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PRIVACY ACT MATERIAL REMOVED ot

John B. Stanbury, M.D. 30 September, 1364

SUMMARY REPORT TO THE ATOMIC ENERGY COMMISSION ON THE UNITED NUCLEAR
CORPORATION CRITICALITY ACCIDENT OF 24 JULY 1964

This is a summary of the criticality accident which occurred

at the United Nuclear Plant in Charlestown, Rhode Island, on

Friday, July 24, The information which is included has been

derived from the hospital records of the Rhode Island Hospital, my

own observations, and such other reports as have come to my at-

"tention since that time. The radiation data have been obtained in

part through the generoué coéperation of Dr. Gordon L. Brownell

and Dr. Roger Rydin of the Physics Research Laboratory of the

Massachusetts General Hospital.

The patient who died, was a -year-old,

white, married father of 9 children, who was employed as a technician

by United Nuclear Corporation. At approximately 6:07 P.M. on the

evening of July 24, he was pouring approximately 7 liters of

an enriched solution of U-235 from a tall, narrow cylinder into a

shorter, thicker container holding sodium carbonate. His left hand

was near the mouth of the cylinder, As he neared completion of

r

this operation, th

backwards 6-7 feet and stunned him, but did not‘cause him to lose

ere was an expfbé&on}’and flash which threw him

1

. . R A vy qs
consciousness. He recovered imfmediately and ran from the building

100 yards or so to the emergepcy,shack, removing his clothes while

running. Two of his colleagues who -were also in the building ran

| o .. 8591
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AEC Report--—=--2
to this area as thé radiation alarm sounded. Within 10 minutes of
arriving in this shed, the patient complained of abdominal cramps,
headache, and vomited., It is said that he was also incontinent.
He was wrapped in blankets and taken to the Westerly Hospital, but
was transferred directly without leaving the ambulance to the Rhode
Island Hospital. En route to the Rhode Island Hospital, he vomited.

He arrived at the Rhode Island Hospital at 7:49 P.M. At that
time his blood pressure was recorded as 160 systolic, 80 diastolic,
his pulse 100, his respirations 20, and his temperature 101.4° F.
He was well developed and well nourished, but was complaining of
abdominal pain, cramps, thirst, and chilliness. He was perspiring
profusely, was shaking, and was incontinent of brownish, diarrheal
sto&l. Except for .  some dysarrthria, perhaps occasioned by his
anxig@ty, general physical examination otherwise was normal. The
abdomen was tense, with nonspecific guarding.

One hundred milligrams of benadryl was given intramuscularly,
and 12 mg of morphine subcutaneously at 8 P.M. and the morphine
was repeated 1 hour and 45 minutes later because of restlessness.
A poiyethylene catheter waé introduced intravenously at, the left
ankle, and a unit of plasma wés run in quickly. A Levin tube was
placed in the stomach, and a Foley catheter in the bladder.

Hereafter, all tiﬁes noted will be given as hours after the
accident. |

At 3 hours the blood pressure was 130 systolic, 60 diastolic,
and the pulse 30. Diarrhea and vomiting had ceased. Admission
hemoglobin was recofded at 15.5 grams, hematocrit at 43.5%, WBC

17,750, and 95% polys, 5% lymphs, and many band forms. Red blood
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AEC Report-~—--- 3
cell count was 4.46., The urine had a specific gravity of 1.012
‘and was free of acetone and sugar. There was a trace of protein,
8-10 red blood cells and 0-1 white blood cells and a rare granular
and hyaline case. BUN Qas 18 milligrams %, sodium 140 MEQ/liter,

ptassium 3.7 MEQ/l, the chloride 104% MEQ, CO, 21 MEQ/l, the total

2
bilirubin 0.4 mg?, and the direct bilirubin, 0.1 mg per cent.
A blood glucose waé 100 mg%. At 2 hours a radiation .exposure meter
showed 18 MR/hr at 2 feet from the midportion of the body, 10 MR
at 2 feet from the lower extremities, and 40 MR/hr at 2 feet from
the face and upper chest. |

At approximately 4 hours, the patient was washed down and scrubbed
with physohex and warm water on a plastic sheeting. From this
point forward, all linen, clothing, and other articles which came
into contact with the patient were discarded in plastic bags after
being labeled.

