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Dear M r  . Reaf Snyder: 

The United States E n v i  ronmcntal P ro tec t i on  Agency (U.S.  E P A )  has coinpleted 

i t s  t echn ica l  rev iew o f  t he  i n i t i a l  remedial measures p lans  submit ted pursuant 

t o  Sect ion 1, Compliance Plan o f  t h e  Federal F a c i l i t y  Compliance Agreement 

(FFCA). The d e t a i l e d  rev iew was completed by PRC Envi ronyenta l  Management, Inc .  , 

and has received concurrence by U.S. €PA. The Uni ted States Department o f  

Energy should mod i fy  t h e  e x i s t i n g  p lans  t o  i nco rpo ra te  PRC’s f i nd ings  and 

reconnendations found i n  Attachment I ,  

9’ 

- - 
Please submit t h e  r e v i s e d  p lans w i t h i n  t h i r t y  (30)  days o f  r e c e i p t  o f  t h i s  

l e t t e r .  If you have any quest ions,  p lease contac t  i4r. W i l l i a m  0. Franz, Ch ie f ,  



T A B L E O F C O N T E N T S  

Section 
3339 

Pane 

1.0 I N T R O D U C T I O N  1 . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  2.0 SITE B A C K G R O U N D  2 
. . .  

. . . . . . . . . . . . .  3.0 S U M M A R Y  DESCRIPTION OF DOCUMENTS 4 

. . . . . . . . . . . . . . . . . . .  3.1 RESPONSES TO ITEM 1A 4 
3.2 RESPONSES T O  ITEM 1B 5 

4.0 DOCUMENTS R E V I E W .  6 

. . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . .  4.1 O V E R A L L  EVALUATION 6 
4.2 SPECIFIC DEFICIENCIES I N  RESPONSE T O  ITEM 1A 8 . . . . .  

4.2.1 Response 8 . . . . . . . . . . . . . . . . . . . . . . .  
4.2.2 Attachment  I .  . . . . . . . . . . . . . . . . . . . .  10 
4.2.3 Attachment  I1 . . . . . . . . . . . . . . . . . . . .  15 

4.3 SPECIFIC DEFICIENCIES IN RESPONSE T O  ITEM 1B . . . . .  16 

4.3.1 K-65Silos . . . . . . . . . . . . . . . . . . . . . .  16 
7 )  4.3.2 Thor ium Storage S t ruc tures  -- . . . . . . . . . . . . . .  

5.0 CONCLUSIONS A N D  RECOMhlENDXTIONS .:. . . . . . . . . . . . .  23 



1.0 INTRODUCTION 

P R C  Envi ronmenta l  Management ,  Inc., received a work assignment  f rom the  

U.S. EPA, Region 5 under  the  Technical  Enforcement  Support  (TES) I11 cont rac t  to 

review documents  prepared  by U.S. Department  of Energy (DOE) f o r  the  Feed 

Mater ia ls  Product ion Center  (FMPC) in Fernald,  Ohio.  T h e  objective of reviewing 

the documents  is to eva lua te  DOE'S compliance wi th  the Federal  Faci l i ty  Compliance 

Agreement  (FFCA) tha t  i t  signed with U.S. €PA. 

P R C  f i r s t  reviewed t h e  Federal  Faci l i ty  Compliance Agreement (FFCA)  da ted  

Ju ly  18, 1986, to unders tand  the agreements  between U.S. DOE a n d  U.S. EPA. PRC 

then  reviewed the  fol lowing two  documents  prepared by U.S. DOE to de termine  if 

they complied wi th  the requirements  specif ied in the  FFCA. 

o 

o 

Response t o  I tem 1A of CERCLA Section, FFCA, September  16, 1986. 

Response to  Item 1 B  of CERCLA Section, FFCA, August  17,  1986. 

Response to Item IA is re la ted to FMPC operat ion and  maintenance procedures 

of a i r  pollution control equipment  and  work pract ice  to  control  radioact ive emissions 

f rom product ion mater ia l  a n d  the on-site waste s torage fac i l i ty  to main ta in  all 

exposures as  low as  reasonably achievable  (ALARA).  

Response to Item 1B is related to a plan a n d  implementat ion schedule  to 

conduct  in te r im remedial  measures concerning two  K-65 silos and  thor ium compound 

s torage s t ruc tures  (plant  8 silo and  bins). P R C  unders tands  these in te r im remedial  

measures wil l  be main ta ined  unt i l  such t ime as  a long-term plan f o r  t he  control  a n d  

disposal of radium-bearing wastes a n d  thor ium compounds is developed a n d  

implemented. 

These two documents  a re  summarized in Section 3.0. T h e  fol lowing addi t iona l  

documents  were br ief ly  reviewed to use as  gu idance  or  background material:  

o Struc tura l  d rawings  of the K-65 silos a n d  thor ium storage s t ruc tures  

o Environmental  Monitoring Annua l  Repor t  f o r  1985, FMPC, May 30, 
1986 
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o Response to  I tem G of Clean Ai r  Act Section, FFCA, October  16, 
1986 

o 10 C F R  40.32(c), Genera l  Requi rements  f o r  Issuance of  Specif ic  
License 

10 C F R  50, Appendix  E, Emergency Planning  a n d  Preparedness  f o r  

1 
. I  
. *  

o ' :  

Product ion  a n d  Uti l izat ion Fac i l i ty  . -  

o 40 C F R  112.7, Guidel ines  f o r  t he  Preparedness  a n d  Implementat ion of  
a Spill  Prevent ion Control  a n d  Countermeasures  Plan 

o Invest igat ion of Apri l  25, 1986 Radon  Gas  Releases f r o m  Feed 
Mater ia ls  Product ion  Center  K-65 Silos, p repared  by DOE Incident  
Invest igat ion Board, June  27, 1986 

2.0 SITE BACKGROUND 

FMPC is a government-owned,  contractor-operated fac i l i ty  located in  Ferna ld ,  

Ohio.  T h e  fac i l i ty  began operat ions in  1952 a n d  was opera ted  by Nat iona l  Lead  of  

O h i o  unt i l  ear ly  1986. Westinghouse Mater ia ls  Company of Oh io  (WMCO) cur ren t ly  

opera tes  the  fac i l i ty  f o r  DOE. FMPC operat ions cover  approximate ly  136 acres  i n  

the  center  of a 1050-acre s i te  (see F igure  1). 

