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ABSTRACT

Operation Roller Coaster was a research program
sponsored Jointly by the U.S. Atomic Enérgy Commisslon,
the U.S. Department of Defense, and the Unlted Kingdom
Atomic Energy Authority to study the fate of fissile
material scattered by non-nuclear explosions of plutonium-
bearing devices in different environments. The field

phase was conducted in Nevada in the spring of 1963.

Hazleton-Nuclear Science Corporation carried out
laboratory analyses for plutonium and uranium and con-
ducted special studies related to general analysis. A
total of 2278 analyses was performed; of these, 1809 were
Pu analyses, 151 were U analyses, and 318 were special-
study analyses. DBoth physical and biological samples
were analyzed. The physlical samples consisted of impact-
or stages, total air filters, and various types of fall-
out deposition collectors. The biological specimens con-
sisted of soft tissues, bone, and excreta from dogs,
sheep, and burros which had been exposed to the debris
aerosol, The amounts of plutonium per sample ranged
from less than 0,02 dpm tc 6 x 108 dpm. The amounts of
uranium per sample ranged from 0,004 microgram to
14,400 micrograms. Because of these very wide ranges in

U and Pu contents, speclal care was needed to avold sampile
5
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cross-contamination, and separate laboratories were
used for biological and physical analyses. Sample welights
ranged from less than a gram (small air filters) to

several kilograms (burrc tissue and excretaf.

Except in large scil samples, plutonlum was determined
radiochemically using Pu236 as a yleld tracer. The radio-
chemically separated plutonium was measured by alpha spec-
trometry using large area semiconductor detectors. Uran-

jum was measured fluorometrically.

Two of the special studies 1nvolved the am24l daughter
of Pu24l, The Pu239,240/am?41 activity ratio was determined
radiochemlcally in selected deposition and air samples,.
There was no evidence of Am-Pu fractionation. Plutonium
was determined in selected scll samples by gamma-spectro-
metric measurement of the 60-kev gamma-ray of Am241, using
a semi-empirical method for determining sample self-absorp-
tion and geometry corrections., The amounts of Pu239,240
found in the soils ranged from 3 x 10% to 6 x 10° dpm, and

the sample welghts ranged from 2 to 2000 grams.

The solubility of plutonium collected in the field in
water-filled trays was studied., After a year's storage in

glass bottles, the H values of the water samples were in

b
the range 6 to 8; 0.5 to 11 percent of the total activity
.was in solution, 0.3 to 4 percent was sorbed on the bottle

walls, and the remainder was asscciated with sediment or

filtrable solid material.
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CHAPTER 1
INTRODUCTION

1.1 ROLLER COASTER BACKGROUND

Operation Roller Coaster was a research program spon-
sored jointly by the U. S. Atomic Energy Commission, the
U. S. Department of Defense, and the United Kingdom Atomic
Energy Authority (AEC-DOD-UK) and devoted to the study of
non-nuclear explosions of plutonlum-bearing devices in
different environments. Administrative responsibility
within the DOD rested with the Defense Atomic Support
Agency (DASA). Technical direction was provided by Sandila

Corporation.
The obJectives of Operation Roller Coaster were to:

1. Investigate the biological hazard (acute inhala-
tion hazard) of plutonium scattered by non-nuclear explo-
sicons. To this end, animals were exposed to the airborne
plutonium, and extensive physical measurements were made

of the aerosol.

2. Measure the distribution of plutonium on the
ground to permlt detailed accountabllity of the amount

involved in the field of measurement.

15
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3. Evaluate the effectiveness of certain storage
structures (DASA-type 1gloos), having varying thicknesses
of earth cover, in reducing the radiologicai‘hazard from
accldental non-nuclear explosion of plutonium-bearing

weapons.

L, Obtain those data of special importance in im-
proving mathematlecal cloud models used to forecast radio-

logical hazards in real accldents.

Succegsful completion of these objectives wauld also
provide a substantially enlarged technical basis for
development of uniform US-UK standards for the storage,

transport, and handling of plutonium-bearing weapons.

The field phase of this operation consisted of four
shots named Double Tracks, and Clean Slatel,
IT, and III. These tests were conducted in the spring of
1963 on a portion of the Las Vegas Bombing and Gunnery
Range and Sandia Corporation's Tonopah Test Range in south-
western Nevada, both desert environments. The four events
included explosions of both single and multliple nuclear
devices fired to simulate accidental detonation without

producing a nuclear yield.
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The Double Tracks event was designed to lnvestigate
the characteristics of plutonlum-bearing particulate
material dispersed by a single device lécated entirely in
the open, one foot above a steel-faced concrete surface.
Experimental animals (dogs, burros, and sheep) were ex-

posed to the ground-level aerosol, downwind,

The three Clean Slate shots, consisting of multiple
devices, were designed to contrast weapon accldents, with
regpect to hazard per unit plutonium mass contained, for
conditlions of open storage (CS-I), storage in a DASA
igloo with 2 feet of earth cover (C8-II), and storage in a

proposed DASA igloo with 8 feet of earth cover (CS-III).

The field, laboratory and evaluation phases of Opera-
tion Roller Coaster were sub-dlvided into numerous projects
carried out cooperatively by a wide variety of government
agencies and commerclal contractorg, The magnitude of the
program is suggested by the fact that several thousand
field radiation surveys were completed,and approximately
20,000 samples and specimens of all types were collected.
Of the latter about one-half were selected eventually for

detailed radiochemical and physical analysis.
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1.2 PARTICIPATION BY HAZLETON-NUCLEAR SCIENCE CORPORATION

(H-NSC)

Hazleton-Nuclear Sclence Corporation dld not take part
in the fleld phases of the program but was chosen as one of
four United States commercial concerns to carry out labora-
tory analyses for plutonium and uranium and to conduct
special studies related to general analysis. Analyses
also were performed by the United Kingdom Atomic Weapons
Research Establishment. Radiochemical analysis at H-NSC
was operated as Roller Coaster Project 5.2/5.3a, and was
begun October 1, 1963, when the first bilological samples
were recelved. Tables 1.1 to 1.3 list the types of samples
and number of analyses performed at H-NSC. The physical
samples conslsted of several types of impactor stages,
total air filters, and various designs of fallout deposition
collectors. The biologlical specimens conslsted of soft
tissue, bone, and excreta from three animal species. In
addition, quality control analyses were performed both on
samples supplied by DASA and on those generated internally:
these consisted of blanks, spikes, blind dupllicates, and
standards. Altogether, 2278 analyses were performed; of
these %809 were Pu analyses, 151 were U analyses, and 318

were special-study analyses.
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The most difficultl samples to analyze were the kilogram-
quantity soils, and, indeed, these were neyer actually com-
pleted by wet chemical methods. Instead,:a procedure was
developed to quantitatively assay the Am-241 content by gamma
spectromety, and to use this as a measure of the plutonium
content; the Am-241 is directly related to the plutonium
since 1t 1s the daughter of the Pu-241 isotope. (See the
following section on the composition of Roller Coaster

plutonium.)

No conclusions or recommendations are drawn from the
plutonium data presented here, since they can be inter-
preted only together wlth the data which have been produced
by other laboratories. These other results represent more
than three-fourths of the Roller Coaster plutonium data

and are not now avallable to us.
1.3 COMPOSITION OF PLUTONIUM AND URANIUM USED

The composition of heavy elements used in the four
devices 1s given in Table 1.4, These analyses were per-

formed by Dow Chemical Co., Rocky Flats Dlvision.

19



1.4 QUALIFICATION SAMPLES

Before starting analyses of collected .Roller Coaster
samples, the analyses of a group of qualilification samples
were required. These samples were prepared and distributed
by Los Alamos Scientific Laboratory (LASL) to potential

analytical laboratories.

These qualification, or reference, samples consisted
of two solutions and eight Nevada soil samples. The two
solutions were stated to contaln about 95 and 950 dpm,
respectively, of plutonium alpha activity per millliliter
of solution (2 N HNO3). The eight soil samples included
two blank soils (duplicates), two contaminated soils
(duplicztes), and four spikes prepared at three levels by
the addition of plutonium solutions to blanks. Each 5-
gram soil sample had been weighed at LASL to the nearest

50 milligrams.

Two, and possibly three, of the soll samples first
sent to H-NSC had leaked from thelr containers before
they were received., Because of this, a complete second
set of samples was sent to H-NSC, The soills in both sets

were analyzed,.

20



The total amount of plutonlum in each set was stated
to be less than 0.5 microgram, corresponding to 6.8 x 104
d/min of Pu239. However, gamma spectroﬁétry indicated that -
two of the samples might contain 10° or more d/min of Pu23%,
Because of this uncertainty, and because of the very limited
amount of Pu23® tracer avallable to H-NSC at that time, the
suspected hot samples were held temporarily while the
other six samples were processed; Pu236 tracer was added
to one of these (#142) before dissolution. Pu23® tracer
was added to aliquots of the other five samples after
dissolution and preliminary rough assay by gross alpha
counting but before chemical separation was begun. Thus,
the results for these five samples could not be corrected
for possible loss of Pu during dissolution. This loss was
estimated, from subsequent 0060 tracer experiments, to be

in the range of 0 to 10 percent.

236 tracer was added before dissolution to all scils

Pu
of the second set and to the two hot samples of the first
set. The dissolution and radicchemical separation pro-
cedures were virtually the same as those used for the
Roller Coaster aluminum collector and guality-control

soils; these procedures are given in a subsequent chapter of

thls report,
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238,239,240

The total Pu d/min are given in Table 1.5

for each of the qualification samples. The result reported
for each sample 1s based on measurement of two or more
separated fractions. The error limits given are standard

deviations estimated from the range of results of replicate

measurements.

The ratio of {d/min Pu 238)/(d/min Pu239:240) yas
found to be 0.0100 + 0.0002 for the solution samples, in
agreement with the value of 0.0103 < (.0007 calculated
from the mean Roller Coaster plutonlum composition data

given in Table 1.4,
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TABLE 1,1 PLUTONIUM ANALYSES TERFORMED

Sample e

Andersen Impactor Disk
Andersen Impactor Filter
Casella Impacteor DMsk
Cagella Impactor Filter
Total Air, TAS-D

Total Alr, TAS-T

Total Alr, TAS-IT
Sequential Alr Tape
Cylindrical Wire Swipe
Gummed Film

Aluminum Collector
Water-Total
Water-Soclubillty

Left Femr
Kidney

Liver

Lungs

Hilar Nodes
Right PFemr
Trachea
Stomach
Pharyngeal Mucosa
Nasal Mucosa
Urine

Feces

gualifieatlon Analyses
DASA Quality Controls

Physical Samplesa

3Exg 19

N
1 @ o

n
Lo
v

Biologlical Samples,

n

W mi

|oo\oc\

—
s}
o

Double Tracks

Dog Sheep
23 22
23 22
23 22
23 22
23 22
- 5
- 5
- 5
- 5
- 53
— 22
115 gez2
Controls
Solutlons Selils
4 30
15 16

H-NSC Internal Quallty Controls. All Types

Total

CS-I% CS-ITI
65 65 215
13 13 43
96 108 368
24 27 g2
6 20 Le
2 é 13
7 18 37
2 - 2
- = 8
€5 78 230
1% - 24
15 13 38
_8 _B 24
318 357 1140
Burro Total
30 5
29 T4
27 T2
25 70
24 69
] 9
7 12
g 14
5 10
& 11
- 53
= 39
171 508
Blologlcal Total
- 34
k3 78
i}
161

Total Pu-239,240 Analyses. 180G
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TABLE 1.2 URANIUM ANALYSES PERFORMED

Sample Type

Anderaen Impactor Dlsk
Andersen Impactor Filter
Casella Impactor Disk
Casella Impactor Fllter
Total Air, TAS-D

Total Air, TAS-I

Total Alr, TAS-II

Gummed Film

Aluminum Collector

Lungs

DASA Quality Contrel Seolutions 24

H-NS{ Intermal Controls

Physlecal Samples

T £S-I CS-1T
5 5 5

1 1 1

4 4 4

bl 1 1

1 1

1 2 1

& 1 1
1 2 1
20 1€ 15

Bliologlcal Samples

Sheep Burro Total

5 7 12

Controls

Total

70

Total Uranlum Analyses, 151

CS-ITI Total
5 20

3 4

4 1c

1 4

1 1

1 5

5 13
4

18 59
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TABLE 1.3 SPECIAL STUDIES ANALYSES PERFORMED

CS-1 CS-1T CS-IIT Total
Am-241 Analyses
TAS-D 8 8
TAS-II 4 Il
Film 9 9
TAS-II, Total a Spec. 1 1
22
Plutonlum by Gamma-Spectrometry
of Am-241
Al-Collectors 2 2 5
Soil 6 24 8 Lo
Preshot Solls
(Th, U, K, fission
productss 1 4 1 W7
54
Sequential Alr Tape Surveys 3
Gross Alpha Solubllity-
Studies Fractlons 78 82 79 239

Total Speclal Studies

L
[
8]

||




TABLE 14 HEAVY ELEMENT COMPOSITION

Plutonium Components - 98,8% Pu

Weight Per- Dis./Min. Type Dis./Min. Ratio
Isotope cent of Pu Per ug Pu Decay to Pu =230 +240
Pu~238 0.00387 1.496 x 10°  alpha  0.0103 % O,0007
Pu~239 97.314 1.325 x 20°  alpha  0.9123 x 0,00026
Pu-240 2,530 1.273 x 10*  alpha  0.0877 * 0,00026
Pu-24l 0.1487 3.766 x 10°°  beta 2.59 £ 0.52"
Pu-242 0.00310 0.27 alpha 1.85 x 1o=%
Am-241 --- 2.142 x 10  alpha 0,01475 % 0,00120%

Sun Pu =239+240 1,452 x 10°  alpha 1.000
Total alpha 1.489 x 10° (14.9 grams/alpha curie)

® As of 1 May 1963, Pu-241 decays 5.2% in one year to Am=241.
Am-241 increases 26% in one year.

Uranium Components - 99.8% U

Isotope Weight Percent of U Dis./Min. Per ug U

U=-234 0.00074 %= 0,00025 0.10] alpha

U-235 0.165 £ 0,017 Q0.0078 alpha, 0.0078 beta (Th-231)
U-238 99.834 = 0,017 0.738 alpha, 1.48 beta (Th-234, Pa-234)

Composite Uranium To Plutonium Weight Ratios

Double Trxacks: 4,35 Clean Slate - II: 100.4

Clean Slate = 1: 47.2 Clean Slate = III: 99,7
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TABLE 1.5 AMOUNTS OF Pu220:239:240 1y i nse ROLLER
COASTER QUALIFICATION SAMPLES

Sample Sample Pu238’ 239, 240 Weight #+
Type Number (including bag)

d/min Per Sample

Soil 1ﬁ1* 1220120
142 1220160 5.62905 g.
143 (4.180.09)x10° 5.28608 5.
144 2.320.3 5
145 (1.25%0.06)x10 5.33975 g.
146+ 1520105
147> 4.810.5
148# 2130190
Soil 121 1.0;2.2
122 2365120
123 15 2144
124 1346 4 5
125 (1.307+0.054)x%10
126 0.8%0.2 5
12 (2.500.04)x10
1 1303%55
d/min Per Ml
Solution F 90210
G 89.2+0.8
Wtd.Avg  Faxs 897+0.6%

*Pu236 tracer added after dissolution; results not
corrected for any loss during dissoclution.

**¥0f leaking samples.

*#*Combined "F" and "G" results assuming "G" was
exactly a 0.1 concentration of "F".
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CHAPTER 2
SAMPLE PREPARATION AND DISSOLUTION

The following sample preparation and dissolution
procedures were used to prepare Roller Coaster samples
for Pu analysis. Special precautions were taken to prevent
cross-contamination of the samples. During dissolution
and subsequent chemistry, different laboratory rooms were
used to separate the physical samples from the generally
lower-actlvity-level blological samples. The glassware,
Corning Ware, centrifuge tubes, stirring rods, transfer
pipets, and other items that actually contacted each sample
were all new, with two exceptions. The Teflon beakers
were reused a maximum of fifteen times. The plating anodes
(platinum-iridium) were reused, but different anodes were
used for the physical and biological samples., Once a
plece of equipment was committed to either the physical or
bilological area it remalned 1n that area until either 1t
was discarded or the project was completed. Good house-

keeping practice was constantly enforced during this program.
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2.1 PHYSICAL SAMPLES

Descriptions of the various physical: samples are given
in Table 2.1. All the physical samples were removed from
their manila envelopes (outer containers) one at a time to
avoid any mixing of samples. As each sample wasg removed,
the ldentifying numbers on the sample were checked against
the identifying numbers on the data-handling sheet received
with each sample to assure that the proper sample was
being prepared. After its identity was definitely estab-
lished, the sample was logged in and given an internal
laboratory sample number. Then the sample was placed into
a Teflon beaker for dissolution. FEach beaker had been
prepared previously and numbered with the same internal
laboratory sample number. The Teflon beakers were cleaned
meticulously by bolling with concentrated nitric acid,
containing a small amount of hydrofluoric acid, for a
minimum of one hour, then scouring with abrasive cleanser
and steel wool and rinsing repeatedly wlith demineralized
water. Smears were taken of ten percent of the beakers
and counted in a windowless proportional alpha counter;
no detectable amounts of Pu were found on these smears.
Some of the beakers which had contained high-level plutonium

gamples were checked for actlvity after cleaning by placing
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a new Millipore filter into each beaker and processing this
completely through the dissolution and chemistry procedure
as a blank. All samples were processed 1in qféer of increas-
ing plutonium content, starting with the lowest-activity
samples at the beglnning of the program and ending with the
highest-actlivity samples at the end of the program. This
method of analyzing samples eliminated the possibility of
contaminating a low-activity sample with the residue of a
high-activity sample. Before each sample was placed in its
236

beaker, the appropriate amount of Pu tracer was added.
During dissolutlion, the beakers were separated sufficiently
from each other on hot plates to minimize the possibility
of cross-contamination by spray or spatter. The detalled

procedures of each of the physlcal samples are given in the

following sections.

Procedures:

A. Casella Glass Impactor and Membrane Filter. Prepara-

tion of the Casella glass ilmpactor for Pu chemistry was
accomplished with the following method: The organlc
materials, consisting of the enclosing cellophane bags,

the attached identifying sticker, the enclosed adhesive and
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the cellulose acetate film stuck to the glass disk, were
destroyed by heating in a mixture of concentrated nitric
and sulfuric acids. The nitric acid waé‘added in several
separate portions as needed until all the organic material
appeared to have been destroyed. As an added precaution
on all samples, and to hasten dissoclution on the more
resistant samples, perchlorlec acld was added cautiously
and fumed off. The glass dlsk remaining after destruction
of organic matter was destroyed by adding small quantities
of hydrofluoric acid and bolling off silicon tetrafluoride.
The remaining salts then were dissolved in a mixture of
saturated boric acid solution and concentrated nitrie acid.
This solution was transferred to an Autoclear (50-ml)
centrifuge tube previously marked with the internal sample
number., The volume of this solution was kept to a minimum.
The beaker was rinsed twlce with hot saturated boric acid
oluticn plus concentrated nitric acid, and these rinses
were added to the 50-ml centrifuge tube. The centrifuge

tube was covered with Parafilm and stored until ready for

Pu chemlstry.

The membrane filters were destroyed by the method
given above for the organics. However, only 3 ml of con-

centrated hydrofluoric acid was used to destroy any small

siliceous particles,
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B. Anderson Glass Impactors and Membrane Filters. The

same dissolution procedure was used for the Anderson glass
impactors as for the Casella glass impactor%; except that
the entire glass dlsk was not dissolved. The disk was
deeply etched wlth hydrofluoric acid and rinsed well before

pelng discarded,

The Anderson membrane filters were dissolved in exactly

the same way as the Casella membrane fllters.

C. @Gelman Alr Sampler Membrane Fllters., The Gelman

air gampler membrane fillters and the protecting cello-
phane bags 1n TAS-I and TAS-II samples were put into
solution easily with a mlixture of concentrated nitric and
sulfurlc acids. However the Microsorban (polystyrene)
prefilters 1in all Total Air Samplers were very difficult
to digest; conseguently, more time was needed for each
filter and more personal attention was required for each
sample. The Microsortan prefilter finally was digested by
using high temperatures and excess sulfuric acid to char
the polystyrene, adding several milliliters of concentrated
nitric after each charring. Affter many repetitions of
charring and digesting, the visible s0lids would disappear,

leaving a straw-colored solution. To this solution,
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concentrated perchloric acld was added and fumed. This

was repeated until the solution was colorlqss, then 3 ml

of concentrated hydrofluoric acid was addga to destroy any
siliceous material that had been picked up by the filters.
After the hydrofluoric acid and the resulting silicon
tetrafluoride had been volatllized, the salts were dissolved
in saturated boric acld solution plus concentrated nitric
acid and transferred to a centrifuge tube as described

above under the section on Casella glass impactor and

membrane filter,.

D. Gummed Films, The dissolution of the gummed films

used as deposition cecllectors was carried out in much the

same manner as the dissolution of the Gelman Microsorban
prefilters. After the sample, contained in a wax paper bag,

was placed into the Teflon beaker, the digesting was done

by alternating high-temperature sulfuric-acid charring and
nitric-acid digestion of the charred material. The cellu-

lose acetate and the thinner cellophane films were relatively
easy to digest, but the accompanying waxed paper or polyethylene
bag took several days of severe treatment to digest. After

all of the visible material was digested, perchloric acid

wag added and fumed untll the solution was colorless. This
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treatment was followed by the hydroflucric-acid treatment
and sample-transfer method described previously. (See

section on Casella glass impactor and membrane filter

dissolution).

An alternate method of gummed fllm dissolution was
tried and found to be very successful in regard to the
quality of the prepared sample and the amount of time
necessary to prepare the sample. This method consisted
of carefully pre-ashlng the sample in a 600-ml beaker over
a bunsen burner until most of the organic maferial had been
destroyed. The sample then was placed in a muffle furnace and
ashed at 550° 0. After cooling, the sample residue was put
into solution easily with a mixture of nitric and sulfuric
acids. The sample fhen was transferred to a Teflon beaker
and treated with hydrofluoric aecid and subsequently trans-
ferred to a centrifuge ftube for Pu chemistry, as described

in the section on Casella glass impactor and membrane filter.

This alternate method could not be used for many of
the films because most of the muffle-furnace capacity had
been assigned to, and was in use for, ashing the larger

biologlecal samples.
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E. Aluminum Collectors and Quality Control Soils.

The aluminum collector samples, as receiyed at H=-NSC, con-
slsted of 1-30 grams of soill. All of éhése samples

were dissolved tracer-free because of the high level

of Pu activity. Aside from this difference, both the
aluminum collector and quality control soils were treated

in the same manner.

Each aluminum ccllector sample was transferred from
its test tube shlpping container and carefully welghed.
It was found that the use of this test tube container
created several problems of transfer. The most notable
of these was the retention of soll on the large surface
of the rubber stopper. Also, the rubber stopper would
not seal around the pouring spout and the seallng tape
used retalned much of the sample in all casesgs. After the
s0il weight was obtalned, all materlal suspected of con-
tamination was added to the sample for dissolution, with
the exception of the large rubber stopper. This stopper
was cleaned by wiping with Kimwipes wet with nitric acid
to remove any visible contaminants. The stopper then
was etched 1n hot concentrated nitric acid and thils

solution was added to the sample. The organic matter
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added to these samples (the Kimwipes, sealing tape, and
the etched rubber from the stopper), and any organic
material already present in the sample, weré:digested

by heating with concentrated nitric acid. The bulk of
the sample was dissolved by adding hydrofluoric acid and
digesting to destroy any silicates present. Perchloric
acid was added to aid in volatilizing the silicon
tetrafluoride formed. The hydrofluoric acid digestion
was repeated until reaction had stopped. The excess
hydrofluoric acid then was volatillized by fuming with
the perchloric¢ acid present. The residue left then was
dissolved in saturated boric acid and concentrated nitric
acid. The resulting solution was centrifuged and any
remaining precipitate returned to the Teflon beaker and
retreated with the nitrie, perchloriec, and hydrcfluoric
acids. This procedure was repeated three times and, 1if
any precipitate was left after the third cycle, it was
treated with =zgqua regla and boiled to near dryness. The
sample residue then wes dissolved in hot 6 N hydrochloric
acid. This treatment completely dissolved all of the
aluminum collector samples. For a few of the quallty-control
samples submlitted by DASA, 1t was necessary to follow

this procedure with the fusion of a small resldue, using
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sodium carbonate flux. Dissolving the cooled fusion
melt in 6 N hydrochloric acid completed the dissoclution

of these samples.

All the resulting dissolution supernates were combined
and diluted to 500 ml in a volumetrie flask. From this
solution, the proper aliquot was taken for analysis and

236

equilibrated with Pu tracer.