By 7 hours the blood pressure had dropped to 85 systolic and
40 diastolic, and the pulse was regular at 100. By this time 3
units of 250 ml each of plasma had been given, together with 40
mg offsolumedrol, and 8 mg of levofed were added to an intra-
venous infusion, which was adjusted to maintain the blocod pressure
between 95 and 100 systolic. Neomycin, 1 gram every 4 hours, was
given through the Levin tube, as well as 2 grams of chloromycetin
/1000ml of the intravenous infusion. From this point forward it
was neceésary,to use levofed to maintain the patient}s blood pressure.
At 26 hours the hemoglobin was 12.9, and the hematocrit 37%. The
white cell count was 28,800, with 100% polys and no lymphs. BUN

was 37, sodium 139 MEQ/liter, potassium 4.3 MEQ/i, chloride 121
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MEQ/l,‘CO2 17 MEQ, urine specific gravity was 1.017, and there was a
++ protein, but no glucose. There were 0-2 red blood cells and
10-20 white blood cells in the urine, and occasional granular casts.
The eosinophil count was 5, the serum transaminase was 40, the
thymol turbidity 3+, the prothrombin time 50%, uric acid 16.9 mg% ,
total protein 5.8 mg%, and the albumin 4.2 mg%. The platelets were
155,000, the serum creatinine was 2 mg%, and the calciuﬁ 4.3 MEQ/1.
The clotting time was 9 minutes, and the alkaline phosphatase was
5 King-Armstrong units.

I was called at my home in Chestnut Hill, Massachusetts, at
13 hours, and saw the patient first at 15 hours. Upon arrival at
the Emergency Ward of the Rhode Island Hospital I was briefed
by Dr. Forsyth and by of the AEC. The patient was in
an -anteroom off a larger room which waé used for overflow and storage
for the x-ray section qf the Emérgency Service. The larger room was
set up as a nursing station and as a barrier approach to the pa-
tient. Attending the patient was Dr. Joseph Karus of the staff of
the Rhode Island Hospital, two assistants from the hospital house
staff, the hospital Radiation Officer, the staff hematologist, and
the nurse. Access to the patient at this point was permitted by
covering the feet with paper sacks and the hands with plastic gloves.
These were discarded in the plastic bags on leaving the restricted
area. The floor was being cleaned by swabbing.

The patient was lyihg at 45°, was alert, cheerful, and did not
appear to be overly apprehensive, and seemed most concerned about

his family. He was somewhat restless and was asking to be permitted
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AEC Report----- 5
to get out of bed. He could read fine print. There was no evidence
of motor incoordiéﬁtion. Respirations were 24-28, Pulse 100-120,
and heart sounds were of good quality. The left side of the face was
slightly red, and there was moderate conjunctival and minimal peri-
orbital edema. The neck veins were not distended. The lungs were
clear and the abdomen normal. The extremities were normal, ex-
ceﬁt for the left hand and arm. The left hand was swollen about
twice normal size, and was bright red. The fingers could be
moved with difficulty. The left forearm was much swollen with
brawny edema. He was receiving an intravenous drip of dextrose and
levofed in order to maintain his blood pressure. By this fime 5
units of plasma had already been given. A Foley catheter was in
place, and urine was being collected.

A bone marrow aspiration done at approximately 14 hours was
read by Dr. Maurice Albala and was said to show active hemato-
polesis and possibly some toxic changes in a few of the cells. There
was a slight shift toward erythropoiesis. The patient vomited
again at approximately 14 hours.

