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1.0 INTRODUCTION 

1.1 Description of the Rocky Flats Plant 

1.1.1 Location and Operator 

The U.S. Department of Energy's Rocky Flats Plant is located 

in north-central Colorado, northwest of the City of Denver 

(Figure 1). The Plant is located in Sections 1 through 4 

and 9 through 15 of T. 2 S., R. 70 W. The facility's EPA 

identification number is C07890010526. The mailing address 

is: 
l 

U.S. Department of Energy 
Rocky Flats Plant 
P.O. Box 928 
Golden, Colorado 80402 

The facility contact is: 

Albert E. Whiteman, Area Manager 
Phone: (303) 966-2025 

The facility covers approximately 6,550 acres of federally 

owned land in northern Jefferson County, Colorado, which is 

centered at 105O 11' 3 0 "  west longitude, 39' 53' 3 0 "  north 

latitude. The facility is approximately 16 miles northwest 

1 
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o f  D e n v e r  a n d  n i n e  t o  1 2  m i l e s  f r o m  t h e  n e i g h b o r i n g  

communit ies  of Boulder,  Broomf i e l d ,  Golden and Arvada. I t  

i s  bounded on t h e  n o r t h  by S t a t e  Highway 128, on t h e  w e s t  by 

a p a r c e l  o f  l and  e a s t  of S t a t e  Highway 9 3 ,  on t h e  s o u t h  by a 

p a r c e l  of  l a n d  n o r t h  of  S t a t e  Highway 7 2  and  on  t h e  e a s t  by  

J e f f e r s o n  County Highway 17. Access t o  t he  p l a n t  i s  from an  

e a s t  access r o a d  e x i t i n g  f rom J e f f e r s o n  County Highway 1 7  

a n d  a w e s t  access r o a d e x i t i n g  f rom S t a t e H i g h w a y  9 3 .  

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

6,000 feet. I t  is on t h e  e a s t e r n  edge of a g e o l o g i c a l  bench 

known l o c a l l y  a s  Rocky F l a t s .  T h e  bench  is a p p r o x i m a t e l y  

f i v e  m i l e s  w i d e  and f l a n k s  t h e  e a s t e r n  edge o f  t h e  f o o t h i l l s  

of t h e  Rocky Mountains. 

1 . 1 . 2  Mission 

The Rocky F l a t s  P l a n t  is  a government-owned and c o n t r a c t o r -  

o p e r a t e d  f a c i l i t y .  I t  is p a r t  o f  a n a t i o n w i d e  n u c l e a r  

w e a p o n s  r e s e a r c h ,  d e v e l o p m e n t  a n d  p r o d u c t i o n  complex  

a d m i n i s t e r e d  by t h e  Albuquerque  O p e r a t i o n s  O f f i c e  o f  t h e  

U.S .  Depa r tmen t  o f  Energy ( D O E ) .  T h e  p r i m e  o p e r a t i n g  

3 
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contractor for the Rocky Flats Plant is Aerospace Operations 

of Rockwell International. 

The facility produces metal components for nuclear weapons: 

therefore, its product is directly related to national 

defense. The facility fabricates components from plutonium, 

uranium, beryllium and stainless steel. Other production 

activities include chemical recovery and purification of 

recyclable transuranic radionuclides, metal fabrication and 

assembly and related quality control functions. Other 

activities include research and development in metallurgy, 

machining, non-destructive testing, coatings, remote 

engineering, chemistry and physics. Parts made at the plant 

are shipped elsewhere for final assembly (U.S. Department of 

Energy, 1987a). 

1.1.3 Brief History 

Construction of the Rocky Flats Plant was approved by the 

U.S.  Government in 1951 as an addition to the nation's 

nuclear weapons production complex. Operations began in 

1952 under direction of the Atomic Energy Commission. The 

original facility covered an area of approximately 

2 , 5 2 0  acres (Figure 1). 

4 
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A b u f f e r  zone  was added i n 1 9 7 4 - 1 9 7 5 t o e n l a r g e t h e p l a n t t o  

i ts  p r e s e n t  s i z e  o f  a p p r o x i m a t e l y  6 , 5 5 0  acres. T h e  b u f f e r  

zone had been  u s e d  f o r  g r a z i n g  c a t t l e  and  h o r s e s  and  is 

e n c l o s e d  w i t h i n  a c a t t l e  f e n c e  which  is p o s t e d  w i t h  s i g n s  

i n d i c a t i n g  r e s t r i c t ed  a c c e s s .  Two o f f i c e  b u i l d i n g s ,  a 

warehouse ,  f i r e b r e a k s ,  h o l d i n g  ponds a l o n g  t h r e e  w a t e r  

c o u r s e s ,  e n v i r o n m e n t a l  m o n i t o r i n g  i n s t r u m e n t a t i o n ,  a 

s a n i t a r y  l a n d f i l l  a r e a ,  a s a l v a g e  y a r d ,  p o w e r  l i n e s ,  

i n a c t i v e  g r a v e l  p i t s ,  c l a y  p i t s  and  two t a r g e t  r a n g e s  a r e  

l o c a t e d  i n  t h e  b u f f e r  zone. A d d i t i o n a l l y ,  a f o r m e r  wind  

e n e r g y t e s t s i t e  now used  a s  a n o f f i c e b u i l d i n g  a n d a G r o u n d  

Wave Emergency Network (GWEN) tower  being i n s t a l l e d  by t h e  

U.S. A i r  Force are  loca ted  i n  t h e  b u f f e r  zone. 

M a j o r  f a c i l i t y  s t r u c t u r e s  a r e  l o c a t e d  i n  a 4 0 0 - a c r e  

c o n t r o l l e d  a r e a  n e a r  t h e  c e n t e r  o f  t h e  p r o p e r t y .  

Production, research and development f a c i l i t i e s  a t  t h e  p l a n t  

a r e  l o c a t e d  i n  t h e  c o n t r o l l e d  a r e a  w h i c h  c o n t a i n s  

approximately 1 3 4  s t r u c t u r e s  w i t h  a combined ' f l o o r  space of 

approximately 2 . 6 7  m i l l i o n  square feet .  

5 
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:e Plan 

A description of the construction and operations at the 

landfill historically and presently is presented in Section 

2.0. Decontamination procedures for equipment and north 

sprayfield, potentially, are presented in Section 3.0. 

Sections 4.0, 5.0 and 6.0 discuss primarily the proposed 

closure design for the landfill which include a multi-layer 

cover, ground water and gas collection systems, 

respectively. Sections 7.0 and 8.0 discuss the security at 

the landfill and certification of closure. 

6 



C07890010526 

2 . 0  PRESENT LANDFILL 

2 . 1  I n t r o d u c t i o n  

Date: J u l y  1, 1988 
Revision No.: 1 

T h e  p r e s e n t  l a n d f i l l  was p l a c e d  in o p e r a t i o n  on August  14, 

1 9 6 8 ,  a f t e r  a s t u d y  d e t e r m i n e d  t h a t  a l a n d f i l l  o p e r a t i o n  

would be t he  most' e f f i c i e n t  and economical means t o  d i s p o s e  

of  the p l a n t ' s  n o n r a d i o a c t i v e  s o l i d  waste.  A number of  

a v a i l a b l e  s i t e s  w i t h i n  t h e  p l a n t ' s  b o u n d a r i e s  w e r e  

evaluated.  The s i te  selected w a s  l o c a t e d  on t h e  wes tern  end 

of a n  unnamed t r i b u t a r y  t o  Nor th  Walnut  Creek a s  shown on  

F i g u r e  1. 

C u r r e n t l y ,  t h e  l a n d f i l l  is a c c e p t i n g  nonhazardous  s o l i d  

w a s t e  a t  a r a t e  o f  a p p r o x i m a t e l y  115 c u b i c  y a r d s  p e r  work 

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

7 6 5 , 0 0 0  squa re  feet  of land,  a s  shown on Figure 2.  

I n  a r e a s  where d i s p o s a l  is no l o n g e r  o c c u r r i n g ,  g e n e r a l l y  

three f e e t o f  compacted  s o i l  was p l a c e d o n t o p o f t h e  was te .  

T h i s  s o i l  m a t e r i a l  reduces wind d i s p e r s i o n  and i n f i l t r a t i o n .  

There  is p r e s e n t l y  l i t t l e  v e g e t a t i v e  g r o w t h  on t h i s  s o i l  

l a y e r .  

7 
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2 . 2  C o n s t r u c t i o n  H i s t o r y  

When t h e  l a n d f i l l  w a s  i n i t i a l l y  p l a c e d  i n  o p e r a t i o n  i n  1968, 

t h e  w e s t  end o f  t h e  d r a i n a g e  channe l  w a s  f i l l e d  w i t h  o n - s i t e  

s o i l s  f r o m  a b o r r o w  a r e a ,  t o  a d e p t h  o f  f i v e  f e e t  a n d  

a p p r o x i m a t e l y  2 0  f ee t  i n  l e n g t h  a c r o s s  t h e  c h a n n e l .  

I n  September  1973,  t r i t i u m  was detected a t  t h e  d r a i n a g e  of 

t h e  Rocky F l a t s  l a n d f i l l .  I n  r e s p o n s e ,  a p p r o x i m a t e l y  5 7  

m o n i t o r i n g  w e l l s  w e r e  i n s t a l l e d  d i r e c t l y  i n t o  the  l a n d f i l l  

w a s t e  o r  i m m e d i a t e l y  b e l o w  t h e  w a s t e  m a t e r i a l s .  I n  

a d d i t i o n ,  t w o  t e m p o r a r y  berms w e r e  c o n s t r u c t e d  t o  p r o v i d e  

management  c a p a b i l i t y  f o r  a n y  l e a c h a t e  o r  s u r f a c e  water 

g e n e r a t e d  by t h e  l a n d f i l l .  T h e  two ponds w e r e  named Pond $1 

and  Pond $ 2 ,  and were l o c a t e d  ea s t  of  t h e  l a n d f i l l ,  as shown 

on F i g u r e  2 .  T h e s e  p o n d s  c o n s i s t e d  of a d r a i n a g e  b a r r i e r  

a c r o s s  t h e  channe l ,  which  reduced  t h e  f l o w  i n  t h e  t r i b u t a r y .  

There  w a s  a s p r i n k l e r  pumping  s t a t i o n  l o c a t e d  a d j a c e n t  t o  

the  w e s t  pond, Pond $1. 

Through t h e  i n s t a l l a t i o n  of  t h e  m o n i t o r i n g  w e l l s ,  t h e  s o u r c e  

o f  t r i t i u m  w a s  f a i r l y  w e l l  i d e n t i f i e d .  T h e  d e p t h  a n d  

c o n f i g u r a t i o n  o f  t h e  s o u r c e  r e m a i n  u n k n o w n .  I t  was  

e s t i m a t e d  i n  1 9 7 4  t h a t  t h e  t r i t i u m  was d i s p o s e d  o f  i n  t h e  

9 
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l a n d f i l l  i n  1 9 7 0 .  S e v e r a l  o p t i o n s  were e v a l u a t e d  f o r  t h e  

c o r r e c t i o n  o f  t h e  p r o b l e m ,  i n c l u d i n g  e x c a v a t i o n .  T h e  

se lected a c t i o n  w a s  t o  c o n s t r u c t  a series o f  c o l l e c t i o n  

s y s t e m s  around t h e  l a n d f i l l .  

By 1 9 7 4 ,  t h e  l a n d f i l l  h a d  e x p a n d e d  i n  s u r f a c e  area t o  

a p p r o x i m a t e l y  300,000 s q u a r e  feet ( F i g u r e  2 ) .  A t  t h a t  t i m e ,  

a p r o j e c t  w a s  unde r t aken  t o  per form t h e  r e n o v a t i o n s  a t  t he  

l a n d f i l l  selected i n  r e s p o n s e  t o  t h e  d i s c o v e r y  o f  t h e  

t r i t i u m  s o u r c e  (Zef f ,  1 9 7 4 ) .  These r e n o v a t i o n s  i n c l u d e d  t h e  

c o n s t r u c t i o n  o f  a p e r m a n e n t  pond embankment  e a s t  o f  t h e  

l a n d f i l l ,  a ground-water  i n t e r c e p t  sys t em f o r  uncontaminated  

ground water,  a leachate c o l l e c t i o n  s y s t e m  and s u r f a c e  water 

c o n t r o l  d i t ches .  The  purpose  o f  t h e  w e s t  pond, Pond $1, w a s  

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

g e n e r a t e d  by t h e  l a n d f i l l  f o r  management purposes .  The ea s t  

pond ,  Pond # 2 ,  w a s  t h e  l a r g e r  pond ,  a n d  w a s  i n t e n d e d  a s  a 

b a c k u p  s y s t e m  f o r  a n y  o v e r f l o w  f r o m  Pond #1. Pond 8 2  a l s o  

w a s  t o  a l l o w  c o l l e c t i o n  o f  i n t e r c e p t e d  g r o u n d  w a t e r ,  if  

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

0 . 5  acre .  T h e  i n t e n t  o f  these  s y s t e m s  was t o  p r o t e c t  

s u r f a c e  water  and ground water from any leachate g e n e r a t e d  

by  t h e  l a n d f i l l .  C o n s t r u c t i o n  o f  these s y s t e m s  b e g a n  i n  

October  1 9 7 4 ,  and was comple ted  i n  J a n u a r y  1975. 

1 0  
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The c o l l e c t i o n  s y s t e m s  c o n s i s t e d  o f  a s u r f a c e  w a t e r  

i n t e r c e p t o r  d i t c h  and a combined leachate and ground-water 

i n t e r c e p t o r  d i t c h .  T h e  p u r p o s e  o f  t h e  s u r f a c e  w a t e r  

c o l l e c t i o n  system w a s  t o  i n t e r c e p t  any s u r f a c e  water runoff  

f lowing  toward the  l a n d f i l l ,  and t h e n  t o  d i r e c t  t h i s  water 

away from t h e  l a n d f i l l .  The d i t c h  was c o n s t r u c t e d  a round  

t h e  e x t e r i o r  o f  t h e  l a n d f i l l  a s  shown on F i g u r e  3 .  I n  

c ros s - sec t ion ,  the  d i t c h  w a s  t r a p e z o i d a l  and approximately 

three feet  deep, w i t h  s t e e p  s i d e  s lopes .  

The leacha te  and g round-wa te r  c o l l e c t i o n  s y s t e m s  w e r e  

cons t ruc t ed  between t h e  s u r f a c e  water i n t e r c e p t o r  d i t c h  and 

t h e  l a n d f i l l ,  t o  d i v e r t  g round-wa te r  f l o w  a round  t h e  

l a n d f i l l ,  t o  co l lec t  l eacha te  genera ted  i n  t h e  l a n d f i l l ,  and 

t o  provide  an a d d i t i o n a l  d i s p o s a l  area (F igu re  3 ) .  The two- 

p a r t  s y s t e m  was c o n s t r u c t e d  by e x c a v a t i n g  a round  t h e  

p e r i m e t e r  o f  t h e  s o l i d  w a s t e s  t o  d e p t h s  o f  t e n  t o  2 5  feet .  

T h e  t r e n c h  e x c a v a t i o n  f o r t h e  s y s t e m  was 2 4  f e e t w i d e  a t  t h e  

base,  a s  shown on F i g u r e  4 .  The g r o u n d - w a t e r  c o l l e c t i o n  

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

t r e n c h  away from t h e  l a n d f i l l  waste. T h i s  system c o n s i s t e d  

of a o n e  f o o t  s and  and g r a v e l  b l a n k e t ,  i n s t a l l e d  a l o n g  t h e  

t r e n c h  face.  T h i s  b lanket  was designed t o  i n t e r c e p t  ground 

wa te r  and d ra ined  t o  a s ix- inch  OD p e r f o r a t e d  p i p e  i n s t a l l e d  

11 
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in the bottom of the trench. The intercepted waters could 

then be discharged to the west pond, east pond or to surface 

drainages downgradient of the east pond by a series of 

valves. On top of the sand and gravel blanket, a ten-foot 

wide clay surface seal was placed, which separated the 

ground-water collection system from the leachate collection 

system. This clay seal was designed to be cut into bedrock. 

The leachate collection system consisted of a five-foot 

thick gravel backfill placed in the bottom of the trench on 

the landfill side. 

The collected leachate and ground water and surface runoff 

were diverted into the west pond. The west pond was 

constructed to retain the waters without discharging to the 

east pond. 

The new east pond embankment was constructed in 

approximately t h e  same location as the barrier for Pond t 2 ,  

1,500 feet east of the 1974 position of the landfill. The 

new embankment had a spillway, and was designed to retain 

the majority of the water in the channel. A cutoff trench, 

set in bedrock, was constructed within the east pond 

embankment to reduce seepage through the embankment 

14 



C07890010526  Date: J u l y  1, 1988 
Rev i s ion  No.: 1 

foundat ion .  T h e  p r e v i o u s  Pond #1 w a s  s u b s e q u e n t l y  referred 

t o  a s  t h e  W e s t  Pond. 

I n  1 9 7 7 ,  a n o t h e r  g e o t e c h n i c a l  s t u d y  ( L o r d ,  1 9 7 7 )  w a s  

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

a d d i t i o n a l  borrow area n o r t h  of t h e  l a n d f i l l .  

A t  t h e  r eques t  o f  R o c k w e l l  I n t e r n a t i o n a l ,  t h e  C o l o r a d o  

D e p a r t m e n t  o f  H e a l t h  i n s p e c t e d  t h e  l a n d f i l l  i n  1 9 7 8  a n d  

1979. The Department  of Health s ta ted  the  l a n d f i l l  appea red  

to c o m p l y  w i t h  s t a t e  a n d  f ede ra l  minimum s t a n d a r d s  a n d  

d e p a r t m e n t  r e g u l a t i o n s  ( C o l o r a d o  D e p a r t m e n t  of H e a l t h ,  

1 9 7 9 ) .  T h e  D e p a r t m e n t  o f  H e a l t h  d e t e r m i n e d  t h a t  a 

c e r t i f i c a t e  of d e s i g n a t i o n  f o r  l a n d f i l l i n g  of  wastes w a s  n o t  

r e q u i r e d .  

B e t w e e n  1977  a n d  1 9 8 1 ,  t h e  l e a c h a t e  a n d  g r o u n d - w a t e r  

c o l l e c t i o n  sys tem was b u r i e d  d u r i n g  l a n d f i l l  expansion.  The 

eastward e x p a n s i o n  c o v e r e d  t h e  d i s c h a r g e  p o i n t s  o f  t h e  

l eacha te  c o l l e c t i o n  s y s t e m .  T h e  w e s t  embankment  a n d  pond 

were removed i n  May o f  1 9 8 1  t o  a l l o w  f u r t h e r  e a s t w a r d  

e x p a n s i o n  of  t h e  l a n d f i l l .  I n  a d d i t i o n ,  t w o  s l u r r y  w a l l s  

were c o n s t r u c t e d  i n  1981 t o  e x t e n d  t h e  ground-water  b a r r i e r s  

a l r e a d y  i n  p l a c e .  T h e  s l u r r y  w a l l s  were c o n s t r u c t e d  t o  

15 
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r e d u c e  g r o u n d - w a t e r  m i g r a t i o n  i n t o  t h e  e x p a n d e d  l a n d f i l l .  

D e s i g n  d r a w i n g s  o f  t h e  c o n s t r u c t i o n  a r e  p r e s e n t e d  i n  

Append ix  1. T h e s e  s l u r r y  w a l l s  w e r e  c o n n e c t e d  t o  t h e  

e a s t e r n  e n d s  o f  t h e  g r o u n d - w a t e r  i n t e r c e p t o r  d i t c h  on  t h e  

n o r t h  a n d  s o u t h  arms o f  t h e  d i t c h  ( F i g u r e  3 ) .  The s l u r r y  

w a l l s  w e r e  t o  t i e - i n  t o  t h e  c l a y  l i n e r  c o n s t r u c t e d  i n  1974. 

T h e  de ta i l s  of  t h e  connec t ion  (Appendix 1) i n d i c a t e  t h e  w a l l  

would e x t e n d  i n t o  t h e  l e a c h a t e  c o l l e c t i o n  s y s t e m  and c u t - o f f  

t h e  s a n d  d r a i n  a t  t h e  connec t ion .  T h e  s l u r r y  w a l l s  ex t ended  

eastward a p p r o x i m a t e l y  700 feet  from t h i s  p o i n t .  Based on 

d e s i g n  d rawings ,  t h e  s l u r r y  wal l s  var ied i n  d e p t h  from t e n  

t o  2 5  feet  and were t o  be seated i n  bedrock. 

2 . 3  Prev ious  L a n d f i l l  Opera t ions  

2 . 3 . 1  D i sposa l  P o l i c i e s  

O p e r a t i o n s  a t  t h e  l a n d f i l l  have c o n t i n u o u s l y  evo lved  s i n c e  

t h e  l a n d f i l l  commenced o p e r a t i o n s  i n  1 9 6 8 ,  i n  r e s p o n s e  t o  

c h a n g e s  i n  t h e  r e g u l a t o r y  s t a t u t e s .  The  l a n d f i l l  was 

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

e c o n o m i c a l  m e a n s  f o r  d i s p o s i n g  o f  t h e  p l a n t ' s  n o n -  

c o n t a m i n a t e d  s o l i d  w a s t e s .  T h e s e  was t e s  i n c l u d e d  p a p e r ,  

r a g s ,  f l o o r  sweepings ,  c a r t o n s ,  mixed ga rbage  and r u b b i s h ,  

16 
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demolition materials and miscellaneous items. In October 

1972 the policies concerning disposal of waste at the 

landfill were reviewed and judged to be in accordance with 

applicable state and federal regulations. 

The landfill was not intended to be used for disposal of 

radioactive wastes, and in December 1972 guidelines were 

issued which addressed burial of radioactively contaminated 

wastes. These guidelines set levels for the permissible 

radiation limits of wastes to be buried, as well as the 

minimum depth of burial and the maximum number of burials 

per year. 

Additional guidelines were issued in February 1973 to 

control the burial of solid and liquid wastes in the 

landfill. Detectable contaminant concentrations were 

established for specific radioactive materials, such as 

plutonium, in both solid and liquid phases. In addition, 

prior approval was required for the burial of "non- 

contaminated but potentially hazardous solid materials," and 

for all liquids to be disposed in the landfill. 

The Health Physics Operation began a program in 1973 of 

radioactive monitoring and scanning of the waste after it 

17 
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had been  dumped and  p r i o r  t o  c o m p a c t i o n  and b u r i a l .  A 

logging  procedure was i n s t i t u t e d  a t  t h a t  t i m e  t o  ma in ta in  

c o n t r o l  on w h e r e  t h e  was te s  w e r e  o r i g i n a t i n g  i n  case of  

p o t e n t i a l  r a d i o a c t i v e  contaminat ion.  

I n  J u l y  1977, a s o l i d  waste management p l a n  was prepared  t o  

es tab l i sh  g u i d e l i n e s  and procedures  f o r  l a n d f i l l  d i sposa l .  

T h i s  p l a n  w a s  p r e p a r e d  i n  c o m p l i a n c e  w i t h  4 0  CFR 2 4 1  and  

I A D  0 5 1 0 - 3 5 .  M a t e r i a l  a c c e p t a b i l i t y  s t a n d a r d s  were 

addressed ,  and g u i d e l i n e s  were es tab l i shed  f o r  r a d i o a c t i v e  

w a s t e  d i s p o s a l .  T h e s e  g u i d e l i n e s  s t a t e d  t h a t  l l no  

r a d i o a c t i v e  m a t e r i a l s  s h a l l  be d e p o s i t e d  i n  t h e  l a n d f i l l , I 1  

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

r a d i o a c t i v e  m a t e r i a l  d e t e c t a b i l i t y .  F u r t h e r  g u i d e l i n e s  w e r e  

e s t a b l i s h e d  t o  p r o h i b i t  l i q u i d s ,  " s p e c i a l  i t e m s "  a n d  

l lnonrout ine  wastest1 from be ing  d i sposed  of  i n  t h e  l a n d f i l l ,  

excep t  by s p e c i a l  permi t .  P e r m i t s  w e r e  i s s u e d  by t h e  Waste 

Management S e c t i o n  and t h e  Hazardous M a t e r i a l s  Committee of 

Rockwell I n t e r n a t i o n a l .  

P r o c e d u r e s  e s t a b l i s h e d  by t h e  1 9 7 7  S o l i d  Waste Management 

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

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

m e a s u r e m e n t s  a t  t h e  p o i n t  o f  waste  o r i g i n a t i o n  and a t  t h e  

18 
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l a n d f i l l .  The ground-water m o n i t o r i n g  program c o n s i s t e d  of 

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

mon ths .  T h e  wa te r  s a m p l e s  w e r e  a n a l y z e d  f o r  p l u t o n i u m ,  

g r o s s  alpha, c o n d u c t i v i t y ,  pH and n i t r a t e .  

The J u l y  1977  s o l i d  w a s t e  management  p l a n  is c u r r e n t l y  i n  

e f fec t  . 

2.3.2 Disposa l  Procedures  

The d i s p o s a l  p r o c e d u r e s  u t i l i z e d  a t  t h e  l a n d f i l l  have n o t  

s i g n i f i c a n t l y  changed s i n c e  t h e  l a n d f i l l  went  i n t o  o p e r a t i o n  

i n  1968. Waste is d e l i v e r e d  t o  t h e  l a n d f i l l  t h roughou t  t h e  

morning and e a r l y  a f t e rnoon .  I n  mid -a f t e rnoon ,  t h e  de l ivery  

o f  w a s t e  s t o p s  a n d  t h e  w a s t e  is s p r e a d  a c r o s s  t h e  work  area.  

I n  1 9 7 3 ,  a m o n i t o r i n g  program w a s  i n i t i a t e d  a t  t h i s  stage o f  

d i s p o s a l .  Measurements of t h e  s p r e a d  w a s t e  are made u s i n g  a 

FIDLER p robe  ( F i e l d  I n s t r u m e n t  f o r  D e t e c t i o n  of Low Energy 

R a d i a t i o n ) .  R a d i o a c t i v e  items have o c c a s i o n a l l y  been found 

s i n c e  t h e  m o n i t o r i n g  p r o c e d u r e  w a s  i n s t i t u t e d .  All s u c h  

i t e m s  have been removed, packaged and s h i p p e d  t o  a n  out -of -  

s t a t e  U.S.  D e p a r t m e n t  o f  E n e r g y  d i s p o s a l  f a c i l i t y .  T h e s e  

m o n i t o r i n g  p r a c t i c e s  were developed  a f t e r  t h e  d i s c o v e r y  of a 

t r i t i u m  s o u r c e  ! . i i thin t h e  l a n d f i l l  wastes. 
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A f t e r  t h e  m o n i t o r i n g  is c o m p l e t e ,  t h e  w a s t e  l a y e r  i s  

compacted and covered w i t h  s i x  i n c h e s  of s o i l  from o n - s i t e  

s t o c k p i l e s .  The d i s p o s a l  of wastes c o n t i n u e s  i n  t h i s  manner 

u n t i l  t h e  w a s t e  l a y e r  is w i t h i n  th ree  fee t  o f  t h e  f i n a l  

e l e v a t i o n .  T h e  l i f t  is t h e n  comple ted  by t h e  a d d i t i o n  of a 

t h r e e - f o o t  t h i c k  l a y e r  o f  c o m p a c t e d  s o i l .  I n  d i f f e r e n t  

s e c t i o n s  of t h e  l a n d f i l l ,  t h e  t o t a l  l a n d f i l l  t h i c k n e s s  

c o n s i s t s  o f  b e t w e e n  o n e  a n d  th ree  s u c h  l i f t s .  Based o n  

v i s u a l  o b s e r v a t i o n ,  some areas of  t h e  l a n d f i l l  s u r f a c e  may 

n o t  have  received a f u l l  t h r e e - f o o t  l a y e r  of  compacted soil. 

2 . 3 . 3  D i sposa l  of  S o l i d  and Hazardous Wastes 

The  l a n d f i l l  w a s  d e s i g n e d  f o r  d i s p o s a l  o f  t h e  p l a n t ' s  non- 

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

d e m o l i t i o n  materials and m i s c e l l a n e o u s  i t e m s .  The e x c l u s i o n  

of detectable r a d i o a c t i v e  mater ia ls  from d i s p o s a l  h a s  been 

accompl ished  by m o n i t o r i n g  p r o c e d u r e s  e s t ab l i shed  i n  1973. 

I n  1 9 8 6  a n d  1 9 8 7 ,  s t u d i e s  were c o n d u c t e d  t o  i d e n t i f y  w a s t e  

s t reams g e n e r a t e d  a t  t h e  Rocky F l a t s  p l a n t  ( W e s t o n ,  1 9 8 6 a ,  

b ,  c a n d  d ) .  A t  t h a t  t i m e ,  a p p r o x i m a t e l y  1 , 5 0 0  waste 

s t r e a m s  were i d e n t i f i e d .  A t  t h e  t i m e  o f  t h e  s t u d y ,  3 3 8  o f  

t h e s e  w a s t e  s t r e a m s  were b e i n g  s e n t  t o  t h e  l a n d f i l l  f o r  

2 0  
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disposal. This included 241 waste streams identified as 

nonhazardous solid waste, and 97 solid waste streams which 

contained hazardous waste or hazardous constituents. 

The nonhazardous solid waste streams being disposed of in 

the landfill included office trash, empty cans and 

containers, used filters and various electrical components. 

Also included in this waste stream were dried sanitary 

sewage sludge, solid sump sludge and other miscellaneous 

sludges. A summary of these waste streams is given in 

Table I. 

The waste streams identified as hazardous fell into four 

general categories. The first consisted of containers 

partially filled with paint, solvents, degreasing agents and 

foam polymers. Another category was kimwipes and rags which 

were contaminated with the same materials. Filters were 

also included in the hazardous waste streams and were 

typically silicone oil filters, paint filters, oil filters, 

and other used filters which may have contained hazardous 

constituents. The final category consisted of metal 

cuttings and shavings, including mineral and asbestos dust, 

and miscellaneous metal chips coated with hydraulic oil and 
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1 1 1  
1 1 1  
1 1 1  
1 1 1  
1 1 1  
1 1 1  
1 1 1  
1 1 1  
1 1 1  
1 1 1  
1 1 1  
1 1 1  
121 
121 
123 
123 
123 
123 
123 
124 
124 
124 
124 
124 
125 
125 
130 
130 
130 
130 
130 
130 
130 
223 
33 1 
33 1 
333 
333 
333 
333 
333 
333 
333 
333 
333 
333 
333 
334 
334 
334 
334 
334 
334 
334 
334 
336 
335 
373 
439 
439 

06780 
06630 
06610 
06820 
06680 
06640 
06690 
06670 
06800 
06650 
06760 
06740 
0481 0 
04780 
02830 
03080 
03000 
02880 
03070 
01910 
00010 
00020 
00030 
01660 
02550 
02730 
07350 
07400 
07330 
07390 
07360 
07380 
07340 
06840 
06430 
06440 
06230 
06220 
06110 
06210 
06140 
06080 
06200 
06180 
06130 
06150 
06090 
07050 
07060 
071 10 
06950 
07250 
07140 
07160 
07120 
07130 
07040 
11640 
00070 
001 10 
00060 

Date: June 1, 1988 
Rev is ion  NO.: 0 

Table I 
S o l i d  Waste Stream t o  L a n d f i l l  

(1986) 

QUANTITY GENERATION 
WASTE NAME UASTE TYPE GENERATED UNITS F R E W E  NCY .___..__.--.__-_-__.__._______.._._ ..--_.-----.-.__-.._---- _.. .______ _ - - _ _  ..._....-...-..-.--- 

developer and f i x e r  conta iners  
kirnuipes and rags 
toner and d ispersant  containers 
enpty developer and f i x e r  conta iner  
enpty so lvent  con ta iners  
empty toner conta iners  
kimuipes and rags 
empty i n k  cans 
kimuipes and f i lmpacks 
deminera l i zer  system f i l t e r s  
kimuipes and rags 
empty chemical con ta iners  
s o l i d  waste 
gun patches 
waste r e s i n  
batteries,metalwire,used elec.comp. 
empty v i a l s  
waste r e s i n  
kimuipes 
s e t t l i n g  bas in  s ludge 
m ic ros t ra ine r  backwash 
c l a r i f i e r  under f l ou  
sand f i l t e r  backwash 
d r i e d  sludge 
kimuipes 
o i l  f i l t e r s  
copy machine toner 
re jec ted  bags 
Po la ro id  f i l m  backings 
kimuipes 
packing ma te r ia l s  
water cond i t i on ing  f i l t e r s  
f l o o r  sweepings 
compressor o i l  f i l t e r  
o i l  f i l t e r s  a n d  used pa r t s  
p a i n t  and b o d y - f i l l e r  cans 
shavings 
saudust 
f i l t e r s  
b l a s t  waste 
empty cans 
empty p a i n t  cans 
scrap i  ngs 
empty cans 
rags 
disposed equipnent 
empty p a i n t  cans 
uood/p las t i c  shavings 
f l o o r  scrap 
other metal  waste 
enamel residue 
miscellaneous s o l i d  uaste 
scrap metal  
f luorescent  l i g h t  tubes 
used f i l t e r s  
metal and s i l i c a  waste 
f i r e  ex t ingu isher  chemicals 
sump sludge 
kimuipes and rags 
empty cans and containers 
metal ch ips  

empty conta iners  
s o l i d  
empty conta iners  
empty conta iners  
empty conta iners  
enpty conta iners  
s o l i d  
empty conta iners  
s o l i d  
s o l i d  
s o l i d  
empty conta iners  
s o l i d  
s o l i d  
aqueous 
s o l i d  
s o l  i d  
s o l  i d  
sok id  
aqueous 
aqueous 
aqueous 
aqueous 
s o l  i d  
s o l i d  
sol  i d  
empty conta iners  
s o l  i d  
s o l  i d  
s o l  i d  
s o l  i d  
s o l i d  
s o l  i d  
s o l i d  
s o l  i d  
s o l  i d  
s o l  i d  
s o l i d  
s o l i d  
s o l i d  
empty conta iners  
s o l i d  
s o l i d  
enpty conta iners  
s o l i d  
s o l i d  
s o l i d  
s o l  i d  
s o l  i d  
metal  
sot i d  
metal  
metal  
s o l  i d  
s o l  i d  
s o l  i d  
aqueous 
s o l  i d  
s o l  i d  
empty conta iners  
metal  439 .__.___. ._.__-_ ................................................................. 

10 l bs / y r  as needed 
240 cont inous 
3 2 per month 

100 as needed 
3 1 per month 
10 3 per ueek 
240 cont i nous 
12 3-4 per  month 
100 as needed 
24 1 per month 
100 
100 as needed 
100 i n te rm i  t t a n t  
50 cont i n u w s  
3 batch 

500 cont  i nuuou9 
100 batch 
50 batch 

200 cont i nuous 
500000 g a l / y r  ba tch  
180000 g a l / y r  sunner opera t ion  
15OOOOD g a l / y r  cont inuous 
1500000 g a l / y r  i n t e r m i t t e n t  

5000 l b s / y r  once/ 6 months 
100 cont inuous 

5 i ntermi t t a n t  
100 as needed 
200 as needed 
100 as needed 
100 as needed 
100 i n t e r m i t t e n t  

100 as needed 

500 da i  l y  
200 as needed 
100 d a i l y  
100 as needed 
200 weekly 
1500 as needed 
100 as needed 
200 as needed 
200 as needed 
100 as needed 
300 as needed 
1000 as needed 
500 as needed 
500 cont inous 
200 da i  Ly 
5 00 
100 i n t e r m i t t e n t  
500 d a i l y  
500 d a i l y  
1000 as needed 

2 as needed 

200 500 g a l / y r  
as i n t e r m i t t e n t  needed 

100 l b s / y r  yea r l y  
200 as needed 
100 as needed 
500 d a i l y  

tw ice  per month 5 

1 1 f i l t e r / 2  years 

...__._._...--.-...-_._.______.___ 
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439 
440 
440 
440 
440 
440 
441 
442 
442 
445 
445 
445 
445 
445 
445 
449 
449 
449 
454 
457 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
660 
k60 
460 
460 
L60 
460 

00090 
00140 
00180 
00160 
01390 
00200 
00220 
00260 
00250 
15340 
15280 
15260 
15290 
15270 
15300 
11070 
11060 
11090 
11890 
11860 
00910 
00940 
23630 
00600 
23770 
00770 
23690 
00880 
01000 
23710 
00370 
0 1080 
008co 
01250 
23800 
00460 
01310 

00640 
23680 

23850 
oaato 
01090 
23700 
00930 
0 1360 
23660 
01060 
00890 
01050 
01200 
01230 
0071 0 
00710 
00490 
00950 
01140 
00570 
00750 
23780 
00380 
01280 

Date: June 1 ,  1988 
Revision No.: 0 

Table I 
So l id  Waste Stream t o  L a n d f i l l  

(1986)  

k i m i p e s  
aluninum and ss t  chips 
k i m i p e s  and rags 
empty containers 
k i m i p e s  and rags 
k i m i p e s  and rags 
toner 
resp i ra to r  cartr idges 
defect ive HEPA f i l t e r s  
trash 
trash 
carbon dust 
s tee l  shavings 
carbon scraps 
s tee l  scraps 
rags 
empty paint  cans and containers 
miscellaneous trash 
surp sludge 
sunp sludge 
used k i m i p e s  and f l o o r  d r y  
used k i m i  pes 
b i ju r  f i l t e r  screen 
used kimuipes and rags 
b i ju r  f i l t e r  screen 
used o i l  f i l t e r s  
a i r  f i l t e r  
metal chips 
used k imw i pes 
b i j u r  f i l t e r  screen 
used o i l  f i l t e r s  
k i mu i pes 
used kimuipes and f l o o r  dry 
kimuipes and rags 
b i j u r  f i l t e r  screen 
used kimuipes and rags (vap) 
kimui pes 
hydraul ic intake f i l t e r  
kimwipes and rags 
a i r  i n l e t  f i l t e r  
metal chips 
empty pa int  cans 
b i j u r  f i l t e r  screen 
used f i l t e r s  
k i m i p e s  and f l o o r  dry  
hydraul ic  system f i l t e r  
discarded containers 
used kimuipes 
metal chips 
empty chem. and solvent containers 
k i m i p e s  u/Freon 
k i m i p e s ,  gloves and gauze 
used kimuipes, gloves and gauze 
used kimuipes and gloves 
used kimuipes and f l o o r  dry  
kimuipes and rags 
nuocure 
metal chips 
b i j u r  f i l t e r  screen 
used kimuipes and gauze 
kimuipes and f l o o r  d ry  ...................................................... 

s o l i d  
metal 
s o l i d  
empty containers 
so l  i d  
so l  i d  
enpty containers 
s o l i d  
s o l i d  
s o l i d  
s o l i d  
sol i d  
metal 
so l  i d  
metal 
organic 
empty containers 
sol i d  
s o l i d  
so l  i d  
so l  i d  
so l  i d  
so l  i d  
so l  i d  
s o l i d  
s o l i d  
so l  i d  
metal 
s o l i d  
so\ i d  
so l  i d  
s o l i d  
s o l i d  
so l  i d  
so l  i d  
so l  i d  
so l  i d  
so l  i d  
so l  i d  
s o l i d  
metat 
empty containers 
s o l i d  
s o l i d  
s o l i d  
s o l i d  
empty containers 
so l  i d  
metal 
empty containers 
so l  i d  
so l  i d  
sol i d  
so l  i d  
so l  i d  
s o l  i d  
s o l i d  
metal 
sol i d  
sol i d  
sol i d  

QUANTITY 
GENERATED UNITS -..__.__._ -.._. 

200 lbs/yr 
500 
so0 
100 
500 
500 
100 
100 

so 
500 
500 

20800 
5000 

10000 
5000 

200 
10 

660 
aoo 
200 

0 
302 

2 
200 

70 
2 
0 

55 
2 

20 
150 

0 
165 

280 
so 

2 
110 

0 
100 

2 
1800 

20 
2 

100 
0 

300 
100 
165 
0 

580 
110 
110 
165 
100 
0 

150 
LO 

GENERATION 
FREOUENCY I 

as needed 

as needed 
as needed 

as needed 
as needed 

as appropr ate 
continuous 
continuous 
cont i nuous 
continuous 
continuous 
continuous 

in te rm i t ten t  
i n te rm i t ten t  
as needed 
as needed 
once/6 mon 
as needed 
once/6 mon 
as needed 
once/6 mon 
t o  be determined 
as needed 
once/6 mon 
4 per year 
as needed 
as needed 
as needed 

as needed 
as needed 
oncel6 mon 

once/6 mon 
t o  be determined 

once/6 mon 
t o  be determined 
as needed 
once/6 mon 
intermi t tent  
as needed 
t o  be determined 
in termi t tent  
as needed 
as needed 
as needed 
as needed 
as needed 
as needed 

t o  be determined 

as needed 
as needed 

I 
1 

i 
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Revision No.: 0 

Table I 
So l id  Waste Stream t o  L a n d f i l l  

GENERATION 
FREQUENCY ______..........-.- 

BU I LO I NG 
NO. ..__..._. 

WASTE 
NO. - - .__.__ 

460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
55 1 
55 1 
55 1 

00820 
00830 
01110 
01100 
00150 
01270 
23650 
23790 
01240 
09000 
23640 
23750 
01 190 
01340 
01 170 
01 120 
00630 
01110 
23740 
23720 
01070 
00760 
0 1320 
01180 
00780 
00980 
01010 
06320 
06310 
06300 

20580 
04040 
04000 
04030 
17500 
17510 
17590 
17620 
20280 
20240 
20300 
20250 
20620 
20060 
20310 
20410 
10650 
11700 
20530 
20590 
20600 
15020 
09100 
09020 
09110 
09070 
09060 
09090 
22570 
22650 

1 i a i o  

.-...._ 

used kimuipes 
used o i l  f i l t e r s  
empty containers 
kimuipes and rags 
used kimuipes and rags Cult) 
kimwipes 
apron f i l t e r  
b i j u r  f i l t e r  screen 
empty containers 
used o i l  f i l t e r s  
t u r r e t  res. f i l t e r  
i n t i n e  coolant f i l t e r  
kimwipes 
kimuipes and rags 
sludge 
kimuipes and rags 
f i l m  packs 
empty containers 
rough i n l i n e  f i l t e r  
o i l  f i l t e r  
used kimwipes and f l o o r  dry  
used kimui pes 
kimwipes 
used o i l  f i l t e r s  
used kimuipes and f l o o r  dry  
metal chips 
used o i l  f i l t e r s  
metal cut t ings 
spray pa in t  cans 
kimuipes and degreasing residue 
SUIQ sludge 
sunp sludge 
used f i l t e r s  
k imui pes 
broken pa r t s  
empty containers 
used rags 
s o l i d  uaste 
s o l i d  waste 
k imui pes 
pol ish ing pads 
metal and glass scraps 
kimuipes 
dunpster 
kimuipes 
o f f i c e  trash 
sunp sludge 
HEPA f i l t e r s  
sunp sludge 
s ~ n q ,  sludge 
sunp sludge 
sunp sludge 
f i l t e r s  
empty toner/developer containers 
empty f ixer/developer containers 
k i mu i pes 
microf i lm urapper 
empty containers 
kimui pes 
rags 
combustibles 

so l  i d  
sol i d  
enpty containers 
s o l i d  
s o l i d  
so l  i d  
so l  i d  
so l  i d  
enpty containers 
so l  i d  
s o l  i d  
so l  i d  
s o l i d  
s o l i d  
s o l  i d  
s o l i d  
s o l i d  
enpty containers 
SO1 i d  
s o l  i d  
s o l i d  
s o l i d  
s o l i d  
so l  i d  
so l  i d  
metat 
s o l i d  
metal 
empty containers 
s o l i d  
s o l i d  
s o l i d  
so l  i d  
s o l i d  
s o l i d  
empty containers 
so l  i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
so l  i d  
s o l i d  
so l  i d  
s o l i d  
so l  i d  
so l  i d  
so l  i d  
sol i d  
sol i d  
s o l i d  
s o l i d  
sol i d  
empty containers 
empty containers 
so l  i d  
sol i d  
empty containers 
sol i d  
so l  i d  
sol i d  

0 lbs/yr  
0 

as needed 
as needed 
in te rm i t ten t  
as needed 
as needed 
as needed 
onct/6 mon 
once 6 / m  
as needed 
t o  be determined 
once/6 mon 
once/6 mon 
as needed 
as needed 
t o  be determined 
as needed 

in te rm i t ten t  
once/6 mon 
once/6 mon 
as needed 
as needed 
as needed 
weekly 
as needed 

as needed 

100 

280 
165 

40 
2 

100 
0 
2 
2 

100 
60 

1200 
165 

100 
2 
2 

24000 

4a 

4a 

200 
2000 
350 
40 
15 

300 
100 
300 
200 
200 
20 

200 
100 
100 

560 
5 63 
662 

1 t o  2 years 
i n te rm i t ten t  
i ntermi t t n a t  
continuous 
as occurs 
d a i l y  
d a i l y  
continuous 
d a i l y  
as needed 
as needed 
dai l y  
as needed 

as needed 
dai l y  
continuous 
PMO varies schedule 

var 1 es 
varies 
var i es 
once per month 
i n te rm i t ten t  
as required 
i n te rm i t ten t  
continuous 
in te rm i t ten t  
i n te rm i t ten t  
occasionally 
dai l y  ..---.---.---.-._-_ 

662 
662 
664 
664 
664 
70 1 
705 
705 
705 
705 

200 
5 00 
200 

1 
2 

100 
3 

20 
1000 

20 
200 
200 
200 
200 
200 
300 

3 
100 
100 
100 
100 
100 
365 

4700 . . - -__-.  

