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ABSTRACT 

The U.S. Army Engineers  Waterways Experiment S t a t i o n  (WES) and U.S. Army 
Engineer  D iv i s ion ,  H u n t s v i l l e  ( H N D E D )  have developed g e n e r a l  des ign  c r i t e r i a  
and s p e c i f i c  des ign  review c r i t e r i a  for t h e  earth-mounded conc re t e  bunker 
(EMCB) a l t e r n a t i v e  method of low-level r a d i o a c t i v e  waste (LLW) d i s p o s a l .  An 
EMCB i s  g e n e r a l l y  desc r ibed  as  a r e i n f o r c e d  c o n c r e t e  v a u l t  p laced  below g rade ,  
undernea th  a tumulus,  surrounded by f i l t e r - b l a n k e t  and d ra inage  zones. The 
tumulus i s  covered over  wi th  a low pe rmeab i l i t y  cover  l a y e r  and t o p  s o i l  wi th  
vege ta t ion .  

Eight  major review c r i t e r i a  c a t e g o r i e s  have been developed ranging  from 
t h e  l o a d s  imposed on t h e  EMCB s t r u c t u r e  through mater ia l  q u a l i t y  and dura- 
b i l i t y  c o n s i d e r a t i o n s .  S p e c i f i c  des ign  review c r i t e r i a  have been developed i n  
d e t a i l  f o r  each of t h e  e i g h t  major c a t e g o r i e s .  
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-1.0 INTRODUCTION 

1.1 Background and Purpose 

The Nuclear Regulatory Commission (NRC) Division of Low-Level Waste 
Management and Decommissioning (LLWM) requested assistance from the US 
Army Engineer Waterways Experiment Station (WES) and the U.S. Army 
Engineer Division, Huntsville (HNDED) in the development of regulatory 
guidance and technical criteria to be used to evaluate license applica- 
tions for alternative methods of near-surface low-level radioactive waste 
(LLW) disposal. A draft report entitled "General Design Criteria for 
Alternative Methods for Disposal of Low-Level Radioactive Wastes (LLW)" 
has been prepared and previously submitted in the Task 1 portion of this 
project. 

The recommendations and technical guidance given in this report are based 
on civil engineering experience and good engineering practice. 
recommendations for review criteria are intended to result in structures 
and systems at LLW disposal facilities that provide reasonable assurance 
for long-term safe performance. These recommendations for review 
criteria are not regulations and deviations from the criteria are 
permissible. 
reviewed and evaluated by the NRC staff on a case by case basis. 

The 

The acceptability of proposed deviations would need to be 

A working draft of the companion report on below-ground vaults (BGV) was 
provided to the participants of the Ninth Annual DOE Low-Level Radio- 
active Management Conference on 26 August 1987 in Denver, Colorado. 
Several groups responded with comments on the working draft. These 
groups included the Commonwealth of Pennsylvania Department of Environ- 
mental Resources, Ebasco Services Incorporated, EG&G Idaho, Incorporated, 
Rogers and Associates Engineering and the Texas Low-Level Radioactive 
Waste Disposal Authority. 'The comments of these organizations were 
considered and factored into this final report. 

1.2 Scope 

This report presents recommended specific design review criteria and 
guidance for the earth-mounded concrete bunker (EMCB) alternative LLW 
disposal method. EMCB disposal is one of the earth-covered disposal 
methods for which design criteria are being developed. Another alterna- 
tive method being considered in this study is the BGV. 
identified as Task 2a covers the BGV alternative method of disposal. 

A separate report 

In Task 1 of this study, eight major criteria categories were identified 
and general criteria were developed for these areas, 
categories were: 

The major 

1. Loads and Load ,Combinations 
2. Structural Design and Analysis 
3 .  
4. Construction and Operations 
5 .  Quality Assurance 
6 .  Structural Performance Monitoring 

Construction Material Quality and Durability 
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7. F i l t e r  and Drainage Systems 
8. Waste Cover Systems 

Task 2b, as r epor t ed  h e r e i n ,  d e l i n e a t e s  t h e  s p e c i f i c  d e s i g n  review cri- 
t e r i a  and suppor t ing  s t anda rds ,  p r a c t i c e s ,  and t e s t  methods f o r  t h e  EMCB 
a l t e r n a t i v e  i n  each of t h e s e  major t e c h n i c a l  c a t e g o r i e s .  For 
convenience,  t h e  General  Design C r i t e r i a  developed i n  Task 1 have been 
repea ted  i n  t h i s  r e p o r t  a t  t h e  beginning of s e c t i o n s  a s s o c i a t e d  wi th  t h e  
s p e c i f i c  c r i t e r i a  c a t e g o r i e s .  

F a c i l i t i e s  and f e a t u r e s  such as  a d m i n i s t r a t i o n  b u i l d i n g s ,  s e c u r i t y  
b u i l d i n g s ,  l i g h t i n g ,  temporary s t o r a g e  areas,  landscaping  and grading  
ope ra t ions  t h a t  are  r e l a t e d  t o  LLW d i s p o s a l  o p e r a t i o n s ,  b u t  t h a t  are  not  
d i r e c t l y  r e l a t e d  t o  t h e  des ign  of d i s p o s a l  u n i t s ,  were not  cons idered  i n  
t h i s  s tudy.  These types  of a u x i l i a r y  f a c i l i t i e s  a r e  cons idered  t o  be 
necessary  items f o r  suppor t  of a LLW d i s p o s a l  s i t e  and can be designed 
and cons t ruc t ed  us ing  accepted convent iona l  methods and m a t e r i a l s ,  b u t  
t h e i r  f a i l u r e  would not  r e s u l t  i n  undue r a d i o l o g i c a l  r i s k s  t o  s i t e  per- 
sonnel  o r  t o  p u b l i c  h e a l t h  and s a f e t y .  

1.3 D e s c r i p t i o n  of EMCB 

Major components of  an  EMCB a re  shown i n  F igu re  1.1. An EMCB c o n s i s t s  of 
a below-grade r e i n f o r c e d  c o n c r e t e  bunker p laced  i n  an  excava t ion ,  below 
t h e  f r e e z e  l i n e ,  on a perv ious  foundat ion  b l anke t  wi th  perv ious  f i l l  
m a t e r i a l  p laced  a d j a c e n t  t o  t h e  w a l l s  and roof of t h e  bunker and covered 
wi th  a l o w  p e r m e a b i l i t y  material  and an above grade  tumulus c o n s i s t i n g  of 
waste packages covered wi th  perv ious  m a t e r i a l ,  a low-permeabi l i ty  s o i l  
l a y e r ,  perv ious  l a y e r ,  and capped wi th  a t o p s o i l  w i th  v e g e t a t i o n  o r  a 
rock p r o t e c t i o n  su r face .  The EMCB i n c l u d e s  a d ra inage  system wi th  p i p e s  
t h a t  a r e  connected t o  a monitored sump. 

T y p i c a l l y ,  Class C and B waste would be p laced  i n  t h e  below-grade con- 
crete  bunkers whi le  C las s  A waste t h a t  meets t h e  s t a b i l i t y  requi rements  
of 10 CFR P a r t  61.56(b) would be p laced  i n  t h e  tumulus. 

The des ign  guidance provided i n  t h i s  r e p o r t  i s  based on t h e  assumption 
t h a t  t h e  10 CFR P a r t  61 .50 (a ) (7 )  s i t e  s u i t a b i l i t y  t e c h n i c a l  requirement  
has  been m e t  and t h e  a c t u a l  l o c a t i o n  of t h e  EMCB does  provide  s u f f i c i e n t  
depth  t o  t h e  water t a b l e  such t h a t  ground water i n t r u s i o n ,  p e r e n n i a l  o r  
o the rwise ,  i n t o  the  waste w i l l  no t  occur.  

The purpose of p r e s e n t i n g  F igure  1.1 i s  t o  d i s p l a y  t h e  concepts  and major 
components of an  EMCB i n  o r d e r  t o  promote a b e t t e r  unders tanding  of t h e  
review c r i t e r i a  t h a t  a r e  subsequent ly  developed. P resen t ing  t h e  f i g u r e  
i s  not  in tended  t o  r i g i d l y  l i m i t  t h e  des igns  of  EMCB's  on ly  t o  t h e  fea- 
t u r e s  shown. It i s  recognized t h a t  s p e c i f i c  and unique s i t e ,  des ign  and 
c o n s t r u c t i o n  c o n d i t i o n s  would encourage v a r i a t i o n s  t o  be made t o  t h e  fea-  
tures  d i sp layed  on Figure  1.1. 
v a r i a t i o n s  and changes,  provided t h e  proposed changes r e s u l t e d  i n  good 
eng inee r ing  p r a c t i c e  t h a t  s t i l l  permi t ted  t h e  Performance Ob jec t ives  of 
10 CFR, P a r t  61 t o  be m e t .  

The NRC s t a f f  would review and accep t  
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PERVIOUS BLANKET 

A PERSPECTIVE VIEW OF AN EARTH-MOUNDED CONCRETE BUNKER DEPICTING THE APPROXIMATE . 
LOCATIONS OF WASTES WHICH ARE SEPARATED ACCORDING TO LEVEL OF ACTIVITY. CLASS B AND C 
WASTES ARE TYPICALLY PLACED IN CONCRETE MONOLITHS BELOW GROUND. STABILIZED CLASS A 
WASTES ARE TYPICALLY DISPOSED ABOVE GROUND IN EARTHEN MOUNDS OVER THE CONCRETE 
MONOLITHS. A DRAINAGE NETWORK IS PROVIDED WITHIN AND AROUND THE STRUCTURE TO PREVENT 
CONTACT OF WATER WITH THE WASTES AND TO PROVIDE COLLECTION AND MONITORING 
CAPABlLlTl ES. 

Figure 1.1. Major components of an EMCB 



2, DESIGN, CONSTRUCTION, AND OPERATION REVIEW C R I T E R I A  

2.1 Loads and Load Combinations 

2.1.1 Genera l  Design C r i t e r i a  f o r  Loads and Load Combinations 

a. S t r u c t u r e s ,  s t r u c t u r a l  systems,  and s t r u c t u r a l  components e s s e n t i a l  
for s a f e  o p e r a t i o n  and c l o s u r e  should be designed t o  wi ths tand  
a n t i c i p a t e d  a c t u a l  l o a d s  and load  combinations.  
cons ide red  should i n c l u d e  dead and l i v e  l o a d s  and l o a d s  r e s u l t i n g  
from n a t u r a l l y  occur r ing  even t s  such as  ear thquakes ,  s torms ,  
t o rnadoes ,  f l o o d s ,  t sunamis ,  h u r r i c a n e s ,  and s e i c h e s ,  wi thout  f a i l u r e  
or l o s s  of c a p a b i l i t y  of  t h e  S t r u c t u r e s ,  s t r u c t u r a l  systems,  and 
s t r u c t u r a l  components t o  perform t h e i r  r equ i r ed  s a f e t y  f u n c t i o n s .  

The l o a d s  t o  be  

b. The l o a d s  and load  combinat ions used i n  t h e  des ign  of s t r u c t u r e s ,  
s t r u c t u r a l  systems,  and s t r u c t u r a l  components t h a t  a r e  e s s e n t i a l  f o r  
s a f e  o p e r a t i o n  and c l o s u r e  should i n c l u d e  c o n s i d e r a t i o n  of appro- 
p r i a t e  l oad  f a c t o r s  and s a f e t y  f a c t o r s ,  as s p e c i f i e d  by t h e  codes and 
s t a n d a r d s  a p p l i c a b l e  t o  such des igns .  Where such codes and s t a n d a r d s  
a re  no t  a v a i l a b l e  or may be i n a p p r o p r i a t e ,  d e s i g n s  should be based on 
sound eng inee r ing  judgment and accepted  p r a c t i c e .  
and j u s t i f i c a t i o n  of d e v i a t i o n s  from e x i s t i n g  codes and s t anda rds  
should be f u l l y  documented i n  w r i t i n g .  

The r a t i o n a l e  f o r  

2.1.2 S p e c i f i c  Design Review C r i t e r i a  

2.1.2.1 Appl icable  Codes, S t anda rds ,  and Regulatory Guidance 

a.  

b. 

C.  

d. 

e. 

f .  

American Concrete  I n s t i t u t e  ( A C I )  S tandard  349-85, "Code 
Requirements f o r  Nuclear S a f e t y  Re la t ed  Concrete  S t r u c t u r e s "  ( A C I  
1987).  

American I n s t i t u t e  of S t e e l  Cons t ruc t ion  (AISC), Manual of S t e e l  
Cons t ruc t ion  (AISC 1980).  

American Na t iona l  S t anda rds  I n s t i t u t e  (ANSI), ANSI A58.1-1982 
"Minimum Design Loads f o r  Bu i ld ings  and Other  S t r u c t u r e s  (ANSI 
1982).  

U.S. Nuclear Regula tory  Commission ( N R C ) .  NUREG-1199 "Standard 
Format and Content  of  a License App l i ca t ion  f o r  a Low-Level 
Rad ioac t ive  Waste Disposa l  F a c i l i t y  (NRC 1987a) .  

U.S. Nuclear Regula tory  Commission, NUREG-1200 "Standard Review 
P lan  (SRP) for t h e  Review of a License  App l i ca t ion  f o r  a Low- 
Level Rad ioac t ive  Waste Disposa l  F a c i l i t y "  (NRC 1,987b). 

Applied Technology Counci l ,  ATC3-06, " T e n t a t i v e  P rov i s ions  f o r  
t h e  Development of Seismic Regula t ions  f o r  Bu i ld ings , "  (Na t iona l  
Bureau of S tanda rds  1978).  
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g. Local b u i l d i n g  codes,  s t a n d a r d s ,  and r e g u l a t o r y  guidance  i f  t h e  
requi rements  are more s t r i n g e n t  t han  t h e  above codes.  

2.1.2.2 D e f i n i t i o n s  and Nomenclature 

Normal l o a d s  a re  those  l o a d s  t o  be encountered du r ing  normal opera- 
t i o n ,  and would c o n s i s t  o f :  

D - Dead loads  o r  t h e i r  r e l a t e d  i n t e r n a l  moments and f o r c e s ,  in-  
c l u d i n g  any permanent equipment loads .  Dead l o a d s  should inc lude  t h e  
weight of s t r u c t u r e s ,  s t r u c t u r a l  components, a l l  permanently a t t a c h e d  
equipment o r  appur tenances ,  waste cove r  mater ia ls ,  b a c k f i l l ,  e t c .  

L - Live  l o a d s  or t h e i r  r e l a t e d  i n t e r n a l  moments and f o r c e s ,  
i nc lud ing  any moveable equipment loads  and o t h e r  l oads  which vary  i n  
i n t e n s i t y  and occurrence ,  such as s o i l  p re s su re ,  snow l o a d ,  e tc .  
Live loads  should i n c l u d e  any t r a n s i e n t  l oad  t h a t  i s  no t  o the rwise  
s p e c i f i e d ,  such as  c o n s t r u c t i o n  l o a d s ,  e tc .  

F - Loads due t o  l a t e r a l  and v e r t i c a l  p r e s s u r e  of i n c i d e n t a l  l i q u i d s .  

H - Loads due t o  l a t e r a l  e a r t h  p r e s s u r e  where app l i cab le .  

T - Loads which r e s u l t  from tempera ture  d i f f e r e n c e s  w i t h i n  t h e  s t r u c -  
t u r e .  Thermal l o a d s  should account  f o r  any d i f f e r e n t i a l  t empera ture  
e f fec ts  tha t  can  occur  du r ing  the  des ign  l i f e t i m e  of t h e  s t r u c t u r e .  

Severe environmental  l o a d s  would c o n s i s t  o f :  

W - Loads genera ted  by t h e  des ign  wind p res su re .  Wind and snow l o a d s  
should be developed us ing  t h e  guidance of SRP S e c t i o n  2.2 of NUREG- 
1200 i n  combinat ion wi th  ANSI A 5 8 . 1 .  

E - Loads gene ra t ed  by t h e  des ign  b a s i s  ear thquake.  
ear thquake  load ,  E ,  should be determined i n  accordance wi th  SRP 
S e c t i o n  2.3.2 of NUREG-1200. 

The des ign  b a s i s  

2.1.2.3 Load Combinations 

The s t r e n g t h  des ign  method should be used f o r  des ign ing  conc re t e  
s t r u c t u r e s .  The fo l lowing  load  combinat ions should be used ,  where 
t h e  r equ i r ed  s t r e n g t h ,  U, is a t  l e a s t  equa l  t o  the g r e a t e s t  of t h e  
fo l lowing:  

1. U = 1 . 4  D + 1 . 4  F + 1.7 L + 1.7 H + 1.7 E 
2. U = 1 . 4  D + 1 . 4  F + 1.7 L + 1.7 H + 1.7 W 
3. U = D + F + L + T + E + H  
4. U = D + F + L + T + W + H  

For t h e  above load  combinat ions,  where any l o a d  reduces t h e  e f f e c t s  
of o t h e r  l o a d s ,  t h e  cor responding  c o e f f i c i e n t  f o r  t h a t  l oad  should be 
taken  as 0.9 i f  i t  can be demonstrated t h a t  t h e  load  i s  always pre- 
s e n t  or occurs  s imul taneous ly  wi th  t h e  o t h e r  loads .  Otherwise,  t h e  
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c o e f f i c i e n t  f o r  t h a t  load  should be taken  a s  zero.  S t r u c t u r a l  s tee l  
members should be designed us ing  t h e  e l a s t i c  working stress i n  
accordance wi th  Manual of S t e e l  Cons t ruc t ion ,  P a r t  I of t h e  
" S p e c i f i c a t i o n  f o r  t h e  Design, F a b r i c a t i o n  and E r e c t i o n  of S t e e l  f o r  
Bui ld ings"  ( A I S C  1980).  

The fo l lowing  load  combinations should be used for des ign ing  s t r u c -  
t u r a l  s tee l  members where t h e  r e q u i r e d  s t r e n g t h ,  S,  i s  a t  l e a s t  e q u a l  
t o  t h e  grea tes t  of t h e  fo l lowing:  

1. S = D + L  
2. S = D + L + E  
3.  S = D + L + W  
4. S = D + L + T + E  
5. S = D + L + T + W  

For both  conc re t e  and s tee l  des ign ,  where t h e  e f f e c t s  of d i f f e r e n t i a l  
s e t t l e m e n t ,  c r eep ,  o r  shr inkage  a r e  p o t e n t i a l l y  s i g n i f i c a n t ,  t h e s e  
e f f e c t s  should be inc luded  wi th  t h e  dead load.  

2.1-3 



2.2 S t r u c t u r a l  Design and Analys is  

2.2.1 General  Design C r i t e r i a  f o r  S t r u c t u r a l  Design and Analys is  

a .  The s t r u c t u r a l  d e s i g n  of s t r u c t u r e s ,  s t r u c t u r a l  systems,  and 
s t r u c t u r a l  components should comply wi th  accepted  eng inee r ing  
p r a c t i c e  and i n d u s t r i a l  codes and s t anda rds  f o r  nuc lea r  s t r u c t u r e s .  
A t  t h e  same time i t  should provide  reasonable  a s su rance  of long- 
term s t a b i l i t y  and s t r u c t u r a l  i n t e g r i t y ,  whi le  avoid ing  t h e  need 
f o r  a c t i v e  maintenance a f t e r  c l o s u r e  of t h e  i n d i v i d u a l  d i s p o s a l  
u n i t s .  L i m i t s  on stresses,  s t r a i n s ,  deformat ions ,  and o t h e r  
parameters  should be i d e n t i f i e d  f o r  comparison wi th  and acceptance  
i n  accordance w i t h  a l l owab le  l i m i t s .  

b. S t r u c t u r a l  des ign  should be performed by competent eng inee r ing  
p r o f e s s i o n a l s  wi th  a s u c c e s s f u l  h i s t o r y  of des ign ing  impor tan t  
eng inee r ing  p r o j e c t s .  

2.2.2 S p e c i f i c  Design Review C r i t e r i a  

2.2.2.1 Design and Analys is  Procedures  

D e s c r i p t i v e  in fo rma t ion ,  i n c l u d i n g  p l a n s  and s e c t i o n s  for each  s t r u c -  
t u r e  and i t s  foundat ion ,  should be provided t o  d e f i n e  t h e  s t r u c t u r a l  
a s p e c t s  and elements.  The des ign  and a n a l y s i s  procedures  t o  be used 
f o r  conc re t e  s t r u c t u r e s  should be i n  compliance wi th  A C I  349*. For 
s t r u c t u r a l  s tee l  members and components, t h e  des ign  and a n a l y s i s  should 
be i n  compliance wi th  t h e  S p e c i f i c a t i o n s  of t h e  AISC Manual of S t e e l  
Cons t ruc t ion  (AISC 1980).  

A C I  349 has  been recommended because i t s  use provides  an  inc reased  
l e v e l  of conserva t i sm i n  s t r u c t u r a l  des ign  over  t h e  r e i n f o r c e d  c o n c r e t e  
code requirements  of A C I  318 f o r  convent iona l  type  b u i l d i n g s .  Th i s  
conserva t i sm i s  d e s i r a b l e  i n  r e c o g n i t i o n  of t h e  long-term s t a b i l i t y  
requi rements  of 10 CFR 61.44 which a re  s i g n i f i c a n t l y  longe r  than  t h e  
e x p e c t a t i o n s  of conven t iona l  bu i ld ings .  I n  a d d i t i o n ,  A C I  349 
i d e n t i f i e s  t h e  need t o  e s t a b l i s h  a . - q u a l i t y  a s su rance  program t h a t  i s  
not  inc luded  i n  A C I  318. The NRC s t a f f  w i l l  p rov ide  guidance on 
q u a l i t y  a s su rance  commensurate wi th  t h e  s a f e t y  f u n c t i o n  t o  be performed 
by a LLW d i s p o s a l  f a c i l i t y .  

I n  t h i s  r e p o r t ,  guidance has  been g iven  i n  t h e  use of A C I  349 i n  
r e c o g n i t i o n  of t h e  i n h e r e n t  d i f f e r e n c e s  i n  t h e  l e v e l  of hazard between 
a LLW d i s p o s a l  f a c i l i t y  and a nuc lea r  power p l a n t  f a c i l i t y .  
example, t h e  load  combinat ions p rev ious ly  provided i n  S e c t i o n  2.1.2.3 
of  t h i s  r e p o r t  do not  r e q u i r e  t h e  load ings  normally r e q u i r e d  by A C I  349 
from tornado gene ra t ed  missiles or g e n e r a l  a i r c r a f t  missiles.  

A s  an  

* A l l  A C I  in format ion  is conta ined  i n  t h e  five-volume A C I  Manual of 
Concrete  P r a c t i c e ,  r e v i s e d  annua l ly ,  u n l e s s  o the rwise  s t a t e d .  
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Walls should be des igned  t o  s u s t a i n  and d i s t r i b u t e  a l l  des ign  l o a d s  a s  
w e l l  as f o r c e s  and moments imposed by t h e  c o n t i n u i t y  of t h e  s t r u c t u r a l  
framing system. 

Roof systems should be designed t o  s u s t a i n  and d i s t r i b u t e  a l l  des ign  
l o a d s ,  a s  w e l l  as f o r c e s  and moments imposed by t h e  c o n t i n u i t y  of t h e  
s t r u c t u r a l  framing system. Roof systems should be designed t o  p reven t  
t h e  bu i ldup ,  o r  ponding, of water and i n f i l t r a t i o n .  

Beams and s l a b s  should be designed t o  s u s t a i n  and d i s t r i b u t e  a l l  des ign  
l o a d s ,  a s  w e l l  a s  f o r c e s  and moments imposed by t h e  c o n t i n u i t y  of t h e  
s t r u c t u r a l  framing system. 

Columns should be designed t o  s u s t a i n  a l l  des ign  l o a d s  and bending 
moments imposed by t h e  des ign  c o n d i t i o n s .  

F loo r s  on grade  should be designed t o  d i s t r i b u t e  both  uniform and non- 
uniform loads  t o  t h e  foundat ion  o r  subgrade. When water t i g h t n e s s  i s  
r e q u i r e d ,  i t  should be taken  i n t o  account i n  t h e  des ign .  

A minimum t h i c k n e s s  of conc re t e  s t r u c t u r a l  members conducive t o  e a s e  of 
placement of c o n c r e t e  and s teel  should be maintained so t h a t  dense ,  low 
pe rmeab i l i t y  conc re t e  w i l l  r e s u l t .  

Documented des ign  and a n a l y s i s  procedures  and in fo rma t ion  should 
i n c l u d e  t h e  fo l lowing:  

a. General assumptions,  i n c l u d i n g  boundary c o n d i t i o n s  and t h e  b a s i s  
f o r  t h e  assumptions.  

b. The expected behavior  under l o a d s  and t h e  means by which v e r t i c a l  
and l a t e r a l  l o a d s  a r e  t r a n s m i t t e d  from t h e  v a r i o u s  e lements  t o  
t h e i r  suppor t s  and e v e n t u a l l y  t o  t h e  foundat ion  of t h e  s t r u c t u r e .  

c. D e s c r i p t i o n s  of computer programs, i n c l u d i n g  method of v a l i d a t i o n ,  
t h a t  a r e  used i n  t h e  des ign  and a n a l y s i s .  Computer programs should 
be desc r ibed  and v a l i d a t e d  by one of t h e  fo l lowing  procedures  o r  
c r i t e r i a .  A summary comparison should be provided f o r  t h e  r e su l t s  
ob ta ined  i n  v a l i d a t i o n  of each computer program. 

1. The computer program i s  a recognized program i n  t h e  p u b l i c  
domain and has had s u f f i c i e n t  h i s t o r y  of use  t o  j u s t i f y  i t s  
a p p l i c a b i l i t y  and v a l i d i t y  without f u r t h e r  demonst ra t ion .  

2. The computer program s o l u t i o n  t o  a s e r i e s  of t es t  problems 
has  been demonstrated t o  be s u b s t a n t i a l l y  i d e n t i c a l  t o  those  
ob ta ined  by a s i m i l a r  and independent ly  w r i t t e n  and recog- 
nized program i n  t h e  p u b l i c  domain. The tes t  problems should 
be  demonstrated t o  be s i m i l a r  t o  o r  w i th in  t h e  range  of 
a p p l i c a b i l i t y  of t h e  problems analyzed by t h e  p u b l i c  domain 
computer program. 
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3. The computer program s o l u t i o n  t o  a series of t es t  problems 
has  been demonstrated t o  be s u b s t a n t i a l l y  i d e n t i c a l  t o  t h o s e  
ob ta ined  from c l a s s i c a l  s o l u t i o n s  or from accepted  exper i -  
mental  t e s t s ,  or t o  a n a l y t i c a l  r e s u l t s  pub l i shed  i n  t e c h n i c a l  
l i t e r a t u r e .  The t e s t  problems should be demonstrated t o  be 
s i m i l a r  t o  or wi th in  t h e  range of a p p l i c a b i l i t y  of t h e  
c l a s s i c a l  problems analyzed t o  j u s t i f y  acceptance  of t h e  
program. 

d .  The f o r c e s  due t o  t h e  des ign  b a s i s  ear thquake  a s  de f ined  i n  SRP 
2.3.2 of NUREG-1200 wi th  a d e s c r i p t i o n  of t h e  method used t o  c a l -  
c u l a t e  t h e s e  f o r c e s .  A s u i t a b l e  dynamic a n a l y s i s  method should be 
used. However, an e q u i v a l e n t  s t a t i c  l oad  method may be a c c e p t a b l e  
i f  suppor t ing  j u s t i f i c a t i o n  i s  provided t h a t  demonst ra tes  t h e  
s t r u c t u r e  has been r e a l i s t i c a l l y  r ep resen ted  by a s imple  model and 
t h e  r e s u l t s  of t h e  e q u i v a l e n t  method a r e  conse rva t ive .  

e. A d e s c r i p t i o n  of t h e  a p p l i c a n t ' s  v e r i f i c a t i o n  e f f o r t s  t h a t  were 
employed t o  check t h e  des ign ,  t h e  a n a l y t i c a l  p rocedures  which were 
fo l lowed,  and t h e  c o r r e c t n e s s  and v a l i d i t y  of t h e  des ign  
c a l c u l a t i o n s .  

f .  A s e p a r a t e  des ign  r e p o r t  c o n t a i n i n g  des ign  and c o n s t r u c t i o n  
in fo rma t ion  more s p e c i f i c  t han  t h a t  normally con ta ined  i n  a S a f e t y  
Analys is  Report  (SARI. This  r e p o r t  w i l l  enab le  t h e  r e g u l a t o r y  
agency t o  perform a s t r u c t u r a l  a u d i t .  The des ign  r e p o r t  should  
c o n t a i n  : 

1. S t r u c t u r e  Desc r ip t ion  and Geometry 
2. A l l  P e r t i n e n t  M a t e r i a l  P r o p e r t i e s  f o r  Concrete,  S t e e l ,  and 

Foundation Media 
3. S t r u c t u r a l  Loads 
4. Design C a l c u l a t i o n s  of C r i t i c a l  Elements Inc lud ing  Drawing 

5 .  Summary of R e s u l t s  
6. Conclusions 

and P e r t i n e n t  Assumptions 

2.2.2.2 S t r e s s e s  

The fo l lowing  stress c o n d i t i o n s  should be eva lua ted  for a l l  a p p l i c a b l e  
des ign  l o a d s  and load  combinations.  

F l e x u r a l  stresses should be a s ses sed  f o r  a l l  s t r u c t u r a l  members which 
a r e  s u b j e c t  t o  bending a c t i o n  due t o  t r a n s v e r s e  l o a d s ,  o r  o therwise .  
Examples of f l e x u r a l  members would i n c l u d e  beams, roof s l a b s ,  walls,  
f o o t i n g s ,  etc.  

Shear and t o r s i o n  should be a s ses sed  f o r  a l l  s t r u c t u r a l  members, par- 
t i c u l a r l y  t h o s e  members which resist i n  p l ane  or t r a n s v e r s e  l o a d s  o r  
bo th  through shea r  a c t i o n .  T o r s i o n a l  e f f e c t s  should be e l imina ted  as 
much a s  p o s s i b l e  by des ign ing  t o  o b t a i n  symmetry of load ing  and 
geometry. 
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Axial s t r e s s e s  should be a s ses sed  f o r  members t h a t  resist  l o n g i t u d i n a l  
l o a d s ,  i n c l u d i n g  w a l l s ,  columns, and beams. L i m i t s  on d e f l e c t i o n s  
should be such t h a t  y i e l d i n g  o r  buckl ing  of t h e  s t r u c t u r a l  element does 
not  occur and t h a t  t h e  element o therwise  s a t i s f i e s  a l l  code s t r e s s  
l i m i t a t i o n s .  Ca lcu la t ed  d e f l e c t i o n s  due t o  e s t ima ted  d i f f e r e n t i a l  
s e t t l e m e n t  a r e  t o  be t r e a t e d  a s  an a p p l i e d  load .  

Fa t igue  due t o  c y c l i c  l o a d i n g  c o n d i t i o n s  such as thermal  expansion and 
c o n t r a c t i o n  should be cons ide red ,  due t o  t h e  long  des ign  l i f e t i m e  of 
t h e  f a c i l i t y .  I f  c l e a r l y  e s t a b l i s h e d  f a t i g u e  l i m i t s  do not  e x i s t ,  
p robable  l i m i t s  based on good eng inee r ing  judgment should be e s t ab -  
l i s h e d  and j u s t i f i e d .  S p e c i f i c a l l y ,  thermal  expansion and c o n t r a c t i o n  
should be cons idered  t o  a s s u r e  t h a t  t h e  f u n c t i o n a l  requi rements  of t h e  
EMCB a r e  m e t .  

Shrinkage and c reep  i n  r e i n f o r c e d  conc re t e  should be c o n t r o l l e d  i n  
accordance wi th  guidance conta ined  i n  A C I  209, " P r e d i c t i o n  of Creep, 
Shr inkage ,  and Temperature E f f e c t s  i n  Concrete S t r u c t u r e s "  ( A C I  1986). 

Crack width i n  r e i n f o r c e d  c o n c r e t e  members should be minimized i n  
accordance with p r o v i s i o n s  of A C I  349 S e c t i o n  10.6, " D i s t r i b u t i o n  of 
f l e x u r a l  re inforcement  i n  beams and one-way s l a b s "  ( A C I  1987) which 
p r e s c r i b e s  r u l e s  f o r  d i s t r i b u t i o n  of f l e x u r a l  re inforcement  t o  c o n t r o l  
f l e x u r a l  c racking .  

2.2.2.3 S t r u c t u r a l  Acceptance C r i t e r i a  

The EMCB should be checked f o r  a l l  a p p l i c a b l e  load  combinations l i s t e d  
i n  S e c t i o n  2.1.2.3 and t h e  s t r e s s e s  should be eva lua ted  on t h e  b a s i s  of 
t h e  fo l lowing  codes: 

a.  For c o n c r e t e  s t r u c t u r e s ,  U is t h e  member s t r e n g t h  r equ i r ed  t o  
resist  des ign  l o a d s  based on t h e  s t r e n g t h  des ign  methods desc r ibed  
i n  t h e  A C I  349 Code ( A C I  1987). 

b. For s t r u c t u r a l  s tee l ,  S i s  t h e  member s t r e n g t h  r e q u i r e d  t o  r e s i s t  
des ign  l o a d s  based on e l a s t i c  des ign  methods and t h e  a l lowable  
s t r e s s e s  de f ined  i n  " S p e c i f i c a t i o n  f o r  t h e  Design, F a b r i c a t i o n  and 
E r e c t i o n  of S t r u c t u r a l  S t e e l  f o r  Bu i ld ings ,  P a r t  I" (AISC 1980). 

2.2.2.4 S i t e  F a c t o r s  Impacting on Design 

S i t e  f a c t o r s  t h a t  impact t h e  des ign  and performance of EMCB d i s p o s a l  
f a c i l i t i e s  must  be i d e n t i f i e d  and t h e i r  impacts de f ined  and a s ses sed .  
These f a c t o r s  a r e  i d e n t i f i e d  and guidance i s  provided i n  NUREG-1200 and 
NUREG-1199. The s i t e  f a c t o r s  i n c l u d e  geology, seismology, meteorology, 
c l ima to logy ,  hydrology, geo techn ica l  and geochemical c h a r a c t e r i s t i c s ,  
n a t u r a l  r e s o u r c e s ,  water  r e sources ,  and. b i o t i c  f e a t u r e s .  

2.2-4 



2 . 3  

2.3.1 

Cons t ruc t ion  Materials Q u a l i t y  and D u r a b i l i t y  

Th i s  s e c t i o n  addres ses  t h e  parameters  of concern f o r  t h e  q u a l i t y  and 
d u r a b i l i t y  requi rements ,  and t h e  responses  of t h e  materials t o  t h e s e  
requi rements ;  f o r  po r t l and  cement and i t s  components, s teel ,  s h o t c r e t e  
and i t s  components, c o a t i n g s  and sea le rs ,  moi s tu re  b a r r i e r s ,  j o i n t  
s e a l a n t s ,  and g e o t e x t i l e s  and membranes. 

D e f i n i t i o n s  

The fo l lowing  d e f i n i t i o n s  apply  throughout  t h i s  r e p o r t .  

a .  

b. 

C. 

d. 

e. 

f .  

g -  

h. 

i. 

Por t l and  cement. Po r t l and  cement i s  a h y d r a u l i c  cement produced 
by p u l v e r i z i n g  c l i n k e r  c o n s i s t i n g  e s s e n t i a l l y  of h y d r a u l i c  calcium 
s i l i c a t e s ,  and u s u a l l y  con ta in ing  one o r  more of  t h e  forms o f  
calcium s u l f a t e  as an  in te rground a d d i t i o n .  

Portland-cement concre te .  Portland-cement conc re t e  i s  a composite 
m a t e r i a l  t h a t  c o n s i s t s  e s s e n t i a l l y  of a b inde r  mixture  of  p o r t l a n d  
cement and water w i t h i n  which are  embedded p a r t i c l e s  o r  f ragments  
of aggregate and which may o r  may no t  c o n t a i n  admixtures .  

P l a i n  conc re t e .  P l a i n  conc re t e  has  no re inforcement  and does not  
conform t o  t h e  d e f i n i t i o n  of r e i n f o r c e d  concre te .  

Reinforced conc re t e .  Reinforced conc re t e  c o n t a i n s  adequate  r e i n -  
forcement  ( p r e s t r e s s e d  or not  p r e s t r e s s e d )  and i s  des igned  on t h e  
assumption t h a t  t h e  t w o  m a t e r i a l s  ac t  t o g e t h e r  i n  r e s i s t i n g  
f o r c e s  . 
P r e s t r e s s e d  conc re t e .  P r e s t r e s s e d  conc re t e  has  i n t e r n a l  stresses 
of such  magnitude and d i s t r i b u t i o n  in t roduced  t h a t  t h e  t e n s i l e  
stresses r e s u l t i n g  from t h e  s e r v i c e  l o a d s  a r e  coun te rac t ed  t o  a 
d e s i r e d  degree:  i n  r e i n f o r c e d  conc re t e  t h e  p r e s t r e s s  i s  commonly 
in t roduced  by t e n s i o n i n g  t h e  tendons.  

P r e c a s t  concre te .  P r e c a s t  conc re t e  i s  cast  e lsewhere p r i o r  t o  i t s  
f i n a l  p o s i t i o n .  

Cast-in-place concre te .  Cast-in-place conc re t e  i s  depos i t ed  where 
i t  i s  r equ i r ed  t o  harden as p a r t  of t h e  s t r u c t u r e .  

Aggregate. Aggregate i s  any g r a n u l a r  material ,  such a s  sand,  
g r a v e l ,  crushed s t o n e ,  c rushed  hydraulic-cement c o n c r e t e ,  o r  i r o n  
b l a s t - fu rnace  s l ag ,  used w i t h  a h y d r a u l i c  cementing medium to pro- 
duce conc re t e  o r  mortar .  

Admixture. Admixture i s  a mater ia l  o t h e r  than  water ,  agg rega te s ,  
h y d r a u l i c  cement, and f i b e r  re inforcement  used as  an i n g r e d i e n t  of  
conc re t e  o r  mor ta r ,  and added t o  t h e  conc re t e  ba t ch  immediately 
be fo re  o r  du r ing  i t s  mixing. 
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j e  

k. 

1. 

S t e e l .  S t e e l  i n c l u d e s  r e i n f o r c i n g ,  s t r u c t u r a l ,  misce l laneous ,  and 
imbedded items ( o t h e r  t h a n  r e i n f o r c i n g ) .  

Moisture b a r r i e r s .  Moisture b a r r i e r s  a r e  those  m a t e r i a l s  t h a t  
r e t a r d  l i q u i d  mig ra t ion  through t h e  c o n c r e t e  o r  EMCB components, 
o r  o the rwise  p r o t e c t  any components of t h e  d i s p o s a l  u n i t  a g a i n s t  
any adverse  and d e l e t e r i o u s  a t t a c k .  

Sho tc re t e .  S h o t c r e t e  i s  mortar o r  conc re t e  pneumat ica l ly  pro- 
j e c t e d  a t  h igh  v e l o c i t y  on to  a s u r f a c e :  a l s o  known a s  air-blown 
mor tar :  a l s o  pneumat ica l ly  a p p l i e d  mortar o r  c o n c r e t e ,  sprayed 
mortar and gunned conc re t e .  
t h e  wet-mix o r  dry-mix process .  The wet-mix process  i s  one i n  
which t h e  i n g r e d i e n t s ,  i n c l u d i n g  water ,  a r e  mixed be fo re  i n t r o -  
d u c t i o n  i n t o  t h e  d e l i v e r y  hose  and an a c c e l e r a t o r ,  i f  used, i s  
normally added a t  t h e  nozzle.  The dry-mix p rocess  i s  one i n  which 
most of t h e  mixing water  i s  added a t  t h e  nozzle.  

S h o t c r e t e  can be produced by e i t h e r  

These and o t h e r  d e f i n i t i o n s  a r e  con ta ined  i n  ( A C I  1985) Publ ica-  
t i o n  SP-19 (851, "Cement and Concrete Terminology," American 
Concrete I n s t i t u t e :  and American S o c i e t y  f o r  T e s t i n g  and Mate r i a l s  
(ASTM), "Compilation of ASTM Standard D e f i n i t i o n s , "  6 t h  e d i t i o n ,  
(ASTM 1986b). 

2.3.2 Genera l  Design C r i t e r i a  f o r  Cons t ruc t ion  M a t e r i a l s  Q u a l i t y  and 
D u r a b i l i t y  

a .  Cons t ruc t ion  m a t e r i a l s  i n t ended  f o r  use  i n  a l l  s t r u c t u r e s ,  struc- 
t u r a l  systems, and s t r u c t u r a l  components should be of a p p r o p r i a t e  
composition, q u a l i t y ,  and q u a n t i t y  t o  provide  r easonab le  a s su rance  
t h a t  s t r u c t u r e s ,  systems, and components should f u n c t i o n  a s  i n -  
tended when produced, manufactured, assembled, c o n s t r u c t e d ,  o r  
o the rwise  combined. 

b. S t r u c t u r e s ,  s t r u c t u r a l  systems, and s t r u c t u r a l  components should 
be composed, f a b r i c a t e d ,  and e r e c t e d  us ing  m a t e r i a l s  which have 
been t e s t e d  and shown t o  meet s t a n d a r d s  of q u a l i t y  and d u r a b i l i t y  
and which provide  r easonab le  a s su rance  of long-term s t a b i l i t y  and 
i n t e g r i t y .  
recognized codes and s t a n d a r d s  should be i d e n t i f i e d  and eva lua ted  
t o  de te rmine  t h e i r  a p p l i c a b i l i t y  and adequacy. 

