  f o r  adequate, year  around e ros ion  p r o t e c t i o n ;  

and 

o Species s u i t a b l e  f o r  use  i n  a r e a s  of moderate temperatures. 

An i d e a l  candidate  spec ies  f o r  t h e  above cond i t ions  i s  Kentucky blue  

grass.  Since Kentucky blue  g rass  favors  a l k a l i n e  s o i l  a s  opposed t o  

a c i d i c  site s o i l s ,  pH adjustment w i l l  be needed by adding l i m e  i n  t h e  

cover s o i l  and topso i l .  To supplement any p o t e n t i a l  weakness of a 

s i n g l e  spec ies ,  it i s  of t e n  d e s i r a b l e  t o  mix some o t h e r  spec ies  (e. g., 

ta l l  fescue  and white c l o v e r ) .  A hydroseeder would be t h e  most 

cos t -e f fec t ive  seeding method. Seed, f e r t i l i z e r  , mulch and l i m e  can be 

sprayed from a hydroseeder. I f  t h e  cons t ruc t ion  schedule does n o t  a l low 

the  use  of fa l l -seeding spec ies ,  o t h e r  spec ies  adequate f o r  t h e  given 

seeding season should be s e l e c t e d .  



Design Standards 

The genera l  des ign c r i t e r i a  f o r  t h e  f i n a l  cover system i s  conta ined 

i n  t h e  Vi rg in ia  Hazardous Waste Regulat ions 1 0 1 1  a 2 and 

10.14.11 ( a )  a s  presented  i n  Sect ion  5.4. I t  i s  s p e c i f i c a l l y  r equ i red  

t h a t  t h e  permeabi l i ty  of t h e  cover l i n e r  m a t e r i a l  should be less than o r  

equal  t o  t h e  permeabi l i ty  of any bottom l i n e r  system o r  n a t u r a l  s u b s o i l s  

p resen t .  Since t h e r e  a r e  only  n a t u r a l  s u b s o i l s  ( t r e a t e d  with l i m e  k i l n  

d u s t  a t  t h e  H W b L L a n c l - H W M  7 sites and recompacted t o  form a s o i l  l i n e r  

a t  t h e  HWM 16 s i t e )  a t  these  f a c i l i t i e s ,  t h e  minimum requirement f o r  

cover l i n e r  m a t e r i a l  wi th  r e s p e c t  t o  t h e  pe rmeab i l i ty  would be a s o i l  

l i n e r  compacted o u t  of s e l e c t e d  on-s i te  s o i l .  When a s y n t h e t i c  membrane 

l i n e r  i s  used, t h e  minimum thickness  requirement is  20-mil. I n  t h e  

proposed cover system, however, a 30-mil s y n t h e t i c  l i n e r  (PVC) on a 

compacted s o i l  l a y e r  i s  recommended f o r  maximum p e r f o r m a n c e  a t  a 

reasonable cos t .  

A s a n d  drainage l a y e r ,  with a pe rmeab i l i ty  of no less than 

cm/sec, i s  o f t e n  recommended above t h e  low permeab i l i ty  b a r r i e r  

(Department of Army, 1984). The drainage l a y e r  is  e s p e c i a l l y  impor tant  

i n  t h e  fo l lowing s i t u a t i o n s  : 

o The b a r r i e r  (low permeab i l i ty )  l a y e r  c o n s i s t s  of a s o i l  l i n e r  

and t h e  f a c i l i t y  i s  loca ted  i n  a non-arid region. I n  t h i s  case ,  

p o r t i o n s  of p r e c i p i t a t i o n  would reach t h e  b a r r i e r  l a y e r  and 

e v e n t u a l l y  i n f i l t r a t e  through t h e  b a r r i e r  i n t o  t h e  wastes and 

s u b s o i l .  Provis ion  of a drainage l a y e r  would promote i n t e r n a l  

d r a i n a g e  above t h e  b a r r i e r  and minimize i n f i l t r a t i o n  of water  

i n t o  t h e  b a r r i e r .  

o The b a r r i e r  l a y e r  c o n s i s t s  of a s y n t h e t i c  membrane l i n e r  and 

t h e r e  is  a p o t e n t i a l  of a high h y d r o s t a t i c  p ressu re  buildup. 

The high h y d r o s t a t i c  p ressu re  due t o  accumulated l eacha te  o r  



water (e.g., bottom of a l a n d f i l l  and cover system with an ex t r a  

thick cover s o i l )  could damage the  l i ne r .  The drainage layer  

would keep the hydrostat ic  pressure a t  a minimum t o  p ro t ec t  the  

l i ne r .  

For cover  a p p l i c a t i o n  a t  t h e  Radford s i t e s ,  none of t h e  above 

conditions appl ies  and therefore ,  the  drainage layer  is  not recommended. 

The addi t ional  f ac to r s  considered i n  recommending the proposed cover 

system without a drainage layer  are:  

o The use  of a 30-mil l i n e r  which is thicker  than the minimum 

requirement of 20-mil ; 

o The r e l a t i ve ly  s teep  and shor t  surface slopes which would not 

a l l o w  any subs t an t i a l  i n f i l t r a t i o n  even under an extended wet 

period; and 

o The f a c t  t h a t  t h e  average  annual  p r e c i p i t a t i o n  is moderate 

(about 40 inches).  

However, because of t h e  hazardous waste  remaining i n  p l a c e ,  a 

drainage sand layer  i s  included f o r  HWM 16 only f o r  addi t ional  

protect ion against  possible i n f i l t r a t i o n .  With minor var ia t ions  t o  

incorporate s i te -spec i f ic  conditions such a s  topography, drainage, and 

s i z e  of the  f a c i l i t i e s ,  the proposed cover system meets or  exceeds a l l  

design/performance standards required by the  S t a t e  and the Department of 

the Army TM 5-814-7. 

Performance Evaluation 

To more completely determine the adequacy of the proposed cover 

system, an addi t ional  evaluation was made t o  ensure the performance of 

the  proposed cover system under the  various conditions. 



F r o s t  Action 

I f  t h e  impermeable l i n e r  mate r i a l  i s  wi th in  the  depth of f r o s t  

pene t ra t ion ,  the  f r e e z i n g  s o i l  could apply a high stress on t h e  l i n e r  

and cause an excessive deformation of the  l i n e r ,  which even tua l ly  might 

lead t o  t h e  f a i l u r e  of the  l i n e r  system. The depth of f r o s t  pene t ra t ion  

i n  t h e  Radford  a r e a  i s  a b o u t  15 i n c h e s  ( L u t t o n ,  1980) .  S i n c e  t h e  

th ickness  of the  cover s o i l  ( inc lud ing  t o p s o i l )  i s  24 inches ,  f r o s t  

pene t ra t ion  should n o t  reach t h e  s o i l  l a y e r  suppor t ing t h e  membrane 

l i n e r .  

Erosion P o t e n t i a l  

The eros ion p o t e n t i a l  can be evaluated by t h e  Universal  S o i l  Loss 

Equation (USLE) which i s  a convenient and widely accepted method. The 

USLE gives  average annual s o i l  l o s s  a s  the  product  of s i x  

eros ion-re la ted  f a c t o r s .  The equation is: 

where A = average annual s o i l  l o s s ,  i n  tons /acre  

R = r a i n f a l l  and runoff e r o s i v i t y  index 

K = s o i l  e r o d i b i l i t y  f a c t o r ,  tons /acre  

L = slope-length f a c t o r  

S = slope-steepness f a c t o r  

C = cover/management f a c t o r  

P = p r a c t i c e  f a c t o r  

The values of these  parameters a r e  es t imated fol lowing t h e  genera l  

q u i l d e l i n e s  i n  Lutton, e t  a 1  (1979) and Lutton (1980) and given a s  

fol lows : 



R = 170 

K = 0.33 ( f o r  s i l t  loam, organic  con ten t  >4%) 

LS= 0.75 ( f o r  HWM 16, S=10% and L=30 f t )  

LS= 0.75 ( f o r  HWM 5, S=8% and Lo57 f t )  

C = 0.01 ( f o r  meadow with grass/legume cover)  

P = 1.0 

Thus, 

This annual eros ion estimate i s  w e l l  below the  acceptable  l i m i t  of 2 

tons /acre .  Even f o r  t w i c e  the  s lopes  given above, t h e  annual e r r o s i o n  

r a t e  would only  be about 1.2 tons/acre.  

Drainage Control  

A t  t h e  HWM 5 and HWM 7 sites, e x t e r n a l  dra inage is  w e l l  c o n t r o l l e d  

by e x i s t i n g  f e a t u r e s  (e.g., roads,  d i t c h e s ,  c u l v e r t s  and p i p e s )  and no 

run-on i s  an t i c ipa ted .  Runoff from t h e  closed f a c i l i t i e s  w i l l  be routed 

t o  p e r i p h e r y  d r a i n a g e  s w a l e s .  S i n c e  t h e  d r a i n a g e  a r e a s  f o r  t h e s e  

dra inage swales a r e  very small (no more than one-half a c r e ) ,  these  

swales should be a b l e  t o  handle flows without  any p o t e n t i a l  t h r e a t  t o  

the  cover system. 

A t  t he  HWM 16 s i te ,  t h e  n a t u r a l  topography of t h e  a r e a  does n o t  

a l low any drainage path  i n  t h e  v i c i n i t y  of HWM 16. Runoff from the  

cover a r e a  and immediate v i c i n i t y  w i l l  be routed by dra inage swales 

around t h e  c losed f a c i l i t y  t o  t h e  t o e  a r e a  of the  h igh s lope  and then 

drained v i a  an e x i s t i n g  18-inch pipe and two new 24-inch pipes.  

Secondary Liner 

I t  i s  recommended by t h e  Army (TM 5-814-7) t h a t  a secondary s o i l  

l i n e r  with a permeabi l i ty  n o t  exceeding 1 0 ' ~  am/sec be provided 



underneath the primary syn the t ic  l i ne r .  Portions of s i t e  s o i l s  from the 

borrow areas  met t h i s  permeabil i ty requirement when t e s t ed  a f t e r  

recompaction i n  the laboratory.  However, it  is not  l i k e l y  t h a t  t h i s  

permeabil i ty requirement could be met i n  the f i e l d  because of :  l e s s  

cont ro l  i n  s e l ec t i ng  source mater ia l ;  l e s s  cont ro l  i n  compaction and 

moisture content;  and d i f f i c u l t y  with compaction on the waste mater ia l  

f o r  HWM 16. This po t en t i a l  def ic iency w i l l  be p a r t i a l l y  compensated by 

using a th icker  (30-mil) PVC l i n e r  than the  minimum requirement of 20 

mil. 

6.6 INTERIM ACTIONS 

Operation of HWM 16 

The t o t a l  capacity of the HWM 16 trench is estimated a t  6,000 cubic 

yards. About 4,200 cubic yards (70 percent)  of t h i s  capacity has been 

f i l l e d  a s  of December 1984, leaving a storage capaci ty  of 1,800 cubic 

yards  a v a i l a b l e .  The r a t e  of was te  be ing  d i sposed  i n  HWM 16 i s  

approximately 1,000 cubic yards per year. Assuming the  c losure  of HWM 

16 i s  i n  June 1986, an  a d d i t i o n a l  volume of 1 ,500 c u b i c  y a r d s  i s  

expected t o  be f i l l e d  i n  HWM 16. A t  c losure ,  about 400 cubic yards of 

contaminated m a t e r i a l  from HWM 5 (bot tom l i n e r  and s a n d )  w i l l  be 

disposed i n  HWM 16. Thus, the  t o t a l  remaining capacity may not  be 

s u f f i c i e n t  t o  accommodate the wastes t h a t  must be disposed i n  HWM 16 

before i t  is closed. 

According t o  Radf ord AAP personnel, the  fu ture  Hazardous Waste 

Management Program a f t e r  c losure  of HWM 16 e n t a i l s  a minimal amount of 

hazardous waste generation. Under t h i s  program, most of the  wastes 

present ly  disposed i n  HWM 16 would be incinerated (rendered 

non-reactive or  r e c l a s s i f i e d  (nonhazardous 1 f o r  disposal  i n  the  

s an i t a ry  l a n d f i l l .  The remaining amounts w i l l  be containerized 

(55-gallon drums and disposed i n  an approved off  - s i t e  d i sposa l  



f a c i l i t y .  It is recommended t h a t  t h i s  program be implemented a s  soon a s  

poss ib le  t o  l i m i t  the  amount of wastes disposed i n  HWM 16 p r i o r  t o  

c losure .  

Another way t o  reduce t he  volume of wastes i n  HWM 16 would be the  

temporary s to rage  of waste e i t h e r  i n  con ta iners  o r  i n  waste p i l e s .  A 

s i g n i f i c a n t  amount of mate r ia l  i n  XWM 16 is believed t o  be i n t e r im  s o i l  

cover. Disposal of wastes i n  HWM 16 i n  small volumes would requ i re  more 

in te r im cover s o i l  than d i sposa l  of wastes i n  l a r g e r  volumes. Thus, 

d i sposa l  of wastes i n  l a r g e r  volumes would reduce the  volume of cover 

s o i l  i n  HWM 16 and thereby reduce the  t o t a l  volume of mate r ia l  i n  HWM 

16. Temporary s to rage  of wastes f o r  less than 90 days does not  requ i re  

any s p e c i a l  permit under t he  cur ren t  Virginia  Hazardous Waste 

Regulations. P l a s t i c  shee t ing  may a l s o  be used a s  an i n t e r im  cover t o  

reduce t he  volume of t he  t o t a l  mater ia l .  

Operation of MJM 7 

S u b s u r f a c e  w a t e r  w i t h  low pH can  m o b i l i z e  heavy m e t a l s  i n  t h e  

subso i l  and may cause groundwater contamination. A t  t h e  Radford AAP 

sur face  impoundment s i t e s ,  t h i s  general  r e l a t i onsh ip  is shown i n  the  

November 1984 water q u a l i t y  da ta  (See Tables 4.2 and 4.4). A t  t he  HWM 5 

s i t e ,  two w e l l s  (Nos. 7B and 8 )  show low pH and e l e v a t e d  a r s e n i c ,  

chromium, and mercury concentrat ions.  A t  t h e  HWM 7 s i te ,  W e l l  No. 11B 

has low pH and e levated cadmium and chromium concentrat ions.  Although 

HWM 7 i s  a neu t r a l i z a t i on  basin,  some a c i d i c  water may i n f i l t r a t e  i n t o  

the  subso i l  during the  accumulation period before adding l i m e  and could 

be detected from an immediate downgradient w e l l .  This can be prevented, 

t o  a l imi ted  degree, by adding lime more f requen t ly  o r  beforehand and 

no t  al lowing a c i d i c  water t o  accumulate over an extended period. 
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SECTION 7 

POST CLOSURE CARE AND GROUNDWATER MONITORING 

7.1 HAZARDOUS WASTE SURFACE IMPOUNDMENTS 

I n  accordance with t h e  Vi rg in ia  Hazardous Waste Regulat ions,  t h i s  

s e c t i o n  p resen t s  t h e  pos t -c losure  p lan  f o r  HWM 5 and 7 based on t h e  

c losure  of both sites a s  hazardous u n i t s .  Unless otherwise determined 

by t h e  S t a t e  Health Commissioner, pos t -c losure  c a r e  i s  t o  extend over a 

30-year pe r iod  ( 1 0.07.08 ( a )  ( 2  ) ) . The major components of pos t -c losure  

care a s  proposed i n  t h i s  p l a n  a r e  groundwater monitoring, i n s p e c t i o n  and 

maintenance. Poss ib le  contingency a c t i v i t i e s  a r e  a l s o  descr ibed i n  t h i s  

sec t ion .  

Groundwater Monitoring 

Based on information presented  i n  previous d i scuss ions ,  it does no t  

a p p e a r  t h a t  h a z a r d o u s  c o n s t i t u e n t s  p r e s e n t  i n  t h e  s u b s o i l s  a t  t h e  

impoundment sites w i l l  be re leased t o  e i t h e r  s u r f a c e  w a t e r  o r  a i r  i n  

q u a n t i t i e s  s u f f i c i e n t  t o  warrant  monitoring. Therefore, o n l y  

groundwater monitoring is  considered necessary dur ing t h e  pos t -c losure  

c a r e  per iod  f o r  HWM 5 and HWM 7. Resul ts  of t h e  Groundwater Qual i ty  

Assessment Program conducted a t  t h e  sites i n d i c a t e  t h a t  groundwater con- 

tamination has  occurred. I n  response t o  t h e s e  monitoring r e s u l t s  a 

Compliance Monitoring program w i l l  be i n s t i t u t e d  under 10.06.02 p r i o r  t o  

c l o s u r e  and w i l l  cont inue  dur ing  the post -c losure  period a s  requi red  by 

10.06.01 ( ~ ) ( 3 ) .  

T h i s  Compliance Monitoring program w i  11 be implemented us ing  a 

minimum of four  w e l l s  (one upgradient  and t h r e e  downgradient),  con- 

s t r u c t e d  i n  accordance wi th  10.06.08(a) through (c)  . The w e l l s  t o  be 

used w i l l  be s e l e c t e d  a f t e r  f i n a l  review of t h e  Groundwater Qual i ty  

Assessment Program. 
7- 1 
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Samples w i l l  be co l lec ted  i n  accordance with 10.06.O8(d) and ( e )  , on 

a qua r t e r ly  basis.  Background groundwater q u a l i t y  w i l l  be determined 

f o r  each cons t i tuen t  as  spec i f ied  i n  10.06.O8(g) (1 ) . The water q u a l i t y  

parameters t h a t  w i l l  be analyzed a s  p a r t  of t h i s  program include: 

o Specif ic  conductance 

o Total  organic carbon (TOC) 

o Total  organic halogen (TOX) 

0 pH 

o Any addi t iona l  parameters a s  agreed upon by the Commissioner 

For q u a l i t y  c o n t r o l  purposes ,  samples w i l l  be s p l i t  i n t o  f o u r  

por t ions  f o r  analysis.  Groundwater e levat ions  w i l l  be measured f o r  each 

sampling event and the d i r ec t i on  and r a t e  of groundwater flow w i l l  be 

determined on an annual basis  (10.06.O8(f) and 10.06.10(e)). Addition- 

a l l y ,  a l l  monitoring wells  w i l l  be analyzed f o r  Virginia Regulations' 

Appendix 3.6 hazardous cons t i tuen ts  on an annual basis.  

I t  i s  an t ic ipa ted  t h a t  because of the  nature  of the wastes i n  the  

surface impoundments and the c losure  a c t i v i t i e s  t o  be conducted a s  

described i n  Section 6.0, the  Radford AAP may e l e c t  a f t e r  severa l  years 

of groundwater monitoring t o  discuss  with the  S t a t e  the  requirement f o r  

monitoring over a 30-year priod. I t  i s  probable t h a t  the  groundwater 

q u a l i t y  a t  these s i t e s  w i l l  improve t o  ambient l eve l s  a f t e r  severa l  

years. I f  monitoring confirms t h i s  then groundwater monitoring could be 

terminated o r  reduced i n  scope. 

Inspection 

I n  accordance with 10.07.09 ( a )  ( 1  ) , regular  post-closure inspect ions  

of the  s i t e s  w i l l  be made t o  ensure t he  i n t e g r i t y  of the cover system 

and a l l  a s s o c i a t e d  s t r u c t u r e s .  I n s p e c t i o n s  w i l l  be conducted by 

qua l i f i ed  personnel on a rout ine  basis ,  with addi t iona l  inspect ions  

f o l l o w i n g  inc lement  wea ther  o r  c a t a s t r o p h i c  e v e n t s  (e.g.,  f i r e  o r  

explosion elsewhere a t  the  Radford AAP). To ensure t h a t  a l l  items of 
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i n t e r e s t  a r e  addressed dur ing t h e  inspec t ion ,  an inspec t ion  l o g  w i l l  be 

u s e d  d u r i n g  e a c h  i n s p e c t i o n .  T h i s  i n s p e c t i o n  l o g  w i l l  l i s t  t h e  

p o t e n t i a l  problems/conditions t h a t  the  i n s p e c t o r  should note  whi le  

conducting the  inspect ion .  The i n s p e c t o r  w i l l  be asked t o  i d e n t i f y  t h e  

ex i s t ence  o r  absence of each problem and, i f  p resen t ,  t o  address  i ts 

degree of s e v e r i t y  (e.g., low, moderate o r  h i g h ) .  Table 7.1, d i scussed  

i n  t h e  fol lowing paragraphs, provides a l i s t i n g  of a l l  i t e m s  t o  be 

inspected.  

Because f a i l u r e  of t h e  s o i l  cover o r  t h e  underlying PVC l i n e r  could 

r e s u l t  i n  increased i n f i l t r a t i o n  and l eacha te  genera t ion ,  it is neces- 

s a r y  t o  i n s p e c t  t h e  cover f o r  s u r f a c e  e ros ion ,  subsidence, o r  ponding; 

p l a n t  r o o t  pene t ra t ion ,  o r  exposure of t h e  l i n e r .  The g r a s s  cover 

should be inspected  f o r  genera l  h e a l t h  and t h e  presence of undes i rab le  

competi t ive spec ies ,  p a r t i c u l a r l y  deep-rooted p l a n t s  o r  shrubs. Vegeta- 

t i o n  should be k e p t  trimmed t o  prevent  encroachment on access  c o n t r o l s ,  

roads and s igns .  Stormwater drainage c o n t r o l s  (i.e., s lopes  and swa les )  

should be inspected f o r  e ros ion ,  subsidence,  and i n  t h e  case  of swales,  

accumulated sediment t h a t  might block t h e  flow of stormwater. Locks and 

caps on groundwater monitoring w e l l s  should be inspected  f o r  damage. 

The need f o r  a d d i t i o n a l  s e c u r i t y  is  expected t o  be minimal due t o  

t h e  o v e r a l l  secure  n a t u r e  of t h e  Radford p lan t .  Therefore, t h e  i n s t a l -  

l a t i o n  of warning s i g n s  w i l l  be t h e  only  a d d i t i o n a l  s e c u r i t y  measure 

taken dur ing  t h e  pos t -c losure  c a r e  per iod ,  a s  only  author ized  personnel  

a r e  allowed t o  e n t e r  t h e  r e s t r i c t e d  por t ion  of t h e  Radford AAP. 

Maintenance 

The na tu re  and degree of post-closure maintenance of t h e  s i t e  w i l l  

be p r i m a r i l y  determined by observat ions  made dur ing  t h e  r o u t i n e  inspec- 

t ions .  However, s i n c e  the Radford AAP w i l l  remain i n  opera t ion ,  p l a n t  

personnel  w i l l  have t h e  oppor tuni ty  t o  in fo rmal ly  observe t h e  need f o r  

maintenance on a more f r equen t  bas i s .  A d e s c r i p t i o n  of t h e  expected 

maintenance a c t i v i t i e s  t h a t  w i l l  be performed i n  accordance wi th  

10.07.09 ( a )  ( 2 )  is discussed below. 
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TABLE 7 1 

INSPM3TION CHECKLIST FOR CLOSED ON-SITE FACILITIES 

Problem Exis ts?  Degree of Problem? 
I t e m  Problem ( Y e s  o r  No) ( e - g o ,  Low) 

S o i l  Cover 
0 

I PVC Liner --- - 

erosion 
subsidence 
ponding 

Grass Cover ' inadequate growth/health 

- deep-rooted vegeta t ion 
presence of undesirable 

spec ies  
inadequate trimming - 

Stormwater 
Drainase 
s lopes  

drainage 
swa le  

eros ion 
subsidence 

eros ion 
subsidence 
vegetat ion growth 
accumulated sediment 

Monitoring W e l l s  
locks damage 

caps damage 

Secur i ty  
warning s igns  missing 

defaced 
obscured 

access road d i s r e p a i r  
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The cover, drainage s lopes ,  and vegeta t ion w i l l  be maintained a s  

needed. Damage due t o  e ros ion  and subsidence w i l l  be cor rec ted  by 

adding s o i l  and regrading t h e  site. It is expected t h a t  no s i g n i f i c a n t  

subsidence w i l l  occur following c losure ,  and thus  only e ros ion  would be 

the  major long term concern. Maintenance of vegeta t ion necessary t o  

con t ro l  eros ion w i l l  inc lude removing deep-rooted p l an t s  and adding 

f e r t i l i z e r  t o  enhance growth a s  necessary. Overgrowth i n t o  dra inage 

swales and access roads w i l l  be control led .  Swales w i l l  be c lea red  of 

any accumulated mater ia l .  

S e c u r i t y  w i l l  be maintained by immediately repa i r ing  o r  rep lac ing  

any damaged s igns  o r  access roads. Damaged monitoring w e l l s  w i l l  be 

repai red i f  possible.  I f  it is determined t h a t  the  i n t e g r i t y  of t he  

w e l l  has been destroyed,  then the  wel l  w i l l  be replaced. Surveyed 

benchmarks used t o  i nd i ca t e  the  loca t ion  of the  s i te  (10.07.1.0) w i l l  be 

protected and maintained a s  necessary. The general  perimeter  of t he  

surface  impoundment w i l l  be e a s i l y  recognizable due t o  the  presence of 

r i p r ap  f o r  s lope protect ion.  

Contingency Ac t i v i t i e s  

In  t h e  event  of major damage, contingency measures w i l l  be promptly 

taken. Extensive eros ion w i l l  be repai red by the  most appropr ia te  of 

t h e  following measures: replacement of cover o r  f i l l  s o i l ;  r e s t o r a t i o n  

of o r i g i n a l  grade design o r  replacement with new grade design;  and/or 

i n s t a l l a t i o n  of r iprap.  Any o the r  cover d e t e r i o r a t i o n  due t o  deep- 

rooted p l an t s ,  cracking,  cold weather, o r  s lope i n s t a b i l i t y  w i l l  be 

promptly corrected by f i l l i n g ,  regrading and reseeding,  a s  appropr ia te .  

Damage t o  vegetat ion w i l l  be con t ro l l ed  by t he  add i t ion  of n u t r i e n t s ,  

manual w a t e r i n g  ( i n  t h e  e v e n t  of  d r o u g h t ) ,  and /or  p e s t  c o n t r o l  a s  

appropr ia te .  

Although the  groundwater contamination has been confirmed a t  a l l  of 

t h e  HWM s i t e s ,  no s i g n i f i c a n t  adverse impacts a r e  an t i c i pa t ed  because 

of :  no downgradient water supply wel ls ;  removal of the  major contami- 

n a t i o n  s o u r c e s  a t  HWM 5 and HWM 7;  and d i l u t i o n  by t h e  New River .  



Therefore ,  Radford AAP is planning  t o  p r e s e n t  A l t e r n a t e  Concent ra t ion  

L i m i t s  (ACL) t o  t h e  S t a t e  f o r  approval  as t e n t a t i v e  groundwater pro tec-  

t i o n  s t anda rds .  I f  t h e  d e t e c t i o n  monitoring program i n d i c a t e s  ground- 

water d e t e r i o r a t i o n  beyond t h e  ACLs, remedial  s t e p s  w i l l  be taken  t o  

c o n t r o l  t h e  migra t ion  of  contaminants .  P o t e n t i a l  c o n t r o l  measures 

inc lude  groundwater pumping and t h e  c o n s t r u c t i o n  of b a r r i e r s  (e.g., 

s l u r r y  w a l l ) .  A complete and thorough e v a l u a t i o n  of  a v a i l a b l e  c o n t r o l  

measures w i l l  be made p r i o r  t o  i n i t i a t i n g  any remedia l  s t e p s .  

7.2 HAZARDOUS WASTE LANDFILL TRENCH 

S i n c e  pos t -c losure  c a r e  i s  a l s o  r equ i red  f o r  HWM 16, groundwater 

monitoring and i n s p e c t i o n  programs s i m i l a r  t o  those  o u t l i n e d  i n  Sec t ion  

7.1 w i l l  be implemented. An a d d i t i o n a l  i n s p e c t i o n  i t e m  f o r  HWM 16 would 

be t h e  l e a c h a t e  c o l l e c t i o n  sump (F igure  6.3) . I f  any l e a c h a t e  is  found 

t o  have accumulated i n  t h e  sump, it w i l l  be  removed f o r  t r ea tmen t  a t  t h e  

wastewater t r ea tmen t  p l a n t  and more f r e q u e n t  i n s p e c t i o n s  w i l l  be  con- 

' ducted.  I f  it i s  deemed necessary ,  a r o u t i n e  l e a c h a t e  removal program 

w i l l  be  implemented. A s  i n  t h e  c a s e  of t h e  s u r f a c e  impoundments, a i r  

and s u r f a c e  water  monitoring w i l l  n o t  be performed, a s  it is n o t  expec- 

t e d  t h a t  any gases  w i l l  b e  genera ted  wi th in  t h e  l a n d f i l l  and t h e r e  w i l l  

be no r e l e a s e  t o  s u r f a c e  water  from t h e  site.  Pos t -c losure  c a r e  w i l l  

con t inue  f o r  30 y e a r s ,  u n l e s s  o therwise  determined by t h e  Commissioner. 

7.3 FUTURE USE RESTRICTIONS 

I n  accordance with 10.07.08(c),  t h e r e  w i l l  be no use  of t h e  d i s p o s a l  - 
a r e a s  which would a l low any d i s tu rbance  o f  t h e  i n t e g r i t y  of t h e  f i n a l  

cover ,  l i n e r ( s )  o r  any o t h e r  components of any containment  system, o r  of 

t h e  f u n c t i o n  of t h e  a s s o c i a t e d  monitoring systems. Land use  a c t i v i t i e s  

t h a t  w i l l  be p r o h i b i t e d  a t  each f a c i l i t y  inc lude :  

o On-site c o n s t r u c t i o n  

o Excavation ( e x c e p t  a s  necessary  f o r  major maintenance a c t i v i t i e s )  

o W e l l  c o n s t r u c t i o n  on o r  n e a r  t h e  s i te  

RADFORD 6:2/585 



o A g r i c u l t u r a l  use 

o S i l v i c u l t u r a l  use  

o Water i n f i l t r a t i o n  (run-on, ponding, i r r i g a t i o n )  

o Recreat ional  use  

o Disposal  opera t ions  

o Vehicular t r a f f i c  (except  as necessary  f o r  major maintenance 

a c t i v i t i e s )  

o Housing on o r  near  t h e  site. 

7.4 NOTICE TO LOCAL LAND AUTHORITY 

A s  r e q u i r e d  by 10.07.10, t h e  Radford AAP w i l l  submit t o  t h e  l o c a l  

land a u t h o r i t y  survey p lans  prepared and c e r t i f i e d  by a p r o f e s s i o n a l  

land surveyor which show t h e  d i s p o s a l  a r e a s  wi th  r e s p e c t  to-permanent ly  

surveyed benchmarks. These p lans  s h a l l  con ta in  a note  s t a t i n g  t h a t  

t h e r e  w i l l  be no d i s tu rbance  of t h e  d i s p o s a l  a r e a s  by Radford AAP. 

7.5 NOTICE I N  DEED TO PROPERTY 

A s  r e q u i r e d  by 10.07.11, a no ta t ion  w i l l  be made on t h e  deed t o  t h e  

f a c i l i t y  proper ty  t h a t  w i l l  n o t i f y ,  i n  p e r p e t u i t y ,  any p o t e n t i a l  pur- 

chaser  of t h e  proper ty  t h a t :  ( 1 )  t h e  land has  been used to  manage 

hazardous waste; ( 2 )  i t s  use  i s  r e s t r i c t e d  t o  t h a t  of open space; and 

( 3 )  t h e  survey p lan  and record of t h e  type ,  l o c a t i o n ,  and q u a n t i t y  of 

hazardous wastes disposed on s i te  has  been f i l e d  wi th  t h e  Commissioner 

and l o c a l  land a u t h o r i t y .  
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SECTION 8 

CLOSURE COST AND SCHEDULE 

P r e s e n t e d  i n  t h i s  s e c t i o n  a r e  c o s t  and s c h e d u l e  e s t i m a t e s  f o r  

c losure  of the  Radford AAP hazardous waste management f a c i l i t i e s ,  HWM 

Nos. 5, 7 and 16. These estimates are based on t h e  c losure  method 

discussed i n  Sect ion 6. 

8.1 CLOSURE COST ESTIMATE 

T a b l e  8.1 p resen t s  a summary of c losure  c o s t  estimate. This c o s t  

e s t ima te  is  based on t h e  c l o s u r e  method a s  provided i n  Sect ion 6, c o s t s  

a s  of May 1985, and c o s t  d a t a  compiled from v a r i o u s  s o u r c e s .  The 

sources  of these  c o s t  d a t a  include:  quotes from mate r i a l  s u p p l i e r s  and 

con t rac to r s  ; various published c o s t  d a t a  (Department of Army, 1 984; 

L u t t o n ,  e t  a l ,  1979; L u t t o n ,  1980; E h r e n f e l d  and Bass ,  1983; and 

Matrecon, 1983); and ES' p a s t  experience i n  t h e  similar p ro jec t s .  The 

t o t a l  c losure  c o s t ,  inc luding h e a l t h  and s a f e t y  considera t ions  (10 

pe rcen t )  and contingency (20 p e r c e n t ) ,  is  est imated a t  approximately 

$320,000. This does no t  inc lude the  c o s t  f o r  s i t e  p repara t ion  t o  be 

conducted by Hercules, Inc. Almost 50 pe rcen t  of t h e  cons t ruc t ion  c o s t  

i s  required  f o r  cover system i n s t a l l a t i o n .  

Table 8.2 summarizes t h e  post-closure c o s t  estimates i n  1985 

d o l l a r s .  The post-closure c o s t  i s  est imated on an annual b a s i s  because 

t h e  per iod of post-closure groundwater monitoring i s  not  c e r t a i n  a t  t h i s  

t i m e .  Normally, groundwater monitoring is  required  f o r  t h e  30-year 

post-closure period. A t  t he  Radf ord hazardous waste management 

f a c i l i t i e s ,  however, a Compliance Groundwater Monitoring Program is  t o  

be implemented because of known groundwater contamination. It is l i k e l y  



TABLE 8.1 

SUMMARY OF CLOSURE COST ESTIMATE 

S i t e  Prepara t ion  0 

To be performed by Hercules, Inc. a s  
p a r t  of f i n a l  phase opera t ions  

Mobil izat ion Lump Sum $1 5,000 

Demolition and S o i l  Treatment $26,380 

Remove appur tenant  s t r u c t u r e s  - HWM 5 and 7 
Equipment, labor  and mate r i a l  Lump Sum $ 4,000 

Handle r i p r a p  i n  HWM 
( d i s p o s a l  of s a n d / l i n e r  no t  inc luded)  

S o i l  Treatment 
Material - lime k i l n  d u s t  260 ton x $1 5/ton = $ 3,900 

de l ive red  t o  t h e  s i t e  
Pneumatic t ruck - s i t e  t i m e  

12 day x 4 h r s  x $60 - - 2,880 
Backhoe a t  HWM 7 8 day x $500/day - - 4,000 
Loader a t  HWM 5 4 day x $500/day - - 2,000 
Other miscellaneous equipment - - 800 
Labor 2 men x 8 h r  x 12 days x $25/hr  - 4,800 - 
Supervision with PU t ruck 60 h r s  x $50 - - 3,000 

Sampling and Analysis  $33,900 

Assume HWM 16 is  inc luded 
D r i l l  r i g  6 days x $1,800 = $10,800 
Geologis t  and expense 6 days x $ 600 = 3,600 
S o i l  a n a l y s i s  50 x $ 250 = 12,500 
Waste (HWM 16 on ly )  a n a l y s i s  10 x $ 600 = 6,000 
Misc. ( con ta ine r ,  sh ipping,  e t c . )  1,000 

Waste Disposal  and B a c k f i l l  $44,000 

B a c k f i l l  - HWM 5 5,500 cy x $3.00 = $16,500 
HWM 7 5,000 cy x $3.00 = 15,000 

Compaction - HWM 16 Lump Sum - - 3,000 
bottom and cover 

Leachate d r a i n  - HWM 16 Lump Sum - - 2,000 
Disposal  of sand and l i n e r  from 

HWM 5 i n  HWM 16 350 cy x $20.00 = 7,000 
Disposal  of o the r  f i n a l  wastes 

i n  HWM 16 100 cy x $ 5.00 = 500 



TABLE 8.1 (Continued ) 

Cover System I n s t a l l a t i o n  $1 27,700 

Bedding s o i l  l a y e r  (HWM 1 6 o n l y )  700 c y x  $ 3 . 0 0  = 
30-mil PVC l i n e r ,  i n s t a l l e d  90,000 s f  x $ 0.50 = 
Drainage sand f o r  HWM 16 800 cy x $20.00 = 
Cover s o i l  3,300 cy x $ 2.00 = 
Topsoil  (mixed wi th  l i m e )  3,300 cy x $12.00 = 
Seeding/mulching, 4 a c r e s  4 a c r e s  x $1,000 = 
High s l o p e  r i p r a p  - HWM 16 

material from HWM 5, placement 
only  120 cy x $ 5.00 = 

Perimeter  crushed s tone ,  i n s t a l l e d  400 cy  x $20.00 = 
Perimeter  f i l t e r  f a b r i c ,  

i n s t a l l e d  10,000 s f  x $ 0.25 = 
F i n a l  grading, swales and 

cleanup Lump Sum - - 
Warning s i g n s  3 x $100 - - 

Summary 

S i t e  p repara t ion  
Mobil izat ion 
Demolition/Soi 1 Treatment 
Sampling/Analysis 
Waste Disposal /Backf i l l  
Cover System 

$246,980 
Heal th /safe ty  cons ide ra t ions  (10%) 24,698 
Contingency (20%) 49,396 

Note : A l l  c o s t s  i n  May 1985 d o l l a r s .  