705 
705 
705 
705 
708 
709 
71 1 
71 2 
713 
n 2  
750 
75 0 
750 
750 
750 
750 
770 
770 ... 
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BUILDING UASTE 
NO. NO. _.-...--- .---_._. 
770 
77 1 
771 
77 1 
771 
776 
776 
776 
776 
778 
778 
778 
778 
778 
778 
778 
778 
779 
779 
779 
779 
779 
779 
779 
779 
779 
779 
783 
850 
865 
865 
865 
865 
881 
881 
881 
881 
881 
885 
886 
910 
910 
966 
980 
980 
980 
980 
980 
980 
980 
980 
980 
980 
991 
99 1 

1750 
1750 
1750 

22640 
22250 
22470 
22450 
22460 
12020 
12010 
12030 
12040 
15040 
15210 
15050 
15060 
15090 
15210 
15140 
15310 
19050 
15480 
15400 
19060 
15730 
15660 
19200 
15410 
19190 
15450 
11 780 
04940 
04240 
04280 
04290 
04330 
04670 
04620 
04710 
04610 
05070 
05110 
03190 
06360 
07560 
06840 
06550 
06980 
06590 
06530 
06520 
06500 
06570 
065 10 
06490 
06580 
07510 
07500 
06010 
06040 
06020 

Date: June 1, 1988 
Revis ion NO.: 0 

Table I 
S o l i d  Uaste Stream t o  L a n d f i l l  

(1986) 

metat chips/scraps 
empty conta iners  8 su rg i ca l  g loves 
p l a s t i c  scraps 
metal  ch ips  
combust i b l  es 
uood & p l a s t i c  ch ips ldus t  
empty conta iners  
s o i l e d  kirnuipes 
empty conta iners  
t rash  i n  can is te rs  
s a n i t a r y  t rash  
metal/wood shavings 
s a n i t a r y  t rash  
s a n i t a r y  t rash  
metal/uood shavings 
t r a s h  
s a n i t a r y  t rash  
s a n i t a r y  t rash  
t r a s h  
k imi pes 
metal  shav ings / f ines  
u a t e r  c h i l l e r  f i l t e r s  
p l a s t i c s  g r i nd ings  
machine f i n e s  
mixed t rash  
s a n i t a r y  t rash  
g r ind ings  metal  
surp s Ludge 
toner and d ispersant  b o t t l e s  
s t a i n l e s s  s t e e l  g r i nd ing  paper 
mold compound 
photograpny l a b  s o l i d  wastes 
metal  scraps 
aerosol ,  p a i n t  and th inner  cans 
d i r t y  kimuipes 
uncontaminated s o l i d  uaste 
o ther  metal  ch ips  
rags and kirnuipes 
rags 
copy machine uas te  
diatomaceous ea r th  
wastewater sludge 
empty conta iners  
k i m u i  pes 
saudust soaked u i t h  o i l  seepage 
metal scrap 
metal  scrap 
f i b e r g l a s s  res ins  and c a t a l y s t s  
metal  scraps 
o i  Ly rags 
rags u i t h  mineral  s p i r i t s  
empty conta iners  
o i  Ly rags 
toner & d ispersant  containers 
empty p a i n t  con ta iners  
empty toner/dispersant containers 
k imui pes 
s o i l e d  kimuioes 

metal  
s o t i d  
s o l i d  
metal  
s o l i d  
s o l i d  
enpty con ta ine rs  
s o l i d  
empty con ta ine rs  
s o l  i d  
s o l i d  
s o l  i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l  i d  
s o l i d  
metal  
s o l  i d  
o rgan ic  
metal  
s o l  i d  
s o l  i d  
metal  
s o l  i d  
empty conta iners  
s o l  i d  
s o l  i d  
s o l i d  
metal  
empty con ta ine rs  
sot  i d  
s o l i d  
metal  
s o l i d  
s o l  i d  
s o l i d  
s o l i d  
s o l i d  
empty cont 
s o l i d  
s o l  i d  
metal  
metal  
s o l i d  
metal  
s o l  i d  
s o l  i d  

i ne S 

enpty con ta ine rs  
s o l i d  
enpty conta iners  
empty conta iners  
empty conta iners  
s o l  i d  
s o l  i d  

W A N T  I T Y  
GENERATED UNITS ....__.__. 

3276 l b s / y r  
5000 
2900 
3275 
5000 

1 0400 
100 

2080 
2080 
800 
500 

2000 
5 00 
500 

2000 
1000 
500 

1300 
1000 
480 
300 

10 
500 g a l / y r  
300 L bs / y r  
500 
500 

1000 
200 

5 
6 

50 
240 
260 
200 
200 

5000 
600 
100 
100 
LO 

54750 
0 

100 
1500 
900 

5000 
2000 
1000 
5000 

L80 
1 480 
100 
480 
100 
100 
100 
100 
100 

GENERATION 
FREQUENCY ..-----..-.......... 

biweek ly  
every 2 weeks 
da i  Ly 
ueekly 
da i  l y  
ueekly (200 Lbs./wk) 
occas iona l l y  
ueekly (40 Lbs/uk) 
ueekly (40 Lbs/wk) 
continuous 
continuous 
continuous 
continuous 
continuous 
continuous 
cont i nwus 
continuous 
continuous 
continuous 
p e r i o d i c a l l y  
cont i nuws 
monthly 
Continuous 
continuous 
cont i n u w s  
continuous 
continuous 
i n t e r m i t t e n t  
i n t e r m i t t a n t  
per  year 

as needed 

ueekly/monthLy 
in te rmi  t t a n t  
i n t e r m i t t e n t  
d a i l y  
d a i l y  
d a i l y  
da i  Ly 
i n t e r m i t t e n t  
da i  1 y 
d a i l y  
da i  Ly 
i ntenn i  t t e n t  
d a i l y  
monthly 

monthly 
as needed 
as needed _-..-.---.._..__.._.. 
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carbon tetrachloride. A summary of the hazardous waste 

streams is shown in Table 11. 

2.3.4 Volumes of Waste 

The landfill began operation in 1968, and for the following 

ten years received approximately 20 cubic yards of compacted 

waste per work day. After that time, the daily volume the 

landfill received increased to approximately 30 cubic yards 

of compacted waste per work day. 

Using available topographical maps, reported daily disposal 

rates and geotechnical reports (Woodward-Clevenger, 1974), 

the volume of the landfill was calculated at three stages of 

the landfill's history. 

In 1974, the landfill occupied an area of approximately 

300,000 square feet. Using the Woodward-Clevenqer report 

and the average end area method, the volume occupied by the 

landfill was calculated to be about 95,000 cubic yards. Of 

this total, the cover material occupied 30,000 cubic yards. 

The remaining 65,000 cubic yards consisted of compacted 

waste intermixed with the daily cover material placed during 

disposal. 

2 6  



C37890010526 

Table I 1  

(1986)  
Hazardous Waste Stream t o  L a n d f i l l  

Date: June 1,  1988 
Rev is ion  No.: 0 

111 
123 
123 
123 
123 
125 
125 
125 
334 
367 
377 
440 
440 
440 
440 
440 
440 
440 
440 
440 
440 
643 
446 
444 
453 
460 
460 
460 
460 
460 
660 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 . - -. . - - 

06700 
03100 
03120 
02930 
03160 
02560 
02640 
02580 
07070 
06930 
09960 
01500 
001 20 
01460 
01410 
00390 
00170 
01470 
01480 
0 1440 
01420 
00320 
14120 
1 1920 
11 130 
23520 
23560 
0 1640 
23540 
23610 
02350 
02460 
23620 
02300 
01750 
23510 
02290 
02480 
02440 
01650 
01830 
02280 
0 1600 
23580 
02270 
02370 
23550 
01370 
02390 ...-.---__ 

f i l m  packs and p o s i t i v e s  s o l i d  
broken badges s o l i d  
uaste v i a l s  s o l  i d  
uaste r e s i n  s o l i d  
waste r e s i n  s o l i d  
f i 1 t e r s  s o l i d  
s i l i c o n e  o i l  f i l t e r s  s o l i d  
k i  mui pes s o l i d  
minera l  and asbestos dust s o l  i d  
enpty cans, bags and containers empty conta iners  
o i l  f i l t e r s  s o l i d  
kimwipes and rags from p a i n t  booth s o l i d  
conpas i te  kimuipe drum s o l i d  
f o m  t r imn ings  s o l  i d  
enpty paint cans enpty conta iners  
metal  c h i p  dunpster s o l  i d  
R-cotTfp~und organic 
k imuipes and rags s o l  i d  
kimuipes and rags s o l i d  
kimuipes and rags s o l  i d  
p a i n t  f i l t e r s  s o l i d  
contaminated rags s o l i d  
ss t ,  i r o n  metal  ch ips  metal  
sump sludge s o l i d  
paper toue ls  s o l  i d  
metal  ch ips  metal  
metal  ch ips  metal  
a i r  f i l t e r s  s o l i d  
metal ch ips  metal  
metal ch ips  metal  
metal ch ips  metal  
metal ch ios  metal  
metal ch ips  metal 
metai ch ips  metal  
metal c h i p  composite metal  
metal  ch ips  metal  
metal  ch ips  metal  
metal  ch ips  metal  
metal ch ips  metal  
water f i l t e r s  s o l  i d  
ua ter  f i l t e r s  ( x - r a y )  s o l  i d  
metal ch ips  metal  
compressor f i l t e r s  s o l i d  
metal  ch ips  metal  
metal  ch ips  metal  
metal  ch ips  metal  
metal  ch ips  metal  
f i Lrn packs s o l i d  
metal  ch ips  metal  ..................................................... 

50 l b s l y r  
200 
100 ~. 

5 
100 

5 
5 

100 
200 
100 

5 
500 
600 
200 
100 

2000 
2640 

500 
500 
500 
300 
200 

1200 
200 

2 
0 
0 
0 
0 
0 
0 
0 
0 
0 

100000 
0 
0 
0 
0 
0 

50 
0 

40 
0 
0 
0 
0 
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as occurs 
batch 
batch 
as required 
Change once/year 

cont i nuous 
as appropr ia te  
as needed 
pno schedule 

as needed 
cont inuous 
va r ies  
i n t e r m i t t e n t  1 
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Table I 1  

(1986) 
Hazardous Waste Stream t o  L a n d f i l l  

460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
528 
549 
562 
668 
705 
708 
727 
771 
77 1 
771 
77s 
776 
7 76 
776 
776 
776 
776 
779 

780 
88 1 
881 
881 
886 
886 
910 
991 

780 

-..._. .__ .  

02410 
02500 
23570 
02340 
00590 
02320 
02400 
23590 
01780 
02380 
02330 
01580 
02360 
02450 
23600 
23530 
02310 
23470 
02430 
02490 
02420 
15360 
07300 
09840 
09570 
20180 
10690 
09520 
22010 
22230 
22210 
22030 
12120 
12130 
12100 
12000 
12180 
12090 
19730 
09590 
09580 
04660 
04760 
03240 
03180 
03200 
06340 
07490 

metal  ch ips  
metal ch ips  
metal ch ips  
metal ch ips  
mercury l i g h t  bu lbs  
metal  ch ips  
metal ch ips  
metal ch ips  
W t y  conta iners  
metal ch ips  
metal ch ips  
kimuipes and rags 
mete L ch ips  
metal  ch ips  
metal ch ips  
metal  ch ips  
metal  ch ips  
metal  ch ips  
metal  ch ips  
metal chips 
metal  ch ips  
kimuipes 
empty conta iners  
paper toue ls  u i t h  o i l  
rags u i t h  methyl a lcoho l  
k i m u i  pes 
rags u / f r e o n  and t r i ch lo roe thane  
paper tOUelS u i t h  o i l / f r e o n  T F  
d e i o n i r e r  exchange r e s i n  column 
b o t t l e s ,  cartons, gloves, kimuipes 
l i q u i d  chemical con ta iners  
t rash  paper 
s o i l e d  kimuipes 
empty conta iners  
empty conta iners  
s o i l e d  kimuipes 
s o i l e d  kimuipes 
s o i l e d  kimuipes 
metal ch ips  
rags u i t h  t r i ch lo roe thane  
empty p a i n t  cans 
metal  and p l a s t i c  ch ips  
d i r t y  kimuipes 
uaste r e s i n  
k i mui pes 
chemicals i n  cab ine t  
f i l t e r  backuash 
r e j e c t  r i ngs  

WASTE TYPE *---.--..-...-.---- 
metal  
metal  
metal  
metal  
s o l i d  
metal  
metal  
metal  
empty conta iners  
metal  
metal  
sol i d  
metal  
metal  
metal  
metal  
metal  
metal  
metal  
metal  
metal  
sol  i d  
empty conta iners  
s o l i d  
s o l i d  
s o l i d  
s o l i d  
s o l  i d  
s o l i d  
s o l  i d  
sol i d  
s o l i d  
s o l  i d  
empty conta iners  
empty conta iners  
s o l  i d  
s o l i d  
s o l i d  
metal  
s o l i d  
sol i d  
s o l  i d  
s o l  i d  
sol i d  
sol i d  
organ ic  
aqueous 
s o l  i d  

QUANTITY 
GENERATED UNITS ..__.___._ --...-- 

0 
0 
0 
0 
5 
0 
0 
0 

100 
0 
0 

165 
0 
0 
0 
0 
0 
0 
0 
0 
0 

10 
100 

20 
s o  
1 5  

200 
100 

5 
1 so00 
1000 

200 
365 
365 
365 

1200 
1000 
365 

10000 
so 
50 

10000 
100 

1 
10 
s o  

100000 
1 aao 

Date: June 1 ,  1988 
Rev is ion  No.: 0 

GENERATION 
FREQUENCY ..-...........-... 

p e r i o d i c a l l y  
as needed 
va r ies  
i n t e r m i t t a n t  
as needed 

i n t e r m i t t a n t  
yea r l y  
continuous 
continuous 
none 
da i  l y  
d a i l y  
da i  l y  
once per  day. 
d a i l y  
d a i l y  
2/ueek 
infrequent 
in f requent  

continuous 

in f requent  
ueekly 
ueek l y 
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As d i s p o s a l  c o n t i n u e d  a f t e r  1974, m a t e r i a l  w a s  p l a c e d  i n  t h e  

c o l l e c t i o n  t r e n c h e s  and  t h e  f a c e  o f  t h e  m a t e r i a l  w a s  

a d v a n c e d ,  e v e n t u a l l y  f i l l i n g  i n  t h e  w e s t  pond area.  The 

v o l u m e  of  t h e  l a n d f i l l  i n  1986 w a s  c a l c u l a t e d  by  u s i n g  

t o p o g r a p h i c a l  maps a n d  by  c a l c u l a t i n g  t h e  v o l u m e  o f  t h e  

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

a p p r o x i m a t e l y  1 6 0 , 0 0 0  c u b i c  y a r d s  o f  m a t e r i a l  had b e e n  

dumped between 1974  and 1986,  f o r  a t o t a l  l a n d f i l l  volume of  

255,000 cubic ya rds .  T h i s  volume of  mater ia l  i n c l u d e s  s o l i d  

wastes, was tes  w i t h  hazardous  c o n s t i t u e n t s ,  and s o i l  c o v e r  

material. 

Between 1986 and 1988,  waste has r e p o r t e d l y  been d i s p o s e d  a t  

a r a t e  o f  115  c u b i c  y a r d s  p e r  work  day .  Assuming 2 6 0  work  

d a y s  p e r  y e a r  f o r  t w o  y e a r s ,  a p p r o x i m a t e l y  6 0 , 0 0 0  c u b i c  

y a r d s  o f  w a s t e  m a t e r i a l  h a v e  b e e n  d i s p o s e d  s i n c e  1986 .  

T h i s  waste  mater ia l  c o n s i s t s  of  s o l i d  waste streams. Wastes 

w i t h  hazardous  c o n s t i t u e n t s  ceased t o  be  d i s p o s e d  of  i n  t h e  

l a n d f i l l  i n  November,  1 9 8 6 .  I t  i s  e s t i m a t e d  t h a t  d a i l y  

cove r  volumes a r e  abou t  2 5  p e r c e n t  of  t h e  volume o f  ma te r i a l  

d i s p o s e d .  T h e  t o t a l  vo lume  o f  m a t e r i a l  i n  t h e  l a n d f i l l  a t  

p r e s e n t  i s  e s t i m a t e d  t o  b e  a p p r o x i m a t e l y  3 3 0 , 0 0 0  c u b i c  

y a r d s .  

2 9  
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2 . 3 . 5  Spray F i e l d s  and  C o l l e c t i o n  Systems 

A f t e r  c o n s t r u c t i o n  o f  t h e  t w o  r e t e n t i o n  p o n d s  i n  1 9 7 3 ,  

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

t h e  s y s t e m s  d i s c h a r g e d  t o  t h e s e  p o n d s .  T h e r e  i s  n o  

d o c u m e n t a t i o n  o f  t h e  f l o w  o f  wa te r s  c o l l e c t e d  b y  t h e  

c o l l e c t i o n  sys tems.  When t h e  l a n d f i l l  was expanded i n  1981, 

t h e  l e a c h a t e  c o l l e c t i o n  sys tem and w e s t  pond w e r e  bu r i ed .  

U n t i l  J a n u a r y  of 1974 ,  t h e  water c o l l e c t e d  i n  t h e  ponds w a s  

pumped t o  t h e  s o l a r  e v a p o r a t i o n  ponds .  At t h a t  t i m e  it 

became n e c e s s a r y  t o  d i s p o s e  of  t h e  water elsewhere, and  t h e  

w a t e r  w a s  d i v e r t e d  t o  a manhole n o r t h w e s t  of B u i l d i n g  990. 

T h i s  l i n e  d i s c h a r g e d  t o  Pond B-2.  

By S e p t e m b e r  1 9 7 5 ,  t h e  w a t e r  w a s  no l o n g e r  pumped t o  t h e  

m a n h o l e  b u t  w a s  s p r a y e d  on  s p r a y f i e l d s  a d j a c e n t  t o  t h e  

l a n d f i l l .  One of t h e s e  s p r a y f i e l d s  w a s  a 3 -  t o  3 1 / 2 - a c r e  

p l o t ,  l o c a t e d  approx ima te ly  1 , 0 0 0  feet  n o r t h w e s t  of  t h e  ea s t  

pond, as shown on F i g u r e  2. T h i s  n o r t h  s p r a y f i e l d  was used  

f o r  s p r a y i n g  w a t e r  c o l l e c t e d  i n  t h e  w e s t  pond.  I n i t i a l l y  

t h e  s p r a y  l i n e  r a n  a p p r o x i m a t e l y  n o r t h - s o u t h :  h o w e v e r ,  i n  

a b o u t  1 9 7 5  t h e  l i n e  was moved t o  a n  e a s t - w e s t  d i r e c t i o n  a s  

shown on F i g u r e  2 .  
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T w o  other sprayfields were located along the banks of the 

east pond, as shown on Figure 2. These sprayfields were 

used for spray evaporation of water collected in the east 

pond. 

Prior to spraying activities, the water was tested to ensure 

that the acceptability criteria for spraying were met. 

Water quality testing, summarized in Appendix 6, indicates 

leachate collection and some organic constituents in the 

west pond waters. East pond water showed no impacts from 

the landfill. 

Guidelines for acceptability for spraying were issued by the 

Environmental Control and Analysis Group of Rockwell, to 

ensure that water sprayed from the pond would not cause 

erosion or other harm to the environment in, around or 

downstream of the site. These guidelines included weekly 

water grab samples and procedures for obtaining 

authorization for spraying. Authorization was obtained from 

the Manager of Environmental Analysis and Control's office. 

The weekly grab samples were analyzed for gross alpha, gross 

beta, gamma emitting isotopes and tritium. Control guides 

were established for each parameter. 
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S p r a y i n g  on t h e  n o r t h  s p r a y f i e l d  ceased i n  t o  1981.  

2 . 3 . 6  Moni to r ing  A c t i v i t i e s  

A f t e r  t h e  d i s c o v e r y  i n  1 9 7 3  o f  t r i t i u m  i n  t h e  l a n d f i l l  

d r a i n a g e ,  o v e r  50  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  

l a n d f i l l .  These w e l l s ,  leachate g e n e r a t e d  by t h e  l a n d f i l l ,  

a n d  g r o u n d  water  i n t e r c e p t e d  b y  t h e  i n s t a l l e d  s y s t e m  w e r e  

moni tored  and  ana lyzed  f o r  t r i t i u m .  

I t  w a s  f o u n d  t h a t  t h e  t r i t i u m  c o n c e n t r a t i o n s  w i t h i n  t h e  

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

w a t e r ,  when a n a l y z e d  i n  1 9 7 4 ,  w a s  f o u n d  t o  have t r i t i u m  

c o n c e n t r a t i o n s  i n  t h e  range  of  background v a l u e s .  

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

mon i to red  from 1 9 7 4  u n t i l  removal of t h e  pond i n  1981. The 

t r i t i u m  c o n c e n t r a t i o n  measured s t e a d i l y  d e c r e a s e d  w i t h  t i m e ,  

and w e r e  w i t h i n  measured background v a l u e s  when t h e  pond was 

removed. 

M o n i t o r i n g  o f  t r i t i u m  l e v e l s  i n  t h e  s u r f a c e  waters a n d  

ground water i n  t h e  l a n d f i l l  area ceased i n  1981. 
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2.4 Current Landfill Operations 

2.4.1 Disposal Policies and Procedures 

The solid waste management plan established in 1977 is still 

the basis for disposal policies at the landfill. 

additionally, in November 1986, the waste streams identified 

as hazardous in the 1986 studies (Weston, 1986a, b, c and d) 

were no longer disposed of in the landfill. 

The disposal procedures outlined in Section 2.3.2 are the 

procedures used for landfill disposal at this time. The 

solid waste streams designated for the landfill are 

typically placed in trash cans, drums, dumpsters or plastic 

bags. The waste containers are collected throughout the 

day, and are then disposed of as discussed in Section 2.3.2. 

In October of 1988, an independent off-site contractor will 

begin removal and disposal of portions of the wastes 

currently going to the landfill. The amount of wastes 

removed and disposed of off-site will increase over time. 

By June 1, 1989, all currently landfilled wastes will be 

disposed of off-site and the existing landfill will become 

inactive. 

3 3  



C07890010526 Date: J u l y  1, 1988 
Revision No.: 1 

2.4.2 Disposal of Solid and Hazardous Wastes 

The studies performed in 1986 identified 338 waste streams 

being disposed o f  in the landfill (Weston, 1986a, b ,  c and 

d). Of these waste streams, 97 reportedly contained 

hazardous constituents or hazardous waste. 

In 1987, recommendations were made which outlined where the 

waste streams identified at the Rocky Flats Plant should be 

disposed (Weston, 1987). The recommendations for the 

landfill identified 144 waste streams to continue to be 

disposed of in the landfill. These waste streams were solid 

waste with no hazardous constituents, as shown in Table 111. 

In the f a l l  o f  1986, wastes with hazardous constituents 

ceased to be disposed of in the landfill. This policy was 

implemented through the tightening of administrative 

procedures and the implementation of  the findings of  the 

Waste Stream Identification and Characterization Reports 

(Weston, 1986a, b ,  c, d, 1987). 
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Table 1 1 1  
Recommended S o l i d  Waste Stream t o  L a n d f i l l  

(1987) 

B l d g  . 
NO. 

111 
111 
111 
111 
111 
111 
111 
111 
111 
121 
123 
123 
124 
124 
124 
124 
124 
130 
130 
130 
130 
130 
331 
331 
333 
333 
333 
333 
333 
333 
333 
333 
333 
334 
334 
334 
334 
334 
335 
367 
L39 
640 
4.40 

Waste 
NO. 

06610 
06640 
06650 
06670 
06680 
06700 
06740 
06780 
06820 
0481 0 
03000 
03120 
00010 
00020 
00030 
0 1660 
01910 
07350 
07360 
07380 
07400 
07430 
06430 
06440 
06080 
06090 
06110 
06140 
06180 
04200 
062 10 
06220 
06230 
07050 
07060 
07070 
07130 
07250 
07040 

Waste Name 

l o n e r  and d i s p e r s a n t  c o n t a i n e r s  
Empty tone r  con ta ine rs  
Demine ra l i ze r  system f i l t e r s  
Empty i n k  cans 
Empty so tven t  con ta ine rs  
F i l m  packs 
E m p t y  chemical con ta ine rs  
Developer and f i x e r  con ta ine rs  
E m p t y  developer  and f i x e r  c o n t a i n e r s  
S o l i d  waste 
Empty  v i a l s  
Waste v i a l s  
M i c r o s t r a i n e r  backwash 
C l a r i f i e r  under f low 
Sand f i l t e r  backwash 
D r i e d  Sludge 
S e t t l i n g  b a s i n  s ludge 
Copy machine tone r  
Pack ing m a t e r i a l s  
Uarer  c o n d i t i o n i n g  f i l t e r s  
Re jec ted  bags 
FLoor  sweepings 
O i l  f i l t e r s  and used p a r t s  
P a i n t  and b o d y - f i l l e r  cans 
Empty p a i n t  cans 
Empty p a i n t  cans 
F i l t e r s  
Empty cans 
Empty cans 
Scrapings 
B l e s t  waste 
Sawdust 
Shavings 
U o o d / p l a s t i c  shavings 
Floor sc rap  
M i n e r a l  and asbestos dust  
Meta l  and s i l i c a  waste 
Miscel laneous s o l i d  uaste 
F i r e  e x t i n g u i s h e r  chemicals 

06930 Empty cans, bags and con ta ine rs  
00110 Empty cans and con ta ine rs  
01440 Kimuipes and rags 
01410 Empty p a i n t  cans 

Puant. 
Cen. 

3 l b s l y r .  
10 'I 

24 
12 

3 
50 

100 
10 

100 
100 
100 
100 

180000 g a l / y r .  
1500000 
1500000 I' 

5000 l b s / y r .  
500000 g a l / y r .  

100 l b s / y r .  
100 

5 
200 
100 
500 
200 
200 
500 
200 
100 
100 
200 

1500 
100 
100 
500 
200 
200 
500 
500 
200 g a l / y r .  
100 l b s / y r .  

100 " 

500 
100 

Generat ion 
Frequency 

2 p e r  month 
3 pe r  week 
1 p e r  month 
3 - 4  pe r  month 
1 p e r  month 
i n t e r m i  t t e n t  
as needed 
as needed 
as needed 
i n t e r m i t t e n t  
ba tch  
ba tch  
summer o p e r a t i o n  
con t inuous  
i n t e r m i t t e n t  
once/ 6 months 
ba tch  
as needed 
i n t e r m i t t e n t  
t w i c e  p e r  month 
as needed 
as needed 
d a i l y  
as needed 
as needed 
as needed 
weekly 
as needed 
as needed 
as needed 
as needed 
as needed 
da i  l y  
cont inuous 
d a i l y  
as a p p r o p r i a t e  
i n t e r m i t t e n t  
d a i l y  
as needed 
as needed 
as needed 
none 
as needed 
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Tab le  1 1 1  - c o n t i n u e d  
Recommended S o l i d  U a s t e  S t ream to L a n d f i l l  

( 1 9 8 7 )  

Bldg. 
NO.  

440 
440 
440 
440 
442 
442 
445 
445 
445 
445 
445 
445 
449 
449 
453 
457 
460 
460 
460 
460 
460 
460 
460 
C60 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
460 
L60 
549 
5 5 1  
5 5  1 
5 6 0  
662 

U a s t e  
No. 

01420 
00160 
00170 
01460 
00250 
00260 
15260 
15270 
15280 
15360 
15290 
15300 
11060 
11090 
11130 
11860 
00370 
00570 
00630 
01370 
23680 
23690 
00930 
01640 
23810 
23820 
0 1060 
01090 
01110 
01130 
01240 
01270 
0 1280 
01310 
01320 
01200 
09060 
09070 
07300 
06310 
06320 
11810 
04030 

Uas te  Name 

P a i n t  f i l t e r s  
Empty c o n t a i n e r s  
R-compound 
Foam t r i m m i n g s  
D e f e c t i v e  HEPA f i l t e r s  
R e s p i r a t o r  c a r t r i d g e s  
Carbon d u s t  
Carbon s c r a p s  
Trash 
T rash  
S t e e l  shav ings  
S t e e l  s c r a p s  
Empty p a i n t  cans and c o n t a i n e r s  
M i s c e l l a n e o u s  t r a s h  
Paper  t owe1 s 
Sump s l u d g e  
Used o i l  f i l t e r s  
Nuoc l u r e  
F i l m  packs  
F i  l m  packs  
H y d r a u l i c  i n t a k e  f i l t e r  
A i r  f i l t e r  

Argon f i l t e r s  
A i r  f i l t e r s  

Coo lan t  f i l t e r  
Coo lan t  f i l t e r  

D i s c a r d e d  c o n t a i n e r s  
Empty p a i n t  cans  
Empty c o n t a i n e r s  

Empty c o n t a i n e r s  
Empty  c o n t a i n e r s  
K i m u i  pes  
K i m u i p e s  and f l o o r  d r y  
K i mu i pes 
K i mui pes  

Empty  chem. and s o l v e n t  c o n t a i n e r s  

Empty  c o n t a i n e r s  
M i c r o f  i l m  u r a p p e r s  
Empty  c o n t a i n e r s  

Spray  p a i n t  cans  

M e t a l  c u t t i n g s  

Sump s l u d g e  
Broken  p a r t s  

0 

Quan t .  

Cen. 

300 l b s / y r .  
100 

2640 g a l / y r .  
200 l b s / y r .  

50 
100 

20800 
10000 

5 00 
500 l b s / y r .  

5000 'I 

5000 
10 

6 6 0  
0 

200 
20 

100 

30 
2 
2 

1800 
25  

4a 

100 g a l / y r .  
100 I' 

100 l b s / y r .  
100 'I 

100 
100 
100 
40  
40  
5 0  

200 
100 
100 
100 
100 
100 
300 
200 
100 

G e n e r a t i o n  
F r equency 

as needed 
as needed 
as  needed 
as  needed 
as  a p p r o p r i a t e  
as  needed 
c o n t i n u o u s  
c o n t i n u o u s  
c o n t i n u o u s  
c o n t i n u o u s  
c o n t i n u o u s  
c o n t i n u o u s  
i n t e r m i t t e n t  
d a i l y  
i n t e r m i t t e n t  
i n t e r m i t t e n t  
4 p e r  y e a r  
c o n t i n u o u s  
i n t e r m i t t e n t  
i n t e r m i t t e n t  
once/ 6 month 

once /yea r  
once /yea r  
once /yea r  
a n  p r e v e n t i v e  m a i n t .  

p.m.0. 
i n t e r m i t t e n t  
as  needed 
i n t e r m i t t e n t  
i n t e r m i t t e n t  

as needed 
as needed 
as needed 
as  needed 
as  needed 
i n t e r m i t t e n t  

i n t  erm i t t e n t  
c o n t i n u o u s  

as neeaed 

u e e k l y  
u e e k l y  

1 t o  2 y e a r s  
as o c c u r s  
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B ldg .  
No. 

664 
664 
70 1 
705 
705 
705 
708 
71 1 
750 
750 
7501 
771 
77 1 
77 1 
776 
776 
776 
776 
778 
778 
778 
778 
778 
778 
778 
778 
779 
779 
779 
779 
779 
779 
7 79 
779 
779 
779 
779 
779 
779 
779 
700 
850 
a65 

Waste 
No. 

17500 
17590 
17620 
20180 
20300 
20310 
10650 
20530 
09020 
09100 
06010 
22210 
22230 
22250 
1201 0 
12040 
12100 
12130 
15040 
15050 
15060 
1 SO90 
15120 
15130 
15140 
15210 
19080 
19100 
19190 
19350 
19630 
19050 
19060 
15650 
15460 
15480 
19730 
15410 
15730 
19200 
09580 
OC9CO 
04280 

Date :  June 1, 1988 
R e v i s i o n :  0 

Tab le  1 1 1  . c o n t i n u e d  
Recommended S o l i d  Waste St ream t o  L a n d f i l l  

( 1987) 

waste  Name 

Empty  c o n t a i n e r s  
S o l i d  u a s t e  
S o l i d  w a s t e  
K i m w i  pes  
M e t a l  and g l a s s  s c r a p s  

O f f i c e  t r a s h  
HEPA f i l t e r s  
Sump s l u d g e  
Empty  f i x e r / d e v e l o p e r  c o n t a i n e r s  
Empty t o n e r / d e v e l o p e r  c o n t a i n e r s  
Empty  t o n e r f d i s p e r s a n t  c o n t a i n e r s  
1 iquid c h e m i c a l  c o n t a i n e r s  
B o t t l e s ,  c a r t o n s ,  g loves ,  k i m u i p e s  
Empty c o n t a i n e r s  and s u r g i c a l  g l o v e s  
Empty c o n t a i n e r s  
Empty c o n t a i n e r s  
Empty c o n t a i n e r s  
Empty c o n t a i n e r s  
T rash  i n  c o n t a i n e r s  
M e t a l f u o o d  s h a v i n g s  
s a n i t a r y  t r a s h  
s a n i t a r y  t r a s h  
M e t a l  /wood s h a v i n g s  
S a n i t a r y  t r a s h  
T rash  
S a n i t a r y  t r a s h  
B a t t i n g  paper  f i l t e r s  
Furnace f i 1 t e r s  

S a n i t a r y  t r a s h  
S a n i t a r y  t r a s h  
Fu rnace  f i l t e r s  
S a n i t a r y  t r a s h  
M e t a l  s h a v i n g s / f i n e s  

G r i n d i n g s  m e t a l  
P l a s t i c  g r i n d i n g s  
t r a s h  

m e t a l  c h i p s  
T rash  

Water  c h i l l e r  f i l t e r s  
Mach ine  f i n e s  

Empty p a i n t  cans 

Toner and d i s p e r s a n t  b o t t l e s  
M o l d  compound 

Puant .  
Gen. 

100 l b s / y r .  
500 'I 

200 
15 

100 
1000 
200 
200 
100 

3 
100 

4000 
15000 

5000 
100 

2080 
365 
365 
800 l b s / y r .  

2000 " 

500 
500 

2000 
500 

1000 
500 
50 

100 
500 
500 
400 

1300 
300 

1000 
500 g a l / y r .  

1000 Lbslyr. 
10000 " 

500 
10 

300 
50 

5 
50 

G e n e r a t i o n  
Frequency  

d a i  l y  
c o n t i n u o u s  
d a i  Ly 
as needed 
d a i  Ly 
d a i  l y  
PMO s c h e d u l e  
v a r i e s  
as r e q u i r e d  
i n t e r m i t t e n t  
m o n t h l y  
c o n t i n u o u s  
c o n t i n u o u s  
e v e r y  2 ueeks  
o c c a s i o n a l l y  
u e e k l y  (401bs.f  ueek)  

d a i  Ly 

d a i  \ y  
c o n t i n u o u s  
c o n t i n u o u s  
c o n t i n u o u s  
c o n t i n u o u s  
c o n t i n u o u s  
c o n t i n u o u s  
c o n t i n u o u s  
c o n t i n u o u s  
PMO 

PI40 
c o n t i n u o u s  
c o n t  i nuous 
p e r i o d i c  
c o n t i n u o u s  
c o n t i n u o u s  

c o n t i n u o u s  
c o n t i n u o u s  
c o n t i n u o u s  

2 /ueek  
c o n t i n u o u s  

m o n t h l y  
c o n t i n u o u s  

i n f r e q u e n t  
i n t e r m i t t e n t  
c o n t i n u o u s  

I 
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BLdg. 
No. 

865 
881 
881 
88 1 
8 8 6  
910 
91 0 
966 
9 8 0  
980 
980 
9 8 0  
991 
991 
995 

Waste 
No. 

04290 
03240 
04670 
0471 0 
0 3  190 
06340 
06360 
06480 
06490 
06520 
06530 
06590 
07500 
07510 
20620 

Date: June 1 ,  1988 
Rev is ion :  0 

Table 1 1 1  - con t i nued  
Recommended S o l i d  Waste Stream t o  L a n d f i l l  

( 1 9 8 7 )  

Waste Name 

Photography l a b  s o l i d  uas tes  
Waste r e s i n  
Aerosol, p a i n t  and t h i n n e r  cans 
Uncontaminated s o l i d  u a s t e  
Copy machine waste 
F i 1 t e r  backuash 
Diarnataceous e a r t h  
Empty c o n t a i n e r s  
Empty c o n t a i n e r s  
F i b e r g l a s  r e s i n s  and c a t a l y s t s  
M e t a l  scrap 
m e t a l  sc rap  
Empty p a i n t  con ta ine rs  
Toner and Dispersant  con ta ine rs  
Dumpster 

Puant. Generat ion 
Gen. Frequency 

240 Lbs/yr. 

200 ‘I 

4 

5000 
40 

to0000 g a l l y r .  
54750 1 bs/yr .  

100 
100 

1000 
2000 
5000 

100 
100 

10000 

con t inuous  
con t inuous  

d a i  Ly 

u e e k l y  
ueek L y/mont h L y 
i n t e r m i t t e n t  
i n t e r m i t t e n t  
i n t e r m i t t e n t  
d a i  Ly 
d a i  Ly 

as needed 
mon th l y  
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2.4.3 Volumes of Waste 

At the present time, 115 cubic yards are disposed of in the 

landfill every work day. It is anticipated that this volume 

will continue through October 1988 and diminish for the 

remainder of the landfill life. 

Based on previous calculations of the landfill volume and 

projecting present disposal amounts, the total volume of 

material disposed of in the landfill when operations cease 

in 1989 will be 410,000 cubic yards. The actual volume will 

be less due to off-site disposal of some wastes beginning in 

October 1988. The landfill will have a surface area of 

approximately 765,000 square feet. 

2.4.4 Spray Fields and Collection Systems 

- 
Water collected in the east pond is routinely sprayed on the 

banks of the pond, immediately above the waterline. 

Spraying occurs on both the north and south sides. The 

guidelines established in 1980, including weekly water grab 

samples and analyses, are still in use. Analysis of weekly 

samples, presented in Appendix 6 ,  continue to show no impact 

from the landfill on the impounded waters. 
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Based on r e c e n t  water l e v e l  measurements i n  m o n i t o r i n g  w e l l s  

a t  t h e  l a n d f i l l ,  t h e  g r o u n d - w a t e r  a n d  l eacha te  c o l l e c t i o n  

sys t ems  do  n o t  a p p e a r  f u n c t i o n a l .  

2 . 5  Maximum Waste Inven to ry  

Throughout t h e  l i f e  of  t h e  l a n d f i l l ,  t h e  d i s p o s a l  t e c h n i q u e  

has  b e e n  t o  d e l i v e r  waste  ma te r i a l s  t o  t h e  s i t e  u n t i l  m i d -  

a f t e r n o o n ,  a n d  t h e n  s p r e a d  a n d  c o m p a c t  t h e  mater ia l .  The 

l o n g e s t  t i m e  waste i n v e n t o r y  is  s t o r e d  p r i o r  t o  f i n a l  

d i s p o s a l  i s  a p p r o x i m a t e l y  s i x  h o u r s .  A t  t h e  c u r r e n t  

d i s p o s a l  r a t e  of  115 c u b i c  y a r d s  p e r  work  d a y ,  t h e  maximum 

i n v e n t o r y  a t  any t i m e  is  115 c u b i c  ya rds .  

1 

2 . 6  D e s c r i p t i o n  of  A u x i l i a r y  Equipment - 

T h e  equipment  used  i n  t h e  l a n d f i l l i n g  o p e r a t i o n s  c o n s i s t s  o f  

C a t e r p i l l a r  D-8 d o z e r ,  a Terrex d o z e r ,  and a n  I n t e r n a t i o n a l  

d o z e r .  

2 . 7  F i n a l  C l o s u r e  P lan  Summary 

T h e  e x i s t i n g  l a n d f i l l  h a s  received nonhazardous s o l i d  w a s t e s  

a f t e r  November 2 8 ,  1986.  To e n s u r e  t h a t  no  RCRA h a z a r d o u s  

40 
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wastes are sent to this landfill, source control was 

implemented through satellite collection, secured containers 

and a RCRA training program. Areas of the landfill 

activities after 1986 were delineated from past areas. Uses 

of the existing landfill will be in compliance with the 

Colorado Solid Waste Act Regulations. 

The closure plan will address the solid waste management 

units (SWMU) numbers 114 and 167.1 presented in Appendix 1 

of the Rocky Flats Plant Part B RCRA Permit. If clean 

closure is not achieved for SWMU Number 203, the closure 

plan will also address this unit. 

2.7.1 Closure Objectives 

This closure plan has been prepared to meet the performance 

standards of 6 CCR 1007-3, Section 265.111. The promulgated 

standards require a facility must be closed in a manner 

that: 

minimizes the need for further maintenance, and 

controls, minimizes or eliminates, to the extent 
necessary to protect human health and the 
environment, post-closure escape of hazardous 
waste, hazardous waste constituents, leachate, 
contaminated rainfall, or waste decomposition 
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p r o d u c t s  t o t h e  g r o u n d o r  s u r f a c e  w a t e r s  o r t o t h e  
atmosphere. 