T h e  pr imary  func t ion  of  t he  FMPC fac i l i ty  is to manufac tu re  metall ic u ran ium 

f u e l  e lements  a n d  target  cores a n d  o ther  u r a n i u m  products  f o r  use i n  product ion 

reactors  operated fo r  t he  U.S. DOE. In  pr ior  years,  t ho r ium was  also processed. 

As a result  of these processes, t he  plant  has  generated both radioact ive a n d  

nonradioac t ive  hazardous  waste. T h e  pr incipal  radionucl ides  prescnt in waste 

mater ia ls  generated by F M P C  inc lude  uranium-238 (U-238), U-235, a n d  thorium-232 

(Th-232) wi th  their  respective decay  cha in  daugh te r  nuclides.  Plutonium and  fission 

products  map  also be present  in  the  wastes. 
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Approximate ly  1700 cur ies  of rad ium-bear ing  wastes a r e  stored in two K-65 

s i los  t h a t  a r e  s t ruc tura l ly  unsound a n d  a r e  leak ing  radon a n d  radon-decay products  

to  the  envi ronment .  U p  to 350 met r ic  tons of  t ho r ium a r e  cur ren t ly  s tored in a 

silo tha t  also is s t ruc tura l ly  unsound.  Fa i lure  of these s t ruc tures  would 
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release rad ioac t ive  thor ium compounds i n t o  t h e  envi ronment  a t  lcvcls tha t  could be 

h a r m f u l  t o  the  sur rounding  communities.  3339 
O n  J u l y  18, 1986, U.S. EPA a n d  DOE signed a Federal  Faci l i ty  Compliance 

Agreement  ( F F C A )  for the  FMPC fac i l i t y  to achieve compliance .with the 

Comprehensive Envi ronmenta l  Response, Compensat ion,  a n d  Liabi l i ty  Act (CERCLA), 

Resource Conservat ion a n d  Recovery Act (RCRA),  a n d  Clean Air  Act  (CAA). ' I n  

addi t ion ,  DOE will conduct  a remedial  investigation/feasibility s t u d y  to determine 

the presence, concentrat ion,  a n d  ex ten t  of a n y  contaminat ion a n d  the appropriate  

qemedial measures to be taken. 

3.0 SUhlh lARY DESCRIPTION OF DOCUhlENTS 

T o  respond to Items 1A a n d  1B u n d e r  "CERCLA Actions" of the  FFCA, the 

U.S. DOE submi t ted  two reports  t o  EPA. T h e  fol lowing sections summarize the two 

repor tS. 

3.1 R E S P O N S E S  TO ITEAI 1A 

T h i s  report  describes the FMPC operat ion a n d  maintenance procedures for  the 

dus t  collector a n d  par t ia l  adminis t ra t ive  policies to control radionucl ide emissions 

f r o m  product ion operat ions a n d  on-site waste  storage facil i t ies.  This  report  states 

tha t  the si te has  203 emission points  tha t  have  the potent ia l  to release radionuclides 

to the atmosphere.  These emission points  consist  of vents f r o m  process storage 

vessels or hoods, s tacks control led by dus t  collectors, a n d  wet scrubber  stacks. 

Each  product ion plant  has s t a n d a r d  opera t ing  procedures f o r  the dus t  collectors in 

t h a t  building. These procedures  descr ibe the  operat ion a n d  inspections required for  

each dus t  collection device. In addi t ion ,  separate  procedures describe the manner  i n  

which main tenance  is per formed on  each of these devices. 

Attached to this report  is a copy of FMPC's S tandard  Operat ing Procedure f o r  

Plant  4 Dust Collector (SOP 4-C-701) to show a n  example of the facil i ty 's  

procedures.  T h e  report  also conta ins  copies of periodic inspection reports for  dust  

collectors (DC-4) a n d  reports  on  changing  bags in American Air Fi l ter  type dus t  

collectors (43-C-7702). These documents  serve 3s examples of Fh4PC's procedures 

f o r  changing collector bags, rou t ine  maintenance,  and  prevent ive maintenance. 
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l . I  

3.2 RESPONSES TO ITEh1 IB 

T h i s  report  describes a n  in te r im cont ro l  plan a n d  implementat ion schedule ,  

developed 3s par t  of the  FFCA, to addres s  the  ini t ia l  remedial  measures  requi red  f o r  
the  IC-65. silos and  the tho r ium s torage  s t ructures .  Remedial  measures include:  

control l ing radioact ive emissions, inc luding  radon gas a n d  decay products  emissions; . .  

provid ing  in te r im control  to  ensu re  the  s t ruc tu ra l  integri ty  of the con ta inmen t  

s t ructures;  developing r adon  a n d  decay  products  monitoring program f o r  t hc  f encc  

l inc a n d  of f -s i te  environs; a n d  establ ishing measures to  be under takcn  in  the  event  

of  a n  unp lanncd  release to the  cnvi ronmcnt .  

To control  radon gas a n d  r adon  decay  product  emissions f r o m  the  K-65 silos, 

var ious cont ro l  measures a r e  being considered a n d  evaluated. Opt ions  u n d c r  

cons idcra t ion  include the  following: a gas containment  bag, water  co lumn 

absorpt ion,  solid media adsorp t ion ,  a n d  compressed tank storage. Act ions to  cont ro l  

emissions f r o m  the thor ium compound  s torage s t ructures  include instal l ing f i l t e r ing  

devices  a n d  repackaging a n d / o r  over -packing  the  thorium compounds to make  them 

su i tab le  f o r  long-term storage.  

Remed ia l  measures to  ensure  the  s t ruc tura l  integri ty  of the' K-65 silos inc lude  

instal l ing centcr  dome covcrs (completed Februa ry  1, 1986) and  a f l u i d  appl ied  

roof ing  system (in progress). Remed ia l  measures  recommended by Camargo  

Associates a r e  in progrcss to  ensu re  the  s t ruc tura l  integri ty  of the si lo t h a t  

conta ins  tho r ium compounds. O t h e r  s t ruc tures  (storage bins) that  conta in  tho r ium 

compounds  have  not been f o u n d  to  have  s t ruc tura l  deficiencies. 

T h e  r adon  a n d  decay product  moni tor ing  program consists of a ne twork  of  

monitors  sur rounding  the  K-65 silos, a t  var ious locations along the s i te  boundary ,  

a n d  a t  d i f f e r e n t  si te-specific locations.  

