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SUMMARY 

The Guidance f o r  UMTRA P r o j e c t  Survei l l a n c e  and Maintenance descr ibes the  
procedures t h a t  w i l l  be used by the  U.S, Department o f  Energy (DOE), or  o the r  
agency as designated by the  Pres ident ,  t o  v e r i f y  t h a t  Uranium M i l l  T a i l i n g s  
Remedial Ac t i on  (UMTRA) P r o j e c t  d i sposa l  s i t e s  cont inue t o  f u n c t i o n  as designed. 
The UMTRA P r o j e c t  O f f i c e  w i l l  conduct s u r v e i l l a n c e  and maintenance a c t i v i t i e s  
u n t i l  March 7, 1990. A t  t h a t  t ime ,  t he  DOE or o the r  agency as designated by the  
Pres ident  w i l l  ma in ta in  the  s i t e s  as requ i red  by the  Nuclear Regulatory  
Commi ss ion  (NRC) . 

The approach o f  t h i s  guidance document i s  t o  i d e n t i f y  s u r v e i l l a n c e  r e q u i r e -  
ments and maintenance procedures t h a t  w i l l  be used t o  comply w i t h  NRC l i c e n s e  
requirements. 

Th is  document addresses f i v e  p r imary  a c t i v i t i e s :  

1. D e f i n i t i o n  and c h a r a c t e r i z a t i o n  o f  f i n a l  s i t e  cond i t ions .  
2. S i t e  inspec t ions .  
3. Ground-water moni tor ing.  
4. Aer i  a1 photography. 
5. 

F i n a l  s i t e  c o n d i t i o n s  w i l l  be de f i ned  and cha rac te r i zed  p r i o r  t o  the  comple- 
' t i o n  o f  remedial a c t i o n s  a t  a s i t e .  A s - b u i l t  drawings w i l l  be compiled, a f i n a l  

top'ographic survey w i l l  be performed, a v i c i n i t y  map w i l l -  be prepared, and 
ground and a e r i a l  photographs w i l l  be taken. Survey monuments, s i t e  markers, 
and .signs w i l l  be es tab l i shed  as w i l l  a network o f  mon i to r i ng  w e l l s  ( i f  
requ i red ) .  

Phase I ,  Phase 11, and contingen- 
cy inspec t ions .  Phase I i n s p e c t i o n s  w i l l  be conducted b y  a smal l  team t o  i d e n t i -  
f y  c o n d i t i o n s  t h a t  may a f f e c t  des ign i n t e g r i t y .  Phase I1  i nspec t i ons  are 
unscheduled and a re  dependent upon p o t e n t i a l  problems i d e n t i f i e d  d u r i n g  a Phase 
I i nspec t ion .  Team members o f  a Phase I1 i n s p e c t i o n  w i l l  be s p e c i a l i s t s  i n  t h e  
p o t e n t i a l  problem areas (e.g., s o i l  mechanics f o r  se t t lement ) .  Contingency i n -  
spec t ions  w i l l  a lso  be unscheduled and w i l l  occur when i n f o r m a t i o n  has been re -  
ce ived t h a t  i n d i c a t e s  t h a t  s i t e  i n t e g r i t y  has been, o r  may be, ' threatened by 
n a t u r a l  events (egg., severe earthquake) o r  o t h e r  means. 

Cus tod ia l  maintenance and cont ingency r e p a i r .  

S i t e  i nspec t i ons  w i l l  be o f  t h ree ' t ypes :  

Mon i to r i ng  o f  ground-water c o n d i t i o n s  may be necessary as p a r t  o f  t h e  sur -  
ve i  l lance.  Mon i to r i ng  w i  l - l - ' be  conducted i n  two phases, d e t e c t i o n  m o n i t o r i n g  and 
compli ance moni tor ing.  De tec t i on  mon i to r i ng  i s  designed t o  d e t e c t  changes i n  
ground-water q u a l i t y  a t t r i b u t a b l e  t o  t h e  t a i l i n g s .  If a s i g n i f i c a n t  change i s  
apparent, compli ance mon i to r i ng  w i  11 be i n i t i a t e d .  Compli ance mon i to r i ng  w i  11 
be more ex tens ive  and w i l l  q u a n t i f y  the  r a t e  and magnitude o f  t h e  change o f  
cond i t ions .  

Su rve i l l ances  ,w i  11 i n c l u d e  the  a c q u i s i t i o n  and i n t e r p r e t a t i o n  o f  a e r i a l  pho- 
tography. The p r i n c i p a l  purposes o f  a e r i a l  photography a re  t o  a i d  i n s p e c t o r s  i n  
the  f i e l d  and t o  p rov ide  a permanent, v i s u a l  r e c o r d  o f  s i t e  cond i t ions .  Color 
i n f r a r e d  s te reo  photos, h igh  ob l i que  pr in ts , .  and low obl ique,  n a t u r a l  c o l o r  pho- 
tographs w i l l  be taken a t  t he  complet ion o f  remedia l  act ion.  

Cus tod ia l  maintenance such as grass mowing or fence r e p a i r  w i l l  be r e -  
qu i red  a t  some s i t e s .  Extreme n a t u r a l  events  o r  purposefu l  i n t r u s i o n  may occur 



a t  a s i t e  which would require immdiate repair. When cornparzd w i t h  contingency 
repair, maintenance will be less costly, smaller i n  scale, and more frequent i n  
occurrence. I n  contrast, contingency repairs are very unlikely t o  be needed; 
however, repair costs may be substantial. 

The Summary Table provides an anticipated l i s t ing  of surveillance and main- 
tenance activit ies that w i l l  occur upon completion of  remedial action. The 
Summary Table provides sampling frequency (e.g., annua l ly ,  quarterly) and  i n d i -  
cates t h a t  certain aspects o f  surveillance (e.g., Phase I inspection) w i l l  con- 
tinue i n t o  the foreseeable future. Modification t o  a si  te-specific sampling 
scheme will occur via a DOE petition t o  NRC t o  amnd a license and j t s  s i te -  
specific survei llance requirements. 



SUMMARY  ABL LE 

Time ( y e a r l a  

0 1 2 3 4 5 6 7 8. . . 
F i n a l  s i t e  c o n d i t i o n s  x *  
Phase I i n s p e c t i o n s  X X X X X 

As needed 

As needed 

X X x. . . 
Phase I 1  i n s p e c t i o n s  

Contingency i n s p e c t i o n s  i 

X Aer i  a1 photography 

Ground-water moni t o r i n g  
Basel i ne and background 
De tec t  i o n  
Compliance 

X-Q 
x-s x-s x- S x-s x-s 

: A s  needed 
X-A X-A X-A. . . i 

'. ! 

Cus t o d i  a1 maintenance . As needed 

Contingency r e p a i r  As needed 

aIt should be noted t h a t  t h e  t imeframe f o r  s u r v e i l l a n c e  may change upon r e q u e s t  by  t h e  DOE f o r  
an amendment or  m o d i f i c a t i o n  t o  s i  t e - s p e c i f i c  l i c e n s e  requirements.  

Notes: 

X = Year o f  occurrence. 
Q = Q u a r t e r l y  sampling. 
S = Semi-annual sampling. 
A = Annual sampling. 





. .  

1.0 INTRODUCTION 

'1.1 RELATIONSHIP TO LICENSING AND OBJECTIVES 

The Guidance f o r  UMTRA P r o j e c t  Surve i  1 lance and Maintenance (Guidance 
Document) descr ibes the procedures. t h a t  w i l l  be used by the U.S. 
Department o f  Energy (DOE), o r  o the r  agency as designated by the  P rzs iden t  
( c o l l e c t i v e l y  r e f e r r e d  t o  as respons ib le  agency) , t o  v e r i f y  t h a t  i n a c t i v e  
uranium t a i l i n g s  d i sposa l  f a c i  li t i e s  cont inue t o  func t i on  as designed. + 

Th i s  Guidance Document w i l l  be used f o r  t h e  aevelopment of i n d i v i d u a l  
S i t e  S u r v e i l l a n c e  and Maintenance Plans ( p a r t  of a l i cense )  fo r  each of 
t he  UMTRA P r o j e c t  s i t e s .  Th iJ  document i s  n o t  in tended t o  p rov ide  miniinurn 
requirements b u t  r a t h e r  t o  p rov ide  guidance i n  the  s e l e c t i o n  o f  su rve i  1- 
lance measures. For example, t he  p lan  acknowledges t h a t  ground-water mon- 
i t o r i n g  may o r  may n o t  be r e q u i r e d  and prov ides  the guidance t o  make t h i s  
dec i  s i  on. 

The S i t e  S u r v e i l l a n c e  and Maintenance Plans (SSMPs) w i l l  form t h e  ba- 
s i s  f o r  t he  l i c e n s i n g  o f  the  long-term s u r v e i l l a n c e  and maintenance o f  
each UMTRA P r o j e c t  s i t e  by the  NRC. Therefore, t h i s  document i s  a key 
mi les tone i n  the  l i c e n s i n g  process o f  a l l  UMTRA P r o j e c t  s i t e s .  The 
P r o j e c t  L i cens ing  Plan (DOE, 1984a) descr ibes t h e  l i c e n s i n g  process. 

i . 2  APPROACH 

The approach as p u t  f o r t h  i n  t h i s  document i s  t o  s p e c i f y  s u r v e i l l a n c e  
and maintenance procedures t o  comply w i t h  a n t i c i p a t e d  l i c e n s e  r e q u i r e -  
ments. I t  i s  recognized t h a t  t h e  procedures and gu ide l i nes  i n  t h i s  doc- 
ument may r e q u i r e  m o d i f i c a t i o n  because o f  o the r  phenomena t h a t  may 
i n f l u e n c e .  the  s i t e s  (e.g., chemical weather ing of rocks)  o r  because i n f o r -  
mat ion  gained d u r i n g  the su rve i  l l ances  would a l l o w  f o r  l e s s  f requent  s i t e  
su rve i l l ance .  I n  these cases, DOE wi 11 p e t i t i o n  NRC t o  amend/rnodify i t s  
1 i cense requ i  rements. 

Based upon t h i s  approach, Che. Guidance Document addresses f i v e  prima- 
r y  a c t i v i t i e s  t h a t  t he  DOE or o the r  agency may conduct f o l l o w i n g  comple- 
t i o n  o f  remedial a c t i o n  a t  UMTRA P r o j e c t  s i t e s :  

1. D e f i n i t i o n  and c h a r a c t e r i z a t i o n  o f  f i n a l  s i t e  cond i t ions .  
2. S i t e  inspec t ions .  
3. Ground-water moni tor ing.  
4. Aer i  a1 photography. 
5. Cus tod ia l  maintenance and cont ingency r e p a i r  a c t i v i t i e s .  

The d e t a i l s  and procedures o f  these a c t i v i t i e s  as descr ibed i n  t h i s  
document must be viewed w i t h i n  t h e  con tex t  o f  t he  des ign standard; t h a t  
i s ,  remedia l  a c t i o n s  must be designed t o  l a s t  f o r  200 t o  1000 years. The 
Plan f o r  Implementing EPA Standards f o r  UMTRA S i t e s  (DOE, 1984b) s ta tes :  

" I n  e s t a b l i s h i n g  t h e  l o n g e v i t y  requirement, EPA concluded t h a t  e x i s t -  
i n g  knowledge permi ts  the  des ign o f  c o n t r o l  systems t h a t  have a good 
expec ta t i on  of l a s t i n g  a t  l e a s t  1000 years. Therefore, a design ob- 



jective of 1000 years was established t o  be satisfied whenever reas- 
onably achievable, b u t  i n  any case w i t h  a m i n i m u m  performance period 
of 200 years. I' 

However , 
"The standards recognize the need f o r  insti tutional controls such as 
custodial maintenance, mon i to r ing ,  and contingency response meas- 
ures. 'I 

1.2.1 Final s i t e  conditions 

Prior t o  completion of remedial action a t  an UMTRA Project 
s i t e ,  the f i n a l  s i t e  conditions will be defined and characterized 
as the f i r s t  step i n  the surveillance and maintenance process. 
After completion of the remedial action, information w i  1 1  be assem- 
bled i n t o  a "s i te  f i l e "  t h a t  will be reviewed by the responsible 
agency prior t o  surveillance act-Svities. The features of the  f i -  
nal  s i t e  conditions t h a t  are necessary for surveillance are de- 
scribed i n  detail  i n  Section 2.0 of th i s  document. 

Generally, documents and materials used t o  characterize f i n a l  
s i t e  conditions w i  11 include: 

o As-built engineering drawings. 

o Topographic maps and surveys. 

. o Vicinity maps. 

o Photographs ( b o t h  on the ground and aer ia l ) .  

o Records and surveys of monuments and s i t e  markers. 

o Ground-water moni tor we1 1 records including water-quali t y  
data. 

o Results of construction audits. 

The extent of information regarding final conditions in the 
s i t e  f i l e  wi l l  be dependent upon the conditions a t  each s i te .  For 
example, an .irregularly shaped above-grade pi le wi 11 require more 
monumnts and s i t e  markers than a bul ied pile; multiple, nested 
monitor we1 1s (and baseline d a t a )  wi 11 be required t o  moni tor com- 
plex hydrologic conditions (e.g., po tab  e aquifer, anisotropic con- 
ditions) a t  some s i tes  whereas no we1 s may be required a t  other 
s i  tes. 

1.2.2 Site inspections 

For the s i t e  inspection phase of surveillance, a team of i n -  
spectors w i  11 be assembled t o  conduct on-the-ground examinations 
of the disposal s i tes  and f ac i l i t i e s ,  and surrounding areas. 
Three types o f  inspections are'considered: 
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.1. Phase I i nspec t ions .  
2. Phase I1  i nspec t ions .  
3. Con t i n gen cy  i 11 s pec t i on s . 
Phase I i nspec t i ons  w i l l  be conducted annua l ly  by a small  

team o f  q u a l i f i e d  i nspec to rs  t o  i d e n t i f y  .condi t i o r i s  t h a t  cou ld  
lead; i f  l e f t  unattended, t o  damage t o  the  t a i l i n g s  cover, d i v e r -  
s i o n  d i tches ,  o r  o the r  des ign features.  Phase I1 i nspec t i ons  
would be a fo l low-up v i s i t ,  i f  appropr ia te ,  t o  a s i t e  t o  f u r t h e r  
i n v e s t i g a t e  and q u a n t i f y  p a r t i c u l a r  c o n d i t i o n s  t h a t  were observed 
d u r i n g  a Phase I i nspec t i on .  Contingency. i nspec t i ons  would be un- 
scheduled, and would be conducted a t  t he  requ'est of the '  NRC when 
i n f o r m a t i o n  i s  rece ived  from o the r  agencies (e.g., nlarional 
Oceanic and Atmospheric A d m i n i s t r a t i o n  ( N O A A ) )  t h a t  i n d i c a t e s  t h a t  
s i t e  i n t e g r i t y  has been o r  may be threatened by n a t u r a l  events 
(e.g., severe earthquake) o r  o t h e r  means. S i t e  i nspec t i ons  a re  ex- 
p l a i n e d  i n  d e t a i l  i n  Sec t ion  3.0. 

1.2.3 Ground-water m o n i t o r i n g  

A t  some UMTRA P r o j e c t  s i  t e s  , m o n i t o r i n g  o f  ground-water condi - 
t i o n s  may be necessary as p a r t  o f  t h e  s u r v e i l l a n c e  a c t i v i t i e s .  
M o n i t o r i n g  w i l l  be conducted i n  two phases: d e t e c t i o n  m o n i t o r i n g  
and compliance mon i to r ing .  Detec t ion  mon i to r i ng  w i l l  de tec t  
changes i n  ground-water c o n d i t i o n s  a t t r i b u t a b l e  t o  t h e  t a i  1 i ngs  
p i l e  a f t e r  remedial ac t ion .  If a s i g n i f i c a n t  change i s  detected, 
compliance mon i to r i ng  w i l l  be undertaken t o  f u r t h e r  q u a n t i f y  t h e  
r a t e  and magnitude of t h i s  change. The ground-water mon i to r i ng  
program i s  descr ibed i n  Sec t ion  4.0. 

1.2.4 A e r i  a1 photography 

S u r v e i l l a n c e  w i l l  a l s o  i n c l u d e  t h e  a c q u i s i t i o n  and i n t e r p r e t a -  
t i o n  o f  a e r i a l  photography t o  a i d  s i t e  i nspec to rs  and t o  p rov ide  a 
permanent reco rd  o f  s i t e  cond i t i ons .  The use o f  a e r i a l  photogra- 
phy i n  s i t e  s u r v e i l l a n c e  i s  d iscussed i n  Sec t ion  5.0. 

.1.2.5 Maintenance/contingency p lans  

Custod ia l  maintenance such as mowing o f  t h e  grass cover i n  
IlwetlI c l ima tes  o r  r e p a i r  o f  t h e  damaged per imeter  fence i s  expect- 
ed t o  be r e q u i r e d  a t  t he  s i t e s .  Extreme n a t u r a l  events, i n t e n t i o n -  
a l  i n t r u s i o n ,  o r  o the r  events may occur a t  a s i t e  which would 
r e q u i r e  contingency r e p a i r  t o  ensure t h a t  t h e  t a i l i n g s  f a c i l i t y  
cont inues t o  f u n c t i o n  as intended. S i t e - s p e c i f i c  cont ingency 
p l  ans w i  11 be developed as p a r t  of a 1 i cense appl i c a t i o n .  

Custodi a1 maintenance and contingency r e p a i r  p lans  are  ex- 
p l a i n e d  i n  Sec t ion  6.0. 
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1.2.6 Reporting and recordkeeping 

Informat ion  i n  the form of an inspection checklist w i t h  ap- 
pended field notes, ground and aerial photographs, water-quality 
analyses', f ield measurements, f ield notations on base maps, and 
the resulting reports will be compiled i n  a s i t e  f i l e .  The s i t e  
f i l e  will be compiled and retained by the responsible agency f o r  
review by the NRC. 

Detai 1s of the reporting and recordkeeping requirements are 
discussed in Section 7.0. 

1.3 RES P ONS I B 1'1, I TI ES 

The following defines the various major responsibilities o f  the res- 
ponsible agency (DOE or  other agency as designated by the President) and 
the NRC t o  satisfy the requirements of th is  guidance document. The UMTRA 
Project Office w i  11 conduct the survei llance and maintenance program u n t i  1 
termination of the UMTRA Project, which under the enab.ling legislation i s  
t o  be March 7, 1990. A t  t h a t  tine, the DOE, or another agency t o  be desig- 
nated by the President, will maintain the s i tes  as required by the NRC. 
Between the present date and March 7, 1990, the DOE w i l l  be assisted by 
the Technical Assistance Contractor (TAC) and the Remedi a1 Action 
Contractor(s) (RAC,  s ta te ,  or private contractor). 

Responsibilities pursuant t o  the surveillance and maintenance pro- 
cess can be summarized as follows: 

DOE (including TAC, RAC) o r  other designated agency: 

o Prepare site-specific license application (including surveillance 
and maintenance pl an) . 

o Design and construct final s i t e  conditions. 

o Perform s i t e  inspections. 

o Conduct ground-water monitoring program. 

o Perform aeri a1 photography. 

o Perform custodial maintenance and contingency repairs. 

o Maintain records and reports. 

o Certify maintenance or contingency repair. 

o Issue license (includes survei llance and maintenance require- 
ments). 

o Review responsible agency reports. 
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1.4 SURVEILLANCE AND MAINTENANCE PROCESS 

Although t h e  var ious pr imary aspects o f  t h i s  p lan (i.e., s i t e  inspec- 
t i o n ,  a e r i a l  photography, ground-water mon i to r i ng )  are discussed as sep- 
a r a t e  components, i t  i s  the  .duty o f  t h e  respons ib le  agency t o  ensure 
complete i n t e g r a t i o n  of  each component. The respons ib le  agency w i  11 coor-  
d i n a t e  component a c t i v i t i e s ,  and w i l l  cons ider  the r e s u l t s  o f  each r e p o r t  
f rom t h e  var ious component a c t i v i t i e s  p r i o r  t o  a de te rm ina t ion  o f  need f o r  
a Phase I 1  inspect ion,  compliance moni tor ing,  addi t i o n a l  a e r i  a1 photogra- 
phy, maintenance, o r  cont ingency r e p a i r .  T h i s  process (i .e., intraprograrn 
c o o r d i n a t i o n )  i s  dep ic ted  i n  F i g u r e  1.1.. 
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2.0 FINAL SITE CONDITIONS 

2.1 INTRODUCTION 

Th is  chapter  descr ibes the  methods f o r  d e f i n i n g  and e s t a b l i s h i n g  fi- 
n a l  s i t e  c o n d i t i o n s  r e q u i r e d  f o r  the  conduct o f  post - remedia l  a c t i o n  sur-  
ve i  l l a n c e  ( i nc ludes  mon i to r i ng )  and maintenance. F i n a l  s i  t e  cond i t i ons  
c o n s i s t  o f  base l i ne  da ta  and s u r v e i l l a n c e  . fea tures ,  ground and a e r i  a1 pho- 
tographs, base l i ne  da ta  maps, s i t e  a t l as ,  monuments, markers and signs, 
moni tor  we1 Is, set t lement  p la tes ,  and o the r  a d d i t i o n a l  ins t rumenta t ion .  
Th is  i n f o r m a t i o n  w i l l  be p a r t  o f  a s i t e  f i l e  (see Sec t ion  7.2). 

I t  should be noted t h a t  the  i n f o r m a t i o n  i n  t h i s  s e c t i o n  i s  in tended 
t o  p rov ide  guidance f o r  the  p repara t i on  o f  s i t e - s p e c i f i c  plans. The need 
fo r ,  and e x t e n t  o f ,  f i n a l  s i t e  c o n d i t i o n s  w i l l  be dependent on c o n d i t i o n s  
e x t a n t  a t  each s i t e .  

2.1.1 Base l ine  da ta  

Base l ine  da ta  c o n s t i t u t e  documents t h a t  descr ibe  t h e  as-bui I t  
s i t e  f rom a s u r v e i l l a n c e  and maintenance perspect ive.  These doc- 
uments w i  11 descr ibe  the  base l i ne  c o n d i t i o n s  aga ins t  whi-ch sur-  
v e i l l a n c e  and maintenance r e s u l t s  w i  11 be compared. Basel ine d a t a  
documents inc lude:  .. 

o As-bui 1 t drawings. 

o Ground photographs (see Sec t ion  2.2). 

o S i t e  base l i ne  d a t a  maps ( i .e*, s i t e  v i c i n i t y  map and f i n a l  
topograph ic  survey) (see Sect ion  2.3). 

o S i t e  a e r i a l  photographs (see Sect ion  2.4). 

o S i t e  a t l a s  which c o n s i s t s  o f  t h e  f i n a l  topographic  survey 
(i *e*, base map) and a s e t  o f  over lays  (see Sect ion  2.5). 

2.1.2 S u r v e i l l a n c e  f e a t u r e s  

S u r v e i l l a n c e  fea tu res  are features b u i l t  i n t o  t h e  s i t e  t o  fa- 
c i  li t a t e  s u r v e i l l a n c e  and maintenance, Survei l l a n c e  fea tu res  
inc lude:  

o 'Monumnts, s i t e  markers, and s igns  (see Sec t ion  2.6). 

o Ground-water mon i to r  w e l l s  (see Sect ion  2.7). 

o Set t lement  p l a t e s  (see Sec t ion  2.8). 

Other fea tu res  * t h a t  may be necessary a t  s p e c i f i c  s i t e s  w i l l  
be determined as p a r t  of a s p e c i f i c  l i c e n s e  a p p l i c a t i o n  s i t e  sur-  
ve i  l l a n c e  and maintenance plan. Such fea tu res  may inc lude,  bu t  
are n o t  l i m i t e d  to, gauging s t a t i o n s  t o  moni tor  streamflow, ero-  
s i o n  p i n s  and chains, and bank wear rods (see Sec t ion  2.9). 
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2.2 G R O U N D  PHOTOGRAPHS 

Two sets of g round  photographs w i l l  be included i n  the baseline d a t a  
package; construction photographs  and baseline photographs. B o t h  se ts  of  
photographs will be incorporated into the s i t e  f i l e .  The o r i g i n a l  prints 
and negatives for each set  will be preserved i n  accordance w i t h  current a r -  
chival procedures and maintained i n  the archives o f  the responsible 
agency. 

2.2.1 Construction photographs 

Construction photographs constitute a series of photographs 
taken d u r i n g  the remedial action t o  i l lus t ra te  implementation of 
the final design and s i t e  construction methods. These photographs 
w i  11 be useful i n  familiarizing the s i t e  inspectors w i t h  construc- 
tion detai Is and characteristics. The number of photographs taken 
d u r i n g  construction w i l l  be dependent on the complexity of the de- 
sign under construction. A t  a min i  mum,  construction photographs 
w i  11 include: 

o Photos taken of the s i t e  prior t o  ini t ia t ion of remedial 
action. Photos will be taken from observation points t h a t  
w i  11 be ' undisturbed, or minimally disturbed, by the reme- 
dial action. 

o Photos of temporary construction structures or features 
such as vehicle washdown pads ,  diversion dikes, or evap- 
oration ponds while in service and of the same areas imm- 
diately af ter  the structures or features are removed. 

o Photos of excavated areas prior t o  the emplacement of t a i l -  
ings materials in the excavation. 

o Photos of razed structural material emplaced i n  the excava- 
tion along with the tail ings.  

Photos of the s i t e  af ter  ta i l ings are empl aced i n  the exca- 
vation, b u t  before any cover layers are estab- 
lished. 

o 

o Photos of the s i t e  af ter  each layer of cover material i s  
constructed. 

If the remedial action i s  such t h a t  an area of a s i t e  i s  com- 
pleted while other areas are i n  ear l ier  phases of remedial action, 
representative photos will be taken of each area. 

Construction 
cribed i n  Section 
completed for  a l l  
each Dhoto was tak 

photographs w i  11 be taken with equipment des- 
3.3.3a. A Photo  Log Form (Appendix A )  will be 
photographs. The observation point from which 

en w i  11 be recorded on a plan view drawing dedi - 
cated t o  recording such information. More t h a n  one plan view will 
be used i f  a particular position i s  used repeatedly d u r i n g  the re- 
medial action. 
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2.2.2 Base l ine  photographs 

Base l ine  photographs w i l l  be a f u l l  and complete s e t  o f  
ground photographs taken upon. the  complet ion of remedi a1 ac t ion .  
The observa t ion  p o i n t  from which each photo was taken W S  11 be r e -  
corded on a p lan  view drawing; t h i s  drawing w i l l  become an as- 
b u i l t ,  which i n  t u r n  w i l l  become an ove r lay  t o  the  base map (see 
Sect ion  2.5). Photo equipment, procedures, and p o i n t  s e l e c t i o n  
c r i t e r i a  a re  p rov ided i n  Sec t ion  3.3.3. 

2.3 BASE'-INE DATA ,IMPS 

The base l i ne  da ta  maps f o r  each s i t e  w i l l  i nc lude  a v f c i n i t y  map and 
a d e t a i l e d  s i t e  map. These maps w i l l  be used d u r i n g  s i t e  inspec t ions .  

2.3.1 V i c i n i t y  map 

The v i c i n i t y  map w i l l  i n c l u d e  an area ex tend ing  a minjmum o f  
t h r e e  m i les  i n  a l l  d i r e c t i o n s  f rom a d i sposa l  s i t e .  The base f o r  
t he  v i c i n i t y  map w i l l  be a USGS 1:24,000 topographic  quadrangle 
sheet(s) .  I f  USGS quadrangles are n o t  ava i l ab le ,  t h e  bes t  a v a i l -  
ab le  a l t e r n a t e  w i l l  be obtained. I n f o r m a t i o n  t o  be shown on t h e  
v i c i n i  ty  map w i  11 i n c l  ude communi ty  boundaries , 1 and subdi v i  s i  on, 
l ong i tude  and l a t i t u d e ,  s t a t e  p lane coord inates,  topography, d ra in -  
age, works o f  man such as roads and bu i l d ings ,  nearby w e l l s  and 
boreholes, and land ownership ( l and  ownership i nc ludes  o n l y  broad 
ca tegor ies  such as p r i va te ,  Ind ian,  m i l i t a r y ,  and Fo res t  Serv ice) .  
I f  the  da ta  cannot be i l l u s t r a t e d  on a s i n g l e  'map, t ransparen t  
over lays  t o  the  v i c i n i t y  map w i l l  be used t o  d e p i c t  var ious  
features.  

D e s c r i p t i v e  i n f o r m a t i o n  w i  11 be appended t o  the  v i c i n i t y  map 
f o r  i n c l u s i o n  i n  t h e  s i t e  f i l e .  I n f o r m a t i o n  i nc ludes  year  o f  map 
compi la t ion,  use o f  nearby w e l l s  and boreholes, w e l l  and borehole 
l o g s  ( i f  a v a i l a b l e ) ,  w e l l  depths, producing i n t e r v a l s ,  y i e l d s  and 
uses, geo log ic  u n i t s ,  f r a c t u r e  and f a u l t  desc r ip t i ons ,  and geomor- 
p h i  c features desc r ip t i ons .  

2.3.2 S i t e  map 

The s i t e  map w 
n a l  s i t e  a f t e r  the  
g raph ic  survey and 
. spec i f i ca t i ons :  

'ill be based on a topographic  survey o f  t h e  fi- 
complet ion of the  remedia l  act ion.  The topo- 

the  r e s u l t i n g  s i t e  map w i l l  meet t h e  f o l l o w i n g  

o The s c a l e  w i l l  n o t  be l e s s  than 1:200. 

o The contour  i n t e r v a l  w i l l  be two feet. 

o The survey w i l l  be done t o  t h e  standards o f  t h e  Manual o f  
. Photogrammetry, 4 t h  E d i t i o n  (ASP, 1980). 



I n  
boundar  
con tr  o l  

a d d i t i o n  t o  topography, the s i t e  map w i  1 1  show property 
ies,  fences, roads, access paths, monl tor we1 Is, surveyjng 

stations,  monuments, markers, settlement plates, and other 
surveillance features. The coordinates i n  degrees, minutes, and  
seconds for each feature, or selected points of a feature such as 
a fence or road, w i l l  be shown on the s i t e  map or  on a s i t e  map 
over1 ay. 

2.4 AERIAL PHOTOS 

After completion of the remedial action, a se t  of stereo coverage ae- 
ri a1 photographs w i  11 be obtained. This set  of photographs w i  11  provide a 
record of as-built conditions t h a t  w i l l  be useful as a benchmark for com- 
parison of s i t e  conditions over time. The aerial photograph  record w i  1 1  
be particularly useful i n  evaluating trends i n  erosion, adjacent stream 
channel meander, vegetation encroachment, and i n  other s i t e  modi fy ing  pro- 
ces ses. 

The specifications for as-buil t aerial photographs are found i n  Table 
5.1 and Section 5.2. Horizontal and vertical cont ro l  points and targets, 
as discussed i n  Section 2.6.6, will be i n  place prior t o  aerial pho togra -  
phy f l ight .  

2.5 SITE AT-AS 

The s i t e  a t las ,  consisting of a base map and a limited set  of over- 
lays, will be developed specifically for  the use of inspectors i n  the 
field.  The overlays will provide locational data of significant features 
and will act as a form on which inspectors will record f ie ld  observations. 
The s i t e  a t las  will also contain as-built conditions and will be incorpo- 
rated i n  the s i t e  f i l e .  

The base map for the overlays will be the final topographic map des- 
cribed i n  Section 2.3.2. Multiple overlays t o  the base map w i l l  be pre- 
pared, as necessary. The number of overlays w i  11 be a compromise between 
the objectives of h a v i n g  clean and uncluttered maps on which.to record ob- 
servations and of n o t  burdening the inspectors with an excessive number of 
maps. Overlays will be prepared t o  include: 

o Immediately adjacent off-si te features and land use, access roads 
and paths, fences, gates, and signs. 

o Monitor we1 Is, diversion channels, other s i t e  drainage features. 

o Boundary monuments, survey control monuments, aeri a1 p h o t o  ground 
controls, ground p h o t o  locations,. and ' s i t e  markers. 

o Vegetation cover and prep1 anned inspection transects. 

o Property boundaries and the outlines of the base and crest  of the 
embankment ( i f  appropriate). 

o Location and extent o f  rock cover. 
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o Immediately ad jacent  geomorphic features t h a t  represent  dynamic 

o Others as appropr ia te.  

processes (e.g., f a u l t  zone, r i v e r ) .  

2.6 MONUMENTS, MARKERS, AND SIGNS 

2.6.1 Hor i zon ta l  and v e r t i c a l  c o n t r o l  

A minimum o f  t h r e e  permanent survey monuments w i  11 be estab-  
l i s h e d  a t  each s i t e .  These w i  11 be re fe renced t o  the  USGS or 
Na t iona l  Geodetic Survey (NGS) c o n t r o l  networks, and the S ta te  
Plane Coord inate System. P r i o r  t o  t h e  s e t t i n g  o f  the  monuments, a 
f i e l d  reconnaissance w i  11 be conducted. Although h i g h l y  p r e c i s e  
t i e s  t o  r e g i o n a l  c o n t r o l  s t a t i o n s  are n o t  necessary, h o r i z o n t a l  
and v e r t i c a l  c o n t r o l  w i l l  be t o  a t  l e a s t  second order  standards. 

Other cons i -&ra t ions  fo r  p l a c i n g  o f  t h e  monuments are accessi- 
b i  li ty, i n t e r v i  s i b i  li ty  between the  monuments, and the  abi  1 i t y  t o  
complete network t i e s  t o  s t a t i o n s  o f  t he  USGS or NGS. L ines o f  
s i g h t  f r o m  each monument t o  the  n a t i o n a l  c o n t r o l  s t a t i o n s  w i l l  be 
mainta ined on a l l  s ides  of t he  s i t e  w h i l e  ma in ta in ing  maximum i n -  
t e r v i s i b i l i t y  b e t w e n  t h e  monuments. The monuments w i l l  be, i f  a t  
a l l  poss ib le ,  l oca ted  i n  a v i s u a l l y  commanding p o s i t i o n ,  n o t  l i k e -  
l y  t o  be d i s t u r b e d  by  n a t u r a l  or  human action, and convenient  f o r  
surveys f rom a l l  p o r t i o n s  o f  t h e  s i t e  by use o f  shor t - range d i s -  
tance measuring equipment. 

I f  durab le  bedrock i s  a t  or  near the  surface, monuments w i l l  
be i n s t a l l e d  b y  s e t t i n g  a standard, f l a r e d  aluminum cap, 3.25 inch-  
es i n  diameter w i t h  a three- inch- long stem s e t  i n  s o l i d  bedrock. 
The s tandard w i l l  be i n s t a l l e d  i n  a p i l o t  h o l e  i n  t h e  rock  and ce- 
mented i n  w i t h  " r o c k i t e "  g rou t  o r  equ iva len t  (F igure  2.1). 

In t he  absence o f  s o l i d  bedrock i n  app rop r ia te  l o c a t i o n s  f o r  
such an i n s t a l l a t i o n ,  an a l t e r n a t i v e  procedure w i l l  be t o  s e t  a 
p recas t  concre te  or, g ran i te - t ype  monynent. The form o f  t he  monu- 
ment w i l l  be a t runca ted  cone or pyramid ( f rus tum)  w i t h  a s tan-  
dard metal c.ap c a s t  i n t o  i t s  top. The monument w i l l  con ta in  a r e -  
i n f o r c i n g  bar  o r  a magnet t o  a l l o w  f o r  d iscovery  w i t h  a meta l  de- 
t e c t o r .  A t y p i c a l  monument w i l l  have a diameter o f  s i x  inches a t  
the top, 12..i'nches high, and have a diameter o f  e i g h t  inches a t  
the base. The monument w i l l  be s e t  i n  concre te  which has been 
poured i n t o  a ho le  t h a t  extends a t  l e a s t  18 inches below the  f r o s t  
l i n e .  The monument w i l l  be s e t  so t h a t  about one- four th  i s  above 
the  ground sur face  (F igu re  2.2). The d i a m t e r  o f  t h e  h o l e  w i l l  be 
a t  l e a s t  t w i c e  the  l a r g e s t  d i a m t e r  o f  t h e  monument. 

2.6.2 Boundary monuments 

Boundary monuments w i l l  be s e t  a t  a l l  corners  on t h e  l e g a l  
boundar ies.  of a r e c t i l i n e a r  s i t e  (F igure  2.3). If t h e  s i t e  i s  
i r r e g u l a r l y  shaped, s u f f i c i e n t  boundary monuments w i l l  be s e t  as 
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required t o  permit recognition of the s i t e ' s  boundaries. The p o s i -  
tion of the boundary monuments w i l l  be determined by a survey of 
the same precision as used in establishing t h 2  s i t e  survey monu-  
ments (see Section 2.6.1). 