2.7.2 Closure Plan 

The a c t i v i t i e s  necessary  t o  complete c l o s u r e  and comply w i t h  

t h e  g round-wa te r  correct ive a c t i o n  r e q u i r e m e n t s  of  6 CCR 

1007-3 264 s u b p a r t  F are  shown on t h e  d i a g r a m  i n  F i g u r e  5 .  

The c l o s u r e  a c t i v i t i e s  include:  

a n a l y s i s  of no r th  s p r a y f i e l d  a rea ,  
g rad ing  of t h e  l a n d f i l l ,  
placement of t h e  cap,  
placement of a v e g e t a t i v e  cover ,  
maintenance of t h e  c losed  a r e a ,  
e v a l u a t i o n  of e x i s t i n g  g round-wa te r  c o l l e c t i o n  
system, and 
i n s t a l l a t i o n  of a ground-water c o l l e c t i o n  system. 

T h e  q u a l i t y  of t h e  ground water  w i l l  be  e v a l u a t e d  t o  

d e t e r m i n e  i f  c o r r e c t i v e  a c t i o n  is r e q u i r e d  t o  m e e t  6 CCR 

1007-3, S e c t i o n  264 S u b p a r t  F. If n e c e s s a r y ,  t h e  t y p e  of  

g round-wa te r  c o r r e c t i v e  a c t i o n  w i l l  be d e t e r m i n e d  and  

implemented. 

2 . 7 . 3  Closure Schedule 

Ant ic ipa ted  schedules f o r  c l o s u r e  a c t i v i t i e s  are presented  

on F i g u r e s  6 and  7. F i g u r e  6 p r e s e n t s  a c t i v i t i e s  t o  be  

42 
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conducted dur ing  c l o s u r e  of t he  l a n d f i l l .  F igu re  7 p r e s e n t s  

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

design. T h e  s i t e  c h a r a c t e r i z a t i o n  and eng inee r ing  s t u d i e s  

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

s p r a y f i e l d  are a n t i c i p a t e d  t o  be completed p r i o r  t o  t h e  end 

of  d e p o s i t i o n  a t  t h e  l a n d f i l l .  P r e l i m i n a r y  a c c e p t a n c e  of  

performance and c l o s u r e  des ign  c r i t e r i a  is a n t i c i p a t e d  p r i o r  

t o  i n i t i a t i n g  c o n c e p t u a l  d e s i g n  documents .  The f i n a l  

schedule  of a c t i v i t i e s  requi red  f o r  c l o s u r e  w i l l  be def ined  

upon c o m p l e t i o n  of a d d i t i o n a l  s i t e  i n v e s t i g a t i o n s  and  

engineer ing  s tud ie s .  

2 . 7 . 4  J u s t i f i c a t i o n  f o r  Extension of Schedule 

T h e  r e g u l a t i o n s  of 6 CCR 1007-3, Sec t ion  265.113(a) requi re :  

" W i t h i n  9 0  d a y s  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  a t  a hazardous waste management u n i t  
o r  f a c i l i t y ,  o r  w i t h i n  90  d a y s  a f t e r  a p p r o v a l  of  t h e  
c l o s u r e  plan,  whichever is l a t e r ,  t h e  owner o r  o p e r a t o r  
must  t r e a t ,  remove from t h e  u n i t  o r  f a c i l i t y ,  o r  
d i spose  of on - s i t e ,  a l l  hazardous was tes  i n  acccrdance 
w i t h  t h e  approved c l o s u r e  plan." 

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

environmental  damage due t o  accumulating inventory  over  long 

p e r i o d s  of t i m e .  I n  p a r t  6 CCR 1 0 0 7 - 3 ,  S e c t i o n  265.113(b) 

s t a t e s  t h a t ,  c l o s u r e  a c t i v i t i e s  w i l l  be completed w i t h i n  180 

4 6  
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days after approval of the closure plan unless closure 

activities will, by necessity, take longer than 180 days to 

complete. If closure activities will take longer than 180 

days, then steps must be taken to prevent threats to human 

health and the environment from the unclosed facility. 

The activities required to complete final closure at the 

present landfill will take longer than schedules required by 

the referenced regulations. Before the installation of the 

final cover and cap can begin, field studies must be 

completed. 

2.7.5 Protection of Human Health and the Environment 

Threats to human health and the environment are prevented by 

the routine monitoring activities conducted at Rocky Flats 

and by restricted access to the facility. Specific details 

of the routine monitoring program are summarized in the 

"Annual Environmental Monitoring Report" (Rockwell, 1986b). 

This document is reviewed and updated on an annual basis. 

Brief discussions of the monitoring activities that are 

conducted and the security procedures at the plant are 

presented below. 

4 7  
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The routine environmental monitoring program includes the 

sampling and analysis of airborne effluents, ambient air, 

surface and ground water, and soil. External penetrating 

gamma radiation exposures are also measured using 

thermoluminescent dosimeters. Samples are collected from 

on-site, boundary and off-site locations. 

Particulate and tritium sampling of building exhaust systems 

is conducted continuously. For immediate detection of 

abnormal conditions, ventilation systems that service areas 

containing plutonium are equipped with Selective Alpha Air 

Monitors. These monitors trigger an alarm automatically if 

out-of-tolerance conditions are experienced. Particulate 

samples are collected from ambient air samplers operated 

continuously on site. The ambient air samples are analyzed 

for Total Long-Lived (TLL)  Alpha activity or for plutonium 

activity. There are currently 51 of these ambient air 

samplers. Twenty-three are located within and ad] acent to 

the Rocky Flats exclusion area, 14 are located along or near 

the plant's perimeter and 14 are located in nearby 

communities. 

The majority of the water used for plant process operations 

and sanitary purposes is treated and evaporated and/or 
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r e u s e d  f o r  c o o l i n g  t o w e r  makeup o r  s t e a m  p l a n t  u s e .  T h e  

d i scha rge  o f  w a t e r  o f f - s i t e  i s  m i n i m i z e d  t o  t h e  g r e a t e s t  

e x t e n t  p o s s i b l e .  Water d i s c h a r g e s  f r o m  t h e  Rocky F l a t s  

P l a n t  a re  m o n i t o r e d  f o r  c o m p l i a n c e  w i t h  a p p r o p r i a t e  CDH 

s t a n d a r d s  and EPA Na t iona l  P o l l u t a n t  Discharge E l i m i n a t i o n  

S y s t e m  ( N P D E S )  p e r m i t  l i m i t a t i o n s .  S u r f a c e  r u n o f f  f r o m  

p r e c i p i t a t i o n  i s  c o l l e c t e d  i n  s u r f a c e  water  c o n t r o l  p o n d s  

a n d  d i s c h a r g e d  o f f  s i t e  a f t e r  m o n i t o r i n g .  R o u t i n e  water  

m o n i t o r i n g  i s  c o n d u c t e d  f o r  t w o  d o w n s t r e a m  r e s e r v o i r s  a n d  

f o r  d r i n k i n g  water  s o u r c e s  i n  n i n e  c o m m u n i t i e s .  Ground- 

water  mon i to r ing  was conducted d u r i n g  1987 a t  a p p r o x i m a t e l y  

1 6 0  ground-water  sampl ing  l o c a t i o n s .  

S o i l  s amples  a r e  r o u t i n e l y  c o l l e c t e d  on a n  a n n u a l  b a s i s  from 

4 0  s i t e s  l o c a t e d  on r a d i i  f r o m  Rocky F l a t s  a t  d i s t a n c e s  o f  

1 .6 a n d  3 . 2  k i l o m e t e r s  ( o n e  a n d  t w o  m i l e s ) .  T h e  p u r p o s e  o f  

t h i s  s o i l  s ampl ing  is t o  d e t e r m i n e  i f  there a re  any changes 

i n  p lu ton ium c o n c e n t r a t i o n s  i n  t h e  s o i l  a round t h e  p l a n t .  

When h i g h e r  c o n c e n t r a t i o n s  t h a n  u s u a l  a r e  f o u n d  i n  a n y  of 

t h e  r o u t i n e  mon i to r ing  a c t i v i t i e s  o r  when out -of -compl iance  

c o n d i t i o n s  a r e  i d e n t i f i e d ,  t h e  c a u s e  o f  t h e  p r o b l e m  is  

i n v e s t i g a t e d .  I f  t h e  p r e s e n t  l a n d f i l l  f a c i l i t y  is found t o  
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be the cause of an out-of-compliance condition, then this 

closure plan will be revised within 30 days. 

Access to the landfill is limited by: 

a three-strand barbed wire cattle fence 
surrounding the facility (Figure 1) posted to 
identify the land as a government reservation/ 
restricted area, 

guards patrolling the controlled area and the PSZ 
24 hours per day, and 

surveillance by security cameras 24 hours per day. 

The existing fences and gates are operated and maintained by 

the U.S. Department of Energy. 

The monitoring and security measures outlined above are 

designed to protect human health and the environment by 

threats posed by the plant as a whole. In addition, they 

protect human health and the environment from threats posed 

by the present landfill. Additionally, the majority of the 

landfill has an interim three-foot soil cover. This cover 

minimizes potential direct contact and wind dispersal of 

contamination material and reduces contamination of runoff. 

Surface runoff, sediments and ground water are collected by 

the east pond. Ground water at the landfill is monitored 

quarterly by monitoring wells. These specific measures at 
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the landfill further protect human health and the 

environment from threats posed by the landfill. 

2.7.6 Final Design 

Activities required to complete final design of the landfill 

closure will include the following: 

Characterization of soil contamination at the 
north sprayfield; 

Preparation of topographic maps : 

Delineation of landfilled material, exclusive of 
interim cover: 

Conduct engineering studies to evaluate 
horizontal and vertical gradients and ground-water 
flow at the landfill and geologic conditions 
influencing flow; 

Conduct engineering studies of potential borrow 
sites for cover construction material; 

Investigation discharge lines for the existing 
ground-water collection and diversion system: and 

Prepare design drawings, specifications, quality 
control and quality assurance plan, and site 
specific health and safety plan. 

Activities for final design will be completed prior to July 

1989. The general scope of work of these activities is 

presented below. 
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Characterization of the north sprayfield contamination will 

entail sampling of soil. Samples will be submitted for 

analysis of potential contaminants. Additional discussion 

of site characterization is presented in Section 3.1. 

The topography of the landfill prior to closure activities 

will be mapped. The topographic mapping will be done at a 

scale of one inch equals 100 feet or less, with minimum two- 

foot contour intervals. The prepared maps will be utilized 

for final design drawings. 

To assure that the final cover extends over all landfilled 

materials, a geophysical study will be conducted to evaluate 

the extent of the interim cover, landfilled materials and 

limits of the 1974 trench excavation. The study will use 

surficial geophysical techniques to delineate subsurface 

characteristics. Geophysical interpretations will be 

correlated to exploratory borings. The scope of the 

investigation will initially be to confirm the limits of the 

landfill presented herein. Should the study indicate the 

landfill extent to be significantly different from those 

presented, the scope of the study will be extended to 

redefine the limits of the landfill. 
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The hydrogeologic characterization presented in Appendix 6, 

is limited to available wells to determine the ground-water 

elevation and vertical and horizontal flow directions. 

Existing monitoring wells installed indicate a vertical 

component within the ground-water flow: however, the 

information is limited. Water levels within the main 

portion of the landfill are unknown at present. To evaluate 

these conditions and to determine what measures could be 

implemented to remove or reduce ground-water flows within 

the landfill, additional studies will be conducted. The 

study will entail installation of four to six nested 

monitoring well series. The nested series will have two to 

four wells installed in relatively close proximity with 

screen intervals placed at different elevations. The 

geologic characteristics of the soil and bedrock will be 

logged at each nested well location. Within the landfill, 

two to three monitoring wells will be installed with screen 

intervals at or near the bottom of the landfilled material. 

At the downstream toe of the landfill, subsurface conditions 

will be evaluated by drilling exploratory borings and 

completing selected borings as monitoring wells. The 

purpose of the borings will be to evaluate the overall 

effectiveness of the proposed ground-water collection system 

discussed in Section 5 . 3 . 4 .  The studies will be directed to 
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develop sufficient information to evaluate alternatives for 

dewatering the landfill, interception of ground-water flows 

from the landfill and the potential impacts of the landfill 

to ground-water quality. Established monitoring wells will 

be sampled for ground-water quality as part of the quarterly 

monitoring program for the landfill. 

An investigation will be conducted of potential borrow areas 

for suitable material for use in final cover construction. 

The investigation will delineate sufficient borrow volume 

for regrading of the landfill, compacted soil layer and 

topsoil within the final cover and evaluate potential on- 

site sources for sand and riprap, if present. The 

investigation will entail drilling between ten to 2 0  

exploratory borings or test pits to obtain samples of 

potential borrow material at each potential borrow source. 

Materials obtained from the borrow sources will be tested, 

as appropriate, for their gradations, Atterberg limits, 

specific gravity, durability and moisture-density 

relationship. Additionally, material identified for use as 

potential topsoil on the final cover will be tested for 

suitability for plant growth. Testing will include pH, 

cation exchange capacity, sodium absorption ratio and 

calcium carbonate content. Identified borrow areas will be 
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presented in the final design drawings as well as estimated 

reclaimed borrow contours. 

Evaluation of the existing ground-water collection and 

diversion system will entail exposing valves on the drain 

line to determine their operating position, and exposing the 

drain line near the slurry wall. Additional discussion of 

the evaluation is presented in Section 5.3.2. 

A s  presented on the schedule for closure in Section 2.7.3, 

these activities will be conducted prior to preparing the 

final design for closure. 

2.8 Administration of Closure Plan 

The closure plan for the present landfill will be kept at 

the Rocky Flats Area Office, Building 111, U.S. Department 

of Energy. The person responsible for storing and updating 

this copy of the closure plan is: 

Mr. Albert E. Whiteman 
Area Manager 
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H i s  address and phone number a r e :  

U . S .  Department of Energy 
Rocky F l a t s  P l a n t  
P . O .  Box 928  
Golden, Colorado 80402  
Phone: (303) 966-2025 

M r .  Whiteman is a l so  r e s p o n s i b l e  f o r  u p d a t i n g  o t h e r  c o p i e s  

o f  t h e  c l o s u r e  p l a n  h e l d  o f f - s i t e  by s e n d i n g  a d d i t i o n s  o r  

r e v i s i o n s  by registered m a i l .  

2 . 9  C l o s u r e  Cos t  E s t i m a t e s  and F i n a n c i a l  Assurance 

S t a t e  and F e d e r a l  governments  are exempt from t h e  f i n a n c i a l  

r e q u i r e m e n t s  i m p o s e d  by S u b p a r t  H o f  4 0  CFR 2 6 5 . 1 4 0 ( c ) .  

T h e r e f o r e ,  no  f i n a n c i a l  a s s u r a n c e  d o c u m e n t a t i o n  h a s  b e e n  

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

T h e  e s t i m a t e d  c o s t  f o r  l a n d f i l l  c l o s u r e  is p r e s e n t e d  on 

T a b l e  I V .  
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TABLE IV 

LANDFILL CLOSURE 
ESTIMATED CONSTRUCTION COSTS 

Unit cost 
Quantity 7 s )  

Regrading 50,000 cy 3/CY 

Recompaction 31,300 cy 3/CY 

Sand Layers 31,400 cy 2 5/CY 

Compacted Soil 62,700 cy 5/CY 

Riprap 1,700 cy 40/CY 

Diversion Ditches 33,300 cy 4/CY 

Interim Cover 

HDPE Membrane 845,000 ft2 0.65/ft2 

Topsoil 31,300 cy 3.50/cy 

Revegetation 850,000 ft2 0. 13/ft2 

CONSTRUCTION TOTAL 

ENGINEERING DESIGN (10%) 

CONTINGENCY (15%) 

Total Cost 
( $ 1  
-- 

$ 150,000 

93,900 

785,000 

549,300 

313,500 

109,600 

68,000 

133,200 

110,500 

$2,313,000 

231,300 

347,000 

TOTAL $2,891,300 
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3.0 DECONTAMINATION PROCEDURES 

3.1 North Sprayfield Area 

For a period of approximately seven years, water collected 

in Pond #1 or west pond was routinely sprayed onto the north 

sprayfield. Prior to beginning the installation of the 

final cap and cover at the landfill, soil samples from the 

north sprayfield will be analyzed to evaluate if 

contamination has occurred. A flow diagram of the 

sprayfield activities is shown on Figure 8. 

3.1.1 Sprayfield Boundary 

The north sprayfield is located northwest of the east pond, 

and was used for spraying water contained in the west pond. 

The location of this sprayfield is shown on Figure 2. The 

dimensions of this sprayfield are approximately 280 feet by 

480 feet. 

3.1.2 Soil Sampling 

Prior to installation of the final cap and cover of the 

landfill, soil samples from the north sprayfield area w i l l  
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be collected and analyzed, to evaluate if contamination has 

occurred. Based on water analyses from the west pond, 

contamination is not anticipated. The soil 
characterization plan for this study is to confirm the 

absence of contamination and is presented in Appendix 4. 

The basis for this soil sampling program is random sampling 

points, in conjunction with a direct radiation survey. 

Because any contaminants in the pond water would have been 

distributed due to the spraying action in a uniform 

dispersed area adjacent to the previous spray lines, only a 

limited number of samples are necessary to evaluate if 

contamination has occurred. 

A direct gamma radiation survey will be with a FIDLER 

conducted over the ground surface to detect measurable 

amounts of radioactivity. The assessment will be conducted 

in accordance with Rocky Flat radiation monitoring 

procedures (Rockwell, 1986~). 

Within the sprayfield, samples w i l l  b e  t a k e n  at the 

approximate locations shown on Figure 2. The locations to 

be sampled are relatively evenly sampled along the previous 

spray lines. Because any contamination which may have 
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occurred is expected to be uniform and dispersed along the 

spray line, localized hot spots are not anticipated nor does 

the sampling require the exact location of the spray lines. 

A total of three soil samples will be obtained in the 

sprayfield during the Phase I study. 

3.1.3 Laboratory Analysis 

The soil samples collected at the sprayfield will be 

analyzed for the following: 

Volatile Organic Compounds (EPA 6 2 4 )  
Semi-volatile Organic Compounds (EPA 625) 
Metals 
Radionuclides. 

3.1.4 Criteria for Evaluating Soil Contamination 

To evaluate whether soils in the sprayfield area have been 

contaminated, the laboratory results from the samples 

collected in the sprayfield will be compared to background 

soil values. The specific methods of comparison are 

outlined in the sampling plan, i n  Appendix 4. 
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3.1.5 Method of Treatment or Disposal 

It is anticipated that the sampling program will show that 

the sprayfield area has not been contaminated. However, if 

the field work indicates the sprayfield has been 

contaminated, remedial alternatives will be evaluated, based 

on the types of contaminants present. Alternatives include: 

In-place treatment of contaminated soils. 

Removal of contaminated soils, with disposal in 
the present landfill. 

Removal of contaminated soil with off-site 
disposal. 

Closure of the sprayfield with the contaminated 
soils left in place. 

3.1.6 Schedule 

The study performed at the sprayfield will begin in August 

1988, and will be completed by November, 1988. Any 

necessary remedial activities will be selected in December 

1988. Anticipated implementation and completion times are 

shown on Figure 7. 
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3 . 2  Decontaminat ion of Equipment 

3 . 2 . 1  I n t r o d u c t i o n  

As r e q u i r e d  by 6 CCR 1 0 0 7 - 3 ,  S e c t i o n s  2 6 5 . 1 1 2 ( b ) ( 4 )  a n d  

2 6 5 . 1 1 4 ,  c o n s t r u c t i o n  e q u i p m e n t  u s e d  d u r i n g  c l o s u r e  

a c t i v i t i e s  w i l l  b e  d e c o n t a m i n a t e d .  C u r r e n t l y ,  t he re  is 

a u x i l i a r y  equipment  a s s o c i a t e d  w i t h  t h e  p r e s e n t  l a n d f i l l ,  a s  

g i v e n  i n  S e c t i o n  2.6.  D e c o n t a m i n a t i o n  o f  c o n s t r u c t i o n  

e q u i p m e n t  a n d  t h e  a u x i l i a r y  e q u i p m e n t  w i l l  i n v o l v e  t h e  

p r o c e d u r e s  described i n  t h e  f o l l o w i n g  s e c t i o n .  

3 . 2 . 2  Decontamination Procedures  

A l l  c o n s t r u c t i o n  equipment  invo lved  w i t h  a c t i v i t i e s  a t  t h e  

l a n d f i l l  which c o n t a c t  con tamina ted  s o i l s ,  t h e  i n t e r i m  c o v e r  

m a t e r i a l s  o r  r i n s a t e  w i l l  b e  s c r a p e d  o r  b r u s h e d  t o  r emove  

chunks of  s o i l  o r  d e b r i s  whenever t h e  equipment  l e a v e s  t h e  

c o n s t r u c t i o n  area.  T h e  a r e a  u s e d  f o r  s c r a p i n g  o r  b r u s h i n g  

w i l l  have t a r p a u l i n s  s p r e a d  o v e r  t h e  g r o u n d  a n d  w i l l  b e  

r a k e d  a n d / o r  s w e p t  t o  c o l l e c t  a l l  r emoved  m a t e r i a l s .  T h e  

c o l l e c t e d  m a t e r i a l  w i l l  b e  p l a c e d  i n  t h e  l a n d f i l l  b e n e a t h  

t h e  f i n a l  cover .  C o n s t r u c t i o n  equipment  w i l l  t h e n  move t o  

a n  a d j a c e n t  one f o o t  t h i c k  g r a v e l  decon tamina t ion  pad. The 
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pad w i l l  b e  a t  l e a s t  50  f e e t  s q u a r e  t o  accommoda te  h e a v y  

c o n s t r u c t i o n  e q u i p m e n t .  T h e  t o p  of t h e  g r a v e l  p a d  w i l l  b e  

a t  1 e a s t . o n e  f o o t  be low t h e  f i n a l  g rade  f o r  t h e  i n t e r i m  

cove r .  

A t  t h e  d e c o n t a m i n a t i o n  pad, equipment  w i l l  be t r i p l e  r i n s e d  

w i t h  a s p r a y  system. T h e  d e c o n t a m i n a t i o n  s p r a y  sys t em t o  be  

used w i l l  hea t  wa te r  t o  approx ima te ly  350°F under  250 pounds 

p e r  s q u a r e  i n c h  g a u g e  p r e s s u r e .  T h e  s u p e r - h e a t e d ,  h igh-  

p r e s s u r e  stream w i l l  be sp rayed  on t h e  c o n t a m i n a t e d  s u r f a c e  

t h r o u g h  a se r ies  of  n o z z l e s  i n c o r p o r a t e d  i n t o  t h e  vacuum/ 

s p r a y  c l e a n i n g  head .  T h e  e x a c t  e q u i p m e n t  u s e d  f o r  

d e c o n t a m i n a t i o n  w i l l  v a r y  depending on c o n t r a c t o r  s e l e c t i o n .  

The d e c o n t a m i n a t i o n  equipment used w i l l  p r o v i d e  f o r  adequa te  

d e c o n t a m i n a t i o n  o f  t h e  c o n s t r u c t i o n  equipment .  

Upon c o m p l e t i n g  d e c o n t a m i n a t i o n  of  e q u i p m e n t  u s e d  f o r  

i n t e r i m  c o v e r  recompact ion ,  t h e  g r a v e l  pad w i l l  be covered  

w i t h  a t  l e a s t  o n e  f o o t  of u n c o n t a m i n a t e d  b o r r o w  s o i l s  

compacted t o  i n t e r i m  cove r  s p e c i f i c a t i o n s .  Equipment used 

i n  t h i s  c o n s t r u c t i o n  w i l l  e i ther  work o n l y  on uncontaminated  

s o i l s  o r  be of p r o p e r  s i z e  t o  be s u b s e q u e n t l y  decon tamina ted  

a t  B u i l d i n g  889.  
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S m a l l e r  c o n s t r u c t i o n  equipment  may a l s o  be  d e c o n t a m i n a t e d  by 

a s i m i l a r  a r rangement  i n  Bu i ld ing  889. 

3 . 2 . 3  A u x i l i a r y  Equipment 

T h e  a u x i l i a r y  e q u i p m e n t  a t  t h e  l a n d f i l l  w i l l  b e  

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

S e c t i o n  3 . 3 . 2 .  

3 . 2 . 4  C o n s t r u c t i o n  Equipment Used During C l o s u r e  

C o n s t r u c t i o n  e q u i p m e n t  u s e d  d u r i n g  c l o s u r e  may i n c l u d e  

d o z e r s ,  backhoes,  f ron t - end  l o a d e r s ,  s o i l  compac to r s ,  water 

t r u c k s  and l i n e r  seaming equipment.  If large q u a n t i t i e s  of 

s o i l  a r e  t o  b e  r emoved ,  a d d i t i o n a l  e q u i p m e n t ,  s u c h  a s  h a u l  

t r u c k s  and s c r a p e r s ,  may be  used. A d d i t i o n a l  equipment  may 

b e  u s e d  d u r i n g  c l o s u r e ,  if  n e c e s s a r y .  A l l  c o n s t r u c t i o n  

e q u i p m e n t  u s e d  a t  t h e  s i t e  c o n t a c t i n g  c o n t a m i n a t e d  s o i l s ,  

r i n s a t e  o r  t h e  l a n d f i l l  i n t e r i m  c o v e r  materials w i l l  r e q u i r e  

decon tamina t ion  a s  o u t l i n e d  i n  S e c t i o n  3.3.2. 
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4.0 FINAL COVER 

4.1 Regrading 

4.1.1 Surface Runon Control 

Regrading of the ground surface adjacent to the landfill 

will be conducted as part of closure to reduce impacts of 

surface runon on the final cover. Regrading will involve 

enlargement and renovation of existing diversion ditches 

around the landfill. The existing diversion ditch 

locations, cross sections and proposed enlarged section are 

shown on Figures 3 and 9. The proposed diversion ditches 

will be designed to divert the peak storm runoff from the 

one-hour, 100-year storm event in each drainage, depending 

on the time of concentration of the drainage. A six-inch 

compacted clayey soil layer will be placed in the bottom of 

the diversion ditches for erosion control from the design 

storm. 

control of surface runon to the landfill for flows in excess 

of the 100-year design storm will be provided by surface 
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grading and final cover of landfill. 

the landfill is presented in Section 4.1.2. 

Surface regrading of 

4.1.2 Landfill Regrading 

The existing landfill surface will be regraded to divert 

surface runoff on the landfill to the center of the top, 

down the eastern face and into the east pond. Topography for 

the conceptual cover design is presented on Figure 10. The 

final cover elevations will be based on actual ground 

surface of the landfill at time of final design. 

In designing final cover contours, consideration was given 

to cambering of the cover to drain surface runoff off the 

cover and into adjacent diversion ditches. However, such a 

design will be adversely affected by settlement of the 

landfill material. Such a design would also require 

placement of fill material to provide drainage. Additional 

fill material on the cover would result in additional 

settlement again adversely affecting the cover performance. 

As proposed, the effects of settlement on the cover will be 

to improve surface drainage. The final cover will have an 

approximate two percent grade. Based on computer modeling 

using the HELP computer program (Schroeder, 1983), the 
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proposed grade would p r o v i d e  t h e  n e c e s s a r y  r u n o f f  and c o v e r  

d r a i n a g e  c o n t r o l .  I t  i s  a n t i c i p a t e d  t h a t  t h e  l a n d f i l l  

m a t e r i a l  w i l l  e x p e r i e n c e  a p p r o x i m a t e l y  t e n  p e r c e n t  

s e t t l e m e n t  o f  t h e  o v e r a l l  f i l l  h e i g h t  a s  a r e s u l t  o f  s e l f -  

w e i g h t  c o n s o l i d a t i o n ,  d e w a t e r i n g ,  a n d  a d d i t i o n a l  

c o n s o l i d a t i o n  unde r  cove r  loading .  A s  a r e s u l t ,  f i n a l  c o v e r  

g r a d e  w i l l  b e  approx ima te ly  t h r e e  p e r c e n t  a f t e r  s e t t l e m e n t .  

Around t h e  p e r i m e t e r  of  t h e  e x i s t i n g  l a n d f i l l ,  t h e  g r o u n d  

s u r f a c e  w i l l  b e  graded t o  p r o v i d e  a n  a p p r o x i m a t e  t w o - f o o t  

h i g h  berm p r i o r  t o  c o v e r  p l a c e m e n t .  T h e  be rm a n d  c o v e r  

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

l a n d f i l l  shou ld  s t o r m  e v e n t s  exceed t h e  one-hour,  100-year 

d e s i g n  s t o r m .  The  berm w i l l  a l s o  p r o v i d e  a p o i n t  for 

v e n t i l a t i o n  of t h e  gas c o l l e c t i o n  system. 

4 . 2  F i n a l  Cover 

The f i n a l  c o v e r  h a s  b e e n  d e s i g n e d  t o  meet p e r f o r m a n c e  

s t a n d a r d s  s e t  f o r t h  i n  S e c t i o n s  2 6 5 . 2 2 8  a n d  265.310. The 

f i n a l  c o v e r  w i l l  b e  a m u l t i - l a y e r e d  s e c t i o n ,  d e s i g n e d  a n d  

c o n s t r u c t e d  t o :  

P rov ide  long-term m i n i m i z a t i o n  o f  t h e  m i g r a t i o n  of  
l i q u i d s  th rough  t h e  c l o s e d  l a n d f i l l ;  

70 



C0789 001052 6 Date: July 1, 1988 
Revision No: 1 

Function with minimum maintenance: 

Promote drainage and minimize erosion or abrasion 
of the cover: 

Accommodate settling and subsidence so that the 
covers integrity is maintained; and 

. Have a permeability less than o r  equal to the 
permeability of any bottom liner system or natural 
subsoils present. 

To meet these standards, the cover will be comprised of 

three components: 

. Erosion control in the form of minimum slope 

Drainage layer to expedite removal of surface 
infiltration and maintain cover stability; 

’ grades and vegetation: 

Infiltration barrier, including both a flexible 
membrane liner (FML)  and low permeability 
compacted soil. 

Due to the presence of biodegradable materials within the 

landfill, the cover will also contain a gas collection 

component, this component is discussed separately in 

Section 6.0. 

4.2.1 Final Cover Extent 

The final cover will extend beyond the existing landfill 

boundary indicated on Figure 2 .  As shown on Figure 11, the 
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the cover will extend beyond the ground-water control and 

leachate collection system installed in 1974. The 

approximate area of the final cover will be 845,000 square 

feet . 

4 . 2 . 2  Type of Materials 

The design of the multi-layered cap will conform to the 

performance standards in 6 CCR 1007-3, Section 265.310. The 

specified performance standards will be achieved on the 

landfill by utilizing a multi-layered cap. A typical cross 

section of the final cover is shown on Figure 12. 

-- Sand: The sand layers will be comprised of hard, durable 

sands or gravels having no more than five percent passing 

the U.S. standard No. 200 sieve. Final gradation of the 

sand drain material will be based on the gradations of the 

compacted soil layer material selected in final design. The 

sand drain layer will be designed to act as a filter against 

the compacted soil layer. During final design, 

characteristics of the compacted soil layer, anticipated 

hydraulic heads at the interface with the filter and 

required hydraulic conductivities for the drain material ' 

will be considered in selecting filter design criteria. 
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T h e  s a n d  l a y e r s  w i l l  a l s o  s e r v e  a d u a l  f u n c t i o n  a s  a b e d d i n g  

l a y e r  a g a i n s t  t h e  unde r ly ing  s y n t h e t i c  membrane p r e v e n t i n g  

t h e  membrane f r o m  b e i n g  damaged d u r i n g  t h e  p l a c e m e n t  a n d  

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

s p e c i f i e d  f o r  t h e  l a y e r s  may be o b t a i n e d  f r o m  o n - s i t e  

borrow, i f  a v a i l a b l e ,  o r  w i l l  be impor ted  t o  t h e  s i t e .  

S i n c e  t h e  d r a i n  m a t e r i a l  w i l l  b e  p l a c e d  a g a i n s t  t h e  

s y n t h e t i c  membrane o f  t h e  m u l t i - l a y e r  c o v e r ,  t h e  maximum 

aggregate s i z e  is l i m i t e d  t o  1/4 i n c h  t o  p r e v e n t  punc tu res .  

On t h e  l a n d f i l l  t o p ,  f l o w s  w i t h i n  t h e  d r a i n  w i l l  be  

c o l l e c t e d  by a s i x - i n c h  d i ame te r  p e r f o r a t e d  d r a i n  p i p e  

p l a c e d  b e n e a t h  t h e  c e n t e r  s u r f a c e  d r a i n a g e  swale. T h e  d r a i n  

p i p e  w i l l  d i s cha rge  i n t o  t h e  r i p r a p  p r o t e c t i o n  on t h e  

e a s t e r n  f a c e  o f  t h e  l a n d f i l l ,  a s  shown on F i g u r e  1 2 .  

I n t e r i m  Cover: The e x i s t i n g  i n t e r i m  c o v e r  s o i l s  are  t h e  on- 

s i t e  c l a y e y  s o i l s .  These s o i l s  a re  s i m i l a r  t o  t h e  materials 

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

A d d i t i o n a l l y ,  t h e  i n t e r i m  c o v e r  m a t e r i a l s  c o n t a i n  some 

a s p h a l t  and c o n c r e t e  c o n s t r u c t i o n  debr i s .  During r e g r a d i n g  

a n d  r e c o m p a c t i o n ,  m a t e r i a l  l a r g e r  t h a n  t h e  s i x  i n c h e s  i n  

s i z e  will be removed from t h e  upper  1 2  i n c h e s  of  t h e  i n t e r i m  

75 



C07890010526 Date: July 1, 1988 
Revision No: 1 

cover. Removal of the large material will allow more 

uniform compaction of the material. After initial surface 

grading, the upper one foot of interim soil cover will be 

scarified, moistened and recompacted to at least 95 percent 

of the maximum standard Proctor dry density with a moisture 

content of between two percent above and two percent below 

optimum moisture content. 

Compacted Soil: -- -- Published data and site investigation 

reports indicate that natural clayey soils available on the 

site classify as A-6 and A-7 in accordance with the AASHTO 

classification system ( U . S .  Department of Agriculture, 1984 

and Woodward-Clevenger, 1974). The A-6 and A-7 soils are 

silty and sandy clays. The 24-inch compacted soil zone in 

the final cover section service the following purposes: 

Provides protection of the low permeability 
sections from surface damage: 

Insulates the iifunctioningii sections, i.e., sand 
drain and low permeability barrier, from frost 
penetration. 

Fortifies erosion protection beneath the topsoil 
by affording increased water erosion velocities: 
and 

Permits deep root penetration without affecting 
the Iifunctioningii sections to promote vigorous 
vegetation growth in an arid climate. 
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The on-site soil used in the compacted zone beneath the 

topsoil and above the sand drain will have more than 

35 percent passing the No. 200 sieve, with a liquid limit 

greater than 30 and a plasticity index greater than 10. 

This soil layer will be placed in uniform 12-inch loose 

lifts, compacted to at least 95 percent of the maximum 

standard Proctor density. The material will be placed at a 

moisture content at or below optimum; however, strict 

moisture control will not be required because at the shallow 

depth of placement these soils will experience natural 

variations in moisture content. 

- Topsoil: _- The topsoil layer will be constructed using on- 

site soils. The topsoil mixture will then be spread over 

the entire cover area to be vegetated. Vegetation of the 

cover is discussed in Section 4.4. The topsoil will be 

placed in a single uniform 12-inch loose (uncompacted) lift. 

Riprap: The area where the collected surface runoff from 

the landfill top discharges to the eastern face of the 

landfill will be riprap protected in order to prevent 

erosion of the final cover due to concentrated flows. The 

material will be hard, durable rock having no more than five 

I 

percent passing the U . S .  standard No. 200 sieve. The 
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a v e r a g e  s i z e  (D50) o f  r i p r a p  m a t e r i a l  r e q u i r e d  t o  res is t  

f l o w  v e l o c i t i e s  w i l l  b e  a b o u t  e i g h t  i n c h e s  based  o n  

Stephenson ' s  method of a n a l y s i s  (Nelson,  1 9 8 6 ) .  T h i s  method 

of  a n a l y s i s  c o n s i d e r s  s h e e t  f l ow c o n d i t i o n s  and a c c o u n t s  f o r  

f l o w s  w i t h i n  t h e  r i p r a p  ma te r i a l .  The maximum s i z e  o f  

r i p r a p  w i l l  b e  1 8 - i n c h e s  e q u a l  t o  t h e  t h i c k n e s s  o f  t h e  

r i p r a p  l a y e r .  The r i p r a p  w i l l  be impor t ed  t o  t h e  si te.  

Es t imated  f l o w  v e l o c i t y  w i t h i n  t h e  r i p r a p  mater ia l  is a b o u t  

1 f p s  which is less t h a n  t h o s e  p e r m i s s i b l e  f o r  t h e  compacted 

s o i l  l a y e r .  As a r e s u l t ,  r i p r a p  b e d d i n g  w i l l  n o t  b e  

r e q u i r e d .  S u p p o r t i n g  c a l c u l a t i o n s  f o r  r u n o f f  a n d  e r o s i o n  

c o n t r o l  d e s i g n  a r e  p r e s e n t e d  i n  Appendix 2. 

a n t h e t i c  Membrane: A 3 0 - m i l  h i g h  d e n s i t y  p o l y e t h y l e n e  

( H D P E )  s y n t h e t i c  membrane w i l l  be  p l a c e d  a b o v e  t h e  gas  

c o l l e c t i o n  l a y e r  and b e n e a t h  t h e  sand  d r a i n  a s  shown on t h e  

c r o s s  s e c t i o n  o n  F i g u r e  1 2 .  T h e  m e m b r a n e  w i l l  b e  

manufac tured  from v i r g i n  first q u a l i t y  r e s i n ,  d e s i g n e d  and 

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

e n v i r o n m e n t s .  The  H D P E  membrane w i l l  meet t h e  f o l l o w i n g  

minimum s p e c i f i c a t i o n s :  

---------- 
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Property 

Density (g/cc) 

Environmental Stress Crack 
(min., hrs.) 

Low Temp Brittleness 

Thickness 

Tensile Strength at Yield 
(Psi) 

Elongation at Yield 

Tear Resistance (lb) 

Carbon Black 

4.2.3 Depth of Materials 

Date: July 1, 1988 
Revision No: 1 

Test Method 

ASTM D-792 

ASTM D-1693 
Condition c 
ASTM D-746 

ASTM D-2103 

ASTM D-638 , 

ASTM D-638 

ASTM D-1004 
Die C 

ASTM D-1603 

Test Value 

0.935 

1,500 

-75OC 

-5% to +lo% 

2,000 

13 % 

20 for 30-mil 
40 for 60-mil 

2% to 3% 

The depth of the materials were determined to provide the 

specified performance for protection of human health and the 

environment while maintaining an efficient design. The 12- 

inch topsoil depth is typical for support of native 

vegetation in the semi-arid region. The compacted on-site 

soil below the topsoil will be placed 2 4  inches thick. 

Adequate frost protection and protection from surface 

abrasion is provided by the combined 12 inches of topsoil 

and 24 inches of compacted on-site soil. 
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The  s a n d  d r a i n  l a y e r  w i l l  b e  s i x  i n c h e s  t h i c k .  The  s a n d  

d r a i n  a b o v e  t h e  s y n t h e t i c  membrane i s  s i z e d  based o n  

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

computer  model (Schroeder ,  1983). R e s u l t s  of  t h e  model ing  

a r e  p r e s e n t e d  i n  Append ix  2 .  Based on  t h e  maximum d r a i n  

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

h y d r a u l i c  c o n d u c t i v i t y  on t h e  o r d e r  of  1 x c e n t i m e t e r s  

p e r  second,  t h e  s i x - i n c h  sand  d r a i n  w i l l  accommodate d e s i g n  

f lows .  

e A 3 0 - m i l  HDPE membrane w i l l  be p l a c e d  below t h e  sand  d r a i n  

t o  l i m i t  i n f i l t r a t i o n  i n t o  t h e  l a n d f i l l .  The membrane w i l l  

be e n c l o s e d  by sand  l a y e r s  t o  min imize  p o t e n t i a l  damage and 

b e l o w  f r o s t  d e p t h ,  t h e r e f o r e ,  a h e a v i e r  membrane was  n o t  

j u s t i f i e d .  

A s i x - i n c h  sand  l a y e r  w i l l  u n d e r l i e  t h e  s y n t h e t i c  membrane. 

T h i s  l a y e r  w i l l  c o l l e c t  gases g e n e r a t e d  by t h e  l a n d f i l l  and 

a l l o w  c o n t r o l l e d  v e n t i n g  o f  t h e  gases  t h r o u g h  t h e  f i n a l  

c o v e r .  

The r e c o m p a c t e d  i n t e r i m  c o v e r  m a t e r i a l  i s  a f f s e c o n d "  

component benea th  t h e  s y n t h e t i c  membrane t o  minimize  s u r f a c e  

i n f i l t r a t i o n .  The i n t e r i m  s o i l  c o v e r  is compr ised  of  sandy 
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clay materials and is between three and nine feet in depth 

(Woodward-Clyde, 1974). The 12-inch thick recompacted layer 

will have a reduced hydraulic conductivity in comparison to 

the overlying gas layer. 

4.2.4 Volume of Materials 

The material volumes for the final cover are estimated as 

follows: 

Material 

Sand Drain 

Gas Collection Layer 

Recompacted Interim Cover 

Compacted On-Site Soil (A-6 or A - 7 ;  
compacted volume) 

Topsoil 

30-mil HDPE 

Riprap 

Quantity 

15,700 yd3 

15,700 yd3 

3 1 , 3 0 0  yd3 

62,700 yd3 

31,300 yd3 

845,000 ft2 

1,700 yd3 

The material volumes may vary depending on final design and 

construction. 
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4.2.5 Source of Materials 

Prior to final design, borrow source investigations will be 

conducted to identify and quantify materials for cover 

construction. If available, all natural cover material will 

be obtained from on-site borrows. Anticipated borrow 

sources at the Rocky Flats Plant will be in the vicinity of 

the landfill, in the buffer zone and/or west sprayfield. 

The distance to these borrow sources ranges from less than 

0.25 to approximately 1.0 mile. 

If sand material and riprap are unav il bl on-site r 

processing is uneconomical, the sand drain material and 

riprap w i l l  be imported to the site. The materials 

specified are commonly available through local suppliers 

from borrow sources in the region. Maximum haul distances 

will range up to 15 miles. 

Materials will be brought to the site and placed in sequence 

from construction of the final cover to avoid stockpiling 

and double handling. 
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4.2.6 Final Cover Design 

Slope of Cover: The minimum slope of the cover will be two 

percent to promote surface runoff and reduce ponding and 

surface water infiltration. The minimum slopes will occur 

on the landfill top where existing slopes are nearly level. 

The maximum slope for the cover is 20 percent and will occur 

on the eastern face of the landfill. 

Erosion Protection: Final cover vegetation will provide 

erosion protection from surface runoff. calculations to 

determine maximum surface velocities relative to permissible 

velocities for vegetated soil cover are presented in 

Appendix 2. rational 

formula for surface runoff assuming a 100-year, one-hour 

storm event, adjusted for the time of concentration for the 

--------- 

Velocities were calculated using the 

central drainage swale. Flow velocities of 2.6 to 4.0 feet 

per second (fps) were calculated using Manning's equation. 

Maximum velocities will occur as slopes increase upon 

settlement of the cover. Permissible flow velocities below 

which surface erosion will not occur were obtained from 

referenced sources (Nelson, 1986; NAVFAC, 1982). The range 

o f  permissible velocity for the cover is 4 to 5 f p s .  
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Therefore, the erosion of the soil and vegetation cover is 

not anticipated as a result of the design storm event. 