F. Sequentlial Alr-Sampling Tape, The three 40-foot

cellulose filter paper samples were checked for alpha
activity on both sides,using a PAC-3 alpha detector,
This was accompllished by rolling the tape between two
reels with the PAC-3G detector resting on the tape for
sufficient time to detect any significant actlvity. No
alpha activity was detected, so each tape was dissolved
in its entirety and run as a single sample. Dissolution
of the tapes was accomplished by heating with a mixture
of concentrated nitric and sulfuric acids until all
vlisible organic material was in solution, then adding
hydrofluoric acid to destroy any siliceous materilal,
Perchloric acid was added cautiously and the sample was
fumed until colorless. The sample residue then was
dissolved in saturated boric acid sclution and concen-

trated nitric acid as described previousgly under the

section on Cagella glass impactor and membrane filters.
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G. Solubllity Studies Sample Dissolution. Many

of the lower-level water samples were found to contzin
too little activity in scolution to warrant using them

for a solubllity study. These samples were é;alyzed as
single debris samples. A considerable amount of sclution was
lost from many of these samples by leakage out of the ground-
glass-stoppered bottles, but fortunately all the leaked
sclution appeared to have been absorbed by the surround-
ing corrugated packing material. 1In samples in which

the corrugated packing material had been saturated,
several milliliters of water were contained in the
polyethylene bags surrounding the sample container.
leakage was found to be caused by several inherent faults
in the sample containers. On some of the bottles the

ends of the string that attached the ground glass stopper
to the bottle had been wedged between the bottle and the
stopper. This resulted in the most severe leakage. Next
in severity of leakage was the bottle position during
handling of the packaged shipment. If the bottle remained
in any pesition other than upright, leakage occurred.

The taped-down stoppers were found to h:xve sufficient

play so that leakige was inevitable unless the bottle
remained upright. The last cause of leakage noted was

the entrapment of sand particles between the stopper and
the bottle allowing sufficient space for caplillary action
to occur. All the samples that had visibly leaked were
processed with the surrounding packing materizl.
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The corrugated packing materizl and the tape used
to hold the stopper were placed in a largg Corning Ware
dish and digested with concentrated nitrié acid until
in solution. The solution in the bottle was placed in a
Teflon beaker and evaporated to dryness. The bottle was
rinsed several times with hot concentrated nitric acid
while being subjected to ultrasonic cleaning. The resulting
fractions of the sample eventually were all transferred to
the same Teflon beaker. As soon as the entlre sample,
including the polyethylene bag rinses and ultrasonic
cleaning solution, had been transferred, the sample was
subjected to complete dissolution using a mixture of
concentrated nitric and concentrated sulfuric acids
to digest all organic material, The sample then was
evaporated to near dryness again and concentrated hydro-

fluoric acid was added to lnsure complete dissolution of

any siliceous material. The sample was then transferred
from the Teflon beaker to a centrifuge tube by disseclving
any residual material in concentrated nitric acld and
saturated boric acid. This transferring procedure was
repeated three times to assure complete transfer of the

beaker contents.
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2.2 BIOLOGICAL SAMPLES

The various biologlcal samples and thelr weilghts are
listed in Table 2.2. The biological sample; were frozen
when recelved and were stored frozen until ready for
analysls. At the start of the program, about ten percent
of the samples were thawed to ald in their identification,

but these were then frozen agaln for storage.

Most of the biological samples were first dry ashed
in a large muffle furnace at 550° C. The inorganic residue
(ash) was then dissolved by using mixtures of nitric,
perchloric, hydrechloriec, sulfurie, and hydrofliuoric
acids. The detalled procedures are given in the following

sections.

2.2.1 Initial Sample Preparation., All the biological

samples were processed through H~NSC in the order of
increasing (estimated) plutonium content, i.e., starting
with the lowest-level samples and concluding with the
highest-level samples. All samples, except the small

lymph nodes, were dry ashed in Corning Ware Pyroceram
containers. The small lymph nodes were processed in
small-size Coors porcelain ware. Some of the larger samples
nad to be divided among several dishes for muffling, then
combined for final analysis. These large samples included
some livers, stomachs full of fodder, and feces. Before

each sample was placed into i1ts container, 1t was positively
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identified, accurately weighed, logged in, and assigned zan
internal laboratory number. Then the frozen sample was
allowed to thaw out in the dish and Pu%3§ tracer was

added directly to the tissue being analyzed. If the organ"
was large 1t was slit with a razor blade in several places,
and the tracer pipetted lnto these slits. If the organ
wag small, or was a bone, the tracer was stippled onto

the outside of the sample. The polyethylene bag which

had contained each sample was alse Included in the

analysis.

2.2.2 Dry Ashing. Befeore being placed in the muffle

furnace, each sample was dried in one of several drying
ovens for a minimum of twenty four hours; some of the

large tlssues were dried for seventy two hours. At this

stage the feces were ignited over a Meker Burner and
allowed to burn to completion before being placed in the
muffle furnace. When the samples were sufficiently dry,
they were placed in the muffle furnace which was slowly
brought to the maximum temperature needed and maintained
at this temperature for twenty four hours. Some of the
larger tissues had to be ashed twice to oxidize all of
the carbon present in the tissue., At this stage several
urine samples shattered in the oven. Only one sample
was lost completely. However, a wet dissclution method
was adopted for the remaining urine samples to avoild any

repetition of the shattering experience.
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2.2.3 DBigsolution of Dry Ash, Different procedures

were used to dissolve the dry ash of different sample

types. It was found necessary to continue dissolutions
over a twenty-four hour period. A4 two-shift; slixteen-
hour work day was established, and during the remaining

elght hours the samples were allowed to reflux.

A. Bone Samgles. After muffling, the bone ash was

dissolved readily by boillng in 6 N hydrochloric acid

for up to elight hours. After this treatment only a small
residue was left and this was transferred to a Teflon
beaker and dissolved in hydrofluoric acid. The resulting
salts were dissclved in a mixture of saturated borlc acid
solution and concentrated hydroehloric acid. The re-
sulting solutions were combined in a polyethylene bottle of

sultable sgize, which was stored awaiting chemistry.

B, Urine Samples. The urine samples which had been

dry ashed were dissolved in concentrated nitric acid. The
bulk of the ash was dissolved easily and the residue was
transferred to a Teflon beaker for dissoluticn by heating
with hydrofluoric acld. Some of the urine samples contalned
appreciable quantitieg of dirt and this increased the
dissolution time. After treatment with the hydrofluoric
aeid, the remaining residue was dissolved in saturated

boric acid solution plus concentrated nitric acid. If

any residue still remained, the hydrofluoric acid treat-

ment was repeated until dissolution was complete.
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As mentioned above, it was necessary to use a wet
digestion methed on most of the urine sgmples. Several
different methods were tried. The most‘satisfactory
procedure was to allow the large quantity of Kimpac to
digest in 3 N nitric at room temperature for one week
and then to heat slowly the covered contalner so reflux-
ing occurred until the bulk of the Kimpac was dissolved,
After thls stage the sample was ftreated as desecribed
for the pre-ashed sample. The whole procedure took
two weeks from the start until the sample was ready for

chemistry.

C. Lymph Nodes, Pharyngeal Mucosa, Trachea, and

Empty Stomach. Aiter dry ashing, these tissues presented

no problem of dissolution. The ash was dissolved

readily by heating with 6 N hydrochloric acid. Any small
residue was dissolved with hydrofluoric acid, and the
resulting salts were dissolved in saturated boric acid

plus concentrated nitrie acid. All the resulting solu-

tions for a sample were combined and stored in a polyethylene

bottle of appropriate size awalting Pu chemistry.

D. Iungs, Liver and Kidney. The dry-ashed lung,

liver; and kidney samples were slow to dissolve., The gen-
eral procedure for these tissues was to reflux the ash in
concentrated nitric acid for an appropriate time, depending

oen the quantity of ash, until the bulk of the ash was in
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spolution. The residue was placed 1n a Teflon beaker and
digested by adding hydrofluoric acid and beiling to dryness.
The remaining salts were dissolved in saturated boric

zcid and concentrated nitric acid. If there was any

residue, the hydrofluoric acid treatment was repeated.
A1l the sgolutions for a single sample were comblned and
stored 1n a polyethylene bottle. Elapsed time for dissolu-

tion ranged from one to four days, depending on tissue size.

E. Peces and Stomachs Full of Fodder. The feces and

stomachs which were full of food gave large gquantities

of ash. These samples were the most difficult to dissolve
of all the bioclogieals and resulted 1n large volumes of
final solution. Many days of continuous refluxing using
different acids and acid mixtures were required to obtain
a complete dissolution. Because of the large quantity

of minerals present, large volumes of final solution

were needed to keep the dissolved salts in solutlon.

The ash obtained from the furnace first was heated with
generous quantities of nitric acid and allowed to reflux
for eight hours. Then, the solution was removed and the
process repeated until the bulk of the ash was in solu-
tion and it was obvious that digestion with any more
nitric acid would be futile. The remaining ash then was
refluxed with 6 N hydrochloric acid in the same manner

as with the nitric acid. After the two acid treatments,
the remainder of the aszh wag placed in 2 Teflon beaker and

beiled to dryness gseveral times with hydrofluoric acid.
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The salts that were formed were dissolved in saturated
boric acid solution plus concentrated nitric acid. Any
residue was subjected to a repeat of the hydrofluoric-
acld treatment untlil the sample was in solution. A
typical dlgestion and dissolution time was seven days

for these samples.
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TABLE 2.1 DESCRIPTION OF ROLLEA COASTER PHYSICAL SAMPLES

Sample
Deslgnation

BErief General Desc¢riptlcn

Components, materlals, anc
approximate dimenslons and welghts

Anderaen
Disk

Andersen
Filter

Casella
Disk

Casella
Pilter

Total
Alr
3amples

Sequential
Alr
Samples

C;1lindrical
Ccllectrar

Film:
(Deposition
sanple)

Aluminun
Cnllectcrs
{Depcsiticn
Sample)

Mater
Sample
(Depasitian
Sample)

Large espda glags disk covered on cne
purface with a celluloge mcetate fllm
cpated with resin and dibutyl phthalate.
Sample received in & cellophane bag.

Membrane filter made from cellulose
esters. Received sesled in a cellophane
bag.

Small soda glass disk ¢overed on one
side with a cellulose acetate flim
coated with resin and dibutyl phthalate.
Sample received in a cellophzne tag.

Memorane fllter made from celjulese
esters. Received sealed in & cello-
phane bag.

Membrane fllter made from celluloze
esters ineluding polystyrene prefliter
sealed in cellophane bag.

Rolled filter tape recelved an metal
reel and sezled in pulyethelene bag,

Cellulose wlpet used to remove petra-
latur from wire cylinder. Sealec in
cellaphane bag.

Liree area cellulese film coated with
Carada balsam and dlbutyl phtnilate.
Cover sheet of cellulose [1lm coate.
with Simon adhesive. TFllms were re-
celvea folded and sealea 1n wazied paper
bag.

Depositlion removed from a lirge
zluminur plale coated with petro-
latum. Sample recelved sealed in
a 4o-ml glass centrifuge tube.
Tute gealed with & rubber stopper
and masking tape.

Distllled water from deposition
trays recelved in sealed glase
nottles. Trays were rinsed out with
distilled water to remove all debrls
which was combined with the original
water

Soda glass.disk 8 cr dlameter x
0 3 om thitk welghing 30 grams.

Cellulose acetate £ilm S ¢t
diameter % O.005 cm talck welgzhing
T.5 gram .

Cellophane bag 10 em x 10 em x
0.003 em thick welghing 0.5 gram

Filter 5 cm dlameter and 0,003 cm
thick weighing 0.05 gram .

tellophane bag & em x & em x $.003
oem thick weighlng 7.2 gram

Soda glass disk 2.5 cm diamater x
2.12 em thick weighing 1.7 grams,

Cellulose acetate filn 3 em
diameter x 0.005 ¢m thick welghling
0.1% gram .

Cellophane bag & er x 4 em x D.003
¢m thick welghing 0.10 grur .

Filter 4.7 cm diameter 4 O.CO3 em
thick weighing 0.05 gram .

Cellophane bag 5 cm x 5 em x
C 003 em thlek weighting 0.2 gram .

Membrane filter 4.7 cm diameter
x 9.003% ecn thick welghlng O O
gran .

Microsorban pelystyrene prefilter
L.7 em diameter x 0.1 om thick
welghing 1 gram,

Cellophane tag € om x b oom ¥
£.003 em tnlvk welghing (.2 gram .

Whatmen #41 tilter paper tape 40
ft. long x 2.5 cr width.

Kleenex or Kimwipe used

Cellulose film 3C er x 20 or x
Q o04 em thics welghing 5.0 grams.

Cellalose cover Tilm 30 em x 30 ¢m
& 0,007 em thlck welghlng 7.5 grams

Wwaxed bag 23 em x 17 cm x 0.0u3
er1 thick weighling 3 grams.

Finely powdered debric minus
petrolatum weighing 1 to 30 grams.

Water sample contalnlng 100 tr
1000 milliliters.

46



Ly

TABLE 2.2 DESCRIPTION OF ROLLER COASTER BIOLOGICAL SAMPLES

Approximate 3Sample Welght Brief Descriptlion of 3amples and Remarks™
Sample Dog Sheep Burro
grams

Bone {Femur) 40 200 1200 Either right or left femur, cleaned of goft tissue.

Kidney 50 300 800 Right or left kidney.

Liver 300 600 3000 Very large tissues encountered on the burro livers.
Sealed in plastic bags but considerable leakage encountered.

Lung 100 500 2000 lLarge tissues but easlly handled,

Hilar Node 1 ) 10 Small tlssues difficult to find among the larger mixed tissues
as the small bags were frozen to larger omes,

Trachea 25 50 150 Complete tracheas.

Stomach Q00 2500 4500 Mast of the stomachs were recelved full of fodder, therefore,
were very large bulky samples,

Pharyngeal Mucosa & B 15 Complete lining of pharynx.

Nasal Mucosa 20 30 50 Complete linlng of nasal cavity. =

Urine {on Kimpac} MNone Received 3000 4Q00 Targe bulky samples due to the amount of Kimpac needed to ecollect

sample. Some samples eontained several hundred grams of dirt.

Feces None Recelved 1000 None Recelved Large bulky samples contalning gross amounts of inorganic salis
after ashing.

*A11 samples received frozen with dry 1ce and sealed in plastilc bags.



CHAPTER 3

RADIOCHEMICAL SEPARATION AND ELECTRODEPOSITION OF PLUTONIUM

3.1 RADIOCHEMICAL, SEPARATION OF PLUTONIUM

The radiochemical procedure inveolved a series of
precipitations to carry and concentrate Pu followed by an
ion-exchange separation to yield a radiochemically pure,
carrier-free solution suitable for electrodeposition.
(Thin, virtually weightless depogits are required for good

resolution in alpha spectrometry.)

3.1.1 Usual Procedure. For most samples, the 1nitial

concentration step was a hydroxlde precipitation, carry-

ing plutonium in any of its valence states., Plutonium

then was reduced to Pu (III) which was carried on LaFs.

The final ion-exchange step involved adsorbing Pu (IV)

on a short anion-exchange column from 8 E.HNO3 soluticn,
rinsing the column with 8 N HN03, then with HCl, and finally

reducing Pu (IV) to Pu (III) to remove it from the column.

A detailed procedure for isolation of Pu from
relatively small samples is given in Exhibit 3.1. For
larger samples, the guantities of reagents and volumes of

solutions were appropriately adjusted to maintain reagent
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and carrler concentrations approximately the same as

those given in Exhibit 3.1. Also, for the largest samples
it usually was necessary to reprecipitates hydroxides and
fluorides to remove relatively large amounts of inter-

fering elements.

3.1.2 The Anion-Exchange Step. The first groups of

samples were processed using an lon-exchange separation
in which the Pu (IV) was adsorbed from concentrated HC1
only. The electrodeposited samples resulting from this
procedure frequently had visibly thick deposits which
gave poorly resolved peaks in the alpha spectra and made
reprocessing necessary. It appeared that the poor-
quality plates were, 1in most cases, due to small amounts of
iron which had not been completely removed by the LaF3
step and which thus followed Pu through the subsequent
anion-exchange step. Insertion of the anilon-exchange
step involving adsorption of Pu (IV) from 8 N HNO
solution solved thilis problem, since neither iron nor any
other ubigquitous stable element is adsorbed from nitric

acid solution.

As might be expected, the procedure given above was
also very effective in removing any alpha-emitting im-

purities from the Pu samples. No peaks other than those
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due to Pu isotopes were detected in the alpha spectra
of any of the samplies processed using thils procedure,
Thorium which would otherwise have followed,?L through the
procedure, was removed by the HCl rinse of the anion-

exchange column before elution of Pu.

3.1.3 Use of Zirconium Phosphate to Carry Plutonium.

Initial concentration of Pu by hydroxide or fluoride
precipitation was not suitable for bone samples, or for
other biological samples of high calecium content, because

of the large volumes of the resulting precipltates.
Zirconium phosphate was selected as being the most suitable
carrier for plutonium in such samples, particularly

since the sample solutions resulting from the dissolution
procedures were 3 to 6 N in acid, in most cases. If

the acid concentration of the sample solution was greater
than 3 N, 1t was reduced to about 3 N by dlluting with

water and/or neutralizing with NaOH. Sodium nitrite then
was added, and the solution heated, to insure that plutonium
was present as Pu (IV). Then the Pu (IV) was carried on
zirconium phosphate, using a double precipitation to
increase the yield. The zirconium phosphate was dissolved
3+

in HF in thé presence of La carrier. This resulted 1n
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a LaF3 preclpltate which carrlied the Pu. The subsequent
procedure was the same as glven previously (Exhibit 3.1),
i.e. conversion of Lan to La(OH)B, and tﬁe final anion-
exchange steps. A detailed procedure for the initial
concentration of Pu (IV) on zirconium phosphate, followed

by carrylng on LaF3, 1s given In Exhibit 3.2.

3.2 ELECTRODEPOSITION OF PLUTONIUM

A rapid and efficient, but non-selective, method
was used for the electrodeposition of the separated and
purified plutonium. This was a general method which is
applicable to trace amounts of any element with a highly
inscluble hydroxide. The element to be plated is dissoclved
in a slightly acidic solution of relatively high ammonium
salt concentration for high electrical conductivity.
This solution 1s contalined 1n an electrolysis cell in
which the source backing plate, of a non-corroding metal,
is made the cathode. Passing a direct current of relatively
high density, (about 1 amp/cmg) through the solution
causes a rapid discharge of hydrogen ions at the cathode
surface and produces a thin layer of solution depleted in
hydrogen ions and therefore of very high hydroxide ion

concentration. Insoluble hydroxides thus are precipitated
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at the cathode surface. Electrolytic gas formation gives
vigorocus stirring which brings each part of the solution

in turn to the cathode surface where the tréée element

1s deposited virtually gquantitatively in a short time.

The electrolyte 1s made basic just before the current is
turned off to prevent dissolution of the deposited hydroxides
in the acidic electrolyte. Finally the electrodeposited
sample 1s removed from the cell, rinsed with water to

remove the electrolyte, and heated to redness in air to

convert the hydroxide to oxide, resulting in a very ad-

herent sample deposlt.

3.2.1 Apparatus for Electrodeposition. Platinum

disks, 0.875-inch diameter x 0.005-inch thick were used
as sample backings. These had been highly polished to
give good resolution of the plutonium isotope peaks 1n

the alpha spectra.

Tne ancdes used for electrolysis were of platinum-~
iridium alloy. Each anode was manufactured by welding
a 0.50-1inch diameter, 0.020-inch thick, perforated disk
perpendicular to the end of a 4-inch long, 0.0625-inch

diameter rod.

52



The electroplating cell consisted of a base of
stainless steel having & circular depresgion in 1ts center
for the platinum disk cathode, three th}éaded vertical
tie rods attached to the base, a disposable body of
square-cut, cylindrical glass tubing, and a top ring of
Teflon., In the assembled cell, a disposable Teflon
gasket was used to form a leak-tight seal between the
glass body and the platinum disk. The three tie rods
from the base passed through 3 holes in the Teflon top
ring, which was centered on top of the cylindrical glass
body. Nuts on the tops of the tlie rods were tightened
down on the top ring, holding the assembled cell together
and forcing the glass body against the Teflon washer on
the platinum disk. The anode was passed through the

center hole of the top ring into the assembled cell.

Relatlively inexpensive direct-current power supplies
(Electro Products Laboratories Model PS-2) were used and

found to be gqulte satisfactory,.

3.2,2 Procedure. Ammonium chloride was used as the

electrolyte. (Ammonium sulfate and ammonium nitrate also
have been used successfully in this and other laboratories).
The detziled procedure used for Pu electrodeposition is

given in Exhibit 3.3.
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3.2.3 Reuse of Anodes. The Pt~-Ir anocdes were the

only items contacting the radiocactive sample during the
electrodeposition procedure which were reuséé, and par-
ticular care was taken to prevent sample contamlnation
from this source. After use on a sample, each anode was
thoroughly rinsed with aclds, then with water. The anode
then was used as the ancde in electrolysis of a blank

solution and finally rinsed agaln before being used on

ancother sample,

Separate apparatus, including anodes, was used for
plating the physical and the generally lower-activity-
level biological samples. The policy of analyzing samples
in order of increasing estimated activity level also min-
imized the chance of contamination of a low-level sample
by the residue from a preceding high-~level sample. Plating
blanks were run periodically; the amounts of Pu found on
these blank plates either were not detectable or were a
negligible fraction of the total activity of the samples

being processed at the time.

3.2.4 Radiochemical Yields. The majority of the

overall yields (through dissolution, chemistry, and electro-
deposition) were greater than 60 percent with the peak of

the yield distribution curve in the 70 to 90 percent range.
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EXHIBIT 3.1 PLUTONIUM PROCEDURE

[

A4dd 5 mg of La3+ carrier to the dilute gaid solution of the

sample in a 50-ml "Autoclear" centrifuge tube.

Precipltate the hydroxide(s) by adding 50% NaOH dropwise
with stirring. Centrifuge and discard the supernate.
Dissolve the precipitate in a minimum of concentrated HNO; and

dilute to about 10 ml wifh water.

Reprecipitate the hydroxides with NHAOH. Centrifuge and
discard the supernate. Dissolve the precipitate in a minimum

of concentrated HNOy and dilute to 10 ml with water.

Add about 20 mg of NaHSOB, swirl, and heat the solution for
about 5 minutes in a boiling water bath. Precipitate LaF3

by adding 10 drops of HF, wlth stirrlng. Continue to heat for
a few minutes. Centrifuge and discard the supernate. Wash
the LaF3 with a few ml of 1 N HCl - 1 N HF. Centrifuge and

discard the wash solution.

Dissolve the LaF3 by slurrying in 1 ml of saturated boric acild
and heating in a bolling water bath for a few minutes, then
adding 1 ml concentrated HC1, 1 ml water, and continuing to heat, with

occasional swirling untll a clear solution 1z obtained.

Preclipitate La(OH)3 by adding NH,OH. Centrifuge and discard
the supernate. Wash the hydroxide with 10 ml of water.
Centrifuge and discard the wash.
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Dissolve the hydroxide in 2 minimum of concentrated HNOy by adding
the HNO3 a drop at a time, stirring between gach addition.
When the precipiltate has just dissolved, maﬁé the solution
about 8 N in HNOg by adding a volume of concentrated HNO; (154 N )
equal to the volume of the sample solution. Add 7.7 N HNO3

to give a total volume of about 8 ml. (Prepare 7.7 N HNO3 by
diluting 500 ml of concentrated HNO; to 1000 m! with water.) Add

about 20 mg of NaNO, to the sample, swirl, and heat in a
boiling water bath for a few minutes, then illow to cool while

continuing with Step &.

Condition a previcusly-prepared ion-exchange column by rinsing
with four 5-ml portions of 7.7 N HNO3. (Each anion-exchange
column was manufactured by sealing a S-mm OD x l-cm long glass
tube to the bottom of 2 15 x 125 mm Pyrex test tube, with lip.
A Pyrex-wool plug was placed in the bottom of the column, and
it was then filled to & height of about 1 inch with Dowex AG1-X8
(100 to 200 mesh) anion-exchange resin. A glass-wool plug was

then placed on top of the resin column.)

Trinsfer the sample solution to the anicn-exchange column and
allow it to drain into the top glass-wool plug. Have ready

20 ml of 7.7 N HNO3 rinse soluticn. Rinse the sample tube with
several 2-ml portions of this solution, transferring each rinse
to the column. Rinse the column wlth the remainder of the 7.7

N HNO3 solution in 2-ml portions.
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10.

11.

i2.

Rinse the column with 20 ml concentrated HCI in 2-ml portions.

Discard the 7.7 N HNO3 and concentrated HC1 rinses.

Elute Pu from the column into a c¢lean éO—ml glass béaker
using a solution containing 20 ml HCl and 1 ml of 1 E_NHAI.
Add this solution in 2-ml portions. After adding the third
2-ml portion of this solution, plug the top of the column
with a polyethylene stopper and let stand for 5 minutes, then
remove the stopper and continue to elute with 2-ml portions
of the solution. Finally, rinse the column with three 2-ml
portions of HCl, collecting the effluent in the same 50-ml

beaker.

Evaporate the solution to approximately 1 ml and proceed wlth

the Electrodeposition Procedure (Exhibit 3.3).
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EXHIBIT 3.2 INITIAL CONCENTRATION OF PLUTONIUM (IV) ON ZIRCONIUM

PHOSPHATE

If the initial acid (HC1l or HNO3) concentration is greater
than 3 N, adjust to about 3 N by diluting with water and/or

adding 50% NaOH dropwise, with stirring.