TABLE 8.2 

SUMMARY OF ANNUAL POST-CLOSURE COST ESTIMATE 

Groundwater Monitoring 

Sampling, Labor 

Analysis 

Data handling/report ing 

2 x 1 2  w e l l s  x $800 = 19,200 

Inspect ion and repor t ing  2 x $ 500 

Grass mowing 2 x 3 00 

Patching,  f e r t i l i z e r ,  e t c .  

TOTAL $28,00O/year 

NOTES : 

o Groundwater sampling and inspection/maintenance t o  be performed 

by Radford AAP personnel.  

o Groundwater a n a l y s i s  t o  be performed by an independent o r  USAEHA 

laboratory .  

o It is assumed t h a t  t h e  groundwater monitoring equipment 

(dedicated  w e l l  samplers, a i r  compressor, c o n t r o l l e r ,  water 

l e v e l  i n d i c a t o r ,  etc. 1 w i l l  be purchased and i n s t a l l e d  a s  p a r t  

of Compliance Monitoring Program. 

o During the  t i m e  per iod t h a t  Compliance Monitoring w i l l  be 

required  a t  the  sites, t h e  d a t a  from Compliance Monitoring can 

s a t i s f y  t h e  needs f o r  Post-Closure groundwater monitoring. 

Therefore, the  groundwater monitoring c o s t s  shown w i l l  n o t  be 

expended during t h i s  t i m e  period. 



t h a t  t he  Compliance Monitoring w i l l  be conducted f o r  s eve ra l  years  a f t e r  

c losure  of the  f a c i l i t i e s .  During t he  Compliance Monitoring per iod,  no 

add i t i ona l  post-closure groundwater monitoring should be required.  

Also, Radford AAP may consider  t h e  merits of nego t ia t ing  with the  S t a t e  

f o r  cessa t ion  of post-closure groundwater monitoring a t  HWM 5 and HWM 7 

once the  groundwater q u a l i t y  s t a b i l i z e s  . Since no s i g n i f i c a n t  l e v e l s  of 

contaminants would be p r e sen t  upon c losure  of these  su r f ace  

impoundments, s o i l  ana ly s i s  d a t a  ( t o  be ava i l ab l e  a f t e r  c l o su re )  and 

improving groundwater q u a l i t y  may demonstrate t h a t  no f u r t h e r  monitoring 

is  necessary. 

The annual  post-closure c o s t  i s  est imated a t  about $28,000 with 

about 90 percent  of t h i s  a t t r i b u t e d  t o  groundwater monitoring. When 

pos t -c losure  groundwater monitoring is  no t  required,  t he  annual c o s t  of 

inspec t ion  and maintenance i s  est imated t o  be about $3,000. 

8.2 CLOSURE SCHEDULE 

The c l o s u r e  schedule a s  cu r r en t l y  envisioned,  including the 

engineer ing and design t asks ,  i s  presented i n  Figure 8.1. The 

const ruct ion documents w i l l  be completed by e a r l y  December 1985 under 

t h i s  plan. A con t rac to r  f o r  the const ruct ion of the  replacement tanks 

can be s e l ec t ed  i n  two months and the  replacement tanks w i l l  be ready i n  

f i v e  months once the  p r o j e c t  funding is provided. 

Following the completion of t he  replacement tanks,  Radford AAP can 

comple te  s i t e  p r e p a r a t i o n  i n  one month. By t h i s  t i m e  t h e  c l o s u r e  

c o n s t r u c t i o n  documents shou ld  have been reviewed by t h e  S t a t e ,  a 

con t rac to r  f o r  c losure  const ruct ion se lec ted ,  and c losure  cons t ruc t ion  

equipment mobilized. Thus, the  c losure  const ruct ion could be s t a r t e d  i n  

s i x  months a f t e r  the  p r o j e c t  funding. The t o t a l  c losure  const ruct ion,  

including vegetat ion of t he  f i n a l  cover system, would take  about four  

months. The sampling and ana ly s i s  program may be performed i n  p a r a l l e l  

with o ther  const ruct ion a c t i v i t i e s  with l i t t l e  i n t e r f e r ence  with o the r  

major a c t i v i t i e s .  This i s  because t he  sampling should be performed 
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a f t e r  the s o i l  treatment and prior t o  backf i l l ing  o f  the impoundments 

while the treated s o i l  i s  being cured. The f i n a l  a c t i v i t y  or seeding o f  

grass w i l l  take place i n  nine months and the overa l l  closure construct- 

ion  can be completed within 10 months a f t e r  the project  funding i s  

provided. 
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SECTION 9 

SUMMARY AND RECOMMENDATIONS 

9.1 SUMMARY 

Groundwater Assessment 

The r e s u l t s  of the  Phase I Groundwater Quali ty Assessment Program 

(under t he  Section 9 Standards) conducted f o r  the  Radford AAP hazardous 

waste management f a c i l i t i e s  i nd i ca t e  t h a t  groundwaters i n  t he  v i c i n i t y  

of HWM Nos. 5, 7 and 16 have been degraded. A Compliance Monitoring 

Program (under Section 10.6 of the  Virginia  Regulat ions) is t o  be imple- 

mented f o r  HWM 5 and HWM 7 t o  c l o se ly  monitor t h e  na tu re  and impact of 

groundwater contamination. An add i t iona l  groundwater i nves t i ga t i on  i n  

t he  v i c i n i t y  of t h e  TNT neu t r a l i z a t i on  sludge d i sposa l  s i t e  is a l s o  

planned. A co r r ec t i ve  ac t i on  program, under t h e  Section 10 Standards,  

may be required by t h e  S t a t e  t o  c lean  up contaminated groundwater i n  t h e  

f u t u r e ,  bu t  the  nature  and ex t en t  of t he  contamination combined with the  

f a c t  t h a t  t he r e  a r e  no downgradient u se r s  of the  groundwater suggest  

t h a t  t h i s  i s  unlikely.  These groundwater p ro t ec t i on  programs would be 

conducted independently of c losure  plans  f o r  the  Radford AAP hazardous 

waste management f a c i l i t i e s .  With known groundwater contamination, it 

is unl ikely  t h a t  removal of l i q u i d ,  waste sediment and appurtenant 

s t r u c t u r e s  from HWM 5 and HWM 7 could warrant  t he  c losure  of these  

f a c i l i t i e s  a s  nonhazardous. 

Closure Method f o r  Surface Impoundments 

The waste l i qu id s  from HWM 5 and HWM 7 w i l l ' b e  neu t ra l i zed  and 

drained. The s u r f i c i a l  wastes i n  HWM 5 w i l l  be removed, d r i e d  and 

disposed i n  HWM 16. The sediment i n  HWM 5 w i l l  be removed and f l ashed  

t o  des t roy poss ible  NC f i n e s  p r i o r  t o  d i sposa l .  The major i s s u e  i n  

c los ing  these  sites is focused on t he  contaminated s o i l  underneath t h e  

sur face  impoundments. Three a l t e r n a t i v e s  a r e  ava i l ab l e  f o r  t h e  

contaminated s o i l :  o f f s i t e  d isposal ;  t rea tment ;  and in-place c losure .  



O f f s i t e  d i s p o s a l  i n v o l v e s  an e x c e s s i v e l y  h igh  c o s t  a t  no  s u b s t a n t i a l  

b e n e f i t  i n  terms of o v e r a l l  envi ronmenta l  p r o t e c t i o n .  Once t h e  s o u r c e  

of  contamina t ion  (acidic wastewater  i n  t h e  impoundments) i s  removed a t  

c l o s u r e ,  t h e  p o t e n t i a l  o f  f u t u r e  envi ronmenta l  deg rada t ion  due t o  t h e  

i n -p l ace  contaminated so i l  should  be  i n s i g n i f i c a n t .  Furthermore,  major 

excava t ion  and t r a n s p o r t a t i o n  a c t i v i t i e s  i nvo lved  i n  t h e  o f f  s i t e  d is -  

posal a l t e r n a t i v e  p r e s e n t  n e g a t i v e  impacts  such as d i s t u r b a n c e ,  s p i l l  

and p o t e n t i a l  a c c i d e n t s .  

The t r e a t m e n t  a l t e r n a t i v e  h a s  m e r i t  as part of a d i s p o s a l  o p t i o n  

( i n c l u d i n g  in -p l ace  c l o s u r e  ) because it can  reduce  t h e  n e g a t i v e  impacts  

on t h e  environment. Because t h e  s u r f a c e  impoundments are u n l i n e d  (HWM 5 

w a s  u n l i n e d  be fo re  1980) and because o f  u n c e r t a i n t i e s  i nvo lved  i n  t h e  

t r e a t m e n t  o f  contaminated so i l ,  it i s  l i k e l y  t h a t  a f i n a l  cove r  system 

and pos t - c lo su re  groundwater moni tor ing  would be r e q u i r e d  a f t e r  treat- 

ment. Thus, t h e  t r e a t m e n t  a l t e r n a t i v e  would l i k e l y  i n c l u d e  a l l  major 

a c t i v i t i e s  r e q u i r e d  f o r  t h e  i n -p l ace  c l o s u r e .  

The in -p l ace  c l o s u r e  a l t e r n a t i v e  i n v o l v e s  removal o f  a l l  s u r f i c i a l  

wastes and contaminated material i n  HWM 5 because of  t h e  p re sence  of  

n i t r o c e l l u l o s e  f i n e s ,  t r e a t m e n t  of sediments  and s u b s o i l  t o  t h e  e x t e n t  

neces sa ry  t o  s u p p o r t  a cove r  system, b a c k f i l l i n g  t h e  impoundment, i n -  

s t a l l a t i o n  of a f i n a l  cove r  system and p o s t - c l o s u r e  care. The impact  of 

t h e  i n -p l ace  contaminated s u b s o i l  on t h e  groundwater  q u a l i t y  should  be 

minimal s i n c e  t h e  major contamina t ion  s o u r c e  i s  removed; t h e  remain ing  

contaminants  i n  t h e  s u b s o i l  are l imited i n  q u a n t i t y ;  no downgradient  

water s u p p l y  w e l l s  e x i s t ;  a n d  t h e  d i l u t i o n  f a c t o r  p r o v i d e d  by  t h e  

groundwater  f lowing  i n t o  t h e  New River  i s  v e r y  high. I n  a d d i t i o n ,  t h e  

n a t u r e  of  t h e  groundwater contamina t ion  i l . , low pH and e l e v a t e d  

metals sometimes exceeding  t h e  d r i n k i n g  water s t a n d a r d s )  i s  n o t  s e r i o u s  

a t  t h i s  t i m e  and w i l l  be improved a f t e r  c l o s u r e  by a d s o r p t i o n  of  metals 

on t h e  s u b s o i l  and d i l u t i o n  i n  t h e  groundwater.  The c l o s u r e  cons t ruc -  

t i o n  s h o u l d  b e  r e l a t i v e l y  simple a n d  t h e  o v e r a l l  c o s t ,  e v e n  w i t h  
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post-closure c o s t  considered,  is moderate. Thus, it is concluded t h a t  

t h e  in-place c losure  method is the  most cos t -e f fec t ive  and environ- 

mental ly acceptable  s o l u t i o n  t o  t h e  c l o s u r e  of t h e  s u r f a c e  impoundments. 

Closure Method f o r  Hazardous Waste L a n d f i l l  

Although t h e  groundwater i n  t h e  v i c i n i t y  of t h e  HWM 16 s i t e  is 

contaminated, t h e r e  is  l i t t l e  evidence t h a t  HWM 16 is t h e  source of t h i s  

contamination. Ins tead ,  t h e  TNT n e u t r a l i z a t i o n  s ludge d i s p o s a l  t r ench  

appears t o  be a source  f o r  some of t h e  contamination based on t h e  na tu re  

of wastes and its loca t ion ,  about  300 f e e t  upgradient  from HWM 16. An 

a d d i t i o n a l  i n v e s t i g a t i o n  i s  planned by Radford AAP t o  confirm t h i s  

p o s s i b i l i t y .  I f  it is known t h a t  t h e  hazardous waste c o n s t i t u e n t s  i n  a 

hazardous waste l a n d f i l l  a r e  escaping o r  l i k e l y  t o  escape from t h e  

c losed f a c i l i t y ,  r ed i sposa l  ( o f f s i t e  o r  o n - s i t e )  of t h e  waste could be 

considered a s  one of t h e  a l t e r n a t i v e s .  Otherwise, in-place c l o s u r e  is  

normally requi red  by t h e  r egu la t ions  and i s  t h e  most c o s t - e f f e c t i v e  

method. Such is t h e  case  a t  HWM 16 where in-place c l o s u r e  i s  recom- 

mended. The in-place c l o s u r e  of HWM 16 invo lves  i n s t a l l a t i o n  of a f i n a l  

cover system and providing pos t -c losure  c a r e  f o r  30 years. 

Cover System 

I f  a hazardous waste f a c i l i t y  i s  c losed  wi th  some wastes o r  con- 

taminated m a t e r i a l  i n  p l a c e  ( in-place c l o s u r e ) ,  a s  proposed f o r  t h e  

Radford AAP hazardous waste management f a c i l i t i e s ,  a f i n a l  cover system 

i s  requ i red  t o  minimize i n f i l t r a t i o n  of s u r f a c e  water.  The proposed 

cover system c o n s i s t s  of one f o o t  of t o p s o i l ,  one f o o t  of cover s o i l ,  a 

30-mil PVC membrane l i n e r  and a compacted s o i l  bedding l a y e r  wi th  a 

minimum thickness  of two f e e t .  Grass cover w i l l  be provided t o  minimize 

eros ion.  A multi-purpose crushed s tone  per imeter  w i l l  be i n s t a l l e d  f o r  

each of these  c losed  f a c i l i t i e s  t o  enhance t h e  performance of t h e  cover 

system. 



Cost and Schedule 

The t o t a l  c o s t  f o r  c l o s u r e  of t h e  Radford  AAP h a z a r d o u s  w a s t e  

f a c i l i t i e s  (HWM Nos. 5, 7, and 16) is es t imated a t  about  $320,000. 

Nearly one-half of t h e  c losure  cons t ruc t ion  c o s t  is assoc ia ted  with 

f i n a l  cover i n s t a l l a t i o n .  The annual post-closure c o s t  is  es t imated a t  

about  $28,000. Approximately 90 percent  of t h e  annual post-closure c o s t  

i s  needed f o r  groundwater monitoring. For t h e  f i r s t  s e v e r a l  years  of 

t h e  post-closure per iod,  t h e  Compliance Monitoring Program should 

s u f f i c e  f o r  t h e  post-closure groundwater monitoring. Since t h e r e  a r e  no 

reasons f o r  p e r s i s t e n t  groundwater degrdation a t  HWM 5 and HWM 7 a f t e r  

c losure ,  it i s  poss ib le  t h a t  Radford AAP may cease  groundwater moni- 

t o r i n g  through nego t ia t ion  wi th  t h e  S t a t e  once t h e  groundwater q u a l i t y  

s t a b i l i z e s .  Thus, t h e  t o t a l  post-closure c o s t  could be s i g n i f i c a n t l y  

less than what is required  f o r  t h e  normal 30-year post-closure period.  

The c u r r e n t  p r o j e c t  c o n t r a c t  c a l l s  f o r  completion of the  c l o s u r e  

design documents and s p e c i f i c a t i o n s  by e a r l y  December 1985. The selec- 

t i o n  of a con t rac to r ,  and bu i ld ing  the  replacement tanks  f o r  HWM 5 and 

HWM 7 should requ i re  approximately f i v e  months. The olosure  construc- 

t i o n  w i l l  fol low the  completion of the  cons t ruc t ion  of t h e  replacement 

tanks and would t ake  another  f i v e  months. I t  is est imated t h a t  a l l  

c losure  cons t ruc t ion  can be f i n i s h e d  wi th in  10 months a f t e r  t h e  p r o j e c t  

funding is  provided. 

9 2 RECOMMENDATIONS 

I t  i s  recommended t h a t  HWM si tes  5 ,  7 ,  and 16 be c l o s e d  by a n  

in-place c l o s u r e  method and t h a t  post-closure c a r e  be provided. To 

f a c i l i t a t e  t h e  c losure  and post-closure p lans  a s  presented i n  t h i s  

r e p o r t ,  it is recommended t h a t  t h e  opera t ion  of HWM 7 and HWM 16 be 

m o d i f i e d  s l i g h t l y  between now and c l o s u r e .  A t  t h e  HWM 7 s i t e ,  i t  

appears t h a t  surges  of a c i d i c  wastewater between scheduled n e u t r a l i -  

z a t i o n  may cause some a c i d i c  waste t o  migrate i n t o  t h e  immediate sur-  

roundings and r e s u l t  i n  low pH and e levated  metal concentra t ions  i n  



groundwater. More frequent neut ra l iza t ion  (or  adding lime beforehand) 

i s  recommended t o  a l l e v i a t e  the  contamination of groundwater, which 

could lead t o  a shor te r  post-closure groundwater monitoring program. 

Each time a batch of waste is  disposed i n  HWM 16, an inter im s o i l  

cover is required t o  i s o l a t e  the  wastes from the environment. Cover 

s o i l ,  ra ther  than wastes, could c o n s i t i t u t e  a s ign i f i can t  portion of the  

t o t a l  f i l l e d  volume i n  HWM 16. The current  closure plan c a l l s  f o r  

disposal  of some closure-related wastes ( e  . g. , cover sand and removed 

l i n e r  from HWM 5 )  i n  HWM 16. To a s s u r e  t h a t  a l l  r e g u l a r  and c l o -  

sure-related wastes can be disposed i n  the l imited remaining space of 

HWM 16, the  volume of the  cover s o i l  i n  HWM 16 should be minimized. 

This can be achieved by disposal  of wastes i n  l a rge r  batches ( a f t e r  a 

ce r t a in  period of temporary s torage)  o r  using a temporary cover (e.g., 

p l a s t i c  shee t s )  a t  HWM 16. 
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SECTION 1 

PURPOSE 

The purpose of t h i s  p lan i s  t o  provide an overview of t he  c r i t i c a l  

s a f e t y  i s sue s  associa ted w i t h  t h e  s e l ec t ed  in-place c losure  method a s  - 
presented i n  the  Engineering Analysis Report. Also provided a r e  general  

gu ide l ines  f o r  e s t ab l i sh ing  personnel p ro tec t ion  standards and mandatory 
A 

- s a f e t y  p r ac t i c e s  and procedures f o r  t he  in-place c losure  method. The 

s p e c i f i c  s a f e t y  p r ac t i c e s  and procedures t o  be used during t h e  c losure  

of Hazardous Waste Management (HWM) f a c i l i t i e s  Nos. 5, 7 and 16 a t  the  

Radford Army Ammunition Plant  (Radford AAP) w i l l  be provided i n  d e t a i l  

a s  p a r t  of the  Construction Document f o r  closure.  Safe ty  p r ac t i c e s  and 

procedures required t o  implement t he  sampling phase of t h e  c losure  

Program w i l l  be addressed i n  t h e  Sampling Analysis and Qual i ty  Control  

Program Document. 



SECTION 2 

APPLICABILITY 

The provisions of this Safe ty  Plan a r e  mandatory f o r  a l l  on-s i te  

inves t iga t ions  and c losure  a c t i ons  performed on-s i te  a t  t h e  Radford Army 

Ammunition P l an t  (Radford AAP). A l l  con t rac to rs  re ta ined  to implement 

t he  c losure  p lan  f o r  t h e  Radford HWM f a c i l i t i e s  must abide by a l l  s a f e t y  

p r ac t i c e s  and procedures ou t l ined  f o r  t h e i r  s p e c i f i c  p r o j e c t  tasks .  A l l  

personnel who engage i n  the Hazardous Waste Management Closure Program 

a t  t he  Radford AAP s h a l l  be f ami l i a r  with t h i s  p lan  and comply with i ts 

requirements. 



SECTION 3 

SITE LOCATION 

The Radford AAP is located i n  Pulaski  and Montgomery Counties i n  

southwestern Virginia ,  approximately e i g h t  ( 8 )  miles northwest of t h e  

Ci ty  of Radford . The p l a n t  is a government-owned , contractor-operated 

(GOCO) ammunition ingred ien t  manufacturing f a c i l i t y .  

Presented i n  Figure 3-1 is the  f a c i l i t y  s i t e  p lan  f o r  the Radford 

AAP. The loca t ion  of the Hazardous Waste Management (HWM) f a c i l i t i e s  

(Nos. 5, 7 and 16) t h a t  a r e  t o  be removed from se rv i ce  a t  t he  Radford 

AAP a r e  shown on this p l a n t  map. A l l  of these  HWM f a c i l i t i e s  a r e  wi thin  

t he  p l a n t ' s  perimeter. I t  should be noted t h a t  t he  New River b i s e c t s  

the Radford AAP property and HWM 16 is located on t he  northern por t ion  

of the  p l a n t  property.  

The Radford AAP is secured by a r t i f i c i a l  b a r r i e r s  t o  prevent  un- 

known o r  unauthorized entry .  The p l a n t  perimeter  is surrounded by a 

s ix-foot  chain  l i n k  fence with a three-strand barbed w i r e  top  guard. 

The access ga t e s  and perimeter  fencing a t  t h e  Radford AAP a r e  posted 

with "No Trespassingn s igns .  These s igns  a r e  posted i n  s u f f i c i e n t  

number s o  a s  t o  be seen from any approach t o  t h e  r e s t r i c t e d  por t ion  of 

the  p lan t .  

The Radford AAP h a s  i n  e f f e c t  a s e c u r i t y  program whereby a l l  

v i s i t i n g  p e r s o n n e l  must  r e q u e s t  c l e a r a n c e  p r i o r  t o  be ing  a d m i t t e d  

on-site. A l l  subcontractors a r e  a l s o  required t o  s i g n  i n  when en te r ing  

t he  r e s t r i c t e d  por t ion  of the  Radford AAP. A l l  subcontractors  re ta ined  

t o  conduc t  t h e  c l o s u r e  of t h e  HWM f a c i l i t i e s  a r e  t o  adhe re  t o  t h e  

s ecu r i t y  procedures t h a t  a r e  i n  use a t  t he  Radford AAP. 
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SECTION 4 

BACKGROUND 

P r e s e n t e d  i n  t h i s  s e c t i o n  is  a g e n e r a l  s i te  d e s c r i p t i o n  f o r  each of  

t h e  HWM f a c i l i t i e s  (NOS. 5,  7 and 16)  t h a t  are t o  be c l o s e d  a t  t h e  

Radford AAP. A d i s c u s s i o n  of  the phys ica l ,  and chemical  subs t ances  

i d e n t i f i e d  a t  each  of  t h e s e  sites a r e  a l s o  provided. A p rocess  f low 

diagram of t h e  HWM f a c i l i t i e s  a t  t h e  Radford AAP i s  p resen ted  i n  F igure  

4.1. This  f i g u r e  shows t h e  f low r e l a t i o n s h i p  between f a c i l i t i e s  Nos. 5 

and 7 and o t h e r  Radford HWM f a c i l i t i e s .  

HAZARDOUS WASTE MANAGEMENT SITE NO. 5 

S i t e  D e S c r i ~ t i o n  

HWM 5 i s  a s u r f a c e  impoundment l o c a t e d  wi th in  t h e  Radford AAP. HWM 

5 s e r v e s  a s  a hold ing  b a s i n  f o r  runof f ,  s p i l l  and washdown waters from 

a n  a c i d  tank  farm. The dimensions o f  t h e  impoundment are shown i n  

F igure  4.2. The impoundment is  approximately 150 f e e t  by 100 f e e t  a t  

t h e  c r e s t  e l e v a t i o n  of t h e  d i k e ,  and i s  approximately 10 f e e t  deep  wi th  

s i d e  s l o p e s  of 30 t o  40 degrees.  The dep th  of t h e  a c i d i c  water i s  

normally 2 t o  4 f e e t  f o r  a t o t a l  volume o f  about  143,600 t o  300,000 

ga l lons .  HWM 5 has  been i n  u s e  s i n c e  t h e  mid-70's. The b a s i n  w a s  l i n e d  

i n  1981 wi th  Hypalon of 60 m i l s  i n  t h i ckness .  The bottom l i n e r  is 

covered wi th  about  12 inches  of sand, and t h e  s i d e s  a r e  covered wi th  

approximately 6 inches  of sand and g r a n i t e  r i p r a p ,  r e s p e c t i v e l y  (CH M 
2 

H i l l ,  J u l y  1984). The compa tab i l i t y  of t h e  Hypalon l i n e r  wi th  t h e  

a c i d i c  water  h a s  been r a t e d  a s  "good" according  t o  a p rev ious  r e p o r t  

(Wyss e t  a1 , September 1980). 

A s  i l l u s t r a t e d  i n  F igure  4.1, t h e  e f f l u e n t  from HWM 5 i s  discharged  

t o  an  e q u a l i z a t i o n  b a s i n ,  HWM 4. The e f f l u e n t  is conveyed v i a  a sub- 

s u r f a c e  g r a v i t y  p ipe .  The e f f l u e n t  from HWM 4 i s  t r e a t e d  by lime s l u r r y  

n e u t r a l i z a t i o n  and a s e t t l i n g  lagoon p r i o r  t o  d i scha rge  t o  t h e  N e w  River  

under NPDES Permit  No. VA 0000248. 
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Figure 4.1 - ~ 
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FIGURE 4.2 

Hazardous Waste Management Facility 5 
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Waste Character iza t ion 

The impoundment's i n f l u e n t  cons i s t s  of rainwater runoff and var ious  

s t r eng th s  and mixtures of n i t r i c  and s u l f u r i c  ac ids .  An ana ly s i s  of 

i n f l u e n t  water taken during low flow i n  1981 ind ica ted  t h a t  t h e  i n f l u e n t  

wastewater contained low concentra t ions  of s eve ra l  heavy metals  ( no t  

hazardous because of EP t o x i c i t y ) .  

The lagoon water is c l a s s i f i e d  a s  a hazardous waste because of i t s  

co r ro s iv i t y .  The pH of the  lagoon's  i n f l u e n t  when t e s t ed  i n  1981 was 

1.5 which c l a s s i f i e s  the  lagoon's water a s  a cor ros ive  hazardous waste 

(pH below 2.0 o r  above 12.5). 

The accumulated s o l i d s  t h a t  have s e t t l e d  above t he  hypalon l i n e r  

system i n  HWM 5 have not  been sampled and analyzed t o  determine i f  

con t aminan t s  ( heavy  m e t a l s )  a r e  p r e s e n t .  Based on t h e  a n a l y t i c a l  

t e s t i n g  (EP t o x i c i t y )  of lagoon i n f l u e n t  previously  discussed,  t he  

accumulated s o l i d s  a r e  not  l i k e l y  t o  conta in  heavy metals  i n  concen- 

t r a t i o n s  t h a t  would render t he  s o l i d s  hazardous. However, no o the r  da t a  

on the  lagoon's i n f l u e n t  a r e  ava i l ab le  t o  determine the  ex t en t  of con- 

tamination a t  HWM 5. 

Process wastewater conta ining low concentra t ions  of n i t r o c e l l u l o s e  

(NC)  were previously conveyed t o  HWM 5 from the  ac id  screen house lo-  

ca ted on-si te a t  t he  Radford AAP. I n  t h e  f a l l  of 1983, t h i s  p r a c t i c e  

was discontinued and t he  pipe  conveying t h i s  waste stream was re located.  

Current ly ,  t h e  waste stream i s  discharged t o  t he  bo i l ing  tub  s e t t l i n g  

p i t  f o r  recycl ing (Webb, December 1984). 

Ana ly t i c a l  t e s t i n g  t o  determine t he  concentra t ion of NC i n  t he  

accumulated s o l i d s  a t  HWM 5 has not  been conducted t o  da te .  Several  

o ther  ac id  waste lagoons t h a t  receive  s i m i l a r  waste streams have been 

t e s t ed  t o  determine t h e  concentra t ion of NC i n  t h e i r  accumulated so l i d s .  

Microscopic examination of sludge samples from these  lagoons found NC i n  

concentra t ions  of less than one percent .  According t o  r e a c t i v i t y  test  

c r i t e r i a  sludges conta ining less than 26 percent  NC a r e  non-reactive 

when NC is the  only r eac t i ve  cons t i t uen t  present .  Analyses f o r  o the r  



explosive mate r ia l s  including n i t rog lycer in  and d in i t r og lyce r i n  showed 

very low NC concentra t ions  (nondetectable,  o r  less than one percen t )  i n  

t he  lagoon sludges. These r e s u l t s  i nd i ca t e  t h a t  it is un l ike ly  t h a t  t h e  

s o l i d s  i n  HWM 5 a r e  r e ac t i ve  s i nce  very low concentrat ions of NC were 

found i n  o ther  waste lagoons t h a t  a r e  used f o r  s im i l a r  purposes a t  t h e  

Radford AAP. 

HAZARDOUS WASTE MANAGEMENT SITE NO. 7 

S i t e  D e s c r i ~ t i o n  

HWM 7 is  an unlined sur face  impoundment located wi thin  t h e  Radford 

AAP. HWM 7 se rves  a s  a holding and neu t r a l i z a t i on  bas in  f o r  s p i l l s  and 

washdown waters from an ac id  (oleum) tank farm and d a i l y  production of 

waste caus t i c .  The a r ea  dimensions of t he  lagoon a r e  160 f e e t  by 90 

f e e t  and i t s  depth is  10 f e e t  with s i d e  s lopes  of 45 degrees (Figure  

4.3). The lagoon is equipped with two bottom a i r  d i f f u s e r s  t o  provide 

mixing when l i m e  is added t o  render t h e  a c i d i c  wastes neu t ra l .  

The n e u t r a l i z e d  e f f l u e n t  from HWM 7 i s  pumped t o  an unlined holding 

bas in  (No. 7A) p r i o r  t o  being discharged t o  SWM 9 f o r  s e t t l i n g .  In  some 

cases ,  however, the  e f f l u e n t  from HWM 7 i s  discharged v i a  a temporary 

sur face  pipe system d i r e c t l y  t o  SWM 9 (Figure 4.1). After  s e t t l i n g ,  t h e  

e f f l u e n t  from SWM 9 is discharged t o  t he  New River under NPDES Permit 

NO. VA0000248. 

Waste Character iza t ion 

The HWM 7 i n f l u e n t  conta ins  waste s u l f u r i c  ac id  and c a u s t i c s  from 

the  production of oleum. According t o  EP t o x i c i t y  analyses conducted on 

t he  lagoon water and sediment, s eve r a l  heavy metals  were de tec ted  bu t  i n  

very low concentra t ions  e l  nonhazardous). The pH of t h e  lagoon 

water was 11.4 when t he  ana ly s i s  was conducted, which is  a l s o  c l a s s i f i e d  

a s  nonhazardous. However, t he  pH of t he  lagoon's  i n f l u e n t  is  known t o  

f l u c t u a t e  (below 2.0 and above 12.51, thereby c l a s s i f y i n g  t he  wastewater 

a s  a cor ros ive  substance. 

4-5 
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FIGURE 4.3 

Hazardous Waste Management Facility 7 
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A s  with HWM s i t e  5, t h e  accumulated s o l i d s  i n  HWM 7 have no t  been 

analyzed t o  determine i f  r e ac t i ve  cons t i t uen t s  a r e  present .  However, 

according t o  Radford AAP personnel ,  wastewaters discharged t o  HWM 7 i n  

t he  p a s t  i n  t he  form of washdown waters from the  ac id  tank farm d id  no t  

conta in  NC (Webb, December 1984). Therefore, it is un l ike ly  t h a t  NC is 

presen t  i n  concentra t ions  t h a t  could render t he  s o l i d s  react ive .  

HAZARDOUS WASTE MANAGmENT SITE NO. 16 

S i t e  Descript ion 

HWM 16 is a hazardous waste l a n d f i l l  t rench located ad jacen t  t o  a 

s a n i t a r y  l a n d f i l l  (Permit No. 401 a t  the  Radford AAP. These d i sposa l  

f a c i l i t i e s  began operat ions  i n  1980 and 1976, respect ively .  HWM 16 

c o n s i s t s  of a trench 400 f e e t  by 60 f e e t  (measured a t  t he  surf  ace  , a s  

depicted i n  the  p l o t  p lan of HWM 16 and t h e  s a n i t a r y  l a n d f i l l  (Figure  

4.4). The depth of the  l a n d f i l l  t rench ranges between 10 and 14 f e e t .  

The capac i ty  of HWM 16 is about 6000 cubic yards,  of which 70 percent  i s  

f i l l e d  a s  of December, 1984. The bottom of t h e  trench c o n s i s t s  of s o i l  

which was compacted t o  ob ta in  a permeabil i ty of no more than 1 x 

Waste Character iza t ion 

The Radford AAP generates  a va r i e t y  of wastes t h a t  a r e  disposed i n  

the  on-s i te  hazardous waste l a n d f i l l  t rench (HWM 16).  Presented i n  

Table 4.1 i s  a l is t  of the  r e ac t i ve  and cor ros ive  mate r ia l s  t h a t  a r e  

u l t imate ly  disposed i n  HWM 16 following treatment. The waste mate r ia l s  

presented a r e  generated from Radford AAP a c t i v i t i e s  including t he  in-  

c i n e r a t i o n  o r  waste  p r o p e l l a n t s ,  and d i s p o s a l  of l a b o r a t o r y  was t e  

chemicals and mater ia ls .  

The r a t e  of generation of wastes t o  be l a n d f i l l e d  was approximately 

625 cubic yards pe r  year. From 1980, when use of HWM 16 f i r s t  began, t o  

August 1983, approximately 1270 tons  of ash and 684 tons  of sludge were 

placed i n  HWM 16 (USAEHA, 3-5 October 1983). A s  of December 1984, 

app rox ima te ly  4200 c u b i c  y a r d s  of was te  had been d i s p o s e d  i n  t h e  

l a n d f i l l .  
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Figure 4 .4  

RADFORD AAP 
HAZARDOUS WASTE MANAGEMENT SITE 16 

SOURCE: U .S. ARMY ENVIRONMENTAL HYGIENE AGENCY 



TABLE 4.1 

SUMMARY D E S C R I P T I O N  O F  WASTES THAT ARE OPEN-BURNED 
P R I O R  T O  D I S P O S A L  I N  HWM 16  

PHYS I C A L  HAZARD EPA HAZARD 
WASTE FORM D E S C R I P T I O N  NUMBER 

N i t r o c e l l u l o s e  Sol id  R e a c t i v e  D O 0 3  

Laboratory Solid,  
explosive w a s t e s  L i q u i d  

C o r r o s i v e  

Waste propellant Solid R e a c t i v e  D O 0 3  

NG s l u m s  Sludge R e a c t i v e  D O 0 3  

Explosive 
c o n t a m i n a t e d  
w a s t e  

So l id  R e a c t i v e  D O 0 3  

Source : USAEHA ( D e c e m b e r  1 981 ) 



Presented i n  Table 4.2 is  a summary of t he  wastes disposed i n  HWM 16. 