Specimens of blood, urine, feces, vomitus, and hair were brought
bagk to Boston for radicanalysis. By 20 hours the blood pressure
was varying widely between 70 systolic.and 40 diastolic, and 130
systolic and 90 diastolic, and vasopressfis were required in in-
cfeasing doses. The temperature had risen to 102°.. A trial of
manitol failed to increase noticeably the amount of urine produced.
With the passage of ﬁime the heart sounds became somewhat more

distant and tick-tack in quality. He complained increasingly of
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8EC Report----- 6
pain over his lower extremities where the vasopressor agents were
inducing venous spasm.

I saw the patient again at 38 hours. By this time sterile
precautions had been instituted, and all persons entering the patient
area changed into scrub suits, masks, caps, gowns, protective
covering for the feet and gloves for the hands. The patient’s
condition had deteriorated remarkably since the previous day. He
was apprehensive, restless, fatigued, and uncomfortable. He was
somewhat more dyspneic. There had been considerable difficulty
experienced in maintaining his blbod pressure. The conjunctivitis
and the blush over the left side of his facewéég more apparent,
and the left hand was much more swollen and had become livid. The
forearm had increased in size, and there was now massive edema
of the upper left arm. The.chest was clear, and the heart sounds
were fairly good. Vision had deteriorated to the point where the
patient was unable to read 1 inch type, but he could still distinguish
faces. He was nauseated, and vomited occasionally. Urine volume
had decreased. An attempt to support the blood pressure with
aramine failed, and levofed was reinstituted. At about this
tiit¥e his white blood count was 36,000, with 100% polys and no
lymphocytes. Blood urea nitrogen was 45 mg%. Bilirubin was normal.
Uric acid was 16.4 mg%. Platelets 220,000. Reticulocyte count 0.3%.
During the remaining hours, the patient became increasingly dis-
oriented, restless, and difficult to manage. The blood pressure
became unobtainable approximately 4 hours pricr to death. The

patient died at 49 hours at 7:20 on the evening of Sunday, .
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Other laboratory data were obtained from the patient. An
electrocardiogram on the evening of admission showed sinus tachy-
cardia and slight prominence of the T waves but was otherwise un-

remarkable. Two electrocardiozrans taken between the 36 and u3
<2

hours showed increasing development of right axis deviation,

flattening of the T waves, and lower voltage. An x-ray of the

chest at approximately 14 hours showed mild congestive changes

but was difficult to interpret, because 1t was a portable film. 3one
narrow biopsy at 40 hours revealed a fluid specimen without marrov
spicules. The smear showed $1% polys and 8.5% band forms, with
marked depression of all precursor cells.

Autopsy was performed by a representative of the AEC ap-
proximately 8 hours post mortem. The records of this procedure
presumably are available through another report.

It may be of some interest to note the total fluid balance as
recorded. The total intake from the time of arrival at the Rhode

Island Hospital at 2 hours to 28 hours was %,575 ml. Of this

1750 was in the form of plasma. During this period the total

output was 3,400 ml, including vomitus. Total intake from the
1y N

38th to the 47th hour was 2,500 cc

=

of which 500 was plasma. The

total output during this period was 790 ml, including vomitus.

These figures do not take into account fecal loss or insensible

m

loss. Thus the total intake was 7,075 ml, and the total output,

)

4,190 ml. When one adds to the total output the presunmed in-

sensible loss, then it 1s apparent that the patient was not far

ct

from fluid balance.
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The surface radiation readings immediately after death were as
follows: Hair, 7.5 mr/hr; face, 3.75; chest, 2.5; abdomen, 5.0;
right arm, 2.5; left arm, 2.5; pubic hair, 4.0; thigh, 2.35; feet,
1.1.