Add about 100 mg NaNOe per 100 ml of sample solution., Stir
and heat for a few minutes. Add Zr carrier solution dropwise,
with stilrring; use 0.2 mg Zr per ml of sample solution. Stir.
add 3 ml H3POy per 100 ml of sample solution. Stir. Allow
the sample to digest hot, wilth ocecasionzl stirring, for at
least 30 minutes. Separate the zlrconium phosphate by decant-
ing the supernate after the precipitate has settled, and/or by

centrifuging.
Repeat Step 2 once.

Combine the zirconlum phosphate preciplitates using 3 N HN03
rinses. Centrifuge, and decant the washes. Wash the combined

preclpitate with 3 N HNO3.

Add La3+ carrier solution to the zirconlum phosphate precipitate

and slurry; add an amount of La3¥ which will give a concentration
of about 0.5 mg La3+ per ml of slurry. Add about 20 mg NaHSO3
per 15 ml of slurry. Transfer the slurry to a plastic centrifuge

tube, or bottle, if it is not already contalined in such.

Add 1 ml HPF per ml of slurry. Swirl and heat in a water bath
to dissolve the zirconium phosphate and preclipltate LaF3-
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10.

Centrifuge, and decant the supernate. Wash the LaF3 with

1 NHCI - 1 N HF, Centrifuge, and decant the wash.

Dissolve the LaF3 by slurrying in an equal volume of a mixture
of saturated boric acid solution and 6 N HCl. Heat and swirl

until a clear solution 1s obtained.

Precipitate La(OH)3 by adding NH),OH and stirring. Centrifuge
and decant the supernate. Wash the hydroxide with 10 ml of

water. Centrifuge and decant the wash.

Repeat Bteps 6to 8, if necessary, to obtaln a clean, readily

dissolved, La(OH)3 precipitate in Step 8.

Proceed with the anion-exchange separation of Pu, starting

with Step 7 of the "Plutonium Procedure" (Exhibit 3.1).

59



EXHIBIT 3.3 PLUTONIUM ELECTRODEPOSITION PROCEDURE

1'

Add 1 ml concentrated HNO; to the solution from Step 12 of the

"plutonium Procedure® {Exhibit 3.1) and eéaporate nearly to
dryness on a hot plate. Add 1 ml concentrated HNO; and 1 ml concentrated
HCl and evaporate to dryness. Repeat the HNO3-HCl treatment

untll the NHLT has been destroyed,

Rinse down the inside of the beaker with 1 ml concentrated HCI1.
Evaporate slowly to dryness. Rinse down the inside of the

beaker with 2 ml concentrated HC1 and evaporate slowly to 1 ml,

Transfer the solution to an assembled electroplating cell
(Note a). Rinse the beaker twice with 0.5 ml of concentrated HC1
and finally with 0.5 ml of water, transferring each rinse to

the electroplating cell,

Add a drop of methyl red indicator to the solution in the

cell. Add concentrated NH,OH dropwise, with swirling, until the
solution is just basic (color change from red to yellow) (Noteb).
Add 2 N HCl dropwise until the golution is Jjust acid, then add

one drop more.

Electroplate for 15 minutes at 2.5 amperes using a cleaned Pt-Ir
anode adjusted to be 1/4 inch above the Pt disk. Occasional
adjustment may be necessary to maintaln the current at 2.5 amp

during the plating period.
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At the end of the plating period, add 1 ml of concentrated NH,OH to
the plating solution, leaving the current on for ~15 seconds.
Then turn off the current and immediatéiy transfer the solution
back to the 50-ml beaker. Rinse the cell three times with-a

few ml of water, combining the rinses with the plating solu-

tion in the beaker.

Disassemble the cell and remove the Pt disk. Rinse the disk
with water, then acetone. Ignite to red heat over a burner

flame. Cool and place in a labelled glassine envelope.

Check recovery by alpha spectrometry or by gross alpha counting

before finally discarding the sample solutions, c¢olumn, etec,

Notes

Prepare the platinum disk for plating by first secratching the
sample number on the margin of the disk. Rinse the disk with
water, then acetone, and finally flame to red heat. Use a
Pt-wire support for the disk in the flame. Assemble the cell

and 111 it with water to check for leaks,.

Do not continue with the procedure if any visible preclpitate
forms when the solution 1s made basic. Such a precipltzate
indicates that a thick plate will be obtalned. The sample must
be reprocessed to eliminate the element(s) which precipitate in

basgic sclution.
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CHAPTER 4
MEASUREMENT OF RADIOACTIVITY

4.1 ALPHA SPECTROMETRY SYSTEM

All alpha spectrometry was done using semiconductor
detectors. These relatively new detectors are preferred
in the H-NSC laboratory over the older gridded ioniza-
tion chambers because their performance (counting efficiency,
energy resolution, and background) is egqual to or better
than the Frisch-grid devices, while their cost is sub-

gstantially less for both purchase and maintenance.

The detectors used were of the silicon surface-
barrier type {ORTEC Model SBFJ450) having an active cir-
cular area of 450 mm® (2.4 cm dlameter) and a 60-micron
depletion depth. With these relatively large-area detectors,
the 11/16-inch-diameter electrodeposited samples could be

counted with good efficiency (31 percent).

Each of the four detectors used was mounted inside a
special vacuum chamber containing a sample holder assembly
and connector tray assembly with detector socket (Solid

State Radiations Model 302).
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The output of each detector was amplified separately
by a low-noise, charge-sensitive preamplifier (ORTEC
Model 101) and main amplifier (ORTEC Model 201). The
amplified signals were analyzed by a 400-channel pulse-
height analyzer (RIDL Model 34-12) and stored in appropriate
quadrants ¢f the analyzer memory. The use of an external
router-mixer circuit (RIDL Model 30-26-002) made it
possible to use the four detectors simultaneously with the
single analyzer. Digital readout of the analyzer was by

IBM typewrifer,

A photograph of a portion of the alpha-spectrometry

system 1s shown in Figure 4.1.
4.2 PLUTONIUM-23% TRACER STANDARDIZATION

A tracer stock solution containing 0.5 microcurie of

236

Pu was purchased from Tracerlab, Inc., Richmond,

California. This solutlion was quantitatively ftransferred
to 2 100-ml volumetric flask and diluted to volume with 6
N HC1. A 0.100-ml aliquot of this solution was electro-

deposited directly onte a platinum disk, using the standard

plating procedure described previously. Alpha pulse

232

inalysis of this plate showed only the U daughter of
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236
Pu 3 , and a slight ( ~ 0.2 percent) amount of Pu238, in

236

addition to the Pu peak. The total solutign then was

diluted to 2 liters with 6 N NCl; this solution was

236

designated Pu Stock D,

A solution of Pu239’240 having a concentration cof
127.2 {+ 1.9 percent) dpm/ml was used to standardize the
Pu236 D tracer. Quadruplicate standardization samples
were prepared containing 1.0 ml of D and 2.0 ml of the
Pu239,2ao reference solution. Hach solution was mixed
well, evaporated to dryness, taken up in HCl, and electro-
plated for 20 minutes using the standard procedure. The
mean concentration of the Pu236 in the D tracer was 563.2
dpm/ml, as of October &, 1963, with & standard deviation
estimated from the range of the four determinations,
of + 0.8 percent. Combining this value with the standard
deviation (+ 1.9 percent) of the concentration of the Pu239’240
reference solution gave + 2.1 percent as the standard de-

236,

viation of the concentration of Pu in Stock D,

o
Twe liters of Pu“3b Stock E was prepared by a one-

tenth dilution of Stock D.
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4.3 ILLUSTRATIVE ALPHA SPECTRA

Figure 4.2 is the alpha spectrum of a:small aliquot

236

of the Pu tracer which was electrodeposited directly,

without any radiochemical separations. Thils spectrum

shows the 5.48-Mev alpha of the Pu238 isotopic impurity,

the 5.31-Mev alpha of the U232 daughter of Pu236, and the

8 granddaughter of the Pu236.

5.41-Mev alpha of the Tho2
At the start of this analytical program (QOctober 1963),
the Th228 peak could not be observed but gradually

grew in over a period of months.

236

Figure 4,3 is an alpha spectrum of the Pu tracer

23e daughter,

after radiochemical separation of the U
Several plates of this type were prepared to determine the
magnitude of any tailing of the Pu236 tracer in the Pu239
region, which could possibly be a correction to low

setivity Pu239 samples. The ratic of counts in the

Pu239 region to integrated Pu236 peak counts was only

0.0004 + 0.0001 making it unnecessary to apply such corrections.
Figure 4.3 is actually the spectrum of the plate which had

the highest observed ratic, 0.00052,

Figure 4.4 is the alpha spectrum of a typical sample.

The resolutlon {FWHM = full width at half maximum) is
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50 kev, and the Pu22® and Pu?39:240 apre of the same

order of magnitude.

-
.

The Pu?3® peak 1s seen at 1 percent of the Pu2’9.240

peak.,

Figure 4,5 is the spectrum of a dirty plate (visible
deposit) exhibiting poor (80 kev) resolution. The Puf39,240
peak 1s only 1.4 percent of the Pu236 and is not resolved
cleanly from the tracer tail, The Pu2’8 peak is not

detected.

Figure 4.6 is the spectrum of another clean sample

plate, with good (50 kev) resolution but having 500

times as much Pu239,240 55 Pu236. This spectrum also
shows the long low-energy tail on the large Pucl9s240

peak at less than 0.1 percent of the peak height.
4,4 DETECTOR CALTERATICON AND BACKGROUND

Background and energy-calibration of the four detectors
were checked weekly to insure proper performance of the equlp-
ment, Each amplifier gain and pest-amplifiler bias setting
was adjusted to record alphas in the energy range of 3.90
to 6,25 Mev, only. The mercury pulser was calibrated using

alphas of three different energles.
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The four semiconductor detectors were designated IAD-1,
-2, -3, and -4, LAD-1 and LAD-2 had been‘used previously;
consequently, thelr backgrounds were higﬁér than those of
LAD-3 and LAD-4. When the former two detectors were new,
their backgrounds were as low as those shown in Table 4.1 for LAD-4.
Gradually the backgrounds increased until they reached the
values of Table 4.1 in July 1964. The oldest detector,
LAD-1, has been in service since November 1962 and once was
contaminated with reccil daughters of Th and Pa samples,

which subsequently slowly decayed away.

TABLE 4.1 BACKGROUNDS OF SEMICONDUCTOR DETECTORS IN
JULY 1964

Counts per 1000 minutes

FPeak

Energy

Region LAD-1 LAD-2 LAD-3 LAD-4
pu236 13 7 3 3
pu2s8 11 5 4 2
pu2?9,240 3 7 3 1
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4.5 DETECTOR EFFICIENCY

The efficiency of the four detectors was determined

with independently standardiced sources of Ameul, U233,

236 239,240

Pu The average efficiency for all four

,and Pu
detectors was 0.310 + 0.015. There was no evidence of
alpha energy dependence. Thils average efficiency of

31 percent exceeds the 20 percent efficiency assumed at
the time the counting requirements were specified by the

Review Committee at the Roller Coaster Radiochemistry

Meeting, November 12 and 13, 13863,
4.6 CALCULATION OF RESULTS

Each sample requiring Pu analysis was spiked with a

236

known amcunt of Pu tracer, and the initial chemical

steps were designed to insure chemical exchange between

236. Since the counting

the sample Pu and the tracer Pu
efficiency was independent of alpha energy, and since,
in 2 given alpha spectrum, the same fraction of e=c¢ch
peak was integrated, the integrated peak counts and the

disintegration rates were related by the equation:

( peak counts Pu239’2u0 ) _ (dpm Pu239,240 ) )

236 230

peak counts Pu dpm Pu
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236

The amount (dpm) of Pu added to each sample was

known and was corrected for decay to the time of counting,

using a half-life of 2.85; years, thus:

(dmeu239’240)

peak counts Pu230 added

peak counts Pu239’2uc’) dpm Pu236 4 2
in the sample (4.2)

The above equation was used to calculate the amount of
Pu239’240 in each sample. Notice that neither the radiochemical

yield nor counting efficiency appear in this equation,

The counting precision was reported for each Pu239=240
result in terms of the single standard Poisson counting error.
This convention was followed whether the measured activity was

higher or lower than the standard deviation.

At the Radiochemistry Meeting, 12 and 13 November 1963,
the Revlew Committee specified a maximum counting time of
four hours or 1000 counts with a Pu230-spiked sample, or + 10
percent 1f the spectra gave a positive indlcatlon of the presence
of Pu239:240. These criteria were established on the assumption
of 60 percent chemical yield and a 20-percent counting efficiency.
The efficiency of the semi-conductor detectors used by this lab-
oratory was about 31 percent and the tailing was negligible,

enabling most samples to be counted to a precision of + 5 percent.

A typical sample data sheet is reproduced in Exhiblt 4.1,

showing the typed spectrum and the calculation of the results.
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Figure 4.1 View of alpha spectrometry system showing three of
the four vacuum chambers containing the semiconductor detectors
{in lower left corner), two of the four amplifiers (above vacuum
chambers,, and the multichannel pulse-height analyzer.
(Hazleton-Nuclear photo)
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Figure 4.2 Alpha spectrum of Pu?® tracer stock, showing Pu®*

decay products and Pu% 1sotopie umpurity.
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Figure 4.3 Alpha spectrum of Pu?¥ tracer after radiochemical
separation of its decay products.
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Figure 4.4 Alpha spectrum of a typical Roller Coaster plutonium sample.
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Figure 4.5 Alpha spectrum of a dirty sample plate giving poor resolution.
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Figure 4.6 Alpha spectrum of a sample with a high ratio of sample
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Exhibit 4.1 Reproduction of 2 typical plutonium sample data sheet showing

typed alpha spectrum and the caleulation of the results.
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CHAPTER 5

URANIUM ANALYSIS

The uranium content of many of the Roller (Coaster
samples was determined to ascertain the degree of fraction-
ation, if any, between the uranium and the plutonium. A
number of samples were chosen from each event., These were
plcked by choosling one or more samples from each type of
collector along the hot line of debris deposition. The
uranium to plutonium weight ratios of the four events were:
Double Tracks, 4.35; Clean Slate I, 47.2; Clean Slate 1I,

100.4; and Clean Slate III, 99.7. Data obtained prior
to analyzing the samples indicated that the uranium content

4

to 2 x 104 micrograms per sample;
3

would vary from 1 X10~
actually the range was 4 x 10~ to 1.4 x 104 micrograms
uranium per sample analyzed. Wherever possible, for samples
of known low uranium content, the entire sample was used

for anglysis by separating the uranium prlor to analyzing
for plutonium., The samples of high uranium content were
aliquoted to obtain the proper uranlium content needed for

a sensitive fluorescence measurement, i.e., between 0,1

and 1 microgram of uranium.
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Results of the uranium analysis indicate that serious
fractionation did occur between the uranium and the plutonium

of these experiments.
5.1 DISSCOLUTION OF SAMPLES FOR URANIUM ANALYSIS

Procedures for the dissolution of both the Casella
Impactor and Anderson Impactor Specimens, described
in Chapter 2, were altered for uranium analysls to eliminate
the dissclution of all, or part, of the glass disks. This
was necessary to avoid additioen of any uranlum from the
glass to the sample. Also, large amounts of calcium
gsulfate, produced when glass was dissolved in the presence
of sulfuriec acid, were eliminated. All the other samples
in whiech uranium was determined were dissolved using the
procedures glven previously (Chapter 2). However, the
guantity of reagents used was carefully limited and recorded
so that a reagent blank ¢ould be subtracted from the

samples of lower uranium content if necessary.

5.1.1 Modified Procedure for Glass Disks. The

modification consisted in the removal of the glass disks
before addition of hydrofluoric acld. After the sample
had been placed in the Teflon beaker, the cellophane

envelope, adhesive, and cellulose acetate film were

78



dissolved by bolling in a mixture of concentrated nitric

and sulfurlec aeclds until all visible traces of organic
material were gone, Perchloric acid theﬁ was added cautiouslﬁ
and the solutlion was bolled untill 1t was colorless. At

this stage, the gl=ss disk was removed and rapidly rinsed
with concentrated hydrofluoric acid followed by adequate
demineralized water to remove hydrofluoric acid. The

disks were allowed to dry and then checked for alpha activity.
No alpha activity was found on any of the disks. The
solution in the Teflon beaker was boiled to dryness and

the residue dissolved in a minlmum volume of a mixture of
saturated boric acld sclution and concentrated nitric acid.
This solution was stored awaiting uranium analysis.

5.2 DETERMINATION OF oBgIMUM CONDITIONS FOR URANIUM
EXTRACTION USING u<33 TRACER

233 tracer,

Three membrane filters, spiked with U
were dissolved in the same way as typilcal physical samples.
The extraction procedure was varied 1n the three experi-
ments to obtain as much data as possible. (For details

of extraction procedure zdopted for use, see the follow-

ing section.)
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5.2.1 Experiment No. 1. The residue from the memtrane

filter dissolution was dissolved in 10 ml of:6 XN HNOz
containing 1 ml of saturated borlc acid solution. (This
represented an average physical sample.) In addition

l1mlof 25 M ferrous sulfamate was added.

The sample was extracted three times with 10 percent
tri-butyl phosphate in hexane. Each hexane phage was
back extracted with an equal volume of 0.01 N HNO3.
Each back extract was evaporated To 0.5 ml, salted with 5
mi of 2.8 M aluminum nitrate - 0.005 M tetrapropyl-
ammonium nitrate - 2 M ammonlum hydroxide salting solution
and extracted three times with 2-ml portions of hexone.*
811 extractions were made by shaking fer three minutes.
The three hexone extracts were combined and evaporated on
a two-inch aluminum counting planchet in a 2 pi windowless
g=s flow proportional counter. Its countinz rate was
compared with that of a reference standard, prepared by
evaporating UE:‘;3 tracer directly onto & planchet, to obtain

the ylield as follows:

Percent Recovered

First TBP Extraction Rl1.7
Second TRP Extraction 14.8
Third TBP Extraction 7.4

*Methyl Isobutyl Ketone.
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The original aqueous solution then was made about 1

M in A1(NO3). and extracted a fourth and fifth time with

3
the following results:

Percent Recovered

Fourth TBP Extraction 13.5

Fifth TBP Extraction 6.5
Total for the 5

extractions 93.9

leaving 6.1 percent or less 1In the aqueous phase,

5.2.2 Experiment No. 2. The procedure followed was

the same as 1ln the first experlment except that the sol-
ution was made about 1 M in Al(NO3)3 at the start of the
extraction procedure. The results of this experiment

were as follows:

Percent Recovered

First TBP Extraction 79.2
Second TBP Extraction 11.8
Third TBP Extraction 3.5
Fourth TBP Extraction 1.1
Fifth TBP Extraction 0.
Total 95.6
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5.2.3 Experiment No. 3. This experiment wag performed

to determine the fractional extraction of Pu into the TBP
(in hexane) after adding ferrous sulfamate to the solution
to reduce Pu to Pu(III) and prevent its extractlon. About

236 tracer was added to the sample before

500 dpm of Pu
dissolution. After addition of the ferrous sulfamate, the
sample was extracted three times with TBP in hexane, using
the procedure of Experiment No. 2. The three TBP extracts
were combined and evaporated for alpha counting to deter-

mine the percentage Pu extracted; this was found to be

10 percent.

From the results of these three experiments, it was
decided to use the procedure of Experiment No. 2 but to
1imit the number of extractlons to three to minlmize
extraction of Pu, DBecause the extracted Pu would follow
uranium in subsequent chemistry, all the uranium fluoro-
metrlic pellets were saved for possible Pu analysis;
however, Pu analysis of these pellets did not prove to be

necessary.
5.3 DETAILED URANIUM SEPARATION PROCEDURE

The uranium procedure used was adapted from procedures

that have been used throughout the industry for many years
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and whlch have proved to be extremely reliable and re-
producible, yet very selective for uranium, minimizing
fluorescent Interference. The procedure:&as adapted from

the one glven on pp. 161-162 of Reference 1.

Purity of the reagents was of great concern, and some
reagents had to be specially puriflied. The aluminum
nitrate salting solutions were purified by extracting with
10 percent tributyl phosphate in hexane solution before
use, Also, the 10 percent tributyl phosphate Lo be used
for extraction of the samples was back extracted with

0.01 N HNO3 and then equilibrated with 4_5 HNO3.

To determine the reagent blank, all the reagents used
for dissolutlon and extraction were combined in known
amounts exceeding any quantitlies to be used for sample
dissolution. These reagents were evaporated and the
uranium content was determined by fluorometric analysis
and found to be acceptable. (See subsequent section on

Uranium Reagent Blank, )

As the samples were dissolved for uranium analysis,
the quantities of reagents were controlled, as shown 1n

Table 5,1, Knowlng the amounts of reagents added, a
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blank correctlon was applied to any of the samples if 1t

was significant (when total U found was less than a
microgram). As the dissolution procedure aﬁ& subsegquent
sample preparation have been discussed previously in this
report, only the purification by extraction and fluorescence

measurement are included in the followlng procedure.

5.3.1 Reagents and Egqulpment Needed for Uranium

Extractlon.

Reagents Purity
Nitric acid Reagent grade
Aluminum nitrate, nonahydrate Reagent grade
Tri-n-butyl phosphate (TBP) Purified
Hexane Purifled
Hexone (methyl isobutyl ketone) Purified
Tetrapropylammonium hydroxide Highest purity
Ammonium hydroxide Reagent grade
Ferrous sulfamate Highest purity
Eguipment:

Automatic Sample Shaker

Mineral 011 Bath

Hot Plates

Small Polyethylene ERottles, 1 cz

Test Tubes 145 mm 20 mm
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Equipment: (cont.)

Stoppers Size O
Transfer Plpets 9 inch
Rubber Bulbs for Transfer Plpets

Graduates 5 ml

5.3.2 Procedure.

1. Reduce the sample volume for the physical samples
to 10 ml or less. Use the volume on the biologil-
cal samples as recelved; these range from 50 to

200 ml.

2. The sample as recelved is 1n approximately 6 N
HNO3, so enough purified Al(NO3)3 should be added

to make the solution approximately 1 M in Al(NO3)3.

3. Add 0.5 ml of 2.5 M ferrous sulfamate, shake
vigorously for 30 seconds and wait 5 minutes
before continuing. (Ferrous sulfamate reduces
plutonium to Pu(III) which does not extract

appreclably.)

4, Add to the sample an equal volume of 10 percent
tributyl phosphate in hexane, cap tightly and

shake either by hand or on the shaker for 3
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minutes, (Shake larger biclogical samples on the
shaker for flfteen minutes.) Quantitatively re-
move the organlc phase and repeat the:éxtraction
twice combining all three organic phases. Save

the aqueous phase for plutonium analysis.

Back extract the uranium from the comblned or-
ganic phase with an equal volume of 0.01 N

HNOB. (For the large volume biological samples
back extraction was done uslng an aquecus volume
equal to one half the organic volume.) Quantlta-

tively remove the agueous phase and repeat the

extraction once combining both aqueous phases.

Evaporate the 0.01 N HNO3 solution (combined
aqueous phase from step 5) to near dryness in a
20-ml test tube. (On the large blological samples
concentration was made in a beaker of adequate
size to a volume of 2 ml, Then the solution was
transferred to a 20-ml fest tube and evaporated

to near dryness.)

Add 4 ml of uranium salting solution (Note a) to
the evaporated sample and shake to mix. Add an

equal volume of methyl isobutyl ketone and shake
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for three minutes, Quantitatively remove the
organic phase and repeat the egtraction twilce
with methyl 1sobutyl ketone. ‘COmbine the three
organic phases, belng careful to avold any trans-
fer of the agueous solution, in a 20-ml test

tube and evaporate to 0.1 ml in an oll bath at
115° c. Stopper the sample and save for fluoro-

metric analysis.

Note a. The uranium salting solution contains
1050 g aluminum nitrate nonahydrate, 67.5 milliliters of
14.8 N NHyOH, and 10 ml of 10 percent tetrapropylammonium

hydroxide made to a total volume of 1 lifer.

5.4 URANIUM FLUOROMETRY

Uranium flucrometry was subcontracted to Radlation

Detection Company (RDC), Mountain View, California. The
samples sent to RDC were evaporated hexone (methyl

isobutyl ketone) solutions in test tubes. These solutions
were transferred to a small platinum planchet (15 mm 1n
diameter and 3 mm deep) and evaporated. The test tube was
rinsed twlce with hexone and these rinses were combined on
the planchet with the sample. A pellet containing approxi-

mately 0.4 gram of flux (45.5 percent sodium carbonate,

87



and 9 percent sodium fluoride) was placed in the planchet
and fused at 680° to 700° C for 10 minutes. When the
large planchets (35 millimeters in diameter and 3 milli-
meters deep) were used, a pellet containing approximately
4.6 grams of flux was added and fused for 20 minutes at
the same temperature as the small planchets., The fused
pellets were allowed to cool, tapped from the platinum
planchet, and the fluorescence determined with a Jarrell—
Ash Fluorometer Model JA=-2600. To check for any loss on
the first fusion, a second fusion was done on the sample
planchet using a new flux pellet. WMicrograms of uranium

per sample were calculated using the formula:

(reading of sample) - {flux blank) micrograms of
Treading of standard) - (flux blank) uranium in standard

= milcrograms of uranium in sample (5.1)

Values for the flux blank and gtandard in the above equation
were obtained from a flux blank sample and a uranium standard

sample run with every four Roller Coaster samples.

5.5 TURANIUM REAGENT BLANK

In order to determine a U blank applicable to the

amounts of feagents used for sample preparation, the following
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amounts of these reagents were evaporated and assayed for

uranlum, All reagents were analytical reagent grade unless

otherwise 1indicated.

