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Preface 
I 

ki 
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Qn October.29, 1979, Mr. Joseph T. Harding met w i t h  several officials of the 
Department of Energy (DOE) t o  br ing t o  the1 r attention working 5condi t ions 
a t  the Paducah Gaseous Diffusion Plant which he believed had damaged his 
health and that of other workers, After listening t o  his concerns, the DOE 
officials invited Mr. Harding t o  return i n  the near future t o  expla'in more 

is cri t ic i  sms 

on November 28 

s of the plant .  

representatives. of:  the Offices of Consumer Affairs, General Counsel, ,and 
Envi ronment. I lie 'described i n  some detai 1 the safety and .health practices 
used.by the Union Carbide .Corporation--which, since 1951 ,-ha$ operated the 
Paducah Gaseous Diffusion Plant (PGDP) under'contract to.DOE--that had'in h i s  
view endangered the health of plant employees. Mr. Harding had been employed 
a t  the plant, between October 15 1952 and Fe~ruary;26, 1971. He stated t h a t  
safety procedures and regulatio had sometimes .been ignored i n  order t o  meet 
production dead1 f nes. The unsafe radiological condi tfons Mr. Harding cited as 
occurring a t  the .PGDP i ncl uded: ' 

e o f  uranium hexafluoride i n  the a i r  ' 

- at , leuels  that, reduced visibil i ty 

o t h  .from t h e  product 
and waste -cy1 I nders 

o poor respirator protection of workers; 

i n  contaminated areas; 
k o f  proper safety p rtunity for eating 

o lack o f  safety awareness or. safety enforcement/by supervisors; 

o lack of exposure infarmation to employees; and 

c 
Y 
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o Recurring l u n g  problems related to  a perforated l i n i n g ;  

o Numerous s k i n  sores that had begun on his legs and spread 
over h i s  body; 

o A problem w i t h  uncontrolled growth of cartilage from h i s  
hand and foot joints; and 

o A problem w i t h  h i s  central nervous system. 

The Department officials suggested to  Mr. Harding that DOE would undertake 
an investigation o f  h i s  charges. He i n  turn expressed a willingness t o  
cooperate f u l  ly i n .  such an investigation. He subsequently provided t h e  
names of other P a p  employees who had worked a t  the plant auring t h e  
years of h i s  employment and who he believed could corroborate h i s  r 

descriptions of work conditions. Mr. Harding continued to  suffer from 
h i s  several debi l i  tating illnesses ana died on March 1, 1980. 

Following some preliminary information gathering, t h e  Office of Environment 
began a comprehensive investigation i n  February 1980. Ruth Clusen,- t h e n  
Assistant Secretary f o r  Environment, charged Eward J .  Val lario, Assistant 
Chief, Occupational Safety Wanch, Operational and Envi  ronmental Safety 
Division, and Henry R. Wolfe, M.D., Human Health and Assessment Division, 
w i t h  the t a s k  of evaluating t h e  adequacy of the radiological safety practices 
a t  the PGDP between 1952 and 1971 and the possible relationship between 
Mr. Harding's medical conditions and radiation he may have been exposed 
to. Ms. Carol Jolly, Special Assistant to  the Assistant Secretary for 
Environment, served as the management coordinator during the course of the 
investigation. 

In t h e  course o f  preparing t h e  medical analysis for  the report, Mr. Harding's 
medical records were sought from the physicians who had treated him. When 
repeated requests t o  some doctors--whom tne investigators had been to1 d 
had treated Mr. Harding over a substantial period of time--produced no 
response, efforts were made to  obtain the records from blrs. Harding. In 
May, 198U, she directed u s  to her attorney--#r. Robert Hager of the C h r i S t i C  
Institute, Washington, DOC.--as her representative i n  providing the requested 
information. 

Mr. Hager, i n  a series of le t ters  over the following four months, informed 
the Assistant Secretary for Environment that the medical records i n  h i s  
possession could be made available to  the Department only i f  a "qualified 
independent medical opinion would also be reflected as an integral part 
o f  the report." T h i s  independent opinion would be based on a review of the 
medical records i n  Mr. Hager's possession and of those used by the Depart- 
ment i n  conducting its medical analysis. In Mr. Hager's view this addition 
was necessary so that t h e  report would "fully reflect and give equal prominence 
to expert opinion representing the fu l l  spectrum o f  medical knowledge con- 
cerni ng t h e  nature and eti ol ogy of Joe Hardi ng' s heal t h  probl ems." 

I 
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Because o f  the Department's i n te res t  i n  assuring t h a t  i t s  repor t  be as 
thorough and comprehensive as possible and not be subject t o  c r i t i c i s m  
because possibly c r i t i c a l  medical information had been omitted, the con- 
d i t i ons  proposed by Mr. Hager were agreed to. Further arrangements w i th  
Mr. tlager delayed the actual exchange o f  records u n t i l  October 1, 198u. 

When the invest igators  reviewed the documents Mr. Hager provided, they 
discovered t h a t  none o f  the records spec i f i ca l l y  sought were included. 
Indeed, the records given t o  the Department contained no information n o t  
previously avai lable t o  the investigators. 

Nonetheless, the independent opinion submi t t e d  by Plr. Hager on December 11 , 
1980, and the biography o f  i t s  author are included herein as Appendix A. 
Appendix A a lso contains the comments o f  the DOE invest igators on the points 
raised i n  t h i s  opinion. Because the invest igat ing team included both a heal th 
phys ic is t  and a medical doctor m a  because information from both d isc ip l ines  
i s  relevant t o  the observations submitted, two sets o f  comments are presented. 

The f o l  lowing repor t  r e f  1 ects the f i nai ngs on radio1 ogi cal  safety and medical 
analysis r e l a t i v e  t o  the concerns expressed by Mr. Harding. 

v i  i 



b, 
I. EXECUTIVE SWWRY 

A. Introduct ion 

1952, and February 26, 1971, Mr. Juseph T. ,Harding 
scade operator a t  the Paducah Gaseous Di f fus ion Plant, 

a uranium enrichment f a c i l i t y  operated under contract for the Department 
ergy by the Union' Carbide Corporation.. ME. Harding believed t h a t  
adiological 'safety conditions a t  the P lan t  .were hazardous t o  the 
h an'd safety o f  i t s  workers and tna t  he had sustained numerous 
at d i s a b i l i t i e s  as a r e s u l t  o f  h i s  exposure.t.0 excessive radiation. 

s concerns t o  the at tent ion of Department 
. *  

1 s, the Assistant Secretary f o r  Envi rontuent assigned 
her s t a f f  4.0 undertake an invest igat ion of these charges. 

The invest igat ion included a s i t e  inspection of the Paducah Gaseous 
Di f fus ion Plant (PGDP), diSCuSSi'OnS with p lant  o f f i c i a l s  and a review 
of per t inent  p l a n t  records dating frm the ear ly 1950's. To be t te r  
evaluate condi t ions i n  p lant  operations during the 1950's, the invest i -  
gators also' performed a mock-up t e s t  t o  determine, uranium and hydrofluoric 

' acid concentrations i n  the air,  Seventeen current pr. former employees 
whose names had been suggested Mr. Harding as indiv iduals who could 
orroborrate h i s  deSCri pt ions were i n t e r v i  wed  t o  discuss thei  r perceptions 

ndi t ions and p lant  safety. To assess the scope and qua l i t y  
oversight program conducted by the Oak RIdge Operations 

Office, discussions were held and records were, reviewed a t  t h a t  of f ice.  
Medical records we obtained and evaluated from both the p lant  physician 
and pr ivate physic s and hospitals with whom Mr. Harding had consulted. 
This report  presents the findings o f  both the work place rad iat ion safety 
analysis and the analysis o f  Mr. Harding's medical history. 

B. 

vestigation, no evidence has been 
tha t  the PGDP-conducted a radio- 

r i o d  1952-1971. I n  summary: 

1 rad1 a t i  on exposure 
received by Mr. Harding reveal levels SubStantially--belOw the 
,recormnended l i m i t s  o f  exposure prescribed by national a 

at ional  authorit ies. The to ta l  external exposure received f o r  I tne 
973 for beta and gamma was 5.7 rems. S imi lar ly , - for  
ob, the reference organ dose f o r  any,given year was 

i t s  
applicable t o  the period i n  question indicates tha t -  the methodology 

1 
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o A mock up t e s t  was conducted to  determine the potential for a small 
puf f  release* of uranium hexafluoride during routine disconnection 
of t h e  flexible t u b i  ng (the p i  gtai 1 ) connect1 ng thei product cy1 i nder 
and the process stream and availability of t h i s  "lpuff" for inhalation 
and ingestion. Tne mock up test results were negligible, i.e., sub- 
stantially below the concentration limits for airborne uranium. 

Li 

o The presence of thick dust  i n  the a i r  which Mr. Harding stated 
occurred routi nely i n the product and tai 1 s withdrawal bui 1 dings 
is not consistent w i t h  the mode of operation. The thick dust  coula 
only occur when there was a major release. The airborne dust  was 
o f  short  duration due to  settling. Interview statements (and plant 
records) i ndi cate that  a 1 i m i  t e d  number of such re1 eases have occurred. 
Small "puffs" of uranyl f l  uori de and hydrogen f l  uori de, the hydrolysi s 
products of UF , occurrea routinely when the pigtail was disconnected 
from the cy1 i der.  However, t h i s  material was imnedi ately "captured" by 
high  velocity ventilation hoods located directly over the disconnect. 

o Direct radiation levels a t  the heel of the cylinders ranged from 
li)-500 millirems per hour (mR/hr), a t  contact. Considering the handling 
or  transfer time required to  move the cylinders, the resultant exposure 
was substantially below the recommended 1 i m i  ts for exposure. 

o The type o f  respirators available for use were satisfactory. 
t h e  absence o f  a respirator f i t  program d i d  cause a weakness i n  the 
respirator use program. 

o The a i r  sampling program i n  the relevant bui ld ings  during the pefiod 
i n  question was inadequate. 

o The training program as well as general safety awareness was adequate; 
enforcement of safety procedures was questi onabl e. 

However, 

o The Atomic Energy comnission d id  not have a formal inspection program 
u n t i l  1951, a t  which time the Oak Ridge Operations Office (OR) con- 
ducted its first appraisal bf PGDP. Tne AEC d i d  not maintain a t  that  
time an adequate, in-depth apprai sal program that woul d reveal potenti a1 
technical deficiencies i n t h e  radi ol ogi cal safety program. 

C. Medical Aspects 

Mr. Harding's medical history prior t o  his employment a t  YGDP shed 
scant l i g h t  on h i s  future medical problems. During and af ter  h i s  
employment he did suffer from a number of progressive conditions. 
Mr. Harding was hospitalized for several weeks early i n  198U and was 
discovered to  have a widespread abdominal cancer. He died a t  home on 
March 1, 1980. No autopsy was done. 

*As used i n  t h i s  report, a "small puff" i s  a release of uranium hexafluoride 
of 1 ess than. 300 m i  11 i grams. 

2 
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An analysis o f  avai lable records obtained from h i s  physicians and hospi ta ls 
l e d  t o  the conclusion t h a t  Mr. Harding's i l lnesses were not l i k e l y  t o  have been 
caused by occupational rad ia t ion  exposure. This determination i s  reinforced 
by the workpl ace analysis concl usion t h a t  insofar  as rad ia t ion  was concerned, 

LJ 

PGDP was not unsafe. 

f i v e  physical d i s a b i l i t i e s  which Mr. Harding al leged were from excessive 
a t ion  exposure are discussed: 

1 )  Stomach 

Despite denial by Mr. Harding, the records c lear ly  document a gas t r i c  
u lcer  which necessitated removal o f  most o f  h i s  stomach. Many o f  h i s  
c l  i n i  cal  d i  f f i cul  t i e s  thereafter were the resul t o f  t h i  s surgery. Even 
the malignancy which k i l l e d  him probably arose i n  the stump o f  the 
remaining stomach. Factors such as exposure t o  c igare t te  tobacco smokes, 
n i t r i t e s  and hydrocarbons i n  d ie t ,  cadmium and n icke l  carbonyl i n  welding 
o r  genetic predi sposi t i o n  were more 1 i kely than h i  s occupational rad ia t ion  
exposure t o  have caused Mr. Hardiny's ulcer, malignancy and other stomach 
problems. 

2) Lungs 

Mr. Harding developed small-airway disease charac ter is t i c  o f  long-term 
heavy smokers. His pulmonary funct ion tes ts  d i d  not  f i t  the pattern o f  
most lungs in ju red  by chronic radiat ion. His smoking and repeated bouts 
o f  pneumonia were f a r  more l i k e l y  t o  have brought on h i s  chronic pulmonary 
d i  sease b 

3) Skin - 
Analyses o f  biopsied sk in  lesions d i d  no t  conform t o  the 
p ic tu re  o f  rad ia t ion  dermatit is. Mr. Harding suffered w 
f ro ln 1353 u n t i l  n i s  death, but  they were highly un l i ke l y  
caused by exposure t o  radiat ion. 

4) Cart i lage 

pathol ogi c 
th sk in  problems 
t o  have been 

Evaluation o f  rad ia t ion  induced car t i lag inous disorders i s  d i f f i c u l t '  
because not  much i s  known. Although the medical records are skimpy, 
Mr. Hardiny's problems d i d  not  f i t  the p ic tu re  tha t  i s  known. It i s  
conceivable t h a t  the problem was small j o i n t  enlargement. Such a c l i n i c a l  
p ic tu re  was more l i k e l y  t o  have been re la ted  t o  h i s  chronic pulmonary 
and/or gas t r i c  disease than t o  rad ia t ion  exposure. 

- 5) Tremor 

This occurred i n  h i s  l a s t  year. Rather than being due t o  radiat ion,  
it would more l i k e l y  have been re la ted  t o  the anemias secon'dary t o  h i s  
stomach removal o r  t o  the malignancy. 

3 
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11. SCOPE OF INVESTIGATION 

The investigation evaluated practices, procedures and operations a t  the PGDP 
*dur ing  the period 1951-1971; no effort was made nor should be made to extra- 

polate from the findings .and cFnclusions t o  current practices and operations. 
t h e  investigation Has restricted t o  work place conditions re1 ative t o  
Buildings C31u, C315, and C335 which comprise a very small part of tne total 
PGDP operatfons. The anlaysis and conclustons are specific t o  the referenced 

Investigation Chronology and MethOdOlOgly 

A. work Place Analysis: 

and not to  the total plant s i t e  or operations. 

o ,The Paducah P ldn t  was visited on March 6 and 7, 1 Y W .  A site inspection 
> was conducted of tJuildings C310, C315 and C335--areas where Joe Harding 

' had worked; extensive discussions were held w i t h  plant operations 
personnel and the Health Physics Department i n  an effort  t o  reconstruct 
conditions a t  these locatlons during the tenure of Mr. Harding's 
employment. Th i s  wa,s followed by reviews of procedures and practices 

o Interviews were held w i t h  17 workers (4 retired) named by Joe Harding 
as potential sources for useful information on safety conditions during 
the 1950's. These interviews were taped w i t h  t h e  approval of the 
part i c i pants . 
overview responsibilities over the PGDY was v is i ted  t o  review pertinent 
safety documentation. r 

o On Apr i l  2 and 3, 1980, a mock up test was conducted i n  Buildings 
C31u and €315 to  determine uranium and hydrogen fluoride (HF) concen- 
trations i n  a i r  during the performance of procedures dupl icating those 

Ventilation flow rates were assessed and compared w i t h  original plant 
drawings. To avoid any uncertainties regarding changes i n  the product 
transfer system, 20 milligram (mg) uranium hexafluoride (UF.) samples 
were obtained, experimentally verified and used aS the sourge for  the 
test. Lapel, low volume and high volume a i r  samplers were appropriately 
located for the test runs. Ur. Melvin F i r s t  of tiarvard University 
provi ded t ndepenaent approval of the sampl i ng protocol . A1 1 sample 

sattel  le lJorthwest Laboratory, u t i l t t i n g  plant counting equipment. 
A l l  f i l t e r  samples were subsequently taken t o  Battelle Laboratory for  
further counting and verification. 

On Apr i l  10 another count of 
Battell e Laboratory equi prnent 

o On Apri l  15-16 the interview recordings were analyzed. 

o Technical information was obtained as appropriate by consul tation 
and search of literature. 

place a t  that time. 

o -The Oak Ridge Operations Office which maintains contractual and safety 
' 

i n  the 194U's. 

- &counting was performed under the supervision o f  Nr. Roger Shaw, 

1 samples was obtained itutilizing 

k.' 
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8. Medical id 
o Matetials (tapes 'ana papers) submi t ted,  by Mr. Hardin 

compile a l i s t  of' t i le physicians and hospitals he had consulted 

received from some o f  these physicians and i n s t i  t u t i  ons. (Appendi ces 
G, H, and I ) .  As described i n  the Preface, add i t i o ia l  records were 

was obtained from Mrs. Martha. Al ls, daughter o f  Mr. Harding. 

o Technical i nforrmt i  on was t a i  ned by consul t a  the 
1 i terature. 

o There are gaps i n  the information reviewed because some physicians 
and one hospital could not o r  would not respond t o  the request f o r  
information. (See Appendix I f o r  the l i s  f those t o  whom requests 
were made.) For example, only one physic (of the 18 asked) was even 
p a r t i a l l y  responsive t o  the question about x-ray equipment used. 

However, the relevant records 
o f  three o f  these indiv iduals appeared*in hospital -records o r  the 
occupational medical records from the PGDP. Records o f  three others 
were probably not necessary for  the medical analysis.* The successor 
t o  one of the physicians contacted stated t h a t  h i s  predecessor had never 
seen Mr. Harding. 

For aoout s i x  montns preceding Mr. Harding's death, Dr. W, Jennings 
seemed t o  be accumulating medical records and advising Mr. Harding. 
The DOE f nvestigator .bel ieved t h a t  i f anyone had evidence supporting 
Mr. Harding's medical charges, i t  would be Dr, Jennings. However, 
despite acknowledgement o f  the receipt  o f  the authorized request and 
several promises t o  provide the requested records, Dr. Jennings d id  
not send any infomiation. 

Two addit ional physicians whose records and knowledge might have been 
important are deceased. -Dr .  R. Reeves, a General Pract i t ioner,  kept 
most o f  h i s  information i n  h i s  head rather than on records according 
t o  h i s  successor, Ur. M. Kleckner, a Gastroenterologist, probably knew 
the most about Mr. Harding's stomach problems. Hissrecords could not 
be traced. 

The medical invest igator never met Mr, Harding. He d i d  not have an 
appropriate opportunity t o  discuss Mr. Hardi rig ' s medical h i  story 
wi th  the Harding family as h i s  only meeting .wi th  thein occurred very 
soon a f t e r  Mr. Harding's death. 

used ' t o  

oetween 1953 and 1979. Medical inTom'ation was requested and I 

. obtained through Mrs.. tlarding's attorney. ,Some personal habi t  h is tory  

. 

. 
' Eight physicians d id .not  respond a t  a l l .  

r 

c 

*Dr. D. Boucher, Otolaryngologlst, was apparently seen only once, Drs. F. Simon 
and L. Reese were Dermatologists; Mr. Harding's sk in  problems were well  documented 
froin f i v e  other sources. 

8 
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111. WORK PLACE RADIOLOGICAL SAFETY ANALYSIS k-, 

A. Plant and Work Place Description: 

1)  General 

The Paducah Gaseous Diffusion Plant i s  located i n  McCracken County, 
Kentucky, approximately four miles south of t h e  Ohio River and 20 miles 
east of the confluence of the Ohio and Mississippi Rivers. The Plant, 
which i s  owned by the U.S. Department of Energy and operated under 
contract by Union Carbide Corporation, i s  part o f  a three-stage 
uranium enrichment process. 

The plant s i t e  incorporates a uranium cascade w i t h  an associated 
uranium hexafluoride (UF6) manufacturing plant, a metals and UF6 
to UF4 reduction facil i ty ,  w i t h  decontamination and other support  
facil i t ies.  

The bui ldings i n  which Mr. Harding worked are designated as C310, 
C315 and C335. The bui ldings of particular interest i n  the con- 
text of this report are C310 and C315, the product withdrawal and 
t a i l s  withdrawal bui ld ings  respectively. The C335 bui lding,  referred 
to as the Process Building,  houses part of the process gas diffusion 
equipment. Contamination rarely occurred i n  this bui ld ing  because 
the system operated under negative pressure nd as a consequence, 
equipment seal failures would cause " in  leak gel' to the system rather 
than release of uranium t o  the room air. ti0 ever, some contamination 

This contamination was attributed to material trapped i n  the equipment 
which was subsequently released when the equipment was taken off line. 
Mr. Harding's job function i n  this building was control operator; the 
control room was quite removed from the process equipment area. 

2) Building Layout C310 - C315 
The C310 Product  W i  thdrawal Building is approximately 
size and contains two roll-up doors, one employee access door, and 
double doors to.the storage room. 1 T h i s  building i s  equipped to handle 
two 10 to 14 ton  cylinders a t  any 

The C315 Tails Withdrawal Buildin mtely 53' x 30' i n  size 
and contains four cart  tracks arid product equipment to accomodate 
four 10 to, 14 ton cy1 inders. Four roll-up doors are located In  the 
east  wall to permit sthe entry and exit of the cylinders (note drawing). 
The west wall contains doors to the pump room and control room. Thus, 
there are six pen 

Figure 1 provides the plant layout a t  Paducah. 

did occasionally occur when equipment was be t ng repaired or replaced. 

i 

affecting a i r  current flow i n  the 
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CART TRACK TON POSITION 

ROLLUP DOORS 
DOOR TO 
OPERATING FLOO 

L ,  

3) Process - Buildings C310 - C315 

The operation i n  Buildings C310 and C315 are qu i te  s imi lar .  The 
l iquefact ion i s  accomplished by the compression of uF6 flowing t o  
the bui ld ing f rom the enrichment operation a t  a pressure a t  which 
the UF6 gas can be conveniently l iquef ied.  Af ter  condensing, the 
l i q u i d  i s  allowed to f low i n t o  the cylinders. The product, uF6 
i n  C310, and depleted UF6 i n  C315, i s  drained as a l i q u i d  i n t o  the 
mult i - ton cyl inders through a copper tube referred t o  as a p i g t a i l  
(note drawing, above). When the cyl inder i s  f i l l e d  t o  i t s  capacity, 
the cyl inder and drain valves are closed and the pigta51 i s  evacuated 
and purged. The p i g t a i l  i s  then disconnected a t  the cyl inder valve. 
Figure 2 shows a cyl inder mounted on the track c a r t  and connect d t o  

4) Vent i lat ion - Buildings C310 - C315 

The C310 Building began operation i n  ear ly  1953. The ven t i l a t i on  as 
o r i g i n a l l y  i n s t a l l e d  provided 900 cubic fee t  per minute (CFM) exhaust 
across four registers near the f loor  of the east w a l l .  The ven t i l a t i on  
was modified three months l a t e r  t o  accomnodate loca l  exhaust hood 
posit ions over the p ig ta i l s .  Two o f  the o l d  2-1/2 ton posit ions have 
small hoods w i th  f l e x i b l e  ducts#which are not i n  use but sti’l l remain 
as pa r t  of the exhaust system. .The present ven t i l a t i on  flows are 
approximately 20% greater than the f low rates experienced a f t e r  the 
modifications were o r i g i n a l l y  completed. Wht?e the i n i t i a l  ven t i l a t i on  
modif icat ion (ear ly 50’s) resulted i n  less exhaust ‘than athe o r ig ina l  
design, the changed design and pos i t ion o f  the hood close over the 
cyl inder connection point  resul ted i n  much more e f f i c i e n t  control  o f  

a p i g t a i l .  Figure 3 provides a view o f  the typ ica l  work p1ace.J 7 

L .  