The t e s t i n g  methods and procedures  from accepted  and 

c. Where no codes o r  s t a n d a r d s  e x i s t  o r  recognized codes and s t a n -  
d a r d s  do no t  adequa te ly  addres s  c e r t a i n  m a t e r i a l  q u a l i t y  and dura- 
b i l i t y  c h a r a c t e r i s t i c s ,  documentation should be provided which 
d e l i n e a t e s  t h e  r a t i o n a l e  of cho ice ,  t es t  methods and d a t a ,  and/or 
i n - se rv ice  h i s t o r y ,  which s u b s t a n t i a t e  o r  v e r i f y  t h e  use  of non- 
t r a d i t i o n a l  m a t e r i a l s  o r  t hose  f o r  which no s t a n d a r d s  have been 
e s t a b l i s h e d .  

d. The c o n s t r u c t i o n  m a t e r i a l s  should meet t h e  requi rements  of t h e  
a p p l i c a b l e  tests f o r  q u a l i t y  and d u r a b i l i t y  c h a r a c t e r i z a t i o n  pro- 
p e r t i e s ,  such a s  r e s i s t a n c e  to :  f r e e z i n g  and thawing, humidity,  
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ag ing ,  f a t i g u e ,  s u l f a t e  a t t a c k ,  t ox ic -ma te r i a l  a t t a c k ,  a b r a s i o n ,  
tempera ture  changes,  we t t ing  and d r y i n g ,  r a d i a t i o n ,  biodegrada- 
t i o n ,  c r a c k i n g ,  e l e c t r o l y s i s ,  f i r e ,  and o t h e r s  a s  may be 
a p p r o p r i a t e .  

2.3.3 S p e c i f i c  Design Review C r i t e r i a  

2.3.3.1 Concrete and Concrete M a t e r i a l s  

A c o n c r e t e  m i x t u r e  f o r  use i n  t h e  c o n s t r u c t i o n  of a EMCB should ,  
a f t e r  c u r i n g ,  be a low-permeabili ty m a t e r i a l ,  capab le  of s a f e l y  
suppor t ing  t h e  l o a d s  and r e s i s t i n g  t h e  adverse  environment, i n -  
c lud ing  t o x i c  m a t e r i a l  a t t a c k  t o  which i t  may be sub jec t ed .  
fo l lowing  paragraphs g i v e  t h e  s t a n d a r d s  and tes ts ,  r e q u i r e d  mate- 
r i a l s  p r o p e r t i e s ,  and r a t i o n a l e  f o r  t h e  requi rements  f o r  t h e  con- 
c r e t e  and conc re t e  m a t e r i a l s .  

The 

2.3.3.1.1 Appl icable  Codes, S tandards ,  and Regula tory  Guidance 

The fo l lowing  l i s t e d  codes,  t es t s ,  s t a n d a r d s ,  s p e c i f i c a t i o n s ,  
g u i d e s ,  s t anda rd  p r a c t i c e s ,  s p e c i a l  p u b l i c a t i o n s  (SP), and recom- 
mended p r a c t i c e s  d e l i n e a t e  t h e  in fo rma t ion  and guidance needed f o r  
t h e  c o n t r o l  of t h e  q u a l i t y  and d u r a b i l i t y  of c o n c r e t e  and c o n c r e t e  
m a t e r i a l s  a n t i c i p a t e d  f o r  u s e  i n  t h e  c o n s t r u c t i o n  of EMCB. Th i s  
a r r a y  of  documents ( i . e . ,  codes,  s t a n d a r d s ,  e tc . )  p rov ides  guid- 
ance on, and i n  some c a s e s  p rov ides  l i m i t i n g  va lues  f o r  t e s t i n g ,  
acceptance ,  s p e c i f i c a t i o n ,  and u s e  of c o n c r e t e  and c o n c r e t e  
m a t e r i a l s ,  c o n s t r u c t i o n  p r a c t i c e s ,  and a l l  t h e  o t h e r  parameter 
concerns  l i s t e d  i n  t h e  g e n e r a l  des ign  c r i t e r i a  (GDC) ( i .e . ,  
a b r a s i o n ,  s u l f a t e  a t t a c k ,  e t c ) .  

a .  American S o c i e t y  f o r  T e s t i n g  and M a t e r i a l s  (ASTM 1986a) T e s t  
Methods and S p e c i f i c a t i o n s ,  

(1) C 33 S p e c i f i c a t i o n  f o r  Concrete Aggregate 

( 2 )  C 39 Test f o r  Compressive S t r e n g t h  of C y l i n d r i c a l  
Concrete Specimens 

1 

( 3 )  C 40 Tes t  Method f o r  Organic I m p u r i t i e s  i n  F ine  
Aggregates 

( 4 )  C 88 T e s t  Method f o r  Soundness of Aggregates by Use of 
Sodium S u l f a t e  o r  Magnesium S u l f a t e  

( 5 )  C 94  S p e c i f i c a t i o n  for Ready-mixed Concrete 

( 6 )  C 127 T e s t  Method f o r  S p e c i f i c  Grav i ty  and Absorption of 
Course Aggregate 

( 7 )  C,128 T e s t  Method f o r  S p e c i f i c  Grav i ty  and Absorption of 
F ine  Aggregate 
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(8 )  C 131 Test Method f o r  R e s i s t a n c e  t o  Degradation of Small 
S i z e  Coarse Aggregate by Abrasion and Impact i n  t h e  Los 
Angeles Machine 

( 9 )  C 136 Method f o r  S ieve  Analys is  of F ine  and Coarse 
Aggregates 

(10) C 138 Tes t  Method f o r  Uni t  Weight, Y ie ld ,  and A i r  
Content (Gravimet r ic  of Concrete) 

(11) C 1 4 1  S p e c i f i c a t i o n  f o r  Hydraulic L i m e  f o r  S t r u c t u r a l  
Purposes 

(12 )  C 150 S p e c i f i c a t i o n  f o r  Por t l and  Cement 

(13 )  C 173 Test Method €or A i r  Content of F resh ly  Mixed 
Concrete by t h e  Volumetric Method 

( 1 4 )  C 227 Test Method f o r  P o t e n t i a l  A l k a l i  R e a c t i v i t y  of 
Cement-Aggregate Combinations (Mortar-Bar Method) 

(15)  C 231 T e s t  Method f o r  A i r  Content of Fresh ly  Mixed 
Concrete by t h e  P res su re  Method 

(16 )  C 233 Method of T e s t i n g  Air -Ent ra in ing  Admixtures €or 
Concrete 

( 1 7 )  C 260 S p e c i f i c a t i o n  f o r  Ai r -Ent ra in ing  Admixtures f o r  
Concrete 

(18) C 309 S p e c i f i c a t i o n  f o r  Liquid Membrane-Forming 
Compounds f o r  Curing Concrete 

b. American Concrete I n s t i t u t e  ( A C I  1987) Committee Repor t s ,  
S tandards  Recommended P r a c t i c e s ,  Guides, and S p e c i f i c a t i o n s :  

117 Standard  Tolerances  f o r  Concrete Cons t ruc t ion  and 
M a t e r i a l s  

201.2 Guide t o  Durable Concrete 

209 P r e d i c t i o n  of Creep, Shrinkage, and Temperature 
E f f e c t s  i n  Concrete S t r u c t u r e s  

211.1 Standard P r a c t i c e  for S e l e c t i n g  P ropor t ions  f o r  
Normal, Heavyweight, and Mass Concrete 

212.1 R-81 Admixtures f o r  Concrete 

212.2 R-81  Guide f o r  Use of Admixtures i n  Concrete 

216 Guide f o r  Determining t h e  F i r e  Endurance of Concrete 
E l  emen t s 
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(8) 221 S e l e c t i o n  and Use of Aggregates f o r  Concrete 

( 9 )  224 Cont ro l  of Cracking i n  Concrete S t r u c t u r e s  

(10) 301 S p e c i f i c a t i o n s  f o r  S t r u c t u r a l  Concrete f o r  Bu i ld ings  

(11) 350 Concrete S a n i t a r y  Engineering S t r u c t u r e s  

(12) SP-79 F l y  Ash, S i l i c a  Fume, S lag ,  and Other Mineral  By- 
Products  i n  Concrete 

c .  U.S. Army Engineer Waterways Experiment S t a t i o n  , Handbook f o r  
Concrete and Cement*, (U.S. Army 19491 ,  Requirements, S tandard  
P r a c t i c e s ,  T e s t s ,  and Test Methods: 

(1) CRD-C 20 
Freez ing  and Thawing 

T e s t  Method f o r  R e s i s t a n c e  of Concrete t o  Rapid 

(2) CRD-C 28 Test Method f o r  Length Change of Hardened 
Cement Mortar and Concrete 

(3) CRD-C 48 Method of T e s t  f o r  Water Pe rmeab i l i t y  of 
Concrete 

( 4 )  CRD-C 52 Test Method f o r  Abrasion R e s i s t a n c e  of Concrete 
or Mortar Sur faces  by t h e  R o t a t i n g  - C u t t e r  Method 

(5) CRD-C 54 Test Method f o r  Creep of Concrete i n  
Compression 

(6) CRD-C 71 Test Method of Ultimate S t r a i n  Capac i ty  of  
Concrete 

(7) CRD-C 400 Requirements for Water f o r  Use i n  Mixing or 
Curing Concrete 

2.3.3.1.2 Portland-Cement Concrete 

Portland-cement c o n c r e t e  should be a i r - e n t r a i n e d  and composed of 
Type V p o r t l a n d  cement, water, c o a r s e  and f i n e  aggrega te ,  and any 
admixtures t h a t  w i l l  d e s i r a b l y  enhance t h e  q u a l i t y  and d u r a b i l i t y ,  
such as s i l i c a  fume or other a p p r o p r i a t e  mine ra l  p roducts .  Water- 
reducing  admixtures (WRA) should be cons ide red  i n  o r d e r  t o  reduce 
t h e  water-cement r a t i o  ( w / c )  a n d , y e t  produce a workable slump. 
The unconfined compressive s t r e n g t h ,  f l C ,  should be a minimum of 
4,000 p s i  a t  28 days age. 
c e n t  a i r ,  by volume and have a slump range  of 3 t o  6 i n .  wi thout  
WRA and 6 t o  9 i n .  wi th  WRA. The c o n c r e t e  and c o n c r e t e  m a t e r i a l s  

The c o n c r e t e  should c o n t a i n  6 t o  7 per- 

* May be purchased a t  Technica l  Repor ts  D i s t r i b u t i o n ,  USAE Waterways 
Experiment S t a t i o n ,  Vicksburg, MS 39180-0631. 
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2.3.3.1.3 

p r o p e r t i e s  ( p h y s i c a l  and mechanical)  should be e s t a b l i s h e d  by an 
approved and c e r t i f i e d  t e s t i n g  l a b o r a t o r y ,  based on t r i a l  mixtures  
and us ing  t h e  above a p p r o p r i a t e  t es t  methods and s t anda rds .  

The po r t l and  cement should be Type V meeting t h e  requi rements  of 
)ASTM C 150. Coarse and f i n e  aggrega tes  should be hard and dura- 
b l e ,  meeting t h e  requi rements  of ASTM C 33. 
should be f r e e  of o i l s ,  o t h e r  o rgan ic  i m p u r i t i e s ,  and o t h e r  
d e l e t e r i o u s  m a t e r i a l s ,  and meet t h e  requi rements  of CRD-C 400. I n  
g e n e r a l ,  any p o t a b l e  water might be expected t o  be accep tab le  f o r  
mixing water. 

The mixing water 

When aggrega te s  a r e  found t o  be p o t e n t i a l l y  r e a c t i v e ,  i n  accord- 
ance wi th  test  ASTM C-289, t h e  cement s h a l l  c o n t a i n  n o t  more t h a n  
0.60 pe rcen t  by weight of  a l k a l i e s  (Na20 + 0.658 K20), a s  i n d i -  
c a t e d  i n  Table 2, ASTM C 150. 

Each admixture cons idered  f o r  use i n  t h e  conc re t e  should meet t h e  
a p p l i c a b l e  requi rements  f o r  t h a t  admixture.  Admixtures c o n t a i n i n g  
c h l o r i d e  should no t  be cons ide red  because of adverse  e f f e c t s  of 
c o r r o s i o n  of s tee l  when exposed t o  c h l o r i d e .  A demonst ra t ion  of 
t h e  a b i l i t y  of t h e  admixture t o  enhance t h e  q u a l i t y  and d u r a b i l i t y  
of t h e  c o n c r e t e  i s  r e q u i r e d  t o  be submi t ted  t o  t h e  r e g u l a t o r y  
agency p r i o r  t o  s t a r t  of c o n s t r u c t i o n .  A l l  admixtures should be 
s u b m i t t e d  f o r  acceptance  and should be eva lua ted  f o r  e f f e c t i v e n e s s  
and f e a s i b i l i t y  as recommended i n  A C I  212.2R-81 and A C I  212. 

Admixtures, of each i n d i v i d u a l  t ype ,  should s e r v e  one of t h e  f o l -  
lowing f u n c t i o n s :  (1) ensu re  t h e  proper en t ra inment  of a i r ,  (2 )  
a l low t h e  r e g u l a t i o n  of t h e  amount of wa te r ,  ( 3 )  c o n t r o l  t h e  t i m e  
of s e t t i n g ,  o r  ( 4 )  ac t  a s  a void f i l l e r  (mine ra l  admixtures) .  A l l  
admixtures should be  composed of q u a l i t y  m a t e r i a l s  t o  ensu re  t h a t  
t h e  conc re t e  w i l l  perform as expected and t o  o b t a i n  t h e  d e s i r e d  
eng inee r ing ,  p h y s i c a l ,  and mechanical p r o p e r t i e s .  

R a t i o n a l e  S ta tement  f o r  Concrete and Concrete M a t e r i a l s  
Recommendations 

Type V p o r t l a n d  cement should be used f o r  EMCB c o n s t r u c t i o n  t o  
p r o t e c t  a g a i n s t  contaminat ion  from t h e  LLW d i s p o s a l  c o n t a i n e r s  o r  
packaging and t o  provide  p r o t e c t i o n  a g a i n s t  s u l f a t e  and t o x i c  
m a t e r i a l  a t t a c k  on t h e  c o n c r e t e  and c h l o r i d e  a t t a c k  on t h e  r e i n -  
f o r c i n g  s teel .  However, Type V i s  no t  always a v a i l a b l e  i n  some 
geograph ica l  l o c a t i o n s .  An a l t e r n a t i v e  t o  u s i n g  Type V cement 
would be t o  use  Type I1 cement with a p a r t i a l  replacement of  t h e  
cement wi th  a pozza lan  (e.g. f l y  a s h  o r  n a t u r a l  pozza lon ) ,  o r  
s i l i c a  fume o r  ground i r o n  b l a s t - f u r n a c e  s l a g  (meeting t h e  re- 
qui rements  of ASTM C 989 "Standard S p e c i f i c a t i o n s  f o r  Ground I r o n  
Blast-Furnace S lag  f o r  Use i n  Concrete and Mor ta r s " ) ,  t o  produce a 
c o n c r e t e  t h a t  w i l l  a t t a i n  approximately t h e  same unconfined com- 
p r e s s i v e  s t r e n g t h ,  f ' ,  and s u l f a t e  p r o t e c t i o n  a s  t h a t  provided by 
t h e  use  of Type V cement and a low w / c  r a t i o  (=0.40). When f l y  
ash  i s  used, t h e  volume of t h e  f l y  a sh  should be l ess  than  
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50 p e r c e n t  of t h e  cemen t i t i ous  m a t e r i a l .  When s i l i c a  fume i s  
used, i t s  volume should be less  than  1 5  pe rcen t .  The u s e  of  
s i l i c a  fume, which i s  very much f i n e r  than  po r t l and  cement and 
hence has  a much h ighe r  water demand, could  s i g n i f i c a n t l y  reduce  
t h e  s t r e n g t h .  I n  o r d e r  t o  keep s t r e n g t h  wi th in  t h e  s p e c i f i e d  
l i m i t s ,  t h e  w / c  should be between 0.2 and 0.3 which n e c e s s i t a t e s  
t h e  u s e  of a high-range water-reducing admixture (HRWRA) t o  in -  
c r e a s e  t h e  slump t o  a va lue  t h a t  produces a workable m i x t u r e  
compat ib le  with t h e  placement requi rements .  The amount of HRWRA 
t o  achieve  t h i s  w o r k a b i l i t y  i s  a f u n c t i o n  of t h e  amount of s i l i c a  
fume used. The va lues  of s i l i c a  fume and HRWRA should be d e t e r -  
mined by t r i a l  ba tches .  

The conc re t e  should be a i r - e n t r a i n e d  i n  o r d e r  t o  p r o t e c t  t h e  con- 
c r e t e  from t h e  e f f e c t s  of f r e e z i n g  and thawing t h a t  may occur  
du r ing  c o n s t r u c t i o n  and waste d i s p o s a l  o p e r a t i o n s ,  when t h e  con- 
crete w i l l  be exposed t o  and unpro tec ted  from t h e  environment, 

Low-alkali cement must  be used where a l k a l i - r e a c t i v e  aggrega te s  
a r e  t o  be used i n  t h e  c o n c r e t e  mixture .  

Based on t h e s e  recommendations and compliance wi th  t h e  c i t e d  codes 
and s t a n d a r d s ,  a low-permeabili ty c o n c r e t e  should be produced, 
t h a t  should s a f e l y  c o n t a i n  t h e  waste f o r  t h e  in tended  t i m e  
pe r iods .  

2.3.3.2 Mois ture  B a r r i e r s  

These m a t e r i a l s  a r e  app l i ed  f o r  t h e  purpose of p reven t ing  water  or 
o t h e r  l i q u i d s  from coming i n t o  c o n t a c t  wi th  t h e  c o n c r e t e  and t o  pre- 
vent  l i q u i d s  from pass ing  through t h e  conc re t e .  Most d e l e t e r i o u s  
r e a c t i o n s  of c o n c r e t e  r e q u i r e  t h e  presence  of water f o r  t h e  r e a c t i o n  
t o  occur.  The l o c a t i o n s  of d i f f e r e n t  mois ture  b a r r i e r s  a r e  shown i n  
F igu re  2.3.1. 

Examples of commonly used m a t e r i a l s  a r e  g iven  i n  t h e  fo l lowing  para- 
graphs.  The s e l e c t i o n  of one or more m a t e r i a l s  would need t o  be 
selected by l i c e n s e  a p p l i c a n t  on a case-by-case b a s i s .  

2.3.3.2.1 Appl icable  T e s t s ,  S p e c i f i c a t i o n s  S tanda rds ,  and Codes 

The fo l lowing  l i s t e d  codes ,  tes ts ,  s t a n d a r d s ,  s p e c i f i c a t i o n s ,  
gu ides ,  s t anda rd  p r a c t i c e s ,  SP, and recommended p r a c t i c e s  d e l i n e -  
a t e  t h e  in fo rma t ion  and guidance needed f o r  t h e  c o n t r o l  of t h e  
q u a l i t y  and d u r a b i l i t y  of c o a t i n g s  and s e a l e r s ,  mo i s tu re  b a r r i e r s ,  
and j o i n t  s e a l a n t s  a n t i c i p a t e d  f o r  use i n  t h e  c o n s t r u c t i o n  of a 
EMCB. This  a r r a y  of  documents ( i .e. ,  codes ,  s t a n d a r d s ,  e tc . )  pro- 
v i d e s  guidance f o r  t h e  p a r t i c u l a r  parameters  f o r  t e s t i n g ,  accept -  
ance,  s p e c i f i c a t i o n ,  and u s e  of c o a t i n g s  and sealers, mois ture  
b a r r i e r s ,  and j o i n t  s e a l a n t s . *  

a. American Concrete I n s t i t u t e  ( A C I  19871, ACI 504R-77, Guide t o  
J o i n t  S e a l a n t s  f o r  Concrete S t r u c t u r e .  
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Figure 2 . 3 . 1 .  Moisture barriers for concrete 
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b. American S o c i e t y  f o r  T e s t i n g  and M a t e r i a l s  S t anda rds  (ASTM 
1986a) .  

C 836 S p e c i f i c a t i o n  f o r  High S o l i d s  Content ,  Cold 
Liquid-Applied Elas tomer ic  Waterproofing Membrane f o r  
Use With Sepa ra t e  Wearing Course 

C 898 Guide f o r  Use of High S o l i d s  Content ,  Cold 
Liquid-Applied Elas tomer ic  Waterproofing Membrane wi th  
Sepa ra t e  Wearing Course 

D 4 1  
Dampproofing, and Waterproofing 

D 43 
Dampproofing, and Waterproofing 

D 173 S p e c i f i c a t i o n  f o r  Bitumen-Saturated Cotton 
Fabr i c s  Used i n  Roofing and Waterproofing 

D 250 
Used i n  Roofing and Waterproofing 

D 226 S p e c i f i c a t i o n  f o r  Asphal t -Saturated Organic F e l t  
Used i n  Roofing and Waterproofing 

D 227 
Used i n  Roofing and Waterproofing 

D 449 S p e c i f i c a t i o n  f o r  Asphal t  Used i n  Damp-Proofing 
and Waterproofing 

S p e c i f i c a t i o n  f o r  Asphal t  Primer Used i n  Roofing,  

S p e c i f i c a t i o n  f o r  Creosote  Primer Used i n  Roofing,  

S p e c i f i c a t i o n  f o r  Asphal t -Saturated Asbestos  F e l t  

S p e c i f i c a t i o n  f o r  Coal-Tar-Saturated Organic  F e l t  

(10) D 491 s p e c i f i c a t i o n  f o r  Asphal t  Mast ic  Used i n  
Waterproofing 

(11) D 1079 D e f i n i t i o n s  of Te rms  R e l a t i n g  t o  Roofing,  
Waterproofing,  and Bituminous Materials 

( 1 2 )  D 1327 S p e c i f i c a t i o n  f o r  Bitumen-Saturated Woven 
Burlap Fabr i c s  Used i n  Roofing and Waterproofing 

(13 )  D 1654 Eva lua t ion  of Pa in t ed  or  Coated Specimens 
Subjec ted  t o -  Corros ive  Environments 

( 1 4 )  D 1668 S p e c i f i c a t i o n  f o r  Glass F a b r i c s  (Woven and 
Trea ted )  f o r  Roofing and Waterproofing 

* The t y p e  of m a t e r i a l  s e l e c t e d  would d i c t a t e  which s p e c i f i c a t i o n s  and 
s t a n d a r d s  a r e  a p p l i c a b l e .  
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(15) D 2178 S p e c i f i c a t i o n  f o r  Asphalt  Glass F e l t  Used i n  
Roofing and Waterproofing 

(16) D 3020 S p e c i f i c a t i o n  f o r  Polye thylene  and Ethylene 
Copolymer P l a s t i c  Shee t ing  f o r  Pond, Canal,  and 
Rese rvo i r  Lin ing  

(17) D 3083 S p e c i f i c a t i o n  f o r  F l e x i b l e  Poly(Viny1 Ch lo r ide )  
P l a s t i c  Shee t ing  f o r  Pond, Canal,  and Rese rvo i r  Lin ing  

(18) D 3254 S p e c i f i c a t i o n  f o r  Fabric-Reinforced, Vulcanized 
Rubber Shee t ing  f o r  Pond, Canal,  and Rese rvo i r  Lin ing  

(19) D 3393 S p e c i f i c a t i o n  f o r  Coated F a b r i c s  -- 
Waterproofness 

(20) D 3423 P r a c t i c e  f o r  App l i ca t ion  of Emuls i f ied  Coal-Tar 
P i t c h  (Mineral  Co l lo id  Type) 

(21) D 3468 S p e c i f i c a t i o n  f o r  Liquid-Applied Neoprene and 
Chlorosul fona ted  Polye thylene  Used i n  Roofing and 
Waterproofing 

(22) D 3843 P r a c t i c e  f o r  Q u a l i t y  Assurance f o r  P r o t e c t i v e  
Coatings Applied t o  Nuclear F a c i l i t i e s  

(23) D 4258 P r a c t i c e  f o r  Sur face  Cleaning Concrete f o r  
Coating 

(24) D 4260 P r a c t i c e  f o r  Acid Etching  Concrete 

(25) D 4071 P r a c t i c e  f o r  Use of Por t l and  Cement Concrete 
Bridge Deck Water B a r r i e r  Membrane Systems 

(26) E-96 T e s t  Methods f o r  Water Vapor Transmission of 
M a t e r i a l s  

(27) E 154-68 Methods of T e s t i n g  M a t e r i a l s  f o r  Use a s  Vapor 
B a r r i e r s  Under Concrete SLABS and a s  Ground Cover i n  
Crawl Spaces 

(28) F 99 Recommended P r a c t i c e  f o r  P r e p a r a t i o n  of F l e x i b l e  
B a r r i e r  Ma te r i a l  S p e c i f i c a t i o n  

c. Corps of Engineers  Guide S p e c i f i c a t i o n  (CEGS)-07112 Bituminous 
Waterproofing (Corps of Engineers 1986) 

d.  Fede ra l  T e s t  Method Standard SS-A-701B Asphal t ,  Petroleum 
( P r i m e r ,  Roofing, and Waterproofing) (General S e r v i c e  
Adminis t ra t ion  1974 
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e. 

f .  

g. 

h. 

i. 

Fede ra l  Cons t ruc t ion  Guide S p e c i f i c a t i o n  (FCGS) 07120 
Elas tomer ic  Waterproofing System, Fluid-Applied ( F e d e r a l  
Cons t ruc t ion  Council  1986) 

DOD 4270.21-SPEC Waterproofing and Dampproofing (Department of 
Defense 1985) 

A C I  5i5.1R A Guide t o  t h e  Use of Waterproofing, Dampproofing, 
P r o t e c t i v e ,  and Decora t ive  B a r r i e r  Systems f o r  Concrete ( A C I  
1987 1 

A C I  201.2R Guide t o  Durable Concrete ( A C I  1987) 

Na t iona l  Concrete Masonry Assoc ia t ion  (NCMA) TEK 121 Water- 
Proof ing  Concrete Masonry Basements and Ear th-Shel te red  
S t r u c t u r e s  (NCMA 1981) 

2.3.3.2.2 Coat ings  and S e a l e r s  

Coat ings  a r e  u s u a l l y  o rgan ic  based compounds a p p l i e d  t o  t h e  s u r f a c e  
of conc re t e  t o  form a p r o t e c t i v e  b a r r i e r  a g a i n s t  a g g r e s s i v e  
elements.  S e a l e r s  a r e  u s u a l l y  organic-based compounds mixed wi th  
an o rgan ic  s o l v e n t  t o  lower t h e  v i s c o s i t y  so t h a t  they  w i l l  pene- 
t r a t e  i n t o  t h e  voids  i n  t h e  conc re t e  and when t h e  s o l v e n t  evapor- 
a t e s ,  a f i l m  i s  found on t h e  s u r f a c e  and a l s o  i n  t h e  vo ids  of t h e  
conc re t e .  S e a l e r s  a r e  good m a t e r i a l s  f o r  c o n c r e t e s  t h a t  a r e  
s u b j e c t e d  t o  ab ras ions .  Some commonly used m a t e r i a l s  f o r  c o a t i n g s  
and s e a l e r s  a r e  epoxy r e s i n ,  po lyu re thanes ,  and a c r y l i c s .  These 
m a t e r i a l s  would have l i m i t e d  l i f e  expec tanc ie s  of probably l e s s  
than  100 yea r s .  The b e t t e r  c o a t i n g s  a r e  ho t  a p p l i e d  c o a l  t a r  o r  
a s p h a l t  with f i b e r g l a s s  re inforcement  because of t h e i r  demonstrated 
performance. 

Coating and s e a l e r  m a t e r i a l s  t h a t  meet a p p r o p r i a t e  s p e c i f i c a t i o n s  
and s t anda rds  should be impermeable t o  moi s tu re ,  be capab le  of 
forming a s t r o n g  continuous f i l m ,  have s u f f i c i e n t  bond s t r e n g t h  t o  
keep them adhered t o  t h e  s u r f a c e ,  and have s u f f i c i e n t  t e n s i l e  
s t r e n g t h  t o  prevent  t e a r i n g  and punctur ing .  The m a t e r i a l  should 
have t h e  a b i l i t y  t o  f low,  s t r e t c h  o r  deform s u f f i c i e n t l y  t o  span  
any c racks  i n  t h e  c o n c r e t e  a f t e r  t h e  c o a t i n g  has  been formed, be  
compatible wi th  any o t h e r  b a r r i e r  m a t e r i a l ,  j o i n t  s e a l a n t  or ad- 
j a c e n t  membranes,'and be r e s i s t a n t  t o  d e l e t e r i o u s  agen t s  or e l e -  
ments i n  t h e  s o i l  and t o  any l eakage  from t h e  LLW waste. 

2.3.3.2.3 Shee t  Membranes 

Sheet membranes a r e  u s u a l l y  o r g a n i c  e l a s t o m e r i c  m a t e r i a l ,  manufac- 
t u r e d  i n t o  s h e e t s  of d i f f e r e n t  s i z e s  and th i ckness .  They a r e  used 
p r i m a r i l y  t o  p reven t  water from e n t e r i n g  an underground s t r u c t u r e .  
They a r e  u s u a l l y  s p l i c e d  o r  seamed a t  t h e  j o b  t o  comple te ly  cover  
or  encapsu la t e  t h e  submerged p o r t i o n s  of  t h e  s t r u c t u r e .  The more 
commonly used m a t e r i a l  c o n s i s t s  of b u t y l  rubbe r ,  neoprene, 
p l a s t i c i z e d  po lyv iny l  c h l o r i d e  (PVC) ,  po lyure thane ,  and rubbe r i zed  

2.3-11 



compounds. These materials also have limited short-term life 
expectancies. It appears that thicker polyethylene sheeting should 
be a very long-lasting material. Manufacturer test results have 
projected polyethylene to last over 100 years. The manufacturer 
indicates that a 300-year life can be expected. Applied membrane 
is shown in Figure 2.3.2. 

A disadvantage of using polyethylenes is degradation caused by 
exposure to ultraviolet (UV) light. This disadvantage must be 
considered if the polyethylene is not covered during storage, con- 
struction, and operation. Also care should be taken to overcome 
the difficulty with polyethylene in properly bonding to the con- 
crete surface and forming proper splices during construction. 

All sheet membranes meeting the appropriate specifications and 
standards should be impervious to moisture, have sufficient tensile 
strength to prevent tearing or puncturing, be composed of a mate- 
rial that will resist biodegradation, oxidation, deleterious e€- 
fects of water, deleterious effects of radiation, alkalinity, chem- 
ical attack, plastic flow, and should have the capacity to form a 
continuous membrane which will allow encapsulation of the struc- 
ture. Section 2.3.3.5.2 provides additional information on types 
and applications of low-permeability membranes. I 

2.3.3.2.4 Waterstops 

Waterstops are usually flexible, water-proofing materials placed in 
joints in concrete to prevent the passage of water. They are 

APPING SEA 1 MS 

Figure 2.3.2 Low-permeability membranes applied with overlapping seams 

2.3-12 



u s u a l l y  c a s t  i n t o  t h e  c o n c r e t e  on each s i d e  of t h e  j o i n t s ,  which 
p h y s i c a l l y  l o c k s  them i n t o  t h e  conc re t e .  
m a t e r i a l  i s  f l e x i b l e  (or p l a s t i c i z e d )  PVC. However, i t  i s  recom- 
mended t h a t  PVC not be cons idered  f o r  u s e  a s  a wa te r s top  because of 
t h e  manufac tu re r ' s  l i m i t e d  30-year l i f e  warran ty  f o r  t h e  m a t e r i a l .  

The most widely used 

Type 316 s t a i n l e s s  s t e e l  should be a ve ry  good m a t e r i a l  t o  be used 
a s  a waters top .  Coal t a r  or a s p h a l t  can be used t o  c o a t  t h e  
expansion p o r t i o n  of t h e  wa te r s top  t o  f u r t h e r  extend t h e  l i f e  
expectancy. S t e e l  wa te r s tops  should be used wi th  j o i n t s  t h a t  have 
r e l a t i v e l y  smal l  movement. 

2.3.3.2.5 J o i n t  S e a l a n t s  

The term j o i n t  s e a l a n t  u s u a l l y  r e f e r s  t o  f l e x i b l e  m a t e r i a l s  p laced  
i n  j o i n t s  a t ,  or connect ing  t o ,  t h e  s u r f a c e  of t h e  conc re t e .  They 
a r e  u s u a l l y  a p p l i e d  t o  t h e  f a c e  of t h e  j o i n t .  J o i n t  s e a l a n t s  a r e  
g e n e r a l l y  e a s i e r  and less  expensive t o  i n s t a l l  t h a n  wa te r s tops .  
Some of t h e  more commonly used m a t e r i a l s  for j o i n t  s e a l a n t s  a r e  
epoxy r e s i n s ,  po lyure thane ,  a c r y l i c s ,  and rubber  compounds. These 
m a t e r i a l s ,  when used, should be p laced  i n  t h e  j o i n t  a long  wi th  t h e  
wa te r s top  t o  extend t h e  amount of time be fo re  t h e  wa te r s tops  become 
exposed t o  t h e  a g g r e s s i v e  agen t s .  

J o i n t  s e a l a n t s ,  meeting t h e  requi rements  of a p p r o p r i a t e  s p e c i f i c a -  
t i o n s  and s t a n d a r d s ,  should be impermeable t o  mois ture  and form a 
s e a l  a t  t h e  j o i n t s  o r  i n  t h e  c o n c r e t e  t o  minimize t h e  passage  of 
water or o t h e r  l i q u i d .  The adhesion or mechanical l o c k i n g  should 
be s u f f i c i e n t  t o  wi ths tand  h y d r o s t a t i c  p r e s s u r e s  t h a t  may be en- 
countered .  The s e a l e r  m a t e r i a l  must  be capab le  of accommodating 
t h e  a n t i c i p a t e d  des ign  movements of t h e  j o i n t s .  The m a t e r i a l  
should have t h e  c a p a b i l i t y  t o  wi ths tand  t h e  d e l e t e r i o u s  e f f o r t s  of 
water ,  a l k a l i n e  environment, oxygen, ozone, r a d i a t i o n ,  and b io log i -  
c a l  a c t i v i t y  and should be capab le  of p reven t ing  hard o b j e c t s  (e.g. 
rocks )  from e n t e r i n g  t h e  j o i n t  spaces  which could e n l a r g e  t h e  
j o i n t .  

2.3.3.2.6 Ben ton i t e  Pane l s  

Ben ton i t e  i s  a n a t u r a l l y  o c c u r r i n g  c l a y  which can expand up t o  
20 times i t s  volume when p laced  i n  c o n t a c t  w i th  water.  The pane l s  
are manufactured by forming t h e  c l a y  i n t o  4- f t  by 4- f t  co r ruga ted  
cardboard panels .  ( B e n t o n i t e  c l a y  is' a l s o  a v a i l a b l e  i n  s p r a y a b l e  
or t rowel  a p p l i e d  compounds.) The b e n t o n i t e  should be a p p l i e d  on 
t h e  s u r f a c e  of t h e  c o n c r e t e  i n  a manner t h a t  w i l l  a l low i t  t o  ex- 
pand and prevent  water from coming i n t o  c o n t a c t  wi th  t h e  c o n c r e t e  
and t o  s e a l  any c r a c k s  i n  t h e  c o n c r e t e  i f  t hey  were t o  occur.  When 
a p p l i e d  i n  a proper  manner, t h e  b e n t o n i t e  should exceed t h e  l i f e  
expectancy of t h e  EMCB s t r u c t u r e .  The over lapping  of b e n t o n i t e  
p a n e l s  i s  shown i n  F igu re  2.3.3. 
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PROTECTION 
BOARD 

Figure  2.3.3. Bentoni te  pane l s  a p p l i e d  t o  conc re t e  

2.3.3.2.7 R a t i o n a l e  f o r  Moisture B a r r i e r  Recommendations 

A mois tu re  b a r r i e r  should be a p p l i e d  t o  t h e  o u t s i d e  and i n s i d e  sur -  
f a c e s  of t h e  s t r u c t u r e  t o  p r o t e c t  mainly a g a i n s t  water  mig ra t ion  
and a l k a l i  s o i l s  ( s u l f a t e s  and c h l o r i d e s )  on t h e  o u t s i d e  and 
a g a i n s t  LLW contaminat ion  and mois ture  mig ra t ion  on t h e  i n s i d e  of 
t h e  s t r u c t u r e .  

Shee t  membranes might c o n s i s t  of one o r  more l a y e r s  o r  s h e e t s  of 
rubbe r i zed  m a t e r i a l s  a t t a c h e d  t o  t h e  s t r u c t u r e  o r  element be ing  
p r o t e c t e d .  Shee t  membranes could be cons ide red  a s  a s a c r i f i c i a l  
m u l t i - b a r r i e r  system because,  being o r g a n i c ,  t h e  l o n g e v i t y  cannot  
be f u l l y  determined because of t h e  expec ted  r a d i o l o g i c a l  and b io lo-  
g i c a l  i n t e r a c t i o n  and ox ida t ion .  The s h e e t  membrane b a r r i e r  cou ld  
f u l f i l l  i t s  purpose f o r  a g iven  number of y e a r s  b e f o r e  r e l i a n c e  on 
t h e  primary b a r r i e r  would be r equ i r ed .  

J o i n t  s e a l a n t s  and wa te r s tops  a r e  p laced  i n t o  j o i n t s  i n  c o n c r e t e  
s t r u c t u r e s  t o  enable  t h e  j o i n t s  t o  expand and c o n t r a c t  wh i l e  mini- 
mizing t h e  mig ra t ion  of l i q u i d s  through t h e  s t r u c t u r e .  The term 
j o i n t  s e a l a n t  u s u a l l y  refers t o  m a t e r i a l s  p laced  a t  or connec t ing  
t o  t h e  s u r f a c e  of t h e  conc re t e .  
t o  a m a t e r i a l  p laced  below t h e  s u r f a c e  of t h e  c o n c r e t e  and i s  
p h y s i c a l l y  locked i n  p l a c e  i n  t h e  c o n c r e t e  be fo re  i t  has 
hardened. J o i n t s  s e a l a n t s  p laced  a t  t h e  s u r f a c e  a r e  e a s i e r  and 
less  expens ive  t o  i n s t a l l .  
s e a l i n g  c a p a c i t y  due t o  mechanical l ock ing  i n t o  t h e  conc re t e .  

The term w a t e r s t o p  u s u a l l y  r e f e r s  

However, wa te r s tops  o f f e r  b e t t e r  

The type  of b a c k f i l l  and t h e  method of placement must be cons ide red  
t o  p re se rve  t h e  w a t e r t i g h t  i n t e g r i t y  of t h e  moi s tu re  b a r r i e r .  
Sharp o b j e c t s  f o r c e f u l l y  p laced  a g a i n s t  t h e  b a r r i e r  could puncture  
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or t e a r  t h e  su r face -app l i ed  m a t e r i a l s .  Some manufac turers  recom- 
mend t h a t  a p r o t e c t i v e  b a r r i e r  be p laced  between t h e  moi s tu re  bar- 
rier and t h e  b a c k f i l l .  They g e n e r a l l y  recommend impregnated f i b e r  
board. 

2.3.3.3 S t e e l  

2.3.3.3.1 Appl icable  S p e c i f i c a t i o n s  f o r  t h e  Con t ro l  of t h e  S t e e l  

a. S p e c i f i c a t i o n  f o r  Deformed and P l a i n  B i l l e t - S t e e l  Bars (ASTM A 
615, Grade 6 0 ) .  

b. S p e c i f i c a t i o n  f o r  Ra i l -S tee l  Deformed and P l a i n  Bars f o r  
Concrete Reinforcement (ASTM A 616. Grade 60 ) .  

c. S p e c i f i c a t i o n  f o r  Axle-Steel Deformed and P l a i n  Bars  f o r  
Concrete Reinforcement (ASTM A 617, Grade 60). 

d. S p e c i f i c a t i o n  f o r  Epoxy-coated Re in fo rc ing  S t e e l  Bars (ASTM A 
775). 

e. S p e c i f i c a t i o n  f o r  S t r u c t u r a l  S t e e l  (ASTM A 36 ) .  

2.3.3.3.2 Re in fo rc ing  S t e e l  

Re in fo rc ing  s t e e l  should meet t h e  requi rements  of t h e  above r e f e r -  
enced s t anda rd  s p e c i f i c a t i o n s  (ASTM A 615, A 616, and A 6171, a s  
a p p r o p r i a t e  and should be epoxy-coated i n  accordance wi th  t h e  
requi rements  of ASTM A 775. 
epoxy-coated. 