These monuments will be selected for  long  l i f e  and f o r  reco- 
verability i n  the event of  w i n d  or water sedimentation. The Bernt- 
sen Federal aluminum survey monument  (Model A-11,  or  equivalent, 
will be used (Figure 2.4). This monument  i s  designed t o  eliminate 
metal corrosion, i s  light-weight, and has permanent ceramic mag- 
nets epoxied in the cap and base, vertically oriented fo r  maximum 
detectjon i f  covered. The standard m o n u m e n t  length i s  30 inches, 
b u t  i s  available in lengths-up t o  10 feet. Monumnts i n  excess of 
the standard 30-iwh length may be required i n  areas of possible 
erosion, flooding, or i n  sof t  soil  conditions. 

. 2.6.3 Si te  markers 

Each s i t e  will have two granite (or  equivalent) s i t e  markers 
which will identify the s j t e  and the general location of the t a i l -  
ings on the s i t e ,  and show the date of closure, the tonnage of 
tai l ings,  and the curies of radioactivity. One s i t e  marker will 
be placed a t  the entrance t o  the s i t e ,  or ,  i f  there i s  no defined 
entrance, on the boundary o f  the si te closest t o  the nearest pub-  
l i c  highway (Figure 2.3). The second s i t e  marker wi 11 be placed 
near the center of the crest  of the embankment, or if  the ta i l ings 
are below grade, a t  the center of the s i t e .  

The s i t e  markers will be 'unpolished granite with minimum d i -  
mensions of 36 inches i n  length, 24 inches i n  w i d t h ,  and 18 t o  24 
inches in depth. Lettering and other marking will be incised 0.25 
t o  0.50 inch. 

The s i t e  markers will be s e t  i n  a bed of reinforced concrete 
which extends below frost line. The incised face will be approxi- 
mately horizontal, b u t  with suff ic ient  slope t o  prevent the accumu- 
lation of water, ice, or' soil .  The s i t e  markers should be sl ight-  
ly above ground (18 t o  24 inches). 

The elevation and pos i t ion  of the s i t e  markers wi 11 be deter- 
mined by a survey of the same precision as used in establishing 
the s i t e  survey monuments (see Section 2.6.1). 

2.6.4 Signs 

Signs will be placed a t  intervals around the perimeter of the 
s i t e  t o  indicate t h a t  i t  i s  government property, that  i t  contains 
urani urn mi 11 ta i l ings,  and that  trespassing i s  forbidden (Figure 
2.5). The perimeter sign a t  the entrance t o  the s i t e ,  or  in the 

. absence o f  a defined entrance the perimeter sign closest t o  the 
nearest public highway, will display the name of the s i t e ,  the 
name and telephone number of the responsible agency, the interna- 
tional symbol that indicates the presence of radioactive materi- 
als,  and the following: 
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No Trespassing 
Uranium M i l l  T a i l i n g s  

U.S. Government P roper t y  

2.7 

i n  E n g l i s h  and Spanish (where approp r ia te )  (F igu re  2:6). 

Per imeter s igns w i l l  be l oca ted  so t h a t  one or  more s igns 
w i l l  be v i s i b l e  i n  d a y l i g h t  t o  a person approaching f r o m  any d i r e c -  
t i o n .  I n  no i ns tance  w i l l  they be more than 500 f e e t  apart,  but  
where topography or  vege ta t i on  may obscure them, w i l l  be app rop r i -  
a t e l y  c lose r .  

The s igns w i l l  be 18 inches by 24 inches, and a t  those s i t e s  
which have a per imeter  fence, t he  s igns  w i l l  be mounted on the 
fence about s i x  f e e t  above ground l e v e l .  I f  no fence i s  present, 
the s igns w i l l  be mounted on a dual s t e e l  s tandard o f  the type 
used by  highway departments f o r  highway signs. 

u 

No m a t e r i a l  i s .  s p e c i f i e d  f o r  these signs, bu t  cons ide ra t i on  
w i l l  be given t o  p l a s t i c  s igns which are l i g h t - w e i g h t  and can be 
r e a d i l y  rep laced as necessary d u r i n g  inspect ions.  

2.6.5 Survey standards 

A l l  f o l  low-on surveys conducted d u r i n g  Phase I1 i n s p e c t i o n s  
w i l l  be made t o  second order  standards. 

2.6.6 A e r i a l  photography 

A e r i a l  photo t a r g e t s  w i l l  be e s t a b l i s h e d  p r i o r  t o  the  f i r s t  
f l i g h t  immediately a f t e r  complet ion o f  t h e  remedia l  act ion.  Second 
order  Class I h o r i z o n t a l  c o n t r o l  s t a t i o n s  and t h i r d  order  v e r t i c a l  
c o n t r o l  s t a t i o n s  w i l l  be e s t a b l i s h e d  as descr ibed i n  t h e  Manual o f  
Photogrammetry ( 4 t h  E d i t i o n )  (ASP, 1980). The l o c a t i o n  o f  s e c t i o n  
corners and q u a r t e r  corners w i t h i n  200 f e e t  .of each s i t e  w i  11 be 
targeted. .Three a d d i t i o n a l  t a r g e t s  w i  11 be e s t a b l i s h e d  on or  
around each s i t e .  Targets w i l l  be aluminum panels pa in ted  f l a t  
w h i t e  and secured w i t h  ground anchors. A1 t e r n a t e l y ,  markers f abri- 
cated f rom o t h e r  du rab le  m a t e r i a l s  w i  11 be acceptable. Markers 
w i  11 be r e p a i n t e d  o r  rep laced as required. 

.. 

MONITOR WELI-S 

The pr imary we1 1 network used t o  moni tor  pos t - c l  osure c o n d i t i o n s  w i  11 
be the we l l s  i n s t a l l e d  p r i o r  t o  o r  d u r i n g  remedial  a c t i o n  prov ided t h a t  
they were n o t  damaged d u r i n g  remedial  a c t i o n  and have approp r ia te  l o c a - .  
t i o n s  and depths. Continued m o n i t o r i n g  o f  these w e l l s  i s  impor tan t  be- 
cause they  w i l l  p rov ide  an o b j e c t i v e  est imate o f  t h e  e f f e c t i v e n e s s  o f  t h e  
remedial  act ion.  A d d i t i o n a l  we1 7s may be i n s t a l l e d  f o l l o w i n g  remedia l  ac- 
t i o n  (Sect ion 4.1). The p r imary  network w i  11 ensure: 

o Representat ion o f  . pos t - c losu re  c o n d i t i o n s  of t h e  s o i l ,  rock, and 
water. 
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o Proper and complete c o r i n g  and archiving. 

o Proper and uniform well completion and development. 

o Consistent and complete documentation of a l l  f ie ld  procedures. 

Wells dril led before remedial ac t ion  t h a t  are on ly  sl ightly damaged 
during construction w'i 11  be a secondary m o n i t o r i n g  network. The secondary 
network will be used t o  support water-level d a t a  collected a t  the primary 
we1 1s: 

Because wireline logs are useful analytic tools in determining s i t e  
. geology and borehole conditions, temperature, Cali pher, e lec t r ic ,  and  gam- 

ma logs w i l l  be r u n  on each open borehole prior t o  well installation. 
This information wi 11 be available f o r  comparison t o  previously collected 
d a t a  and hydrogeologic interpretations. See Section 4.1 for a more de- 
tailed discussion on the collection of ground-water background d a t a .  

2.7.1- We1 1 dri 11 ing and coring procedures . 

For each monitor well, the entire bored interval w i l l  be sarn- 
pled. Shelby tubes or s p l i t  spoon samples will be taken t h r o u g h  
unconsolidated material ( so i l )  and NX-.  or  NQ-wireline sized core 
will be taken through consolidated material (rock). For rock cor- 
ing,. a face discharge bi t ,  side discharge bi t ,  and impregnated b i t  
will be utilized. A sp l i t  inner-barrel will be used t o  receive 
the core. 

When appropriate, six-inch hollow stem augers will be used 
for borings t h r o u g h  unconsolidated material.. Gear bi t-rotary wash 
dr i l l ing will be used for dr i l l ing t h r o u g h  rock following coring. 
Should conditions dictate, other dr i l l ing methods will be em- 
ployed. The reamed o u t  hole will be eight inches in diamter.  

The dr i l l ing rig and a l l  b i ts ,  tools, casing, and equipment 
used t o  d r i l l  or bore each hole and complete each well wi 1 1  be 
washed w i t h  water before beginning each hole. 

Air i s  the preferred media t o  cool the b i t ;  potable water i s  
An organic poly- acceptable only after a i r  i s  used unsuccessfully. 

mer will be used only i f  water i s  found t o  be unsatisfactory. 

Core recovery will be maximized. The core runs will be a min- 
imum of 10 feet i n  length. In addition, color photographs of core 
and split-open soil samples with appropriate scale information 
will be produced and archived. The cores and soil  samples can be 
used, in part, t o  determine the depth and the length of the 
screened intervals (see Section 2.7.2). Also, the samples and 
cores will be tested for  residual contamination which wi 11 partial-  
ly determine background and baseline conditions (see Section 4.2). 
Lithologic logs will be maintained. All samples will be ar- 
chi ved by the responsible agency. 
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2.7.2 

The d r i l l e r  will keep a bound d a i l y  log o f  a l l  act ivi t ies  and 
accomplishments a t  the s i t e  as we1 1 as any changes encountered i n  
the field.  A t  a minimum, the following items will be recorded i n  
a daily log  during dr i l l ing:  

o Rate of dril l ing.  
o Percent dr i l l ing  fluid recovered. 
o Changes in dr i l l ing  fluid,  water color. 

The log will become part of the s i t e  f i l e .  

Monitor well installation and development 

For any. network of monitor wells, the screened interval of 
each well will be of prime importance. The appropriate depth and 
length of the screened and packed interval will be determined by: 

o The s t a t i c  water level in water-table (unconfined) sys- 
tems or the depth t o  the t o p  of the confined systems. 

o Careful analysis of cores t o  determine the more permeable, 
saturated zones. 

o Consideration of uniformi ty  between comparable we1 1s. 

o Ground'-water flow gradients. 

The screened interval and/or gravel pack will extend from the 
measured water level i n  an unconfined aquifer and from the t o p  o f  
a confined aquifer downward. Because the more permeable zones 
could represent preferential pathways for ground-water flow, these 
zones will be included within the screened interval. If pos- 
sible, comparable wells (upgradient and downgradient wells with 
identical or simi la r  baseline water-quali ty conditions) wi 11 be 
screened t h r o u g h  the same s t r a t a  and completed and developed iden- 
t ical ly .  This will ensure that differences i n  measured water lev- 
e l s  represent the la teral  hydraulic gradien t  rather than a 
composite 'of the vertical and lateral  hydraulic gradients, ' and 
that  samples for analysis are collected from the same intervals o f  
the same producing. zone. 

Details. o f  monitoring well instal la t ion and development wi 11 
be specified in the s i te  surveillance and maintenance plan. The 
installation and development techniques wi 11 ensure t h a t  t'he appro-  
priate data can be collected from each well with adequate quality 
assurance. A typical monitor well instal la t ion i s  shown on 
Figures 2.7a and 2.7b. 

Three or four forms will be completed d u r i n g  dri l l ing: 

o Borehole/well construction log - (Figure 2.8). 
o Well completion record - (Figure 2.9). 
o Borehole logs - (Figures 2.10 and 2.11). 
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FIGURE 2.7A 
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FIGURE 2.8 
BOREHOLE/WELL'CONSTRUCTlON LOG 

SITE ID: LOCATION ID: FIELD REP: 
E APPROX. SITE COORDINATES (FT.): N 

BOREHOLE S U M M A R Y  I CONSTRUCTION TIME LOG 
I 

START 
I 

TYPE: II 
DRILLER: 11 ACTIVITY ' 
RIG 

BIT TYPE DIA. 
(in.) 

HOLE E N D  FLUID 
TYPE DEPTH 

t f t  > 

I I I 
CASING S U M M A R Y  FILTER PACK 

END+ 
D I A -  DEPTH (in.) (ft.) DESCRIPTION TYPE* SEAL 

BACKFILL 

DEVELOPMENT 

\. -.. 
I 

COMMENTS: 

* B - Backfill S - Seal F - Filter Pack 

0 Depth from Ground Surface * -  

I I I * P-Protective S-Screen B-Blank O-OPen N-None 

E N D  
TIME TIME 



FIGURE 2.9 

WELL COMPLETION RECORD 

SITE ID: LOCATION ID: DATE INSTALLED: 
APPROX. SITE COORDINATES: (FT.1 N E 

FORMATION OF COMPLETION: 

FIELD REP.: DRILLER: 

 PEN A R E A  PER LINEAL FT. (IN*/FT.) 

WELL CASING I-/-- A-1 W 
DIAMETER (in) 

S I N G 

HOLE DIAMETER (in) 

GROUND ( f t :  
GROUND SURFACE 

TOTAL 
DEPTH 1 

( f t )  
CASING 
LENGTH 

( f t )  
7 

COMMENTS: 
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BOREHO 

GROUNDWATER LEVELS 
I DATE 1 TIME I DEPTH ( f t . )  

h 
N w 

LOCATION MAP: 

GURE 2.10 
,E LOG (SOIL) Page - of - 

I I I 
I I 

LOCATION DESCRIPTION I SITE CONDITION 
II 

u 
3 

2-I < > 
II 

USCE - 
~~ 

VISUAL CLASSIFICATION 

SAMPLE TYPE 
A - Auger cuttings 
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The s i t e  coordinates and g r o u n d  elevation a t  each well w i l l  
be surveyed t o  second order standards. This information w i l l  be 
added t o  the forms (Figures 2.8 t h r o u g h  2.11) f o l l o w i n g  the survey 
and w i l l  become p a r t  of the s i t e  f i l e .  

If  new wells need t o  be installed due t o  damage or deteriora- 
t i o n  of existing we1 1s or investigations f o l l o w i n g  the detection 
of an excursion (i.e., compliance monitoring), these new wells 
w i  1 1  be bored, d r i  1 led, and instal  led according t o  the procedures 
of Section 2.7. 

2.8 SETTLEMENT PLATES 

2.9 

Settlement plates may be required a t  disposal s i tes .  The need for, 
and location and spacing of ,  plates wi 11 be determined by consideration of 
the fo l lowing  factors: 

o 

o Distribution of materials t h r o u g h  the embankment. 

Pile configuration - steeper slopes may require mon i to r ing .  

-- Extensive slimes zones will require a denser spacing of 

-- Piles w i t h  in-situ ta i l ings will require a denser spacing of 

-- Concentrated zones of deletrious material such as organics or 

plates. 

plates t h a n  completely recompacted pi  l e ~ .  

rubble may require a denser spacing. 

o Nearness of natural slopes t o '  a p i  l e  may dictate placement of 
plates. 

Should  plates be determined t o  be necessary, the f o l  lowing program, 

o Three plates equally spaced on a l ine perpendicular t o  the topogra- 
phy o f  the steepest slope. 

o On t o p  of the pi  le, one marker wi 11 be placed adjacent t o  each 

a t  a minimum, will be required. 

. sides1 ope. 

Figure 2.12 shows the detail  o f  a typical settlement marker. 

ADDITI0NA'- REQUIREMENTS 

Depending upon si te-specific problems anticipated, additional instru- 
mentation may be required as pa r t  of  the final s i t e  conditions. For exam- 
ple, where bank undercutting or channel migration can conceivably impinge 
upon a s i t e ,  erosion control markers (e.g., driven, capped rebar rods) 
w i l l  be installed prior t o  the f i r s t  Phase I inspection a t  c r i t i ca l  loca- 
tions along the stream p a t h  or bank .  These rods will be surveyed i n t o  the 
permanent s i t e  control monuwnts. Regular measurements wi 11 be made with 
the objective of determining rate  and extent o f  change. 
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3.0 . SITE INSPECTION 

3.1  INTRODUCTION 

The on-site inspection i s  the best means t o  ensure t h a t  the disposal 
s i t e  continues t o  function as designed. Three types o f  s i t e  surveillances 
are discussed i n  Section 3.2:  

1. Phase I inspections. 
2.  Phase 11 inspections. 
3. Con t i n ge ncy i n spec t i on s . 
The procedures t o  conduct Phase I and Phase I1  inspections are d i s -  

cussed i n  Sections 3.3 and 3.4, respectively. 

3.2  TYPES OF INSPECTIONS 

3.2.1 Phase I and Phase I1 inspections 

h i  t i  ally, phase I inspections w i  11 be conducted annual ly.  
A t  a la ter  date, the responsible agency may request an amndment 
t o  the license t o  modify the frequency of inspections, 

.. . Phase I inspections wi l l  be undertaken by a small number of 
trained personnel u s i n g  common and simple instruments. The proce- 
dures i n  Section 3.3 have been provided t o  guide the inspectors 
and t o  establish standard procedures for Phase I inspections, 

Phase I1 inspections are a second level of follow-up inspec- 
tions t o  further investigate and quantify specific s i t e  problems 
when detected by a Phase I inspection (Figure 3 . 1 ) .  A Phase I1 i n -  
spection will be ordered by the responsible agency and wi l l  be con- 
ducted by technical specialists experienced i n  investigating the 
type o f  problem encountered a t  the s i t e .  

In th i s  document, procedures for a Phase I1  inspection are 
n o t  specified b u t  will  be specified by the responsible agency a t  
the time a t  which this inspection becomes necessary. I t  i s  con- 
ceivable that a Phase I1 inspection could be carried out  i n  two or 
more steps. The f i r s t  step would be an on-site v i s i t  t o  gather 
f i rs t -hand knowledge for the development of a plan-of-action t o  
conduct the tes ts  necessary t o  understand the phenomenon i n  prog-  
ress. Follow-on v i s i t s  would then be undertaken t o  gather the da- 
t a  needed t o  draw conclusions and recommend mitigative or remedial 
act i o ns . 

3.2.2 Contingency inspections 

Contingency inspections are unscheduled, si tuation-uni que i n -  
spections ordered by the responsible agency when i t  receives o u t -  
side information t h a t  indicates that  s i t e  integrity has been or 
may be threatened. The‘, trigger event for a contingency in.spection 
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may be a r e p o r t  o f  c o n t i n u i n g  i n t r u s i o n  by l i v e s t o c k  herds, o r  a 
r e p o r t  o f  a n a t u r a l  event  such as an earthquake, o r  a l a r g e  r a i n -  
s torm on the  watershed. The t ype  of contingency i nspec t i ons  t o  be 
conducted. w i  11 be s p e c i f i e d  by the  respons ib le  agency. 

As p a r t  o f  a s i t e  contingency plan, procedures w i  11 be es tab- 
l i s h e d  by the  respons ib le  agency t o  ensure t h a t  the agency i s  n o t i -  
f i e d  o f  extreme seismic o r  meteoro log ica l  events. The contingency 
p lan  w i l l  a l so  i d e n t i f y  names, addresses, and phone numbers o f  l o -  
c a l  o r  s t a t e  o f f i c i a l s  o r  agencies t o  be n o t i f i e d .  

The de terminat ion  of an extreme seismic event  w i  11 be depen- 
dent  on the  p a r t i c u l a r  s i t e  design and cons t ruc t ion .  Knowledge o f  
se ismic event  occurrence w i  11 be obta ined by respons ib le  agency 
s u b s c r i p t i o n  t o  the  U.S. Geo log ica l  Survey's Earthquake E a r l y  Warn- 
i n g  Service. Th is  s e r v i c e  prov ides  data. on t he  magnitude o f  the 
event  and the l o c a t i o n  o f  t h e  ep icenter .  A p p l i c a t i o n  t o  subscr ibe 
t o  t h e  Earthquake E a r l y  Warning Serv ice  w i l l  be made to :  

U.S. Geologica l  Survey 
Na t iona l  Earthquake I n f o r m a t i o n  Serv ice  
Box 25046 
Mai 1 Stop 967 
Denver Federa l  Center 
Denver, Colorado 80225. 

To o b t a i n  n o t i f j c a t i o n  o f  extreme meteoro log ic  events, t h e  re -  
spons ib le  agency w i l l  e s t a b l i s h  a d ia logue w i t h  the  Na t iona l  
Weather Service, Na t iona l  Oceanic and Atmospheric Admini s t r a t i o n ,  
o r  o the r  agency t o  i n v e s t i g a t e  da ta  ga the r ing  and r e p o r t i n g  sys- 
tems t h a t  would b e s t  serve t o  a l e r t  t h e  respons ib le  agency. The 
respons ib le  agency w i  11 complete an in teragency agreement f o r  a 
cont  i n u i  ng r e p o r t i n g  s e r v i  ce. 

3.3 INSPECTION PROCEDURES (PHASE I) 

Discussed i n  t h i s  s e c t i o n  are those bac.kground d e t a i l s  ,and pre l i rn ina-  
ry  cons idera t ions  necessary t o  conduct s i t e  i nspec t i ons  i n c l u d i n g  t h e  i n -  
spec t ion  team, frequency and t i m i n g  o f  inspec t ions ,  and i n s p e c t i o n  aids. 
A lso discussed a re  the  procedures necessary t o  recogn ize  var ious  s i t e  modi- 
f y i n g  processes during. s i t e  inspec t ions .  

3.3.1 P r e l  im ina ry  cons ide ra t i ons  

. .  

a. Frequency and t i m i n g  o f  i nspec t i ons  

Phase I inspec t ions  w i l l  be conducted annua l l y  a t  each 
s i t e .  These inspec t i ons  are ne.cessary t o  e s t a b l i  sh and r e c o r d  
phys i ca l  m o d i f i c a t i o n s  t o  the  s i t e  through many seasonal cy- 
c l e s  and t o  p rov ide  a bas i s  f o r  dec is ions  rega rd ing  f u t u r e  i n -  
spect ions.  The respons ib le  agency w i  11 eva lua te  a l l  
i n s p e c t i o n  and maintenance r e p o r t s  and records  and may reques t  
a new Phase.1 i n s p e c t i o n  frequency t o  be concurred i n  by t h e  
NRC. 
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Timing o f  Phase I inspec t ions ,  as determined by the r e -  
sponsib le  agency, w i  11 take i n t o  c o n s i d s r a t i o n  such f a c t o r s  
as : 

o I n a b i l i t y  t o  reach the s i t e  due t o  snow cover, runof f ,  
or impassable roads. 

o I n a b i l i t y  t o  i nspec t  due t o  snow cover. 

o C l i m a t i c  cyc les  most l i k e l y  t o  adverse ly  impact the 
s i t e  such as per iods o f  heavy p r e c i p i t a t i o n ,  r u n o f f ,  
or wind. 

o Need t o  acqui re d a t a  t o  con f i rm  a e r i a l  photography da- 
t a  or r e p o r t s  f rom concerned c i t i z e n s .  

Should the  i nspec to rs  f i n d  weather c o n d i t i o n s  a t  the s i t e  
n o t  conducive t o  making a complete and thorough inspect ion,  
they w i l l  use the o p p o r t u n i t y  t o  observe and r e c o r d  mod i f i ca -  
t i o n s  t o  the  cover, d i v e r s i o n  d i tches,  and o t h e r  s i t e  fea- 
tures.  The remainder o f  the i n s p e c t i o n  w i l l  .then be 
rescheduled f o r  a more favorable day. 

b. The i n s p e c t i o n  team 

The Phase I i n s p e c t i o n  team w i  11 c o n s i s t  o f  a c h i e f  i n -  
spector and one or more ass i s tan ts .  The minimum number on a 
team i s  two; more can be assigned depending on t he  c o n d i t i o n s  
expected a t  t he  s i t e  and t h e  s i z e  o f  t h e  s i t e .  For example, a 
surface-water h y d r o l o g i s t  may be necessary a t  s i t e s  %hat  r e -  
s ide  near a r i v e r  or  stream o r  a sampling s p e c i a l i s t  w i l l  be 
needed t o  r e t r i e v e  ground-water samples. I f  o n l y  two inspec- 
t o r s  a re  assigned, one w i  11 be a geotechnica l  engineer/geolo- 
g i s t  and one w i l l  be a c i v i l  engineer. When ground-water 
samples must be co l l ec ted ,  two s p e c i a l i s t s  versed i n  sampling/ 
p r e s e r v a t i o n  techniques w i l l  comprise the f i e l d  team and w i l l  
be independent.  o f  t h e  s i t e  in-spect ion team. I n s p e c t i o n  team 
s i z e  w i l l  be s p e c i f i e d  by the respons ib le  agency p r i o r  t o  each 
inspect ion.  

The c h i e f  i nspec to r  w i l l  have a degree i n  c i v i l  engineer-  
i n g  o r  s o i l  mechanics and a t  l e a s t  f i v e  yea rs '  exper ience ( o r  
an equ iva len t  amount of exper ience/educat ion) i n  p r o j e c t s  i n -  
v o l v i n g  the  p lann ing  and implementat ion of ear then s t r u c t u r e  
designs. When poss ib le ,  t he  c h i e f  i nspec to r  w i l l  have made a t  
l e a s t  one s i t e  i n s p e c t i o n  as an a s s i s t a n t  i nspec to r .  
A s s i s t a n t s  w i  11 have degrees and exper ience complementing t h e  
c h i e f  i nspec to r - l s  as app rop r ia te  ' f o r  the na tu re  of the s i t e  
and the  expected s i t e  condi t ions.  Ass i s tan ts  w i  11 have a min- 
imum of t h r e e  y e a r s '  exper ience i n  t h e i r  f i e l d .  

The c h i e f  i nspec to r  and a s s i s t a n t s  w i l l  be designated by 
t h e  respons ib le  agency p r i o r  t o  each inspect ion.  
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c. F a m i l i a r i z a t i o n  w i t h  s i t e  c h a r a c t e r i s t i c s  

.. 

3.3 .2  

The s i t e  i n s p e c t i o n  team w i l l  become f a m i l i a r  w i t h  a s i t e  
by rev iew ing  the  s i t e  f i l e  , ( a l s o  see Sect ion  7 . 2 ) .  Key e l -  
ements o f  t he  s i t e  f i l e  inc lude:  

o The l i c e n s e  ( inc ludes  surve i  1 lance and maintenance 
requi rements) .  

o The s i t e  a s - b u i l t  drawings and drawings mod i f i ed  t o  r e -  
f l e c t  changes made as a r e s u l t  of post - remedia l  a c t i o n  
c u s t o d i a l  maintenance o r  cont ingency r e p a i r  ac t ions .  

o Reports f rom ground-water monf to r i ng .  

o Previous Phase I and I1  i n s p e c t i o n  repo r t s .  

o Custodi a1 maintenance repo r t s .  

o Contingency r e p a i r  repo r t s .  

o A e r i a l  photos and i n t e r p r e t i v e  repor ts .  

o Si'te c e r t i f i c a t i o n  r e p o r t .  

o F i n a l  p rocess ing  s i t e  c h a r a c t e r i z a t i o n  r e p o r t  o r  d i  s- 
posal  s i t e  c h a r a c t e r i z a t i o n  r e p o r t  ( s p e c i f i c a l l y  sur -  
f ace  and near-sur face geologic/geomorphic fea tu res ) .  

o S i t e  a t l as .  

d. Prepara t ions  f o r  conduct ing  i nspec t i ons  

A f t e r  s i t e  f a m i l i a r i z a t i o n ,  p repara t ions  must be made t o  
conduct f i e l d  inspec t ions .  T h i s  r e q u i r e s  the  i n s p e c t i o n  team 
to: 

o Obtain approval. t o  e n t e r  ad jacent  p r o p e r t y  ( i f .re- 
qu i  red) .  

o Assemble the  equipment needed t o  conduct t h e  inspec-  
ti.on. Equipment w i l l  i n c l u d e  such i tems as cameras 
and f i l m ,  b inoculars ,  t ape  measure, o p t i c a l  rang ing  de- 
vices, Brunton compasss photo sca le  s t i c k ,  e rasab le  
board, a d d i t i o n a l  signs, hand lens, and others. Each 
s i t e - s p e c i f i c  c h e c k l i s t  w i l l  con ta in  a l i s t  o f  t he  
f i e l d  equipment needed f o r  t he  inspec t ion .  

S i  t e  i n s p e c t i o n  

a. I n t r o d u c t i o n  

The pr imary  o b j e c t i v e  o f  t h e  s i t e  i n s p e c t i o n  i s  t o  i d e n t i -  
f y  p o t e n t i a l  problems a t  an e a r l y  stage p r i o r  t o  the  need f o r  
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s i g n i f i c a n t  maintenance or r e p a i r s .  The i n s p e c t i o n  team w i  1 1  
be guided by a knowledge and understanding of the processes 
which cou ld  adverse ly  modi fy  the  s i t e .  A fundamental p a r t  of 
the i n s p e c t i o n  w i l l  be the d e t e c t i o n  o f  change, and p a r t i c u l a r -  
l y  the progress ive change, over a number o f  years due t o  s low 
a c t i o n  processes. These processes and s igna tu res  o f  t h e i r  ac- 
t i v i t y  a re  discussed i n  Appendix 8, Modi fy i r lg  Processes. 

To a s s i s t  t he  i n s p e c t i o n  team, the  c h e c k l i s t  shown i n  
Appendix C, or  a mod i f i ed  version, w i l l  be used. D e t a i l e d  
f i e l d  notes w i l l  be appended t o  the c h e c k l i s t .  The over lays 
t o  the base map ( s i t e  a t l a s  - Sect ion 2.5) w i l l  a l so  be used 
t o  reco rd  observations.. Photographs w i  11 be taken (see Sect ion 
3 . 3 . 3 ) .  

b. F i e l d  procedures 

Adjacent o f f - s i t e  f e a t u r e s  

A reconnaissance o f  t h e . a d j a c e n t  area w i t h i n  0.25 m i l e  of 
a s i t e  boundary w i l l  u s u a l l y  be the f i r s t  stage o f  a s i t e  i n -  
spection. Any evidence of a change i n  land use w i  11 be de- 
scr ibed. The development o f  inadequate ly  engineered roads and 
t r a i l s  may, because they  concentrate r u n o f f ,  lead t o  i n i  t i -  
a t i o n  o f  g u l l y  erosion; increased use i n  any form i s  l i k e l y  t o  
b r i n g  about a r e d u c t i o n  o f  vege ta t i on  cover and, therefore,  an 

. a c c e l e r a t i o n  o f  erosion. In general,  any i nc rease  o f  human ac- 
t i v i t y  i n  t h e  v i c i n i t y  increases the  p r o b a b i l i t y  o f  e i t h e r  i n -  
adve r ten t  o r  purposefu l  human i n t r u s i o n  i n t o  t h e  s i t e .  

I f  a s i t e  i s  near a stream, and p a r t i c u l a r l y  i f  i t  i s  on 
the f l o o d p l a i n  or  a t e r r a c e  o f  a stream, e v a l u a t i o n  w i  11 be 
made as t o  whether the  stream poses any t h r e a t  t o  t h e  s i t e .  
An "overview" observat ion f rom a prominent topographic  f e a t -  
u re  w i l l  be made f i r s t .  Such obse rva t i on  can be expected t o  
i n d i c a t e  h igh water l eve l s ,  areas o f  a c t i v e  e ros ion  and sedi-  
mentation, and p o t e n t i a l  changes i n  channel p o s i t i o n .  

The adjacent  stream reaches w i l l  then be walked f o r  sever- 
a l  thousand f e e t  and notes made o f  unusual or  changed sediment 
deposi ts,  l a r g e  d e b r i s  accumulations, made-made or  n a t u r a l  con- 
s t r i c t i o n s ,  and r e c e n t  or  p o t e n t i a l  channel changes. Any'such 
features.  w i  11 be l i b e r a l  l y  documented w i  t h  photographs which 
w i  11 i n c l u d e  recognizable landmarks and known o b j e c t s  f o r  
scal  e. 

. 

S i m i l a r l y ,  any g u l l i e s  or  l o c a t i o n s  which appear t o  be f a -  
vorable t o  the  development o f  g u l l i e s  w i l l  be examined. The 
p o s i t i o n  o f  t h e  head o f  t h e  g u l l y  w i l l  be the  most impor tan t  
observat ion,  bu t  t he  shape of t h e  cross-sect ion w i l l  g i v e  an 
i n d i c a t i o n  o f  t he  degree o f  a c t i v i t y ,  and any i n t e r r u p t i o n  i n  
the l o n g i t u d i n a l  p r o f i l e  may suggest r e j u v e n a t i o n  o r  t he  pres-  
ence o f  a l o c a l  base l e v e l .  
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Access roads, fences, gates, and signs 

Sites will  be accessible by automobile and w i l l  have a pe- 
rimeter road. The condition of these roads w i l l  be described 
and i f  maintenance i s  indicated, the location and type of work 
wi l l  be recommnded. Roads and associated g r a d i n g  are fre- 
quently p o i n t s  of gu l ly  i n i t i a t i o n ,  and near the s i t e  p a r t i -  
cular care wi l l  be taken i n  l o o k i n g  f o r  evidence o f  recent ero- 

. sion associated w i t h  the roads. 

' A  wa*lking traverse of the fence w i l l  be made (Figure 3 . 2 )  
and any breaks i n  the perimeter fence or conditions w h i c h  
m i g h t  lead t o  a break wi l l  be described. If  human intrusiori 
i s  indicated, an effor t  wil l  be made t o  determine whether i t  
was inadvertent or purposeful, and i f  the la t te r ,  whether i t  
poses any threat t o  the s i t e .  O f  special concern would be ev- 
idence of removal of material from the s i t e .  

Missing, badly damaged, or defaced signs w i l l  be replac- 
ed. . 

Monuments and wells 

Each survey monument, boundary marker, s i t e  marker, and 
above ground well casing, w i  11 be examined f o r  evidence of d i  s- 
turbance. If any have been disturbed, a recommendation for 
their  re-establishment and possible protective action w i  11 be 
made. 

Crest 

The crest  of an above-grade s i t e  i s  an obvious vantage 
p o i n t  from which t o  examine the s i t e  and the su r round ing  area. 
Observations, w i t h  the aid of binoculars, w i l l  be made i n  a l l  
directions of any features which are anomalous or unexpected, 
and, which may require a closer inspection. These features 
will  be recorded on the checklist and overlay. Examples of 
such features that m i g h t  be observed include changes i n  soil 
color, unusual vegetation patterns, t ra i  Is, and patterns of 
erosion. 

A walk around the edge and along diagonal transects of 
the crest  will be made (Figure 3.2). Additional transects, a t  
approximate 50-yard intervals, wi 11 be walked a long  the 
sideslopes. A search will be made for evidence of differen- 
t i a l  sett l ing,  subsidence, and cracks, if any. The patterns 
of cracks and evidence of subsidence wi l l  be described on an 
overlay and photographed. The depth and width of the cracks 
wi l l  be measured; notes will be made of any p o i n t s  a t  which 
the cracks may extend below the outer erosion barrier. 

Er'osion of the crest  i s  n o t  expected t o  be a problem be- 
cause of the 'low slopes and the fact  that  the crest, i n  most 
cases, will be covered w i t h  a rock erosion barrier designed t o  
protect against r i l l s ,  r ivulets,  and g u l l y  erosion. However, 
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differential  set t l ing .or sliding a long  the slopes may cause 
flow concentrations which may disturb that protection and 
t h u s ,  i r regular i t ies  w i l l  be examined for  early evidence of 
er,osion. , 

The rock cover wi l l  be examined f o r  evidence of rapid de- 
terioration. I n d i v i d u a l  rocks w i l l  be examined w i t h  a hand 
lens for excessive fracturing, o x i d a t i o n ,  or other signs o f  
deterioration. 

A t  s i t es  where there i s  no rock protection, evidence o f  
wind erosion including the presence of ripple marks, p a r t i a l l y  

* exhumed vegetation, the presence of pedestal rocks, or  obvious 
l a g  gravels will be noted. 

On those s i t e s  a t  which revegetation has been p a r t  of the 
design, careful examination w i  11 be made t o  determine irregula- 
r i  t i e s  in species composition and density o f  vegetation. 

S1 opes 

Modifications t o  the disposal s i t e  are most l ikely t o  oc- 
cur on the lower por t ion  of the slopes. Therefore, a careful 
examination a t  the toe of the slope will be a key p a r t  of the 
inspection (Figure 3.2). For embankments less t h a n  20 feet  
high (slope length 'less than 100 f ee t ) ,  a single traverse a t  
the toe or slope will ordinarily be adequate. For higher em- 

s bankments, one or more additional traverses on the upper 
slopes will be made. 