. 

lJ Note: A l l  Figures i n  the repor t  are derived from photographs 
taken i n  March and Apr i l  1980. 
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the residual p u f f  from the p i g t a i l  o r  valve seat leakage. Figures 4 LJ 
and 5 show the hood pos i t ion i n  r e l a t i o n  t o  the cy l inder  disconnect 
point. 

Bui ld ing C315 also began operation i n  ear ly  1953. A t  t h a t  time, 
the ven t i l a t i on  system provided approximately 800 cubic feet/minute 
(CFM) exhaust i n  three registers near the f l o o r  along the west wal l  
and 400 CFM o f  supply discharged about 9' above the f l o o r  from four 
registers. Other make up a i r  entered from the control room and 
through an opening i n  the east wall .  The system was modified two 
months l a t e r  by extending the loca l  exhaust ducts t o  hoods i n s t a l l e d  
above the p i g t a i l  connections. 

5) Work Function 

The C310 and C315 Buildings were normally manned by 1-3 persons w i th  
a crane operator on c a l l  should cyl inder t ransfer involv ing crane 
movements be required. The workers were responsible f o r  completing 
equipment checks , logging equipment data, preparing cyl inders f o r  
f i l l i n g ,  disconnecting and weighing f u l l  cylinders, t ransferr ing 
cylinders, and maintaining cyl inder records. Mr. Harding performed 
a l l  o f  the above functions during h i s  work i n  these buildings. 

Bui ld ing and Equipment Condition 

To obtain a bet ter  perspective on the analyses o f  work conditions 
during Mr.  Harding's employment and t o  assure t h a t  the analyses 
were not prejudiced by improvements since the time Mr .  Harding worked 
i n  these buildings, the investigators were careful  t o  determine and 
allow f o r  the changes t h a t  have been made t o  the bui ld ings i n  question. 

Both C310 and C315 are bas ica l ly  the same s t r u c t u r a l l y  as they were i n  
the 1950's. However, equipment changes have been made over the i n t e r -  
vening years which make i t  d i f f i c u l t  t o  determine safety conditions i n  
the 1950's by evaluating the practices used today. The most s ign i f i can t  
changes i ncl  ude : 

a) Changes t o  the purging system t o  enhance ef f ic iency;  t h i s  mini- 
mizes the "puff"  during the disconnect procedure. 

b) The i n s t a l l a t i o n  o f  an " inter lock" system t o  prevent the withdrawal 
o f  the cyl inder before the p i g t a i l  has been disconnected. I n  
the ea r l y  f i f t i e s  before the i n te r l ock  system was instal led,  a t  
l e a s t  three major releases resulted from cy1 inders being withdrawn 
while s t i l l  connected t o  the p i g t a i l .  

I n  part, because o f  the d i f f i c u l t i e s  these changes cause i n  evaluating 
Mr. Harding's charges, a t e s t  was conducted i n  an e f f o r t  t o  reconstruct 
e a r l i e r  working conditions. This t e s t  i s  f u l l y  described on pages 
30 - 35. 
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L.l B. Worker Interviews : 

Mr. Harding volunteered the names of 26 workers who had been employed a t  
the PGDP dur ing  the period 1951-1970. He suggested t h a t  these individuals 
be interviewed t o  detehnine their views on p lan t  working conditions. 

Efforts were made t o  reach all  of these individuals dur ing  the investigation 
team's visit to  Paducah; however, some of those suggested could not be 
located i n  Paducah or its vicinity and others declined t o  be interviewed. 
Seventeen of the suggested individuals were contacted and agreed t o  be 
interviewed. Of the seventeen, thirteen current employees were interviewed 
i n  the PGDP administration conference room; four individuals have retired 
and were interviewed a t  their homes. 

While i t  is possible t h a t  some current o r  former employees may have f e l t  
constrained from being totally frank by the nature of the interview and 
i t s  subject, efforts were made to  encourage candor by interviewees. Atten- 
dance was limited t o  the person interviewed, the three members of the DOE 
Headquarters investigation team and two members of the Oak Ridge Operations 
Office staff .  Confidentiality was promised t o  the interviewees; permission 
was obtained t o  tape the interviews w i t h  the understanding t h a t  the names 
of ind iv idua l s  would not be revealed under any circumstances. While they 
were informed o f  the-basis for the interview - i.e., Mr. Joseph Harding's 
allegations and the Department's investigation - they were not asked to  
comment directly on Mr. Harding's specific concerns. Rather, each person 
interviewed was asked for h i s  own views on the radiological safety con- 
d i t i o n s  during the period 1951-1971. I t  was emphasized t h a t  the interview 
was focused on safety conditions during t h i s  period i n  the past  and not on 
current p l a n t  practices. 

To minimize subjectiveness i n  the subsequent analysis of the taped inter- 
views, four DOE staff members jointly sununarized the views of each worker. 
All those involved were conscious of the necessity to  avoid discussing or  
retaining written records of the interviews which  migh t  compromise the 
anonymi ty of the i nterviewees . 
The staff participating i n  the sumnary analysis were: 

, 

Carol Jolly - Special Assistant t o  the ASEV 
Eric West - Consumer Impact Specialist, Office of Consumer Affairs 
Ferman Stubblefield %- Manager, Hazardous Materials Programs , Operational 

Edward Vallario - Assistant Chief/Manager, Health Physics Programs, 
and Envi ronmenta l  Safety Division . 

Operational and Environmental Safety Division 

To further assure the privacy of those interviewed, the workers are coded 
and the sumnaries do not follow the order o f  the actual interviews. 

1 )  Summary of Interviews 

GIorker A 

Started work i n  the Cascade Area (Buildings C310 and C315) i n  1952. 
\ 

d j  
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While he generally f e l t  tha t  safety was adequate, he expressed 
reservations about h i s  a b i l i t y  t o  form a sound judgement on t h i s  
matter. Small releases resu l t ing  -from the disconnect o f  the 

were th ree  large releases during the t o t a l  t i m e  he was, there. 
Employees were instructed on. how t o  respond i n  the event o f  a leak. 
Safety equipment was avai lable f o r  t h e i r  use. Protection coveral ls 
and safety shoes were used i n  place of personal 
general impression was tha t  the safety program 

Worker B 

- - p i g t a i l  from the cy l inder  occurred every 2-3 days a t  C315. There 

Started work i n  Cascade operations i n  l a t e  1953 pr imar i l y  i n  
Buildings 337, 333, w i th  occasional job tasks i n  Buildings C310 and 
C315. There were step-by-step operational procedures f o r  the ex- 
t rac t ion  o f  UF from cylinders. Large releases were estimated t o  
occur about'3, t imes per year; t h i s  was a t t r ibu ted  i n  large measure 
t o  equipment fa i lure.  Small leaks only occurred when operators d id  
not adhere t o  proper disconnect procedures, i.e., pupge o f  the system: 
I n  the event a leak did-occur, they wore coveralls, rubber gloves, 
respirators, and shoe covers - a1 1 were subsequently decontaminated. 
Regarding ur inalysis,  he knew nothi'ng about the procedure except tha t  
workers were monitored. 
cylinders. However, use o f  safety equipment was not enforced, p r imar i l y  
due t o  insuff icent health physics s ta f f  for t h i s  purpose. 

There was t ra in ing  i n  safety. Responsibi l i ty f o r  measuring rad iat ion 
was delegated t o  the worker. .However, he f e l t  he was not capable i n  
t h i s  area and t h i s  may have been a weak spot i n  the p lan t ' s  safety 
system. Gene 1 impression: "Things are a l o t  be t te r  today than i n  

Worker C . 

Started work ,'in 1951 orked closely w i th  Harding during the 
l a t t e r ' s  en t i re  serv He agreed tha t  conditions described by 
Harding were possibl example, "blue haze" and dust on the 
f l o o r  could have occurred--however, t h i s  was not  a continuing o r  
ongoing condit ion but  rather the exception. 'Safety procedures and 
equipment were always available--workers were t o l d  what t o  watch for. 
He noted that  there were no ongoing job hazard analyses .conducted. 
There was no enforcement of safety procedures o r  equipment usage-- 
t h i s  was l e f t  t o  

Respirator use was required ' i n  changing 

' the 50's. ' ' -  

g - mostly operational. 

He noted tha t  there were?acid fumes i n  C340 which 

f o r  over ten years. Helped s t a r t  up C310 and C315. Responsibi l i t ies 
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involved changing of seals i n  compressors as wel l  as the cut-out of 
convertors from l i n e s  i n  the Cascade Buildings and C310 and C315. 
They were aware of hazards and were instructed t o  use respirators. 
Observed on occasion tha t  some d i d  not adhere t o  the respi ra tor  
procedure. Supervisors d i d  enforce safety procedures and there 
were safety refresher courses. Health Physics s t a f f  d i d  not 
monitor regular ly but were avai lable upon request. Ur inalysis 
data and personnel monitoring were avai lable t o  the worker upon 
request. 
bot t les t o  obtain addit ional ur ine samples. 

Worker E 

Started i n  l a t e  1952 and i s  s t i l l  employed a t  PGDP. Hired as 
Cascade operator and worked f o r  a short t ime i n  C310 and C315. 
Did receive rad iat ion safety' training. Workers were made aware of 
dangers. Small leaks d i d  occur i n  C310 and C315 when the p i g t a i l  
was disconnected. Respirators were required and he had h is  own 
assigned respirator; maintenance o f  the respi ra tor  was l e f t  t o  
the worker. A l l  kinds o f  safety equipment were avai lable t o  
the workers. The general safety program was "pret ty  adequate. I' 

He worked wi th  Joe Harding f o r  a short time. 

Worker F 

Started work i n  ear ly  1952 as a Cascade operator. He worked i n  
Bui ld ing C310 and C315 and indicated tha t  safety procedures and 
working conditions i n  these bui ldings have changed very l i t t l e  over 
the years. He recal led hardly any incidents o f  leaks, small o r  large. 
There were a few unpreventable accidents. His impression was t h a t  
Union Carbide Corporation (UCC) took adequate steps t o  clean up and 
decontaminate a f t e r  the accidents. Safety procedures and dangers 
associated wi th  tasks were known and stressed. Safety equipment 
and c lo th ing was provided. Nevertheless, the use o f  respi ra tors  
and other equipment was voluntary. Such things as showers a f t e r  
work were stressed but not required. Ur inalysis was regular. I n  
response t o  a question concerning h i s  exposure he indicated that 
he d i d  not know what h is  exposure was. He noted t h a t  the UCC took 
every precaution t o  make the place safe. 

He reca l l s  some instances where workers were given sample 

Worker G 

This worker started a t  Paducah i n  l a t e  1952 as a maintenance mechanic. 
He worked i n  C310 and C315 and reca l l s  receiving rad iat ion safety 
instruct ion.  The standard procedure i n  the event o f  an inadvertent 
release was t o  leave the area. He had mixed feel ings about safety, 
but  d i d  note t h a t  they operated by Special Work Permit. He f e l t  
t ha t  UCC t r i e d  t o  do an adequate j ob  u'nder the conditions. He made 
the comment tha t  Bui ld ing 310 was the worst bu i ld ing they had f o r  
safety. He d i d  not fee l  he could comment on the frequency o f  accidents. 
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Worker H . , 

Worked a t  PGDP i n  the ea r l y  1950's. He observed minor releases due t o  
equipment fa i l u re .  klork seemed safer i n  ear ly  days than a t  present 
because i t  was a new program and greater caution was exercised. 
Respirators were worn rou t i ne l y  and not  l e f t  up t o  the workers' judge- 
ment bu t  d i rected by the supervisor. Workers "had t o  fo l low prescribed 
procedures even i f  they d i d  not want to." 

klorker I 

This worker began employement a t  PGDP i n  l a t e  1952. He worked as a 
Cascade operator f o r  over 20 years. I n i t i a l  t r a i n i n g  d i d  include 
rad ia t ion  protect ion which stressed use o f  equipment. Procedures 
were i n  place and included Special Work Permits which speci f ied 
rad ia t i on  protect ion requirements f o r  the task. Most supervisors 
enforced safety  procedures but there were some deviat ions on the 
p a r t  o f  the workers. I n  h i s  opinion; safety  pract ices were not 
as good i n  the ea r l y  days as today la rge ly  because equipment and 
personnel were less available. Workers were t ra ined i n  the selec- 

* t i o n  and use o f  resp i ra to r  equipment. Most employees showered before 
leaving the p lan t  s i t e  as recommended by UCC. Workers were not  asked 
t o  do a job  t h a t  was considered unsafe. The frequency o f  leaks was 
low but  they d i d  sometimes occur when changing cyl inders.  He r e c a l l s  
6 f a i r l y  s izable releases i n  to ta l .  He reca l l s  one inc ident  where 
he observed HF droplets on h i s  helmet coming from the exhaust stack 
and another case where he sustained an ac id burn from HF. 

Mor ker J 

This employee s ta r ted  working a t  UCC i n  la te '  1952. He had over 25 
years o f  continuous service. He received operations and rad ia t i on  

. safety  t r a i n i n g  . Procedures were avai 1 ab1 e and used. Supervi sors 
required operators t o  use safety equipment which included the wearing 
of respirators.  He f e l t  t h a t  safety has improved since the 1950's 
and 1960's. For example, the present " a i r  pack" mask i s  be t te r  than 
the o ld  army assaul t  mask which had a tendency t o  fog and l i m i t  v is ion.  
Safety was adequately stressed throughout h i s  work experience. He 
d i d  not r e c a l l  any requests t o  p e r f o g  assignments t h a t  were unsafe. 

changed. A couple o f  major releases were experienced and dust would 
s e t t l e  on the f l oo r .  This was immediately cleaned up. The work 
environment d i d  not rou t i ne l y  contain dust. A i r  samplers ( f i l t e r s )  
were changed every s h i f t ,  placed i n  a f i l t e r  box and picked up by 
the laboratory f o r  analysis. The worker was unaware o f  the resu l t s  
o f  ' the analyses. 

- .There were a few small releases t h a t  occurred when cy l inders were 

Started work i n  early 1952. Performed' the funct ion o f  Cascade operator 
f o r  over 15 years and then moved i n t o  a supervisory posi t ion.  Small 

'releases were seen "on occasion." ' "However, not  every day o r  every W 
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u week." Radiation safety t ra in ing  was adequate; workers .were in- 
structed i n  safety through a continuous safety i ns t ruc t i on  program. 
Safety was one of the f i r s t  words he heard and i t  has always been 
stressed by UCC. Workers were aware o f  hazards through the great 
emphasis on safety. Supervisors were responsible f o r  assuring t h a t  
workers were informed on safety. The main dif ference between the 
program i n  the 1950's and today i s  increased documentation require- 
ments now leading t o  greater at tent ion t o  areas o f  safety 
noncompl iance w i t h  safety procedures was rare. Respirato 
was avai lable and used. Workers were encouraged t o  showe 
shoes before leaving the p lant  s i te.  

Worker L 

Worked f o r  a short time i n  the ear ly  50's but grew increasingly 
concerned about the potent ia l  cancer causing nature o f  the material 
they were working with. 
nitude t o  make v i s i b i l i t y  i n  the room d i f f i c u l t .  Workers cleaned 
the area a f t e r  stopping the leak. He had 6-8 weeks o f  t ra in ing. 
Supervisors were safety conscious and concerned about safety. 
There was some t ra in ing  i n  the use o f  respirators but he was advised 
tha t  the respirators were only s l i g h t l y  ef fect ive.  Respirator. use 
was not enforced. The company provided clothes a t  a l l  times and 
he always showered a f t e r  work. He noted small releases o r  puf fs  
each time the cyl inder was changed. There was no monitoring while 
the cyl inder was being changed. No one put pressure on them t o  do 
the job rapidly. 

Experienced 2-3 releases o f  s u f f i c i e n t  mag- 

Worker M 

Started i n  e a r l y  1951 as a supervisor i n  Bui ld ing C310. He received 
some radiat ion safety t ra in ing  i n  the course o f  operations t ra ining. 
They were not extensively trained i n  use o f  instruments but d i d  not 
have much occasion t o  use the instruments--general l y  monitoring was 
done by the health physics staf f .  Reports based on sampling were 
provided t o  area supervisors and next leve l  supervision., The 
workers were informed o f  the safety hazards. Supervisors insured 

there were more frequent UF6 releases. During the period 1950-1960 . 
the frequency o f  minor releases averaged one/week. 
operations , workers generally complied w i th  safety procedures. Some, 
on occasion, d i d  not comply. Overall, safety was good during the 
period 1950-1960. However, today's program by comparison, demonstrates 
improved safety equipment, be t te r  maintenance, and fewer small releases. 

Worker N 

Started work i n  ear ly  50's. Observed 2-3 releases per day and 
massive releases i n  Bui ld ing 410. Most commonly released was the 
hazardous material hydrofluoric acid which he experienced and 
which resul ted i n  throat  i r r i t a t i o n .  Operators T d i d  t h e i r  own 
monitoring. I n  one case he was concerned about h i s  exposure a f t e r  

that  procedures were complied with. During startup o f  the p lan t  1 

During rout ine 

1 

u 
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working on e c i f i c  a c t i v i t y  4 hours; he was subsequently 

.* played"--workers were not advised o f  dangers. There were,many HF 
releases and Vespirator equipment -was inef fect ive i n  protect ing the 
worker against HF., Buildings and s i t e  trucks were etched by HF. 
He noted tha t  UFg releases 'were large'enough t o  require shovels 
to dispose o f  the material. Large releases were vented outside the 
f a c i l i t y .  A t  f i r s t  the company d i d  not provide c lo th ing u n t i l  the 
union negotiated the' matter. 'Emphasis was placed on ge t t ing  the 
job  done rather than on safety. Also concerned about asbestos 
hazard a1 though he was advised there was no hazard. Bel ieves tha t  
the company i f i e d  safety records. 

dv ised ' that  he should no t  have 
emwas never advised o f  h i s  exposure level .  F e l t  hazard was "down 

en exposed f o r  more -than 10 minutes. 

Worker 0 . 

Start& i n  the f i r e  dkpartment i n  1952 w i t h  pr inc ipa l  assignment 
t o  respond t o  emergencies. He d i d  not observe any evidence of 
hazards and f e l t  t ha t  generally i t  was a safe place t o  work. 

i i  

Worker P 

This worker started w i t h  UCC i n  mid 1951 i n  the power- department. 
both operations and rad iat ion safety t r a i n  

tha t  t ra in ing  wa equate. Safety procedures and use 
equipment was r e  
I n  the 1960's'he 
releases occurred about once per mo 
smoke from the disconnected p i g t a i l  
response squad and was aware o f  safety procedures. A l l  members o f  
the squad had respirators. Most o f  the emergency response actions 

ed and enforced 6y f i r s t  l i n e  supervision. 
ked i n  Buildings C310, C315 and C333. Small 

of a puff of 
the emergency 

f i r e s  and ra re ly  involved radiological  con- 
pressed w i th  the safety  programs 
ndivjdual i n i t i a t i v e  was be t te r  then. 

However, safety conscientiousness and enforcement varied from s h i f t  
t ft; . comp 0 ety emphasis was not  as strong. 

Started i n  1952., As a power ptant  operator, he#-work 
bui 1 d i  ngs 'i hcl  udi  ng C310 and C315. I He 'was impressed 
praktices and ' fe l t  t h  
though he 'was'not'direc era1 releases. 

and three f e l t  t ha t  general safety conditions were inadequate. u 
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o Twelve commented tha t  small, observable puffs d id  occur when 
the p i g t a i l  was disconnected. 
"small puff.")  O f  these twelve, six also noted t h a t  large releases 
occurred w i t h  frequency ranging from 3-6 releases i n  total. One 

' additional worker commented about occasional 1 arge re1 eases. 

o Thirteen workers noted that radiological safety t r a i n i n g  was 
stressed by UCC. 

o Radiological safety procedures did exist according to  twelve 
workers; six workers f e l t  t h a t  the use of such procedures was 
voluntary. 

o Generally, the use o f  respirators was stressed b u t  their routine 
use was voluntary and l e f t  t o  the discretion of the worker. 

o Nine workers noted t h a t  there was a good degree of safety aware- 
ness a t  PGDP. 

o Three comnented on the unavailabil i ty of the health physics staff .  

In general , approximately three-fourths of the workers interviewed 
felt t h a t  safety conditions between 1950-1971 were satisfactory. 
Based on the statements of the workers, al l  of the elements o f  a 
radiological safety program were i n  place, i.e. ava i lab i l i ty  of 
equipment, procedures, and training. However, the enforcement 
protocol w i t h  respect t o  safety procedures was deficient. 

(See page2 for a definition of a 

C. Analysis of Procedures and Practices: 

1 ) Operational Characteristics 

An analysis o f  relevant operations and potential "release rates ,'I 

reveals tha t  two types o f  situations released uF6 to  the air :  

i )  A puff of UF6 was experienced during the normah disconnect 
process, i .e., disconnecting the p ig t a i l  from the cy1 inder 

. following the purge procedure. The puf f  occurred i n  those 
cases where the pigtail had been inadequately purged, and 

i i )  A large release occurred when the p i g t a i l  line broke loose from 
the cylinder, for example when the cylinder was moved before 
the p ig ta i l  was disconnected. Such releases occurred on a t  
least three occasions during the 1950's and 1960's. 