Bar suppor t s  and wire t i e s  should be 

2.3.3.3.3 S t r u c t u r a l  S t e e l ,  Miscellaneous S t e e l ,  and Steel-Imbedded Items 

These c a t e g o r i e s  of s tee l  should meet t h e  requi rements  of ASTM A 36 
and should be coa ted  wi th  epoxy or  o t h e r  a c c e p t a b l e  c o a t i n g  mate- 
r i a l  f o r  p r o t e c t i o n  a g a i n s t  o x i d a t i o n ,  c o r r o s i o n ,  s u l f a t e  and 
c h l o r i d e  a t t a c k ,  and o t h e r  d e l e t e r i o u s  agen t s .  

2.3.3.3.4 R a t i o n a l e  f o r  S t e e l  Recommendations 

Because of t h e  n a t u r e  of t h e  adverse  environment from t h e  waste 
placement i n  t h e  EMCB and t h e  p o s s i b i l i t y  of contaminat ion  and 
l e a c h a t e  movement from t h e  LLW, a l l  s t e e l  i t ems  inc luded  i n  t h e  
s t r u c t u r e  should be  coa ted  wi th  an a c c e p t a b l e  epoxy t h a t  i s  a p p l i e d  
by an  e l e c t r o s t a t i c  sp ray  method meeting t h e  requi rements  of 
ASTM A 775 "Standard S p e c i f i c a t i o n s  f o r  Epoxy-Coated Re in fo rc ing  
S t e e l  Bars.  I' 

2.3.3.4 Shot c r e  t e 

S h o t c r e t e  is pneumat ica l ly  a p p l i e d  conc re t e  o r  mortar t h a t  i s  capa- 
b l e  of suppor t ing  i t s e l f  wi thout  sagging o r  s loughing  when p rope r ly  
app l i ed .  S h o t c r e t e  could be an e x t r a  c o a t i n g  or cove r ing  t o  t h e  
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i n s i d e  o r  o u t s i d e  w a l l s  and t o p  and t h e  i n s i d e  f l o o r - a n d  roof of 
t h e  EMCB. 

2.3.3.4.1 Appl icable  S tanda rds ,  S p e c i f i c a t i o n s ,  and T e s t s  f o r  t h e  Cont ro l  of 
S h o t c r e t e  

I n  a d d i t i o n  t o  p rev ious ly  c i t e d  s t a n d a r d s  f o r  c o n c r e t e  and conc re t e  
m a t e r i a l s  should inc lude :  

(1) A C I  506.2-77 S p e c i f i c a t i o n  f o r  m a t e r i a l s ,  p ropor t ion ing  and 
a p p l i c a t i o n s  of s h o t c r e t e  ( A C I  1987) 

(2) A C I  SP-14 S h o t c r e t i n g  ( A C I  1966) 

(3) A C I  SP-54 S h o t c r e t e  f o r  ground suppor t  ( A C I  1977) 

(4) ASTM C 494 S p e c i f i c a t i o n  f o r  Chemical Admixtures f o r  Concrete 
(ASTM 1986a) 

2.3.3.4.2 S h o t c r e t e  Composition 

The s h o t c r e t e  should c o n s i s t  of Type V p o r t l a n d  cement conforming 
t o  ASTM C 150, sand complying w i t h  t h e  f i n e  aggrega te  s p e c i f i e d  i n  
ASTM C 33, c o a r s e  aggrega te  complying wi th  t h e  requi rements  of ASTM 
C 33 and one of t h e  g rad ings  shown i n  t a b l e  202(b )  of A C I  506 and 
water  meeting t h e  requi rements  i n  CRD C 400. Admixtures used i n  
con junc t ion  wi th  s h o t c r e t e  should meet t h e  requi rements  of ASTM C 
494, C 260, o r  C 618 a s  a p p l i c a b l e  and a r e  u s u a l l y  c a t e g o r i z e d  a s  
a c c e l e r a t o r s ,  a i r - e n t r a i n i n g  admixtures ,  r e t a r d e r s  and o t h e r  water- 
reducing  admixtures ,  mine ra l  admixtures ,  and s p e c i a l  a c c e l e r a t o r s .  
M e t a l l i c  o r  nonmeta l l i c  f i b e r s ,  i f  used i n  t h e  s h o t c r e t e ,  should 
meet a p p l i c a b l e  s p e c i f i c a t i o n s  and s t a n d a r d s  f o r  t h e  p a r t i c u l a r  
m a t e r i a l  cons idered .  

2.3.3.4.3 R a t i o n a l e  f o r  Using S h o t c r e t e  a s  an Op t iona l  Wall Covering 

S h o t c r e t e ,  a d u r a b l e  m a t e r i a l  t h a t  i s  i d e a l  f o r  a p p l i c a t i o n s  where 
less forming i s  r e q u i r e d ,  i s  recommended a s  an o p t i o n a l  c o a t i n g  t o  
provide  enhancement t o  t h e  s t r u c t u r e  i n  t h e s e  ways: s e r v e  a s  an  
a i d e  t o  w a t e r t i g h t n e s s ;  s e r v e  a s  a s a c r i f i c i a l  coa t ing :  and, h e l p  
s t a b i l i z e  t h e  wa l l s .  A f u r t h e r  o p t i o n a l  enhancement t o  t h e  shot -  
Crete i s  t h e  a d d i t i o n  of m e t a l l i c  o r  nonmeta l l ic  f i b e r s  which con- 
t r o l  o r  reduce  t h e  amount of c r ack ing  and i n c r e a s e  t h e  f l e x u r a l  
s t r e n g t h  and impact r e s i s t a n c e .  

The s h o t c r e t e ,  i f  used, should be a p p l i e d  t o  t h e  r e i n f o r c e d  con- 
crete s t r u c t u r e  and cured p r i o r  t o  t h e  a p p l i c a t i o n  of any o t h e r  
c o a t i n g s  o r  s e a l e r s .  
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2.3.3.5 Geosyn the t i c s  

2.3.3.5.1 Appl icable  Documents 

The fo l lowing  l i s t e d  codes ,  t e s t s ,  s t a n d a r d s ,  s p e c i f i c a t i o n s ,  
gu ides ,  s t anda rd  p r a c t i c e s ,  SP, and recommended p r a c t i c e s  d e l i n e a t e  
t h e  in fo rma t ion  and guidance needed f o r  t h e  control of t h e  q u a l i t y  
and d u r a b i l i t y  of g e o s y n t h e t i c s  ( g e o t e x t i l e s  and membranes) a n t i c i -  
pa ted  f o r  use i n  t h e  c o n s t r u c t i o n  of an EMCB. This a r r a y  of docu- 
ments ( i . e . ,  codes ,  s t a n d a r d s ,  e tc . )  p rov ides  guidance f o r  t h e  par- 
t i c u l a r  parameters  f o r  t e s t i n g ,  acceptance ,  s p e c i f i c a t i o n ,  and use 
of g e o t e x t i l e s  and membranes, c o n s t r u c t i o n  p r a c t i c e s ,  and a l l  o t h e r  
concerns .  

a .  ASTM documents* (ASTM 1 9 8 6 a )  

D 3786 T e s t  Method for Hydraulic B u r s t i n g  S t r e n g t h  of 
Knotted Goods and Nonwoven Fabr i c s :  Diaphragm Burs t ing  
S t r e n g t h  Tester Method 

D 4354 P r a c t i c e  f o r  Sampling G e o t e x t i l e s  f o r  T e s t i n g  

D 4355 Test Method f o r  D e t e r i o r a t i o n  of G e o t e x t i l e s  
from Exposure t o  U l t r a v i o l e t  L ight  and Water (Xenon-Arc 
type  Apparatus) 

D 4439 Terminology f o r  G e o t e x t i l e s  

D 4491 T e s t  Methods for Water Pe rmeab i l i t y  of 
G e o t e x t i l e s  by P e r m i t t i v i t y  

D 4533 Text Methods f o r  Trapezoid Tear ing  S t r e n g t h  of 
G e o t e x t i l e s  

D 4594 E f f e c t s  of Temperature on S t a b i l i t y  of 
G e o t e x t i l e s  

D 4595 T e n s i l e  P r o p e r t i e s  of G e o t e x t i l e s  by t h e  Wide 
Width S t r i p  Method 

D 4632 Breaking Load and Elongat ion  of G e o t e x t i l e s  
(Grab Method) 

2.3.3.5.2 Low-Permeability Membranes (Geomembranes) 

Low-permeability membranes, i f  used, should be des igned  and con- 
s t r u c t e d  of m a t e r i a l s  t h a t  a r e  capab le  of complementing t h e  

* ASTM i s  p r e s e n t l y  deve loping  o t h e r  a p p l i c a b l e  tests,  s p e c i f i c a t i o n s ,  and 
p r a c t i c e s  and t h e s e  should be r e f e r r e d  t o  a s  a p p r o p r i a t e  when pub l i shed  by 
ASTM . 
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c a p a b i l i t i e s  of t h e  low-permeabili ty e a r t h  cover and EMCB roof 
c a p a b i l i t i e s  for minimizing i n f i l t r a t i o n  of water and subsequent 
c o n t a c t  with waste packages. The membranes should be i n s t a l l e d ,  
p l aced ,  or embedded i n  accordance wi th  t h e  manufac tu re r ' s  recom- 
mendations and p r e v a i l i n g  c o n s t r u c t i o n  i n d u s t r y  s t anda rds .  Low- 
pe rmeab i l i t y  membranes i n c l u d e ,  b u t  a r e  n o t  l i m i t e d  t o ,  m a t e r i a l s  
i n  

a. 

b. 

C. 

2.3.3.5.2.1. 

each of t h e  fo l lowing  c a t e g o r i e s .  

Elastomers ( r u b b e r s ) .  The most common of t h e  e l a s tomers  a r e  
b u t y l  rubber ,  e t h y l e n e  propylene rubber ,  e t h y l e n e  propylene 
d i e n e  monomer, (EPDM), and neoprene. 

Thermoplas t ics  ( p l a s t i c s ) .  The most common of t h e  thermoplas- 
t i c s  a r e  po lye thy lene  ( P E ) ,  po lyv iny l  c h l o r i d e  ( P V C ) ,  and 
c h l o r i n a t e d  polye thylene  (CPE).  

Elastomer - t he rmop las t i c  combinations. The most common of t h e  
e las tomer- thermoplas t ic  combinations a r e  po lye thy lenes  such a s  
low-density (LDPE) ,  h igh-dens i ty  (HDPE), and l i n e a r  low-density 
(LLDPE) po lye thylenes .  

Ra t iona le  f o r  t h e  Use of Low-Permeability Membranes 

Though no s t a n d a r d s  governing t h e  use of geomembranes have been 
developed, geomembranes have been used f o r  approximate ly  
25 y e a r s ,  two decades of which have been i n  waste d i s p o s a l  
a p p l i c a t i o n s .  

The advantages of a polymeric membrane over o t h e r  h y d r a u l i c  
b a r r i e r  m a t e r i a l s  i nc lude :  (1) a v a r i e t y  of compounds a r e  
a v a i l a b l e :  (2) s h e e t i n g  i s  produced i n  a f a c t o r y  environment: 
(3) polymeric membranes a r e  f l e x i b l e :  and ( 4 )  t hey  a r e  r e l a -  
t i v e l y  s imple  t o  i n s t a l l .  

Disadvantages of polymeric membranes i n c l u d e :  (1) t h e  chemical 
r e s i s t a n c e  of t h e  polymeric membrane must be determined f o r  each  
j o b ;  (2) seaming systems a r e  material-dependent and a r e  u s u a l l y  
cons idered  t h e  weak l i n k  i n  a membrane: and (3) many polymeric 
membranes a r e  vu lne rab le  t o  a t t a c k  from b i o t i c ,  mechanical,  and 
environmental  sources .  Add i t iona l  i n fo rma t ion  on p r o p e r t i e s  and 
a p p l i c a t i o n s  of v a r i o u s  geomembranes i s  g iven  by McAneny and 
o t h e r s  (USEPA 1985). Probably t h e  b e s t  sou rces  of i n fo rma t ion  
a r e  t h e  va r ious  manufac turers .  

The use of low-permeabili ty membranes a lone  t o  s a t i s f y  d e s i g n  
requi rements  f o r  minimizing i n f i l t r a t i o n  i s  n o t  recommended 
because of q u e s t i o n s  concerning long-term d u r a b i l i t y .  

2.3.3.5.3 Geotechnica l  F a b r i c s  ( G e o t e x t i l e s )  

The term "geo techn ica l  f a b r i c "  i s  def ined  a s  an uncoated mate- 
r i a l ,  t h e  use  of which does not  r e q u i r e  i t  t o  be waterproof 
(USEPA 1985). Geotechnica l  f a b r i c s ,  if used, should be designed 
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and cons t ruc t ed  of m a t e r i a l s  t h a t  a r e  capab le  of complementing 
t h e  s t a b i l i t y  of t h e  EMCB and s i t e .  S p e c i f i c a l l y ,  t h e y  may be  
used t o  complement and improve t h e  performance of soil d r a i n s  
and f i l t e r s  by a c t i n g  a s  a b a r r i e r  t o  i n t e r n a l  e r o s i o n  and 
p i p i n g  of a d j a c e n t  f ine r -g ra ined  s o i l  cover m a t e r i a l s  i n t o  t h e  
coarser -gra ined  f i l t e r  s o i l .  G e o t e x t i l e s  should be i n s t a l l e d ,  
p l aced ,  or embedded i n  accordance wi th  t h e  manufac tu re r ' s  recom- 
mendations and p r e v a i l i n g  i n d u s t r y  s t anda rds .  Geotechnica l  
f a b r i c s  a r e  produced from s e v e r a l  m a t e r i a l s  i n c l u d i n g  poly- 
propylene ,  p o l y e s t e r ,  po lye thy lene ,  ny lon ,  po lyv iny l idene  
c h l o r i d e ,  and f i b e r g l a s s ,  t h e  most common be ing  polypropylene 
and p o l  yes  t er . 

2.3.3.5.3.1 R a t i o n a l e  f o r  t he  Use of G e o t e x t i l e s  

The use  of a g e o t e c h n i c a l  f a b r i c  t o  complement and improve t h e  
performance of d r a i n s  and f i l t e r s  has  become an accepted  prac- 
t ice .  However, t h e  u s e  of g e o t e x t i l e s  a lone  t o  s a t i s f y  f i l t e r  
and d r a i n  c r i t e r i a  i s  not  recommended because of  q u e s t i o n s  
concerning long-term d u r a b i l i t y  and performance. 

2.3.3.6 Well Casing, Well Screen ,  and Drain Pipe 

M a t e r i a l  requi rements  f o r  wel l  riser c a s i n g ,  w e l l  s c r een ,  and 
d r a i n a g e  p ipe  a r e  d i scussed  i n  S e c t i o n s  2.6 and 2.7. 
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2.4 Cons t ruc t ion  and Opera t ions  

To s a t i s f y  t h e  Performance Ob jec t ives  of 10 CFR Pa r t  61, Subpar t  C ,  
i t  i s  e s s e n t i a l  t h a t  t h e  EMCB be cons t ruc t ed  and ope ra t ed  us ing  
methods and equipment t h a t  a r e  s a f e  and capable  of meet ing des ign  
s p e c i f i c a t i o n s .  The re fo re ,  c o n s t r u c t i o n  and o p e r a t i o n s  c r i t e r i a  and 
methods are  summarized i n  t h i s  s e c t i o n .  The sequence of o p e r a t i o n s ,  
the  o p e r a t i o n a l  e f f o r t s ,  and t h e  c o n s t r u c t i o n  techniques  a s  h e r e i n  
desc r ibed  provide  examples of what could have s e v e r a l  v a r i a t i o n s .  
Th i s  s e c t i o n  i s  t h e r e f o r e  not  in tended  t o  be a l l - i n c l u s i v e  b u t  i s  
in t ended  as guidance t o  d e l i n e a t e  and d i s c u s s  t h e  major components 
f o r  c o n s t r u c t i o n  and o p e r a t i o n s  of an EMCB d i s p o s a l  f a c i l i t y .  F igure  
2.4.1 i l l u s t r a t e s  t h e  major s t e p s  i n  c o n s t r u c t i o n  of an  EMCB a t  t h e  
Cent ra  de l a  Manche. These s t e p s  are addressed  i n  S e c t i o n  2.4.2.2. 

2.4.1 Genera l  Design Cr i t e r i a  f o r  Cons t ruc t ion  and Opera t ions  

a. S t r u c t u r e s ,  systems,  and components should be c o n s t r u c t e d  us ing  
methods and equipment t h a t  p rovide  r easonab le  a s su rance  of a h igh  
l e v e l  of workmanship and competence c o n s i s t e n t  wi th  e s t a b l i s h e d  
s u c c e s s f u l  c o n s t r u c t i o n  i n d u s t r y  s t anda rds .  

b. Waste d i s p o s a l  o p e r a t i o n s  should be performed i n  a manner t h a t  
p rov ides  t h e  h i g h e s t  degree of worker s a f e t y  reasonably  achiev-  
a b l e  and should not  adve r se ly  impact t h e  a b i l i t y  of a c t i v e  o r  
a d j a c e n t  f i l l e d  or c losed  d i s p o s a l  u n i t s  t o  meet t h e  Performance 
Ob jec t ives  of Subpart  C of 10 CFR P a r t  61. Disposa l  o p e r a t i o n s  
should be planned t o  complement c l o s u r e  of i n d i v i d u a l  u n i t s  and 
f i n a l  s i t e  closure.  

2.4.2 S p e c i f i c  Design Review C r i t e r i a  f o r  Cons t ruc t ion  and Opera t ions  

It i s  in tended  t h a t  t h e  s p e c i f i c  des ign  review c r i t e r i a  of t h i s  sec- 
t i o n  cover  only  those  p o r t i o n s  of c o n s t r u c t i o n  and o p e r a t i o n s  t h a t  
are unique t o  an engineered  EMCB s t r u c t u r e  and t h a t  are no t  covered 
i n  NUREG-1199 and NUREG-1200. As an example, t h e  d i s c u s s i o n s  i n  
NUREG-1200, SRP 3 . 3 . 1 ,  Cons t ruc t ion  Methods and F e a t u r e s ,  t h a t  are  
r e l a t e d  t o  t h e  r equ i r ed  in fo rma t ion  on eng inee r ing  drawings and s i t e  
p l a n s  ( s i t e  l o c a t i o n ,  topography,  groundwater con tour s ,  s i t e  boun- 
da ry ,  b u f f e r  zone, s e c u r i t y  area,  on - s i t e  r a i l  and roadways, u t i l i t y  
l i n e s ,  b u i l d i n g s ,  g e n e r a l  l a y o u t  of d i s p o s a l  u n i t s )  and on - s i t e  pre- 
p a r a t i o n  and c o n t r o l  and d i v e r s i o n  of water a r e  not  repea ted  i n  t h i s  
s e c t i o n .  Cons t ruc t ion  f e a t u r e s  and o p e r a t i o n s  unique t o  EMCB a r e  
d i scussed  i n  t h i s  s e c t i o n  and cover  t h e  c o n s t r u c t i o n  of r e i n f o r c e d  
c o n c r e t e  d i s p o s a l  v a u l t s  and tumul i  and a s s o c i a t e d  waste  d i s p o s a l  
ope ra t ions .  Other f e a t u r e s  of  EMCB c o n s t r u c t i o n  are addressed else- 
where i n  t h i s  r e p o r t  (2.5 - Qual i ty  Assurance,  2.7 - F i l t e r  and 
Drainage Systems, and 2.8 - Waste Cover Systems) .  
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a. Typ ica l  t r e n c h  excava t ion  

Trench,  excavated f o r  c o n s t r u c t i o n  of an  Ea r th  Mounded Concrete  Bunker a t  t h e  
Cent re  de l a  Manche i n  France.  The bottom of the t r e n c h  i s  covered w i t h  a 
l a y e r  of coa r se  perv ious  material  which i n  t u r n  i s  covered wi th  a r e i n f o r c e d  
conc re t e  pad. A d ra inage  network i s  provided on and around t h e  pad t o  c o l l e c t  
runoff  o r  i n f i l t r a t i o n  which may occur  du r ing  t h e  c o n s t r u c t i o n  and i n i t i a l  
o p e r a t i o n  stages. 

F igu re  2.4.1. Cons t ruc t ion  of monol i th  p o r t i o n s  
of an  earth-mounded c o n c r e t e  bunker 

Source: Brochure from Commissariat a 1 'Ene rg ie  Atomique, "The Cent re  de l a  
Manche," 1981, a v a i l a b l e  from t h e  Agence Nat iona le  pour l a  Ges t ion  des  Dechets 
R a d i o a c t i f s ,  P a r i s ,  France.  

(Sheet  1 of 5 )  
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b ,  Waste placement i n  monol i ths  

Waste packages are  lowered by crane i n t o  compartments i n  s u c c e s s i v e  l a y e r s .  
After each l a y e r  i s  p laced ,  i t  i s  b a c k f i l l e d  wi th  pervious  b a c k f i l l .  

Figure 2 . 4 . 1 .  (Sheet  2 of 5) 
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c. Structural framework 

Construction of the mound or tumulus of an earth-mounded concrete bunker on 
top of below-grade monoliths at the Centre de la Manche, France. Concrete 
blocks containing wastes can provide the structural framework of the mound and 
could be stacked by crane in rows across the middle and around the perimeter. 

Figure 2.4.1 (sheet 3 of 5 )  
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( 1 )  Shape of t h e  tumulus i s  i n i -  
t i a l l y  formed by s t a k i n g  t h e  waste 
packages around t h e  pe r ime te r  i n  a 
s tepped arrangement.  

(2) The tumulus i s  bui l t -up  us ing  
a low p e r m e a b i l i t y  m a t e r i a l  t o  
minimize i n f i l t r a t i o n .  

( 3 )  F i n a l  shape of t h e  tumulus i s  
a t t a i n e d  a f t e r  t h e  blocks and com- 
pa r tmen ta l i zed  wastes have been 
completely covered. 

( 4 )  A completed earth-mounded 
c o n c r e t e  bunker a t  t h e  Cent re  
de l a  Manche, France. 

e. Cons t ruc t ion  sequence of a tumulus 

F igure  2.4.1 (Sheet  5 of 5 )  
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2.4.2.1 Conf igu ra t ion  and Dimensions 

S e l e c t i o n  of phys i ca l  dimensions and l ayou t  and c o n f i g u r a t i o n s  f o r  
t h e  EMCB should be  based on h i s t o r i c a l  p receden t s  and a n t i c i p a t e d  
q u a n t i t i e s ,  on c l a s s i f i c a t i o n s  of wastes t o  be p laced  i n  t h e  d i s p o s a l  
u n i t s  du r ing  t h e  expected d u r a t i o n  of  o p e r a t i o n s ,  and on t h e  a n t i c i -  
pa t ed  sequence of c o n s t r u c t i o n  o p e r a t i o n s  beginning  wi th  o f f  l oad ing  
of waste  through s i t e  c losu re .  Dimensions of s t r u c t u r a l  members may 
be  s e l e c t e d  t o  provide  excess  conc re t e  cove r ing  over  t h e  r e i n f o r c i n g  
b a r s  t o  minimize adverse  e f f e c t s  of c o r r o s i o n  and chemical  a t t a c k  due 
t o  exposure.  I f  t h i s  approach i s  s e l e c t e d ,  t h e  t h i c k n e s s  of material  
should be s u f f i c i e n t  t o  provide  s t r u c t u r a l  s t a b i l i t y  wi th  adequate  
margin f o r  300 yea r s .  Recent work on conceptua l  des igns  for a l t e r n a -  
t i v e  methods of LLW d i s p o s a l  (Rogers and Associates, 1987) a l s o  
provides  guidance f o r  s e l e c t i o n  of dimensions and c o n f i g u r a t i o n s .  

2.4.2.2 Cons t ruc t ion  Methods 

Within reasonable  l i m i t s ,  l i c e n s e  a p p l i c a n t s  should be allowed to 
select  c o n s t r u c t i o n  methods, i . e .  a performance s p e c i f i c a t i o n  r a t h e r  
t h a n  a method s p e c i f i c a t i o n  should be used. Th i s  approach u s u a l l y  
encourages innova t ion  without  s a c r i f i c i n g  performance. I f  a method 
s p e c i f i c a t i o n  i s  used, t h e r e  must be some mechanism by which d e f i -  
c i e n c i e s  can be co r rec t ed .  Appropr ia te  c o n s t r u c t i o n  methods should  
be used. The methods a re  d i scussed  i n  r e l a t i o n  t o  the  major t a s k s  
r equ i r ed  t o  c o n s t r u c t  an  EMCB i n  t h e  fo l lowing  paragraphs.  The major 
t a s k s  a r e :  

a.  S i t e  p r e p a r a t i o n  
1. Surveying. 
2. C lea r ing ,  grubbing,  and rough grading .  
3. Draining work a rea .  

b. Vaul t  c o n s t r u c t i o n  
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 

12. 
13. 
14. 
15. 
16. 
17. 
18. 

Excavat ing and p repa r ing  foundat ion  su r face .  
I n s t a l l i n g  foundat ion  d ra inage  b l anke t  and c o l l e c t o r  d r a i n s .  
I n s t a l l i n g  moni tor ing  wells. 
Forming and f ormwork. 
P l ac ing  re inforcement .  
Forming j o i n t s  i n  conc re t e .  
P ropor t ion ing ,  ba t ch ing ,  and mixing of conc re t e .  
Cas t ing  o p e r a t i o n s  f o r  f l o o r s ,  wal l s ,  and p a r t i t i o n s  which 
i n c l u d e s  p l ac ing ,  v i b r a t i n g ,  and c u r i n g  of portland-cement 
concre te .  
Removing forms . 
Plac ing  moi s tu re  b a r r i e r s .  
P l ac ing  waste packages i n s i d e  t h e  bunker p o r t i o n  of  t h e  EMCB. 
F i l l i n g  voids  around and above waste packages i n  t h e  bunker. 
Clos ing  and s e a l i n g  of access openings.  
P l ac ing  and compacting f i l l  a d j a c e n t  t o  t h e  bunker. 
P l ac ing  low-permeabi l i ty  membranes. 
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c. Tumulus c o n s t r u c t i o n  
19. P l a c i n g  waste packages i n  tumul i .  
20. P l ac ing  perv ious  b a c k f i l l  between and above waste packages i n  

21. P l ac ing  and compacting low p e r m e a b i l i t y  b a c k f i l l  around and 

22. P l ac ing  rock p r o t e c t i o n  and/or t o p s o i l  and e s t a b l i s h i n g  

23. Cons t ruc t ing  f i n a l  s u r f a c e  d ra inage  f e a t u r e s .  
24. Cons t ruc t ing  r eco rd  monuments. 

t umul i . 
above t h e  waste packages. 

v e g e t a t i o n  over t h e  completed EMCB. 

As mentioned p rev ious ly ,  i t  should be recognized t h a t  t h e s e  t a s k s  
and t h e  sequence of c o n s t r u c t i o n  could  vary s i g n i f i c a n t l y  because 
of v a r i a t i o n s  i n  s i t e  s p e c i f i c  c o n d i t i o n s .  Many of t h e  above 
t a s k s  a r e  s i m i l a r  f o r  t h e  c o n s t r u c t i o n  of near -sur face  trench-type 
b u r i a l  u n i t s ,  and guidance i s  provided i n  NUREG-1199 (SFCG) and 
NUREG-1200 (SRP). Add i t iona l  comments and guidance a r e  o f f e r e d  
below. 

2.4.2.2.1 Surveying 

S i t e  boundary and topographic  surveys p r i o r  t o  d e s i g n  and con- 
s t r u c t i o n  should be performed by a l i c e n s e d  l and  surveyor .  The 
recommended degree of p r e c i s i o n  f o r  t h e  boundary survey  should be 
t h i r d  o rde r .  I n i t i a l  topographic  surveys  should be performed wi th  
s t a d i a  method p r e c i s i o n ,  i .e.,  f 1 f t  h o r i z o n t a l  and f 0.1 f t  ver- 
t i c a l .  I n  a d d i t i o n  t o  t h e  i n i t i a l  o v e r a l l  s i t e  boundary and topo- 
g r a p h i c  surveys ,  boundar ies  and e l e v a t i o n s  of i n d i v i d u a l  d i s p o s a l  
u n i t s  should be e s t a b l i s h e d  t o  t h i r d  o r d e r  p r e c i s i o n .  

As r e q u i r e d  by 10 CFR 6 1 . 5 2 ( a ) ( 7 ) ,  a t  l ea s t  t h r e e  permanent survey  
c o n t r o l  p o i n t s  should be e s t a b l i s h e d  on s i t e  and r e fe renced  t o  
United S t a t e s  Geologica l  Survey (USGS) o r  Na t iona l  Geodetic Survey 
(NGS) c o n t r o l  s t a t i o n s  t o  f a c i l i t a t e  l and  surveys .  It i s  recom- 
mended t h a t  t h i s  c o n t r o l  network be surveyed t o  second o r d e r  pre- 
c i s i o n  us ing  mixed t r i a n g u l a t i o n  - t r i l a t e r a t i o n  obse rva t ions .  
These permanent survey  c o n t r o l  p o i n t s  w i l l  a l s o  s e r v e  as c o n t r o l  
f o r  t h e  d e f l e c t i o n  and s e t t l e m e n t  moni tor ing  d i scussed  i n  S e c t i o n  
2.6. 

2.4.2.2.2 C l e a r i n g ,  Grubbing, and Rough Grading 

C l e a r i n g ,  grubbing, and rough g rad ing  of t h e  s i t e  a r e  necessa ry  
f o r  c o n s t r u c t i o n  of roads ,  s u r f a c e  d ra inage  f e a t u r e s ,  d i s p o s a l  
u n i t s  and o t h e r  f a c i l i t i e s .  C lea r ing  and grubbing c o n s i s t s  of 
removal of t r e e s ,  sh rubs ,  r o o t s ,  and o rgan ic  m a t e r i a l s .  Rough 
g rad ing  fo l lows  c l e a r i n g  and grubbing and r e s u l t s  i n  precontour ing  
t o  t h e  approximate grade  and s l o p e  r e q u i r e d  f o r  a l l  subsequent 
c o n s t r u c t i o n .  C lea r ing  and g rad ing  p l a n s  should c l e a r l y  show t h e  
dep ths  and a r e a s  t o  be c l e a r e d ,  t h e  o r i g i n a l  and f i n a l  g rades  and 
t h e  d i s p o s i t i o n  of s p o i l  m a t e r i a l .  Cons t ruc t ion  methods should be 
c l e a r l y  d e s c r i b e d ,  i n c l u d i n g  c u t  and f i l l  p r a c t i c e s .  
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2.4.2.2.3 Dra in ing  Work Area 

S i t e  d ra inage  should proceed a s  rough grading  proceeds ,  t o  promote 
s t a b l e  and r e l a t i v e l y  dry  work a r e a s  f o r  e f f i c i e n t  equipment move- 
ment and c o n s t r u c t i o n  a c t i v i t i e s .  Di tches  should be l i n e d  v i t h  
c o n c r e t e ,  r i p r a p  or sod as r e q u i r e d ,  t o  minimize e ros ion .  Tucker 
p rov ides  guidance on des ign  of s u r f a c e  e r o s i o n  c o n t r o l  and d ra in -  
age f e a t u r e s .  Department of t h e  Army Techn ica l  Manual TM-5-818-4, 
" B a c k f i l l  f o r  Subsurface  S t r u c t u r e s , "  Ch-4, "Earthwork: Excava- 
t i o n  and P r e p a r a t i o n  f o r  Foundat ions ,"  (June 1983) and Engineer 
Manual EM-1110-3-136, "Drainage and Eros ion  Con t ro l ,  Mob i l i za t ion  
and C o n s t r u c t i o n , "  ( A p r i l  1984) a l s o  provide  guidance i n  t h i s  
a r e a .  NUREG-1200 i d e n t i f i e s  requi rements  f o r  s u b m i t t a l  and 
acceptance  of s i t e  d ra inage  p lans .  

2.4.2.2.4 Excavat ing  and P repa r ing  Foundation Sur face  

Excavations f o r  t h e  bunker p o r t i o n  of t h e  EMCB would be s i m i l a r  t o  
sha l low land  b u r i a l  excavat ion  p r a c t i c e s .  Excavation s l o p e s  
should be l a i d  back a t  s a f e  ang le s  determined through s t a b i l i t y  
a n a l y s e s  with due regard  f o r  OSHA s a f e t y  r e g u l a t i o n s  a s  t h e  exca- 
v a t i o n  proceeds downward t o  t h e  founda t ion  l e v e l .  (NAVFAC DM-7 
and Corps of Engineers  EM-1110-2-1902, " S t a b i l i t y  of E a r t h  and 
R o c k f i l l  Dams," A p r i l  1970, and SRP 6.3.2 of NLJREG-1200 provide  
guidance f o r  s t a b i l i t y  ana lyses . )  The bottom of t h e  excava t ion  
should be sloped on a p lane  towards one s i d e  and towards one end 
t o  promote c o l l e c t i o n  of dra inage .  

Loose s o i l ,  r o o t s ,  and o t h e r  d e b r i s  m a t e r i a l s  should be removed 
from t h e  excava t ion  s i t e  and t h e  s u r f a c e  should be p roof - ro l l ed  t o  
p repa re  t h e  foundat ion .  Foundation e l e v a t i o n s  should be surveyed 
and foundat ion  l a y e r  s o i l s  should be t e s t e d  t o  v e r i f y  proper  foun- 
d a t i o n  e l e v a t i o n s  and s u i t a b l e  foundat ion  m a t e r i a l s .  Any s o f t  or 
weak zones should be over-excavated and r ep laced  wi th  compacted 
s u i t a b l e  s o i l s .  A l t e r n a t i v e l y ,  such zones may be t r e a t e d  t o  i m -  
prove t h e i r  load  c a r r y i n g  c a p a b i l i t i e s ,  s u b j e c t  t o  t h e  approval  of 
t h e  r e s p o n s i b l e  r e g u l a t o r y  agency. Prepared foundat ion  s u r f a c e s  
should be p r o t e c t e d  a g a i n s t  f r e e z i n g ,  e r o s i o n ,  and ponding of 
water. Requirements f o r  f l a t t e n i n g  of s l o p e s  and f o r  excavat ion  
t o  accommodate d ra inage  f e a t u r e s  and founda t ions  may r e s u l t  i n  a 
s i g n i f i c a n t  amount of e a r t h  volume t h a t  may r e q u i r e  temporary 
s t o c k p i l i n g  a d j a c e n t  t o  t h e  d i s p o s a l  u n i t  excavat ion .  Surcharge 
l o a d s  from t h i s  s t o c k p i l e d  e a r t h ,  a s  we l l  a s  l o a d s  from excavat ion  
equipment must be cons idered  i n  t h e  d e s i g n  of s t a b l e  s lopes .  
Department of t h e  Army Technica l  Manual TM 5-818-4, " B a c k f i l l  f o r  
Subsurface  S t r u c t u r e s , "  Ch 4 ,  "Earthwork: Excavation and Prepara- 
t i o n  f o r  Foundations" ( June  1983) p rov ides  guidance i n  t h i s  a r e a .  

2.4.2.2.5 I n s t a l l i n g  Foundation Drainage Blanket and C o l l e c t o r  Drain 

A s  t h e  excavat ion  f o r  t h e  EMCB i s  completed,  t h e  founda t ion  d r a i n -  
age  b l a n k e t  and per imeter  d r a i n  and c o l l e c t o r  sump should be con- 
s t r u c t e d ,  us ing  s u i t a b l e  equipment and accep tab le  f r e e  d r a i n i n g  
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sand o r  g r a v e l  materialts. S p e c i f i c  c r i t e r i a  recommendations f o r  
t r e n c h  excava t ions  f o r  d r a i n s  and p i p e s  i s  g iven  i n  Sec t ion  2.7. 
S p e c i f i c  cr i ter ia  f o r  f i l t e r  and d ra inage  l a y e r  m a t e r i a l s  and p ipe  
openings are a l s o  provided i n  S e c t i o n  2.7 and i n  t h e  U.S. Army 
Corps of Engineers  Manual (EM), EM-1110-2-1901 (February 1952) ,  
Department of t h e  Army Technica l  Manual TM 5-818-5, "Dewatering 
and Groundwater Control.," (November 1983) and by Tucker (1983) .  
Guidance on s e l e c t i o n  of d r a i n  s l o p e s  i s  provided i n  Department of 
t h e  Navy NAVFAC DM-7. 

2.4.2.2.6 I n s t a l l i n g  Monitoring Wells 

Monitoring w e l l s  should be i n s t a l l e d  w i t h  r i s e r  p ipes  t h a t  extend 
from t h e  foundat ion  d ra inage  l a y e r  and i n t e r i o r  d r a i n  sump t o  t h e  
t o p  s u r f a c e  of t h e  tumulus so t h a t  water l e v e l s  can be measured 
and water samples can be obta ined .  One of t h e  most comprehensive 
r e f e r e n c e s  f o r  i n s t a l l a t i o n  of wells i s  Groundwater and Wells, 2nd 
E d i t i o n  ( D r i s c o l l ,  1986), publ i shed  by Johnson Well Div i s ion ,  S t .  
P a u l ,  Minnesota. McAneny and o t h e r s  (US EPA, 1985) and S e d l e t t  
and o t h e r s  (1983) provilde guidance f o r  i n s t a l l i n g  moni tor ing  
wells. Important f e a t u r e s  of moni tor ing  w e l l s  a r e  d i scussed  i n  
more d e t a i l  i n  S e c t i o n  2 . 6 ,  " S t r u c t u r a l  Performance Monitoring." 

2.4.2.2.7 Forming and Formwork 

The a p p l i c a n t  should p repa re ,  p r i o r  t o  commencement of work, p l ans  
f o r  t h e ' c o n s t r u c t i o n  of forms and formwork f o r  f l o o r s ,  w a l l s ,  
p a r t i t i o n s ,  and r o o f s  f o r  t h e  v a u l t .  Guide l ines  f o r  t h e  l a y o u t ,  
des ign ,  and c o n s t r u c t i o n  of formwork a r e  conta ined  i n  A C I  347, 
"Recommended P r a c t i c e  f o r  Concrete Formwork," which i n c l u d e s  such 
items a s  des ign  c r i t e r i a  f o r  v e r t i c a l  and h o r i z o n t a l  f o r c e s  and 
l a t e r a l  p r e s s u r e s :  des ign  c o n s i d e r a t i o n s  i n c l u d i n g  c a p a c i t i e s  of 
formwork a c c e s s o r i e s :  p r e p a r a t i o n  of formwork des ign  drawings: 
c o n s t r u c t i o n  and use  of forms i n c l u d i n g  s a f e t y  c o n s i d e r a t i o n s :  and 
m a t e r i a l s  f o r  formwork. 

The a p p l i c a n t  should adhere t o  t h e  p e r t i n e n t  a p p l i c a b l e  p o r t i o n s  
of A C I  347 which i n c l u d e ,  bu t  a r e  no t  l i m i t e d  t o ,  s a f e t y ,  con- 
s t r u c t i o n  p r a c t i c e s ,  workmanship, t o l e r a n c e s ,  sho r ing ,  adjustment 
of formwork, removal of forms and suppor t ing  materials f o r  form- 
work. The forms should be c o n s t r u c t e d  and e r e c t e d  i n  a manner 
c o n s i s t e n t  wi th  i n d u s t r y  s t anda rds  and which w i l l  f a c i l i t a t e  a 
l o g i c a l ,  well-engineered sequence of c o n s t r u c t i o n  t h a t  w i l l  pro- 
duce t h e  f i n i s h e d  product a s  r equ i r ed .  Forms, sho r ing  and b rac ing  
should be i n s p e c t e d  t o  v e r i f y  (1) t h e  adequacy of number and type ,  
( 2 )  c o r r e c t  l o c a t i o n ,  and ( 3 )  t h e  r e q u i r e d  dimensions,  alignment 
and s u r f a c e  f i n i s h .  The re-use of forms and formwork should be 
l i m i t e d  t o  those  t h a t  w i l l  d u p l i c a t e  o r  e q u a l  t h e  r e q u i r e d  q u a l i t y  
of workmanship and f i n i s h e d  product .  

Holes or  dep res s ions  l e f t  i n  t h e  a d j a c e n t  s o i l  by t h e  removal of 
knee b r a c e s ,  k i c k e r s  o r  s t a k e s  should be b a c k f i l l e d  and 
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hand-tamped t o  prevent  any l o c a l i z e d  subsidence.  Forms should be 
plumb and set t r u e  t o  l i n e  and grade .  

2.4.2.2.8 P l a c i n g  Reinforcement 

A l l  r e i n f o r c i n g  b a r s  and o t h e r  embedded items, i n c l u d i n g  form t i e  
wires, should be i n s t a l l e d  or p laced  i n  a manner c o n s i s t e n t  w i th  
good workmanship and a p p l i c a b l e  s t anda rds .  The s i z e ,  c l e a n l i n e s s ,  
l o c a t i o n ,  a l ignment ,  embedment dep th ,  and q u a l i t y  of t h e s e  items 
should be c e r t i f i e d  by t h e  a p p l i c a n t  p r i o r  t o  c o n c r e t e  placement. 
The items should be anchored i n  such  a manner t h a t  t h e i r  p o s i t i o n s  
and l o c a t i o n s  w i l l  not be adve r se ly  a f f e c t e d  by c o n c r e t e  placement 
and v i b r a t i o n  o p e r a t i o n s .  