In addition, the compacted on-site soil beneath the 

12 inches of topsoil contains sand and gravel sized 

particles, which are generally present in the colluvium near 

the landfill. In addition to the higher flow velocities 

permitted for compacted soil, the larger particle's w i l l  

provide self-armoring should flow velocities increase until 

the on-site compacted soil layer begins to erode. As a 

result, the compacted soil layer will provide additional 

erosion control for the final cover in the event the 

vegetative cover is eroded or lost on portions of the cover 

between maintenance periods. 

4.2.7 Final Cover Stability 

-I- SlidinLStability: ---- The stability of the proposed final 

cover was evaluated for the maximum slope of five to one. 

An infinite slope analysis was performed to evaluate the 

sliding potential of the overlying drainage and erosional 

layers on the synthetic membrane. This point of the cover 

is considered critical for sliding a s  the frictional 

resistance between the synthetic membrane and the overlying 
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sand material is only approximately 60 percent of that of 

the sand and seepage forces may be present within the sand 

drain. 

Using conservative assumptions for sliding resistance and 

seepage forces within the sand drain, the final cover has a 

factor of safety against sliding in excess of 1.5. 

_---------- Settlement Stability: Final cover stability was also 

evaluated with respect to differential settlement. If the 

landfill material were to settle at a constant ratio to the 

height of fill material, settlement across the landfill 

would result in minimal strains on the synthetic membrane. 

However, due to the nature of the landfill construction, 

differential settlement of the cover is anticipated. Where 

differential settlements occur in short areas, the synthetic 

membrane might fail under strain. The synthetic membrane is 

quite elastic in comparison to the other natural materials 

in final cover design. Typically, a 30-mil HDPE membrane 

can withstand elongations of ten to 15 percent prior to 

yielding. Yield of the membrane is the point at which the 

membrane thickness is significantly reduced; however, the 

membrane is still intact. Rupture of the material requires 

strains greater than 100 percent. Evaluation of strain 
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s t a b i l i t y  of t h e  membrane w a s  made by comparing t h e  t e n s i l e  

s t r e n g t h  of t h e  s y n t h e t i c  membrane a t  y i e l d  t o  t h e  s l i d i n g  

r e s i s t a n c e  on t h e  membrane. T h e  a n a l y s i s  i n d i c a t e d  t h a t  t h e  

l i n e r  would s l ide  on t h e  sand  l a y e r  p r i o r  t o  r e a c h i n g  y i e l d  

s t r eng th .  C a l c u l a t i o n s  are p r e s e n t e d  i n  Appendix 2. 

Due t o  t h e  e l a s t i c  c h a r a c t e r i s t i c s  o f  t h e  s y n t h e t i c  

m e m b r a n e ,  y i e l d i n g  o f  t h e  m e m b r a n e  w o u l d  r e q u i r e  

d i f f e r e n t i a l  s e t t l e m e n t s  on the  o r d e r  o f  f i v e  feet a c r o s s  a 

t e n - f o o t  s p a n .  Based on t h e  o p e r a t i n g  h i s t o r y  o f  t h e  

l a n d f i l l ,  it is  n o t  a n t i c i p a t e d  t h a t  d i f f e r e n t i a l  

s e t t l e m e n t s  of t h i s  o r d e r  o f  m a g n i t u d e  wou ld  o c c u r  w i t h i n  

t h e  l a n d f i l l .  

I n  s u m m a r y ,  t h e  s y n t h e t i c  m e m b r a n e  i s  c a p a b l e  o f  

w i t h s t a n d i n g  l a r g e  s t r a i n s  r e s u l t i n g  f r o m  d i f f e r e n t i a l  

s e t t l e m e n t .  Due t o  c o v e r  l o a d s  a n d  h i g h  y i e l d  s t r e n g t h  o f  

t h e  membrane m a t e r i a l ,  t h e  membrane w i l l  s l i d e  a l o n g  t h e  

u n d e r l y i n g  sand  l a y e r  p r i o r  t o  r e a c h i n g  y i e l d  s t r a i n s .  The  

membrane movement w i l l  r e d i s t r i b u t e  stresses o v e r  a greater 

p o r t i o n  o f  t h e  membrane a n d  t h u s  r e d u c e  s t r a i n s .  The 

membrane w i l l  t h e r e f o r e  accommodate l a n d f i l l  s e t t l e m e n t  and 

r e t a i n  its i n t e g r i t y .  
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4.2.8 Infiltration Control 

Infiltration through the final cover will initially be 

reduced by surface grading, evapotranspiration from the 

vegetation cover and the reduced permeability of the 

compacted s o i l  layer. However, it is recognized that some 

waters will infiltrate beneath the compacted soil layer. 

Further infiltration of the water will be reduced by placing 

a 30-mil HDPE synthetic membrane below the six-inch sand 

drain layer. Most infiltrating waters will therefore be 

diverted through the sand drain and o u t  the cover. The 

synthetic membrane will provide the cover with a 

permeability less than the natural soils underlying the 

landfill. 

Although the intact HDPE material is for practical purposes 

impermeable, field seaming of the membrane panels, other 

construction defects and damage may occur to the membrane. 

As a result, there will be an effective permeability of the 

membrane based on the percentage area of defects to the 

overall membrane area. For purposes of the computer 

modeling, it was conservatively assumed that for every 100 

feet of seam, there was one foot having a hairline opening 

or an equivalent hole opening of 0.001 square foot. Based 
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on t h e  proposed f i n a l  cove r  and t h e  assumed i n e f . f i c i e n c y  of 

t h e  s y n t h e t i c  membrane, t h e  HELP computer  model w a s  r u n  and 

an  e s t i m a t e d  1 , 0 0 0  c u b i c  feet  of water i n f i l t r a t e d  th rough  

t h e  s y n t h e t i c  membrane on a y e a r l y  basis .  I n  compar ison  it 

is es t ima ted  t h a t  1 4 4 , 0 0 0  c u b i c  f ee t  o f  w a t e r  p e r  y e a r  

i n f i l t r a t e  t h e  e x i s t i n g  cover .  

The s y n t h e t i c  membrane w i l l  be u n d e r l a i n  by a s i x - i n c h  sand  

l a y e r  w h i c h  w i l l  a c t  a s  a gas  c o l l e c t i o n  l a y e r .  However ,  

t h e  gas  c o l l e c t i o n  l a y e r  w i l l  a l s o  p r o v i d e  d r a i n a g e  b e l o w  

t h e  s y n t h e t i c  membrane shou ld  waters pond on the  u n d e r l y i n g  

i n t e r i m  c o v e r .  D r a i n a g e  c o l l e c t e d  b y  t h i s  l a y e r  w i l l  be 

discharged i n t o  t h e  proposed water c o l l e c t i o n  sys t em a l o n g  

t h e  e a s t e r n  boundary of t h e  l a n d f i l l  a s  shown on F i g u r e s  1 0  

a n d  1 3 .  T h e  g a s  c o l l e c t i o n  s y s t e m  w i l l  a l s o  serve a s  

bedding  l a y e r  f o r  t h e  s y n t h e t i c  membrane p r e v e n t i n g  damage 

t o  t h e  s y n t h e t i c  membrane as  a r e s u l t  of  c o n s t r u c t i o n  of t h e  

o v e r l y i n g  c o v e r  components. 

4 . 2 . 9  Cover Equipment 

For  c o n s t r u c t i o n  of  t h e  f i n a l  cove r ,  s t a n d a r d  c o n s t r u c t i o n  

e q u i p m e n t  w i l l  b e  u t i l i z e d .  E q u i p m e n t  u t i l i z e d  i n  

c o n s t r u c t i o n  w h i c h  c o n t a c t s  t h e  i n t e r i m  c o v e r  w i l l  be 
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decon tamina ted  as p r e s e n t e d  i n  S e c t i o n  3 . 3 . 2  p r i o r  t o  r e u s e  

i n  c o n s t r u c t i o n  o f  t h e  f i n a l  cover .  Decontaminat ion of the  

equipment  w i l l  p r e c l u d e  t h e  p o s s i b i l i t y  of  c o n t a m i n a t i o n  of 

t h e  u p p e r  c o m p o n e n t s  o f  t h e  c o v e r  b y  e q u i p m e n t .  A c t u a l  

c o n s t r u c t i o n  equipment  and amount r e q u i r e d  t o  c o n s t r u c t  the  

f i n a l  c o v e r  w i l l ,  f o r  t h e  most p a r t ,  be a t  t h e  c o n t r a c t o r ' s  

d i s c r e t i o n .  

Equipment r e q u i r e d  t o  recompact  t h e  i n t e r i m  c o v e r  and p l a c e  

t h e  g a s  c o l l e c t i o n  l a y e r  may c o n s i s t  o f  a w a t e r  t r u c k ,  

d o z e r s ,  f r o n t  e n d  l o a d e r s ,  c o m p a c t o r s  ( s h e e p s - f o o t ) ,  

h a r r o w i n g  d i s k s  a n d  dump t r u c k s  f o r  t r a n s p o r t i n g  o f  

m a t e r i a l .  During c o n s t r u c t i o n ,  only t h a t  e q u i p m e n t  

e s s e n t i a l  f o r  l a n d f i l l  r e g r a d i n g  a n d  i n t e r i m  c o v e r  

r e c o m p a c t i o n  w i l l  A s  

p r a c t i c a l ,  e q u i p m e n t  c u r r e n t l y  used in o p e r a t i o n  of  the  

l a n d f i l l  w i l l  be u t i l i z e d  f o r  r e g r a d i n g  a n d  r e c o m p a c t i n g .  

T h i s  w i l l  min imize  t h e  equipment  r e q u i r i n g  decon tamina t ion .  

During c o n s t r u c t i o n  of  t h e  gas c o l l e c t i o n  l a y e r ,  equipment 

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

and  t h u s ,  w i l l  n o t  r e q u i r e  decon tamina t ion .  

b e  p l a c e d  on  t h e  i n t e r i m  c o v e r .  

I n s t a l l a t i o n  of t h e  s y n t h e t i c  membrane w i l l  r e q u i r e  t h e  u s e  

o f  f r o n t  end  l o a d e r s  t o  t r a n s p o r t  r o l l  s t o c k  f o r  f i e l d  
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seaming. 

l i n e r  m a n u f a c t u r e r ' s  s p e c i f i c a t i o n s .  

F i e l d  seaming equipment w i l l  be i n  acco rdance  w i t h  

C o n s t r u c t i o n  e q u i p m e n t  u s e d  f o r  i n s t a l l a t i o n  of t h e  s a n d  

d r a i n  a n d  e r o s i o n  c o n t r o l  l a y e r s  will be s i m i l a r  t o  t h e  

e q u i p m e n t  u s e d  f o r  r e c o m p a c t i o n  o f  t h e  i n t e r i m  c o v e r  a n d  

i n s t a l l a t i o n  of  gas c o l l e c t i o n  l a y e r .  However, o n l y  smooth 

drum compactors  will be u t i l i z e d  f o r  p l acemen t  of  t h e  d r a i n  

l a y e r  a n d  t h e  f i r s t  12 i n c h e s  of c o m p a c t e d  s o i l  m a t e r i a l  

o v e r l y i n g  t h e  d r a i n .  The s h e e p s - f o o t  c o m p a c t o r  w i l l  be 

p r o h i b i t e d  f r o m  u s e  i n  o r d e r  t o  p r e c l u d e  damage  t o  t h e  

s y n t h e t i c  membrane d u r i n g  compaction. S topp ing  o r  t u r n i n g  

of equipment  on t h e  f i v e  t o  one s l o p e  w i l l  n o t  be  p e r m i t t e d  

u n t i l  t h e  f irst  1 2  i n c h e s  of  compacted soil has been p laced .  

P l a c e m e n t  o f  t h e  t o p s o i l ,  seed a n d  mulch on t h e  v e g e t a t i v e  

c o v e r  r e q u i r e  d o z e r s  o r  t r a c t o r s  w i t h  c r i m p i n g  and ha r rowing  

d i s c s ,  t r u c k s  f o r  h a y  m u l c h i n g  a n d  seed a p p l i c a t i o n  

equipment.  
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4.4 Vegetation 

a 

e 

The surface of the cap will be stabilized to decrease 

erosion by wind and water, and in a manner which will 

contribute to the development of a stable surface 

environment. This will be accomplished by establishing a 

vegetative cover on the cap. The total area requiring 

revegetation will be approximately 850,000 square feet. 

Vegetation of the cover will be conducted by seeding with a 

mixture of native grasses. The mixture will consist of: 

Grass Quantity (pounds) 
Western Wheatgrass 
Thickspike Wheatgrass 
Little Bluestem 
Green Needlegrass 
Canby or Canada Bluegrass 

6 . 0  
3.0 
2 .0  
2 . 0  
1.0 - 
14.0 pure live - 

seed/acre 

The properties of the native grass mix are: 

. A root structure which will not penetrate the 
cover, 

Require no irrigation after the grass has been 
established, 

. Be capable of withstanding the temperature range 
experienced at Rocky Flats, 

Require little fertilization after initial 
seeding, and 

. 
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B e  c o m p a t i b l e  w i t h  t h e  s o i l  p r o p e r t i e s ,  s u c h  a s  
pH, of t h e  v e g e t a t i v e  l a y e r .  

P r e p a r a t i o n  of t h e  t o p s o i l  l a y e r  w i l l  i n c l u d e  r i p p i n g  of t h e  

u p p e r  s i x  i n c h e s ,  a p p l y i n g  t w o  t o n s  p e r  acre  o f  weed f r e e  

n a t i v e  hay mulch and c r i m p i n g  t h e  mulch w i t h  a c r i m p e r  disc. 

T h e  f e r t i l i t y  o f  t h e  t o p s o i l  l a y e r  w i l l  b e  a n a l y z e d  i n  t h e  

first y e a r  and a p p r o p r i a t e  f e r t i l i z e r s  a p p l i e d  t o  t h e  c o v e r  

i n  t h e  s e c o n d  y e a r ,  i f  needed .  I r r i g a t i o n  w i l l  n o t  be  

r e q u i r e d .  A d d i t i o n a l  p e r i o d i c  m a i n t e n a n c e  w i l l  b e  

p e r f o r m e d ,  i n c l u d i n g  r e s e e d i n g  a n d  weed c o n t r o l ,  a s  

, necessa ry .  T h e  l a n d f i l l  c o v e r  and v e g e t a t i v e  g rowth  w i l l  be 

i n s p e c t e d  q u a r t e r l y  a s  s p e c i f i e d  i n  t h e  P a r t  B Pos t -C losu re  

C a r e  P e r m i t .  During t h i s  i n s p e c t i o n ,  trees and bushes  w i l l  

be r emoved ,  a n d  t h e  c o n d i t i o n  of t h e  v e g e t a t i o n  w i l l  b e  

observed. 

4 . 5  F i n a l  Cover Maintenance 

Maintenance of  t h e  cover w i l l  i n c l u d e  f i l l i n g  and r e g r a d i n g  

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

c o v e r .  I f  r e q u i r e d ,  r e p l a c e m e n t  o f  r i p r a p  m a t e r i a l  on  t h e  

f a c e  of  t h e  embankment w i l l  be performed.  Gas v e n t i l a t i o n  

p i p e s  w i l l  be  r e p a i r e d  o r  r e p l a c e d  a s  r e q u i r e d  t o  p r o v i d e  
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positive ventilation. Details of cover maintenance are 

presented in the post-closure care permit. 

4.6 Health and Safety Plan 

A site specific Health and Safety Plan, or such health and 

safety procedures identified in the Rocky Flats Plant 

Operational Safety Analysis (OSA), covering landfill closure 

activities will be prepared during final design. The plan 

will be submitted to the Colorado Department of Health for 

review and will comply with all applicable requirements. 

The procedures presented below are guidelines that will be 

followed during closure activities. Additional procedures 

and details will be presented in the site specific Health 

and Safety Plan or the OSA. Worker safety guidelines, such 

as OSHA regulations, DOE orders and Rocky Flats Plant 

policies will b'e followed. Protective clothing will be 

similar in nature to: 

hardhats, 
hard-toe boots, 
Tyvek overboots, 
Tyvek suits, 
dust masks, and 
air-purifying respirators or self-contained 
breathing apparatus (optional). 
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The intent of this equipment is to provide a barrier to 

inhalation, ingestion and absorption of contaminated 

materials. Appropriate protective gloves will be used based 

on the contamination found at any particular site. 

Air monitoring will be conducted in the work area. Portable 

high-volume (40 cfm) samplers or fixed radioactive ambient 

air samplers (25 cfm) will be located around the excavation 

area, including at probable downwind locations. 

Air monitoring will also be conducted using hand-held 

photoionization detectors. The site specific health and 

safety plan orJOSA will present levels, which if exceeded, 

will require some action be taken, such as increasing 

respiratory protection or work cessation. 

A Rocky Flats Environmental Sciences representative will be 

monitoring conditions during excavation activities. This 

person will have the authority and responsibility to 

terminate the work if any of the following events occur: 

Wind speeds exceed 24 km/hr (15 mph). 

Any visible dust is present or there is any 
indication that dust control measures are 
inadequate. 
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. The total long-lived alpha concentrations measured 
on filters from high-volume samplers exceed 
0.06 pCi/m3. Dust control procedures will then be 
re-evaluated. 

Power failure. 

Heavy rainfall or snow. 

Airborne contamination may require upgrading dust masks to 

air-purifying respirators or self-contained breathing 

apparatus. Sudden increases in airborne contamination due 

to excavation in localized highly contaminated areas may be 

addressed by a temporary cessation of work until natural 

dissipation reduces contamination. 

4 . 7  Quality Assurance and Quality Control 

4.7.1 Quality Control 

Quality control of the landfill closure will include 

materials, lines and grades, and placement. The specific 

method for controlling the quality of material in each of 

these areas will be presented in the final construction 

specifications, general quality control guidelines are 

presented below. 
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Control of material quality will be by random sampling at 

specified intervals. Earthen materials may be tested for 

their characteristics such as gradation, Atterberg limits, 

moisture-density relation, specific gravity and durability. 

Manufactured materials will be certified by the manufacturer 

that it meets the project specifications. Throughout the 

closure of the landfill, materials utilized will be visually 

observed during placement to see that the materials meet the 

intended use and project specifications. 

Control of lines and grades during closure will be by 

surveying. Surveys will be conducted under the supervision 

of a registered land surveyor. Deviation from construction 

drawings will be indicated and as-built drawings showing 

constructed lines and grades will be prepared upon 

completion. 

Control of placement will overall be by visual observation 

of the methods, equipment and practices utilized for 

placement of materials. Earthen materials will also be 

tested f o r  proper placement by in-place testing of moisture, 

densities and gradations, as applicable. Control of 

imported materials, sand and riprap, will be by random 

sampling of trucks. These materials will be sampled at 
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least every 1,000 cubic yards (cy) and tested for gradation 

and durability. Additional testing will be conducted if 

materials appear to vary significantly between truck loads. 

The riprap material will also be tested in at least in two 

locations for the in-place gradation. On-site materials 

will be tested for gradation and Atterberg limits every 

1,000 cy. If gradations or Atterberg limits vary 

significantly, from previous materials a standard Proctor 

density curve shall will developed for the material. In- 

place density and moisture content will be tested for every 

1,000 cy of material placed. A s  a minimum, one in-place 

moisture-density test will be taken per day per lift during 

fill compaction. Manufactured materials will be tested, as 

appropriate, to determine that field installation methods 

have produced the required quality of product. The 

synthetic nembrane will have all field seams tested in 

accordance with the manufacturer's recommendations. As a 

minimum, all field seams will be visually inspected. 

Quality control testing will be performed in accordance with 

ASTM or other recognized test procedures. 
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4.7.2 Quality Assurance 

To assure that the quality control plan is being implemented 

during closure of the facility, a quality assurance plan 

will also be set forth as part of the final construction 

documents. The quality assurance plan will set forth the 

time intervals between quality assurance reviews, 

information to be reviewed and procedures for correction of 

quality control problems if present. As a minimum, the 

quality control program will be reviewed at a point when 

approximately 20 percent of the work is completed, at 

approximately 60 percent completion and at completion. The 

quality assurance reviews shall include all test results 

subsequent to the previous review, observation of test 

procedures, review of randomly selected test worksheets and 

evaluation of the procedures for quality control checks. 

The quality assurance plan will be dependent on the quality 

control specifications and the time schedule for closure. 

It is anticipated that the certifying engineer for closure 

will provide quality assurance reviews. 
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5.0 COLLECTION, REMOVAL AND TREATMENT OF LEACHATE AND 
GROUND-WATER 

5.1 Introduction 

A system was installed around the perimeter of the landfill 

in 1974 as part of the landfill expansion. The system was 

designed to collect and remove leachate from within the 

landfill and to intercept and divert uncontaminated ground- 

water flow outside of the landfill away from the landfill 

area. The leachate collection system was intended to 

intercept leachate and lower ground-water levels within the 

landfill. For the subsequent expansion of the landfill in 

1982, the ground-water diversion was extended using a soil- 

bentonite slurry wall as shown on Figure 3 .  The slurry wall 

was intended to reduce migration of ground water into the 

landfill area only, no provisions were made for collection 

and diversion of the ground water. 
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5.2  Existing Leachate Collection System 

The existing leachate collection system was constructed in 

1974, as shown on Figures 3 and 4 .  The construction of the 

leachate collection system is discussed in more detail in 

Section 2.2. the leachate collection system is 

covered by landfill wastes and the original discharge points 

for the system were covered during expansion of the 

landfill. Based on current water level measurements within 

the landfill, presented in Appendix 6, it does not appear 

that the leachate collection system is lowering water levels 

within the landfill. Causes of disfunctioning may include 

blockage of the discharge points by landfill material, 

migration of the landfilled material into the collection 

system and migration or installation of slurry wall material 

through the collection system. 

At present, 

5.2.1 Maintenance of Leachate Collection Systems 

Based on current ground-water levels, the existing leachate 

collection system does not appear to be functioning. 

Several factors may be influencing the functioning of the 

system. Based on the overall closure plan for the landfill, 

the existing leachate collection system would not be of 
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s i g n i f i c a n t  b e n e f i t .  The re fo re ,  t h e  e v a l u a t i o n  and remedial 

c o n s t r u c t i o n  n e c e s s a r y  t o  r e - e s t a b l i s h  f u n c t i o n i n g  o f  t h e  

d r a i n  is n o t  j u s t i f i e d .  

5 . 2 . 2  Volume of Leachate 

T h e  e x i s t i n g  leachate c o l l e c t i o n  s y s t e m  may have c o l l e c t e d  

some leachate i n i t i a l l y ;  however,  there is no documen ta t ion  

o f t h e v o l u m e o f  w a t e r c o l l e c t e d b y t h e  s y s t e m .  

5.3 Ground-Water Con t ro l  System 

5 . 3 . 1  E x i s t i n g  Ground-Water C o n t r o l  System 

A s y s t e m  t o  c o n t r o l  ground-water m i g r a t i o n  i n t o  t h e  e x i s t i n g  

l a n d f i l l  w a s  c o n s t r u c t e d  a t  t h e  s i t e  i n  1974 and ex tended  i n  

1982.  Details r e g a r d i n g  t h e  d e s i g n  and c o n s t r u c t i o n  of t h e  

s y s t e m  a r e  p r e s e n t e d  i n  S e c t i o n  2.2.  The e x i s t i n g  g r o u n d -  

water c o n t r o l  s y s t e m  is  c o m p r i s e d  of  t w o  c o m p o n e n t s .  The  

first component is  a d r a i n a g e  b l a n k e t  ex tend ing  t h r o u g h  t h e  

overburden  s o i l s  t o  o r  nea r  t o  t h e  t o p  of bedrock. Ground- 

water f l o w  i n t e r c e p t e d  by t h e  b l a n k e t  d r a i n  was d e s i g n e d  t o  

b e  c o l l e c t e d  i n  d r a i n a g e  p i p e  and discharged i n t o  downstream 
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p o n d s  o r  t h e  s u r f a c e  d r a i n a g e  d o w n g r a d i e n t  o f  t h e  ponds .  

T h e  s e c o n d  componen t  o f  t h e  s y s t e m  is a s o i l - b e n t o n i t e  

s l u r r y  w a l l  t y i n g  i n  w i t h  t h e  d r a i n  s y s t e m  a n d  e x t e n d i n g  

downstream of  t h e  l a n d f i l l .  

5 . 3 . 1 . 1  B l a n k e t  Drain 

As o r i g i n a l l y  i n t e n d e d ,  t h e  b l a n k e t  d r a i n  s y s t e m  wou ld  

i n t e r c e p t  and d i v e r t  s h a l l o w  ground-water  f l o w s  away from 

t h e  l a n d f i l l .  With t h e  e x p a n s i o n  o f  t h e  l a n d f i l l  i n t o  t h e  

t r e n c h  c o n t a i n i n g  t h e  b l a n k e t  d r a i n ,  t h e  d r a i n  may have 

c o l l e c t e d  l e a c h a t e  w h i c h  migra tes  t h r o u g h  t h e  c l a y  l i n e r  

o v e r l y i n g  t h e  b l a n k e t  d r a i n .  

Based on w a t e r  l e v e l  m e a s u r e m e n t s  i n  t h e  f i r s t  q u a r t e r  o f  

1 9 8 8  ( A p p e n d i x  6 ) ,  t h e  d r a i n  a p p e a r s  o n l y  p a r t i a l l y  

e f f e c t i v e .  M o n i t o r i n g  w e l l s  p l a c e d  a t  t h e  w e s t e r n  e n d  o f  

t h e  l a n d f i l l  i n d i c a t e  a drawdown i n  g r o u n d - w a t e r  l e v e l s  

a d j a c e n t  t o  t h e  d r a i n .  H o w e v e r ,  w a t e r  l e v e l s  i n  t h e  

m o n i t o r i n g  w e l l s  es tab l i shed  a t  t h e  n o r t h  and s o u t h  sides of  

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

b l a n k e t  d r a i n  show no a p p r e c i a b l e  effect  of t h e  d r a i n .  As a 

r e s u l t ,  water  c o l l e c t e d  by  t h e  b l a n k e t  d r a i n  s y s t e m  is  

impounded a t  t h e  e a s t e r n  e n d s  o f  t h e  s y s t e m .  As t h e  d r a i n  
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pipe provides the only outlet of discharge from the system, 

the improper functioning of the system may be the result of 

the outlet being closed. 

The blanket drain system, if functional, would aid in 

reducing water levels within the landfill. During final 

design, this system will be evaluated to see if it can be 

made functional. Evaluation of the system will include 

locating the discharge system valves, shown on Figure 3 ,  to 

determine their operating position. The valves will be 

positioned such that all discharge is routed to the east 

pond. The discharge pipe in the vicinity of the slurry wall 

will be exposed and the piping upgradient and downgradient 

checked for blockage. As practical, valves and piping will 

be repaired or replaced to return the blanket drain system 

to working order. If the system cannot be made functional, 

the drain pipe outlet will be permanently blocked to reduce 

pathways for leachate migration out of the landfill. 

5.2.1.2 Slurry Wall 

The actual effectiveness of the slurry wall component cannot 

be evaluated because as-built documents are not available. 

However, as originally designed, the slurry wall Will 
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a 

provide a barrier to ground-water migration into the 

landfill and thus reduce overall water levels within the 

landfill. 

5.3.2 Proposed Ground-Water Collection System 

5.3.2.1 Introduction 

Based on recent ground-water quality sampling and analysis, 

Appendix 6 ,  the landfill does appear to have had some impact 

to ground-water quality. Impacts to ground-water quality 

from hazardous constituents is limited to inconsistent, low- 

level concentrations up and downgradient of the landfill. 

Therefore, the landfill does not appear to be directly 

impacting ground water with hazardous constituents. 

Because there are impacts to ground-water quality at the 

site, relatively high water levels within the landfill and 

as closure activities could result in changes in the quality 

of water from beneath the landfill, a ground-water 

collection system is proposed for closure. 
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5 . 3 . 2 . 2  Proposed C o l l e c t i o n  System 

T h e  g r o u n d - w a t e r  c o l l e c t i o n  s y s t e m  w i l l  b e  c o n s t r u c t e d  a t  

t h e  d o w n s t r e a m  t o e  o f  t h e  f i n a l  l a n d f i l l  c o v e r  a s  shown on 

F igure  9. T h e  c o l l e c t i o n  s y s t e m  w i l l  b e  a g r a v e l  d r a i n  

e x c a v a t e d  t h r o u g h  t h e  s u r f a c e  c o l l u v i a l  a n d  a l l u v i a l  

m a t e r i a l  i n t o  t h e  u n d e r l y i n g  c l a y s t o n e  bedrock a s  shown on 

F i g u r e  1 2 .  T h e  d r a i n  w i l l  l o w e r  w a t e r  l e v e l s  w i t h i n  t h e  

l a n d f i l l  and c o l l e c t  p o t e n t i a l l y  impacted  ground-water  f l o w s  

w i t h i n  t h e  s u r f a c e  s o i l s  a n d  s h a l l o w  b e d r o c k .  C o l l e c t e d  

water w i l l  be pumped t o  t h e  east  pond area. 

The  p r o p o s e d  c o l l e c t i o n  s y s t e m  w i l l  be  d e s i g n e d  u s i n g  

c r i t e r i a  f o r  wa te r  s t o r a g e  p r o j e c t s .  Such  c r i t e r i a  have 

p r o v e n  s u c c e s s f u l  f o r  c o n s t r u c t i o n  o f  l o n g - t e r m ,  n o  

m a i n t e n a n c e  d r a i n a g e  s y s t e m s .  Based o n  c u r r e n t  w a t e r  

q u a l i t y  i n f o r m a t i o n ,  no s i g n i f i c a n t  chemical r e a c t i o n s  such  

a s  o x i d a t i o n ,  r e d u c t i o n  o r  p r e c i p i t a t i o n  would o c c u r  a s  

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

d r a i n  f u n c t i o n i n g .  Pump a n d  p i p i n g  r e p a i r  a n d / o r  

replacement may be  r e q u i r e d  d u r i n g  t h e  o p e r a t i n g  l i f e  of t h e  

c o l l e c t i o n  s y s t e m .  I t  i s  a n t i c i p a t e d  t h a t  s t a b l e  g r o u n d -  

water  l e v e l s  a n d  w a t e r  q u a l i t y  w i l l  b e  a c h i e v e d  d u r i n g  
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closure of the landfill such that long-term pumping 

operation of the collection system will not be required. 

The proposed ground-water collection system is estimated to 

have a discharge of about one gallon per minute. The actual 

volume collected by the system will be dependent on 

subsurface conditions encountered during construction of the 

drain. The presence of more pervious soils and sandstone 

lenses within the bedrock may increase flows. Other factors 

influencing volumes collected by the system are long-term 

stabilized water levels within the landfill and the 

effectiveness of repairs to the existing ground-water 

control system. A 30-mil HDPE membrane will be placed on 

the downstream side of the drain to reduce infl 

east pond. 

During final design, an evaluation of the site P 

IW from the 

ill be made 

to determine if a cut off wall extending deeper than the 

existing systems can be installed to eliminate ground-water 

migration into the landfill. Based on the engineering 

studies during final design, the cut off wall may be 

installed to effect additional ground-water control. 
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5 . 4  Water S t o r a g e  

T h e  water c o l l e c t e d  by t h e  ground-water  c o n t r o l  s y s t e m s  w i l l  

b e  d i s c h a r g e d  t o  t h e  e x i s t i n g  e a s t  pond f o r  s t o r a g e  a n d  

e v a p o r a t i o n .  The e a s t  pond w i l l  b e  o p e r a t e d  a s  a z e r o  

d i s c h a r g e  impoundment t o  s u r f a c e  d r a i n a g e s  f o r  t h e  100-year,  

24-hour s t o r m  e v e n t  a f t e r  c l o s u r e .  

D u r i n g  c l o s u r e  o f  t h e  l a n d f i l l ,  t h e  water  e l e v a t i o n  i n  t h e  

e a s t  pond w i l l  be l o w e r e d  t o  a maximum e l e v a t i o n  o f  a b o u t  

5915. T h i s  maximum p o o l  e l e v a t i o n  w i l l  be m a i n t a i n e d  d u r i n g  

p o s t - c l o s u r e  r e s u l t i n g  i n  a p p r o x i m a t e l y  11 a c r e - f e e t  o f  

e x c e s s  s t o r a g e  i n  t h e  pond. T h i s  e x c e s s  s t o r a g e  w i l l  h o l d  

a l l  t h e  r u n o f f  from t h e  100-year d e s i g n  s to rm.  Excess  pond 

water w i l l  b e  s p r a y  evapora t ed ,  pumped t o  a n  e x i s t i n g  COPDES 

p e r m i t t e d  discharge p o i n t  o r  d i s c h a r g e d  unde r  a new COPDES 

p e r m i t  f o r  t h e  e a s t  pond. F i n a l  e x c e s s  s t o r a g e  v o l u m e  a n d  

water e l e v a t i o n s  w i l l  be de te rmined  d u r i n g  f i n a l  d e s i g n .  

5 . 5  Water Treatment  

Based on r e c e n t  s a m p l i n g  a n d  a n a l y s i s  ( A p p e n d i x  6 ) ,  t h e  

q u a l i t y  of water c o l l e c t e d  by t h e  ground-water  i n t e r c e p t i o n  

s y s t e m s  would n o t  r e q u i r e  t r e a t m e n t  p r i o r  t o  discharge i n t o  
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t h e  eas t  pond. However, c l o s u r e  a c t i v i t i e s  f o r  t h e  l a n d f i l l  

w i l l  r e s u l t  i n  r e d u c t i o n  of  ground-water  l eve ls  w i t h i n  t he  

l a n d f i l l  area.  Changes  i n  g r o u n d - w a t e r  c o n d i t i o n s  w i t h i n  

t h e  l a n d f i l l  may r e s u l t  i n  v a r i a t i o n s  i n  water q u a l i t y .  

Water c o l l e c t e d  by t he  s y s t e m s  w i l l  be a n a l y z e d  on a r o u t i n e  

b a s i s  a t  t h e  d ischarge  p o i n t  a n d  i n  t h e  e a s t  pond ,  a n d  

a p p r o p r i a t e  management methods i n s t i t u t e d  i f  c o n t a m i n a t i o n  

i s  found .  C r i t e r i a  f o r  e v a l u a t i n g  w a t e r  c o n t a m i n a t i o n  is  

p r e s e n t e d  i n  Appendix 6. 

S h o u l d  v a r i a t i o n s  i n  t h e  w a t e r  q u a l i t y  b e  s u f f i c i e n t  to 

r e q u i r e  t r e a t m e n t  o f  t h e  e a s t  pond waters ,  a t r e a t m e n t  

s y s t e m  w i l l  be  c o n s t r u c t e d  t o  h a n d l e  con tamina ted  waters a t  

t h e  p l a n t  s i te.  

5 .6  Ground-Water Moni tor ing  

A s s e s s m e n t  a n d  m o n i t o r i n g  o f  g r o u n d - w a t e r  q u a l i t y  a n d  

c o n t a m i n a t i o n  will be  c o n d u c t e d  u t i l i z i n g  t h e  e x i s t i n g  

m o n i t o r i n g  w e l l s  a t  t h e  l a n d f i l l .  M o n i t o r i n g  w e l l s  

i n s t a l l e d  f o r  a d d i t i o n a l  e n g i n e e r i n g  s t u d i e s  w i l l  a l s o  b e  

u t i l i z e d  a s  a p p r o p r i a t e .  M o n i t o r i n g  p r i o r  t o  and  d u r i n g  

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

m o n i t o r i n g  o f  a l l  e x i s t i n g  w e l l s  a n d  t h o s e  se lec ted  f r o m  
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additional studies. In addition, the east pond will be 

sampled quarterly at the west and east ends. 

Post-closure monitoring of ground-water is discussed in 

Section E of the Post-Closure Care Permit. 
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6.0 GAS COLLECTION 

6.1 Introduction 

The disposal of solid waste by landfilling employs 

engineering principles and construction methods to confine 

waste to the smallest area practical, compact the waste into 

the lowest volume possible, and cover the waste with layers 

of soil to limit exposure of the materials to the 

environment. This method inadvertently creates conditions 

in which gases may be produced, vented to the atmosphere and 

migrate laterally through the soil to outlying areas. 

Gas production is stimulated by biodegradable materials such 

as food wastes, paper, textiles and wood. The period of gas 

generation from a solid waste landfill may range from a few 

years to tens of years. The active gas production life is 

dependent on site-specific conditions including the levels 

of oxygen present, moisture content of the wastes, pH, 

temperature and waste composition. Some components of 

landfill-generated gas are methane, hydrogen sulfide and 

carbon dioxide. 

111 



C07890010526 Date: J u l y  1, 1988 
Revis ion  N o :  1 

6 . 2  Soil-Gas Survey 

A s o i l - g a s  survey  w a s  conducted a t  t h e  l a n d f i l l  t o  e v a l u a t e  

l e v e l s  o f  me thane  and  hydrogen  s u l f i d e  b e i n g  g e n e r a t e d  by 

t h e  l a n d f i l l .  T h e  r e s u l t s  o f  the s u r v e y  a re  p r e s e n t e d  i n  

t h e  r e p o r t  by Chen & Assoc ia t e s  i n  Appendix 3 .  . The r e s u l t s  

o f  t h e  s u r v e y  i n d i c a t e d  l i t t l e  o r  no me thane  and  hydrogen  

s u l f i d e  g e n e r a t i o n  f rom t h e  l a n d f i l l .  However ,  r e a d i n g s  

from t h e  p o r t a b l e  g a s  chromatograph u t i l i z e d  i n  t h e  survey  

did indicate the  presence  of o t h e r  v o l a t i l e  compounds. T h e  

unknown compounds w e r e  n o t  i d e n t i f i e d  n o r  q u a n t i f i e d  as  p a r t  

of t h e  survey.  

6 . 3  G a s  C o l l e c t i o n  System 

Based on t h e  r e s u l t s  of t h e  s o i l - g a s  survey,  a l a r g e  a c t i v e  

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

f o r  t h e  l a n d f i l l  c l o s u r e .  However,  some low l e v e l s  o f  

me thane  were detected i n  t h e  s u r v e y  and o t h e r  unknown 

compounds were p r e s e n t  i n  t h e  l a n d f i l l  so i l -gas .  Due t o  the  

p r e s e n c e  o f  t h e  s y n t h e t i c  m e m b r a n e ,  l o w  l e v e l  g a s  

c o n c e n t r a t i o n s  c o u l d  c o l l e c t  b e n e a t h  t h e  membrane .  

Co l l ec t ed  g a s e s  would m i g r a t e  through t h e  membrane a t  f1,aws 

o r  defects w i t h i n  t h e  membrane. I t  is n o t  a n t i c i p a t e d  t h a t  
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t h e  gas  l e a k a g e  would b e  s i g n i f i c a n t  enough t o  r e s u l t  i n  a 

h e a l t h  o r  e n v i r o n m e n t a l  h a z a r d :  however ,  l e a k a g e  c o u l d  

adve r se ly  affect  t h e  v e g e t a t i v e  cover. 

Although the so i l -gas  survey i n d i c a t e d  low l e v e l s  of methane 

and hydrogen  s u l f i d e  a t  t h e  l a n d f i l l ,  c l o s u r e  a c t i v i t i e s  

w i l l  l o w e r  w a t e r  l e v e l s  w i t h i n  t h e  l a n d f i l l .  L a n d f i l l  

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

a e r o b i c  d i g e s t i o n  upon  d e w a t e r i n g ,  r e s u l t i n g  i n  g a s  

generat ion.  The amount of g a s  genera ted  du r ing  water level 

drawdowns w i l l  be dependen t  on t h e  amount  of drawdown 

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

drawdown a n d  amount of p r e v i o u s  b i o d e g r a d a t i o n  w h i c h  h a s  

occurred i n  t h e  ma te r i a l s .  

As a p recau t ion  a g a i n s t  f u t u r e  gene ra t ion  of l a n d f i l l  gases  

and t o  reduce t h e  p o t e n t i a l  f o r  v e g e t a t i v e  cover  stress due 

t o  c o n c e n t r a t e d  l e a k a g e  of  g a s e s  t h r o u g h  t h e  membrane, a 

p a s s i v e  g a s  c o l l e c t i o n  and ven t ing  system w i l l  be i n s t a l l e d  

on t h e  l a n d f i l l .  T h e  s y s t e m  w i l l  c o n s i s t  of  a s i x - i n c h  

l a y e r  of sand placed below t h e  s y n t h e t i c  membrane and vented 

a round  t h e  p e r i m e t e r  and a c r o s s  t h e  f r o n t  c r e s t  o f  t h e  

l a n d f i l l  a t  a 200-foot  s p a c i n g .  The v e n t  p i p e s  w i l l  b e  

p l a c e d  a p p r o x i m a t e l y  two feet  above  t h e  f i n a l  c o v e r  wh ich  
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even in l o w  wind situations will provide a negative pressure 

gradient on the vent to exhaust collected gases. The 

proposed gas collection and ventilation system is shown on 

Figure 11. The gas vent pipes will be constructed of HDPE 

material in order to ease sealing with the synthetic 

membrane. 

6 . 4  Gas Collection System Maintenance 

As part of the post-closure maintenance of the cover, 

explosimeter measurements will be taken in the gas vent 

pipes to monitor the performance of the system and potential 

changes in gas generation from the landfill. If monitoring 

indicates significant increases in the gas generation from 

the landfill, modification of the gas collection and 

ventilation system may be implemented. Modifications may 

include the addition of turbines to the ventilation pipes to 

actively draw gases from the collection layer and/or 

installation of additional vent pipes in the final cover. 

Intervals and criteria for evaluating changes in gases will 

be set forth in the post-closure permit. 
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7 . 0  I N S T A L L A T I O N  AND MAINTENANCE O F  FENCE 

The existing security measures at the Rocky Flats Plant 

include: 

a three-strand barbed wire cattle fence 
surrounding the facility (Figure 1) posted to 
identify the land as a government reservation/ 
restricted area, 

. a fence surrounding and guards posted 24 hours per 
day at two gates to the controlled area of the 
facility (Figure l), 

a 6-foot high chain link fence topped by 2 feet of 
three-strand barbed wire surrounding and guards 
posted 2 4  hours perday at gate s t o  theperimeter 
security zone ( P S Z ) ,  

. 

. guards patrolling the controlled area and the PSZ 
24 hours per day, and 

surveillance by security cameras 2 4  hours per day. 

At the landfill, a four-foot high fence has been installed 

around the perimeter of the landfill. The fence has an 

access gate and posted warning signs. This fence and the 

existing fences and gates are operated and maintained by 

U.S. DOE. Maintenance requirements will be performed by 

U.S. DOE, regardless of the activities at the landfill. 

The security measures 

requirements of 

are sufficient 

6 CCR 1007-3, Section 265.14. 

to meet the 
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8.0 CLOSURE CERTIFICATION 

8.1 Certification Requirements 

Closure certification requirements are outlined in 6 CCR 

1007-3, Section 265.115 and 40 CFR 265.115: 

IlWithin 60 days of completion of closure of each 
hazardous waste surface impoundment, waste pile, land 
treatment, and landfill unit, and within 60 days of 
completion of final closure, the owner or operator must 
submit to the (Department of Health/Regional 
Administrator), by registered mail, a certification 
that the hazardous waste management unit or facility, 
as applicable, has been closed in accordance with the 
specifications in the approved closure plan. The 
certification must be signed by the owner or operator 
and by an independent registered professional 
engineer. 