Reagent

HC1l

HC10,

H3BO3, saturated solution
Al(NO3)3, saturated solution
Ferrous Sulfamate

10% TBP in Hexane

Hexone

Salting Sclution

Volume

Remarks

1500
100
10
1500
100
20
20
100
10
200
100
10

Prepurifled, about 3 M.
2.5 M solution.

Prepurified

Prepurified

The Al(NO3)3 solution and the ferrous sulfamate were

both extracted with the 200 ml of 10 percent TBP in hexane

and the 30 ml of hexone. In order to include these sol-

utions in a blank they had to be extracted, rather than

evaporated, because of the large quantity of solid materlal

present. All the other solutions were evaporated and
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combined for the blank determination. The assay of this
11

-

blank sample gave 0,057 ug U, or 1.55 x 10 -~ ug U/ml of

reagents.

Additional blanks were processed during the program
as part of the internal quality-control program, The
results for the Internal control samples are listed in
Table 5.2. The results on these blanks were in the range

10

=10 -
of 4 x 10 to 6 x 10 pg UL

5.6 TURANIUM INTERNAL CONTROL SAMPLES

In analyzing the first samples for uranium, some
difficulty was encountered in obtaining consistent fluoro-
metric results from RDC. Consequently, many standard
samples were processed to obtain assurance that maximum
accuracy was being obtained and that the method would be
adequately sensitive to detect low uranium content. The
results for these samples are included in Table 5.2 and
are shown graphically in Figure 5.1. By altering the RDC
procedure, as little as 4 x 10-10 grams of uranium could
be determined corresponding to three sigma of the mean
blank value for 17 blank determinations. This minimum
detectable quantity was substantlated by submitting several

additicnal blank samples.
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The second set of biclogical spilkes and blanks was
run using horse liver purchased at a local pet shop.
This liver was apportioned into approxiﬁﬁ%ely 200-gm
samples. Two of the samples were spiked with 32.4 micro-
grams of uranium, two were spiked with 734 dpm of p=33
tracer for yield determinatlons to compare with the RDC
results on the natural uranium spike, and two were left as
blanks. The results of these horse liver recovery ex-
periments were as follows: The two samples spilked with
U233 were dried and ashed, and complete uranium chemistry
was performed as outlined in the preceding uranium pro-
cedure. The final hexane extract was evaporated and counted

in a 2 pi windowless flow counter. An average yleld of

70.5 + 9.7 percent (one standard deviation) was obtained.

The two samples spiked with natural uranlum were run
233

exactly the same as those in the U experiment except
that the final hexane extract was evaporated and submitted
to RDC for fluorometric analysls. An average yield of

34.9 + 9.7 percent (one standard deviation) was obtained.

The two blank samples (weilghing 303 and 300.4 grams)
were run in the same way as the U233—spiked, and natural-
uranium spiked, samples. An average result of 0.0018
microgram per gram (dry weight) was obtained from this

liver tlssue,
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To establish a uranium blank and yleld for the biologi-
cal samples (all burro or sheep lungs), two sets of samples
were run. The first set was prepared from:ﬁéef liver pur-
chased from & retail market. Duplicate 415-gram portions
of this liver were spiked with 0.5 microgram of uranium,
and 1.16 miecrograms of uranium were found. This amount
was higher than that found in the Roller Coaster burro
lung tissues. It had been hoped that a blank could be
obtained for application to Roller Coaster samples, and
liver had been chosen as the tissue most likely to con-
tain the same amount of uranium as a lung tissue.

Reference 2 states that approximately 0.05 microgram of uranium per gram
of dried tissue is found in both mammalian lungs and livers.

Reference 1 states that one can expect to find from

1.5 % 10"5 to 1 mierogram of uranium per gram of living
matter. Therefore the concentration of uranium found in
the beel liver, 0.007 microgram per gram (dried wéight),
i1s not surprlsing.

The results of the blank samples run on beef Iliver
and on horse liver and the results of the Roller Coaster
burro lungs showed that a wide variation in the uranium
content can be expected in tlssues from different animals.
Tt was hoped that a blank correction (micrograms U per
gram of dry tissue) could be applied to all samples.
However, some of the Roller Coaster burro lungs contained

less uranium than any of the blank tissues. The range
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of U contents of the burro and sheep lungs was 3 x 10'4

to 1.6 x 1072 micrograms per gram of dry tissue.

-

5.7 CORRECTIONS APPLIED TO FLUOROMETRIC RESULTS FOR

PHYSICAL, SAMPLES

Each uranium value received from RDC was first corrected
for any fuslion losses by adding the net uranium value from
the second fusion to the value obtained from the original
fuslon. This corrected value was secondly corrected for
loss during processing using the recovery factor obtained
from standards submitted with the samples when they were
analyzed. The recovery factor obtained was 74 + 6 percent,
at the 95 percent confidence level, A third correction
was made, where applicable, for the aliguot used. A
fourth and flnal correction was made for uranium in the
reagents used and for the natural uranium content of any
soil-containing samples. The values subracted as reagent
blank corrections were: Casellas, 0.00395 microgram per
sample; Andersens and Total Alr Samplers, 0.00403 micro-
gram per sample; Films, 0.00457 microgram per sample;
and Aluminum Collectors, 0.0155 microgram per sample for
reagents plus 6 micrograms per gram of soil. The value
of 6 micrograms of uranium per gram of soil was obtained
by gamma spectrometry on a large soll sample as described

in Chapter 7.

93



The results for the physical samples are given in
Table 5.3 and for the DASA Quality Control Selutions in

Table 5.4,

5.8 CORRECTIONS APPLIED TO FLUORCMETRIC RESULTS FOR

BIOLOGICAL SAMPLES

The same correctlions were applled to the biologilcal
samples as were applled to the physical samples., First, the
U value from the second fusion was added to the value from
the original fusion., This total was secondly corrected for
losg during processing using an experimentally cbtained
recovery factor of 34.9 + 9.7 percent. A third correction
was made for the aliquot used; since all samples for

uranium were halved after dissolution, a factor of two

was applied. A fourth and final correction was applied
for reagents used for dissolution of the tissues. The
reagent blank values subtracted from the results were
3.1 x 1079 pg uranium on the burro lungs. No correction
was applied for natural uranium in the tissues of the

animals; (see above discussion of attempts at determining

this blank).

The results for the blological samples are given in

Table 5.5.
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TABLE 5.1 MAXIMUM VOLUMES {ml) OF REAGENTS USED FOR DISSOLUTION OF SAMPLES FOR URANIUM ANALYSIS

Sample Type Reagent
Ferrous 10% TRF

HNO3 HF HpSO, HCl Hp0 HClOy H3BO3  AL(NO3)y  Salting Sol. Sulfamate 1In Hexane Hexone Total
Casella Glass Impactors 30 3 5 0 80 5 3 H 4 0.
and Membrane Fllter 5 30 60 225
Andersen Glass Impactors 50 3 10 0 90 5 3 4 4 0.
and Membrane Fllters 5 30 60 260
Also TAS-1,2 & D Filters
Pilm Deposition Collectors 7O 3 14 Q 100 10 3 4 0.5 30 60 295
Aluminum Deposltilon 300 30 10 10 550 5 3 4 0.
Collectors 5 30 60 1007
Blologleal Lung Samples 135 4o i 5 200 0 5 30 4 0 100 100 620




TABLE 5.2 URANIUM INTERNAL CONTRCL SAMPLER

Uranium Concentration

Submitted

Found

-

for Flusrcmetry. by Fluorometry - Percent
Sample Deseription b
ug/ml ng/mt
Direct Pipetting of Sample (b) 23.5 12.8 -46g
11 " n n 23.5 5‘8 -TSS
n " " n 1701 1'13 +12%
w " n ] 1.01 1, 38 +37%
" " " " 1.01 1.38 +374
" " " " 1.01 0.238 -76%
" n 1 i 1.01 o] .760 _255
" 1 1 " 1.01 0.740 -ET%
u ™ " [ 1.01 0. 560 - 5%
n n n n 1 '01 0'802 -21‘
" " " " 1.01 0.666 -34g
Uranium Separation Procedure (c) 1.01 0.60 -41%
s P " 1.01 0.67 -34%
Drect Pipetting of Sample (b) 0.235 0.256 +9%
W " " n 0.235 0.204 -13%
n n " " 0.235 0.298 "’27%
" n " u 0.235 0.328 +40%
Uranium Separation Procedure (e) 0.235 0.172 -27%
Direct Pipetting of Sample (b} 0.324 0.307 -5%
" [ " [l 0_32“ 0.265 ‘18%
" " n " 0.324 0.288 -11%
" " n " 0. 32“ 0.288 -11%
Uranium Separation Procedure (c) 0.324 0,256 -20%
n 1 n Q 324 0,248 -23%
" " " 0.324 0.229 -20%
" " " 0.324 0.229 -29%
Direct Pipetting of Sample (b) 0.0101 0.0158 +56%
" w oo 0.0101 0.0120 +19%
" " " " ©.0101 0.0120 +16%
" " " " 0.0101 0.0035 g5%
Uranium Separation Procedure (c) 0.0101 0.0158 +56%
Direct Pilpetting of Sample (b) 0.00101 0.00100 -1%
Dissolutlon Blank (See Section 5.5 for Unknown 0.057 -
composition)
Extrection Blank for Uranium Separatlon TUnlmown 0,0006 -
Procedure (d)
Extraction Blank for Uranlum Separation Unknown 0.0006 -
Procedure {e)
Nitric Acid Blank; 1 ml (Reagent Grade) Unknown 0.0004 -
Deminerallzed Water Blank; 1 mi Unknown 00,0004 -
{Leboratory Supply)
Plutonium-23% Tracer Blank; 5 ml Unlmowt 0.0004 -
(2500 dpm)
Flutonium-239 Spike; 1 mi (1000 dpm) Unknown 0.0004 -

Size of
Platinum Planchet

Large
Large

Large
Small
Small
Small
Small
&ma1l
Small
Smail
Small
Small
Large
Large
Small
Small
Small
Large
Large
Large
Small
Small
Large
Large
Large
Large
Large
Small
Bmall
Small
Large
Small

Small

Small

Small

Small
Small

Small

Small

See Uranium,Fluoromeﬁry Sectlon.

s im———
o op
hatipastat

{e} Same as (d) on enother saltling sclution.

96

samples were directly evaporated on the platipum dilsks from standard sclutlone.
Samples were completely processed through urapium procedure uged for Roller Qoaster samples.

The extraction blenk consisted of & check made on & new saltipg solution made for biological samples.

The blank was prepared by procesaing 200 ml of the salting Bclution through the uranium extractlon procedure
using 20C ml of 10% TRP in hexane, 50 mi of 0,01 N HNOz, and 50 ml of hexone.



TABLE 5.3 FPHYSICAL SAMPLE URANIUM ANALYSES

Corrected Fluor.
Sampler Read., Total pu239, 240 Gorrected
Locaticon Type TL No. Net “u/Pu
hg U ug U dapm
DOUELE TRACKS
{Source weight ratio, U/Pu = 4.35 )
H-064 And-1 2728 0.986 1.32 26 u -2,
-2 7.06 o.l6 1.76 x 10 7E.
-2 C.250 0.331 1869 26,
- 0.665 0.887 2593 50,
-5 0.742 0.982 130 109.
-7 1.52 2.02 19 154.
sum - 15.00 2.79 x 10 78.
G-060 Cas-1 {a; 9658 0.247 0.327 g72 54,
-2 {a 0.199 0.263 241 158.
'ﬁ 0,088 0.11k 4658 3.5
- 1.25 1.68 3407 71.
-5 0.050 0.063 1695 4 5.4
Sum - 2.45 1.09 x 10 33.
G-058 TAS-D 9681 0.132 0.173 1577 16.
H-066 TAS-1I 2726 0.962 1.28 gaas L48.
H-030 Film 8o43 0.550 x 1.34 0.737-0.0045 615 16.
H-034 l " 0.933 1.25 ﬁ.ls x 10, 2.0
H-038 " " 0.933 1.25 .92 x 10, 3.7
H-048 n " .71 8.99 6.87 x 107 1.9
H-054 " " 0,379 3.02 2.24 x 103 2.0
H-058 " " o417 2.2 2.7? x 10 3.3
BL-08 Al. Coll. 9811 41, 5486, 98 x 10° 161,
CLEAN SLATE-I
(Source weight ratlo, U/Pu = 47.2)
B-022 And-1 3314 2.30 3.08 1.29 x 104 35.
-2 0.155 0.204 71 3.
3 0.361 0.480 888 78.
-4 0.588 0.784 T4T 152,
-6 ¢.094 0.122 300 59.
-7 C.1l7 0.193 242 116.
Sum= 4. 86 1.55 x 10 45,
B-026 cas-1 (b 2688 0.276 0.366 1410 38.
-2 (b 0.796 1.06 1017 151.
-3 ©.390 0.515 2939 25,
-4 0.215 0.28L 1251 33.
-5 0.039 0.048 221 32.
Sum - 2.27 6838 48,
B-020 TAS-II 3050 1.28 1.72 550 4s3,
B-026 TAS-II 3051 0.276 0.370 1006 53,
BM-0% Film B121 51.6 69, 2.17 x 102 46,
BM-07 Al. Coll. 9813 i3, 14,374, 1.57 x 1¢ 13.
A-020 Al. Coll. 3830 42, 11,253, 8.60 x iGT 13,
CLEAN SLATE-II
{Source weight ratlo, U/Pu = 100.4)
F-020 And-1 3152 0.251 0.332 Lonh 9.7
-2 0.062 0.075 2173 5.3
-3 0.0l1 0.051 160 ué
-4 0.065 0.083 771 16
-6 0.085 0,110 584 27
-7 0.072 0.656 4504 30
Sum- 1.61 1.33 x 10 18
F~022 cag-1 (b 2171 0.885 1.1R 1573 109
-2 (b 0.056 0.071 1488 6.9
-3 0.269 0,356 4324 12
-4 C.248 £.328 725 66
-5 0.342 c.oue 1742 37
Sum- z.38 9854 35
F-014 Tag-b Loko 0.125 0.164 £23 3B
F-036 TAS-II 4029 0.410 0.545 4543 . 17
E-046 Film 8113 56 75. 2.91 x 10¢ 37
B8-080 Al. Coll. o843 3.421 303 . 5.35 x 10 8.2

o
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TABLE 5.3 PHYSICAL SAMPLE URANIUM ARNALYSES (cont'd.)

Cerrected Fluor. Gerrected

Sampler Read., Total pu39. E4C We . Fatlo
Locatiorn e TL No. Net T Pu
ng U ug U apm
CLEAN SLATE-III I
{Source weight ratlc, U/Pu = 99.7)

F-034 And-1 3265 3.08 412 2.23 x 1OL 27,
-2 0.524 0.658 4840 21.

-3 0.460 0.612 B4l 14.

=4 0,453 0.603 42c3 1k

-6 0.260 0. 344 4558 1.

-7 0.100 0.130 127 144,

Sum- 6.51 h.pl x 1C 2,

F-080 Cas-1 {b{ w897 0.089 0.115 ugL 35,
2 (b a.1gh 0.162 120 Uk

-3 0,083 0.107 278 57

- 0.253 0.335 375 130

-5 0.125 0.104 366 £a

: i 8158 4.8 65 1501 5

F-Q Film 1 . . .25 x 10 25
}'-‘-022 " 13.29 177 %.23 x 103 k.o
F-04d4 " 51.5 65.0 6.58 x 10 15.

F-050 N 2.27 15.2 6.88 x 10 2
F-058 " 0.265 2.38 6370 57,

F-0h4 TAS-1 5063 0.322 0.8418 4766 13
F-J78 TAS-TII BOBG 0.500 0.664 5388 15,

{a) Pirst and second Casella stages autoradiographed bty Isotopes, Inc. They repory that atage 1 resembled a stage 4
pattern and stage 2 resembled a stage 3 pattern. A packaging mixup ls suspected, and stage 2 may also have been
conterinated or doubly exposed.

(b) First and second Casella stages autoradlographed by Isotopes, Inc.

98



-

TABLE 5.4 TURANIUM ANALYSIS OF DASA QUALITY CONTROL SOLUTIONS

DASA Number Standard
Sample No. of Analyses ugl/ml Deviation
213 2 0.059 +0.006
217 3 0.005 +0.005
535 3 0.004 +0.004
547 2 0.053 +0.026
AA-1T 5 C.056 +0.051
AA-59 2 0.214 +0.02
. AB-11 5 0.220 +0.099
AC-51 2 1.38 +0.23
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TAELE 5.5 DOUBLE TRACKS BIQOLOGICAL SAMPLE TURANIUM ANALYSES

[Source welght ratlo, U/Pu 4.35)

DASA Animal  Weight Fluorometric 5 mn Welght
No, Tisgue  wet Reading Net Total py232, 240 tio
g ugl uel dpm U/Pu
2022-4 Sheep 439.1 0.020 0.161 5.62 4100
Lungs
2143-4 u 356.8 0.042 0.341 67.0 T40
2168-14 " 710.1 0.282 2,31 125 2700
2169-4 " 433.9 0.048 0.391 57.5 1000
2173-14 " 424.0 0.014 0.112 283 56
3019-4 Burro 1566 0.062 0.504 142 510
Lungs
30324 " 2252 0.020 0.159 566 41
304g9-4 (4) " 1650 0.013 0.102 7.75 1900
3050-4(a) n 1409 0.033 0.266 1047 37
3050-4¢ () n 1743 () 0.120 0.979 8,458 17, 000
3139-4 (1) " 1172 0,091 0.741 25.1 4,400
No #-n (¢) . 1215 0.031 0.2Lg

3553 10

——— o am—

(a) Sacrificed on D + 7.

{v) Weight includes two bags instead of one.

A1l other animals ssacrificed on D-day.

(¢) This animal is shown in Major D J. Myers’ April 1964, “Bamples Selected for
Laboratory Analysis”, as a control sheep. Tissue weights and Pu activities

found in all tissues indicate that this animal was an exposed burro.

(d) Assigned as contrcl animal in Major D. J. Myers' Aprill 1964

“Samples selected for Laboratory Analysis.”
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PERCENT DEVIATION FROM ACTUAL VALUE

150 %

100%

50%
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-150%
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D) DIRECTLY PIPETTED SAMPLE
£\ EXTRACTED SAMPLE

Figure 5.1 Percent deviation of the amount of uranium found fluorometrically from the amount of uranium

added for internal control samples.

(The points are spread horizontally for easier reading, but their

location on the horizontal axis has no significance.)




CHAPTER 6
RADIOCHEMICAL DETERMINATION OF AMERICIUM/PLUTONIUM RATIO

In order to verify the assumption that Am and Pu did
not fractionate in Roller Coaster (non-nuclear) detonations,
selected clean Gummed Films and Total Air samples from

Clean Slate III were radiochemically analyzed for both

Ameul and Pu239,2u0.

A similar set of analyses was per-
formed by Isotopes, Inc. on Clean Slate II samples.
In addition, this ratio was estimated from the gross alpha

gpectrum of a dirt-free Clean Slate II sample.
6.1 RADIOCHEMICAL YIELD TRACERS

Am243 is the most convenient isotopic yleld tracer
for Am241, but it had two potential disadvantages 1n this

application. One was that the energy of the alpha of Am243

is only 210 kev less that that of Amgul, so that the

resolution of the two peaks 1n the alpha spectrum would

have been difficult if the electrodeposlted samples were

slightly dirty, 1.e., not virtually welghtless deposltis.

The second potential disadvantage was that the available
243 241

Am contained about & percent Am which would have to

be subtracted from the total Am?ul to obtain the net
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Roller-Coaster Ameul; this would have been a small differ-

241 in the sample

ence 1n large numbers if the amount of Am
were underestimated before analysis and:a much larger
amount of Am2u3 added. The combination of the addition of
too little tracer together with a thick electrodeposit
could have resulted in the Am243 tracer peak being only

241

a small bump on the low-energy tail of the Am peak in

the alpha spectrum.

Cm244 also was avallable for use as a tracer. Al-
though not isotoplc with Amgul, 1t had the potential ad-
vantages of having an alpha energy (5.79 Mev} well above
that of Am2tl (5.47 Mev) and of contalning no detectable
Amgul. The use of Cm244 as a tracer for Am241 1s only
valid, however, as long as no chemical operations separating
Am and Cm are used. In general, any chemical steps
which separate the actinides from the lanthanides also
tend to separate the members of each of these groups from
one another. Although relatively clean (dirt-free) samples
had been selected for analysis, it appeared possible that
separation of rare earth elements might become necessary,

241 244

in which case the Am and Cm might have been fraction-

ated,
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Since the potentlal advantage of one tracer tended to
balance the potential dlsadvantage of the other, and

243 ané‘Cmeau were

because both became available, both Am
added to each sample., With both tracers present, the
resulting data could be examined for evidence of Am-Cm

fracticnation.

Stocks of both tracers were obtailned from LASL by
way of Sandia Laboratory. Each solutlion was quantitatively
transferred to a volumetric flask and diluted to volume

in 3 N HNO Exactly 50 percent of each of the solutions

3"
was sent to Isotopes, Inec. Working stock solutions in 6 N
HCl were prepared for H-N3C by diluting aliguots of the

remaining 3 N HNO, solutions.

3

Aligquots of the working stock solutions were plated
directly for isotopic analysis of Am and Cm and to look
for alpha-emitting impurities. The Am2a3 and szuur sclutions
were standardized, using separate aliquots, agalnst an
Ameul solution which had been independently standardized
in a reliable U.S. Government laboratory. This standard-
ization was checked by comparing the counting rate of an
evaporated allquot of the Am241 solutlon with the countling

rzte of a plated U233 standard in a 2-pi proportional counter,
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The standardization of the Am243 and sz44 tracers showed

that a total of only 0.05 microcurie of.e&ach tracer had
been received rather than the specified 0.1 microcurie.
The composition of the two tracers, as determined here by
alpha spectrometry, 1is given 1in Table 6.1.

Data supplled by LASL for the Am243 tracer also are given

for comparison.

TABLE 6.1 RADIOMETRIC ANALYSIS OF AM*3 and oM®*¥ TRACERS

Alpha DPM Percent

Radionuclide Am243 Tracer Cmeua Tracer
H-NSC LASL H-NSC

am243 93.3 93.3 -

am2Ht 5.9 5.9 -

244

cm 0.62 0.88 9g9.86

Cm242 0.14 - 0.14

Date 1-30-64  Not Given 1-30-64

4y o43

The glight difference in Cm2 gcontent of the Am
tracer probably i1s not significant considering the pre-
clsion of the assays and the possible difference in refer-

ence times,
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6.2 RADIOCHEMICAL SEPARATIONS

The Clean Slate 111 samples were wet aghed using the
procedure previously described for plutonium. Tracers

(Pu236, Am243, Cm24a)

were present during dissolution of
all samples except those which were estimzted to contain
high levels of Pu (and therefore Am) or those for which no
rellable estimates of Pu content were available. These
were carefully dissolved tracer-free, Separate allquots
were first taken from the tracer-free scolutions for Pu
analysis, and the Pu analysis was completed to establish
the Pu content and thus give a basis for estimating the
243

i
aliquot size and the amounts of Am and Cm211L tracers

241. The amounts of

needed for the determination of Am
tracers which would have been required for tracer dissoclution
of the higher level samples would have exhausted the

available supply.

The radiochemical separation procedure is outlined in
Table 6.2. This procedure was designed to avoid fraction-
ating Am and Cm and therefore was not lntended to separate
the rare-earth elements, Y, Sc¢, or Ac, although provision
was made to insert an extraection step for this purpose, 1f
necessary. Fortunately, no separation of the rare-earth

group was necessary.
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The acetyl acetone extraction step was added after
it was Tound that a small amount of Al was still present
after Step 5 in the first few samples ruﬁ: Slnce the
electroplating method used will deposit any element having
an insoluble hydroxide, Al would have caused a thick plate.
The acetyl acetone extractlion was chosen to remove aluminum
since 1t also would extract many other elements which might

not have been completely removed in the preceding steps.

Plutonium was stripped from the lon-exchnge column
of Step 3 wilth HCI-NHAI, after first rinsing the column
with HC1l. The effluent containing the Pu was bolled down

and plated; nco additional purificatlion was necessary.

6.3 ALPHA SPECTROMETRY

The alpha spectra of the electrodeposited specimens
were measured With the same semi-conductor detector system
used for the plutonium samples and described elsewhere in

this report. The alpha spectrum of an actual sample 1s

shown in PFigure 6.1.

6.4 RESULTS OF ANALYSIS

The results of the analysis for Ameul in the Clean

Slate IIT samples are given in Table 6.3. The best mean
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239:240/Am241 ratio, obtained by taking a

value of the Pu
non-welghted average of all values with a couﬁting statistl-
cal standard deviatlon of 10 percent or less, 1s 64 + 4 as
of March 18, 1964. This may be compared with the 55 + 5 computed
from original source analyses done by Dow Chemical Company.

Thus, as nearly as can be determined, Am and Pu did not fractionate in CS III,
at least in total alr and film deposition collections.

It can be inferred safely that soll samples are likewlse

unfractionated. On the other hand, this inference does not

necessarily apply to indlvidual particles of the debris.