1t should be noted t h a t  the  ash from waste p rope l lan t  i nc ine r a t i on  and 

res idue from explosive contaminated waste burning a r e  l i s t e d  a s  r e ac t i ve  

wastes. This information i s  based on the  assumption t h a t  r es idues  from 

t h e  treatment of reac t ive  wastes a r e  considered r eac t i ve  hazardous waste 

u n t i l  proven otherwise (USAEHA, 1981). Since HWM 16 began d i sposa l  

operat ion i n  1980, wastes charac te r ized  a s  r e ac t i ve  (Table 4.1) were 

inc inera ted  o r  open burned p r i o r  t o  d i sposa l  i n  t h e  l a n d f i l l  t o  render 

them non-reactive. Reac t iv i ty  test  methods including thermal s t a b i l i t y ,  

unconfined burning, No. 8 b l a s t i n g  cap and t he  impact test  were used t o  

analyze p o t e n t i a l l y  r e ac t i ve  sludges p r i o r  t o  d i sposa l  i n  HWM 16 This 

t e s t i n g  determined t h a t  the  l a n d f i l l e d  sludges were non-reactive. 

Present ly ,  these  sludges a r e  no t  disposed i n  t he  l a n d f i l l .  Analysis by 

t he  Radford AAP laboratory  of ash  and res idues  from the  i nc ine r a t i on  and 

open burning of waste p rope l lan t s  u t l i z i n g  t h e  USEPA approved r e a c t i v i t y  

t e s t i n g  methods (i.e., Bureau of Mines Gap Test  and Deflagration/Deto- 

nat ion Transi t ion (DOD) Tes t  determined t h a t  these  mate r ia l s  were 

non-reactive. The ash and res idues  t h a t  were analyzed and found t o  be 

non-reactive a r e  s im i l a r  t o  t he  wastes l a n d f i l l e d  p r i o r  t o  r e a c t i v i t y  

t e s t i n g  performed us ing t he  USEPA approved methods. 

Presented i n  Table 4.3 a r e  EP t o x i c i t y  r e s u l t s  f o r  s eve ra l  ash 

res idues  disposed i n  HWM 16. These 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  t h a t  

with t he  exception of lead concentrat ions of the  p rope l lan t  burning 

ground ash,  none of t he  res idues  conta in  concentra t ions  of heavy metals  

t h a t  would c l a s s i f y  t he  waste a s  hazardous (USAEHA, 1981). However, 

t h i s  determination i s  based on one sampling event  conducted i n  1981 and 

may not  be represen ta t ive  of the  waste res idues  p resen t ly  disposed i n  

t h e  l a n d f i l l .  According t o  Radford personnel ,  various l abora to ry  waste 

chemicals and mate r ia l s  w e r e  a l s o  disposed i n  HWM 16. A sampling and 

ana ly s i s  program w i l l  be conducted during t h e  c losure  of HWM 16 t o  

f u r t h e r  document t h e  nature  of wastes i n  HWM 16. 
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TABLE 4.2 

SUMMARY DESCRIPTION OF WASTES DISPOSED I N  HWM 16 

Rate  Of 
 ene era t i o n a  phys ica la  Hazard EPA Hazarda 

( t o n s  /yr  ) Form D e s c r i p t i o n  Number 

Ash from waste unknown s o l i d  r e a c t i v e  , DO03 
p r o p e l l a n t  
i n c i n e r a t i o n  

Residue from unknown s o l i d  r e a c t i v e  A D003, 
waste p r o p e l l a n t  EP t o x i c  DO08 
burn ing  

Residue from 
e x p l o s i v e  

contaminated 
waste burn ing  

SAR area fume 
bu rne r  a s h  

Sludge from 
neut .  o f  SAR 
p rocess  water  

200 s o l i d  r e a c t i v e  DO03 a 

0. 1 s o l i d  

unknown s ludge  

Sludge from unknown s ludge  
neu t  . of n i t r o -  
c e l l u l o s e  mf g 
a c i d  p roces s  
water 

Sludges from 
Biop lan t  , 
Bui ld ing  470, 
and NG 2 
P re t r ea tmen t  
Bu i ld ing  941 0 

s ludge  

a 
nonhazardous -- 

nonhazardous 
b -- 

non- -- 
hazardous c t d t e  

a 
USAEHA (December 1 981 1 
Eving (15  January  1982) 

C 
E v e r e t t  ( 19 March 1982 ) 
E v e r e t t  ( 1 0 November 1 982 ) 

e J e n r e t t e  (18  November 1983) 



TABLE 4 3 

RESULTS OF ANALYSIS OF SOME WASTES 
DISPOSED I N  HWM 16 

Sample and Measurement (mg/l) 

Incinerator Ash from Contaminated Propellant 
Waste Propellant Burning Ground Burning Ground 

Parameter Incinerator Ash Ash 

-- - 

ND (Not Detected) 

ND 

0.092 

0.148 

3.4 

ND 

ND 

0.037 

Source: USAEHA (December 1981) 



SECTION 5 

CLOSURE PROCEDURES 

Provided i n  t h i s  s ec t i on  i s  a b r i e f  d i scuss ion  of t h e  c losure  proce- 

dures  t h a t  a r e  presented i n  t h e  Engineering Report. These d i scuss ion  

s ec t i ons  address t he  c losure  of the  Hazardous Waste Management F a c i l i -  

t ies  (Nos. 5, 7 and 16) t h a t  a r e  t o  be removed from service .  The poten- 

t i a l  exposures and r i s k s  associa ted with these  c losure  methods a r e  

p r e s e n t e d  i n  S e c t i o n  6. The c l o s u r e  p r o c e d u r e s  p r e s e n t e d  h e r e i n  

include : 

o S i t e  preparat ion ( su r f ace  impoundments). 

o Demolition and cleanup ( sur face  impoundments). 

o Sediment and s o i l  t reatment ( su r face  impoundments). 

o Sampling, b a c k f i l l i n g  and cover system i n s t a l l a t i o n .  

SITE PREPARATION (SURFACE IMPOUNDMENTS) 

S i t e  preparat ion includes  a c t i v i t i e s  t o  be performed p r i o r  t o  i n i -  

t i a t i o n  of c losure  const ruct ion:  d ivers ion  of t h e  i n f l u e n t  t o  t he  new 

replacement tanks;  neu t r a l i z a t i on  of lagoon wastewater and o the r  a c id  

contaminated mater ia ls ;  d ra in ing  of l i qu id s ;  and f l ash ing  the  sediments 

removed from HWM 5 t o  render non-reactive NC f i n e s  t h a t  could be pre- 

s en t .  Because of t he  na tu re  of t he  work, handling of a c i d i c  l i q u i d s  and 

NC-laden sediments, it was decided t h a t  Radford AAP (Hercules, Inc.)  

would perform these  t asks  folowing the  s tandard s a f e t y  procedures 

required f o r  p l a n t  operat ions .  

DEMOLITION AND CLEANUP (SURFACE IMPOUNDMENTS) 

A s  an i n i t i a l  s t e p  t o  c lose  t he  sur face  impoundments, t h e  con t rac to r  

w i l l  remove a l l  appurtenant s t r u c t u r e s  such a s  the  pipes ,  manholes, 



t r o u g h ,  d e c a n t  p i p e s ,  a i r  d i f f u s e r  p i p e s  and gua rd  r a i l s .  Unless  

useable,  these  w i l l  be crushed and disposed i n  t h e  s a n i t a r y  l a n d f i l l .  

The g r a n i t e  r i p r ap  from HWM 5 w i l l  be salvaged and s to red  near t h e  HWM 5 

o r  HWM 16 site. The cover sand and Hypalon l i n e r  from HWM 5 w i l l  be 

removed and disposed i n  HWM 16. 

SEDIMENT AND SOIL TREATMENT (SURFACE IMPOUNDMENTS) 

The i n s i t u  treatment s t e p  i s  in tended t o  provide a s t a b l e  foundation 

f o r  b a c k f i l l i n g  and placement of t he  f i n a l  cover system within  t h e  

sur face  impoundments. This c losure  s t e p  requ i res  t h e  mechanical mixing 

of l i m e  k i l n  d u s t  (calcium oxide)  with t h e  s o i l s / s o l i d s  i n  the  sur face  

impoundments. Two f e e t  of mate r ia l  a t  HWM 5 and seven f e e t  of sediment 

and s o i l  a t  HWM 7 w i l l  be t r ea ted .  The l i m e  k i l n  d u s t  w i l l  e f f e c t i v e l y  

s o l i d i f y  the  s o i l s  and sediment i n  t h e  sur face  impoundments while a l s o  

ac t i ng  a s  a neu t ra l i z ing  agent. This s t e p  w i l l  a l s o  f a c i l i t a t e  access  

f o r  personnel  and equipment t o  a l l  a r e a s  of t h e  sur face  impoundments t o  

perform sampling and b a c k f i l l i n g  a c t i v i t i e s .  

SAMPLING, BACKFILLING AND COVER SYSTEM INSTALLATION 

Surface Immundments 

M a t e r i a l s  i n  t he  sur face  impoundments w i l l  be sampled a f t e r  t h e  

treatment s t e p  t o  determine t he  nature  of contamination i n  t he  subso i l s  

underlying t he  impoundments. Samples from t h r e e  borings t o  t he  ground- 

water t a b l e  w i l l  be co l l e c t ed  and analyzed f o r  pH and heavy metals. 

Following the  treatment and sampling s t e p s ,  t h e  su r face  impoundments 

w i l l  be backf i l l ed  and a cover system provided. 

HWM 16 w i l l  be c losed with wastes i n  p lace  a s  a hazardous waste 

f a c i l i t y .  To charac te r ize  t h e  landf i l l e d  wastes (i .e. res idues  from 

burning/incinerat ion and labora to ry  chemicals) and subsurface s o i l  

contamination, a sampling and ana ly s i s  program w i l l  be conducted a s  p a r t  



of s i t e  c l o s u r e .  T h i s  sampl ing  program w i l l  i n c l u d e  6 t o  1 2  s o i l  

bor ings ,  approximately t e n  (1 0 )  f e e t  i n t o  t h e  subso i l .  The waste ma- 

t e r i a l  w i l l  be sampled continuously,  composited and analyzed f o r  heavy 

metals ,  explos ives  and purgeable organics.  Three samples of t h e  sub- 

su r face  s o i l s  from each boring w i l l  a l s o  be c o l l e c t e d  and analyzed f o r  

heavy m e t a l s .  The s a m p l i n g  program a t  HWM 16 may be conduc ted  by 

Radford AAP p r i o r  t o  c losure  of t h e  f a c i l i t y .  

A l eacha te  c o l l e c t i o n  system w i l l  be i n s t a l l e d  underlying t h e  re- 

maining u n f i l l e d  s e c t i o n  of HWM 16. Following the  i n s t a l l a t i o n  of t h i s  

system, t h e  cover sand and l i n e r  m a t e r i a l  removed from HWM 5 w i l l  be 

disposed i n  the  l a n d f i l l .  The f i n a l  volume of hazardous wastes from t h e  

Radford AAP production opera t ions  a l s o  should be disposed i n  HWM 16 

p r i o r  t o  c losure  of the  f a c i l i t y .  Af ter  completion of d i s p o s a l  opera- 

t i o n s ,  the  e x i s t i n g  cover s o i l  i n  the  f i l l e d  s e c t i o n  of HWM 16 w i l l  be 

compacted and a f i n a l  cover system i n s t a l l e d  over t h e  e n t i r e  l a n d f i l l  

trench. The r i p r a p  salvaged from HWM 5 w i l l  be used t o  s t a b i l i z e  t h e  

sloped end (approximately 14 f e e t  high) located  a t  the  nor theas t  s i d e  of 

t h e  l a n d f i l l .  



SECTION 6 

POTENTIAL EXPOSURES AND RISKS 

The p o t e n t i a l  exposures and r i s k s  assoc ia ted  with the  c losure  of the  

Hazardous Waste Mangement f a c i l i t i e s  a t  t h e  Radf ord  AAP a r e  presented 

here in .  The s t e p s  required  t o  c l o s e  t h e  su r face  impoundments (HWM Nos. 

5 and 7 )  and t h e  hazardous waste l a n d f i l l  (HWM No. 16) are l i s t e d  below. 

For each s t e p  l i s t e d ,  a Qiscuss ion s e c t i o n  is provided which- addresses  

the  exposures and r i s k s  assoc ia ted  with each a c t i v i t y .  

o S i t e  Prepara t ion ( s u r f a c e  impoundments) 

o Demolition and Cleanup ( su r face  impoundments) 

o Sediment and s o i l  t rea tment  ( su r face  impoundments) 

o Sampling, b a c k f i l l i n g  and cover system i n s t a l l a t i o n  

The s i t e  p repara t ion  work w i l l  be conducted by Radford AAP 

( Hercules, Inc . fol lowing t h e  s tandard  s a f e t y  procedures required  f o r  

p l a n t  operat ion.  Therefore,  s a f e t y  i s s u e s  assoc ia ted  with t h e  s i t e  

p repara t ion  work a r e  no t  addressed i n  t h i s  plan.  

Summarized i n  Table 6.1 are t h e  p o t e n t i a l  r i s k s  and exposures t h a t  

a r e  assoc ia ted  with t h e  c l o s u r e  methods l i s t e d  above. The physica l  and 

chemical c o n s t i t u e n t s  t h a t  could p o t e n t i a l l y  be found a t  t h e  HWM sites 

dur ing c l o s u r e  a r e  presented i n  Table 6.2. For each c o n s t i t u e n t  l i s t e d ,  

t h e  p o t e n t i a l  hazard and acu te  e f f e c t  a s soc ia ted  with d i r e c t  c o n t a c t  t o  

these  c o n s t i t u e n t s  a r e  provided. 

The acu te  e f f e c t s  a s soc ia ted  with exposure t o  t h e  waste m a t e r i a l s  a t  

t h e  Radford HWM f a c i l i t e s  a r e  provided s i n c e  these  substances may come 

i n  d i r e c t  con tac t  with skin.  The p o t e n t i a l  exposures while conducting 

t h e  s i te  c losure  a c t i v i t i e s  ( l i s t e d  above) a r e  f o r  r e l a t i v e l y  s h o r t  

p e r i o d s  o f  t i m e  d u r i n g  t h e  c l o s u r e  a c t i v i t i e s .  None of t h e  a c u t e  

exposures l i s t e d  i n  Table 6.2 pose s e r i o u s  l i f e  th rea ten ing  s i t u a t i o n s .  



TABLE 6 1 

POTENTIAL EXPOSURES AND RISKS 

Act iv i ty  Po t en t i a l  Exposures 
and Risks 

Comments 

Demolition and 
cleanup ( sur face  
impoundments) 

Sediment and s o i l  
t rea tment  
( su r face  impoundments) 

Sampling and t e s t i n g  
( sur face  impoundments) 

Sampling and t e s t i n g  
(hazardous waste 
l a n d f i l l  t r ench)  

Exposure t o  p o t e n t i a l l y  
cor ros ive  subso i l  

Inhala t ion of l i m e  k i l n  
 US t. 

Exposure t o  p o t e n t i a l l y  
cor ros ive  subso i l  and 
lime k i l n  d u s t  

D r i l l i n g  i n t o  pockets 
of chemical wastes 

Leakage of a c i d i c  waste- 
water from pipe  and 
manhole may have 
contaminated s o i l s  

Lime k i l n  d u s t  w i l l  be 
mechanically spread and 
mixed 

The NC f i n e s  w i l l  be re- 
moved and inc inera ted  
p r i o  t o  beginning t h e  
sampling and anay l s i s  
program 

Laboratory wastes w e r e  
disposed i n  HWM 16 i n  
the  pas t .  Land f i l l  
wastes may conta in  
t r a c e  q u a n t i t i e s  of 
r e ac t i ve  cons ti- 
tuen t s  . 

RADFORD 2: 18/585 



TABLE 6.2 
POTENTIAL HAZARD AND ACUTE EFFECT OF PHYSICAL 

OR CHEMICAL CONSTITUENTS AT THE HWM FACILITIES 

HWM Physical  o r  Chemi- P o t e n t i a l  P o t e n t i a l  
S i t e  c a l  Const i tuents  Hazard Acute Ef fec t s  Comments 

5, 7 Ni t rocel lu lose  Reactive Burning of s k i n  Dry NC f i n e s  a r e  dangerous when exposed t o  
i n t e n s e  heat ;  wet somewhat l e s s  a t h r e a t .  
To be f lashed p r i o r  t o  s i t e  work. 

5, 7 Sol ids  containing Corrosive Skin i r r i t a t i o n  So l ids  conta in ing f r e e  l i q u i d s  a r e  t o  be 
corros ive  " f r e e  n e u t r a l i z e d / s o l i d i f i e d  a s  p a r t  of Closure 
l iqu ids"  Plan. 

5, 7 S o i l s  contaminated EP Toxic None 
with heavy metals 

16 Residues containing ~ e a c t i v e  
r eac t ive  cons t i tuen t s  

16 Residues contaminated EP Toxic 
with heavy metals 

16 Airborne lead d u s t  EP Toxic 
from prope l l an t  
burning ground ash 

None 

None 

Found i n  concentra t ions  below EP t o x i c i t y  
l i m i t s .  Heavy metals a r e  not  i n  a form s o  
a s  t o  ga in  ent rance  i n t o  t h e  body o r  t i s s u e s  
of workman i n  measurable q u a n t i t i e s .  

Residues a r e  rendered non-reactive by inc in -  
e r a t i o n  o r  open burning p r i o r  t o  d isposal .  

Metals a r e  found i n  concentra t ions  below EP 
Tox ic i ty  Levels. Heavy metals  a r e  no t  i n  
a form s o  a s  t o  ga in  ent rance  i n t o  the  body 
o r  t i s s u e s  of t h e  workman i n  measurable quan- 
t i t i e s .  

Accumulation of The concentra t ion  of lead  i n  p rope l l an t  burning 
lead  i n  body ground ash has been de tec ted  a t  concentra t ions  of 
t i s s u e s  v i a  51 mg/l. Appropriate r e s p i r a t o r y  p ro tec t ion  
r e s p i r a t o r y  w i l l  be required i n  t h e  v i c i n i t y  of HWM 16 dur ing 
i n h a l a t i o n  the  conduct of s i te  c losure .  

16 Various labora tory  Toxic Skin I r r i t a t i o n  Examples of chemicals a r e  s u l f u r ,  c r y o l i t e ,  
chemicals Reactive eye and r e s p i r a t o r y  diphenylamine, te t rahydrofuran  and chloro- 

I g n i t a b l e  t r a c t  i r r i t a t i o n  benzene. Heat, flame, and d i r e c t  con tac t  
should be avoided. 



DEMOLITION AND CLWUP 

A l l  s u r f i c i a l  s t r u c t u r e s  and mate r ia l s  w i l l  be neu t ra l i zed  by a weak 

sodium hydroxide s l u r r y  so lu t i on  p r i o r  t o  demolition and cleanup 

a c t i v i t i e s .  These mate r ia l s ,  a f t e r  neu t r a l i z a t i on ,  would no t  p r e sen t  

any notable  hea l t h  and s a f e t y  hazard. Level D worker p ro t ec t i on  with 

op t iona l  productive equipment including rubber gloves,  s a f e t y  goggles 

and r e s p i r a t o r y  p r o t e c t i o n  w i l l  be  r e q u i r e d  w h i l e  conduc t i ng  t h i s  

c losure  task. The subso i l  surrounding underground pipes  and manholes t o  

be excavated a t  HWH 5 and 7 may have been contaminated by ac id  l eaks  

from t h e  impoundments. Di rec t  con tac t s  with subso i l ,  the re fore ,  should 

be avoided. The l e v e l  of personal  p ro t ec t i on  required f o r  t h e  

demoli t ion a c t i v i t i e s  is a l s o  adequate f o r  t he  excavation work t o  be 

conducted. 

SEDIMENT AND SOIL TREATMENT 

The p o t e n t i a l  exposure t o  l i m e  k i l n  d u s t  during t h e  spreading and 

mixing with t h e  s o i l s / s o l i d s  within t h e  su r f ace  impoundments is t h e  

p o t e n t i a l  r i s k  a s s o c i a t e d  w i t h  t h i s  c l o s u r e  s t e p .  A l l  mixing and 

spreading w i l l  be performed using mechanical devices s o  con t r ac to r  

personnel should no t  be d i r e c t l y  exposed t o  t he  l i m e  ma te r ia l .  However, 

t h e  mixing and spreading of t h e  l i m e  k i l n  d u s t  may generate f u g i t i v e  

dust .  I n  response t o  t h i s  p o t e n t i a l  hazard, personnel  p ro t ec t i ve  equip- 

ment af fording skin ,  eye and r e sp i r a to ry  p ro t ec t i on  w i l l  be required.  

SAMPLING, BACKFILLING AND COVER SYSTEM INSTALLATION 

Hazardous Waste Surface Impoundments 

The r i s k s  associa ted with conducting t he  sampling and ana ly s i s  

program a t  the  sur face  impoundments are exposure t o  cor ros ive  cons t i -  

t uen t s  including a c i d i c  water and lime k i l n  d u s t  i n  t h e  s o i l / s o l i d s .  



Direct  contact  with s o i l  samples should be avoided. Personal p ro tec t ion  

affbrding skin ,  eye and resp i ra tory  protect ion w i l l  be required. 

Hazardous Waste Landf i l l  Trench 

Col lect ing samples from HWM 16 by d r i l l i n g  techniques i s  a major 

s a f e ty  concern due t o  the  po t en t i a l  of penetra t ing small pockets of 

chemical wastes. The p o s s i b i l i t y  of t h i s  occurring may be remote ye t  it 

can no t  be completely dismissed because the  wastes have been disposed 

randomly i n  the  l a n d f i l l  trench. Therefore, personnel protect ion should 

be provided t o  prevent d i r e c t  contact  with chemical waste o r  s o i l  sam- 

p l e s  and inhalat ion of dusts .  The generation of hea t  and/or flames 

during d r i l l i n g  would present  dangerous condit ions t o  workers s i nce  the  

l and f i l l ed  residues a r e  po t en t i a l l y  i gn i t ab l e  and reactive.  I f  any hard 

mater ia l  is encountered during d r i l l i n g ,  the  pressure on the  d r i l l  stem 

should be kept a t  a minimum and water may have t o  be added t o  avoid 

generating excessive heat .  



SECTION 7 

PERSONNEL PROTECTION 

T h i s  s e c t i o n  p resen t s  the  genera l  personnel  p ro tec t ion  s tandards  

t h a t  w i l l  be required t o  conduct the  c losure  of t h e  hazardous waste 

f a c i l i t i e s  (Nos. 5, 7 and 16) a t  t h e  Radford AAP. Presented i n  Table 

7.1 a r e  t h e  personnel  p ro tec t ion  requirements f o r  each of the  a c t i v i t i e s  

t h a t  w i l l  be conducted a s  p a r t  of t h e  c losure  plan.  The b a s i c  equipment 

required  f o r  l e v e l  C and D a r e  a s  follows: 

Level C Protec t ion 

o Full-face p iece ,  a i r  pur i fy ing ,  canister-equipped r e s p i r a t o r  

o Chemical-resistant  c lo th ing ,  long s l eeves  (one o r  two p ieces  ) 

o Rubber gloves 

o S t e e l  t o e  and shank boots 

o Hard h a t s  

o Options a s  required  

- Inner chemical - res is tant  gloves 

- Disposable o u t e r  boots 

- Escape mask 

Level D Protec t ion 

o Covera l ls  o r  work c l o t h e s  

o L e a t h e r  o r  c h e m i c a l - r e s i s t a n t  b o o t s  o r  s h o e s  ( s t e e l  t o e  and 

shank ) 

o Hard h a t  

o Options a s  required 

- Rubber gloves 

- Disposable o u t e r  boots 

- Safe ty  goggles o r  chemical sp lash  s h i e l d  

- Escape mask o r  r e s p i r a t o r  



TABLE 7.1 

PERSONNEL PROTECTION REQUIREMENTS 

HWM 1 Level of 

S i t e  Activity Protection Modifications/Comments 

5, 7 S i t e  preparation D Goggles, ful l - face splash 

sh ie ld ,  chemical r e s i s t a n t  

coveral ls ,  rubber gloves 

and boots 

5, 7 Demolition and cleanup D 

5, 7 Sediment and s o i l  

treatment 

5, 7 Sampling and t e s t ing  

5, 7, Backfi l l  and cover 

1 6 system i n s t a l l a t i o n  

Chemical r e s i s t a n t  

coveral l ,  eye pro tec t ion '  

dus t  mask, chemical 

r e s i s t a n t  rubber gloves and 

boots 

Full-face, canis ter-  

equipped resp i ra tor  capable 

of f i l t e r i n g  lime k i l n  dus t  

Goggles, ful l - face splash 

sh ie ld ,  chemical r e s i s t a n t  

coveral ls ,  rubber gloves 

and boots 

Skin, eye and respiratory 

protection for  fugi t ive  

dus t  



It should be noted t h a t  each of t h e  HWM f a c i l i t i e s  t o  be c losed a t  t h e  

Radford AAP w i l l  no t  be segregated  i n t o  des ignated  work zones inc lud ing  

exclus ion,  contamination reduct ion  and suppor t  a reas .  Designating t h e  

Radford  AAP s i t e s  i n t o  zones  was n o t  deemed n e c e s s a r y  due  t o  t h e  

r e l a t i v e l y  low h e a l t h  and s a f e t y  r i s k s  a s soc ia ted  with t h e  c l o s u r e  of 
/ 

t hese  f a c i l i t i e s .  The s u r f a c e  impoundments a r e  c l a s s i f i e d  a s  hazardous 

11- sites only  because they s t o r e  co r ros ive  wastes. The l a n d f i l l  t r ench  

s i te  is c l a s s i f i e d  a s  hazardous because it con ta ins  low concen t ra t ions  

-- of r e a c t i v e  ma te r i a l s .  However, c o n t r a c t o r  personnel  must wear appro- 
-- 

p r i a t e  personal  p r o t e c t i v e  equipment while performing a c t i v i t i e s  where 

C 
d i r e c t  exposure t o  these  m a t e r i a l s  could be expected. Addi t ional ly ,  a  

decontamination s t a t i o n  (eyewash, f i r s t  a i d ,  decontamination hose)  w i l l  

be a t  each of t h e  sites dur ing the  conduct of t h e  c l o s u r e  a c t i v i t i e s .  

The decontamination hoses p r e s e n t l y  e x i s t  a t  t h e  impouridment sites. 

P r i o r  t o  i n i t i a t i n g  t h e  s i t e  c l o s u r e  a c t i v i t i e s ,  t h e  decontamination 

hoses w i l l  be inspected  f o r  opera t ing  cond i t ion  and t o  ensure t h a t  they 

a r e  of adequate l eng th  (wi th in  100 f e e t  of the  hazard) .  Provis ions  w i l l  

be made f o r  the  c o l l e c t i o n  of water used dur ing  decontamination acti- 

v i t i e s .  A l l  c o l l e c t e d  w a t e r s  w i l l  be  d i s p o s e d  i n  a c c o r d a n c e  w i t h  

Radford AAP waste d i s p o s a l  p r a c t i c e s .  

NEUTRALIZATION ACTIVITIES 

L e v e l  C personnel  p r o t e c t i v e  equipment w i l l  be requi red  f o r  a l l  

on - s i t e  c l o s u r e  a c t i v i t i e s  t h a t  involve n e u t r a l i z a t i o n  with c a u s t i c  

ma te r i a l s .  These a c t i v i t i e s  inc lude  t h e  n e u t r a l i z a t i o n  of l i q u i d  wastes 

( d r y  l i m e )  and t h e  spreading and mixing of lime k i l n  dus t .  However, i f  

l i q u i d  c a u s t i c  ( l i m e )  i s  used t o  n e u t r a l i z e  t h e  lagoon water ,  then  

personnel  p r o t e c t i v e  equipment a f fo rd ing  s k i n ,  eye and r e s p i r a t o r y  

p ro tec t ion  i s  required.  Therefore,  Level C personnel  p r o t e c t i o n  i s  

requi red  only when n e u t r a l i z a t i o n  a c t i v i t i e s  genera te  f u g i t i v e  d u s t  

conta in ing l i m e .  I n  response t o  t h i s  h e a l t h  concern, c o n t r a c t o r  per-  

sonnel  performing these  c l o s u r e  a c t i v i t i e s  w i l l  be requi red  t o  wear 

personal  p r o t e c t i v e  equipment a f fo rd ing  s k i n ,  eye and r e s p i r a t o r y  

p ro tec t ion .  



SECTION 8 

STANDARD SAFE WORK PRACTICES 

A l l  Contrac tor  personnel  r e t a i n e d  to conduct t h e  c l o s u r e  of  t h e  HWM 

f a c i l i t i e s  (nos. 5, 7 and 16) a t  t h e  Radford AAP a r e  r equ i red  t o  abide  

by t h e  work p r a c t i c e s  and procedures l i s t e d  below: 

o Contrac tor  personnel  must r ece ive  a s i te  o r i e n t a t i o n  from t h e  

R a d f o r d  AAP S a f e t y  O f f i c e  p r i o r  t o  t h e  s t a r t - u p  of c l o s u r e  

a c t i v i t i e s  . 
o C o n t r a c t o r  p e r s o n n e l  w i l l  a b i d e  by a l l  s t a n d a r d  s a f e t y  and 

s e c u r i t y  prac t ices /procedures  requi red  by the  Radford AAP. 

o C o n t r a c t o r  personnel  w i l l  be requi red  to  know and fo l low t h e  

mergency Contingency Plans  t h a t  a r e  to be followed i n  t h e  even t  

of an acc iden t  (Sect ion  9 . 
o When working i n  t h e  v i c i n i t y  of a c t i v e  HWM f a c i l i t i e s ,  c o n t r a c t o r  

personnel  a r e  r equ i red  t o  wear appropr ia t e  personal  p r o t e c t i v e  

equipment (Sect ion  7 )  and avoid c o n t a c t  wi th  hazardous m a t e r i a l s  

( r e a c t i v e  and c o r r o s i v e ) .  Personnel should avoid kneel ing  on t h e  

g r o u n d  and wa lk ing  t h r o u g h  p u d d l e s  o r  mud t h a t  may c o n t a i n  

contaminated substances while working i n  t h e  v i c i n i t y  of a c t i v e  

HWM f a c i l i t i e s .  

o C o n t r a c t o r  personnel s h a l l  be f a m i l i a r  wi th  t h e  phys ica l  

surroundings while conducting work a c t i v i t i e s ,  including:  

- a c c e s s i b i l i t y  to a s s o c i a t e s ,  equipment and veh ic les  

- s i te  access  

- n e a r e s t  water sources  (decontamination) 

- l o c a t i o n  of o t h e r  a c t i v e  HWM f a c i l i t i e s  i n  t h e  v i c i n i t y  

of work being conducted. 

- l o c a t i o n  of f i r s t  a i d  s t a t i o n  



o Eating,  dr inking,  chewing tobacco, smoking, ca r ry ing  matches o r  

l i g h t e r s  a r e  p roh ib i t ed  while conducting t h e  c losure  a c t i v i t i e s  

o Contractor  personnel a r e  p roh ib i t ed  from conducting the  fol lowing 

a c t i v i t i e s  : 

- d r i v i n g  personal  c a r  on s i t e  

- en te r ing  unauthorized por t ions  of the  Radford AAP 

- taking unauthorized photographs on-s i te  

- t r anspor t ing  weapons, explos ives  o r  i n g i t a b l e  

mate r i a l s  on-s i te  . 
o Contrac tor  personnel  a r e  required  t o  o b t a i n  a s e c u r i t y  pass  and 

wear an appropr ia te  c learance  badge. 

CONTAMINANT MONITORING 

With the  exception of pH samples c o l l e c t e d  from t h e  subsurface s o i l s  

(HWM Nos. 5 and 71, no contaminant monitoring w i l l  be conducted dur ing 

t h e  c losure  of t h e  HWM f a c i l i t i e s  a t  the  Radford AAP. Monitoring was 

n o t  deemed necessary s i n c e  no v o l a t i l e  organic c o n s t i t u e n t s  a r e  p r e s e n t  

a t  these  d i sposa l  sites. The s u r f a c e  impoundments and hazardous waste 

l a n d f i l l  a r e  hazardous because they con ta in  cor ros ive  and r e a c t i v e  

wastes , respec t ive ly .  



SECTION 9 

EMERGENCY PROCEDURES 

I n  t h e  event  t h a t  an emergency develops on-s i te ,  the  procedures 

de l inea ted  he re in  a r e  t o  be immediately followed. Emergency cond i t ions  

a r e  considered to  e x i s t  i f :  

o Any con t rac to r  personnel  a r e  involved i n  an acc iden t  o r  

experience any adverse e f f e c t s  o r  symptoms of exposure while 

o n - s i t e .  Adverse exposures o r  symptoms include danger due t o  

p h y s i c a l ,  chemical and tox ico log ica l  p r o p e r t i e s  of t h e  m a t e r i a l s  

p resen t .  

o A c o n d i t i o n  i s  d i s c o v e r e d  t h a t  i n d i c a t e s  t h e  e x i s t e n c e  of  a 

s i t u a t i o n  more hazardous than an t i c ipa ted .  

General mergency Procedures 

The fol lowing emergency procedures should be followed: 

1 .  Con t rac to r  personnel  should work i n  p a i r s  and the  e n t i r e  work 

c r e w  should work i n  the  same approximate a r e a  to render a i d  i n  

t h e  event  of an emergency. 

2. I n  t h e  event  t h a t  any member of t h e  work crew has an a c c i d e n t  

whi le  on-s i te ,  t h e  e n t i r e  crew should h a l t  work immediately and 

render a i d  o r  he lp  i n  rescue  opera t ions  according to t h e  ins t ruc -  

t i o n s  provided by t h e  s i t e  manager. 



3. The discovery of any condi t ions  t h a t  would suggest  t h e  ex i s t ence  

of a s i t u a t i o n  more hazardous than a n t i c i p a t e d  should r e s u l t  i n  

the  evacuation of the  work crew and re-evaluat ion of l e v e l  of 

personnel  p ro tec t ion  required .  

4. I n  t h e  event  t h a t  an acc iden t  occurs,  the  s i t e  manager is  t o  

complete an Accident Report Form f o r  submi t t a l  t o  t h e  ES and 

Radf o rd  AAP s a f e t y  o f f i c e r s  . These s a f e t y  o f f i c e r s  w i l l  a s s u r e  

t h a t  follow-up a c t i o n  i s  taken to c o r r e c t  t h e  s i t u a t i o n  t h a t  

caused the  accident .  

Personal I n j u r y  

I n  case  of personal  i n j u r y  on-s i te ,  t h e  fol lowing procedures should 

be followed: 

1.  The e x t e n t  of t h e  i n j u r y  should be determined p r i o r  to moving t h e  

worker .  I f  t h e  i n j u r y  i s  minor, f i r s t  a i d  a s s i s t a n c e  should be 

g i v e n  a t  t h a t  t i m e .  I f  t h e  i n j u r y  appears to be se r ious ,  t h e  

worker should be evacuated by t h e  Radford AAP ambulance. 

2. For minor i n j u r i e s ,  the worker should be taken to t h e  on-s i t e  

Radf ord AAP hosp i t a l .  Se r ious ly  i n j u r e d  workers r equ i r ing  major 

medical  a s s i s t a n c e  should be evacuated t o  e i t h e r  the  Montgomery 

County Hospital  ( Blacksburg) o r  the Radf ord Community Hospital .  