T h i s  repor t  also includes the  s i te-wide emergency procedures to  be fol lowed in  

the  event  of  a radioact ive release f r o m  the K-65 silos and  the tho r ium compound 

s torage s t ructures .  T h e  act ions of th i s  plan a re  intended to protect the  hea l th  a n d  

safe ty  of  on-site a n d  of f -s i tc  personnel,  l imit  o r  reduce any  possible damage  to  the  

envi ronment ,  and  contain a n d  recover  a n y  relcased radioactive mater ia l .  . 
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4.0 DOCUhlENTS REVIEW 
3339 

PRC reviewed the  two reports  prepared  b y  the  DOE fo r  the  FMPC faci l i ty .  

O u r  comments  o n  these two reports  a r e  presented i n  the  fol lowing sections. 

4.1 OVERALL EVALUATION 

P R C  reviewed DOE's responses to  I tems 1A a n d  1B of  the  C E R C L A  Section of 

the  F F C A  to  de t e rmine  whether  they  meet t h e  object ives  s ta ted in  the  agreement .  

\\'e f o u n d  them to  be incomplete  with regard to cer ta in  issues discussed below. T h c  

F F C A  cal ls  f o r  F M P C  to  dcvelop ef fec t ive  opera t ion  a n d  main tenance  procedures  

a n d  work  pract ices  t h a t  will control rad ioac t ive  emissions f rom product ion mater ia l s  

a n d  f r o m  on-si te  wastes a n d  tha t  will  ma in ta in  a11 exposures as  low a s  reasonably 

achievable .  In  the  Execut ive Summary  of  i t s  repor t  (response to I tem IA), U.S. 

DOE s ta ted  tha t  i ts  response to Section G of the  Clean  Air  Act Section of the  

F F C A  conta ins  a de ta i led  discussion of  t he  opera t ion  a n d  main tenance  procedures  

f o r  a i r  pol lut ion control  equipment .  P R C  used th i s  response to  Section G a s  a 

re ference  throughout  o u r  review of  t he  response to I tem 1A. R' 
I r- T h e  cr i te r ia  t ha t  PRC used to  review the  response to Item 1A were ( ( ] )  .,' 

whether  a n  opera tor  c a n  opcratc  the cmission control  equipment  by fol lowing the  .. 

opera t ion  proccdurcs  descr ibed in the responsc, (2 )  whether  the organizat ional  

s t ruc tu re  a n d  qua l i ty  assurancc procedurcs  will ensure  tha t  the opcrators  fol low the  

approved  opera t ion  a n d  maintenance procedure,  a n d  (3)  whcther  the opera t ion  a n d  

main tcnance  procedures  a r e  proper  f o r  the  equ ipmen t  in  the facil i ty.  - 1, L 
P R C  could not conduct  a complete review of  the  effcct iveness  of  the opcra t ion  

a n d  ma in tenance  procedures  a n d  work pract ices  a n d  of  the s t ructural  integri ty  of  

the  K-65 silos because DOE's response is incomplete.  T h e  response to Item 1A 

consists of  t h ree  sections: the response, A t t achmen t  1 ,  a n d  Attachment  11. As a 

min imum,  the  fo l lowing  four i tems must be inc luded  in  the response to  the FFCA.  . 

Firs t ,  the  response d i d  not include a comprehensive operation a n d  main tenance  

management  program (plan) ,  which is required unde r  thc  FFCA. Th i s  program (p lan)  

must consist  of  essential  elements of a n  e f f ec t ive  operat ion and  main tenance  

program. These  elements  include management  rolcs a n d  control,  opcrat ion a n d  

$ 
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m i i n t c n a n c c  organizat ion,  pcrsonncl t ra in ing  rcquiremcnts ,  job dcscr ipt ions a n d  

qual i r icat ions,  qua l i ty  assurance  procedures,  procedures  f o r  issuing work orders.  

p rocedures  for moni tor ing  pcr formance  of work, disc ip l inary  policy f o r  

nonconformance  wi th  procedures  a n d  regulations,  hea l th  a n d  sa fe ty  p lanning  a n d  

policy, a n d  record keeping procedures.  Th i s  program must  address  the  conccrns a n d  

def ic iencies  s ta ted in  t h e  J u n e  27, 1986 report ,  "Investigation of  Apr i l  25, 1986 . .  

Radon  Gas Release F rom Feed  Mater ia ls  Product ion Center  K-65 Silos," issued b y  

the  DOE Inc ident  Invest igat ion Board. Fo r  example,  accord ing  to  the  report ,  40 

perccnt  of  the past ma in tenance  work  tasks were per formed wi thou t  proper  

au thor iza t ion .  DOE must  descr ibe  management  control  a n d  procedures  t h a t  will s top 

a11 unauthor ized  ma in tcnance  work. 

i 

Second, the  response d i d  not address  the issue of  spil l  p revent ion  a n d  

conta inment  f o r  cr i t ical  a r cas  such as the K-65 silos a n d  tho r ium storage area.  

FMPC must  prepare  a spil l  prevent ion a n d  conta inment  plan,  inc luding  i tems such as  

emergency response procedures ,  documenta t ion ,  repor t ing  requi rements  to  

governmental  agencies  a n d  p lan t  management ,  a n d  publ ic  communica t ion  policy. 

* 

T h i r d ,  the  in te r im opera t ion  a n d  maintenance procedures  for  the  K-65 silos, 

thor ium storage s t ructures ,  a n d  o ther  cr i t ical  a reas  were not  inc luded  in the  

response. These  in te r im measures  a r e  required to  control  the  rad ioac t ive  emission 

f r o m  the  cr i t ical  a reas  throughout  t he  plant  before  a l l  remedia l  measures  a r e  

completed. 

' 

Four th ,  DOE must  descr ibe  its intent  in  prepar ing  a n d  submi t t ing  de ta i led  

operat ion a n d  main tenance  procedures  fo r  the K-65 silos a n d  thor ium storage 

s t ruc tures  upon selection of a remedial  a l ternat ive.  These  opera t ion  a n d  

main tcnance  procedures  must  be considered in  the selection of the appropr i a t e  

remedial  measure. 

For t he  response to I tem IB, DOE must prepare a n d  submi t  to E P A  two 

s t ruc tura l  ana ly t ica l  reports  a n d  associated relevant  d rawings  f o r  the  K-65 silos that  

P R C  recommended (see page 19, Section 5.0 of this repor t  f o r  details) .  