2.4.2.2.9 Forming J o i n t s  i n  Concrete 

The des ign  and placement of j o i n t s  i n  c o n c r e t e  should be i n  ac- 
cordance wi th  t h e  recommendations and guidance i n  t h e  fo l lowing  
American Concrete I n s t i t u t e  ( A C I )  s t a n d a r d s  and recommended 
p r a c t i c e s :  

224 R Cont ro l  of Cracking i n  Concrete S t r u c t u r e s :  S e c t i o n s  3.5, 
4.2, 4.3, 4.7, 

302.1R Guide f o r  Concrete F loor  and S l a b  Cons t ruc t ion :  S e c t i o n s  
2.3, 3.2, 4:10, 

318 Bu i ld ing  Code Requirements f o r  Reinforced Concrete:  S e c t i o n  
6.4, 

349 Code Requirements f o r  Nuclear S a f e t y  Rela ted  Concrete S t ruc -  
t u r e s :  S e c t i o n  6.4. 

2.4.2.2.10 Propor t ion ing ,Batching  and Mixing of Concrete 

The c o n c r e t e  mixture  should be propor t ioned  i n  accordance wi th  t h e  
p r o v i s i o n s  of Chapter 5 of A C I  211.1 "Standard P r a c t i c e  f o r  
S e l e c t i n g  P ropor t ions  f o r  Normal, Heavyweight, and Mass Concrete." 

2.4.2.2.11 Cas t ing  Opera t ions  

The c a s t i n g  o p e r a t i o n s  f o r  t he  f l o o r s ,  w a l l s ,  p a r t i t i o n s ,  and 
r o o f s  of t h e  v a u l t s  i n c l u d e s  t h e  product ion  of t h e  c o n c r e t e ,  
hau l ing  of t h e  c o n c r e t e ,  placement of c o n c r e t e  i n t o  f i n a l  d i s -  
p o s i t i o n  i n  t h e  forms, v i b r a t i o n ,  f i n i s h i n g  and cur ing .  

The p roduc t ion ,  t r a n s p o r t a t i o n ,  and p l a c i n g  of c o n c r e t e ,  whether 
j o b - s i t e  produced o r  produced i n  an o f f - s i t e  p l a n t ,  should conform 
t o  t h e  recommendation and p r o v i s i o n s  of  A C I  304, Recommended Prac- 
t ice €or  Measuring, Mixing, T ranspor t ing ,  and P lac ing  Concrete.  
Ready-mixed conc re t e  should comply wi th  ASTM C 94. I f  t h e  con- 
crete i s  pumped i n t o  f i n a l  d i s p o s i t i o n  i n  t h e  forms, t h e  pumping 
o p e r a t i o n s  and equipment should conform t o  t h e  p r o v i s i o n s  of 
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A C I  304.2, P l a c i n g  Concrete by Pumping Methods. I f  t h e  conc re t e  
i s  p laced  i n  f i n a l  d i s p o s i t i o n  i n  t h e  forms by b e l t  conveyance, 
t h e  o p e r a t i o n s  and equipment should conform t o  t h e  p rov i s ions  of 
A C I  304.4 Plac ing  Concrete wi th  Belt Conveyors. 

Concrete o p e r a t i o n s  du r ing  extreme ambient tempera tures  should 
conform t o  e i t h e r  A C I  305, Hot Weather Concre t ing ,  or A C I  306, 
Cold Weather Concre t ing ,  whichever i s  a p p l i c a b l e .  

The proper  c o n s o l i d a t i o n  ( v i b r a t i o n )  of c o n c r e t e  i s  e s s e n t i a l  t o  
t h e  c o n s t r u c t i o n  of a du rab le  c o n c r e t e  s t r u c t u r e  and t h e r e f o r e  
c o n s o l i d a t i o n  ( v i b r a t i o n )  o p e r a t i o n s  should conform t o  t h e  provi -  
s i o n s  of A C I  309, Standard P r a c t i c e  f o r  Conso l ida t ing  Concrete. 

Once t h e  c o n c r e t e  has  been p laced  and f i n i s h e d ,  c u r i n g  o p e r a t i o n s  
should be begun a t  t h e  a p p r o p r i a t e  time, u s u a l l y  a s  soon a s  i t  
l o s e s  i t s  s u r f a c e  sheen. The c u r i n g  o p e r a t i o n  should conform t o  
t h e  p r o v i s i o n s  of A C I  308, Standard P r a c t i c e  f o r  Curing Concrete. 

S h o t c r e t i n g  o p e r a t i o n s ,  i f  a p p l i c a b l e  a t  a p a r t i c u l a r  s i t e  f o r  
s t r e n g t h  and p e r m e a b i l i t y  c o n s i d e r a t i o n s ,  should conform t o  A C I  
506, Recommended P r a c t i c e  f o r  Sho tc re t e .  

Other recommended g u i d e l i n e s  for c o n s i d e r a t i o n  a r e  sugges ted  t o  be 
A C I  117, Standard Tolerances  f o r  Concrete Cons t ruc t ion  and 
M a t e r i a l s ,  and A C I  302.1, Guide f o r  Concrete F l o o r  and S lab  
Cons t ruc t ion .  

2.4.2.2.12 Removing Forms 

Forms should be removed a t  t h e  t i m e  a s  s p e c i f i e d  i n  each j o b  
s p e c i f i c a t i o n  f o r  each i n d i v i d u a l  p r o j e c t .  
should be p r e d i c a t e d  on t h e  conc re t e  having reached approximately 
30 percen t  of i t s  28-day compressive s t r e n g t h ,  a s  e s t a b l i s h e d  by a 
c e r t i f i e d  and approved t e s t i n g  l a b o r a t o r y .  Form removal should be 
conducted i n  such a manner t h a t  n e i t h e r  forms nor c o n c r e t e  a r e  
damaged by removal ope ra t ions .  Forms t o  be used should be c leaned  
immediately upon removal, r e -o i l ed ,  and s t o r e d  p rope r ly .  Defec t s ,  
i f  any, i n  t h e  conc re t e  should be r e p a i r e d  immediately upon form 
removal and guidance i n  sugges ted  r e p a i r s  a r e  inc luded  i n  
A C I  309.2, I d e n t i f i c a t i o n  and Con t ro l  of Consolidation-Related 
Sur face  Defec ts  i n  Formed Concrete.  

Time of form removal 

2.4.2.2.13 P l a c i n g  Moisture B a r r i e r s  

Moisture b a r r i e r s  should be i n s t a l l e d ,  a p p l i e d ,  or a f f i x e d  i n  
accordance wi th  t h e  i n d u s t r y  s t a n d a r d s  a s  t o  t empera tu res ,  number 
of c o a t i n g s  or l a y e r s ,  method of a p p l i c a t i o n ,  etc.  I n s t a l l a t i o n  
or c o a t i n g  a p p l i c a t i o n s  should be compat ib le  wi th  t h e  moi s tu re  
c o n d i t i o n s  of t h e  conc re t e ,  form removal and b a c k f i l l  o p e r a t i o n s ,  
and any o t h e r  o p e r a t i o n  or c o n d i t i o n  occur r ing  c o n c u r r e n t l y  wi th  
c o a t i n g  a p p l i c a t i o n s .  I n t e r i o r  c o a t i n g s  should be a p p l i e d  only 
2 f e e t  up t h e  w a l l s  from t h e  f l o o r .  Any f l o o r  c o a t i n g s  damaged or 
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c a r r i e d  away by f o o t  or v e h i c l e  t r a f f i c  should be r e i n s t a t e d  pro- 
p e r l y  be fo re  load ing  o p e r a t i o n s  a r e  begun. Coat ings  or s e a l e r s  
r e q u i r e d  on t h e  bottom f a c e  of t h e  f l o o r  should be i n s t a l l e d  a s  
p a r t  of t h e  f l o o r  forming system p r i o r  t o  c o n c r e t e  placement. 

The type  and p a r t i c l e  shape of b a c k f i l l  m a t e r i a l s  and t h e  method 
of placement should be cons idered  t o  p re se rve  t h e  wa te r - t i gh t  i n -  
t e g r i t y  of t h e  mois ture  b a r r i e r .  Sharp o b j e c t s  p laced  a g a i n s t  t h e  
b a r r i e r  could  puncture  o r  t e a r  t h e  s u r f a c e  of t h e  a p p l i e d  b a r r i e r  
m a t e r i a l s .  A mo i s tu re  b a r r i e r  p r o t e c t o r ,  such a s  impregnated 
f i b e r b o a r d ,  should be cons idered  f o r  placement between t h e  
mois ture  b a r r i e r  and t h e  f i l l .  

2.4.2.2.14 P l a c i n g  Waste Packages I n s i d e  t h e  Bunkers 

Once t h e  v a u l t  i s  ready t o  s t a r t  r e c e i v i n g  waste packages,  t h e  
packages should be p laced  wi th  t h e  proper  equipment and i n  such a 
manner a s  t o  produce a s t a b l e  and c l o s e l y  s t acked  arrangement t o  
minimize voids  between waste packages. SRPs 4 .1 ,  4.2 and 4.3 of 
NUREG-1200 should be used f o r  a p p l i c a b l e  guidance and r e g u l a t o r y  
requi rements  f o r  1) r e c e i p t  and i n s p e c t i o n  of waste, 2 )  handl ing  
of waste,  and 3 )  waste d i s p o s a l  o p e r a t i o n s .  

2.4.2.2.15 F i l l i n g  Voids Around and Above Waste Packages i n  t h e  Bunker 

Free-dra in ing  s o i l  f i l l  should be p laced  i n  t h e  vo ids  between and 
immediately above waste packages w i t h i n  t h e  bunker. F i l l  should 
be p laced  i n  a manner t h a t  does not  damage t h e  waste packages or 
t h e  bunker,  and should fo l low t h e  a p p l i c a b l e  guidance i n  Appendix 
A of SRP 4.3 of NUREG-1200. Compaction of t h e  f i l l  i s  no t  re- 
qu i r ed  u n t i l  t h e  l e v e l  of f i l l  reaches  an e l e v a t i o n  t h a t  i s  1 f t .  
h i g h e r  than  t h e  t o p  s u r f a c e  of t h e  waste packages. Compaction e f -  
f o r t s  should be c a r e f u l l y  c o n t r o l l e d  and l i m i t e d  t o  p reven t  damage 
t o  t h e  waste packages or BGV. One p o s s i b l e  method i s  t h e  use of a 
v i b r a t o r y  p l a t e  a t t a c h e d  t o  t h e  boom of a backhoe-excavator t h a t  
i s  l o c a t e d  a d j a c e n t  t o  b u t  a s a f e  d i s t a n c e  from t h e  excavated 
s lope .  The f i l l  should be p laced  a t  d r y  or low mois tu re  c o n t e n t  
and should be p r o t e c t e d  t o  prevent  i t  from becoming s a t u r a t e d  
du r ing  ope ra t ions .  F i l l  placement may be accomplished us ing  a 
c r a n e  and bucket or us ing  a conveyor and mobile hopper system. 

2.4.2.2.16 Clos ing  and Sea l ing  of Acces.s Openings 

Access openings t h a t  were necessa ry  for l o a d i n g  of t h e  bunker 
should be c losed  and s e a l e d  i n  s u c h ' a  t ime and manner c o n s i s t e n t  
w i th  scheduled was te-d isposa l  o p e r a t i o n s  and should be completed 
only  a f t e r  t h e  need f o r  t h e  opening has  ended. The fo l lowing  a r e  
recommended procedures  t h a t  should be followed f o r  c l o s i n g  and 
s e a l i n g  t h e  two t y p e s  of openings.  

1. S ide  load ing .  There i s  l i k e l y  t o  be only  one s i d e  opening t o  
s e r v e  a s  access  t o  t h e  u n i t  and i t  would be i n  t h e  w a l l  t h a t  
w i l l  be completed l a s t .  Once a bunker has  reached i t s  
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c a p a c i t y  f o r  waste-package d i s p o s a l ,  t h e  opening should be 
prepared  f o r  c l o s i n g  by having t h e  forms e r e c t e d ,  t h e  r e in -  
f o r c i n g  s tee l  p laced  and t h e  c o n c r e t e  depos i t ed .  Once t h e  
conc re t e  has  reached t h e  r e q u i r e d  s t r e n g t h  f o r  form removal, 
t h e  forms should be removed, and t h e  conc re t e  cured u n t i l  i t s  
28-day s t r e n g t h  has been achieved. The f i n a l  s t e p  should be ,  
u s i n g  p rev ious ly  prepared  g r o u t  and r e t u r n  p o r t s  i n  the  t o p  of 
t h e  u n i t  w a l l ,  t h e  p r e s s u r e  g r o u t i n g  o p e r a t i o n s  t o  completely 
f i n a l i z e  t h e  v o i d - f i l l i n g  procedure. The g r o u t  should be a 
nea t  portland-cement s l u r r y  g r o u t  having  a u n i t  weight of ap- 
proximate ly  112 pounds pe r  cub ic  f o o t  and a v i s c o s i t y  compat- 
i b l e  wi th  t h e  void system of t h e  g r a n u l a r  m a t e r i a l  so t h a t  t h e  
g r o u t  should p e r c o l a t e  i n t o  and bond wi th  only  t h e  t o p  
6 inches  of g r a n u l a r  m a t e r i a l  and f i l l  t h e  remaining void 
space  between t h e  upper s u r f a c e  of g r a n u l a r  m a t e r i a l  and t o p  
cover. F igure  2.4.2 i l l u s t r a t e s  t h e  s i d e  load ing  EMCB 
concept.  

2. Top loading .  The t o p  load ing  access  should be c l o s e d ,  once 
t h e  waste-package placement has been completed, by p l a c i n g  t h e  
r e q u i r e d  remaining g r a n u l a r  f i l l  m a t e r i a l ,  p l a c i n g  and a t -  
t ach ing  t h e  t o p  cover ,  t h e n  g r o u t i n g  t h e  remaining void ,  i n  
t h e  manner and wi th  t h e  m a t e r i a l ,  a s  desc r ibed  i n  paragraph 1 
above. Grouting would no t  be needed i f  t h e  f i n a l  compacted 
s u r f a c e  of t h e  f i l l  se rved  a s  t h e  foundat ion  f o r  a cas t - in-  
p l a c e  c o n c r e t e  v a u l t  roof.  F igu re  2.4.3 i l l u s t r a t e s  t h e  t o p  
l o a d i n g  EMCB concept.  

2.4.2.2.17 Plac ing  and Compacting F i l l  Adjacent To t h e  Bunker 

A f r e e  d r a i n i n g  s o i l  l a y e r  should be p laced  and compacted around 
t h e  s i d e s  of t h e  bunker. Recommended procedures  f o r  s e l e c t i o n  of 
m a t e r i a l s  f o r  t h i s  l a y e r  are g iven  i n  S e c t i o n  2.7. The l a t e r a l  
t h i c k n e s s  of t h i s  l a y e r  depends on s l o p e  excava t ion  ang le s  re -  
q u i r e d  f o r  t h e  s p e c i f i c  s i t e ,  o p e r a t i n g  c l e a r a n c e s  r e q u i r e d ,  and 
a n t i c i p a t e d  d ra inage  r a t e s  and volumes. The f i l l  should be p laced  
and brought up evenly  around t h e  v a u l t  t o  minimize stress concen- 
t r a t i o n s  and unbalanced loads .  To p reven t  i n t e r n a l  e r o s i o n  and 
p i p i n g  of t h e  o v e r l y i n g  low-permeabili ty cover m a t e r i a l  i n t o  t h e  
d ra inage  l a y e r ,  recommended f i l t e r  c r i t e r i a  a s  d i scussed  i n  Sec- 
t i o n  2.7.2.1 should be followed. Proper placement and compaction 
of f r ee -d ra in ing  f i l l  i s  necessa ry  t o  minimize s e t t l e m e n t  and 
recommended p r a c t i c e  i s  d i scussed  i n  S e c t i o n  2.7.2.6. To ensu re  
r a p i d  d ra inage  of any i n f i l t r a t i n g  wa te r ,  t h e  recommendations of 
S e c t i o n  2.7.2.1 should be followed. The d ra inage  l a y e r  p laced  
should be designed t o  conduct any c o l l e c t e d  i n f i l t r a t i n g  water t o  
t h e  foundat ion  d r a i n  where t h e  flows would be c o l l e c t e d  and 
monitored. 

2.4.2.2.18 Placement of Low Permeab i l i t y  Membranes 

Low pe rmeab i l i t y  membranes, i f  used, should be i n s t a l l e d  o r  p laced  
on t o p  of t h e  completed v a u l t  i n  accordance with recommended 
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Figure 2 . 4 . 2 .  Side loading concept of waste emplacement i n  an EMCB 
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zure 2.4.3. Top load ing  concept of waste emplacement i n  an EMCB 
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i n d u s t r y  s t a n d a r d s  p reva len t  a t  t he  t i m e  o f  c o n s t r u c t i o n .  The 
membrane, a f t e r  i n s t a l l a t i o n ,  should be p r o t e c t e d  from damage by 
personnel  and equipment and should be r e p a i r e d  i f  necessary  p r i o r  
t o  waste package placement i f  damaged. 

2.4.2.2.19 P l a c i n g  Waste Packages i n  Tumuli 

Waste package c o n t a i n e r s  should be p laced  as d e l i n e a t e d  i n  S e c t i o n  
2.4.2.2.14. The packages should be  p laced  i n  a s tepped  ar range-  
ment. Means should be provided t o  main ta in  t h e  s t a c k  i n t e g r i t y  
du r ing  b a c k f i l l  o p e r a t i o n s  t o  ensure  proper  waste  containment  and 
p rov ide  f o r  worker s a f e t y .  

2.4.2.2.20 P lac ing  Perv ious  B a c k f i l l  Between and Above Waste Packages i n  
Tumuli 

Perv ious  b a c k f i l l  m a t e r i a l  should be p laced  between and above t h e  
waste packages t o  f i l l  vo ids  and enhance waste  i s o l a t i o n .  

2.4.2.2.21 Cons t ruc t ing  Low-Permeability B a c k f i l l  

The low-permeabi l i ty  b a c k f i l l  l a y e r ,  c o n s t r u c t e d  above t h e  per- 
v ious  f i l l  over t h e  waste packages,  should minimize i n f i l t r a t i o n  
of water .  Guidance f o r  des ign  and c o n s t r u c t i o n  of t h e  l a y e r  i s  
provided i n  SRPs 3.1, 3.2, 3.3.1, 4.3,  5.1.2, and 6.1.2 of NUREG- 
1200. Proper  compaction of low pe rmeab i l i t y  s o i l s  i s  e s s e n t i a l  t o  
minimize i n f i l t r a t i o n ,  sett lement,  and subsidence.  Low permeabil-  
i t y  s o i l s  r e q u i r e  d i f f e r e n t  placement and compaction methods and 
s p e c i f i c a t i o n s  than  f r ee -d ra in ing  materials.  S e l e c t i o n  of mate- 
r i a l s  and recommended p r a c t i c e  f o r  placement and compaction are  
d i scussed  i n  S e c t i o n  2.8. 

2.4.2.2.22 P lac ing  Rock P r o t e c t i o n ,  Topsoi l  and E s t a b l i s h i n g  Vegeta t ion  Over 
t h e  Completed EMCB 

Upon complet ion of low pe rmeab i l i t y  l a y e r  c o n s t r u c t i o n ,  measures 
should be t aken  t o  minimize e ros ion .  These measures i n c l u d e  
placement of a t o p s o i l  l a y e r  and e s t ab l i shmen t  of v e g e t a t i o n  and 
may inc lude  placement of rock p r o t e c t i o n .  The t o p s o i l  l a y e r  
should be a minimum of 3 f e e t  t h i c k  so  t h a t  shallow-rooted vege- 
t a t i o n  does not  s i g n i f i c a n t l y  p e n e t r a t e  t h e  low pe rmeab i l i t y  
cover .  To minimize e r o s i o n ,  it should be compacted, b u t  compac- 
t i v e  e f f o r t  should be less than  f o r  t h e  b a c k f i l l  l a y e r s .  Shallow- 
roo ted  v e g e t a t i o n  should then  be e s t a b l i s h e d  over  t h e  d i s p o s a l  
u n i t .  Table  2.8-1 shows r o o t  d e p t h s  of  v a r i o u s  p l a n t  s p e c i e s .  
Tucker (NRC,  1983) provides  guidance on s e l e c t i o n  of vege ta t ion .  
Department of t h e  Army Techn ica l  .Manual TM-5-830-2 "Establ ishment  
of  Herbaceous Ground Cover" a l so  p rov ides  guidance on e s t a b l i s h -  
ment of vege ta t ion .  F u r t h e r  guidance and recommendations a r e  
provided i n  S e c t i o n  2.8.2.2. 
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2.4.2.2.23 

2.4.2.2.24 

2.4.2.3 

Cons t ruc t ing  F i n a l  Su r face  Drainage F e a t u r e s  

F i n a l  s u r f a c e  d ra inage  f e a t u r e s  r e q u i r e d  f o r  EMCB d i s p o s a l  a r e  
e s s e n t i a l l y  t h e  same a s  those  r equ i r ed  f o r  shallow l and  b u r i a l .  
Guidance i s  provided i n  SRPs 3.4.4 and 5.1.1 of NUREG-1200, and i n  
Department of t h e  Army Engineer Manual EM-1110-3-136, "Drainage 
and Eros ion  Cont ro l ,  Mob i l i za t ion  and Cons t ruc t ion"  ( A p r i l  1987) .  

Cons t ruc t ing  Record Monuments 

The i n t e n t  and primary f u n c t i o n  of a monument i s  t o  warn of danger 
and t h e  p reven t ion  of i n a d v e r t e n t  i n t r u s i o n ,  The monument should 
be c o n s t r u c t e d  of a du rab le  m a t e r i a l  so t h a t  i t  w i l l  t r ansmi t  t h e  
message t o  each new g e n e r a t i o n  of people. 
monument should be nonappealing f o r  someone t o  t a k e  f o r  personal  
u s e  o r  c o n s t r u c t i o n  purposes.  The m a t e r i a l  and c o n f i g u r a t i o n  
should be such t h a t  vandals  would have a d i f f i c u l t  time impai r ing  
t h e  message of t h e  monument. The monument should be l a r g e  o r  deep 
and s t r o n g  enough so t h a t  i t  could not be removed. The monument 
should b e  of s u f f i c i e n t  h e i g h t  so t h a t  n a t u r a l  d e p o s i t i o n  of s o i l  
w i l l  not cover i t  over t h e  decades. A good m a t e r i a l  f o r  t h e  monu- 
ment would be a i r - e n t r a i n e d ,  ve ry  dense ,  h igh - s t r eng th  conc re t e .  
It could be c a s t  i n  a t r i a n g l e  which i s  t h e  i n t e r n a t i o n a l  warning 
symbol. The monuments should be s e t  a t  t h e  c o r n e r s  of t h e  dis- 
p o s a l  u n i t s .  The t r i a n g l e  should have t h e  r a d i a t i o n  symbol on t h e  
t o p  and arrows wi th  t h e  d i s t a n c e  t o  t h e  next  co rne r .  The symbols 
should be r a i s e d  i n s t e a d  of r eces sed  t o  p reven t  ponding of water 
i n  them. Guidance i s  provided i n  SRP 4 . 3  of NUREG-1200 on t h e  
in fo rma t ion  t o  be v i s i b l e  on the  permanent markers of t h e  d i s p o s a l  
u n i t s .  It should be remembered t h a t  t h e  p laque  may make an ap- 
p e a l i n g  souveni r  and a l l  e f f o r t s  should be made t o  d i scourage  i t s  
removal. F igure  2.4.4 shows how a r eco rd  monument might be 
c o n s t r u c t e d .  

The m a t e r i a l ( s 1  f o r  t h e  

Cons t ruc t ion  Equipment 

Cons t ruc t ion  equipment requirements and acceptance  c r i t e r i a  a r e  
covered i n  SRP 3.3.2 of NUREG-1200. Add i t iona l  guidance i s  pro- 
vided by Tucker (1983) .  Although s p e c i f i c  EMCB c o n s t r u c t i o n  t a s k s  
may d i f f e r  from SLB c o n s t r u c t i o n ,  t h e  r e g u l a t o r y  requi rements  and 
acceptance  c r i t e r i a  f o r  c o n s t r u c t i o n  equipment a r e  unchanged. 

S p e c i f i c a l l y ,  t h e  c o n s t r u c t i o n  equipment proposed t o  be used 
should be l i s t e d  and desc r ibed ,  i n c l u d i n g  manufac tu re r ' s  spec i -  
f i c a t i o n s ,  so t h a t  t h e  c a p a b i l i t i e s  of t h e  equipment may b2 
a s ses sed .  S to rage ,  maintenance, rep lacement ,  and i n s p e c t i o n  pro- 
cedures  and schedules  should be desc r ibed .  An equipment q u a l i t y  
c o n t r o l  ( Q C )  and q u a l i t y  a s su rance  ( Q A )  program t o  ensure  t h a t  
accep tab le  procedures  a r e  followed should a l s o  be e s t a b l i s h e d  and 
followed . 
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Figure 2.4.4. Example of a record monument 

2.4-19 



2.4.2.4 Cons t ruc t ion ,  Opera t ions ,  and Closure  Impacts 

There a r e  c e r t a i n  concur ren t ly  occur r ing  f e a t u r e s  d i scussed  i n  t h e  
fo l lowing  paragraphs  t h a t  should be cons idered  because of t h e i r  
impact on t h e  c o n s t r u c t i o n  e f f o r t s  t o  b u i l d  an EMCB. 

2.4.2.4.1 Roads and Br idges  Compatible with Equipment 

Design and c o n s t r u c t i o n  of roads and b r idges  f o r  o p e r a t i o n s  and 
access t o  t h e  s i t e  should t a k e  i n t o  account t h e  number, s i z e ,  and 
weight of t h e  motorized equipment t o  be used du r ing  c o n s t r u c t i o n  
and ope ra t ions .  Roads, pavements, and b r i d g e s  t o  t h e  s i te  and on- 
s i t e  need t o  be adequate f o r  t h e  a n t i c i p a t e d  t r a f f i c .  

2.4.2.4.2 Cons t ruc t ion  and Opera t ions  Sequence 

The c o n s t r u c t i o n  sequence should be planned and scheduled so t h a t  
s e v e r a l  o p e r a t i o n s  can occur s imul taneous ly  wi th  a minimum impact 
of one on another .  For i n s t a n c e ,  c o n s t r u c t i o n ,  o p e r a t i o n ,  and 
c l o s u r e  of s e p a r a t e  d i s p o s a l  u n i t s  may t a k e  p l a c e  s imul taneous ly ,  
a s  long  a s  c o n s t r u c t i o n  and o p e r a t i o n s  do no t  adve r se ly  a f f e c t  t h e  
o t h e r ,  o r  t h e  performance c a p a b i l i t i e s  of c losed  u n i t s .  Vehicular  
t r a f f i c ,  i n c l u d i n g  c o n s t r u c t i o n  equipment, should n o t  adve r se ly  
impact completed d i s p o s a l  u n i t s  o r  t hose  be ing  c o n s t r u c t e d  o r  
ope ra t ed .  Regula tory  e v a l u a t i o n  c r i t e r i a  f o r  a u x i l i a r y  f a c i l i -  
t i e s ,  i n c l u d i n g  roads  and b r i d g e s ,  a r e  d i scussed  i n  SRP 3.4.2 of 
NUREG-1200. 

2.4.2.4.3 Worker S a f e t y  

Worker s a f e t y  should be a foremost c o n s i d e r a t i o n  throughout t h e  
c o n s t r u c t i o n  and o p e r a t i o n s  phases. A l l  s h i e l d i n g ,  b r a c i n g ,  
c r i b b i n g ,  s c a f f o l d i n g ,  e t c . ,  should be c a r e f u l l y  s e l e c t e d  and 
i n s t a l l e d  us ing  accepted  p r a c t i c e  and fo l lowing  OSHA r e g u l a t i o n s  
t o  reduce t h e  p o s s i b i l i t y  of worker i n j u r y .  

2.4.2.4.4 Disposa l  Opera t ions  

Waste-disposal methods should be capab le  of provid ing  r easonab le  
a s su rance  t h a t  a l l  t h e  Subpart  C Performance Ob jec t ives  and p e r t i -  
nent  Techn ica l  Requirements of Subpar t  D of  10 CFR P a r t  61 can be 
met. The in fo rma t ion  and d e s c r i p t i o n  on c o n s t r u c t i o n ,  o p e r a t i o n s ,  
and c l o s u r e  w i l l  be reviewed f o r  completeness i n  con junc t ion  with 
guidance i n  NUREG-1199 and NUREG-1200. NUREG-1200 p rov ides  guid- 
ance on how t h e  l i c e n s e  a p p l i c a n t ' s  proposed methods w i l l  be 
eva lua ted  f o r  compliance wi th  10 CFR P a r t  61 requi rements .  
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2.5 Q u a l i t y  Assurance ( Q A )  

An a p p l i c a t i o n  f o r  a l i cense  t o  des ign ,  c o n s t r u c t ,  and o p e r a t e  a 
LLW f a c i l i t y  i s  r equ i r ed  by t h e  p r o v i s i o n s  of 10 CFR P a r t  61 .12 ( j )  
t o  i n c l u d e  a d e s c r i p t i o n  of t h e  q u a l i t y  c o n t r o l  program t o  be 
a p p l i e d  t o  t h e  de t e rmina t ion  of  n a t u r a l  d i s p o s a l  s i t e  c h a r a c t e r i s -  
t i c s ,  and f o r  q u a l i t y  c o n t r o l  du r ing  des ign ,  c o n s t r u c t i o n ,  opera- 
t i o n ,  and c l o s u r e  of t h e  l and  d i s p o s a l  f a c i l i t y  and t h e  r e c e i p t ,  
handl ing ,  and emplacement of waste, i n c l u d i n g  a u d i t s  and managerial  
c o n t r o l s .  The Q u a l i t y  Con t ro l  (QC)  requi rements  6 1 . 1 2 ( j )  are  b a s e s  
f o r  t h e  development of a Q u a l i t y  Assurance ( Q A )  Program. 

For a LLW d i s p o s a l  f a c i l i t y ,  f u n c t i o n s  impor tan t  f o r  s a t i s f a c t o r y  
performance of t h e  f a c i l i t y  i n c l u d e  any a c t i v i t y ,  s t r u c t u r e ,  sys-  
tem, or component t h a t  i s  r equ i r ed  t o  meet t h e  Performance Objec- 
t i v e s  of 10 CFR P a r t  61. Q u a l i t y  a s su rance  comprises  a l l  t hose  
planned and sys t ema t i c  a c t i o n s  necessary  t o  provide  adequate  c o n f i -  
dence t h a t  a s t r u c t u r e ,  system, or component w i l l  perform s a t i s f a c -  
t o r i l y  i n  s e r v i c e .  Q u a l i t y  assurance  inc ludes  QC,  which comprises  
those  QA a c t i o n s  r e l a t e d  t o  t h e  phys ica l  c h a r a c t e r i s t i c s  of  a mate- 
r i a l ,  s t r u c t u r e ,  component, or system which provide  a means t o  con- 
t r o l  t h e  q u a l i t y  of  t h e  m a t e r i a l ,  s t r u c t u r e ,  component, or system 
t o  predetermined requi rements .  

2.5.1 General  Design C r i t e r i a  f o r  QA on EMCB Cons t ruc t ion  

The fo l lowing  General  Design C r i t e r i a  on QA f o r  an EMCB a re  
provided as recommendations f o r  a l i m i t e d  p o r t i o n  of  an  o v e r a l l  QA 
program r e l a t e d  t o  t e s t i n g  of  c o n s t r u c t i o n  ma te r i a l s ,  v e r i f i c a t i o n ,  
and record  documentation. S p e c i f i c  guidance on t h e  o v e r a l l  QA 
program i s  t o  be provided i n  NLJREG-1293. 

2.5.1.1 T e s t i n g  of Cons t ruc t ion  M a t e r i a l s  

The l i c e n s e  a p p l i c a n t  should perform t e s t s  r equ i r ed  t o  v e r i f y  t h a t  
c o n t r o l  measures a r e  adequate  t o  provide  a product  which conforms 
t o  s p e c i f i e d  m a t e r i a l  and i n d u s t r i a l  requirements .  The a p p l i c a n t  
should procure  t h e  s e r v i c e s  of an i n d u s t r y  recognized t e s t i n g  
l a b o r a t o r y  or e s t a b l i s h  an  approved t e s t i n g  l a b o r a t o r y  a t  t h e  pro- 
j ec t  s i t e .  A l i s t  of tes ts  t o  be performed should be f u r n i s h e d  as  
a p a r t  of t h e  QA Program. The l i s t  should g i v e  t h e  t es t  name, 
s p e c i f i c a t i o n  paragraph c o n t a i n i n g  t h e  t e s t  requi rements ,  and t h e  
personnel  and l a b o r a t o r y  r e s p o n s i b l e  f o r  each type  of t e s t .  

2.5.1.1.1 Concrete  

Concrete t e s t i n g  should i n c l u d e  de te rmina t ions  of slump, a i r  con- 
t e n t ,  u n i t  weight ,  unconfined compressive s t r e n g t h ,  and v e r i f i c a -  
t i o n  of  any of t h e  o t h e r  phys i ca l  p r o p e r t i e s  as  r equ i r ed  by t h e  
r e g u l a t o r y  agency. If t h e  c o n c r e t e  i s  produced o n s i t e ,  a l l  c o n s t i -  
t u e n t  conc re t e  mater ia ls  should be t e s t e d  i n  accordance wi th  t h e  
a p p l i c a b l e  p rev ious ly  s t a t e d  methods and conform t o  t h e  r e q u i r e d  
s p e c i f i c a t i o n s  and s t anda rds .  I f  t h e  conc re t e  i s  produced o f f s i t e ,  
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t h e  c o n s t i t u e n t  conc re t e  m a t e r i a l s  should be p e r i o d i c a l l y  v e r i f i e d  
a s  t o  compliance wi th  t h e  p rev ious ly  i d e n t i f i e d  s p e c i f i c a t i o n s  and 
s t anda rds .  I f  ready mixed conc re t e  i s  used, i t  should meet 
ASTM C 94. 

2.5.1.1.2 S t e e l  

A l l  s t e e l  i t ems  or m a t e r i a l s  ( r e i n f o r c i n g ,  s t r u c t u r a l  , o t h e r )  
should be sampled, t e s t e d ,  and c e r t i f i e d  f o r  acceptance  p r i o r  t o  
shipment t o  t h e  s i t e .  
accordance wi th  t h e  a p p l i c a b l e  methods and should conform t o  
a p p l i c a b l e  s t a n d a r d s  and s p e c i f i c a t i o n s .  

These i tems  should be sampled and t e s t e d  i n  

2.5.1.1.3 Geotechnica l  M a t e r i a l s  

S o i l s ,  a g g r e g a t e s ,  f i l t e r s ,  c l o t h s ,  and o t h e r  g e o t e c h n i c a l  mate- 
r i a l s  should be sampled and t e s t e d  i n  accordance wi th  t h e  app l i ca -  
b l e  methods, t o  v e r i f y  conformance wi th  t h e  a p p l i c a b l e  s p e c i f i c a -  
t i o n s  and s t anda rds .  

2.5.1.1.4 Admixtures 

A l l  chemical admixtures should be sampled and t e s t e d  i n  accordance 
wi th  t h e  a p p l i c a b l e  p r e v i o u s l y  c i t e d  methods and conform t o  t h e  
s p e c i f i c a t i o n s  and s t anda rds .  

2.5.1.1.5 Curing Compounds and Curing Membranes 

Curing compounds and membranes should be sampled and t e s t e d  i n  
accordance wi th  a p p l i c a b l e  methods and conform t o  t h e  s p e c i f i c a -  
t i o n s  and s t anda rds .  

2.5.1.1.6 Water 

Water for c u r i n g  and mixing should' be sampled and t e s t e d  i n  accord- 
ance wi th  a p p l i c a b l e  methods and'conform t o  t h e  s t a n d a r d s  and 
s p e c i f i c a t i o n s .  I n  g e n e r a l ,  p o t a b l e  wa te r ,  f o r  human consumption, 
should be accep tab le  wi thout  t h e  need of sampling and t e s t i n g ,  

2.5.1.1.7 Moisture B a r r i e r s  

Coat ings ,  membranes, and j o i n t  m a t e r i a l s  should be sampled and 
t e s t e d  i n  accordance wi th  a p p l i c a b l e  methods and should conform t o  
t h e  s t anda rds  and s p e c i f i c a t i o n s .  

2.5.1.2 V e r i f i c a t i o n  

The a p p l i c a n t  should perform t h e  fo l lowing  a c t i v i t i e s  and record  
t h e  fo l lowing  in fo rma t ion  and d a t a :  

a .  V e r i f i c a t i o n  e f f o r t s  demonst ra t ing  t h a t  t e s t i n g  procedures com- 
\ 

ply  wi th  a p p l i c a b l e  requirements.  
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b. V e r i f i c a t i o n  t h a t  a c c e p t a b l e  f a c i l i t i e s  and t e s t i n g  equipment 
are a v a i l a b l e  and comply wi th  t e s t i n g  s t anda rds .  

c. C a l i b r a t i o n  of  t e s t  equipment and in s t rumen t s  a g a i n s t  c e r t i f i e d  
s t anda rds .  

d .  V e r i f i c a t i o n  t h a t  r eco rd ing  forms, i n c l u d i n g  a l l  of t h e  t es t  
documentation requi rements ,  have been prepared.  

2 . 5 . 1 . 3  Documentation 

The a p p l i c a n t  should main ta in  c u r r e n t  r e c o r d s  of q u a l i t y  c o n t r o l  
o p e r a t i o n s ,  a c t i v i t i e s ,  and tes ts  performed on c o n s t r u c t i o n  mate- 
r i a l s  i n c l u d i n g  t h e  work of s u p p l i e r s  and subcon t rac to r s .  These 
r eco rds  should be on an accep tab le  form and inc lude  a d e s c r i p t i o n  
of the.  t r a d e s  working on t h e  p r o j e c t ,  t h e  number of  personnel  work- 
i n g ,  t h e  weather c o n d i t i o n s  encountered,  any d e l a y s  encountered ,  
and acknowledgment of d e f i c i e n c i e s  noted a long  wi th  t h e  c o r r e c t i v e  
a c t i o n s  t aken  on c u r r e n t  and previous  d e f i c i e n c i e s .  I n  a d d i t i o n ,  
t h e s e  r eco rds  should i n c l u d e  f a c t u a l  documentation t h a t  r equ i r ed  
a c t i v i t i e s  o r  t e s t s  have been performed, i n c l u d i n g  b u t  no t  l i m i t e d  
t o  the  fo l lowing  : 

a.  Type and number of  c o n t r o l  a c t i v i t i e s  and t e s t s  i-nvolved. 

b. R e s u l t s  of c o n t r o l  a c t i v i t i e s  o r  t e s t s .  

c. Nature  of d e f e c t s ,  causes  f o r  r e j e c t i o n ,  e tc .  

d. Proposed remedia l  a c t i o n .  

e. C o r r e c t i v e  a c t i o n s  taken.  

Documentation r eco rds  should cover  bo th  conforming and d e f e c t i v e  o r  
d e f i c i e n t  f e a t u r e s  .and should inc lude  a s ta tement  t h a t  s u p p l i e s  and 
mater ia ls  inco rpora t ed  i n  t h e  work comply a s  r equ i r ed .  
c o p i e s  of these records should be f u r n i s h e d  d a i l y  t o  t h e  respon- 
s i b l e  pe r son( s )  on t h e  QC s t a f f .  

Legib le  

2 . 5 . 2  S p e c i f i c  Cons t ruc t ion  I n s p e c t i o n  C r i t e r i a  

The recommendations f o r  s p e c i f i c  c o n s t r u c t i o n  i n s p e c t i o n  are  pre- 
s en ted  f o r  formwork, s teel ,  and c o n c r e t e  ope ra t ions .  Recommenda- 
t i o n s  f o r  the  i n s p e c t i o n  o f  o p e r a t i o n s  t o  c o n s t r u c t  t h e  tumulus 
p o r t i o n  of t h e  EMCB a r e  not  p re sen ted  i n  t h i s  s e c t i o n ,  b u t  waste 
placement and ear thwork a c t i v i t i e s  (placement  and compaction of 
bo th  perv ious  and low-permeabi l i ty  f i l l )  would be  s i m i l a r  t o  t h e  
o p e r a t i o n s  desc r ibed  i n  S e c t i o n s  2 . 7  and 2.8 of t h i s  r e p o r t  and 
SRP 4 . 3  of NUREG-1200. The - . s p e c i f i c  c r i t e r i a  presented  he re  are  
in tended  as guidance and are n o t  n e c e s s a r i l y  a l l - i n c l u s i v e .  
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2.5.2.1 Formwork 

Forms should be cons t ruc t ed  i n  a workmanship manner c o n s i s t e n t  wi th  
accep tab le  i n d u s t r y  s t a n d a r d s ,  o f  m a t e r i a l s  t h a t  w i l l  s u c c e s s f u l l y  
s u s t a i n  t h e  imposed l o a d s  by t h e  p l a s t i c  conc re t e  and which a l so  
w i l l  impart  t o  t h e  hardened conc re t e  t h e  r equ i r ed  f i n i s h  on a l l  
formed f a c e s .  The forms should be w e l l  braced or o therwise  sup- 
po r t ed  t o  prevent  sagging or c o l l a p s e  and provide  f o r  worker 
s a f e t y .  The form faces should be c leaned  and o i l e d  and f r e e  of 
undes i r ab le  inden t ions  p r i o r  t o  conc re t e  placement. The des ign  and 
c o n s t r u c t i o n  of forms should be accompanied by a w e l l  e s t a b l i s h e d  
forms i n s p e c t i o n  program for b e f o r e ,  du r ing ,  and a f t e r  c o n c r e t e  
placement e f f o r t s  (see Appendix A f o r  a suggested form i n s p e c t i o n  
program and r e p o r t ) .  