6.5 GROSS ALPHA ELECTRODEPOSITION

Sample #4033 (Clean Slate-II, TAS-II, location F-066)
wag selected as an especlally dirt-free sample of moderate
activity for this experiment. It was quantitatively dissoclved
tracer-free by standard acid treatment, evaporated to a
drop or two of HpSOy, and diluted with 6 N HCl to 25 ml.
A 2-ml aligquot was transferred directly to an electro-
plating cell and neutralized to the slightly acid con-
dition used in our standard plating procedure. This pro-

cedure provides the same electroplating efficiency for all
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heavy elements as long as the total plating yield is above
50 to 60 percent. Normally this efflcilency is 95 percent
or more. This method of simultaneous deposition of several
heavy elements has been used here successfully many times

in the past.

The plate contained very 1little dirt}and the observed

alpha resolution was a satisfactory 60 kev. Peaks were

239,240 _ ¢ am4l . p,238

present only for Pu (inseparable).
A 10-ml aliquot of the starting solution was analyzed with
Pu236 tracer to provide the corrected standard analysis
result. The total sample Pu®39s240 zctivity was found

to be 370 + 9 dpm.

The observed alpha ratioc of (Am241 + pu238) to Pu239:240

was 0.0270 + 0.0015. Subtracting the previously observed

239,240 of 0.0100 + 0.004 leaves a

mean ratio of Pu238/Pu
net Am2l/pu23%:2%0 Lati6 of 0.0170 4 0.0016. This is in
good agreement with the mean Roller-Coaster value of 0.0161
(with an estimated standard deviatlion of about 11 percent)

at the same time, 4 February 1964. (No Pu241 data are avail-

241 ontent of CS IT

able for CS II; thus, the exact Am
source material cannot be calculated for the time of in-

terest here.) This result confirms the conclusion, based
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on the radiochemical determinations of Am241, that there

is no evidence of Am-Pu fractlonation. :

Since the great majority of samples sent to H-NSC were

dirtier than the one used for this experiment, no additional

analyses of this type were run.
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TABLE 6.2 OUTLINE OF RADIOCHEMICAL SEPAR&TION OF AMERICIUM
FROM SMALL-~RESIDUE ROLLER COASTER SAMPLES

Step

Remarks

1. Precipitate Fe(OH)3
with NH,OH.

2. Precipitate Fe(OH)3
with NaCH.

3. Pass 8 M HNO, (ctg.
NO3) solutitn through
a short Dowex-1 anlon-
exchange column.

4, Precipltate Fe(OH)3
with NHyOH.

5. Pass 11 N HC1 solution
through a short Dowex-1
anlon-exchange colummn.

£&. Evaporate and adjust to
5 ml at pH 5. Extract
twlce with 1:1 acetyl
agcetone in chloroform.

7. Electrodeposlt on Pt
disk using standard
procedure (20-minute
plating period).

Concentrates Am and Pu from
golution.

Largely removes amphoteric
elements, notably Al.

Am not adsorbed.
Pu {(IV) and Th adsorbed.

Concentrates Am from 8 N
HNO3 effluent of Step 3.

Am not adsorbed. Fe (III)
carrier and many other
elements adsorbed.

Am not extracted. Primary
purpose is to remove slight
amount of Al not removed in
Step 2.

*NOTE TO AMERICIUM PROCEDURE:

The above procedure ls de-

signed to remove all elements except Am, Cm (and trans-Cm),

rare earths, Y, Sc and Ac.

If the rare earths Y or S¢ had

been found to be present iIn amounts which would have de-
graded the alpha spectrum, the followlng extraction would

have been added after Step 6:

Extract Am and Cm into 0.6

M Alamine-336 (trlcaprylylamine)} 1n diethylbenzene from

T1IN LiCl - 0.02 N HC1.
with 5 N HCL,

Strip Am-Cm from the organic phase
Repeat extractlon cycle as often as necessary

to reduce the concentration of the interfering elements to

a negligibly low level.

Am and Cm, thgﬁlinvalidating the use of Cm

tracer for Am

(This extraction gﬁ fractionate

as a yleld
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TABLE 6.3 RESULTS OF AmS+l ANALYSIS, CLEAN SLATE III

Sampler Tracer-

Pu239: 240

Location Type 1ab _No. am21() py 239,240 A2t Found (b)
dpm/sample

BM-05.0 TAS-D 5158 38, + 2 2.71 + 0.07 x 103 71 + 4 1.23 + 0.07
A-036 d 5185 56, 15 3.7 ¥ 0.1 x 103 66 ¥ 6 1.14 ¥ 0.08
J-0%0 " 5081 154, ¥5 9.6 ¥ 1.6 x 103 62 ¥ 2 1.30 ¥ 0.04
CSI-E-000 " 5200 0.79 ¥ 0.20 56.1 F 1.45 71 ¥ 18 1.14 F 0.05
CSI-F-000 " 5201 1.25 ¥ 0,22 76.6 * 1.2 61 ¥ 11 1.18 ¥ 0.05
CeI-N-024 " 5195 1,36 ¥ 0.12 93. ¥ 4, 68 ¥ 7 1.14 F 0.03
£SI-N-030 " 5196 0.40 ¥ 0.20 28.3 ¥ 0.09 71 F 36 1.16 F 0.05
C8I-N-036 " B197 -0.07 ¥ 0.31 11.1 ¥ 0.06 3 -160 ¥ 710 1.19 ¥ 0.0

D-030 TAS-II 5149 10.6 ¥ 1.5 1.52 ¥ 0.04 x 103 143 ¥ EO 1.11 ¥ 0.0

F-042 " 5054 15.5 ¥ 0.9 1,04 ¥ 0.06 x 10 67 ¥ 1.32 ¥ 0.07
H-QU42 " 5035 10.7 % 1.3 920. ¥ 100 86 + 14 1.28 + 0.16
T-054 " 5113 0.32 ¥ 0.28 5 32._ % 3. € 100 ¥ 90 1.10 ¥ 0.07
BM-02 Film 8153 1.44 ¥ 0.07 x 10 8.93 ¥ 0.06 x 10 62 F 3 1.20 T 0.05
£0-05.0 " 8152 2.90 ¥ 0.04 x 102 1.79 T 0.08 x 107 62 7 3 1,28 F 0.03
0-026 A " 8155 2.B2 ¥ 0.09 x 102 1.79 ¥ 0.07 x 107 64 F 3 1.17 ¥ 0.0k
n-030 " 8156 2.50 ¥ 0.06 x 102 1.45 ¥ 0.03 x 10% 58 T 2 1720 7 0.03
E-032 " 8157 1.35 ¥ 0.03 x 103 7.9 % 0.2 x 10, 58 ¥ 2 1.24 ¥ 0.03
F-035 " 8158 8.1 ¥0.3 x10 L,75 ¥ 0.10 x 106 59 T 3 1.23 ¥ 0.0d
H-034 v 8160 hys, ¥ 12 2.93 ¥ 0.06 x 10 66 ¥ 2 1.27 F 0.04
J-038 " 8161 201. ¥ 7- 1.27 ¥ 0.03 x 107 63 % 3 1.23 ¥ 0.05
1-038 " 8162 8.17 ¥ 0.40 x 103 5.65 % 0,08 x 10 69 F b 1.18 ¥ 0.05

Mean 64 + U(c) 1.20 + 0.06(D)

(a) Mean of values obtained via Amgus tracer and via Cm24h tracer, as of 18 March 1964,

(b) PRatio of ar2¥3/ome" agges = 1.26 + 0.02.
{¢) Mean (Pu239’2u06%m241) ratlo of 1Y samples with counting statistical standard
deviations < 10%.

gtandard deviatlon about mean E+ 4; 6%)
Standard devlation of mean 1

[+l
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Figure 6.1 Alpha spectrum of electrodeposited americium sample.
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CHAPTER 7
DETERMINATION OF PLUTONIUM IN LARGE SOIL
SAMPLES BY GAMMA-RAY SPECTROMETRY

A difficult problem facing all of the radiochemical
contractors was the determination of plutonium in kilogram
amounts of so0il collected as relatively close-in deposition
{throwout) samples or as corings. Several attempts in
other laboratories at obtaining smaller representative
samples by dry allquoting had been unsuccessful, even after
thorough grinding and blending coperations. Presumably,
this faillure was due to the fact that the large amounts of
soil contained only a relatively small number of plutonium
particles, and this small number was not increased signifi-
cantly by the grinding cperations. Attempts at partial
dissolution or leaching plutonium from soll were reasonably
successful but required such large solution volumes and
lengthy procedures that analytical costs were prohibitive.
For the same reasons, complete dissolution of the kilogram
soll samples and separation of the plutonium were not

attempted.

The simplest possible solution to this problem appeared
to be the determination of plutonlum using gamma-ray

spectrometry. Relatively thin samples of Roller Coaster
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plutonium were known to show both the 17-kev uranium L
x-rays following alpha decay of plutonium iscotopes and the
59.6-kev gamma ray (hereafter referred to:as the 60-kev

2
241 daughter of Pu 41. The 60-kev

gamma ray) of the Am
241
gamma transition occurs in 35.9 percent of the Am dis-

integrations.

Of the scintillation detectors avallable 1n the H-NSC
laboratory, an 8-inch diameter by 4-inch thick NaI(Tl)
crystal appeared to be the best one to use for these large
samples, since 1t would glve the best counting geometry
with minimum sample thickness. This detector was connected
to a 400-channel pulse-height analyzer for use in other work.
Preliminary measurements wlth this detector using a thin
gsource of Roller Coaster plutonium showed that, although
there was a prominent 60-kev peak, there was no detectable
17-kev peak. PFalilure to detect the 17-kev radlation was due
to its virtually complete absorption by the stalnless
steel housing of the erystal. Thus, the 60-kev gamma ray
of Ameal was the only possibility for the gamma spectro-
metric determination of plutonium with the 8-inch by 4-inch
detector. However, the 60-kev radiation would have been
gelected for measurement even 1f an intense 17-kev peak had

been detected in the thin-source cpectrum because of the
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disadvantage of the much greater self-absorption of the
17-kev radiation in large soll samples. For example, 1t

was estimated that, assuming soll had an efféétive atomic
number of 14 (silicon}, the transmission of 17-kev radiation
through a 1.5 g/cm2 goil specimen (1 cm thick with bulk
density of 1.5 g/bm3) would be only about 0.0007 as compared
to about 0.7 for the 60-kev radiation. Thus, the use of the
17-kev radiation would have effectively measured only the

plutonium in a2 thin surface layer of the soll samples.

7.1 INITIAL MEASUREMENTS (CS II SAMPLES)

The initial measurements were made on a group of

eight €S II soils ranging in weight from 842 to 1081

grams, plus an Aluminum Collector sample consisting of

5.7 grams of dirt. These samples were loaded inteo circular
polystyrene boxes, 6-inch diameter by 1i-inches high. This
size Just contained the heavlest sample; thus, the bulk
density was about 1.5 g/cm3. (Subsequently the average
density of 34 samples from all four events was found to

be 1.50 + 0.20 g/cm3 with a range of 1.2 to 2.4 g/cm3).

7.1.1 Correction for Natural Radliocactivity 1n the Soils.

Not surprisingly, the soils were found to contain appreciable

amounts of natural radicactivity. The content of Th, U, and
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K was estimated by comparlng the gamma-ray spectrum (to

3 Mev) of a preshot (S II soil blank with the spectra

of known amounts of natural Th (monazite):and U (carnotite)
(in equilibrium with thelr daughters) in synthetic simu- |
lated solls and of natural K as reagent-grade K2003.

238

Further comparisons were made with depleted U samples,

whlech exhibited a different spectral shape; in no case
was 1t reasonable to suppose that uranium from the Roller
Coaster events contributed to the observed counting rates.

208 "

The 2.61-Mev peak of Tl (ThC” ) was used to
214

measure Th, the 1.76-Mev peak of Bl (RaC) was used to
measure U, and the 1.46-Mev peak of K&O was used to measure
K. The results were 14 ppm Th, 2 ppm 77, and 3 percent K.
The preshot fallout {(fission-product) activity was low
relative to the natural actlvity. The only peak detected
which could not be attributed to natural radicactivity

was one at about 130 kev, which was attributed to the fission

44
products Celua—Prl .

In a soil sample contalning Pu (Am), the 60-kev peak
was on the low-energy side and overlapping a somewhat broad
natural-activity peak at ~ 80 kev. Both the natural Th
and U serles have peaks at about 80 kev. Of course, the

higher-energy gamma rays of all of the natural activities
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contributed to the Compton continuum under the 60-kev peak
as well. Consequently, it was found that the sensitivity
of this method was limited by the counting rége of the
natural activity in the soll since this was substantially
greater than the background counting rate of the detector

in the energy region of interest.

To obtain maximum precision in the net plutonium
counting rates, the plutonium and soll activities were
resolved by an analytic method, rather than a graphic method.
Graphic methods were rejected as being subjective and in-
herently less precise, particularly for sample counting

rates low relatlve to the blank.

Plutonium and soil activities were resolved by solving
two simultaneous equations expressing the counting rates
in two energy regions of the spectrum as the sums of the
plutonium and the soil counting rates. The net plutonium
counting rate in the 60-kev energy region then was given
by the eguation:
D A1 — Ay (Ai / A;)

Ay = (7.1)
1 _ o, jo] g, .8
1 - (80 /A% (a1 / 4))

where: A is a counting rate, the subscripts 1 and 2

_refer, respectively, to regions 1 (~60 kev), and 2 (~80 kev),
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of the gammz-ray spectrum, and the supercripts, p, and s,
refer, respectively, to plutonium and to soil-blank. The
number of channels in the two energy reéions were equal;

one group of channels was centered on the 60-kev peak
region 1 and the other was adjacent on the high energy
side (region 2). The relative contributions of Pu and

of s0il to each of the regions (i.e. the values of the
ratios AS/A? and of Ai/AZ)were determined using, respectively,
an evaporated reference Roller-Coaster Pu source and =
preshot s0il blank from the CS II area. The amount of

Pu activity in the higher-energy region was not negligible,
being several percent of the 60-kev peak activity. 1In
effect, thlis computational method used the soil blank

sample to determine the shape of the spectrum of natural
gamma-radiation for all samples but did not involve any
assumption of egqual concentration of natural activity in

the different samples.

Examples of the magnitudes of the counting rates and
counting-rate ratios found are given 1in the followling sanmple
caleulation, using the above eguation, of the net counting

rate for 1081-gram soil sample containing 10.8 micrograms

of plutonium.
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P _ 976 - 583 (0.534) - 6
AT = 6 i .
1 1 - (0.0294) (0.534) 76 e/min (7.2)

7.1.2 Tllustrative Gamma-Ray Spectra., Gamma-ray

spectra of thin reference sources of Roller Coaster
plutonium, of pure Amqu, of a soil blank, and of varying
amounts of plutonium in different soil samples (welghing
about 1 kg) are illustrated in Figures 7.1 through 7.11.
These spectra are reproductions of Polaroid photographs of

the oscilloscope display of the pulse-height analyzer.

The energy region covered is approximately O to 200 kev.

7.1.3 Non-Unirform Distribution of Plutonium in the

§91l§. From the previous work in other laboratories, it
was expected that a non-uniform distribution of plutonium
would occur within the samples. To estimate the effect of
these non-uniformities on the measured sample counting
rates, each sample was counted both face up and face down
on the 8-inch by 4-inch erystal, with the results shown

in Table 7.1. (These containers were too full to be re-

distributed thoroughly by shaking.)

The counts shown are the integrals under the 60-kev
peak corrected for instrument background. The two lowest

activity samples contain a large proportion of natural
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radioactivity and so might not be expected to differ

greatly.

TABLE 7.1 COMPARISON OF 60-KEV PEAK COUNTING RATES FOR
CS II SOIL SAMPLES COUNTED FACE UP AND FACE DOWN

H-NSC
Sample No. Up Down Mean
Net Counts/5 min. cpm
2029 8964 8900 1786 + 1%
2030 17014 16701 3372 + 2%
2031 5899 5847 1175 ¥ 1%
2032 5374 5068 1044 F 64
2033 1715 1755 347 ¥ 29
2034 2804 2973 578 ¥ 6%
2035 1483 1548 303 ¥ 4%
2036 4785 4976 976 ¥ 4%

It can be seen that the standard deviation of the mean
counting rate is generally not much greater than expected
from counting statistics and is definitely less than was
expected. Subsequently, ineasurement of samples from other

test shots did not indicate this degree of uniformity.

The mignitude of the errors due to possible non-
uniform distribution of plutonium in the samples was
estimated by considering two limiting cases for a %OOO-gram
sample. If the plutonium were concentrated at one face
of the sample, the plutonium content, obtained from the

average of the face-up and face-down counting rates would
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be 21 percent higher than the true value; however, the
standard deviation of this mean value when estimated from
the range of the two counting rates would Se Ll percent,
or slightly more than twice the actual error. If the
plutonium were concentrated in a thin 6-inch diameter
circular layer in the exact center of the sample, the
value calculated from the mean of the two (equal) counting
rates would be 9 percent higher than the true value with

a zero theoretical standard deviation estimated from the
range of the (equal) counting rates. Since both of these
conditions were highly improbable, it was concluded that
it was entirely feasible to assay large dirt specimens
with acceptable precision by the use of gamma spectrometry

alone,.

7.1.4 Determination of Counting Efficiency, CS II.

The most straight-forward method of determining the counting
efficiency as a function of sample size would have been to
count several welghts of so0il blanks, spiked with known
amounts of €S II plutonium; but neither of these materials
was avallable in sufflcient quantity. However, several

thin sources of Roller Coaster plutonium, prepared by
evaporation to preserve the original Pu/Am ratio, were

available, so a semiempirical correction curve was developed
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to relate the counting efficiency of a thick sample to
that of an infinifely-thin sample. This curve was pre-
pared by consldering separately the chénées in counting
efficiency due to differences in sample height and due to
self-absorption and then comblnlng these into a single

correction curve.

The variation in counting efficiency with sample
height (geometry correction) for samples having no self-
absorption was obtained by numerical integration of a
curve of counting rate versus height above the crystal
for an infinitely fthin source having the same diameter
(6 inches) as the soil samples. The infinitely thin source
used was a 5.7 gram soil (aluminum-collector) sample,
containing 87 ug of plutonium uniformly spread over the

bottom of one of the sample bhoxes.

The self-absorption of the samples was assumed to be
described by the equation:

A _ 1- e "% (7.3)
A

o) HX

where: A 1Is fhe measured aciivity, AO 1s the activity

with no self-abserption, W 1is the mass-abscrption
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coefficient (cm®/g), and x 1s the sample thickness (g/em?).
This equation is derived iIn most radiochemistry reference
texts as an approximate beta-ray self—absorpt&on correction,
but, since exponential attentuation is assumed in the
derivation, 1t applies even more closely to the present

problem of a low-energy gamma-emmitting material,

The mass absorption coeoefficlent was empirically deter-
mined by measuring the transmission of 60-kev radiation
through CS ITI soil samples which contained only relatively
small amounts of plutonium. (The €S II soil blank had
not been obtained at that time.) The source used for the
transmission measurement was the same 6-inch diameter
infinitely-thin scurce used to determine the geometry
correction described above. The mass-absorption co-
efficient so determined was 0.233 cme/g. Somewhat larger
values were obtained using smaller-diameter sources be-
cause of the greater mean path length through the sample.
Smaller values were cbtalined using the hottest soll as
a source because its thickness permltted the upper edges
of the source to be viewed directly by the crystal with

only minor sample attenuation,
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To test the valldity of these corrections for geometry
and self-absorptlon, one of the CS II samples containing
a relatively high concentration of plutonidmrwas removed
from its container, then loaded back in seven increments.
The amount of Am2ul (60-kev radiation) was measured after
each addltlon. Correctlons for geometry and self-absorption
were applied separately to the observed specific activities,
as shown in Table 7.2.

TABLE 7.2 VARTATION IN SPECIFIC ACTIVITY OF 60-KEV
RADIATION WITH SAMPLE THICKNESS

Reciprocal
of Absorption~ Final
Observed Absorption Corrected Geometry Corrected
Layer Speclfic Correctlon Specific Correction Specifie
Weight Aectivity Factor Activity Factor Activity
Zrams cpm/gram cpm/gram cpm/gram
123 5.24 0.930 5.63 1.015 5.71
273 4.92 0.846 5.81 1.032 £.00
394 4.46 0.791 5.64 1.051 5.93
512 4,16 0.740 5.62 1.070 6.01
630 3.82 0.690 5.54 1.090 6.04
805 3.34 0.627 5.33 1.120 5.97
338 3.04 0.585 5.20 1.143 5.94
Mean 5.94 + 2%

It can be seen that, although the uncorrected specifilec
activities have a spread of 70 percent, the standard de-

viation of the corrected values is only 2 percent, demonstrating
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the validity of the correction methods. Such remarkably
good agreement could not, of course, have been obtained
if the distribution of Pu in this particulér sample had

not been comparatively uniform.

A combined correction curve for the effects of self-
absorption and geometry was prepared for the CS II samples

and is shown in Figure 7.12.

The counting efficiency for an infinitely thin source
of plutonium was obtained by counting the most active
evaporated Roller-~Coaster plutonium standard face down
on the bottom of a sample contalner box on the detector
erystal. (This use of the standard is discussed later in
this chapter.) Since the diameter of this source was less
than the six-ineh diameter of the samples, it was necessary
to determine whether there was any varlation in counting
efficlency over the full (six-inch diameter) sample area.
This was tested by counting a point-source of Am241 across
several diameters of the detector face. The counting
rates were within 1 percent, as expected for a gamma-ray

of this relatively low energy which is absorbed near the

face of the crystal.
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7.2 ASSAY OF ADDITIONAL SAMPLES

Because of the success of thls method with the first
eight CS II samples, additlonal C3 II samples and samplesiﬁ
from the other Roller Coaster events were sent to H-NSC
for analysis. These included soill belt monitor samples in

addition to throwout and surface core samples.

7.2.1 Differences in Correctlon Factors. Corrections

were measured using the method previously described but
with a slightly different value of the mass absorption
coefficient based on additional transmission measurements
on pretest soils. Soll-blank samples for each of the
other three events were obtalned 1in addition to the one
previously obtained for CS II. The mean muss-absorption
coefficient for the four uncontaminated soils was 0,245 +
0.009 (3.7 percent). Since the range of the individual
values for blanks from the four different events (and
locations)} was no greater than the range of two values from
a single event (CS II), the single average vizlue for all
four events was Jjustified. The correction curve used for
all samples, except the initial 8 CS II samples, is shown
in Flgure 7.13. For a 1l-kg sample, the overall efficiency factor

used for the initial 8 CS II samples is only 3.1 percent
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higher than the factor used for the remainder of the
samples. A slightly different spectral shape factor
(the ratio of natural activity counting rét;s in the two
energy regions) was used for samples from each event;

these were determined from the blank samples.

7.2.2 Differences 1n Sample Packaging. Samples

recelved from Tracerlab, Inc., were transferred to the
polystyrene boxes described above. Some of these samples
were too large to fit into a single container and were
split between two containers. All of these samples were

counted both face up and face down.

Samples received from Isctopes, Inc., had been loaded
into circular polyethylene food containers, about 3-3/4
inches high, at Isotopes, Inc, Since the dimensions of
the bottom of thelr food container was not significantly
different from those of the H-NSC polystyrene box, 1t was
not necessary to transfer the samples before counting.
However, the diameter of the top of the polyethylene
contalner was greater than the diameter of the bottom, so
these samples were not counted face up and face down.
To estimate the effect of non-uniform distribution of
plutonium, the samples were counted once, then shaken

thoroughly to redistribute the plutonium and counted again.
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Soll belt monitor samples received from Eberline
Instrument Co. were enclosed in flat polyethylene bags
which had been employed in the simulatea\belt monitor
experiments. Most of these were too large to fit into
gingle polystyrene boxes, but it was possible to fit them
into three-inch high boxes made by taping together two
regular box bottoms. The bag containing the sample was
set in one box bottom, the bag was cut open (removing
excess polyethylene from the top of the bag), the other box
bottom was used to form a tog}and two halves were taped
tozether, Then, the taped hox could be shaken to distribute
the soll uniformly over the bottom. All of these samples
were counted both face up and face down. A few of the
large samples were spllt and recounted, affer counting the
total sample, to see whether there was any significant
difference 1n the results; none was found. The excess
polyethylene cut from the bags was counted separately and,
in all cases, found to contain a negligible amount of
plutonium. The results for these ten samples, as originally
reported, were calculated using welghts glven by Eberline.
The samples were subseguently welghed in our laboratories
giving weights which were 5 to 12 percent lower than the
Eberline welghts. The Pu results reported here are based

on H-NSC welghts.
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Finally, four Aluminum-Collec¢tor samples, consisting
of two—to-21 grams of dirt, were obtained f;qm USNRDL to
supplement the single sample measured in thé initial CS II
group and were transferred to the polystyrene boxes for
counting. Dupllcate counting measurements were made,

shaking the box between measurements to redistribute the

plutonium.

All boxed so0il samples were placed inside sealed
polyethylene bags for counting to minimize the possibility
of contaminating the counter or laboratory.
7.3 CONVERSION OF CORRECTED COUNTING RATES TO PLUTONIUM DISIN-
TEGRATION RATES AND WEIGHTS
As mentioned before, the most active of three evaporated
Pu reference sources (all marked 63-UK-106-RC) was used
to obtain the conversion factor for americium-241 60-kev
counting rate (corrected for self-absorption and geometry)
to Pu239’240 disintegration rate. A specific activity of

5 239,240

per microgram of Pu was

1.45 x 107 alpha d/min Pu

used to convert the disintegration rates to welights Pu.