Characteristically, when UF is exposed t o  the atmosphere, S t  . 
reacts w i t h  water vapor to  F om uranyl .fluoride fume and hydrogen 
fluoride. The reaction i s  expressed as: 

UF6 (gas) + 2H20 (gas) -+ UO2F2 (solid fume) + 4HF (gas) 
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I f  a leak were t o  result i n  a UF6 gas concentration of 1 part per 
mill on (ppm), there would be 4 ppm of HF produced from the reaction. 
One ppm UF6 is equivalent to 10 milligrams per cubic meter o r  50 times 
the concentration guide for uranium w h i l e  the 4 ppm HF is only s l i g h t l y  
higher than the ,Threshold L i m i t  Value (TLV) for HF (i .e. , 3 ppm). 

Thus, worker protection ' f rom uranium was fe l t  t o  be the overriding 
consideration; to  assure comfort as well as protection for the small 
puff case, half-face dus t  respirators were specified and required. 
I t  appears, however, that use of such respirators was generally 
left  to  the discretion'of the workers. 
fu l l  face respirators equipped w i t h  canisters were readily available 
and required. 

Policy, Procedures and Standards for Operation 

In general, the Paducah Gaseous Diffusion Plant radiological safety 
program during the 1950's was based on the need t o  comply w i t h  
limits for radiation exposure recommended by the National Council 
on Radiation Protection and Measurements (NCRP). These limits 
were : 

a. Penetrating Radiation 

In the case of large releases, 

2) 

Gam and X-ray Total body 300 m i l l i r e m  (mr)/week 
. Hands and feet 1,500 mrlweek 

Eyes 300 mr/week 

Hands and feet 1,500 mr/week 
Eyes 300 mr/week 

Neutrons 300 mr/week 

PGDP Procedures 141 dated September 2, 1954, required that following 
an accidental exposure greater than the above limits, action was 
required to assure that a minimum exposure was maintained u n t i l  the 
individual 's. average weekly exposure das well below the average 
permissible exposure. 

b. Airborne Concentration '. 

Beta Total body 600 millirem (mr)/week 

The maximum allowable a i r  concentration for uranium was 0.07 
mg/m3, or  f o  normal uranium 100 disintegrations/minute/cubic 

reasonable effort  to maintain airborne concentrations to  1/10 
the maximum allowable concentration. These limits were- 
plant derived but were,obtained from the National Council on 

r Radiation Protection and Measurements (NCRP) recommendations as 
reflekted i n  the National Bureau of Standards (NBS] Handbook 
852, March 20, 1953. 

meter (d/m/m 5 ). Procedures required that operations make every 

. 
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c. Surface Contamination 

PGDP established 1 i m i t s  f o r  contamination contro l  spec i f i c  t o  
hands, body, skin, personal c lothing, personal shoes, con- 
tamination c lothing, respirators,  and surfaces. The l i m i t s  are 
speci f ied i n  terms o f  counts/minute. 
Procedure #41.) The contamination control  1 i m i t s  spec i f i ca t ion  
are complete i n  scope bu t  have two def ic iencies:  

1. L imi ts  were speci f ied i n  unts/minute (c/m) which i s  a 
d i r e c t  instrument reading. A more meaningful quant i ty  
spec i f i ca t ion  would have been d is in tegrat ions per minute 
(d/m) which i s  a source corrected value more c lose ly  
quant i fy ing the contamination leve l .  

(Note Appendix 8, 

bj 

2. The 1 i m i  t s  should have been expressed i 
area, e.g., d/m/100 an2., . 

d. Ur ina lys is  

The exposure status o f  any worker was evaluated when i t  was 
determined tha t  the worker exceeded the invest igat ional  leve ls  
of 90 micrograms (0.06 mg/l) per day excret ion r a t e  as 
determined by a s ing le  sample analysis, o r  50 micrograms 
(0.034 mg/l) per day as determined f r o m  the average of a l l  
u r ina lys is  resu l ts  w i t h i n  a calendar quarter. A ser ies o f  
r e c a l l  samples ind ica t ing  an excret ion r a t e  less than 20 
micrograms per day from exposure t o  r e l a t i v e l y  soluble uranium 
compounds was considered as i nd i ca t i ve  o f  an i n s i g n i f i c a n t  
body burden. This was determined t o  be less  than 10% o f  the 
maximum permissible dose (MPD) r a t e  t o  the bone and kidney. 
A s im i l a r  ser ies o f  r e c a l l  samples ind ica t ing  an excret ion 
ra te  less than 12 micrograms per day from exposure p r imar i l y  
t o  r e l a t i v e l y  insoluble compounds o f  uranium was considered as 
i nd i ca t i ve  o f  an i n s i g n i f i c a n t  lung burden. This was deter-  
mined t o  be less than 20% of the MPD rate.  The ana ly t i ca l  
procedure f o r  the determination o f  uranium i n  u r ine  . i s  contained 
i n  PGDP-IH-7 dated September 9, 1957. (Note Appendix C.) The 
procedure i s  consistent w i t h  s ta te-of -ar t  methods. The ac t ion  
leve ls  were derived based on permissible dose t o  the c r i t i c a l  
organ for uranium (bone) as recommended by the NCRP i n  NBS 
Report #52 dated 1953 superseded by NBS Report #69 dated 1959. 

e. Radiation Safety Program 

Pol icy  - Procedure PGDP #31 dated.Apri1 7, 1952, was a lso 
reviewed. This procedure c l e a r l y  delineated the rad ia t ion  
safety program respons ib i l i t i es  o f  the worker, supervisor, 
Health Physics Department, etc. The respons ib i l i t i es  o f  the 



1 uate such programs per iod ica l l y  

aining personnel t o  protect  
t o  radiat ion. 

6. To ass is t  l i n e  supervisors i n  in te rpre t ing  and 'applying 
ed c r i t i c a l i t y  standards and t o  ac t  as l i a i s o n  i n  
nvol ving c r i t i c a l i t y  safety considerations. 

Records indicate tha t  Union Carbide d id  have procedures i n  place 
f o r  a rad iat ion safety program and tha t  respons ib i l i t i es  under 
t h i s  program were wel l  defined. However, i t  i s  questionable 
whether the Health Physics Department was able t o  maintain an 
e f fec t i ve  overview o f  each bui ld ing because o f  i t s  l im i ted  
s taf f ing;  the en t i re  Health Physics s t a f f  was comprised o f  4 t o  
5 health physic ists responsible f o r  Covering the t o t a l  p lan t  
s i te. .  Due t o  these s taf f ing constraints, i t  i s  questionable 
whether they were able t o  give appropriate technical a t ten 
t o  special pro 

f. 

ndence dated Nove 
M.D. - note Append 

ng. The frequency 
15 was estimatedlto b 

he sampl i n g  system i n  C310 and C3 
epicted i n  Figure 6.. 

s located i n  a 
n diameter and the un 

a l l y ,  a i r  sampling . This f ind ing  con 
mnittee report  dated Apr i l  16, 1957, by .  . Sapirie, Manager, Oak Ridge Office; wherein 

d tha t  Paducah was placing undue emphasis on 
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h-, 

bioassay t o  an extent t h a t  minimized t h e  importance and value 

extensive da i ly  a i r  sampling and analysis  program i n  order t o  
provide a d a i l y  assurance that  a i r  concentrations were w i t h i n  

ince routine ur ina lys i s  a t  Buildings C310 and 
l y  basis, there should'have been a more 

' g. Exposure Control 
1 

External exposures were estimated by film badge monitoring. 
Pr ior  t o  1961, only those employees whose exposure potent ia l  
was g rea t e r  than 25% o f  the radiat ion protect ion standard 
were monitored. Mr. Harding and the other operators  i n  C310 
and C315 were monitored during the l a s t  half  of 1955 and e a r l y  

l p a r t  o f  1956 on a t r i a l  basis t o  determine if  monitoring of the 
withdrawal area operators was a1 so j u s  ti  f ied. The exposure resul t s  
were below 25% o f  the exposure guide. However, t h i s  study'should 
have been done a t  the start of operations since the determination 
of  need f o r  operator  monitoring was dependent on i ts  results. 

As noted previously, the rad ia t ion  standards f o r  external exposure 
were: 

1. S k i n  dose - 10 rem per quar te r  and no more than 30 rem 
per year;  

2. Whole body - 3 rem per quar te r  w i t h  t o t a l  employment dose 
not t o  exceed 5 rem times number of years beyond age 18. 

Radiation exposure records were maintained by UCC a s  a matter of 
rout ine fo r  each p lan t  employee. Copies of a l l  of Mr. Harding's 
exposure records provided t o  him by the company were given t o  the 
DOE inves t iga tors  when Mr. Harding v i s i t e d  the Department in 
November 1979 and appear here a s  Appendix E. The inves t iga tors  
have no reason t o  question t h e  au thent ic i ty  of these recor 

According t o  these records,  Mr. Harding's exposure a t  no time 
exceeded any of the guide figures. The exposure was low; and 
t o t a l  gamma exposure for thirteen years  o f  film badge monitoring 
d id  not  exceed t h a t  permitted f o r  one year  (4.94 t o t a l  rems com- 
pared to  the allowable 5 rems/year), The t o t a l  sk in  exposure f o r  
the thirteen years  was much lower than the qua r t e r ly  gui.de f igu re  
(5.70 t o t a l  rems compared t o  10 rems allowed per  quar te r  year) .  
I t  should a l s o  be noted t h a t  there is no first quar te r  1968 en t ry  
due t o  Mr. Harding's absence from the p lan t  following surgery. , 

Results o f  his internal  exposure moni t o r ing - sh  
nificant levels. The record shows he was involved 
releases .  The follow-up urine samples' taken a t  t h  
ind ica te  there was no s ign i f i can t  body re ten t ion  o f  uranium. 
Appendix E includes a summary and de ta i led  record of his ur ina lys i s  
results. 

. 

rather insig-'  
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h. Atomic Energy Commission (AEC) Safety Overview o f  PGDP 

Health and safety requirements were incorporated i n t o  the , 
o r ig ina l  contract  f o r  the operation o f  the plant.  
radiological  safety inspection o r  appraisal progra 
intended t o  assure compliance with po l i cy  codes and standards 
as se t  f o r t h  i n  the contract  requirements was not  formally 
i n i t i a t e d  u n t i l  1961. While the Oak Ridge Operations Of f ice 
(ORO) d i d  have two heal th physic ists on the s t a f f  i n  1952, they 
were p r inc ipa l l y  concerned w i th  budget and programs (pa r t i cu la r l y  
for  Oak Ridge National Laboratory). The radiological  safety 
program f o r  contractor f a c i l i t i e s  was pr imar i l y  "problem oriented.'' 

On December 15, 1961, the Oak Ridge Of f ice d i d  look i n t o  the 
de ta i l s  of the a i r  sampling program a t  Bui ld ing C310 and C315 
and recommended the i ns ta l l a t i on  o f  instrumentation t o  detect 
UF6 leakage i n  the event o f  a rupture. However, the de ta i l s  
o f  the t o t a l  heal th physics practices a t  these bui ld ings i n  
par t i cu la r  were reviewed only i n  part.  

The AEC Div is ion o f  Operational and Environmental Safety during 
the conduct o f  i t s  appraisals o f  OR0 d i d  not discover t h i s  
deficiency i n  the OR0 program. Thus, the deficiency prevai led 
both a t  the f i e l d  and Headquarters leve l .  

? 

0. Findings and Conclusions 

Al legat ion #l i s  stated as a d i r e c t  quote from Mr .  Harding's statement 
as reported i n  The Progressive* and as stated a t  h i s  November 1979 meeting 
w i th  Department o f  Energy representatives. A deta i led discussion i s  pre- 
sented f o r  t h i s  par t i cu la r  a l legat ion since Mr. Harding's other concerns 
are dependent on the contention tha t  rad ioac t iv i t y  was present on a rout ine 
basis i n  large amounts. A1 legations #2-#8 represent addi t ional  concerns 
expressed by Mr.  Harding a t  the DOE meeting. 

A1 legat ion #1 

Li 

Discussion : 

Normally, as noted i n  Section I11 C (1), the design and corresponding 
operational character ist ics o f  Buildings C310 and C315 d i d  not r e s u l t  
i n  many large releases of rad ioac t iv i t y  t ha t  would have caused'high 
exposure o f  the workers. As a f i r s t  look i n t o  t h i s  question, the 

/ 

*Progressive, January 1980 ii 
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. I  

appropriate records and determined that 
reasonably good bioassay and survey .procedures were , i n  place to  assess 
exposure. - Urinalysis was performed immediately af ter  an accidental 
release and worker exposure infomation was inferred from the urinalysis 

Sent to evaluate exposures 
which occurred dur ing  the disconnection 

o f  the pigtail from ;the .UFg .cylinder-. Moreover, there was reasonable 
doubt that low level ,exposure that potentially migh t  have resulted from 
the routine ?disconnecting operation ,performed during the month would 
be detected from a monthly urinalysfs program. . This  doubt arises from 
the .high so lubi l i ty  o f  the UO2F2 and short biological residence time. 

Therefore4 .the investtgator conducted a mock-up test i n  -8uildings C310 
and C315 to duplicate operating conditions i n  the early 50's: To assure 
an independent -assessment _of .the sampling procedures, Dr. Melvin First of 
Harvard University was retained - to  assess, modify as -appropriate, and 
approverthe btest .protocol. .The services o f  Mr. Roger Shaw and Mr. John 
61 issmeyer, .sampl Sng specialists from Battel le Northwest Laboratory , 
were obtained to perform the actual sampling Land sample counting. 
Specialized a i r  sampling equipment was transported . -  . from Battelle 

s t s  was to  determine the 
effectiveness of the ventilation and the potential availability 
of uranium and hydrofluoric acid concentrations i n  the air  for * 

worker exposure. 
The primary objective of pl ing  was strong indica- 
. t ive ,evidence ,of :the airborne uranium w i t h  a minimal effort  to 

* .two ,large rooms .in which Xransfe 
.ducted (see -discussion .on pages 

t %he most 'crucial location--that of -the disconnect region where 
disconnection. The 

' . L  
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rooms are l a rge  and subject to  transient a i r  cur ren ts  as doors 
are opened and closed. Completely adequate sampling would have 
required a long-term sampling protocol which would have allowed 
a l l  the var iables  t o  occur over an  extended period of climatic 
and operational conditions. 

Mr. Vallario, Dr. First and Mr. Glissmeyer agreed ' tha t  three 
types of samplers would be used-a lapel  sampler, a high- 
volume sampler, and a breathing zone sampler. I t  was decided 
t h a t  a lapel sampler would be worn by the individual making 
normal disconnects i n  each of the buildings, C310 and C315, 
during the e n t i r e  shif t .  The readings from the u n i t s  would 
ind ica te  the maximum exposure the operator would experience 
if he performed h i s  disconnect function without a respirator. 

Li. 

The.high-volume samplers would also be on f o r  an e n t i r e  s h i f t .  
Since they would be located a t  various pos i t ions  within the 
withdrawal area,  they would represent  average general room a i r  
concentrations over an eight-hour period. The test runs were 
conducted.under varying r o o m  a i r  flow conditions.  This  var i -  
abi l i ty  was achieved by conducting the test w i t h  access doors i n  
open and c7osed posit ions.  

The placement of samplers, the durat ion of the  sampling run, and 
the incorporation i n t o  the test of some o f  t h e ' v a r i a b l e  features, 
such as opening doors during some parts of the runs ,  was intended 
to produce some of the variables  that would have resulted from a 
long-term sampling protocol . 

a 2) . Sampl i ng Strategy 

a(2)A. Routine Operations Sampl i n 9  

Three d i f f e r e n t  kinds o f  a i r  samples were taken  during the 
rout ine  operations performed by assigned shift 'workers. 

Personal a i r  samplers. A lapel  sampler was worn by 
the operator who Performed the product and t a i l s  
t r a n s f e r  operations.  f ie  lapel sampler was worn 
throughout t h e  e n t i r e  working shift over a period 
of  f i v e  t o  e i g h t  hours. The operator was ins t ruc ted  
to  remove or  turn  off the l ape l  sampler when i t  became 
necessary for him t o  e n t e r  areas of poten t ia l  a i rborne 
contamination that had not ex is ted  i n  the 1950s. An 
accurate log of the running time of the lapel samplers 
was maintained. 

Room a i r  samples. High volume mom a i r  samplers were 
placed a t  strategic loca t ions  chosen to be as represen- 
t a t i v e  as possible of areas which may be occupied rout inely.  
Three o r  four samplers were operated for 6-7 hours during 
the shift. Three samplers were i n  Room C310 and four  i n  
Room C315, as shown i n  Figures 7 and 8. \ u 
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Breathing zone sampl es. The breathi e of ' the 
tor was sampled .while he was i n  the process of 

ng the disconnect. As indicated above, the jmmed- 
breathingzone o f  the operator is ventilated by a 
rrangement a t  each loading cy1 inder station. 

were conducted wi th  
ture velocity. Small p 
reas around the pigtail 
worker were sucked t duct, There 
ses i n  the 315 Building, cylinder dositions 2 
a puff of smoke generated at'waist level of 

a worker resulted i n  some driff o u t  into the room as well 
haust.. , This  was particularly the. case when 

conducted w i t h  the four roll-up doors 
e'there was a breeze that-  

to  -create a. cross current i n  the - 
here' the transfer 1 ines t o  the cy1 inders were 

located. Generally, the breathing'tone samplers were located 
between the hood and the valve connecting the cylinder and 

' ,the p i g t  the stream o f  a i r  being 
drawn .,in ood. These breath zone samplers were 
operated for up t o  30 minutes after the pigtail was discon- 

hough not directly 

leases were performed 
i n  a manner to  simulate a puff  release while the cylinder was 
i n  position for a UFg transfer. The UFg puff  was released 
imnediately adjacent t o  the pigtail valve connection a t  the 
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a( 3). Countinq Procedures 
LJ Following the sampling run, the high ~olume f i l t e r s  were 

carefully transferred to plastic containers and transported 
t o  the Union Carbide counting room for counting on alpha ' 

particle counters. The filters were l e f t  i n  covered holders 
u n t i l  removed for counting. Filters were then returned to  the 
holder for further handling. PNL personnel witnessed a l l  
counting performed by the Union Carbide employees, and reviewed 
and calculated results according t o  Union Carhide efficiency 
determinations of the counting 'equipment and correction factors 
for counting the specific f i l t e r  used. A l l  samples were held 
for a t  least six hours t o  reduce alpha particle contribution 
t o  the count from natural radioactive materials which were 
also collected on the filters. T h i s  is conservative since 
s i x  hours decay is sufficient t o  assure that a l l  natural alpha 
emitters had decayed to insignificance (compared t o  the true 
count from uranium). A l l  a i r  samples were counted for five 
minutes twice i n  consecutive counts. 

After counting, the samples were sealed and transported to  
Richland, Itlashington, where they were placed i n  a vault u n t i l  
they were once again removed for  counting a t  Battelle Laboratory. 

Appendix F explains i n  detail the methods used to acquire samples 
and perform subsequent radiometric steps t o  determine airborne 
concentrations of urani urn. 

A l l  samples were counted twice for  reliabil i ty while on site, and 
verified by additional counting a t  Battelle. Statistical errors 
were not determined. However, comparison between the site counting 
and Battel le verification counting showed that no gross differences 
exis ted .  

b. Results 

The concentration l i m i t  for airbo ne uranium as applied by Union 

from the mock-up test shows t h  t a l l  samples counted were more t h a n  
Carbide Corporation was 200 d/m/m 5 . A review of the data obtained 

a factor of 10 lower (20 d/m/m 3 ) than the concentration limit. 

The results of the general room sampling showed a radioactivity range 
from normal background to s l igh t ly  above background. The lapel 
samplers and breathing zone samplers showed radioactivity concentra- 
tions less than 10% of the concentration guide. 

Results of the hydrofluoric acid measurements are shown i n  Appendix F, 
Table 4. The concentration was below the lower limit of sensitivity. 
Sample volumes were small, and the HF levels indicated by these 
samples must be regarded as non-detectable. More samples of larger 
volume would have been needed to  obtain a more accurate estimate of 
HF concentrations. However, since the levels were so low, for the 
purposes of mock-up testing enhanced accuracy did not appear warranted. 
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c. Conclusion 

Based on interviews w i t h  seventeen workers, an analysis  o f  pas t  
survey records and a review o f  the  cha rac t e r i s t i c s  of t h e  equip- 
ment i n  bui ldings C310 and C315, large re leases  of UF d id  not occur 

be categorized a s  a minor "puff" resulting when t h e  p i g t a i l  was 
disconnected from the cylinder. A limited number of major re leases  
of  sho r t  durat ion o f  the type described by Mr. Harding a s  routine 
occurred during the period of Harding's employment. 
normally released i n  small quan t i t i e s  dur ing  the disconnect procedure 
was captured by a high ve loc i ty  hood located directly above the 
p i g t a i l .  The results of  the mock-up test  performed t o  assess the 
effect iveness  o f  the hood revealed t h a t  the r ad ioac t iv i ty  released 
during the disconnect procedure was captured by the hood vent i la t ion  
system and general airborne r ad ioac t iv i ty  concentrations were less 
than 10% o f  the occupational concentration guidelines. Thus, i n  the 
routine work envfronment, Mr. Harding and the workers were not  exposed 
to  high levels o f  UF6 o r  its hydrolysis products. 

I 

a s  a mtter of  routine; r a the r ,  the UF6, although vis B ble,  could 

The UFg 

A1 l ega t ion  52 

He was subjected to high direct radioact ive levels from the "heel" of 
the  product and waste cylinder. 