Settlement or sliding, a1 though h i g h l y  unlikely, w i  1 1  be 
apparent by the presence of bulges and depressions, cracks, 
and scarps. If any such features are observed, an e f for t  wi l l  
be made t o  determine the extent o f  the area affected, whether 
the area i s  stable or likely t o  continue moving, and the na- 
ture o f  the movement t h a t  i s  occurring (settlement, planar, or 
rotational sl iding).  Evidence of related erosion w i  11 be not- 
ed. Photographs. showing b o t h  detail  and area perspective w i  11 
be taken. 

Creep i s  more subtle and, if occurring, i s  unlikely t o  be 
observed. f o r  many years af ter  construction. Typical evidence 
includes the presence of plants with the i r  roo t  systems 
upslope from their  stems, smal 1 terrace-li ke features ("sheep 
tracks1I), and a gradual change i n  size distribution of gravel 
w i t h  the coarse materi a1 downs1 ope. 

Any locali zed change i n  color (e.g., l'stainedll vegeta- 
t i o n )  or concentration of vegetation will be described and ex- 
amined for evidence o f  seepage. 

During the inspections, the slopes will be examined for 
evidence of animal intrusion, burrowing,  changes i n  vegeta- 
tion, and human activity.-  
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Ca le  or sheeD may inadvertently wander o n t o  s i  te b u t  
they are n o t  likely' t o  remain as long-as the s i t e  i s  barren of 
vegetation. Eventually, however, vegetation w i  1 1  invade t h 2  
s i t e  and may offer attractive forage. Regularly used t r a i l s  
can concentrate runoff  and thus encourage erosion; these w i l l  
be mapped and described. 

Any signs o f  small animal t r a i l s  or  burrows w i  11 be noted 
' and photographed, and the species tentatively identified. I f  

animal burrows have been observed d u r i n g  previous inspection, 
the s i tes  will be examined for indications o f  current activi-  
t y  

I f  the s i t e  has been revegetated, the c o n t i n u i t y  and  den- 
s i ty  of the vegetation cover w i  11 be noted, and areas where 
the cover has been destroyed w i l l  be mapped and described. 
Invader species, particularly large shrubs and trees, w i l l  be 
identified i f  present. 

Erosion of revegetated slopes w i  11 be f i r s t  apparent by 
the development of r i l l s  and rivulets which extend on ly  p a r t  
way up the slope. If they are present, their  spacing, length, 
depth, and width will be measured. Particular attention w i l l  
be placed on evidence of integration of the drainage and  devel- 
opment o f  a master channel. Such a development can, i n  a 
short time, evolve i n t o  a gully. 

A t  those s i t e s  on which the cover i s  rock, p l a n t  coloniza- 
t i o n  will be slow to develop, b u t  will gradual ly  occur, The 
inspection procedure i s  expected t o  record th i s  gradual  coloni- 
za t ion  by n o t i n g  the extent of vegetation, i t s  location, spe- 
ci es represented, and cover density. 

.. 

When there i s  d o u b t  as t o  the species present or when a 
Phase I1 inspection by a botanist i s  being considered, p l a n t  
specimens wi 11 be collected. 

Inadvertent or casual intrusion by humans i s  n o t  of great 
concern, b u t  evidence of removal of the cover, extensive vanda- 
lism t o  signs and monuments,  o r  the presence of well- 
established t r a i l s  will be described i n  detail .  . 

Periphery 

The are.a adjacent t o  the s i t e  will be examined d u r i n g  the 
traverse a t  the toe of the embankment. Features t o  be looked 
for  and described, i f  present, include erosion channels, accu- 
mulations of sediment, evidence of seepage, and signs of ani-  
mal or human intrusion. 

Di version channels 

Each diversion channel will be walked for  i t s  entire 
length t o  determine whether the channels have been function- 
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ing,  and can be expected t o  cont inue t o  f u n c t i o n  as de- 
signed.The channels and s ides lopes w i l l  be examined f o r  ev- 
idence o f  e r o s i o n  or  sedimentation, s l i d e s  o r  i n c i p i e n t  
e r o s i o n  channels, debr is ,  o r  growing vegetat ion.  The 
s ides lopes a l so  w i l l  be examined f o r  evidence of p i p i n g  o r  
burrowing by animals which could lead t o  s lough ing  o f  m a t e r i a l  
i n t o  t h e  channel. 

I f  a p o r t i o n  o f  a channel has r i p r a p  o r  i f  t h e r e  i s  a con- 
c r e t e  s p i l l w a y ,  t h e  s o i l  or  rock m a t e r i a l  ad jacent  t o  the 
s t r u c t u r e  w i  11 be examined c a r e f u l l y  f o r  evidence o f  uns tab le  
c o n d i t i o n s  such as p ip ing,  o r  d e s t r u c t i v e  cu r ren ts .  The r i p -  
r a p  o r  conc re te  w i l l  be examined w i t h  a hand l e n s  f o r  evidence 
o f  r a p i d  d e t e r i o r a t i o n  caused by weather ing o r  erosion. 

3.3.3 Ground photography 

a. Equipment 

The photographic  equipment r e q u i r e d  f o r  ground photogra- 
phy w i l l  c o n s i s t  o f  t h e  f o l l o w i n g :  

0 

0 

0 

0 

0 

Two 35mm s i n g l e  l ens  r e f l e x  c a m r a s  w i t h  automat ic ex- 
posure c o n t r o l ,  and in terchangeable lenses. 

Lenses w i t h  f o c a l  l eng ths  o f  45 t o  55mm f o r  a l l  s tan-  
dard s e t  photographs. 

Lenses w i t h  f o c a l  l eng ths  o f  24 t o  30mm and 105 t o  
180mm f o r  use i n  photographing panoramic o r  unusual 
s i t u a t i o n s .  

Two da ta  backs f o r  automat ic f i l m  anno ta t i on  o f  t i m e  
and date. 

c o ~  or ..pr i n t f i  I m. 

Erasable board (about one f o o t  by two f e e t )  w i t h  b lack  
pens f o r  c a p t i o n i n g  photographs. 

S i x - f o o t  sca led board graduated in s i  x- inch a l t e r n a t -  
i n g  b lack  and w h i t e  segments. 

Miscel laneous equipment r e q u i r e d  i nc ludes  e x t r a  b a t t e r -  
i es ,  camera cases, c a r r y i n g  straps, l e n s  sun shades, f i l t e r s ,  
and l e n s  c l e a n i n g  suppl ies.  

b. Standard photography s i t e s  

The photo o v e r l a y  t o  t h e  base map w i l l  s p e c i f y  t h e  loca- 
t i o n s  f rom which t h e  standard s e t  of photographs w i l l  be t a k -  
en. The photo s i t e s  w i l l  u s u a l l y  be s p e c i f i e d  i n  r e l a t i o n  t o  
a survey monument, boundary monumnt, s i t e  marker, moni tor  
we l l ,  o r  a e r i a l  photo c o n t r o l  feature. Whi le  gate and fence 
l o c a t i o n s  may be used, these s t r u c t u r e s  a re  n o t  considered 
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permanen t 
the photo 
g i  ves the  

enough f o r  long-term h i s t o r i c a l  use. Accompanying 
ove r lay  w i l l  be a l i s t i n g  fo r  each l o c a t i o n  t h a t  

des i red  azimuth and c e n t r a l  f e a t u r e  f o r  each photo. 

The types o f  f ea tu res  i nc luded  i n  the standard s e t  o f  pho- 
tographs w i  11 i nc lude :  

D Monuwnts, s igns,  and s i t e  markers. 

o Fences, gates, access roads, per imeter  road, and 
paths. 

o Crest  l i n e s  - both along the c r e s t  and a t  r i g h t  angles 
t o  the c r e s t .  

o Panoramic (360 degrees) f rom t o p  ( c e n t e r )  o f  t he  s i t e .  

o O f f - s i t e  fea tu res  t h a t  may a f f e c t  t he  s i t e  i n  the 
_'- f u t u r e .  

o Monitor we l l s .  

o D ive rs ion  d i t c h e s  o r  o the r  drainage features.  

o Others. 

c. Speci a1 photographs 

Documentary evidence o f  abnormal , anomal ous , new, or  unu- 
sual  c o n d i t i o n s  o r  s i t u a t i o n s  (e.g., downhi 11 creep, t e r r a c -  
i n g )  w i l l  be obta ined t o  prov ide a reco'rd o f  develop ing t rends  
and t o  enable the respons ib le  agency t o  make reasonable dec i -  
s ions concerning a d d i t i o n a l  i nspec t i ons ,  custodi  a1 mainten- 
ance, and cont ingency r e p a i r .  Photographs p rov ide  such 
evidence and augment the  check l i  s t  and annotated over lays.  

Any s i t e  f e a t u r e  o r  c o n d i t i o n  which r e q u i r e s  the  inspec-  
t o r  t o  make a w r i t t e n  cominent, explanat ion,  or  d e s c r i p t i o n  
(and can be photographed) w i  11 be photographed. The number of  
photographs, t he  view angles, and the lenses used w i l l  be up 
t o  the  judgement o f  t he  inspector ,  keeping i n  mind s i t e  condi -  
t i ons ,  l i g h t i n g  cond i t i ons ,  and the goal  o f  hav ing s u f f i c i e n t  
photographs f o r  agency review. 

A l l  s p e c i a l  photographs w i  11 be logged on a Photo Log 
Form (see Appendix A, I n s p e c t i o n  Photo Log). 

d. Redundancy 

To ensure t h a t  r e p r e s e n t a t i v e  photographs a re  obtained, 
photographs w i l l  be taken w i t h  each camera and exposed f i l m  
f rom one camera w i l l  be kep t  separate f rom f i l m  f rom t h e  oth-  
e r  camera. A l l  f i l m  w i l l  be processed. 
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e. Records - 
A separate Photo Log Form w i l l  be f i l l e d  ou t  fo r  every 

r o l l  o f  f i  l m  exposed. A Photo Log e n t r y  w i  11 be made fo r  each 
photograph. S ince a da ta  back w i l l  be used, o n l y  the t i m e  for 
the  f i r s t  and l a s t  exposure on a r o l l  must be logged. The com- 
p l e t e d  l o g  forms are  t o  be at tached t o  the  i n s p e c t i o n  check- 
l i s t  and paginated accord ing ly .  

3.4 PHASE I 1  INSPECTIONS 

3.4.1 R e l a t i o n  t o  Phase I 

Phase I1 i nspec t i ons  w i l l  supplement Phase I i nspec t i ons  
(F igu re  3.1). These inspec t i ons  w i l l  be conducted whenever t h e  r e -  
s u l t s  o f  a Phase I i n v e s t i g a t i o n  have i n d i c a t e d  t h a t  in -depth  s tud-  
i e s  a re  necessary t o  assess whether processes c u r r e n t l y  a c t i v e  on 
o r  near the  s i t e  pose any f u t u r e  t h r e a t  t o  t h e  s i t e  i f  l e f t  un- 
modi f ied.  

Because o f  t h e  EPA standards t o  which each s i $ e  w i  11 be de- 
* signed, i t  i s  considered ext remely u n l i k e l y  t h a t  problems w i l l  oc- 

cur .  However, some o f  t h e  s i t u a t i o n s  which may r e q u i r e  Phase I1  
i nspec t i ons  inc lude:  

o Unforeseen subsidence o f  t h e  embankment o r  i t s  fo i lndat ion.  

o G u l l y i n g  which has c u t  through o r  i s  t h r e a t e n i n g  t o  c u t  
through t h e  o u t e r  cover. 

o S l i des  on t he  s lopes o f  t h e  s i t e .  

o I n d i c a t e d  r a p i d  * d e t e r i o r a t i o n  o f  t h e  rock  b a r r i e r .  

o A change i n . p o s i t i o n  o f  an adjacent  stream channel, 

o I n d i c a t i o n s  o f  r a p i d  headward c u t t i n g  o f  a nearby arroyo. 

o Cracks which extend deeply  i n t o  t t ie embankment (> s i x  inch-  
es), 

o The presence o f  animal burrows on t h e  s i t e .  

o Invas ion  of shrubs o r  t r e e s  o n t o  t h e  s i t e .  

o Removal of some of the  s i t e  ma te r ia l .  

o Seepage. 

Phase I 1  inspec t i ons  w i  11 be made 'by s p e c i a l i s t s  i n  t h e  d i s c i -  
p l i n e  approp r ia te  t o  t h e  problem t h a t  has been recognized. That 
i s ,  i f  e ros ion  i s  the  problem, t h e  i n s p e c t o r ( s )  w i l l  be i n d i v i d -  
ua l s  knowledgeable i n  e v a l u a t i n g  erosion, presumably a s o i  1s sc ien-  
t i s t  or  geomorphologist; i f  se t t lement  or s l i d i n g  i s  t he  problem, 
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a geotechnical  engineer w i  11 be requi red;  i f  changes i n  an adja- 
cent  stream, a h y d r o l o g i s t ;  i f  p l a n t  invasion, a b o t a n i s t ;  and the 
l i k e .  

3.4.2 Phase I 1  procedures and o b j e c t i v e s  

Phase I 1  w i l l  i n c l u d e  a l l  a d d i t i o n a l  s t u d i e s  and i n v e s t i g a -  
t i o n s  necessary t o  eva lua te  the c o n t i n u i n g  e f fec t i veness  of t he  r e -  
medial a c t i o n  f o r  p r o t e c t i o n  and s t a b i l i z a t i o n  of the tai1ing.s. 
The procedures used w i  11 be those r e q u i r e d  i n  the judgement o f  the 
respons ib le  agency and w i  11 depend upon the na tu re  and s e v e r i t y  o f  
the problem. For the  most pa r t ,  when a Phase I 1  i n s p e c t i o n  i s  o r -  
dered by the respons ib le  agency, t h e  s i t e  w i l l  be resurveyed t o  
second order  standards. Representat ive and appropr i  a te  responses 
f o r  severa l  p o s s i b l e  problems are l i s t e d  below: 

o G u l l y i n g  on slopes - measurernents or  mapping n o t  complet- 
ed as p a r t  o f  .Phase I w i l l  be done. The p r imary  o b j e c t i v e  
w i l l  be t o  determine the  f a c t o r s  which l e d  t o  the i n i t i -  
a t i o n  o f  t h e  g u l l y .  T h i s  may i n v o l v e  e v a l u a t i o n  o f  t h e  
e r o s i o n  b a r r i e r  design parameters o r  s i t e  drainage, and 
t h e  r o l e  o f  sheet erosion, r i l l  format ion,  s l i d e s ,  or  bu r -  
rows. The product  ' w i  11 be a recomwndat ion f o r  maintenance 
and p reven t i ve  measures, i f  requi red.  

o Headward g u l l y  e ros ion  - a Phase I 1  i n v e s t i g a t i o n  w i l l  
e s t a b l i s h  procedures f o r  determin ing t h e  r a t e  of headcut- 
t i n g .  A l i n e  o f  re fe rence  stakes (capped r e b a r )  upstream 
f rom t h e  g u l l y  head i s  a s imple and e f f e c t i v e  method of 
measuring change i n  t h e  p o s i t i o n  o f  t he  g u l l y .  Comparison 
o f  p e r i o d i c  a e r i a l  photographs would be u s e f u l .  An under- 
s tand ing  o f  why d i s s e c t i o n  i s  o c c u r r i n g  and any l i m i t i n g  
c o n d i t i o n s  w i l l  be sought. Prevent ive measures may be 
p l  anned. 

o Set t lement  - when se t t l emen t  appears t o  be g r e a t e r  than 
had been foreseen, a Phase I 1  resurvey o f  se t t l emen t  
p l a t e s  w i  11 determine whether se t t l emen t  i s  o c c u r r i n g  and 
t o  what ex ten t .  

o Creep - whether creep i s  o c c u r r i n g  can be determined by 
s e t t i n g  rows o f  stakes p a r a l l e l  t o  contours on the  s ide -  
slopes. These w i l l  g r a d u a l l y  t i l t  downslope if creep i s  
occurr ing.  The r a t e  o f  creep can bes t  be determined by 
marking a number o f  rock fragments on t h e  slopes and accu- 
r a t e l y  determin ing t h e i r  l o c a t i o n  i n  r e l a t i o n  t o  e x i s t i n g  
or  a d d i t i o n a l l y  empl aced survey monuments over a p e r i o d  o f  
severa l  years. 

o Landsl ides - when evidence o f  a s l i d e  or  d e b r i s  f low on 
a s i t e  has been found, an i n v e s t i g a t i o n  w i  11 be made t o  de- 
termine the  area and volume af fected,  t h e  type o f  move- 
ment, t h e  causal  f a c t o r s ,  and what remedia l  and p r e v e n t i v e  

- maintenance i s  requi red.  D r i l l i n g ,  hand augering, o r  exca- 
v a t i o n  may be necessary. 
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o Vegetation - when large shrubs and trees have invaded 
the embankment, the species will be identifizd and their  
abundance determined. If deep-rooted species are present, 
analysis of plant material for radionuclides and heavy met- 
a l s  may be made. An eradication program may be ordered. 

3.4.3 Schedule and reporting 

Once the Phase I inspection has identified a potential p rob-  
lem, the responsible agency will no t i fy  the NRC and begin a Phase 
I1 inspection by submitting a preliminary assessment of the poten- 
t i a l  problem and a Phase I1 inspection plan. Upon p l a n  approval 
by the NRC, the plan will be implemented by the responsible agen- 
cy. Once the Phase I1 inspection has been completed, the responsi- 
ble agency will recommend maintenance or other actions t o  be 
perf ormed, as needed. 
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4.0 GROUND-WATER MONITORING 

Th is  sec t i on  discusses the  gu ide l i nes  t o  determine the need f o r  moni tor ing,  
batkground and base l i ne  water q u a l i t y ,  s t a t i s t i c a l  procedures, d e t e c t i o n  mon i to r -  
ing, compliance moni tor ing,  and frequency o f  moni tor ing.  I t  should be einpha- 
s ized  t h a t  t h i s  s e c t i o n  spec i f i es  the  procedures t o  be used when ground-water 
mon i to r i ng  i s  requ i red  a t  a p a r t i c u l a r  s i t e ;  mon i to r i ng  may n o t  be r e q u i r e d  a t  
a l l  s i t es .  I t  a l so  should be noted t h a t  the frequency o f  mon i to r i ng  (see 
Sect ion 4.2) may be modi f ied b y  an amendment t o  the  l i c e n s e  p rov i s ions .  

Appendix 0 prov ides  i n s t r u c t i o n s  on water sampling, p r e s e r v a t i o n  and t rans-  
po r t ,  f i e l d  procedures, q u a l i t y  assurance, and a n a l y t i c a l  procedures. 

4.1 G U I D E L I N E S  TO DETERMINE NEED AND EXTENT 

The respons ib le  agency w i l l  hetermine the  need f o r ,  and e x t e n t  of, 
pos t -c losure  ground-water d e t e c t i o n  mon i to r i ng  based upon cons ide ra t i on  
o f :  

o The na ture  and magnitude of present, expected, and p o t e n t i a l  i m -  
pacts  upon water  suppl ies.  

o The cur ren t ,  expected, and potent i .a l  uses o f  these water 
suppl i es . 

o The type o f  remedia l  ac t ion :  

- S t a b i l i z a t i o n  i n  place, o r  - Re loca t ion  t o  a d i sposa l  s i t e .  

o The na tu re  of ground-water p r o t e c t i o n  needed f o r  t he  remedia l  
act ion.  

o 

o Background water q u a l i t y  o f  p o t e n t i a l  water supplies.. . 

Host s o i l  o r  rock h y d r a u l i c  p r o p e r t i e s  and boundary cond i t i ons .  

o Avai l a b i  li ty o f  a1 t e r n a t e  water suppl i es 

P o t e n t i a l  uses o f  the  Contaminated and p o t e n t i a l l y  contaminated 
ground water w i  11 be determined based upon the  h y d r a u l i c  p roper t i es ,  hy- 
d r a u l i c  boundary cond i t i ons ,  and the  water q u a l i t y .  These f a c t o r s  w i l l  a l -  

, low an assessment o f  expected y i e l d s  t o  we l ls ,  t h e  volume o f  water i n  
storage, t he  recharge ra tes ,  t h e  uses o f  t h e  water w i thou t  t r e a t m n t ,  and 
the  e x t e n t  o f  t rea tment  r e q u i r e d  fo r  o the r  uses. I f  t h e  p o t e n t i a l  uses 
are non-ex is ten t  or minimal, o r  i f  t h e  expected uses can be supp l i ed  by  a l -  
t e r n a t e  water resources more e f f i c i e n t l y  and economical ly  than by t h e  i m -  
pacted o r  p o t e n t i a l l y  impacted resources, then a rnoni t o r i n g  network may 
n o t  be needed. T h i s  de te rm ina t ion  a l so  w i l l  be supported by  cons ide ra t i on  
o f  the type  of remedia l  a c t i o n  and the  na ture  o f  t h e  ground-water p ro tec -  
t i o n  needed f o r  the  remedia l  act ion.  
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The information ( ie. ,  reports) requjred to assess the need for,  and 
extent o f ,  ground-water monitoring w i l l  be a v a i l a b l e  i n  the s i t e  f i l e .  
These include the s i t e  environmental impact statement or the s i t e  environ- 
mental assament ,  the processing s i t e  characterization report or the d i  s- 
posal s i t e  characterization report, and the remedial action plan which 
includes the s i t e  conceptual design. These documents supply: 

Documentation of current use of affected or potentially affected 
water suppl i es. 

Predictions of expected long-term use of affected or potentially 
affected water suppl i es. 

Present and historical concentratjons of  contaminants. 

Rates and directions of contaminant migration. 

A model of the s i  te-specific geohydrologic sett ing considering wa- 
t e r  quality, ground-water hydraulics, geochemi stry,  cl i ma- 
to1  ogy, and geomorphology. 

Predictions of expected and potential contaminant migrat ion,  con- 
sidering the effect  of the remedial action and expected and poten- 
t i a l  changes in the local geohydrology. 

Locations and completion detai 1s of previously installed monitor 
wells. 

Based upon these factors monitoring wi 11 be considered for: 

o Disposal s i tes  for relocated ta i l ings and other contaminated 
materials. 

o Processing s i tes  where ta i l ings and other contaminated materials 
have been stabilized in place. 

o 

Based upon the guidelines of Section 4.1, i f  a primary monitoring net- 
work i s  needed, generally a minimum of two we1 1s wi 11 be used fo r  detec- 
tion moni tor ing  purposes i n  the sirrplest hydrogeologic set t ing for the dis- 
posal s i tes .  One well wi 11 be placed a t  the upgradient toe or face of the 
s i t e  (Figure 4. la) .  . For stabil ization a t  a processing s i t e ,  an addition- 
al well upgradient and an additional well downgradient generally would be 
needed t o  monitor residual contamination t h a t  may affect ground-water qual- 
i t y  on the s i t e ,  b u t  no t  from the stabilized pile. One upgradient well 
wi 11 be jus t  beyond the boundary of residual contamination. Water extract- 
ed from this  well would represent background quality. The second upgrad-  
ient well. will be installed a t  the upgradient toe or  face of the s i te .  
Samples from th is  we1 1 would represent water affected by residual contami- 
nation, b u t  n o t  affected by post-remedial action seepage. The quality of 
samples from this  well will be compared t o  the quality o f  water taken from 
a well placed a t  the dqwngradient toe or face of the s i te .  This downgrad- 
ient well wi 11  be affected by residual contarnination and seepage from the 
s i t e ,  i f  any occurs. This second downgradient well will be installed 

Residual contamination a t  and surrounding processing s i tes .  
. .  . 
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either a t  the boundary of the s i t e  or just  beyond t h ?  boundary  of residual 
contamination. I n  some cases, hydrogeologic bQundary conditions may pre- 
clude the need f o r  this well. This well w i l l  be used t o  detect off-s i te  
contaminant migration. Water-qual: ty samples taken from this  well wi 1 1  be 
compared t o  the water quality from the background well (furthest  
upgradient) (Figure 4 . l b ) .  

If more complex and varied hydrogeol ogi c condi t ions are encountered, 
additional monitoring wells may be needed t o  ensure detection of contarn- 
i n a n t  mig ra t ion  ( i  .e., detection m o n i t o r i n g ) .  For h i g h l y  s t r a t i f i ed  cond i -  
tions, these wells probably would consist of two or four nests o f  wells 
completed a t  depths corresponding t o  the most permeable zones ( i . e . ,  pref- 
erential seepage pathways) (Figure 4 .2) .  For la teral ly  hetsrogeneous or 
anisotropic conditions, these wells probably would  be i n  two or f o u r  lines 
perpendicular t o  the expected flow direction (Figures 4.3 and 4 . 4 ) .  The 
locations of the nests or  lines of wells would be a t  the upgradient and 
downgradient face of the stabilized pile and the upgradient and 
downgradient limit of the s i t e  boundary or jus t  beyond the downgradient 
boundary of residual ,contamination. Also, additional monitoring we1 1s may 
be needed i f  a major water supply has been, o r  may be, contaminated. 

4.2 BACKGROUND AND BASE’,INE GROUND-WATER QUALITY 

Background water quality i s  defined as the representative water quali- 
ty af ter  completion of remedial action from a given hydrogeologic unit 
t h a t  has n o t  been impacted by past or present-acti-vities at the mi 11 s i t e ,  
o r ,  i f  impacted by past act ivi t ies ,  no longer exhibits the impacts. Base- 
line water quality i s  defined as the representative water quality from a 
given hydrogeologic unit that has been impacted by past or present activi- 
t i es  a t  the mill s i t e  and i s  n o t  likely t o  be affected in the future. 

As discussed in Section 4.1, background and baseline conditions w i  1 1  
be identified t o  adequately develop a detection monitoring program a t  and 
around a processing s i te .  To sufficiently define background and baseline 
conditions, quarterly samples will be collected a t  each monitoring well in 
the primary network for  one year; for the next f ive years sampling wi 11 be 
semi-annual, and annual thereafter. Samples from the f i r s t  year will be 
analyzed for the li.st of constituents provided on Table 4.1; however, some 
constituents may be eliminated- from further analysis i f  they are n o t  de- 
tected a t  a l l  or most wells in the f i r s t  two analyses. After the f i r s t  
year, the detection monitoring constituents (and selected constituents i f  
necessary) wi 11 be . analyzed. Specific conductance, pH, water temper- 
ature, total  alkalinity, and water level a t  the time of sampling will be 
measured and recorded in the field on the Ground-Water Sampling Record 
(Figure 4.5). If additional wells from the secondary network are avail- 
able, s t a t i c  water levels will be measured a t  these wells and recorded on 
the Stat ic  Ground-Water Level Record (Figure 4.6). In addition, each sam- 
ple will be sp l i t  and the s p l i t  analyzed for the detection monitoring 
constituents. 

The detection monitoring ’ constituents (Table 4.1) were chosen for  
three reasons: 

o Uranium and sulfate are the most l ikely indicators of seepage from 
a .si te into the adjacent ground water. 

50 



. .  

A 
A 
A 

DIRECTION HYDRAULIC OF I I ?---------* 

A 
A 
A 

GRADIENT ' - 1  

GROUND-WATER MONITORING 

I I I' 
\ 

\ \ 
\ 

\ 

\\ 

\, 
\ 

1 

WELL CLUSTERS COMPLETED AT VARIOUS DEPTHS 

I 

\ 

DIRECTION OF 
HYDRAULIC 
GRADIENT 

\ 
\ 

\, 
I 

A \  

A \  A .  

1 \ 
i 

A A 
. A  A 
A A 

.. 
- .  

\ 
\ 

\ 
'\ 

\ 
\ - -  -- -- --- \ 

I I 
I 

(B) STABILIZATION AT PROCESS SITE 

LEGEND 
- --- SITE BOUNDARY 

REPOSITORY BOUNDARY 
A MONITOR WELL LOCATION FIGURE 4.2 

51 



DIRECTION OF , I------------- ---__ 
\ 

I \ 
HYDRAULIC I 

A 

A 

GRADIENT 
d 

'A 

A 

A A  

I 
I 

I 
I 

\, 
\ 

\ 
- \  

\ 
\ 

\ 

DIRECTION OF I-------- 
HYDRAULIC I -\ 

I 

GRADIENT -'I 

-- -- I 

(6) ~'ABILIZATION AT PROCESS SITE 

* \  a 
A 

,EGEND 
- --- SITE BOUNDARY 

REPOSITORY BOUNDARY 
A MONITOR WELL LOCATION FIGURE 4.3 

GROUND-WATER MONITORING 
FOR HETEROGENEOUS CONDITIONS 

52 



-1 
1 
I 
I 

I 

4 

i 
I 

i 
I 

i 

I 

I 

! 

I 
t 

I 
\ 

! 

I 
i 

i 

\ 
-\ 

DIRECTION OF 
HYDRAULIC 
GRADIENT 

I DIRECTION OF 
I MAXIMUM HYDRAULIC ,-> 1 CONDUCTIVITY \ -  

\ 

I I 

A I' A 

la \ 

\ 
\ 
\ I 

I AL 

\ 
. \  

I \ 
I , - -  -- -- --- 

(A) DISPOSAL SITE 

I-------------.. ~. DIRECTION OF --__ DIRECTION OF I 
HYDRAULIC 
GRADIENT 

,Y MAXIMUM HYDRAULIC A\\ 
CONDUCTIVITY \ 

\ 
\ 

A \  
I 
I 

\ 
\ 

A\ 

\ 
\ 
\ 

\ 
\ I \ 

\ 
\ --- -- -- - -  iA 

(B) STABILIZATION A T  PROCESS SITE 

LEGEND 
- --- SITE BOUNDARY 

REPOSITORY BOUNDARY 
A MONITOR WELL LOCATION FIGURE 4.4 

GROUND-WATER MONITORING 
FOR ANISOTROPIC CONDITIONS 

53 



a Table 4.1 Background, basel ine,  and compliance moni t a r ing  cons t i tuent  l i s t  

Cons t i  tuen t 
Detection Detect ion 

l i m f t  (ng / l )  Consti tuent l i m i t  (mg/l) 

Chloride ( C l ) b  

s u l f a t e  (so4) 
Sodium (Na) 

b Potassi  um (K) 

Magnesi u m  (Mg) 

Calcium (Ca) 

Boron ( 6 )  

Fluoride ( F )  

Cyanide ( C N )  

Hydrogen Sul f ide  (H2S) 

Ammoni um ( N H 4 )  

Nitrite ( N O 2 )  

N i t r a t e  (NO3)  

S i  1 i ca (Si 02) 

Phosphate (PO4)  

A 1  umi num (A1 ) 

Antimony (Sb) . 

Arsenic (As) 

Barium (Ba) 

Cadmium (Cd) 

Chromi u m  (Cr) 

Cobalt (Co) 

b 

b 

b 

b 

1.0 

0.1 

0.002 

0.01 

0.001 

0.01 

0.1 

0.1 

0.01 

0.1 

0.1 

0.1 

1.0 

2.0 

0.1 

0.1 

0.003 

0.01 

0.1 

0.001 

0.01 

0.05 

Copper (Cu) 

Iron (Fe) 

Lead ( P b )  

Manganese (Mn) 

Mercury (Hg) 

Molybdenum (Mo) 

Nickel (Ni) 

Sel eni u m  (Se) 

Si lver  (Ag)  

Strontium (Sr )  

T i n  (Sn)  
b Uranium ( U )  

Vanadium ( V )  

Zinc ( Z n )  

Total Diasolved Sol ids  

Total  Organic Carbon 

Total A1 k a l i  n i  t y  

Radionuclides 

Lead -210 ( P b  -210) 
Po7 oni um-210 (Po-210) 
Radi um-226 (Ra-226) 
Radi um-228 (Ra-228) 
Thori um-230 (Th-230) 

(TDS 1 

(TOC) 
b 

0.02 

0.03 

0.01 

0.01 

0.0002 

0.01 

0.04 

0.005 

0.01 

0.1. 

0.005 

0.003 

0.01 

0.005 

10 

0.1 

-- 
pci / l  

1.5 
1.0 
1.0 
1.0 
1.0 

a T h i s  l i s t  may vary depending upon si t e - spec i f i c  conditions.  
bDetection cons t i tuents .  
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FIGURE 4.5 
GROUND-WATER SAMPLING RECORD Page - -  1 of 3 

DIS - 
IN-SIT U PLACED - - SITE ID: FINAL FIELD VALUES: 

LOCATION ID: 
SAMPLE ID:* pH (S.U.): 
STATIC WATER LEVEL (FT) Ec (umhos/cm) 
SAMPLE DEPTH (FT) Eh (mi l l ivol ts)  
SAMPLING DATE TEMP. PC): 
SAMPLING TIME: ALKALINITY (mg/l CaC03) :  

START LOCATION DESCRIPTION I 

t 
COMPLETE 

CONTAINER. SIZE NONACIDIFIED (no.) ACIDIFIED (no.) V O L .  ACID (mi) - 
NUMBER OF ONE-LITER 
CONTAINERS 150 rnl COLLECTED: 

50 rnl 
SPECIFY OTHERS: 

COMMENTS: 

FIELD REP (SI: 

TOTAL VOLUME 
PH )ATE TIME WITHDRAWN 

(Gals) (Bore Volumes) - 0.0 0.0 
. I  

COMMENTS 

- - -  55 
- -  



I 1 
FIGURE 4.5 (CONT.) 

G R 0 U N D-W ATE R SAMPLING RE C 0 R D 



FIGURE 4.5 (CONT.) 
GROUND-WATER SAMPLING RECORD 

P a g e  3 o f  3 

BORE V O L  C A L C U L A T I O N  1 ( d / 2 ) 2 ~ ( h l  - h a )  
SAMPLING I N F O R M A T I O N  

DEPTH T O  WATER ( h a )  (FT.) WITHDRAWAL METHOD 
DEPTH O F  W E L L  ( h i  (FT.) SAMPLING METHOD 
W E L L  DIA (FT.)  F I L T E R  S I Z E  
BORE VOL. ( F T . I 3  THERMOMETER ID  
DEPTH T O  SCREEN (FT.) Ec METER ID 

WELL SOUNDER ID 

PUMP ID 

C A L I B R A T I O N  INFORMATION 
D A T E / T I M E  OF L A S T  E c  C A L I B R A T I O N  
TIME OF p H  C A L I B R A T I O N  
pH AFTER MEASUREMENT FOR S T A N D A R D  p H  
pH AFTER MEASUREMENT FOR S T A N D A R D  S O L U T I O N  p H  
E h  OF C A L I B R A T I N G  S O L U T I O N  
E h  READING I N  C A L I B R A T I N G  SOLN. AFTER MEASUREMENT 
TEMP. O F  C A L I B R A T I O N  SOLN. ("C) 

S H I P P I N G  I N F O R M A T I O N  
L A B ( S )  SHIPPED TO: 
D A T E ( S )  SHIPPED: 
METHOD OF SHIPMENT: 

- .  

NOTES: 
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FIGURE 4.6 

L 

G R O U N D W A T E R  D E P T H  
( F T .  F R O M  D A T U M ) *  L O C A T I O N  I D  L O G  D A T E  

S T A T I C  GROUND-WATER LEVEL RECORD 
P a g e - o f  - 

F I E L D  REP.: I $.ITE ID: 

I I I I 

P O M M E N T S :  

* B o r e h o l e  - T o p  o f  G r o u n d  

W e l l  - T O P  of C a s i n g  
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o The major iOris wil l  a l low an understanding o f  the na ture  of signi- 
ficant changes t o  the local geochemistry and water quality. 

o Analysis of a l l  the major ions will a l low a quality check on each 
sample ( i  .e., the cation/anion balance). 

Other constituents may be added i f  supported b y  si te-specific water 
quality an3 geochemistry. In a d d i t i o n ,  the we1 l-to-well results w i  11 be 
compared; these results will  also be compared t o  water-quali ty sampling re- 
sul ts  prior t o  remedial action. These results and analyses w i l l  be record- 
ed (Figure 4.7) and wi l l  become part of the s i t e  f i l e .  

In addition t o  background and baseline wtw quality, background and 
baseline soil  and rock chemjcal quality and baseline well hydraulics may 
be characterized if  determined t o  be important for  a given s i te .  In such a 
case, elutriations w i t h  deionized water of representative soil and rock 
core samples wi l l  be assessed for chemical quality t o  determine the concen- 
tration of water soluble contaminants remaining i n  the soil. or rock a t  the 
various locations and depths analyzed (see Appendi x 0) .  These samples 
wi l l  be analyzed for  the se t  of constituents on Table 4.1. The d a t a  w i l l  
be recorded on the Soil/Rock-Quality Analytical Results (Figure 4.8). 
These data will be used t o  evaluate whether elevated concentrations i n  wa- 
t e r  samples have resulted from seepage from the repository or residual con- 
tamination released t o  the water from soi l  or rock outside the s i t e .  