Forms should be removed from t h e  hardened conc re t e  i n  a manner t h a t  
w i l l  i n s u r e  t h a t  no damage i s  i n f l i c t e d  on t h e  forms nor t h e  con- 
crete .  I f  t h e  forms a r e  t o  be  reused ,  t h e y  should be c l eaned ,  
o i l e d ,  and s t o r e d  i n  a manner t h a t  w i l l  p rovide  f o r  p r o t e c t i o n  from 
t h e  weather and w i l l  i n s u r e  t h a t  no warpage w i l l  occur .  

2.5.2.2 S t e e l  - Reinforcement and Embedded Items 

A l l  r e i n f o r c i n g  s t ee l  and s t ee l  embedded items should be of  t h e  
proper  grade and should be so i d e n t i f i e d  by proper  markings on t h e  
s t e e l  and be accompanied by v e r i f i c a t i o n  documentation. 

Reinforc ing  s t ee l  should be p rope r ly  i n s t a l l e d  by be ing  t i e d ,  
b raced ,  or o the rwise  a t t a c h e d  so t h a t  i t  w i l l  remain i n  t h e  d e s i r e d  
l o c a t i o n  du r ing  conc re t e  placement o p e r a t i o n s ,  i n c l u d i n g  cons t ruc-  
t i o n / c o n s o l i d a t i o n  e f f o r t s .  Care should be taken  no t  t o  damage t h e  
epoxy c o a t i n g  on t h e  s tee l  by t h e  i n s t a l l a t i o n  a c t i v i t i e s .  The 
v i b r a t o r  should no t  be placed on t h e  r e i n f o r c i n g  s tee l  s i n c e  t h i s  
a c t i o n  tends  t o  s e g r e g a t e  t h e  c o n c r e t e  a d j a c e n t  t o  t h e  b a r s  and 
weaken t h e  bond between the  conc re t e  and s teel .  

A l l  embedded s t ee l  should be i n s t a l l e d  i n  a manner t h a t  w i l l  a s s u r e  
t h a t  t he  s t e e l  w i l l  remain i n  t h e  d e s i r e d  l o c a t i o n  du r ing  conc re t e  
placement and c o n s o l i d a t i o n  e f f o r t s .  Care should be t aken  t o  
a s s u r e  t h a t  t h e  c o a t i n g  on the  s t ee l  items i s  not  damaged nor  
impaired the reby  r ende r ing  i t  u n s u i t a b l e  f o r  use. A l l  s t ee l  r e in -  
f o r c i n g  and embedded i tems  should be c l e a n  and f r e e  of any sub- 
s t a n c e  d e l e t e r i o u s  t o  good bonding. 

2.5.2.3 Concrete  Opera t ions  

Th i s  s e c t i o n  covers :  

1. t h e  ba t ch ing ,  mixing, and hau l ing  of t h e  concre te .  
2. t h e  p l ac ing  and c o n s o l i d a t i n g  of t h e  conc re t e .  
3. t h e  f i n i s h i n g  and cu r ing  of t h e  concre te .  
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The conc re t e  ba t ch  p l a n t  should be c a l i b r a t e d  and c e r t i f i e d  p r i o r  
t o  t h e  p roduc t ion  of  conc re t e  f o r  placement a t  a g iven  LLW d i s p o s a l  
f a c i l i t y .  Once c e r t i f i c a t i o n  has  been achieved ,  t h e  ba t ch ing  oper- 
a t i o n s  should be performed i n  such a manner a s  t o  c o n s i s t e n t l y  pro- 
duce t h e  r equ i r ed  p l a s t i c  c o n c r e t e  having t h e  r equ i r ed  p r o p e r t i e s  
such as proper  slump, a i r - c o n t e n t ,  u n i t  weight ,  e tc .  A w r i t t e n  re- 
cord  ( such  a s  a s t r i p  c h a r t )  should be obta ined  f o r  each ba tch  o r ,  
as  an a l t e r n a t i v e ,  a QA r e p r e s e n t a t i v e  should  make v i s u a l  observa-  
t i o n s  of  t h e  ba t ch ing  o p e r a t i o n s  and c e r t i f y  i n  w r i t i n g  t h a t  each  
ba tch  has  been p rope r ly  measured. The mixing o p e r a t i o n  should be 
performed i n  a manner t h a t  w i l l  a s s u r e  t h a t  t h e  conc re t e  w i l l  be 
mixed thoroughly  t o  produce a uniform mixture ,  f o r  t h e  r e q u i r e d  
amount of t ime,  e i t h e r  i n  t h e  ba t ch  p l a n t  c o n t r o l  mixer o r  t h e  
ready mix t rucks .  I f  t r u c k  mixing i s  used,  t h e  QA r e p r e s e n t a t i v e  
should assure,  and r eco rd ,  t h a t  t h e  t r u c k  drum r o t a t e s  a t  t h e  pro- 
per  r e v o l u t i o n s  f o r  t h e  r equ i r ed  t i m e .  The h a u l i n g  p o r t i o n  should  
be  conducted i n  a manner, w i th  t h e  a p p r o p r i a t e  equipment,  t h a t  w i l l  
a s s u r e  t h a t  t h e  conc re t e  w i l l  not s e g r e g a t e  nor s u f f e r  a s i g n i f i -  
c a n t  slump-loss i n  t r a n s i e n t .  

The conc re t e  should be p laced  i n  i t s  f i n a l  d i s p o s i t i o n  i n  t h e  forms 
i n  such a manner t h a t  assures t h a t  t h e  conc re t e  w i l l  no t  be ad- 
v e r s e l y  a f f e c t e d  by t h e  o p e r a t i o n s .  The d i s c h a r g e  h e i g h t  of t h e  
conc re t e  should be held t o  a maximum of f i v e  f e e t ,  whether f r ee -  
f a l l i n g  or t remied ,  t o  avoid seg rega t ion .  The p r a c t i c e  of "moving" 
t h e  c o n c r e t e ,  once i t  i s  i n  t h e  forms, by use  of  v i b r a t o r s  i n s t e a d  
of  shove l s  and r akes ,  should be avoided t o  guard a g a i n s t  over- 
v i b r a t i o n  and seg rega t ion .  The conc re t e  placement r a t e  should be  
c o n s i s t e n t  with j o b  s i t e  c o n d i t i o n s  such a s  slump and tempera ture .  
The placement r a t e  should be such t h a t  no co ld  j o i n t s  w i l l  be  a l -  
lowed t o  form. Vib ra t ion /conso l ida t ion  o p e r a t i o n s  should be 
performed i n  such a manner t h a t  w i l l  a s s u r e  t h a t  t h e  c o n c r e t e  w i l l  
be  p rope r ly  conso l ida t ed ,  wi thout  void o r  honeycomb spaces ,  and 
w i l l  a l s o  guard a g a i n s t  s e g r e g a t i o n  caused by ove r -v ib ra t ion .  

The conc re t e  should be f i n i s h e d ,  as  r e q u i r e d ,  i n  such a manner t h a t  
w i l l  a s s u r e  t h a t  t h e  hardened conc re t e  w i l l  be of t h e  r e q u i r e d  
l i n e s  and g rades  and w i l l  meet t h e  j o b  requirements  f o r  smoothness 
and su r face -dens i ty .  

The conc re t e  should be cured by t h e  job-required technique  i n  such 
a manner t h a t  w i l l  a s s u r e  t h a t  no d e f e c t s  w i l l  r e s u l t ,  such as  sur -  
f a c e  checks ,  d r y i n g  sh r inkage  c r a c k s ,  " a l l i g a t o r "  c r a c k s ,  l o c a l i z e d  
loss of s u r f a c e  smoothness,  or any o t h e r  " loss-of-moisturen d e f e c t .  
The cur.ing technique  should be cont inued  f o r  t h e  r equ i r ed  l e n g t h  of 
t i m e ,  e s p e c i a l l y  i f  form-removal i s  permi t ted  p r i o r  t o  c e s s a t i o n  of 
cu r ing .  The QA r e p r e s e n t a t i v e  should observe  and record  on a d a i l y  
b a s i s  t h e  s t a t u s  of t h e  c u r i n g ; i t s  c o n t i n u i t y ,  and any remedia l  
a c t i o n  taken t o  keep t h e  c u r i n g  o p e r a t i o n  i n  compliance wi th  t h e  
requirements .  

I n  the  event  remedial  r e p a i r  a c t i o n  i s  r equ i r ed  t o  c o r r e c t  d e f e c t s  
i n  t h e  v a u l t  c o n c r e t e ,  t h e  QA r e p r e s e n t a t i v e  should survey  t h e  
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d e f e c t  and p r e s e n t  a c o r r e c t i v e  p l an  of a c t i o n  t o  t h e  proper  
r e g u l a t o r y  agency. The p l an  should c o n t a i n  b u t  no t  b e  l i m i t e d  t o  
t h e  fo l lowing  informat ion:  cause  of d e f e c t :  e x t e n t  of d e f e c t :  
remedial  a c t i o n  r equ i r ed  t o  r e p a i r  t h e  d e f e c t ;  remedia l  a c t i o n  
r equ i r ed  t o  p r o h i b i t  reoccurrence  of d e f e c t :  e s t ima ted  c o s t  of re- 
p a i r s :  and, when r e p a i r  w i l l  beg in  and l e n g t h  of  t i m e  t o  complete. 
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2.6 S t r u c t u r a l  Performance Monitor ing 

S t r u c t u r a l  performance moni tor ing  is,.recommended t o  v e r i f y  d e s i g n  
assumptions and s a t i s f a c t o r y  performance. The moni tor ing  program 
should be c a r e f u l l y  planned and implemented, and r e s u l t s  should be 
eva lua ted  a t  an e s t a b l i s h e d  reasonable  f requency.  A moni tor ing  pro- 
gram i s  of  l i t t l e  va lue  i f  t h e  d a t a  a re  n o t  p rope r ly  ob ta ined  and 
eva lua ted .  I n  t h i s  s e c t i o n ,  t h e  moni tor ing  recommendations f o r  an  
EMCB d i s p o s a l  u n i t  a re  addressed i n  terms o f  s p e c i f i c  c r i t e r i a  f o r :  

1. Types of  measurements 
2. S e l e c t i o n  of  i n s t rumen t s  
3. S p e c i a l  c o n s i d e r a t i o n s  
4 .  Limi t ing  va lues  of monitored parameters  
5. Remedial a c t i o n  p lan  
6. P e r i o d i c  i n s p e c t i o n s  

2.6.1 General  C r i t e r i a  f o r  S t r u c t u r a l  Performance Monitor ing 

S t r u c t u r a l  performance of impor tan t  e lements  and f e a t u r e s  should be 
monitored,  t e s t e d ,  and eva lua ted  a t  s u i t a b l e  f r equenc ie s  and loca -  
t i o n s  and f o r  a s u i t a b l e  d u r a t i o n  t o  v e r i f y  d e s i g n  assumptions and t o  
p rov ide  reasonable  a s su rance  t h a t  t h e  Performance O b j e c t i v e s  of  Sub- 
p a r t  C o f  10 CFR P a r t  61  are  m e t .  Such moni tor ing  should be per- 
formed dur ing  t h e  c o n s t r u c t i o n  and o p e r a t i o n s  phases  and i n t o  t h e  
i n s t i t u t i o n a l  c o n t r o l  pe r iod ,  f o r  a pe r iod  of t i m e  necessa ry  t o  
demonstrate  accep tab le  s t r u c t u r a l  performance. 

2.6.2 S p e c i f i c  Design Review Cr i t e r i a  for S t r u c t u r a l  Performance Monitor ing 

2.6.2.1 Types of Measurements 

The types  of  measurements r e q u i r e d  f o r  performance moni tor ing  are  
t h o s e  necessary  t o  v e r i f y  des ign  assumpt ions ,  e v a l u a t e  s t r u c t u r a l  
performance and s t a b i l i t y  and t o  assess whether 10 CFR P a r t  61 
Performance Ob jec t ives  are  m e t .  Bas ic  parameters  t o  be  monitored f o r  
d i r e c t  v e r i f i c a t i o n  of d e s i g n  assumptions and e v a l u a t i o n  of pe r fo r -  
mance i n c l u d e  l o a d s ,  moni tor ing  wells, sett lements,  j o i n t s ,  and 
s t r a i n s  exper ienced  by t h e  EMCB d i s p o s a l  u n i t  and i t s  components. 
Guidance on environmental  monitor ing.  and s u r v e i l l a n c e  t h a t  i s  
r e q u i r e d  t o  a s s u r e  t h a t  s p e c i f i e d  exposure l i m i t s  a re  no t  exceeded 
and t h a t  10 CFR P a r t  61 Performance Ob jec t ives  are  m e t  is covered i n  
NUREG-1200 and i s  beyond t h e  scope of  t h i s  r e p o r t .  Parameters  
r e l a t e d  to  s t r u c t u r a l  performance t h a t  should be  monitored i n c l u d e  
d r a i n  sump-water l e v e l s  and flow q u a n t i t i e s  and ground-water l e v e l s .  

It i s  recommended t h a t  t h e  moni tor ing  of c e r t a i n  e s s e n t i a l  parameters  
be performed a t  each  s i t e .  E s s e n t i a l  moni tor ing  would measure l i q u i d  
l e v e l s  and f low q u a l i t i e s  t h a t  may c o l l e c t  i n  t h e  d r a i n s  and sumps by 
use  of  moni tor ing  w e l l s :  movement ( s t r a i n s )  a t  a n t i c i p a t e d  l o c a t i o n s  
of maximum str.ess w i t h i n  t h e  v a u l t  members by use  of  s t r a i n  gages ;  
t o t a l  and d i f f e r e n t i a l  s e t t l e m e n t  of  t h e  EMCB by use  of s e t t l e m e n t  
gages :  and measurement of  j o i n t  movement by t h e  use  of s t r a t e g i c a l l y  
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placed  s t r a i n  meters a c r o s s  key j o i n t s  w i th in  t h e  s t r u c t u r e .  Detec- 
t i o n  of l i q u i d  l e v e l s  i n  moni tor ing  wells could  i n d i c a t e  t h e  presence  
of  i n f i l t r a t i o n  or ground-water r i s e  or a loss i n  water t i g h t n e s s  of  
t h e  v a u l t .  The measurement of s t r a i n s  i n  key members of t h e  bunker 
could provide  a means of a s s e s s i n g  and moni tor ing  loads  and stresses 
a p p l i e d  t o  t h e  s t r u c t u r e  i n  comparison t o  des ign  estimates, as  w e l l  
as  provid ing  a system t h a t  w i l l  warn of  e x c e s s i v e  s t r a i n .  Gages or 
meters a c r o s s  key s t r a t e g i c  j o i n t s  could  warn of excess ive  movement 
w i t h i n  a r e a s  of t h e  bunker and a l s o  p r e d i c t  p o s s i b l e  pa ths  of l i q u i d  
seepage i f  t h e  movements cont inue .  The moni tor ing  of  l a t e r a l ,  v e r t i -  
c a l ,  and h o r i z o n t a l  movement of t h e  EMCB could  be recorded by t h e  use 
of s e t t l e m e n t  gages, r e f l e c t i n g  bo th  t o t a l  and d i f f e r e n t i a l  s e t t l e -  
ment o r  l a t e r a l  movement. 

It i s  f u r t h e r  recommended t h a t  o t h e r  parameters  be cons idered  f o r  
o p t i o n a l  moni tor ing  t o  p r o j e c t  long-term s t r u c t u r a l  behavior  and 
e a r l y  warning of t he  p o s s i b l e  development of  adverse  cond i t ions .  
Opt iona l  moni tor ing  could inc lude  t h e  measurement of  stresses w i t h i n  
t h e  s t r u c t u r a l  members of t h e  bunker;  measurement of d e f l e c t i o n s  
wi th in  t h e  s t r u c t u r e  (of key s t r u c t u r a l  members); and,  measurement of  
po re  p r e s s u r e  w i t h i n  t h e  conc re t e  and the  s o i l  sur rounding  t h e  
bunker,  The measurement of stress could be  obta ined  a t  c e r t a i n  key 
l o c a t i o n s  t o  monitor  stress response of  t h e  v a u l t .  The measurement 
of d e f l e c t i o n s  could  he lp  p re sen t  t h e  s t a t u s  as  t o  t h e  a l lowab le  
d e f l e c t i o n s  i n  v a u l t  members i n  response t o  e x t e r n a l l y  a p p l i e d  
stresses. The s t a t u s  of t h e  pore  p r e s s u r e  i n  t h e  conc re t e  and s o i l  
would add t o  t h e  knowledge of t h e  s t r u c t u r a l  i n t e g r i t y  of t h e  t o t a l  
engineered s t r u c t u r e .  

The scope,  e x t e n t ,  and d u r a t i o n  of moni tor ing  of s t r u c t u r a l  l o a d s ,  
s t r a i n s ,  s tresses,  d e f l e c t i o n s ,  and s e t t l e m e n t s  of t h e  EMCB should be 
based on t h e  r e s u l t s  of  t h e  t e c h n i c a l  ana lyses  (10 CFR 61.131, t h e  
r e s u l t s  and e v a l u a t i o n s  of i n i t i a l  moni tor ing  e f f o r t s ,  and t h e  impor- 
tance of t h e s e  parameters  i n  demonst ra t ing  t h a t  t h e  Performance 
Ob jec t ives  are m e t .  

2.6.2.2 Ins t rument  S e l e c t i o n  

The s e l e c t i o n  of in s t rumen t s  should be based on demonstrated re l ia -  
b i l i t y  and d u r a b i l i t y  of  t h e  in s t rumen t s .  Simple,  r o b u s t ,  mechanical  
i n s t rumen t s  and dev ices  a re  p r e f e r r e d  over  complex, e l e c t r o n i c ,  sen- 
s i t i v e  dev ices  for r e l i a b l e  long-term monitor ing.  E l e c t r o n i c  i n s t r u -  
ments should not  be p r o h i b i t e d  or discouraged ,  bu t  i t  should be 
recognized t h a t  t h e  s e r v i c e  l i f e  of i n d i v i d u a l  i n s t rumen t s  i s  
l i m i t e d .  However, t h e  in s t rumen t s  d i scussed  i n  t h i s  s e c t i o n  have 
g e n e r a l l y  been shown through exper ience  t o  be du rab le  and long- 
l i v e d .  
of t h e  i n s t a l l e d  in s t rumen t s  as  t h e y  cease t o  func t ion .  The re fo re ,  
t h e  g o a l  of moni tor ing  should be t o  e s t a b l i s h  a d a t a  base  du r ing  t h e  
c o n s t r u c t i o n ,  o p e r a t i o n s ,  and c l o s u r e  phase,  and i n t o  t h e  a c t i v e  in-  
s t i t u t i o n a l  c o n t r o l  pe r iod ,  from which t o  v e r i f y  d e s i g n  assumptions 
and t o  be a b l e  t o  r e l i a b l y  f o r e c a s t  long-term performance. 

It may be i m p r a c t i c a l  o r  imposs ib le  t o  r e p a i r  o r  r e p l a c e  some 
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The moni tor ing  p lan  submit ted by t h e  l i c e n s e  a p p l i c a n t  should p rov ide  
estimates of ins t rument  s e r v i c e  l i f e  and d e s c r i b e  a c t i o n s  t o  be t aken  
i n  t h e  even t  t h a t  i n s t rumen t s  f a i l  o r  when measured parameter  va lues  
exceed e s t a b l i s h e d  l i m i t i n g  va lues .  S e c t i o n s  2.6.2.7 and 2.6.2.8 
provide  guidance f o r  e s t a b l i s h i n g  l i m i t i n g  va lues  and a remedial  
a c t i o n  plan.  The e f f e c t s  of ins t rument  f a i l u r e s  on t h e  r e l i a b i l i t y  
of  s i t e  and s t r u c t u r e  performance e v a l u a t i o n s  should be d i scussed  and 
eva lua ted  i n  t h e  suppor t ing  documents f o r  a l i c e n s e  a p p l i c a t i o n .  The 
e f f e c t s  of des ign  b a s i s  even t s  on in s t rumen t s  should be a s ses sed  and 
r epor t ed .  A l l  moni tor ing  in s t rumen t s  should be c a l i b r a t e d  and in-  
s t a l l e d  by q u a l i f i e d ,  exper ienced  personnel  u s ing  accepted  methods. 
In s t rumen ta t ion  and dev ices  a p p r o p r i a t e  f o r  moni tor ing  EMCB's are 
d i scussed  i n  the  fo l lowing  paragraphs.  

2.6.2.3 

2.6.2.3.1 

2.6.2.3.1.1 

Monitor ing Wells 

Monitor ing we l l s  a r e  cons idered  e s s e n t i a l  and should be s t ra te -  
g i c a l l y  p laced  nea r  t h e  d i s p o s a l  u n i t s  t o  measure l e v e l s  and 
flows o f  l i q u i d s  c o l l e c t e d  i n  t h e  d r a i n s  and sumps f o r  t h e  EMCB 
and those  i n  t h e  founda t ion  d r a i n s .  Monitoring w e l l s  p laced  i n  
d r a i n  sumps provide  t h e  b e s t  means f o r  de te rmining  e f f l u e n t  
q u a n t i t i e s  and c h a r a c t e r  from i n d i v i d u a l  d i s p o s a l  u n i t s .  The 
wells should be o f  s u f f i c i e n t  d iameter  t o  a l low water  samples t o  
be taken  and should be capable  of be ing  pumped o r  b a i l e d ,  i f  
necessary ,  f o r  removal of e f f l u e n t .  The sampling frequency 
should a l low f o r  e a r l y  d e t e c t i o n  of contaminat ion  and t r e a t m e n t ,  
b e f o r e  o f f s i t e  d i s c h a r g e  could occur .  The phi losophy f o r  
e s t a b l i s h i n g  sample i n t e r v a l s  should be t o  prevent  s i g n i f i c a n t  
changes i n  q u a n t i t y  or  q u a l i t y  of  e f f l u e n t  from going un- 
not iced .  Th i s  requirement  i m p l i e s  a sampling i n t e r v a l  s h o r t e r  
t han  t h e  e s t ima ted  t r a v e l  t i m e  and r equ i r ed  response t i m e  f o r  
remedia l  a c t i o n .  Wells should be designed t o  l a s t  many y e a r s  
w i th  minimal maintenance a t  t h e  in tended  frequency of  sampling. 

Well Design 

Design f o r  moni tor ing  wells should be presented  i n  d e t a i l  and 
should inc lude  i n s t a l l a t i o n  and c o n s t r u c t i o n  methods as w e l l  a s  
eng inee r ing  and mater ia l  f e a t u r e s .  

Casing 

S p e c i f i c a t i o n s  f o r  water-well  c a s i n g  should d e s i g n a t e  ASTM A 120 
or ASTM A 53. American Petroleum I n s t i t u t e  (API) c a s i n g  i s  
des igna ted  by t h e  o u t s i d e  d iameter  and t h e  w a l l  t h i c k n e s s .  

The s i z e  of t h e  cas ing  should be  designed t o  ensure  t h a t  b a i l e r ,  
pump, and o t h e r  necessary  equipment can be i n s e r t e d .  An i n s i d e  
d i ame te r  of about  6 i n .  is' r easonab le ,  b u t  on ly  t h e  s t r e n g t h  of  
t h e  c a s i n g  l i m i t s  s i z e s  much l a r g e r .  For s t r u c t u r a l  r easons ,  
t h e  d i ame te r s  of p l a s t i c  well c a s i n g s  a r e  u s u a l l y  not  l a rger  
than  6 i n .  
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The d iameter  of t h e  cas ing  should be s u f f i c i e n t  t o  admit sam- 
p l i n g  d e v i c e s  (e.g., b a i l e r  o r  pump) o r  geophys ica l  logging  
in s t rumen t s .  Pumping by a i r  l i f t  i s  no t  recommended f o r  sam- 
p l i n g  t h o s e  c o n s t i t u e n t s  t h a t  are s u s c e p t i b l e  t o  o x i d a t i o n  by 
a i r  o r  are v o l a t i l e .  Casing should be cons idered  on t h e  basis  
of i t s  d u r a b i l i t y  and r e s i s t a n c e  t o  c o r r o s i o n  and chemical 
a t t a c k .  Heavy-duty PVC (Schedule  80) or s t a i n l e s s  s t ee l  p ipe  
should be used f o r  w e l l  c a s ing  f o r  moni tor ing  EMCB d r a i n  sumps. 
S t a i n l e s s  s t ee l  p ipe  i s  r e s i s t a n t  t o  c o r r o s i o n  and i s  less  l i k e -  
l y  t o  be damaged by any r e q u i r e d  w e l l  c l ean ing  o r  maintenance 
ope ra t ions .  The composi t ion of  t h e  c a s i n g  m a t e r i a l  a f f e c t s  some 
geophys ica l  measurements t o  a greater  degree  t h a n  o t h e r s .  For 
example, c a s i n g s  of  PVC o r  o t h e r  hydrogen-containing m a t e r i a l s  
a t t e n u a t e  t h e  s i g n a l  f o r  mois ture  con ten t  when neu t ron  logging  
t o o l s  a r e  used,  wh i l e  p o r o s i t y  measurements a re  r e l a t i v e l y  
una f fec t ed  by t h e  PVC cas ing .  Metal c a s i n g s  are  b e t t e r  f o r  
neu t ron  logg ing  f o r  s o i l  moi s tu re  c o n t e n t ,  b u t  s e n s i t i v i t y  i s  
decreased  when making n a t u r a l  gamma-ray measurements through 
meta l  ca s ings .  A complete d i s c u s s i o n  of t h i s  t o p i c  i s  g iven  by 
Keys and MacCary ( 1 9 7 1 ) .  Epoxy p l a s t i c  p ipe  has  a h i g h  resis- 
t a n c e  t o  c o r r o s i o n  and i n c r u s t a t i o n .  

Casing and sc reens  should be washed w i t h  a d e t e r g e n t ,  r i n s e d  
wi th  c l e a n  water ,  and p r o t e c t e d  from contaminat ion  p r i o r  t o  
i n s t a l l a t i o n .  

2.6.2.3.1.2 J o i n t s  and S e a l s  

The c a s i n g  must be p o s i t i v e l y  s e a l e d  t o  prevent  mixing of water 
from i n s i d e  and o u t s i d e  t h e  c a s i n g  and sump. Sea l ing  i s  b e s t  
accomplished by p rope r ly  compacting b a c k f i l l  around t h e  c a s i n g  
and by u s e  of t i g h t  j o i n t s .  Threaded j o i n t s  may be p r e f e r r e d .  
A c o l l a r  sur rounding  t h e  c a s i n g  a t  t h e  upper s u r f a c e  of  t h e  low- 
pe rmeab i l i t y  l a y e r  may be u s e f u l  f o r  d i r e c t i n g  water away from 
t h e  c a s i n g  and low-permeabi l i ty  s o i l  i n t e r f a c e  and i n t o  t h e  
d ra inage  b lanket .  The c o l l a r  ma te r i a l  should be  du rab le  and 
should t i g h t l y  s e a l  around the  cas ing .  The use of  seepage 
c o l l a r s  around t h e  w e l l  c a s ing  could  be cons idered  a s  a measure 
t o  prevent  l i q u i d s  from v e r t i c a l l y  seep ing  a long  t h e  o u t e r  
ca s ing .  

PVC cements may b leed  o rgan ic  c o n s t i t u e n t s  and may a l s o  pose 
adso rp t ion  problems t h a t  can a f f e c t  t h e  q u a l i t y  of t h e  sampled 
water. I n  t h i s  case, uncemented threaded  s e c t i o n s  of PVC p i p e  
should be used (F igu re  2.6.1) and made w a t e r t i g h t  w i th  a manu- 
f a c t u r e r  approved j o i n t  compound. 

2.6.2.3.1.3 Screen 

F a c t o r s  t h a t  i n f l u e n c e  the  s e l e c t i o n  of  mater ia ls  f o r  s c reens  
f o r  moni tor ing  w e l l s  i nc lude  s t r e n g t h  requi rements ,  water 
q u a l i t y ,  and the  p o t e n t i a l  p resence  of i r o n  b a c t e r i a .  The 
i n t a k e  sc reen  p o r t i o n  of  a moni tor ing  wel l  should be p rope r ly  
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RISER WITH JOINT - 
(OVER LAPPING DOWN) 

Figure  2.6.1. 

SCREEN IN SUMP . 
(SCH E MATI C SECT1 ON) 

Fea tu res  of sump moni tor ing  wells 
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des igned ,  c o n s t r u c t e d ,  and developed t o  avoid subsequent Sam- 
p l i n g  problems. For an i n t a k e  i n  an  open sump, t h e  s c r e e n  can  
have l a r g e  openings s i n c e  t h e  smal l  amount of sediment t h e r e  can 
be removed wi th  t h e  water sample. I n  c o n t r a s t ,  a s c reen  em-  
bedded i n  sand i n  t h e  c o l l e c t o r  d r a i n  of t h e  founda t ion  func- 
t i o n s  d i f f e r e n t l y .  It i s  necessa ry  t h a t  t h e  s c r e e n  openings be 
smal l  enough t o  keep t h e  sur rounding  sediment ou t .  S u i t a b l e  
w e l l  s c r e e n  m a t e r i a l s  i n c l u d e  wire-wrapped s t a i n l e s s  s tee l ,  
s l o t t e d  t h e r m o p l a s t i c ,  and f i b e r g l a s s .  Thermoplas t ic  and f i b e r -  
g l a s s  s c reens  a r e  h i g h l y  r e s i s t a n t  t o  c o r r o s i o n  b u t  a r e  a s  sus- 
c e p t i b l e  t o  e n c r u s t a t i o n  a s  meta l  s c reens .  Guidance on selec- 
t i o n  of we l l  s c r e e n s  i s  g iven  by D r i s c o l l  (1986). 

2.6.2.3.1.4 S o i l  B a c k f i l l  

S o i l  b a c k f i l l e d  around t h e  riser c a s i n g  p rov ides  s t r u c t u r a l  
s t a b i l i t y  when p rope r ly  p laced  and compacted. B a c k f i l l  a d j a c e n t  
t o  wells i s  cont iguous  with and should be composed of e s s e n t i a l -  
l y  t h e  same m a t e r i a l s  a s  t h e  f r ee -d ra in ing  b a c k f i l l  sur rounding  
t h e  EMCB and t h e  low-permeabili ty and t o p s o i l  l a y e r s  where t h e  
we l l  passes  through t h e s e  l a y e r s  ( S e c t i o n  2.4.2.2.17) except  
t h a t  s p e c i a l  methods of c o n s t r u c t i o n  a r e  r e q u i r e d  f o r  t h e  d i f -  
f e r e n t  t y p e s  of materials. Placement and compaction of s o i l  
a d j a c e n t  t o  t h e  r i s e r  should be accomplished by hand-operated 
tamper and wi th  cons ide rab le  care. Dens i ty  should approach t h a t  
achieved w i t h  heavy equipment e l sewhere  i n  t h e  b a c k f i l l ,  a t  a 
d i s t a n c e  from t h e  w e l l  where heavy equipment compaction i s  pos- 
s i b l e .  Guidance f o r  placement and compaction of f r e e - d r a i n i n g  
f i l l ,  low-permeabili ty f i l l ,  and t o p s o i l  a r e  g iven  i n  
S e c t i o n s  2.7 and 2.0. 

2.6.2.3.2 Maintenance of Wells 

Monitoring w e l l s  should be c leaned  and developed upon i n s t a l l a -  
t i o n  and subsequen t ly  du r ing  p e r i o d i c  maintenance. Corros ion  of 
s c r e e n s  o r  c a s i n g ,  b a c t e r i o l o g i c a l  c logging ,  and d e p o s i t s  of 
d i s s o l v e d  mine ra l s  (ca lc ium ca rbona te ,  f e r r i c  hydroxide ,  and 
o t h e r  m a t e r i a l s )  a r e  common problems t h a t  may c o n t r i b u t e  t o  
f a i l u r e  of a w e l l .  Cor ros ion  may be minimized by i n s t a l l i n g  
c o r r o s i o n - r e s i s t a n t  s c reens  a s  d i s c u s s e d  above and can be re- 
duced by provid ing  c a t h o d i c  p r o t e c t i o n  i f  meta l  s c r e e n s  a r e  
used. Steam c l e a n i n g  i s  a n  e f f e c t i v e  p h y s i c a l  means t o  reduce 
c logging  and e n c r u s t a t i o n .  Chemical t r ea tmen t  t o  remove bac- 
t e r i o l o g i c a l  c logging  of moni tor ing  wells i s  e f f e c t i v e .  For 
example, a s t r o n g  c h l o r i n e  s o l u t i o n  i s  e f f e c t i v e  i n  c o n t r o l l i n g  
i r o n  b a c t e r i a .  Acid i s  e f f e c t i v e  i n  d i s s o l v i n g  p r e c i p i t a t e d  
i r o n  and manganese. However, use  of a c i d s  and o t h e r  chemica ls  
may have d i sadvan tages  such a s  masking moni tor ing  and t e s t i n g  
resu l t s .  Such p o t e n t i a l  d i sadvan tages  should be cons idered .  
When i r o n  b a c t e r i a  a r e  known t o  e x i s t ,  s c r e e n s  should be 
s e l e c t e d  t h a t  can wi ths tand  r epea ted  chemical t r ea tmen t s .  
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Any method proposed a s  a means of c l e a n i n g  should be cons idered  
c a r e f u l l y  a s  a p o t e n t i a l  sou rce  of i n f l u e n t  i n t o  t h e  d ra inage  
system. Steam c lean ing  may o f f e r  an advantage i n  t h i s  regard .  

D r i s c o l l  (1986) p rov ides  a d d i t i o n a l  guidance on w e l l  mainte- 
nance. A l l  p r a c t i c e s  proposed f o r  we l l  maintenance should be 
shown t o  have no l a s t i n g  adverse  e f f e c t s  on moni tor ing  c a p a b i l i -  
t i e s  of t h e  wel l .  

2.6.2.3.3 Sampling and Observa t ions  

C r i t e r i a  a r e  not  provided h e r e i n  on r o u t i n e  sampling and obser- 
va t ions .  Acceptable methods of water sampling and sample hand- 
l i n g  and p r e s e r v a t i o n  procedures  a r e  conta ined  i n  documents by 
t h e  American P u b l i c  Heal th  Assoc ia t ion  (APHA 1980) and t h e  US 
Environmental P r o t e c t i o n  Agency (USEPA 1979 a and b)  and Tech- 
n iques  of Water Resources I n v e s t i g a t i o n  of t h e  United S t a t e s  
Geologica l  Survey (Brown, Skougstad, and Fishman 1970).  These 
procedures  should be cons ide red  when developing moni tor ing  
p l ans .  

2.6.2.4 S t r u c t u r e  Monitoring 

A s  p rev ious ly  s t a t e d  i n  S e c t i o n  2.6.2.1, t h e  scope, e x t e n t ,  and 
d u r a t i o n  of moni tor ing  of t h i s  t y p e  should be based on t h e  
resul ts  of t e c h n i c a l  a n a l y s e s ,  t h e  resu l t s  of i n i t i a l  moni tor ing  
e f f o r t s ,  and on i t s  importance i n  demonst ra t ing  f u l f i l l m e n t  of 
10 CFR P a r t  61  Subpar t  C Performance Ob jec t ives .  S a t i s f a c t o r y  
short-term r e s u l t s  have been achieved wi th  t h e  t y p e s  of i n s t r u -  
ments d i scussed  i n  t h e  fo l lowing  paragraphs ;  however, s p e c i f i c  
a p p l i c a t i o n s ,  l o c a t i o n s ,  or gage s i z e  may d i c t a t e  u se  of one 
over  t h e  o t h e r .  No known moni tor ing  dev ices  o r  i n s t rumen t s  can 
be expected t o  l a s t  i n d e f i n i t e l y .  The re fo re ,  t h e  p o t e n t i a l  
consequences of f a i l u r e ,  rep lacement ,  o r  abandonment must be 
cons ide red  i n  p lanning  t h e  program. 

2.6.2.4.1 S t r a i n s  

S t r a i n  measurements are  cons ide red  t o  be e s s e n t i a l  and should be 
made i n  a bunker to assess t h e  s t r e s s e s  t h a t  develop i n  co r re -  
sponding p a r t s  of t h e  s t r u c t u r e .  S e v e r a l  t ypes  of gages ,  e.g. 
Car l son  s t r a i n  meters, v i b r a t i n g  w i r e  s t r a i n  gages,  and Car l son  
R-C ( r e i n f o r c e d  c o n c r e t e )  meters can be used t o  make r e l a t i v e l y  
long-term s t r a i n  measurements i n  c o n c r e t e  o r  re inforcement .  
Short-term measurements can be made wi th  va r ious  embedment 
gages ,  e.g., A i l t e c h  embedable s t r a i n  gages and s t ra in-gaged  
r eba r s .  The Car l son  s t r a i n  meter and t h e  v i b r a t i n g  wire s t r a i n  
meter have s e n s i t i v i t i e s  of 1.5 to 3.6 and 1 micron s t r a i n s ,  
r e s p e c t i v e l y .  The a p p l i c a n t  should provide  t h e  b a s i s  f o r  
s e l e c t i o n  of gage types .  
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2.6.2.4.2 S t r e s s  

S t r e s s  measurements a r e  cons idered  o p t i o n a l ,  b u t  i f  t hey  a r e  
used, they  should be made i n  c o n c r e t e  o r  re inforcement  i n  a 
bunker t o  de te rmine  t h e  f i n a l  equ i l ib r ium c o n d i t i o n s  and t h e i r  
i n t e r a c t i o n s .  R e l a t i v e l y  long-term s t r e s s  measurements should 
be made wi th  Car l son  stress meters whi le  short-term measurements 
can be made wi th  s t ra in-gaged  diaphragm stress meters. Sensi-  
t i v i t y  of t h e  Car l son  stress meter i s  3 t o  10 p s i ,  depending on 
t h e  gage s e l e c t e d .  

2.6.2.4.3 D e f l e c t i o n s  

D e f l e c t i o n  measurements of a c o n c r e t e  s t r u c t u r e  a r e  cons idered  
t o  be o p t i o n a l ,  bu t  i f  used, t hey  should b e  made t o  determine 
t h e  load  deformation c h a r a c t e r i s t i c s .  Two g e n e r a l  methods 
a v a i l a b l e  inc lude :  (1) i n t e r n a l  measurements through observa- 
t i o n  of a plumbline and ( 2 )  e x t e r n a l  measurements through obser- 
v a t i o n s  by g e o d e t i c  t r i a n g u l a t i o n  on e x t e r n a l  t a r g e t s  a t t a c h e d  
t o  t h e  s t r u c t u r e .  

D e f l e c t i o n s  of t h e  v a u l t  roof should be measured t o  v e r i f y  i t s  
s t r u c t u r a l  i n t e g r i t y .  Cr i te r ia  governing a l lowab le  d e f l e c t i o n s  
are  provided i n  Ch. 9, Table  9.5.a of A C I  349-85. F u r t h e r  
guidance i s  g iven  i n  S e c t i o n  2.6.2.7 of t h i s  r e p o r t .  

To determine roof d e f l e c t i o n s ,  a s imple  and r e l i a b l e  dev ice  of 
s u i t a b l e  d u r a b i l i t y  f o r  long-term moni tor ing  i s  needed. A 
s ing le -po in t  rod extensometer would be accep tab le .  An extenso- 
meter c o n s i s t s  of a rod connected t o  an anchor o r  p l a t e  t h a t  i s  
s e c u r e l y  a t t a c h e d  t o  t h e  v a u l t  roo f .  The rod ex tends  t o  a r e -  
f e rence  head a t  t h e  ground s u r f a c e  t h a t  i s  anchored by g rou t ing .  
The rod must be p laced  i n  a p r o t e c t i v e  c a s i n g  t o  p reven t  f r i c -  
t i o n a l  r e s i s t a n c e  t o  movement by t h e  sur rounding  s o i l  m a t e r i a l .  
Measurements of t h e  r o d ' s  p o s i t i o n  r e l a t i v e  t o  t h e  r e f e r e n c e  
head can be  made manually by d i a l  gauge o r  depth  micrometer o r  
remotely by an e l e c t r i c a l  t r a n s d u c e r  o r  son ic  probe. S e v e r a l  
i n s t rumen t s  should be i n s t a l l e d  t o  monitor p o i n t s  on t h e  v a u l t  
roof cor responding  t o  t h e  c e n t e r s  of main spans. 