Discussion . 1  

In one phase'of the operation, uF6 I s  cold-condensed, l iquef ied  and 
drained l n t o  a 10 ton cylinder.  The filled cylinder is then  moved 
i n t o  a vaporizer w h e r e  the UF6 i s  reliquefied and vaporized, During 
the 

Pa234 do not vaporlze w i t h  the UF6, they tend t o  c o l l e c t  a t  the bottom 
of the cylinder. The maximum equil4brlum content i s  approximately 2 
curies each o f  Th234 and Pa234. The gam rad ia t ion  a t t r i b u t e d  to these 
nuclides a the bdttom of the cylinder ranged from 50 mr/hr t o  a maximum 

ylinder showed a subs tan t ia l  reduction t o  a level o f  5-15 m/h r .  Since 
the cylinders rest horizontal ly  on a c r i b  i t  is not possible  t o  come i n  
contact  w i t h  the bottom (side) where the "heel" I s  concentrated. The 
amount o f - r a d i a t i o n  contribution t o  the  general work loca t ion  ranged from 
15 mr/hr t o  some small f r ac t ion  of  1 mr/hr. T)te instrument readings 

orage o f  UFg'in the cylinder the& is a build-up o f  Thorium-234 
(Th 238 ) and Proactinium-234 (Pa234) i n  the 0F6, Since the Th234 and 

900 mr/hr 4 1). <Calculated and measured dose rates at 3 feet from the 

' 

Harding was reqrrired t o  take o f  the cy l inder 'ps ior  to shihent  
uired only a few minutes. Thus, the r e s u l t a n t  exposure was only 

a small fractjon of  the .p IC 'occupational 1 1  exposure guide1 i k s  
300 mrem/wk). - 

(1) R. Baker - Symposium o at ionat  Health Experience Practices 
i n  the Uranium Industry - HASL-58 - October 75, 1958 

Isr, 
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Conclusion 

Considering the low contact dos e from the heel o f  the cylinder, 
the low general ambient radiation level (at 3 'feetl'and the nature 
of the operation (time required t o  do the job] ,  Mr. Harding's 
radiation exposure as corroborated by film dosimetry was  found t o  be 
only a _  a small fraction of the permissible occupational 

A1 1 egation #3 

There was poor respirator protection for  the worker. 

i nes. 

I Discussion -. 

. There- were approximately ten different respirators available for  use 
a t  the. Paducah Gaseous Diffusion Plant and workers were' systematically 
trained i n  the use of the respirator<. The elements of t h  
health' physics t ra ining which inclyded respirator training was reflected 
i n  the UCC Health Physics Tra in ing  Manual KY 292--March '30, 1958. Pro- 
cedures were established for the proper use of respirators and were 
specified i n  Special Plant Procedures (SPP) #29, "Protection Equipment.'' 

O f  t h e  ten respirators types, three were sei-ected spectfically 'for C310 
and C315 use on the basis of the type and form of the radioactivity 
encountered a t  these bui ldings.  The respirators i n  use were: 

1) The MSA Comfo which used the Bureau of Mines 2133 approved f i l t e r  for 
dust and fumes. The UCC conducted a f i l t e r  testing program i n  
early. 1950 which showed the MSA Comfo filter t o  be 98% efficient 
for sub micronparticle size U02F2 fumes. The fi l ter 'had enough 
surface area.to absorb so& of the HF gas. The f i l t e r  was not 
designed for HF and a t  best its efficiency was 50% for HF. However, 
as  previously noted, the TLV value for uranium was considered the 
l i m i t i n g  factor and the dust respirator was not intended for large 
release use b u t  rather for the routine disconnect operation. The 
MSA %omfo was replaced i n  the mid 1950's by the MSA Dust Foe Ultra 
Filter Respirator using a type H f i l ter  which showed an efficiency of 
99.98% efficiency for U02F2 fumes. 

2) The Army Assult Mask M9 ( F u l l  Face) w i t h  an M-11 canister which 
provided f u l l  protection for dust, gas and fumes. Th i s  ' u n i t  was 
to be worn i n  a si tuation involv ing  a large release w i t h  
l imitation that i t  would not be used .In oxygen deficCent 

3) The self contained MSA Chemx Mask which was used princi 
reentry into heavy concentration areas and areas of 02 deficiency. 

I 

Conclusion 
. The respiratory program contained most of the basic elemepts of sound 

respirator practices, i.e'. , (11 avai labi l i ty  o f  respira$ors, c2) training, 
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and (3)  procedures. A respirator fit program was lacking. However, 
workers were instructed t o  "cup the f i l t e r "  w i th  t h e i r  hands and t e s t  
the respirator f o r  leakage. 

Al legation #4 

Lack o f  proper safety procedures e.g. opportunity f o r  eating i n  
contaminated areas. 

Discussion 

Standard Practice Proced 
Safety Program" and SPP #41 dated September 2, 1954, "Radiation Control" 
(Note Appendix 6 )  provided the basic framework f o r  the PGDP rad iat ion 
safety program. 

Conclusion 

The above procedures do, indicate t h a t  UCC d i d  not operate i n  a casual 
manner. Responsibi l i t ies were w e l l  defined. Standard Work Practice 
procedures were prepared and issued. A system o f  Special Work Permit 
(SWP) was i n s t i t u t e d  f o r  operations involv ing potent ia l  exposures. 
Safety precautions had t o  be defined before approval t o  begin the job 
was given. Eating i n  contbminated areas was not permitted. However , 
while procedures d i d  exist ,  i t  i s  questionable whether the health 
physics department was e f fec t i ve  i n  maintaining an overview on a 
per iodic basis o f  .each bui ld ing because o f  l i m i t e d  s taf f ing,  The health 
physics department was comprised o f  4 o r  5 health physic ists covering the 
t o t a l  p lant  s i t e  and t h e i r  a b i l i t y  t o  give at tent ion t o  special problem 
areas i s  also questionable. 

A1 legat ion #5 

There was a lack o f  adequate t ra in ing. 

Discussion 

A l l  new hires a GDP recet'ved several week f operations 
log ica l  safety t ra in ing  a a prerequis i te t o  job assignments. The 
scope o f  t h  

* 

(SPP) #31 dated Apr i l  7, 1952, "Plant 

I n  addition, numerous speci f ic  work pract ice type 

afety  t ra in ing  consisted of :  

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

Theory 
H i  story 

-Methods of  Detecting and 

and Characterist ic t i o n  Found a t  PGDP 
f Measurement 

r i n g  Radiation 

Hazards Control 
Personnel Exposure Monitoring 
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1,l) Instrument Appllcation ~ 

13) Effects o f  Radiation 
12) Plant Limits - 
14) Biological  Factors 

The technical de ta i l s  for  each category above i s  contained i n  PGDP 
Report #KY-292 - Health Physics Manual, March 30, 1958. 

Conclusion 

The scope o f  the radiological  safety t ra in ing  was adequate. This 
conclusion i s  based on the statements received from the interviews, 
as wel l  as a review o f  h i s to r i ca l  procedure records and t ra in ing  manuals. 

A1 1 egation #6 

There was a lack o f  safety awareness o r  safety enforcement by supervisors. 

Discussion 

Radiological safety procedures were i n  f a c t  established and supervisors 
were required t o  implement the procedures. According t o  the major i ty  
o f  the workers interviewed, considerable reliance was left to the 
indiv idual  worker t o  fo l low the procedures. There was no in ternal  
audi t  system t o  assure tha t  safety procedures were properly enforced. 

The implementation of radiological  safety procedures and heal th physics 
t ra in ing  programs as previously discussed are indicators o f  good safety 
awareness on the pa r t  o f  management and supervision. However, based on 
the information derived from the interviews, the enforcement o f  safety 
requirements by supervisors was not considered adequate. 

A1 legat ion #7 

There was a lack o f  exposure information avai lable t o  employees. 

Discussion 

Standard Practice Procedure #41 required, i n  part, that :  

41.2(d) It i s  the respons ib i l i t y  o f  the Medical Department t o  
determine i f  any c l i n i c a l  evidence o f  exposure ex is ts  
and t o  repor t  such evidence t o  the d i v i s ion  super- 
intendent concerned. 

41.5(4) When a personnel dosimeter ( f i l m  badge, pocket 
chamber o r  other s imi la r  device) indicates an 
employee has received more than the p lant  acceptable 
l i m i t  o f  penetrating radiat ion, the employee's 
supervisor r e s t r i c t s  the employee t o  work invo lv ing 
no s ign i f i can t  exposure u n t i l  t h i s  and subsequent 
dosimeter resul ts  average less than the p l a n t  acceptab.le 
1 i m i  t s  . 
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It fol lows tha t  where an indiv idual  has exceeded h i s  p lan t  l i m i t  f o r  
rad iat ion exposure h i s  supervisor i s  required t o  imed ia te l y  inform 
him o f  the exposure as wel l  as adjust h i s  work assignments accordingly 
t o  minimize fu r ther  exposure. 

Conclusion 

Routine exposures were obtainable by qny worker upon wr i t t en  request. 
Workers were automatically n o t i f i e d  i f  exposures exceeded the p lant  
l i m i t .  

A l legat ion #8 

There was a general lack o f  radiological  protect ion overview. 

Discussion 

PGDP d i d  not have an in ternal  radiological  safety audi t  program. The 
government overview o f  UCC i n  the area o f  radiological  safety d id  not 
begin u n t i l  1961. A t  tha t  time the Atomic Energy Commission [AEC) 
Oak Ridge Operations Of f ice i n i t i a t e d  a formal radiological  safety 
appraisal program o f  the PGDP operations. I n  reviewing the appraisal 
records f o r  the period 1961-1971, i t  i s  evident tha t  the overview 
program was not conducted i n  su f f i c i en t  technical depth t o  be considered 
a proper performance assessment too l  i n  the context o f  the type o f  con- 
cerns expressed by Mr .  Harding. The AEC Headquarters Operational Safety 
Div is ion maintained an overview o f  the Oak Ridge Operations Off ice. 
Simi lar ly,  t h e i r  appraisal a c t i v i t y  f a i l e d  t o  reveal the deficiency i n  
the Oak Ridge Operations Overview Program. 

Conclusion 

Generally the overview function o f  PGDP by the Oak Ridge Operations 
Of f ice and AEC Headquarters lacked technical depth i n  tha t  detai led 
work place analyses were not conducted; rather, the t o t a l  PGOP was 
appraised i n  a general sense. I 

c 
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I V .  MEDICAL ASPECTS 
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I 1  
1. 

IV. MEDICAL ASPECTS 

: . 4 .  

In the course of ar r iv tng  a t  a dlagnostfc  oplnion, the medica 
ga tor  ut i l ized experience gained i n  three decades o f  practicing internal 
Medicine which had t ra ined  him to evaluate multiple fac tors  i n  disease 

Trying .to be object ive,  the f indings  about workplate safety-- 
and their relevance t o  Mr.  Harding's l ikely exposure -- were pu t ra s ide  in 

. 

ic w n c  1 usi o 

Mr. Joseph T; Warding was bdrn May 28, 1921, i n  Tennessee. Not very 
much is known about Mr. Harding's history p r i o r  to His  ahployment a t  
the PGDP. His fa the r  died a t  a rather e a r l y  age o f  esophageal CQQ 
Onerof Mf;, -Hading!s two daughters .died a s - a  r e l a t ive ly '  young adul 
from .a cause not known to the invest igator .  His surgical. hfs tory 
p r i o r  to working a t  the PDGP showed two operations: a t o n s i l l e c t  
i n  1939 and re a i r  of a r i g h t  inguinal .(groin) hernia w i t h  testic 
removal i n  195 P . Hab4t h is tory  revealed t 
heavy < c i g a r e t t e  smoker (2-3 packs per day) 
probably had a high hydrocarbon intake (fr 
ham) ; a s  an adu l t  h i s  diet  was apparently 
ea t ing  bacon daily). Mr. Harding bas  ' t r a i  
operator  during h i s  employment a t  PGDP (0 
Mr. Harding suffered an occupational i n j u  
problems w i t h  this knee led  to surgery i n  1968 and were'related to 

8 .  Chronology of Mr. Harding's Medical History 

Much of the following was abstracted from a document s 
Deparfment of h r g y  by Erlr. Harding, entitled "Doctors and Hospitals 

1953 - Work injury to  r i g h t  knee; skin was t r ea t ed  by PGDP 

' 

e Treated Me f 52 u n t i l  1979." [Appendix J ) '  

1956 - - Skin les ions were t rea ted  by Sans . 
1963 , 

1954 1 -  . - .  8ecause o f  abdominal'pain 'which' began i n  1954, he was 
1961 - eventually diagnosed i n  1959 by a Gastroenterol 

having a prepylor ic  ulcer on the lesser cuwature. 
Be'cause tie had in t r ac t ab le  pain and functional o 
he underwent a s u b t o t a l  gastrectomy i n  1961. 

- Odd-lookfng areas  were found i n  PGDP chest x-ray d 
p a r t  of  a periodic examination. 

~~ 
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1964 - Hemoglobin was found low and checked monthly; had unsuc- 
cessful treatment by Paducah - Dermatologist for one year. 

1965 - Biopsy of two lesions o f  I w r  l i p ;  pathological result& 
< +  were said ,to be vague, 

St.. Louis Dermatologist. 
. _ ,  

1966- - I Skin lesions and 
1968 Generalist. - . 

1967 - A Nashville Dermatolo 

1968. 

treatment was not  su 

,to cure the skIn . le 
- A Louisville Dermatologist and a MemphisXIermatoTogist tri 

ns. .Had first case o 

another unsu ssful s k t n  ex 

pneumonia e, , ,  

uis Dermatologist; another .bout of pneumonia occurred, , 

' f  

1974 

1975, 

1976 - Pneumonia. 

1977 

1978 - Pneumonia, 

1979 

-' PneGonia.. (In total, Mr. Harding said, he had :p 

- He was seen by a Paducah Podiatrist for a joint  area. 

11 times.) . 

abnormality ; pneumonia. 

- A Paducah Surgeon saw him because of joint  area abnormalities. 

1 .  1 - He was examined and treated by both a' Surgeon and Internist 
i n  a Paducah hospital for abdanina-l pain and weakness. He 
was seen by a Paducah Neurosurgeon because of a body tremor; 
a former Paducah Neurologist saw him for  the same tremor. 

- He was admitted to  Memphis hospital w i t h  multiple'canplaints 
and was discharged wi th  four major diagnoses including - 
advanced abdominal cancer. 

1980 
f ,  

C. 

1980 
Radiation Exposures .' 

These have been div ided- in  
exposures. As fa r  as is known, the only occupational radiation exposure 
occurred a t  PGDP. Appendix E is a copy of Mr. Harding's radiation ex- 
posure records. In summary, the external exposures totalled 5.70 rems 
o f  which .76 were beta ( s k i n )  leaving a whole body or penetrating dose 
of 4.94 gamma rems. Internal exposures were calculated by measuring 
the milligrams of uranium per l i t e r  of urine. Four of the eighteen 

- Mr.. Harding died a t  home.March 1, 1980. No autopsy was done. 
I ;  . r  

occupational and medical diagnostic 
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Si,nce X-rays-'can 
ose has been: 

made. Arbitrarily, X-rays made after 1978 were not included on the 
assumption that an-effect would take- at aleast\%wo"yearsrto develop. 
A t6taI.exposured about 3.5 rems was reached. %The sp 
are shown in Appendix K. : i  

Thusr @r. Harding.was.cxposed. to .an" estimated tot61 of 9.2 rems 
from -occupational :and medical sources :frbmx,1953 ' to ;  1918 
standards allow up to 3 rem per.quarter or 5, rem per ye 
standards are. In  ,the Code of  federal Regul ations ; Title 
Part 20 (Standards for Protectton-AgaSnst Radiation). 'Even 4ff the 
yearly standard were reduced to 0.5 rem, Mr, Harding's tala1 xcu- 
patjonal radiatisn!cxposure (5.7. rem) over an 18-year period,would 

0. 

;::curvature'of the stomach. : This ulcer was confirmed -in the- Surgeon's 
operative note and the Pathologist's report. There is no evidence 

Appendix 1 - Reference 2. 
2 Appendix t - Reference 5-13. 1 

- .  8 ,  
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and latkr i n  l i f e ,  daily ate bacon, most brands of blhich con-, 
. t a in  nitr i tes.  Smokers -- Mr, Hardihg ivas said t o  have smoked 

. 2-3 packages ,of cigarettes daily-- have a'higher incidence- i n  

bf .ulcers. . Mr. Harding operated an a i r  con'ditioni 
heating ihstallation busihkss and the welding hvolired tobld . 
have expased him t o  cadmium and/or nickel cat-bortyl f h e s .  

XbdmiUm-has been irnpli.rrati!d as a gaftric kahckr aiid 
. disease causdtive age 
to 9astt.ic cahcek. . 

:i\:genetit pkcdisposit 
father died from.kancer of the esophiigus, an m a  Elt;ljdkent to  
the oribih of h i s  own cancer.- 

A l l   of this discussion i s  intended t o  show t h a t  i t  4 s  hbt pos-' 
sib1e.t.o definitively isolate the cause of the uke 
.kertaidyi however, -it was hot the result  o f  radfatjon. S in  
khkk is-3ery l i t t le  cause and effect relatiairship 
Fddfiftion Bxposure and -gastric ulcer. 

k! after effects o f  subtotal gastrectomy can tie 
hr. karding sadly expekienced many o f  them. colittf tikit @airi 
weight. He had a "dumping" syndrome w i t h  varying kihds dhd 
intensity of  symptoms such as flushtng , di zrjness weakiiess 
pain, headache, and even vasomotor collapse (shock bl" fa int ing 
resulting fran the disturbance to nerves contrulling th2 size 
bf blood vessels). He had a chronic anemia bften 
Qi'strectany iird inay have had a "pernfcioUsU dnerni 

-&Hernia p a t i h t s  often suffer neurologic cbmpticat 
I those d%scussbd i n  SectJon 5 below. Pdst-gastrec 

iinbalak&% affecting bones are now known t o  bcrrur 
bk M a t e d  'to the cartilage condition manifested 
as discussed,in Section 4 below. 

' In  recent y&rs there have been numerous papers 
c h s  uences .suffered< by gdstrectoiutzed patients. 

I- bigh%iklence of gastric cancer or cancer of t h  

thah average gastrtc-juice n f t r i t e  levels, Smokers cdtivert 

c a b o i l ,  too'; ma& b 

o have. ex1 s ted. 

I 

. .  

% 

I 

: i-rt persons w i t h  pernicious anemia and i n  persons w i t h  higher 

: . ,/ ..more nitrite to  nitrosamines in the stomach and Ither 
- ~%'.. tiore. cahcer. d . 

, .  

A1 though ah;? M e t h d d i s t  Hospital Pathologist's record dii 
lists b i s  cancer as o r ig ih  Unknown, the hcoltigist 

-.. based ;oh tiis evaluation of the cliriical as welt as pathdlogical 
,.fiWings. that the 'cancer was gastric i n  origih 
$kture ,of  air individual wf-io developed a gastr 

1 hdve-mwt of h i s  stomach removed whkn the 'ulcer d 
and unfortuhately, suffered u n t i l  death from 'the b l a  
the surgery. 

T h i s  tdSe f?ts the 
,- 

LJ 

tip: c i t .  
3 Appendix L - Reference 3. 
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I - -  - .  2. Lungs 

As earl$ ’as 1956, Wr: %al.d-ing”s . 
suggesting #Bleb’ ‘emphysema, “litt 

t ,‘x- 
ores,” iti the right upper 

~ ! 

f 

1 

In 1954, Hr. Hading was exposed 
acid [MI, an extremely corrosive s 

3. Skin - ,  

references consul tecf. 



0 4. Cartilage 

In 1975 Mr, Harding fi&rst noted " ernai,ls and toe .nai Is 
growing .out gf jo in ts  i d  ffngers, sts , ..%an& elbows , ,and 
j o i n p  f n  toes , ankles and .knees. nforthately , none 
the available records ,do ,more n t i o n  4 ~ .  .Harding's 
-complairit,' 'In the SIX or se cal ,examinations wh 
the history referred to k 
The cartilage-radiation rpla 
because so ,little,'is known a 

lesions ,were not Ldescribed. 
hip is *diffi-cult to a 
it.&: The possibili 

laginous" overgroirth due to radiatioh does cxis 
.level triggering'1such a response i s  not 

period of latency knoyn.. Conceivably, Mr.- 
was describing. enlargeinent of j.oints, hyper$rophy, an 
softkhirig of. pone, osteuna1acia.- . The former is often, 
associated wi th"  chronic, pulmonary disease; ,the Jat ter  
discussed i n  Section 1 above) is now recognized as a ho 

.gastrectar\y, Little is known about the relation- 
ic agents and .the condition described by 
re are so& cartilaginous diseases- which 
r mainly in,niiddle-aged males, but there. 

no evidenct?,pointing i n  this dikctiop. .Mr. -Hading prob 
suffered from'bone in<olmhent secondab to either h i s  lung 
or  stomach condition. 

5. Tremor . 

Knowledge' about, th &ount, kind, and latency'of 
which would pbduce. t h o i s  like Mr. Harding!s i s  
The'likelihood that mature, therefore less' radiosensitive, nerve 
cells would show delayed injury from the amount of radiation 
involved i n  this case i s  very small: Two more likely possi- 
bilities are that the tremor was a .complication o f  t h e  pernicious 
anemia syndrome or that it  was a consequence of  Mr . Harding 's 
malignancy, BeCause he received treatment for the anemia, he 
i a s  less likely to derive h i s  h o r - f r @  it. The malignanw 
concept, especially i n  view o f  the t iming,  i s  more likely. 

rsons w i t h  advanceciscancer w i l l  frequently have tremors and 
urological, changes, the pathogenesis of which has not yet been 
rked out. Moreover, there may be spread 9 

$ 

ncer .tq the central 
nervous system. 

r 

- E. Conclusion 

The medical evidence points awSy f r om Nr. $ 
being radiation induced. Admittedlj, t h i s  evidence is n q t  absolutely 
clear $ut. From a ,scient i f ic  viewpoint there, wep two possible 
opportunities to clarify the issue: autopsy ,and radioact!ve.uranium 
quantification. Regrettably, but unders ndably - in  %h6 ,confusion a t  
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the time of a death a t  hane, an autopsy was not perfonned. However, 
i t  is posslble that more definitive information could result from 
a quantification of the radioactive uranium i n  Mr. +larding's body. 
This kind OF total body counting i s  feasible. Assaying tissues 
obtained via biopsy during his stay a t  Methodist Hospital* would 
probably show l i t t le or no radioactivity because soluble uranium 
desposition occurs mainly i n  kSdney and bone, and insoluble uranium 
occurs i n  lung. Furthermore, total -ins would probably be needed 
to accurately calculate the total radioactivity. Should total body 
counting be done, other toxic agents such as cadmium and nickel could 
and should be assayed. 