Baseline well hydraulics will be identified w i t h  three s l u g  t e s t s  on 
each monitor well i n  the primary network (see Appendix D). The d a t a  from 
each tes t  wi 11 be analyzed w i t h  a t  least  two methods. The data and re- 
su l t s  will be displayed on Figure 4.9 (Slug Test Data). These data wi l l  
be ysed t o  estimate the hydraulic properties of  the aquifer and monitor ing 
wells which may be useful information for refining monitor well placement 
and sampling procedures. 

4.3 DATA ACCEPTABILITY AND STATISTICAL PROCEDURES 

As p a r t  of the procedures t o  validate the data, the cation/anion ba l -  
ance will be calculated and recorded for each sample result. An accept- 
able sample will have an error less t h a n  p l u s  or minus five percent. If 
unacceptable sample results are reported, e i ther  the samples will be rean- 
alyzed t o  acceptable limits or additional samples will be collected and an- 
alyzed t o  acceptable. limits. The use of s p l i t  and known samples i s  
described i n  Appendix-0. 

Due t o  the limited number of d a t a  points, s t a t i s t i ca l  analyses o f  wa- 
ter-quali t y  data can support  qualitative or semi-quantitative inteppreta- 
tions only. Stat is t ical  analyses o f  water-quality data a t  every s i t e  will 
i ncl ude: 

o Arithmetic means, standard deviations, and coefficients of vari- 
ation for each constituent for each monitor well. For the detec- 
t i o n  constituents, eight values w i  11 be uszd i n  the calculations. 
For the non-detection constituents, f o u r  values w i  11 be available 
for these calculations. 
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F I G U R E  4.7 
S h e e t - o f -  WATER-QUALITY ANALYTICAL RESULTS 

SITE ID: LOCATION ID: SAMPLE ID: 

LOCATION DESCRIPTION: 

DATE SAMPLED: 

LAB NAME: DATE REC’D: 

LAB SAMPLE ID: 

DATE ANALYZED: CHECKED B Y :  

SAMPLE CONDITION (ON RECEIPT): 

COMMENTS: 

JARAMETER COMMENTS 

RECEIVED B Y  DATE APPROVED B Y  DATE 
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SITE 

LOC, 

FIGURE 4.8 

Sheet  ,of- SOIL/ROCK ANALYTICAL RESULTS FIGURE 

ID: LOCATION ID: SAMPLE ID: 

TION DESCRIPTION: 

DATE SAMPLED: 

LAB NAME: DATE REC'D: 

LAB SAMPLE ID: 

DATE ANALYZED: CHECKED BY: 

SAMPLE CONDITION (ON RECEIPT): 

TYPE OF SAMPLE: SAMPLE INTERVAL: 

SAMPLE CONDITION (ON RECEIPT): 

TYPE OF SAMPLE: SAMPLE INTERVAL: 

COMMENTS: 

COMMENTS 

3ECEIVED B Y  DATE APPROVED BY DATE 

61 



FIGURE 4.9 

S L U G  TEST DATA 
STATIC WATER LEVEL: 

SITE ID: LOCATION ID: DATE: TIME: 

SLUG VOLUME (ft.3): DEPTH (ft): 

INITIAL WATER LEVEL (AT to): OPEN INTERVAL (ft.1 to 

DATE: 

TIME: WELL DIAM. (ft): 

DEPTH ( f t  FROM TOC): 

TOTAL DEPTH OF WELL (ft): 

FIELD REP: 

ELAPSED TIME GROUNDWATER 
WIN. from to) (ft. from TOC) 

I 

~ ~ _ _ _ _  ~ 

COMMENTS: LEGEND: ID 
f t  
to 

TOC 
DIAM 
REP 
MIN 

~~ ~ 

IDENTIF ICATION 
FEET 
TIME AT BEGINING OF TEST 
TOP OF CASING 
DIAMETER 
REPRESENTATIVE 
MINUTES 
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o A r i t h m e t i c  means, standard dev ia t ions ,  and c o e f f i c i e n t s  of v a r i -  
a t i o n  for  each c o n s t i t u e n t  f o r  each q u a r t e r l y  sampling set. For 
d e t e c t i o n  cons t i tuents ,  two values froin each monitor w e l l  w i l l  be 

* used; For non-detect ion cons t i tuents ,  ooe value from each monitor 
w e l l  w i l l  be used i n  the  c a l c u l a t i o n s .  

These s t a t i s t i c a l  parameters w i  11 a1 low a semi -quant i ta t i ve  evalua- 
t i o n  o f  the means and s p a t i a l  and temporal v a r i a t i o n s  o f  a l l  the back- 
ground and base l ine  water-qual i  ty  cons t i tuents .  The v a r i a t i o n s  between 
the  s p l i t s  f o r  d e t e c t i o n  c o n s t i t u e n t s  w i l l  be assessed bu t  n o t  s t a t i s t i c a l -  
l y  analyzed. Explanat ions f o r  l a r g e  v a r i a t i o n s  w i  11 be sought and noted. 

4.4 RESPONSE TO EXCURSIONS 

Excursion c r i t e r i a  w i l l  be es tab l i shed for  each s i t e .  A gener ic  def- 
i n i t i o n  o f  an excurs ion i s  n o t  warranted i n  th is 'document because s i t e -  
s p e c i f i c  and c o n s t i t u e n t - s p e c i f i c  , fac to rs  must be considered. These 
f a c t o r s  inc lude:  

o Comparison o f  upgradient  and downgradient water q u a l i t y .  . 

o S i  te-speci  f i  c hydrogeol ogy. 

o Local  water uses. 

o S t a t i s t i c a l  d i s t r i b u t i o n s  o f  contaminant concentrat ions.  

, o The h e a l t h  hazards o r  o t h e r  d e t r i m e n t a l  e f f e c t s  associated w i t h  

When an excurs ion i s  detected, compliance mon i to r ing  w i  11 be i n i  t i a t -  

o Resampling o f  a l l  moni tor  wel ls .  

the  p a r t i c u  1 a r  c o n s t i t u e n t  a t  s p e c i f i c  concentrat ions,  

ed (F igure 3.1). Compliance mon i to r ing  w i l l  i nc lude:  

o Samples w i l l  be s p l i t  between two q u a l i f i e d  labora tor ies .  One l a b -  
o r a t o r y  w i  11 analyze f o r  d e t e c t i o n  cons t i tuents ,  and the  o ther  
w i  11 analyze f o r  the compliance c o n s t i t u e n t s  (Table 4.1). 

Upon r e c e i p t  o f  t h e  r e s u l t s  f rom t h e  compliance monitor ing,  t h e  r e -  
sponsib le  agency w i l l  ,assess t h e  e x t e n t  of t h e  problem and determine appro- 
p r i a t e  i n v e s t i g a t i o n s  'and/or m i t i g a t i v e  measures. The nature and e x t e n t  
o f  the i n v e s t i g a t i o n s  and/or m i t i g a t i v e  measures w i l l  be based on s i t e -  
s p e c i f i c  cons iderat ions.  Several a c t i o n s  may be undertaken and inc lude:  

o I n s t a l l a t i o n  and sampling o f  a d d i t i o n a l  wel ls .  

o Eva lua t ion  o f  exposure pathways h e a l t h  r i s k s .  

o Eva lua t ion  o f  need f o r  r e s t o r a t i v e  act ions.  

o Eva lua t ion  o f  need for  a d d i t i o n a l  remedial  a c t i o n  a t  the  s i t e .  
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4.5 M O N I T O R I N G  SCHEDUf-E AND R E P O R T I N G  

The r e s u l t s  of the d e t e c t i o n  m o n i t o r i n g  w i  11 be repo r ted  i n  an annual 
ground-water r e p o r t  t h a t  w i  11 become p a r t  o f  t he  s i t e  f i l e .  

Upon i d e n t i f i c a t i o n  o f  an excursion, t h e  respons ib le  agency w i  11 i m m e -  
d i a t e l y  r e t e s t  t o  c o n f i r m  the excursion. I f  t h e  excurs ion i s  confirmed, 
the  respons ib le  agency w i l l  n o t i f y  the NRC and begin compliance m o n i t x i n g  
by s u b m i t t i n g  a p r e l i m i n a r y  assessment o f  t he  excurs ion and a colnpl iance 
m o n i t o r i n g  plan. Once the NRC approves the plan, the respons ib le  agency 
w i l l  implement the  p l a n ' s  p rov i s ions .  A f t e r  the i n i t i a l  r e s u l t s  of compl i -  
ance mon i to r i ng  are ava i l ab le ,  the respons ib le  agency w i l l  per form a 
hydrogeologic ana lys i s  and recommend approp r ia te  m i t i g a t i v e  ac t i ons  f o r  r e -  
view and approval by the NRC. 

Upon complet ion o f  compliance mon i to r i ng  ( i f  needed), a r e p o r t  w i l l  
be prepared t h a t  prov ides the r e s u l t s  and recommends a d d i t i o n a l  m i  t i g a -  
t i o n .  Th is  - r e p o r t  w i l l  a l s o  be i nc luded  i n  the s i t e  f i l e .  

D e t a i l s  of r e p o r t i n g  and. recordkeeping are i nc luded  i n  Sect ion 7.5. 

64 



5.0 AEFIIAI, PHDTOGRAPHY 

5.1 INTRODUCTION 

.. . .  

One time aerial  photography f l i g h t s  will provide a useful p h o t o g r a p h -  
i c  record of conditions a t  each disposal s i t e .  A combination of s i t e  i n -  
spections and aer ia l  photography interpretat ion w i  11 lead to  a broad under- 
s t a n d i n g  of the modifying processes a t  work a t  a par t icular  disposal s i t e .  , 

T h i s  section describes f l i g h t  planning, aer ia l  photography specifica- 
t i o n s ,  and aer ia l  photography interpretation. Appendix E contains detai 1s 
of quali ty assurance requirements for  aeri a1 photography. 

5 .l. 1 Ob j e c t i  ves 

The objectives of aeri a1 photography are complementary t o  the 
s i te  surveillance objectives described i n  Section 3.1. Specifi- 
cal ly, the aeri a1 photography program w i  11 : 

o Assist the s i te  inspectors i n  examining on-the-ground 
features . 

o Provide a permanent record of s i t e  conditions a f t e r  reme- 
d ia l  action. 

o Monitor and quant i ta t ively measure the change in s i t e  con- 
d i  t ions through photo interpretation. 

o Supply the basis for updating topographic maps, as nece-s- 
sary. 

The s i te  inspection team will use aer ia l  photographs as an 
orientation tool prior t o  inspection of disposal s i t e s .  Photo- 
graphs from previous years will  be available for inspectors or 
aer ia l  pho to  in te rpre te rs  for  use i n  comparing changes i n  erosion 
patterns,  vegetation, or other modifying conditiorls extant a t  a 
site. The changes i n  land use su r round ing  the disposal s i t e s  will  
be readi l y  monitored w i t h  the a i d  of aeri  a1 photography. 

5.1.2 Comparison of. aer ial  photography formats 

Several general aeri  a1 photography formats w i  11 be avai lable 
for use i n  sa t isfying the objec.tives described i n  Section 5.1.1. 
These formats include: 

o Low a l t i tude ,  large-scale photography, using a metric came- 
ra  and 9-inch by 9-inch f i lm w i t h  photo negative scales 
ranging from 1:1200 t o  1:5000. 

o Low a1 t i tude,  large-scale photography, u s i n g  70mm f i lm 
w i t h  photo negative scales ranging from 1:600 t o  1:5000. 
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o Low a l t i tude ,  large-scale p h o t o g r a p h y ,  using the EPA E n v i  - 
ropod,  a camera w i t h  two panoramic lenses using a 7Umm 
f i lm format. 

Of the three camera/film formats, the metric camera/g-inch by 
9-inch film format would best f u l f i l l  the objectives of the aerial  
photography program. The primary advantages of the metric camera/ 
9-inch by 9-inch format are: (1) revisions t o  topographic mapping 
can be made easily u s i n g  9-inch by 9-inch contact pr ints ,  and ( 2 )  
contact prints cover re la t ively larger areas and thus are easier 
t o  use than 70mm negatives. The prime disadvantage i s  that  th i s  
format i s  re1 at ively expensive. 

In contrast ,  the 70mm film used i n  the other formats would  re- 
quire 5 t o  16 frames t o  view the area included in  a single 9-irlch 
by 9-inch negative (assuming the scales are the same). The cost 
of photography acquisition would probably be 20 t o  30 percent low- 
e r  for  the 70mm film format due t o  the use of smaller a i r c r a f t ,  
non-permanent camera mounts, and the lower cost for f i l m .  and pro-  
cessing. A ski l led p h o t o  interpreter  would be able t o  interpret  
e i ther  70mm or 9-inch by 9-inch stereo photographs w i t h  s imilar 
precision. 

5.2 FLIGHT PLANNING A N D  AERIAL PHOTOGRAPHY SPECIFICATIONS 

.5.2.1 Color infrared stereo contact pr ints  

A sei; of color, infrared stereo contact prints and a s e t  of 
natural-color, h i g h  ob1 ique pr ints  (double-weight glossy paper) 
will be produced d u r i n g  the aeri'al photography acquisition phase 
of the program (Table 5.1).  An index map showing the f l i g h t  l ines  
and frame numbers will also be prepared. 

The color infrared photographs w i l l  have a negative scale of 
1 inch = 100 f e e t  (Representative Fraction [RF] 1:i200) in a 9- 
inch by 9-inch format. This can best be accomplished by using a 
camera w i t h  a 12-inch focal length a t  1200 f e e t  above ground lev- 
e l .  Each s e t  of photographs will have 60 percent end overlap and 
30 percent average side over1 ap. Eastman-Kodak Aerochrome I n -  
frared 2443 film will be used i n  conjunction w i t h  a Wratten No; 12 
o r  No. 15 f i l t e r .  A .metric,  -aer ia l  photography camera will be 
mounted on an a i r c r a f t  platform sui table  for  low-level f l i g h t .  

5.2.2 Low oblique photographs 

Low oblique photographs will be taken w i t h  exposures framed 
so that  each s i t e  and several hundred f e e t  surrounding each s i t e  
are  w i t h i n  each frame. A h i g h  resolution, natural-color negative 
fi lm will be used (e.g., Eastman-Kodak Aerocolor Negative Film 
2445) i n  a 35mm or larger format. The photographs will be taken 
from a minimum of two different  angles with no l e s s  than 90" rota- 
t i o n  (e.g., view toward the east  and view toward the north). If 
35mm o r  70mm film i s  used, deliverable products will be a s e t  of 
8-inch by 10-inch glossy, double-weight pr ints .  Contact pr ints  
will be acceptable i f  a 9-inch by 9-inch format i s  used. 
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Table 5.1 Aeri a1 photography specifications 

LOCATION: UMTRA Project f i n a l  disposal s i t e  plus a m i n i m u m  of 0.25 mile 
beyond s i  t e  boundari es. 

PRODUCTS TO BE DEI-IVERED: 

1 set  of contact prints 9-inch by g-inch, scale 1 inch = 100 f t  (RF 
1 : 1200) . 
Double weight, glossy, n o t  trimmed. 

1 index map -- scale 1 inch = 1000 ft. 

1 set  of low oblique photographs  i n  na tura l  color. Enlargements of 35mm 
or 70mm negatives w i  11 be acceptable. 

FLIGHT DATE: Mid t o  l a te  summw, a t  peak of photosynthetic response o f  vegeta- 
t i o n ,  unless tile f l i g h t  i s  t o  be used exclusively for topographic 
mappi n g . 

CAMERA: Precision,. 9-inch by 9-inch format for vertical photos. 
lens reflex) or larger format camera for oblique photos. 

35mm (single 

FILM: Eastman-Kodak Aerochrome Infrared 2443 for vertical photos. 
Eastman-Kodak Ektacolor or equivalent for oblique photos.  

FILTER: Wratten No. 12 or Wratten No. 15 for  infrared photos. 
Skyl ight  f i l t e r  for color photos.  

FLIGHT LINE COVERAGE: 60 percent end. overlap; 30 percent aierage side overlap. 

G R O U N D  CONTROL: Control stations will  be second order .Class I . fo r  hor izonta l  
control and t h i r d  order for vertical control. 

r 
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5.2.3 Timing o f  a e r i a l  photography f l i g h t s  

A e r i a l  photography f l i g h t s  w i l l  be scheduled for  mid- t o  l a t e  
summer, when vege ta t i on  i s  a t  peak i n f r a r e d  response. The op t ima l  
season w i l l  vary  f rom s i t e  t o  s i t e .  The date of photography i s  
n o t  as impor tan t  f o r  s i t e s  where rock has been used f o r  t h e  f i n a l  
cover because vege ta t i on  on rock covered s i t e s  w i l l  n o t  need as 
c a r e f u l  e v a l u a t i o n  f o r  shrubs as w i l l  t he  revegetated s i t e s  d u r i n g  
the e a r l y  years o f  s u r v e i l l a n c e .  Since t h e  s i t e s  w i  11 n o t  be reve-  
getated w i t h  deciduous t rees,  avo id ing  the l e a f l e s s  season i s  n o t  
impor tant .  Cloudless days w i  11 be se lec ted  f o r  a e r i a l  photography 
f l i g h t s .  

A e r i a l  photography f l i g h t s  w i  11 be scheduled immediately af- 
t e r  remedial  act ion.  The need f o r  addi t i o n a l  a e r i a l  photography 
and the schedule o f  f l i g h t s  w i l l  be assessed by the respons ib le  
agency p e r i o d i c a l l y  t he rea f te r .  

5.3 AER1A'- PHOTOGRAPHY INTERPRETATION 

Examination o f  t h e  a e r i a l  photographs by s k i l l e d  photo i n t e r p r e t e r s  
w i  11 p rov ide  a va luable reco rd  o f  in format ion.  I d e n t i f i c a t i o n  of surface 
f e a t u r e s  wi 11 be accomplished by u t i l i z i n g  e x i s t i n g  photo i n t e r p r e t a t i o n  
keys, judgement o f  t h e  experienced i n t e r p r e t e r ,  and by develop ing new 
photo i n t e r p r e t a t i o n  keys f o r  s p e c i f i c  s i t e s .  

5.3.1 Use o f  e x i s t i n g  photo i n t e r p r e t a t i o n  keys 

I n t e r p r e t a t i o n  keys have been developed f o r  i d e n t i f y i n g .  shrub 
species, percent  vege ta t i on  cover, and e ros iona l  features.  Howev- 
e r ,  e x i s t i n g  keys probably  w i l l  n o t  be adequate o r  app rop r ia te  fo r  
use a t  a l l  s i t e s  because o f  e c o l o g i c a l  and geomorphic v a r i a t i o n s  
between the  d i sposa l  s i t e s  and areas t h a t  have been p r e v i o u s l y  
studied. Therefore,  a t  each s i t e  the  photo i n t e r p r e t e r  u t i l i z e d  
by the  respons ib le  agency w i l l  eva lua te  e x i s t i n g  keys t o  determine 
t h e i r  s u i t a b i l i t y  f o r  use a t  any o f  t h e  d i sposa l  s i t e s .  Some keys' 
t h a t  have been developed which may be u s e f u l  are prov ided i n  Table 
5.2. 

5.3.2 Development of photo i n t e r p r e t a t i o n  keys 

Photo i n t e r p r e t a t i o n  keys wi 71 be developed by the  responsi -  
b l e  agency f o r  each s i t e  or  group o f  s i m i l a r  s i t e s  d u r i n g  t h e  
f i r s t  yea r  o f  a e r i a l  s u r v e i l l a n c e .  Procedures f o r  develop ing keys 
are o u t l i n e d  i n  p u b l i c a t i o n s  by Eav e t  a l .  (1981) , Carneggie and 
Reppert (19691, and T u e l l e r  (1979). The b e s t  approach i n  develop- 
i n g  new keys i s  t o  v i s i t  each s i t e  o r  r e p r e s e n t a t i v e  features near-  
by each s i t e  p r i o r  t o  t h e  i n i t i a l  f l i g h t  and mark f e a t u r e s  t h a t  
a re  i d e n t i f i a b l e .  Usual ly,  wooden l a t h s  o r  stakes pa in ted  w h i t e  
are placed on the  ground p o i n t i n g  t o  the  o b j e c t  t o  be i d e n t i f i e d .  
A c i r c u l a r ,  numbered marker (about 10 inches i n  diameter)  i s  
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Table 5.2 Photo interpretation keys and aids 

Publication Remarks 

Manual of Photographic 
Interpretation (ASP, 1960) 

Forest, rangel and, and engi neered fea- 
tures. 

Manual of Remote Sensing (ASP, 1968) Forest, rangel and, and engi neered fea- 
tures. 

Photo  Interpretation Key for Pine 
Regeneration Analysi s 
(Eav e t  al., 1981) 

Color for Shrubs  
(Dri scoll and Coleman, 1974) 

Some aspects of the use of 
dichotomous keys t o  aid 
in the interpretation of 
color aeri a1 photographs 
for ve ge t a t  i on map p i  n g 
(Tuel ler ,  1979) 

Large-scale color photography 
for erosion evaluations on 
rangel and watersheds in the 
Great Basin (Tueller and 
Booth, 1974) 

The p l a n t  species described are n o t  
common t o  any of the disposal s i t e s ,  
b u t  the techniqu5 for developing a 
new key i s us.efu1. 

A good dichotomus key for shrubs i n  
semi-arid s i t e s  i n  Colorado. 

A useful reference for identification 
of erosional features. 
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. .  

p laced near the ob jec t .  A f t e r  . the a e r i a l  photos have been pro-  
cessed, the d i s t i n c t i v e  c h a r a c t e r i s t i c s  o f  t a r g e t  ob jec ts  a r e  de- 
sc r i bed  w i t h  accompanying r e p r e s e n t a t i v e  photographs. 

C h a r a c t e r i s t i c s  u s e f u l  i n  i d e n t i f y i n g  fea tu res  i nc lude  tone, 
t ex tu re ,  con t ras t ,  co lo r ,  l i n e a r  al ignments, shape, and shadow 
height .  

5.3.3 Q u a l i f i c a t i o n s  f o r  photo i n t e r p r e t e r s  

A t  a minimum, photo i n t e r p r e t e r s  w i  11 have u n i v e r s i t y  l e v e l  
t r a i n i n g  i n  a e r i a l  photo i n t e r p r e t a t i o n .  Courses o f  s tudy must i n -  
c l  ude geomorphology, env i  ronmental geology, p l  ant  taxonomy, and 
range management. A d d i t i o n a l  areas o f  study t h a t  are d e s i r a b l e  i n -  
c lude photogrammetry, remote sensing, f l u v i  a1 hydrology, and s o i l s  
engineering. A degree i n  geology, geography, b io logy,  range s c i -  
ence, or  c i v i  1 eng inee r ing  i s  a l so  des i rab le .  Work exper ience i n  
appropr i  a te  d i  s c i  p l  i n e s  w i  11 be acceptable as a .subs t i  t u t e  fo r  
some o f  t he  u n i v e r s i t y  l e v e l  t r a i n i n g .  

Two photo i n t e r p r e t e r s  w i  11 eva lua te  the a e r i  a1 photographs. 
One i n t e r p r e t e r  w i  11 have s p x i  a1 e x p e r t i s e  i n  i d e n t i f y i n g  
e r o s i o n a l  and' s t r u c t u r a l  features.  The o t h e r  w i  11 be p r o f i c i e n t  
i n  p l a n t  i d e n t i f i c a t i o n  and vege ta t i on  analysis.  

5.3.4 I d e n t i f i c a t i o n  and r e c o r d a t i o n  o f  f e a t u r e s  

The fea tu res  t o  be i d e n t i f i e d  and the  est imated ease of iden-  
t i f i c a t i o n  a re  l i s t e d  on Table 5.3. To assure t h a t  f ea tu res  do 
n o t  go undetected, Table 5.3 w i l l  be used as a c h e c k l i s t  when t h e  
photo i n t e r p r e t e r  reviews each photo. 

S ignatures o f  f e a t u r e s  w i l l  be recorded on an o v e r l a y  t o  the 
s i t e  map. Each e r o s i o n a l  f e a t u r e  (e.g., r i l l ,  g u l l y ) ,  w i l l  be as- 
signed an alpha-numeric designat ion.  Measurements of e r o s i o n  fea- 
t u r e s  a l so  w i l l  be recorded i n  t a b u l a r  form f o r '  ease. of 
comparison. 

Some fea tu res  w i  11 be counted and c l  ass i  f i ed accord ing t o  
s i z e  and d e n s i t y  (e.g., number o f  animal burrows per s i t e  or  pe r  
acre, o r  number o f  r i l l s  hav ing a w i d t h  o f  t h ree  inches o r  l e s s ) .  
These d a t a  w i  11 be summarized and tabu1 ated. 

I d e n t i f i c a t i o n  o f  g u l l y  e ros ion  and stream channel m i g r a t i o n  
w i l l  be f a c i l i t a t e d  because o f  t h e  d i s t i n c t i v e  shadows c a s t  by 
these features.  Sheet erosion, f l o o d  debr is ,  s lope f a i l u r e ,  wind 
e r o s i o n  (blowouts) , animal burrowing, and r i p r a p  weather ing can 
bes t  be i d e n t i f i e d  by c o l o r  v a r i a t i o n ,  tone, and tex tu re .  Small 
c racks i n  s o i l  cover due t o  des iccat ion,  d i f f e r e n t i a l  s e t t l i n g ,  o r  
p i p i n g  w i l l  be d i f f i c u l t  t o  d e t e c t  u n t i l  c racks become l a r g e r  than 
one i n c h  i n  width.  Cond i t i on  o f  vege ta t i on  cover w i l l  be r e a d i l y  
assessed by e v a l u a t i n g  the  i n f r a r e d  response ( r e d  c o l o r ) .  I d e n t i -  
f i c a t i o n  of shrub species w i l l  be u s e f u l  i n  determin ing t h e  need 
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Table 5.3 Comparison of feature identification (ease of detection) 

Surf  ace feature 

Aeri a1 Topographic 
photography map 

(1 i n  = 100 f t )  (1 i n  = 50 f t )  
Fjeld 

inspection 

Gully erosion 
Sheet erosion 
P i p i n g  
Flooding 
Wind erosion (blow outs) 
Wind deposition 
Ground fractures and faults 
Soi l/rock mass movement 
Cover shrinkage 
Chemical attack o f  cover 
Different i a1 settlement 

Slope fai lure  

Diversion channel obstruction 
Stream channel migration 
Shrub  and t ree  root  penetration 
Shrub  and t ree  encroachment 
A n i  mal burrowing 
Revegetation fai lure  
R i  pr ap weat heri n g 
Rise in water table 
Human intrusion 
Fence and s i g n  damage 
Contaminant releases t o  

Soil and vegetation cover 
Riprap cover 

So i l  and vegetation cover 
Riprap cover 

ground water 

1 
2 
3 
2 
2 
3 
2 
2 
3 
4 

2 
3 - 4  

1 
2 
1 

- 1  
4 
1 
1 
1 

3 - 4  
2 

1 - 2  
2 

4 

2 
3 
4 
3 
4 
3 
4 
3 
4 
4 

3 
3 - 4  

3 
3 
2 
2 
4 
4 
4 
4 
4 
4 
3 
4 

4 

1 
2 
2 
1 
2 
2 
3 
1 
3 

3 - 4  

1 
3 

1 
2 
1 
2 
3 
2 
1 
1 
2 
1 
1 
1 

4 

KEY: Ordinal ranking 

1 = Easiest 
2 = Less easy 
3 = Difficult 
4 = Cannot be identified 
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for  removal o f  deep-rooted species. Tap roots froin some shrubs 
are suspected of being one mechanism of failure i n  the radon atten- 
uation cover. Intrusions by man may be more d i f f icu l t  t o  recog- 
nize unlqss they involve removal of soil or rock from the s i te .  
Tire tracks and fence damage can be determined by photo interpreta- 
tion. Shadows cast by fence posts wi 11 be readily detectable a t  
the recomwnded scale. 
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6.0 CUSTODIAI, MAINTENANCE AND CONTINGENCY PLANS 

6.1 INSTITUTIONAI- PROCEDURES 

Th is  s e c t i o n  exp la ins  the procedures t o  be used by the respons ib le  
agency t o  determine when maintenance or contingency r e p a i r s  are r e q u i r e d  
a t  a t a i l i n g s  d isposa l  s i t e .  The r e l a t i o n s h i p  o f  events i n  the s u r v e i l -  
lance and maintenance process i s  shown i n  F igure  3.1. In general,  t h e  de- 
c i s i o n  t o  conduct maintenance or contingency r e p a i r  w i l l  be based on the 
r e s u l t s  o f  Phase I 1  or  cont ingency s i t e  inspect ions,  o r  compljance m o n i t w -  
ing, the mi lestones ' i n  the  process a t  which s i t e  problems are assessed. 
A t  some s i t e s ,  cond i t ions  r e q u i r i n g  r e g u l a r l y  scheduled c u s t o d i a l  mainten- 
ance can be a n t i c i p a t e d  and planned accord ing ly  (e.g., mowjng of the grass 
cover . a t  the Canonsburg, Pennsylvani a s i t e )  . Most s i t e s ,  however, w i  11 
n o t  r e q u i r e  scheduled maintenance. 

6.2 SITE CONDITIONS REQUIRING MAINTENANCE OR REPAIR 

The respons ib le  agency w i l l  decide whether or n o t  t o  i n i t i a t e  cus tod i -  
a l  maintenance or contingency r e p a i r  (Step 8 i n  F igure  3.1). Examples of 
s i t e  c o n d i t i o n s  t h a t  may r e q u i r e  maintenance are l i s t e d  i n  Table 6.1. Con- 
d i t i o n s  t h a t  may t r i g g e r  contingency r e p a i r  a c t i o n  are l i s t e d  i n  Table 
6.2. 

When compared w i t h  contingency r e p a i r ,  maintenance i s  expected t o  be 
g e n e r a l l y  l e s s  cos t ly ,  smal ler  i n  scale, and more f requent  i n  occurrence. 
I n  contrast ,  contingency r e p a i r s  are very  u n l i k e l y  t o  be needed; however, 
r e p a i r  costs  may be s u b s t a n t i a l  due t o  the  s i r e  o f  the  work f o r c e  and tech- 
n i c a l  s k i  11s r e q u i r e d  fo r  repa i rs .  

6.3 MAINTENANCE AND CONTINGENCY REPAIR ACTION 

Inspec t ion  r e p o r t s  and m o n i t o r i n g  r e s u l t s  w i  11 be reviewed and s i t e  
c o n d i t i o n s  w i l l  be compared from year  t o  year  so t h a t  t rends o f  changing 
c o n d i t i o n s  can be determined. E x t r a p o l a t i o n  o f  i d e n t i f i a b l e  t rends w i  11 
prov ide  a means o f  p r e d i c t i n g  when maintenance or r e p a i r  w i l l  be needed a t  
d i  sposal s i t e s .  

A f t e r  a dec is ion .  has been made by the  respons ib le  agency t o  i n i  t i a t e  
maintenance or  cont ingency r e p a i r ,  a statement o f  work w i l l  be prepared 
f o r  the work t o  be performed (Step 9 i n  F igure.  3..1). The maintenance or  
r e p a i r  a c t i o n  r e q u i r e d  t o  c o r r e c t  a s i t e  problem w i  11 be dependent upon 
the nature o f  the problem or  hazard a t  a d isposa l  s i t e .  Although t h e  de- 
t a i l s  o f  maintenance or r e p a i r  ac t ions  t h a t  may be needed cannot be r e l i -  
a b l y  p r e d i c t e d  i n  advance, the  range o f  p o s s i b l e  ac t ions  have been 
o u t l i n e d  i n  Table 6.3. 

6.4 NOTIFICATION TO AFFECTED PARTIES 

A remote p o s s i b i l i t y  e x i s t s  f o r  f a i l u r e  o f  a s i t e  t o  adequately con- 
. t a i n  the t a i l i n g s  (Step 6 . i n  F igure  3.1). Two possi 'b le scenar ios are: 
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Table 6.1 Examples of s i t e  conditions t h a t  may 
require cus t o d i  a1 maintenance 

1. Damage t o  s i t e  boundary fence, signs, or monuments. 

2. Damage or obstruction t o  primary s i t e  access road (e.g., road washout a t  a 
ravine or arroyo, or  new construction adjacent t o  the s i t e  t h a t  obstructs 
the access road). 

3. Growth of deep-rooted shrubs on the s i t e  cover. 

4. Development of animal burrows on the s i t e  cover. 

Table 6.2 Examples of s i t e  conditions t h a t  may require contingency repair 

1. Development of r i l l s  or gullies, deeper t h a n  six inches with near vertical 
walls and no vegetative cover. 

2. Surface rupture where the dimensions of the cracks are larger than one inch 
wide by ten feet  long by one foo t  deep which would indicate severe shrinkage 
of cover materials or differential  settlement of s i t e  materials. 

3. Instabil i ty of slopes t o  the p o i n t  where mass wasting or liquefaction has oc- 
curred due t o  earthquakes, differential  settlement, or other causes. 

4. Encroachmnt of stream channels or arroyos onto  the disposal s i t e .  

5. Flood damage t o  the disposal s i t e  i n  the form of new channels, or debris 
deposits. 

6. Intrusion by man whereby cover materials have been removed from the s i te .  
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Table 6.3 Custodial maintenance or repair act*ions w h i c h  
could be needed a t  s i tes  

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

9. 

10 

Repair o f  fences. 

Repl acement o f  warni ng signs. 

Reestablishment o f  survey control monuments. 

Removal o f  deep-rooted shrubs from the embankment cover. 

Control or eradication of bur rowing  animals. 

Placement of  f i l l  i n  gullies or r i l l s ,  

Repl acement o f  erosion barrier rock cover materials. 

Placement of inclinometers or t i l t  meters t o  measure movement on unstable ' 

s l  opes . 
Reconstruction of embankment slope segments where slumping, mass wasting, 
liquefaction, or other severe events have occurred. 

Reconstruction o f  s i t e  cover or other features because of r iver encroach- 
ment, extreme seismic $vents, extreme f l o o d i n g ,  or other events, 



o S i g n i f i c a n t  movement of h i g h l y  contaminated leachate into ground- 

o Release of ta i l ings from a s i t e  f o l l o w i n g  a major earthquake, ma- 

:vater sources of drinking water. 

jor flood, or other severe n a t u r a l  phenomena. 

The responsible agency wi l l  become aware of s i t e  fa i lure  i n  a t  least  
three ways: 

o Results of Phase I ,  Phase 11, or contingency s i t e  inspections. 
o Reports from local government authorities or local residents. 
o Reports from NOAA, the Earthquake Early Warning Service, or other 

On the basis of the s i t e  contingency p l a n ,  appropriate a c t i o n  w i l l  be 
taken by the responsible agency t o  n o t i f y  individuals who may be affected 
and advise them of precautions t h a t  should be taken. ',oca1 law enforce- 
ment off ic ia ls ,  news media, responsible agency representatives, N R C  repre- 
sentatives, or state/Indian t r ibe representatives may be utilized i n  con- 
tacting affected parties. 

agenci es. 

6.5 CERTIFICATION OF MAINTENANCE OR CONTINGENCY REPAIR 

After completion of maintenance or contingency repair actions, the re- 
sponsible agency will cer t i fy  t h a t  a l l  work was completed i n  accordance 
w i t h  specifications. Certification w i  11 consist of review of modified.as- 
b u i l t  drawings and s i t e  inspection, and review of a report followed by a 
written statement declaring the repair or maintenance t o  be acceptable and 
within compliance of the NRC license for the s i t e .  Copies o f  the ce r t i f i -  

. cation Statement will be attached t o  the NRC s i t e  license, the s i t e  inspec- 
t i o n  report, and will become part of the s i t e  f i l e .  
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. .  

7.0 R E P O R T I N G  AND R E C O R D K E E P I N G  

7.1 INTRODUCTION 

Carefully compi led, ompl ete, accurat reports f i t  survei 1 lance 
and maintenance act ivi t ies  will be maintained i n  a manner t o  ensure their  
long-term survival. Reports and records wi 11 : 

o Provide the responsible agency and the NRC w i t h  the information 
necessary t o  forecast future s i t e  survei 1 lance and maintenance. 

o Provide information that will be available t o  the p u b l i c  t h a t  w i l l  
demonstrate that  s i t e  integrity has been maintained. 

o Demonstrate t o  the NRC that  license provisions continue t o  be met. 

Archival procedures for records will be those se t  f o r t h  in the Code 
of Federal Regulations; Ti t le  41, Public Contractors and Property Manage- 
ment; Chapter 101, Federal Property Management Regulations; Subchapter B, 
Archives and Records; Section 101-11, Records Management (41 CFR 101-11). 
This information can also be made available t o  the public. 

As noted in Section 1.3 as well as i n .  the Project Licensing Plan 
(DOE, 1984a), the DOE will be the responsible agency for a l l  s i t e s  unti l  
1990. After 1990, responsible agency author,ity will be assigned by the 
President t o  either the DOE or another Federal agency. In either event, 
the responsible agency w i  11 manage and conduct survei 1 lance, cus t o d i  a1 
maintenance, and contingency repair actions pursuant t o  the license re- 
quirements of the NRC. 