The e l e v a t i o n s  of t h e  r e f e r e n c e  heads should be determined so 
t h a t  any s e t t l e m e n t  of t h e  ground cover i s  d i s t i n g u i s h a b l e  from 
roof d e f l e c t i o n s .  Th i s  can be accomplished by surveying  t o  a 
v e r t i c a l  p r e c i s i o n  of 0.1 i n . ,  which can be done wi th  a 1-sec. 
v e r t i c a l  ang le  reading  t h e o d o l i t e  from a remote p o s i t i o n  l o c a t e d  
on s t a b l e  ground. The use of a " T o t a l  S t a t i o n "  i n c o r p o r a t i n g  
both  t h e  above t h e o d o l i t e  and an e l e c t r o n i c  d i s t a n c e  measuring 
in s t rumen t  a c c u r a t e  t o  b e t t e r  than  +5mm + 5ppm i s  d e s i r a b l e .  
Measurement s t a t i o n s  should c o n s i s t  of conc re t e  p i l l a r s  o r  s tee l  
p i p e s  embedded i n  conc re t e  i n  t h e  ground. Ta rge t s  should be 
s i m i l a r l y  embedded. 
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2.6.2.4.4 S e t t l e m e n t s  

Se t t l emen t  of t h e  v a u l t  foundat ion  and tumulus p o r t i o n  i s  
cons ide red  very e s s e n t i a l  and should be  monitored t o  detect  any 
p o t e n t i a l l y  unsafe  c o n d i t i o n s  be fo re  s t r u c t u r a l  d i s t r e s s  
occurs.  
c o n s t r u c t i o n  and waste d i s p o s a l  o p e r a t i o n s .  
r e c o r d s  should c l e a r l y  r eco rd  t h e  s t a t u s  of a p p l i e d  l o a d i n g  f o r  
f u t u r e  c o r r e l a t i o n  and e v a l u a t i o n  of s e t t l e m e n t  r eco rds .  

Monitoring should be conducted both  du r ing  and a f t e r  
The moni tor ing  

C r i t e r i a  governing a l lowable  t o t a l  and d i f f e r e n t i a l  s e t t l e m e n t s  
should be e s t a b l i s h e d  based on d e s i g n  assumptions and a l lowab le  
l i m i t s .  Sowers (1979) g i v e s  examples of a l lowable  s e t t l e m e n t s  
f o r  va r ious  s t r u c t u r e s .  For example, t h e  maximum a l lowab le  
d i f f e r e n t i a l  s e t t l e m e n t  f o r  a r e in fo rced -conc re t e  b u i l d i n g  frame 
i s  0.0025 t o  O.O04L, where L i s  t h e  d i s t a n c e  between 2 p o i n t s  
t h a t  a r e  s e t t l i n g  d i f f e r e n t l y .  

An o p t i o n a l  s e t t l e m e n t  p r o f i l e  of t h e  i n  s i t u  s o i l  could be 
ob ta ined  du r ing  c o n s t r u c t i o n  us ing  h o r i z o n t a l  i n c l i n o m e t e r s .  
The inc l inomete r  c a s i n g  should be i n s t a l l e d  h o r i z o n t a l l y  i n  t h e  
s o i l  p r i o r  t o  c o n s t r u c t i o n .  The senso r  i s  p u l l e d  through t h e  
c a s i n g  by means of a cab le .  
from t h e  h o r i z o n t a l  a r e  taken  a t  s u c c e s s i v e  i n t e r v a l s  a long  t h e  
l e n g t h  of t h e  cas ing .  The v e r t i c a l  s e t t l e m e n t  i s  computed from 
t h e  s i n e  of t h e  measured angle.  

Measurements of angu la r  deformat ion  

P o s s i b l e  l i m i t a t i o n s  of t h i s  system a r e  t h a t  bending of t h e  
c a s i n g  may render  i t  unusable i f  t h e  senso r  can no l o n g e r  pas s  
through it. The system a l s o  has  a l i m i t e d  l e n g t h  s i n c e  t h e  
t o t a l  s e t t l e m e n t  of an i n t e r v a l  i s  ob ta ined  by summation of t h e  
s e t t l e m e n t s  of t h e  preceding  i n t e r v a l s .  
need t o  be a l igned  a c r o s s  t h e  width of t h e  v a u l t .  F i n a l l y ,  t h e  
system may n o t  prove f e a s i b l e  f o r  long-term moni tor ing  s i n c e  it 
may no t  be d e s i r a b l e  t o  ma in ta in  a c c e s s  t o  t h e  open end of t h e  
cas ing .  It would, n e v e r t h e l e s s ,  g i v e  v a l u a b l e  in fo rma t ion  on 
s e t t l e m e n t s  beneath t h e  v a u l t  f o r  t h e  pe r iod  of time when most 
s e t t l e m e n t s  a r e  expected t o  occur.  

The p r o f i l e  l i n e s  may 

The s e t t l e m e n t  of t h e  underdra inage  b l a n k e t ,  and t h o s e  p o r t i o n s  
of t h e  i n  s i t u  s o i l  no t  covered by t h e  p r o f i l e  l i n e s ,  may be 
ob ta ined ,  i f  d e s i r e d ,  u s ing  s e t t l e m e n t  probes. These d e v i c e s  
may a l s o  be used f o r  long-term moni tor ing  s i n c e  i t s  l i f e  i s  only  
dependent on t h e  d u r a b i l i t y  of t h e  cas ing .  

Th i s  measurement system e s s e n t i a l l y  c o n s i s t s  of  a measuring 
probe and p l a s t i c  w e l l  c a s i n g  wi th  t e l e s c o p i n g  coup l ings .  
Measurement s t a t i o n s  should be e s t a b l i s h e d  around t h e  pe r iphe ry  
of t h e  v a u l t  such t h a t  t h e  c a s i n g  may be i n s t a l l e d  a s  c l o s e  a s  
p r a c t i c a b l e  t o  t h e  wa l l s .  The probe can e i t h e r  be a mechanical 
device  t h a t  l a t c h e s  t o  t h e  bottom of each s e c t i o n  of c a s i n g  or 
an e l e c t r i c a l  dev ice  t h a t  s enses  t h e  p o s i t i o n  of me ta l  r i n g s  
a t t a c h e d  t o  t h e  cas ing .  E l e v a t i o n s  a r e  determined by a 
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graduated  t a p e  or cable .  The e l e v a t i o n s  of t h e  c a s i n g  tops  may 
be determined by surveying  i n  t h e  same manner a s  d i scussed  f o r  
d e f l e c t i o n  monitoring. 

2.6.2.4.5 J o i n t s  

Con t rac t ion  j o i n t s  i n  conc re t e  s t r u c t u r e s  open and c l o s e  with 
dec reas ing  and i n c r e a s i n g  tempera ture  and it i s  cons idered  
e s s e n t i a l  t h a t  t h i s  movement be monitored wi th  s t r a t e g i c a l l y  
p laced  meters or gages. Opening and c l o s i n g  of j o i n t s  could  
p o t e n t i a l l y  l e a d  t o  seepage of f l u i d s  i n t o  t h e  s t r u c t u r e  and 
even tua l  escape  of r a d i o a c t i v e  waste c o n s t i t u e n t s  i n t o  t h e  
sur rounding  s o i l .  J o i n t s  can be monitored e l e c t r i c a l l y  wi th  
Car l son  j o i n t  meters. Meters can be i n s t a l l e d  t h a t  w i l l  measure 
j o i n t  openings t o  0.4 i n .  wide. The leas t  r ead ing  of t h e  j o i n t  
meters v a r i e s  from 0.0002 i n .  t o  0.001 i n .  depending upon t h e  
j o i n t  meter s e l e c t e d .  

2.6.2.4.6 Pore P r e s s u r e s  

The o p t i o n a l  measurement of pore  p r e s s u r e  could provide  more 
informat ion  as t o  t h e  s t a b i l i t y  of a bunker as i t  i s  a f f e c t e d  by 
water pressure i n  the  foundat ion  mater ia l  and i n  t he  p o r e s  and 
j o i n t s  of t h e  c o n c r e t e ,  I n  measuring t h e  pore p r e s s u r e  i n  t h e  
c o n c r e t e ,  a dev ice  should be used which r e q u i r e s  p r a c t i c a l l y  no 
flow of water.  A device  which has  been found s u i t a b l e  f o r  mea- 
s u r i n g  pore  p r e s s u r e s  i n  conc re t e  i s  t h e  Car l son  pore p r e s s u r e  
ce l l .  T h i s  c e l l  i s  s i m i l a r  t o  t h e  Car l son  stress meter except  
t h a t  t h e  water under p r e s s u r e  f i l t e r s  through a porous s t o n e  and 
d e f l e c t s  t h e  e l a s t i c  diaphragm whose movement i s  measured elec- 
t r i c a l l y .  Th i s  dev ice  can a l s o  be used i n  founda t ions  where 
l eakage  i s  expected t o  be smal l .  The Car l son  pore  p r e s s u r e  c e l l  
has  a s e n s i t i v i t y  of 0.1 t o  0.8 p s i  depending on t h e  gage 
s e l e c t e d .  These gages have performed con t inuous ly  f o r  10 y e a r s  
a t  one Corps of Engineers  p r o j e c t  s i t e .  

2.6.2.5 Data A c q u i s i t i o n  Systems 

Most e l e c t r o n i c  s e n s o r s  and gages can be monitored wi th  p o r t a b l e  
ins t ruments .  Frequency of measurements should be  determined by 
t h e  q u a n t i t y  of d a t a  r e q u i r e d  t o  e s t a b l i s h  an e f f e c t i v e  d a t a  
base  and by t h e  e s t ima ted  consequences of p o t e n t i a l  changes 
between r ead ings .  A more regimented c o l l e c t i o n  of d a t a  can be 
accomplished wi th  a remote microprocessor  based d a t a  a c q u i s i t i o n  
s y s t e m  scheduled f o r  s p e c i f i e d  c o l l e c t i o n  t i m e s .  A remote sys- 
t e m  can be  b a t t e r y  powered wi th  s o l a r  pane l  cha rg ing  systems. 
Opt iona l  methods of d a t a  t r ansmiss ion  are: (1) t e lephone  l i n e s  
v i a  modem: and ( 2 )  telemetry v i a  GOES s a t e l l i t e .  

2.6.2.6 S p e c i a l  Cons ide ra t ions  and Requirements f o r  Meters Embedded i n  
Concrete 
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2.6.2.6.1 Inhomogeneity of Concrete 

Concrete i s  a heterogeneous subs t ance  c o n s i s t i n g  of aggrega te s  
of v a r i o u s  s i z e s  and of va r ious  t y p e s ,  hardened cement  p a s t e ,  
vo ids ,  and water  i n  d i f f e r e n t  s t a t e s  of chemical and p h y s i c a l  
bonding. 
ex t remely .  I n  such a m a t e r i a l ,  any s t r a i n  meter i n s t a l l e d  
should have a l e n g t h  a t  l e a s t  two t o  t h r e e  times t h e  maximum 
aggrega te  dimension. 
s e c t i o n a l  d i ame te r  of t h r e e  t o  f o u r  t imes  t h e  maximum aggrega te  
dimension. 

Local s t r a i n s  and s t r e s s e s  can and w i l l  v a ry  

S t r e s s  meters  should have a c r o s s -  

2.6.2.6.2 Shrinkage and Swel l ing  

The range  of t h e  embedded meter must be l a r g e  enough t o  a l low 
measurement of s t r a i n s  or s t r e s s e s  due t o  sh r inkage  and s w e l l i n g  
as we l l  as those  due t o  loads .  Measures must  be taken  t o  
f a c i l i t a t e  t h e  s e p a r a t i o n  of  t h e  two t y p e s  of s t r a i n s  or 
s t r e s s e s .  

2.6.2.6.3 Temper a t  u r  e 

Meters embedded i n  any s t r u c t u r e  should remain ope rab le  d u r i n g  
and a f t e r  exposure t o  t h e  maximum c r e d i b l e  a n t i c i p a t e d  tempera- 
t u r e  range. 

2.6.2.6.4 Moisture and Corros ion  

The meters  and wi r ing  must  be una f fec t ed  by wa te r ,  which may be 
under f a i r l y  h igh  p r e s s u r e s  and c o n t a i n  v a r i o u s  a g g r e s s i v e  
agen t s .  

2.6.2.6.5 Measuring Range and Reso lu t ion  

I n  g e n e r a l ,  a t o t a l  s t r a i n  range of t500 t o  -1,000 m i c r o s t r a i n s  
or a s t r e s s  range of t600 t o  about -3,000 p s i  i s  u s u a l l y  s a t i s -  
f a c t o r y .  The r e s o l u t i o n  and accuracy of m e t e r s  should pre- 
f e r a b l y  s t a y  wi th in  a range  of  on ly  a few m i c r o s t r a i n s  or p s i .  

2.6.2.6.6 Placement and O r i e n t a t i o n  

The p o s i t i o n  and o r i e n t a t i o n  of  t h e  meter w i t h i n  t h e  c o n c r e t e  
body must be p r e c i s e l y  known. 
s h i f t  o r  t i l t i n g  of t h e  meter du r ing  t h e  placement and conso l i -  
d a t i o n  of t h e  c o n c r e t e  i s  impor tan t .  Meters and w i r e  connec- 
t i o n s  must be rugged enough t o  s a f e l y  wi ths tand  t h e  rough place- 
ment and compaction procedures.  
i n s t r u m e n t a t i o n  c a b l e  bundles  through any p o r t i o n  of t h e  con- 
crete  v a u l t  should be f i m l y  anchored and made wa te r - t i gh t  by 
some means such a s  expans ive  p o r t l a n d  cement g r o u t s  or epoxy 
g r o u t s  . 

There fo re ,  p reven t ion  of any 

Conduct for t h e  passage  of 
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2.6.2.6.7 Long-Term S t a b i l i t y  and R e l i a b i l i t y  

One of t h e  g r e a t e s t  problems wi th  embedded meters i s  t h a t  of 
ensu r ing  t h e i r  long-term s t a b i l i t y  t o  o b t a i n  r e l i a b l e  and ac- 
c u r a t e  o b s e r v a t i o n s  over l ong  p e r i o d s  of t i m e .  The main t h r e a t s  
t o  t h e  r e l i a b i l i t y  of meters  a r e  moi s tu re  e f f e c t s ,  c o r r o s i o n ,  
and c r e e p  o r  volume change w i t h i n  some p a r t s  of t h e  meter it- 
s e l f .  Meters should be s e l e c t e d  t h a t  have a p a s t  h i s t o r y  of 
s a t i s f a c t o r y  long-term use  i n  c o n c r e t e  s t r u c t u r e s .  

2.6.2.7 Limi t ing  Values of Monitored Parameters 

L imi t ing  v a l u e s  should be e s t a b l i s h e d  f o r  t hose  parameters re- 
l a t e d  t o  v e r i f i c a t i o n  of  s t r u c t u r a l  des ign  assumptions,  a s s e s s -  
ment of performance, a s su rance  of s a f e t y ,  and s a t i s f a c t i o n  of 
t h e  Performance Ob jec t ives  of Subpar t  C of 10 CFR P a r t  61. 
These l i m i t i n g  va lues  o r  a c t i o n  l e v e l s  should be determined and 
e s t a b l i s h e d  us ing  a p p r o p r i a t e  r e g u l a t i o n s ,  codes ,  s t a n d a r d s ,  and 
accepted  eng inee r ing  p r a c t i c e .  
v e r i f i c a t i o n  of s t r u c t u r a l  d e s i g n  assumptions and assessment of 
s t r u c t u r a l  performance i n c l u d e  l o a d s ,  s t r e s s e s ,  deformat ions ,  
and s t r a i n s  exper ienced  by t h e  s t r u c t u r e ,  sys tems,  and compo- 
n e n t s  and t h e  founda t ion ,  b a c k f i l l ,  and cover  system. Limi t ing  
va lues  r e q u i r e d  f o r  t h e  assessment of s t r u c t u r a l  performance in- 
c lude  t h e  amount and q u a l i t y  of t h e  water flows and l e v e l s  i n  
d r a i n  sump and monitoring wells, ground-water l e v e l s ,  and s o i l  
mo i s tu re  c o n t e n t s .  L imi t ing  va lues  r e q u i r e d  for v e r i f i c a t i o n  of  
s t r u c t u r a l  des ign  assumptions and assessment of s t r u c t u r a l  per- 
formance a r e  recommended i n  t h e  fo l lowing  paragraphs.  These 
l i m i t i n g  va lues  do not  n e c e s s a r i l y  i n d i c a t e  f a i l u r e .  Ra the r ,  
t hey  a r e  v a l u e s  t h a t  should i n d i c a t e  a need f o r  decision-making 
and response.  Appropr ia te  r e sponses  may i n c l u d e  no a c t i o n ,  i n -  
c r eased  moni tor ing ,  or remedia l  a c t i o n s ,  

L imi t ing  v a l u e s  r e q u i r e d  f o r  

2.6.2.7.1 L i m i t s  on S t r u c t u r a l  D e f l e c t i o n s  

Cont ro l  of d e f l e c t i o n s  of r e i n f o r c e d  c o n c r e t e  s t r u c t u r e s  a r e  
s p e c i f i e d  by A C I  349-85, S e c t i o n  9.5. Maximum p e r m i s s i b l e  
d e f l e c t i o n s  f o r  t y p i c a l  r e i n f o r c e d  c o n c r e t e  members a r e  l i s t e d  
i n  Table  9 .5 (a )  of t h e  A C I  p u b l i c a t i o n .  Guidance i s  a l s o  pro- 
vided i n  t h e  code and cor responding  s e c t i o n s  of t h e  commentary 
f o r  c a l c u l a t i n g  and c o n t r o l l i n g  d e f l e c t i o n s .  The l i m i t s  i n  
A C I  349-85 should be t h e  b a s i s  f o r  e s t a b l i s h i n g  t h e  l i m i t i n g  
va lues  of s t r u c t u r a l  d e f l e c t i o n s .  

The a c t u a l  d e f l e c t i o n s  i n  t h e  s t r u c t u r e  should be monitored t o  
de te rmine  i f  any member o r  component i s  approaching t h e  de f l ec -  
t i o n  l i m i t .  Where t h e  l i m i t i n g  d e f l e c t i o n s  based on A C I  349-85 
would produce s t r a i n s  g r e a t e r  t han  0.002 i n / i n .  f o r  conc re t e  o r  
0.0015 i n / i n .  f o r  s tee l ,  t h e  d e f l e c t i o n s  t h a t  correspond t o  
t h e s e  s t r a i n s  should be used f o r  monitoring. 
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I f  t h e  a c t u a l  measured d e f l e c t i o n  or s t r a i n  approaches t h e  
l i m i t i n g  va lue ,  t hen  remedial  a c t i o n  must be cons ide red  such a s  
removing or reducing  l o a d s  or s t r e n g t h e n i n g  t h e  s t r u c t u r e .  The 
member can be s t r eng thened  by t h e  a d d i t i o n  of more re inforcement  
and conc re t e  or by pumping g rou t  under s e c t i o n s  t h a t  might need 
a d d i t i o n a l  suppor t .  

2.6.2.7.2 L i m i t s  of S t r a i n  f o r  Reinforced  Concrete and S t e e l  Re in fo rc ing  

The l i m i t i n g  va lues  f o r  s t r a i n  should be t h e  v a l u e s  a s s o c i a t e d  
wi th  t h e  l i m i t i n g  d e f l e c t i o n s .  
element (beam, s l a b ,  w a l l )  can be ob ta ined  by (1) c a l c u l a t i n g  
t h e  stress a s s o c i a t e d  wi th  t h e  l i m i t i n g  d e f l e c t i o n ,  and 
( 2 )  us ing  t h e  e l a s t i c  s t r e s s - s t r a i n  r e l a t i o n s h i p .  
u s a b l e  s t r a i n  f o r  conc re t e  i s  assumed t o  be 0.003 i d i n .  and t h e  
y i e l d  s t r a i n  f o r  s t e e l  i s  assumed t o  be 0,002 i d i n .  

The l i m i t i n g  s t r a i n  f o r  each 

The maximum 

The l i m i t i n g  s t r a i n  va lues  w i l l  vary accord ing  t o  t h e  span, 
modulus of e l a s t i c i t y ,  moment of i n e r t i a ,  suppor t  c o n d i t i o n s ,  
and t h e  maximum p e r m i s s i b l e  d e f l e c t i o n .  However, i f  t h e  s t r a i n s  
so c a l c u l a t e d  exceed 2/3 of t h e  maximum usab le  s t r a i n  f o r  con- 
c r e t e ,  i .e. 0.002 i d i n . ,  or 3/4 of t h e  y i e l d  s t r a i n  f o r  s t e e l ,  
i .e. 0.0015 i d i n . ,  t hen  t h e  l a t t e r  va lues  should be used f o r  
moni tor ing ,  A t a b l e  of l i m i t i n g  s t r a i n  va lues  and t h e i r  loca-  
t i o n s  should be prepared  f o r  r e f e r e n c e  when e s t a b l i s h i n g  moni- 
t o r i n g  requirements.  

2.6.2.7.3 L i m i t s  f o r  S t r u c t u r a l  Loads 

S t r u c t u r a l  l o a d s  and stresses a r e  d i scussed  i n  S e c t i o n  2.2 
" S t r u c t u r a l  Design and Analys is . "  S e c t i o n  2.1.2.3 of t h i s  re- 
p o r t  s p e c i f i e s  l oad  combinations t o  be used f o r  c a l c u l a t i o n  of 
r e q u i r e d  s t r e n g t h s  t o  resist  a n t i c i p a t e d  loads .  
S e c t i o n s  9.3 and 9.4 provide  guidance on s t r e n g t h  des ign .  
measured l o a d s  exceed t h e  un fac to red  l o a d s  used t o  c a l c u l a t e  re- 
qu i r ed  s t r e n g t h s  us ing  t h e  a p p r o p r i a t e  s t r e n g t h  r e d u c t i o n  fac-  
t o r ,  then  the  measured loads should be cons idered  excess ive .  
That i s ,  i f  L measured i s  g r e a t e r  than  L Design, o r  D measured 
i s  g r e a t e r  t han  D Design, t h e  measured l o a d s  a r e  e x c e s s i v e  and 
a p p r o p r i a t e  response must  be cons ide red ,  a s  d i scussed  i n  S e c t i o n  
2.6.2.7. 

A C I  349-85, 
I f  

2.6.2.7.4 L i m i t s  f o r  S o i l  Deformations and S t r a i n s  

No s t anda rds  or  codes e x i s t  f o r  de te rmining  a l lowab le  deforma- 
t i o n s  of s o i l  masses. However, guidance has  been developed for 
most common forms of problems, such a s  t o l e r a b l e  t o t a l  and d i f -  
f e r e n t i a l  s e t t l e m e n t s  f o r  d i f f e r e n t  c l a s s e s  of b u i l d i n g s  and 
o t h e r  s t r u c t u r e s .  E x i s t i n g  g u i d e l i n e s  a r e  based p r i m a r i l y  on 
o b s e r v a t i o n s  of f u l l - s c a l e  s t r u c t u r e s  s u b j e c t e d  t o  c o n s t r u c t i o n ,  
o p e r a t i o n ,  and normal s e r v i c e  l o a d s .  
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2.6.2.7.4.1 Differential Settlements 
\ 

Department of the Navy NAVFAC DM-7, Chapter 6, Table 6-1 and 
Sowers (1979) list tolerable differential settlements for several 
types of structures, in terms of settlement profile slopes. For 
example, the maximum tolerable differential settlement of over- 
head crane rails is 0.003 radians. This value would correspond 
to a differential settlement of 3/4 in. in a 20-ft distance along 
the crane rail. These values should serve as guidance in 
establishing limiting values for differential settlement, but are 
not necessarily absolute limits. If calculated or measured set- 
tlements approach these values, the licensee should evaluate 
their effects on structural loads and stresses. Methods are 
available in design to reduce anticipated differential settle- 
ments and their effects. For example, a common method for 
reducing differential settlements is to use stiff mat foundations 
or  to accelerate consolidation rates prior to construction. To 
reduce the effects of differential settlements, the structure may 
be designed in some cases to accommodate the large expected 
movements. 

2.6.2.7.4.2 Total Settlements 

Uniform settlement of a structure, even if relatively large, sel- 
dom causes damage to a structure. Rather, differential settle- 
ments are the primary cause of damage. Total settlements are 
normally limited to ensure that differential settlements are kept 
small. However, very large (greater than 3 to 4 in.) total set- 
tlements could cause damage to the structure, especially where 
drain lines or  access openings occur. Such large settlements 
could also cause cracking and subsidence of the low-permeability 
cover over the waste, and partial or  complete loss of effective- 
ness of the drainage layer. Therefore, large total settlements 
should be avoided. 
a variety of methods, such as surcharging soft soil deposits 
prior to construction, compacting such deposits, and removal of 
unsuitable soils and replacement with better quality and compe- 
tent soils. Earth-mounded concrete structures, by their very na- 
ture, take advantage of one commonly used method to reduce total 
settlements. That is, the structure and its contents would have 
approximately the same mass as the excavated s o i l  volume. The 
additional foundation loads are quite small, which should result 
in small settlements. 

Foundation settlements can be reduced through 

Total and differential settlements of the EMCB can be controlled 
and minimized by careful selection, placement, and compaction of 
the fill, drainage, and cover layers, as discussed in Sections 
2.7 and 2.8. 

Guidance for establishing limiting values f o r  total and differen- 
tial settlements may be found in several soil mechanics text- 
books, e.g. Peck, Hansen, and Thornburn, (1974); Terzaghi and 
Peck, (1967); Lamb & Whitman, (1969); Winterkorn and Fang (1975); 
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and Sowers, (1979) ,  a s  w e l l  a s  i n  NAVFAC DM-7, and Army Engineer 
Manual EM-1110-2-1904, ( Jan  1953).  

2.6.2.7.4.3 L a t e r a l  Deformations 

L a t e r a l  deformat ions  i n  s o i l  masses occur when conf in ing  or  
a p p l i e d  p r e s s u r e s  change, Excavation for v a u l t  c o n s t r u c t i o n ,  
s t o c k p i l i n g  excavated s o i l  near t h e  excava t ion  or a completed 
v a u l t ,  and b a c k f i l l  compaction a r e  t h e  primary mechanisms t h a t  
would cause l a t e r a l  deformation. L a t e r a l  deformat ions  may have 
b e n e f i c i a l  a s  well a s  u n d e s i r a b l e  e f f e c t s .  As b a c k f i l l  i s  p laced  
and compacted the  v a u l t  w a l l s  may d e f l e c t  s l i g h t l y  inward. The 
b a c k f i l l  moves wi th  t h e  w a l l ,  s o i l  shea r  s t r e n g t h  i s  mobi l ized ,  
and l a t e r a l  e a r t h  p r e s s u r e s  dec rease  a s  a b e n e f i c i a l  r e s u l t .  
Undes i rab le  e f f e c t s  might i n c l u d e  l a t e r a l  deformat ions  of t h e  
n a t u r a l  s o i l  of t h e  excavat ion  w a l l s  t h a t  r e s u l t  i n  s e t t l e m e n t s  
of t h e  ground s u r f a c e  a d j a c e n t  t o  t h e  excavat ion .  I f  p roper  
d e s i g n  and c o n s t r u c t i o n  procedures a r e  fo l lowed,  l a t e r a l  deforma- 
t i o n s  a r e  not  expected t o  cause  problems. S ince  t h e  main cause  
of concern would be s o i l  s e t t l e m e n t  over completed u n i t s  a d j a c e n t  
t o  excava t ions  f o r  new u n i t s ,  l i m i t s  on s e t t l e m e n t  a r e  more 
a p p r o p r i a t e  and should be used. 

2.6.2.7.5 L i m i t s  f o r  S o i l  Loads and S t r e s s  

Recommended l i m i t i n g  va lues  of l o a d s  on founda t ions  a r e  t h e  l o a d s  
t h a t  cause s t r e s s e s  a t  t h e  founda t ion  l e v e l  or a t  t h e  l e v e l  of 
any weaker under ly ing  s t r a t a  t o  equa l  o r  exceed s a f e  b e a r i n g  
stresses of t h e  r e s p e c t i v e  s o i l  l a y e r s .  Allowable or s a f e  bear- 
i n g  p r e s s u r e s  may be computed fo l lowing  procedures desc r ibed  i n  
any s t anda rd  s o i l  mechanics t ex tbook ,  e.g. ,  Terzaghi  & Peck 
(1967).  Recommended l i m i t i n g  va lues  of s o i l  l o a d s  on s t r u c t u r a l  
members a r e  d i scussed  i n  S e c t i o n  2.6.2.7.3. 

2.6.2.8 Remedial Action P lan  

A remedia l  a c t i o n  p l an  should be prepared  t h a t  l i s t s  those 
parameters r e l a t e d  t o  s a f e t y  and s a t i s f a c t i o n  of t h e  1 0  CFR P a r t  
61 Subpar t  C Performance Ob jec t ives  and those  r e q u i r e d  t o  v e r i f y  
des ign  assumptions,  t h e  r e s p e c t i v e  l i m i t i n g  va lues  or a c t i o n  
l e v e l s ,  and a p p r o p r i a t e  responses  t o  be taken  i f  t h e s e  va lues  a r e  
exceeded. The t i m e  r e q u i r e d  or  allowed f o r  necessa ry  responses  
should also be e s t a b l i s h e d  and l i s t e d .  Appropr ia te  responses  may 
i n c l u d e  no a c t i o n ,  i nc reased  moni tor ing ,  o r  completion of reme- 
d i a l  a c t i o n s .  These responses  should be e x p l i c i t l y  i d e n t i f i e d  
and j u s t i f i e d  . 

2.6.2.9 P e r i o d i c  I n s p e c t i o n s  

P e r i o d i c  o n s i t e  i n s p e c t i o n s  should be made du r ing  t h e  cons t ruc-  
t i o n  and o p e r a t i o n s  pe r iod ,  c l o s u r e  p e r i o d ,  obse rva t ion  and 
s u r v e i l l a n c e  per iod  and i n t o  t h e  a c t i v e  i n s t i t u t i o n a l  c o n t r o l  
period. The p e r i o d i c  i n s p e c t i o n s  should be made by 
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r e p r e s e n t a t i v e s  of t h e  l i c e n s e e  and r e p r e s e n t a t i v e s  of t h e  
l i c e n s i n g  a u t h o r i t y .  

The o b j e c t i v e s  of such i n s p e c t i o n s  should be t o  v e r i f y  des ign  
assumptions and s a t i s f a c t o r y  performance and t o  determine i f  any 
unsafe  c o n d i t i o n s  e x i s t .  The i n i t i a l  i n s p e c t i o n  should be made 
soon a f t e r  c o n s t r u c t i o n  of a u n i t  i s  complete and be fo re  waste 
placement o p e r a t i o n s  begin.  Subsequent i n s p e c t i o n s  should be 
made a t  reasonable  f r equenc ie s  t o  be e s t a b l i s h e d  based on f ind-  
i n g s  of prev ious  i n s p e c t i o n s ,  and e v a l u a t i o n  of t h e  ins t rumenta-  
t i o n  and moni tor ing  program measurements. A l l  p e r i o d i c  inspec-  
t i o n s  should be f u l l y  documented, and a f i l e  of such documents 
should be  maintained. 

Documentation should i n c l u d e  d e s c r i p t i o n s  of t h e  c o n d i t i o n  of 
vege tRt ive  cove r ,  s u r f a c e  d ra inage  and e r o s i o n  c o n t r o l  f e a t u r e s ,  
t h e  waste cover system, d i s p o s a l  u n i t s ,  and a u x i l i a r y  f e a t u r e s .  
Any changes i n  c o n d i t i o n s  s i n c e  t h e  l a s t  i n s p e c t i o n  should be 
noted. Any unsafe  c o n s t r u c t i o n  o r  o p e r a t i n g  p r a c t i c e s  should be 
noted. 
e v a l u a t i o n  of i n s t r u m e n t a t i o n  and moni tor ing  d a t a ,  a s  w e l l  a s  
QA/QC r e p o r t s .  
t o  c o r r e c t  any d e f i c i e n c i e s  observed. 

Documentation should be  based on v i s u a l  i n s p e c t i o n  and 

Recommendations should addres s  a c t i o n s  r e q u i r e d  

These recommendations should be  v igo rous ly  enforced  t o  prevent  
minor d e f i c i e n c i e s  from worsening. A complete f i l e  of p e r i o d i c  
i n s p e c t i o n  r e p o r t s  s h a l l  be maintained by t h e  s i t e  o p e r a t o r  and 
l i c e n s i n g  a u t h o r i t y .  
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2.7 F i l t e r  and Drainage Systems 

Proper  d e s i g n  and c o n s t r u c t i o n  of t h e  waste cover  system should 
ensure  t h a t  i n f i l t r a t i o n  i s  minimized, a long  wi th  t h e  o t h e r  re- 
quirements s t a t e d  i n  S e c t i o n  2.8. However, i t  i s  r easonab le  tc, 
expec t  t h a t  some i n f i l t r a t i o n  of s u r f a c e  water  may occur.  
f o r e ,  a d ra inage  system should be provided t o  remove any water t h a t  
i n f i l t r a t e s  through t h e  cover  be fo re  i t  reaches  t h e  d isposed  waste 
packages. I n  a d d i t i o n ,  a f i l t e r  system i s  r e q u i r e d  t o  p reven t  ad- 
j a c e n t  f ine-gra ined  s o i l  p a r t i c l e s  i n  t h e  low-permeabili ty cover  
from migra t ing  i n t o  and c logging  t h e  r e l a t i v e l y  coarse-gra ined  
d ra inage  b l anke t .  

There- 

P rope r ly  designed and cons t ruc t ed  f i l t e r  and d ra inage  systems 
should be capab le  of provid ing  long-term s a t i s f a c t o r y  performance 
i n  minimizing t h e  c o n t a c t  of water wi th  waste packages. However, 
t o  perform a s  in t ended ,  t h e  f i l t e r  and d ra inage  system should  meet 
c e r t a i n  fundamental requirements.  These fundamental requi rements  
a r e  addressed i n  t h i s  s e c t i o n  through recommended g e n e r a l  and 
s p e c i f i c  des ign  review c r i t e r i a .  
p roper  s e l e c t i o n ,  g r a d a t i o n ,  placement, and compaction necessa ry  t o  
a c h i e v e  des ign  d ra inage  r a t e s  and volumes, p reven t  i n t e r n a l  e r o s i o n  
and p ip ing ,  and a l low f o r  c o l l e c t i o n  and removal of l i q u i d s .  

These recommendations addres s  

Impor tan t  c o n s i d e r a t i o n s  f o r  long-term performance a r e  d i scussed .  
Bas i c  components of t h e  f i l t e r  and d ra inage  system a r e  a l s o  
d i s c u s s e d ,  i n c l u d i n g  e x t e r n a l  and i n t e r n a l  components. The 
components of t h e  system t h a t  work t o  ensure  t h a t  performance 
o b j e c t i v e s  a r e  m e t  a r e  shown i n  F igu re  2.7.1 and i n c l u d e :  

a. Free-dra in ing  f i l l  around and above waste packages i n  t h e  
tumulus p o r t i o n  of t h e  EMCB, and below, i n ,  and a d j a c e n t  t o  t h e  
c o n c r e t e  bunkers,  

b. I n t e r n a l  d r a i n  and c o l l e c t o r  system, i n c l u d i n g  an e x t e r n a l ,  
monitored sump, 

c .  E x t e r i o r  d r a i n a g e  and c o l l e c t o r  system, i n c l u d i n g  t h e  
founda t ion  d ra inage  b l a n k e t ,  d r a i n  t r e n c h ,  d r a i n  p ipe ,  f i l t e r  
c l o t h ,  and a d r a i n a g e  zone. 

Monitoring of water l e v e l s  and flow r a t e s  i s  d i scussed  i n  S e c t i o n  
2.6. 

2.7.1 Genera l  Design Cr i te r ia  f o r  F i l t e r  and Drainage Systems 

a. Erosion and Pip ing  

F i l t e r  and d r a i n  systems and m a t e r i a l s  s h a l l  be s e l e c t e d ,  
des igned ,  and c o n s t r u c t e d  t o  p reven t  i n t e r n a l  e r o s i o n  and 
p ip ing  of a d j a c e n t  e r o d i b l e  m a t e r i a l s .  
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Figure 2 . 7 . 1 .  EMCB f i l t e r  and drainage system 



b. Pe rmeab i l i t y  and Drainage 

F i l t e r  and d r a i n  systems and m a t e r i a l s  s h a l l  be s e l e c t e d ,  
des igned ,  and c o n s t r u c t e d  t o  promote r a p i d  d r a i n a g e  of  any 
l i q u i d  t h a t  has i n f i l t r a t e d  o r  o the rwise  e n t e r e d  t h e  f i l t e r  and 
d ra inage  sys tem.  

C. C o l l e c t i o n ,  Monitoring, and Removal of Water 

F i l t e r  and d r a i n  systems and m a t e r i a l s  s h a l l  be s e l e c t e d ,  
des igned ,  and cons t ruc t ed  t o  allow c o l l e c t i o n ,  moni tor ing ,  and 
removal of l i q u i d  t h a t  has i n f i l t r a t e d  through t h e  cove r ,  o r  
t h a t  has condensed o r  o therwise  e n t e r e d  the  f i l t e r  and d r a i n  
sys t ems .  

2.7.2 S p e c i f i c  Design R e v i e w  C r i t e r i a  f o r  F i l t e r  and Drainage Systems 

2.7.2.1 F i l t e r s  and Drains 

2.7.2.1.1 P ip ing  and I n t e r n a l  Eros ion  

To ensure  complete f i l t e r  p r o t e c t i o n  of e r o d i b l e  m a t e r i a l s ,  i .e .  t o  
p reven t  i n t e r n a l  e r o s i o n  and p i p i n g ,  d ra inage  l a y e r s  i n  c o n t a c t  
w i th  t h e  s o i l  must no t  have any cont inuous  openings l a r g e  enough 
f o r  t h e  passage of t h e  s o i l  p a r t i c l e s .  S p e c i f i c a l l y ,  t h e  f i l t e r  
should s a t i s f y  t h e  fo l lowing  cond i t ion :  

< 4 t o 5  Max D15 of f i l t e r  

Min D85 of s o i l  

Th i s  equa t ion  may be s t a t e d  a s :  
The 1 5  pe rcen t  s i z e  (D15) of a f i l t e r  m a t e r i a l  must  be n o t  more 
t h a n  4 t o  5 t i m e s  t h e  85 percent  s i z e  ( D a 5 )  of t h e  p r o t e c t e d  
s o i l .  
t h e  p ip ing  r a t i o .  
f o r  t h e  f i l t e r  m a t e r i a l  i s  t h e  va lue  t o  be used i n  t h e  equa t ion .  
S i m i l a r l y ,  t h e  minimum Da5 of t h e  p r o t e c t e d  s o i l  i s  t h e  va lue  t o  be 
used. 

The r a t i o  of  D15 of t h e  f i l t e r  t o  D85 of the  s o i l  i s  c a l l e d  
The maximum DI5 of t h e  band of g r a d a t i o n  c u r v e s  

C r i t e r i o n  r a t i o n a l e :  I f  a f i l t e r  l a y e r  s a t i s f i e s  t h i s  c o n d i t i o n  
every  p a r t ,  it i s  v i r t u a l l y  imposs ib le  f o r  p ip ing  t o  occur ,  even 
under extremely l a r g e  h y d r a u l i c  g r a d i e n t s  (Winterkorn and Fang 
1975; Bertram 1940; Cedergren 1967; and U.S. Army Corps of  
Engineers  1941). 
Army Engineer Manual EM 1910-2-1901,. Seepage Analys is  and Cont ro l  
f o r  Dams (September 19861, Department of t h e  Army Techn ica l  Manual 
TM 5-818-5, "Dewatering and Groundwater Control' '  (November 1983) 
and by Cedergren (1967) .  

