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-Preface

i !
On October 29, 1979, Mr. Joseph T. Harding met with several officials of the
Department of Energy (DOE) to bring to their attention working conditions
at the Paducah Gaseous Diffusion Plant which he believed had damaged his
health and that of other workers. ~After listening to his concerns, the DOE
officials invited Mr. Harding to return in the near future to expla1n more

;afully hls experiences and h1s cr1ticisms of the safety pract1ces of the plant.

Mr - Harding returned to DOE on November 28 and 29 1979 and met with:
representatives:of’ the Uffices of Consumer Affairs, General Counsel, -and
Environment. :He described in.some detail the safety and health practices
used by the Union Carbide -Corporation--which,. since 1951, has operated ‘the
Paducah Gaseous Diffusion Plant (PGDP) under' contract to! DOE--that ‘hadin his
view endangered the health of plant employees. Mr. Harding had been employed

-at the plant between October 15, 1952 and Februaryi26;-1971. -He stated that

safety procedures and regulations had:sometimes: been: 1gnored in order to meet |
production deadlines. -The unsafe: radiological conditlons Mr. Harding cited as
occurring at: the PGDP lncluded-’“ *j; BEEEL “v~ ~f

'i o:'the contxnuous presence of uranium nexafluoride in the air’
oat: levels that reduced vrsrbillty, l*r “

5:?omathe presence of. d1rect radxation Ievels from the product
. -and waste cylinders; - - Ly

o poor respIrator protection of workerS'

“.fa'“rofrlack of proper safety procedures, e.g., opportunity for eating

c:in contam1nated areaS‘
| otrlack ot adequate travning |
| oﬂflack of safety awareness or, safety enforcement/by supervrsors,‘~
o 1ack ot exposure informatjon to emp\oyees- and

‘Tlto; 1ack of radiological protection overvrew.c f'f"‘

B Mr. Hardmg provideo copies of. h'is radlatmn exposure records and documents

: related to the:termination of ‘his: employment by Union Carbide. He reviewed
~.a -number. of physical-.disabilities which :he felt tiad been caused by his

e;excessive exposure to radlation. Tnese included- B *fa, NI

0 §tomach problems resulting in surgical removal of the :
maJority of his. stomach but with no: cancer -or ulcer found~”’**»




~ 0 Recurring lung problems re]ated‘to a perforated lining;

0 Numerous skin sores that had begun on his legs and spread
over his body;

-0 A problem with uncontrolled growth of carti]age from his
~_ hand and foot JOlntS, and - .

o A prob]em with his centra] nervous system.

: Tne Department offic1a]s suggested to Mr. Hard1ng that DOE would undertake
an investigation of his charges. He in turn expressed a willingness to
cooperate fully in such an investigation. He subsequently provided the
names of other PGDP employees who had worked at the plant during the.
years of his employment and who he believed could corroborate his -
descriptions of work conditions. Mr. Harding continued to suffer from
his several debi]itating lllnesses ‘and died on March 1, 1980. :

- Following»some preliminary 1nformation'gather1ng, the Office of.EnVironment

. began a comprehensive investigation in February 1980. Ruth Clusen, then

- Assistant Secretary for Environment, charged Eward J. Vallario, Assistant
Chief, Occupational Safety Branch, Operational and Environmental Safety -
Division, and Henry R. Wolfe, M.D., Human Health and Assessment Division,
with the task of evaluating the adequacy of the radiological safety practices
at 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
1nvest1gat1on.

In the course of preparing the medical analysis for the report, Mr. Harding's
medical records were sought from the physicians who had treated him. When
repeated requests to some doctors--whom the investigators had been told

had treated Mr. Harding over a substantial period of time--produced no
response, efforts were made to obtain the records from Mrs. Harding. In

May, 1980, she directed us to her attorney--Mr. Robert Hager of the Christic
Institute, Washington, D.C.--as her representative in providing the requested
information.

Mr. Hager, in a series of letters over the following four months, intformed

- the Assistant Secretary tor Environment that the medical records in his
possession could be made available to the Department only if a “qualified
independent medical opinion would also be reflected as an integral part- \
- of the report.” This independent opinion would be based on a review of the
medical records in Mr. Hager's possession and of those used by the Depart-
ment in conducting its medical analysis. In Mr. Hager's:view this addition

was necessary so that the report would “"fully reflect and give equal prominence
to expert opinion representing the full Spectrum of medical know]edge con-
cerning the nature and etiology of Joe Harding's health problems."”
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Because of the Department's interest in assuring that its report be as
thorough and comprehensive as possible and not be subject to criticism
because possibly critical medical information had been omitted, the con-
ditions proposed by Mr. Hager were agreed to. Further arrangements with
Mr. Hager delayed the actual exchange of records until October 1, 198u.

When the investigators reviewed the documents Mr. Hager provided, they
discovered that none of the records specifically sought were included.
‘Indeed, the records given to the Department contained no information not
previously available to the investigators.

Nonetheless, the independent opinion submitted by Mr. Hager on December 11,
1980, and the biography of its author are included herein as Appendix A.
Appendix A also contains the comments of the DOE investigators on the points
raised in this opinion. Because the investigating team included both a health
physicist and a medical doctor and because information from both disciplines
is relevant to the observations submitted, two sets of comments are presented.

Tne following report reflects the finaings on radiological safety and medical
analysis relative to the concerns expressed by Mr. Harding.
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A.

' . EXECUTIVE SUMMARY

Introduction

\\

“Betvween October 15 1952, and February 26, l97l Mr. Joseph T.. Harding

was emplqyed as a cascade operator at the Paducah Gaseous Diffusion Plant,
a uranium enrichment facility operated under contract for the Department
of Energy by the .Union Carbide COrporation. Mr. Harding believed that
the radiological safety conditions at the Plant were hazardous to the
health and safety of its workers and that he had -sustained numerous
phy51cal disabilities as a result of hlS exposure to excessive radiation.

After Mr. Harding haa brought his concerns to the attention of Department
of Energy ‘officials, the Assistant Secretary for Environment assigned

_two members of. her staff to . undertake an investigation of. these charges.

" The investigation included a site inspection of the Paducah Gaseous

B.

' Diffusion Plant (PGDP), discussions with plant officials and a review

of pertinent plant records dating from the early 1950's, To better

. evaluate conditions in plant operations durlng the 1950's, the investi-
. gators, also performed a mock- -up test to determine uranium and hydrofluoric
" acid concentrations in the air, Seventeen current or former employees

whose names had been suggested by Mr. Harding as individuals who could

. corroborate. his descriptions were interviewed to discuss their perceptions
of working conditions and plant safety. To assess the scope and quality

of the safety overSight program conducted by .the Qak Ridge Operations
Office, discussions were held and records were reviewed at that office.
Medical. records were obtained and evaluated from both the plant physician

‘and private physicians and hOSpitals with whom Mr.. Harding had consulted.

This report presents the findings of both the work place radiation safety
analySIS and the analysis of Mr, Harding S medical history. B

Work Place Radiological Safety Analysis

' Based on the methods used during this investigation no evidence has been
.. found which: would support the allegation that the PGDP-conducted a radio-
,nlogically unsafe 0peration during the period 1952 1971. In summary

o The company 'S records tor external and 1nternal radiation exposure
received by Mr. Harding reveal levels substantially-.below the:.
recomnended limits of exposure prescribed by national and inter-"
-national authorities. The total external.exposure received for. the

Tperiod 1955-1971 for beta and gamma was b.7 rems, - Similarly, for
~ the same. period the reference organ dose for. any given year was
, ;;,less than 1. rem,. Cey i BT b 2 s G
0 fA review of both the 0051metry units and urinalysis methodology
applicable to the period in question indicates that the methodology
~ was con51stent with “state of art" at the time.




C.

0 A mock up test was conducted to determine the potential for a small
putf release* of uranium hexafluoride during routine disconnection
of the flexible tubing (the pigtail) connecting the product cylinder
and the process stream and availability of this “puff" for inhalation
and ingestion. Tne mock up test results were negligible, i.e., sub-
stantlally below the concentrat1on 11m1ts for airborne uranium.,

0 The presence of thick dust in the air which Mr. Harding stated

~ occurrad routinely in the product and tails withdrawal pbuildings
is not consistent with the mode of operation. The thick dust coulad
only occur when there was a major release.  The airborne dust was

" of short duration due to settling. ~Interview statements (and plant
records) indicate that a limited number of such releases have occurred.
‘Small "pufts" of uranyl fluoride and hydrogen fluoride, the hydrolysis
products of UF., occurrea routinely when the pigtail was dlsconnected
from the cylinder. However, this material was immediately “captured" by
high velocity ventilation hoods located directly over the disconnect.

o Direct radiation levels at the heel of the cylinders ranged from
10-500 millirems per hour (mR/hr), at contact. Considering the handling
or transter time required to move the cylinders, the resultant exposure
was substantially below the recommended 11m1ts for exposure.

o The type of respirators available for use were satisfactory. However,
the absence of a respirator fit program did cause a weakness 1n the
respirator use program. _

0 The air sampling program in the relevant buildings during the perﬁod
in question was inadequate.

o The training program as well as general safety awareness was'adequate;
enforcement of safety procedures was questionable.

o The Atomic Energy commission did not have a formal i nspectwn program
until 1961, at which time the 0ak Ridge Operations Office (OR) con-
‘ducted its first appraisal of PGDP. Tne AEC did not maintain at that
time an adequate, in-deptn appraisal program that would reveal potential
technical deficiencies in the radiological safety program.

Medical Aspects

Mr. Harding's medical histony prior to his emplqyment at PGDP shed
scant light on his future medical problems. During and after his
employment he did suffer from a number of progressive conditions.

Mr. Harding was hospitalized for several weeks early in 1980 and was
discovered to have a widespread abdominal cancer. He died at home on
March 1, 1980. No autopsy was done. ' S ‘

- *As used in this report, a "small puff* is a release of uranium hexafluoride

of less than- 3U0 milligrams.



An analysis of available records obtained from his physicians and hospitals

led to the conclusion that Mr. Harding's illnesses were not l1ke1y to have been

caused by occupational radiation exposure. This determination is reinforced
by the workplace analysis conclusion that insofar as radiation was concerned,
tne PGDP was not unsafe.

) )
The five physical disabilities which Mr. Harding alleged were from excessive
radiation exposure are discussed: )

1) Stomach

Despite denial by Mr. Harding, the records clearly document a gastric
ulcer which necessitated removal of most of his stomach. Many of his
clinical difficulties thereafter were the result of this surgery. Even
the malignancy which killed him probably arose in'the stump of the
remaining stomach. Factors such as exposure to cigarette tobacco smokes,
nitrites and hydrocarbons in diet, cadmium and nickel carbonyl in welding

or genetic predisposition were more 1ikely than his occupational radiation

exposure to have caused Mr. Harding's ulcer, malignancy and other stomach
problems.

2) Lungs

Mr. Harding developed small-airway disease characteristic of long-term
heavy smokers. His pulmonary function tests did not fit the pattern of
most lungs injured by chronic radiation. His smoking and repeated bouts

of pneumonia were far more likely to have brought on his chronic pulmonary

disease. ’
3) Skin

Analyses of biopsied skin lesions did not conform to the pathologic
picture of radiation dermatitis. Mr. Harding suffered with skin problems
from 1953 until his death, but they were highly unlikely to have been
caused by exposure to radlation.

4) Cartilage

Evaluation of radiation induced cartilaginous disorders is difficult
because not much is known. Although the medical records are skimpy,
Mr. Harding's problems did not fit the picture that is known. It is

conceivable that the problem was small joint enlargement. Such a clinical

picture was more likely to have been related to his chronic pulmonary
and/or gastric disease than to radiation exposure,

§) Tremor \
) _ . ,
This occurred in his last year. Rather than being due to radiation,
it would more likely have been related to the anemias secondary to his
stomach removal or to the malignancy. ,
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I1. SCOPE OF INVESTIGATION

The investigation evaluated practices, procedures and operations at the PGDP
* during the period 1951-1971; no effort was made nor should be made to extra-
polate from the findings and conclusions to current practices and operations.
Tne investigation was restricted to work place conditions relative to
-~ Buildings €310, €315, and C335 which comprise a very small part of the total

- "PGDP_operations. The anlaysis and conclusions are specific to the referenced
‘buildings ano not to the totai piant site or operations.

Investggation Chronology and Methodology

A. Mork Place Analysis:

o ‘The Paducah Plant was v1sited on March 6 and' 7, 198u. A site inspection
- . 'was conducted ‘of Buildings €310, €315 and 6335-—areas where Joe Harding
- “had worked; extensive discussions were held with plant operations
personnel and the Health Physics Department in an effort to reconstruct
conditions at these locations during the tenure of Mr. Harding's
“employment. This was followed by rev1ews of procedures and practices
in place at’ that tinle. ,

o“Interviews were held with 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 with the approval of the
s participants. ‘

-0 The Oak Ridge. Operations office whicn maintains contractual and safety
- ‘overview responsibilities over the PGDP was v1sited to review pertinent -
_saiety documentation.br

~

o On April 2 and 3, 1980, a mock up test was conducted in Buildings
C31u0 and €315 to determine uranium and hydrogen fluoride (HF) concen-
~ trations in air during the performance of procedures duplicating those
u«fvused in the 1940 Se _ o

A ) ~Ventiiation flow rates were assessed and compared with original plant
«" . drawings. To avoid any uncertainties regarding changes in the product
transfer system, 2uU milligram (mg) uranium hexafluoride (UF.) samples
vere obtained, experimentally verified and used as the sour%e for the
test. Lapel, low volume and high volume air samplers were appropriately
located for the test runs. Ur. Melvin First of Harvard University
~-+ -provided indepenoent approva] of the sampling protocol. All sample
"= .countiny was performed under the supervision of Mr. Roger Shaw,
Battelle Northwest Laboratory, utiltzing plant counting equipment.
- ANl filter samples were subsequently taken to Battelle Laboratory tor
further counting and veriiication. .

© 0 On Aprit-W another count of all sampies was obtained utilizing
" "Battelle Laboratory equipment.

o ’On April 15-16 the interview recordings were analyzed,

0 Technical information was obtained as appropriate by consuitation
and search of literature.

7




B. Medical S ‘ | , &

0 Materials (tapes and papers) submitted by Mr. Harding were used to
~compile a Tist of the physicians and hospitals he had consulted.
petween 1953 and 197Y,.. Medical information was requested and . E
jreceived from some of these physicians and institutions. (Appendices '
. G, H, 'and I). As described 1n the Preface, additional. records vere
'obtained tnrough Mrs. Harding's attorney. _Some personal habit: history
was obtained from Mrs. Martha Alls, daughter of Mr. Harding.

o Technical information was obtained by consultation and search of the
literature. . SR .

. 0 There are gaps in the information reviewed because sone physicians
‘= 'and one hospital could not or would not respond to the request for
'1nformation., (See Appendix 1 for: the Tist of those to whom requests
~ were made.) For example, only one physician (of the. 18 asked) was. even
* partially responsive to the question about x-ray equipment used.

' Eight physicians did .not respond at all. However, the relevant records
‘of three of these individuals appeared:in hospital records or the
occupational medical records from the PGDP. Records of three others
were probably not necessary for the medical analysis.* The successor
to one of the physicians contacted’ stated that his predecessor had never
seen Mr. Harding. _

For about six months preceding Mr. Harding's death, Dr. W. Jennings
seemed to be accumulating medical records and advising Mr. Harding.
The DOE investigator believed that if anyone had evidence .supporting
Mr. Harding's medical charges, it would be Dr. Jennings. However,
despite acknowledgement of the receipt of the authorized request and
several promises to provide the requested records, Dr. Jennings did
not send any information.

“Two additional physicians whose records and know]edge might have been
important are deceased. "Dr. R. Reeves, a General Practitioner, kept
most of his information in his head rather than on records according
to his successor, Ur. M. Kleckner, a Gastroenterologist, probably knew
the most about Mr. Harding's stomach problems. His, records could not

_ be traced.

The medical investigator never met Mr. Harding. He did not have an
appropriate opportunity to discuss Mr. Harding's medical history .
with the Harding family as his only meeting with them. occurred very

soon after Mr. Harding s death. S

*Dr. D. Boucher, Otolaryngologist, was apparently seen only once, Drs. F. Simon
and L. Reese were Dermatologists; Mr. ‘Harding's skin problems were well documented
from five other sources.
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T, WORK PLACE RADIOLOGICAL SAFETY ANALYSIS

A. Plant and wOrk P]ace Descr1ption

1)

2)

Genera]

The Paducah Gaseous Diffusion Plant is 1ocated in McCracken County,
Kentucky, approximately four miles south of the Ohio River and 20 miles
east of the confluence of the Ohio and Mississippi Rivers. - The Plant,
which is owned by the U.S. Department of Energy and operated under
contract by Union Carbide Corporation, is part of a three-stage

uranium enrichment process.

The p]ant site incorporates a uranium cascade with an associated
uranium hexafluoride (UF¢) manufacturing plant, a metals and UFg
to UFg reduction facility, with decontamination and other support
facilities. Figure 1 provides the plant layout at Paducah.

The buildings in which Mr. Harding worked are des1gnated as C310,
€315 and C335. The buildings of particular interest in the con-
text of this report are C310 and C315, the product withdrawal and
tails withdrawal buildings respectxvely - The C335 building, referred
to as the Process Building, houses part of the process gas diffusion
equipment. Contamination rarely occurred in this building because
the system operated under negative pressure and as a consequence,

 equipment seal failures would cause "in leakdge" to the system rather

than release of uranium to the room air. However, some contamination
did occasionally occur when equipment was being repaired or replaced.
This contamination was attributed to material trapped in the equipment

- which was subsequently released when the equipment was taken off line.

Mr. Harding's job function in this building was control operator; the
control room was quwte removed from the process equipment area.

Building Layout €310 - €315 o
The C310 Product Withdrawal Bu11d1ng 1s approximate1y 53‘ x 30' in

- -size and contains two roll-up doors, one employee access: “door, and

- . double doors to:.the storage room. . This: bui1d1ng 1s equ1pped to handle
. two 10 to 14 .ton: cyllnders at any given time. g

.The C315 Tails W1thdrawa1 Bu11d1ng is approx1mately 53' X 30‘ in size

-..and contains. four cart tracks ard product equipment to accommodate

-four .10 to 14 ton cylinders. : Four roll-up doors are located in the

.-+ east-wall to permit the entry and exit of the cylinders (note drawing).
...+ The west:wall ‘contains doors to the:pump room and control:room. Thus,
- - there are six. penetrations (doors) affect1ng air current f]ow 1n the

H;g'bu1]d1ng

1
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Process - Buildings €310 - C315

The operation in Buildings C310 and C315 are quite similar. The

- liquefaction is accomplished by the compression of UFg flowing to

4)

the building from the enrichment operation at a pressure at which
the UFg gas can be conveniently liquefied. After condensing, the
liquid is allowed to flow into the cylinders. The product, UFg

in €310, and depleted UFg in C315, is:-drained as a liquid into the
multi-ton cylinders through a copper tube referred to as a pigtail

(note  drawing, above). When the cylinder is filled to its capacity,

the cylinder and drain valves are closed and the pigtail-is evacuated
and purged. The pigtail is then disconnected at the cylinder valve.
Figure 2 shows a cylinder mounted on the track cart -and connect?d to
a pigtail. Figure 3 provides a view of the typical work p1ace._/

Ventilation - Buildings C310 - C315

The €310 Building began operation in early 1953. .The ventilation as
originally installed provided 900 cubic :feet per minute (CFM) exhaust
across four registers. near the floor of.the east wall. The ventilation
was modified three months later to accommodate local exhaust hood
positions over the pigtails.  Two-of the old 2-1/2 ton positions have

- small hoods with flexible ducts which are not in use but still remain

as part of the exhaust system.. The present ventilation flows are

. approximately 20% greater than the flow rates experienced after the

modifications were originally completed. While the initial ventilation
modification (early 50's) resulted in less exhaust than:the original
design, the changed design and position of the hood close over the
cylinder connection point resulted in much more efficient control of

1/ Note: AIll Figures fn the report are derived from photographs o
taken in March and April 1980.
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the residual puff from the plgta11 or valve seat leakage. Figures 4
and 5 show the hood position in relation to the cylinder d1sconnect
point.

Building C315 also began operation in early 1953. At that time,

the ventilation system provided approximately 800 cubic feet/minute
(CFM) exhaust in three registers near the floor along the west wall
and 400 CFM of supply discharged about 9' above the floor from four
registers. Other make up air entered from the control room-and
through an opening in the east wall. The system was modified two
months later by extending the local exhaust ducts to hoods installed
above the pigtail connections.

Work Function

The C310 and C315 Buildings were normally manned by 1-3 persons with
a crane operator on call should cylinder transfer involving crane
movements be required. The workers were responsible for completing
equipment checks, 1ogging equipment data, preparing cylinders for
filling, disconnecting and weighing full cylinders, transferring
cylinders, and maintaining cylinder records. Mr. Harding performed
all of the above functions during his work in these buildings.

Building and Equipment Condition

To obtain a better perspective on the analyses of work conditions
during Mr. Harding's employment and to assure that the analyses

were not prejudiced by improvements since the time Mr. Harding worked
in these buildings, the investigators were careful to determine and
allow for the changes that have been made to the buildings in question.

Both C310 and C315 are basically the same structurally ‘as they were in
the 1950's. However, equipment changes have been made over the inter-
vening years which make it difficult to determine safety conditions in
the 1950's by evaluating the practices used today. The most significant
changes include: ‘ :

a) Changes to the purging system to enhance efficiency; this mini-
mizes the "puff" during the disconnect procedure.

b) The installation of an "interlock" system to prevent the withdrawal
- of the cylinder before the pigtail has been disconnected. In
the early fifties before the interlock system was installed, at
least three major releases resulted from cy11nders be1ng w1thdrawn
while still connected to the pigtail..

In part, because of the d1ff1cult1es these changes cause in eva]uating
Mr. Harding's charges, a test was conducted in an effort to reconstruct
ear]igg working conditions. This test is fully described on pages

30 - .
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‘Figure 5 Hood Relative To Pigtail Connection .

- 'Figufé 4 Hood Relative To Pigtail Connection ‘v




Worker Interviews:

Mr. Harding vd]unteered'the names of 26 workers who had been emp]oyed_at
the PGDP during the period 1951-1970. He suggested that these individuals
be 1nterv1ewed to determlne their v1ews on plant working: cond1t10nsrr

Efforts,were'made to reach all of these'1nd1v1dua1s during the investigation
team's visit to Paducah; however, some of those suggested could not be
located in Paducah or its vicinity and others declined to be interviewed.
Seventeen of the suggested individuals were contacted and agreed to be
interviewed. Of the seventeen, thirteen current employees were interviewed
in the PGDP administration conference room; four individuals have retired
and were 1nterviewed at their homes. .

While it is possible that some current or former employees- may have felt
constrained from being totally frank by the nature of the interview and
its. subject, efforts were made to encourage candor by interviewees. Atten-
dance was limited to the person interviewed, the three members of the DOE
Headquarters investigation team and two members of the Oak Ridge 0perat1ons
Office staff. Confidentiality was promised to the interviewees; permission
was obtained to .tape the interviews with the understand1ng that the names
of individuals would not be revealed under any circumstances. : While they
were informed of 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 his own views on the radiological safety,con-
ditions during the period 1951-1971. It was emphas1zed that the interview
was focused on safety conditions during this period in the past and not on
current plant practices.

To minimize subjectiveness in the subsequent analysis of the taped inter-
views, four DOE staff members jointly summarized the views of each worker.
A11 those involved were conscious of the necessity to avoid discussing or
retaining written records of the interviews which might compromise the
anonymity of the interviewees.