The responsible agency will provide an annual report t o  the NRC that  
summarizes, describes, and evaluates a l l  survei llance and maintenance ac- 
t i ons  and cer t i f ies  that  s i t e  license requirements continue t o  be met. A 
copy o f  a l l  inspection, monitoring, maintenance, and contingency repair re- 
ports for the reporting period will be appended t o  the report. Discussed 
in the following sectio.ns are reporting and recordkeeping .requirements f o r  
each component o f  th i s  plan. . 

7.2 SITE FILE 

A s i t e  f i l e  will be maintained by the responsible agency. A s i t e  
f i l e  will contain a l l  of the information necessary t o  prepare for ,  and con- 
duct, s i t e  surveillance and maintenance, A t  a minimum, a s i t e  f i l e  will 
include: 

Environmental impact statement or environmental assessment. 
Remedial action pl an/si t e  conceptual design. 
Processing s i t e  characterization report or disposal s i t e  character- 
ization report. 
Site certif ication report. 
Final s i t e  condition records. 
Site inspection records and reports. 
Ground-water monitoring records and reports. 
Aeri a1 photography and interpretive reports. 
Maintenance and contingency repair records and reports. 
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o 1- i c e n s e . 
o As-bui 1 t drawi ngs. 
o S i t e  a t l a s .  

7.3 FINAI- S ITE  CONDITIONS 

F i n a l  s i t e  c o n d i t i o n  records w i l l  c o n s i s t  o f  t h e  f o l l o w i n g  documents: 

As-bui 1 t drawings. 
Construct ion and base l i ne  photographs (see Sect ion 2.2). 
Basel ine d a t a  maps (see Sec t ion  2.3). 
S i t e  a e r i  a1 photographs (see Sect ion 2.4). 
S i t e  a t l a s  (see Sect ion 2.5). 
Locat ions o f  monuments, s i t e  markers, and s igns (see Sect ion 2.6). 
Loca t ion  o f  m o n i t o r i n g  w e l l s  (see Sec t ion  2.7). 
Loca t ion  of set t lement  p l a t e s  and o the r  surve i  l l a n c e  fea tu res  (see 
Sect ions 2.8 and 2.9). 

7.4 SITE INSPECTION 

7.4.1 Records 

S i t e  i n s p e c t i o n  reco rds  w i  11 c o n s i s t  o f :  

o Phase I i n s p e c t i o n  repo r t s .  

o Phase I 1  i n s p e c t i o n  repo r t s .  

o Contingency i n s p e c t i o n  repo r t s .  

o L e t t e r s  and documents p e r t a i n i n g  t o  the  appointment, q u a l i -  
f i c a t i o n s ,  and t r a i n i n g  o f  inspectors .  

o L e t t e r s  and documents commenting on and ana lyz ing  inspec- 
t i  on repor-ts. 

o L e t t e r s  and documents d i r e c t i n g  maintenance and cont ingen- 
cy r e p a i r  a c t i o n s  as a r e s u l t  o f  s i t e  inspect ions.  

o Other s i t e  i n s p e c t i o n  r e l a t e d  documents as deemed appropr i -  
a t e  by the  respons ib le  agency. 

A l l  s i t e  i n s p e c t i o n  records w i l l  be kep t  c u r r e n t  i n  the  s i t e  
f i l e  by the  respons ib le  agency f o r  a minimum o f  f i v e  years except 
f o r  i n s p e c t i o n  repo r t s .  The i n s p e c t i o n  r e p o r t s  w i l l  be kep t  f o r  a 
minimum o f  10 years i n  t h e  s i t e '  f i l e .  A t  t h e  end o f  t h e  s p e c i f i e d  
r e t e n t i o n  period, t h e  i n s p e c t i o n  reco rds  w i l l  be m i c r o f i c h e d  (or 
e q u i v a l e n t )  and s t o r e d  i n  t h e  arch ives o f  t he  respons ib le  agency. 

7.4.2 Reports 

There are t h r e e  types o f  s i t e  i n s p e c t i o n  r e p o r t s :  
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7.5 

0 

0 

0 

Phase I i n s p e c t i o n  repor ts .  A Phase I i n s p e c t i o n  r e p o r t  
w i  11 c o n s i s t  o f :  the  completed i n s p e c t i o n  c h e c k l i s t ,  i n -  
c l  ud ing n a r r a t i v e  and r a t i o n a l e s ,  resumes of inspectors ,  
photo logs, f i e l d  notes, and sketches; annotated s i t e  a t -  
l a s  over lays;  s i t e  photographs; and i n s p e c t i o n  r e p o r t s  o f  
maintenance. , 

Phase I1 i n s p e c t i o n  repor ts .  A Phase I 1  i n s p e c t i o n  r e p o r t  
w i l l  c o n s i s t  o f  the i n s p e c t o r ' s  w r i t t e n  r e p o r t  and accompa- 
n y i n g  da ta  concent ra t ing  on those p o t e n t i a l  problems 
r a i s e d  i n  the Phase I ,inspection. The emphasis i n  the r e -  
p o r t  w i  11 be on conclusions and recommended addi t iona 1 
s tud ies  and m i t i g a t i v e  measures. 

Contingency i n s p e c t i o n  repor t .  Th is  r e p o r t  w i  11 document 
the c o n d i t i o n s  a t  the  s i t e ,  determine whether an imminent 
hazard e x i s t s ,  and prov ide  recommendations f o r  r e p a i r  and 
n o t i f i c a t i o n  t o  a f f e c t e d  par t ies . .  

GROUND-WATER MONITORING 

7.5.1 Records 

inc lude:  
A l l  da ta  w i l l  be recorded on standard forms. These forms 

Borehole/wel l  c o n s t r u c t i o n  l o g  (F igure 2.8). 
We1 1 comple t ion- record  (F igure 2.9). 
Borehole l o g s  (Figures 2.10 and 2.11). 
Ground-water sampling r e c o r d  (F igure 4.5). 
S t a t i c  ground-water l e v e l  r e c o r d  (F igure  4.6). 
Water-qual i  t y  a n a l y t i c a l  r e s u l t s  (F igure 4.7). 
Rock/soi l -qual? t y  a n a l y t i c a l  r e s u l t s  (F igure  4.8). 
Slug t e s t  d a t a  (F igure 4.9). 

The completed forms w i l l  be submit ted as p a r t  of t h e  ground- 
water repor t .  T h i s  r e p o r t  w i l l  be inc luded i n  the  s i t e  f i l e .  

7.5.2 Reports . .  

Three ground-water r e p o r t s  w i l l  be prepared as needed: a 
background and base l ine  repor t ;  a d e t e c t i o n  m o n i t o r i n g  r e p o r t ;  and 
a compliance m o n i t o r i n g  and a c t i o n  repor t .  

The background and b a s e l i n e  r e p o r t s  w i  11 inc lude:  

o A n a r r a t i v e  comparing pre-c l  osure and pos t -c l  osure water 
qual: t y  and ground-water hydraul ics .  

o A map showing t h e  surveyed l o c a t i o n s .  of t h e  s t a b i l i z e d  
p i l e ,  a l l  m o n i t o r i n g  w e l l s  and the s i t e  boundary, and an 
i n d i c a t i o n  of the  d i r e c t i o n  o f  ground-water f l o w  i n  a l l  
monitored hydrogeol ogi c u n i t s .  
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o A table summarizing well installation and completion d a t a .  

o 4 table summarizing water-quality d a t a  f o r  the detection 
m o n f t o r i n g  parameters. This table w i l l  include the re- 
sul t s  of chemical analysis, means, standard devi ations; 
and detection monitoring limits f o r  a l l  parameters a t  each 
we1 1. 

o A table summarizing water-quality d a t a  for the compliance 
parameters t h a t  are n o t  detection parameters. Thi  s table 
will include a l l  the information t h a t  i s  included on the 
previous table except excursion detection ljmi ts .  

o A table summarizing the results of the slug t e s t  analyses, 
including each calculated value of hydraul jc  conductivity 
a t  each well and the mean and standard deviation o f  these 
values a t  each well. 

o A table summarizina the results o f  the chemical analysis 
o f  soil  and rock saiples.' 

o All completed field and laboratory forms. 

The detection monitoring report wi 11 include: 

o A table comparing water-quali ty analytica 
the appropriate excursion detection limits 

results against 

o A narrative describing any significant trends or anomalies 
in the water quality or water-level data. The narrative 
also may include a comparison o f  collected d a t a  t o  values 
predicted in the s i  te-specific environmental document. 

o A narrative describing any significant changes in the lo- 
cal hydro1 ogi c setting. 

The compliance monitoring and action report will be needed on- 
ly following an excursion. The compliance monitoring and action 
report w i  11 include: 

o A log of a l l  verbal and written communications between the 
responsible agency and the NRC following the detection of 
a possible excursion. 

o Completed f ie ld  and laboratory forms compiled in chronolo- 
gical order. 

o Tables summarizing the da ta .  

o If additional fieldwork was required, a description o f  the 
fieldwork with a1 1 appropriate documentation, including 
maps, logs, so i l  samples and/or cores, surveys, and the 
like. 

o A narrative describing the procedures required t o  identify 
the nature and extent of the excursion, a hydrogeologic 
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analys is ,  and the ac t ions  r e q u i r e d  t o  m i t i g a t e  i t  o r  a nar-  
r a t i v e  d e s c r i b i n g  the procedures requ i red  fo r  a negat ive 
de terminat ion  (no excurs ion) .  

These r e p o r t s  w i l l  a l s o  b e  maintained i n  the s i t e  f i l e  f o r  
the  d u r a t i o n  s p e c i f i e d  i n  Sect ion 7.4. 

7.6 AERIAL PHOTOGRAPHY 

7.6.1 Records 

A e r i a l  photographic records w i l l  c o n s i s t  of the i tems l i s t e d  
i n  ’Table 7.1. An a e r i a l  photographic record  w i l l  be assembled i n  
the  s i t e  f i l e .  Photographs w i l l  be s to red  i n  a r c h i v a l - q u a l i t y  
s t  o r  age conta iners  

7.6.2 Reports 

Reports o f  photo i n t e r p r e t a t i o n  s tud ies  w i  11 be inc luded i n  
the s i t e  f i l e  along w i t h  o t h e r  r e p o r t s  fo r  each s i t e .  Evaluat ions 
o f  performance on photo i n t e r p r e t a t i o n  s tud ies  w i  11 be documented. 

7.7 MAINTENANCE AND CONTINGENCY REPAIR 

7.7.1 

Maintenance and cont ingency r e p a i r  records w i  11 c o n s i s t  o f :  

o Reports f rom t h e  maintenance c o n t r a c t o r ( s ) .  

o Reports from t h e  contingency r e p a i r  c o n t r a c t o r ( s ) .  

o Communications f r o m  agencies or  o thers  r e p o r t i n g  a need 
f o r  con t i n gency r e p a i  r . 

These records w i l l  be maintained i n  the  s i t e  f i l e  f o r  the  du- 
r a t i o n  s p e c i f i e d  i n  Sect ion 7.4. 

7.7.2 Reports 

Summary r e p o r t s  w i  11 be prepared whenever maintenance or  con- 
t ingency r e p a i r s  are af fected.  Reports w i l l  be prepared by the  
c o n t r a c t o r  f o r  rev iew and approval by t h e  respons ib le  agency. The 
r e p o r t s  w i  11 : 

o Describe e x i s t i n g  c o n d i t i o n s  a t  the  s i t e  p r i o r  t o  act ion.  

o Describe a c t i o n s  undertaken t o  a f f e c t  maintenance . or 
r e p a i r  . 

o Provide photographic documentation ‘ o f  maintenance or 
r e p a i r .  
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Tab le  7.1 A e r i a l  pho tog raph ic  reco rds  

1. A e r i a l  photograph p r i n t  se ts .  

a. V e r t i c a l  s t e r e o  a e r i a l  photograph c o n t a c t  p r i n t s .  
b. Ob l ique a e r i  a1 photographs - c o n t a c t  p r i n t s  o r  enlargements. 

2. F l i g h t  p a t h  index  maps f o r  each a e r i a l  photography f l i g h t .  

3.  L e t t e r s  o f  acceptance o r  r e j e c t i o n  f o r  each s e t  o f  a e r i a l  photographs. 

4. A e r i  a1 pho to  i n t e r p r e t a t i o n  keys Y w i t h  accompanying d e s c r i p t i v e  r e p o r t s .  

5. L i s t  of names and addresses o f  c o n t r a c t o r s  possess ing  f i l m  nega t i ves  f o r  spe- 
c i f i c  UMTRA P r o j e c t  s i t e s .  
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G'- OSSARY 

adjacent area 

a1 1 u v i  um 

ani sot ropy 

a r i d '  

ar royo 

as-bui 1 t 

background water q u a l i  t y  

b a s a l t  

base map 

base1 i ne d a t a  

The area surrounding a s i t e .  The d is tance f r o m  a 
s i t e  inc luded i n  t h e  term adjacent area i s  n o t  f i x -  
ed, bu t  i s  determined on a s i t e - b y - s i t e  b a s i s  t a k -  
i n g  i n t o  cons idera t ion  how o f f - s i  t e  geology, topo- 
graphy, drainage, 1 and use, and man-made features 
cou ld  a f f e c t  s i t e  i n t e g r i t y .  

A general term f o r  c lay,  s i l t ,  sand, gravel ,  o r  
s imi  l a r  unconsol idated m a t e r i a l  deposi ted by a 
stream as sediment i n  the bed o f  the stream, i t s  
f l o o d p l a i n ,  o r  i t s  de l ta .  

Cond i t ion  o f  having phys ica l  p r o p e r t i e s  t h a t  v a r y  
i n  d i f f e r e n t  d i r e c t i o n s .  

Environment charac ter ized  by discont inuous (usual-  
l y  sparse) vegetat ion.  

A term app l ied  i n  the  southwest Uni ted States t o  
t h e  deep, f l a t - f l o o r e d  channel o f  an ephemeral 
stream, u s u a l l y  w i t h  v e r t i c a l  or  ' s t e e p l y  c u t  banks 
o f  unconsol idated m a t e r i a l  a t  l e a s t  60 cm high. 

Engineer ing drawings t h a t  d e t a i  1 a c t u a l  cons t ruc t -  
ed cond i t ions .  

.. 

The r e p r e s e n t a t i v e  water q u a l i t y  a f t e r  complet ion 
of remedial  a c t i o n  f rom a g iven hydrogeologic u n i t  
t h a t  has n o t  been impacted by p a s t  o r  p resent  a c t i -  
v i t i e s  or, i f  impacted by p a s t  a c t i v i t i e s ,  no long- 
e r  e x h i b i t s  t h e  impacts. 

A general term f o r  dark-col  ored, f ine-grained, i g- 
neous rocks, commonly e x t r u s i v e  bu t  l o c a l l y  i n t r u -  
s i v e  (e.g., as d ikes) ,  composed c h i e f l y  o f  c a l c i c  
p l  agi  o c l  ase and pyroxene. 

A l o c a l  l i m i t  on downward f l u v i a l  e ros ion  estab- 
l i s h e d  b y  r e s i s t a n t  rock, d e p o s i t i o n  datum, o r  sim- 

. i l a r  feature.  

A topographic map o f  the  d isposa l  s i t e .  The s c a l e  
w i l l  n o t  be l e s s  than 1:24000 o r  a t  a contour i n -  
t e r v a l  o f  n o t  more than two feet. 

Documents t h a t  descr ibe t h e  as-bui It s i t e .  These 
i n c l u d e  as-bui It drawings, ground and a e r i a l  photo- 
graphs, s i t e  v i c i n i t y  map, base map, and s i t e  
a t las .  



base l i ne  photographs 

base1 i ne water q u a l i  t y  

blowout 

boundary monument 

b ra ided  stream 

Photographs taken of the s i t e  upon complet ion of 
remedia l  a c t i o n  work t o  prov ide a base l i ne  s e t  o f  
photographs f o r  comparison w i  t h  photas taken dur-  
i n g  subsequent inspect ions.  

The r e p r e s e n t a t i v e  water q u a l i t y  f r o m  a given hy- 
drogeologic  un? t t h a t  has been impacted by p a s t  or  
present  a c t i v i t i e s  a t  the m i l l  s i t e ,  but  should 
n o t  be a f f e c t e d  i n  the  fu ture.  

A general  term f o r  a saucer- or  trough-shaped de- 
p ress ion  formed by wind e ros ion  i n  an ar2a o f  
loose s o i l  or  where p r o t e c t i v e  vege ta t i on  has been 
destroyed. 

A durable marker i n s t a l l e d  on a p r o p e r t y  boundary 
w i t h  i t s  l o c a t i o n  accu ra te l y  known i n  r e l a t i o n  t o  
e s t a b l i  shed survey monuments. 

Runoff  f l o w i n g  on a l l u v i u m  and d e p o s i t i n g  a l l u v i u m  
as o b s t r u c t i o n s  t o  produce an interwoven f l o w  p a t -  
t e r n  w i t h i n  a channel o r  va l l ey .  

c o e f f i c i e n t  o f  v a r i a t i o n  The r a t i o  o f  t he  standard d e v i a t i o n  o f  a d i s t r i b u -  
t i o n  t o  i t s  a r i t h m e t i c  mean. 

c o l l u v i u m  Loose, heterogeneous so i  1 ma te r i  a1 and/or rock 
fragments deposi ted by rainwash o r  creep and usual-  
l y  found on h i l l s i d e s  o r  t h e  base of slopes. 

c o n s t r u c t i o n  photographs Photographs taken d u r i n g  the  remedial  a c t i o n  t o  
document the  work and c o n d i t i o n s  encountered. 

cont ingency r e p a i r  

crab 

creep 

da ta  back 

d e n d r i t i c  

A r e p a i r  a c t i o n  taken t o  c o r r e c t  a s i t u a t i o n  af -  
f e c t i n g  s i t e  i n t e g r i t y .  

I n  a e r i a l  photography, t h e  c o n d i t i o n  caused by 
f a i l u r e  t o  o r i e n t  t h e  camera w i t h  respect  t o  t h e  
t r a c k  o f  t h e  a i rp lane ,  i n d i c a t e d  i n  v e r t i c a l  photo- 
graphy by the  s ides o f  t h e  photographs n o t  be ing  
para1 l e 1  t o  t h e  p r i n c i p a l - p o i n t  basel ine.  

. The slow, more or  l e s s  continuous, downslope move- 
. ment o f  mineral ,  rock, and s o i l  p a r t i c l e s  under 

' g r a v i t a t i o n a l  stresses. 

A rep1 acement camera back t h a t  a u t o m a t i c a l l y  r e c -  
ords the  da te  o f  each photograph and photograph 
number on the  f i l m  nega t i ve  as t h e  photograph i s  
exposed. 

A drainage p a t t e r n  i n  which t h e  streams branch ran-  
domly i n  a p a t t e r n  resembl ing t h e  branching h a b i t  
o f  many deciduous t rees.  



licensing 

mass movement 

monitor 

NQ 

NX 

out  1 i er  ( s t a t  i s ti call  

over1 ay 

passive controls 

pedes ta l  rock 

permeable zone 

pi ping 

rain splash erosion 

responsible agency 

In t h i s  report, the process by w h i c h  t h 2  NRC w i l l ,  
a f ter  the remedial actions are completed, approve 
the final disposition and controls over a disposal 
s i t e .  

All processes by which soil and rock material are 
transported downs1 ope predominantly enmasse by the 
direct  application of gravitational body stresses. 

To observe and make measurements t o  provide d a t a  
t o  evaluate the performance and characteristics o f  
the disposal s i te .  

The wireline designation for NX.  

A core produced with an N d r i l l  rod  w i t h  an o u t -  
side casing diameter o f  3.5 inches, outside casing 
b i t  diameter of 3.5625 inches, outside core barrel 
b i t  diameter of 2.9375 inches, outside d r i l l  rod 
diameter of 2.375 inches, approximate corehole di - 
ameter of 3 inches and an approximate core diam- 
e ter  of 2.125 inches, 

In 'a se t  of data, a value so f a r  removed from o th -  
e r  values i n  a distribution, that  i t s  presence can- 
n o t  be attributed t o  the random combination of 
chance causes. .. 

Transparent, sepia, or blueline prints overlying a 
s i t e  base map and depicting locational data of sig- 
nificant features such as pho to  locations, erosion- 
al patterns, vegetation, and the like. To be used 
by the s i t e  inspectors t o  record s i t e  features. 

-Those controls which inhibit human contact with 
the waste and depend on a continuing social order. 
Examples include Federal ownership of a d i  sposal 
s i t e ,  monuments on the s i t e ,  records with agen- 

. cies,  and physical barriers (e.g., riprap covers, 
vegetation-, waste burial) . 

. ~ A t a l l ,  slender erosion remnant of  any size. 
.. 

A porous layer, bed, or formation t h r o u g h  which wa- 
t e r  can flow. 

Erosion. by percolating water i n  a layer o f  sub- 
so i l ,  resulting in the formation of narrow condu- 
i ts ,  tunnels, or  'Ipipest1 t h r o u g h  which soluble o r  
granular soi 1 materi a1 i s  removed. 

Erosion by raindrops fal l ing on bare ground. 

The government agency responsible f o r  maintaining 
s i t e  integrity and ensuring compliance with the 
s i t e  license. 



d isposa l  

e l  u t r i  a t i o n  

ephemera 1 

e r o s i o n  c o n t r o l  markers 

escarpment 

excurs i o n  
.- 

f a n  ( a l l u v i a l )  

f i n a l  s i t e  c o n d i t i o n s  

f 1 oodpl a i  n 

ground water 

g u l l y  

he te rogene i t y  

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

hydraul  i c g rad i  en t 

1 andsl i de 

The p l  anned safe permanent p l  acemen t of rad ioac -  
t i v e  waste. 

The process o f  , e x t r a c t i n g  one m a t e r i a l  f r o m  anoth- 
er .  Also known as e l u t i o n ;  l e v i g a t i o n .  

Runoff  l i m i t e d  t o  t i m s  o f  r a i n f a l l  (or  s n o w m l t )  
and s h o r t l y  t h e r e a f t e r .  

Stakes or o the r  markers e s t a b l i  shed as re fe rence  
p o i n t s  f rom which t o  measure the progress o f  ero- 
s i  on. 

A steep face  t e r m i n a t i n g  h igh lands ab rup t l y ;  a 
c l i f f .  

A r i s e  i n  downgradient contaminant l e v e l  so  f a r  r e -  
moved from base l i ne  or background values t h a t  i t s  
presence cannot be a t t r i b u t e d  t o  the random combi- 
n a t i o n  of ch.ance causes. 

A broad, f l a t t e n e d  connate a1 l u v i  a1 deposi t ,  usual-  
l y  s i t u a t e d  a t  t he  base o f  a steep s lope or c l i f f .  

€qui  pment and procedures necessary f o r  post -  
remedia l  a c t i o n  su rve i l l ance .  

The f l a t t e n e d  area a long a r i v e r  s u b j e c t  t o  p e r i o d -  
i c  overf low. 

Water below t h e  l and  surface, g e n e r a l l y  i n  a zone 
o f  sa tu ra t i on .  

(a)  A smal l  v a l l e y  worn i n  unconsol idated m a t e r i a l  
by r u n n i n g  water and through which water runs o n l y  
a f t e r  a r a i n  or  t h e  m e l t i n g  o f  snow or  ice;  (b) 
any e r o s i o n  channel so deep t h a t  i t  cannot be 
crossed by a wheeled v e h i c l e  or  e l i m i n a t e d  by plow- 
ing. 

A c h a r a c t e r i s t i c  o f  a medium which s i g n i f i e s  t h a t  
t h e  medium has p r o p e r t i e s  which va ry  w i t h  p o s i t i o n  
w i t h i n  it. 

R a t i o  o f  f l o w  v e l o c i t y  t o  d r i v i n g  f o r c e  ( f o r  v i s -  
cous f l o w  under sa tu ra ted  c o n d i t i o n s  o f  a speci -  
f i e d  li quid i n  a porous medi urn). 

The change o f  s t a t i c  head per  u n i t  d i s t a n c e  a long 
a s t reaml ine.  

Downslope movement o f  a compara t i ve l y  l a r g e  mass 
of rock  debr is ,  u s u a l l y  r a t h e r  suddenly. 



ri 11  

r ivulet  

rock 

scarp 

sheet erosion 

Shelby tubes 

shrinkage crack 

signatures 

s i t e  atlas 

s i t e  f i l e  

s i t e  map 

s i t e  marker 

s p l i t  spoon 

stabi 1 i zation 

State plane 
coordinate system 

A very small stream or the small channel eroded by 
water; one of the f i r s t  and smallest channels form- 
ed by runoff. 

A small stream; a streamlet developed by r i l l s  r u n -  
n i n g  down a steep slope. 

Rock materials (sometimes w i t h  rock d i  arneter speci- 
f ications) t h a t  are not  screened f o r  size segrega- 
t i o n  prior t o  use i n  the construction industry. 

A steep slope separating surfaces a t  two different 
levels. 

The removal of surface material more or less even- 
l y  rather t h a n  by streams f l o w i n g  i n  well defined 
c h an ne 1 s . 
A thin-walled tube sampler conforming t o  ASTM 
D1587 standards and used t o  obtain relatively un-  
disturbed soi l  samples.. 

A crack produced' i n  fine-grained sediment or rock 
by the loss of contained water d u r i n g  drying or 
dehydration. 

. Distinctive features or characteristics of modify- 
i n g  processes. 

A set  of plans reflecting the as-built condition 
of the s i t e  used by s i t e  inspectors t o  help locate 
specific features and t o  record inspection condi- 
tions. 

A compilation of s i t e  data assembled f o r  the p u r -  
pose of indoctrinating inspectors on the s i t e  char- 
acter is t ics  before they enter the field.  The s i t e  
f i l e  w i  11 include narrative, photos, maps, plans, 
sketches, and previous reports. 

See base map. 

Durable monuments bearing information regarding 
the s i t e .  . . 

A s p l i t  barrel sampler commonly used t o  perform 
penetration t e s t s  on soi.1 and rock according t o  
ASTM 01586 standards and t o  obtain disturbed soi l  
samples. 

The reduction of radioactive contamination i n  an 
area t o  a predetermined level s e t  by a standards- 
sett ing board such as the €PA, by encapsulating or 
covering the contaminated material. 

Gr id  systems particular t o  s ta tes  used t o  deter- 
mine locations on the l and  surface. 



s t e r e o  coverage 

s u r v e i  11 ance 

survey  monument 

The use o f  a e r i a l  photograph p a i r s  taken from se- 
q u e n t i a l  photographs a long a f l i g h t  l i n e  which, 
when viewed through a stereoscope, produce a th ree -  
d i men s i  o na 1 i mage . 
In t h i s  p l a n  t h e  obse rva t i on  o r  m o n i t o r i n g  o f  t he  
d i s p o s a l  s i t e  f o r  purposes o f  v i s u a l  d e t e c t i o n  of 
need f o r  cus t o d i  a1 care, evidence o f  i n t r u s i o n ,  
and compl i ance w i  t h  o t h e r  l i c e n s e  and r e g u l  a t o r y  
requirements.  

A du rab le  marker o f  known e l e v a t i o n  and h o r i z o n t a l  
l o c a t i o n  s e t  f i rmly  i n  the  ground, and e s t a b l i s h e d  
f o r  t he  express purpose o f  be ing  a re'ference p o i n t  
f o r  f u t u r e  surveys. 

t a i l i n g s ,  u ran i  um m i  11 The wastes rema in ing  a f t e r  most o f  t he  uranium has 
been e x t r a c t e d  f rom uranium ore.  

t o e  s lope  The lower  segment o f  a h i  l l s l o p e .  

t r a n s e c t  . I n  ecology, a sample area  ( u s u a l l y  e longa te  o r  li- 
near )  chosen as t h e  b a s i s  f o r  s t u d y i n g  a p a r t i c u -  
l a r  assemblage o f  organisms. 

A measure o f  t h e  a b i l i t y  o f  an a q u i f e r  t o  t r a n s m i t  
water  equal  - t o  the  p r o d u c t  o f  t h e  h y d r a u l i c  conduc- 
t i v i t y  an$ t h e  t h i c k n e s s  o f  t h e  a q u i f e r ,  expressed 
i n  l e n g t h  /tim. 

t r a n s m i s s i v i t y ,  h y d r a u l i c  

unconf ined a q u i f e r  

UMTRA P r o j e c t  

v i c i n i t y  map 

An a q u i f e r  t h a t  i s  n o t  c o n f i n e d  by impermeable 
beds. The upper s u r f a c e  i s  c a l l e d  t h e  water 
tab le .  

Uranium M i l l  T a i l i n g s  Remedial A c t i o n  P r o j e c t  o f  
t h e  U.S. Department o f  Energy. 

A map t h a t .  d e p i c t s  the  d i s p o s a l  s i t e  ana s.urround- 
i n g  e n v i r o n s  (minimum o f  0-25 m i l e ) .  



AS TM 

CFR 

DOE 

EPA 

NGS 

NOAA 

NRC 

PVC 

RAC 

RF 

SSMP 

TAC 

UMTRA 

USGS 

ACRONYMS 

- American Soc ie ty  f o r  T e s t i n g  and M a t e r i a l s  

- Code o f  Federal Regulat ions 

- U.S. Department o f  Energy 

- U.S. Environmental P r o t e c t i o n  Agency 

- Nat iona l  Geodetic Survey 

- Nat iona l  Oceanic and Atmospheric Admini s t r a t i o n  

- U.S. Nuclear Regulatory  Commission 

- P o l y v i n y l  Ch lor ide  

- Remedi a1 A c t i o n  Contractor  

- Represent a t  i ve F r a c t i o n  

- S i t e  Survei  l l a n c e  and Maintenance Plan 

- Techni c a l  Assistance Contractor  

- Uranium M i l l  T a i l i n g s  Remedial A c t i o n  

- U.S. Geologica l  Survey 
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INSPECTION PHOTO LOG 

Informati on required 

Time of day 

Weather conditions 

Type of film 

Roll number 

Photographer s 1 ocat i o n 

Photo description 

Remarks 

Instruct i ons 

Log inclusive t i m s  f o r  r o l l  of f i l m  being expos-. 
ed . 
Oescri be weat her/li g h t  i n g  condi t i ons  fo r  period 
t h a t  ro l l  i s  being exposed. 

Give manufacturer's name, f i lm name, and f i l m  
speed. 

Number each rol l  exposed. 

Certain locations will be specified i n  the S i te  
Surveillance 'and Maintenance Plan and on the 
s i t e ' s  photo maps. Use these location symbols. 
If photographing an anomalous or' new feature, and 
a photo  location s i t e  does not apply, describe the 
location by azimuth/distance from a known location 
(e.g., monument, boundary, or s i t e  marker). ' 

A brief description of what i s  being photographed. 

As necessary t o  document photo, conditions, or why 
a pho to  was taken (if n o t  a standard pho to ) .  

A- 1 



- of - INSPECTION PHOTO L O G  Page 

S i t e :  Date: 

Time o f  Day: From To 

Weather Cond i t i ons :  

Type of F i  lm :  

Frame # 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15  
16 
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
3 1  
32 
33 
34 
35 
36 

I n s p e c t o r :  

Reference a 

P ho tographej; ' s 
L o c a t i o n  - 

Photo 
D e s c r i p t i o n  

S igna tu re  

t o  pho to  ove r lay ,  i f  poss ib le .  

A- 2 

R o l l  Number: 

Remarks 

P r i n t e d  Name 
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3.1 GENERA!. 

For purposes of inspect ion,  the  d isposa l  s i t e s ,  p a r t i c u l a r l y  those above 
grade, may be viewed as a r t i f i c i a l  landscape fea tures  sub jec t  t o  the same modify- 
i n g  processes as i s  the n a t u r a l  landscape. The more s i g n i f i c a n t  of these pro-  
cesses are b r i e f l y  descr ibed i n  t h i s  section. Addi t i o n a l  re ference m a t e r i a l s  
are l i s t e d  a t  the conclus ion o f  t h i s  appendix. 

The a c t i o n  o f  most o f  these processes i s  slow, but  s i g n i f i c a n t  m o d i f i c a t i o n  
o f  landscapes can and does occur over per iods o f  severa l  hundred years. 
Detect ion of change w i l l  r e q u i r e  an understanding o f  t h e  processes and the obser- 
v a t i o n  and r e c o r d i n g  o f  s u b t l e  changes. 

I t  should be kept  i n  mind t h a t  under n a t u r a l  cond i t ions ,  these processes do 
n o t  operate i n  i s o l a t i o n  f rom one another. Rather, they  i n t e r a c t  i n  complex 
fashion, wi.th l o c a l  topography, w i t h  land use, and w i t h  c l imate.  They may oper- 
a t e  i n  succession o r  simultaneously, and they  may i n t e n s i f y  or i n h i b i t  one anoth- 
er. Which one w i l l  predominate may depend upon minor and random f a c t o r s .  

Above grade, o r  p a r t i a l l y  below grade, s t a b i l i z a t i o n  i s  expected t o  be t h e  
p r e f e r r e d  remedial  a c t i o n  f o r  most UMTRA P r o j e c t  d isposa l  s i t e s .  F igure  B . l . l  

. d e p i c t s  an i d e a l i z e d  b u t  r e p r e s e n t a t i v e  s i t e .  The uranium t a i l i n g s  are covered 
by an i n n e r  cover of severa l  f e e t  o f  s o i l s  s u i t a b l e  as a radon b a r r i e r ,  and ano- 
t h e r  l a y e r  o f  rock f o r  e ros ion  pro tec t ion .  The shape o f  t h e  p i  l e  w i  11 be modi- 
f i e d  t o  approximately - t h a t  o f  a t runcated  pyramid w i t h  crown slopes o f  f i v e  per-  
cen t  or 'less, and sideslopes o f  about 20 percent  o r  - less;  A system o f  drainage 
d i t c h e s  and d i v e r s i o n  channels i s  shown a t  the  toe o f  the  slope. Also shown i n  
F igure  B.l.1 are a nearby perenn ia l  r i v e r ,  an arroyo, roads, and var ious survey 
monuments, e ros ion  c o n t r o l  markers, and boundary monuments. 

.. 
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B.2 GUI-I-YING ON THE S I T E  

6.2.1 DESCRIPTION 

G u l l i e s  are i n c i s e d  channels t h a t  c a r r y  r u  f f  n l y  d u r i n g  per iods 
o f  r a i n f a l l  and s n o w m l t  or  s h o r t l y  t h e r e a f t e r  (F igure  B.2.1). I n  s ize,  
they vary over a considerable range. Although no sharp d i s t i n c t i o n s  are 
recognized, smal ler  channels are u s u a l l y  c a l l e d  r i l l s  o r  r i v u l e t s .  A t  
the, o ther  extreme, l a r g e  g u l l i e s  may be severa l  tens o f  f e e t  deep and 
severa l  m i les  long. G u l l i e s  are c h a r a c t e r i s t i c a l l y  steep-wal led and 
have V-shaped cross-sect ions i n  t h e i r  a c t i v e  reaches. In the southwest- 
e r n  Uni ted States, the terms " g u l l y "  and "arroyo" are coinmonly used 
interchangeably.  

Above-grade t a i l i n g s  s i t e s  can be a f f e c t e d  by the development o f  
g u l l i e s  on t h e  s lopes as a r e s u l t  o f  concentrated r u n o f f  o f  p r e c i p i t h -  
t ion ;  both above-grade and below-grade s i t e s  can be a f fec ted  by o f f - s i  t e  
g u l l i e s  which enlarge by headward eros ion  i n t o  t h e  s i t e .  I n  t h i s  sec- 
t ion ,  on-s i te  g u l l y  development i s  considered. Sect ion 8.3 considers 
the  development o f  g u l l i e s  o f f  t h e  s i t e  and t h e i r  m i g r a t i o n  i n t o  the 
s i t e .  

6.2.2 FACTORS. INFLUENCING DEVELOPMENT 

G u l l y  devel-opment i s  a consequence o f  the  expansion o f  a drainage 
network and i s  a normal f e a t u r e  i n  t h e  eros iona l  m o d i f i c a t i o n  o f  land-  
scapes. G u l l i e s  develop when r u n o f f  i s  concentrated and has the ero- 
s i v e  c a p a b i l i t y  o f  d i s l o d g i n g  and t r a n s p o r t i n g  s o i l  p a r t i c l e s .  