3439 

These comments  must  be addressed by DOE in the  next  submit ta l .  Th i s  

addi t iona l  i n fo rma t ion  will  a l low P R C  to conduct  a complete  review of  the 
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t if . 
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3339 ef fec t iveness  of  the  operat ion a n d  main tenance  procedures a n d  t h e  s t ruc tura l  

in tegr i ty  of t h e  K-65 silos. 

4.2 S P E C I F I C  DEFICIENCIES I N  RESPONSE T O  ITEhl 1A 
1.' 

O u r  review comments  regarding th i s  document  a r e  presented in  the s a m e  o r d e r  

a s  the response. D O E  submit ted its repor t  i n  three sections: the response 
\' 

Attachment  I, a n d  At tachment  11. PRC's comments  on the f i rs t  two\sect ions a r c  

d iv ided  i n t o  two subsections: general  comments  which identicy the.overal1 

def ic iencies ,  a n d  spccif ic  comments or questions.  l 
1.2.1 Response 

\ 

T h i s  section of DOE's report  discusses the overall  operation a n d  .main tenance  

approach  for the  FhlPC production a n d  on-si te  storage facilities. 

Genera l  Comments  

o Table  1 does not adequate ly  descr ibe all potential  a i r  emission points a n d  

the  emission control devices f o r  each point.  T h e  table lists emission 

points  by number  but provides  no  description of a n y  of the points. T h e  

table  also suggests tha t  emissions f r o m  many points, such a s  vents, a r e  

uncontrolled.  FMPC states  t h a t  these a r e  minor  emission points  a n d  tha t  

i t  will  only conduct  a n n u a l  r a n d o m  a i r  sampling of these points. U.S. 

DOE d i d  not provide just i f icat ipn or d a t a  to support  this approach.  In 

addi t ion ,  the  table ident i f ies  sc rubber  systems fo r  some emission points,  

but  the text d i d  not discuss a n y  of these scrubber  systems. Without a 

more complete description of radionucl ide emission points a n d  controls,  i t  

is impossible to evaluate  t h e  informat ion  i n  Table  1 ,  nor is i t  possible to 

de te rmine  whether  DOE's control  practices a r e  adequate .  

& 

o No evidence was presented in e i ther  the response to I tem 1A or  1B to 

show tha t  DOE complies wi th  the emission s tandards  in 40 C F R  61.92. 

I tem A under  the Clean Air  Act Section of the FFCA (page 15)  requires 

DOE to comply with these Nat iona l  Emission Standard  f o r  Hazardous Air  

8 10  



Pollutants  (NESHAP). In  th i s  response, DOE should  e i ther  provide  this  

i n fo rma t ion  or r e fe rence  o the r  documents  t ha t  address  th i s  requirement .  I 3 3 39 

o I tem F under  t h e  C lean  A i r  Act  Section of  the  F F C A  requires  DOE t o  

provide,  w i th in  60 days,  "a list of all  envi ronmenta l  a i r  moni tor ing  

equipment ,  i nc lud ing  the i r  location a n d  the  opera t ion  a n d  ma in tenance  

(0 & M) program designed to  main ta in  the monitors  a t  peak  eff ic iency."  

Tab le  1 in  t he  response provides  some of this  i n fo rma t ion  b u t  docs not  

sa t i s fy  all  t he  requi rements  of  I tem F. In this  response, DOE should 

e i the r  provide  th i s  i n fo rma t ion  o r  reference o the r  documcnts  tha t  addrcss  

th i s  requirement .  

o T h i s  repor t  should  dcscr ibc the  minimum qual i f icat ions,  inc luding  t ra in ing  

a n d  exper ience  requi rements ,  f o r  the operator  of  t h e  dus t  collector 

equipment .  Exper ienced  opera tors  who a r e  f ami l i a r  with the  equipment  or 
t ra ined  opera tors  w h o  have  completed t ra in ing  on  the  opera t ion  of t he  

specif ic  equ ipmen t  m a y  be able  to  operate  a piece of  equipment  wi th  jus t  

a n  out l ine  of  ope ra t ion  procedures,  such as  those presented in  this report .  

However ,  3 more dc ta i led  opera t ing  procedure should be ava i lab le  as  

re ference  a n d  a i d  in  opera t ing  the  equipment .  

, 

e- This  report  should  provide  specif icat ions such  a s  capaci ty .  type of  f i l t e r ,  

horsepower, a n d  model  number  f o r  each piece of  equipment  re la ted to 

control  of rad ioac t ive  emissions. Th i s  type of  i n fo rma t ion  will be useful 

f o r  ma in ta in ing  a n  inventory  of cr i t ical  spare  par t s  of the  equipment ,  

o rder ing  spare  par ts ,  a n d  de termining  the e f f i c i ency  of the  operat ion.  

o D O E  d i d  not  discuss  the  policy a n d  s t ruc ture  wi th in  i ts  organizat ion 

a n d  qua l i ty  assurance  program which will ensure  the  opera t ing  a n d  

main tenance  procedures  tha t  will be fol lowed by i ts  employees. 

o DOE d id  not  provide  a brief descr ipt ion of var ious dus t  collector systems, 

inc luding  source of  a i r ,  special  design f ea tu res  of  t he  uni t ,  a n d  
/ 

re lat ionship wi th  o the r  systems, if any .  T h i s  type  of  in format ion  wil l  

p rovide  the  opera tor  w i th  the  operat ional  object ive of  the  equipment  a n d  

overv iew of the  design of  the  equipment .  
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I . .  

Spccif ic  Commcntr 3339 
o Discussion 

- This  section s ta tes  t h a t  there  a r c  203 emission points a t  FMPC. 

However, Table 1 lists more than  203 emission points (Page 1, 

Paragraph  I ) .  . .  

- DOE should include a copy of the Plant Test Authorization ( P T A )  
(Page 2, Parag raph  5 ) .  t 

o Conclusion ' 

- In this section of the report ,  DOE states t h a ~ d i f f e r e n t i a l  pressure 

monitors will be inspected once per sh i f t ,  which is inadequate .  Pagc 

8 of the response to I tem G of the Clean Air Act Section states 

that  the monitors will be checked every  hour. Th i s  inconsistency 

requires c lar i f icat ion.  