* Dr. M. Jennings told t h e  lnvestig tor i n  a telephone 
biopsied tissues taken from #r. Harding while he was 
Hospital could be obtained. 
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APPEE3DIX A hi December 6, 1980 

Mr. Robert Hagar Esq. 

the case of Mr. 
been on Mny out 

ed its way to  the top 

Joe Harding a deceased former worker a t  the Paducah, Ky. enrichment faci l i ty  
operated by the Union Carbide Corporation, I must comment that basic informatior 
about Mr. Harding's exposure history is very conspicuous i n  i ts  absence. The 
kinds of data provided by the DOE and Union Carbide, particularly those dealing 
w i t h  Mr. Hardirrg's urlne samples are suggestive of a very high body burden. 
However, there are large gaps i n  pr. Hardhg's exposure history, especially 
periods when Mr. Hardgng claimed t o  be the most heavily exposed. Either an 
inadequate sedrch .was hade by'the MJEaof Mr. Harding's records or Union 
Carbide has failed to  make appropriate measurements and maintain proper 
records on M6- Harding's entire work history. However on the basis of  infor- 

like to  make the following observations: 

cancer of the abdomen which is what one 
might expect from the ingestion of insoluable uranium particles. The 
kinds o f  ex sure descrfbed by Mr, Harding suggests that these particles 

particles, i t  is quite posslble that the expelling of  these particles 
from the lung by their collection i n  mucous and subsequent ingestion 
o f  thfs 'uranium laden mucobs could have'provided a consfderable dose 
to  Mr. Hardings lower G.I. tract. 

(2) Mr. Harding's extensive skin leisons are what one might expect from 
exposure to beta particles. The fmnersion dose from uranium hexafloride 
i n  Zts various stages of enrichment can give o f f  a considerable beta 
dose t o  the skin.  As my research and the work o f  others a t  Oak Ridge 
has shown, immesrion doses by beta particles under circumstances des- 
cribed by Mr, Harding can be as high as 265 mr/hr. 

were quite r arge as to  be vlsible. After chronic inhalation of uranium 

(3)Mr. Harding had extensive damage to  his respitory tract  which is 
strongly suggestive o f  chronic exposure t o  uranium dust. Although 
much attention has been given t o  the damage potential o f  alpha par- 
ticles, It should be noted that beta as well as alpha particles i n  
uranium dust are capable of damage to  the nasal pharyngeal: tracheal , 
bronchial regions of the body. Damage to  these regions were observed 
for Mr. Harding. 
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Hr. Robert Hagar -2- December 6, 1980 

L i d  

(4) On one occasion Mr. Harding had a'very4d 
.4 milligrams per litre. This measurement .in 
den 10 times above m a x i m  permissible cdnce 
remarkable t h a t  the followfng day Mr. Harding's ur ine  count dropped 
dramatically. The kfdney retalns and concentrates uranium p a r t i c l e s  
Over periods o f  days and does not pass out such heavy concentrations 
wi th in  a 24 hour period. Either the second sample taken o f  Mr. Harding's 
ur ine  was mistakenly a.nalyzed o r  it was f a l s i  

9 

I t  is rrzy opinion t h a t  Mr. Harding's cancer, skin t e l sons ,  and r e sp i to ry  damage 
were major contr ibutors  t o  h i s  death. Insofar  a s  h i s  rad ia t ion  exposure was the 
cause o f  these dfseases,  m e  would assume t h a t  t o  be the case. 

Neele Professor 
Schoof of  Nuclear Engineering 
Georgia Institute of Technology 
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Response to Dr. Karl Z.  Morgan's Letter 

By: Edward J. Vallario 
I Assistant Cliief,/Manager 

3 Health Physics Program 
Operational and Environ- 

' mental Safety Division 
Off ice of Environment 

a _  

On December 11, 1980 , Mr . Robert Hager , Esquire, the attorney representing 
the estate bf the late Joseph Harding, transmitted to Ruth Clusen, Assis- 
tant Secretary for Environment, comments n the causation' of Mr. Harding's 
illnesses. These comments were prepaited y br. Karl 2. Morgan, a professor 
at the School of Nuclear- Engineering, Georgia Institute of Technology. 
My comments deal with 
are based in large me 

'bf Dr. Morgan's observations since his conclusions 
e on health physics premises. 

Dr. M6rghn's General Commen,ts 

Dr. Morgan states that Mr. Harding's urine samples are suggestive of a 
very high body burden. Mr. Harding's 
reported urinalysis reSults for the years 1953-1971 show a yearly organ 
dose of less than l'rem. Most of Mr. Harding's samples contained uranium 
concentrations, equal'to those concentrations found in unexposed people in 
preemployment physicals. Very few urine samples exceeded 10 micrograms 
U/liter. 
may be contrasted with the calculated excretion rate from the maximum 
permissible body bur (MPBB) of 700 micrograms/day (kidney) and 200 
micrograms/day '(bone 
alysis excretion rat 

Dr. Morgan also notes in his general comments khat "there were large gaps 
in Mr. Harding's exposure history." Our investigation disclosed that the 
gaps in exposu elate to those periods of.time at Mr. Harding 
did not work in rad1 areas. Under Union Ca y, routipe do- 
simetry and ur 
Chapter 111, p 

I find his stateme-t perplexing. 

This corresponds o an excretion rate of 12 micrograms/day and 

'On this basis, Mr. Harding's reported urin- 
ows that his body burden was very low. 

. Dr. Morgan' 
s .in 'error. F 

nium hexaf luo?ide or 

- as a result 
UF6) and small puff releases*occurring during the disconnection of 
the pigtail connector f 
bf 

. <  

*See Page 2 of text for definition of ''small puff release." 
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I n  noma1 operations,  t h e  up6 in l iqu id  form was  fed from the  cascade 
o r  process system t o  a multi-ton cylinder.  The procedure s t a r t e d  
i n  the  process system where the  UF6 w a s  i n i t i a l l y  heated and con- 
ver ted t o  a gas. 
Thorium 234 and proactinium 234 do not form gaseous compounds during 
t h i s  conversion; ra ther ,  these products a t t a c h  t o  the surfaces  of 
t he  process system and, therefore ,  could not be released t o  t h e  
worker's environment. The gas, e s sen t i a l ly  f r e e  of insoluble  pro- 
ducts,  w a s  then put through a condensor, converted t o  a l i qu id  and 
fed to  the  cylinder.  When t h e  t r ans fe r  was completed and the  valves 
secured, t he  t r ans fe r  p i g t a f l  w a s  purged and any entrained uF6 w a s  
passed back i n t o  t h e  lower pressure p a r t  of t he  process system fo r  
recovery. Since the temperature of the  l i qu id  w a s  approxfmately 
160° F, any small res idua l  uF6 i n  the  p i g t a i l  remaining a f t e r  t h e  
purge procedure would have vaporized immediatly, 

The insoluble  products of uranium 238, i.e., 

When the p i g t a i l  was disconnected, t he  veporized uF6 w a s  released to 
the  atmosphere and reacted with water to  form uranyl f luo r ide  fume 
(U02F2) and hydrogen f luoride.  The U02F2 is  a highly soluhle  fume. 
Thus, the  released puff (which was captured by t h e  hood ven t i l a t ion  
system) was i n  the  soluble  form of U02F2 and not insoluble  uranium. 

The a v a i l a b i l i t y  of insoluble  uranium from the  cyl inders  a l s o  is 
highly questionable. 
t he  cyl inders  as a r e s u l t  of past  usage. 
t he  cyl inders  at  room temperature w a s  below atmospheric pressure (2) ; 
therefore ,  any leakage of a cylinder would r e s u l t  i n  a i r  leakage i n t o  
t h e  cyl inder ,  making the  probabi l i ty  of a release of insoluble  uranium 
essen t i a l ly  zero. 

I n  the  event of accidental  l a rge  releases, the  UF6 discharged w a s  
transformed t o  the  soluble  U02F2 by the  same process t h a t  occurred 
with small puff releases. A s  described 8bove, a l l  insoluble  uranium 
products remained i n  the  process system and could not and d id  not 
represent t h e  source term indicated by D r .  Morgan. 

Insoluble uranium products were contained i n  
However, t he  pressure i n  

Dr .  Morgan's Observation (2): As noted i n  (I) above, there  were no 
insoluble  uranium products (beta p a r t i c l e  emitters) released t o  t h e  
room t o  which Mr.  Harding's skin might have been exposed. 

Dr .  Morgan's Observation (3): As noted i n  (1) above, t he  uranium 
source i n  Mr. b r d i n g ' s  environment w a s  U02F2 which is highly soluble.  
Although t h i s  compound passes  through the  lung, i t s  b io logica l  
residence time is too shor t  t o  r e s u l t  i n  t he  damage suggested by 
D r .  Morgan. 

D r .  Morgan's Obsemation (4): A l l  ava i lab le  s tud ie s  t o  da te  - both 
human and animal - are reasonably i n  agreement on t h e  rapid excret ion 
cha rac t e r i s t i c s  of UO2F2. 
80% of the  absorbed dose is excreted i n  u r ine  during t h e  f i r s t  20 hours. 

Animal s tudies(2)  show t h a t  approximately 

\ 
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I Studies conducted by Bernard and Struxne~s(~) show that excretion 
rates 2 hours after exposure may be from 2% to 10% of the inhaled 
dose. 
excretion tnodel predicts 80% urinary elimination the first day. 

The hternational Commission on Radiological Protection (ICRP) 
I 

Dr. Morgan's concerns regarding the dramatic decrease in the urine 
count after 24 hours are not consistent with these findings regarding 
radiological residence time of UO2F2. Thus, there is no basis for 
his conclusion that mistaken analysis or falsification were responsible 
for the change in counts. 
evidence of falsification or other mishandling of records. 

Furthermore, our investigation showed no 

I am not in accord with the basis for Dr. Morgan's general conclusion. 
The sources of exposure he describes are not characteristic of the plant 
equipment or operations in Buildings C310 and C315. The radiological 
characteristics of the available source term cannot, in,rny view, have 
been the cause of Mr. Harding's illnesses. 

References 

(1) Health Physics Journal, Volume 111, 1960, IC. 2. Morgan, Report of 
ICRP Committee I1 - Permissible Dose for Internal Radiation (1959) 
with Bibliography for Biological, Mathematical and Physical Data. 

Conference on Occupational Health Experience with Uranium ERUA/93 - 
April 1975. 

Acute Effects of Inhalation Exposure to Uranium Hexafluoride and 
patterns of Deposition NUREGICR 1045 - July 1979. 
A Study of the Distribution and Excretion of Uranium in Man - S. R. 
Bernard and E. G. Struxness ORNO-2304 - June 1957. 
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I 

b 

A-7 
I 



Response to Dr. Karl Z. Morgan's Letter 

By: Henry R. Wolfe, PLD. bi 
Human Health and Assessments 

Office of Health and Environmental 

Office of Environment 

D iv i s ion 

Research' ' 

. .  

Karl Z. Plorgan, Ph.D., in a December 6, 1980 letter to Mr. Robert .Hager, 
Esquire, made four observations on the causation of Mr. Harding's illnesses. 
I commqnt from a medical standpoint on the first three observations and 
on the opinion expressed in the final two sentences of the letter. 

Dr. Morgan's Observation (1): 
note and front page of the chart from the Methodist Hospital. Closer 
perusal of the chart's contents reveals that the Pathologist reported 
the presence of acid-staining and mucin containing cells in the 
biopsied specimens. 
the stomach, not the lower G.I. tract. The Oncologist's diagnosis, 
taking into consideration the pathology report and the clinical 
course, stated that the cancer was most likely adenocarcinoma of 
the stomach. Differentiating between cancer of the stomach and 
cancer of the lower' intestine is important because cancer of the 
stomach is more likely to be related to causes other than radiation. 

Nowhere does Dr. Morgan consider any etiologies other,than occu- 
pational radiation exposure. In Mr. Harding's case, otber exposure 
possibilities were tobacco, nitrites, hydrocarbons, cadmium, nickel 
carbonyl and even radiation from medical diagnostic x-rays. 
ditionally, there may have been a genetic predisposition; for example, 
his father had died of cancer of the esophagus. 

This was the diagnosis on the discharge 

These cells characteristically originate in 

Ad- 

. Dr. Morgan's Observation (2): The statement that these lesions are 
what one might expect from exposure to beta particles is not borne 
out by the facts in this case. To make a case for beta particle 
exposure, Dr. Morgan discusses immersion dose from uranium hexa- 
fluoride. 
mersion" exposure. 

There is no evidence that Mr. Harding ever had an "im- 

Again the histopathology on two separate biospy occasions was not 
characteristic of radiation lesions. In the early years there was 
a non-specific heaping up of skin and inflammatory reaction around 
hair roots, called "folliculitis." Radiated skin in its chronic or 
delayed stages characteristically shows a flattening, thinning and 
even shininess called "atrophy." The late skin stages of both in- 
flammatory reaction and radiation are probably indistinguishable, 
but the early records are consistent with folliculitis and not 
effects from radiation. 
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Once again no o ther  causative p o s s i b i l i t i e s  have been considered by 
D r .  Morgan. For example, chemicals might have caused the  f o l l i c u l i t i s  
which w a s  mistreated,  r e su l t i ng  i n  a localized lo s s  of res i s tance  
t h a t  could have led t o  the  progressive sk in  les ions .  

D r .  Morgan's Observation (3):  D r .  Morgan states the  damage i s  
strongly suggestive of chronic uranium dust exposure. The f a c t  t h a t  
Mr. Harding-,had been a long t i m e  2-3 pack a day c i g a r e t t e  smoker i s  
ignored. Again, no o ther  p o s s i b i l i t i e s  are considered. 

One can compare pulmonary function tests i n  lungs damaged by r ad ia t ion  
with tests i n  lungs damaged by tobacco smoke. I n  the  l a t e  s tages  they 
may be indistinguishable;  however, i n  earlier s tages  the re  i s  a d i f -  
ference. 
i n  t h e  lung around the  a i r  sacs. 
damaged lungs shows an alveolar-capillary block, which means t h a t  
the  oxygen is prevented from ge t t i ng  i n t o  the  blood stream and the  
carbon dioxide accumulating i n  the  blood cannot g e t  out through t h e  
lungs. Tobacco smoke damaged lungs show mid and s m a l l  airway disease 
characterized on t e s t i n g  by a decrease i n  the  volume of a i r  going i n  
and out.  M r .  Harding's pulmonary tests f i t  t he  smoker's pa t te rn .  

Radiation causes a "fibrosis" o r  scar r ing  of t h e  t i s s u e s  
Pulmonary t e s t i n g  of r ad ia t ion  

F ina l ly ,  on a medical bas i s ,  I take i s sue  with D r .  Morgan's opinion. A 
d i f f e r e n t i a l  diagnosis should consider a l l  possible e t io logies .  D r .  iclorgan 
has apparently only considered one. I n  my opinion, Mr. Harding's i l l n e s s e s  
were induced by several causes, and he could have presented the  same c l i n i c a l  
p i c tu re  without any occupational rad ia t ion  exposure. My c l i n i c a l  judgement 
i s  t h a t  r ad ia t ion  exposure w a s  not l i k e l y  t o  have caused M r .  Harding's 
i l l nes ses .  

i 

I \ 
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APPENDIX B 
STAYDAFZD PRACTiCE PROCEDURE IXux&e~ 31 

CARBIDE ASD CARBOK CHEMICALS CO5IPANY 
A Divbion of Union Csrbidr and Cntkn Corporation M e :  ~ ? r i l  7, 1952 

Paducah, Ktntucky _ -  

I Revised: 

IPUS 1 of 9 

31.3 SAFETY COW,ZTTEs ORGAKTZATIOH: Four ’types of s a i e t y  cornittees vi11 bt 
establlshe3 t o  assist in dewloping awell-romdtd E& effective acciCeEt pre 
vention prograin in the Paducah Plant; nawly, (1) The C e n t r a l  Saf$ty .Cosmltte. 
consis t lng of pembers of the SuperlntenBeots’ Cornittee, (2) t h e  Safety and 
EzerBcscy Planning ,Cornzittee, confiistlng of eppointtb z q p s e c S a t i v e s  f r o m  
each division In the plant, (3) the Division C o m i t t e t s  an& ( k )  the D t M r t -  
mental Safety Su3-Comit te ts .  

31.1; RZSPXSIBILTTIB : 

8.  The CeztrP.1 Safety C o a i t t e e  is responsfbile for admlnistering t b t  or*:-d 
Safety Progrem for the  Wuzah Plant ,  

b. The Safe ty  an8 Ezergency Planning Cornittee G i l l  fornulate ,  review, and 
mke ,-ecomecdetior?s regarding safety po l i c i e s  end proceaures t o  the Supex 
intendents ’ Cornittee , I 

C. The = s p o n s l b l l i t i e e  o? each division ere: 

1. To appoint a Division Safety Cornsittee wbdch is s e t  up on a p==nent 
basis and will cozsist of the Division Superintenaent, I)epert=.,oat Etad 
an8 o t h e r  representat ives  as aeslrett from staff, service a& control 
groups d i r e c t l y  engaged In accident prevention a c t l v l t i e a .  

2. To establish one or more Safety Sub-cornit tees for each de2srtmtnt. 

3. To direct and assist the Department81 Sub-Comaittees in mai=rtsining 
an atiequate safety program. 

4. To keep a 
i n j u r i e s  which atcur vithfn the bivibionJ an8 e rnonthlp 8 i d s i o n a l  
frequency and severity chart. (me Sefety Department will f u m i s b  
the chart and the Information t o  keep th i s  record current). 

alyze a monthly recoM en2 scciaent report P i l e  on a l l  

I 

5. To keep the Safety Department inforn& of its activity and report ar?y 
o the r  functions related to t h e  ove r -a l l  s a fe ty  program of the div is ion .  

) 
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STANDARD PRACTICE PROCEDURE 

1 ,  

- d. Tine r t s p o n s i b i l i t i e s  of each bepertnent are:  - . I  

1. To a s o l n t  =embers of the depsrtEente1 su%-coznitteks. 
- 

2. To keep a n c o A  of departme a1 acciilente. * 
- *  - . .  _ _  

3. To cooperate -'-it> b the r  departments in es te5 l i sh ing  end coo*iseting 
preeautioaary c;cesrros a f fec t ing  in t%r - re l a t ea  f u c t i o c s .  

. e. -e r e s p o n s i b i l i t i e s  of De n t s l  Sub-Coaitte .- 
1. To inves t ig s t e  e l l  ser ious or po ten t i a l ly  ser ious accieents  t o  22- 

t e m i n e  caiises, -8 t o  recornme&* correc t iv t  actiori . 
2. To schedule seiety moeti,ogs each month ?or el l 'esployees in tho de- 
' partment or grw2 which.they repreeent. (Minutes of these ==etings 

~ 5 - 2 ~  be foriramcd to t h e  Safety Cepartzent). 

-, I 

< I  

f . The r e spons ib i l i t i e s  of each s tqervi6or  are: 

1. To Insure t h e  safe ty  of his  eEployces end protectlo= of p l a n t  property. 

2. To see t h a t  proper eqalpzent, nschints, too ls ,  etc., ere prcwi8e5, eaa 
properly =sed end Eain-ineB in a c c o r b a c e  vith approved nethocs. 

3. 

4 .  

To see t h a t  t he  stan2lsrds o? hmsekeeping a m  s a t I s f e c t o r y - -  

To see that all necessary protect ive clothing end eyai-ent inc lce ing  
l ineEen's equiFer ; t  ere properly used, maintaintc,  e=d t e s t e d  02 
s chedule . 

5 .  To rake the  proper ?laceneat of eqlo j rees  e6 t o  3ob 'mo?le8ge, end i n  
accortsnce w i t h  Xedical DepartEent r e s t r i c t i o n s .  

To see t h a t  ell employees are properly t ra ined  in all pheses of t h e i r '  
Job, v i t h  proper emphasis on safety,  and to follov-up on this treining. 

To send InJured eriployees proaptly t o  the Medical Department, irrvesti- 
gate accidents,  an2 mke wr i t t en  reports in &tail. 

8. To study, c l a s s i fy ,  enB mkc r e c o r n ~ d a t i o n s  o eparkntn ts l  accidents.  

9. pes en5 t o  u t i l i z  
. t he  staff, serv ice ,  ana cont ro l  groups which ere se t o  eesist in 

6. 

7. 
(Forn $4C?-103) 

, ! .. 
TO cooptrate w i t h  o ther  sGpervisors-ana sa fe ty  

accident  preventloa. (See Appendix "A") 

go The r e s p o ~ S i b l l i t I e s  of tbe  Safety Department are: I 

1. 'To keep Eanagement informed of the over-all acciOent prevention 
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SARXT P,SOGRA!! 

p e r i o m x e  of the  entire plant. 

s s i s t a c e  t o  Superviaiop on sa fe ty  matters as Zollo\ 
- _  

v i t h  new deve lopea t s  an3 supply eevice on el l  

I 
, phases of sa fe ty  problems. 

. I  

i t i a te ,  coapile,  an& propose t t g  -e6 a30 regulatiocs. 

= a t e  with Supemisioa In Oeveloping and Paintsinisg 8 b f t t y  
c lousntss  through ps?licity, Cezons t nk ions ,  an8 gcnerel 
t y  instruction. %*trial of gtierel i n t i r e s t  tay be funis1 
rvisory ccmittees fo rLp lan t -WIe  d i s s t s i n s t i o n ,  ma ia?olu 
, specific t o ' p a r t i c u l a r  t y p s  OP work =&e s v a i l s b l e  upon 

~~ 

request from the  group or sa fe ty  co rn i t t ee  concerned. 

(a) 

-(e) c o q j ~ l i t  accident  stetistics. 

Intemret fo r  Supervisioo - laws, regulations, rules, and 
st6rrbk8s regaeing safe ty .  

.. 

* -  

tt safety susge ons nsde ~ eaployees throy-h l i n e  
supervision, 

~ (f) 

( g )  

-+I 
Review work orders from the standpoint of acclaent  prevention. 

ventioa grou2s to see is 8 l i a i s o n  betveen aU. accident  
t h a t  t h e  Sgfetg Progran! is uni foB t h r O C 6 h O U t  the p l an t .  

tec t i v e  equipen t i terns. 
ad specifications fer tbe procureztent of pro- w 

" ,  . 
3. k o n 9 i i ? e t y  matt 

(a) Con&uct_ing s u f f i c i e n t  spot checks =a gnspecttons t o  evs lua te  
the  e f fec t iveness  of the -P lan t  Safety Program. 