High i n t e n s i t y  r a i n f a l l  ep i  sodes, concent ra t ion  o f  runof f ,  steep 
slopes, l o n g  slopes, s i l t y  s o i l ,  and sparse vegeta t ion  are t h e  p r i n c i p a l  
f a c t o r s  which favor  g u l l y  development. . G u l l y  e ros ion  may develop as an 
advanced stage o f  r i l l  o r  r i v u l e t  erosion, but  i t  a l s o  may be i n i t i a t e d  
by the concent ra t ion  o f  r u n o f f  due t o  such processes as l a n d s l i d i n g ,  
cracking, o r  the  burrowing o f  animals. 

High i n t e n s i t y  summer thunderstorms t y p i c a l  o f  the  a r i d  and semi- 
a r i d  'west combined w i t h  t h e  lack  o f  vegeta t ion  makes g u l l y i n g  a major 
process o f  landscape mod i f i ca t ion .  The most impor tan t  means o f  l i m i t i n g  
g u l l y  development w i  11 be by armoring t h e  p i l e s  w i t h  e r o s i o n - r e s i s t a n t  
m a t e r i a l  and b y  shaping t h e  p i l e s  t o  prevent  concent ra t ion  o f  r u n o f f .  

6.2.3 CRITERIA FOR EARLY DETECTION 

Although s t a b i l i z a t i o n  o f  t h e  p i l e s  w i l l  be designed t o  p revent  con- 
c e n t r a t i o n  of r u n o f f ,  minor i r r e g u l a r i t i e s  w i  11, i n  t ime ,  cause r u n o f f  
t o  become organized i n t o  a t y p i c a l  d e n d r i t i c  p a t t e r n  o f  r i v u l e t s  and 
r i l l s .  As the  r u n o f f  w i l l  have l i t t l e  sediment load, e r o s i o n  may be con- 
cent ra ted  on the lower slopes. These r i l l s  may be ephemeral, appear ing 
and d isappear ing w i t h  d i f f e r e n t  i n t e n s i t i e s  of r a i n f a l l ,  o r  they  may be 
d i s t r i b u t e d  so u n i f o r m l y  over the  s lopes t h a t  l o c a l i z e d  i n t e n s i v e  ero- 
s i o n  i s  n o t  i n i t i a t e d .  I f  e i t h e r  o f  these c o n d i t i o n s  occur, t h e  design 
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i s  effective and no remedial action w i l l  be indicated, I f ,  however, one 
or more master channels with tr ibutaries have developed, maintenance pro- 
bably wi 11 be required. 

Gully ini t ia t ion may also ar ise  from the interaction of water ero- 
sion with some other disturbance o f  the pi le  slopes such as cracking, an-  
imal burrowing, or a landslide. These mechanisms are described i n d i -  
vidually in Sections 6.6, 6.9, and 6.4, respectively. Although such dis- 
turbances may directly affect the integrity of the ta i l ings pile, their  
greater threat i s  t h a t  they may be in i t ia t ing  gully development. . 

If d-irect development of gullies does occur, they will i n  a l l  like- 
lihood become noticeable within a few years (depending upon occurrence 
o f  intense rainstorms); the indirect development i s  less predictable and 
remains a long-term threat because i t  can result  from such slow process- 
es as deterioration o f  the protective rock material, gradual localized 
differential  settlement, or the downhill creep o f  the p i le  surface mate- 
ri a1 . 

.. . .  

B -5 



B -6 



8.3 HEADWARD GU',',Y (ARROYO) C U T T I N G  

8.3.1 DESCRIPTION 

As po in ted  ou t  i n  Sect ion 8.2, g u l l i e s  are a normal consequence o f  
the expansion of - a  drainage system, and therefore,  wherever t a i  l i n g s  are 
loca ted  on an immaturely d issected n a t u r a l  surface, p o t e n t i a l  e x i s t s  f o r  
downstream drainage channels t o  expand by headward eros ion  and d i  ssect  
the  t a i l i n g s  p i l e .  

B.3.2 POTENTIA!, FOR G U L L Y  DEVElOPMENT 

The f a c t o r s  which encourage development o f  g u l l i e s  o f f  the  s i t e  a re  
the  same as those on t h e  s i t e .  Thus, g u l l y  growth i s  more o f  a problem: 

o On a l l u v i u m  o r  o ther  e a s i l y  eroded s o i l  or  rock r a t h e r  than on 
consol idated bedrock. 

o Where r u n o f f  i s  concentrated. 

o Where r e v e g e t a t i o n  i s  sparse. 

o Where steep s lope segments prov ide a p o i n t  f o r  i n i t i a t i o n  o f  a 
g u l l y .  

o Where drainage areas are r e l a t i v e l y  large. 

o Where and when r a i n f a l l  i n t e n s i t y  i s  greatest ,  

G u l l i e s  are l e a s t  l i k e l y  on vegetated surfaces o f  low s lope and low 
r e l i e f  i s o l a t e d  f rom e a s i l y  eroded materi .al by a l o c a l  base l e v e l  o f  
h i g h l y  r e s i s t a n t  rock. 

*B..3;3 CRITERIA FOR DETECTION 

Determining whether downstream g u l l y  deve opment and headcut t ing  
w i l l  occur may be obvious f rom observat ions o f  the  e x i s t i n g  landscape or 
may r e q u i r e  s o p h i s t i c a t e d  geomorphic analysis.  

A c t i v e l y  eroding g u l l i e s  can o r d i n a r i l y  be i d e n t i f i e d  by a V-shaped 
cross-sect ion and the absence o f  d e b r i s  and vegeta t ion  a t  the  bottom o f  
the channel. However, i t  cannot be assumed t h a t  i f  these fea tures  are 
n o t  present, the  g u l l y  i s  o r  w i l l  remain stable.  A c t i v e  eros ion  has a 
rrlinimum r u n o f f - i n t e n s i t y  t h a t  w i  11 i n i t i a t e  headcut t ing  and t h i s  th res-  
ho ld may be associated w i t h  low frequency p r e c i p i t a t i o n  events. Thus, 
i t  i s  n o t  uncommon for  a g u l l y  t o  have no headward growth f o r  a number 
o f  years, but  t o  have headward c u t t i n g  o f  severa l  hundred f e e t  d u r i n g  a 
s i n g l e  storm. 
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Furthermore, development o f  g u l l i e s  may depend upon c o n d i t i o n s  t h a t  
a r i s e  o u t s i d e  the  immediate d ra inage area. These c o n d i t i o n s  may i n c l u d e  
a decrease i n  v e g e t a t i v e  cover  due t o  o v e r g r a z i n g  o r  changes i n  l and  
use, c o n c e n t r a t i o n  o f  f l o w s  due t o  roads  o r  t r a i l s ,  l o w e r i n g  of  base l e v -  
e l  as a r e s u l t  o f  b reech ing  o f  a r e s i s t a n t  rock  l a y e r ,  a change o f  
course  o r  regime o f  a main stream, o r  a change i n  c l i m a t e  which r e s u l t s  
i n  g r e a t e r  peak r u n o f f s .  



6.4 MASS MOVENENTS 

6 4 , 1 LAN OSI- I 0 ES 

The term "landslide" describes a wide'variety of mass movements o f  
soi 1 and rock material downslope under g r a v i t a t i o n a l  influence. ',and- 
slides in'clude f a l l s ,  avalanches, slumps, and earth and debris flows 
t h a t  are characterized by a surface of shear failure a t  the base of the 
moving mass. Landslides occur when the cohesion or f r i c t i o n a l  res is t -  
ance of the material i s  exceeded by the weight of the material. Water 
i n  the pores of the material reduces frictional resistance and also i n -  
creases the weight of the sliding mass. Hence, most landslides occur 
during or shortly af ter  periods of heavy r a i n f a l l .  

Landslides can be classified according t o  the type of movement i n -  
volved. .Fa l l s  and topples denote a r a p i d  movement from a steep slope or 
c l i f f .  Slides, whether rotational or translational, involve shear 
strain and displacement along one or several surfaces. Ro ta t iona l  
slides are slumps which are sl ides along a surface of rupture that i s  
curved concavely upward. Trans1 ational sl ides progress o u t  and down and 
out  along a more or less planar or gently undulatory surface. Earth 
flows and debris flows are almost always translational and characteris- 
t i ca l ly  are tongue-shaped w i t h  a lobate frontal edge and a tendency t o  
form a fan-shaped deposit where slope decreases. 

Vulnerable locations are steeper slopes, areas having bedrock w i t h  
steeply d i p p i n g  bedding planes, areas being undercut, and any area show- 
ing evidence of past landslides. Criteria for recognizing o l d  l a n d -  
sl ides include l1hurnmockyt1 topography, bulges on the ground surface, 
scarps, slickensides, cracks, and disturbed vegetation (Figure 6.4.1). 
Flows can be recognized from the i r  channei-like and fan shape. 

Design and construction of the s i t e s  wi l l  be such as t o  minimize 
the likelihood of sliding of the s i t e  material. The possibil i ty of i t s  
occurrence cannot be to ta l ly  excluded; however unlikely, sliding could 
conceivably be ini t ia ted by differential  set t l ing w i t h i n  the p i  le or by 
water lubricated movement along the plane which separates a h ighly  perme- 
able outer layer from a relatively impermeable inner material. In the 
former'situation, the sl ide i s  l ikely t o  be rotational. Scarps a t  the 
t o p  of the sl ide and depressions and bulges wi l l  be observable, In the 
l a t t e r  situation, the s l ide i s  more likely t o  be planar and the observ- 
able phenomena are . l ikely t o  be undulatory or "wrinkled" slopes and b u l g -  
es a t  the lower parts of the slopes. 

6.4.2 CREEP 

Creep i s  the surface and near surface slow downslope movement of 
soil or rock (Figure 6.4.1). I t  i s  the sum of a very large number of 
minute displacements of individual grains or particles n o t  a l l  mov ing  a t  
the same rate. The basic agent i s  gravity and the movement i s  aided by 
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w e t t i n g  and dry ing,  f r e e z i n g  and thawing, rafnwash, and the a c t i o n  o f  an- 
ima ls  and p lants .  The movement i s  commonly i m p e r c e p t i b l e  over s h o r t  pe- 
r i o d s  o f  observat ion,  bu t  f i e l d  s tud ies  i n  Colorado (Schurnrn, 1967) have 
shown t h a t  f o r  20 pqrcent  slopes, movement o f  about 30mm per  year  can be 
expected. Thus, i t  i s  impor tan t  t o  no te  the s u b t l e  i n d i c a t i o n s  o f  
creep, such as d e f l e c t i o n  of p lan ts ,  evidence of " s t re t ch ing1 '  o f  the 
ground surface, and development o f  smal l -sca le te r races  more o r  l e s s  par-  
a l l e l  t o  contours. 

6.4.3.  PI PING 

P i p i n g  i n v o l v e s  the  fo rma t ion  o f  t unne ls  i n  d i s p e r s i v e  c l a y  or  
s i l t y  s o i l s .  F a i l u r e  r e l a t e d  t o  p i p i n g  can occur i n  the  t a i l i n g s  ma te r i -  
a l s  o r  i n  the  n a t u r a l  f ounda t ion  s o i l s  under t h e  p i l e .  P i p i n g  and f a i l -  
u r e  can a l so  occur due t o  t h e  removal o f  water s o l u b l e  m ine ra l s  (gypsum) 
conta ined i n  the  t a i l i n g s  m a t e r i a l s  o r  n a t u r a l  f ounda t ion  s o i  Is. 

F i e l d  inspecTion observat ions w i l l  no te  any evidence o f  a des i cca t -  
ed and cracked ground surface, steep-sided channels and tunnels ,  and v i s -  
i b l e  m ine ra l  depos i t s  (gypsum), o r  e f f l o r e s c e n c e  i n  t h e  s o i l s .  
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3.5 SHEET EROSION 

Sheet e ros ion  r e s u l t s  f rom the impact of ra indrops  loosening and detaching 
s o i l  p a r t i c l e s ,  and t r a n s p o r t i n g  sediment i n  small  ephemeral r i  11s. The r i  11s 
form almost s imul taneously  w i t h  the  f i r s t  detachment o f  p a r t i c l e s .  These r i  11s 
meander and migrate c o n s t a n t l y  w i t h  t h e  r e s u l t  t h a t  e ros ion  i s  more or l e s s  u n i -  
form over a slope. However, v a r i a t i o n s  i n  slopes, s o i l  c h a r a c t e r i s t i c s ,  o r  vege- 
t a t i o n  may concentrate r i l l i n g  and lead t o  the i n i t i a t i o n  o f  l a r g e r  and more per-  
manent drainage channels. 

Nature o f  the s o i l  mater ia l ,  l e n g t h  and degree o f  s lope o f  the land, vege- 
t a t i v e  cover, and r a i n f a l l  i n t e n s i t y  are the  p r i n c i p a l  f a c t o r s  t h a t  c o n t r o l  
sheet e ros ion  a t  a s i t e .  Other than r a i n f a l l  i n t e n s i t y ,  these f a c t o r s  are sub- 
j e c t  t o  mod i f i ca t ion ,  and a l l  remedial  work w i l l  i n v o l v e  some combinat ion o f  mod- 
i f y i n g  the sur face  mater ia l ,  decreasing slopes, and/or i n c r e a s i n g  the  vegeta- 
t i v e  cover. 

M i t i g a t i n g  the p o t e n t i a l  f o r  sheet e ros ion  w i l l  be a p r imary  concern i n  t h e  
design o f  each s i t e .  I f  sheet e ros ion  i s  prevented, the  more d e s t r u c t i v e  channe- 
l i z e d  eros ion  i s  u n l i k e l y  t o  be i n i t i a t e d ,  and thus, d e t e c t i o n  o f  any depar ture 
f rom expected performance may be s ign i f i can t . .  Because the  amount o f  sheet ero- 
s i o n  i s  r e l a t i v e l y  un i fo rm .over l a r g e  areas, evidence t h a t  i t  i s  o c c u r r i n g  i s  
l i k e l y  t o  be subt le .  Accumulation o f  sediment a t  the base o f  slopes, the  pres- 
ence o f  pedesta l  rocks, o r  p a r t i a l l y  exhumed vegeta t ion  w i l l  be suggest ive o f  ac- 
t i ve ,  sheet erosion. .. 

M i t i g a t i v e  measures f o r  sheet e ros ion  by water wi 11 normal ly  a l s o  p r o t e c t  
aga ins t  wind erosion. It i s  conceivable, however, t h a t  tu rbu lence near the  
c r e s t  o f  the s i t e  may r e s u l t  i n  88b10wouts.88 Such blowouts can lead t o  r i l l i n g  
o r  gu l l y ing .  
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3.6 CRACKING 

Cracks may develop on a d i sposa l  s i t e  as a r e s u l t  of f i v e  proces.ses: (1) 
se t t l emen t  o f  the founda t ion  or  compressible m a t e r i a l  i n  the  t a i l i n g s ;  ( 2 )  s l i d -  
i n g  o r  f l o w i n g  of t he  s o i l  and rock w i t h i n  t h e  s i t e  slopes; (3) shr inkage o f  
h i g h l y  p l a s t i c  c l a y s  i n  t h e  t a i l i n g s  o r  i n  t h e  s i t e  cover; (4) v i b r a t o r y  ground 
motion; and (5)  f a u l t  d i  sp l  acement. 

Set t lement  cracks tend t o  be o r i e n t e d  more or  l e s s  p a r a l l e l  t o  t h e  c i rcum- 
ference o f  a s e t t l e d  area, and more than one r i n g  of cracks may be present.  The 
cracks are l i k e l y  t o  be i n c l i n e d  toward the  cen te r  o f  t he  d i s t u r b e d  area. 
Scarps may or  may n o t  be present,  depending upon the amount of displacement. 
Set t lement  cracks may extend deep i n t o  the  embankment and thus o f f e r  pathways 
f o r  e n t r y  o f  water and i n i t i a t i o n  o f  erosion. 

Cracks caused by l a n d s l i d e s  can be expected t o  have t h e  t y p i c a l  p a t t e r n  
shown i n  F i g u r e  8.4.1. A t  t he  upslope end of t he  d i s t u r b e d  mass, one o r  more 
scarps f a c i n g  downslope w i  11 be present. Cracks associated w i t h  these scarps' 
w i l l  be c u r v i l i n e a r ,  concave downslope, and i n c l i n e d  toward t h e  s l i d e .  En eche- 
l o n  shear cracks can be expected a long  t h e  f l a n k s  o f  t h e  d i s t u r b e d  area, and ten- 
s i o n  cracks on t h e  bulge a t  the lower p a r t  of t h e  s l i d e .  Some o f  t h e  cracks a t  
t he  upper p a r t  o f  t h e  s l i d e  w i l l  extend t o  t h e  s u r f a c e  on which s l i d i n g  i s  tak-  
i n g  place. Depending upon t h e  s i z e  o f  t h e  s l i d e ,  amount o f  movement, and t h e  
cha rac te r  o f  t he  m a t e r i a l ,  t h e  f l a n k  cracks may be deep o r  shal low. Cracks on 
t h e  bulge or  lower p a r t  o f  t h e  s l i d e  tend t o  be s u p e r f i c i a l .  

Shrinkage cracks develop as c l a y s  w i t h  expandable l a t t i c e s  ( p l a s t i c  c l a y s )  
l o s e  t h e i r  water, and a re  common phenomena seen a t  t he  s u r f a c e  as s w e l l i n g  c l a y s  
dry. Such c rack ing  t y p i c a l l y  develops i n  a r o u g h l y  hexagonal pa t te rn ,  a l though 
cracks r a r e l y  pene t ra te  more than a few inches below t h e  surface. 

. 

Shrinkage cracks are impor tan t  i n  t h a t  t hey  c o n t r i b u t e  t o  t h e  i n t e g r a t i o n  
o f  drainage p a t t e r n s  i n  t h e  e a r l y  stages of s lope mod i f i ca t i on .  Because o f  
shr inkage cracks, sheet e r o s i o n  becomes channelized, and the  l i k e l i h o o d  o f  g u l -  
l i e s  i s  increased. 
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B. 7 LATERAL STREAM CUTTING 

, Lateral stream cutting i s  a process whereby a f l o w i n g  stream changes course 
or expands i t s  channel and cuts i n t o  an adjacent streambank, terrace, o r  slope. 
Lateral cutting can be slow (years) or r a p i d  (hours or days), depending upon  the 
shape of the channel, amount of water discharge, and the type and quantity of 
sediment carried by the stream. 

The extent and rate of str'eam cutting a t  a particular s i t e  i s  d i f f icu l t  t o  
predict because they can be changed drastically by natural or human act ivi t ies  
remote from the s i te .  Examples include floods, forest  f i res ,  landslides, chan- 
nelization, and construction of dams,' bridges, or dikes. Examination of h i  stor- 
ical sequences of  aerial photos can be used for  recognizing past and possible 
future changes i n  l a te ra l '  cutting patterns. 

The degree t o  which lateral  cutting poses a potential hazard wi l l  depend up- 
on the s i t e  characteristics and the nature of the stream. T a i l i n g s  s i tes  which 
are on floodplains and which are near the stream are obviously of greatest con- 
cern. However, landslides induced by lateral  cutting or major channel sh i f t s  
can .affect s i tes  that  are above maximum f l o o d  levels and apparently otherwise 
safe. 

A simplified channel classification scheme for estimating the potential fo r  
la teral  stream cutting has been developed by Schumm and Chorley (1983). A s  
shown i n  Figure 8.7.1, the scheme includes three channel types: (1) straight 
(two sub-types); (2) meandering (three sub-types) ; and ( 3 )  braided. Generally, 
resistance t o  la teral  cutting is  greatest for straight channels which carry fine 
sediments and least  for braided channels which carry coarse sediments. These 
channel types, including the secondary features of bars and sediment load, are 
relatively easy to recognize .from f ie ld  observations and aerial  photographs. 

Many streams have been modified by dikes, levees, channel l i n i n g s ,  or other 
construction which have, a t  least  i n  part, the objective. of l i m i t i n g  la teral  

. stream erosion. The effectiveness of these a t  any particular s i t e  cannot be 
safely assumed over long  periods of time, and periodic checks are necessary. 
Normally, major channel changes are most recognizable af ter  h i g h  f low events. . .  
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6.8 INTRUSION BY A N I M A ' S  

I n t r u s i o n  by animals i n t o  a s i t e  can produce f o u r  types of problems: (1) 
mammals burrowing i n t o  the  cover of the t a i l i n g s  can weaken the cover and en- 
hance eros ion and slumping, p a r t i c u l a r l y  on the steeper sideslopes; (2 )  g raz ing  
animals may develop t r a i l s  t h a t  concentrate erosion; (3) burrowing animals may 
t r a n s p o r t  t a i l i n g s  m a t e r i a l  through the cover t o  the  surface; and (4) p l a n t  
r o o t s  may penet ra te  the cover, e n t e r  t h e  t a i l i n g s ,  and may accumulate metals and 
rad ionuc l ides  which may e n t e r  the  human food chain. 

The s i t e s  which are n o t  revegetated w i l l  not, i n  the e a r l y  years a f t e r  s t a -  
b i l i z a t i o n ,  be a t t r a c t i v e  t o  animals as a food source. However, many p l a n t  
seeds are wind dispersed and w i l l  be deposi ted along w i t h  windblown s o i l  p a r t i -  
c les.  Therefore, n a t u r a l  p l a n t  c o l o n i z a t i o n  w i l l  g r a d u a l l y  occur. These 
p lan ts ,  p a r t i c u l a r l y  the e a r l y  c o l o n i s t s ,  w i  11 produce l a r g e  numbers of seeds 
which w i  11 become a t t r a c t i v e  t o  seed-eating, burrowing rodents. 

Gano and States (1982) reviewed the a v a i l a b l e  l i t e r a t u r e  on p r e f e r r e d  s o i l  
c o n d i t i o n s  and burrow c h a r a c t e r i s t i c s  o f  rodents  i n  the  f a m i l i e s  Sc iu r idae 
( s q u i r r e l s ) ,  Heteromyidae (kangaroo r 'a ts  and pocket mice) , Geomyidae (pocket go- 
phers),  as w e l l  as badgers (Order Carnivora, f a m i l y  Mustel idae) t h a t  may invade 
the t a i l i n g s  covers i n  the  west. Most burrowing rodents p r e f e r  f i n e  s o i l s ,  a l -  
though severa l  species are capable o f  burrowing through l a y e r s  of rock  ( C l i n e  e t  
al., 1982), p a r t i c u l a r l y  i f  the rock i s  mixed w i t h  s o i l s .  Several species are 
a l s o  known t o  burrow t o  s u b s t a n t i a l  depths, deep enough t o  peach t a i l i n g s ,  i f  
the  cover i s  l e s s  than s i x  meters t h i c k  (Table 8.8.1). 

Rodents burrowing through t h e  cover cou ld  b r i n g  smal l  q u a n t i t i e s  of t a i l -  
i n g s  t o  the surface and prov ide  pathways f o r  radon gas t o  escape. If t h e  'cover 
i s  n o t  penetrated, t h e  burr'ow systems cou ld  s t i l l  weaken the  s t r u c t u r e  o f  t h e  co- 
ver, p a r t i c u l a r l y  on the  s ides o f  the p i l e s .  Mammal burrows can a l s o  prov ide  a 
pathway f o r  deep water p e n e t r a t i o n  i n t o  t h e  cover, thereby i n c r e a s i n g  t h e  l i k e -  
l i h o o d  o f  slumping or  o ther  s t r u c t u r a l  breakdown. For these reasons, i t  i s  i m -  
p o r t a n t  t h a t  the presence o f  burrowing rodents i n  t h e  t a i l i n g s  p i l e s  be recog- 
n ized ear ly .  

* Burrowing mammals depos i t  t h e  excavated d i r t  and rock in .smal1 p i l e s  a t  bur-  
row entrances. Some mammals leave c h a r a c t e r i s t i c ,  i d e n t i f i a b l e  mounds on the  
surface. Other species leave very l i t t l e  s ign  o t h e r  than a h o l e  and can o n l y  be 
i d e n t i f i e d  when trapped. 
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Tab le  B.8.1 Bur rowing  r o d e n t s  t h a t  may occur a t  t he  d i s p o s a l  s i t e  

Species 

Reported 
bu r row ing  

depths  (cm) Soi 1 p r e f e r e n c e  

Whi t e - t a i  l e d  ante1 ope s q u i r r e l  30 Rocky 

Gunni son ' s  p r a i r i e  dog 9 1  - 427 F i  ne 

B o t t a  ' s pocket  gopher 5 - 35 F i n e  

S i  1 k y  pocket  mouse 

P l a i n s  pocket  mouse 

Ord ' s  kangaroo r a t  
(Ref. i s  M e r r i  am) 

52 - 62 Fi.ne 

35 - 61  Sandy loam 

26 - 175 Sandy loam 

Nor the rn  grasshopper mouse --- ------ 
' Badger '1 50 V a r i e d  

Ref. Gano and Sta tes ,  1982; C l i n e  e t  al., 1982. 

B -20 



B.9 INTRUSION BY PLANTS 

P l a n t s  growing on the  s i t e s  w i l l  have p o s i t i v e  and nega t i ve  e f fec ts .  The 
major p o s i t i v e  e f f e c t s  are the r e d u c t i o n  o f  e r o s i o n  by b i n d i n g  s o i l  p a r t i c l e s  
w i t h  r o o t  systems, by absorbing the  energy o f  ra indrops,  and by r e d u c t i o n  of per-  
c o l a t i o n  i n t o  su r face  ma te r ia l s .  Where p l a n t  cover i s  sporadic, however, t h e  r e -  
d u c t i o n  i n  e ros ion  i s  minor, and on engineered slopes occasional  p l a n t s  may 
acce le ra te  e ros ion  by channel ing r u n o f f  and concen t ra t i ng  erosion. Deep-rooted 
species may p rov ide  openings by which water can pene t ra te  deeply  i n t o  t he  cover  
m a t e r i a l ,  and thereby p r o v i d e  l u b r i c a t i o n  f o r  s l i d i n g  o r  i n i t i a t e  erosion. 

P lan ts  whose r o o t s  pene t ra te  the  cover may a l so  a c t i v e l y  t r a n s p o r t  metals 
o r  rad ionuc l i des  f rom the  t a i l i n g s  t o  the  su r face  (Dreesen e t  al., 1978; Dreesen 
and Marple, 1979; Kel ley,  1979). Such p l a n t  species w i  11 p robab ly  n o t  become 
abundant on any o f  t he  t a i l i n g s  p i l e s ,  bu t  because they  may i n t r o d u c e  meta ls  o r  
r a d i o n u c l i d e s  i n t o  the  food chain, t hey  are t h e  p l a n t s  o f  g r e a t e s t  i n t e r e s t  du r -  
i n g  an inspect ion.  Table 5.9.1 l i s t s  some common species a long w i t h  t h e i r  r e -  
corded r o o t  depths. 

Other d e t e r i o r a t i n g  e f f e c t s  o f  p l a n t s  are those i n d i r e c t  ones t h a t  r e s u l  t 
from p l a n t s  be ing  a precursor  t o  animal i n v a s i o n  (Sect ion B.9). 

.. 
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Table 6.9.1 Plant species with deep r o o t  systems t h a t  have 
the potent ia l  for colonizing s i t e s  

Speci es 
Tap root length 

Common name ( f e e t )  Soi 1 type 

Sal sol a kal i Tumbleweed 2.1 cl / sa  - 
Sol anum eleagni fo l  i urn Horse-ne t t l  e 3.7 cl 

Chrysothamnus nauseosus Rabbitbrush >12.8 sa/cl  

Franseria acanthocarpa Burweed >5.0 sa 

Sphaeralcea parvif lora  Globe mallow 2.6 sa/cl 

Sarcobatus vermicul a tus  Greasewood >9.8 s i / c l  

cl  = clay; si = s i l t ;  sa = sand. 

.. 
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8.10 EXTREME NATURAI, EVENTS 

Several types of unusual events 'may concei vab ly  des t a b i  1 i ze d i  sposal s i  tes 
i n  a s h o r t  p e r i o d  o f  t ime. These inc lude:  

Event Poten t i  a1 problems 

Major f 1 ood L a t e r a l  stream c u t t i n g ;  headward 
stream eros ion  

Hurr icane Severe g u l l y i n g ;  l a n d s l i d i n g  

Tornado 

Extreme r a i n f a l l s  
o r  snowf a1 1 s 

Severe g u l l y i n g ;  lands l  id ing;  
wind eros ion  

Severe gu l l y ing ;  lands l  i d i n g  

Earthquakes o r  nearby expl  osions 

Subsidence 

Landsl i d i  ng; c r a c k i  ng 

Landsl i d i  ng; c rack i  ng 

Contingency inspec t ions  w i  11 be undertaken a f t e r  any unusual or  extreme 
event . 

.. . .  
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APPENDIX C 

PHASE I INSPECTION CHECKLIST 





PHASE I .  INSPECTION XHECKI-IST 

The Phase I i n s p e c t i o n  c h e c k l i s t  t h a t  f o l l o w s  has been prepared and format t -  
ed as a general document, a p p l i c a b l e  t o  a l l  m i l l  t a i l i n g s  d isposa l  s i t e s  f o l l o w -  
i n g  remedial act ion.  The c h e c k l i s t  i s  adaptahle t o  each s i t e ' s  unique condi-  
t ions .  The adaptat ion w i l l  c o n s i s t  o f  such ac t ions  as: 

o D e l e t i n g  i n s p e c t i o n  checks t h a t  do n o t  apply  and adding those n o t  contem- 
p l a t e d  bu t  needed because o f  unique design features. 

o Prov id ing  l i s t s  o f  o f f - s i t e  fea tures  t h a t  must be assessed i n  the f i e ld .  

o Prov id ing  s p e c i f i c s  as t o  l o c a t i o n  o f  monuments, fences, signs, moni tor -  
i n g  we l ls ,  and o ther  s i t e  features.  

o Determining the minimum number o f  photos needed t o  document s i t e  condi- 
' t ions .  

It must be noted t h a t  the  c h e c k l i s t  w i l l  be used by a team which may n o t  
have the exper ience t o  cover the  m u l t i d i s c i p l i n e  sub jec t  areas. Therefore, t h e  
c h e c k l i s t  must be complete and d e t a i l e d  t o  d i r e c t  the i n s p e c t i o n  team t o  observe 
and record  a l l  p e r t i n e n t  data. The c h e c k l i s t  must a l s o  be complete and d e t a i l e d  
as i t  w i l l  become a l e g a l  r e c o r d  o f  respons ib le  agency surve i l lance.  
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PHASE I INSPECTION CHECK'-IST FOR THE 
U R A N I U M  MI'-'- TAILINGS DISPOSAI- SITE 

Date of Last Inspection: Reason f o r  Last Inspection: 

Responsible Agency: 

Address: -- 
Responsible Agency Offici a1 : 

Inspection S t a r t  Date and Time: 

Weather Conditions at  Site: 

Inspection Completion Date and Time: 

Chief Inspector: 
Tit le Organization N am 

Organization 
Assistant Inspectors: 

Name Tit le  

Name Tit le  Organization 

A. GENERAL INSTRUCTIONS 

1. All checklist items must be completed and detailed comments made t o  docu- 
ment the results of the s i t e  inspection. The completed checklist i s  
p a r t  of the f ie ld  record of the inspection. Additional pages should be 
used as necessary t o  ensure t h a t  a complete record i s  made. Attach the 
additional pages and number a l l  pages upon completion of the inspection. 

2. Inspectors are to .  provide an .up-to-date resume or vitae for inclusion i n  
the inspection report. 

3. Any checklist line item marked by an * that i s  checked by an inspector 
must be f u l  l y  explained or an appropri ate reference t o  previous reports 
provided. The purpose of t h i s  requirement i s  t o  provide a written expla- 
nation of inspector observations and the inspector's rationale for con- 
cl usions and recommendations. Explanations are t o  be placed on addition- 
al attachments and cross-referenced appropriately. Expl anations, in 
a d d i t i o n  t o  narrative, will take the form of sketches, measurements, and 
annotated si t e  a t1  as over1 ays. 

. .  
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4. The s i t e  i n s p e c t i o n  i s  a wa lk ing  i n s p e c t i o n  o'f the e n t i r e  s i t e ,  i n c l u d -  
i n g  the per imeter  and s u f f i c i e n t  t ransec ts  t o  be able t o  i n s p e c t  the en- 
t i r e  sur face and a l l  fea tures  s p e c i f i c a l l y  descr ibed i n  t h i s  c h e c k l i s t .  
Every monument, s i t e  marker, sign, moni tor  wel l ,  and eros ion  c o n t r o l  
marker w i  11 be inspected. 

5. A standard s e t  o f  c o l o r  p r i n t  35mm photographs i s  requi red.  For t h i s  
s i t e ,  the  standard s e t  c o n s i s t s  o f  photographs. I n  addi t ion, a1 1 
anomalous features or new features (such as changes i n  adjacent area 

. land use) a re  t o  be photographed. A photo log  e n t r y  w i l l  be made for  
each photograph taken. 

6. References t o  a p p l i c a b l e  sec t ions  o f  the  SSMP ar2 shown throughout the 
c h e c k l i s t  i n  brackets.  

7. F i e l d  notes taken t o  a s s i s t  i n  complet ion of t h i s  c h e c k l i s t  w i l l  become 
p a r t  o f  the i n s p e c t i o n  record. No form i s  spec i f ied :  t h e  f i e l d  notes 
must be l e g i b l e  and i n  s u f f i c i e n t  d e t a i l  t o  enable rev iew by succeeding 
inspec tors  and the respons ib le  agency. 

B. PREPARATION (To be completed p r i o r  t o  s i t e  v i s i t )  

Yes No - -  
1. License ( inc ludes  s i t e  surve i  l l a n c e  and maintenance 

p l  an) r e v i  ewed. 

2. S i t e  a s - b u i l t  p lans  reviewed and base map w i t h  copies 
o f  the  f o l l o w i n g  s i t e  a t l a s  over lays  obtained: * - - 
a. 

b. 

Adjacent o f f - s i t e  fea tures  and l a n d  use; fences, 
gates, and signs; access roads and paths. 

Survey monuments, boundary markers, s i t e  markers, 
a e r i  a1 photo ground cont ro ls ,  ground photo loca t ions .  

c. Moni tor  wel ls ,  s i t e  drainage, d i v e r s i o n  channels. . 

'd. 

e. Others. 

P1 anned i n s p e c t i o n  t r a n s e c t s  and vegeta t ion  cover. 

These over lays w i l l  be used t o  i d e n t i f y  s i t e  fea tures  and record, as appro- 
p r i a t e ,  f i e l d  data. 

3. Previous i n s p e c t i o n  r e p o r t s  reviewed. 

a. Were anomalies o r  t rends  i n  mod i fy ing  processes 
detected on prev ious inspec t ions? 
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* - -  b. Was a Phase I 1  i n s p e c t i o n  conducted? 

c. Was c u s t o d i a l  maintenance performed? * - -  
d. Was cont ingency r e p a i r  work done as a r e s u l t  of 

t he  Phase I 1  i n s p e c t i o n ?  
* - -  

4. S i t e  cus tod i  a1 maintenance and cont ingency r e p a i r  
records reviewed. 

* - -  

a. Has s i t e  cont ingency r e p a i r  r e s u l t e d  i n  a change 
f rom as-bui 1 t c o n d i t i o n s ?  * - -  

b. Are r e v i s e d  a s - b u i l t s  a v a i l a b l e  t h a t  r e f l e c t  
cont ingency r e p a i r  changes? 

* - -  

5. I f  requi red,  ad jacent  p r o p e r t y  e n t r y  approval 
obta ined ( a t t a c h  signed access agreement). 

* - -  

6. A e r i a l  photos, i f  taken s ince  l a s t  inspect ion,  reviewed. 
For each set, e n t e r  da te  taken, scale, and i f  
i n t e r p r e t e d .  

I n t e r p r e t e d  
Yes No - - Set - Date - Scale 

1. 

2 .  

3. 

Yes No - -  
7 .  Were any of t h e  f o l l o w i n g  suggested by examinat ion o f  

a e r i a l  photographs? ( I f  yes, g i v e  photo s e t  da te  and 
i n d i c a t e  i f  i t e m  noted by i n t e r p r e t e r  or  i n s p e c t o r ) :  

* - -  a. I n t r u s i o n  by man? 

b. I n t r u s i o n  by animals? * - -  
c. Channelized e ros ion  on slopes? 

d. Change i n  area drainage? * - -  
* - -  
* - -  

e. Lands1 i des? 

f. Creep on slopes? 
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g. Obstruction of diversion channels? 

h.  Bank erosion of diversion channels? 

i .  Seepage? 

j. Cracking? 

k.  Change i n  vegetative cover? 

I .  Di spl acement of fences, si  t e  markers, boundary 
markers, or  monuments? 

m. Change i n  adjacent land use? 

n. Evidence of ta i l ings exposure or transport? * - -  
8. From as'-buil t s ,  or subsequent inspection reports, note 

distance and azimuth from designated s i t e  location, such 
as a monument, t o  adjacent off-si te features that could 
eventually affect  integri ty  o f  si te .  