4.2.2 Attachment  I 

In a t t achmen t  I, DOE provides  a sample SOP f o r  dust  collectors in Plant 4. 

Genera l  Commcnts  

o T h e  operating procedurcs  described in the SOP appear  to be a n  out l ine 

a n d  d o  not list dctai led step-by-step procedures fo r  the operation of 

var ious components a n d  in s t rumen t s  of the dust collector. This  

procedura l  out l ine will  be useful  t o  experienced operators w h o  a r c  

f ami l i a r  wi th  the opera t ion  of various components of the collcctor, but 

detai led stcp-by-step procedures  should be avai lable  f o r  t ra ining and  

reference.  If detai led procedures  a r e  addressed in other documents,  DOE 

should a t  least reference t h e m  here. 

o T h e  start ing procedures f o r  s imilar  types of equipment  a r e  d i f f e ren t ,  such 

as those fo r  G-4-12 a n d  G-4-13 dust  collectors. The  response d id  not 

explain the reason f o r  the d i f f e r e n t  procedures. DOE should provide a 
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bricf  descr ipt ion of each system to  explain thc d i f f e r c n t  operat ing 

procedures.  

o T h e  shutdown instruct ions f o r  the I 1  dust  collectors d o  not direct  the 

operator  to not i fy  the  other  operators  of a rcas  tha t  the d u s t  collector 

scrves to s h u t  d o w n  operation. However,  the  operator  emergency shut -  

d o w n  instruct ion directs  the collector operator  t o  not i fy  the a f fec ted  

service a r e 3  to s h u t  down. These d i f f e r e n t  approaches require  

c lar i f icat ion.  

. .  

o T h e  loca'tions of the motor control circuit ,  ins t rumentat ion control c i rcui t ,  

a n d  ins t rumenta t ion  a n d  controls f o r  each collector need to be ident i f ied.  

o T h e  response nceds to  s ta te  tha t  the  motor control panel,  which powers 

the  motors of var ious components of the system, should be tagged "Out 

of Scrvicc" f o r  cquipmcnt  maintenance.  # 

o DOE docs not descr ibe the s ta r t ing  procedures  for  the d i f fe ren t ia l  

pressure recorder  a n d  controller,  nor does i t  dcscribe the procedures used 

to set the set points f o r  d i f f e r e n t i a l  pressure recorder a n d  controller. 

o T h e  report  should describe the s t a r t u p  a n d  shutdown sequences of the 

var ious components  of the collector a n d  i d e n t i f y  the interlock a n d  fai l -  

s a f e  fea tures  of the  collector. 

o If there  is another  position, such a s  "hlanual," on the "Auto" selector 

switch,  DOE should describe the d i f f e r e n t  mode of operation. PRC could 

not de te rmine  if the dust  collector is running  when the sclector switch is 

being set o n  "Auto" since the "Start" pushbut ton of the exhaust  blower 

h a s  been pressed already.  

3439 

o T h e  report  should c la r i fy  whether  the operator  could be exposed to dust 

d u r i n g  visual inspection of d r u m s  d u r i n g  fi l l ing.  
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%ccif ic  Conimcntr 3439 

In each  of the  fol lowing areas,  DOE should revise i ts  repor t  as noted. 

o Description of opera t ion  a n d  equipment  

- Add "Manufac turer"  3s the  heading fo r  the second co lumn on Tablc  

1 (page 1). 

- Insert  "None" in the  "Associated Collector" co lumn on  Tab le  1 if 

there  is none (page I). 

o Indus t r ia l  Heal th  a n d  Sa fe ty  Requi rements  

- Ident i fy  the approved  model  numbers  f o r  t h e  spec i f ic  t ype  of  

car t r idges to  be used o n  t h e  respirator  (page 3, s t e p  6). 

- Clar i fy  whether  the  resp i ra tor  is a ful l - face piece o r  half-mask 

(page 3, s tep  6). 

- Clar i fy  whcther  t he  "buddy  system" i s  appl icable  when  cn tcr ing  the 

bag house cnclosure (page  3, step 1 1 ) .  

- Idcnt i fy  the  fo l lowup act ions,  if any ,  a f t e r  the  f i l i ng  of  3 minor 

event  rcport  (page 3, step 13). 

o Procedure  

- Cla r i fy  whether  t he  opera tor  is to  check the a la rms  o r  the  high a n d  

low d i f fe rcn t ia l  pressure set t ings (page 3, step 1 .1) .  

- Ident i fy  the  recorder  c h a r t  ( the  description implics i t  is t h e  

d i f f e ren t i a l  pressure recorder .  a n d  controller cha r t )  (page  3, s tep  

1.1).  
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- . Describc thc shakcdown procedures  a n d  st3tc how long shakedown 

should last. 

- Describe the procedures  f o r  check ing  the  ins t ruments  (page 4, s tep  

2.1. I ). 

- Describe the  procedures  f o r  ad jus t ing  the  f low to the  s tack sampler  

(page  4, s tep  2.4). 

o G-4-1 U'heelabrator Dust Collector 

- Describe the  opcra t ion  of  the  shake r  cycle. State  whether  t he  cycle 

is control led by a t imer  t h a t  c a n  be ad jus ted  by the  opera tor  a n d  

how the  operator  c a n  de te rmine  if t he  shaker  cycle  is complete  

(Page 5 ,  s tep  3.6.9). 

- Describe the  procedure  f o r  checking  the  dus t  level in the  hopper .  

S ta te  whether  there  is a sight-glass (Page 5, s tep 3.6.10). 

o G-4-2 T u r n e r  - Haws  Dust  Col lector  

- Describe the  s ta r t ing  procedures  a n d  the normal opera t ing  sequence  

of the  screw conveyor  a n d  ro ta ry  valves (page 6, s t ep  4.4). 

- Insert t he  high set t ing on  T a b l e  2 f o r  G-4-1 (page 7 ) .  

o G-4-4 T u r n c r  - Haws  Dust  Col lector  

- Cla r i fy  whcthcr  the  ro ta ry  valve should be shut  when replacing the  

f i l l ed  d r u m  with a n  empty  d r u m  (page 8, s tep 5.8.6). 

o G-4-5 T u r n e r  - Haws  Dust  Col lector  

3339 

- Cla r i fy  the s ta tement  "Start  collector G-4-11 per pa rag raph  1 1 "  

(page 9, s t ep  6.5.1) Parag raph  1 1  is f o r  G-4-13. 
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o G-4 -7  Turne r  - Haws  Dust  Collector 

- Describe t he  s t a r t i ng  procedures  f o r  p lenum tempera ture  rccordcr  

(page 10, s tep  7.4). 