The staff participating in the summary analysi§ were:

Carol Jolly - Special Assistant to the ASEV - '

Eric West - Consumer Impact Specialist, Office of Consumer Affairs

Ferman Stubblefield - Manager, Hazardous Mater1als Programs, Operational
and Environmental Safety Division -

Edward Vallario - Assistant Chief/Manager, Health Phys1cs Programs,
‘Operational and Environmental Safety D1v151on _

To further assure the privacy of those 1nterv1ewed the workers are coded
and the summaries do not follow the order of thevactua1 interviews.

1) Summary of Interviews

Worker A

Started work in the Cascade Area (Bui]dings‘C310‘an&'C315) ih:19Sé.
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While he generally felt that safety was adequate, he expressed
reservations about his ability to form a sound Judgement on this
matter. Small releases resulting from the disconnect of the
- p1gta1] from the cylinder occurred every 2-3 days at C315. There
were 'three large releases during the total time he was there.
Employees were instructed on how to respond 1n the event of a leak.
- Safety equipment was available for their use. Protect1on coveralls
and safety shoes were used in place of personal clothing. His
,general 1mpress1on was that the safety program was adequate

Worker B

Started work in Cascade operations in late 1953 primarily in
Bu11d1ngs 337, 333, with occasional job tasks in Buildings C310 and
C315.° There were step-by-step operational procedures for the ex-
traction of UFg from cylinders. Large releases were estimated to
occur about 3 times per year; this was attributed in large measure
‘to ‘equipment ‘failure. Small leaks only occurred when operators did
~ not adhere to ‘proper disconnect procedures, i.e., purge of the system:
In the event a‘'leak did-occur, they wore ‘coveralls, rubber gloves,
respirators, and shoe covers - all were subsequently decontaminated.
Regarding urinalysis, he knew nothing about.the procedure except that
‘workers were monitored.  Respirator use was required'in changing
cylinders. However, use of safety equipment was not enforced, primarily
due to insufficent health phys1cs staff for this purpose.

There was tra1n1ng in safety Responsib1l1ty for measur1ng radiation
was delegated to the worker. However, he felt he was not capable in

- 'this area and this may have been a weak spot in the plant's safety

system. Genera] 1mpress1on. "Things are a lot better today than in

"“'the 50' s'"

‘-Worker C

Started work ‘in 1951 and worked c]ose]y with Hard1ng dur1ng the
latter's entire service.  ‘He agreed that conditions described by
Harding were possible--for example, "blue haze" and dust on the
floor could have occurred--however, this was not a continuing or
ongoing condition but rather the exceptlon. Safety procedures and
equipment were always available--workers were told what to watch for.
He noted that there were no ongoing job hazard analyses .conducted.

- There was no enforcement of safety procedures or equipment usage--

_ this was left to the Judgement of the worker.fniq N

iIn1t1a11y, he and Harding had ‘six months tra1n1ng - most]y operat1ona1

"“However, there was 1ittle said about the hazards or dangers of the work.

,,,,,

‘>7He noted that there were acid fumes in C340 which ‘he found 1rr1tat1ng
i*{WOrker D ' ok o ‘

'VJStarted in 1952 as a maintenance fiechanic and' continued in th1s capacity
for over ten years. Helped start up C310 and C315. Responsibilities
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involved changing of seals in compressors as well as the cut-out of
convertors from lines in the Cascade Buildings and €310 and C315.
They were aware of hazards and were instructed to use respirators.
Observed on occasion that some did not adhere to the respirator
procedure. Supervisors did enforce safety procedures and there
were safety refresher courses. Health Physics staff did not
monitor regularly but were available upon request. Urinalysis

data and personnel monitoring were available to the worker upon
request. He recalls some instances where workers were given sample
bottles to obtain additional urine samples.

Worker E

Started in late 1952 and is still employed at PGDP. Hired as
Cascade operator and worked for a short time in €310 and C315.

Did receive radiation safety 'training. Workers were made aware of
dangers. Small leaks did occur in C310 and C315 when the pigtail
was disconnected. Respirators were required and he had his own
assigned respirator; maintenance of the respirator was left to

the worker. Al1 kinds of safety equipment were available to

‘the workers. The general safety program was "pretty adequate "

He worked with Joe Hardlng for a short time.
Worker F \

Started work in early 1952 as a Cascade operator. He worked in
Building C310 and C315 and indicated that safety procedures and
working conditions in these buildings have changed very little over
the years. He recalled hardly any incidents of leaks, small or large.
There were a few unpreventable accidents. His impression was that
Union Carbide Corporation (UCC) took adequate steps to clean up and

- decontaminate after the accidents. Safety procedures and dangers

associated with tasks were known and stressed. Safety equipment
and clothing was provided. Nevertheless, the use of respirators
and other equipment was voluntary. Such things as showers after
work were stressed but not required. Urinalysis was regular. In
response to a question concerning his exposure he indicated that
he did not know what his exposure was. He noted that the UCC took
every precaution to make the place safe. :

Worker G

K This worker started at Paducah in late 1952 as a maintenaﬁcé mechanic.

He worked in C310 and C315 and recalls rece1v1ng radiation safety

~instruction. The standard procedure in the event of an inadvertent

release was to leave the area. He had mixed feelings about safety,
but did note that they operated by Special Work Permit. He felt

- that UCC tried to do an adequate job under the conditions. He made

the comment that Building 310 was the worst building they had for
safety. He did not feel he could comment on the frequency of accidents.

18
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JWorker H -

ﬂWOerd at PGDP in the ear]y 1950's. He observed minor releases due to
~ equipment failure. Work seemed safer in- early days than at-present
because it was a new program and greater caution was exercised.
Respirators were worn routinely and not left up to the workers' judge-

" ment but directed by the supervisor. 'Workers "had to fo]low prescribed

', procedures even 1f they did not want to "
vWOrker T

This worker began employement at PGDP in late 1952. He worked as a
Cascade operator for over 20 years. Initial training did include
radiation protection which stressed use of equipment. Procedures
were in place and included Special Work Permits which spec1fied
rad1at1on protection requirements for the task. Most supervisors
enforced safety procedures but there were some deviations on the
part of the workers. In his opinion, safety practices were not

as good in the early days as today largely because equipment and
personnel were less available. Workers were trained in the selec-
‘tion and use of respirator equipment. Most employees showered before
‘Teaving the plant site as recommended by UCC. Workers were not asked
to do a job that was considered unsafe. The frequency of leaks was
Tow but they did sometimes occur when changing cylinders. He recalls
6 fairly sizable releases in total. He recalls one incident where

he observed HF droplets on his helmet coming from the exhaust stack
and another case where he sustained an acid burn from HF.

Worker J

‘This- emp]oyee started working at UCC in Iate 1952. 'He had over 25
years of continuous service. He received operations and radiation

' safety tra1n1ng ‘Procedures  were available and used. Supervisors
_required operators to use safety equipment which included the wear1ng
of respirators He felt that safety has improved since the 1950's

. and 1960's.’ For example, the present “air pack" mask is better than

" the old army assault mask which had a tendency to fog and limit vision.
-~ Safety was adequately stressed throughout his work experience. He

- did not recall any requests to perform assignments that were unsafe.

" There were a few small releases that occurred when cylinders were
“.changed A couple of major releases were experienced and dust would
 settle on the floor. This was immediately c]eaned up.. The work

“environment did not routinely eontain dust. “Air samplers (filters)

""" were changed every shift, placed in a filter box and picked up by

~ the laboratory for ana1y51s. The worker was unaware of the results
of the analyses. SRR

) WOrker K

.;"Z\V-

) Started work 1n ear1y 1952 Performed the function of Cascade operator
for over 15 years and then moved 1nto a supervisory position. Small
‘releases were seen "on occasion." ' "However, not every day or every
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';]monitnrjng. In one case he was concerned about .his exposure after

week." Radiation safety training was adequate; workers were in-
structed in safety through a continuous safety instruction program. &-)
Safety. was one of the first words he heard and it has always been

stressed by UCC. workers were aware of hazards through ' the great

emphasis on safety. Supervisors were respons1b1e for assuring that

workers were informed on safety. The main difference between the

program in the 1950's and today.is increased documentation require-

ments now leading to greater attention to areas of safety. Overall,
noncompliance with safety procedures was rare. Respirator equipment

was available and used. Workers were encouraged to shower and .change

shoes before leaving the plant site.

Worker L

Worked for a short t1me.1n'tne early 50's but grew 1ncreas1n91y

_concerned about the potential cancer causing. nature of the material

they were working with. Exper1enced 2-3 releases of sufficient mag-
nitude to make visibility in the room difficult. Workers cleaned
the area after stopping the leak. He had 6-8 weeks of training.
Supervisors were safety conscious and concerned about safety.,
There was some training in the use of respirators but he was advised
that the respirators were only slightly effective. Respirator.use
was not enforced. The company provided clothes at all times and

he always showered after work. He noted small releases or puffs
each time the cylinder was changed. There was no ‘monitoring while
the cylinder was being changed. No one put pressure on them to do
the job rapidly. A ,

Worker M

Started in early 1951 as a superv1sor in Building C310. He received
some radiation safety training in the course of operat1ons tra1n1ng
They were not extens1ve1y trained in use of instruments but did not
have much occasion to use the instruments--generally monitoring was
done by the health phy51cs staff. Reports based on. samp11ng were
provided to area supervisors and next level supervision, . The

workers were informed of the safety hazards. Supervisors insured

that procedures were complied with. During startup of the plant L
there were more frequent UFg releases. During the period. 1950 1960
the frequency of minor releases averaged one/week. During routine
operations, workers generally complied with safety procedures.. Some,
on occasion, did not comply. Overall, safety was good during the
period 1950-1960. However, today's program by comparison, demonstrates
improved safety equipment, better maintenance, and fewer small releases.

oy

Worker N

Started work in early 50's. Observed 2-3 releases per day and
massive releases in Building 410. Most commonly released was the
hazardous material hydrofluoric acid which he experienced and -
which resulted in throat irritation. Operators did their. own -
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~working on, a Spec1f1c act1v1ty for 4 hours he was subsequently

advised ‘that ‘he should not have been exposed “for more .than 10 minutes.

' He'was never advised of his ‘exposure level. Felt ‘hazard was "down

p1ayed"--workers were not advised of dangers There were many HF

‘releases and respirator equipment ‘was ineffective ‘in protect1ng the

worker against HF. Buildings and site trucks were etched by HF.

‘He noted that UFg ‘releases ‘wére large enough to require shovels

to dispose of the material. Large releases were vented outside the
facility. At first the company did not provide clothing until the

‘urifon negotiated the matter. 'Emphasis was placed on getting the
“-job done ‘rather than on safety. Also concerned about asbestos

hazard although he was advised there was no hazard. Believes that

. the company falsified safety records. . v e

Worker 0 -

© Started in the fire department in 1952 w1th pr1nc1pa1 assignment

to respond to emergencies. He did not observe any evidence of
hazards and fe]t that genera]ly it was a safe place to work

WOrker P

*This worker started WJth UCC in mid 1951 in the power department
He'received’ both operations and radiation safety training and felt

that train1ng was adequate. ~Safety procedures and use of safety
equipment was’ required and enforced by first 1ine supervision.

In the 1960's he worked in Buildings C310, C315 and C333. Small
releases occurred about once per month in the form of a puff of
smoke from the disconnected pigtail:’- He worked on:-the emergency
response squad and was aware of safety procedures.. All members of
the squad had respirators. Most of the emergency response actions
related to small open fires and rarely involved radiological con-

- tamipation.” He was generally impressed with the safety programs

of-the 50's; in some respects, ‘individual initiative was better then.
However, safety conscientiousness and enforcement varied from shift
to shift. When compared to today, safety emphasis was not as strong.

.

__Wor.k..er._g e o

ZStarted in 1952 As a power p]ant operator, he worked in most plant

' buildings” 1hc1ud1ng €310 and C315. He was impressed .with plant safety

2)

“practices” and’felt the: employees rece1ved good" safety “training. Al-

though he Was not d1rect1y 1nvo]ved he dld see several releases.

Summary of F1nd1ngs

““The fo11ow1ng Summary’ f1ndings are based on a _cross- -cut. ana]ySIS of

the comments and statements. of the’ workers interviewed.
0 “Eleven out ‘of seventeen felt that genera] rad1ologica1 safety

was satisfactory. Two were marginal about safety conditions
and three felt that genera] safety cond1t1ons were inadequate.
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o Twelve commented that small observable puffs did occur when
- the p1gta11 was disconnected. (See page?2 for a definition of a
"small puff.") Of these. twe]ve, six also noted that large. releases
~occurred with frequency ranging from 3-6 releases in- total. One

| 7. ‘additional worker commented about occasional large’ releases

o Thirteen workers ‘noted that radiologlcal safety tralning was
' stressed by UCC. . ‘ , .

o‘ARad1olog1ca1 safety procedures did exist aoCOrd1ng to tWe]ve

‘workers; six workers felt that the .use of such procedures was
voluntary. . .

o Generally, the use of respfrators'was stressed but their routine
use was voluntary and left to the discretion of the-worker

o Nine workers noted that there was a good degree of safety aware-
. ness at PGDP v S

o Three commented on the unava11ab1l1ty of the health physxcs staff.

In general, approximately three-fourths of the workers 1nterviewed
felt that safety conditions between 1950-1971 were satisfactory.

‘Based on the statements of the workers, all of the elements of a

radiological safety program were in place, i.e., availability of
equipment, procedures, and training. However, the enforcement
protocol with respect to safety procedures was def1c1ent

C. Analysis of Procedures and Practices:

1)

Operational Characteristics

An analysis of relevant operations and potent1a1 "re1ease rates,"
reveals that two types of situations released UFg to the air:

i) A puff of UFg was experienced_during.the’normalfdisconnect
process, i.e., disconnecting the pigtail from the cylinder
following the purge procedure. The puff occurred in those
cases where the pigtail had been inadequately purged, and

ii) A large release occurred when ‘the pigtail line broke oose from
the cylinder, for example when the cylinder was moved before
the pigtail was disconnected. Such releases occurred on at
least three occasions during the 1950's and 1960's.

Characteristically, when UFg is exposed to the atmosphere, it .
reacts with water vapor to. ?orm uranyl fluorlde fume and hydrogen
fluoride. The react1on is expressed as:.

UF5 (gas) + 2H20 (gas) - UDze (so]1d fume) + 4HF (gas)
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If a leak were to result in a UFg gas concentration of 1 part per
million (ppm), there would be 4 ppm of HF produced from the reaction.

‘One ppm UFg is equivalent to 10 m1111grams per cubic meter or 50 times

the concentration guide for ‘uranium while the 4 ppm HF is only slightly

~_higher than the Threshold Limit Value (TLV) for HF (i e., 3 ppm).

" Thus, worker-protect1on from uranium was felt to be the overriding

2)

consideration; to assure comfort as well as protection for the small
puff case, half-face dust respirators were specified and required.
It appears, however, that use of such resp1rators ‘was generally

-1eft to the discretion of the workers. In the case of large releases,

full face resp1rators equipped with can1sters ‘were readily available
and required. = _

Pol1cy, Procedures and Standards for 0perat1on ;

In general, the Paducah Gaseous lefus1on Plant rad1olog1ca1 safety
program dur1ng the 1950's was based on the need to comply with
limits for radiation exposure recommended by the National Council
on Radiation Protectlon and Measurements (NCRP) These limits

Cwere:

a.v Penetrat1ng Rad1ation

“Gamma and X-ray _Total body -~ 300 millirem (mr)/week
- e T Hands and feet - 1,500 mr/week
o Eyes - 300 mr/week
Beta - " Total body - 600 millirem (mr)/week
Ce T Hands and feet 1,500 mr/week
- Eyes ' ‘300 mr/week
/Neutrons ST - 300 mr/week

-~ PGDP - Procedures #41 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 ma1nta1ned until the
- individual's. average weekly exposure Was weI] be]ow the average
» permzssible exposure.

b Airborne Concentrat1on v

The maximum allowable air concentrat1on for uranium was 0.07
mg/m3, or fbg normal uranium 100 disintegrations/minute/cubic
meter (d/m/m?). Procedures required that operations make every
reasonable effort to maintain airborne concentrations to 1/10

“* - the maximum a110wab1e concentration. These 1imits were not

" plant derived but were-obtained from the National Council on

- Radiation Protection and Measurements (NCRP) recommendations as
reflected in the National Bureau of Standards (NBS) Handbook
#52, March 20, 1953.
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Surface Contamination

PGDP established limits for .contamination control specific to
hands,. body, skin, personal clothing, personal shoes, con-
tamination clothing, respirators, and surfaces. The limits are
specified in terms of counts/minute. (Note Appendix B,

Procedure #41.) The contamination control limits spec1f1cat1on

are. comp]ete in scope but have -two deficiencies:

\ <1;. L1m1ts were specified in counts/m1nute (c/m) wh1ch is a

direct instrument reading. A more meaningful quantity

- spec1f1cat1on would have been .disintegrations per minute
(d/m) which is a source corrected value more closely
quantifying the contamination level.

2. The limits shou1d have been expressed in act1v1ty/un1t .
. area, e. g., d/m/100 cm2 o

?'Urlnalzs1s

' The exposure status of any worker was eva]uated when 1t was
“determined that the worker exceeded the investigational levels

of 90 micrograms (0.06 mg/1) per day excretion rate.as -
determined by a single sample analysis, or 50 micrograms
(0.034 mg/1) per day as determined from the average of all
urinalysis results within a calendar quarter. A series of
recall samples indicating an excretion rate less than 20
micrograms per day from exposure to relatively soluble uranium
compounds was considered as indicative of an insignificant
body burden. This was determined to be less than. 10% of the
max imum permissible dose (MPD) rate to the bone and kidney.
A similar series of recall samples indicating an excretion
rate less than 12 micrograms per day from exposure primarily
to relatively insoluble compounds of uranium was considered as
indicative of an insignificant lung burden. This was deter-
mined to be less than 20% of the MPD rate. The analytical
procedure for the determination of uranium in urine.is contained
in PGDP-IH-7 dated September 9, 1957. (Note Appendix C.) The
procedure is consistent with state-of—art methods. The action
levels were derived based on permissible dose to the critical
organ for uranium (bone) as recommended by the NCRP in NBS
Report #52 dated 1953 superseded by NBS Report #69 dated 1959.

~Rad1at1on Safety Prqgram

Po]1cy»- Procedure PGDP #31 dated April 7, 1952 was - -also
reviewed. This procedure clearly de11neated the radiation
safety program responsibilities of the worker, supervisor,
Health Phys1cs Department, etc. The responsibilities of the



"ﬂ‘;Health Physxcs Department were def1ned as follows

“ fi.ifTo survey work1ng cond1t1ons from the standpoint of v
.. industrial hygiene and radiation hazards: and to keep _'
L management 1nformed of such cond1t1ons S

2. To make recommendations to superv1sors for ‘the correct1on
. or prevention of hazardous cond1t1ons re]ated to 1ndustr1a1
e hyglene and health phys1cs. , DI

' 3.T.To assist superv1sors in estab11sh1ng departmental health
-,phys1cs programs and to evaluate such programs per10d1ca11y o

4.; To assist supervisors in training personnel to protect i
‘-themselves from hazards due to radiation. '

5. To malntain records of personne] exposure to rad1at1on and
'rad1oact1ve or toxic materials.

6. To assist line supervisors in interpreting and applying
.- established criticality standards and to act as liaison in
',actions -involving criticality safety considerations.

Records indicate that Union Carblde did have procedures in place
. for a radiation safety program and that responsibilities under.

" this program were well defined. However, it is questionable

whether the Health Physics Department was able to maintain an
‘effective overview of each building because of its limited
‘staff1ng, the entire Health Physics staff was comprised of 4 to

5 health physicists responsible for covering the total plant

site.. Due to -these. stafflng constraints, it is questionable
whether they were able to give appropr1ate techn1ca1 attention

" to spec1a1 problem areas. -

f. Air Samp11ng Program =

| \'_Intra-company correspondence dated November 11, 1952, (E G

-"Brown to H. S. Gardner, M.D. - note Appendix D) set forth the
- schedule for air sampling. The frequency rate for sampling in =

- Bu11d1ngs €310 and C315 was estimated to be eight samples per

month. ~The sampling system in C310 and €315 used at that t1me gt

":as we]] as today is depicted in F1gure 6.. ‘:

“'30n1y one samp11ng unit was located in a. room of 50' X 30""fhe!‘?-‘:

‘“~ sample size is 5 cm in diameter and the unit maintains a flow .
- “rate of 0.5 CFM.” Generally, air sampling coverage during the 50's

- .and 60's'was inadequate. This finding confirms a similar f1nd1ng o
. 'set forth.in a study committee report dated April 16, 1957, by.

. Dr. Tom Ely et al to S. Sapirie, Manager, Oak Ridge 0ff1ce, wherein

‘the comm1ttee e concluded that Paducah was placing undue emphasis on -

25




ir Sampler

<
E
[}
(=]
o
-
[=4
g
c
38

l

Figure 6




b1oassay to an extent that m1n1m1zed the importance and value

of air sampling., Since routine urinalysis at Buildings C310 and

- €315 was on a monthly basis, there should have been a more

~ extensive dawly air sampling and analysis program in order to

. provide a daily assurance that air concentrat1ons were within
‘acceptable 11m1ts.‘

.'7Exposure Control/

External exposures were estimated by fllm badge mon1t0r1ng
Prior to 1961, only those _employees whose exposure potential
was greater than 25% of the radiation protection standard
were monitored. Mr. Harding and the other operators in €310
and C315 were monitored during the last half of 1955 and early
i part of 1956 on a trial basis to determine if monitoring of the
withdrawal area operators’ was also justified. The. -exposure results
were below 25% of the exposure guide. However, this study'should
have been done at the start of operations since the determination
of need for operator monitoring was dependent on its results.

As noted prev1ous1y, the radlat1on standards for externa] exposure
were: 1 , . .

1. Skin dose = 10 rem per quarter and no more than 30 rem
per year;

2. Whole body - 3 rem per quarter with total employment dose
not to exceed 5 rem times number of years beyond age 18.

;1Radiat10n exposure records were maintained by UCC as a matter of
routine for each plant employee. Copies of all of Mr. Harding's
exposure records provided to him by the company were given to the
DOE investigators when Mr. Harding visited’ the Department in
November 1979 and appear here as Appendix E.  The investigators
have no reason to question the authenticity of these records

. Accord1ng to these records, Mr. Harding's exposure at no. t1me
-exceeded any of -the guide f1gures - The -exposure was low; and
total gamma exposure for thirteen years of film badge monitoring

"~ did not exceed that permitted for one year (4.94 total rems com-

~ -pared to the allowable 5. rems/year). The total skin exposure for
_the .thirteen years was much lower than the quarterly guide figure
(5.70 total rems compared to 10 rems allowed per quarter year).
It should also be noted that there is no first quarter 1968 entry
due to Mr. Harding's absence from the plant fol]ow1ng surgery.-

~Results of his internal exposure monitoring’ "show rather “insig-
~ _nificant levels. The record shows he was involved in two uranium

,vreleases The. fo]low-up urine samples’ taken at those’ t1mes .

" indicate there was no significant body retention of uranium.
Appe?d1x E includes a summary and detailed record of his urinalysis
results.
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h. Atomic Energy Commission (AEC) Safety Overview of PGDP

" Health and safety requ1rements were- 1ncorporated into the
: original contract for the operation of the plant. The AEC

- radiological safety inspection or appraisal program which was
intended to assure compliance with policy codes and standards
as set forth in the contract requirements was not formally
initiated until 1961. While the Oak Ridge Operations Office.
(ORO) did have two health physicists on the staff in 1952, they
were principally concerned with budget and programs (part1cu1ar1y
for Oak Ridge National Laboratory). The radiological safety
program for contractor facilities was primarily "problem oriented."