Off-si t e  feature Si te  monument # O i  stance Azimuth 
1 

2. 

3. 

9. Assemble and check out  the f o l l o w i n g  equipment as needed t o  conduct 
inspect ions : 

a. Cameras, f i  lm, and miscellaneous suppor t  equipment. 
b. Binoculars. 
c. Tape measure. 
d. Optical r ang ing  device. 
e. Brunton compass ': 

f .  Photo scale stick. . 
g. Erasable board. 
h. 
i .  Keys t o  locks. 
j. Bolt  cutters. 
k. Hand lens. 
1 .  Clipboard. 
m. Others. 

* *  , 

Plant press, plast ic  bags for vegetation. 
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C. SITE INSPECTION 

Yes No - -  
1. Adjacent off-s i te  features ( w i t h i n  0.25 mile of 

s i t e  boundary) (TownshS p, Range, 1 /4  1/4 Section). 

a. Have there been any changes i n  use of adjacent 
areas? (Grazing, construction, agriculture) * - -  

b. Are there any new roads or t r a i l s ?  * - -  
c. Has there been a change i n  the position of 

nearby stream channels? 
* - . -  

d. Has there been headward erosion of nearby gullies? 

e. Are there new drainage channels? * - -  
f .  Others? 

2. Access roads and paths, fences, gates, and signs 
(Section - 1. 

* - -  a. Is there a break in the fence? 

b. Have any posts been damaged or their  anchoring 
weakened? * - -  

c. I s  there evidence o f  erosion or d i g g i n g  beneath 
the fence? * - -  

d. Does the gate show evidence of tampering or  damage? * - -  
e. I s  there any evidence of human intrusion? * - -  

. f .  . I s  there any evidence i f  .large animal intrusion? * . .  - -  
* - -  g. Have any signs been damaged or removed? 

(Number of signs replaced: 1 

h. Are access roads and paths passible? * - -  
i .  Others? * - -  

3. Monuments and other permanent features (Section - ) 
a. Have the survey or boundary monuments been 

defaced or d i  s turbed? 
* - -  

b. Have the s i t e  markers been disturbed by man 
or natural  processes? 
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Yes No - -  

c. Do natural processes threaten the integrity of 
any monument  or s i t e  marker? 

Have aerial p h o t o  ground controls been disturbed? d. 

e. Others? 

4. Crests (Section - 1 

a. Is there evidence of uneven sett l ing? 
(de p r  es si on s , scarps 1 

b. Is  there cracking? 

c. Has the outer cover layer been breached? 

d. Is  there evidence of erosion? 

(1) By water? ( r i l ls ,  r ivulets)  

(2)  By wind? (pedestal rocks, r ipple marks) 

e. Is the vegetation cover as described i n  the 
as-bui 1 ts? 

f .  Is there evidence of animal burrowing? 

g. Is there evidence o f  r i p r a p  or gravel deterioration? 

h. Others? 

5. Slopes (Section -1 . 

a. Is  there evidence o f  gradual downslope movement 
(creep)? (terraces, deflection o f  plants) 

b: I s  there cracking? 

c. Can depressions or bulges on the slope be seen? 

d. Has the outer cover layer been breached? 

e. Is  there evidence of erosion: 
r 

(1) By water? 

(2) By wind? 

f .  Has water runoff become channel?zed? 
(ri v u 1  e t s  , g u l  l i  es ) 
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Yes No - -  

g. I s  there evidence of seepage? (moisture, 

h.  

color, vegetation) 

Has the vegetation cover changed significantly 
since the l a s t  inspection? 

i .  I s  there evidence o f  animal burrowing? 

j. I s  there evidence o f  deterioration o f  riprap 
or gravel cover? 

k. Others? 

6. Periphery ( w i t h i n  s i t e  boundaries) (Section - ) 
a. I s  there evidence of seepage such as wet areas 

or localized change of vegetation? 

b. Is  there evidence of sediment transport from the 
ta i l ings pile by water or wind? 

c. I s  the vegetation cover as described i n  the as-bui 1 ts? .. 

d. 

e. Others? 

Is  the drainage as described i n  the as-builts? 

7. Diversion channels (Section ) - 
a. I s  there evidence of bank erosion? 

b. 
. 

Has the integrity of riprap structures been 
disturbed by man or natural processes? 

c. Is  there evidence of channel erosion? 

d. I s  there evidence of  sedimentation in the channel? 

e. I s  the vegetation pattern i n  the channels 
consistent w i t h  t h a t  shown i n  the as-builts? 

f .  I s  the channel obstructed i n  any way? 

g. I s  there any evidence t h a t  the diversion channels 
are n o t  performing their  function? 

* - -  

* - -  
* - -  

h.  Others? 
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Yes No - -  

8. Photography (Section - . ) 
a. Have a l l  photos required by the s i t e  a t las  p h o t o  

overlay been taken? 

b. Has a photo  log sheet been prepared for  each r o l l  
of f i  l m  exposed. 

c. Number o f  ro l l s  o f  f i lm exposed: 

d. Others? 

9. Monitor wells (Section - ) 
, a. Have any monitor weljs been disturbed by man or 

natur a1 processes? 

b. Does any natural process threaten the integrity of 
any monitor well? 

c. Are a l l  monitor wells' label plates intact  and legible? 

d. Are a1 1 moni tor we1 1s capped and locked? 

e. Others? 

D. FIELD CONCLUSIONS 

1. ' I s  there an imminent hazard t o  the integri ty  o f  the 
t a i  l i  ngs p i  le?  
Person 
Agency t o  whom report made: 

(Immedi a te  report required) 

2. Are more frequent Phase I inspections. required? 

3. Are ex? s t i n g  contingency repair actions satisfactory? 

4. Is  a Phase I1 inspection required? 

5. Is contingency report or custodi a1 maintenance required? 

6. Rationale for f ie ld  conclusions 
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E. CERTIFICATION 

u r a n i u m  m i  1 1  I have conducted a Phase I inspection of the 
ta i l ings s i t e  i n  accordance wJi til the 9T.i:ajwes of the license (includes the 
s i t e  surveillance and maintenance p l a n )  as recorded on this  checklist, 
attached sheets, f ie ld  notes, p h o t o  l o g  sheets, and photos. 

--- 

Chief Inspector's Signature 

Ti t le  

(Stamp or Seal) 

Printed Name 

.. Date 
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D . l  INTRODUCTION 

This appendix provides instructions t o  be followed by the respmsible agen- 

o Water sampling/preserving/shipping and testing. 

o Field procedures. 

o Sample collection. 

o Qual? t y  assurance requirements for f ie ld  programs. 

o Analytical procedures and 1 aboratory quali ty assurance. 

cy for the fo l lowing  aspects o f  ground-water moni t o r ing :  

. I  
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. .  

. D.2 WATER SAMPI- ING/PRESEKVING/SHIPPING AN0 TESTING 

Field programs consist of three par.ts: pre-field procedures, f ielcl measure- 
ments, and post-field procedures. 

D.2.1 PRE-FIEI-D PROCEDURES 

The following steps will be taken no less t h a n  10 days before leav- 
ing for the field.  

The pre-qualified analytical laboratory(ies) w i  11 be notified o f :  

o Approximately how many samples will be received. 

o Approximately when the samples will be received. 

o The se t  of analytes. 

o The type of bottles and preservatives t o  be provided ( E P A ,  

Also, a l l  equipment will be checked t o  ensure t h a t  i t  i s  working 
properly. Supplies of bottles, reagents, solutions, f i l t e r s ,  and the 
like, will be checked t o  ensure there is enough on hand. The types of 
bottles and preservatives ‘wi 11 be consistent with recommendations of EPA 

1983), by the laboratory and where t o  send them. 

(1983) . - 
These steps will be documented on the pre-field checklist (Table 

D.2.1). 

. 
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Tab le  D.2.1 Equipment c h e c k l i s t  
( F i l l  o u t  a l l  b lanks  p r i o r  t o  l e a v i n g  f o r  f i e l d )  

No Comments - Yes pH BUFFER - 
s u f f i c i e n t  volume 4 
s u f f i c i e n t  volume 7 
s u f f i c i e n t  volume 10 
v i a l s  f o r  b u f f e r s  

REAGENTS & BOTTI-ES 

L i tmus paper 
N i t r i c  a c i d  (pres.) 
S u l f u r i c  a c i d  (pres.)  

Required sample b o t t l e s :  

Number o f  1000 m l  p l a s t i c  b o t t l e s  f o r  A l ,  M1, M2, P0210, Th230, N1, CN, S - 
Number o f  2000 m l  p l a s t i c  b o t t l e s  f o r  Pb-210, Ra-226, Ra-228 

Number o f  500 m l  amber g l a s s  b o t t l e s  f o r  TOC 
Number o f  1000 m l  amber g l a s s  b o t t l e s  f o r  TOX-' 

Number O f  500 m l  p l a s t i c  b o t t l e s  f o r  U, Gross Alpha, Gross Beta, N2 - 

S u f f i c i e n t  b o t t l e s  

No Commen t s - Yes - 

A1 k a l i  n i  t y  k i t  
ck reagen t  volumes 
ck g l a s s  f o r  breakage 

. .. 
. .  

pH METER(s1 Martek Ecol  o g i  c Commen t s 

ck e l e c t r o d e :  
f u l l  o f  f l u i d  
g l a s s  i n t a c t  

ck by  immersing i n  
t a p  water  
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Table 0.2.1 Equipment check l i  s t  .(Continued) 
( F i l l  o u t  a l l  b lanks p r i o r  t o  l e a v i n g  f o r  f i e l d )  

Martek Ecol og i  c Commen t s pH METER ( c o n t ' d )  

ck c a l i b r a t e  i t  
r i nse ,  f i l l ,  
r e p l a c e  cap 

Temp probe: ck i n  
t a pa water 
h o t  water 

"C "C 
"C "C 

Commen t s Ec METER 

ck b a t t e r y  ok de ad 

ck i n  t a p  water . f a u l t y  . -  ok 

ck aga ins t  
C a l i  b r a t i o n  s o l u t i o n  

c a l  i b r a t i o n  sol 
sol u t i  on temp 
c o n d u c t i v i t y  

o f  s o l u t i o n  

u t i o n  

HAND-HELD THERMOMETER 

temp i c e  water 
temp versus l a b  

thermometer 

Comments OTHER EQUIPMENT 

squeeze b o t t l e  

a c i d  d i  spensette 

de ion ized H20 

d i s t i l l e d  H20 gal.1 ons 

sampling c o n t a i n e r  

q u a n t i t y  g a l  1 ons ' 
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Table 0.2.1 Equipment checklist (Continued) 
(Fi l l  o u t  al l  blanks prior t o  leaving f o r  f ie ld)  

OTHER EQUIPMENT Comments 

water level sounder battery check 
hand tape 
steel tape 
blue chalk 
cloth towels or wipes 

FIELD FORMS AND MISCELLANEOUS EQUIPMENT: 

Expected no. of samples 

Cli pboard w i t h  cover 

Maps marked with well locations 

No. of forms 

Sample t icket book 

well information (completion, depth, etc.) 

Field instruction book 

Key(s) t o  well(s) 

Large clean bottles (3-5 gal.) 

Large clean pai Is (3-5 gal.) 

WD-40 (for locks) transparent tape 

Marking pen . 

Coo 1 ers Blue ice 

To be picked up a t  

Strapping tape (nylon) 

Shipping address of lab(s ) :  

Phone numbers and contact: 

. .  
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Table 0.2.1 Equipment checkli s t  (Concl uded) 
(FiT1 o u t  a l l  blanks p r i o r  t o  leaving f o r  f ie ld)  

PUMPS AND FILTERS 

Gas Pump 

Pump: 

l a s t  date used Battery check 

unit working ok Power cord 

logic u n i t  logi  c u n i t  cord 

regulator wrenches u 

Hoses 

condition 
length 

Peri s ta l  t i  c Pump 

battery cable 

2 pump heads 

a i r  hose 

Rec h ar  ge ab 1 e battery 

Battery charges 

no - clean? yes 

t u b i n g  length 

F i  1 t e r  system: 

* pump nipple Fi l ter  u n i t  legs 

Inspect f i  1 t e r  hous ing  for cracks 

Number of f i l t e r s  Fi 1 t e r  size 

Appropriate storage containers for a1 1 equipment 

* 
i f  required, must explain under Comments. 

** 
ck = check. 
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D.3 FIE'-D PROCEDURES 

T h i s  s e c t i o n  c o n s i s t s  o f  two p a r t s :  f i e l d  measurements and sample c o l l e c -  
t i on .  ' 

0.3.1 FIELD MEASUREMENTS 

0.3.1.1 General 

A l l  f i e l d  measurements and comments w i l l  be recorded on 
t he  w a t e r - q u a l i t y  f i e l d  form (F igure 4.5). A l l  l i n e s  on the 
f i e l d  form w i l l  b e .  completed. Steps n o t  taken or n o t  
a p p l i c a b l e  w i l l  be so i n d i c a t e d  i n  the  approp r ia te  space. The 
forms a re  t o  be completed w i t h  non-water-soluble ink, n o t  f e l t  
t i p  type pens o r  penc i l s .  -If any, procedures are n o t  performed 
as prescr ibed, t h e  reason must be s t a t e d  on t h e  f i e l d  form. 

When p r a c t i c a l ,  f i n a l  f i e l d  measurements are t o  be taken 
a f t e r  a t  l e a s t  t h r e e  bore volumes have been pumped f rom the  
w e l l  and as c l o s e  t o  the t i n e  o f  sampling as i s  p r a c t i c a b l e .  

D.3.1.2 - pH 

1. Connect t h e  probe t o  t h e  meter and imnerse i t  i n  a f l o w  . 
through c e l l  soon a f t e r  pumping has begun. T h i s  w i  11 r e -  
duce o r  e l i m i n a t e  d r i f t .  

2. B r i n g  t h e  s tandard s o l u t i o n s  t o  t h e  temperature o f  t h e  wa- 
t e r  i n  a f l o w  through bath. I f  t h e  meter has a temper- 
a t u r e  adjustment, s e t  i t  t o  t h e  temperature o f  t h e  water. 

3. C a l i b r a t e  the  meter immediately before t a k i n g  t h e  mea- 
surement. The c a l i b c a t i n g  s o l u t i o n s  must b racke t  t h e  sam- 
p le :  e i t h e r  pH = 2.0 and pH = 4.0, o r  pH = 7.0 and pH = 
4.0, o r  pH = 7.0 and pH = 10.0. 

Ad jus t  t he  s lope  as fo l lows: 4. 

o Put. t h e  probe i n  the  pH = 7.0, o r  t h e  pH = 4.0 s o l u t i o n  
i f - ' t h e  pH i s  l e s s  than 4.0, and a d j u s t  t he  r e a d i n g  t o  
7.0 o r  4.0. - 

o Put t h e  p'robe i n  t h e  o t h e r  s o l u t i o n  and. a d j u s t  t h e  read-  
i n g  t o  2.00, 4.00, o r  10.00 as appropr ia te.  

o Repeat t h e  above s teps u n t i l  adjustment i s  no l onger  
requi red.  

5. Clean the  probe and t h a t  p o r t i o n  o f  cab le  which y i l l  be 
i n s e r t e d  i n  t h e  f l o w  through b a t h  w i t h  d i s t i l l e d  water and 
c lean t i  ssues. 
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D.3.1.3 

6. P u t  the probe i n  a f low through c e l l .  Record meascrreinent 
within five minutes or after d r i f t  has ceased, whichever 
i s  sooner. 

7. Immediately after taking the measurement, p u t  the probe i n  
each .calibrating solution for about  30 seconds and record 
the readings. 

Notes : 

o During storage and between measurements, keep t h 2  probe 
immrsed in pH = 4.0 solution. 

o Rinse the probe i n  d is t i l led water and - p a t  dry w i t h  a 
clean tissue completely before p u t t i n g  i t  i n  a calibrat-  
ing solution. Rubbing the probe may cause d s t a t i c  
charge which wi 11 d i  srupt measurements. 

o Keep hoses leading t o  the flow t h r o u g h  b a t h  or cel l  o u t  
of direct  sunlight as the water can heat .up  quickly a t  
1 ow di scharge rates. 

Temper a t  ure 

Measure temperature in a small flow th rough  cell .  Record 
measurements periodically throughout  the time o f  pumping .  

Notes: . 

o The f ie ld  thermometer must be calibrated against a lab 
grade thermometer prior t o  leaving f o r  the field.  

o Place the flow th rough  cell  close t o  the well head. 
Keep the cell and discharge hose o u t  of direct  
sun1 i g h t .  

D.3.1.4 E 1  ectri  cal conducti vi ty  

.The conductivity meter wi 11 be calibrated with a t  least  
three standard solutions, the extremes of which bracket the 
samples.. This will be done a t  least  three times during the 
f ie ld  program: before sampling, af ter  the f i r s t  day of sampl- 
ing, and after sampling i s  completed. If there ar2 
significant differences between the f i r s t  two calibrations , 
the meter must be calibrated each sampling day. A record of 
each calibration will be kept and the temperature of each 
calibrating solution will be recorded. 

1. Clean probe and cable w i t h  d is t i l led water and clean 
tissues. 
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D.3.1.5 

2. Measure conductivity i n  a f low t h r o u g h  cel l .  Record 
conductivity periodically t h r o u g h o u t  t h s  t i m  of pump- 
ing. Record the position of each sett ing on the 
meter. 

Notes : 

o Rinse the probe i n  d i s t i l l ed  water and d r y  i t  coin- 
pletely before p u t t i n g  i t  i n  a c a l i b r a t i o n  solu- 
tion. 

o Conductivity probes produce an electrical  Yield 
which may be disturbed i f  the probe i s  near a sol- 
i d  object. Therefore, keep the probe a t  least  two 
inches away from cell  walls when m a k i n g  measure- 
ments i n  f low through cells.  Keep lead weights a t  
least  s ix  inches above the probe. 

A1 kal i n i  t y  

1. Fi l l  i n  header information on a .  t i t ra t ion  form (Attach- 
ment 3 ) .  

2. Br ing  the temperature of the pH=4 and pH=7 standard 
. buffer solutions t o  the temperature for the sample i n  a 

flow through bath. Standardize the meter w i t h  the elect-  
rode i n  each of these buffers according t o  the standard 
method. Leave the electrode i n  the pH=4 buffer solution. 

3. Rinse the t i t ra t ion  flask and volumetric flask w i t h  dis- 
t i l l e d  water. Remove droplets of water by vigorous 
shaking. 

4. Measure 100 ml of fresh, unfiltered sample i n  the volume- 
t r i c  flask and pour i t  into the t i t ra t ion  f l a sk  w i t h  as 
l i t t l e  agitation as possible. 

5. Rinse and pat dry the pH electrode and p u t  i t  i n t o  the 
t i t ra t ion  f lask.  Record the pH on the t i t ra t ion  form 
(Attachment 3 ) .  

6. Record the t i t r a n t  lo t  number on the t i t ra t ion  form. 
Eject a few drops of t i t r a n t  from the t i p  of  the t i t ra tor  
and wipe the t i p  w i t h  a clean tissue. Reset the counter 
t o  0000. 

7. Ti t ra te  the solution w i t h  acid, gently s t i r r ing  the 
solution t o  ensure mixing.  Use magnetic s t i r r e r s  when 
possible. Record pairs of pH and alkalinity readings for 
the pH values given on Attachment 3. 

8. Rinse a l l  glassware w i t h  d i s t i l l ed  water. 



9. P l o t  the a l k a l i n i t y  and pH values on the t i t ra t ion  

10. Repeat the procedure w i t h  the other team member 

p l o t t i n g  form. 

performing the t i t r a t i o n .  

11. Calculate the relative error as x 100%. 
x S  

XI i s  the f i r s t  a l k a l i n i t y  measurement a t  pH=4.5 
X 2  i s  the second a l k a l i n i t y  measurement a t  pH=4.5 
X s  i s  the lesser of X1 and X2. 

12. I f  the percentage error i s  greater t h a n  10 percent, 
repeat the procedure u n t i  7 two consecutive measureinen t s  
are w i t h i n  10 percent relative error. 

Note: The alkalinity value a t  the inflection p o i n t  between 
pH=5 and pH=4 will be determined by the '  s i t e  
hydrologist rather than the water sampling technician. 

D.3.1.6 Water level 

Measurement w i t h  an electrical  sounder w i t h  markers a t  
five- or 10-foot increments and a pocket tape measure marked 
in 1/100 feet  i s  the preferred method. 

Procedures are to :  

1. Remove protective metal cap. 

2. Remove protective plastic cap. 

3. Drop probe o f  electrical  sounder down the PVC casing 
until a current i s  detected on the meter. 

4. Raise the probe until no current i s  detected, then 
slowly lower probe again jus t  u n t i l  a positive 
reading ( j u m p )  occurs. 

5. 'Pinch the wire attached t o  the probe a t  the t o p  of 
the PVC casing. 

6. Measure the distance from the pinched spot t o  the 
nearest five- or 10-foot  marker on the wire. 

7. Record the depth a t  the five- or 10-foot marker plus 
or minus the measured distance. 
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SAMPI-E COI-1-ECTION 

D.3.2.1 General 

The upgradient  w e l l s  w i l l  be sampled f i r s t .  The order  
should be deeper t o  shal lower  and f u r t h e r  f rom the  s t a b i l i z e d  
t a i l i n g s  t o  c lose r .  Then downgradient w e l l s  w i l l  be sampled 
u s i n g  the  same c r i t e r i a  f o r  sampling order.  

Samples w i l l  be taken a f t e r  a t  l e a s t  t h r e e  bore volumes 
have been pumped f r o m  the  w e l l  (when p r a c t i c a l ) .  The f i e l d  
forms w i l l  be used t o  v e r i f y  t h a t  the pH, temperature, and 
s p e c i f i c  conductance have s t a b i l i z e d .  When p r a c t i c a l ,  f i e l d  
samples w i l l  n o t  be c o l l e c t e d  u n t i l  f i e l d  parameters have 
s t a b i l i z e d .  Make a no te  o f  any odors, co lors ,  and the l i k e ,  
t h a t  are n o t i c e d  d u r i n g  pumping. 

1. Dra in  pump hoses t o  ensure a l l  o l d  sample water i s  
expel  1 ed. 

2. Pump approx imate ly  two l i t e r s  o f  d i s t i l l e d  water 
through t h e  hoses. Continue pumping u n t i l  a l l  d i s -  
t i l l e d  water i s  expel led.  

3. Clean ou ts ide  o f  hoses w i t h  d i s t i l l e d  water and 
t i s s u e s  before. p u t t i n g  them down t h e  hole. Set t h e  
i n t a k e s  approx imate ly  one f o o t  above t h e  top  o f  t h e  
screened i n t e r v a l .  

4. Disassemble the  f i l t e r  apparatus and d i s c a r d  t h e  o l d  
f i l t e r .  Thoroughly r i n s e  a l l  sur faces which come i n  
c o n t a c t  w i t h  t h e  sample i n  d i s t i l l e d  water. 

. .  

5. Wi th  c lean hands, i n s t a l l  a new f i l t e r ,  t ouch ing  i t  
. o n l y  a long i t s  per imeter.  A l l ow  no d i r t  o r  dus t  t o  

blow onto t h e  cleaned apparatus o r  f i l t e r .  Re- 
assemble t h e  apparatus. . 

Before t a k i n g  any samples, r u n  a few hundred m l  of 
sample water through t h e  f i l t e r .  

- .  
6. 

7. F i l l  t he  sample b o t t l e s .  A l low no d i r t  or  d u s t  t o  
. blow i n t o  b o t t l e s  o r  b o t t l e  caps. 

8. Add a p p r o p r i a t e  p rese rva t i ves  immediate ly  a f t e r  fill- 
i n g  b o t t l e s .  Note the  amount and type. (Note: 
Table D.3.1 l i s t s  acceptable b o t t l e  types, volumes, 
and p r e s e r v a t i o n  techniques f o r  each ana ly te )  . 

9. Pour a few drops o f  a c i d i f i e d  samples o n t o  l i t m u s  pa- 
pe r  t o  check t h e  pH. I f  t h e  pH i s  t o o  high, add 
a c i d  as approp r ia te  and n o t e  t h e  amount added. 

10. Rinse i n s i d e  o f  b o t t l e  caps w i t h  f i - l t e r e d  sample and 
screw caps on t i g h t l y .  Seal b o t t l e s  w i t h  e l e c t r i c a l  
tape o r  p a r a f i  lm. 
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Table D.3.1 Sample b o t t l e  i n f o r m a t i o n  

B o t t l e  B o t t l e  Volume Prese rva t i on  
I.D. t ype  ( m l )  techniques An a 1 y t es 

Pol y e t  h y l  ene 1000 

1000 

F i  1 te red  
4" c 

F, C1, S O 4  
PO4, TDS 

A 1  

Pol y e t  hy l  ene F i  1 tered, 
HC1 t o  
pH<2 

Mo, Sb, Sn M 1  

Pol y e t  h y l  ene B y  Bay As, Cd, 
C r y  Hg, Pb, Se, 
AI, Fey Mn, Ag, 
Coy Cu, N i ,  V 

Nay K, Sr 
Zn, u,  Ca, Mg, 

M2 1000 F i  1 t e r e d  
HNO t o  
pH<Z 

Pb-210 Pol y e t  h y l  ene 2000 F i  1 tered, 
HN03 t o  pH<2 

Pb-210 

Po-210 

Ra-226 

Pol y e t  hylene 

Pol y e t  h y l  ene 

1000 

2000 

Po-210 F i  1 t e r e d  
HN03 t o  pH<2 

F i  1 t e r e d  
HN03 t o  pH<2 

F i  1 t e r e d  
HN03 t o  pH<2 

Ra-226 

Ra-228 Pol y e t  h y l  ene 2000 Ra-228 

Th-230 1000 Th-230 Pol y e t  h y l  ene 

Pol y e t  h y l  ene 

Pol y e t  h y l  ene 

F i  1 t e r e d  
HN03 t o  pH<2 

H SO4 t o  
p k ,  4°C 

N 1  1000 

1000 

N02+N03, NH4 

CN NaOH t o  pH>12, 
4°C 

GN 

TO C Amber 
Glass w/ 
t e f l o n  l i n e r  

50 0 4°C H2S04 t o  
pH<2 

TO C 
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Notes: 

o Whi le f i l l i n g ,  and once the sample i s  i n  the bo t -  
t l e ,  do n o t  a l l o w  i t  t o  touch any th ing  but  the bo t -  
t l e  wa l l s .  Never s t i c k  anyth ing i n t o  the sam- 
p l  e. 

o Do n o t  smoke near open sample b o t t l e s .  

o Keep samples ou t  o f  d i r e c t  s u n l i g h t .  

o I f  the  f i l t e r  becomes clogged, r e p l a c e  i t  as 
above. Do n o t  c lean it, back f l u s h  it, and the 
l i k e .  

D.3.2.2 Labe l i ng  and t r a n s p o r t  

1. I f  b o t t l e s  are unlabeled, l a b e l  them w i t h  masking tape, 
wrapping the  tape complete ly  around the b o t t l e .  I n c l u d e  
the  f o l l o w i n g  i n fo rma t ion :  sample I.D., sample type, t y p e  
and amount o f  p r e s e r v a t i v e  added, da te  and t i m e  sample tak -  
en, approximate e l e c t r i c a l  c o n d u c t i v i t y .  

2. Immediately p u t  t h e  samples i n t o  an i n s u l a t e d  c o n t a i n e r  
w i t h  i c e  o r  "blue ice." 

3. Put t h e  address and telephone number o f  t he  respons ib le  
agency and t h e  name o f  a c o n t a c t  i n  t h e  i n s u l a t e d  
conta iner :  

4. Tape t h e  c o n t a i n e r  w i t h  s t r a p p i n g  tape f o r  shipping. Ship 
the  samples so they  a r r i v e  a t  the l a b  no l a t e r  than 36 
hours a f t e r  t hey  were taken. T e l l  t he  l a b  when they  w i l l  
be a r r i v i n g .  

5. Schedule sampl ing so t h a t  samples do n o t  a r r i v e  a t  t h e  l a b  
a f t e r  4 p.m. on a F r i d a y  or  on a Saturday o r  Sunday. 

D.3.2.3 S p l i t  sampdes 

1. Thoroughly r i n s e  the  s p l i t  j u g  w i t h  one g a l l o n  of 
d i s t i l l e d  water. D ra in  through b o t h  t h e  i n l e t  and o u t l e t  
tubes. 

2. Pump approx imate ly  10 l i t e r s  o f  f i l t e r e d  sample water i n t o  
the  s p l i t  jug. Rinse tho rough ly  and d r a i n  through b o t h  
the  i n l e t  and o u t l e t  tubes. 

3. Pump more than enough f i l t e r e d  water i n t o  t h e  s p l i t  j u g  t o  
f i l l  bo th  sample sets. S w i r l  t h e  j u g  t o  tho rough ly  mix  
t h e  water. 

D-15 



4. Dispense sample types consecutively. T h a t  i s ,  f i l l  one 
l a b ' s  anion bo t t l e  imrydiately a f t e r  the o t h e r ' s ,  one 
l a b ' s  metals bo t t l e  immediately a f t e r  the o t h e r ' s ,  and  so 
on. 

0.3.2.4 Post  f i e l d  

1. Clean f i e l d  equipment. 

2. Replace expended items, f i l t e r s ,  reagents,  a n d  the l ike .  

3. Report and repa i r  broken equipment. 

4. Examine e l e c t r i c a l  conductivity and temperature cal-  
ibrat ions.  Adjust data  as indicated and nots on f i e l d  
f orms . 

5. Make copies of f i e l d  forms t o  be archived. 
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0.4 QUAI-ITY ASSURANCE REQUIREMENTS FOR F I E ' - D  PROGRAMS 

Quality Assurance during dr i l l ing  programs wi 11 be provided i n  four  ways: 

o All f ie ld  work will be performed in conformance with the specifications 

o The d r i l l e r  will keep a log of a l l  dr i l l ing act ivi t ies  and achievements 

and procedures set  fo.rth in a scope of work. 

in a bound notebook. 

o Borehole/Well Construction Log (Figure 2.6) and the We1 1 .  Completion 
Record (Figure 2.7).for each well will be completed in the field.  

o Continuous samples will be taken of a l l  soil and rock encountered i n  
each well. These samples will be archived by the responsible par ty .  

Quali ty Assurance during hydraulic testing and. water-sampling programs wi 11  
be achieved i n  three ways: 

o A team of a t  least  two technicians will be performing the testing a t  a l l  
times. 

o All appropriate forms, the Ground-Water Sampling Record (Figure 4.51, 
Slug Test Data (Figure 4.9), and Stat ic  Ground-Water Level Record 
(Figure 4.61, will be completed i n  the f ie ld  and signed by b o t h  techni- 
ci ans. 

o The procedures of Appendix-D.2 will be followed explicitly. If modifica- 
tions have been approved by the responsible agency, then the procedures 
w i t h  modifications will be followed explicitly. 

o A t  least  one sample i n  ten will be split f ive ways from a common 
container; 
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D. 5 ANA'-YTICAL PROCEDURES AND '-ABORATORY QUAI-I TY ASSURANCE 

Only methods prov ided i n  EPA, 1983, or s i m i l a r  documents should be used for  
chemical analyses. 

For q u a l i t y  assurance, a l l  l a b o r a t o r i e s  r e c e i v i n g  and analyz ing samples 
must be p r e - q u a l i f i e d .  The p r e - q u a l i f i c a t i o n  program i s  as fo l lows:  

Step 1: 

Step 2: 

Step 3: 

Step' 4: 

Step 5: 

Each prospec t ive  l a b o r a t o r y  w i l l  be sent  t h r e e  (3)  sa:nples of 
known composition. These samples w i l l  be i d e n t i c a l  w i t h  those 
sent t o  a l l  o ther  l a b o r a t o r i e s  invo lved i n  the p r e - q u a l i f i c a t i o n  
program. 

Each l a b o r a t o r y  w i l l  analyze f o r  a l l  o f  the c o n s t i t u e n t s  s e t  f o r t h  
i n  Table D.5.1. Detec t ion  l i m i t s  must be equal t o  o r  l e s s  than 
those spec i f ied .  A l l  analyses must be performed i n  t h e  labora- 
to ry .  Ndne o f  the  analyses may be performed by subcont rac t ing  sup- 
p o r t .  

The r e s u l t s  o f  ,the analyses i n  Step 2, except f o r  those o f  r a d i o -  
nuc l ides  which r e q u i r e  counting, must be r e p o r t e d  t o  the  respon- 
s i b l e  p a r t y  n o t  l a t e r  than 14 days a f t e r  r e c e i p t  o f  t h e  samples. 

The respons ib le  agency w i l l  determine the  q u a l i t y  o f  the  analyses 
through the  accuracy c r i t e r i o n .  A l a b o r a t o r y  w i l l  l o s e  one p o i n t  
f o r  each r e s u l t  which f a i l s  t o  meet the  c r i t e r i o n  (see Step 
0.4.1). 

Each ana lys is  w i l l  be p o i n t  scored (beginning w i t h  100) and f o r  
each a n a l y s i s  which f a i l s  t o  meet t h e  c r i t e r i o n  one p o i n t  w i l l  be 
deducted. - The l a b o r a t o r i e s  w i t h  t h e  h i g h e s t  p o i n t s  w i l l  be 
se lec ted  t o  do t h e  analys is .  

Q u a l i t y  Assurance Program 

Th is  program app l ies  t o  p r e - q u a l i f i e d  l a b o r a t o r i e s  and assures q u a l i t y .  
d u r i n g  ana lys is  o f  samples f rom s i t e s .  It, establ ishes:  -deadl ines f o r ' d e l i v e r -  
i n g  analyses and q u a l i t y  c o n t r o l  records; a method o f  grouping analyses and 
c r i t e r i a  f o r  judg ing  them; and procedures t o  be f o l l o w e d  when analyses are unsat-  
i s f  actory.  

D. 5.1 DELIVERY OF ANALYSES AND LABORATORY RECORDS 

The l a b o r a t o r y  w i l l  d e l i v e r  analyses, except f o r  those o f  .radionuc- 
l i d e s  which r e q u i r e  counting, n o t  l a t e r  than 14 calendar days a f t e r  i t  
has rece ived the  samples. 

The l a b o r a t o r y  w i l l  p rov ide  the  f o l l o w i n g  i n f o r m a t i o n  w i t h  each s e t  
o f  analyses submitted. 

o Methods o f  analys is .  
o Chain o f  custody. 
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Table D.5.1 Constituent l i s t  

Detection Detection ’ 

Cons t i  tuen t l imi t  (mg/l) Consti tuent l imi t  (mg/l) 

Chloride (Cl) 
Sul fa te  (SO4) 
Sodium (Na) 
Potassi u m  (K) 
Magnesi urn (Mg) 
Calcium (Ca) 
Boron (B) 
Fluoride ( F )  
Cyanide ( C N )  
Hydrogen Sulf ide (H2S) 
Ammoni u m  ( N H  1 
Ni tri t e  (N02f 
Ni t r a t e  (NO3) 
S i l i c a  (Si0 ) 
Phosphate ( T O 4 )  
A 1  umi n u m  (A1 ) 
Antimony (Sb) 
Arsenic ( A s )  
Barium (Ba) 
Cadmium (Cd) 
Chromium (Cr) 
Cobalt (Co) 

1.0 
0.1 
0.002 
0.01 
0.001 
0.01 
0.1 
0.1 
0.01 
0.1 
0.1 
0.1 
1.0 
2.0 
0.1 
0.1 
0.003 
0.01 
0.1 . 
0.001 
0.01 
0.05 

Copper ( C U I  
Iron (Fe) 
Lead ( P b )  
Manganese (Mn)  
Mercury (Hg) 
Mol ybdenum (Mo 1 
Nickel (Nil 
Selenium (Se) 
Si lver  (Ag) 
Strontium (Sr) 
Tin (Sn) 
Uranium (U) 
Vanadi urn. ( V I  
Zinc (Zn) 
Total Dissolved Sol ids  

(TDS) 
Total Organic Carbon 

(TOC) 
Total Alka l in i ty  

Radionuclides 
Lead -210 (Pb -2 10) 
Pol oni um-210 (Po-210) 
Radi um-226 (Ra-226) 
Radi um-228 (Ra-228) 
Thori um-230 (Th-230) 

0.02 
0.03 
0.01 
0.01 
0.0002 
0.01 
0.04 
0.005 
0.01 
0.1 
0.005 
0.003 
0.01 
0.005 

10 

0.1 -- 
pCi /1 
1.5 

1.0 
1.0 
1.0 
1.0 

D -20 



o Records of analyses of l a b o r a t o r y  quality c o n t r o l  standards and 
reagent bl an ks. 

o Records of spikes and duplicate/replicate runs. 