Direc t ions  t o  these  medical f a c i l i t i e s  is  presented i n  Sect ion 11 

(mergency Contacts) .  

3. The s i t e  manager i s  r e s p o n s i b l e  f o r  making c e r t a i n  t h a t  a n  

Accident Report Form is completed and t h a t  ES Safe ty  Coordinator 

and Radford AAP s a f e t y  o f f i c e r  a r e  n o t i f i e d  of t h e  inc iden t .  
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Emergency Equipment 

A l i s t  of t h e  emergency/first  a i d  equipment t h a t  w i l l  be made a v a i l -  

ab le  t o  t h e  work c r e w  while working on-s i te  a t  t h e  Radford AAP includes :  

o Fu l ly  stocked i n d u s t r i a l  s i z e  f i r s t  a i d  k i t  

o Por tab le  eye wash ( 6  g a l .  capac i ty  which provides 12 minutes of 

washing 

o Hose t o  be c o n n e c t e d  t o  t h e  w a t e r  f a u c e t  a t  e a c h  of t h e  HWM 

f a c i l i t i e s  which can be used f o r  decontamination purposes. 

o Por tab le  f i r e  ext inguisher  

o Safe ty  equipment l i s t e d  i n  Table 7-1 

Contac t  with cor ros ive  water i s  the  primary s a f e t y  concern whi le  

conducting work i n  the  v i c i n i t y  of the  hazardous waste s u r f a c e  

impoundments. Personnel p r o t e c t i v e  equipment a f fo rd ing  s k i n  and eye 

p r o t e c t i o n  w i l l  be required  while t h e  lagoon c l o s u r e  a c t i v i t i e s  

inc luding n e u t r a l i z a t i o n  of l i q u i d s  and neutralization/solidification of 

s o l i d s  a r e  being conducted. A p o r t a b l e  eye wash s t a t i o n  and water hose 

w i l l  be a v a i l a b l e  a t  each of the  su r face  impoundments dur ing t h e  conduct 

of t h e  c l o s u r e  a c t i v i t i e s .  The eye wash s t a t i o n  t o  be used a t  t h e  

Radford AAP holds  s i x  ( 6 )  g a l l o n s  of water and d e l i v e r s  the  eye wash 

stream i n  a f i n e  c r i s s -c ross  spray.  The eye wash w i l l  d e l i v e r  a s t eady  

stream of water f o r  about 12 minutes (0.5 gpm) . I f  a d d i t i o n a l  eye wash 

water is  required ,  t h e  on-s i te  water hose could be used t o  add water t o  

the  eye wash s t a t i o n .  The eye wash s t a t i o n  can be used while being re- 

f i l l e d  s i n c e  t h e  f i l l  p o r t  is  located  on t h e  upper p o r t i o n  of t h e  back 

s i d e  of the eye wash s t a t i o n .  
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I f  any c o n t r a c t o r  personnel  are exposed t o  chemicals ,  o r  f a l l  i n t o  

one of t h e  s u r f a c e  impoundments du r ing  t h e  c l o s u r e  of t h e  HWM f a c i l i -  

t ies,  t h e  procedures o u t l i n e d  below should be fol lowed:  

1 .  Another team member (buddy) should remove t h e  i n d i v i d u a l  from t h e  

immediate area of contaminat ion.  

2. P r e c a u t i o n s  should be taken  to avoid exposure of o t h e r  

i n d i v i d u a l s  to t h e  chemical.  Only suppor t  personnel  wearing 

a p p r o p r i a t e  personnel  p r o t e c t i v e  equipment should h e l p  i n  r e s c u e  

o p e r a t i o n s  and conduct  decontaminat ion procedures.  

3. I f  t h e  chemical is on t h e  i n d i v i d u a l ' s  c l o t h i n g ,  t h e  c l o t h i n g  

should  be  removed i f  it is s a f e  to do so.  

4. I f  t h e  l a g o o n  w a t e r  h a s  c o n t a c t e d  t h e  s k i n ,  d e c o n t a m i n a t i o n  

procedures should be performed immediately. The exposed s k i n  

s h o u l d  b e  washed w i t h  l a r g e  amounts  o f  water w i t h  t h e  h o s e  

l o c a t e d  a t  e a c h  HWM f a c i l i t y .  A f t e r  t h o r o u g h  wash ing ,  t h e  

i n d i v i d u a l  should be  taken  t o  t h e  Radford o n - s i t e  h o s p i t a l  f o r  

f u r t h e r  t rea tment .  

5. I n  c a s e  of  eye c o n t a c t ,  an  emergency eye  wash should be used. 

Eyes should be  washed f o r  10 - 15 minutes.  The worker should  

then  be evacuated to t h e  Radford AAP h o s p i t a l .  

6. A l l  chemical exposure i n c i d e n t s  must be r epor t ed  i n  w r i t i n g  t o  

t h e  ES S a f e t y  Coordinator  and Radford AAP s a f e t y  o f f i c e r .  

The water hose provided a t  each of t h e  s u r f a c e  impoundments w i l l  be  

u s e d  f o r  d e c o n t a m i n a t i o n  o f  p e r s o n n e l  who come i n t o  c o n t a c t  w i t h  
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corrosive water. Personnel performing work i n  the  v i c in i ty  of the  

surface impoundments w i l l  be wearing appropriate personnel p ro tec t ive  

equipment. Also, the  ac id ic  water i n  the  lagoons w i l l  be neutralized 

p r io r  t o  conducting s i t e  c losure  a c t i v i t i e s .  Therefore, personnel 

performing the on-site c losure  a c t i v i t i e s  should not be d i r e c t l y  exposed 

t o  c o r r o s i v e  m a t e r i a l s .  I n  t h e  u n l i k e l y  e v e n t  t h a t  pe r sonne l  a r e  
C exposed to  corrosive l iqu ids ,  the  water hose located a t  each of the  

impoundments should be more than adequate f o r  personnel decontamination. 

- A s  was previously s ta ted ,  provision w i l l  be made f o r  the  co l lec t ion  of 
- - 

water used during decontamination a c t i v i t i e s .  A l l  col lected waters w i l l  

- be disposed of i n  accordance with Radford AAP waste disposal  pract ices .  

Fire  o r  Explosion 
L 

A hazard of f i r e  o r  explosion e x i s t s  when flammable materials a r e  

being used o r  handled o r  when there  i s  the p o s s i b i l i t y  t h a t  a combus- 

t i b l e  atmosphere may be generated. No flammable mater ia ls  w i l l  be used 

by contractor  personnel and no smoking is permitted on-site during 

closure  a c t i v i t i e s  because of the  po ten t ia l  of explosion a t  the  Radford 

AAP. I f  a p o t e n t i a l  f o r  f i r e  o r  exp los ion  i s  observed du r ing  t h e  

c losure  a c t i v i t i e s ,  the  work crew i s  t o  immediately leave the area and 

not i fy  the  Radford AAP f i r e  department and sa fe ty  o f f i ce r .  

A f i r e  extinguisher w i l l  be provided t o  subcontractor personnel upon 

admittance t o  the Radford AAP f o r  the  purpose of extinguishing small 

f i r e s .  I f  a small f i r e  does occur, the work crews should use ava i lab le  

means (i.e.,  extinguisher o r  hose) t o  pu t  out  the  f i r e  and immediately 

contact  the Radford AAP f i r e  department. 
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SECTION 10 

TRAINING 

F i e l d  personnel  w i l l  have formal o r  p r i o r  on-the-si te  t r a i n i n g  f o r  

t h e  t a s k s  they a r e  assigned to  perform. An on-s i te  o r i e n t a t i o n  s e s s i o n  

conducted by t h e  Radford AAP s a f e t y  o f f i c e  w i l l  be requi red  f o r  a l l  

c o n t r a c t o r  personnel  p r i o r  to t h e  s t a r t -up  of c l o s u r e  a c t i v i t i e s .  The 

on-s i te  s a f e t y  o r i e n t a t i o n  w i l l  have i n  a t tendance  t h e  fol lowing 

personnel  : 

o Representa t ive  from the Radford AAP Safe ty  Off ice .  

o R e p r e s e n t a t i v e  from t h e  U.S. Army Corps  o f  E n g i n e e r s .  M r .  

Lawrence C a l i  has been t h e  Radford AAP c o n t a c t  dur ing  t h e  conduct 

of t h i s  p r o j e c t  and would probably be t h e  Corps r e p r e s e n t a t i v e  a t  

t h e  on-s i t e  s a f e t y  o r i e n t a t i o n .  

o Representa t ive  from Hercules,  Inc. M r .  Robert Webb has been 

c o n t a c t e d  concerning the performance of previous  work conducted 

on-s i t e  and would probably be Hercules'  r e p r e s e n t a t i v e  a t  t h e  

on-s i te  s a f e t y  o r i e n t a t i o n .  

o A l l  c o n t r a c t o r  personnel  who w i l l  be conducting t h e  c l o s u r e  of 

t h e  Radford AAP hazardous waste management f a c i l i t i e s .  

o Representa t ive  from Engineering-Science, Inc .  M r .  Robert S t e e l e  

has been t h e  a c t i n g  Safe ty  Coordinator f o r  t h i s  p r o j e c t  and w i l l  

be  i n  a t tendance  f o r  t h e  on-s i t e  s a f e t y  o r i e n t a t i o n .  

The o r i e n t a t i o n  w i l l  address  t h e  fol lowing i s s u e s .  

1 . Heal th  e f f e c t s  and hazards of t h e  chemicals i d e n t i f i e d  o r  sus-  

p e c t e d  t o  be p r e s e n t  on-s i te .  The b a s i s  of d i scuss ion  f o r  t h e  

10-1 
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hea l th  e f f e c t s  and hazards of t h e  chemicals i d e n t i f i e d  o r  

suspected t o  be p r e s e n t  on-s i te  is  Sect ion 6, P o t e n t i a l  Exposures 

and Risks. This d i scuss ion  s e c t i o n  addresses  t h e  exposures and 

r i s k s  t h a t  con t rac to r  personnel  should be made aware o f ,  p r i o r  t o  

performing work on-si te .  

2. Personnel Protec t ion 

o U s e  and c a r e  of personal  p r o t e c t i v e  equipment. 

o Necess i ty  f o r  personal  p r o t e c t i v e  equipment f o r  c l o s u r e  

a c t i v i t i e s  i n  t h e  v i c i n i t y  of a c t i v e  HWM f a c i l i t i e s .  

o Maintenance and f i t t i n g  of personal  p r o t e c t i v e  equipment 

i n c l u d i n g  r e s p i r a t o r y  p r o t e c t i v e  equipment (conform t o  20 CFR 

1910.134 and ANSI 2.88.2 (1980)).  

3. Decontamination Procedures 

o Washdown of contaminated personnel  

o Washdown of equipment fol lowing on-s i te  work 

4. Exhibi t ion  i n  a r e a s  and zones 

o S i t e  layout  

o Standard "safe" work p r a c t i c e s  

5. Emergency Procedures 

o Rescue procedures 

o Routes t o  on-s i te  and l o c a l  h o s p i t a l s  

PERSONNEL TRAINING 

Contractor  personnel s e l e c t e d  t o  conduct the  c losure  of t h e  

Radford Hazardous Waste Management f a c i l i t i e s  (Nos. 5, 7 and 16) w i l l  

have extens ive  experience i n  t h e  work t h a t  they a r e  t o  perform a t  t h e  

Radf o r d  AAP. I f  a v a i l a b l e ,  c o n c t r a t o r  e n g i n e e r i n g  f i r m s  w i l l  be  

s e l e c t e d  t h a t  have p r i o r  experience working on-s i te  a t  t h e  Radford AAP 

and a r e  f a m i l i a r  with the  s a f e t y  p r a c t i c e s  and procedures a t  t h e  p lan t .  

The on-the-si te  t r a i n i n g  provided p r i o r  t o  performing assigned t a s k s  

w i l l  address:  
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o S p e c i f i c  job assignments of each c o n t r a c t o r  personnel;  

o Personnel  p r o t e c t i o n  requirements f o r  each work assignment; and 

o Emergency and decontamination procedures t o  be followed i n  the 

even t  t h a t  a  acc iden t  occurs on-s i te .  

A d i scuss ion  and a walk-thru f o r  each job assignment requi red  t o  

conduct the c l o s u r e  work w i l l  be given a t  each site a s  p a r t  of t h e  

on-s i t e  s a f e t y  o r i e n t a t i o n .  

RAD 2 : 2 2 / 5 8 5  



SECTION 1 1  

EMERGENCY CONTACTS 

Should any s i t u a t i o n  o r  unplanned occurrence  r e q u i r e  o u t s i d e  

a s s i s t a n c e  o r  suppor t  s e r v i c e s ,  t h e  a p p r o p r i a t e  c o n t a c t  from t h e  

fo l lowing l i s t  should be  made. 

Radford AAP mergency Contac ts  Telephone Number 

Radford AAP F i r e  Department (703) 639-721 6 

C a r l  Jesse, F i r e  Department Chief (703) 639-7233 

Radford AAP Ambulance (703) 639-71 63 

Radford AAP S e c u r i t y  P o l i c e  (703) 639-7325 

Capta in  Les S t r ange r ,  S e c u r i t y  P o l i c e  (703 639-71 25 

Hercules P o l l u t i o n  Abatement Coordinator ,  (703) 639-7214 

James Morris  

Hercules  S a f e t y  Manager, Char les  Gardner (703) 639-7524 

Government mergency  Contac ts  

COR S t a f f  Environmental Coordinator ,  

John Horvath 

COR Commander's Of f i ce ,  C o l .  Gary C u r t i s  (703) 639-8711 

COR S a f e t y  O f f i c e r ,  Doug Day (703) 639-8705 

COR S e c u r i t y  O f f i c e r ,  James Kennington (703 639-8645 



ES Bnergency Contacts Work - Home 

Andy Kubala, P r o j e c t  Manager (703)  591-7575 

Joseph Kavanagh, Dpty p r o j e c t  Manager ( 7 0 3 )  591-7575 ( 7 0 3 )  591-4564 

Bob S t e e l e ,  P r o j e c t  Sa fe ty  Coordinator (703)  591-7575 (703)  455-2814 

The Radford AAP has an on-s i te  h o s p i t a l  loca ted  i n  bui ld ing No. 205 

f o r  minor medical emergencies. For emergencies t h a t  r equ i re  major 

medical a s s i s t a n c e ,  t h e  Radford AAP has  mutual a i d  a s s i s t a n c e  agreements 

with l o c a l  f i r e  departments and Emergency Medical Technician ( PIT) 

se rv ices .  The Radford AAP a l s o  has a verbal  agreement with the  Radford 

Community Hospital  t o  provide emergency medical a s s i s t a n c e  t o  both 

Radford AAP and subcontractor  personnel.  P resen t ly ,  no formal agreement 

e x i s t s  between the Radford AAP and the  Montgomery County Hospital .  

However, an implied agreement with t h e  h o s p i t a l  has  been made s i n c e  t h e  

emergency room w i l l  render a i d  t o  Radford AAP personnel .  Direc t ions  a r e  

provided below to t h e  major medical f a c i l i t i e s  i n  t h e  Radford/Blacksburg 

area.  

Montgomery County Hospital ,  Blacksburg, VA 

Take R t .  11 4 w e s t  t o  R t .  460 west. Follow R t .  460 approximately 3-4 

m i l e s .  Montgomery County Hospital  is  located  on t h e  l e f t  s i d e  of R t .  

460 across  from t h e  Holiday Inn. 

Radf ord Community Hospital ,  Radf ord , VA 

Take R t .  114 e a s t  to R t .  11 north.  Follow R t .  11 nor th  ac ross  t h e  

r i v e r  br idge  t o  t h e  t r a f f i c  l i g h t  a t  the  i n t e r s e c t i o n  of F i r s t  S t r e e t  

and R t .  11. Turn r i g h t  on F i r s t  S t r e e t  and proceed t o  Randloph S t r e e t .  

Turn l e f t  on Randolph S t r e e t  and proceed t o  Seventh S t r e e t .  Turn r i g h t  

on Seventh S t r e e t  and t h e  Hospital  emergency room i s  t h e  f i r s t  r i g h t  o f f  

of Seventh S t r e e t .  



APPENDIX 1 

ACCIDENT REPORT FORM 



ACCIDEST REPOm FORH ' NO. - 

PE2SON PILING 
Name Coqany Date 

DATE OF A C C I U m  / / 

- 
TIME 

- M A a  LOCATION 

OF ACCIDENT 

AT TIME OP 

A C C I D W  

WITNESS TO - 
Name Aff i l i t a t i o n  Phone No. 

ACC ID W 
Name A f f  il i ta t ion  ?hone No. 

Name Aff i l i ta t ion  ?hone N o .  

HAT= OF ACCIDENT 

ACTION T-9KZN 

THYS1CI.U ' S REPORT 
N a a e  gumbe-Date 



APPENDIX B 

RECORD OF WASTE MATERIAL LANDFILLED IN HWM 1 6 



DEPARTMEFJT CF THE ARMY 
RAOFORO ARMY AMMUP4ITICN P L A N T  Mr. Gal i / l  jm/CO~JIME~CIAL 

CALLER SERVICE 2 

R A D F O R O  V I R G I N I A  2 ~ 1 ~ 1  703-639-8482 -0298 

May 10, 1985 
II 

Office of Chief Engineer 

C- 

Dr. Joseph Kavanagh 
Engineering Science 

..I 

Two Fl in t  Hill 
10521 Rosehaven Street  
Fairfax, Virginia 22030 

I Dear Yr. Kavanagh: 

Enclosed for  your information i s  a 1 i s t  of items tha t  have been - landfil led a t  S i t e  16 since September 19, 1980. In addition t o  tfiese i terns, 
2,168 tons  of residue from burning expl osives and expl osi ves contami natod 
* ~ a s t e ,  545 tons of wastewater treatment sludges, and 155 tons  of spent 

I 
activated carbon have been landfi l led a t  S i te  16. The spent carbon was 
flashed on the propellant burning ground t o  insure t ha t  i t  would n o t  be 
reactive. 

- Should you have any questions concerning t h i s  information, please 
contact Lawrence Cal i , COR Staff Chemical Engineer, a t  (703) 639-8482. We 
are pleased t o  be of assistance i n  this matter. 

L 

Sincerely, 

John C. Horvath 
Chief, Engineering 

Div i s ion  

Copy Furnished: 
US Amy Engi neer D i  v i  si on, ATTN : HNDED-PM/Mr. Mike Jones, Huntsvi 1 1 e, AL,  

n/enc 1 
AMC Instal lat ions & Services Activity, ATTN: AMCIS-RI-IC/Mr. Jerry Dause, 

Rock Island, IL, w/encl 



P. 0. No. 

80-83 
80-1 00 
80-1 08 
81 -3 
81 -7 
81 -7 
81 -8 
81-14 
81 -34 
81 -43 
81 - 57 
81 -74 
83-07 
83-1 0 
83-1 5 
83-25 

83-48 
83-72 
83-76 

Date Quantl t y  

58 lbs. 
550 lbs.  
500 lbs.  
250 lbs.  
76 Ibs. 
25 lbs.  
100 lbs.  
400 lbs.  
650 1 bs. 
15  lbs.  
500 lbs.  
450 lbs .  
100 lbs.  
200 1 bs. 
1.1 lbs.  
1 lb. 
3 Bott les  
150 IDS. 
1.1 lbs.  
3.0 lbs .  
0.5 lb. 
0.5 l b .  
21 lbs.  
220 lbs .  
3 Bott les  
17 Bott les  
11 Bott les  
9 Bott les  
120 Bott les  
1095 Each 
2 Bott les  
2 Bott les  
2 Bott les  
2 Rolls 
54 Gal s. 
2 Bott les  
2 Each 
2 Bott les  
1 Bottle 
2 Bottles 
2 Bott les  

2 Bott les  
1 Lot 
3 Pks. 
2 Bottles 
1 Ib. 
3 lbs.  

Materl a1 

Lead Sal I cyl  a te  
Sul f u r  
Sul f u r  
W I trod1 phenyl ml ne 
Carbol ac 
Alum. Powder 
Potassi um M i  t r a t e  
Cryol I te 
D l  phenyl ami ne 
Chromi um MI t r a t e  Crystal s 
Sul f u r  
Cryol i te, Synthet ic  
Magnesl um Oxi de 
Charcoal 
Ferrous Anmoni um Sul f a t e  
Phenol phthal ei n Powder 
Ferrous Amoni m Sul f a t e  
Ethyl Cell u l  ose Fl ake 
Ferrous Amnoni urn Sul f a t e  
Bari um Perchlorate 
Lead Dioxide 
Lead W i  t r a t x  
Carbon Black . 
Potassium Sul f a t e  
Tet ra  Bromethane 
S t ab i l i z e r  Sol. Ph 4 
Sodi um Methoxi de 
Chl orobenzene L- 
Yellow Ink 
Combat Meals 
A1 kal i n i  t y  #I , Reagent #I 
A1 kal i n i  t y ,  #2, Reagent #2 
Buffer S a l t  pH 7.2 Mixture 
Cotton, Aseptic, Absorbent 
D i  ubutyl Phthal a t e  e 
1 , 3-Di henyl guani di ne 
Hannito ! - W 166-167 
Mercuric Chl o r i  de 
Morphol i ne 
No. 2 Absorbing Rea ent 

DEG 
8 l i  tri 1 o t r i  ethanol M 20-22 

Sodi un Sul f a t e  Anhydrous 
Perchloric Acid 70-72 PC 
Perf1 uoroel astomer 
Phosphorus Pentoxide Powder 
Potassi un Sul f a t e  Powder 
Sodi um Acetate, Crystal s 



Quantl t y  

3 Bott les 
1 lb. 
1 Bottle 
2 Bottles 
6 lbs. 
1 Lot 
4 Gals. 
1 Lot 

9 Bottles 
1 lb. 
1 Bott le 
4 Pks. 

Material 

Sodi ran C i  t r a t e ,  Crystal 
Sod1 M Cobal ti n i t r a t e  Powder + 
Sod1 um Hethoxi de 
Sodi M Oxal a t e  Standard 
S tear ic  k t  d 
Sucrose Rea Cry 
Te t r ahd ro f  uran -- 
Thymol Blue B Indicator 
So1 u t i  on 
Tr i  phenyl Phosphate 
Uranyl Acetate 
Zinc Metal Dus t  
Total Count MI 1 1 i pore Fi 1 ters 



APPENDIX C 

STUDENT'S t-TEST RESULTS 



RUN DATE 26 JUL 03  

INSTALLATION1 RADFORD AAP, VA 

OROUND-WATER YLONITORINQ S T A T I S T I C A L  ANALYSIS 

WELL S5W5 

PH SPECCOND TOC TOX 

U N l l S  UMC MG L MG L 
BACKGROUND MEAN 4,210 4989.937 8.375 .051 
BACHGROUND STANDAHD DEV ,319 715.505 2.631 .022 
BACKGROUIdD SAMPLE S I Z E  2 0 16 16 16 

CALCULATED MEAN 8.850 1200.000 28.250 .032 
CALCULATED STANDARD DEV ,050 ,000 .500 ,003 
SAMPLE S I Z E  4 4 4 4 

DEGREES OF FREEDOM 22 18 10 18 
REFERENCE/BOOK 1-VALUE 2.819 2.552 2.552 2.552 
CALCULATED T-VALUE 16.217 -10.300 14.750 -1.645 
ACCEPT TEST? REJECT OK . REJECT OH 

S ITE :  S I T E  I 

T H I S  S T U D E N ~ I S  T-TEST AT THE 0.01 LEVEL OF S lGN lF lCANCE I S  A TWO-TAILED TEST FOR PH AND A SINOLE-TAILED TEST FOR 
THE OTHER INDICATOR PARAMETERS. A CALCULATED T-VALUE GREATER THAN TtiE REFERENCE 1-VALUE INDICATES A STAT IST ICALLY  
SIGNIF ICANT CHANGE OF THE CONCENTRATION OR VALUE OF THE lNDICATOR PARAMETER FROM BACKGROUND. T H I S  TEST I S  FOR DATA 
wlrn SA-IPLING DATES FROM 10 APR 83 TO 31 DEC 83 , 



RUN D A I E  16 J U L  83 

I N S I A L L A I I O N I  RADFORO AAP; VA S I T E :  S I T E  5 

GROUND-WAIER U O N l T O R l N O  S f A T l S T I C A L  A N A L Y S I S  

WELL 55W6 

PI# S P E C C O N O  I O C  TOX 

bNI I S  UMC MGL MGL . 
0 AC HGROUt4D MEAN 4.210 4989.937 8.375 .051 
DAChT,ROUHD SIANDARO OEV e319 716.505 3.631 ,032 
UACnCnOuND SAMPLE S I Z E  3 0 1 6 16 16 

C A I  C U L A I E D  LIEAN 6.675 880.000 8.250 .044 
L A ~ C I I L A I E D  SfAt IDARO DEV ,050 ,000 .500 ,002 
.,.\UI'L L S I  1E 4 a 4 4 4 

D C l r R f E S  OF FREEDOM 2 3 1 8 1 8 1 8 
RETLNElJCE/BUOH 1 -VALUE 1.819 1.553 2.652 1.553 
C A L C U L A I E D  I - V A L U E  8.350 -11.004 -. 093 -.601 
A L C ~ P I  I E S I ~  R E ~ E C  1 on OH OK 

III~S SIUOENI'S t - 1 E S t  AT THE 0.01 L E V E L  Of S I G N I f I C A N C E  I S  A T W O - I A I L E O  T E S t  FOR PI4 AND A S I Y O L E - T A I L E D  TEST FOR 
rttr O I t l E R  ~ N D I C A I O A  PARAMETERS. A CALCULATED 1-VALUE GREATER I I l A N  THE REFERENCE 1-VALUE I N D I C A T E S  A S I A ~ I S T I C A L L V  
SIGNIFICANI CtlANGE Of I I I E  C O N C E N I R A I I O H  OR VALUE Of I H E  I N D I C A T O R  PARAMETER FROM BACMGROUND. I I l l S  TEST I S  FOR O A I A  
w l l n  SAUPLIHG O A I E S  FROM 10 APR 03 10 31 DEC 83 



I N S I A L L A I I O N I  R4OfORD AAP, VA 

U N l  IS UMC UGL MGL 
BAC HGnOUND ME AN - 4 . 9 1 0  4 9 8 9 . 9 3 1  8.315 .051 
IIACI\GROUIID SIANOARD DEV ,319 7 1 5 . 5 0 5  2 . 6 3 1  - 0 2 3  
IIAC~GIIOUI~D SAMPLE S l ZE 2 0 18 18 16 

L A L C I I L A I E U  MEAN 7 . 4 5 0  6 6 0 . 0 0 0  2 3 . 2 5 0  , 0 3 6  
C'AICULAIEO SlANOAHD OEV ,05N .OOO . 5 0 0  , 0 0 3  
S~ IAPLE SIZE 4 4 4 4 

OEGHP € 5  OF f RELOOM 2 1 18 1 8  10 
I : RE CtUCtXE/DOOH 1-VALUE 9 . 0 1 9  1 . 5 5 2  2 . 5 5 3  3 . 5 5 1  

CALCULAIE D I -VALUE 1 9 . 9 0 3  -1 1.059 1 0 . 3 9 7  - 1 . 3 3 3  
A C C E r l  I E S 1 7  AEdEC 1 OM REJECI OH 

1111s SIUOENI'S 1 - 1 E S 1  A 1  I H E  0.01 LEVEL OF S I G N I f I C A N C E  I S  A 1 Y O - I A I L E D  1 E S 1  FOR P H  AND A SINOLE-WAILED 1ES1 FOR 
I l l €  O I l t E R  I N O I C A ~ O R  PARAMEIERS. A CALCULAIED I -VALUE GREAIER 1 l lAN I H E  IIEfERENCE 1-VALUE I N D I C A I E S  A S I A I I S I I C A L L V  
6 1 f i t I I C I C A M I  CllAtIGE OF I l l €  C O N C f N I R A t l O N  O n  VALUE Of I l l €  ~ N O I C A I O H  PAAAMEIER FROM BACMGRMWD. 1 H I S  1 E S 1  I S  FOR O A t A  
u 1 1 l 1  SAM?LlNG O A I L S  FROM 10 APR 0 3  10 3 1  DEC 03 



I t tSlAlLATIONI RADFORD AAQ, V A  

GROUND-WATER MONLIORINO S ~ A ~ I S I I C A L  ANALYSIS 
, 

WELL SSWB (BACHGROUNO WE-LL) 

PH SPEC CON0 1 OC TON 

UNI IS . UMC UG L MG L 
HACHGROUND MEAN . 4,210 4989.937 8.375 .051 
H.\L kGnOUND S I ANDAIO DEV I 715-505 3.631 .022 
ercncRouHo SAUPLE S l l E  2 0 16 16 16 

LA lC t l l  A T  ED MEAN 3.100 3712.500 11.150 .054 
CALCULAIED SIANDAHD DtV  .ooO 35.000 .500 .002 
srr.llBL E s I ZE 4 4 4 4 

D L G R ~  F s or FAEEOOM 22 18 I e te  
wtr lwrNcE/eoon I-VALUE 3.819 2.552 2.552 3.552 
C A t C l l l  AlED 1-VALUE 1.515 -3.49r) 6.957 .311  
ACCLPl 1EST 7 OH 1' 011 RE JEC I OH 

SITE1 SITE S 

1 t i l s  ~IUDENI'S I-1EST A T  THE 0.01 LEVEL OF SIGN1FICANCE I S  A TWO-1AILED TEST FOR Pt4 AN0 A SINGLE-TAILED lES1 FOR 
1 t i ~  0 1 1 i f ~  INDICA~OI) PARAUEfERS. A CALCUlAlfO I-VALUE GRcAfEll 11IAN Ill[ RffEntNCE I-VALUE INOICAIES A S IA f lS I ICALLy  
*.It;Mll l i A l t l  CIIANGC O f  ItIE CONCENtHAl ION OH VALUE Of THE INDICAlOR PARAMETER FROM BACIGROUND. I H I S  tES1 IS FOR DA1A 
wl l t lSAMPlINGDAIESFROM t O A P A 8 3  I O 3 1 D E C 8 3  . 



THE VALUE OF F I N A L  I S  0 
RUN DATE 2 9  WAR 8 4  

INSTALLATION:  RAOFORD AAP. VA 

GROUND-WATER MONITORING S T A T I S T I C A L  ANALYSIS 

WELL C 1  (BACKGROUND WELL ) 

P H  SPEC C O W  TOC TOX 

W I T S  UMC MGL MGL 
BACKGROUMI WEAN 7 . 7 5 6  2 4 3 . 5 0 0  1 0 . 0 0 0  . 0 2 0  
B A C K G R W M  STANDARD DEV . 1 1 5  15 .946  5 . 7  15 . 0 2 1  
B A C K G R O W  SAMPLE S I Z E  4 6 4 6 16 16 

CALCULATED MEAN - 7 . 4 7 5  227 .500  1 5 . 7 5 0  . 0 0 5  
CALCULATED STAWARD OEV . 0 5 0  5.000 . 5 0 0  ,000 
SAMPLE S I Z E  4 4 4 4 

DEGREES OF FREEDOM 18 4 a 18 1 B 
REFERENCE/BOOK T-VALUE 2 . 8 7 8  2 .552  2 . 5 5 2  2 . 5 5 2  
CALCULATED T-VALUE 4 . 7 0 0  - 1 .947  1 . 9 7 0  - 1 . 4 0 0  
ACCEPT TEST? REJECT OK OK OK 

S I T E :  S I T E  1 6 t C )  

T H I S  STUOENT'S T-TEST AT THE 0.01 LEVEL OF S IGNIF ICANCE I S  A TWO-TAILED TEST FOR P H  A M  A S I N G L E - T A I L E D  TEST FOR 
THE OTHER INDICATOR PARAMETERS. A CALCULATE0 T-VALUE GREATER THAN I t I E  REFERENCE T-VALUE INDICATES A S T A T I S T I C A L L Y  
S I G N I F I C A N T  CHANGE OF THE CONCENTRATION OR VALUE OF THE I W I C A T O R  PARAMETER FROM BACKCRWEJO. T H I S  TEST I S  FOR DATA 
W I T H  SAMPLING DATES FROM 0 7  SEP 8 3  TO 0 7  OCT 83 . 



THE VALUE OF F I N A L  I S  0 
RUN DATE 29 MAR 84 

INSTALLATION:  RAOFORO AAP.'VA 

U N I T S  
BACKGROUND MEAN 
BACKGROUND STANDARO OEV 
BACKGRWND SAMPLE S I Z E  

CALCULATE0 MEAN 
CALCULATED STAHIARO DEV 
SAMPLE S I Z E  

DEGREES OF FREEDOM 
REFERENCE/BOOK 1-VALUE 
CALCULATED 1-VALUE 
ACCEPT TEST? 

GROUM-WATER MONITORING STATISTICAL ANALYSIS 

WELL C 1  (BACKGROUND WELL ) 

SPEC CON0 TOC 

MGL 
10.000 
5.7 15 

1 6  

TOX 

S I T E :  S I T E  16(C)  

T l l I S  STUDENT'S 1-TEST AT THE 0 . 0 1  LEVEL OF SIGNIFICANCE I S  A TWO-TAILED TEST FOR P H  A M  A S INGLE-TAILED TEST FOR 
THE OTHER INDICATOR PARAMETERS. A CALCULATED 1-VALUE GREATER THAN 1IK REFERENCE T-VALUE INDICATES A S T A T I S T I C A l L Y  
S I G N I F I C A N T  CHANGE OF THE CONCENTRATION OR VALUE OF THE INDICATOR PARAMETER FROM BACKGROUND. T H I S  TEST I S  f O R  DATA 
U I T H S A M P L l N Q D A T E S F R O M 3 0 M A Y 8 3  T O 2 9 J U N 8 3  . 



THE VALUE OF F I N A L  I S  0 
RUN DATE 29 MAR 114 

INSTALLATION:  RADFORD AAP. VA 

OR--WATER MIMITORINQ S T A T I S T I C A L  ANALYSIS 

YELL C4 

P H  SPEC C O M  TOC TOX 

U N I T S  UMC MGL MOL 
BACKGROUND MEAN 7.750 243.500 10.000 . 0 2 0  
BACKQROUHl STANDARD DEV . 115 15.948 6 .715  .021  
BACKGROUND SAMPLE S I Z E  10 10 16 10 

CALCULATED MEAN 7.475 395 .000  30 .000  14.545 
CALCULATED STANDARD DEV . 050  40.4  15 4 . 6  19 .469 
SAMPLE S I Z E  4 4 4  4  

DEGREES OF FREEDOM 111 18 18 18 
REFERENCE/BDOK T-VALUE 2.11711 2.852 2 .552 2 . 5 5 2  
CALCULATED 1-VALUE 4 .700  12.317 6 .449 134.906 
ACCEPT TEST? REJECT RE JECT RE JECT RE JECT 

S I T E :  S I T E  16(C)  

T H I S  STWENT 'S  T-TEST AT THE 0 . 0 1  LEVEL DF SIGNIFICANCE I S  A TYD-TAILED TEST FOR P H  AH) A S INGLE-TAILED TEST FOR 
THE OTHER I M I C A T O R  PARAMETERS. A CALCULATED T-VALUE GREATER THAN THE REFERENCE 1-VALUE INDICATES A STATISTICALLV 
S I G N I F I C A N T  CHANGE OF THE CONCENTRATION OR VALUE OF THE 1H)ICATOR PARAMETER FROM BACKGROUM). T H I S  TEST I S  FOR DATA 
W I T H  SAMPLINQ OATES FROM 0 7  SEP 113 TO 0 7  OCT 8 3  . 