Samples of blood were obtained from at 7 hours and
at 16.5 hours and brought back to Boston on the afternoon following
“he accident for analysis in the laboratory of Dr. G.L. Brownell.
The analyses wére performed by Dr. Brownell and Dr. Roger A. Ryéin.
The findings appear in Appendix II. 3Both samples were extrapolated
to zero time and indicated a sodium activity at that time of 2.64

x 1072

microcuries per ml serum. The spectrum of the serum was
consistent only with the.presence of radiosodium,

Samples of voiritus and urine from . were analyzed
similarly to the blood samples, and disclosed only the presence of
radiosodium. Copies of the spectra from the patient's serum, gold
ring, and from his hair are appended.

Specimens of urine, feces, and vomitus were brought to the

T

Masszchusetts General Hospital and processed by beta counting. Small

'

samples were dried on planchettes and counted repeatedly in a Nuclear-
Chicago thin window counter of high sensitivity and low background.
: . L. 32
The machine sensitivity was corrected to authentic P- standards
counted at the same time, and the resulting values plotted and
fitted by eye. The observed half life of the 4-hour urine sample
of was 13.8 davs, of the 1l3-hour urine sample, 15.6 days,
and of the 34-hour sample, 17 days. The fecal specimen had an

observed half life of 16 days. These values are thought to be within
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32
the limiis of error for measurement of P , bDut ti

o 1

e DOssibility

of contamination by other beta-emitting isotopes 1s not excluded.
. ; s ; 32 .
If it can be assumed that this was indeed P”°, then it can be

estimated. that the Y-hour urine contained about 0.0062 microcuries

of radicphosphorus/ml.

PRIVACY ACT MATERIAL REMOVED

is a -year-old white married plant supervisor for
+*he United Nuclear Corporation. He was in the building at the time
of the criticality accident two floors removed vertically and
approximately 50 feet horizontally. At the time of the accident he

ran from the building to the emergency shack, and returned later wit

3

the plant director, ., where he was engaged for a time 1

&

.-

draining the tank in which the criticality accident had occurred.
He remained in the area approximately 10 nours. He was seen
in the acciden*t room of the Rhode Island Hospital after the accident

o e

and was scrubbed down.- Surface monitoring showed minimal activity,
and he was released. The following day film badge monitoring
indicated that he had received approximately 300 rads of whole Dody
radiation. This was subsequently found to be an error, and a rougi
estimate was said to be approximately 50 rads. On this account,
however, it seemed wise to nospitalize the patient, and he was
admitted to the Rhode Island Hospital on the 28th of July and was
discharged on July 31.

At the time of admission nis blood pressure was 140 systolic

100b3UY OFFICIAL USE ONLY
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faal

and 90 diastolic, pulse 96, respirations 20. Temperature was normal.
The physical examination was entirely within normal limits. Initial
hemoglobin was 16 grams; white cells, 4,900, with a normal differentialj;
nematocrit 48%; platelets 270,000, and 1.1% reticulocytes. Urinalysis
was normal except for a trace of acetone and slightly elevated uro-
bilinogen at 0.% mg% (normal: 0.05-0.2). Total bilirubin in the

blood was 1.7 mg per cent, and direct bilirubin, 0.2. This is

in excess of normal limits. Thymol turbidity was normal at three units.
The total protein was 7.4 grams%; albumin, 6.4 grams %; total
cholesterol 250 mg%, with 174 mg cholesterol esters; alkaline

v

il

b
try

hosphatase, 7 King-Armstron 35, 87%, and BUN 13 mg%.
p o bl

el .
CS 3

(083
P

The urlc acid was elevated at 8.1%, the upper limit of normal
being 5.5. Serum electrolytes were all normal. Benzedine test
for blood in the stool was normal. A blood Hinton was negative.
During hospitaliiation complete blood studies were done daily.
Hemoglobin ranged from 15.4% to 16 grams. WBC were all within
the 5-6,000 range, with normal differential counts. By July 30

the uric acid had dropped to 4.9, and the bilirubin had dropped to

0.6. Bone marrow aspiration done on July 27 showed active
hematoéoiesis. A repeat bone marrow on July 31 showed active
hematopoiesis, and "increased stainable iron." An electrocardio-
gram on July 27 showed prolonged QRS complexes, measuring 0.12 secs,
and having the configuration of a complete right bundle branch biock.
Examination on Jﬁly 31 showed a disappearance of the right bundle‘

measured 0.09 sec.