J 

a l t e r a t i o n s  t o  

- To assist ,the Fire Prevention and Contml  Department in the  solution 
of -*ecb-mic&l problems +h connection vith fik prevention. 
." -! 

rtment are: 

1. TO assure by pre-ea?Loyment physical ex a t i o n  'thst each ezployee 
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is assigned t o  work foz vbich be is pbyslcally seapted. 

2, To check enployees who have beer; &Went from work due t o  oecxpitionc 
(or non-occusstional) ilhess or InJury before retuz-iq the= to  WOT 

I. RespasiXllties of the Health Physics anh Eygiert btpzrtroent ere: 

1. To survey working coszitions frm the sttm8pair.t of indEstris2 hyg-c 
6nb ratlietion kszs1-5~ en3 to  keep m.neger?ent in foxes  (ttrcugh tho, 
MeBicai Director) of scch cmditiozts . 

2. To =&e recoic=?nda:iczs t o  sugerrisioz for t 3 e  correctioz o r  pre- 
vention of hezerdous cod i t ions  relatea t.0 in&cs%rid hygiece end 
health pbsics.  

3. To assist s u ~ r v i s i c n  13 establishing departneatsl hcaltii ~kysLcs 
progrems en& t o  e\.olcete such porno5 pr iod ice l ly .  

k. To a s s i s t  su3err:sion 13 trzining perzonael to p r o t e c t  thozselvts 
t m  h a ~ e s s  au= to maiatio3. 

5. To nalntsin records of peraonnei expa&ure t o  r&ietfon ene rs2io- 
active or toxic materials. 

6. To essist l ine  supervisio3 i n  interpreting efid &Fly ing  estz5lisheE 
cr i t i ca l  mass stexsderds and to act as a liaisor; iz c r i t i c d  -86 

eonsitierations with spscial hazass representettves of the Ozk 
RiQe plants. 

3. The responsibilities of the Fire Prevention and ContrDl Departtzent are: 

1. FormUte aod abinister fire protection program for the plant. 

2. Conduct year aroma fire prevention eaucetlonel prog,-ap. 
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STANDARD PiiACTICE PROCEDURE 
~~e~ 31 c 

3. Provibe fire protection eagheering servIcem. 

4. Review vork orilers, engineering drawings,  an& spcificatims uhich 
pertain to, involve, or'affect f i r e  protection. 

5. Conauct periodic fire F&tection surveys oi plant beiaings,  in- 
stallations, and oprations. 

6. fnspgct and t e s t  a l l  fixeft fire protection installations and re- 
p e s t  mlntenance service or repair43 as needed. 

Inspect, teat ,  an& maintain a l l  flrst eit¶ fire figbtirg equipent 
for entire p a t .  

Inspect, test, and maintain a l l  fire Bepartmeat espazatus and 
equlpent (with exception- of atchanclal maintenante) . 
Rgspmd to aergency c a s  froin CtCCC occupie8 areas ana reader 
a l l  possible assistante t o  the PlsEt Shirt  Svprintendent tn the 
coatrol of the eoeTgency. 

Provide mzbulance serrice for entire plant. 

\ 

7. 

8. 

9. 

10. 

k. 

1. 

u'. Investigate a l l  fi*s an& str;b-,I$ reparts through 'proper charnels. 

Responsibilities of the Engineering Divisiop me:  

1. To incorporate safety features 1nto all designs of nev InstaUetions 
and alterations, as prescribed by plant a d  inbustry-wide stanhrds,  
C&etiJ m a  proceaures which apply (See Xppeatiix "V); also, to re- 
piev with the Safety Department any 8evlations from these standerrrpS 
which are deem28 necessary. 

2. To cooperate with the Safety Deparbcnt in setting up aaple pre- 
cautionary measures for emergency vork involving risks t o  personnel. 

The re6ponsibilitieb of the Inspection Department (Engintex'hg Division) 
are : 

1. To test an& inspect a l l  fixd and mobile pressure vessels ma crene 
and hoisting equipment ( inclding elevators), and those controb 
a d  regclating devices which ere coasi#lered an integral part of 
this tquipaent, such as pressure regulators, zressure relief 8erlces 
interlocks, cable slings, etc: also to subzit inbpcctioa reports to 
l ine  supervision i n  accoFBance with established 1procthu-e. 
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31.5 

. .  . .  ._ 

m. The Gfneral Ivlainteoznce Division Vehicle I n s p z t l o n  Service I s  respozsij3 
for the  per ioa ic  laspectioh of a l l  heavy td l i g h t  a u t m o t i v e  equi?%t. 
(Exception: 
crawler cranes, nor portable a i r  cmp,ressors. 
t he  Inspection Deprtment  ) . 

n. Responsibi l i t ies  of the E l e c t r i c a l  ecd fnstmnent Gaintensnce Division 
inspection groups E=: - c 

1. 

This does not include the hois t ing  sec t ion  of ~ o t o r  or 
These ki11 bg i n s p c t e d  b: 

To provide e s&odl;lea t e s t  and ins-oec',lon se rv ice  on all lirerren 's 
protec t ive  equipmnt  (rubber gloves, Dot sticks, rubjtr blenisets, 
e t c . )  used within the plant, and t o  a i n t a i n  a .ambering s y s t e r  on 
S l l  such ite3ls. 

To previae the  S t o z s  D i p a r d e n t  i n s p c t b n  serv ice  02 podkble 
e l e c t r i c  t oo l s  issued through tbe tocl cribs, ecconZiag t o  a s e t  
schedule. 

To provide a f i e l d  inspection se.-vict oa all oShar portable and 
fixed itemr.cf e l e c t r i c e l  equipizent, eccd i tng  t o  COE;~OD, sefe , 
e l e c t r i c s l  przictice. 

2. 

3. 

0 .  Respozs ib i l i t i es  of the Training and Proceeure De-artmen: am: 

1. To provide se fe ty  or ien ta t ion  traiohg for all new eu2loyees. 

2. To conduct F i rs t 'Aid  Trr ining Courses. 

3. To prepare mater ia l  f o r  an5 conduct certain Spc ie l i ze5  Ssfe ty  
Training meetings. 

4. To assist Safety Deprtment  in p e p a r i r g  material for safety meeting: 

p. The Chenlcal Opra t ions  Pmtec t lve  Equipen$ Serv ic ing  Uni t  is respansib: 
f o r  cleaning, t e s t ing ,  en& repa i r ing  used, d i r t y ,  arrd contasinated i t em 
referred to it by t h e  M8terisls Department. 

The Plant Sk'tt Superintendents e r e  responsible f o r :  

1- 

~ 

q. 
I 

Asburning c'.irect charge of conbatting eny plant eucrgezcy which 
threatens plant employees o r  p r o p r t y  (or cont inut ty  of opemtions). 

Cauing f o r  and u t i l i z i q  tba assistace of any groups o r  fadividual: 
vithin t h t  plant who are q-calified end authorized t o  essist In 

I 

2. 

- carrying w i b  the above. 

BGULkTIONS : ~ 

For  aetails p e r t a i ~ i n g  t o  specifiz 8 S p C t S  of end pro tez t ive  r e g d a t i o c s  L) 
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r. - -  
involre&‘ i n -  safety p r o p = ,  refer  to  8 ,  bulletins, standards, 
aoa codes show0 in Appcnbix “B”.follCnting. Wherever any difftreace ex is ts  
betwe& pla$t-issiea procedures or s tanadi s  End national c o ~ t s  or stEn&rOe, 
plant-issued items w i l l  govex. 

Staff, Se,-rice, urd Control Gro.J>s Pe,rfox=ing Acclbent Prevention Functions 

. (1) Safety’ I)epE?’tnZnt 

d i c s l  Departzent 

(3) Beelth Physics and Eygiene Department 

(4 )  Fire Pre ntlon and Control Desrtmnt  ? r  

(5)  Engineering Division 

(6) -Me 

(7) Geneml Esinte Divisfcn Vehicle InspecSion Service 

cal  Inspection Department ( 

( 8 )  Electricel and Instrument Maintensnee Division Inspectic3 Groups 

(10) CSi ective Equipment Serv 

(ll) Plent ShIPt Su2erintenCents 

31.7 APPEIJDM E: 

SefeJty Procedures, Bulletins, Standads and .Code8 Applicable t o  the 
Pauucah Plant 

a. GEKERAL: 
I .  

Unif o m  Buildin 

Manufacturing Chemist 

Manufaoturlng Chemists ’ Association Chemical D a b  Sheet8 

Boiler Construction Ccat (American Society of Mechanical Engineers) 

B-7 
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STANDARD PRACTICE PROCEDURE 
U N I O N  C A R 8 l D E  N U C L E A R  COMPANY 

41.1 -CY: - Tt is the policy of the Paducah Plant t o  protect its personnel f=m * 

the potential hazards inherent in the bridling of radioactive materials. I "  

,_  

a. Tt Ls the responsibility of Ilne supemirion t o  maintain radiation and 
contminaticm levels as low as is p a c t i c a l  and t o  nsintain personnel 
exposures uithin acceptable plant limits; t o  maintain a health monitoring 
program such as the use of fib badges wh&e required ir contarnipation 

h a d  far each area QF PEL jao operation; t o  determine the ertent and 
intensity of radiation 'and ,radioactfvity contaminationf t o  keep the 
~ e d i c a l  Department i n i ~  cc a l l  personnel varking in locations, or 
engage in operation6, where s a  degree of accidental 
ation hezards i s  possible. 

It l 8  the respansibillty of the Eealth Physics and Hyaene Department 
t o  provide an exposure monitoring service t o  detembe the'effectiveness 
uf the health physics propam; inspect plant locations and operetions 
fcn. exposure hazards; audit and maintain recards of  a l l  radiation expo- 
sure and contamination data taken in the plant; supply advice and infar- 
E t i o n  as requested on radiation ar uraniumt@city health hazards; 
recanmend plant @des far cantrolling employee exposure t o  acceptable 
limits 

% 

b. 

c-  It is the responsibility of the k d i c a l  Department t o  recommend t o  the 
Division Superintendent concerned action includbg removal f rom exposure 
vhen uranium excretion rates indicate acceptable plant l imits of uranium 
accumulation are being occeeded or vhen clIa3cal evidence indicates such 
action. 

aD Acceptable plant llmits as used in this procedure defines: 

1. The upper l i m i t  t o  the quantity of penetrating radiation t o  which 
plant persame1 nay be exposed for the entire length of a specified 
period. 

2. The -per linit for pemissible levels af radicective contamination 
of air in locations where plant personnel spend the nrajar pafi of a 
work day, 

An accrmarlatian of trraniun resulting io persistent excretion of 
uranimn in a c t s 8  of 8 set dally ra te  as determined by 8 series 
of Industrisl and recal l  urinalyses. 

1 aw 
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STANDARD PRACTICE PROCEDURE 
41 l%mber. 

Subject: RADUTIrn COrmoL 

41.4 REc;faATfoNs: . 

P w  2 of 3 
.. 

. - .  

(R) a. Grcept In d s e  of emergency, as specified by the P h n t  Emergency 
Director, persorr=leI w i l l  not be required t o  work vhere personnel 
exposure will exceed 
or internal exposure. 

ssible dose (MPD) limits for external 
~* 

41.5 PRocEDlTRE: 

a. C c d l t i o r r s  causing p u n t  acce$able 1lmits t o  be exceeded w i l l  be 
correct& a8 80011 a6 19 practical an8 where inmediate carrection I s  
iJXpractlca1, the conditions w i l l  l&ntSfied a d  adequate p e r s m e l  
~ o t e c t i a  w i l l  be #-deb. 

b. Wkze there- I s  significant Fobabi l i ty  of cuntamimtlon of personal 
clo%hiag which may subsequently result in &&alation of radioactive 
material fn excess of acceptable plant l iudts  due t o  contamination 
levels or operations in progress, or when beta emitter contamination of 
clothing may add significantly t o  the akin dose, contamination clothing 
is  issued according t o  Standard Practice Procedure lo. 45. 

C. .The Health Physics and Eygiene Department will notify the supenisor 
a t  the t ime a f i l m  badge is first issued an exqluyee as t o  whether 
such employee bas had any previous history of exposure t o  radiation. 

quarter either 1.6 rep! (1.6 rad of gamm or X-ray) whole body exposure 
or 3.2 ren t o  the 6& (3.2 rad of beta 'plrrs gamma or X-ray), the Eealth 
physic8 Department notifies the enpUyeegs superviscu. When exposure 
records -her Ind$cate tha t  a person has received during the quarter 
either 2.4 rem (2.4 rad of gcsmma or X-ray) whole body exposure QT 4.8 
rem t o  the skin ( 4 3  rad of beta plus gamma or X-ray), the H & l t h  Physics 
Department notifies the emplayeels 6uperVisor who res t r ic t s  the employee 
t o  work Fn which the exposure is  so reduced tlat the t o t a l  exposure far 
the quarter,viU. not exceed 3 rem whole body exposure or 6 rem t o  the skin. 

d. When exposure retards Indicate that  a person has received auring P:: 
e. Cases of perscnnel q o s u r e  in  excess of maximum permissible dose are 

investigated jointly by line supemlaion and the Health Physics and 
Eyglene Department. A repert I s  sumitted to_the AEc for &ternmation 
cd the acceptability of evaluation technique prim t o  notL"ying the em- 
ployee of the exposure. The employee I s  notified by the Health Physics 
and mgiene Department through line superpision of valid exposures exceeding 
qparterly ar yearly rrrsxlrmmn pelmissible dose limits. 

r .  B-11 



STANDARD PRACTICE PROCEDURE 
b bKumk 

srrbjecr: W U ~ O ~ C O H P R O L  
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A l l  plant W t s  and Indices are %sed pzbciples and Wndarda established (R) 
by the Bational Caxlttee on Radiation Protection and Mssurements ab publfshed 
by the Bzreau of Standards. The =lues for the allowable b&y burden of uranim 
end plrxtonlum are teken d i r e c t l y  f'ran the Natianel Bureeu of Stendards Bandbook 
52; the values far niexizm pemisai'Dle dost (ED) far penetrating radiation are 
fram Baticmal Bureau 09 Standards BmZbook 59 and the A p i l  15; 1958, Addendum t o  
this haadbook. These limits are basic U t s  npplied dfrec t ly to  the Indlvldual 
whereas the other irtdlces sham Sn the  procedure are metismes of the environment. 

AcammLE mAm LmrS* 

Mm) far Penetrating Radiation 

*wmits faF disposal of strap and us& ewpment may be found - SPP D-2-5. ~imits (N) 
for shipping radioactive matezial m y  te'fo\ra8 in SET+. The use of radiation 
tags and sigm is detailed in SPP-15. 

It should be noted that the a30ve melt.Trmnn permissible close (MPD) limits are 
established such that no bodily Wury t o  a p~mon a t  any time during hls W e -  
t- is expected a8 a result of t h l s  dose af? Io~Lzing radiation. The shurtest 
petrlod PaF which a limit is set is one quarter year and any part of the MPD may 
be received a t  any time during this =-week period. However, the aose should 
be distributed io time as t;mifarmly a8 possible and b any case the dose &auld 
not be pa%- than 3 rems ( f )  2n any U consectrtive weeksc Recccds w i l l  be 

as t o  the enrployezs* exposure status and this limit not be exceebed. This aoes 
not mean that  these amounts &ce the largest that  my be received in a =-week 
period OT a year without Wury. 

(R) 

kept and audikd a eXp0-8 a t  such htmb that S l l p e Z 7 i S % m  W i l l  be f3fOrme8 

sihe a ~ m ~ e  caacentratian &AC) far uranium in e i r  is 0 . g  ng/d or fcc 
normal uranium, U O  dpm,/ No Tbis does not mean that exposure t o  concentmtlons 
uceeding this linrit far brief periods w i l l  cause Wvzy nor does this mean that 

(a) 

urinary uranium may not be detected follwbg exposure t o  conceatratiom less than 
this level. All reaeonable effort should be made through confinement of' radio- 
active meterial, ventilation, and good hougekeepiag t o  maintain the air-borne 
cuncentratian of the general atmosphere of a building ar workroam as low as 

allcuable air-borne beta concentration is ~;S,OOO dpm/d.  he 
absence of elgnlficant quantities of Stronziun 90 permits the adaption of this llmit 
based on UJQ and m. 

6, practical. 
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APIZHDIX TO SPP BO. 41 Page 2 o f 3  

Contemlnatlon Indices 

The ?olloving cattiainatioa M c e s  been established t o  IILWJEL .re the  possi- 
b i l l t i e s  c8 exposure6 ia excess OZ the plant's ecce?table U t s  due t o  earkos- 
mental conditions. 
because o? personal habits, adherence to contknhatlon indices does nut p r a r t e e  
that PC) exposees exceeding the plent acceptable limi',e w i l l  be experienced. 
Emever, such exposee should be are, azd the chances of any individual's exposure 
or body burden exceedtng the mzxtzxm y e s s i b l e  doses ere considered remote. 

Since the amoust of expos-me mey vrry wisely az~aog individuals 

Alpha cantamina),iOn 

1. perSanalClott&lg b o 0  c/m (as meas*w&by available instrzkents) 

k000 c/m (86 neaswze2 by available instnzmeats = 
No on betain of sole) 

3. Contamimtioa Slot- - C o n t a m i n s t i o n  clcrthlng having an alpha couot ir? 
excess Of 4000 c/m/lOO ar? should 3e changed prior t o  warking in an erea 
not requArlng respip-tozy px!xction. 

Surfaces - Good housekeeping practices should be folioued to pre?rent the 
possibilities af significant air-b-5 contesinstion due to accumulated 

.uranium Eter1al.s. 

4. 

Bet8 Gamma'Cmtt3lElmtib 

The ioll lulng indices are 1- ' 3eT~-  which conteainetlon is cansidered insignifi- 
cant as a in detertn;ining an q l o p e ' s  totai Case. 

Bstrumen3 Reading a t  Contact 

0.75 m d / h r  
0.25 ma/& 
'3.0 gpa&/hr 

1. Surpaces 0.15 mFad/hr (R) 
2. f s S ~ d C l 0 t ~  
3. Persanal C l W  an6 shoes 
4. G L m s  
5. -  Issued shoes J 

m a / k  (2610~) 
rrp'pers 

a. Ins* 
b. Qrtsade ~ rmrad/b~ (soles or 

B-14 
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The following indices are levels a t  w h i c h  clesning of personal effects ere 
required: 
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APPENDIX E 

73surec t o  external rad ia t i on  l i s t e d  by calendar. year are t h e  sums of  
te tptetat ions of personnel monitoring f i l m  as occupational r a d i c t i o n  

exposure. 
body and the  beta plus gamms readings are essumed t o  represent the dose t o  
the  sk in  of t h e  whale body. An RBE of I Is used. 

* The gsmm tecdinss are assumed t o  represent the  dose t o  the  uhole 

Moni tor i ng Monitor i ng 
Period . y rems 1 @+y rems Per I ad y rems 6+7 rems 

, 1955 00.18 00.77 I966 01.47 01.47 
I956 I 00.03 OD. 00 I967 00.49 00.4 9 
1961 00,09 00.09 I966 00.03 00.00 
I962 OOmW 00. I I 1959 00.00 OOmW 

I 9% * 03.81 00.87 i971 ~ . O O  00.00 
1963 . 00,47 00.47 I970 0o.w 00.05 

, 1965 01.35 01 m38 

TOTAL 05.70 04.94 
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lnternel Radictian ExDosure LJ 
The dose to body organs as estimated fran bio-ctrsy procedures (ptimari ly 
urinalyses for uranium) is as follows: \ 

Uri n3 lvtes Organ 
Mani tor  i n5 NumDer of mg U/i iter Dose Range 

Per i a d  Ur i ne S a m ~  I es ( Ranoe 1 (rem) Rmarks 

I953 IO 
I954 II 

I955 
I956 
I957 
I956 
I959 

IO 
7 
6 
I2 
18 

0-0.0 I 
0-0.40 

0-0. oc 
0-0.01 
0-0.015 

O.OOO-O.jO3 
0.003-0. ow 

I960 
1961 
I962 
I963 
1964 
I965 
I966 
1967 
I968 
I969 
I970 
1971 

5 
I 

None 
7 
IO 
3 
5 
None 
None 
2 
None 
I 

0.00 1-0.01 2 
0.001 

0.00 1-0.036 
0.00 1-00 0 I 0 
0.003-0.0 I 2 
0.003-0.01 I 

0.006-0.0 I j 

0.005 

< . I  
< I  

< I  
< I  
< I  
< I  
< I  

< I  
< I  

< I  
< I  
< I  
< I  

< I  

< I  

The maximum of 0.40 mg 
U/titer vcs fran a brief 
exposure i n a UF6 fume 
release. A urine sample 
on the fol lowing day was 
0.01 mg U/ l i ter .  The. 
maximum excluding the re- 
lease sample was 0.03 mg 
U l l  iter. 

The maximum of 0.303 rag 
U / l l i e r  vas from a brief 
exposure In a UFa fume 
release. This sample and 
one other (0.257 mg U/l iter) 
on same day gave indlcated 
excretion rates of I24 and 
148 ug U/day, respectively. 
Two days later a urine speci- 
men was 0.004 mg U/I i t e r  and 
4 ug U/day. The maximum 
occluding t h e  release samples 
Y8S 0.042 mQ Ul l i tW.  

March 13, I972 



t) 
RadIstion Protectlor Guides: 

Externa I 

TvDe of ExD3SUte Per I ad Dose (rem) 

(a) Whole Body (Garma) kcunu1sted Dose 5 X Number of Years 
Beyond Age I8 

t b )  Skin of Whole Body 
(Bete + Gama) 

I3 Weeks 

Year 

I3 Weeks 

3 

I nterna I # 

fvbe 0 f Exoasure Period pose (rem) 

b d y  Q-gans Year 
I3 Weeks 

IS 
5 

6 
Dose i s  determined from stored uranium as ind ica ted  by urinary uranium excretion rates 
and by whole  body count ing .  
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APPENDIX F 

Samplinp; Counting Procedures 

Results of Mock UP Test 



Sampling Counting Procehres and Kesults 
of Hock UP Ts-E 

1. General ) 

The air samplirtg and sample analysis  program was conducted t o  measure 

afr concentratfoas,af UU;tFpd HF, tke  hydroly6iS products of m6 , 

a t  several locations fn the t ransfer  roQm of BufldingC310 and of 

W l d i n g  C315. The program contained a n&er of subparts tkt dif-  

fered in  the sampling instruments empbyed, the ana ly t ica l  techniques 

used, and objectives.  Brfefly, they were: (1) Three high volume 

Q 20 cfm) air: samplers vfth ceUulore paper filters were operated 

s~ultaneottsly while located about 5 feet above t he  flotw in the 

approximate.center6 of equal areus of each room t u  co l l ec t  airborne 

Analysis -6 by radioactivity countfag. The purpose w a s  t o  

measure 8-bour average coxacentrations v€ general roam a-;\(Z> Three 

low vahme Cr 1 cfm) air sqnplers were. placed on either +de and over 

the operator's work s ta t ion ,  approximately qt breaglxfng ,level, to  

measure short perfod tl5-a2fnute) peak concentrations of UO,F, in air 

d u r b g  a d  immediately following the disconnect o F a t f o n .  