THE VALUE OF F I N A L  I S  0 
RUN DATE 29 MAR 84 

INSTALLATION:  RADFORO AAP. VA 

G R W - W A T E R  MONITORING STATISTICAL ANALVSIS 

WELL C 4  

P H  SPEC COND TOC T OX 

U N I T S  UMC MGL MGL 
B A C K G R W  MEAN 7.756 243.600 10.000 .020  
BACKGROUND STAMARO DEV -11s 15.946 5.715 -02  I 
BACKGROUND SAMPLE S I Z E  . 16 16 16 16 

CALCULATED MEAN 7.62s 439.000 17.500 -046 
CALCULATED STAMIARD DEV .050 2 .OOO -577 .003 
SAMPLE S I Z E  4 4 4 4 

DEGREES OF FREEDOM 1 8 18 18 18 
REFERENCE/BOOK 1-VALUE 2.878 2.552 2.552 2.552 
CALCULATED 1-VALUE 2.191 23.917 2.569 2.399 
ACCEPT TEST? OK REdECT REdECT OK 

S I T E :  S I T E  16(C) 

T H I S  STUDENT'S 1-TEST AT THE 0 . 0 1  LEVEL OF S IGNIF ICANCE I S  A TWO-TAILED TEST FOR PH AH) A S INGLE-TAILED TEST FOR 
THE OTHER 1H)lCATOR PARAMETERS. A CALCULATED 1-VALUE GREATER THAN TtIE REFERENCE 1-VALUE I M I C A T E S  A STATISTICALLY 
S I Q N I F I C A N T  CHANGE OF THE CONCENTRATION OR VALUE OF THE I M I C A T O R  PARAMETER FROM BACKGROUW. T H I S  TEST I S  FOR DATA 
W I T H  SAMPLING DATES FROM 30 MAY 83 TO 20 JUN 83 . 



1 1. 

RUN DATE 2 9  MAR 0 4  

INSTALLATION:  RADFDRD AAP. VA 

GRDUM-WATER MONITORINQ S T A T I S T I C A L  ANALVSIS  

S I T E :  S I T E  16 (C)  

YELL CDH2 

P H  SPEC COH) TOC TOX 

UN1 TS UWC f f i L  l lOL 
BACKGROUM MEAN 7 . 7 5 6  2 4 3 . 5 0 0  10 . 000 . 0 2 0  
B A C K G R O W  STAH)ARO OEV . 1 1 5  15. 9 4 6  5 . 7 1 5  . 0 2 1  
BACKGRWM) SAMPLE S I Z E  16 '6 I 6  1 6  

CALCULATED MEAN 7 . 5 0 0  3 4 7 . 5 0 0  3 3 . 2 5 0  . 0 1 2  
CALCULATED STANDARD OEV .OOO 2 0 . 6 1 6  4 . 9 2 4  .008 
SAMPLE S I Z E  4 4 4 4 

DEGREES OF FREEDOM I 0 1 0 111 1 8  
REFERENCE/BOOK T-VALUE 2 . 0 7 0  2 . 5 5 2  2 . 5 5 2  2 . 5 5 2  
CALCULATED T-VALUE 4 . 3 6 2  11 .064  7 . 4 3 9  - . 7 5 9  
ACCEPT TEST ? REJECT REdECT REUECT OK 

T H I S  STUDENT'S T-TEST AT THE 0.01 LEVEL OF S IGNIF ICANCE I S  A TWO-TAILED TEST FOR P H  AH) A S I N G L E - T A I L E D  TEST FOR 
THE OTHER INDICATOR PARAMETERS. A CALCULATEO T-VALUE GREATER THAN THE REFERENCE 1-VALUE 1M)ICATES A S T A T I S T I C A L L V  
S I G N I F I C A N T  CHANGE OF THE CONCENTRATION OR VALUE OF THE 1M)ICAfOR PARAMETER FROM BACKOROUM). T H I S  TEST I S  FOR DATA 
W I T H  SAMPLINQ DATES FROM 0 7  SEP 83 TO 0 7  OCT 113 . 



INSTALLATION:  RAOFDRO AAP. VA S I T E :  S I T E  164C) 

BRWNll-WATER WONITORINO STATISTICAL ANALYSIS 

WELL COH2 

- P H  SPECCOND TOC TOX 

U N I T S  UWC UGL MGL 
B A C K G R W  WEAN 7.756 2 4 3 . 6 0 0  1 0 . 0 0 0  - 0 2 0  
BACKGROUNO STANDARD DEV . 11s 13 .946  5 . 7 1 5  . 0 2 1  
BACKGROUND SAMPLE S I Z E  18 16 1 6  1 6  

CALCULATED WEAN 7 . 4 0 0  4 8 0 . 0 0 0  2 6 . 0 0 0  .On0  
CALCULATED STANDARD DEV .000 .000 .000 . 0 0 3  
SAMPLE SIZE 4 4 4 4 

DEGREES OF FREEDOM 1 6  18  1 8  1 8  
REFERENCE/BOOK T-VALUE 2 . 8 7 8  2 . 5 5 2  2 . 5 5 2  2 . 5 5 2  
CALCULATED f -VALUE 6.066 29.063 5 . 4 0 6  5 . 6 1 3  
ACCEPT TEST? REdECT REdECT REdECT REdECT 

T H I S  STUOENT'S 1 -TEST AT THE 0.01 LEVEL OF SIGNIFICANCE I S  A TWO-TAILED TEST FOR P H  A m  A SINGLE-TAILEO TEST FOR 
THE OTHER I W I C A T O R  PARAWETERS. A CALCULATED 1-VALUE GREATER THAN THE REFEREMCE T-VALUE INDICATES A STATISTICALLY 
S I G N I F I C A N T  CHANGE OF THE CONCENTRATION OR VALUE OF THE INOICATOR PARAMETER FROM BACKGROUM). T H I S  TEST I S  FOR DATA 
WITH SAWPLINQ DATES FROM 30 WAY 8 3  TO 2 9  ~UF( 03 . 





LfGEtJO 
KOTES: ALL uETALs AN0 O l H E R  PARAMETERS WHERE APPROPRIATE ARE ON A D1SSO.LVED ( ~ ~ L T E R E D )  BAS19 UNLESS OTHERWISC 
N O T ~ D .  O E r ~ C 1 1 0 t 4  L I U I T S  SHOUH ARE NORMAL LEVELS;  ACTUAL L I M I T S  MAY VARY I N  ENVIRONMETAL SAMPLES. ANALYTICAL RESULTS 
&RE ACCURATE 10 E l I H E R  2 OR 3 S I G N l F l C A N T  F I O U R E S *  
A VALUES SllOsltl ARE FOR w A l E R  L E V E L  E L E V A T I O N  ABOVE A REFERENCE DATUM 
0 LIPGRADIENT S l l E  
c R c s u L r s  rnc FOR U t r f I i r t a E o  SAMPLE 

VALUE EdCEEOS A N A ~ I O N A L  I N l E R l U  PRIMARY D R I N M l N O  WATER REUULATION STANOAMD 
r . VALUE EdCEEDS A N A I l O t l A L  SECONDARY O R I N H I N O  WATER REGULATION C R I T E R I A  
4 VALUE EACEEDS A S I A I E  WATER Q U A L I T V  STANDARD OR C R I T E R I A  

CGL - U I L L I t i R A * 4 S / L I T E R  . 
UGL - UICROGIIA~S/LIIEA 
P C 1  - P I C O C l J R I E S / L I  I E S  
UtJC - UICAO:~IOS/CENI l u E f E l  
N I U  - H E P t i E L O U E I R I C  r U R O l O f f r  . 
fGtd - 1t iHLS l tOLD ODOR NUMBER 
ION - l A S 1 E  O l L U I l O N  I N O E I  NUMBER 
CU - COLOR U H I I S  
PW - PER I00 U I L L l L t f E R S  



RUtJ OATEt 16 OCT 0 1  

PAAAMETER SAKPltNO OETECT1OH 
OAT E L I ~ I T  UNITS 

GRGSS AL?HA 07 tiOV 81 
G6OSS ALPHA 30 IJOV 01 
GKOjS ALPHA 21 Ut.R 02 
G f i ~ i j  ALPHA 07 JUN 8 1  
RL31110-210  30 NGV 6 1  
R&911~'4-7?6 07 87 
GK3SS e E l k  02  N3V 8 1  
GG35S 0 E 1 A  30 NOV 01 
CKLSS BE l A  92 U A R  8 1  
GCOSS C E f A  O7'JUH 87  
s1,ia:rt ILX-BO 30 wnv e l  
191 11u:d 30 'HOV 0 1 
URA:IlU!J I 1  NOV 0 1  
G f b S  ALPIIA ?O JOL 92 

1.30 PCL 
1.30 PCL 

33.70 PCL 
23.60 PCL 

.05 PCL 

.05 PCL 
1.30 PCL 
1.30 PC& 
1.33 PCL 
1 - 5 0  PCL 

1.7 PCL 
224. PCL 

0. PCL 
1.3 PCL 

SAMPLIbO S I T E S  
RELULT S 



RUN O A t L I  29 OCT 82 

J N S l A l l A T J O N I  RADFORO AAPI VA 

WA1ER 
LEVELS (A )  07 JUN 82 
LEVELS ( A )  19 J U l  0 2  
A ~ S ~ I J I C  07 JUN 
B A ~  11r:r 07 JUl4 0 3  
CADg.ll UY 07 dull 0 2  
Lll2G'A IUU 07 JUN 0 1  
f L u c a  I DE 07 JUII 0 2  
LEAD 07 Jut1 82 
V L R C U R Y  07 dull 02 
t.32 41133 AS N 07 J l IN 
s E ~ k . I l 1  UfJ 07 JUH 82 
SILVER 07 J l l l J  02 
LteDh l ll 07 J I J l l  UZ 
L 1tiGAI;E 07 dull 02 
1 0 ~ A P l l € l J E  07 ' JUIJ 0 2  
b!Ell~Ol(YClllOR 07 JUIJ 8 2  
2.4-0 07 J U l l  02 
S I L V I X  07 JON 8 2  
CiiUSS ALPI'4 0 7  JUil 112 
C905S ALPHA 20 JUL 0 2  
R:31u!.l-226 07 JllN 0 2  
CR9SS OElA 07 Jllll 82 
CIILOR I D €  07 JII:l 0 2  
I RO:c 07 d l r t l  82 
GCIJGAI~ESC 07 3UN 0 2  
PIIEI;OL 07 J I J l 4  0 2  
S C 3  111'4 07 J l l t l  a 2  
SULf A l E  07 JUI i  82 
~ \ t ( f  l ELD) 07 JUt I  82 
PI(( f l E l D )  07 dull 02-  
PHI F I  € 1 0 )  07 d u l l  02 
PII( F I E L D )  07 JIJfJ 82 
SPEC CGl;D 07 J U ) I O ~  
SPEC C0:tD 07 Jut4 U2 
SPEC COtdD 07 dU1J 02 

*SPEC COND 07 JIJN 02 
1 cc 67'JUI l  02 
1 OC 0 7 - 3 U I l  0 2  
1Oc . 07'3UN 02 
VDC O7'JUN 8 2  

Ma 1 
Ma L 
YGL 
MGL a 

MG L 
MG L 
UG L 
MG L 
MG L 
MG L 
UG L 
UG L 
UG L 
UG L 
UG L 
UG L 
PC L 
PC L 
PC1 
PC L 
MG 1 
hlG L 
MG L 
MG L 
MC L 
MJ L 
P H 
PH 
PII  
PH 
UMC 
U%lC 
UhlC 
UhlC 
HG L 
MG L 
MC L 
MG L 

SAMPCINO S!TES 
RESULTS 

9 
SSWB S5YS SSWB S6U7 



SAMPLIhO S I T E S  
RESULTS 

P A A A U C ~ E R  SIMP LI NO' D L 1  ECTlON 
OAT E  L I M l T  U H I T S  8 

SSW8 SSWS S6W0 SSV7 
TOX Ot'JUN 03 ' ,010 UOL .028 -C .014 C -014 C a 0 1 3  C 

l o x  01'JUIJ 0 1  .010 h4OL .019 c .041 c No a016 C , 
TOX Ol'JUN 02 a010 MOL e030 C .031 C NO .020 C 
TOX OI'JUN O P  e010 WGL e027 C a013 C a014 C a013 C 



RUN DATEt 14 JAN 83 

INSIALLATIONL RAOfOHO AAP, VA FACILITY8 S I T E  6 

SAMPLING SITES 
RESULTS 

GflCSS ALPtiA 02  NOV 8 1  
GHGSS ALPHA 30 NOV 81 
G R ~ S S  LLPnA 22 u A n  82 
GROSS ALPllA 07 JUN U2 
GROSS ALPHA 2 0  JUL 82 
GROSS ALPHA 13 SEP 82 
RIOIU'J-226 30 N O V  01 
RADIUU-226 07 JUN B2 
GAJSS BETA 02 NOV 8 I  
GROSS BEIA 3 0  NOV 8 1 
GROSS BETA 12 MAII 82 
GIaOS5 DElA 07  IJUN 82 
GROSS BETA 13 SEP 82 
S 1 R O t I I I U : I - 9 0  30 NOV 01  
S I R O t 4 1  IOU-90 20 JUL 82 
1 R I  TIUU 30 NOV 81 
U R A N I U M  11 NOV 81 
URANl UW 20'3UL 82 

OET ECf ION 
L l Y l T  . UNITS 

PC L 
PC L 
PC L 
PC L 
PC L 
PC L 
PC L 
PC L 
PC L 
PC L 
PC L 
PC L 
PC L 
PC L 
PCL 
PCL 
PC L 
PCL . 

8 
SSWB 

28.20 
. 25.70 
4 23.70 
r 23.bO 

49.60 
32.10 

e71 

24.70 
35.90 
31.60 
lee00 
18.10 

NO 
NO. 
NO 
8 

' 101 

SSWS SSW6 
ND 3.10 





RUN OATEI  14 JAN 03 

I N S T A L L A I I O N I  AAOFORO AAPI VA 

'SAMPLING S I T E S  
RESULTS 

PARAUETER SAMPLINO OETEC1ION 
OAT E L I M I l  UN I 1s 0 

S5W0 S5W5 S5W6 SSY7 

TOC(UI IF1LT) 1 3  SEP 8 3  1.000 UOL 16.000 . 42.000 34.000 
TGC(UNFILT)  1 3  SEP 03 ItOOO MGL 15.000 • 41.000 

31.000 

TOC{UNFILT)  13 SEP 82 1'.000 U C L  . . I a;ooo 4a.000 a3.000 
TOC(UNPILT) 13 SEP ea 1.000 MGL is.000 41 ,000 ' a3,ooo 



RUll  DATE1 1 6  JUL 03 

INSIALLATIONZ RADFORD AAP', ,VA 

PARAMETER SAMP L I N 0  DETECT I O N  
D A l  E L I M I T  

U A I E I l  
LEVELS ( A )  
CHLOll  I D E  
CHLOII I DE 
I ROII 
I RUI4 
MAtiGANESE 
MAIJGAHESE 
PtIENOL 
FHEIJOL 
SOU I I  IM 
SOD I l l M  
SULI 'A TE 
S U L f h l E  
 PI^( F I ELD) 
I1li( F I E L D J  
P l l (  f I ELD)  
Pl l (  F I ELD)  
SPEC C@NO 
SPEC CONO 
SPEC CONO 
SPEC COND 
1 OC 
1 OC 
1 OC 
I OC 
r o X  
1 OX 
ton 
lox 
IOC ( I J t l F  I L T )  
I O C ( U N F I L 1 )  
l O C ( l t N F 1 L T )  
I O C ( U N F I L 1 )  
SUSP SOL lOS 
SUSP SOLIDS 

25 4PR 83  
26 APR 8 3  
26 APR 03 
26 APR 03 
26 APR A3 
26 APR 03 
26 APR 03 
26 AI'R 83 
28 AI'R 83 
2G Al'R 83 
26 APR 8 3  
26 APR 83 
26 APR 83 
26 APR fl3 
26 AIJH (1J 
26 AIJR 83 
26 AI'A 83 
26 AI'H (13 
26 APR 03 
26 Al 'n 03 
26 APl l  83 
26 APII n3 
26 APR I13 
2 6  AI'R 03  
26 AI'R t13 
26 Al'n 83 
26 APR 03 
26 APR 03 
26 A P n  03 
26 APR V 3  
36 APR 0 3  
26 APR 83 
26 APR 83 
26 APR 83 
16 APR 83 

U N I T S  

F T 
MG L 
MG L 
trlc L 
MG L 
MG L 
MG L 
MG L 
MG C 
h1G L 
MG L 
MG L 
MG L 
PI1 
PI I 
PW 
PW 
UMC 
u t r c  
UMC 
UMC 
MG L 
MG L 
MG L 
MG L 
MG L 
MG L 

'M'JL 
MI; L 
MG C 
MG L 
MG L 
MG L 
MG L 
MG L 

S I T E !  S I I E  5 

SAtAPLLNG S I T E S  
RESULTS 

1760.8 1759.4 
62.0 C 14.0 C 
62 - 0  14.0 

23 .401 C 12.401 c 
ND NO 

5 0 r  1.591 C 
.a01 C 1 a 001 

N D NO 
NO NO 

2 5, 18- C 
26. C 17. 

260. 01  c 170.0 C 
2GO . O #  160.0 

6 .9  5 . 6 r  
6 . 9  5 .61  
6.8 5.5*  
6 . 8  5 . 6 1  

1200. .  600. 
1200. G R O .  
1200. 6Ur). 
1200. 680. 
30 .0  8 . 0  
23 .0  8 . 0  
28 .0  8 . 0  
251.0 11.0 
,029 C .046 C 
,036 C ,042 C 
.034 C ,046 C 
,031 C -043  C 

l R . O O O  9.000 
18.000 9.000 
1 8 , 0 0 0  9.000 
10.000 9.000 

' ND ND 
588.  L 480. c 



I I f 1 1 1 I 

IIIJII U t \ I E ;  2 6  SEP U3 

I r t j l A L L A l l O I 4 :  I lADFOnD AAP, V A  

I~IIII ALIE 1 En SAMP L I ).cG D E l E C I  ION 
[ I A I  E L I A I I I  U l i  1  1 S 

r4ATEll 
LEVELS ( A )  O I ' A L J G I 1 3  
PHI FI E L O )  0 1  ' A ~ J U  I13 
P H I F I  E L I ) )  . 0 1  . ~ u I i  U3 
PHI F lE1.1)) 0 1  ' A L J C ;  113 
PHI FIELD) 0 1  'ALII; 113 
PHI LA 0 ) 0 1  'AIJC 113 
PHI L A B )  0 1  ' ; \ c ~ l i  113 
SPEC 1;lItID o l  'A l J l ;  113 
SPEC COllD 0 1  ';iiJG 113 
SPEC COltD O l ' ~ l 1 l ; L 1 3  
SPEC COlrD OI  -nuL 113 
lo< OI  ' A k J ( i  U 3  
TOC 01  .;,IJ~; 113 
TOC 0 1  -AIJI; 113 
T O  i 0 1  ' A U C  113 
TO A OI  'At& 113 
Tor, 0 1  'AIJI; 113 
TO x OI  ' A U L  113 
TO 1 0 1  U 3  
T O C 1 U N F I L I )  O l  'All;, 113 
TOCIUNFILI) 0 1  'AIIC; u 3  
T o C l u ~ F t ~ l )  0 1  'AUC {I3 
T O C I L J N F I L I )  OI 'AUG lb3 
SuSP SOLIDS O I  'AUG 0 3  
SuSP SOLIDS OI 'AUG U 3  

1 7 5 6 . t i  
7 . 2  
7 . 1  
7 . 1  
7 . 2  
7 . 2  
7 .  I 

GOO. 
5 9 5 .  
5 9 0 .  
600. 

5 . 0  
5 . 0  
5 . 0  
5 . 0  

, 0 2 9  
, 0 9 0  
. 030  
. 04O 
3 3 . 0  

. 3 2 . 0  
3 4 . 0  
3 3 . 0  
2 1 9 .  

NO 



RUN DATE: 13 NOV 84 

INSTALLATIDN:  RADFDRO AAP. VA 

PARAMETER SAMPLING DETECTION 
DATE L I M I T  

.a 

WATER 
LEVELS ( A )  28 AUG 84 
ARSENIC 28 AUG 84 . 0 1 0  
ARSENIC 28 AUG 84 .O 1 0  
BAR 1 UM 28 AUG 84 . 3 0  
BARIUM 28 AUG 84 .30 
CAOMIUM 28 AUG 84 1.0 
CADMIUM 28 AUG 84 1 .o 
CHROMI UM 28 AUG 84 . 0 0 1  
CHRDMI M 28 AUG 84 . 0 0 1  
LEAD 28 AUG 84 . 0 0 5  
LEAD 28 AUG 84 . 0 0 5  
MERCURV 28 AUG 84 . 2  
MERCURY 28 AUG 84 . 2  
N02+ND3 AS N 28 AUG 84 .O I 
ND2+ND3 AS N 28 AUG 84 . 0 1  
SELENIUM 28 AUG 84 . 0 0 5  
SELENIUM 28 AUG 84 . 0 0 5  
S ILVER 28 AUG 84 .025 
S I L V E R  28 AUG 84 .025 
I RON 28 AUG 84 .10 
I RON 28 AUG 84 - 1 0  
MANGANESE 28 AUG 84 - 0 0 1  
MANGANESE 28 AUG 84 .001 
SULFATE 28 AUG 84 .1 
SULFATE 28 AUG 84 .l 
P H ( F I E L 0 )  28 AUG 84 
PH(F1ELD)  28 AUG 84 
PHCFIELD)  28 AUG 84 
PH(F1ELD)  28 'AUG 84 

t .  SPEC COND 28 AUG 84 1. 
SPEC COND 28 AUG 84 1. 
SPEC CON0 28 AUG 84 1. 
SPEC CON0 28 AUG 84 1. 
TOC 28 AUG 84 . 1  
TOC 28 AUG 84 . 1  
TOC 28 AUG 84 . 1  
TDC 28 AUG 84 . 1  
TOX 28 AUG 84 . 0 1 0  
TOX 28 AUG 84 . O f 0  
TOX 28 AUO 84 , 0 1 0  

U N I T S  

FT 
MGL 
MGL 
MGL 
MGL 
UGL 
UGL 
MGL 
MGL 
MGL 
MGL 
UGL 
UGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MG L 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
fJH 
P H  
P H  
PH 
UMC 
UMC 
UMC 
UMC 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 

S I T E :  S I T E  5 

SAMPLING S I T E S  
RESULTS 



RUN DATE: 1 3  NOV 8 4  

INSTALLATION: RADFORD AAP. VA 

PARAMETER SAMPLING 
DATE 

TOX 2 8  AUG 8 4  
TOC(UNF1LT) 2 8  AUG 8 4  
TOC(UNF1LT) 2 8  AUG 8 4  
TOC(UNF1LT) 2 8  AUG 8 4  
TOC(UNF1LT) 2 8  AUG 8 4  
TDS 2 8  AUG 8 4  

DETECT I O N  
L I M I T  U N I T S  

. 0 1 0  MGL 
1 . 0  MGL 
1 . 0  MGL 
1 . 0  MGL 
1 . 0  MGL 

1. MGL 

S I T E :  S I T E  5 

SAMPLING S ITES 
RESULTS 



LLGE,lD 
K O l t S t  A L L  METALS A N 3  OTHER PARAMETERS WHERC APPROPRIATE ARE ON A D I S S O L V E D  ( F I L T E R E D )  B A S I S  U N L E S S  OTHERWISE 
NOIED.  D E T E C T I O N  L I M I T S  SHOWY ARE NORMAL L E V E L S t  ACTUAL L I M l T S  MAY VARY I N  ENVIRONMETAL SAMPLES. A N A L Y T I C A L  RESULTS 
ARE ACCURATE 10 E I l H E R  2 09 3 S I G N I F I C A N T  FIGURES. 
A VALUES SlIO'Jl4 ARE FOR WATER L E V E L  ELEVAT1OH ABOVE A REFERENCE DATUM 
e U P C R A o t c t r r  SIIE 
C A L S U L l S  ARE FOR U t l F 1 L T E R E D  SAMPLE m 

8 VALUE EFCEEDS A N A l l O l d A L  SECONDARY D R l N K l N Q  WATER REGULATION C R I T E R I A  
d VALUE ErCEEOS A S T A I E  WATER Q U A L I T Y  STANDARD OR C R I T E R I A  
D - WELL WAS DRY 

UGL - L I I L L I G R h U S / L ~ f f R  
UGL - MICROGSA!~S/  L I TEA 
PCL - P I C O C U R I E S / L I I E R  
UtlC - U I C R O ~ J ~ ~ O S / C C ~ I I I ~ I E T E R  
t11u - NEPIILLL~~~E.IR 1C I U R B I D I T V  U N I T S  
T0:l - THRCSIIOLD ODOR t1c)LIBER 
TO:( - TASTE 0 1 L U l  1014 I I4DEX NUMBER 
CU - C O L O R  U N I T S  
PMJ - PEA 100 U ~ L L I L I T E R S  



RUN O A t e l  2# OCT 02 

INSTALLATIOHI  RADFORD AAP, VA 
* 

PARAMEIEA SAMPLINO' DETECTION 
D A l f  L I U l T  U N I T S  

WATER 
L E V E L S  (A )  21 d u N  81 
ARSENIC 38 JUIJ 6 2  
BAR lUU 21 3111J 82 
CL3'JI  UU 31'dUIJ 02 
CI~C-.' I ur4 2 1 . ~ ~ 1 4  02 
C LUOrt l DB 2I 'JUN 02 
LEf i3  21 JUIJ 82 
L'EfltURY 21 JUIJ 82 
tr3?*:rD3 AS N 21 JuN 02 
SELLI~ lUI4 21 Jut4 02 
S I L V E R  II Jtlt l 82 
fh'DRII4 31 Jtlrl 82 
L ltru:r:€ 31 'd:IN 02 
~ c x I C H E N E  21 JUl4 82 
KE~IIOIYCHLOA 21 JUN 02 
2 . 4 - 0  71 Jut1 02 
SlLVfX 21 JUll 82 
GROSS ALPHA 21 ,J!nl 02 
RAOlU!A*326 21 Jut4 02 
CWSS BElA  21 J l lN 02 
C11~0110E II du l l  02 
I nU.4 21 J~III 112 
cnllrJr%ESE 21 JIIIJ 82 
F14El.01 I 1  ' 51114 82 
SG3 1 Ua 21 Jut4 62 
SULIATE II 'JUIJ 02 
SPEC CONO 21 JIlN 02 
SFEC COfIO 21 JutJ 02 
SPEC corca 21 Jurt 02 
SPfC CONO 21 J U N 0 2  
1 cc 2I 'JUI I  02 
f OC 21 JI~IJ uz . 
1 Gc 21 JUIJ 02 
1 DC 21 a durr 02 
101 31-JUII 82 
1 On 21'JUN 03 
:C1 21'JUN 82 
1 Gr( 21'JUN 02  

f 1 
ro t0  MGL 

*I hGL 
r005 MGL 
,010 HOL 

610 MGL 
r O l O  MGL . 

.2 UGL 
S O 5  UGL 

a005 LiGL 
e O 1  hlOL 
.04 UGL a 

e O B  UGL 
1.6 UGL 
1.6 UGL 
3.0 UGL 

e5 UGL 
1.30 PCL 

.05 PCL 
1 s30 PC1 

teo MGL 
,03 KGL 
.01 LlGL 
r01 MGL 
I. MGL 

1 . 0  MGL 
1. UMC 
I. UMC 
1 UUC 
1 w UMC 

1.0 IrlciL 
1,o LlGL 
1.0 MGL . 
1.0 MGL 

e010 MGL 
r010 MOL 
.010 MGL 
.010 MGL 

F A C l L l T Y I  S I T E  7 

SAMPL~NO SITES 
RESULTS 

0 
S7Wl2 S7W9 S7W10 S7Y 1 1 



I I I I I 1 

RUN DATLI 19  OCT 02 

GROSS ALPHA 
GROSS ALPHA 
GROSS ALPHA 
GROSS ALPH4 
AAOIUU-216  
Rt.3 1ULl-226 
GfiOSS B E l A  
GkbSS D E l A  
GROSS B E l A  
GfiOSS BLlA 
URANl  U U  

09 NOV 01 
1 0  NOV 8 1  
30 L lAR 82 
21 JUM 82 
3 0  M A 9  82  
2 1  Jurr 03  
09 MOV 8 1 
1 0  NOV 8 1  
30 MAR 0 2  
11'dU:4 8 2  
30 MAR 83  

UNITS 

SAUPLINO SITES 
RESULTS 



RUN DATE: 1 4  J A N  83 

 INSTALLATION^ AADfORO AAP.9 V A  

PARA~AETER SAMPLINO 
OAT E 

WATER 
LEVELS ( A )  20 S E P  8 2  
ARSEN IC 20 SEP as 
BAR IU:J 20 SEP 03  
CADMI U t l  2 0  S E P  83 
CIIROI.1 IUU 30 SEP 02 .,, 

f LUOI~ I 0€  90 sEP 02 
LEAG .2O ,SEP 82 
~ ; L ~ C L I ~ Y  20 SCP 82 
t :c2c l rO3 AS N 20 SEP 02 
SE1E:IlULI 20 SEP 81  
S 1  L v E n  . 2 0  SCP 01  
Ef iOl t1  IJ 20 SfF 82 
L IND.\IIE 20 SEP 02 
IOI;API~ENE 0 0  SCP 82 
UEIII~~IYCHLOA 20 SEP 02 
2 0 4-9  20 SEP 02 
S I L V E I  ' 20 SEP 02 
CnOSS ALPHA 20 S E P  82 
G f i 0 5 S  D E I A  20 SEP 82 
CHLOH l OE 20 SEP 0 1  
l LON 20 SEP 02 
~IA~JGANESF. 20 S L P  03 
P l l E h O l  2 0  S E P  82 
SO0 I Ill1 2 0  SEP 82 
SL iLFAIE  90 S L P  8 2  
PH(CIELDI 20 SLP 02 
~ll( f  IEcO) 2 0  SEP 82 
~ t i ( f I E 1 0 )  2 0  SEP 02 
PH(FIELDI 20 SEP 02 
SPLC COIIO 20 SEP 82 
S P L C C O t l O  2 0 S E P 0 2  
SPLC COHO 20 S E P  83 
SPEC CON0 10 SEP 0 2  
1 0 C  30 SEP 03 
1 CC 20 SCP 02  
1 OC 2 0  SEP 02 
1 OC 20 SEP u a  
1 OX 20 S E P  0 2  
1OX 2 0  SEP 0 2  
10X 3 0  S E P  82 

F T 
e 0 1 0  LlGL 

. I  L G L  
,005 MGL 
, 0 1 0  MGL 

-10 UGL 
e 0 1 0  MGL 

.3 UGL 
.05 MGL 

a005 MGL 
- 0 1  LlGL 
- 0 4  UGL 
008 U G L  
1.6 UGL 
1.6 UGL 
3 . 8  UGL 

.5 UGL 
6.18 P C L  
1 0 7 1  P C L  

1.0 MGL 
e 0 3  MGL 
a 0 1  MGL 
a 0 1  U G L  

1, MGL 
1.0 MGL 

PH 
PH 
PH 
PI1 

1. UhlC 
1. UMC 
1, UMC 
1. U1,lC 

1.0 IAGL 
1.0 MGL 
1.0 MGL 
t.0 MGL 

, 0 1 0  MGL 
, 0 1 0  MGL 
,010 MGL 

SAMPLING S I T E S  
R E S U L f  S 



PARAMETER SAUPLiNO DETECT IOH 
DATE LIMIT 

10X 20 SEP 82 a010 
TOC(UNFIL1) 10  SEP 83 1.000 
TOC(UNFILT) 20 SEP 0 2  l . a O O O  
TOC(UNFIC1) 10  SEP 0 2  1,000 
IOC(UNFIL1) 20 SEP 03  1 r O O O  

RUN DATE 8 14 JAN 03 

INSTALLATtONl  ADF FORD AAP, VA 

'UN s 1s 8 
S7U1 a 

MOL 
LlG L 
MOL. 
LlG L 
MGL 

SAMPLINO SITES 
RESULTS 



RUl4 DATE: 26 JUL 03  

I N S I A L L A T I O N I  RADFORD AAP, VA 

PARAMETER SAMPLING DETECT l O N  
DATE L l M l T  

wA1Ea 
LEVELS ( A )  
CIILOR I DE 
CtlLOH I D E  
1 q o N  
l RON 
MANGANESE 
MAIJGANESE 
PHENOL 
PIIE NO L 
SOD 1 UM 
SO0 l UM 
SULFAIE 
SULFATE 
PH( FIELD) 
P H ( F I E L D )  
PHI  F I E L D )  
P H ( F I E L D )  
SPEC COND 
SPEC CON0 
SPEC COND 
SPEC COND 
I OC 
I OC 
1 OC 
1 OC 
1 ox 
l o x  
I ox 
101 
TOC(UNFILT) 
IOC(UNFILT) 
~ ~ ~ ( I I N F I L T )  
IOC(UNFILT)  
SUSP SOLIDS 
SUSP SOLIDS 

02  MAY 0 3  
02 MAY 03  
02 MAY 0 3  
02 MAY 03  
02 MAY 0 3  
02 MAY 0 3  
02 MAY 03  
02 MAY 03  
02 MAY 0 3  
02 MAY 0 3  
02 MAY 0 3  
02 MAY 8 3  
02 MAY 03  
02 MAY 03  
02 MAY 03  
02 MAY 0 3  
02 MAY 03  
02 MAY 03  
02 MAY 8 3  
02 MAY 03  
02  MAY 0 3  
02 HAY 03  
02 MAY 0 3  
02 h1AY 0 3  
02 MAY 03  
02 MAY 03  
02 MAY 83  
02 MAY 03  
02 HAY 0 3  
02 MAY 8 3  
02 MAY 0 3  
02 MAY 0 3  
02  MAY 0'1 
03 MAY 8 3  
02 MAY 0 3  

U N I T S  

F 'f 
MG L 
MG 1 
MG L 
MG L 
MG L 
MG L 
MG L 
MG L 
MG L 
MG L 
MG L 
MG L 
PH 
PH 
PH 
PH 
UMC 
UMC 
UMC 
UMC 
1AG L 
MG L 
MG L 
MG L 
hlG L 
IAG L 
MG L 
MG L 
MG L 
MG L 
MG L 
MG L 
MG L 
MG L 

S I T E 1  S I T E  7 

SAMPLlNQ S l l E S  
RESULTS 



RUN O A T € :  09  MAY 84 

I N S T A L L A T I O N :  RAOFORO AAP.  VA 

PARAMETER SAMPLING 
DATE 

WATER 
L E V E L S  ( A )  
P H ( F I E L 0 )  
PH(FIELO) 
PH(FIELO) 
PH( F I ELO 
SPEC CONO 
SPEC CONO 
SPEC COND 
SPEC CONO 
TOC 
T OC 
T OC 
T OC 
TOX 
TOX 
TOX 
l o x  
TOC(UNFILT) 
TOC(UNFILT) 
TOC(UNF I L T  ) 
TOC(UNF ILT) 
SUSP S O L l O S  
SUSP S O L I D S  

08  AUG 83 
0 8  AUG 83 
08  AUG 83 
0 8  AUG 83 
08  AUG 83 
08  AUG 83 
08  AUG 83 
08  AUC 83 
08  AUG 83 
08 AUG 83 
08 AUG 83 
08  AUG 83 
08  AUG 83 
08  AUG 83 
08 AUC 83 
08 AUG 83 
08  AUG 83 
08 AUG 83 
08  AUG 83 
08  AUG 83 
08  AUG 83 
08  AUG 83 
00  AUG 83 