<y

pranch block and QRS complexes which now

(€8]

}—‘l
ct

I examined the patient in Zoston on 20 July. He seemed

perfectly well, except that he was somewhat concerned about the

l00LBLS OREICIAT. TISK. ONI.NY
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problem of subsequent sterility. Physical ewamination was entirel:
e < y

normal except for some straightening of the normal dorsal spinal
curvature. Blood pressure was 110/70., 3loocd uric acid was 4.5

o4
within normal limits by our methods. It was advised that the pa-
tient have serial blood counts and if possible, sperm counts. I
have no information as to whether these have been done sub-

sequently,

PRIVACY ACT MATERIAL REMOVED

This -year-old married, white, plant manager for United

Nuclear entered the plant 32 minutes afier the

approximately 12 hours. He determined the 100 MR line and emptied
the container in which the accident had occurred. A+ *he *+ime of

pra

milligrams%, and the serum bilirubin, 0.8 mz%. Both these values are

admission to the Rhode Island Hospital on the evening of the accident,

he was found to have high contamination of his thumb and index

Ry

finger of his right hand, but no other contazmination. He was

scrubbed down with soap and water, and discharged. However, the
following day it became apparent from his Film badge that he had

received considerable whole body exposure, This was initially

reported to be in the neighborhcod of 300 R, but this was sub-

sequently much reduced. OCn the basis of the initial report, the pa-

tient was hospitalized on the 26th of July, and discharged on the
At the time of admission his blood pressure was 120 systolic,
100 diastolic, pluse 82, respirations 20, and “emperature normal.

The general physical exemination was entirely normal except for

IONKhABUD ORETCTAT. TISE OWNIT WY
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bilateral iridectomy scars. ne initial hemoglobin was 15.5 grams;
hematocrit, 4G%; W3C, 10,730, with 81% polys, 18% lympns, and one

monocyte, and platelest 220,000. Reticulocvtes were 1.1%5.
yie, 2 3

joi

Urinalysis was normal, excedt for trace of acetone. Urobilinogen
was 0.4; total bilirubin 1.1 mg% (slightly elevated; thymol
turbidity ++; total protein 5.2 grams%; albumin, 4.9 mg%; total
cholesterol 301 with esters of 270 mgh%; alkaline phosphafase, 6
Kiﬁg-Armstrong units, and glucose 90 mg%. Blood urea nitrogen was
13 mg %, and uric acid 7.8 (elevated). Serum electrolytes were
normal. Benzedine test for blood in the stool was negative.

3lood Hinton was negative. Daily blood counts ware done there-~

Fy

after and showed no change in the normal findings. The uric acid

rose from 7.5 to 9.2 mg%, and was 7.3 mg% on the day of discharge.
Serum transaminase determinztions were within normal limits.
Electrocardiogram was normzl. Bone marrow aspiration on July 27
showed active hematopoiesis, moderate erythroid hyperplasia, and

some eosinopnhilia. A repeat aspiration on July 31 showed active

hematopoiesis.,

=

I saw the patient in Boston on 30 July. He gave a history of

glaucoma with iridectomies in 1849, CGeneral physical examination
was entirely normal. Uric acid determined at that time was 6.8
mg%, which is elevated for our laboratory. The bilirubin was 0.5

o

mg per cent, which is normel. He was advised to have repeated

&

- : =

blood counits during subsequent months. I have no information on

these.