- Describe the au tomat i c  aspect of the  f l appe r  valve (page IO, step 

7.5). 

- Dcscribe the procedure  to  tu rn  on the  a i r  to a i r  lock valvcs. Statc  

whether  there  is 3 pressure gauge to  measure the  a i r  l ine prcssurc 

o r  a n y  control  to rcgulate  f low of ai r .  

o G-4 -11  H o f f m a n  High  Volume Dust  Collector 

3339 

- Describe the procedure  to check the capac i ty  of  the "reject dust"  

packaging hoppcr  (page 12, stcp 9.8.1). 

- Describe the  procedures  to  rc turn  the  system "to normal  operat ion" 

(page 12, step 9.8.6). 

- Cla r i fy  the dus t  t ransfer  operat ion f rom hopper  to  d r u m .  S tep  9.8.6 

implies tha t  the  hopper  is empty  (page 13, s tep  9.8.11). 

o G-4-13 Mikro-Pulsaire Dus t  Collector 

- Describe the  bag c leaning  operat ion (page 14, s tep  11,3). 

- Dcscribe the  procedure  to  tu rn  on the  main  exhaus te r  blowcr a n d  a i r  

supply to the bag c leaning  mechanism (page 14, stcps 11.4 a n d  5). 

- Ident i fy  whcn to empty  the dus t  collector a n d  when to  res tar t  the 

collector (page 14, s tcp  11.8). 
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o G-4-14 Day Dust Collector 

3339 
- Describe the  procedure to t u r n  on the  rotary valve (page 15, step 

12.4). 

- Ident i fy  whcther  there  is a n y  a l a r m  to detect  the mal func t ion  of thc 

screw-conveyor ro ta ry  valves  a n d  vibrators  (page 15, step 12.811). 

o G-4-15 Mikro-Pulsaire  Dust Collector 

- Describe the bag cleaning operat ion (page 15, step 13.3). 

- Describe the  procedure to t u r n  on  the a i r  supply to the  bag c leaning  

mechanism (page 15, s tep  13.6). 

* .  

o Stack Monitor A l a r m  # 

- Describe the procedures  f o r  checking proper opera t ion  of the s tack 

monitor  (page 19, s tep  14.2.2.1.1). 

- Ident i fy  who  is responsible fo r  conduct ing the normal  analysis  of the 

soiled f i l t e r  (page 19, s tep 14.2.2.1.1). 

- Add a s ta tement  such  a s  "Shut down the dust  collector main  exhaus t  

blower" to s tep 14.2.7.6 (page 20). 

4.2.3 Attachment I1 

T h i s  section includes the main tenance  s tandard ,  sample main tenance  record 

forms,  a n d  sample SOP for changing  bags in  a i r  f i l ters.  

o Main tenance  S t a n d a r d  

- Clarify whether  "Adhere  to repairs  in dus t  . . .I' descr ipt ion u n d e r  

the Safe ty  Reminder  is appl icablc  to Steps 3 a n d  4 on the NLO, Inc.  

Ma i n t e n a n c c S t a n d a r d . 
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' 3339 o NLO - FMPC M a n u f a c t u r i n g  S tandard  Industr ia l  Heal th  & Safety 

Requi rements  

- I d e n t i f y  the  locations such as motor control panel a n d  local "Start" 

switches to be locked o u t  a n d  tagged (page 1, step 2). 

. .  

S P E C I F I C  DEFICIENCIES I N  RESPONSE TO ITEhl  1B 

DOE'S response to  this  i tem is divided in to  two sections. O n e  addresses thc 

K-65 silos a n d  t h e  o ther  addresses  the thorium storage structures.  

, l++J 

4.3.1 K-65 Silos * ,  

. .  
General  Commcnts  

o T h e  respon'se general ly  addresses the rcquirements  of I tem IB of the 

CERCLA Section of the  FFCA,  but the level of de t a i l  a n d  support ing 

informat ion  a n d  documenta t ion  a re  inadequate ,  even consider ing the short  

- 

t u r n a r o u n d  t ime required (30 days). 

o T h e  response does not s h o w ' t h a t  DOE has made  a n  e f f o r t  to address the 

overall  K-65 silo problem. Each task is considered singly. 

o Prior i ty  is not established for the proposed tasks to implement  the 

rcmcdial  measures.  

SDecific Comments  

o Sections 1.0 - 3.0, Summary ,  Introduction, Background 

- These  three  sections provide insuff ic ient  in format ion  concerning the . 

silos. DOE should provide f u r t h e r  detai l  in the background section. 

- T h i s  section of the response should speciCy DOE guidelines for  radon 

monitor ing a n d  ind ica te  the results of FMPC's radon '  monitor ing 

program f r o m  September  30, 1984, to present (page 1 ,  paragraph 3). 
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o Section 4.0 Inter im Cont ro l  of Radioactive Emissions f r o m  K-65 Silos fl 3339 
- T h i s  section, as well as Section 6.0, does not adequa te ly  assess the 

s t rength a n d  disposit ion of the source of the radon problem. DOE 

d id  not cs t imate  or dc te rmine  the source strength,  no r  d i d  it 

i den t i fy  the most mobile a n d  health adverse spccies of radionuclidcs.  . .  

o Section 4.2, Discussion o f  Radon  Concentration in the K-65 Silos 

- DOE's assumptions in this  section a r e  reasonable. 

o Section 4.3, Discussion of The rma l  Expansion of the Gases Within K-65 
Domes 

- DOE calculated a 2.3 percent  thermal expansion of gas  f o r  a I O o  F 
rise in temperature .  T h i s  appears  to be overestimated by about  17 

percent when calculated f o r  an  ambient  tempera ture  of 20' C ( 6 8 O  

F). T h e  2.3 percent g 3 s  expansion would be correct a t  an  ambien t  
tempera ture  of abou t  -40° C ( -40° F). DOE should c l a r i fy  whether  

this overestimation of gas expansion is to a l low f o r  a s a fe ty  factor.  