DETECT I O N  
L I M I T  U N I T S  

F T 
PI4 
P H  
P H  
P H  

1. UMC 
1 .  UMC 
1 .  , UMC 
I .  UMC 

1.0 MGL 
1.0 MGL 
1.0 MGL 
1.0 MGL 

,010 MGL 
.010. MGL 
.010 MGL 
.010 MGL 

1.0 MGL 
1 .0  MGL 
1 .O MGL 
1.0 MGL 
5. MGL 
5. MGL 

SAMPLlNG S I T E S  
RESULTS 



RUN DATE: 13 NOV 84  

I N S T A L L A T I O N :  RADFORD AAP. VA 

PARAMETER S A M P L I N G  DETECT I O N  
DATE L I M I T  

WATER 
L E V E L S  ( A )  29  AUG 84 
A R S E N I C  29  AUG 84 
ARSENIC 2 9  AUG 84 
B A R I U M  29 AUG 84 
B A R I U M  29  AUG 84 
CADMIUM 29 AUG 84 
CADMIUM 29  AUG 84 
CHROMIUM 2 9  AUG 84 
CHROMIUM 29  AUG 84 
L E A D  29  AUG 84 
LEAD 29  AUG 84 
MERCURY 29  AUG 84 
MERCURY 29 AUG 84 
N 0 2 + N 0 3  AS N 29  AUG 84 
N 0 2 + N 0 3  AS N 29  AUG 84 
S E L E N I U M  29  AUG 84 
S E L E N I U M  29 AUG 84 
S I L V E R  29 AUG 84 
S I L V E R  29  AUG 84 
I RON 29  AUG 84  
I RON 29 AUG 84 
MANGANESE 29 AUG 84 
MANGANESE 29 AUG 84 
SULFATE 29 AUG 84 
SULFATE 29  AUO 84 
P H ( F 1 E L D )  29  AUG 84 
P H ( F I E L 0 )  29  AUG 84 
PH(  F I E L D )  29  AUQ 84 
P H ( F I E L 0 )  2 9 A U G 8 4  
SPEC COND 29  AUG 84 
SPEC COND 29  AUG 84 
SPEC CONO 29  AUG 84 
SPEC CONO 29 AUG 84 
TOC 29  AUG 84 
TOC 29 AUG 84 
TOC 29 AUG 84 
T OC 29  AUG 84 
TOX 29  AUG 84 
TOX 29 AUG' 84 
T OX 29  AUG 84 

U N I T S  

F T 
MGL 
MG L 
MGL 
MGL 
U G L  
UGL 
MGL 
MGL 
MG L 
MGL 
UG L 
UGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
P H  
P H  
P H  
P H  
UMC 
UMC 
UMC 
UMC 
MGL 
MG L 
MGL 
MGL 
MGL 
MGL 
MGL 

S I T E :  S I T E  7 

S A M P L I N G  S I T E S  
RESULTS 



RUN DATE: 13 NOV 8 4  

INSTALLATION: RADFORD AAP. VA 

PARAMETER SAMPLING DETECTION 
DATE L I M I T  U N I T S  

TOX 2 9  AUG 8 4  . 0 1 0  MGL 
TOC(UNF1LT) 2 9  AUO 8 4  1 . 0  MGL 
TOC(UNF1LT) 2 9  AUG 8 4  1 . 0  MOL 
TOC(UNF1LT) 2 9  AUG 8 4  1 . O  MGL 
TOC(UNF1LT) 2 9  AUG 8 4  1 . 0  MGL 
TDS 29 AUO 8 4  1 .  MGL 

S I T E :  S I T E  7 

SAMPLING S I T E S  
RESULTS 



RUM DATE: 20 MAR 14  

INSTALLATION:  RADFORO AAP. VA S I T E :  S I T E  t B ( C )  

t E 6 E r n  
NOTES: ALL METALS AM) OTHER PARAMETERS WERE APPROPRIATE ARE ON A DISSOLVED (FILTERED) BASIS UNLESS OTHERWISE 
NOTED. DETECTION L I M I T S  SHOWN ARE NORMAL LEVELS; ACTUAL L I M I T S  MAY VARY I N  ENVIRONMENTAL SAMPLES. ANALYTICAL RESULTS 
ARE ACCURATE TO E ITHER 2 OR 3 S I G N I F I C A N T  FIGURES. 
A VALUES SHOWN ARE FOR WATER LEVEL ELEVATION ABOVE A REFERENCE DATUM 
B UPGRADIENT S I T E  
8 RESULTS ARE FOR UNFILTERED SAMPLE 
I VALUE EXCEEDS A NATIONAL SECONOARY O R I N K I N Q  WATER REGULATION C R I T E R I A  

VALUE EXCEEDS A STATE WATER QUALITY STAWARD OR C R I T E R I A  
0 - WELL WAS DRY 

. - -  
MOL - MILLIGRAMS/LITER 
UGL - MICROGRAMS/LITER 
PCL - P ICOCURIES/L ITER 
UMC - MICROMHOS/CENTIMETER 
NTU - NEPHELOMETRtC T U R B I D t T Y  U N I T S  
TON - THRESHOLD ODOR NUMBER 
TON - TASTE O I L U T I O N  I M E X  m E R  
CU - COLOR U N I T S  
P M  - PER 1 0 0  M I L L I L I T E R S  



IJUI1 OA TE : 1 3  DEC 83 

I~JSTAI-LAT IOU: RAOFORO ~ A P ,  V A  

PARAMETER S A M P L I N G  DETECT I O N  
DATE L I M I T  UNI t s  

WATER 
L E V E L S  ( A )  1 2  JUL 0 2  
L E V E L S  ( A )  1 3  \JON 83 
L E V E L S  ( A )  1 9  SEP 83 
SLJLFATE i 3  JUIJ 83 
SULFATE I 3  J U N  83 
P I I ( F I E L 0 )  I 9  SEP 83  
PI-I(FIELO) 11, SEP 133 
PI- FIELD) I 9  SEP 83 
P I I ( F 1 E L D )  1 9  SEP 03 
P t i (  L A Q  I 9  SEP 83 
SPEC CON0 1 9  SEP 83 
SPEC COIW I 9  SEP 83 
SPEC CONO 1 9  SEP 83  
SPEC CON0 1 9  SEP 03 
roc 1 9  SEP 03  
TOC 1 9  SEP 83  
TDC 19 SEP 03  
l 'OC 1 9  SEP 83 
TOX 1 9  SEP 83 
t O X  1 9  SEP 03  
TOX I 9  SEP fl3 
TOX 1 9  SEP 83 
T O C ( U N F I L T )  1 9  SEP 83 
TOC(UNFILT] 19 SEP 0 3  
TOC(UNFILT) 1 9  SEP 83 
T ~ I C ( U N F ~ L T )  1 9  SEP 03  
CUSP S O L I D S  (9 SEP 83  
SUSP S O L l D S  (9  SCP 83 

F T 
F 'r 
r r 

5 . 0  MGL 
5 . 0  ~ G L  

PI1 
P1.l 
PI I 
PI1 
P t I  

1 .  ur4c 
I . uric 
I . lllrc 
1.  U lsc  

1 . 0  M(;L 
I ,O MGL 
I .o d ( ; ~  
1 . 0  MGL 
0 1 0  MGL 
0 1 0  M(;L 
0 1 0  MGL 
0 1 0  MGL 
1  .0 M(:L 
1  .0 M(;L 
1 . 0  MGL 
I . O  MGL 
5 .  MGL 
5 .  MGL 



RUN DATE: 2Q MAR 04 

INSTALLATION:  RAOFORD AAP. VA 

PARAMETER SAMPLING DETECTION 
DATE L I M I T  U N I T S  

WATER 
LEVELS ( A )  07  DEC 81  
LEVELS ( A )  19 APR 82 
LEVELS ( A )  12 J U L  82 
LEVELS ( A )  13 J U N  83  
LEVELS ( A )  19 SEP 83 
ARSENIC 0 7  OEC 8 1  
ARSENIC 19 APR 82 
ARSENIC 12 J U L  82 
ARSENIC 18 OCT 82 
BAR I UM 07 DEC 81  
BARIUM 19 APR 82 
BAR IUW 12 J U L  82 
BAA I UM 18 OCT 82 
CADMIUM 07 DEC 81  
CADW I UM I 7  OEC 81  
CADMI UW 19 APR 82 
CADMIUM ' 12 J U L  82 
CADMIUM 18 OCT 82 
CHROMIUM 0 7  OEC 8 1 
CHROMIUM 19 APR 82 
CHROMIUM 12 J U L  82 
CHROM I U M  10 OCT 82  
FLUOR I D E  07  DEC 8 1  
FLUORIDE 19 APR 82 
FLUOR I D E  12 JUL 82 
FLUORIDE 18 OCT 82  
L E A 0  07 DEC 81  
L E A 0  19 APR 82 
LEAD 12 J U L  82  
L E A 0  18 DCT 82 
MERCURY . 0 7  DEC 8 1 
MERCURV 19 APR 82  
MERCURV 12 J U L  82 
MERCURV 18 OCT 82 
N02+N03  AS N 0 7  OEC 8 1 
N02+N03 AS N 19 APR 82 
Ml2*N03 AS N 12 J U L  82 
NO2*N03 AS N 18 OCT 82 
SELENIUM 07  DEC 8 1  
SELENIUM I 9  APR 82 

1 

F T  
F T 
F T  
FT 
F T 
MGL 
HGL 
MGL 
MGL 
MGL 
HGL 
MGL 
MGL 
MGL 
MGL 
MCL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MCL . 
HGL 
HGL 
MGL 
UGL 
UGL 
UGL 
UGL 
MGL 
MGL 
MQL 
MCL 
MCL 
MGL 

S I T E :  S I T E  1 6 ( C )  

SAMPLINQ S I T E S  
RESULTS 



RUN DATE: 29 MAR 04 

I N S T A L L A T I O N :  RADFORD AAP. VA 

PARAMETER S A W P L 1 W  D E T E C T I O N  
DATE L I M I T  

SELENIUM 12 3 U L  82 
SELENIUM 18 OCT 82 
S I L V E R  07 OEC 0 t  
S t  LVER 19 APR 82 
S I L V E R  12 J U L  82 
S I L V E R  18 OCT 82 
ENDR 1 N 07 DEC 81 
E M I R I N  19 APR 82 
ENORIN  12 J U L  82 
E N O R I N  18 DCT 82 
L I N D I N E  07 OEC 81 
L I N O A N E  19 APR 82 
L l  NDANE I2 JUL 82 
L 1 M A N E  18 OCT 82 
TOXAPHENE 0 7  DEC 81 
TOXAPHENE 19 APR 82 
TDXAPHENE 12 JUL 82 
TOXAPHENE 18 OCT 83 
METHOXVCHLOR 07 DEC 81 
METHOXVCHLOR 19 APR 82 
METHOXVCIILDR 12 J U L  82 
YETHOXVCHLOR 18 OCT 82 
2 . 4 - 0  07 OEC 81 
2 . 4 - 0  19 APR 82 
2 . 4 - 0  12 J U L  82 
2 . 4 - 0  18 OCT 82 
S I L V E X  0 7  DEC 81 
S I LVEX 19 APR 82 
S ' LVEX 12 J U L  82 
S 1 LVEX 18 OCT 82 
GROSS ALPHA 0 7  DEC 81. 
GROSS ALPHA 19 APA 82 
CROSS ALPHA 12 JUN 82 
GROSS ALPHA 12 3 U L  82 
GROSS A L P H I  18 OCT 82 
CROSS BETA 07 DEC 81 
GROSS BETA 19 APR 82 
GROSS BETA 12 3 U L  82 
GROSS BETA 18 OCT 82 
CIILOR I DE 0 7  DEC 81 
CHLORIDE 19 APA 82 

U N I T S  

MC L 
MGL 
MGL 
MCL 
MCL 
MG L 
UGL 
U C L  
UGL 
UGL  
U C L  
U C L  
UGL  
UGL  
U C L  
U C L  
UGL  
UGL  
UGL 
U C L  
UGL 
U C L  
UGL 
UCL  
UGL 
UGL 
UCL  
UGL 
UGL 
UGL 
PCL  
P C L  
P C L  
P C L  
P C L  
P C L  
P C L  
P C L  
P C L  
MGL 
MGL 

S I T E :  S I T E  1 6 ( C )  

SAMPLING S I T E S  
RE SUL 1s 



RUN DATE: 2m HAR 14 

INSTALLATION:  RAOFORO AAP. VA 

PARAMETER 

CHLOR I O E  
CHLOR I O E  
CHLORIDE 
CHLORIOE 
I RON 
I RON 
I RON 
I R O N  . 
I R O N  J 

I RON 
MAPMANESE 
MANOINESE 
MANGANESE 
MANGANESE 
MANGANESE 
MINGANESL 
MANGANESE 
PHENOL 
PHENOL 
PHENOL 
PHENOL 
PHENOL 
PHENOL 
SODIUM 
so0 1 UM 
SOOlUM 
SOD l UM 
SOD I UM 
SOD 1 UM 
SULFATE 
SULFATE 
SULFATE 
SULFATE 
SULFATE 
SULFATE 
SULFATE 
SULFATE 
PH(FIELD) 
PH(FIELO) 
P H ( F I E L 0 )  
PH(FIELD) 

SANPLIMQ OET ECT I O N  
DATE L I M I T  

12 JUL 82 
I 8  OCT 82 
13 J U N  83 
13 JUN 83 
0 7  DEC 81 
I 9  APR 02 
I 3  3UL 82 
18 OCT 82 
13 J U N  83 
13 JUN 03 
0 7  DEC 81 
17 OEC 81 
19 APR 82 
12 J U L  83 
I 8  OCT 82 
13 J U N  83 
13 J U N  83 
0 7  DEC 81 
I 9  APR 82 
12 3UL B1 
18 OCT 82 
13 J U N  83 
13 J U N  83 
0 7  OEC 01 
lQ APR 02 
i 3  J U L  82 
10 OCT 82 
13 J U N  83 
13 J U N  83 
07 OEC 81 
19 APR 82 
12 J U L  82 
18 DCT 82 
13 J U N  83 
13 3UN 83 
13 JUN 83 
13 JUN 83 
0 7  OEC 81 
0 7  DEC 81 
07 DEC 81 
0 7  DEC 81 

U N I T S  

MGL 
MBL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MOL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MQL 
MGL 
MGL 
P H  
P H  
P H  
PH 

S I T E :  S I T E  I 6 ( C )  

SAMPLINO S I T E S  
RESULTS 



RUN DATE: 29 WAR I 4  

INSTALLATION:  RADFORO AAP. VA 

PARAMETER 

P H ( F 1 E L D )  
PH(FIELO) 
PH(FIELD) 
PH(  F I E L D )  
P H ( F 1 E L D )  
P H ( F 1 E L D )  
PH(FIELD) 
PH(F1ELO)  
PH(F  I E L O )  
PH(FIELD) 
PH(FIELD) 
PH( F I ELD 
P H ( F 1 E L D )  
P H ( F  I E L D )  
P~I(FIELD) 
P H ( F 1 E L D )  
PH( F I E L D )  
PH~FIELD) 
P H I F I E L D )  
P H ( F I E L 0 )  
P H ( L A 8 )  
SPEC CONO 
SPEC COND 
SPEC CDM) 
SPEC CON0 
SPEC CON0 
SPEC CON0 
SPEC CDNO 
SPEC CONO 
SPEC CONO 
SPEC CONO 
SPEC COND 
SPEC C O W  
SPEC C O W  
SPEC CONO 
SPEC CONO 
SPEC C O W  
SPEC C O W  
SPEC CONO 
SPEC CONO 
SPEC CONO 

SAMPLING DETECTION 
DATE L I M I T  

19 APR 82 
19 APR 82 
19 APR 82 
19 APR 82 
12 J U L  82 
12 J U L  82 
12 J U L  82 
12 J U L  82 
18 OCT 82 
18 OCT 82 
18 OCT 82 
18 OCT 82 
13 J U N  83 
13 J U N  8 3  
13 J U N  83 
13 J U N  83 
19 SEP 83 
19 SEP 83 
19 SEP 83 
19 SEP 83 
19 SEP 83 
0 7  DEC 8 I 
0 7  OEC 8 1  
0 7  DEC 81  
0 7  DEC 81 
19 APR 82 
19 APR 82 
19 APR 82 
19 APR 82 
12 J U L  82 
12 J U L  82 
12 J U L  82  
12 J U L  82 
18 OCT 82 
18 OCT 82 
18 OCT 82 
18 OCT 82 
13 J U N  83 
13 J U N  83 
13 J U N  83 
13 JUN 83 

U N I T S  

P H  
P H 
P H  
P H  
P H  
P H  
P H  
p H  
P H  
P H  
P H  
P H  
P H 
P H  
P H  
P H  
P H  
P H  
P H  
P I1 
PH 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 
UMC 

S I T E :  S I T E  1 6 ( C )  

SAMPLING S I T E S  
RESULTS 



RUN DATE: 29 BAR 64 

INSTALLATION:  RADFORD AAP, VA 

PARAMETER 

SPEC CON0 
SPEC C O W  
SPEC C O W  
SPEC CON0 
TOC 
TOC 
T OC 
TOC 
TOC 
TOC 
TOC 
TOC 
TOC 
T OC 
TOC 
TOC 
TOC 
T OC 
TOC 
TOC 
TOC 
TOC 
T OC 
TOC 
T OC 
rbc 
T OC 
TOC 
T ox 
TOX 
TOX 
TOR 
TOX 
TOX 
TOX 
T OX 
TOX 
TOX 
TOR 
TOR 
TOR 

SAMPLINQ 
DATE 

19 SEP 8 3  
19 SEP 8 3  
19 SEP 03  
19 SEP 8 3  
0 7  OEC 0 1  
0 7  OEC 8 1  
0 7  OEC 0 1  
0 7  OEC 8 1  
19 APR 8 2  
19 APR 8 2  
19 APR 82 
19 APR 82 
12 J U L  02 
12 JUL 8 2  
12 J U L  82 
I 2  JUL 82 
18 OCT 02 
18 OCT 82  
18 OCT 82 
1 8  OCT 8 2  
13 JUN 03 
13 JUN 83  
13 JUN 03 
13 JUN 8 3  
19 SEP 83  
19 SEP 03 
19 SEP 03 
19 SEP 03  
0 7  OEC 8 1  
0 7  OEC 0 1  
0 7  OEC 0 1  
0 7  OEC 0 I 
19 APR 02 
19 APR 82 
19 APR 02 
19 APR 02 
12 J U L  82 
12 J U L  82 
12 JUL 82 
12 J U L  02 
18 OCT 82 

DETECTION 
L I M I T  U N l  TS 

UMC 
UMC 
UMC 
UMC 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MCL . 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MCL 
MGL 
MCL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL ' 
MGL 

S I T E :  S I T E  l 6 ( C )  

SAMPLINQ S I T E S  
RESULTS 



RUN DATE:  29 MAR I 4  

I N S T A L L A T I O N :  RAOFORO AAP. VA 

PARAMETER 

TOX 
TOX 
TOX 
TOX 
TOX 
T O 1  
TOX 
TOX 
1 ox 
TOX 
TOX 
T D c ( U N F 1 L T )  
TDC(UNFILT) 
TOC(UNFILT) 
TOC(UNFILT) 
TOC(UNF1LT)  
TOC(UNF1LT)  
TOC(UNFILT) 
TOC(UNFILT) 
SUSP S O L I O S  
SUSP S O L I O S  
SUSP S O L I O S  
SUSP S O L I O S  
2 .4 .6 -TNT  
2 .4 -DNT 
2 .6-ONT 
METHANOL 
ETHANOL 
ETHER 
ACETONE 
BENZENE 
TOLUENE 

SAMPLINO ' O E T E C T I O N  
DATE L I M I T  

18 OCT 82 
18 OCT 82 
18 DCT 82 
13 J U N  83 
13 J U N  83 
13 JUN 83 
13 JUN 83 
19 SEP 83 
19 SEP 83 
19 SEP 83 
19 SEP 83 
13 J U N  83 
13 J U N  83 
13 J U N  83 
13 JUN 83 
19 SEP 83 
19 SEP 83 
19 SEP 83 
19 SEP 83 
13 J U N  83 
13 J U N  03 
19 SEP 83 
19 SEP 83 
I 7  OEC 81 
17 DEC 81 
17 OEC 81 
17 OEC 81 
17 OEC 81 
17 OEC 81 
17 OEC 81 
I 7  OEC 81 
17 OEC 81 

U N I T S  

MCL 
MCL 
MGL 
MCL 
MCL 
MCL 
MCL 
MCL 
MCL 
MCL 
MCL 
MCL 
MCL 
MCL 
MCL 
MCL 
MCL 
MCL 
MCL 
MCL 
MGL 
MCL 
MC L 
MCL 
MGL 
MCL 
UCL 
UGL 
UGL 
UCL 
UCL 
UGL 

I I 1 I I 1 

S I T E :  S I T E  16(C) 

SAMPLING S I T E S  
RESULTS 



RUN DATE: 01 MAR 8 5  

INSTALLATION:  RADFORD AAP, VA 

PARAMETER SAMPLINQ .DETECTION 
DATE LIMIT 

WATER 
LEVELS ( A )  12 NOV 8 4  
ARSENIC 12 NOV 84  
ARSENIC 12 NOV 8 4  
BAR1 UM 12 NOV 8 4  
BARIUM 12 NOV 8 4  
CADMIUM 12 NOV 84  
CADMIUM 12 NOV 8 4  
CHROMIUM 12 NOV 8 4  
CHROMIUM 12 NOV 8 4  

'LEAD 12 NOV 84  
LEAD 12 NOV 84  
MERCURY 12 NOV 8 4  
MERCURY I 2  NOV 8 4  
SELENIUM 12 NOV 8 4  
SELENIUM 12 NOV 84 
SILVER 12 NOV 8 4  , 
SILVER 12 NOV 8 4  
PH(F1ELD) 1 2 N O V 8 4  
PH(FIELD) 12 NOV 84  
PH(F1ELD) 12 NOV 8 4  
PH(F1ELD) 12 NOV 84  
SPEC C O W  12 NOV 8 4  
SPEC CON0 12 NOV 8 4  
SPEC CON0 12 NOV 8 4  
SPEC C O W  12 NOV 8 4  
TOC 12 NOV 84  
TOC 12 NOV 84  
TOC 12 NOV 8 4  
TOC 12 NOV 8 4  
TOX 12 NOV 8 4  
TOX 12 NOV 84  
TOX 12 NOV 8 4  
TOX 12 NOV 8 4  
TOC(UNF1LT) 12 NOV 8 4  
TOC(UNF1LT) 12 NOV 8 4  
TOC(UNF1LT) 12 NOV 84  
TOC(UNF1LT) 12 NOV 8 4  

U N I T S  

F f 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MOL 
MGL 
MGL 
UGL 
UOL 
MGL 
MGL 
MGL 
WGL 
P H  
P H  
P H  
P H  
UMC 
UMC 
UMC 
UMC 
MGL 
MOL 
MGL 
MGL 
MGL 
MGL 
MGL 
WGL 
MGL 
MGL 
MGL 
MGL 

S I T E :  S I T E  1 6 ( C )  

SAMPLINO S I T E S  
RESULTS 



RUN DATE: 0 1  MAR 8 5  

INSTALLATION: RAOFORD AAP. VA 

PARAMETER SAMPLING DETECTION 
DATE L I M I T  UNITS 

2.4.6-TNT 12 NOV 8 4  
2.4.6-TNT 12  NOV 8 4  
2.4-DNT 1 2  NOV 8 4  
2.4-DNT 12 NOV 8 4  
2.6-DNT 12 NOV 8 4  
2.6-DNT 12 NOV 8 4  
RDX 12 NOV 8 4  
RDX 12 NOV 8 4  
HMX 12 NOV 8 4  
HMX 12 NOV 8 4  
TETRYL 12  NOV 8 4  

' TETRYL 12  NOV 8 4  
NO 12 NOV 8 4  

MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 
MGL 

SITE:  S ITE 16(C) 

SAMPLING SITES 
RESULTS 



RUN DATE: 0 1  MAR 85 

INSTALLATION:  RAOFORO AAP. VA S I T E :  S I T E  16 (C)  

tEBEN9 
NOTES: ALL  METALS AND OTHER PARAMETERS W E R E  APPROPRIATE ARE ON A DISSOLVED (FILTERED) B A S I S  UNLESS OTHERWISE 
NOTED. OETECTION L I M I T S  SHOWN ARE NORMAL LEVELS: ACTUAL L I M I T S  MAY VARY I N  ENVIRONMENTAL SAMPLES. ANALYTICAL RESULTS 
ARE ACCURATE TO EITHER 2 OR 3 S I G N I F I C A N T  FIGURES. 
A VALUES SHOWN ARE FOR WATER LEVEL ELEVATION ABOVE A REFERENCE DATUM 
8 UPGRADIENT S I T E  
0 RESULTS ARE FOR UNFILTERED SAMPLE 
6 VALUE EXCEEDS A STATE WATER QUALITY STANDARD OR CRITERIA  

MGL - MILLIGRAMS/LITER 
UGL - MICROGRAMS/LITER 
PCL - PICOCURIES/LITER 
UMC - MICROMHOS/CENTIMETER 
NTU - NEPHELOMETRIC TURBIDITY U N I T S  
TON - THRESHOLD ODOR NUMBER 
TON - TASTE O I L U T I O N  INOEX NUMBER 
CU - COLOR U N I T S  
PHlY - PER 100 M I L L I L I T E R S  



APPENDIX E 

COMMONWEALTH OF VIRGINIA HAZARDOUS WASTE 
REGULATIONS APPLICABLE TO CLOSURE OF RADFORD 

AAP HAZARDOUS WASTE MANAGEMENT FACILITIES 



10.00 Standards For Permitted 
Hazardous Waste Management Facilities 

10.01 Purpose, Scope and Applicability 

10.01.01 The purpose of this Section is to establish minimum standards which 
define the acceptable management of hazardous waste. 

10.01.02 The standards in this Section apply to owners or operators of the 
facilities which treat, store, or dispose of hazardous waste. These standards 
apply to all treatment, storage, or disposal of hazardous waste at these facilities 
after the effective date of these regulations, except as specifically provided 
otherwise. To improve readability, the regulations contained in this Section 
refer sometimes to the "facility" rather than to the "owner or operator of the 
facility". Whenever the former word appears the applicability of the regulations 
to the owner or operator is implied. 

10.01.03 The requirements of this Section apply to the following activities 
only to the extent that they are included in a permit by rule granted under 
Section 11.08: 

(a) Ocean disposal of hazardous waste subject to a permit. issued under the 
Marine Protection, Research and Sanctuaries Act. 

(b) A POW which treats, stores, or disposes of hazardous waste. 

10.01.04 The requirements of this Section do not apply to: 

(a) A facility permitted, licensed, or registered by the Commonwealth to 
manage municipal or industrial solid waste, if the only hazardous waste the 
facility treats, stores, or disposes of is excluded from regulation by Section 
3.03; 

(b) A facility which treats or stores hazardous waste, which treatment or 
storage meets the criteria in Section 3.04.01, except to the extent that Sec- 
tion 3.04.02 provides otherwise; 

(c) A generator accumulating waste on-site in compliance with Section 
6.05.05(a); 

(d) A farmer disposing of waste pesticides from his own use in compliance 
with Section 6.07.02; 

(e) A totally enclosed treatment facility; 

(f) An elementary neutralization unit or a wastewater treatment unit as de- 
fined in Section 2.00; 

(g) (1) Except as provided in Section 10.01.04(g)(2), a person engaged in 
treatment or containment activities during immediate response to any of the 
following situations: 

(i) A discharge or a spill of a hazardous waste; 

(ii) An imminent and substantial threat of a discharge or spill of 
hazardous waste; 

(iii) A discharge or a spill of a material which when discharged or 
spilled, becomes a hazardous waste. 

(2) An owner or operator of a facility otherwise regulated by Section 
10.00 shall comply with all applicable requirements of Sections 10.03 
and 10.04. 



(3) Any person who is covered by Section 10.01.04(g)(1) and who con- 
tinues or initiates hazardous waste treatment or containment after the 
immediate response is over is subject to all applicable requirements of 
Section 10.00 (or Section 9.00. if applicable) and 11 .OO for those activities. 

(h) A transporter storing manifested shipments of hazardous waste in con- 
tainers approved at a transfer facility for a period of ten days or less. 

(i) A facility or portions of a facility operating under interim status standards 
until such status is terminated. 

(j) The addition of absorbent material to waste in a container (as defined in 
Section 2.32) or the addition of waste to absorbent material in a container, 
provided that these actions occur at the time waste is first p!aced in the 
container and Section 10.02.08(b), 10.09.02 and 10.09.03 are complied with:' 

10.01.05 Imminent hazard action. Notwithstanding any other provisions of 
these regulation, enforcement action may be taken as provided for in Section 
1.07.03(b). 

10.01.06 Effective dates. Regulations contained in this Section have been 
promulgated as a result of several amendments. Unless otherwise specifically 
stated the effective dates of the following sections are: 

(a) Sections 10.01 through 10.05, 10.07 through 10.10, and 10.15: August 17, 
1983 (the date of the receipt of Phase II Interim Authorization); 

(b) Sections 10.06 and 10.11 through 10.14: November 1. 1983. 

10.01.07 The federal requirements contained in Part 264, Title 40, Code of 
Federal Regulation (40 CFR 264) will apply to a person who treats, stores or 
disposes of hazardous waste in the Commonwealth after it receives Final 
Authorization (see Section 2.67) at a facility which was not covered by the 
standards under 40 CFR 264 at the time when the Commonwealth obtained 
authorization, and for which facility €PA promulgates standards after the Com- 
monwealth is authorized. The federal regulations will only apply until the 
Commonwealth is authorized to permit such facilities under Subpart A of Part 
271, Title 40, Code of Federal Regulations. 

10.02 General Facility Standards 

10.02.01 Applicability 

(a) The regulations in Section 10.02 apply to all hazardous waste facilities 
except as Sections 10.01 and 10.02.01 (b) provide otherwise. 

(b) Section 10.02.09 applies only to facilities subject to regulations under 
Sections 10.09 through 10.15 (containers, tanks, surface impoundments. 
waste piles, land treatment, landfills, and incinerators). 

10.02.02 Identification number. Every facility owner or operator shall apply 
to the EPA for an identification number in accordance with €PA notification 
procedures. 

10.02.03 Required notices 

(a) The owner or operator of a facility that has arranged to receive hazardous 
waste from a foreign source shall notify the Commissioner in writing at least 
four weeks in advance of the date the waste is expected to arrive at the facility. 
Notice of subsequent shipments of the same waste from the same foreign 
source is not required. 

(b) The owner or operator of a facility that receives hazardous waste from 
an off-site source (except where the owner or operator of the facility is also 



(g) The most recent closure cost estimate and, for disposal facilities. the most 
recent post-closure cost estimate; and 

(h) The certification signed by the owner or operator of the facility or his 
authorized representative. 

[For the convenience of the regulated community, a copy of BHWM Form 
8700-13 is shown in Appendix 10.2.1 

10.05.05 U nmani fested waste report. If a facility accepts for treatment, stor- 
age or disposal any hazardous waste from an off-site source without an ac- 
companying manifest or shipping paper in case of water (bulk) transporters. 
and if the waste is not excluded from the manifest requirement by Section 
3.03, then the owner or operator shall oreoare and submit a single copy of 
a report to the Commissioner within 15 days after receiving the waste. BHWM 
Form 8700-13 may be used for this report. The report shall include the fol- 
lowing information: 

(a) The EPA identification number, name and address of the facility; 

(b) The date the facility received the waste; 

(c) The EPA identification number, name and addressof thegenerator and the 
transporter, if available; 

(d) A description and the quantity of each unmanifested hazardous waste the 
facility received; 

(e) The method of treatment. storage or disposal for each hazardous waste; 

(f) The certification signed by the owner or operator of the facility or his 
authorized representative; and 

(g) A brief explanation of why the waste was unmanifested, if known. 

[For the convenience of the regulated commun~ty, a copy of BH1/IJM Form 
8700-13 is shown in Appendix 10.2.1 

10.05.06 Additional reports. In addition to submitting the annual report m d  
unmanifested waste reports, the owner or operator shall also report to ine 
Commissioner: 

(a) Releases, fires and explosions as specified in Section 10.04.06 

(b) As otherwise required by Section 10.06 and by Sections 10.11 throui,~. 
10.14. 

(c) Facility closure as specified in Section 10.07. 

10.06 Groundwater Protection 

10.06.01 Applicability. 

(a) Except as provided in Section 10.06.01 (b) the regulations in Section 10.06 
apply to owners and operators of facilities that treat, store, or dispose of 
hazardous waste in surface impoundments, waste piles, land treatment units, 
or landfills. The owner or operator shall satisfy the requirements of this Section 
for all wastes (or constituents thereof) contained in the regulated unit (see 
Section 2.155) at the facility. Any waste or waste constituent migrating be- 
yond the waste management area under Section 10.06.06(b) is assumed to 
originate from a regulated unit unless the Commissioner finds that such waste 
or waste constituent originated from another source. 



(b) The owner or operator is not subject to regulation under Section 10.06 
C 

if: 

(1) He is exempted under Section 10.01; 

L. 
(2) He designs and operates a surface impoundment in compliance with 
Section 10.11.03, a pile in compliance with Sections 10.12.01(c), 10.12.03 
or 10.12.04, or a landfill in compliance with Section 10.14.03; 

- (3) The Commissioner finds, pursuant to Section 10.13.11(d), that the treat- 
ment zone of a land treatment unit does not contain levels of hazardous con- 
stituents that are above background levels of those constituents by an amount 
that is statistically significant, and if an unsaturated zone monitoring program 
meeting the requirements of Section 10.13.09 has not shown a statistically 
significant increase in hazardous constituents below the treatment zone 
during the operating life of the unit. An exemption under this Section can 
only relieve an owner or operator of responsibility to meet the requirements 
of Section 10.06 during the post-closure period; or 

(4) The Commissioner finds that there is no potential for migration of liquid 
from a regulated unit to the uppermost aquifer during the active life of the 
regulated unit (including the closure period) and the post-closure care period 
specified under Section 10.07.08. This demonstration shall be certified by a 
qualified geologist or geotechnical engineer. In order to provide an adequate 

C 
margin of safety in the prediction of potential migration of liquid, the owner 
or operator shall base any predictions made under this Section on assump- 
tions that maximize the rate of liquid migration. 

C (c) The regulations under Section 10.06 apply during the active life of the 
regulated unit (including the closure period). After closure of the regulated 
unit, the regulations in Section 10.06; 

- (1) Do not apply if all waste, waste residues, contaminated containment 
system components, and contaminated subsoils are removed or decont~m- 
inated at closure; 

- (2) Apply during the post-closure care period under Section 1C 17.08 if 
the owner or operator is conducting a detection monitoring progrh~ I ,  under 
Section 10.06.09; or 

I (3) Apply during the compliance period under Section 10.06.07 if t;; I cvv. 
or operator is conducting a compliance monitoring program under seL..,.re 
10.06.10 or a corrective action program under Section 10.06.1 1. 

- 10.06.02 Required programs. 

(a) Owners and operatorssubject to Section 10.06 shall conduct a monitori. .; 
and response program as follows: 

L 

(1) Whenever hazardous constituents under Section 10.06.04 from a rC 
ulated unit are detected at the compliance point under Section 10.06 

- the owner or operator shall institute acompliance monitoring program unde. 
Section 10.06.10; 

(2) Whenever the groundwater protection standard under Section 10.06.03 
- is exceeded, the owner or operator shall institute acorrective action program 

under Section 10.06.1 1; 

(3) Whenever hazardous constituents under Section 10.06.04 from a regu- 
C 

lated unit exceed concentration limits under Section 10.06.05 in groundwater 
between the compliance point under Section 10.06.06 and the downgradient 
facility property boundary, the owner or operator shall institute a corrective 
action program under Section 10.06.1 1 ; or 



(4) In all other cases, the owner or operator shall institute a detection 
monitoring program under Section 10.06.09. 

(b) The Commissioner will specify in the facility permit the specific elements 
of the monitoring and response program. The Commissioner may include one 
or more of the programs identified in Section 10.06.02(a) in the facility permit 
as may be necessary to protect human health and the environment and will 
specify the circumstances under which each of the programs will be required. 
In deciding whether to require the owner or operator to be prepared to institute 
a particular program, the Commissioner will consider the potential adverse 
effects on human health and the environment that might occur before final 
administrative action on a permit modification application to incorporate such 
a program could be taken. 