Fu r the r  guidance i s  provided i n  Department of t h e  
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2.7.2.1.2 Drainage or Permeab i l i t y  

To ensure  t h a t  a l l  of t h e  l i q u i d  reaching  t h e  d ra inage  l a y e r  can be 
s a f e l y  d ischarged  by t h e  d ra inage  l a y e r ,  even i f  under small 
h y d r a u l i c  g r a d i e n t  and excess head, t h e  d r a i n a g e  l a y e r  must  be 
r e l a t i v e l y  coarse-grained and f r ee -d ra in ing .  S p e c i f i c a l l y ,  t h e  
d ra inage  l a y e r  should s a t i s f y  t h e  fo l lowing  cond i t ion :  

Min DI5 of f i l t e r  

Max D15 of s o i l  
20 > > 4 t o 5  

Th i s  equa t ion  may be  s t a t e d  a s :  
The minimum 1 5  p e r c e n t  s i z e  (D15) of t h e  f i l t e r  must be a t  l e a s t  4 
t o  5 times b u t  less  t h a n  20 times t h e  maximum 15 percent  s i z e  (D15) 
of  t h e  p r o t e c t e d  s o i l .  This  c r i t e r i o n  w i l l  ensu re  t h a t  f i l t e r  and 
d ra inage  l a y e r s  a r e  s e v e r a l  times more permeable than  t h e  p r o t e c t e d  
s o i l s ,  bu t  i t  does no t  always ensu re  adequate h y d r a u l i c  conduct iv i -  
t y  of t h e  d ra in .  To ensu re  adequate h y d r a u l i c  c o n d u c t i v i t y  of t h e  
d ra inage  l a y e r ,  t h e  fo l lowing  s t e p s  should be followed f o r  des ign:  

a. The probable  maximum q u a n t i t i e s  of  i n f low from the  sur rounding  
s o i l  t o  t h e  d ra inage  l a y e r  should be e s t ima ted  using Darcy ' s  
law q = kiA, where k i s  t h e  known va lue  of  h y d r a u l i c  conduct i -  
v i t y  of  t h e  sur rounding  s o i l :  i is t h e  h y d r a u l i c  g r a d i e n t  i n  
t h e  d i r e c t i o n  of flow, and A i s  t h e  c r o s s - s e c t i o n a l  a r e a  of t h e  
s o i l  normal t o  t h e  d i r e c t i o n  of flow. 

b. The h y d r a u l i c  c o n d i t i o n s  wi th in  t h e  d r a i n  should be analyzed by 
r e a r r a n g i n g  Darcy ' s  Law a s :  

A = kA 
i 

where q i s  t h e  seepage q u a n t i t y  f o r  which t h e  d r a i n  i s  being 
designed. T h i s  va lue  should be t h e  above-determined probable  
maximum inf low rate  m u l t i p l i e d  by a f a c t o r  between 5 t o  10 t o  
provide  a r easonab le  margin of s a f e t y .  The a l lowab le  g r a d i e n t ,  
i , i n  t h e  d r a i n  should be t h e  maximum g r a d i e n t  cons idered  t o  be 
s a f e  or d e s i r a b l e .  R e a l i s t i c  va lues  range from 1.0 f o r  v e r t i -  
c a l  d r a i n s  t o  0.01 f o r  h o r i z o n t a l  d r a i n s .  The r a t i o  q / i  i s  t h e  
minimum a l lowab le  c o n d u c t i v i t y  or t r a n s m i s s i b i l i t y  o f  t h e  
d r a i n .  

C .  A d r a i n  m a t e r i a l  pe rmeab i l i t y  and b l anke t  t h i c k n e s s  should be 
s e l e c t e d  t h a t  s a t i s f i e s  t h e  equa t ion  above, i .e.  

q / i  = kA 

where k = e f f e c t i v e  or average  hydrau l i c  c o n d u c t i v i t y  of t h e  
d ra inage  m a t e r i a l .  

2.7-4 



A = c r o s s - s e c t i o n a l  a r e a  of t h e  d r a i n  normal t o  t h e  d i r e c t i o n  
of flow. 

S e l e c t i o n  should be based on s a f e t y  c o n s i d e r a t i o n s  and p r a c t i -  
c a l  and economic c o n s i d e r a t i o n s  of r easonab le  b l anke t  t h i c k n e s s  
and pe rmeab i l i t y  of a v a i l a b l e  d ra inage  m a t e r i a l s .  

I f  a p p r e c i a b l e  q u a n t i t i e s  of water must be d r a i n e d ,  graded f i l -  
t e r s  a r e  more e f f i c i e n t  and a r e  recommended. Winterkorn and 
Fang (1975) provide  guidance and examples f o r  s e l e c t i o n  and de- 
s i g n  of graded and s i n g l e  l a y e r  f i l t e r s  and d r a i n s .  

I f  a c t u a l  d r a i n  requi rements  a r e  on ly  approximate ly  known, a s  
i s  o f t e n  t h e  c a s e ,  graded f i l t e r  or mul t i - l aye r  d r a i n s  a r e  
h i g h l y  recommended f o r  a s su rance  of  s a f e t y  and for  e f f i c i e n c y .  

2.7.2.1.3 P a r a l l e l  Grada t ion  Curves f o r  F i l t e r  and P r o t e c t e d  S o i l  

Grain s i z e  g r a d a t i o n  curves  f o r  t h e  f i l t e r s  and p r o t e c t e d  s o i l  
l a y e r s ,  and f o r  success ive  f i l t e r  l a y e r s  i f  a graded f i l t e r  i s  
used, should be approximately p a r a l l e l .  To s a t i s f y  t h i s  r e q u i r e -  
ment, t h e  fo l lowing  c o n d i t i o n  should be met: 

< 25 Max D50 f i l t e r  

Min D5O s o i l  
- 

where D50 = t h e  50 p e r c e n t  s i z e  of t h e  f i l t e r  and s o i l ,  a s  
i n d i c a t e d .  

2.7.2.1.4 P e r f o r a t e d  or S l o t t e d  Drain Pipe 

P e r f o r a t e d  or s l o t t e d  p ipe  used i n  f i l t e r s  and d r a i n s  t o  f a c i l i t a t e  
c o l l e c t i o n  of flows should s a t i s f y  t h e  fo l lowing  c o n d i t i o n s :  

> 1.0 Pipe  h o l e  d iameter  D85 filter 

> 1.2 P ipe  slot width D85 f i l t e r  

I f  t h e s e  c o n d i t i o n s  a r e  s a t i s f i e d ,  t h e  f i l t e r  m a t e r i a l  w i l l  no t  be 
c a r r i e d  i n t o  t h e  pipe.  
or should be connected t o  sol’id d r a i n  p ipe  l e a d i n g  t o  a monitored 
c o l l e c t o r  sump. 
wire-wrapped s t a i n l e s s  s t ee l ,  s l o t t e d  Schedule 80 PVC, o r  o t h e r  
d u r a b l e  m a t e r i a l s ,  such a s  t h o s e  d i scussed  i n  S e c t i o n  2.6.2.3.1.3 
f o r  w e l l  s c r eens .  

I n  a d d i t i o n  a l l  p ipe  ends should be plugged 

P e r f o r a t e d  d r a i n  p ipe  should be f a b r i c a t e d  of 

2.7.2.2 Compa t ib i l i t y  of Drainage and F i l t e r  M a t e r i a l s  wi th  t h e  Disposa l  
Environment 

2.7-5 



2.7.2.2.1 S o i l  

Drainage and f i l t e r  m a t e r i a l s  c o n s i s t i n g  of f r ee -d ra in ing ,  coarse-  
gra ined  s o i l s  a r e  u n l i k e l y  t o  be s i g n i f i c a n t l y  a f f e c t e d  by t h e  
d i s p o s a l  environment. I n  p a r t i c u l a r ,  s o i l s  composed p r i m a r i l y  of 
q u a r t z  p a r t i c l e s  are very  s t a b l e  and h i g h l y  r e s i s t a n t  t o  both 
chemical and phys ica l  weathering. The s i l i c a  t e t r a h e d r a  t h a t  form 
q u a r t z  a r e  arranged i n  a f i r m l y  braced 3-D network. A l l  bonds are 
primary va lence  bonds. 
hard ,  and i s  n e a r l y  i n s o l u b l e  i n  a l l  common a c i d s .  

The mine ra l  has no easy  c leavage ,  i s  ve ry  

Fe ldspa r ,  ano the r  c o T o n  mine ra l  c o n s t i t u e n t  found i n  sands has  a 
s t r u c t u r e  s i m i l a r  t o  q u a r t z  w i th  one major excep t ion ,  i .e .  some of  
t h e  s i l i c o n  atoms i n  t h e  t e t r a h e d r a  have be n r ep laced  wi th  alumi- 
num atoms. This  s u b s t i t u t i o n  ( A l + 3  for Si+') l e a v e s  t h e  c r y s t a l  
w i th  an unbalanced charge. The charge  i s  normally balanced by 
t a k i n g  i n  c a t i o n s  such  as K+, Na', and Ca+2, r e s u l t i n g  i n  o r tho -  
c l a s e ,  a l b i t e ,  and a n o r t h i t e ,  r e s p e c t i v e l y .  T h i s  r e s u l t i n g  space  
l a t t i c e  s t r u c t u r e  causes  d i s t o r t i o n  of t h e  c r y s t a l  and cleavage. 
The re fo re ,  f e l d s p a r  i s  l e s s  r e s i s t a n t  than  q u a r t z  t o  chemical and 
p h y s i c a l  weather ing  p rocesses ,  b u t  is a r e l a t i v e l y  s t a b l e  minera l .  

Less s t a b l e  mine ra l s  found i n  s o i l s  i n c l u d e  t h e  s h e e t  s i l i c a t e s ,  
e.g. mica, c l a y  mine ra l s ,  e.g. k a o l i n i t e ;  and ca rbona te  m i n e r a l s ,  
e.g., c a l c i t e .  However, most coarse-grained s o i l s  a re  composed 
p r i m a r i l y  of q u a r t z  and f e l d s p a r  mine ra l s  and a r e  t h e r e f o r e  q u i t e  
r e s i s t a n t  t o  p h y s i c a l  and chemical weathering. The re fo re ,  such 
s o i l s  should make e x c e l l e n t  cho ices  for dra inage  and f i l t e r  mate- 
r i a l s .  Otherwise a c c e p t a b l e  s o i l s  should be t e s t e d  f o r  subs t ances  
t h a t  may degrade d r a i n  p ipe  performance a s  d i s c u s s e d  i n  t h e  f o l -  
lowing s e c t i o n .  

2.7.2.2.2 Drain Pipes 

While t h e  s o i l  g r a i n s  t h a t  a r e  l i k e l y  t o  be used f o r  f i l t e r  and 
d ra inage  m a t e r i a l s  a r e  not  l i k e l y  t o  be adve r se ly  a f f e c t e d  by t h e  
d i s p o s a l  environment, t h e  p e r f o r a t e d  and s o l i d  p ipe  and t h e  po res  
i n  t h e  s o i l  mass near  t h e  p i p e s  t h a t  permi t  d ra inage  a r e  l i k e l y  t o  
be clogged wi th  t i m e .  
t e r i s t i c s  of  t h e  LLW t h a t  cause  t h i s  degrada t ion .  
t u e n t s  i n  t h e  s o i l  and water  found i n  t h e  g e n e r a l  environment i n  
which d r a i n s  mus t  o p e r a t e  f r e q u e n t l y  do r e s u l t  i n  c o r r o s i o n  and 
e n c r u s t a t i o n .  Iron-reducing b a c t e r i a  a r e  t h e  most common b a c t e r i a  
t h a t  cause plugging of soi l  po res  and d r a i n  p ipes .  Iron-reducing 
b a c t e r i a  produce accumulations of s l imy m a t e r i a l  of g e l - l i k e  con- 
s i s t e n c y ,  and o x i d i z e  and p r e c i p i t a t e  d i s s o l v e d  i r o n  and manganese 
( D r i s c o l l  1986) .  

There are no known unique or  unusual charac- 
However, c o n s t i -  

These subs t ances  can completely c l o g  p ipes .  

Calcium carbonate  and magnesium ca rbona te ,  common causes  of "hard- 
nes s"  i n  d r i n k i n g  water s u p p l i e s ,  are f r e q u e n t l y  d e p o s i t e d  i n  t h e  
p ipes  and nearby s o i l  mass. 
i o n s  d i s so lved  i n  t h e  water exceed s a t u r a t e d  s o l u b l e  l e v e l s  a s  flow 
v e l o c i t i e s  i n c r e a s e  toward t h e  d r a i n  pipe.  Th i s  c o n d i t i o n  and t h e  

The c o n c e n t r a t i o n s  of Ca'2 and Mg+2 
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h ighe r  l e v e l s  of carbon d iox ide  and oxygen normally found i n  t h e  
p i p e s  are  conducive t o  t h e  format ion  of calcium ca rbona te  and mag- 
nesium carbonate .  These chemical  compounds can be  depos i t ed  on t h e  
p ipe  w a l l s  and can  completely e n c r u s t  and c l o g  p ipes .  

There are  no known methods o r  m a t e r i a l s  t h a t  can be  used t o  com- 
p l e t e l y  prevent  d r a i n  degrada t ion .  However, c e r t a i n  measures have 
been shown to  be e f f e c t i v e  i n  reducing  t h e  s e v e r i t y  of t h e  c logg ing  
and e n c r u s t a t i o n  of p i p e s  and s o i l  po res  and i n  r e h a b i l i t a t i n g  such  
d r a i n s .  These measures a r e  summarized below. Add i t iona l  guidance 
i s  provided by D r i s c o l l  (1986). 

a. Measures t o  Reduce Problems: 

1. F i l t e r  and d ra inage  s o i l  m a t e r i a l s  should be t e s t e d  p r i o r  
t o  acceptance t o  ensure  t h a t  t hey  do not  c o n t a i n  i r o n ,  
c h l o r i d e s ,  s u l f a t e s ,  o r  o t h e r  chemical compounds t h a t  
would cause  c o r r o s i o n  o r  e n c r u s t a t i o n  of d ra inage  p ipes .  

2. P ipes  should be thoroughly steam-cleaned and p r o t e c t e d  and 
s t o r e d  i n  a c l e a n  l o c a t i o n  p r i o r  t o  i n s t a l l a t i o n .  

3. Care should be taken  t o  avoid b a c t e r i o l o g i c a l  contamina- 
t i o n  of  d r a i n  p ipes  du r ing  handl ing  and i n s t a l l a t i o n .  

4 .  Pipe m a t e r i a l s  t h a t  a r e  r e s i s t a n t  t o  c o r r o s i o n  and en- 
c r u s t a t i o n  should be used,  such as  s t a i n l e s s  s tee l ,  
t he rmop las t i c  (e .g .  P V C ) ,  o r  f i b e r g l a s s .  Thermoplas t ic  
and f i b e r g l a s s  a r e  more r e s i s t a n t  t o  c o r r o s i o n  than  s t a i n -  
less  s t e e l ,  bu t  j u s t  a s  s u s c e p t i b l e  t o  e n c r u s t a t i o n .  
These materials a r e  a l s o  more r e s i s t a n t  t h a n  me ta l  t o  
damage from r e h a b i l i t a t i o n  measures t h a t  use s t r o n g  chemi- 
cals .  However, s t a i n l e s s  s t ee l  i s  more r e s i s t a n t  t o  
damage from r e h a b i l i t a t i o n  measures t h a t  i nvo lve  v igorous  
phys ica l  ab ras ion  and sc rap ing ,  i . e .  j e t t i n g  and s u r g i n g ,  
and i n h i b i t o r s  can be added t o  the  chemica ls  used t o  mini- 
mize any damage. 

b. Measures f o r  R e h a b i l i t a t i n g  Clogged Dra ins  

The methods a v a i l a b l e  for c l e a n i n g  clogged d r a i n s  (and w e l l s )  
involve  t h e  use  of e i t h e r  p h y s i c a l  ab ras ion  and scour ing ,  
i n j e c t i o n  of chemica ls ,  or a combinat ion of t h e s e  methods. 
Commonly used methods are  l i s t e d  below: 

1. Steam c l e a n i n g  
2. Wire b rush ing  
3. J e t t i n g  
4. Surging 
5 .  A i r  l i f t i n g  
6. I n j e c t i n g  c h l o r i n e  
7. I n j e c t i n g  a c i d s ,  

2.7-7 



D r i s c o l l  (1986) d i s c u s s e s  t h e  u s e  of t h e s e  measures. A de- 
t a i l e d  d i s c u s s i o n  of measures f o r  r e h a b i l i t a t i n g  d r a i n s  and 
wells i s  beyond the  scope of t h i s  r e p o r t .  Research being 
performed by personnel  of t h e  Geotechnica l  Laboratory,  U.S. 
Army Engineer Waterways Experiment S t a t i o n  may provide  so lu-  
t i o n s  f o r  reducing  t h e  s e v e r i t y  of deg rada t ion  of  d r a i n s  and 
b e t t e r  methods f o r  r e h a b i l i t a t i n g  them. 

S tandards  and T e s t  Methods f o r  Drainage P ipe  2.7.2.3 

Ava i l ab le  ASTM Standards  f o r  d r a i n a g e  p ipe  a r e  c i t e d  below by p i p e  
m a t e r i a l  type.  A p p l i c a b i l i t y  of s p e c i f i c  s t a n d a r d s  should be 
addressed based on s p e c i f i c  s i t e  c o n d i t i o n s  and in tended  use. 

Concrete P ipe  

C 1 4  

C 76 

c 118 

C 412 

c 497 

C 500 

D 1598 

D 1599 

D 1694 

D 2105 

D 2122 

D 2290 

S p e c i f i c a t i o n  f o r  Concrete Sewer, Storm Drain: and Cu lve r t  
Pipe 

S p e c i f i c a t i o n  f o r  Reinforced  Concrete C u l v e r t ,  Storm 
Dra in ,  and Sewer P ipe  

S p e c i f i c a t i o n  f o r  Concrete Tipe f o r  I r r i g a t i o n  o r  Drainage 

S p e c i f i c a t i o n  f o r  Concrete Drain T i l e  

Method of T e s t i n g  Concrete P ipe ,  S e c t i o n s  o r  T i l e  

Asbestos -Cement Pipe 

Method of T e s t i n g  Asbestos-Cement P ipe  

P l a s t i c  Pipe 

Tes t  Method f o r  Time-to-Failure of P l a s t i c  Pipe Under 
Constant I n t e r n a l  P res su re  

Tes t  Method f o r  Short-Time Hydraulic F a i l u r e  P r e s s u r e  of 
P l a s t i c  P ipe ,  Tubing and F i t t i n g s  

S p e c i f i c a t i o n  f o r  Threads f o r  Reinforced  Thermosetting 
Res in  P ipe  

Test Method f o r  Long i tud ina l  T e n s i l e  P r o p e r t i e s  of 
Reinforced Thermosetting P l a s t i c  Pipe and Tube 

Method f o r  Determining Dimension of Thermoplas t ic  Pipe and 
F i t t i n g s  

Tes t  Method f o r  Apparent T e n s i l e  S t r e n g t h  of Ring o r  
Tubular P l a s t i c s  and Reinforced P l a s t i c s  by S p l i t  Disk 
Met hod 
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D 2310 C l a s s i f i c a t i o n  f o r  Machine-Made Reinforced Thermosetting 
Resin P ipe  

D 2321 Recommended P r a c t i c e  f o r  Underground I n s t a l l a t i o n  of 
F l e x i b l e  Thermoplastic Sewer Pipe 

D 2412 T e s t  Method f o r  E x t e r n a l  Loading P r o p e r t i e s  of P l a s t i c  
P ipe  by P a r a l l e l - P l a t e  Loading 

D 2444 Test Method f o r  Impact R e s i s t a n c e  of Thermoplas t ic  Pipe 
and F i t t i n g s  by Means of a Tap ( F a l l i n g  Weight) 

D 2749 Symbols f o r  Dimensions of P l a s t i c  Pipe F i t t i n g s  

D 2855 Recommended P r a c t i c e  f o r  Making Solvent-Cemented J o i n t s  
w i th  Poly (Vinyl  Ch lo r ide )  (PVC) P ipe  and F i t t i n g s  

D 2925 Test Method f o r  Beam D e f l e c t i o n  of Reinforced 
Thermosetting P l a s t i c  Pipe Under F u l l  Bore Flow 

D 2996 S p e c i f i c a t i o n  f o r  Filament-Wound Reinforced Thermosetting 
Res in  P ipe  

D 2997 S p e c i f i c a t i o n  f o r  C e n t r i f u g a l l y  Cast Reinforced 
Thermosetting Res in  P ipe  

D 3262 S p e c i f i c a t i o n  f o r  Reinforced P la s t i c  Mortar Sewer P ipe  

D 3311 S p e c i f i c a t i o n  f o r  Drain,  Waste, and Vent (DWV) P l a s t i c  
F i t t i n g s  P a t t e r n s  

D 3567 Method f o r  Determining Dimensions of Reinforced  
Thermosetting Resin P ipe  (1TRP) and F i t t i n g s  

D 3681 Test Method f o r  Chemical Res i s t ance  of Reinforced 
Thermosetting Res in  P ipe  i n  a Def lec ted  Condi t ion  

D 3754 S p e c i f i c a t i o n  f o r  Reinforced  P l a s t i c  Mortar Sewer and 
I n d u s t r i a l  P re s su re  P ipe  

D 3839 P r a c t i c e  f o r  Underground I n s t a l l a t i o n  of F l e x i b l e  
Reinforced Thermosetting Res in  Pipe and Reinforced  P la s t i c  
Mortar P ipe  

D 3840 S p e c i f i c a t i o n  f o r  Reinforced  P l a s t i c  Mortar P ipe  F i t t i n g s  
f o r  Non-Pressure App l i ca t ions  

D 4024 S p e c i f i c a t i o n  f o r  Reinforced  Thermosetting Resin ( R T R )  
Funges 

D 4160 S p e c i f i c a t i o n  f o r  Reinforced  Thermosetting Resin Pipe 
(RTRP) F i t t i n g s  f o r  Nonpressure App l i ca t ions  
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D 4184 S p e c i f i c a t i o n  f o r  Reinforced Thermoset t ing Resin (RTRP) 
Sewer Pipe 

2.7.2.4 I n t e r i o r  Drainage and C o l l e c t o r  System 

2.7.2.4.1 S p e c i f i c  C r i t e r i a  f o r  Fea tu res  of I n t e r i o r  Drainage and C o l l e c t o r  
System 

The fo l lowing  paragraphs summarize and d i s c u s s  c r i t e r i a  f o r  
f e a t u r e s  of  t h e  i n t e r i o r  d ra inage  and c o l l e c t o r  system and Figure  
2.7.2 shows t h e  components. 

The EMCB i n t e r i o r  d ra inage  and c o l l e c t o r  system should be des igned  
and cons t ruc t ed  t o  promote r a p i d  d ra inage  and minimize t h e  ponding 
of  water on t h e  bunker o r  tumulus f l o o r  and subsequent c o n t a c t  wi th  
waste packages. 

2.7.2.4.2 Free-dra in ing  F i l l  Around Waste Packages 

F i l l i n g  of  vo ids  between waste packages i s  r e q u i r e d  by 10 CFR P a r t  
61, paragraph 61 .52 (a ) (5 )  f o r  t h e  purpose of  reducing  f u t u r e  sub- 
s idence .  Free-draining b a c k f i l l  should be p laced  i n  t h e  vo ids  
between waste packages and EMCB i n t e r i o r  s u r f a c e s  t o  enhance waste 
i s o l a t i o n  c a p a b i l i t i e s  and s t a b i l i t y  of t h e  d i s p o s a l  u n i t  and s i te .  
F i l l  should be s e l e c t e d  t h a t  i s  compat ib le  wi th  t h e  d i s p o s a l  v a u l t  
environment and t h a t  avoids  adverse  impacts  on waste packages and 
t h e  EMCB d i s p o s a l  u n i t s .  

Appendix A o f  SRP 4.3, NUREG 1200, and Tucker (1983)  prov ide  guid- 
ance on s e l e c t i o n  and placement of  f i l l  around waste packages. 
Th i s  guidance was developed f o r  t rench-type near -sur face  d i s p o s a l  
bu t  i s  e q u a l l y  a p p l i c a b l e  t o  EMCB d i s p o s a l  of LLW. 

The s t r u c t u r a l  roof  of  t h e  bunker should be designed t o  be s t a b l e  
wi thout  suppor t  from t h e  fill placed  i n  t h e  i n t e r i o r  of t h e  v a u l t .  
However, f i l l i n g  of vo ids  between waste packages and f i l l i n g  up t o  
t h e  roof should be  done t o  provide  an a d d i t i o n a l  c o n s e r v a t i v e  
measure t o  d i s p o s a l  s i t e  s t a b i l i t y .  

Compaction of fill between waste packages i s  no t  recommended be- 
cause  t h e r e  i s  no p r a c t i c a l  way t o  perform t h i s  a c t i v i t y  and be- 
cause  of concern f o r  i nc reased  exposure of workers t o  r a d i o l o g i c a l  
hazards .  

2.7.2.4.3 F loo r s  

Bunker f l o o r s  should be r e i n f o r c e d  conc re t e ,  f i n i s h e d  wi th  a uni- 
form g e n t l e  s lope  toward t h e  i n t e r i o r  c o l l e c t o r  along one s i d e  of 
t h e  bunker. 
dep res s ions  and h igh  areas should be  minimized t o  t h e  e x t e n t  
p o s s i b l e  f o r  normal c o n s t r u c t i o n  p r a c t i c e s .  

Super f l a t  f l o o r  s p e c i f i c a t i o n s  a r e  no t  r e q u i r e d ,  bu t  
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2.7.2.4.4 I n t e r i o r  C o l l e c t o r  

The bunker i n t e r i o r  c o l l e c t o r  should be a depressed  channel t h a t  
ex tends  t h e  f u l l  l e n g t h  of  t h e  bunker a long  one or both  s i d e s .  
c o l l e c t o r  channel should be formed wi th  a g e n t l e  s l o p e  toward t h e  
d r a i n  e x i t  p r i o r  t o  placement of t h e  c o n c r e t e  f l o o r .  
openings f o r  t h e  c o l l e c t o r s  should be f i t t e d  wi th  a p r o t e c t i v e  
g r a t e  t o  f a c i l i t a t e  o p e r a t i o n s  and reduce  t h e  r i s k  of o p e r a t i o n a l  
a c c i d e n t s .  
i n t e r i o r  d r a i n  and c o l l e c t o r  components. 

The 

The d r a i n  

F igu res  2.7.2a and b i l l u s t r a t e  one concept f o r  t h e  

2.7.2.4.5 Acceptance T e s t s  

The bunker f l o o r ,  c o l l e c t o r ,  and d r a i n  should be t e s t e d  p r i o r  t o  
placement of any waste t o  ensure  t h a t  t h e  sys t em f u n c t i o n s  pro- 
p e r l y .  
o r  r e p a i r e d .  

High a r e a s  and depres s ions  i n  t h e  s l a b  should be c o r r e c t e d  

2.7.2.4.6 Drain Opening 

The d r a i n  e x i t  opening and p ipe  should be p rope r ly  s i z e d  and s u f f i -  
c i e n t l y  l a r g e  t o  convey a l l  c o l l e c t e d  water t o  t h e  e x t e r i o r  d r a i n  
sump i n  a reasonably  s h o r t  time. The j o i n t  between t h e  d r a i n  p ipes  
and e x t e r i o r  opening mus t  be  c a r e f u l l y  s e a l e d  wi th  a d u r a b l e  
s e a l a n t  t o  minimize t h e  p o s s i b i l i t y  of l eakage  a t  t h e s e  p o i n t s .  

2.7.2.4.7 S o l i d  Drain Pipe 

S o l i d  d r a i n  p ipe  should be designed and s e l e c t e d  t h a t  i s  adequate 
f o r  a n t i c i p a t e d  l o a d s  and flow r a t e s .  Pipe should be s e l e c t e d  t h a t  
i s  d u r a b l e  and r e s i s t a n t  t o  b a c t e r i o l o g i c a l  c logg ing ,  e n c r u s t a t i o n ,  
and capab le  of w i ths t and ing  r e h a b i l i t a t i o n  measures,  a s  d i s c u s s e d  
i n  S e c t i o n  2.7.2.2.2. 

S o l i d  d r a i n  p ipe  should be s loped  from t h e  e x i t  d r a i n  i n  t h e  EMCB 
t o  t h e  monitored c o l l e c t o r  sump. 
nea r  t h e  top ,  A s o l i d  d r a i n  p ipe  should e x i t  t h e  sump.near t h e  t o p  
and s l o p e  toward t h e  d i s c h a r g e  a t  a g e n t l e  s l o p e  s u f f i c i e n t  t o  
e n s u r e  g r a v i t y  flow. 

The p ipe  should e n t e r  t h e  sump 

2.7.2.4.8 Monitored C o l l e c t o r  Sump 

The c o l l e c t o r  sump i s  cons ide red  p a r t  o f  t h e  i n t e r i o r  system, a l -  
though it i s  l o c a t e d  on t h e  e x t e r i o r  of t h e  bunker. 
sump should be f a b r i c a t e d  of d u r a b l e  materials and des igned  f o r  a l l  
a p p r o p r i a t e  s t r u c t u r a l  l oads .  C o l l e c t o r  sump m a t e r i a l s  may i n c l u d e  
r e i n f o r c e d  c o n c r e t e ,  f i b e r g l a s s ,  or o t h e r  m a t e r i a l s  t h a t  can be 
shown t o  be  d u r a b l e  i n  t h e  e n v i r o k e n t  t h a t  t h e y  a r e  p laced .  
C o l l e c t o r  sump m a t e r i a l s  must n o t  have an adverse  impact or masking 
e f f e c t  on monitoring. 

The c o l l e c t o r  

Openings i n  t h e  c o l l e c t o r  sump f o r  t h e  i n l e t  and o u t l e t  d r a i n s  and 
a moni tor ing  w e l l  should be formed a t  t h e  time of manufacture of 
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t h e  sump and should be designed t o  a l low a good seal  t o  be formed 
between t h e  openings and p ipes .  F igure  2.7.2 shows a s e c t i o n  view 
of a c o l l e c t o r  sump t h a t  should be capab le  of s a t i s f y i n g  t h e s e  
requi rements .  

2.7.2.5 E x t e r i o r  F i l t e r  and Drainage Systems 

The e x q e r i o r  f i l t e r  and d ra inage  system should surround t h e  EMCB 
and d i v e r t  any water t h a t  has i n f i l t r a t e d  through t h e  cover away 
from t h e  was tes  t o  t h e  founda t ion  d r a i n .  The system should be de- 
s igned  t o  prevent  i n t e r n a l  e r o s i o n  and p i p i n g  of t h e  ove r ly ing  
cover  and a d j a c e n t  s o i l s .  Water t h a t  e n t e r s  t h e  d r a i n  should be 
monitored t o  de te rmine  inf low q u a n t i t i e s  and should be sampled and 
t e s t e d  f o r  r a d i o l o g i c a l  contaminat ion  and hazardous c o n s t i t u e n t s  
p r i o r  t o  d i scha rge .  The elements of t h e  e x t e r i o r  f i l t e r  and dra in-  
age system inc lude  t h e  d r a i n ,  t h e  d ra inage  b l anke t  cons t ruc t ed  on 
t h e  excava t ion  f l o o r  on which t h e  bunker f l o o r  i s  c a s t ,  and t h e  
d ra inage  b lanket  sur rounding  t h e  bunker s i d e s  and roof .  These 
components a r e  shown i n  F igu re  2.7.3. and F igure  1.1, and a r e  d i s -  
cussed s e p a r a t e l y  i n  t h e  fo l lowing  paragraphs.  Appl icable  
s t a n d a r d s  and tes ts  methods f o r  p ipe  are g iven  i n  S e c t i o n  2.7.2.3. 
S e l e c t i o n  of s o i l  and p ipe  m a t e r i a l s  f o r  t h e  e x t e r i o r  d r a i n  system 
should be based on c o n s i d e r a t i o n s  d i scussed  i n  S e c t i o n s  2.7.2.1 and 
2.7.2.2. 

2.7.2.5.1 Drain 

The d r a i n  should s a t i s f y  a l l  t h e  g e n e r a l  des ign  c r i t e r i a  of S e c t i o n  
2.7.1 and t h e  s p e c i f i c  des ign  review c r i t e r i a  of S e c t i o n  2.7.2. 
Drain  components a r e  d i scussed  i n  S e c t i o n s  2.7.2.5.1.1 through 
2.7.2.5.1.6. 

2.7.2.5.1.1 Trench 

The d r a i n  t r e n c h  should be excavated a long  t h e  f u l l  l e n g t h  of t h e  
bunker on t h e  low s i d e  of t h e  s loped  excava t ion  bottom. The 
t r e n c h  should be s i z e d  t o  handle d e s i g n  f lows ,  w i th  a s u f f i c i e n t  
margin of s a f e t y .  A l l  l o o s e  m a t e r i a l  should be removed from t h e  
t r e n c h  and any s h a r p  p r o j e c t i o n s  should be removed and undu la t ing  
s u r f a c e s  smoothed to provide  a uniformly s loped ,  smooth bedding 
s u r f a c e  f o r  t h e  d r a i n  pipe.  

2.7.2.5.1.2 F i l t e r  Cloth 

F i l t e r  c l o t h  capable  of provid ing  flow c a p a c i t y  adequate t o  pre- 
vent  s i g n i f i c a n t  h y d r o s t a t i c  p r e s s u r e s  from developing i n  t h e  
s o i l  t h a t  i s  being dra ined  and p reven t ing  s o i l  p a r t i c l e s  from 
migra t ing  i n t o  t h e  t r e n c h  and plugging t h e  d r a i n  should be in-  
s t a l l e d  i n  the  t r ench .  Sec t ion  2.3.3.5.3 d i s c u s s e s  g e o t e x t i l e s  
i nc lud ing  a p p r o p r i a t e  f i l t e r  c l o t h  s t anda rds .  The f i l t e r  c l o t h  
should extend a c r o s s  t h e  bottom, up t h e  s i d e s  of t h e  t r e n c h ,  and 
should l a p  over t h e  t o p  of t h e  t rench .  A l t e r n a t i v e l y ,  t h e  p ipe  
may be wrapped be fo re  b a c k f i l l i n g  t h e  t r ench .  
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( a )  S e c t i o n  view of c o l l e c t o r  sump f o r  i n t e r i o r  d r a i n  system 

PROTECTIVE GRATE OVER DRAIN CHANNEL 

INTERIOR DRAIN CHA 

DRAIN LINE FROM 
VAULT INTERIOR 
TO COLLECTOR SUMP 

NATURAL SOIL 

(b) S e c t i o n  view d e t a i l  of i n t e r i o r  c o l l e c t o r  system 

F igure  2.7.2. I n t e r i o r  c o l l e c t o r  and d r a i n  system 
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PERVIOUS BLANKET 

YPICALLY CLASS B & C) 

A PERSPECTIVE VIEW OF AN EARTH-MOUNDED CONCRETE BUNKER DEPICTING THE APPR 
LOCATIONS OF WASTES WHICH ARE SEPARATED ACCORDING TO LEVEL OF ACTIVITY. CLASS B AND C 
WASTES.ARE TYPICALLY PLACED IN CONCRETE MONOLITHS BELOW GROUND. STABILIZED CLASS A 
WASTES ARE TYPICALLY DISPOSED ABOVE GROUND IN EARTHEN MOUNDS OVER THE CONCRETE 
MONOLITHS. A DRAINAGE NETWORK IS PROVIDED WITHIN AND AROUND THE STRUCTURE TO PREVENT 
CONTACT OF WATER WITH THE WASTES AND TO PROVIDE COLLECTION AND MONITORING 
CAPABILITIES. 

2.7.3 E x t e r i o r  f i l t e r ,  d r a i n ,  and c o l l e c t o r  d e t a i l s  



2.7.2.5.1.3 P e r f o r a t e d  Drain Pipe 

P e r f o r a t e d  d r a i n  p ipe  should be s e l e c t e d  i n  accordance wi th  
guidance and s p e c i f i c  c r i t e r i a  g iven  i n  S e c t i o n s  2.7.2.1 and 
2.7.2.2 and should meet a p p r o p r i a t e  ASTM s p e c i f i c a t i o n s  c i t e d  i n  
S e c t i o n  2.7.2.3, i nc lud ing  s p e c i f i c a t i o n s  €or j o i n t s .  P l a s t i c  
p e r f o r a t e d  p ipe  i s  covered by t h e  same ASTM s p e c i f i c a t i o n s  l i s t e d  
f o r  s o l i d  p l a s t i c  d r a i n  p ipe .  

2.7.2.5.1.4 Free-Draining S o i l  F i l l  

Free-draining s o i l  f i l l  meet ing t h e  s p e c i f i c  d e s i g n  review cr i -  
t e r i a  of 2.7.2.1 through 2.7.2.3 should be p laced  and compacted 
benea th ,  around,  and above the  p ipe .  Placement and compaction 
should be performed i n  accordance wi th  guidance provided i n  
S e c t i o n  2.7.2.6. 

2.7.2.5.1.5 Foundation Drainage Blanket  

Thickness ,  g r a i n  s i z e ,  mine ra l  composi t ion,  and g r a d a t i o n  of  t h e  
foundat ion  d ra inage  b lanket  should be s e l e c t e d  i n  accordance w i t h  
recommendations of 2.7.2.1 through 2.7.2.3 t o  ensu re  r a p i d  
dra inage .  A s  d i scussed  i n  2.7.2.1, t h e  d ra inage  b l a n k e t  must 
s a t i s f y  two d i s t i n c t  requi rements ;  i .e .  it must promote r a p i d  
d ra inage  and i t  must p reven t  e r o s i o n  and i n t e r n a l  p i p i n g  of ad ja-  
c e n t  f ine-gra ined  m a t e r i a l s .  S u i t a b l e  f i l t e r  f a b r i c s  may also be 
used t o  complement t h e  s o i l ’ s  a b i l i t y  t o  s a t i s f y  t h e  f i l t e r  cr i -  
t e r i o n .  Use of f i l t e r  f a b r i c s  a l o n e  t o  s a t i s f y  f i l t e r  and d r a i n  
c r i t e r i a  i s  not  recommended because of q u e s t i o n s  concern ing  l o n g  
term performance and d u r a b i l i t y ,  
should be  compacted i n  accordance wi th  S e c t i o n  2.7.2.6. 

The foundat ion  d r a i n a g e  b l a n k e t  

2.7.2.5.1.6 Drainage Zone Within t h e  EMCB 

The d ra inage  zone p laced  w i t h i n  t h e  EMCB should s a t i s f y  t h e  same 
c r i t e r i a  recommended i n  2.7.2.1 through 2.7.2.3. 
compaction c r i t e r i a  a re  recommended i n  S e c t i o n  2.7.2.6. 

Placement and 

2.7.2.5.2 Trench Monitoring Wells 

P rov i s ions  may be  made €or moni tor ing  t h e  e x t e r i o r  t r e n c h  d ra in -  
age. Design i s  s imi l a r  t o  t h a t  €or wel ls  moni tor ing  i n t e r i o r  
d r a i n a g e  except  t h a t  t h e  screened section bottoms a re  i n  sand 
w i t h i n  t h e  t r e n c h  d r a i n  r a t h e r  t han  i n  an  open p r e f a b r i c a t e d  sump 
such  a s  used f o r  t h e  bunker. The d i f f e r e n c e  w i l l  r e q u i r e  s p e c i a l  
a t t e n t i o n  t o  s e a l i n g  t h e  i n t e r f a c e  between riser p ipe  and d r a i n .  

Other  d e t a i l s  o f  moni tor ing  we l l s  a r e  found i n  S e c t i o n  2.6.2.3. 

2.7.2.6 Placement and Compaction of Free-Draining F i l l  

The foundat ion  d ra inage  l a y e r  and the  d ra inage  mater ia ls  p laced  
i n  t h e  d r a i n  and d ra inage  zone should be p laced  and compacted 
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accord ing  t o  guidance provided i n  Department of  t h e  Army 
Technica l  Manual TM 5-818-4. Add i t iona l  s p e c i f i c  recommendations 
a re  g iven  below. 

2.7.2.6.1 U n r e s t r i c t e d  Areas 

I n  u n r e s t r i c t e d  areas,  where normal h igh  volume compaction equip- 
ment can  o p e r a t e ,  t h e  d ra inage  l a y e r  mater ia l s  should be p laced  
i n  l i f t s  of n o t  more than 10 i n .  loose th i ckness .  Each l i f t  
should be compacted us ing  equipment and methods t h a t  have been 
shown t o  produce s a t i s f a c t o r y  r e s u l t s ,  such a s  v i b r a t o r y  s tee l -  
wheel or rubber  t i r e  rol lers .  The f i l l  should be placed a i r -d ry  
o r  a t  90 t o  100 p e r c e n t  of  s a t u r a t i o n  moi s tu re  con ten t .  If f i e l d  
tes ts  e s t a b l i s h  t h a t  t h e  r e q u i r e d  d e n s i t y  can  be achieved w i t h i n  
t h e  s p e c i f i e d  compactive e f f o r t  without  s t r ic t  adherence t o  the  
moi s tu re  con ten t  s p e c i f i c a t i o n ,  t hen  t h e  moi s tu re  c o n t e n t  
s p e c i f i c a t i o n  may be re laxed .  

2.7.2.6.2 R e s t r i c t e d  Areas 

I n  r e s t r i c t e d  a r e a s ,  such a s  immediately a d j a c e n t  t o  bunker foun- 
d a t i o n s  and w a l l s ,  d ra inage  f i l l  should be p laced  i n  no t  more 
than  6-in. l o o s e - l i f t  t h i c k n e s s e s  and compacted us ing  equipment 
and methods t h a t  have been shown t o  produce s a t i s f a c t o r y  r e s u l t s ,  
such as  a v i b r a t o r y  compactor. The compactor should have a mini- 
mum weight  of 100 lbs. The f i l l  should be placed a i r -d ry  or a t  
90 t o  100 p e r c e n t  of s a t u r a t i o n  mois ture  con ten t .  

2.7.2.6.3 F i l l  Acceptance C r i t e r i a  

F i l l  acceptance  of t h e  d r a i n a g e  mater ia ls  should be based on t h e  
achievement of s p e c i f i e d  r e l a t i v e  d e n s i t y  for each  l i f t  of granu- 
l a r  fill placed ,  accord ing  t o  t h e  fo l lowing  acceptance  c r i t e r i a :  

a. R e l a t i v e  d e n s i t y  determined by any s i n g l e  f i e l d  t e s t  must be 
a t  l e a s t  75 pe rcen t .  

b. Cumulative r e l a t i v e  d e n s i t y  as  measured by a l l  t e s t s  must be 
a t  l e a s t  80 percent .  