Certification by an independent registered professional 

engineer does not guarantee the adequacy of the closure 

procedures and does not necessarily involve detailed testing 

and analyses. It implies that, based on periodic facility 

inspections, closure has been completed in accordance with 

the specifications in the approved closure plan (U.S. 

Environmental Protection Agency, 1981). 
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8 .2  Activities Requiring Inspections by a Registered 
Professional Engineer 

The following closure activities will be inspected by a 

registered professional engineer: 

removal, treatment and disposal of contaminated 
s o i l ,  if necessary, 

grading of landfill, 

installation of gas collection system, 

0 placement of cap, 

installation of ground-water collection system, 

system, 
0 repair of the existing ground-water collection 

vegetation, and 

0 Decontamination of the equipment used at the 
landfill. 

A summary of these activities and the dates when they 

occurred will be presented in the closure certification 

report. A s  a minimum, these activities will be inspected 

near the start of work, at approximately half completion and 

at completion. Inspections will incude visual observation 

of the work and review of quality control testing. 

The engineer will obtain and review the results of chemical 

and engineering testing which provide a record of the 
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progress and effectiveness of the implemented closure plan. 

Documentation supporting closure certification will be 

included in the certification report. This documentation 

will include surveying records verifying final slopes and 

contours, and records of equipment decontamination. Any 

deviations from the closure plan and their resolutions will 

be documented by the engineer performing the closure 

certification. 

8 . 3  Anticipated Schedule of Inspections by a Registered 
Professional Engineer 

An independent registered engineer will periodically review 

the closure operations listed in Section 8.2 in order that a 

final certification of closure can be developed which states 

that the closure has been carried out according to the plan. 

The engineer will observe construction activities and be 

present during performance and completion of key closure 

activities. 

The independent registered professional engineer and the 

owner will, at the end of closure, inspect the site and 

certify that the closure plan was carried out as described. 

Prior to final certification, deficiencies noted by the 
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engineer will be corrected. When deficiencies have been 

corrected, the engineer will issue a written report to the 

regulatory agencies certifying that the facility has been 

closed according to this closure document. The 

certification of closure, signed by the owner and the 

independent registered professional engineer, will be mailed 

to the CDH within 60 days after completing closure of the 

landfill. 
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Fig. 4.12. l h m i n g ' s  c o e f k h t  for @xmp, Source: SCS, 1975. 
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. .  . 
. 1. . 
¶ .  

t ha t  a conservat ive value o f  C be app l ied  f o r  PMF est imat ion s ince i n f i l -  
t r a t i o n  and storage comprise a l o w  percentage o f  the  runoff .  
the C values presented were der ived f o r  storms o f  5-100 year frequencies. 
Therefore, less  f requent,  h igher  i n t e n s i t y  storms w i l l  requ i re  the use of a 
higher C value (Chow, 1964). It i s  recomnended t h a t  a runo f f  coe f f i c i en t  
o f  1.0 be used f o r  PMF app l i ca t ions  i n  very small watersheds s ince the  
ef fects  o f  l o c a l i z e d  storage and i n f i l t r a t i o n  w i l l  be small. 

Furthermore, 

Table 4.5. Values o f  C f o r  Use i n  Rat ional  Formula. 

Watershed Cover 

S o i l  Type 
~~~ ~ ~ ~~~ ~~ 

Cul t i vated Pasture Wood1 ands 

With above-average i n f i l t r a t i o n  rates;  0.20 0.15 0.10 
usual ly  sandy o r  g r a v e l l y  

With average i n f i l t r a t i o n  rates;  no K 4 b  0.35 0.30 

With below-average i n f i l t r a t i o n  rates;  0.50 0.45 0.40 

c lay  pans; loams and s i m i l a r  s o i l s  _c 

heavy c lay  s o i l s  o r  s o i l s  with a c l a y  
pan near the  surface; shallow s o i l s  
above impervious rock 

Source: Chow, 1964. 

4.8.2 Rai n f a l l  I n t e n s i t y  

I n  order t o  determine t h e  r a i n f a l l  i n t e n s i t y ,  i, the t ime o f  concen- 
t r a t i o n ,  t, must be estimated. The t ime o f  concentrat ion can be 
appro x i mated by : 

(a)  Applying one o f  t h e  many accepted empi r i ca l  formulae such as 

LO -77 

sO.385 
tc = 0.00013 (4.44) 

where L i s  t h e  length  o f  the  bas in  i n  f e e t  measured along the 
watercourse from t h e  upper end o f  t h e  watercourse t o  the  drainage 
bas in  o u t l e t  and S i s  the  average slope o f  the  basin. 
concentrat ion i s  expressed i n  hours. 
app l i cab le  t o  rock covered slopes. This  expression was 

Time of 
This procedure i s  not  
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Table 4.6. Values o f  runof f  coef f ic ient  C. 

Runoff Coef f i c i  ent  s 

Character o f  Surface Range R ec m e n d e d  

Pavement--aspha1 t o r  concrete 

Gravel, f r a n  clean and loose t o  
clayey and compact 

Roofs 

Lawns ( i r r i g a t e d )  sandy s o i l  
F l a t ,  2 percent 
Average, 2 t o  7 percent 
Steep, 7 percent o r  more 

Lawns ( i r r i g a t e d )  heavy s o i l  
F la t ,  2 percent 
Average, 2 t o  7 percent 
Steep, 7 percent 

Pasture and non- i r r igated lawns 
Sand 

Bare 
Llght  vegetation 

Bare 
L igh t  vegetation 

Bare 
L ight  vegetation 

Loam 

C1 ay 

Cmposi t e  areas 
Urban 

S i  ngl  e-fami 1 y , 4-6 u n i t s /  acre 
Mul t i - fami ly ,  >6 units/acre 

Rural (mostly non- i r r igated lawn area) 
<1/2 acre - 1 acre 
1 acre - 3 acres 

Indus t r i  a1 
L igh t  
Heavy 

Business 
Downtown 
Neighborhood 

Parks 

0.70-0.95 

0.25-0.70 

0.70-0 -95 

0 05-0 . 15 
0 15 -0 20 
0.206.30 

0 -13-0 .I7 
0 . 18-0 . 22 
0.25-0.35 

0.15-0 -50 
0 10-0.40 

0 -20-0 -60 
0 10-0 45 

0 30-0 . 75 
0.20-0 -60 

0.25-0 -50 
0.50-0 75 

0.20 -0 50 
0.15-0.50 

0.50-0 -80 
0.60-0 90 

0 70-0 95 
0 SO-0.70 
0.10-0.40 

0 090 

0.50 

0 090 

0 010 
0.17 
0 -25 

0 015 
0.20 
0 -30 

0.30 
0.25 

0 -40 
0.30 

0.50 
0.40 

0.40 
0.60 

0.35 
0.30 

0 -65 
0.75 

0 -85 
0.60 
0 020 

Source: A X E ,  1970 and Seelye, 1960. 
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Table 4.7. Max.,num permissible v e l o c i t i e s  i n  e rod ib le  channels. 

Water Transport1 ng 
Co l l o ida l  S i l t s  

Channel Materi a1 v ( f t / sec)  
~ ~~~~ ~ ~ 

F ine sand, co l  1 o i  da l  
Sandy 1 oam, non-col 1 o i  dal 
S i l t y  loam, non-col loidal 
A1 l u v i  a1 s i  1 t s ,  non-col 1 o ida l  f 

Firm loam 
Volcanic ash 
S t i f f  clay, c o l l o i d a l  
A1 l u v i  a1 s i  1 t s ,  c o l l o i d a l  
Shales and hardpans 
Fine gravel 
Graded loam t o  cobbles, non-co l lo ida l  
Graded s i l t s  t o  cobble, c o l l o i d a l  
Coarse gravel , non-col 1 o ida l  
Cobbles and shf ngles 

2.50 
2.50 
3 .OO 
3.50 
3.50 
3 .SO 
5.00 
5 000 
6 .OO 
5 000 
5.00 
5.50 
6 .OO 
5.50 

Source: Lane 1955. 

Table 4.8. Maximum al lowable v e l o c i t i e s  i n  sand-based mater ia l  . 
Ve loc i t y  

Materi a1 ( f t / sec )  
~~ ~ ~ 

Very l i g h t  sand o f  quicksand character  
Very l i g h t  loose sand 
Coarse sand t o  l i g h t  sandy s o i l  
Sandy s o i l  
Sandy loam 
Average loam, a1 l u v i a l  so i  1, vo lcanic  ash 
F i r m  loam, c lay  loam 
S t i f f  c l a y  s o i l ,  gravel s o i l  
Coarse gravel, cobbles and shingles 
Conglomerate, cemented gravel, s o f t  s la te,  

tough hardpan, s o f t  sedimentary rock 

0.75 t o  1.00 
1.00 t o  1.50 
1.50 t o  2.00 
2.00 t o  2.50 
2.50 t o  2.75 
2.75 t o  3.00 
3.00 t o  3.75 
4.00 t o  5.00 
5.00 t o  6.00 

6.00 t o  8.00 
~ ~ ~~ 

Source: Lane, 1955. 



7 1  

Therefore, the permissible velocities 
extended t o  overland flow situations. 
exceed those indicated i n  Tables 4.7 

devel oped 
When des 

hrough 4. 

f o r  channels i s  usually 
gn velocities reach o r  
0 ,  protection is  warranted. 

Table 4.9. L i m i t i n g  Velocities i n  Cohesive Materials. 

Compactness of Bed 

Fai rl y Very 
Loose Compact Compact Canpact 

Vel oci t y  Vel oci t y  
OCi '{ ( f t /  sec (ft /sec) Materi a1 ( f t /  sec{ ( ft/ sec 

Principle Cohesive Vel oci t 

~~~~ ~ ~~ 

Sandy clay 1-48 2.95 4.26 5.90 

Heavy cl ayey soil s 1.31 2.79 4.10 5 -58 

Lean cl ayey soil s 1.05 2.30 3 -44 4.43 

C1 ays 1.15 2.62 3.94 5.41 

Source: Lane, 1955. 

The materials presented i n  Tables 4.7 th rough 4.9 can be referenced t o  
the Unified Soil Classification Sys ten  as presented by Wagner (1957). An 
engineering analysis of the cover material can provide an approximation of 
the pennissible velocities t h a t  the alternative cover materials may w i t h -  
stand w i t h o u t  supplemental protection. 

4.11 PERMISSIBLE VELOCITY EXAMPLE 

A tailings disposal s i te  located i n  the northwest corner of New Mexico 
The reclamation plan indicates has prepared a reclamation plan for review. 

that a 10 foot  thick cap will be placed atop the tailings a t  a slope of 
2.4% w i t h  a compaction of 95% of optimum. 
i n  Figure 4.14 and shall t rans i t ion  into side slopes of  1V: lOH.  
proposed that the cap will be canposed of a sandy clay w i t h  a coarse gravel 
cover. Along the crest, a 12 inch thick layer of r ip rap  will be placed for  
a t  least 8 feet upslope and downslope of the crest to stabilize the 
transition. The r ip rap  will have a median stone size of 6 inches. The 
gravel cover will have a median rock size of 1.5 inches. The design 
reviewer must verify that the gravel cover will resist the potential 
velocities t h a t  may result on the cap. 

The cap will be graded as  shown 
I t  i s  
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Table 4.10. Maximum Permissible Ve loc i t i es  i n  Feet per Second ( f p s )  
f o r  Channels Lined With Uniform Stands o f  Various 

We1 1 -Maintained Grass Covers 

Maxi mum Permi s s i  b l  e Veloci t i esa 

Slope Range Erosion- Easi ly-Eroded 
Cover % Resis tant  Soi 1 s Soi 1 s 

Bermudagrass } -k:;o 
lover 10 

8 
7 
6 

6 
5 
4 

B u f f a l  ograss (0-5 7 5 

Kentucky bluegrass 6 
5 

5 
Smooth brome 
Blue grama b 

Grass mixtureb ) 5-10 4 
Lespedeza s e r i  cea 

Weeping lovegrass 

Ye1 l o w  bluestem‘ 

Kudzu 

A1 fa1 f a  

Crabgrass - 

L 

0- 5 

Comnon 1 espedezac rd 0-5 

Sudangrassd 

3.5 2.5 

3.5 2.5 

‘Use v e l o c i t i e s  over 5 fps on ly  where good covers and proper maintenance 

bDo not use on slopes steeper than 10 percent . 
‘Use on slopes steeper than 5 percent i s  not  recommended. 

dAnnuals are used on m i ld  slopes or  as temporary p ro tec t i on  u n t i l  

can be ob ta i  ned 

permanent covers are established. 

Source: SCS, 1984. 
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f Ea. (4-23) should be reduced b 13 * actor of the sixth root of a number I 4LL k 
.- 

:I &ween two and thm-i.e., by between 10 and 20 percent. The effect is to 
&e the agreement between the two equations even closer than it appears 

@e conclude that there is a remarkably close correspondence between 
a. (4-1 1). based initially on quite small-scale pipe experiments (Nikuradse's 
irgcst pipe was 2+ in. in diameter), and the Manning and Strickler equations, 
bed on quite large-scale field observations. It follows that the Manning 
quation is suitable for all fully rough flow, although there will be a range of 
htermediate channel sizes for which Eq. (4-11) is equally suitable, within 
l o d y  acceptable limits of accuracy. For transition flow, as described by 
!q. (4-13), the Manning equation is no longer suitable, unless the coefficient 
I is ncognized as dependent on Re, as in Fig. 4-5 (see no te  on Table 4-2); 
he boundary between transition flow and fully rough flow is given by Eq. 
4-16). and may conveniently be expmxd in terms of the Manning quation 
mrameters. Equations (4-14). (4-10, and (4-22) may be combined (Prob. 4.3) 

IfitJt. 

I 

1 
I 

mult 

I I I - -  

'% for fully rough flow. If this inequality is true the Manning equation is applic- 
-' able. r' 

Typical values of the coefficient n are listed in Table 4-2. 

TABLE e2 Values ot Manning's Roughnarc CoalWent n - 
Glass. plastic, machined metal . . . . . . . . . . . .  0.010 
Drascd timber. joints flush . . . . . . . . . . . .  0.011 
Sam timber. joints uneven . . . . . . . . . . . .  0.014 
Cement Dlaster . . . . . . . . . . . . . . . .  0.011 

i concrete. steel troweled . . . . . . . .  . . . .  
I Concrete. timber forms. unfinished . . . . . . . . . .  0.014 

Untreated gunitc . . . . . . . .  . . . .  
Brickwork or dressed masonry . . . . . . . . . . . .  0.014 
Rubble sct in cement . . . . . . . . . . . . . .  0.017 
&th. smooth. no w e d s  . . . . . . . . . . . . . .  0.020 
Earth, some stonu and weds 0.025 a . . . . . . . . . . . .  
Natural ricer channels: 

Clean and straight . . . . . . . . . . . . . .  0.02S-O.030 
Winding, with pools and shoals . . . . . . . . . .  0.033-0.040 
Very weedy. winding and overgrown . . . . . . . . . .  0.075-0.150 
Clean straight alluvial channels . . . . . . . . . .  0.031d1" 

(d= D-7S size in ft.) 
-- - 

Notes on Table 4.2 

When a single value of n is given in the table, it is the mean value of a 
range of approximately +O.OOI. The categories such as "clean straight river 

1 I 



100 FLOW E STANCE I u 
channels" described at  the end of the table clearly cover such a wide ranp 
of conditions that some field experience is desirable before a value of n cap 
be estimated with reasonable confidence. However, the photographs giva 
by Ven Te Chow [6] form a useful supplement to, or even substitute for, 
field experience. 

The last entry in the table gives the result of Eq. (4-22), applicable mainly 
to alluvial channels of coarse noncohesive gravel or cobbles (known 8 

shingle in British countries). The D-75 size may be taken as a good appro& 
mation to the value of d (larger than the median) with which the bed tends 
to become armored. 

The reader will easily be able to verify that the values of k, in Table 4-1 
are generally consistent, via Eq. (4-22). with the above values of n. 

When the channel bed and banks are thickly covered with vegetation an , 
appreciable part of the flow takes place through the vegetation at  low vel* 
cities. If the growth is of fine material such as grass the Reynolds number Re 
defined with respect to the stalk thickness will be low, and the resistance, and 
therefore the Manning n, will be dependent on Re. Since n will therefore 
depend on the velocity, it may possibly depend on Re defined with respea 
to the channel size as well as with respect to the stalk thickness. This has beM 
shown to be true by the experiments of the U. S. Soil Conservation Service [3]; 

' 

1 - 
1 

their results, for a number of North American grass species. are summarized 
in Fig. 4-5. The division into classes depends mainly on the length and the 
" stand "-Le., the vigour and.thickness of growth, according to the following 
table: 
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TABLE 6 3  

.L 

Ctass 'r 

5. 
AueMge length of pass Good stand Fair stand 

More than 30 in. A B 
C 11-24 in. B 

I 

P 

n * .A f m a-IU in. 
2-6 in. 

L 

D 
Y 

D - . .  
leu than 2 in. E E -. 

wide shallow grassed channels are a popular solution to the problem of 
rpjsing large discharges down steep slopes without developing unduly high 

n i r m  Flow: lb Computation and Applications I 

ignijicance of uniform FIOW 

:Uniform flow has now been defined and a dynamic equation developed- 
Manning equation-which adequately describes both uniform and non- 

m flow seldom occurs in nature, since natural channels are usually 
. Even in artificial channels of uniform section, the occurrence of 

g$nifonn flow may be relatively infrequent because of the existence of controls, 
4 h c h  as weirs, sluice gates, etc., which dictate a depthdischarge relationship 
'P-. different from that appropriate to uniform flow. 
%:.:,. e:?. However, uniform flow is a condition of such basic importance that it must 
._.. ... - be considered in all channeldesign problems. For example, if it is proposed 
,:" .to instal certain controls in  an irrigation canal it is necessary to compare their 

depthdischarge relation with those of uniform flow; as we shall see, the whole 
character of the flow in the canal will depend on the form this comparison 
takes. Again, if a canal is to be laid on a certain slope, is to have a lining Of a 
certain coefficient n, and is to take a certain discharge, then the uniform-flow 
condition is the criterion governing the minimum cross-sectional area required. 
Other criteria may of course determine that the section must be greater than 
this minimum, but the section cannot conceivably be any smaller or the canal 
will be unable to take the required discharge. 1 

' i  

I . fionomical Design of a Channel Cross Section 
A typical uniform-flow problem in the design of artificial canals is the 

Wnomical proportioning of the cross section. A canal having a given 
Manning coefficient n and slope So is to carry a certain discharge Q, and 

I L, 
h 
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E x i s t i n g  C o v e r  
Rocky F l a t s  - P r e s e n t  L a n d f i l l  
May 2 6 ,  1 9 8 8  

* * * * * * * * * * x * * * * * * * * * * * * * * * * * * * * * * * * x * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * x * * x * * * * * * * * * * * * * x * * * * * * * * * * * * x * * ~ * *  

FAIR G R A S S  

LAYER 1 ------- 

- 36.00 INCHES 
- 3.100 MM/DAY**0.5 
- 0.4292 VOL/VOL 
- 0.2718 VOL/VOL 

0.1840 VOL/VOL 

VERTICAL PERCOLATION LAYER 
THICKNESS 
EVAPORATION COEFFICIENT 
POROSITY 
F I E L D  CAPACITY 

E F F E C T I V E  HYDRAULIC CONDUCTIVITY - - 0.049 50000 INCHES/HR 
WILTING POINT 

- 
- 
- 
- 
- - 

LAYER 2 ------- 

WASTE LAYER 
T H I C K N E S S  
EVAPORATION COEFFICIENT - 
POROSITY 
F I E L D  CAPACITY 
WILTING P O I N T  
E F F E C T I V E  HYDRAULIC CONDUCTIVITY 

= 300.00 INCHES 
3,300 MY/DAY**O.S 

- - 0.5200 VOL/VOL 
0.3200 VOL/VOL 
0.1900 VOL/VOL 

- - 0.25 29  9 9 99  INCHES/HR 

- 

- - 
- - 



76.21 - SCS RUNOFF CURVE NUMBER - 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH - 
EFFECTIVE EVAPORATION COEFFICIENT = 3.100 M M / D A Y X x 0 . 5  

- - 2.1460 INCHES 
INITIAL VEG. STORAGE - - 1.1395 INCHES 
UPPER LIMIT VEG. STORAGE 

= 383000.  SQ. FT 
5.00 INCHES - 

CLIMATOLOGIC DATA FOR DENVER COLORADO 

MONTHLY MEAN TEMPERATURES, DEGREES FAHRENHEIT 

YAY/NOV JUN/DEC ------- ------- JAN/JUL FEB/AUG MAR/ S E P  APR/OC T ------- - - - - - - - ------- ------- 
28.90 30.56 37.46 47.76 58.69 67.33 
71.35 69.69 62.79 52.49 41.56 32.92 

MONTHLY MEANS SOLAR RADIATION, LANGLEYS PER DAY 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV J UN/DEC 

218.56 274.45 355.05 438.77 503.16 530.98 
514.77 468.88 378.28 294.57 230.17 202.35 

------- ------- _------ ------- ------- ------- 

LEAF AREA INDEX TABLE 

DATE 

1 
124 
1 4 0  
156  
1 7 2  
1 8 8  
205 
2 2 1  
237 
253 
269 
285 
366 

---- LA1 

0.00 
0.00 
0.31 
0.5 1 
0.5 1 
0 .51  
0.51 
0.5 1 
0.46 
0.33 
0.16 
0.09 
0.00 

---- 

( POOR GRASS 

WINTER COVER FACTOR = 0.30 



AVERAGE MONTHLY TOTALS FOR 7 4  THROUGH 7 8  

PITATION (INCHES) 

RUNOFF (INCHES) 

EVAPOTRANSPIRATION 
(INCHES 1 

PERCOLATION FROM B A S E  
OF LANDFILL (INCHES) 

DRAINAGE FROM B A S E  OF 
LANDFILL (INCHES) 

0.38 0.45 1.23 1.65 1.68 1.39 
2.19 1.17 0.67 0.89 0.94 0.35 

0.000 0.000 0.005 0.000 0.007 0.087 
0.010 0.093 0.000 0.000 0.000 0.000 

0.421 0.505 0.853 1.353 1.403 1.218 
1.895 0.845 0.567 0.560 0.713 0.439 

0.0009 0.0001 0.0725 0 .3193 0 .3711  0.2692 
0.1788 0.5188 0.0489 0.1234 0.2708 0.0837 

0.000 0.000 0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

RUNOFF 0.202 6451.  1.56 

EVAPOTRANSPIRATION 10.572 337417 .  51.37 

PERCOLATION FROM BASE O F  LANDFILL 2.2573 72044.  17.37 

DRAINAGE FROM B A S E  OF LANDFILL 0.000 0.  0 .00 
x * x x ~ * * * * * * x ~ * * * X x * * x x x * * * x * * x * x * x * x * * x x * x x * * * * ~ * * x x ~ * * * * * x * * * x x x x x  



\ 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * x * x  

PRECIPITATION 1.79 57  130.8 

RUNOFF 0.436 13909.7 

PERCOLATION FROM BASE OF LANDFILL 0.0848 2706.6 

DRAINAGE FROM BASE OF LANDFILL 0.000 0.0 

HEAD ON BASE OF LANDFILL 0.0 

SNOW WATER 0.6 3 20198.8 

MAXIMUM VEG. SOIL WATER (VOL/voL)  0.3867 

0.1815 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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P r o p o s e d  C o v e r  
Rocky F l a t s  - Present L a n d f l l l  
May 26, 1988  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
*****I* . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

FAIR GRASS 

LAYER 1 ------- 

VERTICAL PERCOLATION LAYER 
THICKNESS - - 6.00 INCHES 

- - 5.0 00 MM/DAY * * 0.5 
POROSITY - - 0.5110 VOL/VOL 
EVAPORATION COEFFICIENT 

- - 0.3010 VOL/VOL 
- 0.1840 VOL/VOL 

FIELD CAPACITY 

EFFECTIVE HYDRAULIC CONDUCTIVITY - - 0.9 9 0000 0 1 INCHES/HR 
WILTING POINT - 

VERTICAL PERCOLATION LAYER 
THICKNESS - - 30.00 INCHES 
EVAPORATION C OE F F IC I EN T 
POROSITY - 
FIELD CAPACITY 
WILTING POINT - 
EFFECTIVE HYDRAULIC CONDUCTIVITY - - 0.00420000 INCHES/HR 

- - 3.100 MM/DAY * * 0.5 
0.3898 VOL/VOL 
0.2893 VOL/VOL 
0.2000 VOL/VOL 

- 
- - 
- 



LAYEH J -1 ------- 

LATERAL DRAINAGE LAYER 
SLOPE 
DRAINAGE LENGTH 
THICKNESS 
EVAPORATION COEFFICIENT 
POROSITY 
FIELD CAPACITY 
WILTING POINT 
EFFECT I VE HYDRA U L IC C OND U C T IV ITY 

2.00 PERCENT - - 
= 600.0 FEET 
- - 6.00 INCHES 
- - 3.300 MY/DAY**0.5 
- - 0.37 1 0  VOL/VOL 
- - 0.1 7 2 0 VOL/VOL 
- - 0.0500 VOL/VOL 
- - 5.400000 1 0  INCHES/HR 

LAYER 4 ------- 

6.00 INCHES - - BARRIER SOIL LAYER WITH LINER 
THICKNESS 
EVAPORATION COEFFICIENT 
POROSITY 
FIELD CAPACITY 

EFFECTIVE HYDRAULIC CONDUCTIVITY - - 0.27000001 INCHES/HR 
WILTING POINT 

- 3.10 0 MY/DAY * 0.5 
- 0.2907 VOL/VOL 
- 0.14 1 5 VOL/VOL 
- 0.0500 VOL/VOL 

- 
- 
- 
- 

LAYER 5 ------- 

- 36.00 INCHES 
VERTICAL PERCOLATION LAYER 
THICKNESS 
EVAPORATION COEFFICIENT 
POROSITY 
FIELD CAPACITY 

EFFECTIVE HYDRAULIC CONDUCTIVITY - - 0.01650000 INCHES/HR 
WILTING POINT 

- 
3.100 MH/DAY * * 0 .5  - - 
0.4292 VOL/VOL 

- 0.27 18  VOL/VOL 
0.1840 VOL/VOL 

- - 
- 
- - 

WASTE LAYER 
THICKNESS 
EVAPORATION COEFFICIENT 
POROSITY 
FIELD CAPACITY 
WILTING POINT 

LAYER 6 ------- 

= 300.00 INCHES 
3;300 MH/DAY**0.5  - - 
0.5200 VOL/VOL 
0.3200 VOL/VOL 
0.1900 VOL/VOL 

- - 
- - 
- - 



- EFFECTIVE HYDRAULIC CONDUCTIVITY - U . Z 8 Z Y 3 Y Y Y  liLLn&a/nn 

GENERAL SIMULATION DATA ....................... 

SCS RUNOFF CURVE NUMBER 
TOTAL AREA OF COVER 
EVAPORATIVE ZONE DEPTH 

76.21 - - 
= 403000.  SQ. F T  
- - 5.00 INCHES 

LINER LEAKAGE FRACTION - - 0 .000001  
EFFECTIVE EVAPORATION COEFFICIENT = 5.000 MM/DAY**v.5 

- - 2.5550 INCHES 
INITIAL VEG. STORAGE - - 1.2125 INCHES 
UPPER LIMIT VEG. STORAGE 

CLIYATOLOGIC DATA FOR DENVER COLORADO 

MONTHLY MEAN TEMPERATURES, DEGREES FAHRENHEIT 

J A N /  J UL 

28.90 
71.35 

_------ 

JAN/JUL 

218.56 
514.77 

.------ 

blAR/SEP APR/OCT MAY/NOV ------- FEB/AUG ------- _------ ------- 
30.56 37.46 47.76 58.69 
69.69 62.79 52.49 41.56 

MONTHLY MEANS SOLAR RADIATION, LANGLEYS PER DAY 

APR/OCT YAY/NOV ------- ------- FEB/AUG MAR/SEP 

274.45 355.05 438.77 503.1 6 
458.88 378.28 294.57 230.17 

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

LEAF AREA INDEX TABLE 

DATE 

1 
124 
1 4 0  
1 5 6  
172  
188  
205 
2 2 1  
237 
253 
269 
285 
366 

---- LA I 

0.00 
0.00 
0.31 
0.51 
0.51 
0.51 
0.51 
0.51 
0.46 
0.33 
0.16 
0.09 
0.00 

---- 

JUN/DEC 

67.33 
32.92 

------- 

JUN/DEC ------- 
530.98 
202.35 

POOR GRASS 

WINTER COVER FACTOR = 0.30 



0 AVERAGE MONTHLY TOTALS FOR 7 4  THROUGH 78 

PRECIPITATION (INCHES)  

RUNOFF (INCHES) 

EVAPOTRANSPIRATION 
(INCHES) 

PERCOLATION FROM B A S E  
OF COVER (INCHES) 

PERCOLATION FROM B A S E  
CrF LANDFILL (INCHES) 

COVER (INCHES)  

DRAINAGE FROM B A S E  OF 
LANDFILL ( INCHES 1 

0.38 0.45 1.23 1 .65  1.68 1.39 
2.19 1.17 0.67 0.89 0.94 0.35 

0.000 0.000 0.000 0.000 0.030 0.005 
0.000 0.034 0.000 0.000 0.000 0.000 

0.421 0.524 0.833 1.297 1.538 1.149 
1.543 1.233 0.598 0.520 0.569 0.308 

0.0010 0.0009 0.0016 0.0011 0.0011 0.0012 
0.0012 0.0013 0.0012 0.0013 0.0013 0.0013 

0.0009 0.0008 0.0013 0.0012 0.0011 0.0011 
0.0012 0.0012 0.0012 0.0012 0.0012 0.0012 

0.104 0.094 0.103 0.111 0.122 0.125 
0.127 0.137 0.126 0.132 0.129 0.132 

0.000 0 .000  0.000 0.000 0.000 0.000 
0.000 0.000 0.000 0.000 0.000 0.000 

0 AVERAGE ANNUAL TOTALS FOR 74 THROUGH 7 8  
, 



RUNOFF 0.069 2332.  0.53 

3VAPOTRANSPIRATION 10.534 353779.  81.08 

PERCOLATION FROM BASE O F  COVER 0.0148 498.  0 .11 

PERCOLATION FROM B A S E  O F  L A N D F I L L  0.0134 449. 0.10 

DRAINAGE FROM B A S E  O F  COVER 1.440 48366.  11.09 

DRAINAGE FROM BASE O F  L A N D F I L L  0.000 0. 0.00 
* * * * * * * * * * * * * * * * * * * * * t . * * ~ * * * * * * * * * * * * * * x * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * %  

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

RUNOFF 

PERCOLATION FROM B A S E  O F  COVER 

PERCOLATION FROM BASE O F  L A N D F I L L  

DRAINAGE FROM BASE O F  COVER 

DRAINAGE FROM B A S E  O F  LANDFILL 

HEAD ON B A S E  O F  COVER 

HEAD ON B A S E  O F  LANDFILL 

SNOW WATER 

MAXIMUM VEG. S O I L  WATER (voL/voL) 

M I N I M U M  VEG. S O I L  WATER (VOL/VOL) 0 

( INCHES)  -------- 

1.79 

0.1 52  

0.0024 

0.0006 

0.014 

0.000 

42.0 

0.0 

0.63 

0.5110 

0.1833 

(CU. FT.) --------- 

60114.2 

5100.3 

.81.0 

20.5 

480.1 

0.0 

21253.5 



1 
Casoer 

FI Collins 
Gienwmo Springs 
Phoenix 
Rock Springs 
Salt Lake City 
San Anionio 

96 Souin Zunl C hen &Associates Denver. Colorado 80223 Coloraoo Sorings 
Consulting Geoiechnlcai Engineers 303744- i  105 . 

September 10, 1987 

Subject: Real Time Soil-Gas, Rocky F l a t s  
Iandfill,  Rocky Flats Plant, Golden, 
Colorado 

Job No. 6 011 87 

Rockwell Inte rnat ional 
Rocky Fla t s  Plant 
North Anerican space Operations 
P.O. Box 464 
Golden, Colorado 804024464 

Attention: Mr. Tom Greengard 

As requested, Chen & Associates conducted a real t i m e  soil-qas survey a t  
the Rocky Flats l andf i l l  on Sptember 1 and 2, 1987. W n t y  points were 
measured in the l and f i l l  for methane and hydrogen sulfide.  "he location of 
those points are shown on Figure 1. 

Methane was analyzed by a Century OVA 128 flame ionization detector in  
the gas chranatography mode. Hydrogen su l f ide  was analyzed by a 
Fhotovac 1OSSO gas chranatograph w i t h  a photoionization detector. Tbe s m y  
of the analyzed canpounds are shown i n  Table I. All  sample and QA/CC Photovac 
10S50 chranatograms are shown i n  Attachment 1. 

If you have any questions or i f  we may be of further service, please do 
not hesitate t o  contact us .  

Sincerely, 

BY 
David C. Constant 

DCC/eac 
Rev. By: DRG 
Encs . 
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1 
SUMMARY OF HyDRcx;EN SULFIDE AND ME;THANE RESULTS 

Hydrogen Sulfide 
Soil- V a l u e  Methane Value 

Samplinq Point Locat ion (ppn) (ppn) 

1 N39560 
E20330 

0 0 

2 N39380 
E20330 

0 0.2 

3 N39380 
E201 50 

0 0 

4 N39560 
E201 50 

0 0 

5 N39740 
E201 50 

0 0.4 

6 N39920 
E201 50 

0 0 

7 N39740 
El 9970 

0 0 

8 N39560 
El 9970 

0 0 

9 N39380 
E19970 

0 0 

10 N39200 
El 9970 

0 0 

1 1  N39470 
E19880 

0 0 

12 N39650 
El 9880 

0 0 

13 N39740 
El 9790 

0 0 

14 N39560 
El 9790 

0 0 

Chen &Associates 
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SUMMARY OF HYDROGEN SULFIDE AM) MFIHANE RESULT5 

Hydrogen Sulfide 
Value Methane value Soil-s 

sampling P o i n t  bcat ion (ppn) (ppn) 

15 

16 

17 

18 

19 

20 

N39380 
El 9790 

N39920 
E20330 

N39740 
E20330 

N39560 
El 961 0 

N39470 
El 9700 

N39290 
El 9700 

0 0 

0 0 

0 0 

0 0 

0 0 

0. 0 



.. 
. . _ . I  

. .  
. - .: ! 

I I 

H2S Calibration 

--- .- - . 

s 1 

Air Check I........ ...................... 
crw e 62.: 

-Tsrs = 79 RCUT FLRTS 

G n i w  

SEP I 1987 m : ~ e  S W P L E  RUN 

TEWERPTURE 2 1  I(lm DCC 
10e W I I W  

. . . .,i. ....... co ,- y.L':.. ..i." .: 7.' 

.... 
. . .  

Sample Equipment Check 



,_ . . .- 
. ._ .  

- . . ,  . -. 
s,r * : ; -  .,- ... .-... ... . -  . . _  . .. 

- -  
I 3 1  I 1  us 
2 1 2 . 9  3 . )  u.i 
3 2 5 . 7  2 5 . 3  r u S  

UNUabm * 3s. 2 l e .  I ,us 

1 1  

1 3 . 2  1 0 . 7  us . 11 .8  . . s  45 
UHWUN 

¶ 03:s !a:* ws 

12 Air Check 



. - -  
. .  

. .  I .  
. .  - . . - - . . . . - _ _  _ _  . . 

... ... 

C O ~ ~  PEW R . T .  *IPEn,rPn 

UmRY)M 1 3 . a  13.1 us 
UNlNOUY 2 11.9  s . O  US 

3 2s.. 3 8 . 3  .US U M N O M  
i l N U N O W  4 33.6 53.9 m u 5  

1 3  

14 

3 I?.* 1 . 3  us 
* I . . .  Il.+l'OPn 
5 10.6 1..31 "'I: 
6 2S.l 7e.7 I U S  
7 3J1.3 4 5 . 7  "US 

I 3.5 * . . U S  
2 8 . 6  2 . 0  4s 
3 1 2 . 0  1 . 3  us 
4 I * . *  1 . 2  us 
5 16.4 10.00 -- 
e 25 .1  x . 7  rus 
7 3J1.3 J1s.7 -us 

A i r  Check 

i 



,/-. - 
.-' 

! 

a 

:: 

.___________________----------- 
s i o f  e eo.a  

16 

. +-.- . I  . \  - .  . .  

. . 

I 



.................. 
. . . .  . .  j l ” R 1  - 

_...................~ ......... 
sf< 0 w . O  

S C m E  R L N  SET z im7 1 2 : a  I 

TEltPERLTWIE 38 Knn mc 
WIN 198 MI187 

I M T S l S  2* R O U T  -15 

MPOLM ).mt PEW n . 1 .  m?fn@Pn 

upImur 1 3.0 6 . 6  us 
urnray11 I 12.0 3.2 us 
nzs 3 16.0 >.253 PPn 

2 5 . .  6.1 -US 
5 3q.e 3 6 . 6  .US 

H S C a l i b r a t i o n  
2 

A i r  Check 

- .  .. - ... 
......... 

. . .  

............................... 
srw D 60 .0  

18 



. - 
. .  

. ,  . " , i  . .  .. - 
<.... . . . . .  . 

--- ........ - ........ 
5:as- , . . . . . . . .  

..... 

. .  

H 5 Calibration 2 

I 

! 

20 



1 

,.-- .- 
,I ,._ . ... . 

Pump Check 



APPENDIX 4 

SITE CHARACTERIZATION PLAN 
NORTH SPRAYFIELD 
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Revision No: 1 

1.0 INTRODUCTION 

The north sprayfield area located adjacent to the landfill 

will be studied under this closure plan, to evaluate if 

contamination has occurred in the area. 

The sprayfield is located northwest of the east pond. The 

sprayfield measures approximately 280 by 480 feet. Water 

sprayed onto this field was pumped from the west pond. This 

sprayfield has not been used since the west pond was removed 

in May, 1981. 

Soil sampling will be performed in the north sprayfield area 

in 1988. 

Based on the nethod of application of waters to the 

sprayfield and uniformity of pond water it is assumed that 

the contamination, if present, will be relatively uniform in 

distribution adjacent to spray lines. Therefore, the 

sampling plan will be designed to characterize uniform 

contamination in the areas adjacent to previous spray lines. 

1 
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2.0 INDICATOR PARAMETERS FOR SOIL SAMPLING 

Because of the wide variety of materials which had the 

potential to be disposed of in the landfill and limited 

previous sampling, specific indicator parameters can not be 

identified at this time. The soil samples collected in the 

sprayfield will be analyzed for :  

Volatile Organic Compounds (EPA Method 624) 
Semi-volatile Organic Compounds (EPA Method 625) 
Metals 
Radionuclides 

2 
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3.0 CHARACTERIZATION OF NORTH SPRAYFIELD 

Characterization of the soils in the sprayfield will be 

conducted in a phased assessment. The first phase of 

characterization will consist of limited soil sampling and 

direct radiation surveys of each sprayfield in order to 

evaluate if soil contamination exists. If contamination is 

identified in the Phase I assessment, a second phase will be 

conducted in order to further define the extent of 

contamination. 

3.1 Direct Radiation Survey 

The direct gamma radiation survey will be conducted over the 

ground surface to detect measurable amounts of 

radioactivity. The assessment will be conducted in 

accordance with Rocky Flats radiation monitoring procedures 

(Rockwell, 1986~). 

The gamma survey will be with a Field Instrument for 

Detection of L o w  Energy Radiation (FIDLER) . Measurements 

will be compared to background radiation levels for 

evaluation of potential contamination. 



C07890010526 Date: J u l y  1, 1988 
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3 . 2  Phase I S o i l  Sampling 

3 . 2 . 1  I n t r o d u c t i o n  

The Phase I s u m e y ,  c o n s i s t i n g  of s u r f a c e  s o i l  s a m p l i n g  and 

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

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

s o i l s  i n  t h e  s p r a y f i e l d  are  con tamina ted .  

The s a m p l i n g  p r o g r a m  w i l l  c o n s i s t  o f  a p p r o x i m a t e l y  e v e n l y  

s p a c e d  s a m p l i n g  p o i n t s  a d j a c e n t  t o  p r e v i o u s  s p r a y  l i n e s .  

T h i s  s ampl ing  program, t o  c h a r a c t e r i z e  t h e  c o n t a m i n a t i o n  a t  

t h e  f a c i l i t y  w a s  selected a s  s p r a y i n g  o p e r a t i o n s  w i l l  have 

r e s u l t e d  i n  a uni form and d i s p e r s e d  c o n t a m i n a t i o n  a round t h e  

p r e v i o u s  s p r a y  l i n e s .  I t  is a s s u m e d  t h e  r e s u l t s  o f  t h i s  

su rvey  w i l l  d i r e c t l y  i n d i c a t e  i f  c o n t a m i n a t i o n  is o r  is n o t  

p r e s e n t .  

T h e  m a j o r  s o i l  ser ies  o v e r  much o f  t h e  Rocky F l a t s  P l a n t  

s i t e  is t h e  F l a t i r o n s  v e r y  c o b b l y  s a n d y  loam.  T h i s  i s  t h e  

s o i l  series p r e s e n t  a t  t h e  s p r a y f i e l d .  T h i s  s o i l  h a s  a h igh  

r o c k  f r a g m e n t  c o n t e n t  r a n g i n g  t o  8 0  p e r c e n t  w i t h  a t h i c k  

c l a y  ma t r ix  h o r i z o n  r ang ing  up t o  60  p e r c e n t  c l a y .  The c l a y  

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

4 
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exchange capacity and a moderate shrink/swell potential. 

The top 13 inches is a very cobbly sandy loam with a 

permeability ranging from two to six inches per hour. From 

13 to 4 7  inches, the soil is a very gravelly clay with a 

permeability range of 0.06 to 0.2 inches per hour. Below 

4 7  inches, the soil is a sandy clay loam with a permeability 

that ranges from 0.6 to 2.0 inches per hour. This data is 

from Soil Conservation Service report and has been confirmed 

by previous site investigations the Rocky Flats Plant. 

The above soil characteristics and the noncontinuous input 

of contaminants to the sprayfield currently indicates 

contaminated soil may be limited to the soils. The 

relatively low permeability clay layer, extending from a 

depth of 13 to 47  inches, is anticipated to have restricted 

the migration of any contaminants that may have been 

released from sprayfield. Therefore, preliminary sampling 

and analyses of soils will be limited to shallow soils up to 

and including the contact with the clay layer. 

3 . 2 . 2  Sampling Procedures 

At each sampling location, an approximate one-foot deep 

boring will be made with hand implements or a bucket auger, 

5 
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depending upon soil conditions. Samples will be comprised 

of the composite of materials exposed over the length of the 

boring. Sampling for volatile organic compounds will be 

grab samples at the contact with the clay layer. 

All samples will be properly labeled, stored on ice, and 

delivered to an off-site laboratory for analyses and to 

permanent storage for holding extra samples. Detailed 

procedures for soil sampling are proved in Appendix A of the 

CEARP, Phase 2:  Rocky Flats Plant (Appendix 5) .  