- On December 15, 1961, the Oak’ Ridge Office d1d ook into the
details of the air sampling program at Building C310 and C315
and recommended the installation of instrumentation to detect
UFe leakage in the event of a rupture. However, the details
“of the total health physics pract1ces at these bu11d1ngs in

~ particular were reviewed only in part. . ‘

The AEC Division of Operational and Environmental Safety during
the conduct of its appraisals of ORO did not discover this
deficiency in the ORO program. Thus, the deficiency prevailed
both at the field and Headquarters level.

Findings and Conclusions

Allegation #1 is stated as a direct quote from Mr. Harding's statement

as reported in The Progressive* and as stated at his November 1979 meeting
with Department of Energy representatives. A detailed discussion is pre-
sented for this particular allegation since Mr. Harding's other concerns
are dependent on the contention that radioactivity was present on a routine
basis in large amounts. Allegations #2-#8 represent additional concerns

expressed by Mr. Harding at the DOE meeting.

Allegation #]

"There's really no way you can run a plant like that without having
releases all the time. At the end of a day you could look back behind
you and see your tracks in the uranium dust that had settled that day.
You could Took up at the lights and see a blue haze between you and

‘'the 1ight. And we ate our lunch in all this, everyday, eight hours

a_day."

Discussion:

Normally, as noted in Section III C (1), the des1gn and corresponding
operational characteristics of Buildings €310 and C315 did not result
in many.large releases of radioactivity that would have caused high
exposure of the workers. As a first look into. this question, the

*Progressive, January 1980
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principal: investigator reviewed appropriate records and determined that
reasonably good bioassay and survey procedures were -in place to assess
“exposure. - Urinalysis was performed immediately after an accidental
" release and worker exposure information was inferred. from the urinalysis
data. ‘

However, past :survey records were ‘not sufficient to evaluate exposures
from ‘the routine small "puffs" which occurred :during the disconnection
- of the pigtail fromthe UFg .cylinder. Moreover, there was reasonable
doubt that low level exposure that' potentially might have resulted from
the routine .disconnecting operation performed during-the month would

be detected from a monthly urinalysis program. - This .doubt arises from
‘the high solubility of the UO2F2 and short biological residence time.

Therefore, the investigator conducted a mock-up .test ‘in -Buildings C310
and C315 to.duplicate operating conditions in.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
approve -the ;i test :protocol. -The services of Mr..Roger Shaw and Mr. John
Glissmeyer, sampling specialists from Battelle Northwest Laboratory,

were obtained to perform the actual sampling and sample counting.
Specialized air sampling equipment was transported from Battelle
Laboratory ‘to conduct the tests. - - oot

;a$n£bbjéct{VéS ahdfMethbdoiqu}f-[i'
* '\Basféde},Athé 6bj§¢£f§é of the tests. was dedefefﬁihévihé.i
effectiveness of the ventilation and the potential availability

of uranium and hydrofluoric acid concentrations in the air for -
worker exposure. .

The primary objective of the sampling was to obtain strong indica-
.tive -evidence .of :the airborne uranium with a:minimal -effort to
obtain data on:hydrogen fluoride which may be generated when uranium
hexafluoride comes in contact with the moisture in the air.

I

‘a(1). Mork Areas Sampled : .

_ The.work -areas in which isampling was to be.conducted were the
‘. two -large :rooms “in.-which ‘transfers of UFg are ‘routinely con-
. :-ducted -(see -discussion .on -pages - .. ).~ In-.these rrooms, workers
=< -connect ‘and ‘disconnect :transfer lines between ‘the ‘process stream
. ‘and -the shipping containers for. both the depleted .and enriched
-« product :from the diffusion process. *:The ‘room .in which the product
is handled is desfgnated as the Product Withdrawal Room, Building
€310, and the room where the tails (depleted 'UFg) are transferred
<18 :designated -as .the -Tails Withdrawal ‘Room, Building C315. '
: 3. In -both rooms -a:localdized ventilation hood :arrangement is provided
., at. the ‘most ‘crucial -location--that.of ‘the disconnect region where
.2 small: amount of UF:is: released during each :disconnection. The

SR S SV
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rooms are large and subject to transient air currents as doors
-are opened and closed. Completely adequate sampling would. have -
-~ required a long-term sampling protocol which would have allowed
- all the variables to occur over an extended period of climatic
- and operational conditions. - = : e

Mr. Vallario, Dr. First and Mr. Glissmeyer agreed that three
types of samplers would be used--a-lapel sampler, a high-
volume sampler, and a breathing zone sampler. It was decided.
that a tapel sampler would be worn by the individual making

~normal disconnects in each of the buildings, €310 and C315,

* during the entire shift. The readings from the units would
indicate the maximum exposure the operator would experience -

- if he performed his disconnect function without a respirator.

The high-volume samplers would also be on for an entire shift. .
Since they would be located at various positions within the
: withdrawal area, they would represent average general room air.
. concentrations over an eight-hour period. The test runs were
conducted - under varying room air flow conditions. This vari-
~ability was achieved by conducting the test with access doors in
~open and closed positions. : o S

The placement of samplers, the duration of the sampling run, and
the incorporation into the test of some of the variable 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. ' 3 .

a(Z). Sampling Strategy .

a{2)A. Routine Operations Sampling

Three different kiﬁds of air samples were taken during fhe
“routine operations performed by assigned shift>workers. '

. Personal air samplers. A lapel sampler was worn by
the operator who performed the product and tails.
transfer operations. The lapel sampler was worn

~.throughout the entire working shift over a period
of five to eight hours. The operator was instructed
to remove or turn off the lapel sampler when it became
- necessary for him to enter areas of potential airborne
- contamination that had not existed in the.1950s. An
accurate log of the running time of the lapel samplers
was maintained. - : ‘ :

.~ Room air samples. High volume room air samplers were
placed at strategic locations chosen to be as represen-
tative as possible of areas which may be occupied routinely.
Three or four samplers were operated for 6-7 hours during

. the shift. Three samplers were in Room €310 and four in
Room €315, as shown in Figures 7 and 8. ’
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Breathing zone samples. The- breath1ng'ione of the
... operator was sampled while he was in the process of
‘l;ymak1ng the d1sconnect As indicated above, the immed-
" {ate hreathing -zone of ‘the operator is ventilated by a
’grg'yhood arrangement at each Toading cy11nder station.

- ;“Experlments were conducted with smoke tubes to determ1ne
‘_;;part1c1e capture velocity. Small puffs of smoke released
.. .at various -areas around ‘the p1gta1] valve and the breathing
" Zone of the worker were sucked into the exhaust duct. There
_'were some cases in the 315 Building, cy11nder positions 2
. ...and 3, where a puff of smoke generated at waist level of
.a worker résulted in some drift out into the room .as well
.. as 1nto the, exhaust This was part1cu1ar1y the.case when
"¢, .the 'smoke tests were conducted with the four roll-up doors
. of ‘the room open since ‘there was a breeze that.day.. The
“breeze tended to create a cross current in the .back part
of the rooms where the transfer lines to the cylinders were
located. Generally, the breathing zZone samplers were located
. between the hood and the valve connecting the cylinder and
" the pigtail, ‘although not directly in the stream of air being
.. drawn into the hood. These breathing zone ‘samplers were
: operated for ‘up to '30 minutes after the pigtail was discon-
. nected from the cylinder.. This breathing.zone sampling was
‘j performed two to four t1mes in each of. the two transfer rooms.

a(2)B. Controlled UEﬁ,Release Samp11ng

In add1t1on;to samp11ng dur1ng routine d1sconnect operat1ons,
i ‘samp11ng exper1ments were ‘also performed dur1ng controlled
f,,de11berate releases .of UFg from a small sample tube. The sample
" tube ‘contained about 20" mg of UFg. These releases were performed
in a manner to simulate a puff release while the cylinder was
in position for a UFg transfer. The UFg puff was released
immediately adjacent to the pigtail valve connection at the
-+ Sylinder, These experiments were repeated three times.in both
”?fﬁtpof,the 310 ‘and. 315 buildings.. The general room air. samplers
S were. operated as they were during a routine disconnect.-.-A third
.. breathing zone sampler was placed in another location adjacent
""" "'to the ventilation hood near where the operator's head would be.
... During one or two cases of the experimental controlled releases
;of UFg,. following .the five-minute breathing zone sample, -the
;;samp]e fl]ters were jmmediately changed-and replaced with new
“ones” and the sampl1ng cont1nued for several minutes.mil;;

a(Z)C Samphng for HF .. R e SR DR S 2 ':fj; ;f;? Ve

Although the predominant focus of the samp11ng was for uranium
. 1n a1rborne compounds some samp]es were taken for HF. .
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b.

- Carbide Corporation was 200 d/m/m°>.

a(3). Counting Procedures

Following the sampling run, the high vqume f11ters were
carefully transferred to plastic containers and transported

to the Union Carbide counting room for counting on alpha
particle counters. The filters were left in covered holders
until removed for counting. Filters were then returned to the
holder for further handling. PNL personnel witnessed all
counting performed by the Union Carbide employees, and reviewed
and calculated results according to Union Carbide efficiency
determinations of the counting equipment and correction factors
for counting the specific filter used. Al1 samples were held
for at least six hours to reduce alpha particle contribution

to the count from natural radioactive materials which were
also collected on the filters. This is conservative since

six hours decay is suff1c1ent to assure that all natural alpha
emitters had decayed to 1n51gn1f1cance (compared to ‘the true
count from uranium) All air samples were counted for flve
mlnutes twice in consecut1ve counts.

After count1ng, the samples were sealed and transported to
Richland, Washington, where they were placed in a vault until
they were once again removed for counting at Battelle laboratory.

Appendix F explains in detail the methods used to acquire samples
and perform subsequent radiometric steps to determine airborne
concentrations of uranium.

A1l samples were counted twice for reliability while on site, and
verified by additional counting at Battelle. Statistical errors

were not determined. However, comparison between the site counting
and Battelle verification counting showed that no gross differences

existed.

Results

The concentration limit for a1rbosne uranium as applied by Union

A review of the data obtained
from the mock-up test shows thgt all samples counted were more than
a factor of 10 lower (20 d/m/m3) than the concentration 1imit.

- The results of the general room sampling showed a radioactivity range

from normal background to slightly above background. The lapel
samplers and breathing zone samplers showed radzoact1v1ty concentra-
tions less than 10% of the concentration guide.

Results of the hydrofluoric acid measurements are shown in Append1x 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 interv1ews with seventeen workers, an analysis of past

. survey records and a review of the characterlst1cs of the equip-
“ment in buildings C310 and C315, large releases of UFg did not occur
_as a matter of rout1ne, rather, the UFg, although visible, could

‘be categorized as a minor "puff" resulting when the pxgta11 was

" disconnected from the cylinder. A limited number of major releases
of short duration of the type described by Mr. Harding as routine
occurred during the period of Harding's employment. The UFg
normally released in small quantities during the disconnect procedure
was captured by a high velocity hood located directly above the
pigtail. The results of the mock-up test performed to assess the
effectiveness of the hood revealed that the radicactivity released
~during the disconnect procedure was captured by the hood ventilation
system and general airborne radioactivity concentrations were less
“than 10% of the occupational concentration guidelines. Thus, in the
routine work environment, Mr. Harding and the workers were not exposed
to high levels of UFg or its hydrolys1s products.,

Allegation #2

He was subJected to high direct rad1oact1ve 1evels from the "heel" of
the product and waste cylinder.

Discu551on

’ In one phase of the operation, UF is cold-condensed, 1iquef1ed and
drained into a 10 ton cyiinder. The filled cylinder is then moved
into a vaporizer where the UFg is re!lquef1ed and vaporized. During
the §£orage of UFg in the cyllnder there is a build-up of Thorium-234
{Th23%) ‘and Proact1n1um-234 (Pa 34) in the UFg. Since the Th234 and

-~ Pa234 do not vaporize with the UFg, they tend to collect at the bottom

~of the cyllnder. The maximum equ111br1um content is approximately 2
curies each of Th234 and Pa234. The gamma radiation attributed to these

~ nuclides. at the bdttom of the cylinder ranged from 50 mr/hr to a maximum

900 mr/hr. .Calculated and measured dose rates at 3 feet from the

~cylinder showed a substantial reductlon to a level of 5-15 mr/hr. Since

the cylinders rest horizontally on a crib it is not possible to come in
contact with the bottom .(side) where the "heel" {is concentrated. The
_amount of radiation contribution to the general work location ranged from
15 mr/hr to some small fraction of 1 mr/hr. = The instrument readings

Mr. Harding was required to take of the cylinder prior to shipment .

" ‘required only a few minutes. Thus, the resultant exposure was only

. a small. fraction of the perm1ssxb1e occupationa] exposure guidel1nes

‘*(i 1299 300 mrem/wk) o B , .

(1) R. Baker - Symp051um on 0ccupat10na1 Health Experlence and Pract1ces
“+ in the Uranium Industry "HASL 58 October 15, 1958
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Conclusion

Con51der1ng the Tow contact dose rate from the heel of the: cylinder,
‘the low general ambient radiation level (at 3 feet) and the nature
‘. of the operation (time required to do the job), Mr. Harding's *
“radiation exposure as corroborated by film dosimetry was found . to be
B only a small fraction of the perm1551ble occupational gu1del1nes

Allegation #3

1*4There was;poor respirator protection for the worker

There were. approximately ten different respirators available for use

“at the_ Paducah Gaseous Diffusion Plant and workers were systematically
trained in the use of the respirators. The élements of the general
'ﬂhealth physics training which included respirator training was reflected
in the UCC Health Physics Training Manual KY 292--March 30, 1958. ' Pro-
cedures were established for the proper use of respirators and were
specified in Special Plant Procedures (SPP) #29, “Protection Equipment."

" Of the ten respirators types, three were selected specifically for C310
and C315 use on the basis of the type and form of the radioactivity
encountered at these buildings. The respirators in use were:

1) The MSA Comfo which used the Bureau of Mines 2133 approved filter for
~ dust and fumes.. The UCC conducted a filter testing program in

" early 1950 which showed the MSA Comfo filter to be 98% efficient

. for sub micronparticle size U02F2. fumes. The filter had enough

* surface area.to absorb some of the HF gas. The filter was not
designed for HF and at best its efficiency was 50% for HF. However,

- as previously noted, the TLV value for uranium was considered the
limiting factor and the dust respirator was not intended for large
release use but rather for the routine disconnect operation. The
MSA Comfo was replaced in the mid 1950's by the MSA Dust Foe Ultra

~-Filter Respirator using a type H filter which showed an effic1ency of
99.98% efficiency for UOyF, fumes. . v

2) The Army Assult Mask M9 (Full Face) with an M-1T canister which

" provided full protection for dust, gas ‘and fumes. This unit was

~ to_be worn in a situation involving a large release with the L
'limitation that it would not be used in oxygen deficient atmospheres.

'3) " The self contained MSA Chemox Mask which was used principally for
reentry into heavy concentration areas and areas of 0, deficiency.

Conclusion

The respiratory program contained most. of the basic: elements of sound

~respirator practices, i.e., (1) availability of respirators, (2) training,
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and (3) procedures. A respirator fit program was lacking. However,
workers were 1nstructed to "cup the filter" w1th their hands and test
the respirator for leakage. _ .

A]]egat1on #4

Lack of proper safe;y proceduresl,e g , opportun1ty for eat1ng 1n
contam1nated areas.

Discussion s . _
‘Standard Practice Procedure (SPP) #31 dated Apr11 7,-1952, "Plant
‘Safety Program" and SPP #41 dated September 2, 1954, "Radlatlon Control”
(Note Appendix B) provided the basic framework for the PGDP radiation
safety program. In addition, numerous spec1f1c work practice type
procedures were also 1ssued : _

Conclus1on

The. above procedures do. indicate that UCC did not operate in a casual
manner. Responsibilities were well ‘defined. Standard Work Practice
procedures were prepared and issued. A system of Special Work Permit
(SWP)  was instituted for operations involving potential exposures.

Safety precautions had to be defined before approval to begin the job
was given. Eating in’ ‘contaminated areas was not permitted. However,
while procedures did exist, it is questionable whether the health
physics department was effective in maintaining an overview on a
periodic basis of each bu11d1ng because of 1imited staffing. The health
physics department was comprised of 4 or 5 health physicists covering the
total- p]ant site and their ab111ty to give attentlon to special problem
areas is also quest1onab1e. :

Allegation #5

There was a lack of adequate training.

Discussion

A1l new hires at PGDP received several weeks of operations and radio-
logical safety training as a prerequisite to job aSS1gnments., The
scope of the radlolog1ca1 safety tra1ning cons1sted of

1) " Theory:
- 2) History o o

3) Sources and Characterlst1cs of Radiat1on Found at PGDP
~ 4) Units of Measurement .

5) Methods of Detecting and Measur1ng Radration

'6) - Radiation SurVey Instruments e

7)  Air Sampling * '

8) “Respirator Protection o

9) Hazards Control ~ '~~~ 7

10) Personnel Exposure Monitoring
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11) Instrument Application

12) Plant Limits : .
13) Effects of Radiation ' '
14) Biological Factors

The technical details for each category above is contained in PGDP
Report #KY-292 - Health Physics Manual, March 30, 1958.

Conclusion

The scope of the radiological safety training was adequate. This
conclusion is based on the statements received from the interviews,

- as well as a review of historical procedure records and training manuals.

Allegation #6

There was a lack of safety awareness or safety enforcement by supervisors.

Discussion

Radiological safety procedures were in fact established and supervisors
were required to implement the procedures. According to the majority
of the workers interviewed, considerable reliance was left to the
individual worker to follow the procedures. There was no internal
audit system to assure that safety procedures were properly enforced.

The implementation of radiological safety procedures and health physics
training programs as previously discussed are indicators of good safety
awareness on the part of management and supervision. However, based on
the information derived from the interviews, the enforcement of safety
requirements by supervisors was not considered adequate.

Allegation #7

There was a lack of exposure information available to employees.

Discussion
Standard Practice Procedure #41 required, in part, that:

41.2(d) It is the responsibility of the Medical Department to
determine if any clinical evidence of exposure exists
and to report such evidence to the division super-
intendent concerned.

41.5(4) When a personnel dosimeter (film badge, pocket
chamber or other similar device) indicates an
employee has received more than the plant acceptable
limit of penetrating radiation, the employee's
supervisor restricts the employee to work involving
no significant exposure until this and subsequent
?osimeter results average less than the plant acceptable

imits.
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appra1sed in a general sense.

It follows that where an individual has exceeded his plant 1limit for
radiation exposure his supervisor is required to immediately inform
him of the exposure as well as adjust his work assignments accordingly
to minimize further exposure.

Conclusion

Routine exposures were obtainable by any worker upon written request(
Workers were automatically notified if exposures exceeded the plant
Timit.

Allegation #8

There was a general lack of radiological protection overview.
Discussion

PGDP did not have an internal radiological safety audit program. The
government overview of UCC in the area of radiological safety did not
begin until 1961. At that time the Atomic Energy Commission (AEC)

Oak Ridge Operations Office initiated a formal rad1olog1ca1 safety
appraisal program of the PGDP operat1ons In reviewing the appra1sa]
records for the period 1961-1971, it is evident that the overview
program was not conducted in sufficient technical depth to be considered
a proper performance assessment tool in the context of the type of con-
cerns expressed by Mr. Harding. The AEC Headquarters Operational Safety
Division maintained an overview of the Oak Ridge Operations Office.
Similarly, their appraisal activity failed to reveal the deficiency 1in
the Oak Ridge Operations Overview Program.

Conclusion

Generally the overview function of PGDP by the Oak Ridge Operations

- Office and AEC Headquarters lacked technical depth in that detailed

work place analyses were not conducted; rather, the total PGDP was
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IV. MEDICAL ASPECTS
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.. MeoicAL: ASPECTS

In the course of arriving at a diagnostic opinlon, the medxcal 1nvesti-
gator utilized experience gained in three decades of pract1cing 'Internal
Medicine which had trained him to evaluate multiple factors in disease |
- causation.:: Trying-to be objective. the: findings about workplace safety--i
and their relevance to Mr, Harding's likely exposure -- were put-aside in
arriving at dlagnost1c conc1u51ons.

“A. Genera] Hlstory

Mr. 'Joseph T. Harding was born May 28,:1921; in Tennessee. " Not very "
much is known-:about Mr. Harding's: h1stony prior to his employment at
the PGDP. His father died at a rather early age of esophageal cancer.
One-of Mr,: Hard1ng s :two' daughters -died as-a relatively young adult ~
from 2 ‘cause not known to the investigator. His surgical history
prior to working at the PDGP showed two operations: a tonsil]ectomy
in 1939 and re€a1r of a right inguinal {groin) hernia with testicle’
removal in 195 Habit history revealed that he was a. long ~-term
heavy icigarette smoker {2-3 packs per day). ‘As a youpg man he -
probably had a high hydrocarbon intake (from eating a Tot of ‘country
ham); as an adult hlS diet was apparently high in nitrites (from ’
eating bacon daily).' Mr. Harding was trained:and worked: 'as a cascade
operator during his employment at.PGDP (October 26, 1971). In 1953
Mr. Harding suffered an occupational injury to his right knee; later
problems with this knee led to surgery in 1968 and were related to
h1s term1nat1on from the plant in 1971 ,

B. Chronology of Mr. Hardlng s Medical H1stonx

Much of the following was abstracted from a document submitted to the
Department of Energy by Mr. Harding, entitled "Doctors and Hospitals
who have Treated Me from 1952 unt11 ]979 " (Append1x J)

1953 '3,- WOrk 1njuny to rlght knee. sk1n was treated by PGDP
: physic1an.

1954:4 G Sk1n les1ons were treated by PGDP phys1c1ans.
1963

1954 - . -:Because of abdominal pain ‘which’ began in 1954, he was

1961 — eventually diagnosed in 1959 by a Gastroenterologlst as
having a prepyloric ulcer on the lesser curvature. B .. - . -
‘Because he had intractable pain and functional obstructlon,
he underwent a sub-total gastrectomy in 1961..: SR i

71§63”vr‘- Odd ]ooking areas were found in PGDP chest x-ray done as
‘ “*, part of a perlodIc examinatlon.
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1964 - Hemoglobin was found low and checked monthly; had unsuc-
cessfu] treatment by Paducah :Dermatologist for one year.
1965 - Biopsy of two lesions of lower 1ip; pathological. results '
.+~ .were-said to be vague,. - Skin lesions uere examined by a
, -St.. Louls Denmatoiogist R T est __4 N
1966- - Skin. Tesions and Tow hemoglobin were treated hy a Paducah. . -

1968 . . Gemeralist.. .- ... . . et Wi E e .:;ga_:el
1967

A Nashville Dermatologist bIOpSIed the skin le51ons, but -
treatment was not successful. vih

1968 . - A Louisville: Dermatologlst and a Memphis Dennatoiogist triedw
. ...to cure: the skin 1eszons. Had first case of pneumonia.4_a,ua

lééészlg-ﬂe had another unsuccessfu] skin examinatlon by a different
.. St, Louis Dermatologist. another bout of pneumonia occurred.'

]970}'2A;iHe had_pneumonia. tw1ce. ,.:-dﬁ; ;;‘w'l 'a~:f}? Aiﬁ}aw-ra; ??