R e l a t i v e  d e n s i t y  i s  def ined  by t h e  equa t ion  

x 100 - e  L p  = ernax 

emax - emin 

where : 
Dr = r e l a t i v e  d e n s i t y  expressed  as a pe rcen t  

= void r a t i o  of  s o i l  i n  i t s  l o o s e s t  s t a t e  emax 
emin = void r a t i o  of s o i l  i n  i t s  denses t  s t a t e  

e = void r a t i o  of  s o i l  i n  i t s  compacted s t a t e  
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R e l a t i v e  d e n s i t y  may a l s o  be expressed  i n  terms of d r y  u n i t  
weights ,  us ing  t h e  e q u a t i o n  below: 

where : 
yd = d r y  u n i t  weight of i n  p l a c e  s o i l  

= d r y  u n i t  weight of s o i l  i n  t h e  l o o s e s t  s t a t e  which 
can be a t t a i n e d  i n  t h e  l a b o r a t o r y  minimum d e n s i t y  
t e s t  

= dry  u n i t  weight of  s o i l  i n  t h e  denses t  s t a t e  which 
can be a t t a i n e d  i n  t h e  l a b o r a t o r y  maximum d e n s i t y  
tes t  

Ydmin 

ydmax 

2.7.2.6.4 F i e l d  Acceptance T e s t  Methods and Frequencies  

a. F i e l d  Density.  The sand cone d e n s i t y  test ASTM D 1556 or 
o t h e r  s u i t a b l e  s t anda rd ized  a c c u r a t e  tes ts  should be used t o  
determine f i e l d  d e n s i t i e s .  S e l e c t i o n  of sand cone s i z e  
should be based on g r a d a t i o n  and maximum p a r t i c l e  s i z e  of t h e  
d ra inage  m a t e r i a l s  t o  p rav ide  reasonable  and a c c e p t a b l e  t e s t  

2 r e s u l t s .  A t  l e a s t  one ( 1 )  f i e l d  d e n s i t y  t es t  per  2,000 f t  
o f  each l i f t  should be performed i n  u n r e s t r i c t e d  r e a s .  A t  
l e a s t  one (1) test  should be performed per  100 yd' of f i l l  
p laced  i n  r e s t r i c t e d  a r e a s .  A l l  f i e l d  d e n s i t y  tes ts  w i l l  b e  
performed wi th in  a depth  i n t e r v a l  of 6 t o  1 4  i n .  below t h e  
s u r f a c e  of t h e  uppermost compacted l i f t .  

b. Maximum and minimum d r y  d e n s i t y .  Maximum and minimum dry  
d e n s i t y  de t e rmina t ions  s h a l l  be i n  accordance wi th  ASTM 
D 4253 and D 4254, r e s p e c t i v e l y .  A t  t h e  s t a r t  of f i l l  p lace-  
ment, a t  l e a s t  5 maximum d e n s i t y  tes ts  should be performed. 
A t  l e a s t  one (1) a d d ' t i o n a l  maximum d e n s i t y  t es t  should be 
performed pe r  200 yd' of f i l l  p laced  i n  r e s t r i c t e d  o r  unre- 
s t r i c t e d  a r e a s  or when m a t e r i a l  type  changes. For similar 
m a t e r i a l s ,  t h e  va lue  of maximum d e n s i t y  used f o r  c o n s t r u c t i o n  
q u a l i t y  c o n t r o l  acceptance  should be t h e  combined average  of  
a l l  tests.  The average  should be recomputed a f t e r  each f i v e  
( 5 )  a d d i t i o n a l  tests.  

P re l imina ry  maximum dry  d e n s i t y  t e s t s  should be performed a t  
mois ture  c o n t e n t s  between 90 pe rcen t  and 100 pe rcen t  s a t u r a -  
t i o n  and us ing  r h e o s t a t  s e t t i n g s  between 50 and 100 on t h e  
v i b r a t i n g  t a b l e .  The moi s tu re  c o n t e n t  and r h e o s t a t  s e t t i n g  
t h a t  produces t h e  maximum d r y  d e n s i t y  should then be used f o r  
a l l  subsequent tests. 

P re l imina ry  minimum dry  d e n s i t y  t e s t s  should be performed 
us ing  both  t h e  f l a t  scoop and g radua te  c y l i n d e r  methods, t o  
de te rmine  which method g i v e s  t h e  minimum dry  d e n s i t y  and most 
r ep roduc ib le  r e s u l t s .  The method g i v i n g  t h e  lowes t  d r y  
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d e n s i t y  should then  be adopted f o r  a l l  subsequent minimum dry  
d e n s i t y  de te rmina t ions .  A t  l eas t  f i v e  ( 5 )  t es t s  should i n i -  
t i a l l y  be made and t h e  r e s u l t s  averaged t o  de termine  minimum 
d r y  d e n s i t y .  A t  l e a s t  one (1) a d d i t i o n a l  minimum d r y  d e n s i t y  
tes t  should be made pe r  200 yd3 of f i l l  p laced  i n  r e s t r i c t e d  
o r  u n r e s t r i c t e d  a r e a s  o r  when m a t e r i a l s  t y p e  changes. 
minimum d ry  d e n s i t y  should be recomputed a f t e r  each f i v e  (5) 
minimum d r y  d e n s i t y  tests. 

The 

2.7.2.6.5 C e r t i f i c a t i o n  of  Compliance 

The l i c e n s e  a p p l i c a n t  should v e r i f y  t h a t  t h e s e  c r i t e r i a  and 
s p e c i f i c a t i o n s  on placement and compaction have been m e t  and 
should document a l l  i n s t a n c e s  of noncompliance and a c t i o n  taken. 
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2.8 Waste Cover Systems 

F igure  2.8.1 shows t h e  major components of  t h e  waste cover  system 
i n  t h e  tumulus p o r t i o n  of  t h e  EHCB inc lud ing :  (1) t h e  v a u l t  roof, 
( 2 )  low-permeabi l i ty  membranes, ( 3 )  b a c k f i l l  around waste packages,  
(4) f i l t e r  and d ra inage  l a y e r  m a t e r i a l s ,  ( 5 )  low-permeabi l i ty  s o i l  
l a y e r s ,  ( 6 )  t o p s o i l  and vege ta t ion ,  and p o s s i b l y  rock  p r o t e c t i o n  of  
f i n a l  s u r f a c e s .  Guidance and c r i t e r i a  f o r  b a c k f i l l  around waste 
packages and f o r  f i l t e r  and d ra inage  m a t e r i a l s  a r e  provided i n  
S e c t i o n  2.7. Guidance on t h e  des ign  of  rock p r o t e c t i o n  i s  provided 
i n  SRP 5.1.1 of NUREG-1200. Other s e c t i o n s  of NUREG-1200 p rov ide  
guidance on des ign  and c o n s t r u c t i o n  of  t h e  waste cover  system, b u t  
i t  i s  in tended  t h a t  t h i s  s e c t i o n  expand on e x i s t i n g  guidance and 
more d i r e c t l y  address  s p e c i a l  c o n s i d e r a t i o n s  re la ted  t o  t h e  EMCB. 
Technica l  quidance prepared f o r  EPA (Lu t ton  1987) on s imi l a r  
engineered  cove r s  over  hazardous waste  may a l s o  be u s e f u l .  

2.8.1 General  Design C r i t e r i a  f o r  Waste Cover Systems 

Waste cover  systems should be  designed and cons t ruc t ed  of s u i t a b l e  
mater ia ls  us ing  methods t h a t  provide  r easonab le  a s su rance  t h a t  t h e  
completed cover  system s a t i s f i e s  t h e  Performance Ob jec t ives  of  
10 CFR Pa r t  61  Subpar t  C. Performance of t h e  cover  system should 
be judged on i t s  c a p a b i l i t y  for: 

a. D i r e c t i n g  s u r f a c e  runoff  away from the  d i s p o s a l  u n i t  and 
wastes. 

b. Minimizing i n f i l t r a t i o n  of  runoff  through t h e  cover  and toward 
t h e  d isposed  wastes. 

c. Minimizing t h e  c o n t a c t  of water wi th  waste packages d u r i n g  d i s -  
p o s a l  and t h e  c o n t a c t  of p e r c o l a t i n g  or  s t a n d i n g  water wi th  
waste packages a f t e r  d i s p o s a l .  

d. Minimizing s u r f a c e  e r o s i o n ,  d i f f e r e n t i a l  s e t t l e m e n t ,  ponding, 
p ip ing ,  s loughing ,  and slumping. 

e. P r o t e c t i n g  i n a d v e r t e n t  i n t r u d e r s ,  f o r  500 y e a r s ,  from Class C 
wastes. 

f .  L imi t ing  t h e  dose r a t e  a t  t he  s u r f a c e  o f  t h e  cover  t o  
accep tab le  l e v e l s .  

g. Provid ing  long-term s t a b i l i t y  wi thout  t h e  need f o r  a c t i v e  
maintenance. 

2.8.2 S p e c i f i c  Design Review C r i t e r i a  f o r  Waste Cover Systems 

2.8.2.1 Vaul t  Roofs 

Cons ide ra t ions  r e l a t e d  t o  s t r u c t u r a l  l oad ing ,  des ign ,  m a t e r i a l  
q u a l i t y ,  c o n s t r u c t i o n  o p e r a t i o n s ,  and performance f o r  t h e  v a u l t  
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Figure 2.8.1. Major components of EMCB waste cover system 



roof a r e  covered i n  t h e  preceding s e c t i o n s .  I n  g e n e r a l ,  conc re t e  
t h a t  i s  s t r o n g  and dense w i l l  a l s o  have low p e r m e a b i l i t y ,  i .e .  t h e  
d e s i g n  and c o n s t r u c t i o n  c o n s i d e r a t i o n s  necessa ry  t o  ach ieve  t h e s e  
g o a l s  a r e  t h e  same and i n c l u d e  low water to cement r a t i o s ,  good 
v i b r a t i o n ,  adequate c u r i n g ,  and c a r e f u l  a t t e n t i o n  t o  s e a l i n g  of 
j o i n t s  and c o n t r o l  of c racks .  I n  a d d i t i o n ,  t h e  roof should be 
s loped  t o  promote d ra inage  toward t h e  s i d e s  of the  bunker. The 
l i c e n s e  a p p l i c a n t  should provide  p l ans  and a d i s c u s s i o n  of f e a t u r e s  
des igned  t o  ach ieve  low p e r m e a b i l i t y  and w a t e r t i g h t n e s s  of t h e  
v a u l t  roof a long  wi th  a d e s c r i p t i o n  of t h e  f e a t u r e s  r e q u i r e d  t o  
permi t  f i l l i n g  of vo id  space between t h e  roof and t h e  d isposed  
waste. I f  t h e  v a u l t  roof i s  designed t o  be a b a r r i e r  t o  inad- 
v e r t e n t  i n t r u s i o n ,  i t  must be shown t o  provide  i n t r u d e r  p r o t e c t i o n  
f o r  Class  C wastes for 500 yea r s .  

2.8.2.2 Low-Permeability Cover M a t e r i a l s  

Low-permeability cover m a t e r i a l s  should be designed and cons t ruc t ed  
t o  minimize ponding and i n f i l t r a t i o n  of water. Refer  t o  SRP 6.2 of 
NUREG-1200 f o r  guidance on p r o t e c t i o n  of i n a d v e r t e n t  i n t r u d e r s .  
Cover m a t e r i a l s  should be designed and cons t ruc t ed  t o  l i m i t  t h e  
dose r a t e  a t  t h e  s u r f a c e  t o  a c c e p t a b l e  l e v e l s ,  t o  minimize t h e  
p o t e n t i a l  for slumping, s loughing ,  o r  s l i d i n g ,  and t o  minimize t h e  
adverse  e f f e c t s , o f  burrowing animals.  Cover m a t e r i a l s  should be 
compatible wi th  and complement t h e  performance o f  d ra inage  and 
f i l t e r  m a t e r i a l s  and s u r f a c e  d ra inage  and e r o s i o n  p r o t e c t i o n  
f e a t u r e s  of t h e  d i s p o s a l  s i t e ,  Low-permeability cove r  m a t e r i a l s  
i n c l u d e  t h e  e a r t h  or man-made m a t e r i a l s  p laced  above t h e  s t r u c t u r a l  
roof of t h e  d i s p o s a l  u n i t .  

2.8.2.2.1 Low-Permeability Membranes 

Low-permeability membranes and p a n e l s ,  i f  proposed by t h e  l i c e n s e  
a p p l i c a n t ,  should be designed and c o n s t r u c t e d  t o  complement t h e  
bunke r ' s  roof and t h e  low-permeabili ty e a r t h  cover c a p a b i l i t i e s  f o r  
minimizing i n f i l t r a t i o n  of water and p o s s i b l e  c o n t a c t  wi th  waste 
packages. S e c t i o n  2.3.3.5.2 summarizes t h e  main c h a r a c t e r i s t i c s  
and q u a l i t i e s  of geomembranes and accepted  methods of cons t ruc -  
t i o n .  
used i s  co r ruga ted  pane l s  w i th  b e n t o n i t e  sandwiched between t h e  
c o r r u g a t i o n s .  
i n  S e c t i o n  2.3. Such pane l s  have been s u c c e s s f u l  i n  s e a l i n g  tun- 
n e l s  d r i v e n  benea th  water bodies .  

Another low-permeabili ty m a t e r i a l  t h a t  may be s u c c e s s f u l l y  

C h a r a c t e r i s t i c s  of b e n t o n i t e  pane l s  were summarized 

Use of geomembranes, b e n t o n i t e  p a n e l s ,  or o t h e r  low-permeabili ty 
manufactured m a t e r i a l s  should be  cons idered  i f  t h e  l o c a l l y  a v a i l -  
a b l e  low-permeabili ty s o i l s  have only  marg ina l ly  a c c e p t a b l e  per- 
formance c h a r a c t e r i s t i c s  o r  a s  an added measure of conserva t i sm.  
These m a t e r i a l s  snould not  be cons ide red  s u b s t i t u t i o n s  f o r  
accep tab le  e a r t h  covers .  Use of low-permeabi l i ty  membranes as  a 
b a r r i e r  p laced  over t h e  v a u l t  roof and w a l l s  i s  i l l u s t r a t e d  i n  
F igu re  2.8.1. 
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2.8.2.2.2 Low-Permeability E a r t h  Cover 

Cons t ruc t ion  of low-permeabili ty e a r t h  cove r s  a r e  b r i e f l y  d i scussed  
i n  S e c t i o n  2.4. To achieve  i t s  in tended  des ign  f u n c t i o n ,  low- 
p e r m e a b i l i t y  e a r t h  cove r s  t h a t  normally would c o n s i s t  of c l a y  mate- 
r i a l s  should be c a r e f u l l y  s e l e c t e d ,  p l aced ,  and compacted. Guid- 
ance on s e l e c t i o n ,  placement,  and compaction i s  given i n  t h e  f o l -  
lowing paragraphs.  However, s u b s t i t u t i o n s  may be necessary  o r  
b e n e f i c i a l  and t h i s  guidance should not  be abso lu te .  For example, 
some f ine-gra ined  s o i l s  a r e  d i f f i c u l t  t o  compact p rope r ly  and may 
r e q u i r e  p rocess ing  p r i o r  t o  placement and t h e  c o n s t r u c t i o n  of t e s t  
f i l l s  t o  develop s a t i s f a c t o r y  methods f o r  placement and compac- 
t i o n .  F u r t h e r ,  s o i l s  wi th  a h igh  pe rcen tage  of f i n e s  tend t o  be 
more s u s c e p t i b l e  t o  f r o s t  heave, which should be a c o n s i d e r a t i o n  i n  
seasona l  f r o s t  a r e a s .  Thick c l a y  cove r s  o f f e r  t h e  advantage of 
i n c r e a s i n g  t h e  t r a v e l  t i m e  f o r  i n f i l t r a t i n g  water and reducing  
problems with d e s i c c a t i o n  c r a c k s ,  bu t  d i f f i c u l t y  i n  p rope r ly  com- 
pac t ing  t h i c k  c l a y  cove r s  may i n c r e a s e  s e t t l e m e n t s .  Organic s i l t s ,  
o r g a n i c  c l a y s ,  and p e a t s  should be avoided because of t h e i r  un- 
s t a b l e  composition, d i f f i c u l t  placement and compaction c h a r a c t e r -  
i s t i c s  and h igh  c o m p r e s s i b i l i t y .  

7 The in-p lace  c o e f f i c i e n t  of p e r m e a b i l i t y  of t h e  compacted c l a y  
m a t e r i a l  i n  any d i r e c t i o n  should be l e s s  t h a n  o r  equa l  t o  1 X 10- 
cm/sec a s  measured by t e s t s  on undis turbed  samples of t h e  cover 
l a y e r  accord ing  t o  t h e  Corps of Engineers EM 1110-2-1906, 
"Labora tory  S o i l s  T e s t i n g " ,  Appendix V I I ,  Chapter 7,  "Pe rmeab i l i t y  
Tests with Back P res su re"  (November 1970) .  The t h i c k n e s s  of  t h e  
c l a y  l a y e r  i n  t h e  cover system should be a t  l e a s t  2 f t .  To mini- 
mize p o t e n t i a l  s e t t l e m e n t  problems due t o  improper compaction, max- 
i m u m  t h i c k n e s s  of t h e  c l a y  cover should be 6 f t .  The upper s u r f a c e  
of t h e  c l a y  l a y e r  should be crowned, i .e.  i t  should s l o p e  toward 
t h e  s i d e s .  The low-permeabili ty c l a y  l a y e r  should be p laced  and 
compacted accord ing  t o  Department of t h e  Army Technica l  Manual TM- 
5-818-4 " B a c k f i l l  f o r  Subsurface  S t r u c t u r e s , "  Appendix B, 
"Fundamentals of Compaction, F i e l d  Compaction T e s t  Methods, and 
F i e l d  Moisture-Density Test Methods." Add i t iona l  guidance i s  
o f f e r e d  i n  t h e  fo l lowing  paragraphs.  

2.8.2.2.2.1 Placement and Compaction 

2.8.2.2.2.1.1 U n r e s t r i c t e d  Areas 

I n  u n r e s t r i c t e d  areas where normal, high-volume compaction 
equipment can be used, t h e  low-permeabili ty c l a y  cover should 
be placed i n  no t  more than 10-in. l o o s e - l i f t  t h i c k n e s s e s  and 
should be compacted t o  95 pe rcen t  of t h e  maximum d r y  d e n s i t y  a s  
determined by t h e  Modified P r o c t o r  Method, ASTM D 1557. The 
placement moi s tu re  con ten t  should be wi th in  -1 t o  +2 pe rcen t  of 
t h e  optimum mois tu re  c o n t e n t .  
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2.8.2.2.2.1.2 R e s t r i c t e d  Areas 

I n  r e s t r i c t e d  a r e a s ,  t h e  low-permeabili ty c l a y  s o i l  should be 
p laced  i n  no t  more t h a n  4-in. l o o s e - l i f t  t h i c k n e s s e s  and com- 
pac ted  t o  95 p e r c e n t  of t h e  maximum dry  d e n s i t y  a s  determined 
by t h e  Modified P r o c t o r  Method, ASTM D 1557. The placement 
moi s tu re  c o n t e n t  should be wi th in  -1 t o  +2 p e r c e n t  of optimum 
moisture con ten t .  

2.8.2.2.2.2 F i l l  Acceptance C r i t e r i a  

Acceptance of compaction of t h e  low-permeabili ty e a r t h  cover  
should be  based on achievement of a s p e c i f i e d  minimum d r y  den- 
s i t y  and achievement of a s p e c i f i e d  placement moi s tu re  c o n t e n t  
f o r  each l i f t  placed. A compacted l i f t  should be judged 
a c c e p t a b l e  i f :  

1. 
a t  l e a s t  93 pe rcen t  of t h e  maximum d r y  d e n s i t y  a s  determined by 
t h e  Modified P r o c t o r  Method, ASTM D 1557, and t h e  in-p lace  
moi s tu re  c o n t e n t  i s  w i t h i n  -1 t o  +2 percen t  of optimum mois tu re  
c o n t e n t .  

The in-p lace  d ry  d e n s i t y  determined by any s i n g l e  t es t  i s  

2. 
w i t h i n  one l i f t  i s  a t  l e a s t  95 pe rcen t  of t h e  maximum dry  den- 
s i t y  a s  determined by ASTM D 1557 and t h e  average  in-p lace  
moi s tu re  c o n t e n t  i s  w i t h i n  -1 t o  +2 percen t  of optimum mois tu re  
c o n t e n t .  

The cumula t ive  average  d r y  d e n s i t y  a s  measured by a l l  tes ts  

2.8.2.2.2.3 F i l l  Acceptance Test Methods and Frequencies  

1. F i e l d  tests t o  judge acceptance  of t h e  low-permeabili ty 
e a r t h  cover f i l l  should be performed accord ing  t o  ASTM D 1556, 
t h e  sand cone d e n s i  y method. A t  l e a s t  one t e s t  should be per -  
formed per 2,000 f t  i n  u n r e s t  i c t e d  a r e a s .  A t  l e a s t  one t es t  
should be p e r f o h e d  per  100 yd5 of f i l l  p laced  i n  r e s t r i c t e d  
a r e a s .  A t  l e a s t  one t e s t  should be performed whenever i t  is 
suspec ted  t h a t  f i l l  m a t e r i a l  c h a r a c t e r i s t i c s  have changed. 

5 

2. Maximum Density.  Maximum dry  d e n s i t y  should be determined 
i n  accordance with ASTM D 1557. I n i t i a l l y ,  one f ive -po in t  
ASTM D 1557 tes t  should be run  t o  de te rmine  maximum dry  den- 
s i t y .  A t  l e a s t  one a d d i t i o n a l  t es t  should b e  run  f o r  each  
200 yd of f i l l  p laced  i n  r e s t r i c t e d  or u n r e s t r i c t e d  a r e a s  o r  
when m a t e r i a l  t y p e  changes. The d r y  d e n s i t y  va lue  used a s  
100 p e r c e n t  maximum dry  d e n s i t y  w i l l  be t h e  average  of a l l  
maximum test va lues  for a s p e c i f i c  s o i l  m a t e r i a l  type.  The 
optimum water c o n t e n t  should be t h e  average  cor responding  t o  
t h e  maximum d r y  d e n s i t y .  

3 
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2.8.2.2.2.4 C e r t i f i c a t i o n  of Compliance 

The l i c e n s e  a p p l i c a n t  should v e r i f y  t h a t  t h e s e  c r i t e r i a  and 
s p e c i f i c a t i o n s  have been m e t  and should document a l l  i n s t a n c e s  
of  noncompliance and a c t i o n s  taken .  

2.8.2.3 Topso i l  and Vegeta t ion  

Topso i l  and v e g e t a t i o n  should be s e l e c t e d  and placed t h a t  com- 
plement t h e  a b i l i t y  of t h e  d i s p o s a l  s i t e  t o  meet t h e  Perform- 
ance Ob jec t ives  of  Subpart  C and p e r t i n e n t  Technica l  Require- 
ments of Subpart  D of 10 CFR P a r t  61. 
and v e g e t a t i v e  cover m a t e r i a l s  should be capab le  of  r e s i s t i n g  
e r o s i o n ,  promoting r u n o f f ,  and minimizing ponding and i n f i l t r a -  
t i o n .  I n  a d d i t i o n ,  i n  s easona l  f r o s t  a r e a s ,  t o p s o i l  should be 
s e l e c t e d  t h a t  i s  r e s i s t a n t  t o  f r o s t  heave. Department of t h e  
Army Engineer Manual EM-1110-3-136 ( A p r i l  1984) p rov ides  guid- 
ance on p reven t ion  of f r o s t  damage and maximum dep th  of f r o s t  
p e n e t r a t i o n  i n  the  U.S. 
f r o s t  heave and those  t h a t  a r e  " f r o s t  f r e e "  a r e  d i s c u s s e d  i n  
Terzaghi and Peck (1967) and Peck, Hanson, and Thornburn 
(1973),  i n c l u d i n g  c o n d i t i o n s  t h a t  can resul t  i n  format ion  of 
ice  l e n s e s  and means f o r  p reven t ing  f r o s t  damage. T a b l e  2.8-2 
l i s t s  s u s c e p t i b i l i t y  of s o i l  t y p e s  t o  f r e e z e  a c t i o n ,  The 
tendency f o r  i ce  l e n s e s  t o  deve lop  and grow i n c r e a s e s  r a p i d l y  
wi th  d e c r e a s i n g  g r a i n  s i z e  and pe rcen tage  of g r a i n s  s m a l l e r  
t h a n  0.02 mm. However, t h e  r a t e  a t  which a v a i l a b l e  water can 
flow toward t h e  zone of f r e e z i n g  dec reases  wi th  dec reas ing  
g r a i n  s i z e .  Therefore ,  t h e  worst s o i l s  f o r  f r o s t  heave damage 
s u s c e p t i b i l i t y  tend t o  be t h e  i n t e r m e d i a t e  g r a i n  s i z e  s o i l s  , 
such  a s  f i n e  s i l t s  and s a n d - s i l t  mix tures .  For a soil wi th  
g iven  g r a i n - s i z e  c h a r a c t e r i s t i c s ,  t h e  i n t e n s i t y  of  i c e  l e n s  
growth i n c r e a s e s  wi th  i n c r e a s i n g  c o m p r e s s i b i l i t y .  
should be s e l e c t e d  such  t h a t  r o o t  systems do not  s i g n i f i c a n t l y  
p e n e t r a t e  t h e  low-permeabili ty e a r t h  cover.  Department of  t h e  
Army Techn ica l  Manual TM 5-830-2, "Es tab l i shment  of Herbaceous 
Ground Cover" (September 19831, and Tucker (1983) provide  guid- 
ance on s e l e c t i o n  of p l a n t s .  
t y p i c a l  va lues  f o r  r o o t i n g  depths .  The a c t u a l  s e l e c t i o n  of 
s p e c i e s  should addres s  t h e  c o n d i t i o n s  a s s o c i a t e d  wi th  t h e  spe- 
c i f i c  r eg ion  of  t h e  coun t ry  and h a b i t a t .  Topsoi l  should be 
s e l e c t e d  t h a t  promotes e s t ab l i shmen t  and nourishment of t h e  
s e l e c t e d  v e g e t a t i v e  cover .  On-site s o i l s  and n a t i v e  v e g e t a t i o n  
may be used i f  t h e s e  s o i l s  and v e g e t a t i o n  a r e  capab le  of f u l -  
f i l l i n g  t h e  in tended  f u n c t i o n  r ega rd ing  long-term s t a b i l i t y .  

S p e c i f i c a l l y ,  t o p s o i l  

S o i l  t ypes  t h a t  a r e  s u s c e p t i b l e  t o  

Vegeta t ion  

Table 2.8-1 i s  provided t o  g i v e  

Topsoi l  should be compacted t o  minimize e ros ion .  
e f f o r t s  should be l e s s  than  f o r  t h e  low-permeabili ty e a r t h  
cove r  m a t e r i a l s  t o  encourage v e g e t a t i o n  growth. 
should be compacted t o  90 p e r c e n t  of t h e  maximum dry  d e n s i t y  a s  
determined by t h e  Modified P r o c t o r  Method, AS" D 1557. Place- 
ment moi s tu re  c o n t e n t  should be wi th in  -2 t o  +3  pe rcen t  of t h e  

Compaction 

The t o p s o i l  
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optimum mois ture  con ten t .  
removed from t o p s o i l  be fo re  placement. 

Roots and o t h e r  d e b r i s  should be 

S o i l  t ypes  c l a s s i f i e d  accord ing  t o  t h e  Uni f ied  S o i l s  C l a s s i f i -  
c a t i o n  System (USCS) (Sowers 19791, a r e  ranked i n  Table  2.8-2 
accord ing  t o  t h e i r  performance of c e r t a i n  cover f u n c t i o n s  
(1 = b e s t ,  13 = wors t ) .  S e l e c t i o n  of s a t i s f a c t o r y  s o i l  f o r  t h e  
t o p s o i l  l a y e r  should be based on r e s i s t a n c e  t o  water and wind 
e r o s i o n ,  r e s i s t a n c e  t o  i n f i l t r a t i o n ,  r e s i s t a n c e  t o  burrowing 
an imals ,  and f r e e z e  r e s i s t a n c e .  S u b s t i t u t i o n s  may be r e q u i r e d  
t o  ba lance  t h e s e  somewhat c o n t r a d i c t o r y  requi rements ,  accord ing  
t o  t h e  rankings  i n  Table  2.8-2 and should i n c l u d e  c o n s i d e r a t i o n  
of  a v a i l a b l e  m a t e r i a l s .  For example, i t  may be d e s i r a b l e  t h a t  
on ly  s o i l s  with a ranking  less than  5 for impeding water per- 
c o l a t i o n  be used i n  t o p s o i l  l a y e r s .  However, o t h e r  cons idera-  
t i o n s  may, under s p e c i f i c  c o n d i t i o n s ,  i n d i c a t e  a need t o  
d e v i a t e  from t h i s  requi rement ,  e.g., t o  achieve  adequate  
r e s i s t a n c e  t o  e ros ion .  

Two u s e f u l  formulas i n  t h e s e  a r e a s  a r e  t h e  United S t a t e s  
Department of A g r i c u l t u r e  (USDA) u n i v e r s a l  s o i l  l o s s  equa t ion  
(USLE) and the  wind e r o s i o n  equa t ion  (WEE). The USLE i s  s t a t e d  
a s  : 

A = RKLSCP 

where 

A = average  s o i l  l o s s  ( t o n s / a c r e )  
R = r a i n f a l l  and runoff  e r o s i v i t y  index 
K = s o i l  e r o d i b i l i t y  f a c t o r  
L = s l o p e  - l e n g t h  f a c t o r  
S = s lope  - s t eepness  f a c t o r  
C = cover/management f a c t o r  
P = p r a c t i c e  f a c t o r  

The WEE is w r i t t e n  a s :  

A '  = f ( K ' ,  C ' ,  L ' ,  T ' ,  V') 

where 

K '  = a s o i l  e r o d i b i l i t y  f a c t o r  
T '  = a s o i l  r i d g e  roughness f a c t o r  
C '  = a c l i m a t i c  f a c t o r  
L '  = t h e  f i e l d  l e n g t h  a long  t h e  p r e v a i l i n g  wind e r o s i o n  d i r e c t i o n  
V '  = an e q u i v a l e n t  q u a n t i t y  o f  v e g e t a t i v e  cover 

An in-depth review of t h e  use of t h e  formulas a s  we l l  a s  t h e  f a c t o r s  t h a t  make 
them up i s  provided by Tucker (1983). 
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Table 2.8-1 

Typ ica l  Rooting Depth of Various P l a n t s *  

(Source: T. E. Hakonson and E. S .  Gladney, 1981) 

Root Depth 

Spec ie s  Feet Meters 

B l u e  Grama 

Cheatgrass  

Russian T h i s t l e  

Sweet C1 over 

Rabb i t  Brush 

Sage Brush 

Ponderosa Pine 

3 1 

3 1 

8 6 

15-30 5-10 

15 5 

15 5 

9-1 2 3-4 

* Table  2.8.1 i s  provided t o  g i v e  t y p i c a l  va lues  f o r  r o o t i n g  depths .  The 
a c t u a l  s e l e c t i o n  of s p e c i e s  should addres s  t h e  c o n d i t i o n s  a s s o c i a t e d  wi th  
t h e  s p e c i f i c  r eg ion  of t h e  coun t ry  and h a b i t a t .  
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Table 2.8-2 

Ranking of USCS* So i l  Types 

(Source: EPA-60012-79-165 "Design and Construct ion of Covers f o r  Sol id  Waste L a n d f i l l s " )  

USCS 
Symbol 

GW 

GP 
GH 

GC 

SW 

N SP 
OD SH I 

sc \o 

ML 

CL 

OL 

HH 

CH 

OH 

et 

Impede Assist 

Erosion Control Water Water Discourage 
Water Wind Percolat ion Percolat ion Burrowing -- 

1 

1 

4 

3 

2 

2 

6 

7 

13 

12 . 
11 

10 

9 

8 

5 

1 

1 

3 

5 

2 

2 

4 

6 

7 

8 

7 

9 

10 
-- 
-- 

lo 

12 

7 

5 

9 

11 

8 

6 

4 

2 

-- 
3 

1 
-- 
-- 

3 

1 

6 

8 

4 

2 

5 

7 

9 

11 

-- 
lo 

12 
-- 
-- 

1 

1 

3 

5 

2 

2 

4 

6 

7 

8 

7 

9 

10 
-- 
-- 

C a s  Migration 
Impede Assist 

10 1 

9 2 

7 4 

4 7 

8 3 

7 4 

6 5 

5 6 

3 8 

2 9 
-- -- 

-- -- 
1 lo 

-- -- 
-- -- 

Support 
Vegetation 

10 

10 

6 

5 

9 

9 

2 

1 

3 

7 

4 

4 

8 

8 

3 

Reduce Freeze Action Crack 
Resis tance Fas t  Freeze** Sa tura t ion  

1 

1 

3 

5 

1 

1 

2 

4 

6 

8 

7 

9 

10 

9 
-- 

lo 

9 

7 

4 

8 

7 

6 

5 

3 

2 

-- 
_- 
1 

-- 
-- 

1 

1 

4 

7 

2 

2 

5 

6 

10 

8 

8 

9 

3 
-- 
-- 

Unified S o i l  C l a s s i f i c a t i o n  System. 
** 
1 = Best: 13 = Worst. 

Based on he ight  of c a p i l l a r y  r ise .  
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SUGGESTED FORM WATCHERS REPORT 

AND PROGRAM 



SUGGESTED FORM WATCHERS REPORT 

J o b  l o c a t i o n  Date 

P lacement  d e s c r i p t i o n :  F l o o r  Genera l  C o n t r a c t o r  

Placement Number Genera l  Contr .  Supt .  

Column l i n e  r e f e r e n c e s  

S t a r t i n g  t i m e  of placement:  

Comple t ion  t i m e  of  placement:  

C o n c r e t e  p l a c i n g  equipment:  

Concre t e  conveying  equipment:  

Type of work be ing  poured  

Scope o f  s u b c o n t r a c t o r ' s  work 

Type of formwork o r  s t r u c t u r e  t o  which 

Comments on g e n e r a l  c o n t r a c t o r ' s  f r a m i n g  

s u b c o n t r a c t o r ' s  work i s  framed 

T e l l t a l e s  i n  p l a c e  and marked where 
r e q u i r e d  by s u p e r i n t e n d e n t  

Camber i n s t a l l e d  

Clean  o u t  h o l e s  pa t ched  

Chamfer and g r a d e  s t r i p s  i n  p l a c e  

Equipment a v a i l a b l e  i n  c a s e  o f  need f o r  

- Form d e t a i l s  

All s h o r e s  i n  p l a c e  
- 
- 

Wedges under s h o r e s  t i g h t  and n a i l e d  - 
S h o r i n g  hardware secu red  - 
S i l l s  s o l i d  on ground or s l a b  - 
Lac ing  i n s t a l l e d ,  when r e q u i r e d  - 

- 
- 
- 
- ad jus tmen t  of r e i n f o r c e m e n t  

E x t r a  s h o r e s  

Wedges 

Pans n a i l e d  

E x t r a  l a c i n g  j o i s t  pans - 
- - E x t r a  j a c k s  - - Check f o r  s p r e a d e r s  when r e q u i r e d  i n  - 

Plywood j o i n t s  f l u s h  

X-bracing i n s t a l l e d  where l a t e r a l  
movement cou ld  occur  

- 
- 

- Prea r ranged  s i g n a l  w i t h  c o n c r e t e  p l a c i n g  
foreman t.0 s t o p  pour i n  emergency 

- Check f o r  p o s s i b l e  e x i t  r o u t e s  i n  case of 
t r o u b l e  - a t  l e a s t  two such  r o u t e s  shou ld  - Beam s p r e a d e r s  i n  p l a c e  be a v a i l a b l e  wherever p o s s i b l e  

Know p l a c i n g  c rews '  sequence  of pour .  
Check f o r  p l a c i n g  deep  beams or d r o p s  

- Form hardware t i g h t  - 
T i g h t e n  wedges under s h o r e s  a l o n g  
c o n s t r u c t i o n  j o i n t  of  p r e v i o u s  pour  - b e f o r e  main deck  - 
Check s h o r e s  for plumb - F o r  w a l l s :  know rate  of  p lacement  f o r  

which forms des igned  and p r o t e s t  i f  
exceeded 

- 

J o b  no. Form w a t c h e r ' s  s i g n a t u r e  Date Job  name 
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1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 

18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 

26. 

27. 
28. 
29. 
30. 

31. 

32. 

33. 

3 4 .  

35. 

Formwork Check Items 

Types and s t r e n g t h s  of m a t e r i a l s  f o r  formwork 
Formwork c o n s t r u c t i o n  l o a d s  
L i m i t s  on r a t e  of pour and conc re t e  tempera ture  
Planned pour sequence and schedule  
Complete formwork d e t a i l s  and dimensions 
J o i n t  d e t a i l s  
The complete sho r ing  and r e shor ing  p l a n s  
Safe  working a r e a s  and passageways t o  and from t h e  work a r e a s  
Good housekeeping f o r  s a f e  work a r e a s  and passages  
A l l  pe r ime te r  edges and f l o o r  openings guarded 
Pe r sona l  s a f e t y  equipment provided f o r  a l l  workers 
Safe  power t o o l s  provided 
Formwork r i g g i n g  connec t ions  checked f o r  c o r r e c t  i n s t a l l a t i o n  
A l l  l oose  hanging forms removed dur ing  s t r i p p i n g  o p e r a t i o n s  
Exposed n a i l s  from s t r i p p e d  forms removed or bent  
Exposed form t i e s  i n  work a r e a  ben t  or removed 
I n s p e c t i o n  t o  ensu re  t h a t  t h e  forming system i s  complete i n  a l l  d e t a i l s  
be fo re  p l a c i n g  conc re t e  
L a t e r a l  b rac ing ,  p r o p e r l y  a t t a c h e d ,  provided a s  shown on t h e  drawings 
Bulkheads braced t o  res is t  l a t e r a l  p r e s s u r e  and sp read ing  of w a l l s  
Forms checked t o  ensu re  t h a t  t hey  a r e  adequate ly  t i e d  and braced 
E x t e r i o r  c o r n e r s  t i e d  t o  prevent  sp read ing  
All wall ties checked for proper  s t r e n g t h ,  spac ing ,  and l e n g t h  
Res i s t ance  provided a g a i n s t  u p l i f t  for t o p  forms wi th  s l o p i n g  f a c e s  
Wales checked f o r  proper spac ing  
One member of double-member wales l e f t  cont inuous  a c r o s s  form t i e s  a t  
s p l i c e s  
Proper l a p  provided between forms and previous  c o n s t r u c t i o n  wi th  
connec t ing  hardware c a r e f u l l y  secured 
Rate of  pour not  t o  exceed t h a t  shown on working drawings 
Experienced form watchers i n s p e c t i n g  d u r i n g  t h e  c o n c r e t e  placement 
Proper v i b r a t i o n  when p e n e t r a t i n g  an ear l ie r  l i f t  
I n d i v i d u a l  sho res  l a c e d  both ways wi th  cont inuous  runne r s ,  and sho 
system braced l a t e r a l l y  

i n g  

Timber sho r ing  checked t o  see t h a t  i t  i s  sound, p r o p e r l y  s i z e d ,  plumb and 
no t  bu t  s p l i c e d :  hardwood wedges checked t o  see t h a t  t h e y  a r e  t i g h t  and 
s a f e t y  n a i l e d  t o  p reven t  s l i p p a g e  from v i b r a t i o n  
Columns poured a t  l eas t  one day ahead of  s l a b s  f o r  added l a t e r a l  
s t a b i l i t y  
Pour sequence schedule  observed, a s  shown on formwork drawings,  t o  
p reven t  e c c e n t r i c  l o a d i n g s  
High drops  from c o n c r e t e  bucke t s  and ponding of conc re t e  on supported 
forms p r o h i b i t e d  
Concrete s l a b s  allowed adequate t i m e  t o  deve lop  s t r e n g t h  b e f o r e  removal 
of sho res  or r e shores  
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criteria covering the design, construction and operation of the earth-mounded concrete 
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to the bunker i n  the excavated area and the top of the bunker is covered with a low 
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The 

Pervious f i l l  material is ccanpacted adjacen 

The above grade tumulus b u i l t  over the bunker consists of stacked waste containers t h a t  
are covered i n i t i a l l y  w i t h  pervious f i l l  and,then a layered w a s t e  cover sys tm.  
134CB includes fi l ter  and drainage systems that are connected to monitoring sumps. 

The 

Eight m a j o r  review criteria categories are i d e n t i f i e d i n t h e  report. 
include (1) the  loads and load canbinations to  be used i n  design, (2)  s t ructural  design 
'and analytical methods, (3) construction material qua l i ty  and durabili ty,  (4)  constructio 
and operations, (5)  qual i ty  assurance, (6) s t ructural  performance monitoring, (7) f i l t e r  
md drainage systems, and '(8) w a s t e  cover system. 

The categories 
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