10066841
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This =~ -year-old chenical operator For United Nuclear was rot
admitted to the hospital. He wes in the building at the time of the

accident, and approximately 35-L0 Feet from the accident. He left

“J

building immediately, and returned approximately 5 hours later.

rt
e}
(@]
o)

apart from minor anxiety symptoms he fel<: Deriectly well., At the

time of examination on July 30, I found no physical abnormalities.

Additional observations on - , and

were made in the whole body counter a*t MIT by Dr. Constantine

daletskos. His report indicates a minizal radiosodium load In
addition, the ring of showed minimal radio-gold. A
copy or. Dr. lMaletskos' report iIs azpended.

Ten ml samples of urine fron and were cried on

aluminum planchettes and counted serizally for 25 days in a very

thin window low background high efficiency Muclear-Chicagd automatic
counter. The counting efficiency of <the maochine was correcied for
- 32

machine variation to authentic samples of P . The values ob=ained

cn the two urine samples were in a low counting range, but when

-

fitted by eye the decay curves were approximately 55 days for
and &3 days for . These findings zre interpreted to mean

inhalation or ingestion of fission products. The order of magnitude

of the contamination may be indicated by the fact that the counting
rates were of the order of 200 counts in 10 minutes for 10 nl of
crine in a machine which gzave 1,500 coun<s per minute for 25 lambda

1006848 ~=mrATAT TISE ONIY
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of an authentic sample of : , which contained 0.1% microcuries
PRIVACY ACT MATERIAL REMOVED

Y

the Criticality Accident

ri

i

Critigque of the Medical Problers ©

it is apparent from all consicderations, including dose calcula-
tions, that the radiation dosage raceivad by was far in
excess of the minimal lethal anmount, and that nothing presently

-

known could have saved him. The central clinical problem was

©

maintenance of the blood pressure. There seems to be little in-
formation on the effects of heavy raediation on the blood pressure
as such, and it seems evident thet this is an important area Ior
Future investigation. lone of the pressor agents waich were itried

were adequate. Levofed was helpful, but only in increasin
b

cQ

doses, and 1t finally
5 c.'.'&c . = .
discomfor.. from local venospasm. There was no evidence of sig-

iy

v

o}

cant gastrointestinal hemorrhage, but freguent vomiting indicated

damage to the GI tract. This was a factor as early as 10 minutes

~

he accident. Damage to the central nervous system was

*

Gicate

te

Hy

a

3
- ct

ot
[o 7
Hy

b
o}

by failing wvision, but there was no other evidence of

motor disturbance, except Dernaps his restlessness. There was

K

24
g%,

evidence of cardiac damage, but throu Nis heart seemed to be abdle

icant congestive feilure. ELElectrocardiogram cdone
on tha day following admission showed some prominence of the T waves,
KA -

but was otherwise unrerarkadle. Two cardiograns takan on the day

(=1
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B

right axis deviation,

(&4

1
O

Q
[N

of death showed increasing develcpment o

$-

<

i

flattening of the T waves, and lowered voltage. Evidence of

1

damage to the hematopoietic system was indicated by the rapnid

dropout of the lymphocytes. ZIvidence for general tissue danage

was indicated by the very high blood uric acid and the elevation

in the blood urea nitrogen. Racdiation studies disclosed the

presence of radiosodium in the blood and urine. There was also

a component in urine, vomitus, and feces, which had a decay constant
indistinguishable Ffrom that of P . The hair was heavily contaminated
with a variety of gamma-emitting radicactive substances which

were presumably fission products.

Insofar as I can see, everything was done for this patient

'J-

which could possibly be done from the medical point of view.

His medical care by Dr. XKarus and his assccictes was wise, excellent,
and devoted.

s , and - zseem ¢ have presented no
significant medical problem, nad consideradble contamination
of nis right hand, but this was easily remcved by washing. The

nly’evidence of radiaticn damage was the »ise in the blood uric
acid of both and and the siight rise in bilirubin

in . Both and had evidence for a body lecad

of radiocsodium and of a nuclide or nuclides in the‘urine with a
lonzg half life. . gave evidence of radio-gold in nis ring.