1974 ,-;Pneumonia.~ (In total Mr Harding sa1d he had pneumonia

' R § times ) ‘ S

1975. - - He was seen by a Paducah Podiatrist for a 301nt area ‘,
abnormality. pneumon1a.~:" Sl RSN

1976 ‘ -'Pneumonia. o

1977 - A Paducah Surgeon saw him because of JO]ﬂt area abnormalities.

1978 - Pneumonia. ‘ ‘ M i : |

1979 - He was examined and treated by both a Surgeon and Internist

in a Paducah hospital for abdeminal 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.

1980 - He was admitted to Memphis hospital with multiple comp]aints
and was discharged with four major diagnoses including o
advanced abdominal cancer.

1980 - Mr.. Harding died at home March }, 1980. No:autopsyfwas done.~

Radiation Exposures

These have been d1v1ded 1nto occupational and medical diagnostic
exposures. As far as is known, the only occupational radiation exposure
occurred at PGDP. Appendix E is a copy of :Mr. Harding's radiation ex- .
posure records. In summary, the external exposures totalled 5.70 rems
of which .76 were beta (skin) leaving a whole body or penetrating dose
of 4.94 gamma rems. Internal exposures were calculated by measuring

~ the milligrams of uranium per liter of urine. Four of the eighteen
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p]us years of employment show no records because work occurred in
places .without, apparent: exposure.: .iln each. of the. other years; the
number of- analyses ranged from one to eighteen. Every yeanr. measured
showed an. organ dose range of less than one rem X _=h\«

Because of h1s medical problems, Mr. Harding was subaected to more
than the. average amount:of .diagnostic:radiation.’ Since X-rays:can
be harmful, an estimate of the total bone marrow. dose" has been'

made. Arbitrarily, X-rays made after 1978 were not included on the
assumption that an.effect would-take: at least two-years:to develop.
A total. exposure.of about. 3.5 rems: was reached., The:specific-data
are shown in Appendix K I ATt Tene ool g

Thus, Mr. Harding:was. exposed. to: an estimated: tota] of 9.2 rems
from occupational:-and medical sources!from 1953:t0:1978;: Current
standards allow. up to 3 rem per.quarter-or: 5. rem- per year.: These
standards -are.in.the Code of Federal Regulations; Title X (Energy),
Part 20 (Standards for Protection-Against Radiation): -Even:if-the
yearly standard were reduced to 0.5 rem, Mr. Harding's total occu-
patijonal radiation;exposure (5.7 rem) over an 18eyear period would
sti11 be “acceptab]e.ﬁﬂef Crge b 1wt Thear oo .

TR

D. Analxsis
1. Stomach ‘

Uranlum taken orally in quantlties much larger than those probab]y
1nvo1ved in this -case does-not cause gastric prob’lems.1 -The
. kidney is a. t%rget organ and .will function abnommally. before the
-.stomach does, especia]ly when exposed to :"soluble® uranium, the
“product involved -in .the cascade process. There ‘is no evidence of
 'kidney abnormalities in the 1950's ior 1960's.. Mr.- Harding had
abdominal pain in 1954. By 1959 he was under the care of a Gastro-
--enterologist.Mr.. Harding did have an .ulcer although he later
denied :that -this had ‘been -the medical dlagnosis.; Mestern Baptist
«Hospital. {Paducah):-records show -that he had a subtotal gastrectomy
~in 1961 for developing*functiona1 obstruction and intractability
from:an ulcer.:” X-rays demonstrate a prepyloric ulcer on the lesser
fucurvaturefof:theistomach;:?ThiSau1Cerwwaswconfirmed~inwthe*Surgeon's
operative note and the Pathologist's report. There'is:no evidence
that this ulcer was: due to excessive occupational rad1ation '
exposure. 2 3 e,y it Uie : *,$ ab
*Other etlologic factors do exist 2 Peop1e who ingest hydrocarbons
snt 27 andfor nitrites’ have :a higher 1ncidence of gastric cancer: than
: those who do not..According to his daughter,’Mr. Harding in his
faavear1y years frequently ate country ham, a source ofwhydrocarbons,

| Ap ' ‘ o
pendix L - Reference 2. :
2 pppendix L - Reference 5-13.
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and later in l1fe, daily ate bacon; most brands of which con-
- tain-nitrites. Smokers -- Mr: Harding was said to have smoked
.. 2-3 packages of cigarettes daily == have a:higher. inciﬁence
- of.ulcers.  Mr. Harding. operated an air condltionxhg ahd ~
heating ihstallatIOn businhéss.-and the welding involved COuld
- have exposed him to cadmium and/or nickel carbonyl fuiies.
- .~Cadmitin: has 'been implicated as a gaStric cahcer afd. bu?monary
.diseaseé causative. agent; . nickel carbonyl too, may be related
to gastric cahcer.~ :

. S genettc predlsposit%on may a]so have existed Mr; Harding s
- father:died from.cancer of the esophagus, an area adj&tant to :
the origin of his own cancer.- : et

A1V of this discussion is intended: to show that-it is rot. pos-'
- -sible to def1nit1ve1y 4isolate ‘the cause of the ulcer. Almost
“fcertainiy; however, ‘it was hot:the result of radiation: sinte .

.+ there fs very little cause and effect relationship between

5 radiation exposure and: gastric ulcer.

»;The after effects of subtotal gastrectany can be terribie, and
Mr, Harding sadly experienced many of them. iHé could Hot dain-
NEIth. He had a "dumping" syndrome with varying kinds and
intensity of symptoms such as flushing, dizziness, weakiigss,
pain, headache, and even vasomotor collapse (shock or fainting
resulting from the disturbance to nerves controlling the size-
of blood vessels). He had @ chronic anemia often fouhd post-
.+~ gastrectomy and may have had a “pernicious® adnemia. Peitiicious
@hemia patients often suffer neurologic complications tich as
‘those discussed in Section 5 below. Post-gastrec gmy liormonal
iinbalances affect1ng bones -@re now known ‘to occur.? 'Thése inay
be related to the cartilage cond1tion manlfested by Mr; Hard1ng
- &s dtscussed 1n Sect1on 4 below.

';:In recent years there have been: numerous papers dgtalliﬁg the

"»*,cbnseguences suffered by gastrectomized patients.® There is a
-~ high incidence of gastric cancer or cancer .ef the gastric stump
. in persons with pernicious anemia and in persons with Higher
than average gastric-juice nitrite levels.. Smokers cohvert

;‘:~;;-vmore nitritei 10 n1trosam1nes tn the stomach and therehy have
L oan sk MOre cancer . B N T _ N SE

Although the Methodist Hospltal Pathologrst S record on Mr.,Hardlng
lists his cancer as origif unknown, the Gncologist gave the opinion
. based on:his evaluation of the clinical as well as. pathological
. findings_ that the cancer was. gastric in origin.- This case fits the
-+ picture.of an individual who developed.a gastric tlcer; had to
- - hdve-most of his stomach. rembved when the ‘ulcer did hot: improve,
and unfortunately, suffered until death from the related effects of
the surgery. - _

2 fp. Cit.
3 Appendix L - Reference 3.
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Lungs

As- early as 1956, Mr. Harding s chest X-ray showed 1es1ons .
suggesting ‘Bleb emphysema, "Iittle holés," ifi the right upper
tung. - This occurved just over 3 years after he started working
at PGDP <! probabTy not “long enough to ‘be caused by rad1at1on

A far more 1ikely ‘causative factor would ‘have been Mr. Harding s
smoking.' ~He had been and continued smoking heav1ly for years.
His pil monary function tests ‘showed the small-dirway disease
characteristic of heavy smokers. “As ‘yedrs went ‘by his lungs
deteriorated and became more suscept1ble to infectton., Even-
tually he'had a bout of pneumonia, ‘and arother, dand another =
each ohe leaving his lungs a ‘little weaker. 'On the basis of
compariiig the effects of the estimated occupational radiat1on o
exposure with the effects of heavy‘cIQarette smok1ng, 1t 15 not
logfcal to ass1gn causat1on to radiation. DirLAEe

PR

-In the cascade process; exposure is from vater solub]e uranium

which i§ absorbed and either excreted via kidneys or stored- 1n
bone. ‘' Thus; the small quantttIes of water solfuble uranium’'.
involved in this case were not Tikely to-have affected the Tungs.
The clinical’ patho]og1c picture: presented hy Mr. ‘Harding cannot
be attribited'to uranium: radiation as a pr1mary cause. S

In 1954, Mr. Harding was. exposed ‘to vapors of hydrofluorlc L
acid (HF), an extremely corrosive substance. If HF gets deep
into the lungs, it causes disability for weeks or months, if . _
the iAdividial survives.' Disability correlates with dose received.

-In-this €ase Mr. Harding went back to work after’ Eeihg checked at
“the PGDP occupationa] ‘clinic. “There is 1ittle 1i
~fore, that his exposure to—HF caused hxs pulmonary cond1t1on.&i

elihood, there-

I shoﬂ?ﬁ be mentioned that during the vielding needed for air

conditibhihg -and heating installations, Mr.ﬁHardlng ‘tould have
been exposed to fumes from cadmium or ntcke] tarbonyl. Evaluation

' of the sfgnificance of this exposure has not been posbele.“;;ﬁ

Looking at the ent1re picture of Mr. Hard1ng § pu?monary dxsease,

‘the Tikelihood is high that: the most sigﬁificant causative-factor

Ehvwas cigarette smokea,“fo~

v'. » Sk'ln

Records available indicate that this problem began in 1953. ;

Initialiy, it was déscribed as'a folliculitis; an 1nf1ammatory"x'fw

“reaction around the hair roots, on his 1OWer 1egs. Later this’

conditioh ‘spread upwards.: “Mr. Harding Was ‘séen by many Derma-',fff

1tologists’ “dt Teast 'two’ biopsies were dane == both.showxng non— :“j
‘specifit inflammatory yeactions. " No Deriiatoiogist documented '

the diaghosis to be radiation dermatitis. The skin lesions did
not fit the description of radiation dermatitis found in the
references consulted.
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4.

Cartilage

In 1975 Mr. Hard1ng first noted “ftngernalls and -toe nails .
growing out of joints in fingers wrists,.and elbows, .and -
joints in toes, ankles and knees. Unfortunately, none of

‘the available récords ,do more than mention Mr. Harding's
complaint. 'In the six or seven physical examinations. where

a the history referred to them, . .the lesxons.were not described. - '

5.

The cart11age-rad1ation relatnonsh1p is. difficult to address
because so .Jittle is known about .it... The poss1b111ty of. .
cartllag1nous overgrowth due to. radxatlon does exist. But -
the’ dose or level triggering such a. response .is not known, ..
nor is the period of latency known.. Conceivably, Mr.- Hard1ng

-Was. describing enlargement of JOlntS, hypertrophy, and/or; ..
- softening of bone, osteoma]acia.. The former is:often. .. .-

associated with  chronic. pulmonary disease; the latter.(as - .
discussed in Section 1 above) is now recognized as a hormonal
imbalance from gastrectomy. -Little is known.about.the. relation-

‘ship of other toxic. agents. and the condition described by -

Mr. Harding. .There are. some cartilaglnous diseases which are
familiar ‘and occur mainly in m]ddle-aged males,-but there.is ..

" 'no evidence pointlng in_ this direction. Mr.- Harding probably

suffered from bone invo1vement secondany to either his lung-
or stomach conditlon.

JTremor ..

Knowledge about’ ‘the amount. kind and latency of rad1atlon .

" “which would produce tremors like Mr. Harding's is not available.

~ The 1ikelihood that mature, therefore less radiosensitive, nerve
cells would show delayed injury from the amount of radlation o

involved in this case is very small. Two more likely poss:-
bilities are. that the tremor was a.complication of the pernlclous
anemia. syndrome or that it was, a consequence.of Mr. Harding 'S .
mal1gnanoy. Because he- rece1ved treatment for ‘the anemia, he .

 was less 11ke1y to derive his tremor from it. - The mallgnancy

concept, especially in view of the timing, is more likely.
Persons with advanced cancer will frequently have tremors and.

ivneurological changes, ‘the pathogenesis of which has not yet been
worked out. Moreover, there may be spread of cancer .to the central

nervous system.

Conclusion

The medical evidence points away from Mr., Harding s dlsabiiities

being radiation induced. Admittedly, ‘this evidence is not absolute]y

clear cut. From a scientific viewpoint. there were two possible. ..
opportunities to clarify the issue: autopsy . ‘and radioactive uranlum
quant1f1cation. Regrettably, but understandably in the confus1on at

B T
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the time of a death at home, an autopsy was not performed. However,
it is possible that more definitive information could result from
a quantification of the radioactive uranium in Mr. Harding's body.
This kind of total body counting is feasible. Assaying tissues

~ obtained via biopsy during his stay at Methodist Hospital* would

~ probably show little or no radioactivity because soluble uranium

desposition occurs mainly in kidney and bone, and insoluble uranium
occurs in lung. Furthermore, total remains would probably be needed
to accurately calculate the total radioactivity. Should total body
counting be done, other toxic agents such as cadmlum and nickel could
and should be assayed.

* Dr. W. Jennings told the investigator in a telephone conversation that
biopsied tissues taken from Mr. Harding while he was at Methodist
Hospital could be obtained.
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APPENDIX A
December 6, 1980

Mr.vRobert Hagar Esq.
~-Christic:Institute - -
- 1324 North: Capitol N W..

Dear Mr Hagar.,;ge o 1:: -;:, i T
y PSS I
Thank.you fbr sending me the materiais concerning the case of Mr.
Joe Harding. I apologfze for'my late vreply but I have been on many out
of town trips lateiy and your materiai has just worked its way to the top
of my stack.»: oF , ‘ :
After reviewing the records you furnished me concerning the case of
Joe Harding a deceased former worker at the Paducah, Ky. enrichment facility
operated by the Union Carbide Corporation, I must comment‘tnat basic information
about Mr. Harding's exposure history is very conspicuous in its absence. The
kinds of data provided by the DOE and Union Carbide, particularly those dealing
with Mr. Harding's urine samples are suggestive of a very high body burden.
However, there are large gaps in Mr. Harding's exposure history, especially
periods when Mr. Harding claimed to be the most heavily exposed. Either an
inadequate -search was made by the DOE-of Mr. Harding's records or Union
Carbide has failed to make appropriate measurements and maintain proper
records on Mr. Harding's entire work history. However on the basis of infor-
mation you have provided me. I would like to make the following observations:

(1) Mr. Harding suffered from cancer of the abdomen which is what one
might expect from the ingestion of insoluable uranium particles. The
kinds of ex?osure described by Mr. Harding suggests that these particles
vere quite large as to be visible. After chronic inhalation of uranium
particles, it is quite possible that the expelling of these particles
from the Tung by their collection in mucous and subsequent ingestion

of this uranium Taden mucous could have provided a considerabie dose

to Mr. Hardings Tower G. I tract.

(2) Mr. Harding s extensive skin leisons are what one might expect from
exposure to beta particles. The immersion dose from uranium hexafloride
in 1ts various stages of enrichment can give off a considerable beta
dose to the skin. As my research and the work of others at Oak Ridge

- has shown, immesrion doses by beta particles under circumstances des-
cribed hy Mr. Harding can be as high as 265 mr/hr.

(3)Mr. Harding had extensive damage to his respitory tract which is
~strongly suggestive of chronic exposure to uranium dust. Although

much attention has been given to the damage potential of alpha par-

ticles, it should be noted that beta as well as alpha particles in

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.




" Mr. Robert Hagar -2- ' December 6, 1980

l

(4) On one occasion Mr. Harding had a very.hfgh urane count of

.4 milligrams per litre. This measurement indicates a body bur-
den 10 times above maximum permissible concentrations. I find it
remarkable that the following day Mr. Harding's urine count dropped
dramatically. The kidney retains and concentrates uranium particles
| ‘ over periods of days and does not pass out such heavy concentrations
‘ within a 24 hour period. Either the second sample taken of Mr. Harding's
;urine was mistakenly'analyzed?orlit,wasgfaisified.kA _

It is my Opinion that Mr. Harding s cancer, skin 1eisons and respitory damage
were major contributors to his death. Insofar as his rad1ation exposure was the
.. cause of these diseases, ‘one would assume that to be the case

Sincerely, "55757> o
- Karl Z. ®organ o

Neeley Professor ' NI
School of Nuclear Engineering

Georgia Institute of Technology




KARL ZIEGLER MORGAN

American Health Physicist

Born Enochsville,‘N.C.,;September_27, 1907

EDUCATION

B.S., University of North Carolina, 1929 -
- :Ms8., -University of: North Carolina. 1930 L
Ph.D., Duke, 1934 :

EMPLOYMENT
Weetinghouse Electric, 1930-31

;'Chairman of Physics Department, and Cooperative Research Program,
Duke, Lenoir Rhyne College, 193443

Member Research Staff Metall Lab., Health Physics Division,
University of Chicago, 1943

Director Health Physics Division, OakvRidge National Lab., 1943-72

Professor of Nuclear Enmergy, School of Nuclear Engineering, Georgia
Institute of Technology, 1972-

MEMBERSHIP

National Council on Radiation Protection, Chairman, Internal Dose
Committee :

International Commission on Radiological Protection, Chairman,
Internal Dose Committee

Ad%isorigcémﬁittee on Reactor Safeguards :(Subcomt. NRC) 1975
Advisgry Committee, Bureau of Radiological Health, 1975-78

Transportation of Radicactive Materials Comt. .to Jt. Comt. of
Congress, 1974~ : .

SOCIETIES

i
¢

American Medical Association

American Association for the Advancement of Science
American Board of Health Physicists

American Association for Physicists in Biology and Medicine
American Industrial Hygiene Association :

American Institute of Biological Sciences

American Public Health Association

American Nuclear Society

Health Physics Society
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SOCIETIES CONTINUED

International Society of Radiology ' -

American College of Radiology

Medical Research Council

Society of Nuclear Medicine

National Safety Council _

Radiation Research Society - B O S
International :Radiation’ ProtectionrAssociation, Chairman & President
Radology Society of North America -

Royal Society of Medicine

AWARDS

First Gold Medal, Work Radiation Protection. Royel Acedemy of
“Science, " Sweden, 1962 ST

. First Distinguished Auard Health Physics Society. 1968

Distinguished Achievement Award ‘Héalth ‘Physics Society. 1973 “

RESEARCH & wRITINGS ON '

. too

Health physics, radiatiou protection. internal ‘dose from radionuclides;
low level exposure of man to ilonizing radiation; non-ionizing
radiation effect on man; problems of instrumentation, air contamination
and internal dose; neutron dosimetry cataract studies.

MAJOR PUBLICATIONS
' -Health Physics (editor) 1959--"

Hanford Symposium on the Biology of the Transuranic Elements (editor
“in chief) 1962

Energy and-the Environment (editor) ‘1976
Principles of Radiation Protection: a textbook of health physics
(coauthor) 1967 Toe e

This information was taken from:

American Men and Women of ‘Science Vol. 5, l4th ed.. Bowker, 1979);
World Who's Who in Science (Marquis 1968), ‘

Biographicsal listings also appear in:

Leaders in American Science - (7th ed. Cook 1967), K
- Who's Who in Atoms (6th ed. Hodgson 1977) :
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Response to Dr. Karl Z. Morgan's Letter

. By: Edward J. Vallario
v " Assistant Chief/Manager
" Health Physics Program '
‘Operational and Environ-
' . méntal’ Safety Division
, Office of Environment

On December- 11 1980 Mt. Robert Hager Esquire,,the attorney representing
the estate of ‘the 1ate Joseph Harding, transmitted to Ruth Clusen, Assis-
tant Secretary for Environment, comments on the causation of Mr. Harding s
illnesses. These comments Were prepared by Dr. 'Karl Z. Morgan, a professor
at the School of Nuclear, Englneering, Georgia Institute of Technology

My comments deal with all of Dr. Morgan's observations since his conclus1ons
are based in large measure on health physics premises.

Dr. Morganws General Comments

Dr. Morgan states that Mr. Harding's urine samples are suggestive of a
very high body burden.’ I flnd his statemeﬂt perplexing ‘Mr. Harding s
reported urinalysis reSults for the years 19531971 show a yearly organ
dose of less than 1° rem. Most of Mr. Harding's samples contained uranium
concentrations equal to those concentrations found in unexposed people in

reemployment physicals. Very' few urine samples exceeded 10 micrograms
U/liter. This corresponds to an excretion rate of 12 micrograms/day and
may be contrasted with the calculated excretion rate from the maximum’
permissible body burden (MPBB) of 700 micrograms/day (kidney) and 200
micrograms/day (bone) {1) “on this ba31s Mr. Harding s reported urin-
alysis excretion rate shows that his body burden was very low.

Dr. Morgan also notes’ in his general comments that "there were large gaps
in Mr. Harding's exposure history Our ihvestigation disclosed that' the
gaps in exposure history relate to those periods of time that Mr. Harding
did not work in radlation areas. ‘Under Union- Carbide policy, routine do-
simetry and urinalysis were not required for non radiation work (see f‘
Chapter III, page 38). T find this a reasonable’ “practice. <

Dr}’Morgan;s Observation (1): Dr. Morgan s- statement that Mr. Harding
1ngested insoluble  uranium is 4in ‘error. For the most patrt, there '
were only two sources of radiation in Buildings €310 and €315, i.e.,
material containeéd in the product cylinders (uranium hexafluofide or
UFg) and small puff releases*occurring during the disconnection of
the pigtail connector from the cylinders. Only rarely - as a result
,of an accident - were there large releases of UF6 o

*See.page 2 of text for definition of "small puff release."




In normal operations, the UFg in liquid form was fed from the cascade
or process system to a multi-ton cylinder. The procedure started
in the process system where the UFs‘was'initially heated and con-
verted to a gas. The insoluble products of uranium 238, i.e.,
Thorium 234 and proactinium 234 do not form gaseous compounds during
this conversion; rather, these products'attach to the surfaces of
the process system and, therefore, could not be released to the
worker's enviromment. The gas, essentially free of insoluble pro-
ducts, was then put through a condensor, converted to a liquid and
fed to the cylinder. VWhen the transfer was completed and the valves
secured, the transfer pigtail was purged and any entrained UFg was
passed back into the lower pressure part of the process system for
recovery. Since the temperature of the liquid was approximately
160° F, any small residual UF6 in the pigtail remaining after the
purge procedure would have vaporized immediatly.

When the pigtail was disconnected, the vaporized UFg was released to
the atmosphere and reacted with water to form uranyl fluoride fume
(U0,F9) and hydrogen fluoride. The UOoFy is a highly soluble fume.
Thus, the released puff (which was captured by the hood ventilation
system) was in the soluble form of UO,F,; and not insoluble uranium.

'~ The availability of insoluble uranium from the cylindets also is
highly questionable. - Insoluble uranium products were contained im

the cylinders as a result of past usage. However, the pressure in
the cylinders at room temperature was below atmospheric pressure(2);
therefore, any leakage of a cylinder would result in air leakage into
the cylinder, making the probability of a release of insoluble uranium
essentially zero.

In the event of accidental large releases, the UFg discharged was
transformed to the soluble UO,F, by the same process that occurred
with small puff releases. As described above, all insoluble uranium
products remained in the process system and could not and did not
represent the source term indicated by Dr. Morgan.

Pr. Morgan's Observation (2): As noted in (1) above, there were no
insoluble uranium products (beta particle emitters) released to the
room to which Mr. Harding's skin might have been exposed.

Dr. Morgan's Observation (3): As noted in (1) above, the uranium
source in Mr. Harding's enviromnment was UO2F; which is highly soluble.
Although this compound passes through the lung, its biological
residence time is too short to result in the damage suggested by

Dr. Morgan.