In calculating the results for the first 8 €S II

samples, it was assumed that the specified disintegration
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rate of "1,368,743 d/min" was that of Pus32s240  gup-
sequently 1t was learned that thls assumption was incorrect;

the disintegration rate given was the éotal alpha disin-

238 241

tegration rate, including Pu and Am

py 239,240

» as of 1 May 1963.
Consequently, the disintegration rates

had to be adjusted. Corrected values are given in Table 7. 3.

The total alpha dilsintegration rate of the two lower-
activity evaporated Pu reference sources (containing
3289 d/min and 32,930 d/min) was independently determined
by comparing thelr counting rates with that of an electro-

233

plated U standard in a 2x proportional counter. The
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H-NSC results agreed with the stated values within the
counting statistical error (0.7 percent relative standard
deviation). The "1,368,743 d/min" source, &sed for the
gamma-ray measurements, was not alpha counted because of
the possibility of partial loss of sample in removing the
plate from i1ts polyethylene bag and because the 2 pi
counting rate would have required a coincidence-loss

correction which could not be precisely determined.

The Amzul content of the "1,368,743 d/min" source
was measured independently at H-NSC by comparing its ©£0-kev

peak counting rate with those of a pure independently

2h1 source and of a Roller Coaster Pu

source of known AmE&l content. The Pu source was one of

standardized Am

the more active plates obtained from radiochemical anilyses;
ite Am2ul content was calculated from the in-growth time
since chemical separation of Am, assumlng an average

239,240 | 410, & pu239s2H0 /4241

Roller-Coaster PuQQI/Pu
activity ratio of 56 + 1 as of 4-1-64 was obtained; the
corresponding value calculated from analytical data supplled

with the source was 55 £ 4.
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7.4 RESULTS OF ANALYSIS

The results of all gammi-spectrometric measurements

of so0ils are summarized in Table 7.3.

The associated error limits (percent standard deviation)
were estimated from the larger of two estimates:

1. from combining the counting statistical errors.

2. from the range of results obtained from the face
up and face down counting rates for samples
counted in this manner; or, in other cases, from
the range of results obtained from the duplicate
counting measurements made before and after

shaking to redistribute the sample.

For one group of samples, indicated by an asterisk
beside the "% S$.,D." in the table, there was an uncertainty
in the energy calibration, due to a slight change in the
gain of the electronic system durling the measurement period.
It was estimated that, due to this uncertainty, the minimum
standard deviation, in absolute units, was 1.5 x 10% d/min
(or its equivalent, 0.1 microgram Pu). Thus the "% S.D."
reported for the samples in this group was based on this
minimum absolute value if it gave a greater "% S.D,"

than the two estimates described above.
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7.5 MINIMUM DETECTABLE QUANTITY OF PLUTONIUM

As mentioned previously, the detection of Pu in
goils by the method described here is limited by the level
of natural radioactivity in the soils. Considering only
the counting statistics, and assuming a 1l-kg sample counted
for 500-minutes with a blank sample counted for an equal
length of time, a standard deviation of + 0.03 ug Pu was
calculated for a sample whose counting rate was equal to,
or only slightly greater than, the counting rate of the
blank. On this basis, the minimum detectable guantity,
when defined as that quantity having a 33 percent S,D., 1s

0.1 ug. This value would be greater for larger samples,

A more conservative (and subjective) estimate, allowing
for slight instrument gain shift between measurements, is

three times the above quantity, or 0.3 ug for a 1-kg sample.
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TAELE 7.3 DETERMINATION OF FLUTONIDM IN S0ILS BY GAMMA SPECTROMETRY OF THE GO-kev GAMMA-RAY cF pwesl
Sarple Weizht{s) PuESE,E#O
Tracer- Packaging Type {grame}
Zab No, Lecation (a} {b) {e)
d/min g ® 0.C
DOUELE TRACKS
Bosz2 R-050 PS-D Core 1423, 3.07Tx .22 4z, =
Bos2 N-050 PS-D M 1178, 5 59 .38 23, »
gos2 L-050 pS-D " 1275 1.26 x B9 1.
gos2 F-050 PS * 1142, 2.0 x 1.44 25 .
(Nome} D-060 P3 Al Coll, 1.7 (2.3) 1.84 x 124 . o.- -
CLEAN SLATE T
None c-020 P8 A1 Coll. 5.5 (3.5 L5 & 100 74,61 1.
Nane BK-08 P3 Al Ccoll, 23.2 {20.€) 5.66 x 107 3%03.9 oo
055 0-030 PE Core 1157, (1000.}  1.87 x 107 1,28 -
8058 N-032 PE " 1012, 510 x 10° .33 -~ =
8058 J-030 PE " 993, 426x 107 2.83 -
8058 H-032 PE " 9TE. 321x 137 ,23 "
Bos§ F-0z23 PE " 1148, 3.74 x 10 2.58 PO
8058 D-030 2E " 981. 1.1z 10° T.76 .
CLEAR SLATE IT
8264 B-024 Ps n 943, so1n 137 10.75

" c-024 S " S03. 28x 10 19,29 H

" E-024 BS " 1053, 154x 10% 10.64

" Fal@d P3 i 342 1.88 x iC- 11.45 5.

" G-024 P8 r 1081, 142 € 102 9.74 -

" I-030 P35 " 933, -15% 10 1.08 <.

" J-025 BS " 1001. .68 x 10% 4.06 12,

" L-030 PS " 1054, 06% 10° i
9843 B-070 PS Al Coll. 5.70 11.36 x 10%{e) 8.3 i.
0038 GZ.P-2-14 P3-D Throw 1232, (1590 2.45% 10 169. 1.0 -
00lo GZ,P-1-15 P5-D Throw 1l49. (1270 392 107 210, s.3
004l GZ,Priar P2 Throw 368, (520) 398 x 107 275, 2>
ool GZ,P-2-10 PS-D Throw g [1360) 7-31x 104 504. 1.0+
oold GI,P-2-15 PS5 Throw 293. {730} 1.7 x 10, 938, 0,3
{None) A-030a ] Al Coll. 10.2{1¢.0) 1.38 x 101 94.8 1.4+
0051 QZ,P-2-4 PE Throw 327, (383 1835 105 1121, 0.2 *
005¢ g2, p-2-5 PE Throw 350, (500 110x 108 755. 1.0 #
Q046 GZ,P-2-3 PE Throw 320. 400 27x 10 187. 0.5 +

Belt Monitor

Nao,
0120 F-13 PS Eelt 16632, (1772} 4.45 x 10. a06. ?.
al2g P-6 B . 1;’3;.(18‘57 96 x 10 €85, 11.
2f p-21 " n 13£87°1151T) 308% 103 4z, 1.
2130 P-22 " " 867 o8k 98 x 10, 686 .
0131 P-24 " N 1704 15% ] .32 » 104 435. 10
013z P-20 " " 1678, (1 1.7% £ 10 1226, z
0138 P-19 " v 1731, (1852 8.19 x 107 564~ T,
0139 P-18 " " 1663. (1793 4.53 x 10" 311- o
CLEAN SLATE III

01%0 P2 " " 2028. 2143§ 5.64 x 107 387, .
[T p-6& " " 1627. (2035 4.82 £ 10° . iz,

Location
8185 J-03€ e Core Bga. 6 66 % 10; 5.50 D

" K- " " 1041, 5.09 & 10- 4 51 -

" G-osg " " gué 158 » 152 10,8 .-

» E—ogé " n Bie 112 & 17 76T *

" D-0LG v " GO% 202 x 10; 1.39 .

" C-040 " " &od 53 x 1 LT +

{a) P& - Polystyrene Boxes; PE - Polyethylene rood centainer:
D - 3armple divided between two contalners and each “racriop
measured separately, The summed result is given.
{b) "Core"” = 5011 core sample; "Throw" = Throwaut sarple,
"Belt" = Belt monitor sample; Al Coll. = Al-gollector samplc.
(¢) When two values are limted, the first value 1s the H-HFC-
measured welght used to cbtain the value for relatire count-
ing efficlency; the second value, in parentheses, it the
welght given by the laberatory sendinz the samples tc H-NOC
{d) The percent standard deviation 1isted 1s the highest ol the

values obtalned from:

1} Counting statisties

£} Tre range of results ohtained by counting “lace-ur’
an2 "face-down", or by counting before and after
ml.ing by snaking,

or, for asterisked values conly,

3y 0.1 ug (or equivalent d/min) Fu,

See text for more complete explanation,

(=)

The Pu in this sample was eub:equent;y determined radicchemically
giving a value of {1.26 + 0,03} x 107 d/min.
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Figure 7.1 Evaporated Roller Coaster Pu
reference source, 1.37 x 10¢ d/min, count-
ed 10 minutes, 5,000 counts/channel full scale.

e Bty P " i e

Figure 7.2 Pure Am®! source, 1.48 x 10*
d/min, counted 10 minutes, 2,000 counts/
channel full scale.
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Figure 7.3 Approximately 50 yug Pu, in soil,
counted 5 minutes, 5,000 counts/channel full
scale.

Figure 7.4 Approximately 25 ug Pu, in soil,
counted 5 minutes, 2,000 counts/channel full
scale.
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Figure 7.5 Approximately 10 ug Pu, in soil,
counted 5 minutes, 1,000 counts/channel full
scale.

Figure 7.6 Approximately 4 pg Pu, in soil,
counted 5 minutes, 1,000 counts/channel full
scale.
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Figure 7.7 Approximately 1.2 ug Pu, in soil,
counted 500 minutes, 50,000 counts/channel
full scale (few channels dropped counts).

Figure 7.8 Approximately 0.5 pg Pu, in soil,
counted 500 minutes, 50,000 counts/channel
full scale.
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Figure 7.9 Blank soil (no Pu), counted 500
minutes, 50,000 counts/channel full scale
(few channels dropped counts).

Figure 7.10 Natural U (carnotite) (25 mg)
in synthetic soil, counted 10 minutes, 500
counts/channel full scale.
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Figure 7.11 Natural Th (monazite) (70 mg)
in synthetic soil, counted 10 minutes, 5,000
counts/channel full scale.
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Figure 7.12 Relative counting efficiency of the 60-kev gamma-ray of Am*! in initial

Clean Slate 11 soil samples as a function of gample weight.
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RELATIVE COUNTING EFFICIENCY

1o T T Y T T T
oe -
08 ~ ; : n
o7 a
05 -
as |- -
04 = -
o3 |- -
0z b o

DETECTOR = 8" DIAMETER x 4" THICK Nal {TD

MASS Abs COEFF = 0245 cmi/qm

L 1 | 1 | 1

ot
o] o4 QB 12 1] 20 24 28

SAMPLE WEIGHT, kilogroms

Figure 7.13 Relative counting efficiency of the 60-kev gamma-ray of Am*! in
Roller Coaster soil samples as a function of sample weight.
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CHAPTER 8
SOLUBILITY STUDIES

8.1 SCOPE OF THESE STUDIES

These studies were made on samples of Roller Coaster
plutonium colliected in water-filled trays and then trans-
ferred to glass bottles for storage. The Pu was probably
in equilibrium with the water after a year of storage in
glass bottles, 1In planning these experiments, the
plutonium was assumed to be present in at least four forms:
1. That which remained in the solid phase with other
debris which had fallen into the tray of water at the
Nevada test site; 2. Thzt which was dissolved in the
water; 3. That whiech was not dlssolved, but was suspended
in the water in 2z particulate form too fine to settle out,
and 4. That which plated out of solution onto the in-
terior wills of the bottle. Studies of Roller Coaster Pu
in thege four forms were undertaken to learn some of its
solubility properties, especlally in solutions having a
pH of 7.0 (water), 6.0 (acidified water), and 1.1 (0.1 N HC1)
because these pH values approximated those of biologiecal
interest: pH 7.0, blood; pH 6.0-6.2, lymphatic fluid;

and pH 1.1, gastric fluid.
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8.2 PRELIMINARY STUDY

A total of 44 water samples were received at H-NSC
for study and analysls. Sample volumes ranged from 83
to 980 ml. However, 21 samples showed evidence of
leakage from the bottle into the corrugated cardboard
packing, and only the multiple polyethylene bags enclosing
the packing material prevented loss of the water. Two
samples which appeared representative were chosen for
preliminary study to give some idea as to the amount and
distribution of Pu within the samples. Thirty-ml aliguots
each of Sample #3141 (Clean Slate I, Arc A, Station 018)
and Sample #3143 (Clean Slate I, Arc A, Station 030) were
removed for immediate pH measurement and then centrifuged
at low speed for a few minutes. These two samples, as
well as most of the other 44, contained a flocculent
material, resembling lint, in sddition to coarse debris.
411 the suspended matter appeared to be well separated
after low-speed centrifugation. An aliquot of the top
liquid was removed, evaporated to dryness in a counting
planchet, and alpha counted in a 2-pi proportional counter,
The sediment was transferred from the tip of the centrifuge
tube and counted separately. The following results were

obtained, The two pH values subsequently were shown to be
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erronecusly low as a result of sample exposure to laboratory

fumes.

Sample No. (Tracerlab) 3141 3143
pH (5.80) (5.80)
Centrifuged Sediment, dpm/ml solution 0.655 70.88
Supernatant liquid, dpm/ml solution 0.233 8.06

Sediment, percent of total activity T7&. 90.

(In converting counting rates to dpm values, any loss

in counting efficiency due to sample self-absorption was
neglected.) This experiment showed that the majority of

the actlvity in the samples remained in the solid phase
portion of the sample and that this solld material could

be centrifuged out at low speed. However, a more convenient
and reproducible method of separating out the floccull was
tc let the samples stand undisturbed for several days and
then carefully to draw an aliguot from the top of the water

without disturbing the sediment at the bottom of the bottle.

Since the activity found in Sample #3141 was very low,
it was discarded from further deftailed solubility experi-
ments. After allowing Sample #3143 to stand undisturbed
for severai days, a 120-ml aliquot was removed and filtered

through a 0.45-micron HA Millipore filter. Gross alphn
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activitlies were obtained on both the filter and the evaporated
filtrate with the following results:

Fllter, total dpm 702 ‘

Filter, dpm/ml solution 5.85

Filtrate, dpm/ml solution 2.2

These results showed that the Pu in the ligquid phase
of the sample was not totally in solution. Since much of
the activity did not pass through the O0.45-micron filter,
the Pu was apparently distributed between the solution and
particulate matter which did not settle out of solution.
This particulate matter was possibly blological. The Pu
which passed through the 0.45-micron filter was assumed
to be in solution for the purposes of these studiles.

8.3 SgU?Y OF THE SAMPLES AT EQUILIBRIUM IN WATER AT ABOUT

p .

Of immediate interest when starting these studles was
the measurement of the alpha activity in the water phase,
and the pH, of all 44 water samples. Although a pH of
about 7 was desired for the solutions at this point, the
samples were aliquoted and counted at the existing pH
(instead of adjusting the pH) in order not to upset the

equilibrium obtained during the long storage period.
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After being unpacked, all 44 samples were examined,
shaken, and allowed t¢ stand undisturbed for:several days.
Immediately upon unstoppering each sample béttle, 10 ml
of the clear (sediment-free) water was transferred to a
beaker, and the pH was measured on a Beckman Expanded-
Scale pH meter. These pH measurements were made in a
laboratory free of acid fumes in order to avold the rapid
change 1n pH which occurs when distilled water 1ls exposed
to alr containing the slightest trace of acld fumes. At
the same time, another aliquot of clear top liquid was
removed, evaporated to dryness in a planchet, and alipha

counted,.

On the basis of these resultg,six samples, two from
each event, were selected for detailed study. The remaining
38 water samples were not used in the study of Pu solubility
but were assayed for total Pu in order to provide infor-
mation concerning Pu deposition on a water surface, each
sample tray representing a water surface area of 2.14
square feet (the area exposed in a Pyrex tray 14 inches x
pp inches). Where a significant portion of the sample
had leaked into the packing material, the cardboard was
first wet ashed and then combined with the bottle contents

before assaying.
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A summary of the data obtained by Pu assay of the 44
water samples, as recelved at H-NSC, af;er storage for
about a year, is shown in Table 8.1. Th;ee samples were
held in reserve until completion of the detsailed studies,
but were not needed for detailed studies, and eventually
were dlgested and assayed; these three results are in-
cluded in Table 8.1. The total Pu content of each of the
s1x samples taken for detalled solublility study was obtained

as the sum of the Pu in the wvarious fractions.

No relationshlp was found between pH and event or
between pH and supernate alpha activity. The pH and activity
distributions found are glven in Table 8.2. The pH
range was 5.86 to 8.10, with the median at 6.64. The distri-

bution of activities in the water was as follows:

DPM/ml No. of Samples
Not Detected 10
0.1 - 1.0 13
1 - 10 18
10 -100 3
Total L4y
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A few of the samples obviously contained too little
total alpha activity for any to be detected in the water
even if all of the Pu had been In solution. \In most of
the samples only a small percentage of the total activity
appeared in the aqueous phase, although there was a wide
range in this percentage. For example, in #3140 (Clean
Slate I) the activity in the aqueous phase was only 0.13
percent, whereas in Sample #3136 (also Clean Slate I)
26.3 percent of the activity was in the water.

8.4 DISTRIBUTION AND SOLUBILITY OF PLUTONIUM IN SEDIMENT-FREE
WATER OF SIX SELECTED SAMPLES

The six samples listed in Table 8.3 were selected for de-
tailed study. These were the two most actlve of each event

and provided a broad range of starting pH values.

TABLE 8.3 SIX WATER SAMPLES SELECTED FOR DETAILED STUDY

Event Tra;gflab Location pH dpm/ml
cs I 3143 A-030 6.80 8.65
cs I 3142 A-QL2 7.35 0.69
cs IT 4180 D-0LOo* 6.56 62.5
£s 11 4197 H-046 7.71 28.3
s III 5230 B-084 8.10 24.1
CS III 5242 L-078 6.04 2.3

*True location probably IMOB-040.
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The following 1s a description of the experiment
performed to study the solubility of thedPu which did not
settle out of the water phase after it Eéd remained un-
disturbed for several days. The Pu which had not settled
was elther dissolved or suspended in the sediment-free
water. An allquot of the clear liquid above the sediment
was filtered through a 0.45-micron Millipore filter. The
filtrate was collected, and an aliquot was evaporated and
counted for gross alpha activity. The filter was dried
and cut approximately in half, Half A was placed in &
stoppered glass bottle containing 100 ml of pH 6.0 water,
Half B was placed in another stoppered bottle containing
100 ml of 0.1 N HC1. A 10-ml aliquot from each bottle was
removed hourly for the first seven hours. The aliquots
were filtered through separate 0.45-micron Millipore
filters, evaporated in a counting planchet, and gross
alpha counted. Two subsequent aliquots were removed from
each bottle at 24 hours and 48 hours, and these were
filtered and counted in the game way ag the flrst seven.
The filters used for the hourly aliquots were saved, and
a radiochemical Pu assay was performed on these after com-
bining them with the original filter half and remaining

leaching solution in the bottle. The Pu originally
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present on each half of the starting filter was deter-
mined by totaling the sums of the activities Qound in the
sequentlal samplings with the count of this gﬁ assay. The
room temperature during these leaching studies averaged
about 20° C. The total original volume of Sample #5230
was filtered for this study. This sample and Sample #4197
were centrifuged at low speed for effective separation of
the gross sediment, because of the small volumes of these

samples,

The data in Table 8.4 show the distribution of activity
In the Millipore-filtered sediment-free water before
starting the leaching experiment described above. The
percentage decrease 1in actlivity achleved by filtering the
water ranged from 6.4 to 57 percent and did not show a
correlation with the pH of the water. The fact that
Samples #4180 and 4197 {(both frem Clean Slate IT) and
#5230 (Clean Slate IIT) underwent a considerably smaller
dreop 1n filtering the water than did the other samples
may be related to the presence of a2 slimy deposit which
was found on the filters of these three samples but not
on the filters of the other three samples. This cclloidal
materlal was not evident on visual inspection of the

original solution except by a slight amber color. The
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colleldal material also may have caused, directly or in-
directly, the original water activity of these three
samples to be high in comparison with the:;ctivity found
in nearly all of the other 44, most of which were not
colored. The fact that in two cases (Samples #3142,

CS T, and #5242, CS III) the total activity subsequently
found on the filter halves actually exceeded the activity
calculated for the sediment-free sample allquot probably
indicates that particulate matter high in Pu activity,
but not visible in the solution after low speed centri-

fugation, or several days standing, remained in the liquid.

Data from the leaching-study on the solubility of the
Millipore filter deposit are shown in Table 8.5, in which
the activity of the sequential aliquots is reported as
the distribution ratio, (dpm per ml solution/dpm solid
phase). The activity in several of the leach solutions
remained very low, and the resulting large statistical
error in the counting rate, in many cases, exceeded the
counting rate itself. This was true even though the counting
time for each of these samples averaged about one hour and
was usually not less than 30 minutes. Because of these
poor counting statlsties, a meaningful graph of the data

could not be drawn for all 12 solutions. However, for 6
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solutions in whic¢h there was a significant rise of activity
above background, graphs showing the variation of the Pu
distributlion with time in solutions of pH 6 :ahd 1.1 are
shown in Figures 8.1 and 8.2, In general, the curves were
drawn giving greater weilght to the higher points, since
several factors, including plating-out of the Pu on the
glass of the filtering apparatus and plpets and varla-
tions in gelf-absorbtion of the evaporated samples, were
assumed to contribute to an apparent low result in some

of the aliquots, especlally in the case of the more acldic
solutions. The solutions at pH 6 apparently reached
equilibrium within about 12 hours, while the more acidic
solutions reached equilibrium somewhat faster, although
the presence of the glutinous deposit of Samples #4197,
5230, and 4180 possibly influenced the apparent golubility
of the Pu to a greater extent than did the pH. Thus,
while sample #5242 (no colloldal material apparent) showed

i

a distribution ratic of about 1 x 107 in pH & solution,

3

and 1 x 10 ° in pH 1.1 solution, sample #5230, (with a

thick slimy deposit) showed a distribution ratlio of about
~3 ~ ]l
3 x 10 in pH & solution and only 5 x 10 in pH 1.1

solution.
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8.5 STUDY OF THE SOLUBILITY OF THE GROSS-SEDIMENT PLUTONIUM IN

A pH 1.1 SOLUTION

Assay of the sediment-free portion dfzthe total water
samples gave a measure of the level of activity which could
be expected in an aqueous solution when the Pu was allowed
to reach equilibrium at, or near, neutrality. Next,
an experiment was performed in order to determine the
solubility of Pu in the sediment in a solution of pH 1.1
(0.1 N hydrochloric acid). The gross sediment of the same
gix samples was separated from the liquid by passing the
remalnder of the original solution through Whatman #41
filter paper. The total sediment iIn the sample bottle
was transferred to the filter by washing with water, and
the total filter was washed several times with water, The
filter was transferred to a stoppered flask containing
100 ml of 0.1 N HCl. A 2.00-ml alliquot was removed hourly
for the first seven hours, The aliquots were filtered
through a 0.45-micron Millipore filter, neutralized with
2 ml of 0.1 N ammonium hydroxide, evaporated in a counting
planchet, and counted for alpha activity, Two subsequent
aliquots were removed at 24 hours and 48 hours, and they were
filtered and counted as the flrst seven, Since it 1s not
likely that ingested Pu in the gastrolintestinal tract

would remain in contact with gastric fiuid (at pH 1.1)
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for longer than 48 hours, the leaching study was not con-
tinued after 48 hours. The total Pu originally available
on the filter for dissolution was determined as in the
previous experiment. The Millipore filter through which
the separate aliquots were filtered, the filter paper
containing the gross sediment, and the solution remalning
in the leachling flask were combined and radlochemically
assayed for Pu; the total alpha activity found in all nine
of the sequential aliquots then was added to the Pu dpm from
this radiochemical assay to give the total for the sediment
on the filter, The distribution ratio of the Pu in each

of the hourly aliquots 1s given in Table 8.6. A plot of
the distribution ratlio as a function of time in Plgures
8.3, 8.4, and 8.5 shows that after the first 10 hours the
rapld inltial increase of activity in the acld slackened,
although even after 48 hours the solution activity was

still rising and had not, apparently, reached equilibrium.
£.6 STUDY OF PLUTONIUM DEPOSIT ON WALLS OF GLASS CONTALINER

Retention of Pu on the walls of the glass bottles
in which the water samples were stored and shipped to H-NSC,
and the solubllity of this Pu, were determined using a

geries of different acid solutions. First, the empty
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bottle was filled with 0.1 N hydrochloric acid to at
least the volume of the original water gample. The
bottle was shaken, placed in a double ﬁélyethylene bag,
and agitated in an ultrasonic cleaner for 10 minutes.
An aliquot of the wash solution was removed, evaporated,
and counted for gross alpha activity. The bottle was
emptied and rinsed with water. Desorption efforts were
repeated 1n the same manner with 3 N HCl, then 6 N HC1,
and finally with 15.4 N (concentrated) HNOy containing a trace of

HF.