2. Sampling K a t i W e  / 

For seweraf af the samoline periods, B versonal samnfer (wmethec referred 
< .  

to- as a faoe l  sampler) was substftuted far one of the IQW volume saaplers 

brane '(mfllfoore was used for p4 Fz calleetion. * h n n l y k  was by 

F-l 
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radloact lvi tv  countine; 

described In (2).  above, were used t o  evaluat'e short  period (Slnln.) 

concentrations of U02F21n a 1  

(3) Three l o w  volume a i r  samolers, located as 
I 

I .  . * a  a .  . , 

tor's s t a t i o n  durlne . ' * e  " . *  . a .  .> (I . 
and followlne the olanned release-of  20 me of UFg. Addi t lona l lv , , th i s  

* ,  4 . , I .  . 1 I 
. .- :' )._ , : r  . . - 

same array-of  samnlers was used t o  measure 15-nin. batkcround concen- . .  .. .., + . 2- .. . 
I. ' 

t r a t ions  of UOZfZ f o r  comarison DurDoses t o  correct  the  5min. release . 

measurements . * . - -  $ I \  >: . . .  

I - .  . "  . . I  1 

The purDose of these'cxveriments was to v e t i f v  the vallditv ai! samnline 

and analvr Ical orocedures bv me'asurine a l rbome concentrat l o w  durincl 

the release.of a kno\.m amount of UF6 I n  a s h u l a t e d  discnnnect 

of the s a m l e  f i l t e r s  was by radloactfv1~y"'countln~; (4) Personal saanlera . 

were used t o  measure t h e  8-hr. e m s u r e  of disconnect ooe'rators t o  

airborne uranium. 

in t h i s  orogram oerformcd onlv one or t w o  disconnects durinn the erltire - 

s h i f t  and the disconnect orocedurcs 'OcCuDied onlv a small f r a c t i m  of ea;? 

onerator's work oeriod. 

i 

As a (reneral rule, eac*h*.'ooerator .who oartlcfoa-ted. ' .  ' 

The rena ln ln i  du t i e s  were sa id  t o  be d i t h n u t  

simif icsnt uranium exnosure. -_.- "... . 

I .  
. T  . .  

The objectives of person81 samoline were t o  measure averam onerator 
_ I  - -  1 . .  , -  ,. I . 

8-hr. exoosri.res t o  uranlu- bv methods recommended and anoroved bv SIOSii 

and OS%& and t o  orovlde a f basis f o r  evaluatlne the health 

flcance of whatever short  oerlod concentrations mleht be found 

\ 
, +  . .  

+ * .  2 - .  f . ,  

-. L 

I .  i ,  r e  
IS-mIn. disconnect low volume air samdlne. 

. , t ,  
j .  I' 
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Samles  of UOf2were collected on'-?lilli r e  AA:.minl6rane filters a t  a' 

r a t e  of aoproxfmately 1.5 lorn and analysed br radioact ivi tv  countino: 

( 5 )  F r i t t e d - e l e s s  bubbles 'wtre.used t o  samole.for caseous hvdrosen 
' 

f luor ide ,  ,They were located i n ' t h e  same oositiolis as was described - ' 

f o r  the breathing zene 'low volum 

and sakpliny! period was '30 

fluoride.1on. I The samoline and ana ly t ica l  methods u t i l i zed  confomed 

closely with those recommended bv NIOSH f o r  meakuring HF i n  air .  

ambling rate was about 1.5 lorr! 

. Analvsis was by spec i f i c  ion electrode f o r  

S l ieh t  

deviations from the NIOSH a n a l y k c a l  method were made in recorni t ion of the  

absence of interferences a t  PAducah t h a t  miaht be encountered i,n other 

indus t r ia l ,  atmospheres.' These s l igh t  met)rodoloQical deviations did not 

adverselv- a f f e c t  the accuracp or sens i t iv i tvr  of the  ana lys i s  in any way. 

As hydrogen f l u o r i d e - i s  one of the hydtolvsis products of UF6 i n  a i r  

(U%F2 i s  the  'other), t h e  objective of HF samplinq was t o  measure e h o s u r e  

t o  uranium by an e n t i r e l y  independent rmethod t o  assist ' in evaluatine the  

r 

I 

r e l i a b i l i t v  and accuracy of the  r e s u l t s  obtained by UO F samnlinn and 
2 2  

analysis - 

r 

* .  

To prevent the 
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The sanolinq and analyt ical  Droeraw was carr ied out nnder Dr .  Melvin F i r s  ' 6  

suoervisian exac t ly  es he had recommended with t w o  exceptions: 

f i l t e r  Dapers were used f o r  hieh volume samoline lnstebd nf the  all-elass 

HEPA f i l t e r  papers recommended bv Dr. F i r s t ,  because of t he  analytical 

countinq procedures have been standardized f o r  cel lulose f i l t e r s  but not 

f o r  glass  maper f i l t e r s ,  

(1)ce l lu lose  

The choice of all-olass HEPA f i l t e r  oaper was 

made because it is known t o  be the highest eff ic iency f i l ter  cm- 

merclally available. The particle col lec t ion  e f f ic iency  of t he  cel lulose 

f i l t e r  papers that were  used is somewhat less when the clean filter 

paper is first placed io senrice, but as i t  picks no dust f r o m  the air 

it raoidlp increases i ts  eff ic iency to a value close t o  t h a t  of the ail- 

1 

glass HEPA f i l t e r .  Therefore, over an 8-hr. samolinn Derlod, t he  dif-  

fcrence In total oartide col lec t ion  between ce l lu lose  and HEPA filter 

pavers is, a t  worst, o d v  a few oercent. 

* 

Therefore, Dr.  F i r s t  aereed 

w i t h  the subst i tut ion.  The advantafzes i n  t i n e  savlnp and man Dower 

conversation associated pith using the standard cel lulose paoer samrdinp! 

routine were  judeed t o  be f a r  more lmor t an t  than a possible lo s s  of a 

few Dereent i n  measurement accuracy, and the  use of cel lulose f i l t e r  

Dabers f o r  high volume samol in~  was, therefore ,  aooraved; (2)  It was 

Intended tha t  a l l  operators vearinp; oersonal s aml lnq  devices would be 

under constant surveil lance throuqhout the  s h i f t  by one o r  another 

member of the samolinq team,but manpower 

and f o r  some Darts of each s h i f t ,  o ~ e r a t o r s  were absent from the 

I 

resources proved insuf f ic ien t  
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'c, t ransfer  room and uot under immediate rupervision. 

t o  believe the samolers were adversely affected by anythinq the 

aoerators mieht have done when mot under observation and, i n  any event, 

There i s  no reason 

It w i l l  be vossible t o  ver i fy  the  r e su l t s  of personal samolinn with a 

svnthet ic 8-hr . average exmosure reconstructed from the  r e s u l t s  of high 

volume and low volumesamoline with a urover time al locat ion apvlied t o  

the  .results from each. 

The t o t a l  samoline period extended was from midninht A p r i l  112 t o  noon 

A p r i l  3. 
\ "  

It covered a l l  three s h i f t s  and both t ransfer  ro&s (C310 and 

To eliminate the voss ib i l i t y  of any change i n  the  o i e t a i l  purninq system 

i.e., hieher putee eff ic iency in contrast  t o  t h e  1950 's ,  a source 

extract ion and release method was used. 

obtained t o  be released a t  the exact disconnect Doint (note F iaure  9 )  

Several 20 me UFs s a m l e s  were 

The meoarat ion of the  source material  was examined and a source 4 

ver i f ica t ion  test auplied t o  the  samples t o  assure tha t  the U tube 

indeed contained 20 ne  of UF \ 
6, 

\ 
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h to .~;?nD away n o  . The f u l l  vapor e isure  of the 

ainer  of U F ~  i s  o a calibrated pneumatic mano- 

meter with a ranne Gib0 to r r .  

Cooper samole tubes i n  a U configuration f i t t e d  w i t h  Hoke EAP 

bellows valves were used t o  contain the UF6 (Note Pieure 10). 

These tubes a re  normally used t o  sample Drocess streams for  

u i so topic  amlYSiS. The tubes were acid cleaned, d r i ed  and 

oamivated v i t h  00 rn F pr ior  t o  use. The in te rna l  volume 

of the tubes was measured by f i l l i n g  wi th  va tc r  from a craduated 

buret te  w i t h  both bellows assemb e6 removed. 

was found t o  be 1 7  cc 2 0.5 CC. 

" <  

#! 

The averaee volume ' 

UF6 was chareed Into the tube6 from a container of dure UF whose 

vapor oreskure-was checked j u s t  orfor  t o  use t o  assure thit air 

i n  leakaee or  OF bullduo had not occurred. A last minute decision 

was made t o -  discharge '20 miillgrams UF; for  a l l  Controlled releases. 

The sample tube was'-attached t manif old, evactk 

ropane' t o rch* to  f a c i l i t a t k  numa-down. The tubes' were 

sreed t o  70 torr (Note' / 

own t o  62 ' to r r  oressure. d 
- .  I 

. I  

17 x '352 x-1000 - 20.1 millieram 
, 

Releases were accomolished by oressurfnn the U F 6  tube with dry air 

( 20pp moisture) from 8 5 l i t e r  metal samolc bulb and slowlv 

'BI 
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ooenine the tube valves t o  allow UF t o  flow out  through a 1/8" ad  

metal tube coupled t o  the U tube with a Dalton CouDling. On contact 
6 

w i t h  atmospheric moisture UF6 reac ts  raoidlv UFg + 2H202 = U02F2 + 4HF. 

UO F 

were made within 1 hour of f i l l i n q  t o  minimize UF losses i n  the 

is par t icu la te  and co l l ec t ib l e  on f i l t e r  media. A l l  re leases  
2 2  

tubes , 

Assays involved were: 
7 

C315: ~ormai UF6 1014 dpm/milliLram 
C310: Paducah Product OF6 1528 dom/nillieram 

Note tha t  activities are mer nillieram U F 6 .  

Verification Test Method and Results 

For each test ,  four U tubes were f i l l e d  with UF6 and one from 

t h i s  erouo selected a t  random for ver i f ica t ion .  The controlled 

source ve r i f i ca t ion  release exoeriments were oerformed t o r  

confirm tha t  auant i ta t ive  release of UF did occur and t o  

p e m i t  a ver i f i ca t ion  t h a t  the  radiometric methods used would 

account f o r  the released amount within reasonable l i m i t s ,  The 

UF6 was released from the tube held below a cardboard "chimney',' 

a t  the ton of which was an omra t ing  hiRh-volme sampler with 

a four-inch f i l t e r .  I n  concept, t h i s  arrangement should have 

b. 

6 

traooed a l l  the.UO F and would have been ind ica t ive  of the  2 2  

amount released i f  a l l  UF 

forms. 

had been converted t o  pa r t i cu la t e  
6 

Fiqures 12  and 13 are photographs of this arrangement. 
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Figure 13 - UFg Release Tube and Chimney and Sampler for Collecting UFg in Verification 
Experiment 

J 



, 
t, 

of the ver i f ica t ion  tesc in which 20 tug of UF6 wa 

released a t  the base of a shor t  chimney sea l ed  t o  a high volume 

sampler a t  the upper end, are shown i n  Table 3. Eight sec tors  

cu t  from the four-inch sample f i l t e r  were individually counted 

on t he  Union Carbide p a r a l l e l  p l a t e  counter (Temetec) with a 

50% geometry. 

for high counting rates was applied in calculating the alpha 

J 

The self absorption fac tor  f o r  Whatman 41 paper 

, p a r t i c l e  ac t iv i ty .  

iame samples were a l s o  counted on ~n s c i n t i l l a t i o n  counters. 
5 

The gectors were cut i n  two to p e a t  them to be nested in the 

planchet used w i t h  the  s c i n t i l l a t i o n  counters. 

absorption fac tor  and the s ta ted 'e f f ic iency  of 2.55 disintegrat ions 

per count were used in determining the ac t iv i ty .  

The Union Carbide 

4. €IF Sampling 

The sampling equipment consisted of a 37 mm filter holder containing 

a 0.8 um pore membrane filter, a bubbler containing 10 m l ,  0.1 

normal sodium hydroxide, and the sample vacuum pump k e d  f o r  the 

l ape l  sampling discussed earlier. 

through the  filter t o  r&e par t ic les ,  then bubbled through the  

sodium hydroxide so lu t ion ' to  remove the  hydrogen and f luor ide  ions 

and then w a s  exhausted through the pump. Each pump had a bui l t - in  

flowmeter so sample flow rate could be v isua l ly  monitored throughout 

.the sample colhct ion.  The flow rate through each sampling assembly 

was cal ibrated before use with a dalibrkted rotameter. 

The sampled air was f i r s t  drawn 

The f l o w  . 

\ .  

G 
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Figure 14 - Typical Breathing Zone 
,- Simpler Cocations 

Figure 15 - Hi Volume Sampler Location 

. . .  e 

. .c 

. .  

. c 

f .. 

. .  

. I  

,'t - . 

. .  

. .  

't , Figure 16 :- Worker Eg r with 
* .  Capel 
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r a t e  vas constant d e -  a.11 sampling‘runs except run 1. 

this case, the flaw rate was decreased because the b&bEing 

In 

sodium hydroxide solut ion nearly averflowed the  bubbrer vessel. 

The t h e  of this €I& change was noted and the flow vas 

rechecked wlth a cal ibrated fhmeter after t he  run. 

Two samol in~  assemblies vere used far each run, Each m 

vas i n i t i a t e d  j u s t . p r f o r  to a o f n t a i r  dl6connect,and con- 

t h u e d  for  several  minutes following t h e  discannect, 

Prfor to the  run, t h e  two samolinn asscmbXies were s f tua ted  

on ouoosite s i d e s  of the vent hood a t  about the  e leva t ion  

of the owrator :s  head and at essentSally the 6ame locattan 

a s  the  breathinp zone oamplinft heads s b w n  in F f m r t  14, 

Bath s a n d i n n  assemblies were ooersted simuftaneouslp. 

Two runs were cmoleted in the  3 U  Bufldisn (run 1 a t  
- 

evlinder Dosition f 3  and run.2 a t  cyXiider Qasitfom f2). 

Run 3 was bewn a t  cylinder oosfttm 96 i n  the 310 Buildfnk 

but vas aborted because the disconnect did not t ake  place. 

The samrrles from t h i s  last nin were analyzed t o  determine 

the background emcent ra t ien  of tIF, 

The lbamole analysis was pe 

under the consfant csuoervision of the Bat t e l l e  counting 

spec ia l i s t .  The analy t fca l  method followed vas essen t i a l rp  

as prescribed by the NIOSH method S176, Each s a m l e  w a s  

med by Unfon Carbfde oersonael 

di lu ted  t o  a known volume (25 ml) ,  the s8lution 61iEhtIY 

- I  
hsi 

ac id i f ied ,  and then s t ab i l i zed  with a b d f e r  solution. 
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The pH was checked t o  2nsare kydrorpl ion was absent so as 

t o  not i n t e r f e re  v i t h  the nnalysfc. The f luor ide  ion electrode 

was ubed for the an 
~ 

5. samolfrr9, Euuirmtent 

a. Rnom Afr .Sam~lers. The room air samulers CFfgure 1 5 )  vert? Radeccr high 

voXume samrders wlth a four-lnch d i s c  of Whatman 4X paper. 

Fo\tr of these were ooerated fa Bulldfnn 315 and th ree  were 

operated f s  Bufzdfae 310, Prfor t o  the  series of 

sarnplfnn exwriments, each oampler vas cal ibrated with a 

Whatman 41 . f$ I te r  i n  pIace OR t he  f i l t e r  supoort head- 

The f l o w  standard was ,a l i b ra t ed  ventur i  furnished by 

he Radeco Comoa These samplers were i n i t i a l I ?  set 
J 

t o  omra te  in the 16 t o  20 €t, Imin range. 

samolfne oroereesed, tbe flew u d d - d r o p  and-needed f te -  

Dsually.as 

auent adjustment t o  raaintafn the f low 8s arfelqallv set- 

Howeyer, the adjustment c,asrl4 ,no lonqer be maintained 

- a f t e r  four or f i ve  burs. The flaw near tho end of the 
r 

-,was recorded; The total .samale was calculated 

tak ine i fn to  account an avertwe fzou, ieh assumes a "  , 

linear decrease fn flaw over the  wrfod of decreasinp,flaw. 

, *  

, 
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b. Breathing Zone Samplers. The breathing zone sampler was 

Millloore Corooration's three-piece cassette which holds . -  .. . - .. - 9 .  - ", , 
.-,. .r < , .  

s i z e  membrane f i l t e r  . _ I  . -  a 37 m diameter 0.8 micromet 

and a oorous backing pad. 

oDen face t p e .  

was inser ted a f lex ib le  tubing adavter which h b e d  a 

cr i t ical  or i f ice .  The eamplinn 'h ected '  t o  a 

. "  
\ 

The f i l t e r  holder was of the 

On the  vacuum s ide  of t he  f i l t e r  holder 

- samoline oumv 'by a length of Tygon Tubing. ' &e li 
. '. *.. 

mmv had a vacuum &e and when'the avpropriate 

vacuum vas obtained $n the  samplinq l i n e ,  t h e  flow through 

the f i l t e r s - r A a i n e d  constant ( i n  as much as the  f i l t e r  

did not load up exceshvely) .  Loading of dust  did not . 

amear  t o  be a-problem during any'of the  breathinq zone 

samolinp. .. - I n i t  i a l l y  four  breathing zone 

t w o  i n  each building. 

breathine zone near the  p i g t a i l  valve (Figure 14). ' The' flow 

the samoler wis cal ibrated i n  the  laboratory usind a 

rotameter uostream of the  f f l t e r  i n l e t .  

l e t s  were used, 

The sampler w a s  positioned i n  the 

Recalikat ions '  

- ,  were oerfomed using a PNL standardized rotameter 

followinu the  e n t i r e  t e s t ing  program with three f i l t e r  ' 

holders t o  determifie i f  .there mieht be s i m i f i c a n t  dif: ' 

ferCnces i n  flow caused by nonuniformities i n  t h e  f i l t e r  

media. This moved not t o  be the  case. The f i l t e r s  were 

uniform and the flow was not greatly,deoendent on 

individual f i l t e r  differences. 

- 

through 

F-14 



the 

frrrnfehed by Earnard. dga'fn, a- ffiter holder was @aced 

between the mumeter and the pump and & adapter was 

fixed to the front part of the ff€ter bolder to make i t  

into an fPlfrre Xilter holder. 

. 

t l  1 

1 

d. Eydrofluorfc Acid (HFJ Fume Sampkr. (Sq2&1g eqdpment 

was adequately described pre~;tOus€g.) . 
I 

6. 
r 

Sue eq-tlfpaent used at  won Carbide consisted q€ - 

Nuclear Heasarements CamoratSon DroxqionaL eas {P-LO) . 
flow counters. The counters are fdent ed &6 Pa-nT/Ds-i2 

combfnatfon arid Pcc-41. 

n o d ~ l  tzeometry Qf aoprrrximately D!L 

fer the four-Snch ffIcers was the P 

for the 37. mm f f l t e t s  vas PCC-1 

on a elean p 

for '100 seconds befare the count. rStandar&ized sources 

. .  ~- 

These are ma-pf taunters, - 

The chamber used 

- - i- 

. , .  
. for cauntinft and the, chamber was Durged _ .  , '  ., 
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were used t o  detenaine the r f f i c i e n c  
., 1 'i. ' > 

9 .  . _. - _. 
f ac to r  vas a l s o  apolled t o  account €or the-sqlf absoxqion  .. 

i L - I *  
, . . :  ..* ,*, . - 

1 i. - "  * . * .  - . .  
of th6 Whatman 41 Oaper. 

been d 

eamoles of various act i  

amount of uranium orese 

The self-absr, 

ined by Union Carbide by cou 
: .  . :  . . +  

- 1  ". : P+ ; ... *$I  ' 1  . 

i, . ,".. - V ?  . ~ , -  :.." 
. . .  I .  '. .* ' .: + . , 

and recountinc t h e  extracted uranium as a nearly weightless -. * .. . 
/ *  * .. 1 .  . *  

. "  - 2 &. A- ~ I .  
. .- -I 

L - *  

PNL a h h a  counters are General Elec t r ic  M o d e l  9747109C 

s c i n t i l l a t i o n  counters . The four '  counters ~ hsle . nearlv . 

ident'ieal e f f  ic lencibs  but *:each. has a s l i g h t l y  di ' f fkrent  

backnround, rangine from.about 0.2 : to  O i O - c l m .  The * ' , - '  

countinn eff ic iency determined with standardized sources I . ' ' 

Is 2.55 8isXntehratlons vkr' count. The"'h1bn Carbide ' -  

self-absotot*ion cor rec t ion  f o r  What& 4i f i l t e r  keOia 
I 

was a m l i e d  t o  the hfeh volume f i l t e r s  counted' on the  

s c i n t i l l a t i o n  cbunters. 

'.' 
1 .  

. .  
7. Results ' 

a. Radioactivity Determihatibns; me r e s u l t s  required * 

from the rneasur&m&ts is the. a c t i v i t y  (akpha p a r t i c i e s  

emitted per minute) i n  each metet of 'air sampled. 

. '; , 
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. .  

“i 

.- 
. .. 

. . 

... 

.” 

.. 

. -.  
- .  . >  

. .  

. .- . .  
* -  

. .  . 

. .  . 

from the  measurements is the  a c t i v i t y  (alpha Particles-’ 

emitted ver minute) i n  c ich meter of air  mamvlcd. 