D.5.2 SAMPI-E LOTS AND JUDGING ANALYSES 

Samples will be grouped i n t o  lots. A l o t  i s  a g r o u p  of samples as- 
sociated with one or more solutions of known composition. 1,ots w i  1 1  
consist of no more than eight samples, plus known solutions, plus one 
sample sp l i t  five ways. Known solutions will be shipped t o  the 
laboratory along w i t h  the l o t  and yi11 be indistinguishable from the 
samples. 

Analyses of known solutions will be judged against the accuracy c r i -  
teria.  Any faul ts  found in these analyses will be assumed t o  exis t  in 
every analysis of the lot. 

The cation-anion balance of every analysis will be judged against 
the cation-anion balance cri terion (see Section D.5.6). 

u 

D.5.3 EVALUATION OF ACCURACY 

A solution of known composition wi 11 be associated wi t h  each sample 
lot .  The accuracy c r i t e r i a  require that the reported value o f  each 
constituent in a known solution f a l l  within an acceptable range. If the 
reported value i s  unacceptable, a l l  analyses for that  constituent in the 
entire lot  will be unacceptable. The evaluation will be performed as 
follows. 

o The acceptable range of each constituent i n  the known solution 
wi 11 be computed. 

o The reported values will be compared with the ranges computed 
above. 

o If a l l  reported values f a l l  w i t h i n  the i r  acceptable ranges, the 
lo t  will be acceptable with respect t o  the accuracy evaluation. 

If the reported values of any constituents ' f a l l  outside their  
acceptable ranges, the laboratory w i  11 be instructed t o  
re-analyze. the entire l o t  for those constituents. 

o 

o If any reported values from re-analysis do n o t  f a l l  within their  
acceptable ranges, the laboratory may choose t o  perform further 
re-analysis. The entire lot  will be unacceptable with respect 
t o  a given constituent until the re-analyzed value f a l l s  within 
i t s  acceptable range. 

CALCULATIONS 

Calculation of the acceptable ranges for reported" values of known 
solutions will be as follows: 
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(1) To account for the uncertainty i n  preparing the known solu- 
t i o n .  The k n o w n  concentration may vary from: 

x ( l - U )  t o  x (1+U) 

where 
X = known concentration 
U = uncertainty 

( 2 )  Next, use the allowable 'I% wrong" from the attached accuracy 
c r i t e r i a  t o  calculate the acceptable range. 

Acceptable iiange = ( X ( 1  - U) +J t o  (% ) l  
% wrong 

100 

x ( l+U) 

Where: - 
When the reported concentration ( R C )  i s  greater t h a n  the known 

concentration: 

% wrong = ( g  -1) 100, 

.. 
When the RC i s  less t h a n  the known concentration: 

x wrong =(k -1) 100, 

Where: 

RC = reported concentration 
x = known concentration 

If a constituent i s  incorrectly reported as being below the detec- 
tion limit, the detection limit will be used as the reported concentra- 
tion i n  the above equation. 

EXAMPI-E : 

The known concentration of C 1  in a known solution i s  36 mg/l - + 
3%. 

The known concentration may vary from: 

36 mg/l (1-0.03) t o  36 mg/l (1+0.03) = 34.9 mg/l t o  37.1 mg/l 

From the accuracy cr i te r ia ,  Group 111, (see page 0-24) for 
concentrations greater t h a n  1 mg/l, the allowable'% wrong i s  10. 

The acceptable range i s :  
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Any repor ted  value out o f  t h i s  range i s  unacceptable. 

C r i t e r i a  f o r  ADDPoval o f  Analvses 

Accuracy 

Gl;oup I: Sb, Asa Bay Cg, C r ,  Pb, Hg, Mo, Se, U, Pb-210a, 
Po-210 , Ra-226a, Ra-228 , Th-230 . 

The ana lys is  o f  a Group I c o n s t i t u e n t  i n  a s o l u t i o n  of known 

For concentrat io-ns <0.01 mg/l, the  repor ted  value i s  wrong by more 

concent ra t ion  i s  u n s a t i s f a c t o r y  i f :  

than 100 percent; 

- 

-0R- 

For concent ra t ion  > 0.01 mg/l, <0.1 mg/l, the  repor ted  concentra- 
t i o n  i s  wrong by more thzn 50 percent; . 

-0R- 

For concentrat ions > 0.1 mg/l, <1 mg/l, t h e  repor ted  concentra- 
t i o n  i s  wrong by more t h a n 2 5  percent; 

-0R- 

For concent ra t ions  - >1 mg/l , the repor ted  concent ra t ion  i s  wrong 
by more than 10 percent.  

If a c o n s t i t u e n t  i s  i n c o r r e c t l y  repor ted  as be ing  below t h e  
d e t e c t i o n  l i m i t ,  t h a t  l i m i t  will be used as t h e  repor ted  concent ra t ion  
i n  the above equation. 

Convert R a d i o a c t i v i t y  (pCi)  t o  mass (mg) as fo l lows. a 

RADIONUCLIDE 

Pb-210 
Po-210 
Ra-226 
Ra-228 
Th-230 

CONVERSION 

1 . 3 1 x l O - ~ ~  mg/pCi 
2.23~10:~ mg/pCi 
1. O ~ X ~ O - ~ ~  mg/pCi 

5.15~10 mg/pCi 
3.67X10-8 mg/pCi 

Group 11: 6, CN, H2S, NH4. NO2, PO4, Coy Cu, N i ,  Ag, S r ,  
Sn, V, Zn, TOC. 

The ana lys is  of a Group I 1  c o n s t i t u e n t  i n  a s o l u t i o n  o f  known 
concentrat ion is u n s a t i s f a c t o r y  i f :  
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For concentration <0.01 mg/l, the reportsd value i s  wrong by more 
t h a n  200 percent; 

-OR- 

For concentrations >0.01 mg/l , <0.1 mg/l , the  reported concentra- 
tion i s  wrong by more tha; 100 percent; 

-OR- 

For concentrations >0.1 mg/l , <1 mg/l, the reported concentration 
i s  wrong by more t h a n  50 percent; 

-OR- 

For concentration - >1 mg/l ,  the reported concentration i s  wrong by 
more than 20 percent. 

If a constituent i s  incorrectly reported as being below the 
detection limit, that limit will be used as the reported concentration 
in the above equation. 

Group 111: c1,. SO4, NO3, N H 4 ,  K, Mg, Cay F, A l ,  Fe, Mn, 
Si02, TDS. 

The analysis o f  a Group I11 constituent -in a solution of known .. . .  concentration i s  unsatisfactory i f :  

For concentrations <0.01 mg/l, the-reported value i s  wrong by more 
than 200 percent; 

-OR- 

For concentrations >0.01 mg/l, <0.1 mg/l , the reported concentra- 
tion i s  wrong by more than 100 percent; 

-OR- 

For concentcations >0.1 rng/l, <1 rng/l, the reported concentration 
i s  wrong by more t h a n  50 pert-ent; 

. -  -OR- 

For concentration - > 1 mg/l, the reported concentration i s  wrong 
by more than 10 percent. 

EVA[-UATION OF CATION-ANION BALANCES 

(11 The cation-anion balance o f  each f ie ld  sample ( n o t  known solutions) 
wi 11 be computed. 

( 2 )  I f  the analysis sa t i s f ies  the balahce cri terion i t  i s  acceptable. 

(3 )  I f  the analysis does n o t  sa t isfy the balance cri terion, the 
1 aboratory wi 11 be instructed t o  re-analyze the sarnpl e for 
constituents of i t s  own choosing. 
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The above steps will -be completed no l a t e r  than .  1 4  days a f t e r  
analyses are received. 

(4) If the re-analysis does n o t  s a t i s f y  t h 2  balance cr i ter ion,  the 
laboratory may choose t o  re-analyze the sample. The e n t i r e  sample 
analysis i s  unacceptable unless i t  s a t i s f i e s  the balance cr i ter ion.  

CALCULATIONS 

(1) Alkalinity Calculations 

( a )  Because accurate measurements of a lka l in i ty  are c r i t i c a l ,  the 
following procedure w i  11 be 'used: 

o Each time a s i t e  i s  sampled, three solutions of known b u t  
d i f fe ren t  a lka l in i ty  will  be sent t o  the water samplers in 
the f ie ld .  The team will measure and record the i r  
a lka l in i ty  values. 

o Inaccuracies i n  the reported values will  be taken into 
account when computing cation-anion balance (see example in 
this section).  

(b )  If sample pH <8.3. 

mgdl HC03 = f i e l d  a lka l in i ty  (as mg/l CaCo3) x 1.22 

( c )  If sample pH >8.3 

F i n d  r a t i o  of HC03 to  C03; 

- HC03 = Antilog (10.3-pH) = A 
c03 

A - - . -  RHC03 A+1 .. 
. .  

Then : - 
R ~ ~ ~ 3  

mg/l HC03 = '= (1.22) A% (as mg/l CaCo3) . 
R ~ ~ ~ 3  + 2 R ~ ~ 3  

And: - 
R ~ ~ 3  

HC03. 

mg/l C03 = = (mg/l HC03)60 
Kr R 



( 2 )  Convert concentrations from mg/l t o  meq/l by d j v i d i n g  them by 
const i tuent  equivalent weight. Consider on ly  those const i tuents  
which comprise more t h a t  0.1 percent o f  the sample's TDS. Compute 
for  b o t h  oxidizing and reducing conditions. 

(3)  Calculate r e l a t i v e  balance e r ror :  

zmeq Cations - Emeq Anions 
xmeq Cations + zmeq Anions 

Use the values which r e s u l t  in the lowest absolute values, : .e. ,  a n  
a lka l in i ty  value and values fo r  oxidizing conditions,  o r ,  an 
a l k a l i n i t y  value and values for reducing conditions. I f  the 
absolute values o f  the sample's balance e r ror  are  greater  t h a n  5 
percent, the sample analysis  i s  unacceptable. 

.- EXAMPI-E 

( l a )  For a given sample, the reported a l k a l i n i t y  i s  323 mg/l as CaC03. 

A comparison of f i e l d  analysis  and known a lka l in i ty  values show: 

Field Value True Value Uncertainty 
(mg/l as CaC03) (mg/l as CaC03) (2%) 

22.7 
362 
914 

21.1 8 
37 7 4 
920 - 1  

The reported a l k a l i n i t y  of 323 mg/l i s  nearest  t o  the t rue  value of 
377 mg/l therefore ,  an uncertainty of + 4 percent will  be used in 
the cation-anion calculat ion.  The a lkz l in i  t i e s  used t o  ca lcu la te  
the balance will  be 310 mg/l as CaC03 and 336 mg/l as  CaC03. 

( l b )  The sample pH i s  <9.5: 

mg/l HC03 = 310 (1.221, 336 (1.22) = 378 mg/l, 410 mg/l 

(2)  The sample's TDS i s  2520 mg/l. Only those const i tuents  w i t h  
reported concentrations grea te r  t h a n  2.52 mg/l wil l  be used t o  
ca lcu la te  the balance. 
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CATIONS 

Oxidizing Reducing 
Concentrat ion condi t ions condi t ions 

Cons ti tuen t (mg/l) (mg/l) ~ (mg/l) 

Ca 
Fe 
Mg 
Mn 
K 
Na 

595 29.69 29.69 
26.1 1.40 0.93 
44.3 3.65 3.65 

7.01 0.51 0.26 
6.26 0.16 0.16 

19.2 0.84 0.84 

36.25 35.53 

AN I ONS 

Oxidizing Reducing 
Concentration condi t ions condi t ions 

Consti tuent (mg/l)  (mg/l) (mg/l) 

C l  19 0.54 0.54 

HC03 s04 378,410 6.19 6.19 

37.75 37.75 

1490 31.02, 31.02, 

a378 mg/l was used because i t  wil l  r e s u l t  i n  the lowest absolute  

The Balance of O x i d i z i n g  Conditions’ is: 

value i n  the balance. . 

(3) 

. .  
For Reducing Conditions: 

The  ana lys i s  i s  acceptable because the lowest balance e r r o r ,  2.03 
percent fo r  oxidizing conditions,  i s  less than 5 percent. The 
e r ro r  fo r  reducing condi t ions a l so  i s  acceptable. 



D. 5.4 UNSATISFACTORY ANA!-YSES 

Imperfect Lots 

A l o t  i s  imperfect i f :  

o The analysis  of one sample does n o t  s a t i s f y  the cation-anion bal- 
ance c r i t e r ion ;  

-OR- 

o Up t o  10 percent of the analyses of const i tuents  i n  the k n o w n  
solut ion do not s a t i s f y  the accuracy c r i  t e r i  a. 

When the balance c r i t e r ion  i s  n o t  s a t i s f i e d ,  the laboratory wi 1 1  re- 
do the unsat isfactory analysis.  

When accuracy c r i t e r i a  are n o t  s a t i s f i e d ,  the laboratory wi 1 1  re- 
analyze the e n t i r e  l o t  for those const i tuents  whose analyses d i d  n o t  sa t -  
i s f y  the c r i t e r i a .  

Unacceptable Lots 

A l o t  i s  unacceptable i f :  

o The analyses of two or more *samples do not s a t i s f y  the cation- 
anion balance c r i t e r ion ;  

-OR - 
o More than 10 percent o f  analyses of const i tuents  in the known 

solut ion do not s a t i s f y  the accuracy c r i t e r i a .  

The laboratory w i l l  be required t o  de l iver ,  within 72 hours, a writ-  
ten explanation of the causes of the unsat isfactory analyses and a s t a t e -  
ment of the measures i t  wi l l  take t o  prevent them in the future .  

Then, i f  i t  appears t ha t  re-analysis w i  11 produce accurate r e s u l t s ,  
the laboratory will  be directed t o  re-analyze the e n t i r e  l o t  for  desig- 
nated const i tuents .  

I f  i t  does n o t  appear t ha t  re-analysis will  produce accurate re- 
s u l t s ,  the laboratory will  n o t  be paid for  the lot .  I t  wi l l  be d i r ec t -  
ed t o  ship the lo t ,  in the same manner as i t  was received, t o  another 
qual i f i ed 1 abor a tory. 

D i  squal i f i  ca t i  on 

If  more t h a n  20 percent of a laboratory 's  analyses o f  lots .  are 
unacceptable, the laboratory w i  11 be disqual i f ied.  I t  may be r equa l i f i -  
ed i f  i t  repeats,  and i s  selected t h r o u g h ,  the  pre-qual i f icat ion proce- 
dure. 
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0.5.5 EVALUATION OF 

The anal 
the accuracy 

P R E C I S I O N  

r t i c a l  p r e c i s i o n  o f  s p l i t s  w i  1 1  be evaluated t o  supplement 
and cat ion-anion balance c r i t e r i a  and a i d  i n  . i d e n t i f y i n g  

a n a l y t i c a l  problems. 

CALCULATIONS 

P r e c i s i o n  w i l l  be evaluated us ing  the  c o e f f i c i e n t  o f  v a + i a t i o n  o f  
the s p l i t s .  

The c o e f f i c i e n t  o f  v a r i a t i o n  (C,) i s  the standard d e v i a t i o n ( s )  / 
the a r i t h m e t i c  mean (x) .  

- = (xi-x) I i =1 S =  

where: 

n = number o f  value?h 
'i = an i n d i v i d u a l  i value 

The f o l l o w i n g  t a b l e  l i s t s  the  maximum acceptable Cvls f o r  a g iven 
a l lowab le  "% wrong" f rom t h e  l i s t s  i n  s e c t i o n  0.5.3. 

. cv % Wrong - 
200 . 1.38 

0.84 
0.45 

100 
50 
20 0.18 

0.09 10 
. .  

These\ c o e f f i c i e n t s  o f  v a r i a t i o n  were c a l c u l a t e d  f o r  four values a t  
the  lower l i m i t  o f  the  acceptable range and one value a t  the upper l i m i t  
o f  the  acceptable range. 

EXAMPLE 

The l a b o r a t o r y  r e p o r t s  the f o l l o w i n g  Mn values f o r  5 s p l i t s  (mg/l) 
0.03, 0.007, 0.02, 0.03, 0.009. The a r i t h m e t i c  mean (x)  f o r  these f i v e  
values i s  0.0192. The standard d e v i a t i o n  i s  0.110318 therefore,  t h e  
c o e f f i c i e n t  o f  v a r i a t i o n  (C 1 i s  0.575. From s e c t i o n  0.5.3, f o r  an Mn 
concent ra t ion  o f  0.0192 mg/Y, the  maximum acceptable It% wrong" i s  100 
percent. The maximum acceptable C v  i s  then 0.84. The p r e c i s i o n  f o r  

- these f i v e  Mn concent ra t ions  i s  t h e r e f o r e  adequate. . 
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D.6 E'-UTRIATION PROCEDURES 

Elutriations with deionized water of soil  samples co1,lected while 
install ing wells will be assessed for  concentrations o f  water soluble 
contaminants remaining in the soi l .  Water extracts of the soil  w i l l  be prepared 
as follows. A measured weight (approximately 25 grams) of solid w i  1 1  be added 
t o  approximately 100 ml of d i s t i l l ed  water and agitated w i t h  a wrist a c t i o n  
shaker a t  a rate which maintains the solid in suspension. After 15 minutes, the 
solution will be centrifuged, the pH and specific conductance of the solution 
measured, and the supernatant decanted. The solid residue w i  11 be washed' twice 
by repeating the shaking w i t h  100 ml of water. After each washing, the solution 
will be centrifuged and the supernatant decanted. The extract wi 11  be f i  1 tered 
with a 0.45-micron f i l t e r  and diluted volumetrically t o  500 m l .  Appropriate 
portions will be acidified for metals analysis or used, as i s ,  for alkalinity 
measurements. 
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0.7 S',UG TEST PROCEDURES 

1. 

2. 

3. 

4. 

5. 

6 .  

7. 

8. 

The depth of s t a t i c  water will be measured.and recorded prior t o  emplacement 
of the slug .or bailer. The datum w i  11 be the t o p  of the well casing or, f o r  
uncased holes, the ground surface. 

Only slug-withdrawal tes ts  w i l l  be performed. Slug-injection tes ts  w i  1 1  n o t  
be done because they can be influenced by unsaturatad hydraulic 
conductivity. 

Prior t o  the s t a r t  of the test ,  the s l u g  or bailer w i l l  be placed i n  the 
well or borehole so t h a t  the t o p  of the slug or bailer i s  below the level of 
the s t a t i c  water level. 

After the slug has been emplaced, the t e s t  observers wi l l  a l low t h 2  water 
level t o  equilibrate as nearly as possible t o  the s t a t i c  water level. When, 
in the judgement of the t e s t  observers, the water level has been allowed t o  
equilibrate as near as i s  practicable t o  the s t a t i c  water level, the water 
level will be recorded ( t o  + 0.01 f o o t )  as the in i t i a l  water level using 
the datum as the top  of casing or, for uncased holes, the ground surface. 
The in i t i a l  water level will also be recorded as the f i r s t  entry i n  
ground-water depth measurements. 

The t e s t  will s t a r t  upon removal of the s l u g  from the water, and t h a t  moment 
will be designated a t  ' 7  ' I .  The elapsed time will be measured from that 
moment using a stop watch 8r other accurate and precise t i m i n g  service. 

Periodically a f te r  the removal of the s lug ,  the depth t o  water w i  11 be 
measured and recorded. The .datum will be the t o p  of casing, o r ,  for uncased 
holes, the ground surface. The depth will be. recorded i n  feet  t o  an 
accuracy of - + 0.01 foot .  The corresponding elapsed time wil l  be recorded 
as elapsed time i n  minutes and seconds. The i n i t i a l  frequency of 
measurement will be approximately every 30 seconds. After about 10 minutes, 
the frequency of measurement w i  11 be approximately every minute. After 
about 20 minutes, the observers will make further measurements a t  their  . 
convenience. The t e s t  will be conducted for a t  least  20 minutes or  u n t i l  
the water level recovers t o  w i t h i n  0.10 f o o t  of the i n i t i a l  water level. If 
pressure transducers are used as the primary water-level measurements 
device, the values will be checked and calibrated w i t h  a sounder or tape, 
approximately every 20 minutes. 

Tests will be conducted on relatively undisturbed wells. If a t e s t  i s  
conducted on a well that has recently been pumped for water sampling 
purposes, the measured water level must be w i t h i n  0.10 f o o t  of the water 
level prior t o  sampling. A t  least  one week wi l l  elapse between the d r i l l i n g  
of a well and the performance of a slug tes t .  

Upon comp1etio.n of the s lug  tes t ,  the data will be analyzed by the 
Bouwer-Rice Method (Bouwer, 1978) or others as appropriate. 
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APPENDIX E 

AERIAL PHOTOGRAPHY QUALITY ASSURANCE 
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E. 1 VERTICA', AERIAI-  PHOTOGRAPHS 

The v e r t i c a l  a e r i  a1 photographs w i  11 be examined p r i o r  t o  f i n a l  acceptance 
by the respons ib le  agency t o  determine i f  the  photographs meet c r i t e r i a  and spe- 
c i f i c a t i o n s  as discussed below: 

E . l . l  

E.1.2 

E. 1.3 

E.1.4 

CRAB 

Crab i n  excess of  f i v e  degrees may be cause fo r  r e j e c t i o n  of t he  
f l i g h t  l i n e  o f  nega t i ve  o r  p o r t i o n s  t h e r e o f  i n  which such crab occurs. 

FLIGHT LINES 

F l i g h t  l i n e s  w i l l  be designed f o r  t h e  photography, and w i  11 be d e l i -  
neated on a s u i t a b l e  map o r  photographic mosaic. T h i s  w i l l  be done t o  
o b t a i n  proper s i d e l a p  o f  'one f l i g h t - l i n e  s t r i p  of v e r t i c a l  photography 
on another, and t o  assure f u l l  s tereoscopic  photographic  coverage. Gene- 
r a l l y ,  t h e  f l i g h t  l i n e s ' w i l l  be p a r a l l e l  t o  each o t h e r  and t o  the  l eng th -  
w ise  boundary l i n e s  o f  t h e  area t o  be photographed. 

LABEI-ING 

Each ne.gative* w i  11 be l abe led  c l e a r l y  w i t h  a des igna t ion  symbol, 
f o l l o w e d  by the  f i l m  r o l l  number and t h e  nega t i ve  number. The nega t i ve  
numbers w i l l  be sequen t ia l  w i t h i n  each r o l l ,  o r  w i l l  be consecut ive f o r  
t h e  e n t i r e  p r o j e c t .  The des igna t ion  symbol,. t h e  f i l m  r o l l  numbei, and 
t h e  negat ive number w i l l  be i n  t h e  upper r i g h t  corner  o f  t h e  photograph 
p r i n t e d  f rom each n e g a t i v e  t o  be read aS one looks  n o r t h e r l y  a long t h e  
f l i g h t  l i n e  (o r  e a s t e r l y  i f  l i n e s  are east-west). The d a t e  o f  photogra- 
phy w i l l  be i n .  t he  upper l e f t  'corner. On t h e  ,end negat ives o f  each 
f l i g h t  l i n e ,  t h e r e  w i l l  a l s o  be l abe led  t h e  a i r c r a f t  f l i g h t  h e i g h t  i n  
f e e t  above the  average e l e v a t i o n  o f  t h e  ground, t h e  f o c a l  l e n g t h  i n  m i l -  
l i m e t e r s  o f  t h e  a e r i a l  camera, and c l o c k  t ime  o f  day. 

A l l  l e t t e r i n g  and numbering on the  nega t i ve  w i l l  be o n e - f i f t h  i n c h  
high, and . w i l l  r e s u l t  i n  e a s i l y  read, sharp, and u n i f o r m  l e t t e r s  and num- 
bers on a l l  photographs (bo th  c o n t a c t  p r i n t s  and en1 argements) p r i n t e d  
from t h e  negat ives.  

OV ERI- AP 

The ove r lap  w i l l  be s u f f i c i e n t  t o  p rov ide  f u l l  s te reoscop ic  cover-  
age o f  t h e  area t h a t  w i l l  be photographed, as fo l lows:  

o Boundaries - A l l  o f  t h e  area appear ing on t h e  f i r s t  and t h e  
l a s t  nega t i ve  i n  each f l i g h t  l i n e  extending over  a boundary w i l l  
be ou ts ide  the  boundary o f  t h e  p r o j e c t  area. Each s t r i p  of pho- 
tographs a long a boundary w i l l  extend over t h e  boundary n o t  l e s s  
than 15  percent  or  more than 55 percent  of t h e  w i d t h  o f  t h e  
s t r i p .  
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o Endlap - The endlap (ove r lap  i n  l i n e  o f  f l i g h t )  w i l l  average 
m e s s  than 57 percent  or more than 62 percent.  Endlap o f  
l e s s  than 55 percent  or  more than 68 percent  i n  one or more 
negat ives may be cause f o r  r e j e c t i o n  o f  the negat ive or neg- 
a t i v e s  i n  . w h i c h  such d e f i c i e n c y  or exczss o f  endlap occurs; 
unless, w i t h i n  a s tereoscopic  p a i r ,  endlap exceeding 68 percent  
i s  necessary i n  areas o f  low e l e v a t i o n s  t o  a t t a i n  the  minimum 5 5  
percent  endlap i n  ad jacent  areas o f  h ighe r  e leva t i on .  

Wherever t h e r e  i s  a change i n  d i r e c t i o n  o f  t h e  f l i g h t  l i n e s ,  ver-  
t i c a l  photographs a t  the beginning o f  a f l i g h t  l i n e  w i l l  g i v e  
complete s tereoscopic  coverage of t he  area cont iguous t o  the f o r -  
ward and back sect ions.  

o S ide lap - The s i d e l a p  (ove r lap  o f  p a r a l l e l  s t r i p s  o f  v e r t i c a l  
photographs) should average 25 percent, p lus  or  minus 10 per-  
cent. Any negat ives having s i d e l a p  l e s s  than 15 percent  or  more 
than 50 percent  may be re jec ted .  

o S u b s t i t u t e  photography - I n  f l i g h F  . l ines rephotographed t o  
o b t a i n  s u b s t i t u t e  photography f o r  r e j e c t e d  photography, a1 1 nega- 
t i v e s  w i l l  be exposed t o  comply w i t h  o t h e r  ove r lap  requirements,  
and the j o i n i n g  end ne.gatives i n  the replacement s t r i p  w i  11 
r e s u l t  i n  complete s tereoscopic  coverage o f  the cont iguous area 
on t h e  p o r t i o n  o r  p o r t i o n s  n o t  re jec ted .  

E.1.5 PROCESSING OF EXPOSED FII-M 

The processing, i n c l u d i n g  development f i x a t i o n ,  and washing and dry-  
i n g  o f  a l l  exposed photographic f i l m ,  w i l l  be accord ing t o  the manufac- 
t u r e r  ' s  recommendations u s i n g  f r e s h  chemist ry  and w i  11 r e s u l t  i n  nega- 
t i v e s  f r e e  f rom chemical and o the r  s ta ins ,  c o n t a i n i n g  normal and u n i -  
form densi ty ,  and f i n e - g r a i n  q u a l i t y .  Before, dur ing,  and a f t e r  process- 
i ng ,  t h e  f i l m  w i l l  n o t  be r o l l e d  t i g h t l y  on drums o r  i n  any way s t r e t c h -  
ed, d i s t o r t e d ,  scratched, or  marked, and w i  11 be f r e e  f rom f i n g e r  marks, 
d i r t ,  or  blemishes o f  any kind. F i l m  and p r i n t s  may be s u b j e c t  t o  t e s t -  
i n g  f o r  r e s i d u a l  t races  o f  hypo (sodi  um-thiosulphate) o r  o t h e r  process- 
i n g  chemicals. 

E.1.6 QUAI-ITY OF PHOTOGRAPHY 

The photographic negat ives w i  11 be taken so as t o  prevent  appreci-  
ab le image movement a t  t h e  i n s t a n t  o f  exposure. Exposure and process ing 
w i l l  be such t h a t  t he  negat ives w i l l  be o f  h igh  q u a l i t y  showing t h e  
demarcation o f  p l a n i m e t r i c  and topographic fea tu res  d i s c e r n i b l e  a t  t he  
r e q u i r e d  scale. The negat ives w i l l  be f r e e  from s t a t i c  marks, w i l l  have 
un i fo rm c o l o r  tone, and w i l l  have the proper  degree o f  c o n t r a s t  f o r  a l l  
d e t a i l s  t o  show c l e a r l y  i n  the  dark-tone areas and h i g h - l i g h t  areas as 
w e l l  as i n  the  h a l f  tones between t h e  dark and t h e  h i g h  l i g h t .  Nega- 
t i v e s  having excessive c o n t r a s t  or  negat ives low i n  c o n t r a s t  may be 
re jec ted .  
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E.1.7 SCAI-E OF PHOTOGRAPHY 

The f l i g h t  he igh t  above the  average e l e v a t i o n  of the ground w j l l  be 
such t h a t  the negat ives w i l l  have the average sca le  speci f ied.  Nega- 
t i v e s  having a departure .from t h a t  sca le  o f  more than f i v e  percent be- 
cause o f  t i l t  or any changes i n  f l i g h t  he igh t  must be replaced. A wider  
range o f  accuracy w i l l  be al lowed f o r  areas w i t h  v e r t i c a l  r e l i e f  i n  
excess o f  150 degrees. 

E.1.8 TILT 

Negatives made w i t h  the  o p t i c a l  a x i s  o f  the a e r i a l  camera i n  a ver-  
t i c a l  p o s i t i o n  are desired. T i l t  (angular  depar ture o f  the  a e r i a l  came- 
r a  a x i s  f rom a v e r t i c a l  l i n e  a t  the  i n s t a n t  o f  exposure) i n  any negat ive  
o f  more than two degrees, an average t i l t  o f  more than one degree f o r  
the  e n t i r e  p ro jec t ,  o r  t i l t  between any two successive negat ives exceed- 
i n g  t h r e e  degrees, may be cause f o r  r e j e c t i o n .  

E. 1.9 UNEXPOSED FII-M 

Whenever any p a r t  o f  an unexposed r o l l  o f  f i l m  remains i n  the  came- 
ra,  before such f i l m  i s  used on a subsequent day, a minimum t h r e e - f o o t  
s e c t i o n  o f  the  r o l l  o f  f i l m  w i l l  be r o l l e d  forward unexposed immediately 
preceding the  beginning o f  photography. 

E.l.10 WEATHER AND SUN ANGLE 

Photography w i  11 be undertaken o n l y  when we1 l -de f ined images can be 
obtained. Photography w i l l  n o t  be attempted when t h e  ground i s  obscured 
by haze, smoke, o r  dust, o r  when clouds o r  c l o u d  shadows w i l l  appear on 
more than f i v e  percent  o f  t h e  area o f  any one photograph. Photography 
w i l l  n o t  con ta in  shadows caused by topographic r e l i e f  and sun angle, 
whenever such shadows can be avoided d u r i n g  t h e  t i m e  o f  t h e  year  t h e  pho- 
tography must be taken. Photography w i l l  n o t  be undertaken when t h e  sun 
angle i s  l e s s  than 25 degrees above t h e  horizon. 

I f  the  p r i n t s  d i s p l a y  c o n d i t i o n s  beyond t h e  acceptable ranges de's- 
cr ibed, the  photos may be re jec ted .  
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E.2 OBI-IQUE AEKIA!. PHOTOGRAPHS 

The obl ique photographs w i  11 be sub jec t  t o  the f o l l o w i n g  s p e c i f i c a t i o n s :  

E.2.1 PROCESSING OF EXPOSED FII-M 

The processing, i n c l u d i n g  development and f i x a t i o n ,  and washing and 
d r y i n g  o f  a l l  exposed photographic f i l m ,  w i l l  be conducted according t o  
the manufacturer 's recommendations us ing  f r e s h  chemistry and w i  11 r e s u l t  
i n  negat ives f r e e  f rom chemical and o ther  s ta ins ,  c o n t a i n i n g  normal and 
un i fo rm densi ty,  and f i n e - g r a i n  q u a l i  ty. Before, during, and a f t e r  
processing, the  f i l m  w i l l  n o t  be r o l l e d  t i g h t l y  on drums or  i n  any way 
stretched, d is to r ted ,  scratched, o r  marked, and s h a l l  be f r e e  f r o m  
f i n g e r  marks, d i r t ,  or  blemishes o f  any kind. F i lms may be sub jec t  t o  
t e s t i n g  f o r  r e s i d u a l  t races  o f  . r e s i d u a l  chemicals. 

E.2.2 QUALITY OF PHOTOGRAPHY 

The photographic negat ives w i l l  be taken so as t o  prevent  appreci-  
ab le  image movement a t  the  i n s t a n t  o f  exposure. Exposure and process ing 
w i l l  be such t h a t  t h e  negat ives w i l l  be o f  h igh q u a l i t y ,  showing the  
demarcation o f  p l a n i m e t r i c  and topographic features.  

The negat ives w i  11 be f r e e  from s t a t i c  marks, w i  11.. have un i fo rm 
c o l o r  tone, and wi.11 have t h e  proper degree o f  c o n t r a s t  f o r  a l l  d e t a i l s  
t o  show c l e a r l y  i n  t h e  dark-tone areas and h i g h - l i g h t  areas as w e l l  as 
i n  the h a l f  tones between the  dark and h igh  l i g h t .  Negatives having 
excessive c o n t r a s t  o r  negat ives low i n  c o n t r a s t  may be re jec ted .  

E. 2.3 TI'-T ANGI-E FOR OBLIQUENESS- 

The t i l t  angle w i  11 be such t h a t  the  designated area o r  s i t e  w i  11 
be s a t i s f a c t o r i l y  shown 'on t h e  negat ive(s) .  

E.2.4 WEATHER AND SUN ANGLE 

Photography w i  11 be undertaken o n l y  when we1 l -de f ined images can be 
obtained and n o t  when t h e  area or  s i t e  t o  be photographed i s  obscured by 
haze, smoke, o r  dust. The photography w i l l  n o t  con ta in  shadows d e t r i m n -  
t a l  t o  photographic composi t ion which. ar2 caused by the e f f e c t  o f  t h e  
sun angle on tQpographic  r e l i e f ,  on t a l l  bu i ld ings ,  o r  on clouds. 
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E.3 QUAI-ITY CONTROI, OF AERIAI, PHOTO INTERPRETATION 

The bes t  q u a l i t y  c o n t r o l  o f  photo i n t e r p r e t a t i o n  w i l l  be mainta ined by u t i -  , 

l i z i n g  i n t e r p r e t e r s  w i t h  ex tens i ve  exper ience i n  i d e n t i f y i n g  geomorphic and vege- 
t a t i v e  features.  A q u a n t i t a t i v e  method o f  e v a l u a t i n g  the  ski 11 o f  i n t e r p r e t e r s  
has been developed by Congalton and Mead (1983). T h i s  method i n v o l v e s  g i v i n g  
each i n t e r p r e t e r  t he  same s e t  o f  photos t o  i n t e r p r e t  and then genera t i ng  a s i i n i -  
l a r i t y  m a t r i x  f o r  each i n t e r p r e t e r  based on ac tua l  documented ground cond i t i ons .  
The s i m i l a r i t y  m a t r i x  i s  analyzed u s i n g  a computer code (Kappa) which implements 
a d i s c r e t e  m u l t i v a r i a t e  a n a l y s i s  technique t o  determine if t h e r e  i s  a s i g n i f i -  
can t  d i f f e r e n c e  between matr ices.  T h i s  technique f a c i l i t a t e s  the $omparison o f  
i n d i v i d u a l  i n t e r p r e t e r s ,  a t e s t  f o r  photo i n t e r p r e t e r  consistency, and the coinpa- 
r i s o n  o f  photo i n t e r p r e t a t i o n  va r iab les .  A e r i a l  photographs w i t h  re fe rence  fea- 

. t u r e s  f rom t h e  i n i t i a l  a e r i a l  photo survey would be u s e f u l  i n  admin i s te r i ng  such 
a t e s t .  Tes t  r e s u l t s  cou ld  be used t o  s e l e c t  t he  b e s t  photo i n t e r p r e t e r s  f o r  
t he  su rve i  1 lance program and as an ongoing q u a l i  ty assurance technique. 

Comparison o f  annual ground i n s p e c t i o n s  w i t h  photo i n t e r p r e t a t i o n  r e s u l t s  
w i l l  be a u s e f u l  cross-check t o  v e r i f y  s i t e  cond i t i ons .  

An a d d i t i o n a l  q u a l i t y  assurance technique i s  an independent rev iew by an 
ou ts ide  p r o f e s s i o n a l  photo i n t e r p r e t e r .  

. .  
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