10.06.03 Groundwater protection standard. The owner or operator shall com- 
ply with conditions specified in the facility permit that are designed to ensure 
that hazardous constituents under Section 10.06.04 entering the groundwater 
from a regulated unit do not exceed the concentration limits under Section 
10.06.05 in the uppermost aquifer underlying the waste management area 
beyond the point of compliance under Section 10.06.06 during the compliance 
period under Section 10.06.07. The Commissioner will establish this ground- 
water protection standard in the facility permit when hazardous constituents 
have entered the groundwater from a regulated unit. 

10.06.04 Hazardous constituents. 

(a) The Commissioner will specify in the facility permit the hazardous con- 
stituents to which the groundwater protection standard of Section 10.06.03 
applies. Hazardous constituents are constituents identified in Appendix 3.6 
that have been detected in groundwater in the uppermost aquifer underlying 
a regulated unit and that are reasonably expected to be in or derived from 
waste contained in a regulated unit, unless the Commissioner has excluded 
them under Section 10.06.04(b). 

(b) The Commissioner will exclude an Appendix 3.6 constituent from the list 
of hazardous constituents specified in the facility permit if he finds that the 
constituent is not capable of posing a substantial present or potential hazard 
to human health or the environment. In deciding whether to grant an exemption, 
the Commissioner will consider the following: 

(1) Potential adverse effects on groundwater quality, considering: 

(i) The physical and chemical characteristics of the waste in the regulated 
unit, including its potential for migration; 

(ii) The hydrogeological characteristics of the facility and surrounding 
land; 

(iii) The quantity of groundwater and the direction of groundwater flow; 

(iv) The ~roximity'and withdrawal rates of groundwater users; . 

(v) The current and future uses of groundwater in the area; 

(vi) The existing quality of groundwater, including other sources of con- 
tamination and their cumulative impact on the groundwater quality; 

(vii) The potential for health risks caused by human exposure to waste 
constituents; 

(viii) The potential damage to wildlife, crops, vegetation, and physical 
structures caused by exposure to waste constituents; 



(ix) The persistence and permanence of the potential adverse effects: 
and 

(2) Potential adverse effects on hydraulically-connected surface water 
quality, considering: 

(i) The volume and physical and chemical characteristics of the waste in 
the regulated unit; 

(ii) The hydrogeological characteristics of the facility and surrounding 
land; 

(iii) The quantity and quality of groundwater, and the direction of ground- 
water flow; 

(iv) The patterns of rainfall in the region; 

(v) The proximity of the regulated unit to surface waters; 

(vi) The current and future uses of surface waters in the area and any 
water quality standards established for those surface waters; 

(vii) The existing quality of surface water, including other sources of 
contamination and the cumulative impact on surface water quality; 

(viii) The potential for health risks caused by human exposure to waste 
constituents; 

(ix) The potential damage to wildlife, crops. vegetation, and physical 
structures caused by exposure to waste constituents; and 

(x) The persistence and permanence of the potential adverse effects. 

(c) In making any determination under Section 10.06.04(b) about the use 
of groundwater in the area around the facility, the Commissioner will consider 
any identification of underground sources of drinking water as identified by 
EPA under 40 CFR 144.7. 

10.06.05 Concentration limits. 

(a) The Commissioner will specify in the facility permit concentration limits 
in the groundwater for hazardous constituents established under Section 
10.06.04. The concentration of a hazardous constituent: 

(1) Shall not exceed the background level of that constituent in the ground- 
water at the time that limit is specified in the permit; or 

(2) For any of the constituents listed in Table 10.06-1, shall not exceed the 
respective value given in that Table if the background level of the constituent 
is below the value given in Table 10.06-1; or 

(3) Shall not exceed an alternate limit established by the Commissioner 
under Section 10.06.05(b). 

(b) The Commissioner will establish an alternate concentration limit for a 
hazardous constituent if he finds that the constituent will not pose a sub- 
stantial present or potential hazard to human health or the environment as 
long as the alternate concentration limit is not exceeded. In establishing 
alternate concentration limits, the Commissioner will consider the following 
factors: 

(1) Potential adverse effects on groundwater quality, considering: 

(i) The physical and chemical characteristics of the waste in the regulated 
unit, including its potential for migration; 



(ii) The hydrogeological characteristics of the facility and surrounding 
land; 

(iii) The quantity of groundwater and the direction of groundwater flow; 

(iv) The proximity and withdrawal rates of groundwater users; 

(v) The current and future uses of groundwater in the area; 

(vi) The existing quality of groundwater, including other sources of con- 
tamination and their cumulative impact on the groundwater quality; 

(vii) The potential for health risks caused by human exposure to waste 
constituents; 

(viii) The potential damage to wildlife, crops. vegetation, and physical 
structures caused by exposure to waste constituents; 

(ix) The persistence and permanence of the potential adverse effects; and 

Table 10.06-1 
Maximum Concentration of Constituents 

for Groundwater Protection 
Maximum 

Constituent 

Arsenic 
Barium 
Cadmium 
Chromium 
Lead 
Mercury 
Selenium 
Silver 

Endrin (1,2,3,4,10,10-hexachloro-l , 7-epoxy-1,4,4a, 
5,6,7,8,9a-octahydro-l , 4-endo, endo-5,8-dimeth- 
ano naphthalene) 

Lindane (1,2,3.4,5,6-hexachlorocyclohexane, gamma 
isomer) 

Methoxychlor (1,1,1 -TrichloroB,2-bis (p-methoxy- 
phenylethane) 

Toxaphene Technical chlorinated camphene, 6769 
percent chlorine) 

2,4-D (2, 4-Dichlorophenoxyacetic acid) 
2,4,5-TP Silvex (2,4,5-Trichlorophenoxypropionic 

acid) 



(2) Potential adverse effects on hydraulically-connected surface water 
quality, considering: 

(i) The volume and physical and chemical characteristics of the waste in 
the regulated unit; 

(ii) The hydrogeological characteristics of the facility and surrounding 
land; 

(iii) The quantity and quality of groundwater, and the direction of ground- 
water flow; 

(iv) The patterns of rainfall in the region; 

(v) The proximity of the regulated unit to surface waters; 

(vi) The current and future uses of surface waters in the area and any 
water quality standards established for those surface waters; 

(vii) The existing quality of surface water, including other sources of 
contamination and the cumulative impact on surface water quality; 

(viii) The potential for health risks caused by human exposure to waste 
constituents; 

(ix) The potential damage to wildlife, crops, vegetation, and physical 
structures caused by exposure to waste constituents; and 

(x) The persistence and permanence of the potential adverse effects. 

(c) In making any determination under Section 10.06.05(b) about the use 
of groundwater in the area around the facility the Commissioner will consider 
any identification of underground sources of drinking water as identified by 
EPA under 40 CFR 144.7. 

10.06.06 Point of compliance. 

(a) The Commissioner will specify in the facility permit the point of com- 
pliance at which the groundwater protection standard of Section 10.06.03 
applies and at which monitoring shall be conducted. The point of compliance 
is a vertical surface located at the hydraulically downgradient limit of the 
waste management area that extends down into the uppermost aquifer under- 
lying the regulated units. 

(b) The waste management area is the limit projected in the horizontal plan 
of the area on which waste will be placed during the active life of a reg- 
ulated unit. 

(1) The waste management area includes horizontal space taken up by 
any liner, dike, or other barrier designed to contain waste in a regulated 
unit. 

(2) If the facility contains more than one regulated unit, the waste manage- 
ment area is described by an imaginary line circumscribing the several reg- 
ulated units. 

10.06.07 Compliance period. 

(a) The Commissioner will specify in the facility permit the compliance period 
during which the groundwater protection standard of Section 10.06.03 applies. 
The compliance period is the number of years equal to the active life of the 
waste management area (including any waste management activity prior to 
permitting, and the closure period). 



(b) The compliance period begins when the owner or operator initiates a 
compliance monitoring program meeting the requirements of Section 10.06.10. 

(c) If the owner or operator is engaged in a corrective action program at the 
end of the compliance period specified in Section 10.06.07(a), the compliance 
period is extended until the owner or operator can demonstrate that the 
groundwater protection standard of Section 10.06.03 has not been exceeded 
for a period of three consecutive years. 

10.06.08 General groundwater monitoring requirements. The owner or op- 
erator shall comply with the following requirements for any groundwater mon- 
itoring program developed to satisfy Sections 10.06.09 to 10.06.11: 

(a) The groundwater monitoring system shall consist of a sufficient number 
of well's, installed at appropriate locations and depths to yield groundwater 
samples from the uppermost aquifer that: 

(1) Represent the quality of background groundwater that has not been 
affected by leakage from a regulated unit; and 

(2) Represent the quality of groundwater passing the point of compliance. 

(b) If a facility contains more than one regulated unit, separate groundwater 
monitoring systems are not required for each regulated unit provided that pro- 
visions for sampling the groundwater in the uppermost aquifer will enable 
detection and measurement at the compliance point of hazardousconstituents 
from the regulated units that have entered the groundwater in the uppermost 
aquifer. 

(c) All monitoring wells shall be cased in a manner that maintains the integrity 
of the monitoring well bore hole. This casing shall be screened or perforated 
and packed with gravel or sand, where necessary, to enable collection of 
groundwater samples. The annular space (i.e., the space between the bore 
hole and well casing) above the sampling depth shall be sealed to prevent 
contamination of samples and the groundwater. 

(d) The groundwater monitoring program shall include consistent sampling 
and analysis procedures that are designed to ensure monitoring results that 
provide a reliable indication of groundwater quality below the waste manage- 
ment area. At a minimum the program shall include proceduresand techniques 
for: 

(1) Sample collection; 

(2) Sample preservation and shipment; 

(3) Analytical procedures; and 

(4) Chain of custody control. 

(e) The groundwater monitoring program shall include sampling and analyt- 
ical methods that are appropriate for groundwater sampling and that accu- 
rately measure hazardous constituents in groundwater samples. 

(f) The groundwater monitoring program shall include a determination of the 
groundwater surface elevation each time groundwater is sampled. 

(g) Where appropriate the groundwater monitoring program shall establish 
background groundwater quality for each of the hazardous constituents or 
monitoring parameters or constituents specified in the permit. 

(1) In the detection monitoring program under Section 10.06.09, back- 
ground groundwater quality for a monitoring parameter or constituent shall 
be based on data from quarterly sampling of wells upgradient from the waste 
management area for one year. 



(2) In the compliance monitoring program under Section 10.06.10 back- 
ground groundwater quality for a hazardous constituent shall be based on 
data from upgradient wells that: 

(i) Is available before the permit is issued; 

(ii) Accounts for measurement errors in sampling and analysis; and 

(iii) Accounts, to the extent feasible, for seasonal fluctuations in back- 
ground groundwater quality if such fluctuations are expected to affect the 
concentration of the hazardous constituent. 

(3) Background quality may be based on sampling of wells that are not up- 
gradient from the waste management area where: 

(i) Hydrogeologic conditions do not allow the owner or operator to de- 
termine what wells are upgradient; or 

(ii) Sampling at other wells will provide an indication of background 
groundwater quality that is as representative or more representative than 
that provided by the upgradient wells. 

(4) In developing the data base used to determine a background value for 
each parameter or constituent, the owner or operator shall take a minimum of 
one sample from each well and a minimum of four samples from the entire 
system used to determine background groundwater quality, each time the 
system is sampled. 

(h) The owner or operator shall use the following statistical procedure in 
determining whether background values or concentration limits have been 
exceeded: 

(1) If, in a detection monitoring program, the level of a constituent at the 
compliance point is to be compared to the constituent's background value 
and that background value has a sample coefficient of variation of less than 
1 .o: 

(i) The owner or operator shall take at least four portions from a sample 
at each well at the compliance point and determine whether the difference 
between the mean of the constituent at each well (using all portions taken) 
and the background value for theconstituent is significant at the 0.05 level 
using the Cochran's Approximation to the Behrens-Fisher Student's t-test 
as described in Appendix 10.4. If the test indicates that the difference 
is significant, the owner or operator shall repeat the same procedure (with 
at least the same number of portions as used in the first test) with a fresh 
sample from the monitoring well, if this second round of analysis indicates 
that the difference is significant, the owner or operator shall conclude that 
a statistically significant change has occurred; or 

(ii) The owner or operator may use an equivalent statistical procedure for 
determining whether a statistically significant change has occurred. The 
Commissioner will specify such a procedure in the facility permit if. he finds 
that alternative procedure reasonably balances the probability of falsely 
identifying a noncontaminating regulated unit and the probability of failing 
to identify acontaminating regulated unit in a manner that is comparable to 
that of the statistical procedure described in Section 10.06.08(h)(l)(i). 

(2) In all other situations in a detection monitoring program and in a com- 
pliance monitoring program, the owner or operator shall use a statistical 
procedure providing reasonable confidence that the migration of hazardous 
constituents from a regulated unit into and through the aquifer will be 
indicated. The Commissioner will specify a statistical procedure in the facility 
~ermi t  that he finds: 



(i) Is appropriate for the distribution of the data used to establish back- 
ground values or concentration limits; and 

(ii) Provides a reasonable balance between the probability of falsely 
identifying a noncontaminating regulated unit and the probability of failing 
to identify a contaminating regulated unit. 

10.06.09 Detection monitoring program. An owner or operator required to 
establish a detection monitoring program under Section 10.06 shall at a mini- 
mum, discharge the following responsibilities: 

(a) The owner or operator shall monitor for indicator parameters (e.g., specific 
conductance, total organic carbon, or total organic halogen), waste constituents, 
or reaction products that provide a reliable indication of the presence of 
hazardous constituents in groundwater. The Commissioner will specify the pa- 
rameters or constituents to be monitored in the facility permit, after consid- 
ering the following factors: 

(1) The types, quantities, and concentrations of constituents in wastes man- 
aged at the regulated unit; 

(2) The mobility, stability, and persistence of waste constituents or their 
reaction products in the unsaturated zone beneath the waste management 
area; 

(3) The detectability of indicator parameters, waste constituents, and re- 
action products in groundwater; and 

(4) The concentrations or values and coefficients of variation of proposed 
monitoring parameters or constituents in the groundwater background. 

(b) The owner or operator shall install a groundwater monitoring system at 
the compliance point as specified under Section 10.06.06. The groundwater 
monitoring system shall comply with Sections 10.06.08(a)(2), 10.06.08(b) 
and 10.06.08(c). 

(c) The owner or operator shall establish a background value for each moni- 
toring parameter or constituent specified in the permit pursuant to Section 
10.06.09(a). The permit will specify the background values for each parameter 
or specify the procedures to be used to calculate the background values. 

(1) The owner or operator shall comply with Section 10.06.08(g) in de- 
veloping the data base used to determine background values. 

(2) The owner or operator shall express background values in a form 
necessary for the determination of statistically significant increases under 
Section 10.06.08(h). 

(3) In taking samples used in the determination of background values, the 
owner or operator shall use a groundwater monitoring system that complies 
with Sections 10.06.08(a)(l), 10.06.08(b), and 10.06.08(c). 

(d) The owner or operator shall determine groundwater quality at each 'mon- 
itoring well at the compliance point at least semi-annually during the active 
life of a regulated unit (including the closure period) and the post-closure 
care period. The owner or operator shall express the groundwater quality at 
each monitoring well in a form necessary for the determination of statistically 
significant increases under Section 10.06.08(h). 

(e) The owner or operator shall determine the groundwater flow rate and 
direction in the uppermost aquifer at least annually. 

(f) The owner or operator shall use procedures and methods for sampling and 
analysis that meet the requirements of Section 10.06.08(d) and 10.06.08(e). 



(g) The owner or operator shall determine whether there is a statistically 
significant increase over background values for any parameter or constituent 
specified in the permt pursuant to Section 10.06.09(a) each time he determines 
groundwater quality at the compliance point under Section 10.06.09(d). 

(1) In determining whether a statistically significant increase has occurred. 
the owner or operator shall compare the groundwater quality at each mon- 
itoring well at the compliance point for each parameter or constituent to the 
background value for that parameter or constituent, according to the statistical 
procedure specified in the permit under Section 10.06.08(h). 

(2) The owner or operator shall determine whether there has been a statis- 
tically significant increase at each monitoring well at the compliance point 
within a reasonable time period after completion of sampling. The Com- 
missioner will specify that time period in the facility permit, after considering 
the complexity of the statistical test and the availability of laboratory facilities 
to perform the analysis of groundwater samples. 

(h) If the owner or operator determines, pursuant to Section 10.06.09(g) that 
there is a statistically significant increase for parameters or constituents specified 
pursuant to Section 10.06.09(a) at any monitoring well at the compliance 
point, he shall: 

(1) Notify the Commissioner of this finding in writing within seven days. 
The notification shall indicate what parameters or constituents have shown 
statistically significant increases; 

(2) Immediately sample the groundwater in all monitoring wells and de- 
termine the concentration of all constituents identified in Appendix 3.6 that 
are present in groundwater; 

(3) Establish a background value for each Appendix 3.6 constituent that has 
been found at the compliance point under Section 10.06.09(h)(2), as follows: 

(i) The owner or operator shall comply with Section 10.06.08(g) in de- 
veloping the data base used to determine background values; 

(ii) The owner or operator shall express background values in a form 
necessary for the determination of statistically significant increases under 
Section 10.06.08(h); and 

(iii) In taking samples used in the determination of background values, 
the owner or operator shall use a groundwater monitoring system that 
complies with Section 10.06.08(a)(l), 10.06.08(b), and 10.06.08(c) 

(4) Within 90 days, submit to the Commissioner an application for a permit 
modification to establish a compliance monitoring program meeting the re- 
quirements of Section 10.06.10. The application shall include the follow- 
ing information: 

(i) An identification of the concentration of any Appendix 3.6 constitu- 
ents found in the groundwater at each monitoring well at the compliance 
point; 

(ii) Any proposed changes to the groundwater monitoring system at the 
facility necessary to meet the requirements of Section 10.06.10; 

(iii) Any proposed changes to the monitoring frequency, sampling and 
analysis procedures or methods, or statistical procedures used at the fa- 
cility necessary to meet the requirements of Section 10.06.10; 

(iv) For each hazardous constituent found at the compliance point, a 
proposed concentration limit under Sections 10.06.05(a)(l) and (2) or a 
notice of intent to seek a variance under Section 10.06.05(b); and 



(5) Within 180 days, submit to the Commissioner: 

(i) All data necessary to justify any variance sought under Section 
10.06.05(b); and 

(ii) An engineering feasibility plan for a corrective action program neces- 
sary to meet the requirements of Section 10.06.1 1, unless: 

(A) All hazardous constituents identified under Section 10.06.09(h)(2) 
are listed in Table 10.06-1 and their concentrations do not exceed the 
respective values given in that Table; or 

(B) The owner or operator has sought a variance under Section 
10.06.05(b) for every hazardous constituent identified under Section 
10.06.09(h)(2). 

(i) If the owner or operator determines, pursuant to Section 10.06.09(g), 
that there is a statistically significant increase of parameters or constituents 
specified pursuant to Section 10.06.09(a) at any monitoring well at the com- 
pliance point, he may demonstrate that a source other than a regulated unit 
caused the increase or that the increase resulted from error in sampling, 
analysis, or evaluation. While the owner or operator may make a demonstra- 
tion under this Section in addition to, or in lieu of, submittimg a permit mod- 
ification application under Section 10.06.09(h)(4), he is not relieved of the 
requirement to submit a permit modification application within the time speci- 
fied in Section 10.06.09(h)(4) unless the demonstration made under this Section 
successfully shows that a source other than a regulated unit caused the in- 
crease or that the increase resulted from error in sampling, analysis, or eval- 
uation. In making a demonstration under this Section, the owner or operator 
shall: 

(1) Notify the Commissioner in writing within seven days of determining 
a statistically significant increase at the compliance point that he intends 
to make a demonstration under this Section; 

(2) Within 90 days, submit a report tothe Commissioner which demonstrates 
that a source other than a regulated unit caused the increase, or that the 
increase resulted from error in sampling, analysis, or evaluation; 

(3) Within 90 days, submit to the Commissioner an application for a permit 
modification to make any appropriate changes to the detection monitoring 
program at the facility; and 

(4) Continue to monitor in accordance with the detection monitoring pro- 
gram established under Section 10.06.09. 

Ij) If the owner or operator determines that the detection monitoring program 
no longer satisfies the requirements of Section 10.06.09, he shall, within 90 
days, submit an application for a permit modification to make any appropriate 
changes to the program. 

(k) The owner or operator shall assure that monitoring and corrective action 
measures necessary to achieve compliance with the groundwater protection 
standard under Section 10.06.03 are taken during the term of the permit. 

10.06.10 Compliance monitoring program. An owner or operator required 
to establish a compliance monitoring program under Section 10.06 shall, at a 
minimum, discharge the following responsibilities: 

(a) The owner or operator shall monitor the groundwater to determine whether 
regulated units are in compliance with the groundwater protection standard 
under Section 10.06.03. The Commissioner will specrfy the groundwater pro- 
tection standard in the facility permit, including: 



(1) A list of the hazardous constituents identified under Section 10.06.04. 

(2) Concentration limits under Section 10.06.05 for each of those haz- 
ardous constituents; 

(3) The compliance point under Section 10.06.06; and 

(4) The compliance period under Section 10.06.07. 

(b) The owner or operator shall install a groundwater monitoring system at 
the compliance point as specified under Section 10.06.06. The groundwater 
monitoring system shall comply with Sections 10.06.08(a)(2), (b), and (c). 

(c) Where a concentration limit established under Section 10.06.10(a)(2) 
is based on background groundwater quality, the Commissioner will specify the 
concentration limit in the permit as follows: 

(1) If there is a high temporal correlation between upgradient and com- 
pliance point concentrations of the hazardous constituents, the owner or 
operator may establish the concentration limit through sampling at upgradient 
wells each time groundwater is sampled at the compliance point. The Com- 
missioner will specity the procedures used for determining the concentration 
limit in this manner in the permt. In all other cases the concentration limit 
will be the mean of the pooled data on the concentration of the hazardous 
constituent. 

(2) If a hazardous constituent is identified on Table 10.06-1 and the differ- 
ence between the respective concentration limit in Table 10.06-1 and the 
background value of that constituent under Section 10.06.08(g) is not sta- 
tistically significant, the owner or operator shall use the background value 
of the constituent as the concentration limit. In determining whether this 
difference is statistically significant, the owner or operator shall use a sta- 
tistical procedure providing reasonable confidence that a real difference 
will be indicated. The statistical procedure shall: 

(i) Be appropriate for the distribution of the data used to extablish back- 
ground values; and 

(ii) Provide a reasonable balance between the probability of falsely iden- 
tifying a significant difference and the probability of failing to identify 
a significant difference. 

(3) The owner or operator shall: 

(i) Comply with Section 10.06.08(g) in developing the data base used 
to determine background values; 

(ii) Express backgroundvalues in aform necessary for the determination 
of statistically significant increases under Section 10.06.08(h); and 

(iii) Use a groundwater monitoring system that complies with Section 
10.06.08(a)(l), (b) and (c). 

(dl The owner or operator shall determine the concentration of hazardous 
constituents in groundwater at each monitoring well at the compliance point 
at least quarterly during the compliance period. The owner or operator shall 
express the concentration at each monitoring well in a form necessary for the 
determination of statistically significant increases under Section 10.06.08(h). 

(e) The owner or operator shall determine the groundwater flow rate and 
direction in the uppermost aquifer at least annually. 

(f) The owner or operator shall analyze samples from all monitoring wells at 
the compliance point for all constituents contained in Appendix 3.6 at least 



annually to determine whether additional hazardous constituents are present 
in the uppermost aquifer. If the owner or operator finds Appendix 3.6 con- 
stituents in the groundwater that are not identified in the permit as hazardous 
constituents, the owner or operator shall report the concentrations of these 
additional constituents to the Commissioner within seven days after com- 
pletion of the analysis. 

(g) The owner or operator shall use procedures and methods for sampling 
and analysis that meet the requirements of Section 10.06.08(d) and (e). 

(h) The owner or operator shall determine whether there is a statistically 
significant increase over the concentration limits for any hazardous constituents 
specified in the permit pursuant to Section 10.06.10(a) each time he determines 
the concentration of hazardous constituents in groundwater at the compliance 
point. 

(1) In determining whether a statistically significant increase has occurred. 
the owner or operator shall compare the groundwater quality at each mon- 
itoring well at the compliance point for each hazardous constituent to the 
concentration limit for that constituent according to the statistical procedures 
specified in the permit under Section 10.06.08(h). 

(2) The owner or operator shall determine whether there has been a sta- 
tistically significant increase at each monitoring well at the compliance point, 
within a reasonable time period after completion of sampling. The Com- 
missioner will specify that time period in the facility permit, after con- 
sidering the complexity of the statistical test and the availability of laboratory 
facilities to perform the analysis of groundwater samples. 

(i] If the owner or operator determines, pursuant to Section 10.06.10(h), that 
the groundwater protection standard is being exceeded at any monitoring well 
at the point of compliance, he shall: 

(1) Notify the Commissioner of this finding in writing within sevsn d ys. 
The notification shall indicate what concentration limits have been c :eeasd. - (2) Submit to the Commissioner an application for a permit modiflc,,:;.;~ !G 
establish a corrective action program meeting the rec;uiremerrs nf S L Y : !  'r 
10.06.1 1 within 180days,or within 90 days if an engineering feasic ; - has been previouslysubmitted to the Commissioner under Sectiov ' 1 P1: 
(h)(5). The application shall at a minimum include the following it.. T-. 

(i) A detailed description of corrective actions that will achieve c cmylia! . 
with the groundwater protection standard specified in the per-- . . &  

Section 10.06.10!a); and 

(ii) A plan for a groundwater monitoring program that will demonstr . - the effectiveness of the corrective action. Such a groundwater mon i t~  
program may be based on a compliance monitoring program develope" .. 
meet the requirements of Section 10.06.10. - (j) If the owner or operator determines, pursuant to Section 10.06.10()1), that 

the groundwater protection standard is being exceeded at any monitoring well 
at the point of compliance, he may demonstrate that a source other than a 

I 

regulated unit caused the increase or that the increase resulted from error 
in sampling, analysis or evaluation. While the owner or operator may make a 
demonstration under this Section in addition to, or in lieu of, submitting a 
permit modification application under Section 10.06.10(i)(2), he is not relieved 

- of the requirement to submit a permit modification application within the time 
specified in Section 10.06.10(i)(2) unless the demonstration made under this 
Section successfully shows that a source other than a regulated unit caused 
the increase or that the increase resulted from error in sampling, analysis. 



or evaluation. In making a demonstration under this Section, the owner or 
operator shall: 

(1) Notify the Commissioner in writing within seven days that he intends 
to make a demonstration under this Section; 

(2) Within 90 days, submit a report to the Commissioner which demonstrates 
that a source other than a regulated unit caused the standard to be exceeded 
or that the apparent noncompliance with the standards resulted from error in 
sampling, analysis, or evaluation; 

(3) Within 90 days, submit to the Commissioner an application for a permit 
modification to make any appropriate changes to the compliance monitoring 
program at the facility; and 

(4) Continue to monitor in accordance with the compliance monitoring 
program established under Section 10.06.10. 

(k) If the owner or operator determines that the compliance monitoring pro- 
gram no longer satisfies the requirements of Section 10.06.10, he shall, within 
90 days, submit an application for permit modification to make any appropriate 
changes io  the program. 

(1) The owner or operator shall assure that monitoring and corrective 
action measures necessary to achieve compliance with the groundwater 
protection standard under Section 10.06.03 are taken during the term of 
the permit. 

10.06.11 Corrective action program. An owner or operator required to estab- 
lish a corrective action program under Section 10.06 shall, at a minimum, 
discharge the following responsibilities: 

(a) The owner or operator shall take corrective action to ensure that regulated 
units are in compliance with the groundwater protection standard under Sec- 
tion 10.06.03. The Commissioner will specify the groundwater prcltection 
standard in the facility permit, including: 

(1) A list of the hazardous constituents identified under Sectio~i ,O.;L 2,. 

(2) Concentration limits under Section 10.06.05 for each of rhose tl;.~s. J, 
constituents: 

(3) The compliance point under Section 10.06.06: and 

(4) The compliance period under Section 10.06.07. 

(b) The owner or operator shall implement a corrective action program 
prevents hazardous constituents from exceeding their respective concerrrq. 
tion limits at the compliance point by removing the hazardous waste r .  

stituents or treating them in place. The permit will specify the specific measc. 
that will be taken. 

(c) The owner or operator shall begin corrective action within a reasonabl2 
time period after the groundwater protection standard is exceeded. The Com- 
missioner will specify that time period in the facility permit. If a facility permit 
includes a corrective action program in addition to a compliance monitoring 
program, the permit will specify when the corrective action will begin and 
such a requirement will operate in lieu of Section 10.06.10(i)(2). 

(d) In conjunction with a corrective action program, the owner or operator 
shall establish and implement a groundwater monitoring program to demon- 
strate the effectiveness of the corrective action program. Such a monitoring 
program may be based on the requirements for a compliance monitoring pro- 
gram under Section 10.06.10 and shall be as effective as that program in 



determining compliance with the groundwater protection standard under Sec- 
tion 10.06.03, and in determining the success of a corrective action program 
under Section 10.06.1 1 (e) below, where appropriate. 

(e) In addition to the other requirements of Section 10.06.11, the owner or 
operator shall conduct a corrective action program to remove or treat in place 
any hazardous constituents under Section 10.06.04 that exceed concentration 
limits under Section 10.06.05 in groundwater between the compliance point 
under Section 10.06.06 and the downgradient facility property boundary. The 
permit will specify the measures to be taken. 

(1) Corrective action measures under this Section shall be initiated and 
completed within a reasonable period of time considering the extent of 
contamination. 

(2) Corrective action measures under this Section may be terminated once 
the concentration of hazardous constituents under Section 10.06.04 is re- 
duced to levels below their respective concentration limits under Section 
10.06.05. 

(f) The owner or operator shall continue corrective action measures during 
the compliance period to the extent necessary to ensure that the groundwater 
protection standard is not exceeded. If the owner or operator is conducting 
corrective action at the end of the compliance period, he shall continue that 
corrective action for as long as necessary to achieve compliance with the 
groundwater protection standard. The owner or operator may terminate correc- 
tive action measures taken beyond the period equal to the active life of the 
waste management area (including the closure period) if he can demonstrate, 
based on data from the groundwater monitoring program under Section 
10.06.1 1(d), that the groundwater protection standard of Section 10.06.03 has 
not been exceeded for a period of three consecutive years. 

(g) The owner or operator shall report in writing to the Commissioner on the 
effectiveness of the corrective action program. The owner or operator shall 
submit these reports semi-annually. 

(h) If the owner or operator determines that the corrective action program 
no longer satisfies the requirements of this Section, he must, within 90 days, 
submit an application for a permit modification to make any appropriate changes 
to the program. 

10.07 Closure and Post-closure 

10.07.01 Applicability. Except as Section 10.01 provides otherwise: 

(a) Sections 10.07.02 through 10.07.06 which concern closure apply to all 
hazardous waste facilities; and 

(b) Section 10.07.08 through 10.07.1 1 which concern post-closure care apply 
to all owners and operators of: 

(1) All hazardous waste disposal facilities; and 

(2) Waste piles and surface impoundments from which the owner or op- 
erator intends to remove the wastes at closure, to the extent that Sections 
10.07.08 through 10.07.1 1 are made applicable to such facilities in Sections 
10.1 1.09 and 10.12.09. 

10.07.02 Closure performance standards. The owner or operator shall close 
the facility in a manner that: 

(a) minimizes the need for further maintenance, and 



(b) controls. minimizes or eliminates, to the extent necessary to prevent 
threats to human health and the environment, post-closure escapeof hazardous 
waste, hazardous waste constituents, leachate, contaminated rainfall, or waste 
decomposition products to the ground or surface waters or to the atmosphere. 

10.07.03 Closure plan; amendment of plan. 

(a) The owner or operator of a hazardous waste management facility shall 
have a written closure plan. The plan shall be submitted with the permit 
application, in accordance with provisions of Section 11.00, and approved by 
the Commissioner as part of the permit issuance proceeding. The approved 
closure plan will become a condition of any permit. The Commissioner's decision 
shall assure that the approved closure plan is consistent with the provisions 
of this Section. A copy of the approved plan and all revisions to the plan 
shall be kept at the facility until closure is completed and certified. The plan 
shall identify steps necessary to completely or partially close the facility at any 
point during its intended operating life and to completely close the facility 
at the end of its intended operating life. The closure plan shall include, at 
least: 

(1) A description of how and when the facility will be partially closed, if 
applicable, and finally closed. The description shall identify the maximum 
extent of the operation which will be unclosed during the life of the facility, 
and how the requirements of Sections 10.07.02, 10.07.04, 10.07.05, 10.07.06, 
and the applicable closure requirements of Sections 10.09.09, 10.10.08, 
10.11.09, 10.12.09, 10.13.11, 10.14.11, and 10.15.12 will be met; 

(2) An estimate of the maximum inventory of wastes in storage and in treat- 
ment at any time during life of the facility. 

(3) A description of the steps needed to decontaminate facility equipment 
during closure; and 

(4) An estimate of the expected year of closure and a schedule for final 
closure. The schedule shall include, at a minimum, the total time required 
to close the facility and the time required for intervening closure activities 
which will allow tracking of the progress of closure. 

(b) The owner or operator may amend his closure plan at any time during the 
active life of the facility. The owner or operator shall amend the plan when- 
ever changes in operating plans or facility design affect the closure plan, 
or whenever there is achange in the expected year of closure. When the owner 
or operator requests a permit modification to authorize a change in operating 
plans or facility design, he shall request a modification of the closure plan 
at the same time. If a permit modification is not needed to authorize the change 
in operating plans or facility design, the request for modification of the closure 
plan shall be made within 60 days after the change in plans or design occurs. 

(c) The owner or operator shall notify the Commissioner at least 180 days 
prior to the date he expects to begin closure. 

10.07.04 Closure; time allowed for closure. 

(a) Within 90 days after receiving the final volume of hazardous wastes, the 
owner or operator shall treat, remove from the site. or dispose of on-site, 
all hazardous wastes in accordance with the approved closure plan. The Com- 
missioner may approve a longer period if the owner or operator demonstrates 
that: 

(1) (i) The activities required to comply with this paragraph will, of necessity, 
take longer than 90 days to complete: or 

(ii) The facility has the capacity to receive additional wastes; there is 



a reasonable likelihood that a person other than the owner or operator 
will recommence operation of the site; and closure of the facility would 
be incompatible with continued operation of the site. 

(2) He has taken and will continue to take all steps to prevent threats to 
human health and the environment. 

(b) The owner or operator shall complete closure activities in accordance 
with the approved closure plan and within 180 days after receiving the final 
volume of wastes. The Commissioner may approve a longer closure period if 
the owner or operator demonstrates that: 

(1) (i) The closure activities will, of necessity, take longer than 180 days 
to complete; or 

(ii) The facility has the capacity to receive additional wastes; there is 
reasonable likelihood that a person other than the owner or operator 
will recommence operation of the site; and closure of the facility would 
be incompatible with continued operation of the site. 

(2) He has taken and will continue to take all steps to prevent threats to 
human health and the environment from the unclosed but inactive facility. 

10.07.05 Disposal or decontamination of equipment. When closure is com- 
pleted, all facility equipment and structures shall have been properly disposed 
of, or decontaminated by removing all hazardous waste and residues. 

10.07.06 Certification of closure. When closure is completed. the owner or 
operator shall submit to the Commissioner certification both by the owner or 
operator and by an independent professional engineer registered by the Com- 
monwealth that the facility has been closed in accordance with the specifications 
in the approved closure plan. 