3 . 2 . 3  Locations and Number of Borings 

Within the sprayfield the sampling pattern will be as shown 

on Figure 2 of the Landfill Closure Plan. The sampling 

pattern was selected as it provides a evenly spaced sampling 

grid in the vicinity of the previous spray lines. 

3 . 2  Quality Assurance/Quality Control 

The Quality Assurance/Quality Control (QA/QC) procedures to 

be used for soil sampling and analyses are presented in the 

CEARP, Phase 2 :  Rocky Flats Plant. The QA/QC Plan is 

6 
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r e p r o d u c e  i n  Appendix  5 o f  t h e  P r e s e n t  L a n d f i l l  C l o s u r e  

P lan .  

3 . 3  Data A n a l y s i s  

An a s s e s s m e n t  of s o i l  c o n t a m i n a t i o n  f o r  t h e  s p r a y f i e l d  w i l l  

b e  based on  c o m p a r i n g  c o n c e n t r a t i o n s  o f  s o i l s  w i t h  t h e  

fo l lowing :  

Metals - Average t race e l e m e n t  c o n c e n t r a t i o n s  i n  
s o i l s ,  a s  p r e s e n t e d  i n  I tHaza rdous  Waste Land 
T r e a t m e n t , I t  T a b l e  6 . 4 6  ( U . S .  E n v i r o n m e n t a l  
P r o t e c t i o n  Agency, 1983), o r  average b a c k g r o u n d  
l e v e l s  d e t e r m i n e d  f r o m  e x i s t i n g  b a c k g r o u n d  s o i l  
da ta  whichever  is more. 

V o l a t i l e  a n d  S e m i - v o l a t i l e  O r g a n i c s  - Any 
s t a n d a r d s  f o r  these  compounds  i n  w a t e r ,  w h e t h e r  
p r o p o s e d ,  i n t e r i m ,  o r  r e c o m m e n d e d ,  w i l l  b e  
d i r e c t l y  a p p l i e d  t o  s o i l  and sed imen t .  T h e r e f o r e ,  
if  a s t a n d a r d  o f  0 . 2 0 0  ppm e x i s t s  f o r  a VOC i n  
w a t e r ,  t h i s  s t a n d a r d  w i l l  b e  a p p l i e d  t o  
c o n c e n t r a \ t i o n s  o f  t h i s  VOC i n  s o i l .  T h i s  i s  a 
c o n s e r v a t i v e  s t a n d a r d  f o r  s o i l s .  If  a s t a n d a r d  
f o r  a VOC d o e s  n o t  e x i s t ,  t h e n  t h e  C e r t i f i e d  Lab 
P r o t o c o l  (CLP)  C o n t r a c t  R e q u i r e d  D e t e c t i o n  L i m i t  
(CRDL)  f o r  l ow s o i l / s e d i m e n t  w i l l  be  u s e d .  I f  
t h i s  CRDL i s  n o t  a c h i e v a b l e  d u e  t o  a n a l y t i c a l  
i n t e r f e r e n c e ,  t h e n  t h e  medium s o i l / s e d i m e n t  CRDL, 
wh ich  i s  1 0 0  t i m e s  t h e  l o w  s o i l / s e d i m e n t  CRDL, 
w i l l  b e  u s e d .  T h e s e  l i m i t s  w i l l  d e f i n e  t h e  
maximum a l l o w a b l e  l e v e l s  f o r  c l e a n  s o i l s .  

P l u t o n i u m ' -  The  U.S.  E P A ,  i n  c o n s u l t a t i o n  w i t h  
o t h e r  f e d e r a l  a g e n c i e s ,  h a s  d e v e l o p e d  i n t e r i m  
r e c o m m e n d a t i o n s  t o  be  u s e d  f o r  p r o t e c t i o n  of  
p u b l i c  h e a l t h  b y  Pu a n d  o t h e r  t r a n s u r a n i u m  
e l e m e n t s  e x i s t .  T h e  recommendat ions are  i n t e n d e d  
t o  p r o v i d e  long-term r a d i a t i o n  p r o t e c t i o n  f o r  a l l  
e x p o s e d  p e r s o n s  i n  a " c r i t i c a l  s e g m e n t  o f  t h e  

7 
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p~pulation~~ and specify that both the individual 
and collective radiation doses should be llas-low- 
as-reasonably-achievable (ALARA) .I1 These interim 
recommendations present a soil screening level of 
0.2 microcuries of transuranium per square meter 
in the upper 1 cm of soil. This presents a 
combined inhalation and ingestion risk of 
1 x At activity levels greater than this, 
additional evaluation is recommended to determine 
the actual dose rates to exposed persons (U.S. 
Environmental Protection A ency, 1986. Assuming a 

translates to 20 picocuries per gram (pCi/gm) of 
soil. This limit will be applied to the soil and 
sediment sampling conducted under this 
characterization plan. 

soil density, of 1 gm/cm 9 , this activity level 

Uranium - The International Committee of 
Radiological Protection presents an acceptable 
standard of 100 millirems (mrem) of effective dose 
equivalent per year to exposure for long-term 
exposure for radionuclides from man-made sources 
(ICRP, 1977). The National Council on 
Radiological Protection (NCRP) has published soil 
guides for uranium, radium and lead-210 based on a 
dose rate of 500 mrem/year. Adjusting these 
guides to reflect the 100 mrem/year effective dose 
equivalent (reducing each guide by a factor of 
five) results in adjust guides of 320 pCi of 
uranium per gram of soil, 8 pCi of radium per gram 
of soil, and 3 pci of lead-210 per gram of soil 
(NCRP, 1984). Since all of these materials are 
found in soil, the sum of the fractions (the 
observed concentration divided by the 
concentration limit) must not exceed unity (one). 
The sum of the fractions technique is used by the 
Nuclear Regulatory Commission (NRC), U.S. DOE, and 
Colorado regulations when addressing mixtures. If 
any fraction is less than ten percent, the 
material is considered non-existent for the 
purposes of the sum of fractions calculation. 
Based on the above guides, preliminary analyses 
will be for uranium only. If the uranium 
concentration exceeds ten percent of the guide (32 
pCi/gm), the radium and lead-210 concentrations in 
the soil sample will be determined. If the sum of 
the fractions is found to exceed unity, and the 

8 
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a c t i v i t y  a t  t h e  u n i t  is s i g n i f i c a n t l y  greater t h a n  
the background a c t i v i t y  f o r  these compounds, s o i l  
r e m o v a l  w i l l  b e  u s e d  t o  r e d u c e  t h e  sum o f  
f r a c t i o n s  t o  u n i t y  o r  less.  

T r i t i u m  - The c u r r e n t  USEPA and  Colorado s t a n d a r d  
f o r  t r i t i u m  i n  d r i n k i n g  w a t e r  i s  2 0 , 0 0 0  p C i / l .  
t h i s  w i l l  be  t h e  s t a n d a r d  a p p l i e d  f o r  t r i t i u m  i n  
s o i l ,  sed iment  and  water.  

T h e  u s e  of d e t e c t i o n  l i m i t s  f o r  v o l a t i l e  and s e m i - v o l a t i l e  

o r g a n i c s  i n  s o i l  is q u i t e  c o n s e r v a t i v e  based on t h e  r e s u l t s  

of t h e  r i s k  a s s e s s m e n t  per formed a s  p a r t  o f  t h e  f e a s i b i l i t y  

s t u d y  f o r  t h e  8 8 1  H i l l s i d e  (US. D e p a r t m e n t  o f  E n e r g y ,  

1 9 8 8 ) .  T h e  r e s u l t s  o f  t h e  r i s k  a s s e s s m e n t  i n d i c a t e  

a c c e p t a b l e  s o i l  c o n c e n t r a t i o n s  f a r  i n  e x c e s s  o f  water 

s t a n d a r d s  o r  d e t e c t i o n  l i m i t s .  The c o n c e n t r a t i o n s  based on 

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

t h e  pu rposes  of ground-water  p r o t e c t i o n .  

T h e  r e s u l t s  o f  i n d i v i d u a l  soil s a m p l e s  t a k e n  f r o m  t h e  

s p r a y f i e l d  w i l l  b e  compared w i t h  t h e  a p p l i c a b l e  c r i t e r i a  t o  

d e t e r m i n e  i f  s o i l  c o n t a m i n a t i o n  e x i s t s .  T h e  s o i l  w i l l  b e  

c o n s i d e r e d  c o n t a m i n a t e d  by  m e t a l s  o r  r a d i o n u c l i d e s  i f  t h e  

i n d i v i d u a l  r e s u l t s  e x c e e d  t h e  a p p l i c a b l e  s t a n d a r d  by more  

t h a n  t w o  s t a n d a r d  d e v i a t i o n s .  T h e  s o i l  w i l l  be c o n s i d e r e d  

c o n t a m i n a t e d  by  v o l a t i l e  o r  s e m i - v o l a t i l e  o r g a n i c s  i f  t h e  

9 
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i n d i v i d u a l  r e s u l t s  exceed t h e  a p p l i c a b l e  s t a n d a r d ,  o r  i f  no  

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

I f  no s o i l  c o n t a m i n a t i o n  is found,  no f u r t h e r  s o i l  a n a l y s e s  

w i l l  be performed.  Where no s o i l  c o n t a m i n a t i o n  is found t h e  

s p r a y f i e l d  w i l l  be c o n s i d e r e d  c l e a n  and c l o s u r e  certif ied.  

3 . 4  Phase I1 Sampling 

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

c o n t a m i n a t i o n  is p r e s e n t ,  f u r t h e r  a n a l y s e s  w i l l  be conducted  

t o  d e f i n e  t h e  e x t e n t  o f  c o n t a m i n a t i o n  a n d  t o  d e t e r m i n e  

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

t o  d e t e r m i n e  b o t h  v e r t i c a l  a n d  h o r i z o n t a l  e x t e n t  o f  

c o n t a m i n a t i o n  and /o r  t o  i d e n t i f y  t he  c o n t a m i n a t i o n  a t  a 90  

p e r c e n t  c o n f i d e n c e  l e v e l -  based o n  a s t a t i s t i c a l l y  v a l i d  

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

d e t e r m i n e d  by e x t e n d i n g  t h e  s a m p l i n g  t o  u n c o n t a m i n a t e d  

m a t e r i a l s  o r  t o  t h e  g r o u n d - w a t e r  t a b l e ,  w h i c h e v e r  i s  

s h a l l o w e r .  

I f  r e q u i r e d ,  t h e  P h a s e  I1 s a m p l i n g  p l a n  w i l l  be d e v e l o p e d  

and  s u b m i t t e d  t o  t h e  CDH f o r  t h e i r  a p p r o v a l  w i t h i n  3 0  d a y s  

a f t e r  d e t e r m i n i n g  P h a s e  I1 s a m p l i n g  i s  r e q u i r e d .  I f  

10 
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necessary, the closure plan for the landfill will be revised 

based on the Phase I study. In that case, the Phase I1 

sampling plan will be part of the revised closure plan. The 

Phase I1 sampling plan will follow the general guidelines 

presented in Appendix 1-2 of the RCRA Part B Operating 

Permit Application (U.S. Department of Energy, 1987a). 

Phase I1 sampling will continue until the limits of 

contaminated soil have been identified. 

11 
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QUALITY ASSURANCE/QUALITY CONTROL PLAN I 
1. [NTRODUCTION 

CEARP Phase 2 consists of CEARP Phase 11. Monitoring Plan. and CEXRP 
Phase 25. Site Characterization (Remedial  Investigation). This Quality Assurance. 
Quality Control (QA/QC] Plan is one component of the Monitoring Plan for  Rocky 
f l a t s  Plant. The Monitoring Plan typically consists of f i ve  parts: Synopsis. Sampling 
Plan. Technical Data Managcmenr Plan, Health and Safety Plan. a n d  Quality Assur. 
ance/Quality Control Plan. Because of t h e  Compliance Agreement made by the  S13tC 
of Colorado, Environmental Protection Agency, and the DOE. this Monitoring PI3 n 

also includes a Feasibility Study Plan. T h e  Synopsis provides a discussion of thc 
current situation and serves as an introduction to the other plans. 

CEARP uses a three=tiered approach in preparing the monitoring plans: :he 

CEARP Generic Monitoring Plan (CGMP) (DOE. 1986b). the Installation Generic 
.Monitoring Plan (IGMP), and t h e  Site-Specific Monitoring Plans (SSMPt). The CGMP 
Quality Assurance/Quality Control (QA/QC) Plan provides the generic guidelines and  
procedures that  w i l l  be employed du r ing  CEARP Phase 2 site characterization 
(remedial investigation) to ensure the reliability of data  collected a t  CEARP sites. I t  

is intended to establish a general quality assurance/quality control policy and 10 Pro- 
vide the framework fo r  more specific qual i ty  3ssurance/quality control requirements 
to be employed a t  each installation and  a t  each site. This I G W  Quality Assur- 
ance/Quality Control Plan provides installation generic information a n d  procedures. 
whereas the S S M P s  wi l l  provide sire-specific detail regardinq locstions. rl’pes 3r.d 

number of  samples. 

This IGMP is t h e  Comprehensive Source 3nd Plume Characterization Plan r = -  

quired b y  the Compliance Agreement. Therefore. the acronym used to refer  to this 
plan is IGMP/CSPCP. 

According to DOE policy, DOE activit ies shall maintain programs of quali ty 

assurance (DOE Order 5700.68). In the  area of environmental protection. quali ty as- 
surance plans must  be integrated with the DOE implementation of CERCLA (DOE 
Order 5480.14). 



CEXRP ?ha% 2b site characterizations (remedial investigationsi w i l l  be im- 

Dlcmcnted using procedures to issure that the precision. ~ c c u r a c v ,  completeness. a n d  
r c~rcsen ra t iveneu  of d3t3 3re known and documented. AI 3 minimum. th i s  w i l l  i n -  

~ l u d c  adherence ro the CEARP CGXIP. IC*MP/CSPCP. 3nd SSMP Q u a l i t y  . \ s u r -  
'n<c,'Quality Control Plans. and may inciudc preparation of written Quality Assur- 

InCci'Qualitv Control Plans covering each aspect ol t he  project performed. 
-. --,-A. 

%.% 

This IGMP/CSPCP Quality Assurance/Quality Control Plan presents the ores- 
nirltion. objectives, functional activities. and  specific quality assurance and  qual i ty  
ion trol activities associated wi th  the CEARP Phase 2 b  site characteritarions (remedial  
inyest igt ionr)  at Rocky Flats Plant. The Quality Assurance/Quality Control Plan is 
dcsigned to achieve specific data quality goals f o r  CEARP Phase 2b site character iza-  
tions (remedial investigations). Appendix A includes the quality assurance protocoh 
fo r  311 laboratory services to be provided under CEARP Phase 25 site character i r3-  
lions (remedial investigations). 

A brief description of the CEARP' Phase 2b site characterization (remedial  in- 
vcstigation) and  background can be fouad in the Synopsis .  For a more in-depth back- 
ground description, see the CEARP Phase I report. 

1987 

- 
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2. PROJECT ORGANIZATION AND RESPONSIBILITY 

Project organization 2 n d  responsibility are  divided among DOE. Los Alamos 
Xational Laboratory, and Rockwell International as described below. Los Alarnos 3 3 -  

tional Laboratory has the primary responsibility to  implement CEARP under t h c  

guidance of DOE-Albuquerque Operations Office. However, operational rcsponsibili- 
ties have been assigned t o  Rockwell International a t  Rocky Flats Plant f o r  the sitc 
characterizations (remedial investigations). The DOE-Rocky Flats Plant Are3 O f f  k c  
is responsible fo r  the function of the Rocky Flats Plant. Because of this resuonsibil- 

ity, the DOE-Rocky Flats Plant Area Of f i ce  will provide addi t ional  guidance 10 i r s  

Coutractor, Rockwell International, i n  implementation of t h e  CEARP Phase 'Ib site 
ch3racterirations (remedial investigations). 

Project organization is shown in  Figure 2.1. The responsibilities o i  the various 

uersonnel can be divided into operational. laboratory, and  qual i ty  assurance responsi- 
bilities, as follows. 

2.1. OPERATIONAL RESPONSIBXLITIES 

Secrctrirv fo r  f h c  Favironrnent. The DOE A ssis ta n t Secretary for  the 

Environment appoints Headquarters investigation boards a n d  establishes the S C O W  of  
Headquarters investigations (DOE Order 5484.1). DOE-wide Environmental  Surveys 
and Audits originate from the Assistant Secretary. 

b v i r o n  men ta l  S u r  vevs 3nd ,+,ijdlt& Headquarters Environmental  Survey 
I cams have been directed to conduct one-time environmental  surveys and sampiing of 
DOE facilities. These surveys are  independent of CEARP activit ies 31 Rocky Flats 

Plant. but da t a  from survey team sampling wil l  be utilized in  the CEARP characteri-  
zation of Rocky Flats Plant. A Headquarters environmental  survey team visited the  

Rocky Flats Plant site in  1986. The resuits of the survey wi l l  be used a s  an internal 
management tool by the Secretary and Undersecretary of DOE. 

- 

Audits a r e  a function of the O f f i c e  of the  Assistant Secretary f o r  the Envi- 
ronment. Audit  teams provide quali ty control for the implementation of environmen- 

tal  monitoring a t  DOE facilities. Although independent of CEARP. audi t  corn- 
Plement CEARP activities by providing addi t ional  quali ty assurance. 

I 

1 
, 
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P 
DOE-Albuauuaue Ooerytgns Office En vironmc ntal  P r w s  Branch. The 

DOE-Albuquerque Operations Office. Environmental Proqrams Branch. is responsible 

( O r  overseeing a11 environmental programs within DOE-Albuquerque Operations 3nd 
conducting special assessrn~nts such 1 s  CEARP. 

I 

DO E-R ock v Fl3rs ,Area O f f  icg. The DOE Rocky FIats Area Office is rtsponri- 
ble f o r  the missions of the Rocky Flats Plant, including environmental  protection. 
The DOE Rocky Flats Area Office oversees the integration of Rocky Flats Plant re- 
sources with CEARP activities a t  Rocky Flats Plant. 

Bock well frit- . Rockwell International, a s  prime contractor to DOE. 
provides support  to DOE in ~ccomplishing the mission of Rocky Flats Phn t .  including 
environmental protection. Rockwell International wi l l  perform t h e  CEARP Phase 2b 
site c h a r ~ c r e r i z a t i o n s  (remedial investigations) a t  Rocky FIats Plant. 

I os A l m o s  Y.rstionsl Laboraro rv. Los Alamos National  Laboratory 
the CEARP program. providing direction. oversight a n d  review, a n d  preuar 
reports. 

manages 
ng f ina l  

2.2. ANALYTICAL LABORATORY RESPONSIBILITIES 

Analytical  laboratory responsibilities include performing analytical  services. 
2nd providing qual i ty  assurance. Rockwell International wi l l  perform the CEARP 
Phase 2b site characterizations (remedial investigations) a t  Rocky Flats Plant. This 

IGbfP,’CSPCP provides guidance for  quality assurance programs to be implemented by 

- f ieid la boratory operations 
- analytical  laboratories 
- geotechnical laboratories 
- radiological laboratories. 

1.3. Q A  RESPONSIBILITY 

Quality assurance responsibilities a r e  ta monitor and review the procedures 

used t o  perform all aspects o l  site characterizations (remedial  investigations). includ- 
ing data  collection. analytical services, data  analysis, and  report  prcgarations. Pri- 

mary responsibility for  project quali ty rests with the Rockwell Internat ional  CEi4RP 
.Manager. Ultimate responsibility for project qual i ty  rests with DOE. 
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k c a u t e  volatile organic compounds arc  ;1 c h t s  of contaminants most likely to be i n -  
troduced to the sample by the sample container. there will be one t r i p  blank per batch 

Of  samoles designated for volatile organic compound analysis (shipping container).  
There will  be one duplicate and one field blank for  every LO investigative samples 
Collected. For laboratory organic analysis. matrix spikes and  matrix spike dupl ic j tes  
wi l l  be used. The general level of quali ty assurance e f fo r t  for  organic analysis w i l l  

bc one matrix spike and one matrix spike duplicate prepared fo r  every 20 samples of 
similar concentration and/or similar sample matrix, whichever is greater. In addi t ion 

1 0  field check samples. water samples of known concentration traceable to e i the r  EPA 

or  NBS standards will be p rep i r ed  f o r  inorganic and  radiological analyses.- The  gen- 
c r a l  level of quality assurance e f fo r t  fo r  inorganic analyses will  be one duplicate 
known sample and one duplicate field sample for  every IO investigative samples t o  

check analyrical reproducibility. 

Soil samples selected f o r  geotechnical testing wil l  include one field dupl icate  

.cor each 20 analyses being performed, if possible, b u t  will not include blanks. 
I 

The groundwater, surface water, and  soil samples collected a t  -Rocky*' Flats 
Plant during CEARP Phase 2 will be analyzed using the analytical  methods specified 
in Tables 3.1. 3.2, 3.3, and 3.4. The level of laboratory qual i ty  assurance e f fo r t  wil l  

correspond to the procedures outlined in Appendix A. 

-, 
. 3.3. ACCURACY, PRECISION, A3D SENSITIVITY OF A N A L Y S E S  

The fundamental  qual i ty  assurance objective w i t h  respect t o  accuracy, pre- 
cision. and sensitivity of laboratory analytical  data is to achieve t h e  quali ty ccntrol 

Jcceptance criteria of the analytical  protocols. Sensitivities required for  analyses O f  

rxiionuclides. organics, metals. and other inorganic compounds. in both aqueous a n d  
solid matrices will  be the detectlon limits showu in Tables 3.1. 3.2, 3.3. 3.4, 3.5. and  
3.6. Achieving these detection limits depends on the sample matrix. Highly contami- 

nated samples requiring dilution will have detection limits higher than those detected. 

8 .- 

The accuracy of f ield laboratory measurements of groundwater and  surface 
water DH will be assessed through pre-measurement calibrations and  post-measurement 
verifications using a t  least two standard bu f fe r  solutions. The  t w o  measurements 

must each be within +O.OS standard units of bu f fe r  solution values. Precision W i l l  be 
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3. QUALITY ASSURAHCE OBJECTIVES FOR SlEASUREMENT DATA 

The overall quality ;1ssur~nce objective is to develop and  implement proccdurcs 
I'or f icld sampling, field testing. chain of custody, laboratory analysis. and reporting 
[hat  will  l ssure  quality 3s specified in DOE orders  governing qualitv issurance a n d  
environmental protection. Specific procedures to be used f o r  sampling, chain-of-sus- 
tody. audits, preventive maintenance. and corrective actions a r e  described in orher 

SCCtiOnS of this IGMP Quality Asturance/Qualiry Control Plan. The purpose of this 
section is to dcf ine quality assurance goals for  accuracy; precision and sensitivity Ot' 

analysis; and completeness, representativeness, a n d  comparabili ty of measurement data 

f rom all  analytical  laboratories. Quality assurance objectives f o r  field me~sure rnen t s  
are 3lSo discussed. 

For some field activities, samples w i l l  not be collected. but me3suremtnts will 

be taken where quaii ty assurance coacerns are  approprlate  (e& field measurements of 

pH, temperature, 3nd elevations). The primary qual i ty  assurance objective i n  activi- 
ties where samples are  not collected is to obtain reproducible r n e a s u t c ~ e n t s  to a de-  
gree of accuracy consistent with their intended use a n d  to document measurement 
procedures. 

-.,. -----%* 

-1 

3.1. REGULATORY AND LEGAL REQUIREMENTS 
/ 

Dais used to evaluate compliance wi th  the  National Interim Primary Drinking 
Water Standards. Stare of Colorado water-quality srnndards. or water-quality criteria 

f o r  agricultural  or  industrial use will  have method detecrion limits 35 spccxfied by the 

lnalyr ical  method used, 3s appropriate. 

3.2. LEVEL OF QUALITY ASSURANCE EFFORT 

. 
Fieid duplicates. field blanks, and t r ip  blanks w ~ l l  be taken and submit ted to  

the analytical  laboratories to provide a means,,to assess data  qual i ty  resulting f r o m  

field sampling. Duplicate samples ' w i l l  be analyzed to check f o r  sampling repro- 
ducibility. Field a n d  trip blanks wi l l  be analyzed to check fo r  procedural contamina-  

tion and /o r  ambient site conditions that  are  causing sample contamination. T r i p  
blanks wi l l  be analyzed to check fo r  contamination during packaging and shipment. 



I .  
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assessed through repliute measurements of every tenth samulc. The s tandard d c -  

viation of four replicjte measurements must be less t h 3 n  or  equ31 to 0.1 s tandard 

units.  (The electrode wiil  be withdrawn. deionited-rinsed 3nd re-immersed betwccn 

each rcplicate. The calibration and vcrification w i l l  be done before t h e  f i r s t  rcpli. 

cate and af ter  the last replicate.) The instrument used will  be capable of providing 

rncw,wcrnents to 0.01 standard units. 

The geotechnical and field data will be considered accurate if t he  qual i ty  as- 

Sur3nce cri teria with respect to equipment, solutions. and  Calculations are  met. a n d  i f  

;~dherence  to appropriate methods can be documented during a systems audit. 

3.4. COMPLETENESS. REPRESENTATIVENESS ASD COMPARABILITY 

The 13botatories will  provide data  meeting quality control acceptance cri teria 

as described in Appendix A. Laboratories will provide completely valid d3t3 

(IGMP/CSPCP QA/QC Plan. Section 8); the reasons f o r  any variances f rom 100 per- 
cent completeness will be documented in writing. 

:: r 
3 5 .  FIELD MEASUREMENTS 

AVeasurcment data will  be generated in many field activities. These activit ies 

may include, but are not limited to, the following: 

- using .geophysical surveys 

- documenring time and weather conditions 

- loc3tIng and determining the  elevation of sampling stations 

- me3suring pH. conductivity, and temper3ture of water samples 

- qualitative organic vapor screening of  solid samples using 3 pho-  
toionization detector (PID) or an  organic vapor snalyzer (Ova\)  

- measuring water levels in a borehole o r  well 

- standard penetration testing 

- calculating pumping rates 

- 'verify i n g we 1 I-d e velo p men t and p r esa m p I i n g p u r g e v o 1 u met 

- performing hydraulic conductivity tests 



The gcneml quality ;rssurance objective for  such measurement da ta  is to obtain 

reproducible and comparjble measurements to a degree of 3ccur3cy consistent with 
rhc intended use ol the data through the documented use of standardized procedures. 
Procedures for  performing these ~ c t i v i t i c s  3nd standardized formats for  documenting 
rhcm are  presented in  the CCMP 3nd IGMPKSPCP S3rnpling Plans. These procedures 
may be incorporated by reference (EPA methods) or included 3 s  appendices. Stan- 

dardized formats for documenting data collection a r e  included in the Technic31 D3t3 
.V3nagement Plan. 

. 
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R e f .  5 

Act .  6 

Ref. 7 

€PA 300.0' 

5 €PA 300.0 

LPA 3U0.05 

Rcl.  1 
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5 .  M. 312U 
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... 

100 0 

20 

20 

20 
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IO0 

Cold, 4°C 

Cold, 4'C 

Cold, 4OC 

Cold 4OC 

Cold 4OC 

Cold, 4OC 

Cold, 4OC 

Cold, 4°C 

Cold, 4OC 
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ATTACHMENT 1 
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'Handbook of Analytical Procedures,' WSAEC, Grand Junction L3b. 1970. page 
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"Prescribed Procedures f o r  Measurement of Radioactivity in Drinking Water." 
EPAd00/4-80-032. Auguat 1980, Environmental Monitoring and  Support Labora- 
tory. Off ice  of Research and Development, U.S. Environmental  Protection 
Agency, Cincinnati. Ohio 45268. 

'Methods for  Determination o i  Radioactive Substances in Water 3nd Fluvial Sed- 
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Laboratory, a private communicatioa. 

"isolation of Americium from Urine Samples.' Rocky Flats Plant. He3l~h .  Safer!', 
and  Environmental Laboratories. 



ATTACHMENT 2 

Lower Limits of Detection 

The detection l imi t s  presented were calculated using the  formula i n  S.R.C.  
Rcgulatory Guide 4.14, Appendix Lower L imi t  01' Dctcction, pg. 21. and follow: 

I / 2  
LLD .I 4.66 Bzyi 

DUR 

(2.22) ( E f f )  (CR) (SR) (e-xt) (Aliq) .  

L L D  
BKG 
OUR 
E f f  
CR 
SR 
X 

t 

Lower Limit of Detection in pCi per sample unit  
Instrument Background in  counts per minute (cpm) 
Duration of sample counting i n  minutes 
Counting efficiency in cpm/disintegration per minute (.dpm) 
Fractional radiochemical yield 
Fractional radiochemical yield of a known solution 
The radioactive decay constant fo r  the particular radionuclide 
the elapsed time between sample collection and  counting. 

In that LLD i t  a function of many variables including sample matrix. sample 
volume, and  other factors. the limits presented arc  only intended as guides to order- 
of-magnitude sensitivities and, in practice, can easily change by a factor of two o r  
more even for the conditions specified. - 
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AITACHMENT 1 

Method References 

US. Environment31 Protection Agency, 1979, Radiochemical Analytical Procedurcs 
for Analvsis of Environmental Samples. Report No. EMSL-LY-0539- 1 ,  Lis  Vegzts. 
NV, US. Environment31 Protection Agency. 

American Public Health Association. American Water Works Association. Water 
Pollution Control Federation. 198s. Standard Methods for  the Examination of 
Water and Wastewater, 16rh ed., Washington. D.C.. Am. Public Health Association. 

U.S. Environmental Protection Agency, 1976. Interim Radiochemical Methodology 
for Drinking Water, Report No. EPA-600/4-75-008. Cincinnati  US. Environrnen- 
tal Protection Agency. 

Harley. J. H., ed.. 1975. HASL Procedures Manual. HASL-500: Washington, D.C.. 
US. Energy Research and Development Administration. 

Misaqi, Fazlelleh L., .Monitoring Radon-222 Content of Mine Waters Informational 
Report 1026, U.S. Department of Interior, .Mining Enforcement and  Safety A d -  
ministration, Denver, CO, 1975. 

"Radioassay Procedures for  Environmental Samples," 1967, USDHEW. Section 7.2. j. 

'Handbook of Analytical Procedures,' USAEC, Grand Junction Lab. 1970. page 
196. 

'Prescribed Procedures fo r  Measurement of Radioactivity in Drinking Water." 
EPA-600/4-80-032, Auguat 1980, Environmental Monitoring and Support Labora- 
tory, Office of Research and Development. U.S. Environmental Protection 
Agency, Cincinnati, Ohio 45268. 

'Methods for  Determination of Radioactive Substances in Water and  Fluvial Sed- 
iments,' U.S.G.S. Book 5,  Chapter AS, 1977. 

'Acid Dissolution Method for  the Analysis of Plutonium in  Soil.' EPA-600/7-79- 
081, March 1979, US. EPA Environmental Monitoring and  Supporr Laboratory, 
Las Vegas, Nevada, 1979. 

"Procedures for  the Isolation of Alpha Specrrometrically Pure Plutonium, Ur3- 
nium and Americium.' by E. H. Essington and  E. 1. Drennon. Los Alamos National 
Laboratory, a private communication. 

'Isolation of Americium from Urine Samples," Rocky Flats Plant. Health. Safety. 
and  Environmental Laboratories. 
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ATTACHMEKT 2 

Lower Limits of Detection 

The detection l imits  presented were calculated using t he  forinula i n  N.R.C. 
Rcgulatory Guide 4.14. Appendix Lower Limit  of Detection. pg. 21. and follow: 

I / 2  
LLD = 4.66 BKG 

DUR 

(2.22) ( E f f )  (CR) (SR) ( e - x t )  (Aliq).  

\\'here 

LLD P 

BKG = 
DUR = 
Eff  = 
CR = 
SR = 
x * 
t = 

Lower Limit of Detection in pCi per sample Unit 
Instrument Background i n  counts per minute (cpm) 
Duration of sample counting in minutes 
Counting efficiency in cpm/disintegr3tion per minute ( d p m )  
Fractional radiochemical yield 
Fractional radiochemical yield of a known solution 
The radioactive decay constant for  the particular radionuclide 
the elapsed time between sample collection and  counting. 

In that LLD is a function of many variables including sample matrix, sample 
volume, and other factors. the limits presented a rc  only intended as guides to order- 
of-magnitude sensitivities and, in practice, can easily change by a factor of two  or 
more even for the conditions specified. 



Table 3.5. Hazardous Subttjncc List  (HSLI and Contract Required 
Detection Limits (CRDLP'  

Dere:: I on Limits* 
1. 

L o w  w.lrerJ Low Soil 'Sedimcnr '  
Vola f l I C s  C A S  Vumber U P / L  U P / K Q  

I. 

3. 
4. 
5. 

6. 
7. 
8. 
9. 

.I -. 
Chloromethane 
Brornornerhine 
Vinyl Chloride 
Chloroethane 
Methylene Chloride 

Acetone 
Carbon Disulfide 
1.1 -Dichloroethene 
1.1 -Dichlorocthane 

10. trans- 1.2-Dichloroethene 

11. Chloroform 
12. 1,2-Dichloroethane 
13. 2-Butanonc 
14. 1.1.1 -Trichloroethane 
IS. Carbon Tetrachloride 

16. Vinyl Acetate 
17. Bromodichlorornethane 
18. 1,1,2.Z-Tetrachloroethane 
19. 1,2-Dichloropropane 
20. trans- 1,3-Dichloropropene 

11. Trichloroethene 
22. Di brornoc h lo r ome r h 9 ne 
23. 1,I,2-Trichloroerhane 
24. Benzene 
25 .  cis- 1.3-Dichloropropenc 

26. 2-Chloroerhvl V i n y l  Ether 
27. Bromoform 
28. 2-Hexanone 
29. 4- Met h y 1-2- pe n tan o ne 
30. Te t rac hloroe e hene 

31. Toluene 
32. Chlorobenzene 
33. E thy l  Benzene 
34. Styrene 
35. Total Xylenes 

74-87-3 
74-83-9 
75-01-4 
7 5-00-3 
75-09-2 

67-64-1 
75- 15-0 I 
7 5- 3s-4 
75-35-3 
156-60-5 

67-66-3 
107-06-2 
78-93-3 
7 1-55-6 
56-23-3 

108-05-4 
7 5- 27-4 
79-34-5 
78-87-5 
I0006 1-02-6 

79-0 1-6 
124-48-1 
79-00-5 
7 1-43-2 
1006 1-0 1-5 

1 10-7 5-8 
75-2s-2 
591-78-6 
108- IO- I 
127- 18-4 

108-88-3 
108-90-7 
100-4 I -4 
100-42-5 
100-42-5 

10 
10 
10 
10 
6 

10 
5 
5 
5 
5 

5 
5 

10 
5 
5 

10 
5 
S 
5 
5 

5 
5 
5 
5 
5 

10 
5 
10 
10 
5 

5 
5 
5 
5 
5 

10 
10 
10 
10 
5 

IO 
5 
5 
5 
5 

5 
5 
IO 
5 
5 

10 
5 
5 
5 
5 

5 
5 
5 
5 
5 

10 
5 
IO 
IO 
5 

5 
5 
5 
5 
5 
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Table 3.5. (Continued) 

b i - V o I a t  j ICs 

5 6. Y - N i t r osodime t h y I a mi ne 
2:. Phenol 
53. Aniline 
jg .  his( 2-Chloro~thyl) ether 
40. 2-Chlorophenol 

4 I .  I ,i-Dichlorobenzene 
42. I ,4-Dichlorobenzcnc 
43. Benzyl Alcohol 
44. I ,2-Dichlorobenrenc 
45.  2 - M ~ t h y l p h ~ ~ ~ o l  

46. his( 2-Chloroisoprop y l 

4 7 .  4-lMethylphcnol 
4 8. N- N i t roso-D i p top y La mi ne 
49. He xa c h lo roe t hanc 
SO. Nitrobenzene 

ether 

5 1. Isophorone 
52. 2-Nitrophenol 
53. 2,4-Dimcthylphenol 
54. Benzoic Acid 
5 5 .  his( 2-Chloroethoxy) 

methane 

56. 2.4-Dichlorophenol 
57. 1,1.4-Trichlorobcntcne 
58. Naphthalene 
S 9. 4-C h I O  r oanili ne 
60. Hexachlorobutadiene 

6 I .  4-Chloro-j-mcrhylphcnol 
( p3 ra -c h lor 0- met a -cr eso 1) 

62. 2-Mcrhylnaphthalene 
63. Hex3chlorocyctopentadiene 
64. 2.4.6-Trichlorophcno1 
65. Z.4,S-Trichlorophenol 

66. 2-Chloronaphthalcne 
67. 2-Nitroaniline 
68. Dimethyl  Phthalate 
69. Acenaphthylene 
70. 3-Ni t roani l ine  

C A S  Vumbet 

61-is-9 
108-95-2 
62-53-3 

95-57-8 

541-13-1 
106-46-7 
100-5 1-6 
95-50- 1 
95-48-7 

I 11-44-4 

396 3 8-3 2-9 
106-44-5 
621-64-7 
67-72- 1 
98-95-3 

7 8-59- 1 
8 8-7 5- 5 
105-67-9 
65-85-0 

I 1  1-91-1 

120-83-i 

9 1-20- I 
106-47-8 
87-68-3 

I 20.82- 1 

59-50-7 
9 1-57-6 
7 7-47-4 
88-06-2 
95-95-4 

91-58-7 
88-74-4 
131-1 1-3 
208-96-8 
99-09-2 

Detection Limi ts .  
L o w  W’lrcr’ Low Soil/Sediment d 

UP! L * d P ‘ K P  

10 330 
10 2 30 
IO 550 
10 330 
10 2 30 

10 230 
10 3 30 
10 320 
10 220 
10 230 

10 3 30 
10 330 
10 330 
10 3 30 
10 330 

10 330 
10 330 
10 330 
50 1600 

10 330 

IO 3 30 
10 220 
10 3 30 
10 3 30 
10 320 

10 2 20 
10 3 30 
10 3 30 
10 3 30 
50 1600 

10 3 30 
50 1600 
10 3 30 
10 3 30 
50 1600 



e .- 
71. Acensphthene 
72. 2.4- D i n I I rop he not 
13. J-PJitrophcnol 
74. Dibenzofuran 
75. 2.4-Dinitrotolucnc 

76. 2.6-Dinitrotuluene 
77. Dicthylphthdatc 
78. 4-Chlorophenyl Phenyl 

ether 
79. Fluorene 
80. 4-Nitroaniline 

81. 4.6-Dinirro-:-methyl- 

82. N-nitrosodiphcny lamine 
83. 4-Bromophenyl Phenyl 

84. Hexachlorobcnzenc 
85. Pentachloropphenol 

phenol 

ether 

86. Phenanthrene 
87. Anthracene 
88. Di-n-butylphthalate 
89. Fluoranthene 
90. Benzidine 

91. Pyrene 
92. B u t y l  Benzyl 

Phthalate 
93. 3,j'-Dichlorobenzidine 
94. Benzo(a)anthracenc , 

95. bis(2-erhylhexyl) 
phthalate 

96. Chryscne 
97. Di-n-octyl Phthalate 
98. Eenro(b)fluoranthcnc 
99. Benzo( k)fluoranrhcne 
100. Benro(a)pytene 
101. Indene( 1,2,3-cd)pyrenc 
102. Dibenz(a,h)3nthracenc 
103. Eento(g.h,i)perylene 

~~ 

~ ~~ 

Table 3.5. (Continued) 

C A S  ?+!umber 

83-32-9 
5 I -28 -5  
100-02-7 
132-64-9 
121- 14-2 

606-20-2 
84-66-2 

700s-7 2-3 
86-73-7 
100-0 1-6 

534-52-1 
86-30-6 

101-55-5 
1 18-74- I 
87-86-5 

85-01 -8 
120- 12-7 
84-74-2 
206-44-0 
92-87-5 

129-00-0 

85-68-7 
9 1-94- I 
56-5 5- 3 

117-81-7 

2 18-0 1-9 
117-84-0 
205-99-2 
20 7-08 -9 
50-32-8 
193-39-S 
53-70-3 
19 1-24-2 

10 j30 
50 i600 
50 1600 
IO 3 50 
IO 350 

10 3 30 
10 3 30 

10 3 30 
IO 330 
50 1600 

50 1600 
IO 330 

10 530 
10 330 
50 1600 

IO 3 30 
10 330 
10 3 30 
IO 330 
50 1600 

10 3 30 

10 3 30 
30 660 
IO 330 

10 320 

10 
10 
10 
IO 
LO 
10 
IO 
IO 

3 30 
330 
3 50 
3 30 
3 30 
330 
330 
330 



104. aIpha-BHC 
105. beta-EHC 

106. delta-BHC 
107. gamma-BHC (Lindane) 
108. Heptachlor 
109. Aldrin 
I IO. Heptachlor Epoxide 

I 1  1. Endosulfan I 
112. Dieldrin 
113. 4,4'-DOE 
114. Endrin 
115. Endosulfan I1 

I16. 4,4'-DDD 
I 17. Endrin Aldehyde 
118. Endosulfan Sulfate 

120. Endrin Ketone 
119. 4.J-'DDT 

12 1. Methoxychlor 
122. Chlordane 
123. Toxaphene 
124. AROCLOR-IO I6 
125. AROCLOR- 122 1 

126. AROCLOR- 1232 
127. AROCLOR- 1242 
128. AROCLOR- 1 2 8  
129. AROCLOR- I254 
130. AROCLOR- 1260 

Table 3.5. (Continued) 

CAS Numb= 

3 19-84-6 
3 19-85-7 

3 I 9-86-8 
58-89-9 
76-44-8 
309-00- 2 
1024-5 7 - 3 

959-98-8 
60-57- I 
72-55-9 
72-20-8 
332 13-65-9 

72-54-8 
742 1-93-4 

50-29-3 
5 3 494- 70- 5 

I 03 I -07-8 

72-43-5 
57-74-9 
8001-35-2 
12674- I 1-2 
I 1104-28-2 

I 1141-16-5 
53469-21-9 
12672-29-6 
I 1097-69- I 
11096-82-5 

0.0s 8.0 
0.05 a .o 

0.05 8.0 
0.05 8.0 
0.05 8.0 
0.05 8.0 
0.05 8.0 

0.05 8.0 
0.10 16.0 
0.10 16.0 
0.10 16.0 
0.10 16.0 

0.10 16.0 
0.10 16.0 
0.10 16.0 
0.10 16.0 
0.10 16.0 

0.5 80.0 
0.5 80.0 
1 .o 160.0 
0.5 80.0 
0.5 80.0 

0.5 80.0 
0.5 80.0 
0.5 8 0.0 
1.0 160.0 
I .o 160.0 

'bfedium Water Contract Required Detection Limits (CRDL) for  Volatile HSL 
Compounds a re  100 times the individual Low Water CRDL. 

bMedium Soil/Scdirnent Contract Required Detection Limits (CRDL) for Volatile 
HSL Compounds arc 100 times the individual Low Soil/Sediment CRDL. 

'Medium Water Contract Required Detection Limits (CRDL) f o r  Semi-Volatile HSL 
Compounds a re  100 times the individual Low Water CRDL. 

dMediurn Soil/Sediment Contract Required Detection Limits (CRDL) fo r  Semi- 
Volatile HSL Compounds arc  60 timet the individual Low Soil/Sediment CRDL. 