# 

o Section 4.4, Discussion of Feasibil i ty S tudy  f o r  Controll ing Radon  

Emission f rom the K-65 Silos 

- Section 4.4 includes a discussion of fou r  a l ternat ives  f o r  controll ing 

radon emissions. A f i f t h  possible solution might be a tempera ture  

control system f o r  t he  silos. 

- T h e  f o u r  inter im controls discussed consider l imited,  essentially 

passive control systems. In  par t ,  these l imitations reflect  DOE's 

under ly ing  assumptions that  radon transport  is domina ted  by 

outgassing caused by cyclic (dai ly)  thermally induced  pressure 

loading. D i f fus ion  of radon through the dome, cy l inde r ,  and  their  

interface have not been but should be considered. 
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- This  scction docs not inc lude  est imates  of  re tent ion t ime related to  

source s t rength,  source generat ion,  a n d  requis i te  decay  t ime. .‘ 3 3 3 q  <, 

Therefore ,  i t  appears  t ha t  no est imate  of t he  s i t e  o r  capac i ty  of  the  

radon emission control  system is made.  

- T h e  section describes the  basic  d a t a  collection act ivi t ies  t ha t  a r e  

being under taken .  However ,  DOE d i d  not  explain how it  will 

de te rmine  whether  these d a t a  a re  su f f i c i en t  to design o r  select a 

con trol/con ta inmen t system. 

. .  

- Any conta inment  system should be kept  relatively s implc a n d  problem 

f r e e  i n  design. DOE should consider  using act ive systems, such  as  

a n  appl icd vacuum,  if possible, to keep  pressures in  the silos s l ight ly  

below extcrnal  a tmospher ic  pressure.  Th i s  would al low a n  infus ion  

of a i r  and  minimize escape of gases. Since radon gas is very dense  

(more  than  seven t imes the  densi ty  of  a i r ) ,  i t  will concent ra te  in  

the  lower port ions of the  silo’s gas phase.  However ,  before  apply ing  

a n y  negat ive prcssure in the  silo, DOE must check i ts  e f fec t  on  the  

s t ruc tura l  integri ty  of the silo. 

c 

- DOE also should address  whether  t h e  proposed systems take  in to  

account  possible contaminat ion  by o the r  radioact ivc elements. 

Complicat ions may rise i f  a radon removal  system becomes 

contaminated  by rad ium,  thor ium,  o r  o ther  radioact ive elements in 

dus t  o r  o ther  vectors which  must be present. 

o Sect ion 4.5, Recommendat ions Based on Conceptua l  Designs 

I tem 1 states  t ha t  a neoprene membrane  will be completed.  T h e  

neoprene membrane  is expected to  a f f e c t  t empera ture  a n d  pressure 

f luc tua t ion  in the  silo. However ,  DOE should be ab le  to calculate  

the  approximate  tempera ture  a n d  pressure changes which  would 

occur  in the silos, pr ior  to complet ion of membrane  installation. 

Any  system actual ly  installed to cap tu re  radon must be designed to 

cover  a wide range of gas volumes a n d  also have a n  i d e q u a t e  margin 

of  safety.  

~ 
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- Item 2 requires  tha t  a tempera ture  a n d  pressure moni tor ing  system 
be installed t o  collect  d a t a  a n d  to design a radon control  system. Wc 3439 
believe t h a t  reasonable  es t imates  of t h e  tempera ture  a n d  pressure 

a r e  s u f f i c i e n t  to begin pre l iminary  design of the  K-65 radon emission 

control system. 
.. . 

- Each of  the  f o u r  possible control systems discussed in this  document  

appcars  to have advantages  o r  disadvantages,  a n d  these should be 

enumera ted  in  the subscquent  design documents.  I t  should be 

possiblc f o r  DOE to begin prel iminary design work immediately based 

on  avai lable  informat ion  f r o m  this f ac i l i t y  a n d  elsewhere.  

0 Section 5.0 Controls  to Ensure S t ruc ture  Inteqri tv  of the K-65 Silos 

- T h e  remedial  measures taken  only provide l imited control  in  ensur ing  

the s t ruc tura l  integri ty  of  the  seriously deter iorated a n d  unstable  

dome. 

, 

DOE should analyze the si lo with existing loads (dead  load, contents,  

a n d  e a r t h  e m b a n k m e n t  (DL + C + E) to  f i n d  stresses in  the  or iginal  

dome s t ruc ture  a n d  the  "changed" s t ruc ture  caused by  reduct ion of 

dome thickness a n d  loss of prestressing wires, a s  f o u n d  by Muenow 

a n d  Associates, Inc. (M & A). We d o  not know how h.1 & A 

determined the percentage of post-tensioned wires remain ing  i n  the 

wall (page 10, assumption 3). T h e  report  should be detai led enough 

to allow thorough review. 

- DOE should ana lyze  the  new 30-foot diameter  dome using d e a d  load 

plus l ive load (DL & L L )  because the r ing  load on the  existing 

concrete dome may be cr i t ical .  Camargo  Associates, Ltd.  (CAL) used 

20 psf a s  the l ive load on i ts  model (page 7, second to last 

paragraph).  However,  d r a w i n g  S-1  dated  J u n e  23, 1986 indicates  25 

psf. This  contradict ion should be clar i f ied,  a n d  the correct  valuc 

should be used f o r  the above  analysis.  Again,  the report  should be 

detailed enough to allow thorough review. 
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- I t  is unclear whether  M & A actual ly  de te rmined  the  f ive  i tems 

l isted i n  Section 5.3 on page 9. T h e  report  only states t ha t  “ the 

following informat ion  can  be determined.” 
3939 

- In  Section 5.5.3. Items 2 a n d  3 on  page 13 indicate  l imitat ions a n d  

precautions to  be taken i n  empty ing  the  silos. These precautions 

should  be posted for  the operator’s benefi t .  

- A potential  act ive measure tha t  could be considered is vent ing  the  

existing domes a n d  covering them wi th  inf la tab le  domes. Th i s  would 

l imit  a y n a m i c  load and  somewhat  con ta in  radon emissions. 

o Section 6.0 R a d o n  Monitor ing Program 

- T h e  monitor ing program only minimally addresses off-s i te  a n d  s i te  

boundary  monitor ing f o r  radon. R a d o n  daughters  a r e  not sought. 
# 

- On-site monitoring, par t icular ly  a t  or near  the source, would provide  

addi t ional  assurances to detect  r ad ia t ion  emissions. Again, as in 

Section 4.0, l i t t le or no e f f o r t  has been made to estimate, ident i fy ,  

or monitor  the  sources of radon emissions f rom the silos a n d  across 

the s i te  to the  boundary.  