10.07.07 [Reserved] 

10.07.08 Post-closure care and use of property. 

(a) (1) Post-closure care shall continue for 30 years after the date of com- 
pleting closure and shall consist of at least the following: 

(i) Monitoring and reporting in accordance with requirements of 
Sections 10.06, 10.11, 10.12, 10.13 and 10.14; and 

(ii) Maintenance and monitoring of waste containment systems in 
accordance with the requirementsof Sections 10.06,10.11,10.12.10.13 
and 10.14. 

(2) During the 180-day period preceding closure or at any time thereafter, 
the Commissioner may reduce the post-closure care period to less than 
30 years if he finds that the reduced period is sufficient to protect human 
health and the environment. Prior to the time that the post-closure care 
period is due to expire, the Commissioner may extend the post-closure 
care period if he finds that the extended period is necessary to protect 
human health and the environment. 

(b) The Commissioner may require, at closure, continuation of any of the 
security requirements during part or all of the post-closure period after the 
date of completing closure when: 

(1) Wastes may remain exposed after completion of closure; or 

(2) Access by the public or domestic livestock may pose a hazard to human 
health. 



(c) Post-closure use of property on or in which hazardous wastes remain after 
closure shall never be allowed to disturb the integrity of the final cover, liner(s), 
or any other components of any containment system, or the function of the 
facility's monitoring systems, unless the Commissioner finds that the disturbance: 

(1) Is necessary to the proposed use of the property, and will not increase 
the potential hazard to human health or the environment; or 

(2) Is necessary to reduce a threat to human health or the environment. 

(d) All post-closure care activities shall be in accordance with the provisions 
of the approved post-closure plan as specified. 

10.07.09 Post-closure plan; amendment of plan. 

(a) The owner or operator of a disposal facility shall have a written post- 
closure plan. In addition, certain wastes piles and certain surface impoundments 
from which the owner or operator intends to remove the wastes at closure are 
required by Section 10.11.09 and 10.12.09 to have post-closure plans. The 
plan shall be submitted with the permit application as part of the permit issuance 
proceeding. The approved post-closure plan will become a condition of any 
permit issued. A copy of tne proved plan and all revisions to the plan shall 
be kept at the facility until the post-closure care period begins. This plan shall 
identify the activities which will be carried on after closure and the frequency 
of these activities, and include at least: 

(1) A description of the planned monitoring activities and frequencies at 
which they will be performed to comply with Sections 10.06, 10.11, 10.12, 
10.13, and 10.14 during the post-closure period; 

(2) A description of the planned maintenance activities, and frequencies at 
which they will be performed, to ensure: 

(i) The integrity of the cap and final cover or other containment systems 
in accordance with requirementsof Sections 10.11,10.12,10.13, and 10.14; 
and 

(ii) The function of the facility monitoring systems equipment in accor- 
dance with the requirements of Sections 10.06, 10.11, 10.12, 10.13 and 
10.14; and 

(3) The name, address, and phone number of the person or office to contact 
about the disposal facility during the post-closure period. This person or 
office shall keep an updated post-closure plan during the post-closure period. 

(b) The owner or operator may amend his post-closure plan at any time during 
the active life of the disposal facility or during the post-closure care period. 
The owner or operator shall amend his plan whenever changes in operating 
plans or facility design, or events which occur during the active life of the 
facility or during the post-closure period, affect his post-closure plan. He shall 
amend his plan whenever there is a change in the expected year of closure. 

(c) When a permit modification is requested during the active lif; of the 
facility to authorize a change in operating plans or facility design, modifica- 
tion of the post-closure plan shall be requested at the same time. In all other 
cases, the request for modification of the post-closure plan shall be made 
within 60 days after the change in operating plans or facility design or the 
events which affect his post-closure plan occur. 

10.07.10 Notice to local government (County Board of Supervisors or City 
Council). Within 90 days after closure is completed, the owner or operator 
of a disposal facility shall submit to the local government or the authority 
with jurisdiction over local land use and to the Commissioner a survey plan 



indicating the location and dimensions of landfill cells or other disposal areas 
with respect to permanently surveyed benchmarks. This plan shall be prepared 
and certified by a professional land surveyor. The plan filed with the local 
government or the authority with jurisdiction over local land use shall contain 
a note, prominently displayed, which states the owner's or operator's obligation 
to restrict disturbance of the site asspecified. In addition, the owner or operator 
shall submit to the local government or the authority with jurisdiction over 
local land use and to the Commissioner a record of the type, location and 
quantity of hazardous waste disposed of within each cell or area of the facility. 
For wastes disposed of before these regulations were promulgated. the owner 
or operator shall identify the type, location and quantity of the wastes to the 
best of his knowledge and in accordance with any records he has kept. Any 
changes in the type, location, or quantity of hazardous wastes disposed of 
within each cell or area of the facility that occur after the survey plan and 
record of wastes have been filed shall be reported to the local government 
or the authority with jurisdiction over local land use and to the Commissioner. 

10.07.11 Notice in deed to property 

(a) The owner of the property on which a disposal facility is located shall 
record a notation on the deed to the facility property-or on some other in- 
strument which is normally examined during title search-that will in perpetuity 
notify any potential purchaser of the property that 

(1) The land has been used to manage hazardous wastes; 

(2) Its use is restricted; 

(3) The survey plan and record of the type, location. and quantity of haz- 
ardous wastes disposed of within each cell or area of the facility have been 
filed with the local government or the authority with jurisdiction over local 
land use and with the Commissioner. 

(b) If at any time the owner or operator or any subsequent owner of the land 
upon which a hazardous waste facility was located removes the waste and 
waste residues, the liner, if any, and all contaminated underlying and sur- 
rounding soil, he may remove the notation on the deed to the facility property 
or other instrument normally examined during title search. or he may add a 
notation to the deed or instrument indicating the removal of the waste. 

10.08 Financial Requirements 

10.08.01 Applicability. 

(a) The requirements of Sections 10.08.02. 10.08.03 and 10.08.07 to 10.08.11 
apply to owners and operators of all hazardous waste facilities, except as 
provided otherwise in this section or in Section 10.01. 

(b) The requirements of Sections 10.08.04 and 10.08.05 apply only to owners 
and operators of: 

(I) Disposal facilities; and 

(2) Piles, and surface impoundments from which the owner or operator 
intends to remove the wastes at closure, to the extent that these Sections 
are made applicable to such facilities in Sections 10.11.09 and 10.12.09. 

(c) The Commonwealth and federal government which own and operate haz- 
ardous waste facilities, and their agencies are exempt from the requirements 
of Section 10.08. 

(d) Common meaning of the terms used in this Section are shown in Appendix 
2.1. 



(2) The waste is stored or treated in such a way that it is protected from 
any material or conditions which may cause the waste to ignite or react; or 

(3) The tank is used solely for emergencies. 

(b) The owner or operator of a facility which treats or stores ignitable or 
reactive waste in covered tanks shall comply with the National Fire Protection 
Association's (NFPA's) buffer zone requirements for tanks, contained in Tables 
2-1 through 2-6 of the "Flammable and Combustible Code-1977". 

10.10.10 Special requirements for incompatible wastes. 

(a) Incompatible wastes. or incompatible wastes and materials, shall not be 
placed in the same tank, unless Section 10.02.08(b) is complied with. 

(b) Hazardous waste shall not be placed in an unwashed tank which pre- 
viously held an incompatible waste or material, unless Section 10.02.08(b) is 
complied with. 

10.11 Surface Impoundments 

10.11.01 Applicability. The regulations in this Section apply to owners and 
operators of facilities that use surface impoundments to dispose, treat or store 
hazardous waste, except as Section 10.01 provides otherwise. 

10.11.02 Design and operating requirements. 

(a) A surface impoundment (except for an existing portion of a surface im- 
poundment) shall have a liner that is designed, constructed, and installed to 
prevent any migration of wastes out of the impoundment to the adjacent sub- 
surface soil or groundwater or surface water at any time during the active life 
(including the closure period) of the impoundment. The liner may be con- 
structed of materials that may allow wastes to migrate into the liner (but not 
into the adjacent subsurface soil or groundwater or surface water) during the 
active life of the facility, provided that the impoundment is closed in accor- 
dance with Section 10.11.09(a)(l). For impoundments that will be closed in 
accordance with Section 10.11.09(a)(2), the liner shall be constructed of ma- 
terials that can prevent wastes from migrating into the liner during the active 
life of the facility. The liner shall be: 

(1) Constructed of materials that have appropriate chemical properties 
and sufficient strength and thickness to prevent failure due to pressure 
gradients (including static head and external hydrogeologic forces), physical 
contact with the waste or leachate to which they are exposed, climatic con- 
ditions, the stress of installation. and the stress of daily operation; 

(2) Placed upon a foundation or base capable of providing support to the 
liner and resistance to pressure gradients above and below the liner to pre- 
vent failure of the liner due to settlement, compression, or uplift; and 

(3) Installed to cover all surrounding earth likely to be in contact with the 
waste or leachate. 

(b) The owner or operator will be exempted from the requirements of Sec- 
tion 10.11.02(a) if the Commissioner finds, based on a demonstration by the 
owner or operator, that alternate design and operating practices, together 
with location characteristics, will prevent the migration of any hazardous con- 
stituents (see Section 10.06.04) into the groundwater or surface water at any 
future time. In deciding whether to grant an exemption, the Commissioner 
will consider: 

(1) The nature and quantity of the wastes; 



(2) The proposed alternate design and operation; 

(3) The hydrogeologic setting of the facility, including the attenuative ca- 
pacity and thickness of the liners and soils present between the impound- 
ment and groundwater or surface water; and 

(4) All other factors which would influence the quality and mobility of the 
leachate produced and the potential for it to migrate to groundwater or sur- 
face water. 

(c) A surface impoundment shall be designed, constructed, maintained, and 
operated to prevent overtopping resulting from normal or abnormal opera- 
tions; overfilling; wind and wave action; rainfall; run-on, malfunctions of level 
controllers, alarms, and other equipment; and human error. 

(d) A surface impoundment shall have dikes that are designed, constructed, 
and maintained with sufficient structural integrity to prevent massive failure 
of the dikes. In ensuring structural integrity, it shall not be presumed that the 
liner system will function without leakage during the active life of the unit. 

(e) The Commissioner will specify in the permit all design and operating prac- 
tices that are necessary to ensure that the requirements of Section 10.11.02 
are satisfied. 

10.11.03 Double-lined surface impoundments 

(a) The owner or operator of a double-lined surface impoundment is not 
subject to regulation under Section 10.06 if the following conditions are met: 

(1) The impoundment (including its underlying liners) shall be located en- 
tirely above the seasonal high water table. 

(2) The impoundment shall be underlain by two liners which are designed 
and constructed in a manner that prevents the migration of liquids into or 
out of the space between the liners. Both liners shall meet all the specifi- 
cations of Section 10.11.02(a). 

(3) A leak detection system shall be designed, constructed, maintained, 
and operated between the liners to detect any migration of liquids into the 
space between the liners. 

(b) If liquid leaks into the leak detection system, the owner or operator shall: 

(1) Notify the Commissioner of the leak in writing within seven days after 
detecting the leak; and 

(2) (i) Within a period of time specified in the permit, remove accumulated 
liquid, repair or replace the liner which is leaking to prevent the migra- 
tion of liquids through the liner, and obtain a certification from a quali- 
fied professional engineer that, to the best of his knowledge and opinion, 
the leak has been stopped; or 

(ii) If detection monitoring program pursuant to Section 10.06.09 has 
already been established in the permit (to be complied with only if a 
leak occurs), begin to comply with that program and any other applica- 
ble requirements of Section 10.06 within a period of time specified in 
the permit. 

(c) The Commissioner will specify in the permit all design and operating prac- 
tices that are necessary to ensure that the requirements of Section 10.11.03 
are satisfied. 

10.11.04-10.11.06 [Reserved] 



10.11.07 Monitoring and inspection. 

(a) During construction and installation, liners (except in the case of existing 
portions of surface impoundments exempt from Section 10.11.02(a)) and 
cover systems (e.g.. membranes, sheets, or coatings) shall be inspected for 
uniformity, damage, and imperfections (e.g., holes, cracks. thin spots, or for- 
eign materials). lmmediately after construction or installation: 

(1) Synthetic liners and covers shall be inspected to ensure tight seams 
and joints and the absence of tears, punctures, or blisters; and 

(2) Soil-based and admixed liners and covers shall be inspected for imper- 
fections including lenses, cracks. channels, root holes. or other structural 
non-uniformities that may cause an increase in the permeability of the liner 
or cover. 

(b) While a surface impoundment is in operation, it shall be inspected weekly 
and after storms to detect evidence of any of the following: 

(1) Deterioration, malfunctions, or improper operation of overtopping con- 
trol systems; 

(2) Sudden drops in the level of the impoundment's contents; 

(3) The presence of liquids in leak detection systems, where installed to 
comply with Section 10.11.03; and 

(4) Severe erosion or other signs of deterioration in dikes or other con- 
tainment devices. 

(c) Prior to the issuance of a permit, and after any extended period of time 
(at least six months) during which the impoundment was not in service, the 
owner or operator shall obtain a certification from a qualified professional en- 
gineer that the impoundment's dike, including that portion of any dike which 
provides freeboard, has structural integrity. The certification shall establish, in 
particular, that the dike: 

(1) Will withstand the stress of the pressure exerted by the types and 
amounts of wastes to be placed in the impoundment; and 

(2) Will not fail due to scouring or piping, without dependence on any liner 
system included in the surface impoundment construction. 

10.11.08 Emergency repairs; contingency plans. 

(a) A surface impoundment shall be removed from sewice in accordance 
with Section 10.11.08(b) when: 

(1) The level of liquids in the impoundment suddenly drops and the drop 
is not known to be caused by changes in the flows into or out of the im- 
poundment; or 

(2) The dike leaks. 

(b) When a surface impoundment shall be removed from service as required 
by Section 10.11.08(a), the owner or operator shall: 

(1) lmmediately shut off the flow or stop the addition of wastes into the 
impoundment; 

(2) lmmediately contain any surface leakage which has occurred or is 
occurring; 

(3) lmmediately stop the leak; 



(4) Take any other necessary steps to stop or prevent catastrophic failure; 

(5) If a leak cannot be stopped by any other means, empty the impoundment; 
and 

(6) Notify the Commissioner of the problem in writing within seven days 
after detecting the problem. 

(c) As part of the contingency plan required in Section 10.04, the owner or 
operator shall specify a procedure for complying with the requirements of 
Section 10.11.08(b). 

(d) No surface impoundment that has been removed from service in accor- 
dance with the requirements of this Section may be restored to service unless 
the portion of the impoundment which was failing is repaired and the follow- 
ing steps are taken: 

(1) If the impoundment was removed from service as the result of actual 
or imminent dike failure, the dike's structural integrity shall be recertified 
in accordance with Section 10.11.07(c). 

(2) If the impoundment was removed from service as the result of a sudden 
drop in the liquid level, then: 

(i) For any existing portion of the impoundment, a liner shall be installed 
in compliance with Section 10.11.02(a) or 10.11.03; and 

(ii) For any other portion of the impoundment, the repaired liner system 
shall be certified by a qualified professional engineer as meeting the de- 
sign specifications approved in the permit. 

(e) A surface impoundment that has been removed from service in accor- 
dance with the requirements of this Section and that is not being repaired 
shall be closed in accordance with the provisions of Section 10.11.09. 

10.11.09 Closure and post-closure care. 

(a1 At closure, the owner or operator shall: 

(1) Remove or decontaminate all waste residues, contaminated contain- 
ment system components (liners, etc.), contaminated subsoils, and struc- 
tures and equipment contaminated with waste and leachate, and manage 
them as hazardous waste unless Section 2.80(d) applies; or 

(2) (i) Eliminate free liquids by removing liquid wastes or solidifying the 
remaining wastes and waste residues; 

(ii) Stabilize remaining wastes to a bearing capacity sufficient to sup 
port final cover; and 

(iii) Cover the surface impoundment with a final cover designed and 
constructed to: 

(A) Provide long-term minimization of the migration of' liquids 
through the closed impoundment; 

(6)  Function with minimum maintenance; 

(C) Promote drainage and minimize erosion or abrasion of the 
final cover; 

(0) Accommodate settling and subsidence so that the cover's 
integrity is maintained; and 

(E) Have a permeability less than or equal to the permeability 
of any bottom liner system or natural subsoils present. 



(b) If some waste residues or contaminated materials are left in place at final - closure, the owner or operator shall comply with all post-closure require 
ments contained in Section 10.07.08 through 10.07.11, including maintenance 
and monitoring throughout the post-closure care period (specified in the per- 

I 
mit under Section 10.07.08). The owner or operator shall: 

(1) Maintain the integrity and effectiveness of the final cover, including 
making repairs to the cap as necessary to correct the effects of settling, - subsidence, erosion, or other events; 

(2) Maintain and monitor the leak detection system in accordance with 
Section 10.11.03, where such a system is present between double liner 

.r- systems; 

(3) Maintain and monitor the groundwater monitoring system and comply 
with all other applicable requirements of Section 10.06; and 

rC 
(4) Prevent run-on and run-off from eroding or otherwise damaging the 
final cover. 

- (c) (1) If an owner or operator plans to close a surface impoundment in 
accordance with Section 10.11.09(a)(l) and the impoundment does not 
comply with the liner requirements of Section 10.11.02(a) and is not 
exempt from them in accordance with Section 10.11.02(b), then; 

(i) The closure plan for the impoundment under Section 10.07.03 
shall include both a plan for complying with Section 10.11.09(a)(l) and 
a contingent plan for complying with Section 10.11.09(a)(2) in case not 
all contaminated subsoils can be practicably removed at closure; and 

(ii) The owner or operator shall prepare acontingent post-closure plan 
under Section 10.07.09 for complying with Section 10.11.09(b) in case 
not all contaminated subsoils can be practicably removed at closure. 

(2) The cost estimates calculated under Section 10.08.02 and 10.08.04 
for closure and post-closure care of an impoundment subject to this para- - graph shall include the cost of complying with the contingent closure 
plan and the contingent post-closure plan, but are not required to include 
the cost of expected closure under Section 10.11.09(a)(l). 

- (d) During the post-closure care period, if liquids leak into a leak detection 
system installed under Section 10.1 1.03, the owner or operator shall notify 
the Commissioner of the leak in writing within seven days after detecting the 

L 
leak. The Commissioner will modify the permit to require compliance with the 
requirements of Section 10.06. 

10.11.10 Special requirements for ignitable or reactive waste. Ignitable or - reactive waste shall not be placed in a surface impoundment, unless: 

(a) The waste is treated, rendered, or mixed before or immediately after 
placement in the impoundment so that: 

LI (1) The resulting waste, mixture, or dissolution of material no longer meets 
the definition of ignitable or reactive waste under Sections 3.07 or 3.09; and 

L 
(2) Section 10.02.08 is complied with; or 

(b) The waste is managed in such a way that it is protected from any material 
or conditions which may cause it to ignite or react; or 

* (c) The surface impoundment is used solely for emergencies. 



10.11.11 Special requirements for incompatible wastes. Incompatible wastes, 
or incompatible wastes and materials (see Appendix 10.5 for examples), shall 
not be placed in the same surface impoundment. unless Section 10.02.08 is 
complied with. 

10.12 Waste Piles 

10.12.01 Applicability. 

(a) The regulations in this Section apply to owners and operators of facilities 
that store or treat hazardous waste in piles, except as Section 10.01 provides 
otherwise. 

(b) The regulations in this Section do not apply to owners or operators of 
waste piles that are closed with wastes left in place. Such waste piles are 
subject to regulation under Section 10.14 (Landfills). 

(c) The owner or operator of any waste pile that is inside or under a struc- 
ture that provides protection from precipitation so that neither run-off nor 
leachate is generated is not subject to regulation under Sections 10.12.02 or 
under Section 10.06, provided that: 

(1) Liquids or materials containing free liquids are not placed in the pile; 

(2) The pile is protected from surface water run-on by the structure or in 
some other manner, 

(3) The pile is designed and operated to control dispersal of the waste by 
wind, where necessary, by means other than wetting; and 

(4) The pile will not generate leachate through decomposition or other 
reactions. 

10.12.02 Design and operating requirements. 

(a) A waste pile (except for an existing portion of a waste pile) shall have: 

(1) A liner that is designed, constructed, and installed to prevent any migra- 
tion of wastes out of the pile into the adjacent subsurface soil or groundwater 
or surface water at any time during the active life (including the closure 
period) of the waste pile. The liner may be constructed of materials that 
may allow waste to migrate into the liner itself (but not into the adjacent 
subsurface soil or groundwater or surface water) during the active life of the 
facility. The liner shall be: 

(i) Constructed of materials that have appropriate chemical properties 
and sufficient strength and thickness to prevent failure due to pressure 
gradients (including static head and external hydrogeologic forces), physi- 
cal contact with the waste or leachate to which they are exposed, climatic 
conditions, the stress of installation, and the stress of daily operation; 

(ii) Placed upon a foundation or base capable of providing support to the 
liner and resistance to pressure gradients above and below the liner to 
prevent failure of the liner due to settlement, compression, or uplift: and 

(iii) Installed to cover all surrounding earth likely to be in contact with 
the waste or leachate; and 

(2) A leachate collection and removal system immediately above the liner 
that is designed, constructed, maintained, and operated to collect and re- 
move leachate from the pile. The Commissioner will specify design and op- 
erating conditions in the permit to ensure that the leachate depth over the 
liner does not exceed 30 cm (one foot). The leachate collection and removal 
system shall be: 



(ii) The owner or operator shall express background values and values 
for hazardous constituents in the treatment zone in a form necessary for 
the determination of statistically significant increases under Section 
10.13.1 1 (dl(3). 

(2) In taking samples used in the determination of background and treat- 
ment zone values, the owner or operator shall take samples at a sufficient 
number of sampling points and at appropriate locations and depths to yield 
samples that represent the chemical make-up of soil that has not been af- 
fected by leakage from the treatment zone and the soil within the treatment 
zone, respectively. 

(3) In determining whether a statistically significant increase has occurred. 
the owner or operator shall compare the value of each constituent in the 
treatment zone to the background value for that constituent using a statis- 
tical procedure that provides reasonable confidence that constituent pres- 
ence in the treatment zone will be identified. The owner or operator shall 
use a statistical procedure that: 

(i) Is appropriate for the distribution of the data used to establish back- 
ground values; and 

(ii) Provides a reasonable balance between the probability of falsely 
identifying hazardous constituent presence in the treatment zone and the 
probability of failing to identify real presence in the treatment zone. 

(e) The owner or operator is not subject to regulation under Section 10.06 
if the Commissioner finds that the owner or operator satisfies Section 10.13.11 (d) 
and if unsaturated zone monitoring under Section 10.13.09 indicates that 
hazardous constituents have not migrated beyond the treatment zone during 
the active life of the land treatment unit. 

10.13.12 Special requirements for ignitable or reactive waste. The owner 
or operator shall not apply ignitable or reactive waste to the treatment zone 
unless: 

(a) The waste is immediately incorporated into the soil so that: 

(1) The resulting waste, mixture, or dissolution of material no longer meets 
the definition of ignitable or reactive waste under Section 3.07 or 3.09; and 

(2) Section 10.02.08 is complied with; or 

(b) The waste is managed in such a way that it is protected from any material 
or conditions which may cause it to ignite or react. 

10.13.13 Special requirements for incompatible wastes. The owner or op- 
erator shall not place incompatible wastes, or incompatible wastes and ma- 
terials (see Appendix 10.5 for examples), in or on the same treatment zone, 
unless Section 10.02.08 is complied with. 

10.14.01 Applicability. The regulations in Section 10.14 apply to owners and 
operators of facilities that dispose of hazardous waste in landfills, except as 
Section 10.1 provides otherwise. 



10.14.02 Design and operating requirements. - 
(a) A landfill (except for an existing portion of a landfill) shall have: 

(1) A liner that is designed, constructed, and installed to prevent any migra- - tion of wastes out of the landfill to the adjacent subsurface soil or ground- 
water or sufrace water at anytime during the active life (including the closure 
period) of the landfill. The liner shall be constructed of materials that pre- 
vent wastes from passing into the liner during the active life of the facility. 

.I The liner shall be: 

(i) Constructed of materials that have appropriate chemical properties 
and sufficient strength and thickness to prevent failure due to pressure 

+ gradients (including static head and external hydrogeologic forces), physical 
contact with the waste or leachate to which they are exposed, climatic 
conditions, the stress of installation, and the stress of daily operation; 

I (ii) Placed upon a foundation or base capable of providing support to 
the liner and resistance to pressure gradients above and below the liner 
to prevent failure of the liner due to settlement, compression, or uplift; 

C 
and 

(iii) Installed to cover all surrounding earth likely to be in contact with the 
waste or leachate; and 

(2) A leachate collection and removal system immediately above the liner 
that is designed, constructed, maintained. and operated to collect and re- 
move leachate from the landfill. The Commissioner will specify design and 
operating conditions in the permit to ensure that the leachate depth over 
the liner does not exceed 30 cm (one foot). The leachate collection and re- 
moval system shall be: 

(i) Constructed of materials that are: 

(A) Chemically resistant to the waste managed in the landfill and the 
leachate expected to be generated; and 

L 

(0)  Of sufficient strength and thickness to prevent collapse under the 
pressures exerted by overlying wastes, waste cover materials, and by 
any equipment used at the landfill; and - 

(ii) Designed and operated to function without clogging through the 
scheduled closure of the landfill. 

C- (b) The owner or operator will be exempted from the requirements of Sec- 
tion 10.14.02(a) if the Commissioner finds, based on a demonstration by the 
owner or operator, that alternative design and operating practices, together 
with location characteristics, will prevent the migration of any hazardous con- - stituents (see Section 10.06.04) into the groundwater or surface water at any 
future time. In deciding whether to grant an exemption, the Commissioner 
will consider: 

- (1) The nature and quantity of the wastes; 

(2) The proposed alternate design and operation; 

- (3) The hydrogeologic setting of the facility, including the attenuative 
capacity and thickness of the liners and soils present between the landfill 
and groundwater or surface water; and 

- (4) All other factors which would influence the quality and mobility of the 
leachate produced and the potential for it to migrate to groundwater or 
surface water. 



(c) The owner or operator shall design, construct, operate. and maintain a 
run-on control system capable of preventing flow onto the active portion of 
the landfill during peak discharge from at least a 25-year storm. 

(d) The owner or operator shall design, construct, operate, and maintain a 
run-off management system to collect and control at least the water volume 
resulting from a 24-hour, 25-year storm. 

(el Collection and holding facilities (e.g., tanks or basins) associated with run- 
on and run-off control systems shall be emptied or otherwise managed expedi- 
tiously after storms to maintain design capacity of the system. 

(f) If the landfill contains any particulate matter which may be subject to wind 
dispersal, the owner or operator shall cover or otherwise manage the landfill 
to control wind dispersal. 

(g) The Commissioner will specify in the permit all design and operating 
practices that are necessary to ensure that the requirements of Section 10.14.02 
are satisfied. 

10.14.03 Double-lined landfills. 

(a) The owner or operator of a double-lined landfill is not subject to regulation 
under Section 10.06 if the following conditions are met: 

(1) The landfill (including its underlying liners) shall be located entirely 
above the seasonal high water table. 

(2) The landfill shall be underlain by two liners which are designed and . 
constructed in a manner to prevent the migration of liquids into or out of 
the space between the liners. Both liners must meet all the specifications 
of Section 10.14.02(a)(l). 

(3) A leak detection system shall be designed, constructed, maintained, 
and operated between the liners to detect any migration of liquid into the 
space between the liners. 

(47 The landfill shall have a leachate collection and removal system above 
the top liner that is designed, constructed, maintained, and operated in 
accordance with Section 10.14.02(a)(2). 

(b) If liquid leaks into the leak detection system, the owner or operator shall: 

(1) Notify the Commissioner of the leak in writing within seven days after 
detecting the leak; and 

(2) (i) Within a period of time specified in the permit, remove accu- 
. mulated liquid, repair or replace the liner which is leaking to prevent 

the migration of liquids through the liner, and obtain a certification 
from a qualified professional engineer that, to the best of his knowl- 
edge and opinion, the leak has been stopped; or 

(ii) If a detection monitoring program pursuant to Section 10.06.09 
has already been established in the permit (to be complied with only 
if a leak occurs). begin to comply with that program and any other 
applicable requirements of Section 10.06 within a period of time 
specified in the permit. 

(c) The Commissioner will specify in the permit all design and operating 
practicesthat are necessary to ensure that the requirements of Section 10.14.03 
are satisfied. 



10.14.04 Monitoring and inspection. 

(a) During construction or installation, liners (except in the case of existing 
portions of landfills exempt from Section 10.14.02(a) and cover systems (e.g., 
membranes, sheets, or coatings) shall be inspected for uniformity, damage, and 
imperfections (e.g., holes, cracks, thin spots, or foreign materials). 

(b) Immediately after construction or installation: 

(1) Synthetic liners and covers shall be inspected to ensure tight seams 
and joints and the absence of tears, punctures, or blisters; and 

(2) Soil-based and admixed liners and covers shall be inspected for imper- 
fections including lenses, cracks, channels, root holes, or other structural 
non-uniformities that may cause an increase in the permeability of the liner 
or cover. 

(c) While a landfill is in operation, it shall be inspected weekly and after 
storms to detect evidence of any of the following: 

(1) Deterioration, malfunctions, or improper operation of run-on and run- 
off control systems. 

(2) The presence of liquids in leak detection systems, where installed to 
comply with Section 10.14.03; 

(3) Proper functioning of wind dispersal control systems, where present; 
and 

(4) The presence of leachate in and proper functioning of leachate collec- 
tion and removal systems, where present. 

10.14.05 -10.14.09 [Reserved] 

10.14.10 Surveying and recordkeeping. The owner or operator of a landfill 
shall maintain the following items in the operating record required under Sec- 
tion 10.05.02: 

(a) On a map. the exact location and dimensions. including depth of each 
cell with respect to permanently surveyed benchmarks; and 

(b) The contents of each cell and the approximate location of each hazardous 
waste type within each cell. 

10.14.11 Closure and post-closure care. 

(a) At final closure of the landfill or upon closure of any cell, the owner or 
operator shall cover the landfill or cell with a final cover designed and con- 
structed to: 

(1) Provide long-term minimization of migration of liquids through the 
closed landfill; 

(2) Function with minimum maintenance; 

(3) Promote drainage and minimize erosion or abrasion of the cover; 

(4) Accommodate settling and subsidence so that the cover's integrity is 
maintained; and 

(5) Have a permeability less than or equal to the permeability of any bot- 
tom liner system or natural subsoils present. 



(b) After final closure, the owner or operator shall comply with all post- 
closure requirements contained in Sections 10.07.08 through 10.07.11 includ- 
ing maintenance and monitoring throughout the post-closure care period 
(specified in the permit under Section 10.07.08). The owner or operator shall: 

(1) Maintain the integrity and effectiveness of the final cover, including 
making repairs to the cap as necesyry to correct the effects of settling, 
subsidence, erosion, or other events; 

(2) Maintain and monitor the leak detection system in accordance with 
Section 10.14.03. where such a system is present between double liner 
systems; 

(3) Continue to operate the leachate collection and removal system until 
leachate is no longer detected; 

(4) Maintain and monitor the groundwater monitoring system and comply 
with all other applicable requirements of Section 10.06; 

( 5 )  Prevent run-on and run-off from eroding or otherwise damaging the 
final cover; and 

(6) Protect and maintain surveyed benchmarks used in complying with 
Section 10.14.10. 

(c) During the post-closure care period, if liquid leaks into a leak detection 
system installed under Section 10.14.03, the owner or operator shall notify 
the Commissioner of the leak in writing within seven days after detecting the 
leak. The Commissioner will modify the permit to require compliance with 
the requirements of Section 10.06. 

10.14.12 [Reserved] 

10.14.13 Special requirements for ignitable or reactive waste. 

(a) Except as provided in Section 10.14.13(b) and in Section 10.14.17, ignitable 
or reactive waste shall not be placed in a landfill, unless the waste is treated, 
rendered, or mixed before or immediately after placement in a landfill so that: 

(11 The resulting waste, mixture, or dissolution of material no longer meets 
the definition of ignitable or reactive waste under Section 3.07 or 3.09; and 

(2) Section 10.02.08 is complied with. 

(b) Ignitable wastes in containers may be landfilled without meeting the 
requirements of Section 10.14.1 3(a), provided that the wastes are disposed of 
in such a way that they are protected from any material or conditions which 
may cause them to ignite. At a minimum, ignitable wastes shall be disposed 
of in nonleaking containers which are carefully handled and placed so as to 
avoid heat. sparks, rupture, or any other condition that might cause ignition of 
the wastes; shall be covered daily with soil or other noncombustible material 
to minimize the potential for ignition of the wastes; and shall not be disposed 
of in cells that contain or will contain other wastes which may generate heat 
sufficient to cause ignition of the waste. 

- 10.14.14 Special requirements for incompatible wastes. Incompatible wastes, 
or incompatible wastes and materials, (see Appendix 10.05 for examples) shall 
not be placed in the same landfill cell, unless Section 10.02.08 is complied 
with. - 
10.14.15 Special requirements for liquid waste. 

(a) Bulk or noncontainerized liquid waste or waste containing free liquids 
shall not be placed in a landfill unless: 



(1) The landfill has a liner and leachate collection and removal system that 
meet the requirements of Section 10.14.02(a); or 

(2) Before disposal, the liquid waste or waste containing free liquids is 
treated or stabilized. chemically or physically (e.g. by mixing with an absorbent 
solid), so that free liquids are no longer present. 

(b) Containers holding free liquids shall not be placed in a landfill unless: 

(1) All free-standing liquid has been removed by decanting or other methods; 
has been mixed with absorbent or solidified so that free-standing liquid is 
no longer observed; or has been otherwise eliminated; or 

(2) The container is very small, such as an ampule; or 

(3) The container is designed to hold free liquids for use other than storage, 
such as a battery or capacitor, or 

(4) The container is a lab pack as defined in Section 10.14.17 and is dis- 
posed of in accordance with that Section. 

10.14.16 Special requirements for containers. Unless they are very small, 
such as an ampule, containers shall be either: 

(a) At least 90 percent full when placed in the landfill; or 

(b) Crushed, shredded, or similarly reduced in volume to the maximum prac- 
tical extent before burial in the landfill. 

10.14.17 Disposal of small containers of hazardous waste in overpacked 
drums (lab packs). Small containers of hazardous waste in overpacked drums 
(lab packs) may be placed in a landfill if the following requirements are met: 

(a) Hazardous waste shall be packed in nonleaking inside containers. The 
inside containers shall be of a design and constructed of a material that will 
not react dangerously with, be decomposed by, or be ignited by the con- 
tained waste. Inside containers shall be tightly and securely sealed. The 
inside containers shall be of the size and type specified in the Virginia Regu- 
lations Governing the Transportation of Hazardous Materials, (VRGTHM) 
Sections 3.02 to 3.04, if those regulations specify a particular inside con- 
tainer for the waste. 

(b) The inside containers shall be overpacked in an open head DOT-specifi- 
cation metal shipping container (Sections 3.03 and 3.04, VRGTHM) of no 
more than 416-liter (110 gallon) capacity and surrounded by, at a minimum, 
a sufficient quantity of absorbent material to completely absorb all of the 
liquid contents of the inside containers. The metal outer container shall be 
full after packing with inside containers and absorbent material. 

(c) The absorbent material used shall not be capable of reacting dangerously 
with, being decomposed by, or being ignited by the contents of the inside 
containers in accordance with Section 10.02.08. 

(d) Incompatible wastes, as defined in Section 2.74, shall not be placed in 
the same outside container. 

(e) Reactive wastes, other than cyanide- or sulfide-bearing waste as defined 
in Section 3.09.01(e). shall be treated or rendered nonreactive prior to pack- 
aging in accordance with Sections 10.14.17(a) through (d). Cyanide- and sulfide- 
bearing reactive waste may be packed in accordance with Sections 10.14.17(a) 
through (dl without first being treated or rendered nonreactive. 

10.15 Incinerators 
10.15.01 Applicability. 