ROCKY FLATS PLANT ICMP/CSPCP Draft Febmyy  1987 (Revision 1) QA/QC Plan Section 3. PaCe I* 
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Table  3.5. (Cont inued)  

.Medium Water Contract Required Detection Limits (CRDL)  f o r  Pest ic ide HSL 
.Compounds are  100 times the  individual  Low Water CRDL. 
J lcdium Soil/Sediment Contract  Required Detection Limits ( C R D L )  f o r  Pesticide 
HSL Compounds arc  60 times thc individual  Low Soi l iSediment  CRDL: 

e 

*Detection limits listed for  soil/sediment 3re based on wet weight .  T h e  detecrion liniirs 
calculated by the laboratory for  toil/sedimenr. calculated on d r y  weight  basis. 3s 
required by the  contract. will be higher. 

detection limits a re  highly matr ix  dependent. The detect ion l imi t s  listed herein 3re 
provided for guidance a n d  may not a lways  be achievable. 

'.These are  t h e  EPA detect ion limits under  t h e  Cont rac t  Labora tory  Program. Specif ic  



Table 3.6. Elements Determined by Inductively Couplcd 
Plasma Emission or Atomic Absorption Spectroscopy 

Element 

Aluminum 
Antimony 
Arsenic 
Barium 
Bery i I i um 
Cadmium 
Calcium 
Chromium 
Cobalt 
Copper 
Iron 
Lead 
.Mag nesi urn 
Ma n g a n ese 
Mercury 
Nickel 
Potassium 
Selenium 
Silver 
Sodium 
Thallium 

Vanadium 
Zinc 

Cesium 
.Moly bd en urn 
S tron ti urn 

Cyanide 

Con tract  R cq  u ired 
Detecrlon 

(ue . /L)  

200 
60 
10 
200 

5 
5 

5000 
10 
50 
25 
100 

5 
5000 

I 5  
0.2 
40 

5000 
5 

10 
5000 

10 

50 
20 

200 
40 

200 

10 

i l  

Sote: Detection limits in soil/sediment a r e  numerically equivalent ro those listed 
above with concentration units of mg/kg. 

' Higher detection levels may also be used 
in the following circumstances. 

If  the sample concentration exceeds two times the  detection limit of t h e  instrument 
or method in use, the value may be reported even though the instrument o r  method 
detecrion limit may not equal,  the contract required detection limit. This 
is illustrated in the example below: 

I I 



Table 3.6. (Cont inued)  1 
For lead: 

Method in use - ICP 
lns t rument  Detection Limit ( I D L )  = 40 
Sample Concent ra t ion  = 8 5  
Contract  Requi red  Detection Limit (CRDL) = 5 

The value of 8 5  may be reported even though instrument  de tec t ion  l imi t  is greater  
than  required detect ion level. The  instrument  or  method de tec t ion  l imi t  must be 
documented. 

'These CRDL a r e  the  ins t rument  detect ion l imits ob ta ined  in pu re  water .  
mer using t h e  procedure  in  Exhib i t  E. T h e  derection l imits  f o r  samples  ma!: be 
considerably higher  depending  on  the  sample matrix.  

7 



~ _ _ _ -  1 

Procedures for collecting samples and f o r  performing 311 re!ated f ie ld 2cIi\ . i-  

ties ace described in  detaii in Appendix A of the IGblP,’CSPCP S3mpling Plan. .-\if- 
herence to these procedures w i l l  be conCirmcd by the C E A R P  Quality Assur3nc:: 01‘- 

ficcrs (Rockwell International and subcontractor) by qualitv assuranct audits.  

4. SAMPLING PROCEDURES 



3. SAMPLE CUSTODY 

CEARP field custody procedures a r e  described i n  Section 7.2 of thc  

IGhiP;CSPCP Sampling Plan. Laboratory custody procedures fo r  the andyt i ca l  13 bo- 

ratories 3re described in Appendix A. 



6. CALIBRATION PROCEDURES AND fR€QUEYCY 

Standard commercial calibration procedures will  be used by  t h e  analytical l i b -  

oratories. as specified in Appendix A. 

Calibration of equipment used to perform geotechnic31 testing will be in 3 i -  

cordance with that specified in the ASTM Method D 421-63 for  hydrometer and  sievc 

3nalyses (Annual Book of ASTM Standards. Volume 04.08. 1984). The equipment Cali- 
brations, including those for ovens. thermometers and balances, shall be done at  1 

minimum of every six months and prior to large scale testing. 

Field instruments will be calibrated according to procedures presented in Ap- 

pendixes A and B of the IGMP/CSPCP Sampling Plan. A calibration log book will  bc 
assigned to each field instrument, and all calibrations wil l  be documented in the log 
books. 



7. ANALYTICAL PROCEDURES 

Laboratory analyses will follow mcrhods described i n  Tables 3 . 1 .  3.2. 3.3, and 

3.4. Deviation from those methods, i f  required, wi l l  be presented in the SShlPs. 



8. D A T A  REDUCTION, VALIDATION,  A S D  REPORTIYG 

Analytical laboratories will  provide results to the Rockwell I n t e r n a t i o n ~ l  

CEARP Manager. t h e  Subcontractor Project Manager. 3nd Qual i tv  Assurance Officers. 
These data  will  include results and documentation for  blanks a n d  duplicates, matris 

spikes. and  forms summarizing analytical precision and a c c u r x v .  

Analytical data ,  including quality control sample analysis. w i l l  be entered into 
the technical data  base. The analyses will be grouped into lots. with qual i ty  contrcl 

samples 3ssociated with a particular lot. The analyses of qual i ty  control samples w i l l  

be compared to theoretical  known concentrations of those samples. I f  analyses do n G t  

meet acceptance cri teria,  the  analytical laboratory may be asked to re-analyze t h c  

‘samples fo r  parameters which do not exceed holding times. Analyses which cannot 

meet acceptance criteria. will  be labelled as unacceptable. A l l  par3mctcr-specific val -  

ues f o r  a lot in which the quality control analyses d id  not meet acceptance criteria. 

will  be removed from the technical data base. 

Acceptance cr i ter ia  l o r  analyses of parameters fo r  qual i ty  control samples 

(knowns) will  be based on the theoretical known value furnished by the laboratory 

that prepared the sample. The  theoretical k n o w n  value is stated as a range of values. 

The analysis of t h e  sample must be within the stated range of the theoretics1 known. 

plus or  minus 10% of  the range. An exception is analyses a t  o r  near the limit of dc- 

tection. If the lower limit of the range of the theoretical known value is less t h a n  

twice the limit of detection. an acceptable analysis includes the range from the l i m i t  

of  detection to the  upper limit of the theoretical range. plus 10%. 

Analytical reports from a field laboratory, i f  used. a n d  the geotechnical h k 0 -  

=tory will include al l  raw data,  documentation of reduction methods. 3nd related 

quality assurance/quality control data. These data wi l l  be assessed by  verification 01‘ 

reduction results a n d  confirmation of compliance with quali ty a s s u r a n c e i q u a l i t ~  con-  
t r ol r e q ui re  men t s. 

Raw d a t a  f r o m  field measurements and  sample collection activities used in 
Where data  have been reduced or  Project reports wi l l  be appropriately identified. 

summarized, the method ol reduction will  be documented. 



I The Quality Assurance Officers w i l l  review resuits of Qual i ty  Control- iccep-  
u n c c  evaluations and w i l l  document acceptance or non-accept3nce of d3ta.  The Qual- 
i t !  Assurance Officers w l l i  marnta~n records of  quality control-acceptance tests. 
Tlicse records w ~ l l  be sub~ec t  to independent audit, which may include L C S  Alarnos 
S2rional  La borrtory. 



9.  INTERNAL Q U A L I T Y  CONTROL PROCEDURES 

Internal quali ty control procedures f o r  the laboratory arc those specified i n  

Aopendix A.  These specifications include types of audits required (e.&, sarnotc 

spikes. surrogate spikes. reference samples. controls. and blanks). frequency of audits. 

compounds to be used for  sample spikes 3nd surrogate spikes. and qualitv control ac -  
ceptance criteria for  audits. 

The quality control checks and acceptance fo r  data f rom a field laboratory. i f  

used. and t h e  geotechnical laboratory ate descrihed above in Sections 3.2 a n d  3.3.  
Quality control procedures for  field measurements (pH. conductivity, and tempera- 

ture) a r e  limited to checking the reproducibility of the messurement i n  the field by 

obtaining multiple readings and/or by calibrating t h e  instruments (where 3 ~ -  

propriare). Quality control of field sampling wi l l  involve collecting field duplicdces 

2nd blanks. 



10. PERFORMANCE AND SYSTEMS AUDITS 

For each activity where samples are  collected. 3 periormance audit  investl- 
Jar1173 conformance w i t h  quality ccntrol procedures wi l l  be conducted (Appendix .A i 

a t  t h e  discretion of the Rockwell Internation31 CEARP manager. Subcontractor Pro- 

~ e c t  hlanager. and Quality Assurance Officers. This audi t  will  be scheduled to allow 

oversight of as many different field activities as  possible. This aud i t  wi l l  be pcr- 
formed by the Quality Assurance Officers or their  designees. X written report of thc 

results of this audit. along with a notice of nonconformity (if  necessary). will bc 
submitted to the following individuals: 

- Rockwell International CEARP .Manager - Subcontractor Project Manager - Subcontractor Site Manager 

A t  least one systems audit wi l l  be performed during the project. The aud i t  
w i l l  vcrify that a system of quality control measures, procedures. reviews, and  3iY- 

provals was established fo r  all activities a n d  is being used by project personnet. I t  

wi l l  also verify that the syste.m for  project documentation is being used and tha t  all 

quality control records, along with required quali ty control reviews. approvals. and  

activity records a r e  being maintained. A standard checklist f o r  systems audits will be 

used. The systems audit  wil l  be conducted by the Quality Assurance Officers and /o r  

LOS Alamos National Laboratory. A final report wil l  be prepared which summarizes 

m y  deviations from approved methods and their impacts on the project results. 

After  consultation with the CEARP Manager (and Subcontractor Projecr 31311- 

38er) .  the  Quality Assurance Officers may schedule systems audits of the participat-  

ing laboratories. A t  a minimum. the systems audi t  would include inspection O f  Iabo- 

ratory notebooks. control sheets. logsheers. computer files. and equipment calibration 

3nd maintenance records. If scheduled. system audi ts  will be executed b y  individuals 
identified in Section 2.3 of this document. 

Performance and systems audits of analytical laboratories wil l  be scheduled 
Performance audits 3rC and executed by the laboratory Quality Assurance Officers. 

conducted a t  least semiannually. 



11. PREVENTIVE MAINTENANCE 

This section applies solely to field equipment. Preventive rnaIntcn3nce w i l l  bc 
Iddressed by checks of equipment prior to initiation of i i e i d  operations.  to al low r imc  

for replacement of malfunctioning equipment. The Subcontractor Sitc Slanaget  \vi11 

be responsible for implementing and documenting these procedures on 3 weekly basis 
during the period of use. 

1 I 



12. LABORATORY DATA ASSESSMENT PROCEDURES 

.4nalytical data from laboratories is assessed fo r  accuracy. precision and com- 
" !e t""  ... -*s by :he laboratory Quality Assurance Officers. using standard procedures. 

.4ssessment of d a t a  generated by analytical laboratories is initiated and con- 

tinued at  three administrative levels. The bench chemist directly responsible for thc 

test knows current  operating acceptance limits. He/she can directly accept or reject 

senerated data  and  consult with  his/her immediate supervisor f o r  any corrective 
action. Once the bench chemist has reported the data 3s acceptable. he/she initials 

the report sheet. Any out-of-control results are  flagged and a note is made as to w h y  

the results were reported. 

i 0 

The chief chemist receives the data sheets and reviews the quali ty control data 

that accompanied the sample run. After checking the reported d a t a  f o r  completeness 

and  quality control results, the chief chemist either initials the report  sheet or  sends 

i t  back to the bench chemist for rerunning of samples. The Quality Control Coordi- 

nator reviews da ta  forwarded to him/her as acceptable by the chief chemist. Any 

remaining out-of-control results that. in  the opinion of the Quality Control Coordina- 

tor, do  not necessitate rerunning of the sample, are  flagged, and  a memo is written to 
the data user regarding utility of the data. Data generated f r o m  all analyses are  
given a f ina l  review b y  the laboratory Quality Assurance Officers. 



13. CORRECTIVE ACTION PROCEDURES 

The Quality Assurance Ofricers and their  audit  teams will  preuare a report J c -  

scribing the results of the gerforrna'nce znd /o r  system audits. I f  unacceutable condi- 

tions (e.&. failure to hive/use procedures). unacccptablc dat3. nonconformity with the 

qual i ty  control procedures. or a deficiency a re  identified. the Quality Assurance Of-  
ficers will  notify the  Rockwell International CEARP ,Manager of the results of the 

audi t  i n  writing. They will also state if the nonconformity is of significance f o r  t h e  

program and  recommend appropriate corrective actions. The Rockwell International 

CEARP Manager will be responsible for ensuring that  correcitve is developed a n d  i n i -  

tiated and that. if necessary, special expertise not normally available to  the project 

team is made available. The subcontractor wiil be responsible for  carrying out  cor- 

rective actions. The subcontractor will also ensure that additional work is not per- 

formed until the nonconformity is corrected. Corrective ic t ion m3y include 

- reanalyzing the samples if holding time permits. 

- resampling and reanalyzing, 

- evaluating and amending the sampling and analytical procedures. 
and 

- accepting the data  and acknowledging its level of uncertainty. 

The  Rockwell International CEARP Manager wil l  be responsible f o r  ensuring 

that corrective action was taken, and that it adequately addressed the nonconformity.  

After  corrective action is taken. the Quality Assurance Officer responsible f o r  

the aud i t  wil l  document its completion in a writ ten report. The report will  indicate 

any identified findings. corrective action taken. follow-up action, and f inal  

recommendations. The report wi l l  be sent to the Rockwell International CEARP >fan- 

ager. Project s taff  will be responsible fo r  init iating reports on suspected nonconfor- 

mities in field activities and deliverables or documents. 



14. QUALITY ASSURANCE REPORTS 

The Rockwell International CEARP Manager wi l l  rely on written r c -  
2orts, memoranda documenting data assessment ~c t iv i t i e s .  pcrforrnance and systems 
ludits. nonconformity notices. corrective action reports. 3nd q u a l i t y  7SSUflnCe notices 
IO enforce quality assurance requirements. The Los Alamos National Laboratory wil l  

be issued a written quali ty assurance report a t  the end of each stage of site character- 
ization (remedial investigation) by the Rockwell International CEARP Manager. 

Records will be maintained ta provide evidence of quali ty assurance activities. 

Proper maintenance of quality assurance records is essential to provide support f o r  

evidential proceedings and  to assure overall qual i ty  of the investigation. A qual i ty  

assurance records index will  be started 3t the beginning of the project. A l l  informa- 

tion received from outside sources or  developed du r ing  the project wil l  be retained by 

the project team. Upon termination of an individual task or work assignment, work- 

ing files will  be processed fo r  storage as qual i ty  assurance records. Upon termination 

of the project, complete documentation records ( for  example, chromatograms. spectra, 

and calibration records) will be archived as required by DOE Order 1324.2A (Records 

Deposition). The Rockwell International CEARP Manager and  the Los Alamos Na- 

tional Laboratory CEARP Rocky Flats Plant Team Leader will  be responsible fo r  en-  

suring that the Quality Assurance records a re  being properly stored and that t h e y  can 

be retrieved. 



IS. REFERENCES 

DOE 1986b 'Comprehensive Environmental Assessment a n d  Rcsponsc Program Phasc 
I :  Draft Installation Assessment Rocky Flats Plant,' US Dcpartment of Encrg! 
unnumbered draft  report. Apri l  1986. 
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APPENDIX A 

QUALITY ASSURANCE/QUALITY CONTROL (QA/QC) 
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1. LABORATORY QA/QC PROGRAM 
.- 

a 

This appendix to the quality assurance/quality control plan describes the orga- 
nization and  procedures used to produce reliable analytical data. These procedures 

a r e  applicable to performing chemical. radiological, and geotcchnical analyses on 
\vaste or environmental samoles as appropriate. 

The ultimate responsibility for the generatioa of reliable laboratory data rests 
w i t h  the laboratory management Laboratory management is vested wi th  the author- 
i t y  to establish those policies and procedures to ensure that only data  of the highest 
attainable caliber arc produced. Laboratory management, as  well as the laboratory 

Quality Assurance/Quality Control Officer are  responsible for  the implementation of 
f hc established policies and procedures. 

Laboratory management has the following responsibilities: 

- direct implementation of the quality assurance program. 

- ensure that their personnel are adequately trained to perform analy- 
ses. 

- ensure that equipment and  instrumentation under their control are 
calibrated and functioning properly. and 

- review and perform subsequent corrective action on internal and ex- 
ternal audits. 

The Quality Assurance/Quality Control Officer has the following responsibili- 
ties: 

- on-going rev iew of individual quality assurance procedures, 

- providing assistance in the development 3nd  implementation of spe- 
cific quality assurance plans fo r  special analytical programs. 

- coordination of internal and external quality assurance audits, 

- coordination of quality assurance training, 

- review of special project plans for  consistency wi th  organizational 
requirements and advising laboratory management of inconsistencies, 
and 

- overall coordination of the laboratories' quality assurance program 
ma nual. 
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1.2. SAMPLE MANAGEMENT 

On notification of the tampline and  analyses effort. the laboratory will creatc 
3 fi le to maintain records associated with the activity. I n  addition to administrati \ .c 
information. requests for  sample containers. preservatives, and required analyses wi l l  

be incfuded in the file. 

Sample bottles will be prepared by the laboratory and made available to  the  

sampling team. The bottles will be prepared according to the analysis plan procedures 
and will include sample preservatives appropriate  to the analytes and  matrices of 
concern. Addition of preservatives to sample shall be recorded on chain-of-custody 
forms. 

Samples received a t  the laboratories will be inspected for  integrity. a n d  a n y  
field documentation wil l  be reviewed fo r  accuracy and  completeness. 

Chain-of-custody and sample integrity problems wil l  be noted and recorded on 
the chain-of-custody form during sample log-in. Chain+f-custody forms a n d  defi-  
ciency notices will be maintained in the file. Any deficiencies will be brought to the 
attention of the Rockwell International CEARP Manager who will advise t h e  labora- 
tory on the desired disposition of the samples. 

Each sample that is received by the laboratory will  be assigned a unique se- 
quential  sample number which will identify t h e  sample in the laboratory's internal 
tracking system. References to a sample in any  communication will include the as- 
signed sample number. 

Samples will  be stored in a locked refrigerator at ;rot. The temperature of t h e  

storage refrigerators wil l  be monitored and  recorded daily by t he sample custodian. 
Sample fractions and  extracts wil l  also be stored under these same conditions. 
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1.3. ANALYTICAL SYSTEMS 

1.3.1. InstrymUIt 

Instruments wi l l  be maintained in accordance w i t h  manufacturers '  specifica- 
tions. More frequent maintenance may be dictated dependent on operational perfor- 
mance. Instrument logs will be maintained to document the date. type, a n d  reason for  
a n y  maintenance performed. 

Contracts on major instrumenu with manufacturers and  service agencies may 
be used to provide routine preventive maintenance a n d  to ensure rapid response to 

emergency repair service. 

1.3.1. w e n t  Q j J b r r t l Q p  

Before any instrument is used. i t  wi be ca rated usin8 known reference ma- 
terials. All  sample measurements will be made within the calibrated range of the in- 
strument. A record of calibration.wil1 be kept  in a n  equipment log. 

1.3.3. Personnel T r a i u  

Prior to conducting analyses on a n  independent basis, analysts wil l  be trained 
b y  experienced personnel in the complete performaace of the analytical  method. An- 
alysts may require training a t  instrument manufacturers '  training courses. The ana- 
lyst wil l  be required to independently generate data on several method and/or  matrix 
sp ikes  to demonstrate proficiency in that analytical method. The type of data t o  be 

generared will  be dependent on the analyt ic i l  method to be performed. Results of 
th i s  'certification' will  be reviewed by  laboratory management for  adequacy. 

.Method blanks and  method spikes wil l  be required in every lot of samples an-  
alyzed, thus performance on a day-to-day basis can be monitored. Laboratory m3n- 

agernent and  the Laboratory Quality AssurancelQuality Control Off icer  are  responsi- 
blc for  ensuring that samples are  analyzed by only competent analysts. 



1.4. ANALYTICAL METHODS 

1.4.1. C h r w h v  /Mass S a m  

Mass spectrometers will be tuned on a dai ly  basis to manufacturer's specific3- 
tions wi th  FC-43. In addition. once per shif t  (8 hours) these instruments wil l  bc 
tuned with decafIuorotripheny1phosphine (DFTPP) o r  4-brorno-fluorobenzene (BFBI 
for  semi-volatiles or volatiles. respectively. Ion abundance will be within the window 
dictated by the requirements of the specific protocols. Once a n  instrument has been 
tuned, initial calibration curves for  rnalytes (appropriate to the analyses to be per- 
formed) will be generated for a t  least three solutions containing known concentrations 
of authentic standards of compounds of concern. 

T h e  calibration curve wi l l  bracket the anticipated working range of analyses. 

Calibration data. to include the correlation coefficient, will be entered into 
laboratory notebooks to maintain a permanent record of instrument calibrations. 

During each operating shift, a midpoint calibration standard will be analyzed 
to verify that the instrument responses are  still  within the initial calibration determi- 
nations. The calibratiun check compounds will be those analytes used in the EPA 

contract laboratory program's multicomponent analyses (e& priority pollutants and 
hazardous substances list) with the exception that benzene will be used in place of 
vinyl chloride (volatiles) and di-a-octyl phthalate wil l  be deleted from the semi- 
volatile list. 

The  response factor dr i f t  w i l l  be calculated and recorded. If s ignificint  
(>30%) response factor dr i f t  is observed. appropriate corrective action will  be taken to 

restore conf idence i n  the instrumental measurements. 

All  GC/MS analyses will  include analyses of a method blank, a method spike. 
and  a method spike duplicate in each lot of samples. In addition, appropriate surro- 
gate compounds specified in EPA methods will spiked into each sample. Recoveries 
from method spikes and surrogate compounds will be calculated and  recorded on con- 
trol char ts  to maintain a history of system performance. 



Duplicate samples will be analyzed for analytical lots of twenty (20) or more 

samples. 

Audit samples wil l  be analyzed periodically to compare and verify laboratory 
Performance against standards prepared by outside sources. 

Gas chromatographs and high performance liquid chromatographs will  be cali- 
brated prior to each day of use. Calibration standard mixtures will be prepared from 
1 ppropriatc reference materials and will contain analytes appropriate for the method 
of analysis. 

Working calibration standards will be prepared fresh daily. The working stan- 
dards will include a blank and a minimum of three concentrations to cover the antic- 
ipated range of measurement At least one of the calibration standards will be a t  or 
below the desired instrument detection limit. The correlation coefficient of the plot 
of "known' versus 'found' concentrations must be a t  least 0.996 in  order to consider 
the responses linear over a range. If a correlation coefficient of 0.996 a n n o t  be ob- 

tained, additional standards must be analyzed to define the calibration curve. A 

midpoint calibration check standard will be analyzed each operating shift ( 8  hours) to 
confirm the validity of the initial calibration curve. The check standard must be 
within twenty (20) percent of the initial response curve to demonstrate that the initial 
:alibration curve is still valid. 

Cllibr3tion data. to include the correlation coefficient. wil l  be entered into 
liboratory notebooks 10 maintain a permanent record of instrument calibrations. 

A I  least one method blank and two method spikes wi l l  be included in each 
;aboratory lot of samples. Regardless of the matrix being processed, the method 
spikes and blanks will  be in aqueous media. Method spikes wil l  be at  a concentration 
of approximately five (S) times the detection limit. 

The method blanks will be examined to determined if contamination is being 
introduced in the laboratory., The method spikes will be examined to determine both 
precision and accuracy. 



Accuracy wil l  be measured by the percent recovery Of the spikes; precision 
w i l l  be mejsured by the reproducibility of method spikes. 

Atomic absorption spectrophotometers wil l  be calibrated prior to each d a y  o i  

use. 

Calibration standards will be prepared from appropriate reference materials. 
and working calibration standards will be prepared fresh weekly. T h e  working stan- 
dards will include a blank and  a minimum of f ive concentrations to cover the antici-  
pated range of measurement. 

Duplicate injections will be made for each concentration. A t  least one  of the 
calibration standards w i l l  be a t  or below the desired instrument detection limit. T h e  
correlation coefficient of the plot of ‘known’ versus ‘found’ concentrations will be a t  
least 0.996 in order to consider the responses linear over a range. If a correlation co- 
efficient of 0.996 cannot be achieved, the instrument will be recalibrated prior to 
analysis of samples. Calibration data,  to include the correlation coefficient,  will be 
entered into laboratory notebooks to maintain a permanent record of instrument Cali- 
brat ions. 

A t  least one method blank and  two method spikes will  be included in each 
laboratory lot of samples. Regardless of the matrix being processed. the method 
spikes 3nd blanks will be in aqueous media. .Method spikes will  be at a concentration 
o f  approximately five ( 5 )  times the detection limit. 

The method blanks wil l  be examined to determine i f  contamination is being 
introduced in the laboratory and  wi l l  be introduced at  a frequency of one per 3n3l\’t- 

icai lot or f ive ( 5 )  percent of the  samples, whichever is more. The method spikes wil l  

be examined to determine both precision and accuracy. Accuracy wil l  be measured 
by the percent recovery of the spikes. The recovery must  be w i t h i n  the range of 75- 

12s percent to be considered acceptable. 

Precision will be measured by the reproducibility of both method spikes. Re- 
sults must agree within twenty (20) percent in order to be considered acceptable. 



Spectrophotometers w i l l  be calibrated prior to each day of use. Calibration 
szandards will be prepared from reference materials appropriate to the analyses being 
ptrformed, and workin8 standards will  i ndude  a blank and 8 minimum of five (5) 

:oncentrations to cover the anticipated ranae of measurement A t  least one of the 
,xlibtation standards will  be at  or below the desired instrument detection limit. The 
:orrelation coefficient of the plot of 'known' versus 'found' concentration will be at  
least 0.996 in order to consider the responses linear over a r a n l c  If a correlation co- 
eff ic ient  of 0.996 caanot be achieved, the instrument will be real ibrated prior to the 
analysis of sampler. 

Calibration data. to include the correlation coefficient. r i l l  be entered into 
I3 boratory notebooks to maintain a permanent record of instrument calibrations. 

A t  least one method blank and two method spikes will  k included in each 
laboratory lot of sampler Regardless of the matrix being processed. the method 
spikes will  be at a concentration of approximately five (5) times the detection limit. 

The method blanks will  be examined to determine if concamination is being 
introduced in the laboratory. 

Accuracy will  be meaiured by the percent recovery of the spikes. The recov- 
ery must be in a n  acceptable range (based on EPA data for the method of interest) in 
order  to  be coasidered acceptable. Precision will  be measured by  the reoroducibility 
of  bo th  method spikes. 

Results must agree wi th in  acceptable limits (based on EPA data) in  order to be 
:: .-.sidered 3cceptable. 

1.5. REFERENCE MATERIALS 

Whenever possible, primary ref erence materials will obtained from the Na- 
tional Bureau of Standards (NBS) or the US. Environmental Protection Agency (EPA). 
In absence of available reference materials from these organizations, other reliable 
sources may be sought Reference materials will  be used for instrument calibrations. 
quali ty control spikes, and/or performance evaluations. Secondary reference material 



may be used for these functions provided that they are traceable to an NBS standard 
or have been to an NBS standard within the laboratory. 

1.6. REAGENTS 

Laboratory reagenu will be of a quality to minimize or eliminate background 
Reagents must also not contain other concentrations of the analyte to be measured. 

contaminants that will interfere with the analyte of concern. 

1.7. CORRECTIVE ACTIONS 

When an analytical system is deemed to be questionable or out-of-control at 
any level of review, corrective action w i l l  be taken. If possible, the cause of the out- 
of-control situation will  be determined, and efforts will be made to bring the system 
back into control. Demonstration of the restoration of a reliable analytical system 
will  normally be accomplished by generating satisfactory calibration and/or quality 
control sample data. The major consideration in  performing corrective action will be 
to ensure that only reliable data are reported f rom the laboratory. The Rockwell In- 
ternational CEARP Manager will be informed of the problem and  al l  corrective ac- 
tions taken. 

1.8. D A T A  MANAGEMENT 

1.8.1. Cot IcctiQQ 

All  data w i l l  De recorded i n  laboratory notebooks. Laboratory notebooks wiil 

contain: 

- Date and time of processing - Sample numbers 
Pro ject - Analyses or operation performed - Calibration data - Quality control samples included - Conccntrations/dilutions required - Instrument readings 
Special observations - Analyst’s signature. 



Copies of laboratory notebooks will be provided to the Rockwell Internat ional  

CEARP Manager on request. 

Data reduction wi l l  be  performed by the individual analysts. The complexity 
of  the data reduction will be dependent on the specific analytical method a n d  the 

number of discrete operations (extractions, dilutions, and concentrations) involved. 

For those methods utilizing a calibration curve, sample responses will be ap- 
plied to the linear regression line to obtain a n  initial raw result which will be fac- 
tored in to  equations to obtain the estimate of the concentration in the original sample. 
Rounding will not be performed until  a f t e r  the f inal  result is obtained. to minimize 
rounding errors, and results will not normally be expressed in more than  two (2) sig- 
aif  icant figures. 

Copies of all raw da ta  and the calculations used to generate the f inal  results 
will  be retained in the laboratory fi le to allow reconstruction of the da ta  reduction 
process at a later date. Copies of these records will be provided to the Rockwell In- 
ternational CEARP Manager on request. 

1.8.3. Re v i e r  

System reviews wi l l  be performed at  all levels. The individual analyst will re- 
v i e w  the quality of da ta  through calibration checks. quality control sample results. 
3nd performance evaluation samples. These reviews will be performed prior to sub- 
mission of data to the laboratory management. 

Laboratory management wil l  review data f o r  consistency and validity to de- 
[::mine if program requirements have been satisfied. Selected hard copy output of 
d a t a  (chromatograms. spectra. etc.) wil l  be reviewed to ensure that results are inter- 
preted correctly. Unusual or unexpected results will be reviewed, and  a resolution 
will be made as to whether the analysis should be repeated. In addition, laboratory 

management, will recalculate sclected results to ver i fy  the calculation procedure. Any 

abnormalit ies will be brought to the attention of the Rockwell International CEARP 
.Manager. 



The Quality Assurance Off icer  will independently conduct a complete revicu 

of results f rom randomly selected sarnOlcs to determine if laboratory and  program 
quality assurance/quality control requirements have been met. Deviations f r o m  rc- 

quiremcnts will  be reported to the laboratory management and Rockwell International 
CEARP Manager for  resolution. 

Non-routine audi ts  may be performed. 

1.8.4. Data R e  

Reports will contain final results (uncorrected for  blanks and  recoveries). 
methods of analysis. levels of detection, surrogate recovery data, a n d  method blanks 
data. In addition. special analytical problems, and/or  any modifications of refer-  
enced methods wil l  be noted. The number of significant figures reported will be con- 
sistent wi th  the limits of uncertainty inherent in the analytical method. Conte- 
quently,  most analytical results will  be reported to no more than two (2) significant 
f igures. 

Data wil l  be reported in units commonly used f o r  the analyses performed. 
Concentrations in liquids wil l  be expressed in terms of weight per unit volume (e.3.. 
milligrams per liter). Concentrations in solid or semi-solid matrices will be expressed 
in terms of weight per unit weight of sample (e& m i c r o g r a ~  per grams). 

Reported detection limits will be those specified by  the analytical method. 

1.8.5. D 8 t a  .Archir inp 

The laboratory will  maintain on fi le all of the raw data (including calibration 
data).  laboratory notebooks. a n d  other pertinent documentation. This fi le w i l l  bc  

maintained at  the laboratory for a period of time consistent w i t h  Rocky Flats Plant’: 
requirements. A t  the end of that time frame. all these records wi l l  be given to Rocky 
Flats Plant. 



2. PERFORMANCE A N D  SYSTEM AUDITS 

Quality assurance audits wil l  be conducted. System audits will be conducted at  

random. unscheduled intervals at  least annually. 

Audits will  be planned. organized. and  clearly defined before they are  initi- 
ated. Auditors will identify nonconformance3 or  def iciencies. These will be reported 

and  documented so that corrective actions can be init iated through appropriate chan- 
nels. Corrective actions will be followed up  with a compliance review. A report on 

each audi t  will be sent to the Rockwell International CEARP mnager. 

,2.1. FIELD AUDITS 

IJnannouaccd fieid audits. investigating conformance with QA/QC procedures, 
w i l l  be performed. A typical checklist f o r  this type of audi t  is shown in Table A-1. 

A written report on the results of this a u d i t  wil l  be submitted to the Rockwell Inter- 
national CEARP Manager. 

2.2. CORRECTIVE ACTION 

After  each audit. auditors will ident i fy  nonconformances in a written noncon- 
formance notice and  initiate corrective action through the Rockwell International 
CEARP Manager. The nonconformance notice will describe any nonconforming con- 
dit ions and set a date for response and  corrective action(s). The Subcontractor 
Pro jec t  Manager wi i l  prepare a written proposal for  corrective action f o r  review and 
ipproval  by the Rockwell International CEARP hhnager .  When approved.  the  pro- 
zosed corrective act ion(s)  wi l l  be implemented. Follow-up rev iew wi l l  be performed 
S y  t h e  auditor to confirm that the corrective actions have been implemented. 
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Table A.1. Field Audit  

Project 

Site Location 

Auditor 

Site Manager 

Field Team Leader 

Date 

a 

1. 

2. 

3. 

4. 

5. 

6. 

7 .  

8. 

9. 

Was a sitc-spccific sampling 
a n d  analytical plan followed? 

Was a field team leader 
appointed? 

Was the site health and safety 
coordinator present? 

Were field team members famil- 
iar with the sampling plan? 

Was a briefing held offsite, 
before any site work was begun. 
ro acquaint personnel wi th  
sampling equipment and assign 
fieid res ponsi b i l  i t i ts? 

Was the daily briefing and  
safety check conducted? 

Was a completed 'Site Person- 
nel Protection and Safety Eval- 
uation Form' re id  and signed 
b y  al l  visitors and personnel 
entering t h e  site? 

Was a field notebook assigned 
to the field team leader? 

Were entries made in the field 
note book? 

10. Were sampling stations located 
correctly? 

11. Did the number and location 
of samples coiiected follow the 
sitc-specif ic sampling plan? 



Table A.1. (Continued) 

Project 

Site Location 

Auditor 

s i te  Manager 

Field Team Leader 

Date 

12. 

13. 

14. 

IS. 

16. 

17. 

18. 

19. 

20. 

Were sampler identified as 
described in the site-specific 
sarnplin8 plan? 

Were samples collected fol- 
lowing procedures specif ied in 
the site-specific plan? 

Was a chain-of-custody form 
filled out  f o r  all samples col- 
lected? Were all sample transfers 
documented? 

Were samples preserved as 
specified in the site-specific 
sampling plan? 

Were the number. frequency, 
and type of samples (including 
blanks and duplicates) collected 
as described in the site-specific 
sampling plan? 

' 

Were the number. frequency, 
and type of measurements and 
observations taken as specified 
in the site-specif ic sampling 
plan? 

Were blank and  duplicate 
samples properly identified? 

Was a record maintained 
of calibration of field equip- 
ment? 

Was field equipment cal- 
ibrated as required? 

t 



Table A.1. (Continued) , 

Project Site Manager 

Site Location 

Auditor Date 

Field Team Leader 

Yes N o  C w n t / D o c u m e n w  

21. Have any procedures been 
revised? 

22. Are revisions to procedures 
adequa tel y documen t ed? 

23. Was the document log for 
chain-of-curtody records and  
other sample t raff ic  control 
forms maintained? 

24. Have any accountable doc- 
uments been lost? 

2s. Did drilling and well con- 
struction follow procedures out- 
lined in the sampling plan? 

26. Were the activities being 
conducted compatible with the 
environmental conditions? 
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APPENDIX A 

1. DRILLING AND SAMPLING 

1.1. PURPOSE 

To provide procedures for borehole drilling and sampling. 

1.2. DEFINITIONS 

- Monitor Wells: Two-inch wells designed for monitoring water levels 
and groundwater quality. 

- Alluvial Wells: Monitor wells completed in surficial materials 
(Rocky FIats Alluvium, colluvium. or valley f i l l  alluvium). 

- Bedrock Wells: Monitor wells completed in saturated sandstone of 
the Arapahoe or Laramie Formations. 

- Piezornetert: Two-inch wells completed in claystone of the Arapahoe 
or Laramie Formations for monitoring water levels. 

- Surface Casing: Casing set and grouted through surficial materials 
in bedrock wells to prevent interconnection of shallow and deep flow 
systems. 

1.3. R ESPON SIB ILITY 

The Rockwell International CEARP Manager is responsible for  the drilling a n d  

sa m pl i n g prog ra m. 

The Subcontractor Site Manager is responsible for direct supervision of drilling 

and sampling. The Subcontractor Site Manager will report daily to the Rockwell In-  
ternational CEARP Manager on drilling and sampling progress including any prob- 

lems encountered implementing the field program. 

The Field Team Leader is responsible for  supervision of drilling, verification 
of drilled depths. and approval of the Driller's daily logs. The Field Team Leader is 
also responsible fo r  sample collectioa, handling, and f k i d  screening. 

i I 



The Driller is responsible 'for operating and maintaining the rig and auxiliary 
equipment, for  keeping a clean and safe working environment, and for assisting the 
Field Team Leader wi th  sampling. 

1.4. EQUIPMENT AND MATERIALS 

- Drilling rig with  auger, rotary tricone, and diamond coring systems - Water truck - Rod trailer - Maintenance and access vehicles - Miscellaneous drilling equipment - Volatile organic-free water - Electric well sounder - Glass jars and lids - Labels - Core boxes - Plastic wrap - Pipe wrenches - Rock hammer - Pocket knife - Hand lens - Tape measure divided in tenths of a foot - Dropper bottle of hydrochloric acid - Protractor - Marking pens and pencils - Field notebook - Log of boring form 

1.5. PROCEDURES 

1.5.1. ,4lluvirl Wel l s  

( 1 )  Alluvial wells will  be drilled wi th  hollow stem augers where practical. 
Boulders in the Rocky Flats Alluvium may prohibit the use Of hollow Stem 
augers. in which case alternative drilling methods such as tricone rorary 
will be used. Sampling through surficial materials will be performed by 

continuous sampling through the hollow stem augers (with split tube inner 
barrel) or by split spoon, depending on the materials. 

(2) Alluvial wells will be drilled approximately one to three feet into bedrock. 
They will be terminated after confirming the presence and lithology Of 

bed r oc k. 



(3)' The hole diameter will be a minimum of four  inches. The use of hollow 

stem augers eliminates the need for  dril l in8 fluids; however, some volatile 
organic-free water may be used if hole stability is a problem. In no event 
will mud or foaming agents be used. 

1.5.2. Bcd,oct Wcllg 

(1) Bedrock wells will be augered and  rotary drilled through surficial materi- 
als and weathered bedrock as described above. 

(2) Upon penetration of unweathered bedrock, steel surface casing will be set 
and neat cement grout will be placed in the annulus through a tremic pipe 
or by pushing a plug of cement through the surface casing. The surface 
casing will be approximately 6 in. in diameter. 

(3) Grout will  be neat Type 1 or Type I1 Portland cement, mixed with volatile 
organic-free water at  a mix ratio of 6 to 9 gal. of water per 94-lb bag of 
cement. Grout will be allowed to set at  least twenty-four hours before 
drilling resumes. 

(4) The hole will proceed through bedrock by rotary coring (size NX or 
larger), using bentonite mud, volatile organic-free water, air  mist (air and 
volatile organic-free water), or filtered air. 

(5)  Drilling will progress into bedrock until  at least 3 f t  of saturated sand- 
stone within a 1041 interval of bedrock is encountered. or un t i l  the well is 
approximately 100 f t  deep. Wells may be drilled deeper than 100 f t  to 

fully penetrate a sandstone. 

( 6 )  After drilling through sufficient sandstone thickness (as defined above), 
the hole will be cleaned and stabilized for packer testing. 

(7) Geophysical logging may be performed in some holes a f te r  packer testing. 

(8) After packer testing and geophysical logging are  completed, the hole will  

be reamed, if necessary, to a minimum of 4 in. for  well installation. 
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(1 )  The Driller will provide either continuous samples from 8 split tube Sam- 
pler, split-spoon samples. rotary cuttings, or NX core, depending on the 

drilling method. 

(2) As drilling progresses, the Field Team Leader will confirm sample depths 
with the Driller, describe the samples. a n d  field screen the sample f o r  or- 
ganic or radioactive contamination. Descriptions and screening results will 
be recorded in the field notebook and on a log of boring form. The Field 
Team Leader will also note the depth a t  which groundwater is encoun- 
tered. 

(3) Sample descriptions will include the following items as appropriate: 

. Borehole designation 
Time and date 
Interval footage and  recovered footage 
Name of unit and/or brief rock name 
Characteristic structures of the unit 
Fossils 
Lithologic description 
Nature of contacts 
Water content 
Organic and radioactive field screening results. 

(4) Auger and rotary cuttings will be bottled in glass jars and labeled. Inter- 
vals designated for chemical analyses will be placed in jars and stored on 
ice in coolers. These samples will be delivered to the onsite laborarory. if 

an onsite laboratory is used. within 3 hours of collection. 

(5 )  Core continuous split tube samples. and split-si 
wrapped with clear plastic to prevent rapid dry 
placed in NX or NC size core boxes as appropriate. 
inserted in the boxes a t  the beginning and  end of 

oon samples will  be 
ng and cracking and 
Wooden blocks will be 
runs to mark footages 

and will indicate lost core zones. Core boxes will be labeled and stored. 

(6 )  The Driller will keep a daily log detailing footage drilled, material used, 
and stand-by time. The Field Team Leader will keep a n  independent 
record of drilling activities in the field notebook to verify the daily logs. 
One copy of the daily logs will  be submitted to the Subcontractor Site 



a 

a 

Manager and Rockwell International CEARP Manager by the Field Team 

Leader on 1 weekly basis. 

1.6. RECORDS 

- Log of boring - Driller’s daily logs - Field notebook 



~~ 

2. MATERIALS DESCRIPTION 

2.1. PURPOSE 

To provide procedures for  field descriptions of surficial and bedrock materi- 
als. 

2.2. RESPONSIBILITY 

The Field Team Leader is responsible for  describing core and samples follow- 
i n g  this work procedure. 

2.3. EQUIPMENT AND MATERIALS 

Log of boring 
Field notebooks 
Clipboard 
Rulers 
Rock-color chart. Geological Society of America 
Waterproof pens 
Colored pencils 
Protractor 
Hand lens 
Dropper bottle of hydrochloric acid 
Rock hammer 
Grain-sire chart/scale 

2.4. PROCEDURES 

( 1 )  Al l  surficial materials and bedrock samples wil l  be described using the 

following sequence of parameters: 

- Footage 
Sample type - Percent recovery - General material type - Color - Structural  characteristics - Grain sizes - Composition of grains - Degree of sorting - Grain shapes - Minor characteristics 



Degree and nature of cementation - Moisture content 

Procedures for describing each of these parameters are  presented below. 

(a) Footage: Depth of sample interval. 

(b) Sample Type: Continuous drive, cuttings, core, or split spoon. 

(c) Percent Recovery: Percent of sample recovered from borehole. 