1006830
OFFICIAL USE ONILY



OF"ICIAL USE ONL™

PRIVACY ACT MATERIAL REMOVED

inevitably there is some disorganization of administrative control.
I+ seemed evident to me that 5>f the ALC was

coing a superb job under difficult circumstances. Lt seemed to

e that his limits of authority were not sufficiently spelled out.

T+ also seemed to me that medical authority was not sufficiently
defined, and I was surprised that the Chief of Medicine of the
Hospital did not take a more active yole in the medical <dministra-
+ion of this difficult problem. It seems to me that in a circumstance
such as this, authority should be civided into three. In the

ziven absolute

zuthority for all madical decisions. condly, a radiation safety
officer snould be given absolute authority over matiers of radia-

tion safety. Thirdly, an officer of the administration of the in-

titution should set up a station at the entry to the area. His

0

duties should be to control access to The area. Ze should be in

the area as soon as his task has Ddeen accomplished.

My comments concerning adminisiration ‘crive from my 1mpression
+that there was considerable confusion in the area where VES

around without any particular function, or wWcre rerzining in the

only interfered with smooth nandiing of the operation, but tended

1006851 OFFICIAL USE ONLY
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had bezn so much zc-

could nave >een avoided and micght e of eritical importance
under other circumstances.

The interest and concern of the cfficials of the ATC at the

- ) e N o e, —~ g - - N T e — -—
During the early hours afizr such an accident, Lowevzr, Too many
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APPENDIX II
T PRIVACYACT MATERIAL REMovep

CALCULATION OF . SAMPLES -

Samples of serum, urine, hair, and portions of a gold ring
were received from Dr. Stanbury on the afternoon of July 25, 1964,
Gamma—ray spectra of these samples, measured by means of a standard
sodium iodide well crystal connected to a Nuclear Data §12-
Channel Analyzer, were obtained at intervals until July 27, 1964,
The results of these measurerments are summarized below.

Beta counts were obtained on various samples in an effort to
detect fast neutron induced activity. The results of these
measurements are discussed in the body of the report.

I. Plasma Samples

Two samples of plasma were thained) S2 taken 7 hours after
the accident, and S1 taken 16.5 hours after the accident, All the
spectra from the serum samples were essentially identical and
Figure 1 shows a typical spectrum together with the spectrum of an
aligquot of a sodium-24% standard obtained from Oak Ridge. No other
peaks were observed in.the serum samples even at long times following
the accident..

Standardization of sodium-24% in the serum samples was performed
by integrating the total count in 120 channels which included both
gamma peaks. Backgrqund was then subtracted and the-number of
counts in these channels compared with that of the standard. The
total counts in each case was approximately 10,000 counts, giving

counting statistics of 1%.
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&ppendix II----2

Two secondary standards were made from the Oak Ridge standard
sodium-24, calibrated by Oak Ridge to +3%. The calibration value
was 3.0 millicuries per ml at 11:03'P.M. on August 3, 1964. Two
standard sample dilutions were prepared. The first consisted of a
dilution of 100 Iambda in 10 ml. The calibration was referped
to 11:00 A.M. on August 4, 1364, at which time the decay factor
was .5755. The final activity as of 11:00 A.M., August 4, 1964,
was: )
Standard = (3.0 millicuries/ml) x (.5755) x <1o"25 = 17.3 pe/ml

vy

Aliquots were taken to give:

0.1 ml (diluted to 2 ml) = 1.73 mc
0.3 ml (diluted to 2 ml) = 5.18 mc
0.5 ml (diiuted to 2 ml) = 8,85 mc
0.8 ml (dilufed to 2 ml) = 13.85 mc
1.0 ml (diluted to 2 ml) = 17.3 mec

. A second standard sample was prepared by diluting 10 lambda
to 10 ml to give a total dilution of 103. An aliquot was then taken
to give:

> 0.1 ml (diluted to 2 ml) = .173 nc.