The a c t i v i t y  can be converted readi lv  t o  milligrams 

*of urinium D e r  k3 

.% 
I. 4 . .  .. 

_ .  
f .- I ’  

uslne the nominal dom/me h i ~ h a  decay ’: 
. _. 

rate of uranium. 

‘nominal ’ aibha dislntenrat ion r a t e  aaf ‘g& dvk/Ga knd ’ . ‘. 

The deoleted ( tails)  uranium has a 
. $ - x  - . _. -. - A -  . a  . .  - . ,  . -  

the  enriched oradact has a n  alpha d is in teera t ion  raie’ __  
^ I *  

of 2200 dbm/mp uranium (Union Carbide conversion ..#attbq).. 
C ’ .  

.e.. 

c , The samole countinrt r a t e  was corrected f o r  t he  backqround-‘ 
. -  . .” count, the necessary eff ic iency and self absorotion - 

c tors  avolied t o  9 i s l d  the a c t i v i t y  i n  the  samo~e. 

e t o t a l  volume of”a i r  SamDled vas calculated from t he  

dl 

. .  flow r a t e  with a l i nea r  correct ion made f o r  the  

decreasi9fz flow r a t e  durtntz the  beriod when the f*ow: 

could no loneer be maintained by adjustment. 

was needed only f o r  the hiph-volume samolers usinq 

Whatman 41 oaoe The r e s u l t s  of the  

c i c u l a t i d n s  ar o m  in Table 1 (I? p i 

*I 

(This 

. 

I 1 .  
-Union Carbide measurements. 

.. 
Similar data  for  the  PNL determinations fo r  t h e  same: 

filters are shown in Table 2 (4 pages), but without 

reveating the  common data  r e l a t ing  t o  samole tyde, 

duration of samolina, average flaw, 

1 .  

and volume earnoled. 

.. . ... 

.I. ,.. .. .” 
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TABLE 1 

A I R  SAMPLING AIID COt!lVTINS DATA 
' 

BUlLDING: C310 
SH 1 FT : Graveyard 4-2-80 

2r)Z. 75.2 
. 70.4 . ' 4bl WOL A10 17,4 

(high 
volume) i=72,a 96 24 1 4  

O H 1 '  

I .  

O H 2  H-2 HVOl  410 17.4 202 61 02 
80.4,  
18 

' 2*53.2- 61 . 231 1 .B 

. I  

61 
63 & .  

202 ' 17.4 .' I O H 3  H-3 HVOL A1 0 
P 
do bsz . 72 274 1.4 

O B 1  B-1 B t  45 0.49 . 0.6 ' 1.1 
(pump (breathlng 

-. zone) 

O B ?  0-2 . BZ 38 Q.47 
(Punp t3)  

> .  

O L 1  1-1 14pe (149 1 O.067 

r i o m  Purge @ 0047, Disconnect 0 CI*!~I? ~ o o ~  open Od55, Daar ~ t o s e d  9110, Open 0113, closed 0118. Cyllnder, 40, ZOM 
Cylinder Posit lon 1 3 .  
H-1 counted P 0210 m 4/3/80, Minlmum Oecay Tim to 0705 on 4(2/8rl - 19 hrs 5 min 

0.9 
/ 

- 

I 
r 
\ 

ci, I c 
cc_I_" , , , , ~, .I",1_ 





. .  

n 

TABLE 1 (COWtNUEr)) 
A I R  SAMPLING AfID COl'WTING DATA 

"-8 HVOt 307 18.0 0.5 . . .  *. i i '  

13.0.12.4 12 74 
. '  c :,,. 

156 

5 H 4, 
(pin$ Sfd fool) 

0.5 
:i g 

I -  

H-9 HVOL 307 18.0 156 12.6.13.0 12 74 
, ! *  _I 3 . '  

I ( .  

1 . :*.. v i  r t  .! I 1: i' 

1. 

0.4 
, *  

11-10 MM 309 18.0 158 12.2,lO.O 11 64 
+: . " ,  a .  a ' *  

, <  \ 1 .  :. J. ,  3 .  

11-1 1 .. 

. . . .  . .  

. . . .  .. .. pump 119). . . .  .-. ........ .. . . . .  . . .  . . . . . . . . . . . . . .  

5 . 8 :  !ZYi  I' . -  

' _ _  
* ( ~ a r v a r d  Lapti 

. h .  , . , I , '  t L ,  :-."-:? 

NOTE:. Disconnect a t  1111' hrs, reconnect complete a t  1124 hrs' 
J . a ( ,  



c c 
TARLE 1 (CUIVTItsvED) 

AIR SAMPLING AHD COUNTING DATA 

B U I L D I N G :  C315 
SHIFT: Day Shtft 4-2-80 ( m t ' d )  

0.9 0. r)67 0.52 
. 1 .  9 .a 0.41 1.23 2.t 273 

c, Hawaid 
Harn 

fmE: s , /. Lstw * assfsned t0,Employee. G310 suing, 4-2-80 
. ,c; 

BZ 
. .  r - i "  

5 0.. 45 0.07 

O.Q7 

0.7 
0.8 

j 

0.16 0.48 6.9 

0.5 
0.8 0.06 0.18 2.6 

. . . . ____. .. . .. . . . __._____ 
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c 
T A W  1 (@MWRBD) 

A I R  SAPPLlNB AHD C@!QTiNG DATA ' I 
-i . .  

% )  

'SHIFT: Day Shift 4-2-80 (ctmt'dj 



TAME 1 (Cr)*lTINIIED) 
\ A I R  SAMPLING AVID COUNTING DATA 

.SAMPLE 
LOCATION s CONDITION , !AMPLE UMBER SAMPLE DURAT I p~ 

(MIM 

BUILDING': c315 
SHIFT: Snlng Shift 4-2-80 

* IoLupIE GROSS k T  flET dPMi LED CPM CPM DPM - 
( M h  rul 

F'*H 
(CFM) 

7 
h) 
E 

lfW)L 420 

HVOL 4 19 

HVOL 4 19 

HWL 420 

17,2 ;I'as 27i26.6 30 172 0.8 

154 0.8 22,26.6 27 .17.;2 204" 

17;8118.6 19 112 0.5 i th 205 
(pump s/ts 1001) 

* .  ., ' 
NOTE: -5ampie posttlons sam as C315 Graveyard and Day Shift 4-2-80.for above. b y $  Open. 

DIscomct'far stattan t l~6.1901 hrs. Note that f l l t e r  paper an HVUL sample tl-21 was rep 

- -  
, i  

. i 

aced before start 

34 0.1 
0.47 0.48 0.3 0 -- N.D. 
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C 
TABLE 1 (CrlNtIWEb) 

A I R  SqMPlING AflR COUNTING D A M  ' . 

BUILDING: C310 
SHI F'T : Swing 4-2-80 (cont'd) . 

1 

O L 1  L-4 lapel 420 ' O.Ql57 0.8 
Worn by dpera tor . I  1 1.23 b,S 

Release I 1  @ 1741 hrs 

0 0 1  8-32 BZ 14 8 0 

NOTE: Also wrn by employee dn-Cj15 Swlng: 
1 

4 7  
. ( .  

> 

0, s 0 .  -L) ff.D. 
_ . I  

9 .  

wm H.0. 0.3 0 

0.1 '0 "- MJ, 

0.5 

. 8-93 BZ 14 0.48 Q.19 0.3 

O B 3  02 14 0.48 0.19 0.41 

*I R.0, 
O L 2  - L*6 . . Lapel 60 0.07 0.12 . 
Worn by employee perform1 , -  0, 5 

.. 
0 B 1  8-36 . BZ 14 0.8 0.12 ~c).36_ 1.9 

0.6 

0.7 
Q.4 0 

. .  
c 

-- IJ.0, 
14 0.48 0.19 O B 2  " 6-31 0z 

r 

^_l -.-- -"--- 



.................. ...... ............ _ . . . . . .  . . .  

TABLE 1 (CONTfWUED) 

i a .  
' 9  

A I R  SAMPLING ACID COUNTING DATA 
. .* 

BU I'LD I NG : c310 1 -  

SHI Ff : Swing 4-2-80 (cont'd) 
A .  

L O C A ~  I ON 8 COND I T I ON 

O B 3  

Release 12 0 1803 hrs, 

0 B 1. 

7 
h) ce O B 2  

8-35 BZ 14 

3 .  

doors open 

8-38 BZ 6 

8-39 BZ ' 6  

O , B 3  . 8-40 BZ 6 

Release 13 (3 1812 hrs . . ', 
, .  * .  

O L 1  . , t *7  Lapel 9 "  

0.48 

0.48 

0148' 

0.48 

. -  

0.48 , 

... . . . . .  , . .  _ _  .. 

L-5 Lap@ 1 9 0.48 
I '  

. O L 2  

0.19 

11 , 

0.09 

.I h .  

0:09 

0.09 

0.4 
1 ,r) Q.11 0.33 .I. 1,,7 

I .  

1 

0.8 
0.1 0 -- N.D. 

9.3 
0.6 0 -- . N.0. 

i 
' '. ' .' d 

. i  ' h ' ,  

' . . .  ! . . ..._ . -- - . . . . . .  M.D. 

'3.9 ' 
0.13 0.7 

0.8 0.17 0.51 c 

c 
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H-3* 3 4-57 ' 6.H 391 1.9 

E-€ 4 0.36 0.18 . 0.46 . 0.72 

0.44 . 1. I2 2.24 8-2 € . _  0.66 
n 
n 

H-4* l 

H-5* 2 

H-6* 3 

El-?" 4 

L-2 1 

6-3 2 

B-4 3 

ti* 1 

H-9* 2 

H-lm 3 

H-If+ 4 

L 
0 c 

B 
Y K u 

1.95 

1.50 

1.87 

2 027 

0.35 

0.34 
? 

0.64 z 
Y 

0.62 

0.67 

0.83 

0.64' 

An aliquot o f  0.157 o f  filOer was counted. 

F-30 

a m .  - - 1.p~ 1.43 
0.69 1 1.16- 2.07 

1.63 . 103 0.62 

1.32 . 83 0.50 

1.49 . 94 0.51 

2.00 13'7 0.80 

0.03 0.08 0.36 

0.16 0141 0.95 

0.26 0.66 5.0 

4.30 19 6. I2 

0.49 31 0.20 

0.45 28 *. 0.18 

0.18 0.46 29 
G 



'FABLE 2 (CWMJED) 
S W R Y  of DATA FROM PNL COUNTING OF AIR SAMPLES 

bJ 
3 SAMPLE COUNTER DURqflON OF GROSS CPM DPM 

B-? 1 100 0.29 (0.03) -0 NOD. 

w. USED COUNT, MfN* CPM CORRECEO SAMPLE PER M 
FOR BG. 

B-6 

0-5 

4 

3 

L-3 2 1.14 0. Q6 2.45 4 .'I 

L-4 0.42 0.t4 0.61 3 .2 
I 

6-28 

8-9 
I 
I 

4 

3 

0.24 0,W 0, fS 2.1 

0.39 O.O$ 0.03 0.43 

B-8 2 0.24 0.P6 0.15 2.1 

B-11 1 n 0.31 (0.03) -0 N.D. 

&-I3 3 0.45 (0.06) 9- N.D. 

I B-14 4 0.12 (0.06) -0 PS. D. 

n 
0, 
*, s c 
E 
0 

8-12 2 0.14 (0.04) 0- N.D. 
.c 

7 

E 

e L i 

B-15 1 0.44 Q. 12 0.31 2.8 

0.26 0.8 2.04 €8.5 

I 0.53 0.13 0.33 3.0 

B-16 2 

8-37 3 

0.35 0.03 0.08 0.5 

0.14 [O.(k4) *I N.D. 

8-19 t 

U 
W u 

I 
E r  

E 

u 
IC 
c 

m 
b- P 

c 
I 6-18 4 
I 

- (5 0.19 (O-Jn) CI W,P. 6-20 2 

I H-r5* 1.39 LO0 68 0.33 

0.96 0.78 49 a.ga 
I tf-l?* 0.79 0 4  ?6 0.13 

H+l* 0.64 o,ag 29 p.14 
t 1 

* An at I quot of 0. $57 of  ftt ter was counted. 
N.D. Not detectable. 1cd 

F-31 



TABLE 2 (CONTINUED) 

S W R Y  OF DATA ~m PNL COONSING OF AIR SAMPLES . .. . \ 

. DURATION OF 6ROSS 
CPM CORRECTED 

" FOR .B6. 

.* I 

B-22 a' 

8-24 

8-26 
I , f I  

? 

B-60 

B-61 

L-8 

H-12 

H-13* 

H-14* 

6-30 3 

B-27 2 

. .  

L .  A 

\ 

6-31 4 

L -4 

B-32 1 

B-33 2 

6-34 3 

L-6 4 

8-36 1 

8-37 2 

B-35 4 

B-38 3 

B-39 4 

B-40 1 

. , -  

< .  

, .  - 
soo- - .  OI36 

0.40 

0.32 

0.20 

0.18 

0.25 

0.13 

9.11 . 

9.63 

9.55 

0.30 

0.54 

0.17 

0.42 

0.33 

0.35 

0.30 

0.17 

0.47 

0.29 

0.37 

0.28 

0.21 

' 0.35 

' *  

+ .  

: * . , I  

*An a l i q u o t  o f  0.157 o f  f i l t e r  was counted. 
N.D. Not detectable .  

F-3 2 

(0.02) 

0.08 

0.14 

0.02 

(0.14) 

0.07 

(0.05) 

8.79 

9.45 

9.17 

0.08 

0.36 

(0.01) 

0.24 

0.01 

0.17 

0.03 

(0.01) 

0.15 

0.11 

0.19 

(0.10) 

0.03 

0.03 

-0 

0.20 

0.36 

0.05 
-- 
0.18 

0- 

555 

596 

579 

0.20 * 

0.92 
-0 

0.61 

0.03 

0.43 
-- 
I- 

0.38- 

0.28 

0.48 

0- 

,0.08 

. 0.08 

< _  . . .  
N.D. 

0.42 

0.78 

0.12 

N.D. 

0.19 

N.D. 

2.59 

2 -80 

2.72 

1.53 

7.08 

N.D. 

1.17 

0.16 

2.26 

N.D. 

N.D.. 

! 

i 

I '  

2.52 

N.D. 

0.33 

0.33 

Li 

t 



TABLE 2 (CONTINUED) 

SUMMARY OF DATA FROM PNL COUNTING OF A I R  SAWLES 

SAMPLE COUNTER DURATION OF GROSS CPM DPM" . 
SAMPLE': ,, P!EM$ 

. 2  

NO. USED COUNT, MIN. CPM CORRECTED 
, >  FOR BG. 

L-7 1 

L-5 3 

8-4 1 2 

F-1 1 

F-2 2 

F-3 3 

0.39 

0.44 

0.35 

0.32 

0.14 

0.33 

0.07 0.18 . 

0.06 0.15 

0.17 0.43 
0.0 -- 
(0.04) -- 

' (0.05) -- 

TABLE 3 

Verification Test Data 

1.38 

1.15 

3.58 

N.D. 

N.D. 

N.D. 

Net CPM 
(Union Carbide Net CPM Release 

DPM (PNL Countinq) NO Count ins! 1 - 
I (C-310) 6125 19,600 

If (C-315 El) 6968 22,298 - 

DPM - 

111 (C-315 9 2 )  4006 12,819 

- NOTE: 

a c t i v i t y  of 2200 dpm/mp (Union Carbide data)  o*r 29,480 

UF 

dnm/me (Union Carbide data)  o r  12,060 hP. 

The r e s u l t s  ver i f ied  tha t  8 la rge  f rac t ion ,  i f  not a l l ,  of the UF6 was 

Twenfy rng UF6 product w i l l  contain 13.4 mq urani  

t a i l s  w i l l  contain 13.4 mg uranium with an alpha a c t i v i t y  of goo 

released and accounted f o r  by t he  - f i l t e r  on the  hidh volume samvler. 

F-33 
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AUTHORIZATlON FOR MEDICAL AND/OR HOSPITAL INFOFMATION 

RE: Joe T, l iarding 
214 Old Orchard Road 
Paducah, Kentucky 
A1 1 medical records * 

This i s  t o  author1 ze any physician , hospital , wedl cal atfendan$ 

o r  others t o  furn ish Herlry R. Wolfe, M.D.,,USOOE, o r  any representative 

o f  h i s  any apd sll information o r  opinions, yhich he may requeq-t regardfng 

the physical condit ion gnd treatment of 

and t o  al low him t o  see, copy or photogra 

t o  &/ 1s physical c m d i t i o n  o r  treatment. I hereby 

waive any p r i v i l e g e  I haue t o  said information t o  Dr. Wolfe. A copy o f  

t h i s  author i ta t ion shal l  be as binding as the or ig ina l .  



APPENDIX H 
INFORMATION REQUEST 

Department of Energy 
Washington, D.C. 20545 ' . 

Dear 

I 

An investigation of a complaint of occupational radiation induced illness 
has been requested by the Department of Energy. Accordtngty, I would 
appreciate copies of information as mentioned i n  the enclosed authorization. 

. In addftion, i n  order t o  assess health effects from other sources would you 
kindly, wherever possible, provide the following information: 

1. Your recall of Hr. Harding's food and drink patterns, e.y., 
Did he have any special likes or dislikes? 

(Referring to food temperature, spicirtess, specialities. 
Was he a f a s t  or  slow eater? To what extent  did he use 
alcohol? Antning else relevant.) 

2. Your recall o f  any toxic exposures he may have had outside o f  , 
, h i s  employment a t  Union Carbide, 

3. Your recall of Mr. Harding's smoking haPits, e.g., 

(How much did he smoke? [rid he inhale an6 t o  what 
extent? Did &e smoke cigarettes down t o  the end? 
Did he use f f l t e r  tips? Aqything else relevant.) 

4. Your recall of h i s  family medical history, e.g,, 

(What k ind  of malignancy did his father have? 
etas there any other family history o f  malfgnancy? 
Was there any other family h is tory  of 6-1, pulmonary, 
dermatological , osseous , cardio-vascular, neurologk 
system involvement? ) 

W 

5. Your estimate o f  radiation exposures from diagnostic X-rays 
made under your care. I f  t h i s  exposure tnfomtton 
cannot be provided, please ideRtify the X-ray equfpment 
usedr as well as the number and size of films and views 
i n  each X-ray procedure. 

H-1 



-2- 

ttecause I have been requested to wake t h i s  assessment w i t h i n  a brief 
period of time, I respectfully ask for a prmpt reply. As a former 
~ u s y  clinician, I am aware of this added burden t o  you. Also, I 
realize you may not be aDle t o  respond to some of the above 
questions. Your best and most rapid response will be greatly 
appreciated. 

Si merely, 

Henry R. Uolfe, M.U. 
Human Health and Assessments Division 
Office o f  Heal t h  and Envi ronmental 
Research, Office of Environment 

Enclosure 

H-2 



APPENDIX 1 

PHYSICIAN AND HOSPITAL LIST 

Response t o  &quest f o r  

Y - pathology report 

Name 

M. W. Fowler, M.D. 

Records (Ylyes, NPUO) - Year 

1961 

1964 

- Reason for ttisit(s) 

Gas trectoary 

Skin lesion$ Y - denied radiation as 
cause 

N. A. Parrott ,  H.D. 

D.  L. Soucher, H.D. 

T. T, Hjrer, H.D. 

R. N. Buchanan, H.D. 

F. A. Simon, H.D. 

R. B. Hiller, H.D. 

N - but not hpor tan t  Eoartseness * non OCC. 1966 (1 visi t )  

1966 - 1974 Y - tourdes and Western 
Baptist 

chronic and attit& lung 
disease 

Skin lesions 

Skin lebions 

Right knee surgery 

Skin lesions 

Chronic lung disease 

P = biopsy report 

N - possibly deceased 

1967 

1968 

1968 P 

L. T. Reese, M.D. 

U. J. Petway, M.D. 

1969 

1970 - 1971 P - took wer from 
Reeves 

P - examined In  connee.. 
t ion with compensa- 
t ion claim 

6. t. French, H.D. Right Wee, efbm 1971, 1978 

N - but record with 
O n h i  oarbide 

- ne mention of 
"nut at  ions'' 

B - according t o  Hyre p 

never 6aw 

E. U. Rosenberg, H.D. Skin leslons 1972 

2. E. S t ivers ,  D.P.H. Foot problems 1973 - 1975 

1977 W, 0. Montgomery, M.D. "Mutated &&ngkrnaiW 

p - but haire m Lourdeb 
record W. 8. Etosbach, M.D. 

W. E. Jackson, H.B. 

U. Jennings, H.b. 

B. Lawson, HAD* 

S. King, H.D. 

PemiCiottL amnia, emphysema 1979 

M - Lourdes record 

8 - despite repeated 
tequest s 

Abdominal w e e r  

Abdominai tanckt 

1980 

1980 

P = Methodist record 
but have m 

N - Methbdibt record 

Bosp i t als 
Uestern Baptist 
fxntrdes 
re thodis t 

Prnducah, Kentucky 
Paducah, Kentucky 
Nashville, Tennessee us Known Deceased 

H. S. Kleckuer, H.D. 

# 

1-1 

Gastroenterologist 
Dermatologist 
General Practitioner 

L. T. Byars, HID. 
R. L. Reeves, H.D. 





. .. 
. .  

.~ . .  
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Union Carbide 
No. - 
1 

4 

3 

27 

1 

Private Practice 

2 

2 

3 

25 

3 

1 

This is a crude estimate 
Srivate chest and dental 
considered 3.5 rem. 

APPENDIX K 

Estimated Bone Marrow Dose (in MRAD)* 

X-ray Examination Estimated Dose Each 

cervical spine 50 

hand (and thumbs) 2 

knee and foot 2 

chest 40 

lumbar spine 1 

full mouth dental 

shoulder 

knee 

chest 

upper G-I 

gall bladder 

20 

2 

2 

40 

300 

100 

Tota - 
50 

8 

6 

1080 

200 

40 

4 

6 

1000 

900 

100 

Grand Tots 

13 44 

2050 

3394 

- 

and could be off by one or two rem. 
films taken. 

More likely there were more 
Translating X-rays into rem, the estimate may be 

* From consultation with Bureau of Radiologic Health and Table 6, p. 15 of DHEW 
Publication -(FDA) 74-8007(1973). 

\ 

, 

K-1 
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