(d) General Material Type: Clay, clayey sand. sandy clay, Silt. sand, 
gravel, sand and gravel, shale. sandstone, or siItstone. 

(e) Color: Color of samples w i l l  be described by comparing samples 
with a standard color chart. Either a Munsel soil color chart  or 
USGS standard color chart will be used. Colon will be described 
from moistened sampler Any color abbreviations shall follow those 
set by the standard color char t  used. 

( f )  Structural Characteristics: This parameter describes bedding and 
other primary features of the sample, including nature of bedding 
(e.8.. massive. tabular. lenticular, laminated, graded. or even); pri- 
mary fearures within beds or other structures (e& grading, lamina- 
tions, cross bedding, channeling, distorted flow banding, and inclu- 
sions): and characteristic secondary features (e.g.. cieavage, promi- 

nent weathering effects, and fracturing) (Compton 1962). 

( 8 )  Grain Size: Grain sizes will be classified according to the Went- 
worth scale (Dresser Atlas 1982). The percentage of each grain size 
will be denoted by the following descriptive terms. 

Descriptive Term Percentage 
Trace 1-1096 
Some 10-2096 
Adjective (sandy, silty. etc.) 20935% 
'And' 35050% 

(h) Composition of Grains: Composition of grains wi l l  be described by 
using the major or dominant grain component first, followed by 



minor component percentages or the appropriate descriptive term 
(Compton 1962). 

(i) Degree of Sorting: The degree of sorting is a measure of particle 
size uniformity. I t  will be visually estimated in the field using 
sorting charts (Dresser Atlas 1982). 

(j) Grain Shapes (Roundness): Roundness is the degree of a clastic par- 
ticle abrasion and is reflcctcd in  the sharpness of its edges and  cor- 
ne= Grain shapes will be determined visually in the field using 
grain shape charts (Dresser Atlas 1982). 

(k) Minor Characteristic% Minor and/or  unusual characteristics of a 
sample will be noted in the description including weathering. 

(1) Degree and Nature of Cementation: The degree of cementation wiIl 
be recorded as  uncemented or unconsolidated, poorly cemented or 
consolidated, or well cemented. based on visual inspection. The  na- 
ture of calcium carbonate will be determined based on the reaction 
of samples to dilute hydrochloric acid. The intensity of the hy- 
drochloric acid reaction will be described as no reaction, weak reac- 
tion. or strong reaction. 

(m) Moisture Content: A general qualitative description wil l  be used to 
describe moisture content. 

Dry: No discernible moisture present. 

Damp: Enough moisture present to darken the color of the sample, 
but does not feel moist to the touch. 

Moisr Sample feels moist to the touch. 

Wet: Visible water is present. 

(2) Geologic descriptions of core will follow the same procedures as outlined 
above. Additional records required for  core arc: the cored (run) interval, 
the footage of recovered core and percent recovery, and the Rock Quality 
Designation (RQD) of the cored interval. RQD is the percent of sound 
core recovered in pieces greater than four inches in length (Deere 1964). 



ZS RECORDS 

- Field Notebooks - Log of Boring 

2.6. REFERENCES 

Compton. R. R, 1962, Manual 01 Field GCOlOgY: John Wiley and Sons. Inc., New York, 
378 pp. 

Deere, D. U., 1964, Technical Description of Rack Cores for Engineering Purposes: 
Rock Mechanics and Engineering Geology. Vol. 1, pp. 16-22 

Dresser A tlas, 1982, Well Logging and Interpretation Techniqucr: Dresser Atlas. Inc., 228 
PD. 
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3. FIELD SCREENING FOR TOTAL ORGANIC COMPOUNDS IN SOIL SAMPLES 

3.1. PURPOSE 

To field screen soil samples for  volatile organic compounds. 

3.2. RESPONSIBILITY 

The Field Team Leader is responsible for field screening of samples following 
this work procedure. 

3.3. EQUIPMENT AND MATERIALS 

- Field notebooks - Log of boring - Adhesive labels - Waterproof pen - Sample bottles (500-ml amber glass) with lids - Photoionization detector (PID) - Organic vapor analyzer (OVA) 

3.4. PROCEDURES 

Approximately 50 to 100 mJ of roil will be placed in 50O-ml amber 
glass jars, and  an  equal amount of deionized water will be added to 

the jar. The jar will then be shaken and allowed to stand for 30 

minutes allowing organic compounds to volatilize. 

The sample jars will be labeled with the date, time, borehole number, 
sample depth. and Field Team Leader's. 

Field screening of the samples for total organic vapor concentrations 
will be conducted using an OVA and a PID. Th e  instruments will be 

calibrated to the volatile organic compounds of concern a t  each site 
(Roffman e t  al. 1986). 

The lid of the sample jar will be opened slightly and the probes of 
the instruments will be placed inside the jar. Values registered on 
each instrument will then be recorded in the field notebook. The 
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date rad time of the reading, the borehole number. and the sample 
depth will also be recorded in the field notebook and log of boring. 

35. RECORDS 

Field notebooks 
Logs of borings 

3.6. REFERENCES 

Roffman. H. K., M D. Neptune. J. W. Harris, A. Carter. and T. Thomas. Field 
Screening for Organic Contaminants in Samples f rom Hazardous Waste Sites. 1986. 
Abstract from: Conference on Petroleum Hydrocarbons and Organic Chemicals in 
Groundwater-Prevention, Detection. and  Restoration. Houston. Texas. 8 p. 
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4. LABELING AND TORACE OF SAMPLES 

4.1. PURPOSE 

To provide procedures for labelit and storage of boxed a r e s  and jarred sam- 

ples. 

c 

4.2. DEFINITIONS 

- Storage Facility: The locatiot vherc boxed cores and/or jarred sam- 

, ples will be stored without f r e  .ins. 

4.3. RESPONSIBILITY 

The Field Team Leader is respon ble for labeling and storage of all samples. 

4.4. EQUIPMENT AND MATERIALS 

- Labeling Pens - Adhesive Labels - Inventory Sheets - Field Notebook 

4.5. PROCEDURES 

( 1 )  Label core boxes and samplc 3rs in the field a t  samples are collected. All 

samples will  be labeled w i t h  

(a )  location 
(b) borehole designation 
(c) date 
(d) depth 
(e) box or jar number 
(f) total number of boxes o jars for the borehole 
(g) Field Team Leader iaiti s 

Check that all information is co :ct before leaving the fjeld wi th  samples. 

(2) Transport samples to storage 'acility. 

a 
- 



a- ( 3 )  Place samples in rtortgc facility. Samples should be stacked in order by 
hole number and in neat and orderly arrangement for accessibility. All 

samples from each well should be placed in one locatioa, and the labels 
should be visible. 

4.6. RECORDS 

- Field Notebook 



S. DECONTAMINATION OF DRILLING, TESTING, AND SAMPLING EQUIPMENT 

5.1. PURPOSE 

To provide procedures for equipment decontamination. 

5.2. DEFINITIONS 

Equipment  Augers. dri l l  pipe, bits, sampling devices. tools, tremie pipe, pack- 
ers. water pipe, geophysical logging equipment, casing, electric well sounders, pumps, 
and all other miscellaneous equipment used in drilling, sampling, testing, logsing, in- 
stalling, and  developing monitor wells. 

Decontamination: Decontamination is the process Of cleaning equipment to 
avoid transport of contamination. 

5.3. R E S P 0  NSIB I LITY 

The Field Team Leader is responsible fo r  supervising and approving the de- 
con t a mi na t io n c l ea n in g of equ i p men t. 

The Driller is responsible for cleaning all drilling, sampling and well construc- 
tion equipment a n d  assisting the geophysicist in cleaning geophysical probes and ca- 
bles. 

5.4. EQUIPMENT AND MATERIALS 

- Portable Steam Cleaner - Brushes and Buckets - Organic-free Water - Alkaline Detergent 

5.5. PROCEDURES 

53.1. Drill ian rad Well Tnstr l i r t loa Eoulumcat 

(1) Decontaminate ail driIIing equipment before starting the first borehole. 



(2) Upon terminrtioa of I borehole, decoatrmint te  d l  drilling, packer testing, 
and geophysical logging equipment as well as stainless steel vel1 casing 
and screen. 

(3)  Decontamination will include: 

(a) a rinse with the steam cleaner using organic-free water: 
(b) scrubbing with brushes using a solution of organic-free water and  

an  alkaline detergent; and  
(c) a final rinse with the steam cleaner using organic-free water. 

(4) Cover drilling equipment with a clean sheet of plastic af ter  it is decontam- 
inated. Install wet  casing and screen in the borehole. 

(5)  Decontaminate all equipment and tools used in well installation. 

( 6 )  Before'moving to the next drill site, decontaminate the wireline cable by 
pulling i t  off the drum to the appropriate length. Also decontaminate the 
rig cable and mast. 

53.2. Samalioc Eauipmcat 

( 1) Decontaminate all sampling equipment before collecting the first sample 
and after each sample collected. 

(2) Decontamination will include: 

(a)  scrubbing wi th  brushes using a solution of organic-free water a n d  an 
alkaline detergent; and 

(b) a rinse with organic-fret water (a steam cleaner may be used). 

(3) Decontaminate the electric well sounder probe and cable before and af ter  
measuring water levels. 

(4) Decontaminate pumps and pump line exteriors before and af ter  pumping a 

monitor well. Decontaminate the internal system of pumps and tubing by 

pumping at least I tubing volume of organic free water through the pump. 

. 



(5) Discard bailer rope after each use. Attach new poiypropylene rope to the 

bailer at each well. 

5.6. RECORDS 

- Field Notebook 



8. WELL INSTALLATION 

8.1. PURPOSE 

To provide procedures for  monitor well construct ion a n d  installation. 

8.2. DEFINITIONS 

Monitor Well: Two-inch well designed for monitoring water levels a n d  

g roundwate r  quality. 

Alluvial  Well: Monitor well completed in su r f i c i a l  materials (Rocky Flats Al- 

luvium. colluvium. or valley f i l l  alluvium). 

Bedrock Well: Monitor wei l  completed i n  saturated sandstone of the Arapahoe 
or  La ramie  Formations. 

Piezometers: Two-inch well completed i n  claystone of the Arapahoe or 
L a r a m i e  Formations f o r  monitoriog water levels. 

8.3. RESPONSIBILITIES 

T h e  Subcootractor Site ,Manager is responsible for selecting completion 
intervals  and well designs. Completion intervals a n d  well designs will be approved b y  
the Rockwell Intcrnatjooal CEARP Manager  prior to well construction. 

T h e  Field Team Leader is responsible fo r  supervisioo and documentation o i  

well completions. 

T h e  Dril ler will assemble a o d  install a l l  materials. 

8.4. EQUIPMENT AND ,MATERIALS 

- Schedule 5 Type 316 stainless steef casing - Schedule 5 Type 316 stainless steel  wire wrap  screen - Type 316 stainless steel central izers  - Bentonite peilets - Appropriate filter pack - Neat Type 1 or 11 Portland cemen t  



- Concrete mix 
Oraaaic-free water - Five-aallon buckets - Tremie pipe - Hoses tnd pump 

- Trowel - Protective surface casing - Padlock - 100-ft tape measure divided in tenths ol a foot with a weight on tbe 
end - Electric well sounder - Well construction summary data  sheets - Field notebook 

- Shovel 

8.5. PROCEDURES 

( I )  Pull all augers and  drill pipe f rom borehole. 
problem, the wells may be completed inside the hollow stem augers. 

If borehole stability is a 

(2)  Decontaminate drilling equipment and  casing. 

(3) Measure depth to water and design well construction. 

Alluvial W e l l i .  The screened interval in alluvial  wells wi l l  extend f rom 
approximately 1 f t  below the top of bedrock to  2 to S f t  above the  water 
table. A fi l ter  pack designed f o r  the grain sire of the formation will be 
placed around the screened interval a n d  will not extend more than 2 f t  
above the top of the screened interval. A I-ft- thick bentonite seal wil l  be 

placed above the filter pack. a n d  the annulus  will be tremie grouted w i t h  

neat Portland Type I or 11 cement to the surface. Cement may be poured 
f rom the surface if the cemented interval it within S f t  of the surface. A 

locking steel protective casing will be placed over the well, and  a concrete 
surface pad, approximately 3 f t  in diameter. w i l l  be poured around the 

surface casing. The pad will be sloped so as  to d r a i n  away from the well. 

Bedrock "elk. Bedrock monitor wells will be screened across the ent i re  

interval of saturated sandstone with a minimum screened interval of 5 ft .  

Filter pack, bentonite, cement grout, protective casing, and a concrete pad 
will bc placed as described above. 



Piezamctcn. Deep boreholes which do not encounter sufficient sandstone 
thickness a f te r  drilling through 70 f t  of claystone with an average hy-  

draulic conductivity of 5 x centimeters per second will be completed 
as piezometers with two-inch, Schedule 80, threaded and  flush jointed, 
polyvinylchloride (PVC) casing. Ten f t  of machine slotted casing will be 
placed at  the base of the casing string. The remainder of the well comple- 

tion will be as discussed above for  alluvial monitor wells. 

I 

(4) Calculate the amount of f i l ter  pack. bentonite, and cement that will be re- 
quired for well construction. 

(5) Weld end cap on the bottom of the well screen with a stainless steei weld- 
ing rod, and thread the casing string together. 

(6) Place centralizer in the center of the screened interval, and determine its 
location on the casing string to the nearest 1/100th foot. 

(7) Measure the length of the screened interval and the blank casing to the 
nearest 1/100th ft. 

(8) Measure total depth of the open borehole. If the b t t o m  of the borehole is 

below the base of the screen. backfill i t  wi th  bentonite pellets or tremie 
cement grout to the base of the screen. If the open borehole is backfilled 
with grout. allow i t  to set for  24 hours before well completion. Measure 
total depth of the open borehole again. 

(9) Place casing string in open borehole. Place slip-on cap on top of the casing 
string. Measure stick u p  to determine total well depth. Check well design 

for correct total depth. 

(IO) Slowly pour fi l ter  pack into borehole annulus, making sure i t  is evenly dir- 
tributtd around the well casing. Gently shake the casing as filter pack is 
added to avoid bridging of the f i l ter  pack. Measure depth to the top of 
the filter pack af ter  each bag is added. Make more frequent measurements 

as filter pack approaches the top of the screened interval. 



Record the final depth to the top of the fi l ter  pack on well construction 
summary sheet. Record amount of filter pack used in the field notebook. 

Pour bentonite pellets into borehole annulus. making sure they are evenly 
distributed around the well casing. 

Measure depth to the top of the bentonite seal and record on well con- 
struction summary sheet. Record amount of bentonite used in the field 
note book. 

If the bentonite pellets a re  above the water table, add 1 to 2 gal. of or- 
ganic-free water to the hole. Allow the bentonite to Swell for  approxi- 
mately 15 minutes before grouting to the surface. 

M i x  neat Type I or I1 Portland cement (as directed by the Subcontractat 
Site Manager) at  a mix ratio of 6 to 9 gal. of water per 94-lb bag of ce- 
ment. 

Place tremie pipe in borehole annulus and  attach appropriate hoses and 

pump. 

Pump grout down borehole annulus. Pour grout from the surface if the 
cemented interval i t  within 5 Tt of the surface. Record amount of cement 

used in field notebook. 

Measure final stick-up of well casing and  record on well construction 
summary sheet. 

Set protective surface casing over stainless steel well casing. 

Allow grout to  set for 24 hr. 

Place form for concrete surface pad around well casing. 

Mix concrete and pour surface pad around well casing. Slope pad away 

from the well with a trowel. 

(23) Weld well number on protective surface casing. 



8.6. RECORDS 

- Well Construction Summary - Field notebook 



9. WELL DEVELOP!MENT 

9.1. PURPOSE 

To provide procedures for well development. 

9.2. DEFINITIONS 

Well Developmenr Well development is the process by which fines f rom the 

rormation and/or fi l ter  pack are removed from the vicinity of the well bore in order 
to increase the efficiency of the well (UOP Johnson Division 1975). 

9.3. RESPONSIBILITY 

The Subcontractor Site Manager is responsible for  determining which method 
Well development methods will  be approved by the of development will be used. 

Rockwell International CEARP Manager prior to well development. 

The Field Team Leader is responsible for well development. 

The Driller will be responsible for  supplying an air  compressor with an air  fi l-  
ter if the well is developed by the air  l if t  method. 

9.4. EQUIPMENT AND MATERIALS 

- Electric well sounder - Tape measure calibrated in tenths of f e e t  
- Stainicss steel pump' - Air compressor* - Teflon bailer* - Bailer rope* - PVC drop pipe* - Gasoline powered generator. - One liter beaker - Watch - Calcuiator - Well development summary sheets - Field notebook 

'YOTE: The use of these materials will depend on the method of well development 

selected. 



9 5 .  PROCEDURES 

The well will be developed by pumping, bailing, or air-lifting. Pumping is the 
preferred method of well development and will be used wherever possible. Air-lifting 

is less desirable because the potential exists for oils f rom the air compressor to enter 
the wells, but may be necessary to adequately stress the wells. An air fi l ter  will be 

used if air-lifting is necessary. Bailing is not a n  efficient method of well develop- 

ment because of the low flow rates induced by bailing. Bailing will only be done in 
the event of pump failure and to remove sediments in the bottom of the casing. 

( 1 )  Decontaminate all equipment prior to well development. 

(2) Measure the water level in the well. 

(3) Record the water level on the water level data sheet Record the date, 

time, well, and development methods on the well development summary 

sheet. 

95.1. Pumaiqg 

Well development by pumping wiil be accomplished by means of a two-inch 
stainless steel piston pump. The pump will be lowered to approximately 1 f t  above 

the bottom of the well. The well will then be pumped until ten casing volumes of 
wa te r  have been removed from the well, until the wefl water is clear. or until 4 h 

have  elapsed. The p u m p  wil l  be raised 2 f t  a t  periodic intervals until the entire 

screened interval is developed. 

9 3 . 2 .  Air L l f t i  

Well development by a i r  lifting wiil be accomplished by using an air compret- 

sot and I-in. PVC air line. An air  filter will be attached to the air  line from the air 
compressor to prevent the introduction of compressor oils or otber foreign materials 

into the well. 

The I-in. PVC air line will be lowered until within approximately 2 f t  of the 

bottom of the  well. The air  line f rom the a i r  compressor will then be attached to the 

top section of PVC pipe. The well wil1 then be developed by the introduction of 



compressed air  into the well for  rpproximrtely f i f teen minutes, or unti l  a column o l  
water is removed from the well. The well will then be allowed to recover rnd  rn -  
other column of water discharged to the  surface. This process will be repeated until 
10 casing volumes of water have been removed from the well, until the produced wa- 
ter is clear, or until 4 h have elapsed. At periodic intervals. the ai r  line will be raised 
2 f t  until the entire screened interval is developed. 

a-  

Well development by bailing will be accomplished using a Teflon bailer and 
small diameter polypropylene bailing rope. Water, formation and/or filter pack mate- 
rials will be removed from the well by bailing until  10 casing volumes of water have 
been removed from the well, until the well water is clear, or until 4 h have elapsed. 
The bailing rope will be discarded follow ng we11 development. 

9.6. RECORDS 

- Well development summary sheets - Field notebook 

9.7. REFERENCES 

Johnson, E. E., Inc.. Groundwater and Wells - A Rejerence Book /or  the Water-Well 
f n d w t r y ,  1980, Johnson Division. UOP, Inc., Saint Paul, Minnesota, 440 p. 



11. WELL PURGING 

11.1. PURPOSE 

To provide procedures for  well purging. 

11.2. DEFINITIONS 

Casing Volumc: T h e  casing volume is the volume of water standing inside the 

casing, i.e, the  distance between the water level a n d  the bottom of the casing (length 
of the  water coiumn in the well) multiplied by the inner cross-sectional area of thc  

casing. 

Well Purging: Purging is the removal of  suff ic ient  water from the well so that  
representative formation waters enter the well a n d  c a n  be sampled. Purging wil l  con- 

sist of removing three casing volumes. 

11.3. RESPONSIBILITY 

The Subcontractor Site Manager is responsible for  selecting well purging meth- 
Well purging methods wiil be approved by the  Rockwell International CEARP ods. 

Manager prior to purging. 

T h e  Field Team Leader is responsible f o r  purging wells prior to sampling. 

11.4. EQUIPMENT A N D  MATERIALS 

Wells wiil be purged using dedicated bladder  pumps. dedicated Teflon bailers. 
o r  portable sampling pumps. Because of the various purging methods some or  all of 
the following equipment will be needed. 

- Bladder pump - Oil-less a i r  compressor - Stainless steel piston pump - Polypropylene r o w  - Large container of known volume - Deionized water - Watch - Calculator 



Pencil - Field Water Quality Datr  Sheet - Field notebook 

11.5. PROCEDURES 

113.1. 

Calculate the casing volume using the formula 

Casing volume (gallons) = (TD - WL) ' (A), 

where 

TD I 

WL I 

A I 

= 
I 

I 

= 

total depth of the well from ground surface (ft) ,  
depth to water from ground surface (ft), 
cross sectional area of the well (gallons/ft), 
0.163 for  r 2-in. well, 
0.367 for a 3-in. well, 
0.652 for  a 4-in. well, and 
1.468 for a 6-in. well. 

Note that total cdpth and  depth to water must be measured from the same da- 
tum. The total depth of the casing is usually reported as depth below ground surface 
and the depth to water is measured f rom the top of the inner casing. In order to cor- 
rect the depth to water measurement, subtract the height of casing above ground from 
t h e  depth to water measured from the top of casing. 

(2) Multiply the casing volume by three. This is the volume of water to be 
purged. 

(3) Record calculations in the field notebook and on Field Water Quality 
Data Sheet. 

11.5.2. P u r d r l p  

Remove three casing volumes of water from the well using the pump, the dedi- 
cated Teflon bailer, or the portable sampling pump. Regardless of the methods used 

to purge the well, record the total volume purged and the time when purging begins 
and  ends. 



~ i 

P-. The dedicated pump system will consist of an air-rc- 
tuated bladder pump with downward flow checking valves on the inlet to the inside 
of the bladder and on the tubing above the outlet f rom the inside of the bladder. Air 
is delivered to the outside of the bladder and pressure is maintained long enough that 
the bladder is compressed and water inside it is forced into the discharge tubing. Wa- 

ter i t  kept from exiting the bottom of the pump by the lower check valve. The air 

pressure is vented to surface through the same pressurizing tube (requiring 8 time de- 
pendent on length of tubing, required air pressure, and depth of submergence of the 
pump). Water forced into the discharge tubing is hefd by the upper check valve. The 
cycle is repeated until discharge reach- the surface rnd purging begins Because of 

this pumping mechanism, the discharge is delivered to the surface in cyclic slugs, but 
the pressurizing air is never in contact with the water. 

The upper check valve has a small-diameter bypass so that water in the dis- 
charge tubing will drain back into well and  not freeze. 

(1 )  Attach compressor to Pump Pressure Inlet on controller (use oil-less com- 
pressor to protect pneumatic logic components inside controller). 

(2) Connect red air hose between well cap and  Pump Supply on controller. 

(3) Position Refill and Discharge knobs to center position (I2 o'clock) and 
Record the time a t  the start of pumping in the field start compressor. 

notebook. 

(4 )  Set gas pressure level to a pressure sufficient to lift the column of water 
in  the discharge tubing plus 30 psi. but do not exceed 125 psi total. 

( 5 )  Adjust Discharge knob SO that venting occurs at  the end of the slug dis- 
charge. 

(6) Decrease Refill cycle time until volume discharged in each cycle begins to 
decrease. If decrease is immediate, lengthen both Refill and Discharge cy- 
cle times and repeat steps 5 and 6. 

(7) Measure volume produced in a container of known volume (e.& plastic 
trash can or plastic bucket). 



(8) Continue pumping until the appropriate volume has been purged. Record 
time 8t end or pumping IS  well 8s the total volume pumped in the field 
notebook and on the Field Water Quality Data Shee t  

(9) Measure and record w8ter level 8t the end of pumpin). 

Bailinn 

Put on surgical gloves. New cotton gloves may be worn over the surgical 
gloves if desired. 

Place a sheet of plastic over the casing. Cut a hole in the plastic fo r  the 
casing and spread sheet on ground around the well. The  plastic and  
equipment should be arranged in such a manner to enable the samplers to 
do all work while standing on the plastic. 

Attach new polypropylene rope to bailer inspect the check valve, top bail. 
knot. and rope. Do not allow bailer or r o w  to contact anything but clean 
plastic. If any components a re  loose or damaged. replace them. 
Decontaminate equipment if any new parts are used. 

Lower bailer into well, fill with water, and  hoist to surface, coiling the 

rope into the hands. 

Empty bailer into a container of known volume (e& 5-gal. bucket). 

Continue bailing until appropriate volume has been purged, as determined 
by volume in container. 

Record volume purged in the field notebook and  on Field Water Qual i ty  

Data Sheet. 

( I )  Decontaminate the pump and sufficient tubing by scrubbing wi th  a n  al- 
alkaline detergent solution followed by a deionized water rinse. Pump a t  

least one tubing volume of deionized water through the pump. 



(2) Place decontaminated pump auproxJm8tefy 1 f t  above the bottom of the 
well. 

(3) Place up-hole end of the discharge line in container of known volume (e.g., 

plastic trash can or 5-gal. bucket). 

(4) Connect compressor to pump controller. 

( 5 )  Turn on compressor and pump appropriate v o l m e  as measured in con- 
tainer. 

(6) Record purged volume on the Field Water Quality Sheet. 

(7) After collecting the sample, decontaminate pump by scrubbing all tubing 
that has been pulled off the reel and the pump itself with a n  alkaline d t -  
tergent solution and rinsing with deionized water. Pump at  least one tub- 
ing volume of deionized water through the pump. 

11.6. RECORDS 

- Field water quality sampling and  analysis form - Field notebook 

11.7. REFERENCES 

US. Environmental Protection Agency, 1986, Hazardous W a r e  Croundwarer Task Force 
Prorocol /or Croundwarcr Evaluation, Office of Solid Waste and Emergency 
Response. Washington. D.C., DIR 9080.0-1. 

n 



12. GROUNDWATER SAMPLING 

12.1. PURPOSE 

12.2. 

To provide procedures for  groundwater sample collection. 

RESPONSIBILITIES 

The Subcontractor Site Manager is responsible for assigning specific wells to be 
sampled. The sampling schedule will be approved by the Rockwell International 
CEARP Manager prior to implementation. 

The Field Team Leader is responsible for  sampling monitor wells. field water 
quality measurements, and transportation of samples to the onsite laboratory. 

12.3. EQUIPMENT AND MATERIALS 

- Sample bottles provided by on-site laboratory - Thermometer inscribed in degrees Centigrade - pH meter - Portable electrical conductivity meter - Field notebook 

12.4. PROCEDURE 

(1) Pick u p  sample bottles, cooler, blue ice packs, sample labels. and chain-of- 
custody form a t  the laboratory. 

(2) Pre-label bottles before leaving the laboratory. Place sample bottles on ice. 

(3) Produce the sample wi th  the same device used to purge the well. 

(4) Collect the sample immediately after purging if possible. If the well is es- 
sentially dry  after pumping. measure the water level in the well on a peri- 
odic basis (approximately every three hours). Collect the volatile organic 
samples within three hours of purging. Collect the rest of the samples as 
soon as there is sufficient volume in the well to sample as soon as  there is 
sufficient volume in the well to fill the sample bottles (approximately 4 
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gallons). Attempt to collect a n  aliquot for fieid tests and laboratory analy- 
sis (in that order) 24 hours after purging even if there is insufficient wa- 
ter in the well to fill all sample bottles. 

( 5 )  Produce sufficient sample for performance of four field water quality 
tests (two SO0 milliliter beakers - one for temperature and conductivity 
and one for pH). Perform one field water quality test before sampling, 
two during sampling, and one after sampling following procedures in this 
document. 

(6) Rinse each bottle with formation water directly from the pump discharge 
or  bailer. Fill the bottle about onequrr te r  full, a p  the bottles, and rinse 
both bottle and cap with 8 swirling motion. Discard rinse water. Immedi- 
ately fi l l  bottle with sample, cap. complete label, rinse bottle exterior with 
deionized water, piace in plastic bag. and return bottle to cooler. Remove 
only one bottle from the cooier 8t 8 time for f i l l ink 

(7) After rinsing the volatile organics vials and caps with sample, fill each 
vial to overflowing with sample. Carefully place the cap on the vial so 

that air  is not captured, and tighten. Invert the vial and tap lightly. If 
bubbles are observed, repeat the process. 

(8) Record time of sampling on Field Water Quality Sheet rad in field note- 
book Also note weather conditions 8nd any other observations (e.g, inauf- 
ficient sample to fill all bottles, bottles broken, etc). 

(9) Complete chainsf-custody form and indicate analyses to be performed in 
the laboratory. 

(IO) Deliver samples to the on-site laboratory within 3 hours of collection for 
filtration and/or preservation of appropriate bottle% 

RECORDS 

- Field water quality and analysis sampling form - Field notebook 



e 
126. REFERENCES 

US. Environmental Protection Asency. 1986, RCRA Ground-Water Monitoring Technical 
Enforcement Guidance Document, Off ice of Solid Waste and Emergency ResQonte, 
Washington, D.C. 



13. FIELD MEASUREMENTS 

13.1. PURPOSE 

To provide procedures for  field measurements made at the site of monitor 
wells and surface water stations. 

13.2. DEFINITIONS 

Field Measurementr These measurements consist of temperature, pH, conduc- 
tivity, dissolved oxygen, organic vapors, and qualitative observations of color and 
odor. 

13.3. RESPONSIBILITY 

The Field Team Leader is responsible for measurement of field parameters. 

13.4. EQUIPMENT AND MATERIALS 

The equipment used for  field measurements has been selected based on proven 
durability in f ield applications; however, field equipment is still rather fragile. 
Equipment should be kept spotlessly clean a t  all times and protected from ternpera- 
ture extremes. Conductivity meters and  p H  meters will be calibrated daily following 
the manufacturers’ instructions. XI1 other instruments will be calibrated weekly. 

Each instrument will have its own calibration log book. and all calibrations will bc 

documented. The following equipment is normally used: 

Thermometer inscribed in degrees Centigrade 
pH Meter - with calibration buffer  solutions 
Portable electrical conductivity meter - with calibration 
Standard solutions 
Photoionization Detector (PID) 
Organic Vapor Analyzer (OVA) 
Deionized water 
Pencil 
Field Water Quality Sheets 
Field notebook 
Calibration notebooks 
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135. PROCEDURE 

Immerse the thermometer bulb in 8 beaker filled with sample. Make the mea- 
surement immediately af ter  sampling so that  the temperature will not have time to 

change. Read the .thermometer while it is still immersed, to the nearest degree Ceati- 
grade. and record the reading in the field notebook and on the Field Water Quality 
Data Sheet. Rinse the thermometer with deionized water and put it away. 

Calibrate the thermometer on 8 weekly basis against a National Bureau of 
Scandards certified thermometer. Document calibrations in the calibration log book. 

Turn 00 meter. 

Check battery. 

Place partially filled 5O-milliliter beakers containing pH 4 rnd pH 7 

buffer solutions into a water bath (well water) to maintain the tempen- 
ture of the buffers as close as possible to the temperature of the well wa- 
ter. The water bath will need to be refilled periodially with water re- 
moved from the well. 

Remove boot from electrode. 

Rinse electrode wi th  deionized water. Be sure any salts are removed. 

Immerse bulb in p H  7 buffer. 

Adjust using calibration knob to read 7. 

Rinse electrode with deionized water. 

Immerse bulb in p H  4 buffer. 

Adjust using temperature knob to read 4 (this is a span adjustment and not 
a true temperature correction). 



Measure the temuerrture of the buffers using a thermometer. following the 
procedures described previously. Be sure to rinse the thermometer with 
deionized water between solutions. 

Collect some sample in I beaker (rinse the beaker with sample). 

Rinse the thermometer with deionized water. and measure the temperature 
of the sample. If the buffer solutions are not at  the same temperature as 
the samples, put fresh formation water in the water bath, allow time for 
temperature equalization, and repeat the calibration procedure. 

Rinse the electrode in deionized water. 

Immerse the bulb in the sample. 

Read the p H  to the nearest tenth of a pH un i t  Stir the sample with the 
electrode to hasten reading stability. 

If the pH is greater than 7, re-calibrate using the pH IO buffer instead of 
the pH 4. Perform s t e p  5 through 16 above. If most samples have pH 
values greater than 7, pH 10 buffer should be routinely substituted for pH 
4. 

Record the p H  reading on the data sheet and in the field notebook. Doc- 
ument calibrations in the calibration log book, 

Rinse the electrode with deionized water and replace plastic boot. 

Turn off meter. 

13.5.3 m t l  vltv YSI  1976bl 

(1) With conductivity meter off, check zero position. Adjust if necessary. 

(2) Switch to red line rad adjust 

(3) Calibrate meter against standard solutions and record calibrations in the 
calibration log b o o k  



(4) Collect a sample in a beaker (rinse beaker with sample before collecting). 

( 5 )  Rinse probe with deionized water. 

( 6 )  Immerse probe in the sample. 

(7) Switch to temperature. Record the temgcrsture on Field Water Quality 
Sheet 8nd in field notebook (may k different froor earlier temperature 
measurement). 

(8) Switch to conductivity and record both the needle reading and scale knob 
setting. Do not perform any  calculrt iont Record the two values on the 
Field Water Quality Sheet and in field notebook. 

(9)  Turn meter off. 

(IO) Remove probe from sample rnd  rinse with deionized water. 

(1 1) Rinse beaker with deionized water. 

135.4. Distal vcd O X T ~  Me- (YSI 197611 

( I )  Place meter in  intended operating position. Do not move without calibrat- 
ing. 

(2) With meter off,  adjust meter to zero using center screw. 

(3) Switch meter to zero and adjust to zero with zero knob. 

(4) Switch meter to full scale and adjust to *15* on ppm scale using fu l l  scale 
knob. 

(5) Attach probe to the meter rnd wait 15 min to polarize probe. 

(6) Perform air calibration: 

- Switch to calib 0 2  position: 

- Place the probe in moist air  (small calibration botde with a few 
drops of water) and allow 10 min for temperature stabilization 
(can be same as polarization wait); and 



- Set meter to local altitude (6.000 It amsl) using calib knob - be 
sure reading is steady; 

Calibrate meter against standard soiutions (on a weekly basis). Document Cali- 
brations in calibration log book. 

(7) Place probe in sample and stir by raising and lowering the probe about I 
f t  per s. Allow probe to equilibrate to sample temperature and dissolved 
OXyge& 

(8) Turn switch to temp and read temperature from lower scale. 

(9)  Set 0 2  solubility factor dial to observed temperature, using the salinity in- 
dex scale on the dial (salinity determined using SCT meter - each bar on 
index represents 5,000 ppm chloride concentration). 

(IO) Turn switch to read 0 2  and read dissolved oxygen value in ppm directly 
from the meter. 

(11) Turn  off meter, rinse probe with deionized water, add 8 few drops of 
deionized water to the sponge in  the probe holder, and return probe to 
holder. 

1355. Phataiaaititfaa Dete-U S Y ~  19 7q 

Remove plate on the top half of the case by pulling up  on the two fasten- 
ers. The extension tube and battery charger are located under this plate. 

Attach extension tube to the end of the probe. 

Check to see if the instrument's function switch is in the 'OFF position. 

Inttall the 12 pin interface connector for  the probe into the connector on 
the instrument box by carefully matching the alignment key of the probe 
connector to the slots in the box connector. Twist the connector in a 
clockwise manner until a distinct snap and lock is f e l t  

Check the battery supply by turning the function switch to the ' B A r  

position, The meter needle should deflect to the fa r  right or well within 



the green zone (NOTE: The  battery check indicator wi l l  not function un- 
less the probe is attached). If the needle is below or just in the green zone 
or the red LED light is on. the battery should be rcchrrged. 

( 6 )  To zero the instrument. turn the function switch to the 'STANDBY' posi- 
tion and rotate the 'ZERO' potentiometer until the meter reads zero. This  
is an  electronic zero adjustment. Calibration gases are not needed. 

(7) Turn the function switch to the  selected scale. There should be a hum- 
ming sound emanating from the probe. This is the fan which pulls a i r  
into the probe. A blue glow should be seen through the end of the probe. 
Do not stare a t  this glow, as i t  is a n  ultraviolet light source which can 
damage the eyes. An overall check can also be done by passing a magic 
marker past the tip of the probe. This should generate a reading or  jump 
of the needle. 

(8) Place the function switch in the 0 - 20-ppm range for the most sensitive 
monitoring. 

(9) Before entering a work area, determine the background concentration. 
This concentration should be used as a reference to r a d i n g s  made in the 
work area. Under no circumstances should one attempt to rdjust  the 
'ZERO' or SPAN' adjustments while the instrument b being used in  the 
work area (NOTE: When using the 0 - 20 ppm range, background concen- 
trations up to 1.0 ppm are common in  clean environments. This reading is 

generated internally by the instrument and  should be referred to as zero 
PDm). 

(IO) Take PID readings in the headspace of a well before making water level 
measurements. Condensation a n d  dust on the lamp can interfere with 
proper readings. PIDs do not function well during precipitation events or 
sudden temperature changes which can fog up the lamp. 

( 1  1) Record all readings in the field notebook. 

. 1 
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13.5.6. Organic Vapor Ana lyzer  Mtarorcmeot r  (Foxboro A a a i y t i c d )  

Remove top cover of the instrument. 

Move the INSTR switch to O N  and allow f ive minutes for warm up. '. 

Set the audible alarm to a predetermined level by turning the PUMP 
switch to ON. Adjust the meter pointer to the desired alarm level using 
the CALIBRATE ALARM (zero) knob. Turn the ALARM LEVEL AD- 
JUST knob on the back of the readout assembly until the audible alarm 
comes on. Adjust speaker volume with VOLUME knob. The instrument is 
then preset to activate the alarm when the organic vapor level exceeds that 
of the setting. 

Move the CALIBRATE switch to 1OX and adjust the meter reading to zero 
with the CALIBRATE ADJUST (zero) knob. 

Ensure the P U M P  switch is ON and observe the SAMPLE FLOW RATE in- 
dicator. The flow rate should be approximately 2 units. ~ 

Open H2 TANK VALVE one turn and  observe the reading on the H2 
TANK PRESSURE indicator (approximately IS0 psi of pressure is needed 
for each hour of operation). 

Open H2 SUPPLY VALVE one-half to one turn and observe the reading 
on the HZ SUPPLY PRESSURE indicator. 

Cautian: Do not leave H2 SUPPLY VALVE open when the pump is not run- 
ning, as this will allow hydrogen to accumulate in the detector chamber. 

(8) Confirm that meter is still reading zero (readjust if required). 

(9) Depress the igniter button. There will be a slight 'pop' as the hydrogen ig- 
nites, and the meter pointer will move upscale of zero. Do not depress ig- 

niter button for more than 6 seconds. I f  burner does not ignite, let in- 
strument run for  several minutes and t ry  again. 



(10) Move instrument to an  area representative of the 'lowest ambient back- 
ground concentration' to be surveyed. Move the CALIBRATE switch to 
1X and adjust the meter to read 1 ppm wi th  the CALIBRATE ADJUST 
(zero) knob. 

( 1  1) If the alarm level is to be set above background IeveIs. tu fa  the ALARM 
LEVEL ADJUST knob on the back of the readout assembly until it  activi- 
t ies slig h tl y above background. 

(12) Set the CALIBRATE switch to the desired range. 

(13) Using one hand operation, survey the areas of interest while observing the 

meter and/or listening for the audible alarm indication. 

(14) Record readings in the field notebook. 

133.7. Color and Odor 

Record any observations regarding the general condition of the samples. Espe- 
cially note color, turbidity and odor. 

0 13-6. RECORDS 

- Field water quality data sheets - Field notebook 

13.7. REFERENCES 

Fos boro Analytical Century Systems Portable Organic Vapor Analyzer Instructions 
and Service Manual. 

HSU SySterm Inc, 191s. Instruction Manual for Model PI101 Photoionization Ana- 
l yzer. 

VWR Scientific, 1976, Care and Feeding,of the Mini and Digital p H  Meten, Model 47. 

Yellow Spr ing  Instrument Co, 1976a, Instruction Manual, YSI Model SIB Dissolved 
Oxygen Mcter. 

Yellow Springs Instrument Co, 1976b, Instructions for YSI Models 33 and 3 3 M  S-C-T 
Meten. 

I I 



14. WATER LEVEL MEASUREMENX'S 

14.1. PURPOSE 

To provide procedures for measuring water levels in monitor wells and 
Piezometers. 

14.2 DEFINITIONS 

Electric Water Level Sounder: An electric water level sounder is a device to 
measure the depth from a reference point (usually top of casing) to the water level in 
a well. The sounder consists of a two-wire cable on 8 reel with a double electrode tip. 

The reel houses 8 battery and voltmeter (or other .device such 8s a light or buzzer) so 

that electrical continuity is indicated between the electrodes when submerged. The 
cable is graduated. indicating the length of cable in the well (Todd 1980). 

14.3. RESPONSIBILITY 

The Field Team Leader is responsible for water level measuremenu and accu- 
rate recording of data, 

14.4. EQUIPMENT AND MATERIALS 

- Electric water level rounder - Deionized water - Extra batteries - Tape measure graduated in hundredths of' feet - Watch - Pencil - Photoionization Detector (PID) - Field Water Quality Data Sheet - WItCr Level Data Sheet - Field notebook 

145. PROCEDURES 

( I )  Record'well location, identification number, date. time, and Field Team 
Member initials in field notebook and on data sheets. 

I 
I I i 
I 
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(2) Check headspace of the well for any organic vapors wi th  a PID. 
reading in field notebook. 

Record 

(3) Decontaminate electrode on sounder and sufficient length of cable by 

washing with an alkaline detergent solution and rinsing wi th  deionized 
water so that only clean cable enters 'the well. 

(4) Turn on sounder, check battery, and lower cable into well until the pret- 
ence of water is indicated. 

(5) Hold wire so thumb and index finger are touching the top of casing when 
probe just enters the water (alarm will sound). Use the north rim of the 
inner casing for  the depth to water reference point. 

(6) Raise cable until alarm stops (i.e.. probe is just above water level). Lower 
cable until alarm sound again. Check to see if thumb and  index finger are 
at  the same location as before. 

(7) Still holding the cable a t  the measurement point. pull an arm's length of 
cable from the well. With other hand, push the zero end of tape measure 
against thumb. holding the measurement point. and measure distance to the 
first  downhole graduation on the cable. Measure to the nearest 1/100th of 
a foot. 

(8) Record the time, cable and tape measure readings in the field notebook. 
Transfer readings to the Field Water Quality Data Sheer and the Water 
Level Data Sheet. 

(9) Coil the downhole cable into hands to minimize contamination of the en- 
tire sounder. . 

- 
(10) Decontaminate ail of the cable that was downhole plus 5 f t  by washing 

with an  alkaline detergent solution and rinsing with deionized water. 
Decontaminate equipment between wells and i t  the end of each day. 

( 1  1) Wrap sounder in clean plastic after decontaminating. 



14.6. RECORDS 

- Water level data sheets - Fieid notebook. __-. - - . - _  . . .- 

14.7. REFERENCES 

Todd, David Keith. 1980, Subsurface Investigations of Groundwater; Croundwaicr 
Hydrology, Second Edition, John Wiley and Sons, Inc, New YorC pp. 434-43s. 

. . . . - _. 
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