Table I shows the results of the sodium-24 assay in
serun samples. Both Sl and S2 were measured at various times and
the results corrected to the time of the accident agreed adequately.
The avérage value gave an assay of 5.28 x 10'2,@c/2 ml as assayed on
11:00 A.M., August 4,'1964, and corrected to the time of the accident.

The serum activity at that time was, therefore, 2.64 x 10-2 pe/ml
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of serum.

II. Urine Samples

Two samples of urine were obtained at 1:0A.M. on 7/25{(6&4
and at 10:00 P.M. on 7/24/84, The samples were counted over a
period of several days and the spectra obtained were essentially
those of sodium-24. No attempt was made to standardize these
samples, since the plasma samples would provide more suitable
data for dose calculations.

PRIVACY ACT MATERIAL REMOVED

III. Hair Sample

0.3275 grams of hair was counted in a test tube in a standard
well counter. The spectra obtained was quite complex, indicating
a mixture of fission proéucts. Figure 2 shows a series of spectra
obtained between 7/25/64 and &/27/64, t the latter time, some of
the peaks stand out more clearly and possible isotopes are
indicated. We were interested in the pessibility of fast neutron
actiyatiop of certain materials in hair, but it is obviously
impossible to isolate such activity in the presence of large amounts
of fission products. The data from the hair sample is of

interest but of little value for dose calculations.

IV, Gold Ring Sample

A sample of 0.205 grams of a gold ring which was
wearing at the time of the accident was analyzed over a number
of days. A typical spectra is shown on Figure 3 and consists

essentially .of a pure gold spectrum. No lines could be detected

v
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Appendix II----U4
resulting from isotopes produced by fast neutron irradiation.

e \ 1c8 -
e not attempted to quantitate the Au~~~ activity fron the

(‘D‘
oy
ol
<

g measurements and the deternination of flux from these readings
would be quite complex because of self-shielding and other problems.
Further, it is unlikely that the flux at the position of the gold

ring would be typical of that over the body.

V. Subseguent Samples

Samples of vomitus, fecal matter, and blood cells were ob~

tained. These showed cnly small amounts of the Nalt avtivity.

PRIVACY ACT MATERIAL REMOVED

VI. Estimation of Radiation Dosec

Since no fast neutron induced activity was detected, the only
measurement of direct application to the radiation dose recelved
by was the sodium-2% level corrected to the time of the
accident, . 2.64 x 10-2,uc/ml serum. Since the sodium-23 level
was 140 MEQ/liter, or 3.2 mg/ml, this corresponds to 8.20 x 10
Aac/ng.

The conversion of this figure to neutron and gamma dose recuires
deta%led knowledge of the neutron spectrum and irradiation geometry.
A number of studies have been carried out in this relation, and
the results are summarized in Table II. It is seen that the conversion
factor for neutron dose (rad - mgyuc_l) differs considerably
for the Godiva II studies, the ZPR accident studies, and the ¥1l2
accident studies, as might be expected considering the widely
differing neutron sources. The gamma/n ratio also varies considerzdly.

If we assume that the present accident was analogous to the Y12
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Appendix II----5
. et . o - 5
accident, we may take an approximately figure of 3.2 x 10° rad-
-1 - . :
. mg-Mc and a gamma/n value of 3.0. An estimate of the average
neutron dose to - would then be 2200 radg and the gamma dose

6600 rads. The estimated total dose would, therefore, be 8800 rads.

PRIVACY ACT MATERIAL REMOVED
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rad . mg . uc y/n ref
Godiva II
burro 4,35 x 10° 0.1 1
phantom 4,33 % 105 0.1
ZPR ‘ ) s
phantom €XDs 1.20 x 10 3.6 2
Theor. 1,01 x 10°
Y12
phantom‘ eXDs 3.18 x 105 2.8 3
Theor. 3.65 » 105 3.1
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