Dr. Morgan's Observation (4): All available studies to date - both
human and animal - are reasonably in agreement on the rapid excretion
characteristics of UO;F;. Animal studies(2) show that approximately
80%Z of the absorbed dose is excreted in urine during the first 20 hours.
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Studies conducted by Bernard and Struxness (4} show that excretion
"rates 2 hours after exposure may be from 2% to 10% of the inhaled
dose. The International Commission on Radiological Protection (ICRP)
-excretion model predicts 80% urinary elimination the first day.

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 UOyFp. Thus, there is no basis for

his conclusion that mistaken analysis or falsification were responsible
for the change in counts. Furthermore, our investigation showed no
evidence of falsification or other mishandling of records.

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 my view, have
been the cause of Mr. Harding s illnesses.

References

(1) Health Physics Journal, Volume III, 1960, K. Z. Morgan, Report of
ICRP Committee II - Permissible Dose for Internal Radiation (1959)
with Bibliography'for Biological, Mathematical and Physical Data.

(2) Conference on Occupational Health Experience with Uranium ERDA/93 -
fpril 1975.

(3) Acute Effects of Inhalation Exposure to Uranium Hexafluoride and
patterns of Deposition NUREG/CR 1045 -~ July 1979.

(4) A Study of the Distribution and Excretion of Uranium in Man - S. R.
Bernard and E. G. Struxness ORNO-2304 - June 1957.




Response to Dr. Karl Z. Morgan's Letter

By: Henry R. Wolfe, M.D.
. Human Health and Assessments
.Division.
Offlce of Health and Environmental
Research
Office of Environment

Karl Z Morgan, 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 comment 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'(l) Thls was the diagnosis on the discharge
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. These cells characteristically originate in

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 qccu- v
pational radiation exposure. In Mr. Harding's case, other exposure
possibilities were tobacco, nitrites, hydrocarbons, cadmium, nickel
carbonyl and even radiation from medical diagnostic x-rays. Ad-
ditionally, there may have been a genetic predisposition; for example,
his father had died of cancer of the esophagus.

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

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.

<




Once again no other causative possibilities have been considered by
Dr. Morgan. For example, chemicals might have caused the folliculitis
which was mistreated, resulting in a localized loss of resistance

that could have led to the progressive skin lesions.

Dr. Morgan's Observation (3): Dr. Morgan states the damage is
strongly suggestive of chronic uranium dust exposure. The fact that
Mr. Harding ‘had been a long time 2-3 pack a day cigarette smoker is
ignored. Again, no other possibilities are considered.

One can compare pulmonary function tests in lungs damaged by radiation
with tests in lungs damaged by tobacco smoke. 1In the late stages they
may be indistinguishable; however, in earlier stages there is a dif-
ference. Radiation causes a "fibrosis" or scarring of the tissues

‘in the lung around the air sacs. Pulmonary testing of radiation
damaged lungs shows an alveolar-capillary block, which means that

the oxygen is prevented from getting into the blood stream and the
carbon dioxide accumulating in the blood cannot get out through the
lungs. Tobacco smoke damaged lungs show mid and small airway disease
characterized on testing by a decrease in the volume of air going in
and out. Mr. Harding's pulmonary tests fit the smoker's pattern.

Finally, on a medical basis, I take issue with Dr. Morgan's opinion. A
differential diagnosis should consider all possible etiologies. Dr. Morgan
has apparently only considered one. In my opinion, Mr. Harding's illnesses
were induced by several causes, and he could have presented the same clinical
picture without any occupational radiation exposure. My clinical judgement

is that radiation exposure was not likely to have caused Mr. Harding's
illnesses. ' .
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STAMDARD PRACTICE PROCEDURE Ko RPEDIE B

A Division of Union Carbide and Cardon Corporation : Date: Lprid T, 195¢
Paduciah, Kentucky

Subject:  PLANT SAFETY PROGRAM

1 Revised:

Page 1 of 9

31. 1 POLICY: It 15 the policy of thkie plant to establish ard maintatin an effectiy

safety. progran to assist lipe supervision in cerrying out its responsidility

.. for safeguarding ell employ-ea &nd plant property.

1.2

31.3

31.k

REFERENCES: Paducah Ple.nt sta’:ﬁa*& practice proc cedures end dulletine in effe
end other codes end stenderds referred to in Section #31 5 (Regqulstions), end
listed in Appendix "B", will apply.

SAFETY COM’*{ITI'E.. ORC&NI..ATION° Four types of safety com*t:e'a will be
established to &ssist in developing & well-rounded end effective accidsnt pre
vention program in the Paduceh Plant; namely, (1) The Central Sefety . Cozmitte:
consisting of members of the Superintendents' Cozmittee, (2) the Safety and
Epergency Plancing CO:n ittee, consisting of eppointed representatives from
each division in the pient, (3) thks Division Comzittees, erd (L) the Depart-
mental Safety Sub-Comzittees.

RESPORSIBILITIES:

_&. The Central Safety Cozzittee is respopsibile for adm‘ni.»terinb the over.al

Bafety Program for the Rducah Plant.

b. -The Safety and Emergency Planning Comnitiee will formulete, reviev, and
make recomzerdetions regardinb safety policies end procedures to the Supex
intendents' Coxzmittee. :

¢. The res;ionsibilities bf ea_ch aivision ere:

1. %o eppoint e Division Safety Committee which is set up on & permanent
basis and will cozsist of the Division Superintendent, Depertxzent Ecad
and other representatives ee desired from staeff, service end control

) »groups directly engaged in accident prevention activities,

2. 'l‘o establish one or more Safety Sub-CO:mittees for each depsrtm-nt.

“ 3. ‘To d.irect and astist the Departmental Sub-00mittees in ma...ntaining
an e.dequate safety program. .

y, To keop and analyze a monthly record and accident report file on a1l
dnjuries wvhich oceur within the division, end e monthly divisiopal
frequency and severity chart. (The Safety Department will furrisb
the chart end the information to keep this record current).

S. To keep the Safety Department informed-of its activity end report sry
other functions related to the over-ell safety prograu of the division.
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STANDARD PRACTICE PROCEDURE
. © L. DNumdern 31 '
—Subkmﬁ- “PLANT SAFETY PROGRAM -~ .. .7 o ra b s s s :
, : L PSR o - ) Page 2 . of 9
. d.--The r-snonsibili ies of eech depertmwent are:
R 1. To anpoint rembers of the departmentel snb-conm ttees. ;
2. To keep 8 r°co*d of d’Partn°n»el acci&enta.’ﬁi’
3. To coooerete vi other.departmenta in establishing ena coordinetingé
K p*e*eutionary weesures ar ecting inter-rele»ed functions.
“e. - The responsibilities of Denartn-nte‘ Sub-Co:mitte's a:e:”?'v-niu
1. To investigate ell serious or poten.ially serious a:cicents to ea-
?»"~te-mine ceuses, ena to recommend eorreeuiv' ac.ion. v :
2. To schednle setevy meet ngs eech month ‘or ell expl oyees in th° de- ;
. o partment or groud which.they represent. (Minutes of uh.se :eet‘ngs '
: w11l be forvarded to the Saf-ty Depert ent) : .
'f. The'responsibilities or each supervisor are:
1. To insure the sefety of his ecployees snd protectioz of plant properfy.
2. To see that propsr eguipzment, mackines, tools, etc., ere provided, and
properly used end meintzined ‘in accordance with epproved methois.
3. To see that the steniards of housekeep ing are satisfes tory.~'
E. To see that ell n°C°ssary protective clothing end eguipzent inc-ndinb
liperen's equip: nt ere properly used meintain-n, exd teseed on
schedule. . i .l
5. To make the proper plascement of exmployees & to job imowledge, end in
accordance with Medicel Department resor*ctions.» :
6. To see thet el] employees are properly trained in nll pheses of their
Job, with proper empnesis on safety, end to follow-up on this train-ng.
7.’ To eend injured exmployees promptly to the Medicsl Department, investi-
- . gate accidents, end make written reports in: dﬁtail. (Forn #WC“-lOB)
8. To study, classify, end reke. recomn.n&ntions on depa*tnental accidents.
< Qg To eooperate with oth-r aupervisors and sefety oonmittees end to utiliz
" - the steff, service, snd control groups which ere set:up to essist in
-eccident preventioz. (See Appendix "A") S ;
The responsibilities of the Safety Department are; er”f T i

To Peep management 1nformed of the over-ell accident prevention 5(;)
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.,l,_

. perlormance of the entire plant.

(o)

2. Tp,renier staff assistance to Supervision on safety watters as follo

'Keep 1n touch with pew developm-nts &nd’ snpply edvice on ell

.. uphsses of safety problems.

®)
(e)

()
supervision.

o (_s),
R

(1)

:’Investisating and_ reportinb on accidents. ,,»

‘Initiate;'conpile;‘and proposeisaiet}irulcs.and regulatiors.

.Cooperate with Supervision in éeveloping end mainteinirng salety
;'consciousness through publicity, demonstraticns, and genersl .
. satety instruction, - | erial of general interest mey be furnis!
" supervisory ccmmi‘tees for planb-vide dissemination, end informe
‘tion, specific to ‘particular types of vork made availsble upon
.~ .. .request from the group or safetly committee concerned.
(@)

" stendards regar*ing safety.

Interpret for Supervision - levs, regulations, rules, and

Conpile accident statistics.

Investigate safety snggessions nade by employees through line

Review work orders from tbe;standpoint of eccident prevention.
Act &s e lleison between all'accident<prevention groups to see
that the Safety Program is unirorn throngbout the plant.

Develop standarﬂs and specificavions ror tbe procure:en. of pro-
tective eqnipnent items.

'3.’ To serve as & con.rol cbeck on, safety matters by.,_

,_1(§)i

Copfucting sufficient spot checks and inspections to evaluate

fthe effectiveness of the Plant Safety Progran.

“:.iChecking on safety features of mevw desisns and elterations to .

:7”plant facilities.

4, «~ To. assist the Fire Prevention and.Control: D-partment in the solution

TN L

of technical problems in connmection with fire prevention.

The responsibilities of th= Medical Department are~:

1. To assure by pre-enployment physical examination tbat each employee

B-3
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| Page & of ©

Je

-5,
' 6.

is assigned to work for which he is physicelly edapted.

To .check employees who have been sbgent from work dve to occupatione
(or nop-occupation=1) illness or injury before returning thez to vor

To weke certain by ptrysicsl exemimeation that ecployees cerrying meddl
cel restricticas ere p "si~ally suited for pew escignzernts bero-e
transfers are cade.

To render pedicel assistance in the fnitiel steges for ttose ex=ploye
receiving occupatiornel inluries or illnesses, &nd for reczllipg such
ceses thst peed sdditionsl treatzent, except in lest time ceses vhexn
the employee will be under the esre of hishown Poysician.
To wake periodic phvsical exsminations of &ll employees.

To request outside wedicel sssistence end eguipzent, whe: needed,

Responsibilities of the Healtbh Physics end Eygiere Department are:

1.

To survey working coz2itions £rom the stendpoint of ipdustrizl hygie
&nd radistion kszeris sni to keep management inforzed (through toe
Medical Director) of such conditions.

To mmke recozzendations to'sup’rvisioﬂ for the correctioz or pre-
vention of hererdous conditions releted to industriel hygiere &nd

health physics.

To essist supervisicn in establisbing departmentel hseltih rkysies
progrems enf to evzluete suck progranms pbriodically

To assist supsrvision in treining personnel to protect thezselves
frox hazerds due to radiatiom.

To maintzain recorﬂs of personpel expocure to radiat on &nd racdio-
ective or toxic materials.

To essist line supervision in interpreting and epplying estzblished
critical mass sterderds end to act as a liaison ir.criticel mass
considerations with specisl khazards representetives of the O=X

-Ridge plents.

The responsibilities of the Fire Prev-ntion and Contir ol D=par~m«n are:

1.

2.

Formulate ard edninister fire protection progrem for the plant.

Conduct year around fire prevention educationesl progren.
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3. Provide fire protection engi::eéring services.
k. Reviewv vork orders, engineering drevings, and specifications which
pertain to, involve, or affect fire protection.

5. Conduct periodic fire péotection surveys of plant buildipgs, in-
stellations, and operations.

6. Ipspect 2nd test all fixed fire protection instalistions end re-
: quest waintenance service or repairs &s needed,

7. Iospect, test, and maintain all Pirst eid fire fightirg equirment
" for entire plant. s :

‘8. 1Ibspect, test, end peintain ell fire department epparatus and
equiprent (with exception of wechancial maintenance).

9. Respond to emergency calls froz CLUCC occuplied areas and reader
ell possible assistence to the Plart Shift Superintendent in the
coatrol of the emergency.

10. Provide ecbulance. service for entire plant.

11. Investigate 811 fires and sub:1§ rep_orts through proper charnels,
k. Respomsibilities of the Engimeering Division ere:

1. To ipcorporate safety features into all designs of nev instelletions
‘and elterations, as prescribed by plant and ipdustry-wide standerds,
_codes, end procedures which epply (See Appendix "B"); also, to re-
view with the Safety Department any deviations from tbese standards
" which are deemed necessary. ‘ - ‘

2. To cooperai:e with the Safety’Department in setting uwp amplé pre-
cautionary measures for emergency work involvipg risks to personnel.

1. The responsibilities of tbe Inspection Depesrtment (Engineering Division)
- ares ‘ R T S ‘ ‘

1. To test and inspect all fixed and mobile pressure vessels arnd crene

. epd hoisting equipment (including elevators), end those comtrols
and regulating devices vhich ere considered an integral part of
this equipment, such as pressure regulators, pressure relief devices
interlocks, cable slings, etc: also to subtzit inspection reports to
line supervision in accordance with established procedure.
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n.

The General Maintensnce Division Vehicle Inspection Service is respo 1s1D]
for the periodic inmspection of &ll heavy end light sutomotive eguipzent.
(Exception: This does not include the hoisting section of motor or:

cravler cranes, nor portesble alr comp*esso's. These will be ipspsctied by

_ the Inspection D.,_rument)

Responsibilities of the Elect'icel end *nscrumen Maintenance Division

“-.inspection groups ere: - - .

l. To provide & scheduled test and inscec ion service on 211 liremen's

- protective equipment (rubber gloves, kot sticks;  rubber bleskets,

etc.) used within the plant, end to mpeintain a npumbering syste* on
all such items.

‘2. To provide the Stores Department inspecticn service oz por‘eble

electric tools issued through th- toc’ c*ibs, ecco*ding »o a set
. schedule, . . .

3. To provide & field inspec*ion service on ]l other portabdle and
fixed items.cf eleciricel equipo nt, eccording to common, safe |,
-electricel practice. ‘ "

Responsibilities of the Training anﬂ Procedur° Deoar‘ment are:
1. To prov1de sefety orientation training for all new enployees.

2. To conduct First' Aid Training Courses.

3. To prepare waterial for and conduct certain Specialize Sstety
Training weetings. -

k., To assist 3efety Department in preparing materiel for safety wmeeting:

The ChemicaIIOp-ra ions Pfotective Equipment Servicing Unit is responsib.
for cleaning, testing, end repairing used, dirty, and contaminated items
referred to it by the Materials Department. :

The P_ant Sh’.*ct Suporin.endents ere responsible for- :
l. Assuming :irect charge of conbatting any plent en°rse cy which .
threatens plant employees or property (or contipuity of operetions)

- 2, Calling for and utilizirg the essistence of any-groups or indiv*dual'

315 REGUIATIOHS' D
For details pertaiuing to specifi:> s:irects of end protective reguletions

witkin the plent who are qumnlified end. authorized to essist in
carrying oui the. above.r e
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|Pe 7 o g

' involved 1n the safety progrer, refer to the procedures , bulletins, stendards,
.- @apd codes shown ip Appendix "B" following. Wherever any diffsrence exists
betwveen plant-isaued procedures or standards end nationsl codes or atandarda

plant-:lssued 1tems will goverz.
31.6 *mzxmn A: |

.:,Staf‘,,,Se:'}’iceA, end Control Groups Perforzing Accident Prevention Functions

| (1) S‘g}fé"t.y;bépe.rtment
" (2) Medical Depertment | . o
 (3). Eetlth Physics and Eyglene Depertment
() Fire Prevention end Control Depertwemt . .
(5) Engineering Division B R o
(6) ‘7Mechan1cal Inspection Department (Ens. Div.)
- (7) _General Iv' intepance _Diyigicn Vehicle Inspec ..ion Service
; “,(_8)‘ -Electricel and Instrument Maintensnce Division Inspecticn Groups
(9) Training andff&ééﬁﬁiﬁ bépartment
'(10) Chemical. Operations Protective Equipnent Servieing Usit
(11) Plent Shift Superintendents
31.7 APPEWDIX B:

Se.fetv Procodures, Bulletins, Standards, and Codes Applicsble to the
- PeGueah Plent

a. 'cmmm- ,
Am=rican Safety Standards (American Sta.na.ards Association)
National Fire COde (National Fire Pro ection Assoc*ation)

Urifom Building Code - 19119 Eaition (Pacific Co"st Bui\ ding Officiala
§ ) , » .. . Conference) . g ;

_ Manufacturing Chemists' Associe.tion Manual Shﬁets
Manufecturing Chemists! Association Chemica.l Data S‘lheet;sz :

Boller Construction Ccde (American Society of Mechanical Engineers)
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SPF§ 23

Building Codes end other Bufliing Criterie (AEC Bulietin Gi-Con-3)

Public Eeeith Service Drinking Weter Stendards (U.S. Public Eezlth
: Service)

Menual of Recoummended Weter Senitation Practice (U. S. Public Eeelth
S=rvice) :

Ordinznze end Code R=gu ting Zeting end D*ink‘ g Estebli tzents {G. s.
. ‘ “Public Eeelth Servi c=)

Rzguletions for Trensportation of Explosives enu cther Dengerous
Articles (Interstets c:::srcc Comrission)
Mctor Cerrier Safety Reguletions (In..erstat° Coxmerze CO:misé ten)

¥enwal en Uniform Traffic Contrcl Devices fov' Streets ernd ng!:"a"=
\Pn.b.nc Rozds Administreticn)

Traffic Enginezre Eardbock {Imstitute of Traffic Bngi ering)

Motcr Vehis ecticn kerwel (Americen Association of Casuv=lty end

Surety Compznies) (Chapter 6)

1]
-
8

(4
'u
u

List of Izsre=otef Arrlisnce Eauip“ut, end Meterisls (Underwriters!
laboratories)

Sefe Beniling of Radioactive Isotopes (E=nibook #Li2, Nationel Bursau
of Stendaxris) :

Cozpeny Issued

/

SFP #D-1-9 - "Absence for Occupationsl Disebility"

"Electricel Vork Peramits"

SPP £ 2L - "Stop Tegs"

SPP £ 25 - "Bazardous Work Permit" (Except Electrical)

SPFP § 26 - "Gas Cylinder Identification, Eandling and Use"

 SFP# 27 - “Inspecticn of Pressure Vessels"

SPP # @28 -."Ipspection end Meintenance of Hoisting Equipment™
SF? § 29 - “Eye Protection Equirment”

SFP # 31 - “"Plant Ssfety Prograz"”

-
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C

TCr-2192.A

SPP #4k - "Materisl Release Reportiug

R Pl

SFP £h5 - "Protective Clothing”

-SPP #so - "Use of Goverprent Ovped Vehicles”

mm BULLETZR AR #3 - "Protective Clothing end r.quip-ont" ’
| PLANT BULLETIK AR #5 - "Carbon Tetrachloride”

PLANT BIILLE'I‘IN AR #6 - "Indury Preventien Report"

'PLART BULLETIE AR §16- "Accident Reporting” (Dated 8-12-52)
ENGINEERTHG STANDARDS | )
ENGINEERING SPECIFICATIONS |

. MATERIAL SPECIFICATIONS

approvet NS DL s




STANDARD PRACTICE PROCEDURE : Number: 41

UNION CARBIDE NUCLEAR COMPANY N -
DIVIBION Sr UNION CARBIOE conrgnunoru N . .| Date: .

Subject:  RADIATION Cmgmoz.

| PADUCAM, KENTUCKY k }{‘;f‘ )

; p.gc A . of :

k1.1

hl .2

k1.3

POLICY: It is the policy of the Paducsh Plent to protect 1ts perscmnel from
the potent.tal hazards inherent :Ln the handling of radioactive materials.

RESPORSIBILITIES:

8. It is the responsibility of 11ne supervision to mai.ntain radistion and
contaminetion levels as low -as is practicel and ‘to maintein personnel
exposures within ecceptable plant limits; to maintain a health monitoring |
program such as the usé of £ilm badges where required; air contaminstion E
messwements end scheduling of periodical physical exsminstions; to formm-
late and sdminister ell rules and regulstions pertaining to radistion
hezerde for each sres or mejor operstion; to determine the extent and
intensity of radistion ‘end-radicactivity conteminetion; to keep the
Medicel Department informed of all personnel vorking in locations, or
engage in operstions, where sdme degree of accidental exposure to radi-
ation hazerds is possible.

b. It is the responsibility of the Eealth Physics and Eygiene Department
to provide &n exposure monitoring service to determine the effectiveness
of the health physics program; inspect plant locations and operestioms
far exposure hazsrds; eudit and meintain records of all radistion expo-
gsure &and contaemination date teken in the plent; supply advice end infor-
retion as requested on redistion or uranium tggicity health hazards;
recammend plant guides for controlling employee exposure to accepteble
limits.

¢. It is the responsibility of the Medical Department to recommend to the
Division Superintendent concerned action including removal from exposure
when uranium excretion rates indicate acceptable plant limits of uranium
accumilietion are being exceeded or when clinical evidence indicates such
action.

DEFINTTIONS:
e. Acceptable plant limits as used in this procedure defines:

1. The upper l.'mit to the quantity of penetrating radiation to which
plent personnel may be exposed for the entire length of & specified

period.

2. The upper limit for permisgsible levels of radicactive contamination
of air in locetions where plent personnel spend the major part of a
work day, .

0:33
An accumilstion of uwranium resulting irn persistent excretion of |
urenium in excess of & set daily rate 2s determined by & series
of industrisl and recall wrinalyses.

‘B-10




STANDARD PRACTICE PROCEDURE
,, Number: k1
Subject: RADIATION CONTROL P :
age 2 of 3
b1.h REGULATIONS: . | | | .
"~ &. Except in cése of emergency, as specified by the Plant I:ne:rgency*k (R)

" or internal exposwre. -
bc,"

Director, personnel will not be required to work where personnel =~
exposure wlll exceed maximm permissible dose (MPD) limits for external

Notificstion of Exposure - An employee is notified whepever his recerded (N)
valid exposure exceeds the MFD. An employee's occupationsl radiation

‘exposure record shall be made evailsble to him et his request.

41.5 PROCEDURE:

Ce

Conditions causing plant acceptable limits to be exceeded will be
carrected as soon es 1z practical end where immedimte correction is
ippractical, the conditions will be identified and adequate perscmnel
protection will be provided.. = TR e

" Where there is significant probebility of contamination of personal (®)
“-elothing vhich may subsequently result in inhalastion of redicactive
‘materiasl in excess of acceptable plant limits due to contaminstion

levels or operations in progress, or when beta emitter contaminetion of
clothing may &8dd significently to the skin dose, contaminstion clothing
ie issued according tc Standard Practice Procedure No. k5.

The Health Physics end Eygiene Department will notify the supervisor (%)
et the time & film badge is first issued an employee &s to whether
such employee has had any previous history of exposure to radistiocn.