- The  design of the monitor ing s ta t ions is e f f ic ien t  a n d  selective f o r  

measuring radon 222 isotope. As noted by DOE documents,  no 

outside power source is needed, so the  detector is not subject to 

power outages or surges. FMPC is using a n  

relies on gross t rack counts t o  detect  radon gas only. This  is a n  

adequate ,  economical method because radioactive gases other  t h a n  

radon a r e  unlikely to be f o u n d  a t  the monitor ing stations. 

track technique which 

- Even though the effects  of exposure to  radon gas a re  long term, 

DOE does not just i fy  its sampling f requency  of 3 months. 
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- DOE should re ference  a n d  jus t i fy  the  convent iona l  EPA conversion 

f ac to r  of 0.5 to  conver t  detected radon concent ra t ions  to the  

working  level (WL) (page 16, paragraph  2). T h e  conversion fac tor  of 

0.5 is f o r  indoors;  the  outdoor  fac tor  is 0.1 to  0.2. 

' L 1339 

- DOE should subs tan t ia te  . the  s ta tement  t ha t  two  residences a re  f a r  

enough f r o m  the  si te t o  serve as background monitor ing locations 

(page 16, parag raph  6). 

. .  

- DOE should d e f i n e  "LCM" used i n  the table  on  page 17. 

- DOE should provide  results of i ts  radon 222 moni tor ing  program. On 

page 17, parag raph  I ,  the  report  s ta tes  t ha t  the  program began in  

1980, but  on page 1, the  repor t  states i t  began in 1984. DOE should 

c l a r i fy  this  discrepancy.  

o Section 7.0, Emergency Procedures  for Unplanned  Radioac t ive  Release 

- These procedures  cover  a wide range of condi t ions a n d  necessary 

act ions a n d  communicat ions.  However,  the au tho r i ty ,  t iming,  and  

precise n a t u r e  of the  ac t ions  a r e  not wel l -def ined o r  integrated.  A 

more thorough,  systematic  e f f o r t  of i den t i fy ing  a n d  descr ibing these 

'p rocedures  would seem appropr ia te .  DOE should also include EPA on 

the regular  acc ident  no t i f ica t ion  list. 

o Section 7.4, Emergency Response Level Classif icat ion Guide l ine  

- DOE should  inc lude  how i t  wil l  determine the  concent ra t ion  when 

using the  equ ipmen t  (geiger counters,  proport ional  counters ,  and  so 
on)  a t  the si te (wha t  meter  readings correspond to projected or  

es t imated dose). 
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3439 o Section 7.6.2 Response to  ln t e rmcd ia t e  or Major Radioac t ive  Material  

Releases 

- This section is ex t remely  sketchy. For  instance, DOE does  not 

mention wha t  i t  will use to survey  su r round ing  areas,  o r  w h o  will 

use it. N o  criteria a r e  presented for  "personal safety e q u i p m e n t .  . 
. requircd for re-entry," nor is the  location of equ ipmen t  stated.  

DOE presents no i n fo rma t ion  on personnel t ra ining for coping wi th  

emergencies or on a n y  tests, including practice dr i l l  ( a n n u a l  or 

otherwise) of the emergency  plans. O the r  detai ls  t ha t  should  be 

inc luded  a r e  noted in P a r t  IV, "Content of Emergency Plans," of 10 

C F R  50, Appendix E. 

4.3.2 Thorium Storage  Structures 

In  general ,  PRC's comments  on the  K-65 silos (Section 4.1) apply to  t h e  

thor ium s to rage  s t ructures  as well. Except ions  a r e  noted below. 
I 

o Sections 1.0 - 3.0, Summary,  In t roduc t ion ,  Background 

- These  sections a r e  more thorough than those in the K-65 silos 

report .  However, DOE sti l l  d i d  not estimate the radon source in 

a n y  quan t i t a t ive  sense. 

o Section 4.0, Inter im Emission Cont ro ls  0 

- T h i s  section provides a minimal  discussion, but more detai led than in 

t h e  K-65 silos discussion. Overal l ,  this section is adequate.  

o Section 5.0, Controls to Ensure  S t ruc tu ra l  Integrity of the T h o r i u m  

S t ruc tu res  

- DOE'S approach  to the invest igat ion and  remedial  procedures 

recommended seems to be appropr i a t e .  However,  .without seeing the 
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analysis  a n d  design calculat ions,  PRC cannot  review the remedial  

work as shown on d r a w i n g  S-1 da ted  June 23, 1986. 
3339 

5.0 CONCLUSIONS AND RECOhlhlENDATIONS 

PRC completed the  review of DOE's responses to I tems 1A and 1B of !he 

CERCLA section of its compliance agreement  wi th  U.S. EPA. P R C  found tha t  these 

responses d id  not  meet the requi red  object ives  of the  agreement.  

T h e  object ive of I tem 1A is to develop e f f ec t ive  operat ion and  maintenance 

procedures a n d  work pract ices  to cont ro l  radioact ive emissions and  to  maintain all 

exposures as low as  reasonably achievable .  O u r  review ident i f ied  several  

def ic iencies  3s descr ibed in Sections 4.1 a n d  4.2 of ou r  report. 

T h e  object ive of I tem 1B is  to deve lop  a n d  provide U.S. EPA with a plan and  

implementat ion schedule  fo r  the  init ial  remedial  measures  concerning the K-65 silos 

and  the thor ium compound s torage s t ructures .  DOE's response generally addresses 

the requi rements  under  the  agreement .  However ,  the level of detai l  a n d  support ing 

informat ion  a n d  documenta t ion  is inadequate .  Several  questions and  discrepancies 

ident i f icd  by PRC need to be answered  or c la r i f ied .  

\\'e rccomrnend tha t  U.S. DOE incorpora te  the addi t iona l  information a n d  revise 

its rcsponses to address  the  comments  iden t i f i ed  in Section 4.0. DOE should then 

resubmit  the report  to EPA f o r  review.  PRC espccially recommends tha t  DOE 
conduct  the  two s t ruc tura l  analyses  of the  K-65 silos as  noted in  Section 4.3 of ou r  

report. PRC is unable  to  eva lua te  the s t ruc tu ra l  integri ty  of these silos without  

th i s  in format ion .  
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