The total Pu dissolved from the container walls by
each successive wash solution, and the total of the Pu
removed by all of the four washes comblined, are reported
in Table 8.7. These data are also reported in terms of
the fraction of the total activity found in each of the
four successive wash solutions. Figure 8.6 displays the
partial dissolution pattern of the sorbed Pu by the
various acid solutions. Although there was a difference
of six to one in total Pu desorbed from Samples #3143 and
3142 (both Clean Slate I samples), the successive de-
sorbtion behavior was quite similar. The largest portion

of the deposit was removed by the 0.1 N HC1l in these
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samples as well as in the two Clean Slate II samples.
However, the patterns of desorption of the C% III samples
are mutually dissimilar and different from those of the
other four samples. The tyo CS III samples are similar
in that both sample containers refused to release the

majority of thelr deposited Pu until the acid concentration

was ralsed to 3 N.
8.7 SUMMARY AND CONCLUSIONS

4 summary cof data collected 1n the experiments on the
six water samples studied in detail is shown in Table &.8.
The total sample alpha ac¢tivity 1s simply the sum of the
Pu in the gross sediment, the Pu leached from the walls
of the container, and the calculated Pu content of the
sediment-free water of the sample (dpm/ml x volume)}. A
plot of the fraction of the ftotal Pu activity sorbed on
the container walls as a function of the pH of the water

ags it arrived at H-NSC 1s shown in Figure 8.7.

If Pu is to be found ¢on the interior walls of the
bottle, a three-step displacement must probably take place.
First, the Pu which fell into the sample water in solid
form must pass into sclution; then it must move to the

viecinity of a solid surface; and flnally it must be sorbed
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from solution onto the solild surface. To the extent that
the solubilized Pu may be assumed dispersed uniformly
through the available liquid volume at:eauilibrium, the
amount of displacement from one location to another is
limited only by the geometry of the containment, In
projecting thls situation to a natural body of water, a
quantity of Pu falling into one portion of a lake or
pond may, with sufficient time, be found not only dispersed
throughout the water by dissolution, but also sorbed onto
surfaces touched by the water. The data indicate that
although small variations 1n pH as encountered in natural
waters {about pH 6-8) seem to influence the solubility

of Pu very l1ittle, the amount of Pu displaced and sorbed
onto the containment surfaces may be very dependent on
small pH changes (Figure 8.7). However, since Pu solubllity
is apparently extremely dependent upon the presence of
other matter dissolved or suspended in the water, Pu
displacement also may be iInfluenced by the solution

content of this other matter.

Plutonium sorbed from sclution onto a glass surface
is not easily removed. Treatment with 0.1 N HCl may

remove much of 1t, but 1n these studies more concentrated
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acld was required to remove the remalining Pu, and in two
samples the 0.1 N HCl dissolved very little of the sorbed

Pu.

Most of the Pu in these samples was found in the
gross sediment. The percentage of total activity remaining
in the gross sediment (after a year's storage) ranged
85 to 98 percent. The highest aqueous-phase activity found
was 62.5 dpm per ml, in Sample #4180 (Clean Slate II),
although @3 percent of the total sctivity of this sample
remained in the gross sediment. Distribution of the agueous
alpna activity between the filterable activity -md non-
filterable activity varied widely among the six test
samples, ranging from 22 percent to 94 percent non-

filterable.
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TAELE £.1 FPLUTONIUM CONTENT AND

-
.~

DPH VALUES OF WATER SAMPLES AS RECEIVED AT H-NSC, APTER SETTLING

Properties of Sediment-free Water

Tracer- Concantration Total Total Alpha Pe t of
iak Total puZ33,240 of Alpha Activity Volume Activity Tnzgzn :
ole in sample (a) ! pu3S. 240 (o
P apm/ml i ml dpm
CLEAN SLATE I
3141 (.53 + 0.23) x 10" 0.3 7.38 500, 150, 0.2"
3143 4T3 103 (d) o 8.65 6.80 500. 4328, e
38 533858 =0 <31 £ £ % 243
3138 118 T 0,62 x 1% <0.01 7.03 700, <70, < 5c
3142 3,35 X 107 (Q) Q.69 7-3% 555. 383. 1.1
13 1485 4 a2 0.1 7.60 2HC. 3 1.5¢
I O o1 S i
3 - F . . . 3. z.of
3382 15H6. T 1.05 <0.01 6.55 B3, <. )
2392 1206 + 4z 0.2 6,431 Bi2. 61 £ oo
CLEAN SLATE II
LhEN Not Determined 62.5 6,56 275. 17,167
£ie1 3.24 4 o.osg x 102 4.50 6.70 713, 3280 102
L1ge 1.80 % 0,03 x 10° £.95 6.91 550 3905 217
g mi £ O 3
4 . + - O, - . < .
w193 2.67 T ¢.04) x 10° 2.8 6.30 325, 10, 3.40
415k 1.00 % 0.01) x 137 7.8 5.4 kod, 312c 3.2
4165 7.76 £ 0.19) x 10, u.7 5.0D 75. 2702 3 g
415 5.4 T 008} x 10 7.7 £.58 70, 2619. §.86
4167 Not DeTermined 28.3 7.71 160. 4528,
182 80.26 + 1.12 <0.01 €.61 935. <G .
L2 Hise 13 400 §:53 55o: = 25
1] . + 2 - . . .
2355 215 ¥ 0.84) x 10} 0. 6.35 6= | 556 2 5t
23> 2.5 7 0,05) x 1% 1.6 5.90 9ho, 1568. g 1¢
236 2.88 ¥ 0.10) = 10} 0.7. B.31 97 héz, 2,41
2357 €.c ¥ 0.25) x 10} 1¢e £ B5 B13, 1345. 2.23
240 2.67 + Q.07) x 10 2,0 6.43 Bag 1640. B.13
CLEAN SLATE III
108 3 + 0.8 N.D. 8.00 450, <5,
Not DeTermined 24,1 8.10 83, 2000
2311,  + 72 0.1 §.12 622, 62.
233.7 ¥ 3.0 <0,01 7.35 255. <22,
63lz. ¥ 120 11 7.1% 155 7c. z.20
2760 T J.l 4 .01 .08 575, “5b,
134T 0.03) x 10, 1.16 7.0l 3o, 304 z 91
133 F €.0E) x 10t 1.43 € o 325 g5 5.1}
.72 ¥ 0.13) x 109 1.51 701 B20. 1235, 2.14
507 % 0,04 » 107 1 04 6.45 710, 735. 1.45
(7.3 ¥ ¢.1ef x 10 1.73 6.03 a0d. 1530, 2.0P
1602 T 32 2.5 7.95 265, 13z. 8.40
4675, 7 51 1.k 8.8G 300, sho. 1.
1 Co ¥ 10~ u 2.3 b.04 11'20. 15512. 1.56
{1.50 + 6.04) x 19 a1 £.6a 686G, BE. 0.4

{z) Tnis tetal inecludes the Pu;jg,eho on ths gaé&g of the sample bottle, in the sediment, and (for leakinz samples] in the
p:ckineg materlal, in addition to the Pu 34, in the sediment-free water.

(£} The value ir znle cclumn 1s the product of the alpha concentration (dpm/ml) from the third column and the total volume
{=l) from <ne fiftw ecolumn.,

te) T-is percentag; ég the ratlo (miltiplied ty 100) of the total dpm in the sediment-free water (in the sixth column) to
tne tetal Pusiv.2dl dpm In the sample {in the second celumn).

{d) Determined 1n course of solublllty stud;.

(e} See Appandix, Tablea A.6, A.7, and A.B, for field locatlona.
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TABLE 8.2 DISTRIBUTION OF pH VALUES AND QROSS ALPHA ACTIVITIES IN WATER SAMPLES

Clean Slate I

Clean Siate TII Clein Slate ITI Total
pi Range Ne Rainge Median Ne. Ringe Medlin Na, Rnge Median No. Range Medlan
dpm,/ml dpm/ml dpm/ml dpm/ml dpim, m1 dpm/ml dpm,/mi dpm/ml
<f,N 0 - - 2 1.0-1.7 1.6 0 2 1.6 - 1.% 1.6
6.0-6.4 3 N,D.*-0.7 0.1 L} 0,7-4.7 1.8 2 0.1-2.3 1.2 9 N.D,-4.7 0.7
£.425.8 3 N.D, -0.5 o1 9 N.D_-A2.5 2.0 4 N.D.-1,7 Q.6 16 N.D,-62.5 0.4
6.8-7.2 1 {3.65) (8.65) 2 N.D, - 7.0 3.5 4 1.1-1.5 1.3 7 N.D, - 8.65 1.4
7.2-7.6 3 K,D. -7 ¢ 13 Q - - L} {(¥.0.} {N.D.) 4 N.D.- 0,7 Q.2
7.6-8.0 1 (0.1Y  {0.1) 1 (28.3) [(28.3) 1 {n.sy (0.5) 3 0.1-28.3 ¢.5
=80 0 - - o - - 3 N.D.-24.1 1.8 3 N, D.-24.1 18
Total 11 N.D. - d.hh n.3 18 N.D,-62.5 1.8 15 N.D.-24.1 I.1 Nk N.D,-52.5 ¢ 75
* "N.D." - Not Deteated; - Acsumed > he zero ln mediin calculation.
TaBLE 8.4 DISTRIBUTION NF ACTIVITY AFTER MILLIPORE FILTRATION OF SELECTED SEDIMENT-FREE WATER SAMPLES
Sediment-free Waten Sediment-free Water after Filltration
Before Filtration Actlvity of Filtrate Agtfvity on Filter
Event Trarep- Location Conc. Allquot talculated Tonc. Fer cent mﬁ”—m
lab of alphi Filtered Activiby of 31pha of Sedi-~ dpm per of
No. Activity Through of Allouot activity ment-free ml Sadliment -
{a} 0.45 Water filtered free
Filter Aetivity Water
Activity
dpm/ml ml apm dpm/ml a
cs-1 3143 A-030 8.55 100 865 4.9 57. 195 195 23. e
Cs-I 3142 aA-nie 0.69 300 207 0.3 43 31k, 1.05 152,
c5-1T 4180 p-oka el B2.5 100 6250 58.5 ol 576. 5.76 9.5
£8-11 h197 H-046 28.5 170 2830 23.7 a3, BRG 6 59 23,
C8-TII 5230 B-0Rk 24,1 A3(t) 200 16.7 69, fey. 7.54 3
C5-T11 5242 L-078 213 300 500 Q.9 7. 1685, z. k2 235.

{a) Vvalues from Table ¥ I
{t) Total volume of the sample.

{c¢} Trus lncation probably IMOB-040
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TABLE 8.5 SOLUBILITY OF Pu FILTERED FROM SELECTED SEDIMENT-FREE WATER SAMPLES,

CALCULATED AS THE DISTRIEUTION FACTOR: EN SOLTD PHASE

- s per ml Solution
DISTHLIUTION FACTOR [dpm Ber Al oty ] x  10*

Sample
PH of
Tracer Leaching Tatal Pu 1 u 2 s
Event Lab Ne. Leecation Solution Solidp:h_,u_se Howr cur Heur 3 Hour Hour S Hour 6 Hour T Hour 24 Houp 48
8 I 3143 A-030 6. 3.1 + 3.30 12.9 + B, 0.32 + 1h, 0, 9.6 + 9.6 9.6+ 9.6 0. 6.0+ 9.1 " .
o8 I 3143 A-030 11 19108 ¥ 327 177 T-a o. 6.7+ 7.5 a. = o gos Rt 3.5 .35
cs 1 kK84 A-ouz 6. 178.4 + 4,30 4.4 + 5.6 2.1 + b5 2.4 4+ 7.4 Q. 4.6 + 8.0 - 0,2 + 4.5 'R o
o5 I Jruz A-ak2 1.1 1358 % U.13 13. 17. o 283548 o = 1. 45, W, 7. 0, 47, 1.8 + 5.7
¢s I 4180 D-olo* 5, 305.9 + 7.30 a. 1.8 + 2.9 1.5 + 1.2 1.3+ 3.0 1.3+ 2,4 44 2.6
s 1T u380 D-0lo* 11 2756 7 8,15 3,3+ 1.3 5.0 ¥ 2.1 i Iz2.9 X T 2.6 o 3_-, i 2.7 3333d §g 342 1?:?% E?
c3 1II 4197 H-046 &. 3B2.7 #11.51 12, + 3 7.+ 5. 15. &+ 4, .04 2.4 6.4 + 2.3 18, + 4. .
¢s It 4137 H-044 1.1 67T 8 7.3% 1. 75 % O37 7.5% 3.8 8 T30 3.1% 25 3.5 3.4 g:o S R A ;Z
5 111 5230 B-08d 6. 315.6 + 7. 7.8 +1.3 1. & 4. .5 + 2.8 1B.0 + 0.9 13.4 + 1. 29.
£s 1L =30 B-08l 11 Nnz.z3 7‘22 0212 46 * 3, 7-1%1.9 5.27% 1.5 5.5 % a.-ér g.aég:z E:gég:; 3%:9%3:9 216{3%;'0
cs III 5242 L-078 . 90B.7 +26.3 0. a1 4+ o0, 0.8 +1.0 0B+1.0 2.1 + 0.9 0.4 + 0. . R
¢s I Soue L-o78 11 716.4 ¥o5.4 2.3 4 1.4 27 1 0 Jeias  AEILE  7.3%118 a0 330 obid? 28l 96ilo
Errer 1imita given are calculated from eccunting statistlce only xS

and are at the 95% conlldence level, 3o that there iz ao
ambhiguity In the magnitudes of the tadbulated values, the [irst
distributicom factar tabulated under "Hour 1™ 183

{dpm per ml solution/dpm solld phase) = (12.9 + B,5) x 1073,
* True location probably IMOB—040
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TARLE 8.5 SOLUBILITY OF Pu FILTERED PROM SELECTED SEDIMENT-FREE WATER SAMPLESR,

CALCULATED AS THE DISTRIBUTION PACTOR: DE SGLID FHASE

_ 5 per nml Solution
DISTRIUTION FACTOR [dpm B T ] x 104

Sample
pH of
Tracer Leaching Total Pu
Eyent 1ab No. Locatilon Solution S011d_Fhane Hour 3 Hour 2 Hour 3 Hour 4 Hour & Hour & n o r
apm
cs I 3143 A=030 &, 93.1 + 3.30 12,9 + 8, 0.32 + 3, Q. 9.6 + 9.6 9.6 + 9,6 0. 6.0 o1 .
s 1 143 A-030 1.k 101.8 ¥ .27 T3 7.3 9. 6.7+ 7.5 0. B a. 0. x3 %,3% 3 é + 1.5
cs I 3142 -4z 6. 17B.4 + 4,30 Lh+ 5.6 2.1 &+ W5 al4 7.4 a. 4.6 + 8.0 - 0.2 + 4.5 o0,
[ 314z A-Ok2 1.1 135.6 ¥ 4.13 13. 717 0. 2.8%¥5.8 0. = 1. +5. 10, ¥ 7. 10, 4+ 7. 5.7
e5 I 4160 D-0k0 . 305.9 ¢ .30 Q. 1.8 + 2.9 1.5 + 1.2 1.3+ 3.0 1,3 + 2.4 3.4 + 2. .
€3 T1 4180 D- DA 11 #10.8 T B)15 323+33 5.0 3 21 hEad 23idd o 37335 3Esld %03%3 138
cs II 4197 Hn04E 6. 382.7 +11,51 2, +1 7.+ 5 15, + 4, 0+ 2.4 £.4 + 2.3 18, + 4. . y
cs It ngy H-0UG 1.1 576'7 % T.BT 73T 1.9 75 ¥ 37 Fs5ive  t8i3e 11yl 353 3 gorzs 1.0 3 L
&5 III 5230 B-0B4 [ 315.6 2 7. 7.6+ 1.8 11, + 4, 14.5 + 2.8 1B.0 + 0.9 13.4 + 1.7 . 6,
gs 11 5230 B-0Bk 1.1 223 T& 0.z ¥ 2. b6 T 3 73i0e seind eiad . 3. B3l ‘il $50
cs ITI 52u2 L-079 E. 908,7 +26.3 0. g.1 + 0. 0.84+1.0 0.8+ 1.0 0.1 1+ 0.9 0.% + 0.
s 111 5242 1-G78 1.1 7164 3250 2.3 4+ L0 2.7 % 33 .23 1.5 46716 T-3%¥1.5 190 3 37 5 1a lg:g$ 18 32’
Error limits gilven are calculated from counting statistics enly r
and are at the 95% canfldence level, Sc that there 18 no “
amblguity in the magnitudes of the tabulated values, the Iirst

diatritution factor tabulated under “Hour 17 1st

(dpm per ml soluticn/opm a~11d phasa)] = (12.9 + 8,5} x 1074,
* True locstlon probably [MOB-040.
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TABLE 8.6 SOLUBILITY OF GRO3S SEDIMENT Pu IN 0.1 NORMAL HYDROCHLORIC ACID

Sample Description . ... p, Alpha Activity in Leach Solution ®

Tracer- in Gross

lab Sediment Hour Hour Hour Hour Hour Hour Hour Hour Hour
Event No. Location {dpm} 1 2 4 5 24 ya
CS-I 3143 A-030  4.65x10° 3.08x10"4 5.u5x10'u 7.93x10'u 1.01x10"3 9.08x10‘“ 1.15x1073  1.18x10°3  2.48x1073  3.03x1073
£S-I 3142 a-oup 3.26x10“ 3.52x10‘ll N.SleO'u s.sexlo'u 6.30x10'a 5.83x10~ % 4.75x10‘“ 8.3ox10’” 1.11x10°3 1.31x10'3
CS-IT L4180  D-olo** 2.48x105  s5.4sx10™  7.09x107t  1.06x1073  1.24x1073  1.12x1073  1.19x1073  1.62x1073  2.02x10°3  2.B8x1073
0S-TT 4197 H-046 2.06x10% 2.26x10°%  A4.15x10°%  5.69x10°%  4.os5x107*  5.sox10°®  6.B6x107%  4.19x107%  1.14x10°3  1.76x10-3
CS-ITI 5230 B-084  1.60x10%  1.06x10°% 2.31x10°%  3.84x10°%  y.81x107%  3.22x10°%  4.s2x107%  4.12x107%  B.12x10-%  1.0Bx10-3
CS-ITT 5242  L-078  1.04x10% 1_99x10'4 2,s3x10'LI a.16x10'u u.oum‘lI 3.25x10'h 3.66}:10"1L h.??xlo'u 7.30x10'1J 1.21x10'3

*Aotivity expressed as the ratlo, dpm per ml solutlon
dpm gross sediment

** True location probably TMOB-040.

TABLE 8.7 RESULTS OF SUCCESSIVE LEACHINGS BY VARIOUS ACID SOLUTIONS OF INTERIOR OF QLASS
CONTAINERS USED FOR STORAGE OF CLEAN SLATE WATER SAMPLES

Tatal Alpha

Sample Volume Activity Found Total Alphe Activity Found in Acld Wash Solutions @

Tracer- of Wash on Contalner Cene. HNO
Event lab No. Loc. Solutlon Wallas Q.18 HC1 3N HC1 6N Hel {Trace er3HF}

ml dpm dpm dpm dpm dpm

8 1 31h3 A-030 500 2999 2265.0 {.756) 378.0 {.126) 297.5 (.099) "533.5 {.019)
c8 I 3ike aA-042 555 515.0 318.3 (.619) 77.8 {.151} 26.1 (.050) 2.8 {.180)
cs IE 4180 D-0ho** 550 809.4 693.4 (.B57) 58.0 (.072) 21.5 {.02A}) 36.5 (.045)
cs 11 4197 H-04& 480 689.5 S47.1 (.794) 99.6 (.142) 3.5 {.005) 41.5 (.059}
£s TII 5230 B-0B4 300 T96.7 3.6 {.nok) 471.8 (.593) 123.4 (.162) 191.9 {.261)
03 111 splip L-078 720 koo . 4 121.7 (.289) 251.4 (.595} 35.5 (.C84] 13.8 (.032)

#Number 1n parentheses 1= fractlon of total found in each wash aolution.

*+ True location probably IMOB-040.
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TABLE 8.8 SUMMARY OF DATA ON WATER SAMPLES USED FOR SOLUBILITY STUDIES

Sample Sediment-free Water Sediment Bottle Walls Total
Event Tracer- Loecatlen pPH Volume Conc. of Total Total % Total % Sample

1ab No. Alpha Alpha Alpha of Alpha of Alpha

Activity Activity Actlvity Tofal Agtivity Total _Activity
ml dpm,/ml dpm dpm dpm dpm

C5 I 3143 A-030 6.80 500 B.65 435 4.64 x 107 98.5 2999 0.65 5,71 x 102
c5 I 3142 A-O42 7.35 555 0,69 383 3.26 x 10% 97.3 515 1.55 3.35 x 104
cs IT 4180 D-040* 6 .56 275 62.5 17190 2.48 x 105 g3.2 Bog 0.30 2.66 x 10°
0S TI  H197  H-046 7.71 160 28.5 4560 3.06 x 10°  85.5 639 1.92 3.58 x 10"
cs IIX 8230 B-084 g.10 83 24 .1 2000 1.60 x 10" B85.1 797 425 1.88 x 10“
cs IIT 5242 L-078 6.04 720 2.3 1656 1.0% x 10° 98,1 422 0.40 1.06 x 10°

* True location probably IMOB=-040.,
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Figure 8.3 Solubility of gross sediment plutonium in 0.1 E hydrochloric acid; Clean Slate I samples,
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Figure 8.4 Solubility of gross sediment plutonium in 0.1 N hydrochloric acid; Clean Slate I samples.
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Figure 8.5 Solubility of gross sediment plutonium in 0.1 N hydrochlorie acid; Clean Slate III samples.
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APPENDIX
PLUTONIUM DATA TABLES

The followlng entries have been used consistently under

"Sampler Type" to describe the type of physical sample collec-

tion. Varilous synonyms are listed as they may appear in other

project reports.

Andersen

Casella

TAS~D
TAS-I
TAS-IT
Seq. Air.

Wire Swipe

Film

Al. Coll,

Soil

Water

Andersen Impactor (6 stages analyzed, includ-
ing the filter)

Casella Impactor (5 stages analyzed, including
the fllter)

Total Alr Sampler, disposable

Total Alr Sampler, Type I

Tetal Alr Sampler, Type II

Gelman Paper Tape Sequentlal Alr Sampler

Cylindrical (wire) collector swipe from
balloon curtain

Gummed Fllm, Sticky Film, Deposlticn Samples
Aluminum Collector, Petrolatum Samples,
Debris Samples, Bits and Pieces, Disk
Collectors

Scil cores, throwout samples, and belt
monitor samples.

Distilled water, Trays. Refer also to Solubllity
Study, Chapter 8

In the "Remarks" column, the Uranium or Americium notations

indicate that the sample also was analyzed for this element. Other

remarks elther are included in their entirety or footnoted on the

same page,dependlng on length.
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There are a number of instances throughout the data
tables where the analytical result has been expressed to
three or four diglts and the accompanying COuntihg error
does not Justify such apparent precision. In this way,
the data may be rounded off conslstently among all labora-
tories when 1t 1s complled.

A.1 PLUTONIUM ANALYSES OF DASA QUALITY CONTROL SAMPLES
{(Table A.2)

A.1.1 Solls. The results on duplicate soll samples

gshowed that representative 4 to 5 gram samples could not be
obtained by aliquoting the particular dry scll selected for
this purpose. Consequently, at the request of DASA, analysils

of this type of sample was stopped.

A£.1.2 Quality Control Solutions. Fourteen plastic screw

cap vials sealed with paraffin and containing about 7 toc 10 ml
each of solutlon were received in two lots of seven March 20,

1064 and March 25, 1964,

Ten of the 14 vials had obviously leaked and the packing
tissye was damp and discolored, but there was sufflcient rample
left in all cases for analysls, It is not felt that there was
enough cross contamination to invalidate our results, unless
one or more of the samples was prepared as a complete blank
instead of a spilke. In this case, a small amount of contamination
could have crept in during transport or during our decontamination

of the outside surfaces. Samples recelved were as follows:
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DASA No. Date Recelved Analysis For  Expected Amount Leaky

213 3-20-64 U, Pu Very Low

217 3-25-64 U, Pu PESTR

535 " U, Pu o x
54T 3-20-64 U, Pu woow x
AALT " U <200 ug U/1 X
AAS9 3-25-64 U "
APR1l 3-20-64 U <1000 ug U/1 X
ACS1 3-25-64 U <2000 ug U/1 x
CALd 3-20-64 Pu <25 dpm Pu/ml x
CB34 3-25-64 Pu <200 dpm Pu/mi X
cel3 " Pu <1000 dpm Pu/ml X
ceol 3-20-64 Pu "

CD33 " . Pu <6000 dpm Pu/ml x
cD46 3-25-64 Pu v x

A.1.3 BRlological Quality Controls. Although H-NSC was told

to expect activity levels up to 4500 dpm, it was disconcerting to
find such overall high activlty levels in the first group of these
samples as contrasted wlth the very low actlvities observed in
Roller Coaster animals., Consequently, all subsequent groups were
treated 1n the laboratory areas reserved for physical samples in

order to minimize contaminatlon of the routine bloclogicals,
A.2 H-NSC INTERNAL QUALITY CONTROL SAMPLES ( Table A.3)

H-NSC processed a total of 49 intermal control samples con-
gisting of 13 blank urilnes, 8§ blank ashing dishes processed
together wilth biclogical samples, 15 blank Millipore filters, and
10 chemistry blanks, processed wlth the physlcal samples, A4 total

of 3 samples were spiked with Pu239’240. The results are given

in Table A.3.