When ~'fe.xpos\n-e’ records indicate that & person has received during tfe (R)
quarter either 1.6 rem (1.6 red of gamme or X-rey) whole body exposure ‘

- 0T 3.2 rem to the skiz (3.2 rad of bets plus gamms or X-rey), the Health

Physics Department notifies the employee's superviscr. When exposure
records further indicate that & person has received during the guarter
either 2.k rem (2.h red of gamma or X-ray) vhole body exposure or 4.8

rem to the skin (4.8 rad of bete plus gamms or X-ray), the Eeslth Physics
Department rnotifies the employee's supervisor who restricts the employee
to wvark in which the exposure is s0 reduced thet the total exposure far

the quarter.will not exceed 3 rem whole body exposure or 6 rem to the gkin,

Cases of perscnnel exposure in excess of maximm permissible dose are , (R);
investigated Jjointly by line supervision &nd the Health Fhysics and :
Eygiene Department. A report is submitted to_the AEC for determination

of the acceptability of evaluation technique prior to notifying the em-
ployee of the exposure. The employee is notified by the Health Physics

end Eygiene Department through line supervision of velid exposures exceeding
quarterly or yearly maximmm permissible dose limits.
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STANDARD PRACTICE PROCEDURE B

Subject: ~ RADIATION CONTROL

z.

‘fhe Eeslth Physics and Eygieme Department campiles the total exposure (R)

of each exposed employee for each quarter and calendar year to date,

. 14sts the personnel by division and transmits & copy of the list to.

the department head. In edditicm, should en employee exceed either

5 rad of gamms (whale body) or 10 rad bets plus gamm (skin dose) in

cne year, the total exposure reccrd since beginning of employment is

transmitted with the currenmt record. The employee's exposure record

through the preceding quarter shall be mede available to him at his
request to his swperviscr. - . _ :

When a', series of urinalyses indicates en employee bas iﬁcc'\mulat_ed - (R)
wrapium in excess of the scceptable plant limit, the employee's super-

visor restricts the employee from working where exposure to wranium in

. air is probadle until ancther series of wrinalyses indicates the man's
eccumiletion of urenium to be less than one-half of the acceptable

plant limit ar the results of 24-hour urine specimene indicate the
eccumuistion to be below the acceptable plant limit.

SN
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APPENDIX TO SFP NO. k1l
‘PIABTRADIATIW/ARDCOETAMIKATIWLMTSABDUDICES

A1l plent limits and indices are dased on principles and standards esteblisbed (R)
by the Raticmal Committee cn Radiation Protection and Messurements &s published

by the Buresu of Standards. The values for the ellowable body burden of wranium

and plutonium are taken dire'-tly from the National Bureeu of Standards Handbook -

52; the values for maximm permissitle dose (MFD) for penetrating radiation are

from Betional Bureen of Standards Handbook 59 end the April 15, 1958, Addendum to

this handboock. These limits are basic limits epplied directly to the ipdividusl
vhereas the other indices shown in the procedure are meeswres of the enviromment.

ACCEPTAELE PLANT LIMITS*
MPD for Penetrating Radiation

Whole Body (X-ray, Gamme) 3 red/13 veeks (R)
R TR R = o 12rad/year (Meximm) -
5 rad/year (Aversge)

Skin (whnle ﬁoéy) 'beta plus gamme o X-vay = - 6 rad/.‘LS veeks : . (R)
: o .- : 24 rad/yesr éuaximm) o
10 rad/year Average)
Extremities | - 25 rad/quarter ' (R)
75 rad/year

*Limits for disposal of screp and used equipment may be found in SPP D-2-5. Limits (K)
for shipping readicactive materiel may be found in SFP-47. The use of radistiom
tags and signs is detalled in SFP-15.

It ghould be noted that the above maximm permissible dose (MPD) limits ere (R)
established such that no bodily injury to & person at any time during his life-

time is expected es & result of this dose of icrizing redistion. The shortest

period for which & limit is set is one quarter Year epnd any part of the MPD may

be received et any time during this l3-week period. However, the dose ghould

be digtributed ip time as uniformly as possidle and in any case the dose should

not be greater than 3-rems (Y ) in any 13 consecutive weeks. Records will be

kept end audited on exposures at such intervals that supervision will be informed

as to the employess' exposure status and this limit not be exceeded. This does

not mean that these emounts are the largest that may be received in & 13-week

period or a year without injury.
Air Bo::ne Contamination

The paximm allova'ble concentration $AC) for wrapium in eir is 0.07 mg/M3 ar for  (R)
normal wranium M3. This do=g not mean that exposure to concentrations
exceeding this J.m.tt for brief periods will cause injury nor does this mean that
winary wrenium- ‘may not be detected following exposure to concentrations less than
this level. All reascnable effort should be made through confinement of rsdio-

active material, ventilation, end good housekeeping to meintain the air-borne

. concentration of the general etmosphere of & building or workroom as low as

practical. The allowable air-barne beta concentration is 44,000 dpm/M3. The

absence of 81 aficant quan’Eities of Scrontiwm 90 pemits the adoption of this limit
based on Ux] end Uxo.
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Inte'mal Accmﬂation

Page 2 of 3

NBS. Bandbook 52: (m Recmndat ot on 1nterna1 Dose ) gives Xy maximm perm.ssi‘ole
body bturden of 0.02 microcuries of ‘soluble uranium and 0.009 microcuries of- ‘

insoluble wanium. -

c::nstan"s apd formuisze published in this handbook were used

to obtain a maximm exeretion reste fram stored wrarium of 50 micrograms/day. Th_e
control point for removel from exposure to prevent sccumulation. of body burdens

in .excess of the above is er excretion rate of 12 micrograms/dsy. The temporary
~ restriction msy be lifted when the excretion rste falis to pelow 6 micrograms/dey
as indiested by spot samples or below 12 micrograms/day es indicated by 2k-how
specimens.

Contaminztion Indices

The following contamination indices have 'b_een established to minimize the possi-
bilities of exposures in excess of the plant's acceptable limits due to envirom-

mental conditions.

Since the amouxt of exposwre mey very widely emong individuals

becsuse of persopal habits, edherence +o contanination indices does not gusrantee -
that no exposires exceeding the plent &ccepteble limits will be experienced.
However, such exposure should be rare, ard the ckhances of any individual's exposure
or body burden exceeding the meximur vermissible doses ere considered remocte.

Alpha Contaminstion

b,

Personal Clothing

- 4000 c/m (as measurd by availaole instrument 5)

()

Fersonal Shbes  kooo c/m (ae measured by availa‘nle instruments «

Fo limit on 'bozt::n of sole)

cOntamination f‘lothing - Conteminstion clothing having &n elpha count in
excess of 4000 ¢/m/100 ex® should be changed pricr to vorking in en eres

not requiring 'espare.tory protection,

Surfaces - Good housekeeping practices should be foliowed to preven"' the
possibilities of significeant ai.r-bo:'nn conte.mina"ion due to accumu.lated

‘urani\m mate:ials.

Betsa Gam COntamine ién

The following indices ere levels beiow wvhich contamina*ion is considered insignifi-
cant as & factor in deterxining &n emrloyee's total dose. R ,

.l.
2.
3.
l"o

5.

. Sur.faées

Issued Clothing
Personel Clothing and Shoes

.Gloves
-Issued Shoes

8. Inside

b. Outside

B-14

Iastrument Reading et Contact
0.75 mad/br . .

| 0.75 mred/tr
0.25 mred/hr -

3.0

20

md/hr
m:ad/h. (2610A)

~ uppers)

XS

3 md/hr (scles or -
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The following indices are levels at which cleaning of personsl effects ere (R) |
regquired:

1. Personal Clothing 0.75 mrad/br

2. Personal Shoes 3.0 mrad/br

Any replacement of personal clothing must be made under the provisions of
SP.P D"S“l- . .
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APPENDIX C

LABORATORY DIVISION /A )
TECHNICAL PROCEDURES Numbee e DB i
UNION CAREBIDE NUCLEAR COMPANY Dote S€3%« 55 1592
® DIVIBION ©F UMO~ GCARSIDE ANC CANSON CONSORATION . : e che ; - of a
gt veortroreriia®F cersfmsesenece
" Subjecr: DETERMDWTIN OF VRMIM D wRmE .

& ij ETE®

Eexavéle"t ureritz seizs in & maTrix of Sused sodium fluoride give =
cherscteristic yellew-green Zluorescesce under ulire-vi olet light.
The intensity of Sluorescence ig & funsction of the cozcextratlon of
ure={im in the me=rix, The flucrescence is meesured with 2 flucre-
photometer.

B. APPARATUS AND REAGENTS

i. Res?nu g:'e.ne soa".:z :mo::ae‘ o2 & lot seiected for low residual
flvoresceace. ' '

2. c:oncer.t“a*ed'hyd*ﬂc.loric ac.‘d.
5. Ccopee ::z*-a-e" sulfuric ecid.
k., Cc::¢e'1t...--.. nizris esid.
5. ORNL, Qfgo,'yluor::eter';' , , {

6. C.2 nl pletinuzx dishes ‘:.d be used with the '-‘."uo zeter,
7. Multiple fusiozn device for srepe-izg celis.’ R
8. Seversl alumiaum \treys for hendling dishes.

9. Peliet T

10. Pipets, 0.20C =l.

11, Heat lexps.

12. Foreepts for hermdiing dishes.

c. ?Rocznmz,
’;;‘i.f, ity saup-e by addi:g ehors i tl coccentrated ECY to the usual
S ‘OO-EOC 2l sazple. For szali semples ohly & few drops =ClL ere re-
: “_quired Sbzke sa_n.e wvell exd eilow S0 s.and et least 5 minutes
" tefore aliquo =g, = . e e .
"2, Arrenge diskes oo sa.ple traj and pine’ dun;‘ca-e 0.200 =1 esliquots
o oef each Sample into pla inun diskes. : vrorradh '
3. “vapbra?e to drimess under heet lezpss
L., 2Plece 0.25 g fusion mixture ia esck disk using the pellet meker,
mhe pel.e* £ c“’d be .ampac. exd sot b“eas up .n the dis

” ’5'.,.§iP1.e.ce dishes on ..he fusion. devict_e for fust cn.' Witk ‘.:.‘.mer set for
.80 seccnd pericd , proper burner »empe"e.w will conpletely liguily
firgt fusion in LO-bS seconds and the second ‘fusiecn will ze liguid

c-1
Approved by:
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N'meer S~ L L S

~  tacT
Date S€3Z%. 5, 235

T Page.Ba.af..2

~Subject: . DETER

Do‘

1

“7iz 35«50 -seconds, ‘The gnmezling flswe should - zllow the: sacy

——

5e
~ Just begiz to Te oreque in 12 5 15 secords. Too kigh 2z ='"°a;;-~

fleme will result In imperfectly formed phosphers. The dishes: _
should e 2llowed to c9ol one full pericd after leaving the ammeal-

g burne- oe’c*e ae.n:_ _cved --cm uher‘"s*on aevi-e. )

lb

ov mel s +0 cool ez --ast lC m_ﬁn.es and measu:e 5_ucres

yv‘th the fluorimezer, R e e LT mn

The fluorizeter is al.cwed et le st & 30 minute varm‘ﬁp"béfc*e
using. During this tipe the coerse semsitivity is in the "EV oI2”
position apd the fine seﬂsitﬂ71-v is in»‘ lze:cmadjust‘ﬁos::i .,

_ Switeh to coerse 1 scele end edjust velt meser zero set. Switeh

to fine Nc. 10 scele and with e ~‘-a: °~ntv di-* under the sounzer,
zero the derk curreat adlustmest. Flece the e efeace stexdexd
uzder sounter efter firss. swi::-‘:g;fln ‘sensitivity 'scale to e
positicn whick will nct 2llow the peinter to go off scale cr "peg"
when the reference stendaxd 15 in'place. "Peggzizz” the vol: meter
cer seriously fnjlure the instriren:. an. Squst be. avbzcea. With the
s.e.nda ir place set voll seter et preassizned - by =esns cIf

ate 24 jusimens corirol im the top 1eft s*dé“of’ﬁhe cese.
Recheck dark sury ::'z,:c:a:d .ae recheck standerd setting until
botk ere ou:d °o Se in e0 adjus e-u.

H) d "

3

Plece samples i; samplie wieel a.d 'ecordvsca ,*ead;:g Sor esc:z
dish using eppropriste sensitivity scele T '
Averzgze thke scale readings of e2ll rlenk dishes‘to chtain a2n averzgze
tlank. T :
To celcuiete g Ufliter seople:

-e &

mg U/i = (Semple reeding - blank reeding) x Meszipe Fector.

Remove meit from dishes bty inmverting a=d dropping ligh+tly cozto <he

ta2ble top. €Clesn dishes by ea:i: lC -‘“"-es iz hc' eongenTrzted

sulfuric scid, Tollowed by boil 30 miz. in comcentrated zitris
a=

ecid.  Rinse aacrouﬁul" with d*s“l.ed vever-azd d-y under eaz
lamus.‘ Mzke 2 fusion in each dish and reject es not blank those
with & scele readiag grester then 2.5, Tep flux froc blenk dishes
cnto & piece of cleen peper. Avoid con act‘ng the dishes wish

- fingers, etc.-end keep under plastic cover until reedy for use.

Plastic covers eare used to red: ce_ei*acr:eugor.aminatiop end 3ust De
in plece over sesmples end blienk dishes whenever pcssible.

1

The .nst ruzent is :'ecs.lia*e.ted pe:-iod*"-a__.:: :y ..s"'-- ten 1igucss
eech f*om seve-a‘ solutions of mowvn uraniim -onten..gv;_e'average
s ala rﬂedlﬂgs ere ,lot.eu agai:s. -he -cﬂce:t:at'cu'iﬂ zz /-,

—

; mg Ufiiter
Mzchine Pactor = (2

Sca.e resdin, S

C-2 Appreved by:
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APPENDIX D

I-\ITER-CO\IPA\’Y CORRESPO NDEN CE

o8t Office Scx 748

3557 coMPANTY CARBIDE AND CARBON CHEMICALS COMPANY LOGCATION 5 3iee sex s

T0 e E C. 453"}43:': Mo o pate . Sovexzber 13, 1552

rocaTioN € "Ca“-l Nrsctor
B A\SWERI\G z.z'rﬂ:n DATE

ATTENTION A . R - R

corY TO fia’ Co Tok=r S SCBJECT ‘E*a..... 425 of Toiimated
B. = Melougol ‘ Schedulas ,c:- ..::c....ww.al »

Dear Ir. Gascner: o

‘ a-anzi‘zed her?..i?h are ccpd.es of the es‘u_::z‘.ed inguot=igl
bygiae schecules for'air, mud md water, exdurdne = -pla, Tese
schedules are intended ‘;o cover 511 sxmsling deme'én s rocting
basiz and =dy Lt.er’oe rev"ed e conditions d-‘::uu'ﬂq v

Texry t:'.ly yours,

D-1




Es‘&mted Sci:e&le for iir Szrmls=s

b
o
»
o B
L]
]
b

Sexleveckly:  Location Comtrinamt - Sameles pes e,
Feed Flent (C-110 T 26
Feed Flant (C-130 Py B 7
L -Hico-?nlveﬁ.zer (c~4:00) . EF 9
IF Neetralizer (behind C-li10) i , k
z trees of Clearning
Builsing (C-k0C) U,E02,C0 Trickier, § -
Vabor‘.zlng arca (C-L10) O, R
... SwgeE&Waste (C-.15) =GP 8
P@sei?r?&x;;ogc-z_o) , 0,F _ g_
Trairing Loop (C-1:00) . Uy, ERy CL 7y b
Stores (C-720) co L
Garage (C-720) co k
Serderpmitlys
Fetutdng sea (C-720) ‘ Ca¥,, B 2
Sarmling sec‘.ion, Iab. (c=T20) L] L
Everr other nomths
Labs Hg 4s required
As readired: ‘ N
cQa,
Zn
cd
QK

D-2




Tetirnted Schedule for 2ud and ‘hater Samclos

One water (and opne mud, unless othemdse incicated telow) wild
be collected st each samplin- joint each month,

iz Baysu Creek
1. Exlfi=y between draincge ditch and railrosd tridse souiheast of wates trezt

pent plomt, (Disiance between tridge and wter t.-eam. t plant ateut tz.:ee-
foorthe mile,) (S2ckmround’ er, blank for s=mies).

2. A% movid of ditech Syom boldding pond (Ce:OL).

3. At point where creek leaves government properiy.

L. Bridge near Fossington's store (on Ogden Landing Boad).

5. ibout two miles northesst of Rossiniton's stove, turn riht on the finot read
that leaves Ocden Landing Road afier pessing ‘*ossiugtcn's store, Tollow rczd
ayproximately too rmiles to the plzce where the cTeek mms closest 10 the roads
(ﬂater ._a'_‘.nle Only)o

4ttle Baysu Creek

6. About opme-nal? rile east of the Suzge and Waste Bflcing (C-315).

7. Selow the bricdze on Ogden lending Foad about three-fourihs mile norihwest
of Crehomrwille, '

3. Eelow the concretle ‘b:'idge about one :r.'.le easi of tre northern corner of the
masazine area. _

Ir pcd tive results ( 5Ty Red ) are found, se=ples may be tuken b
additlon2l pointe, 1If negaddver s&".t. s Soe sazpling points == be
amitted in tke future, R

D-3




Cstimnted Sc

Y Yol

ticn

S ————

Teed Flamt Operztors (C-110)

- Peed Flant Mzinatenonce

Process Mairntenance

Clearing Juiléing (C-L00) -
Purge & Procuct (C-310)

Surge & xaste (C-315)

Latorztory (Saxwling &
Uranimm iralyefis)

Totals

Industrial Bealtih F.ect';edcs
Eecalls
Yaterial Relezses
Total
Total

J Vi-.... ',j : ,' sl

,’“‘,‘d. JT :
58
17" Fe.

1.
1o,

- B - - P
S B~ T

3 .

B --

Gm',

6 .

6' m:.

B

bses &ive&

Avr. /0.

D-4
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APPENDIX E

. w»

UNION CARSIDE CORPIRATION, NUCLEAR DIVISION
PADUCAH, KENTUSKY :

RADIATLON EXPISURE RECORD

Name & Peyroll Number JOE T. HARDING ~ 1812 Socia! Security No. 408-26-6072

Perioc of Employment 10/15/52 = 2/26/71

f§x+§rﬁ;f Réd?éfigﬁ Exgggurg

',The expasure= to ‘external redietion Hs?ec by czlendar, year are the sums of
the interpretations of personne! monitoring film 2s occupstiona! radiztion
exposure. The gamme readings are essumed to represent the dose to the whole

body and the beta plus gamm2 readings 2re assumed to represent the dose to
the skin of the whole body. An RBE of l Is used.

Moni?ornng Do -+ ~Monitoring
Period. .- y rems ' B+y rems - Period = ¥ rems . B+y rems
: l955_ o 00,18 00.77 1966 01.47 01.47
1956 . - 00,00 . 00.00 - 1967 00.49 00.49
- 196t . ..--00.09 00.08 1968 00.00 00.00
o les2 . . .- 00,04 00. Hi 1969 00.00 00,00
1983 - . . 00,47 00.47 1970 00.04 00.05
oo loss - . -00,8l 00.87 . 1971 00.00 00.00
oo 1965 0135 01.38 - :

TOTAL 04,94 05.70




March 135, 1972

RFM s rah

fnterrz| Radiztion Exposure

<

The dose to body organs &s estimated from bio-assay ﬁrocedbres (primarily

urinalyses for uranium) is &s follows: .

_ Urinsivses Organ
Monitoring Numper of mg U/titer Dose Range

Period _ Urine Samples _ (Range) {rem) Remarks

1953 o 0-0.0l.. ~ <} :

1954 " 0-0.40 . < | The maximum of 0.40 mg

- X o - : U/liter was from & brief
exposure In & UFg fume
release, A urine sample
on the following day was
0.0l mg U/liter. The
maximum excluding the re-
lease sample was 0,03 mg
: U/liter,

1955 10 0-0.04 < |

1956 7 0-0.0! <

1957 6 0-0.015 <l

1955 12 0.003-0.008 < o

I95¢ 18 0.000-0.303 < | The maximum of 0.303 mg
U/liter was from a brief
exposure In & UF fume
release. This s2mple and
one other (0.257 mg U/liter)
on same day gave indiceted
excretion rates of 124 and
148 pug U/day, respectively.
Two days leter 2 urine gpeci-
men was 0,004 mg U/liter end
4 pg U/day. The maximum
excluding the release samples
was 0.042 mg U/liter.

1960 5 . 0.001-0.012 < :

1961 » ! 0.001 <)

1962 None

1963 7 - 0.001=-0.036 <

1964 : 10 0.001-0.010 <l

1965 3 0.005-0.012 <t

1966 S 0.003-0.011} <l

L967 None

1968 "~ None ‘

1969 2 0.006-0.013 L |

1970 None

1971 ' 0.005 <1

Safety & Environme~*-

, E-2 7,3.45; /”"’925 v ! » :

/




"/

Radiation Protectiom Guides:

Externsl|
voe of Exposure | Periopd Dose (rem)
(2) %hole Body (Gamma) Accumuleted Dose S X Number of Years
: Beyond Age I8
I3 Weeks 3
(b) Skin of Whole Body A Year 2515
(Beta + Gamma)
13 Weeks 40~ 5
"!Mer;la'l
- Jype of Exposure Period e (rem
Body Organs Year ' , ' 15
: 13 Weeks ’ 5

* - ‘
Dose ts determined from stored uranjum as indicated by urinary urenium excretion rates
and by whole body counting.




APPENDIX F

Sampling Counting Procedures

and

Results of Mock Up Test




1.

Sampling Counting Procedures and Results
’ of Mock Test = .

General R
The eir sampling and sample analysis program wvas conducted to measure

afr eoncentrations/of Uozfzend HP. the hydrolysis products cf UT; ,

at seversl locetions in the transfer room.of Building'c310 and of

Building C315. The program containeo a nnmbe; of snhparts that dif-
fered inethe sampling instruments!emoloyed, the ahalféical techniques

used, and objectives.  Briefly, they mere:‘ (1) Three high volume

‘ (. 20 efm) gir samplers with cellulose paper filters were operated .

.'. simultaneously vhile located about 5 feet above the floor in the

2.

Sa_mp_ung Rsticnale - ) f s

approximate .centers of equal areas of each ToOm to collect airborne

o . Analysis was by radicactivity counting. The purpose was to
2 v _ S e :

 measure 8-hour average concentrations of general room air;.(2) Three

low volume (= 1 cfm) air sanplers were:placed om“eithe; side and over .
the operator’s work e:otioo,'approximatelf at;bteathingklevel; eq |
measure short Period {15-minute) peak eoneenérecions of UO.P;ln air
during and immediately following the disconnect operation.l B

\

For several of tbe samuline oeriods, F Y oerxonal sampler (sometimes referred

- to ag & laoel sampler) was substituted for one of the low volume samplers

‘while ewaiting the arrival of additional low volume samollny oumos. The.

oersonal :amnlers ooerate at e eamoling rate of aoorozimately 1.1 Ipm =
1nstead of 1 cfm. 'For all low volume sampling, a cellulose acetate mem-

brane (millioore AA) was used for 002F2 collection. Analysis was bv




tadioactivity counting; (3) Three low volume air samvolers, locatedrask ‘

described in (2). above, were used to evaluate short period (S—min.)

~re .:' V-’ B ,’"‘.‘ T : et
KA ST et e Lo

coucentrations of Uozrzin air at the disconnect ooerator s station durine

NS e (. " R
FE B O .‘." D R A

and followinz the nlanned release of 20 me of UP‘.M Additionallv :hzs o

N i 2

same array_ of sannlers was used to measure lS-min. batkeronnd concen= . ..

..... L e ‘ ceT L

trations of UOZFZ for connarison burposes to cotrect the S-min. relea:e

measurements.
The vurpose ‘of thése experiments was to verify thé validitv of sampline
and analvtical orocedures bv measuring airborne ‘concéntrations durine

the release of 2 knowm amount of UF6 in a simulated’ discnnnec:.‘ Aﬁalvsie

of the sample filters was by{radioactiéitifcohnting;”(4) Personzl samplers.

o
were used to measure the 8-hr. exposure of disconnect operators to -

airborne uranium. As & general rule, each‘overstor who particivated "

in this oprogram performed onlv one or two disconnects durine thé entire

shift and the disctonnect vrocedures occupied onlv a small fraction of each

overator's work period. The remaining duties were said to be withnit ™

Vs

significant uranium exnosure. CAE

Tl e

The objectives of personal sampline were to measure averase onerator

8-hr. exbosures to uranium bv methode recommended and aﬂoroved bv \IOSﬂ
and OSHA and to brovide 2 firm basi< for evaluatine the health sioni- 7
ficance of whateve:“short period concentrations micht be found‘dppine

15-min. disconnect lpw.vplumeﬁaig»;amqlinzg o AT




J

Samnles .of UO-‘,‘,F.ZVere‘collec_ted'on’*Millioore AA“membrane filter:s at a
_rate of approximately 1.5 lom and analysed by radinactivity countine;

(5) Fritted-elass bubbles were used to sample.for easeous hvdrogen
fluoride: Thev were located in'the same oositioﬁs as was described - -

for the.breSthihgbionezlow'iolooé samplers.  Sampling rate was about 1.5 lom
and sampling period was 30-min.’ Analysis was by soecificiiooielectrode for
fluoride- ion. : The sampline and analytical methods utilized conformed
closely.with,those‘reoommended“bv NIOSH for measuring BF in air. Slieht
deviations from the NIOSE analyticsl method were made~ih’recozhitioh’of.the
absenceﬁof'interférences at Paducah thet might be encountered in other -
industrialaatmospheres;f:These»slizht'methodolozicaltdeviations did not
adverse1y~affectnthe:accuracy orbsensitivitvfof‘theaanalysis in any wav.

As hydroéen“fluoride-is.one ofwthe’hydrolysiSforodoctS'of~UF@ in air

(Uckré is the'other), the objective of HF sampling was to measure eioosore
to uranium by an entirely independent method to'assist'inﬁésaluatiﬁe the
reliabilitv-'and‘.accuracy of the results obtained by sz’ l-‘2 sainplihe ‘and

analvsis,- @ i w sty -

™

- . . . - o g

To prevent the bubbler results from being affected bv the presence of
fluoride ion derived from uoz Fz ’ the other hvdrolysis product the

bubbler air intake was preceded bv s Millioore AA filter to remove env

solid fluoride that mieht be oresent in the air.‘ Two disconnect

ey R S SN

‘ ooerations were samoled' each with two hreathine zone samolers. ’;_

F-3




" The sampling and analytical nroeram w#s carried out under Dr. Melvin First's
suvervision exactly es he had recormmended with two exceptions:  (1l)cellulose
filter papers were used for hich volume sampling 1nsteLd of the all-glass
HEPA filter pavers :ecommended by Dr. First, because of the ana;ytiéal'-

~ counting pfocedureéfhave been standardized for cellulose filters but not

for glass paper filters. The choice of all-glass HEPA filter paper was

made because it is known to be the highest efficiency filter com-
mercially available. The particle collection efficiency of the céllulose
filter papers that were used 1¢ somewhat less when the clean filter
paper is first placed in service, but as it picks vp dust from tbetair

it rapidly increases its efficiency to a value close to that of the all-
class HEPA filter. Therefore, over an 8-hr. sampling period, the &if-
ference in total varticle collection between cellulose and HEPA filter
papvers is, at worst, onlv a few percent. Therefore, Dr. First aéreed
with the substitution. The advantages in time saving and man~oower
conversation associated with using the standard cellulose paver samopline
routine were judeed to be far more impvortant than a possible loss of a
few percent in neasuremént accuracy, and the use of cellulose filter
vavers for high volume sambliﬁz was, therefore, approved; (2) It was
intended that 2ll opérators wearing ﬁersonal saﬁblinz deviceé wouid be
under constant sdrveillancé throughout the ﬁhift by one ot.anéther |

member of the sampling team, but manpower resources proved insufficient

and for some parts of each éhift, operators were absent from the

F-4




‘,a; Prevaration of Source Material for Controlled UP‘ Releases

transfer room and notluhderuimmedlate supervislon, There lsyoojreason
to believe the samblers were adversely affected'by anythlng the’

overators mieht have done vhen not under observation end 1n any event,

‘_1t will be oossible to verify the ‘results of personal samnllne with 2

svathetic 8-hr. average _exposure reconstructed from the results of hizh

volume and low volume samollne with a proper time allocatlon apvlied to

- the results from each.

, The total semolinz period extended was fron midnight Aotil 1/2 to noon

April 3. It covered all three shifts and both transfer rooms (C310 and

€315).

Source Verification Test

'To eliminate the possibility of any change in the pietail purging system

i.e., hicher purege efficiency in contrast to the 1950's, a source
extraction and release method was used. Several 20 me UF6 sambles vere
obtained to be released at the exact disconnect point (note Fieure 9)

The oreoaration of the source material was examined and a source

‘verification test auplied to the samples to assure that the U tube

indeed contained 20 me of UF . - \

6 ° . | \

4

o At room temoerature (73 F, 22 8 C) UF has a vapor pressure of

.6

97mn. A source of_pure;UFG is attached to & vacuum manifold

and the connecting lines are evacuated and warmed with a propane e




9-3

Figure 12 Verification Test Equipment




o qyiéhlto;niﬁp“iwéy‘meiétufe; "The full vapor pressure of the
container of ﬁfﬁrié“ observed using a calibrated pneumatic mano-

" meter with airenge 0-100 torr.

Copper sample. tubes in & U configuration fitted with Hoke HAP
bellows valves were used to contain the UF6 (Note Figure 10).
These tubes are normally used to sample process streams for

U isotopic analysis. The tubes were ac:ld cleaned dried and

&
passivated with 300 o P vrior to use. The internal volume

of the tubes was measured by flllinz with water from a eraduated
burette with both bellows assemblies removed. The average volume °

A

was found to be 17 cc + 0.5 cc.

Uf6 wéé’ehérged into theAiubééifrEm“e‘cbntdiper of pure UF whose -
vapor presdure was checkeéd just orior to usegt'b:aésuié“t'ﬁét ‘air

in leakage or UF bulldup had not occurred. A last minute decision
was made to discharge 20 millferams UFé:‘for‘ all éontrelied releases.
The sample tube was attached to ° ‘vacuum manifold, evacuated and
warmed’ vith eropane totch to’ facnitate oumo-down. The tubes' were

charzed “with UFG. re-evacuated and ‘then ‘charged to 70 torr “(Note

‘Figure 11)and ‘slowly‘brought down to 62 torr;nressure. Contained "

UF6 is calculated ‘a5 féllows‘ N B o

17 % 273 x 62 x 352 %°1000 ='20.1 m:lll:l.zrams
;22,400 - 295, 295.8 760 T

Releases vere accomlished by oressurinz the UF6 tube with dry air

WLy

( 20 ppm. misture) fron a8 5 liter metal samnl‘e bulb and sloyl_vv

F=7

“/




ovpenine the tube valves to allow UF6 to flow out through & 1/8" od

metal tube coupled to the U tube with a Dalton couylinz.. On contact
with atmospheric moisture UF reacts rapidly UFg + 2ﬁ202.= UO,F, + 4HF.
UOZF2 is particulate and collectible on filter ﬁedia. "Al]l releases
were made within 1 hour of filling to minimize UF losses in the

tubes.

Assays involved were:

C315: Normal UFg 1014 dpm/millipram N
C310: Paducah Product UF 1528 dom/millieram

Note that activities are ver millieram UF6 .

Verification Test Method and'Resuits

For each test, four U tubes were filled with UF, and one fron

this eroup selected at random for verification. The contro;led
source verification release exveriments were performed to.
confirm that cguantitative release of Ufs_éid‘occur-and to
permit a verification that the radiometric methods used would
account for the released amount within reasonable limits. The
UFg was released from the tube held below a cardboard “chimney"
at the ton of which was an onerating high=-volume sampler with
a four-inch'filter._ In concept, this arrangement should have
tracvved all the.UOF an& would have been 1nd1c§t1ve_pf'the

22

amount released if all UF_ had been converted to particulate

6 L
forms., Figures 12 and 13 are photographs of this arrangement.
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Results of the verification tes; in which 20 mg of UT‘ was -
ﬂi"gb'released at the base of 2 short chimney sealed to & high volume‘
sampler at the upper end, are shown in Table 3. Eight sectors
: _cut from the four-inch sample filter were individually counted

:.on the Union Carbide parallel plate counter (Temetec) with»a
;SOZ geometry. The self aheorption factor for ﬁhatman 41 paper'
ffor high counting rates was applied in calculating the alpha
'h;, 'particle activity.

‘The?éame samples were also counted on PNL'scintillation counters.

_ The‘sectLrs were cut in two to permit them to be nested in the
planchet used with the scintillation counters. The Union Carbide
Vabsorption factor and the stated’ efficiency of 2.55 disintegrations
per count were used in determining the activity.

4. EF Sampling |
 The sampling equipment consisted of a 57hmmgfilter holder containing
a 0.8}um pore membrane filter, & bubbler containing 10 ml, 0.1
normal sodium hydroxide, and theisample vacuum‘pump*used for the
lapel sampling discussed earlier. The sampled air was first drawm
through the filter to remove particles, then bubbled through the
sodium hydroxide solution to remove the hydrogen and fluoride ions

‘ and then was exhausted through the pump Each pump had a huilt-in
flownmeter so sample flow rate could he visually monitored throughout
'the sample collection. The flow rate through each sampling assembly

was calihrated hefote use with a calihrated rotameter. The flow

N
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Figure 14 — Ty;iical Breathing Zone

. Sampler- Cocations -~ © *

wore 1. . Figure 16 .— Worker Equipped with . .
A o T "7 7 Lape! Sampler '
F-11
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rate was constant-du'ing 1l sampling runs except rnnll; In

',this case,’ the flow rate vas decreased because the buhbling

sodium hydroxide solution nearly cverflowed the bubbler vesse1.4

Ihe>time of this flow change was noted and the flow was

-rechecked with & calibrated flqwmete; aftet'the vn.

Two sampling assemblies were usedifot-eacﬁ,ruh.: Each run -
vas initiated just prior to ejaietaiI §1scdnuect?end con-

' tinued'for several minutes followicg tﬁeidieconnect;‘

Prior to the run, the two»samnling assemblies were situated
"on ovuosite sides of the vent hood at about the elcvation

of the operator.s head and at essentially’the sane location
es the breathing zone sampling heads s&owpﬂin»fizure 14.

Both sampline assemblies were'ooegated sinultanecusly.

Iwo runs were comnleted in the 315 Building (tun 1 at. |
evlinder vosition £3 and run. 2 at cylinder vosition #2).
Run 3 was begun &t cylinder nosition #6 in the 310 Buildinz
but was sborted because the disconnect did not take vlace.
The samples from this last run were analyzed to determine

the backzround ai: concenttation of EF.

The sample ang;y;isrwas'petfcrned bf'un1$£ Cefbide personnel
under the consggpc:cunervigionlof ;he Bactellebcounting
specialist. Tﬁefehelyctcal method foilcwe&iwas'essentielly
as prescribed by thefNIOSH.ne;hod S176. Each sample was
diluted to & known volume (25 ml), the scdlution siighcly‘

acidified, and then stabilized with =2 buffer solution.

F-12 ’




k
The pH ﬁés”éhééked io.inSnrevhfd?oiyl LOn‘wasrfbééﬁé.so_as
to:notviufefferevwith thé—anéi?sie;T The flﬁoiide ion electrode
was used for'tbe anai}sis;

Sampling Eauinmeut_'_ﬁ

&. Room Air,Saﬁulérs.- Thé,room;aif,samplers (Figure 15) were Radeco high -
| _vo;dme_samélérg;ﬁigh;a fﬁur-inchrdisc of Whatman 41 qapef.A
Four of these were operated in Building 315 and three were
.operated in Building 310. Prior to .the series of
samplinz;e:berimen;s;Leach samuler vaslca1ibrated with 2
Whatman 41 filter in §1q;é @n,;heifii;e: éupno;t head;'
Tﬁg:flowxsggndard wa;;n_qglibratgdfyentu;i_fu:nisheé by
.mghg;Rgdecé-COmpanyzi Ihése{é;mnlérq were initially s?t
tq”onerate_;n'thé 16 to 20 ft /min rgﬁzg.zyﬂsnally.as'.
.sampline proeressed, ﬁhe fqu'vauld;dtop.ﬁnd*needed,fre-
quent aéjﬁstqentl:q na1n;a1n;the flow as originallv set.
quevgi.,gﬁe-édjﬁﬁtmeﬁ; échlq‘noﬂ1§§ze?‘b;jma;n;ained |
-after four or féve‘hqufs,,;fhe f;ow near‘thé end of the
run was recorded. The totel sample was calculated
'tékigzzggtq%qccount'anlgvéraze ile;lﬁhicﬁ*assumeslan ;

linear decrease in.flow over the pericd of decreasing flow.
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Breathing Zone Samplers. The breathing zone sampler was

Millivore Corporation’s three-piece cassette which holds

8 37 mm diemeter 0.8 micrometer pore size membrane filter

and & vorous backing pad. The filter holder was of the
oven face type. On the vacuum side of the filter holder

was inserted a flexible tubing adapter which houked h;?;?flf

‘eritical orifice.  The sampling ‘head was connected to a:
- gampline ‘pump ‘by a léngth of Tygon tubing. “The sampline

pump had & vacuum gage and when the appropriate

vacuum was obtained in the sampling line, the flow through

the ‘filters remained constant (in as much as the filter

did not load up exceseively). ‘Loading of dust did not

appear to be a problem during &ny of the breathing zone

sampling. -Initially four breathing zoﬁe‘éahﬁletstvéréﬂﬁséd.

two in each building. The sampler was positioned in the

breathing zone near the ‘pigtail valve (Figure 14)."Thé flow through
the sampler was calibrated in tﬁe”laboratéry using a

rotameter upstream of the filter inlet. Recalibrations’

were performed usine a PNL standerdized rotameter =~ \ | {
following the entire testing program with three filter

holders to determine if there might be sienificant dif<’

- ferénces in flow caused by nonuniformities in the filter .

media. This vroved not to be the case. The filters were
uniforrn and the flow was not greatly, dependent on

individual filter differences. ' k;Q
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ersml gr._qexz Sa_mglers. ] 'rhe hpeI sample:s (qure 16) consisted

- _of a 31 mn open-face plestie casaett.e. tbe 0 8 niero-

'neter pure si.ze memb:ane £nter vith the same filter

o bae&ing used on the breathing zone sampters. . 'rhe samplins

: pump vas anr PSA personal sanpung pump fcrnished By the
- itlarvard Air CIeanins Laboutory. ‘rhe rov througb these.

: 7_.sanp1ers vas calibrated using 8 ealibrued totame:er _J 1
) fmished by Barvard. Again, & filter holder ‘was prlaced

betveen the rotameter and the pmnp and ax: a&apter vas o
fixed t:c the £ront part of the t‘ilter bolder to make it.

- 1nto an i.nl:f.ne filter bolder.l, -

- d. “Bydrofluoric'kcid (HF) Fume Sam gler., (Sampling eqnipment

wvas adequately described previoust.} .
Ihe Cm.mt:lnz equipmen: nsed at Union’ Carb:lde consisted of
Nnclear Heasnrements Cornoration nrobortional tas (P-lO) |

flow counters. 'fhe coun:etc are ident:lfied as PCC-.‘LITIDS-

‘. comb!nation ‘and PCC—SI. These are tva-vi counters, yzith a

nominal geome:ry of auproximately 502. 'l‘he ehamber used

'fet the four-:lnch fiIters was the PGC-SI' tbe chamber used.

for the 37 mm fﬂtets was. PCC-llt. Each fﬂter wvas ulaced
on a elean planchet for: eounting, am} the chamber was nurged

for '100 secon_ds befo:e the count. Standar&ized sources
/ o ’

F-15°

TS s L s




were used to determine the efficiencv of the counter. A_' .

et .‘,>;;v ~,f- 1,,».1._
PN B PRSI

factor vas also apnlied'tq_account for the self absorntion f

of the Whatman 41 naper. The self-absorption fnctor_had o

been determined bv Union Catbide by countinz uranium-containinz

B ARSIEPFREE S FEE A el ‘4.?\:‘ . A JACE

'sanoles of various activities, then determinine the actual

IS SATRE N ¢ ; - S SR P44
amount of uranium oresent throuzh dipestion of the filters‘
PR SR 3 SRR R S

b &

PO - LA T e

" and recountinc the extracted utanium as a nearlv weizhtless

source.

e e . e Can
P A : =%

SN TLT it fhe ST el UG ap s amvel oo T A

PNL alohs~cbuntef§’arefcehetii Electric Model’ 97471096
scintillation counters. The four counters have hearly-"
identical efficlencies but “each has. 'a'slightly different . .
background, rangine from -about 0.2 ‘to 0.4 c/m. The =~ ** °
counting efficiency determined with standardized socrces >
is 2.55 disintekrations per count. The’Union Carbide
self-absorption correction for Whatman 41 filter media
was applied to the hich volume filters counted on the '~ -
scintillation counters.
Results
a. Radioactivity Determinations. The results required '
from the measurements’is the‘ectiVity‘(alpﬁatcafticiES”'
emitted per minute) in each meter of air sampled:”




~ : oo

o e =y

from the weasurements is the activity (alpha 9articié§r'"
I :émitteé ver miccte) in c;ch uetct:of air saﬁ%led. o
‘The activity can be converted readily to milligtams
of uranium per m3' using the nominal dnm/mz albha deca; :
~ rate of uranium. The depleted (tails) uranium has a "
nominal alpha disintezration tate-of 900 dum/mz nnd
.the enriched product has an alpha disintczration rate ‘

- pf 2200 dom/mz uranium (Union Carbide conversion factcrs)
The sample countinz rate was cortectcd for the backcroucd;'
count, the necessary efficiency and self absorption <

factorq aoolied to vield the activity in the sannle.‘fcﬁij g
The total volume of ait samnled was calculated from the -

flow rate with a linear correction made fér'the

decreasinz flow rate during the period when the flow ;;@l

1 Do

- could no longer be maintained bv adjustment. (This
was needed only for the high-volume samplers using
whatman 41 oaper.) The results of the analyses and |

calculations are shown in Table 1 (12 pazes) for the S ;

; Lo n

- Union Carbide measurements.

3

Similar data for the PNL determinations for the came§ o ;
filtersare shown in Table 2 (4 pages), but without
reoeating the common data relating to samnle type,

duration of :amblinz. average flow, and volume sampled.&
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BUILDING:
SHIFT:

c310
Graveyard 4-2-80

: TABLE 1

AIR: SAMPLING AHD COUNTI“G DATA

LocaTioN & ConDITION

AMPLE
NUMBER

TYPE
SAMPLE

SAMPLE
URATI
(MIN

AFERAGE
LOW
(csm)

OLUME
AM Lan
(M )

GroSS:
cPM

| ter

ter |

cPM |. DRM

81-d

 NOTE:-

el

H-2-

H-3

-

“Hvol,
(high
volume)

HvoL

HVOL

BZ
(breathing

zone)

B2

,Lﬁpel

Mo

10
a0

a5

T

if 449

v5©~49>

o 6.061-. :

17.4;

17.4

17.4

.'10;47

: g 29{
’zoélif.é
‘zozh,
. .0;5_.;

J” °°85'L;:ji

75 2

x-72 8

0.8
0.9

Purge e 0047 Disconnect 0 0”51 Door open 0)55 Daor Closed 0!10, Open 0!13' Closed 0118

Cylinder Posit‘on 13

H-1 counted @ 0210 on 4/3/80, Minimm Decay Time to 0705 on. 4/2/80 = 19 hrs 5. m'ﬂ o

.

85 _

%

jé\‘L’ 2N

72 m

;.‘o,zé"'

Cyt1ndew No, 2043

0.3 )

o8

1,6

e
Y

j“; .‘.7

2.0




sm FT: Graveyard 4-2-80

. mns 1 (cetrmen)
AIR SAMPLING AND Couﬂlldf DATA

BU"-D‘NG- C3]5 ’ g ey Lni z: o I

ekl

LoéArlon & Conprtion ;«,32;&5

Tvps
SAMPLE

SAMPLE
DU?ATI
MiN

Ayennee f
feem) i

°L”"5 5§OS§

g%ﬁb CPM -

L tpcbininbe

et |
cPm

ey |

DPM

614

S I

T pvi Rty BT e
n S W2 L
B
y i A . ST

! 5 "4‘ . "7 |

!

5L
Harvard N6

581 B3

,;_(pump vv)ﬂ

‘
-~

(pwm>#4)

".5 N
e

582 o R W R

s

VoL

- Lapel

B2

dait

- {,3”

T

"

2

e

XN
RIXE

. 0,087 |

0.45

NOTE: mmnvwmemwdwuuyumunss 2nmeommemw.
. Vent reading 1123. fpm opening. approximately 6 5%x22% -
‘ uc routine air sampte. pul \ed at 0645

,9@@;,lﬁ;

16 12.6,10.0

‘043 0.8

e wma
R o L N TR

a6 10.0,20.8:

008 05"
; s

043 .08
AT L

Cm

3w 108

8

Disconnect at 00!2. Cynhder Posititm 02

KX}

08

06

.‘.' ‘o.‘s’ -
N

_,‘o.dv

1.7




TABLE 1 (CONTINUEN)
AIR SAMPLING AHD COUNTING DATA

BUILDING: €315
SHIFT: Day Shift 4-2-80

LM A 1 PEMIGRSER MAF1 SR SIS T Xt ™ G >

G s 2 A Sauie - Ty Suie. [~ Averace | BLUME FGross | et ‘| lEx"| o
LocaTion & ConpiTioN | Nywner | Sampie Dumm %tc.gx) mgl).ED cem | ceM | pem

. vy
Lt . 5
S okl

‘H H-8 HVOL 307 18.0 156 13.0,12.4 12 78 0.5
pump S/N hy-1) A A O

SR g vy Y
A S IR

¢
T } L W' - 5 MY

5 H 2 H-9 HYOL 307 18.0 156. 12.0,13.0 12 7 0.5
(o $/3.771), | 5

M : Sy
[ W

&

" ha .
. - P »

5 H 3 , n-10 HYOL 309 18.0 158 12.2,10;0 n 64 0.4
(Pllﬂm s(;" ‘000) o i ) Qe AT RIS W .

IR & o 4 +

02-d

5 W § B-11 HVOL . . 309 . 18.0 .. 158 100 9.4:6.8 7 i 56 i 0,805
(pump S/N T001) - R ' .

NOTE: Sampler positions same as C315 Graveyard, 4-2-89 for ‘above

5
(

B 1 . B-7. BZ .. n . 0.45 . 0.83 .6
- (pump 1) B "

5. B 2 Haes il BeBg BZ 3'"' i 0.067 0.6 RN i fik

‘ '(Harva;g)Lapel P o § S R St s o é R lquJ : 0.6'“ﬁ' d s e T "ib}w
Wﬂ‘p e e rvon e o i e e © . PN . i J R TP JP ..-_..j,. U U S PP PRI NP S a e -

s KT AN '>~‘~('-f';'2

NOTE Disconnect at 1111 hrs, reconnect complete at 1124 hrs:




TABLE 1 (CONTINUED)
AIR SAMPLING AHD COUNTING DATA

BUILDING: €315
SHIFT: Day Shift 4-2-80 (cont'd)

vk pSamLe i Ayerase | YoLume T
O ampie | TYPE , LUME | Gross | Mer | HeT | prtw/
LocaTioN & COND!'”ON NUMBER SAMPLE U?G‘{:‘ON ‘ ECFM) ?:%%ED CPM cem | oM | —

i : N )

583 o B-5 B 3 | o 0.1
(wmp #4) , : : _

E- 3 -, SIS

- - N.D.

511 L-’,ii C L Lape 213 0.067 0.52°
Harvard. pump fnz, - E
(Worn by’ employee)

QY- YrS

1.2 3.6 6.9

51 2" T Lapel 213 0.967 0.52 0.
Harvard pump #34 ‘ o 1
worn for foncwing UFG p‘lanned re!eases :

Tl

Te-d,

o0 .

0.41 1.23 4.8

NOTE:: I.ater ass*gned to, Employee. €310 swing, 4-2-80

P

The following were planned releases (estlmated 20 mg) ° RS AL et

Lines were- purged 4~timesr with- subsequent 4-5 minute najting geriod -
TR ‘ ‘"s} ' -' t L R {5 :
’ Release n (Background samples) bRl pree e ol b

”"’ | 8z 5 0.45 0.07 0.7 '
0.8 0.16 0.48 6.9

3.8 ] i§T gy e

(pump #6)

» T R A AT im. g ) 0.07 0,5
(pump #4) : - ORI ST Pal v RIS 0.8 0.06 0.18 2.6
421 SN TR




BUILDING: AL . -
SHIFT' Day Shift 4~z-so (cone'd)

i

| muetwmnmm)
AIR SAMPLING AﬂD COUNTING DATA

itk

Lockrion & ConpiTioN

- SAMPLE
lUMBERv

Tvrs
SAMPLE

SAMPLE
DU?ATI

MIN

. H¥ERAGE
5.(crn)

Ygme
L'f"g"i'

| Gross:
oo

et

CPH

NET

DPM -

‘oPMr,
piitd .

(pump #1)

Lt

. viﬁ;yn ;,.;r

' Release @ 1141 hrs Woors closed for B-N)

T U XY
(pump 11) o

YA AL'S

?,nezease e 1317 hrs doors open

58 1  pen

‘s 82 . :fé:IJI

LN

R

'S

5

5

ous

0,85

o

T - ,',":

f Qf.?‘

| :0;4;'
0.8

Y :
. 0.4

';0'

.

e

. “.o’». B

no. .

no.

LN




; '(f.

BUILD!NG' 0315 .
SHIFT. Day Shift 4~2-eo (ctmt‘d)

TABLE 1 (CONTI"UFD) o
AIR SAMPUNG AD COMTING DMA

bbbt k'J . oy e

e ! 1 Qpm :"
— i

Twee ns“""’“ A}!‘““’E ! | Gross | Mex | ner
UBATI AW LED 18
s“""'-e ?mu | (cm) “m3) | cem o jeem | obemf

Release 03 @ 1325 -doors opened

PR 5. B S :‘;_':h RS SO TS DAV e B"s i

- (pum #6)

P : -

582 - .Bde

(pm 94) o

€2-d4

583 I <12
(pump #1) S
B~15 B=16-17: changed at 1330 hrs

B 1 8419
[

5
(

8

s 02 B '8 ol 0.454 'o.'Q o
# & . oe - ea
e 8 oas o om

2 o Ew . m o 12 oar o -

> A

d

R A
S

'

a5 -
WQ‘
S
[ 4
[

B8 iz oas  oas

St
[
3
’

o0
RY-
S

o 04 s

me.

“;.0.: |




BUILDING: €315
SHIFT: Swing Shift 4-2-80

TABLE 1 (COMTINUED)

AIR SAMPLING AHD COUNTING DATA

LocATION & CoNDITION

AMPLE
WUMBER

TYPE
SAMPLE

DuraTi

LOW

“SAMPLE A¥ERAGE
(crm)

(MIN

forume
M3

" GrOSS
CPM

Ner
CPM

HeT
DPM

6?M/

5 W 1
(pump S/N HY-1)

5 H 2
(pump S/N 771), .

H 3
pump S

?Zf&

5
( /N 1000)

5 H 4
(pump S/N 1001)

NOTE: Sample posftions same as:C315 Graveyard and Day Shift 4-2-80.for above. Doors Open.

'Disconnect;for:statton £1:0-1901 hrs. Note that filter paper on HVOL sample H-21 was replaced before start

_ Disconnect 11 .
(pump_#6) . .

H

Myt Tyigr o4
vy 9, B 2
i u( BAN

-t

H-is
H-16
H217

W21

pe

R

3.7y

R WY

2%

oL
HvOL
HvoL

HvoL

82

L

420 17.2

19 17.2
419 7.2

420 7.2

:Jikk
i D485
i e

34

0.47

VAL T A
A, d j“;

208
20
208

205

0.8

27,26.6

22,26.6

30

27

21.4,21.0 23

;"‘9

17:8,18.6 19

172
154
133

ne

Eetary

0.8
0.8
0.7

0.5

N.D.




C ot Rt SERAL IR GO
BUILDING: C315
SHIFT: Swing 4-2-80 (cont'd)

TABLE 1 (CONTINUED)

MR SAPLING AHD COUNTING DATA -

o R RS b
DAMPLE Tyre
LocaTion & Qonnrrnoy Numeer | Sampie

SAMPLE -
DuraTi

(MIN

A¥ERAG
LOW
(crm)

YoLUME

ik

Ner
CPM

133
DPM

DPM/,

58 3 B-24 B
(pvmp #1) ‘ _ {

T G

Disconnect for station #2 @ 2228 hrs. duors open

e A -: &3.- MR N I Y B T I T
ST DO PRI RS & SO O ’m_,”; JERE Y

Di sconnect az

+B-26 =81
5 : 8 2 K 1B=60 - «BL
(pump'44) |

3 Yihd . \3"3,‘."6‘ u8L
3 _

5L L b kegy olapel |
(pump 663) - *~-° . o b Ty
(WA Meston .

34

i 32
] 32

32

0.45

9.45
0,47

0.45

ok

. Foaa o8
ai et
2t " ’ A

0.46

©'0.45

1 10.43

°Q
o

oo
~d s

cou059
4

' ®

P e

: "Z;N"."D.




BUILDING: €310
SHIFT: Swing 4-2-80

COTABLE Y (cmxmn)

AIR SAPLING AD coumme nm

™

LocaTion & ConpiTion

SaMPLe | Ty
NUMBER SamPLE

SAnPLs
DU?ATI
min

Axenn«

(crn)

Youume

GRross
CPM-.

fler

CcPM.

"NEf'
pPM |

X RE

(pump S/N 772)
omn2
(pump S/N 2000)
0 H.3
(pump $/N 770)

92-3

He12 HvoL

N3 woL

He14 HVOL

Disconnect for position #4 @ 1657 hrs

08 1

B-30 B2

B-22 B

8n e

o

s
443

a2

7.0

‘ ‘1501

o

7.0

'«LaélA

oas

o

2

30 5.0,

40.8,37.8 45

8

07

NOTE: 1658 hrs, power lost on south IVOL (H-12) and south BZ, on-at 1703 (S minute loss counting time) .

C

168
189

e

s
o

‘” -

) . ""/D.‘ . E
‘20 e

; 4_" .. :




c SR ‘ . R - C
| : | aeLE ) (cowrlﬂuso) . S S R
R AIR SAPPLINS AUD CONTING DATA |
BUILDING: €310 R AR T 3 »-.' e e
SHIFT: Swing 4-2-80 (cont'd) - T S T T P

o - SampLe | Averace | YouuMeE | peoss | HEr | fer | oemis
LocaTion & Conpirron | §AMPLE | Tvee | pupition | Fiow - | Sawpren | ORoss | Mev |- fler | pemsy
. - | Numeer [ Sampie | THeury ('EFM) B3 R T G v

e - . " - v g o 4 i g -~

oL | L4 el M0 o0 08 0.
MWorn by dperator - A . 1
NOTE: Also worn by employee on €315 Swing : o, o

LR A
Release #l @ 1741 hrs

= 1" S
2

[ 4

 }

n.D.

o : R L e
S 082 . . B33 Bz WM n.e8. 0,19 i

00 OO Re
o

083 0 e® om0 om0 019 | TR

0 L 2 - . L.s Lape] o ;.60  . ‘ ﬂ0;07ww.  0.\ér}

j Worn by employee performing planned releases, 5 0 7"-4':' N.D,

29 .
mm_;i

o B . B3 -8 -1 " om 019 S 02 0.3 1.9

28
e~
2
1]
?
=
s




BUILDING: - C310
SHIFT: 5Swing 4-2-80 (cont'd)

TABLE 1 (CONTINUED)
AIR SAMPLING AHD COUNTING DATA

y MPLE Tyee S"”P‘-E A}!ER’“‘ goums Gross | Mer | ilet | pems
LocATioN & CoNDITION A ATION LOW AMPLED bem,
N TN | Numer | Snweie | Tl | e 3y | cem | cem | oem |
08B 3 B-35 BZ 1 0.48 0.19 0.4
1.0 0N 033 17
Release #2 @ 1803 hrs, doors open .
08 1 B-38 BZ 6 0.48 0.09 0.8
0.1 0 - N.D.
L] i ; S
é ’ ’ L e PRI PRI
0B 2 B-39 BZ "6 0.8 0.09 9.3
‘ 0.6 0 - N.D.
-0 B8 3 - - 7" p-40 Bz 6 0.48 0.09 0,7 o N
A 0.6 . 0.b53 o0.16° 1.8
Release #3 @ 1812 hrs T
o T ey Lapel o ! 088 L0037 ¢ a3 g xT
| SReE ST TR 06 0 . - ! MD
oL 2 L-5 Lape1 9 n.48 0.13 0.7
v, 08 0.7 051 3.9




; . TABLE 1 (cnntlwusn) 4 AN
; AIR SAMPLING AilD COUNTING DATA ;
BUILDING: (310 , 2 G
SHIFT: Swing 4-2-80 (cont d) , oo
| | Y | SampLE | AvERAGE | YoLuMe ” e 2| o
Location & Conpirion | SAWPLE | (TYPE | puparion ¥LOW Oross | Her | T 5 pPmr

NUMBER

(MIN)

crm)

AMBLED
(M%)

CPM

coM

6C-4d

B-41

s
Ve

Background

Mo reiease or disconnect

o8B 1 F-1

Disconnect #2 @ 2100 hrs; position #3

B

BZ

o2

BZ

16

16

16

mha

n.48
.0.48

0.48

0.23
0.23

0.23

[= Y=
AN

oW
-y

[= X%
w

-

: A
W
- i
A
;N . D <
. L.
k™ L
N.D
it
v g R




SBRMARY OF DATA raon PNL coumus 0r MR SAMPLES

.._.(Data are entered n the same sequence as used far the—UnionACarbide |
S _counting~results. See Table T for additional description of‘the sampte o
' ?”_f flow rateAand total vo%ume sample&.) X : -

SAHPLE

N,

comTER DURATION °F -"-' " gRoss cm S oew - . ’ . pem
(ED. . O, mEn, R CORRECTEU | SAMPLE - PER n3

.FOR BG

‘b'vvﬁa-1* .

-' 3,2t_
H-3*

g
Mg
H-6* .
W=
L-2
B3
- "
H-g*

H-9*

H-10%

H-11*

St 100 e 416 252 13

2 se o4 LS

.3;','  -“;:  ,-F'f .f’!~r -é.57. “"_GwIQ‘;jfﬁf};391: ' -'_,; 1.9 vf 1‘

o S X 0.8 046 o071

r . 066 08 LR 224

.0.85  0.48. ° 122 - 1.43
.67  6.65 - 176 - 2.07

(re@;t) :
| 195 163 103 - °‘-:52.,
150 132 83 | .._;_o'iso’
ver L s o
220 2.08 131 0.8

0.3 ~ 0.03 - 0.8 0.3

(7%}
(A11 samples were counted for 100 minutes)

0.64 026  0.66 5.0

1 0.62 £0.30 - 18 oIz

2 0.7 0.4 31 0.20

3 - 0.83 0.45 28 0.8

4 - | 0.4 045 - 2 018

® An aliquot of 0.157 of filter was counted.

F-30

0.33 036  0.41  0.95.

e




v

TABLE 2 (CONT INUED)
SLNMARY OF DATA FROM PNL. COUNTING OF AIR SAMPLES

SWPLE  COUNTER = DURATION OF GROSS  CPM_  DPH  DPM .
NO. USED COUNT, MIN.  CPH cokxscm SAHPLE  PER M3
B-7 1 100 028 (0.03) - u,pv.'. 7
B-6 4 | 0.28  0.10 0.26 0.63
B-5 3 040 o2 0.05 0.2
L-3 2 1.14 0.9 2.45 47
L-4 0.42 .24 0.61 1.2
B-10 4 0.2 0,06 0.15 2.1
B-9 3 033 0.0 0.03  0.43
B-8 2 0.2¢  0.06  0.15 2.1
B-11 1 = 0.31  (0.01)  -- N.D.
B-12 2 £ 0.14  (0.08) - N.D,
B-13 3 E 0.45  (0.06)  ~-- K.D.
B 4 = 012 | (0.08) - N.D.
B-15 1 f 0.44 0.12 0.31 2.8
B-16 2 é; . 0.26  D.B 2.08 18.5 |
B-17 3 _; »'o.-sx 0.13 0.33. - 3.0
: 8-19‘ B T 035 0.03 008 oS
B8 4 - 014 (0.08) - KD
B-20 2 B e (00 - WD
s | 1w 108 68 0.33
R 0.6 078 & 0.2
g 079 041 26 0.13
. _n.iglt - " 0.64 0,46 29 ' 014
* An a'liquot of 0.157 of fﬂter was counted.
o N.D. Not detectable.

F-31




TABLE 2 (CONTINUED)
SUMMARY OF DATA FROM PNL COUNTING OF AIR SAMPLES o

SAMPLE  COUNTER DURATION OF GROSS CPM ~DPM DPM 3,
NO.: =, USED:~  COUNT;:MIN. .. CPM ”nggEgTED SAMPLECE PER M
AEL: L pET ST " FOR BE.: T

. ”8-25 -iw'v"duu'iébsi'.”,‘zi:°?35 B (0 02) oo M,N:D:UM”
8-22 - T o 0.08 0.20 0.42

B24 T T 0.14 0.3 078

B- 26’ R ¥ 0.02 0.5 012
Y T (0.14) —- ND
_‘ 0.25 0.0 018 019
0.13 (0.05) —- D
o1 . 879 555 2.50
0.63 6.45 5% z.edf
9.5 8.17 579 2.72
0.30 0.08 0.20 . 1.53
B-27 2 0.54 0.36 0.2 7.08
B-31 4 | 0.17 (0.01) -- N.D.
L4 | | 0.82 0.2 0.61 1.17
B-32 1 0.33 0.01 0.03 0.16
B-33 | | 0.35 0.17 0.3 2.26
B-34 0.30 0.03 - N.D..
L6 0. (0.01) - D
B-36 047 0.15 0.3  2.00
B-37 10.29 0.11  0.28 147
B-35 0.3 0.9 0.48  2.52
B-38 0.28 (0.10) - ND.
B-30 0.21 0.03 0.08 0.33
B-40 1 ©0.,35° 003 - 0.08 . 0.33 °

*An aliquot of 0.157 of filter was counted.
N.D. Not detectable.

560
L-8
H12+
H-l?%;
B-30:‘ 3

(A11 samples counted for 100 minutes)

M’ W N

H W BN =

F-32
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. TABLE 2 (CONTINUED)
SUMMARY OF DATA FROM PNL COUNTING OF AIR SAMPLES
COUNTER  DURATION OF GROSS  CPM DPM- .. DPM

SAMPLE
NO. USED COUNT, MIN, CPM connscrsn - SAMPLE? PER M5 -
. ‘ . FOR BG. ww T
L-7 1 _goo 0.35  0.07 0.18 - 1.38
L-5 3 E~ 0.44 0
Ev .44 .06 0.15 1.15
. O :
B-41 2 g,§ 0.35 0.17 0.43  3.58
F-1 1 B 0.32 0.0 ST em N.D.
3=
F-2 2 o 0.14 (0.04) -- N.D.
< .
F-3 3 =* 0.3 - (0.05) - - N.D.
TABLE 3
Verification Test Data
Net CPM o ;
Release (Union Carbide : Net CPM -
No. Counting) DPM (PNL Counting) DPM
1 (C-310) 6125 ‘ 19 600
II (C-315 #1) 6968 ‘22, 298
IIL (C-315 £2) 4006 12.81?

NOTE: Twen;y ne UFb product will contain 13 b mg uranium with an alpha
activitv of 2200 dpm/mg (Union Carbide data) or 29, 480 dpm. Twenty mg of -

UF tails will contgin‘13.k mg uranium with an alpha activity of 500

dom/me (Union Carbide data) or 12,06d dmp. - -

The results verified that a lafge,fraction,;if hot:all, of the UF, was

released and accounted for by ;heffilter on“;hé hich volume sampler.

F-33




7€~a

TARLE 4

IYDROFLUGRIC ACIN, (1F) SANPLING, APRIL 3, 1970

catcuuted ‘
: : fluorine concentration at
Elapsed Volume ‘ coneent, Tower Uimit of

Location Sample iters/min, Yime On Yime O1f Time, At titers vgf. eg/r . sensitivity, wg/e
315 8ldg. n 1.29 10:15 10:45 30 19 0.5 . o0 0.3
cylin v .
it s 18 1.5 10:15 10:45 30 a5 0.4 0.009 0.0?
ol o R 10:06 10:55 ’ lz.-m}“ o 0,000 0.02
position #2  ~~ Y. 10:55 N 26 32.24 : S

. 1.38 10:46 v:2 3 m . o 0.008 0.02
Nosidg. oA 1.2 1:3 1y v 20 0.0 - 003 . 005
cylinder ' o ' : . . ‘ o

- 4e M. . ) $Y e . . . .
position s4¢ 3. K3 "o n:39 1 M . 009 0.0 - 0.0
11:40 11:47 : :

* no disconnect Ammrcd.




APPENDEX G

AUTHORIZATION FOR MEDICAL AND/OR HOSPITAL INFORMATION

RE: Joe T. Harding
214 01d Orchavd Road
Paducah, Kentucky
A1l medical records,
This 1s to authorize any physician, hospital, medical attendant
or others to furnish Henry R. Wolfe, M.D., USDOE, or any representativg

of his any and all information or opinions, which he may request regarding

and to allow him to see, copy or photogragh any x-rays or record? pertaining

to 1S physical condition or treatment. I hereby

waive any privilege I have to said information to Dr, Wolfe. A copy of

this authorization shall be as binding as the original.




. APPENDIX H .
INFORMATION REQUEST

Department of Energy -
Washington, D.C. 20545

¥

Dear

An investigation of a complaint of occupationa! radiation induced iliness
has been requested by the Department of Energy. Accordingly, ! wouid.
appreciate copies of information as mentioned in the enclosed authorization.
. In addition, in order to assess health effects from other sources would you
kindly, wherever possible, provide the following information.

l.. Your recall of Mr. Harding's food and drink ‘patterns, é.g..
Did he have any special likes or dislikes?

(Referring to food temperature, spiciness, specialities.
Was he a fast or slow eater? To what extent did he use
alconol? Anthing else relevant.)

2. Your recall of any toxic exposures he may have had outside of
his employment at Union Carbide.

3. Your recall of Mr. Harding's smoking hapits, e.g.,

(How much did he smoke? Did he inhale and to what
extent? Did he smoke cigarettes down to the end?
Did he use filter tips? Anything else relevant.)

4. Your recall of his family medical history, é.g.,

(What kind of malignancy did his father have?

Was there any other family history of malignancy?

Was there any other family history of G-I, pulmonary,
dermatological, osseous, cardio—vascular, neuro}ogic ,
system involvement?) _

5. Your estimate of radiation exposures from diagnostic X-rays
“made under your care. If this exposure information
~ cannot be provided, please identify the X-ray equipment
used, as well as the number and size of films and views
in each X-ray procedure.




-2-

Because I have been requested to make this assessment within a brief
period of time, I respectfully ask for a prompt reply. As a former
pusy clinician, 1 am aware of this added burden to you. Also, I .
realize you may not be able to respond to some of the above
questions. Your best and most rapid response will be greatly

-appreciated.

Sincerely,

Henry R. Wolfe, M.D.

Human Health and Assessments Division
‘Office of Health and Environmental
Research, Office of Environment

Enclosure

H-2




Response to Request for
Records (Yeyes, N=né)

APPENDIX I

PHYSICIAN AND HOSPITAL LIST

Name

Y - pathology report

Y = denied radiation as
cause

N - but not important

Y - Lourdes and Western
Baptist

Y - biopsy report

N - possibly deceased
Y :

N

Y - took over from
Reeves

Y ~ examined in conneé«
tion with compensa-
tion claim

K - but record with .
. Union Carbide

Y « no mention of
“outations"

N - sccording to Myre =«
never eaw

y . but have on Lourdes
record

N - Lourdes record

N - despite fepéated
requests

¥ - Methodist record

. but have on
N = Methodist record

Hospitals
Western Baptist
Lourdes
Methodist

Aiﬁ%s Known Deceased

M. B. Kleckner, M.D.
L. T. Byars, M.D.
R. L. Reeves, M.D.

|

R.

W

- W

W,
w.

'R.

8.

W,

A'

L.

T.

H.
E.

FWI&I‘ » “»D ®

Parrott, M.D.

Boucher, M.D.

Myer, M.D.

Buchanan, M.D.
Simon, M.D.
Miller, M.D.
Reese, M.D. /

Petway, M.D.

French, M.D.

Rosenberg; M.D.
S£IVets, D.P.M.
Montgomety, M.D.

Hosbach, M.D.
Jackson, M.D.

Jennings, M.D.

Lawson, M.D.

King, M.D.

Paducah, Kentucky
Paducah, Kentucky
Nashville, Tennescee

Gastroenterologist
Dermatologist
General Practitioner

Reason for Visit(s)

Gastrectomy

Skin lesions

Hoarseness « non occ.

Chronic dnd dcute lung
disease

Skin lesions
Skin lesions
Right knee surgery
Skin lesions

Chronic lung digease

Right kree, &lbow

Skin lesions

Foot problems

"Mutated fingernails"™

Pernidéicug ahemia, emphysema"

.Perniciodé anemia, emphysema

Tremors

Abdominal cahcer

Abdominal cancer

I-1

Year:
1961
1964

1966 (1 visit)

1966 - 1974

1967
1968
1968
1969
1970 - 1971

1971, 1978

- 1972

1973 - 1975

1977

1979
1979
1979

1980

1980




APPENDIX J - Mr. Barding's Chromology
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APPENDIX K

Estimated Bone Marrow Dose (in MRAD)#*

Union Carbide

No. X-ray Examination Estimated Dose Each Total Grand Total

1 cervical spine _ 50 50
4 hand (and thumbs) 2 8
3 - knee and foot 2 6
27 chest 40 - 1080
1 lumbar spine ‘ 1 200
. | 1344
Private Practice
2  full mouth dental 20 40
2 shoulder 2 ' 4
3  knee 2 6
25 chest 40 1000
3 upper G-I 300 900
1 gall blaader 100 - 100
2050

3394

This is a crude estimate and could be off by one or two rem. More likely there were more
private chest and dental films taken. Translating X-rays into rem, the estimate may be
considered 3.5 rem. ' :

* 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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