H-NSC quality control blank #1675 showed 17.2 dpm Pu contamina-

tion, which was very much higher than any other biologlecal blank.
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The blank consisted of an empty porcelain ashing dish (plus

added Pu236) muffled with Rochester blologlcal quality control
sample 21B (493 dpm Pu found). This was a smallréuffle holding
only two dishes at a time. It was used only for the Rochester
samples after these were found to contain such relatively high
levels of Pu that there was a risk of contaminating Roller

Coaster blologicals by ashing the two types together. This blank
then was put through chemlstry together with Rochester samples

19B (217 dpm), 24B (1943 dpm), and 25B (591 dpm). Since the

blank was belng run to check for possible cross contamlnation

from the high-level Rochester samples, exceptional care was taken

at the beginning. The empty dish was examined carefully upon
removal from the muffle,and no foreign matter or signs of contamina-
tion were visible., If the Rochester samples were uniformly

spiked, it 1is difficult to imagine how this much contamination
could have occurred without a visible ash being present In the

blank dish. Other possible avenues of contamination were thoroughly
explored as well, but nc explanation could be found. The chemlcal
vleld was a satisfactory 88 percent, so poor counting statistics

could not be blamed.

Samples H-N3C-839, H-NSC-1600,and H-NSC-1696 were speclal
quality control tests to determine residual contamination in re-
used Teflonware. For each test, a Teflon beaker which had been

used several times for very active physlcal samples (10%to 10° dpm)

wags cleaned by H-NSC's usual methods; then, after tracer addition,

was treated as a blank with normal dissolution reagents. These
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blanks were carried through the chemistry together with low-
level samples in groups of eight, and showed 4.2, 5.7,and 1.1
dpm Pu, respectlvely. These quantitles were less than 0.5

percent of any of the samples processed concurrently.

In addition to the internal quality controls processed to
menitor Roller Coaster operations, plutonlum analyses, wlth
their associated controls, were carried out for other clients
concurrently. Specifically, one program of analyzlng large
volumes of seawater for Pu applied directly to Roller Coaster
operatlons since 1t involved extremely low levels of activity.
In this case even the positive Pu results from seawater, a few
hundredths of a dpm, could be viewed as quality control blanks

for general laboratory processing.
A.3 BICLOGICAL SPECIMENS, DOUBLE TRACKS (Table A.4)

Of special concern was the possible cross contaminatlion of
biological samples. Shipping contalner number 19 had a falr
amount of blood in the bottom,and a number of samples had blood
on the outside, The majority of thls was due to bag rupture at
the initial packing, although several sarples that were thawed
for identification purposes and refrozen also apparently leaked.
Moniteoring and checking of wipes from Box 19 showed no residual
alpha activity, but the possibility of contamination should be

taken into account in evaluating the data.

H-NSC does not have accurate data on which Double Tracks

animals were used as controls; conseguently,all such assignments
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are guestioned under "Remarks"., Varlous ldentifying letters
accompany many of the bilological specimens, especially the
burros. These letters are the same as those uséd:in the
"official" typed inventory made 27 September, 196Q)in,the
presence of Capt. William @Qodden. A number of inaccuracies

were found 1In the inventory and have been noted,

Double Tracks biological sample X~18B~-8 [burro stomach)
is reported as 8.30 + 0.75 dpm, The error was asslgned on
the baszsis of counting precision alone, buf it is believed
that the accuracy error ls more on the order of 40 percent.
A yleld of only a few percent was obtained on flrst processing,
and because of the low resulting activlity, the assoclated count-
ing error was large. The stored waste from this sample was
reworked to provlde a gecond sample with 11 percent yleld. The
two results were weighted to provide the reported value but
they dlsplayed different Pu232/pu23® ratios. Most of the differ-
ence can be explained by statistieal reasoning)but 1t is suspected
that the rest may be due either to contamination or, possibly, to
inadequate exchange of tracer and sample, although the latter

explanation seems remote for this particular sample.

Wet weights given in Table A. 4 include the weights of polyethylene bags
for purposes of identification with field weights. The only except ons are special dog
hilar node samples listed with the NET weights designated under ' Reworks'. Bag
weights were generally 4.5 g for specimens less than 100 g, and 10 g for those above
100 g in weight. Double and triple large bags were not uncommon for the largest

or lezkiest specimens.
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At an early stage of the analytlcal program a few dry welghts and
ash welghts were obtalned on blological samples. Thls practice was
discontinued after the informatlon glvenin Table Al was obtained. All speci-
mens came Irom two dogs, thought to be control anlimals. The samples
were dried, wlthout the polyethylene bag, to constant welght at 110°C,
and finally ~shed at about 600°C. It can be seen from the wet welghts
that one animal appears to be heavier than the other, or else differing
amounts of connective tissue were removed. The plutonium results in-
dicate a slight positive body burden generally but no speclal con-

centration in any one tilssue.
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TABLE A,1 DOG SPECIMEN WEIGHTS,

DOUBLE TRACKS

Wet Dry Ash Weight
Dog No Tlssue Weight* Weight Wet Dry Pu-239,240

grams percent percent dpm/sample
1010-1 left femur  35.49 g2.5 34.3 41.6 0.016 + 0,14
1098-1 left femur 25.50 76.6 34.8 4s 5 0.38 ¥ 0.06
1010-2 kidneys 51.69 22.6 1.57 6.95 0.31 + 0.05
1098-2 kidneys 44,75 25.5 1.3% 5.20 1.01 ¥ 0.09
1010-3 liver 272,36 48.5 3.26 6.72 0.64 + 0.07
1098-3 liver 220.97 30.1 1.62 5.38 0.30 ¥ 0.0%
1010-4 lungs 108.03 19.1 1.28 6.68 0.62 + 0.06
1098-4 lungs 68.92 21.5 1.31 6.08 0.53 T 0.05
1010-5 Hilar nodes 1.20 42.3 4.33 10.5 .07 + 0.07
1098-5 Hilar nodes 1.75 51.5 1.95 10.0 0.18 + 0.05

*Net welght of specimen only.

Add 4.5 grams for polyethylene bag.
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TABLE A.Z PLUTONIUM ANALYSIS OF DASA QUALITY CONTROL SAMPLES
Sanple Type sample Aliguot Pu-233,240 Remal'ks Courtirg Yiel.
He wWelgrt Time
grams dpm/aample min. ApprOX. percert
BI-Jh DASA So1l 4,93780 25,586 + 1170 Split oy¥ H NSC 60 1R
EI 9E oo 4,93285 13,400 + 335 ' "o 60 4é
BG-28 " " 4.11915 1985 + 5f v e 202 3
EG-2E oo 4.11984 1530 + 34 oo 207 £
BF-1 & v 5. 37TET B5.3+  0.88 ' zhon 3t
BF-1F oo 5.36545 52.5+ 0,58 " R 2400 23
By¥-E b 10.55%4 1170 + 3¢ ! o 208 70
BD-2 oo 9,12080 1.80 x N.2531c” 241 z
ETT o 9.53061 l.oo =+ 1.18410% 72 3
BE-Y oo 3.68520 7459 + 22 100 £4
BJ-T o 9.83798 3.'.’1&:0.19’00” 3s] a4~
EJ-9 T 8.69840 1519 + &1 50 T2
BL-% " 11,21257 5.56 + 0.26m20" 5n 3
h 11, 26892 414 + 57 50 T2
PL-1C " 11,3B814g 5103 + 147 120 38
pac §.7E080 5.54 + 049510 18 3
1y 521Tn 1.0 ml 76,63 + 2.38 Average 180 8F
T3 C " o 69,26 + 1.9% 2,94 + 6,53 180 32
cTo33 A o " 4895 + 98 60 30
¢33 B A n 5081 + 115 4957 + 165 60 20
LA L ' o 506£.9 + 9.€ 180 51
jor LS o 512.8 + 8.7 504.8 4 5.2 180 5%
o Lb o 26,34 + 1,15 240 25
ThowboT . 2,55 + 0,69  25.4¢ + 1.5€ 240 &8
oWk A "ot -2 x 60 59
n z o 451 4§ T 10 8r
e} ' o 27,30 + 1.7 2h0 1
N - ‘ ' - o Sere 4 . 0 “1
213 ~ " T Tt d T 1000 7t
217 " " S <.I8 2 0L 2ho 78
= P R P J0a 7%
- o talhe ¥ L2 rone o+ 1.5% 1600 €5
el o T A b 1400 TE
c B "on L (R LR i lagu 78
- " " oLis 4 DD 1400 57

=Sample analyzed i “hot” laboratory accompan 10° to 10° dpm samples.
. Iy ying
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TABLE 4.2 PLUTONIDM ANALYSIS OF DASA QUALITY CONTROL SAMPLES (conttd.)

igrfmh Type dalent Pu-233,240 Femarke C%-mting Yield
ULt LA orans Prav— adn
1 -B 149,3 99; + 27 Froceesing Startea £z -1
2 -8B 188.€ 2101+ 45 ¥ Jemary 1960 1tz vz
3-8 169.1 720 4+ 17 162 £
4 - B 263,0 2766 + TO 168 ==
E-R 1€9.2 1222 + 29 1£8 te
6-F 162.6 1986+ 95 120 aa
7T-F 188.9 gr 4+ £ 14l a2
8 -E 167.9 1916 4+ 45 165, *
q -2 172.5 1704+ 40 1€5 413
10 - B 166.2 1502  + 90 Processing Started 30 aa
- 1y February 1964

12 - B 173.3 B2B  + 27 30 as
12 - 2 162.9 265 + 10 30 o
13 - F 175.1 526  + 50 32 3=
14 - B 184,2 70 # 22 30 <
15 - E 170.2 2572+ 1 3¢ s
ic - E 172.7 681+ 32 30 40
17 - B 137.0 190 + 2 9BY 5F
18 - B 159.2 R 30 90
16 - = 1716 217 47 §f°§§§;ﬁ2§ys§3239d €0 35
20 - E 160,2 1290 + 92 T62 1
21 - B 149.8 uor o+ 1% 30 71
2 - E 162.5 379 & 230 30 T
23 -F 173.0 977 + 37 3 73
2h - F 167.6 1943  + 72 3¢ 75
25 - E 157.9 59 + 20 30 23
26 . P 182,€ 3566+ 214 io 7
27 - E 167 .6 94.: + 0,7 30 65
2% - = Mea® Cplxe 160.5 380 14 Processing Started 30 TP
2a - B " 20,1 s2; o+ 21 f Maraa 150 30 bt
30 - C 210, 3, o+ 12 30 90
i - E ' k3,5 281 o+ &7 3C 54
32 - P " 185.¢ 1311 + 38 yr &
33 - © 173.5 3171+ 7R 5 2p
3 - E ! 3.7 Ty +13 30 B
B -F N 168,21 1570+ &8 30 76
3 - B Bore Splke 150, 9 1238 + 83 R 5
3" - F ' 135.5 287 Procrscing Started 50 &
38 - F Mear Spise 173.7 2525+ 101 S Maned 1508 30 43
3% - B fiwmdr Like 206, 9 1135 + 49 30 e
L0 - B 1750 3721 + 153 30 k5
41 - E " 173.9 4,56 + 0.50 90 s
be - F ' 213.7 9.54 + 0.95 120 ar
43 - p Bane Triase 92,7 33,64 +1.% 180 a7




TAELE A7 PLUTORIUNM ANALYSIS OF H-NSC INTERNAL CONTRCL SAMPLES
Samnle Aliquct Pu-23%,240 Remaris Countlng
N> - ol Time Yie:z
dpm/sample : min, ACFro}. percent
E-N3C-u17 Spiked urire 10t ml 17,92 % 0,54 671 3.
17.3¢+5,52 dpm Pu?3Y added -
H-R32-72- Asning dish apiked 8,7: * 0.49 122 52
8.6b+3,26 dpm Pucl9 added -
H-N5C-129¢ Millipore filter v.48 + 0.7 an 6z
8.0b+0.20 dpm Pucl? gaded
BLANK URINES ACCOMPANYING BICLCOICAL SAMPLES
H-NSZ-235 1005 ml U.117 + 2.059 147 o
H-K50-43% " 0.054 » 0.027 b51 1z
H-N8C-1i28 " w.ly o+ T.08 B~ ar
H-NSZ-1123 v T.e2e + 2.058 257 a.
H-K3C-113. - T.081 + G.036 751 s
H-R3C-1121 " 0.091 * 0.034 747 I
H-N3C-113¢ " 0.C65 + L.02y oo 18
H-N3C-21 3 " U.09z + 0.031 751 1e
H-N30-11%- " 0,22+ 0,13 o 70
H-N3C-15F " o.20 o+ 0,12 60 e
H-NL"-12-¢ " 0.lou * 0.0%o 747 50
HoNot-oo0 BEO m] Q.37 + 0.068 358 I
H-N3C-127 1000 ml 0,73 + 0,09 120 40
BLANK ASHING DISHES ACCOMPANYING BIJLOGICAL EZAMPLES
ESHel-H G.05- + 0,021 181 87
H-N2C-70 -0.67% + 0,07 236 5a
Mo e c.08 +u.0% 1074 77
a.05 + 0.0n a0 o8
GoaF 4 0,20 152 5
0.10 ¢+ 0,02 1074 75
H-KoL-adr 3,75 + O.be Blank Fun witn 256 G4
Rochester #1-y
et e 17.1% * i 2”7 Blapy Run with 12w 8y
Rochester #13-27. See
explanatlion Zn text.
BLANK MIILIFCRE FILTERS ACCCMPANYING PHYSICAL SAMPLES
R .18 2 008 2400 7
H-1.30-r L9 + LTl 306 82
n=1 0=y L) S SO 1132 a5
n-l.v-"2 0,044 » 0,008 o400 BE
R ~.IL 2 N8 Usez "not" Teflcn heaker, 122 na
See explanation in te.t.
Tl o+ w7 &0 44
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TABLE A.3 PLUTONIUM ANALYSIS CF H-N5C INTERNAL CONTROL SAMPLES (cont'd,)

Samrle Fu-23y,240 Remarks . Counting
No. a Time Yield
dpm/sample * min. ADETOX. percent
H-NSC-1000 0.83 4+ D.1% 120 7 )
B-N5C- 1060 .12 =+ 0.07 120 g0
H-N5C-1110 0.08 + G.03 100t )
H-NSC-115% 0.45 +0.11 LAl 15
H-N5C-12&4 0.53 +0.12 120 G-
H-NSC-160C0 5.68 + 0.37 Used "hot" Teflon hezker; &0 ag
H-NSC-1601 0.67 +0.09 see wext. 360 fa
H-N3C-1696 1.1} + 0,03 Used "hot” Teflen beaker; oU N
H-N3C-1637 0.21 +o0.21 see text. €0 .
CHEMISTRY ELANKS - RO DISSOLUTION
H-NSC-51€ -0.06 #0.05 318 I
H-NSC-538 =0,24 * 0.0% Bg" T4
H-N3C-1408 0.055 + ¢.02a 565 LN
H-NSC-140% D.08D + 0.028 11 Se
H-N5C-1460 0.66 + 0,31 oU G2
H-NSC-1466 0.18 + 0,11 40 Bo
H-N5C-1572 0.082 + 0.027 42z -3
H-N5C-1573 0,025 + 0,014 222 88
H-N5C-1746 1,50 + 0.5 [ %9
H-NSC-17€7 G.90 + 0.23 60 u2
H-NSC-153¢ 2.02 » D.03 Plating controls no 28 --
dissoiution or chemistry

H-N5C-153" 0.0z + 0.0C " "o ! 3ZP --
K-N3C-15738 0.0z + 0,02 " "o " aze -
H-N3C-1% 19 0,02 + 0.03 ' o ' 328 -
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DOUELE THACKS

TARLE A.4 PLUTONIUM ANALYSIS OF BICLOGICAL SPECIMENS,
Animal Sampling DASA Tissue Welght, Pu-239,240 Remarks Sounting Yield
Type Time No. Wet - Time
grama dpm/sample N min, approx. percent
Dog D+ 3 1002-1 Left femur 2,20 0.11 + 0_85 & 7
-2 Kldney £1.32 O Og F 0. E 18? 03
-3 Liver 325.5 0.62 ¥ 0.1 191 70
-4 Lung 115.3 1.33 # 0.13 3B1 [33
-5 H. node .78 0,11 ¥ o.ou 300 94
" " 1003-1 Left femur 35,05 0.10 + 0.C4 380 59
-2 Kigdney 51.3 0.12 + 0.03 91 51
-3 Liver 303.8 0,18 ¥ 0.08 T35 69
-b  Lung &7.8 1.15 ¥ 0.16 373 3¢
-5 H. node 6.12 0.0z ¥ 0,02 719 i3
" 1006-1 Left femur 3%.0 0.10 + 0.03 380 [
-2 HKidney 61.7 0.29 ¥ o.ggs 200 7
-R Liver 336,8 0.57 ¥ 0, ERQ ©P
-4 Lung 90.1 53.0 ¥ Q.7 340 Qe
-5 K. node 0.8205 0.03 T 0,02 . 211 95
' " 1010-1 Left femur D 39.92 -0.02 + Q.14 cer.trol? Dry welghts taken on oTe 1f
-2 Kidney 5L, 0.31 + 0.05 all tisrue samples cf this dog. 543 =15
“J} Liver 276,86  ©0.64 T .07 . 1346 43
4 Lung 112,53 ©0.62 F 0.06 239 T4
-5 H. nade 1.2003 0,07 * 0,67 . ] 8
v 1011-1 Lerft femur 35.9 0.08 ¥ 0.03 682 11
-2 Kidney 51,6 0.16 ¥ 0.0F 290 84
-3 Liver 307.6 .31 T 0.05 1840 19
-4 Lung 82.5 35,28 ¥ 1,53 &0 30
-5 H. node 5.26  0.19 ¥ 0,05 2360 11
" " 1013-1 Left femur 41.64  0.155 + C.04 380 !
-2 Kidney 76.5 Q.11 * 0,03 £F- EE
-3 Liver 357.1 .74 ¥ O.lg 285 57
-4 Lung 112.6 470 % L2 115 2c
-5 H. node 6,51 -o.g; ¥ c.o7 300 a3
' " 10g5-1 Left femur 34,0 0. 7 0.10 600 i
-2 Kidney Bl 0.07 % 0.02 £7] 74
~3 Liver 305. 0.47 * 0.09 249 70
-4 Lung 83,0 92,31 F 2.40 115 19
-5 H. node 5.14 -0,06 ¥ 0.05 300 95
v N 1037-1 Left femur 38.5 0.30 + 0,11 1088 10
-2 addney 42.98 0.06 ¥ 0,02 380 8o
-3 liver 287.1 ¢,16 ¥ 0,086 249 =08
-4 Lung 72.9 32.22 ¥ 1,09 143 3]
-5 H. node 2,F1 -0.02 + 0,02 FNot on officizl inventory * 993 63
" " 1042-1 Left femur 29.32 0.09 =+ 0,03 600 4o
-2  Kidney 57.9 0,15 ¥ 0,03 671 7
-3 Liver 225.7 o.gs ¥ 0.07 422 78
-4 Lung 72.4  91.Bo ¥ 2,95 217 7
-5 H. node 0.6289 0.12 F 0.0% * S43 43
" 1047-1 Left femur 31.84 0,08 + 0.c3 745 33
-2 Kidney KE.2 0.06 ¥ 0.03 22§ 72
-3 Liver 329.4 0,30 T 0.06 1000 19
-1 Lung 101.5 B.03 F 0.42 719 30
-5 H, node 1,954 0,12 ¥ 0,03 . s43 93
1052-1 Left femur 0.7 0.3 + 0.1C 663 1€
-2 Kidney [ 0.06 ¥ 0.02 €71 52
-3 Liver 300.0 0.45 ¥ 0,14 206 kL
-4 Lung 139,1 5.95 T 0.32 €91 2t
-5 H. node f.58 0,01 ¥ 0.07 980 9€
' 1055-1 Left femur 28.8 2,05 + 0,03 2360 19
-2 Kidney 56,0 0.09 ¥ 0.02 970 BY
-3 Liver 248 4 0,22 ¥ 0,06 249 T
-4 Lung 4.6 9.43 ¥ 0.53 217 50
<6 LK. node £,85 -0.01 + 0.03 [*1ile] 83
' 1059-1 Left femur 30.8 0.41 + 0.14 512 13
-Z  Kidrey o028 006 ¥ 0,02 £00 60
-3 Liver 32.75 0.28 +0.10 5 Th
-b Lurg Bg.£ 10.13 = 0,42 77 by
-5 H. node 0,7598 0.0 ¥ 0.02 . 492 212
' 10b4-1 Left femur 29,01 0.59 + 0.C° £00 45
«2 Kidney 51,6 0.2B ¥ 0.06 €€T 33
-3 Liver 278, ¢ ¢34 ¥ Q.06 1840 11
-k Lung TE,R 3005 T 1.2 377 1€
-& H, node 5.4 0,11 T 0.03 2380 24

* HNet weight rather than gross weight given
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DOUELE TRACKS lcen't.)

TABLE A.4 PLUTONIUM ANALY3IS OF BIOLOGICAL SPECIMENS,
Animal Sampling DASA Tissue Welght, Pu-239,240 Remarks Courtirg Yield
Type ‘Time No. Wet Time
grams dpem,/sample nin, approx percent
Dog D+ 3 1085-1 Left femur 31.9 0.15 + 0.04 1085 -
-2 Kidney 51,7 0.Q05 ¥ 0.02 Tia z3
-E Liver 4 g,u 0.62 ¥ 0,10 1840 10
-4 Lung 2.1 5.58 T 0.44 143 £3
-5 H. node 0.6724 6.05 F 0,02 . 432 TE
" " 1088-1 Left femur 44.3 0.52 + 0.09 570 P
-2 Kidney 50_2 0,05 ¥ 0.01 Fag A%
-3 Liver zgg. 0-?§ * 0.06 128¢ 1
-4 Lung -1 Q.55 ¥ 0.07 100C 40
-5 H. node £.10 c.1s 3 c.o0h ©00 h
" ' 1091-1 Left femur 37.0 c.04 + 0.02 588 2z
-2 Kidney 57.2 0.07 + 0.04 ek -5
-3 Liver 300,28 o.eg ¥ 0.0B 245 cr
-4 Lung 107.1 0. 88 ¥ 0,23 an £n
-5 K. node 5.35 -0.03 % 0.09 £00 it
" " 1098-1 Lefrt remur 30.0 0.38 + 0.06 Control” Dry weightz taken on all whl 5o
tlssue samples of this dog. ]
~2 Kldney 50.25 1.61 +0.09 a2z ~3
-3 Liver 225 .47 0,30 + 0.0% 1187 -1
-4  Lung 73.42 o, sg ¥ 0.05 188y b=
-5 H. node £.25 0.13 * 0,08 £8A -3
h " 1101-1 Left femur 36,78 0.07 + 0.02 2360 "
-? Kidney E.h g.02 =+ 0,0l Fim v,
.3 Liver 328.5 o.g." 3 0.15 . £
- Lung 37.5 0.8 F o015 oOnly + specimen received 5RY :
-5 H, node 0.6283 0,06 F 0.02 N " " " . 7ye o
" ! 1104-1 Left femur 49,5 0.11 + 0,05 =3E 21
-2 Kidney 67.6 0,10 * C.0oh 554 ea
-3 Liver 392.8 o.44 ¥ 0,0F aye ui
b oLung 152.2 ¢.29 T 0.09 158 P
-5 H. node i.1198 0.06 F0.02 * 74t P
" " 1107-1 Left femur ho.c 0.48 + 0.16 588 -
-2 Kigney 51.4 -0.03 * 0,03 £G1 10
-3 Liver a76.7 puy ¥ 0.14
-k Lung 75.€ 8,13 ¥ 0.27 381
+5 H. node 0.6068 0,CE F 0.C2 * Loe g2
i " 1115-1 Left femur 27.5 0,13 + C.03 61¢ RE
-2 Kidney 4z.0 Q. + 0.02 RRT ;04
-3 Liver 223.9 0,45 F 0.09 182 I
-4 Lung 66,6 1.08 F 0.12 K1 ae
- H. node 5,11 -0.01 ¥ 2.06 300 e
" ! 1131-1 Left femur 37.8 .11 + C.05 TT4 [
-2 Kidney £G.6 0.38 ¥ 0.10 164 0
-3 Liver 306,1 0,24 ¥ 0,09 340 Qe
=4 Lung 114.9 1.89 < 0.23 . 12C 9]
-5 H. node 11751 0.081 % 0,03 4g2 78
Sheep I+ ag 2001-2 Left femur 205. 1 0.17 + 2.00 71T 13
-2 Kidney 185.2 0,16 ¥ 0.08 qn a=
-3 Liver 550.0 a.07 * 0.07 [y T
-L Lung Lag,1 0,39 * 0.09 Qb~ 4y
-5 K. node 13,4143 0.03 * 0.03 141 B!
" I - oay zoeE-1 Left remur 18C.3 44,20 +11.05 70 13
-2 Kidney EEN 15,28 + 0.6% 2hie 517
-3 Liver 521.5 3.30 % 0.2 240 eR
-4 Lung 435.1 5,6 ¥ 0,35 Uranium 1032 28
- H., node .83 D,44 ¥ 0,20 140 )
-7 Trachea 143.8 0.25 * 0.03 954 ar
-A  Stomach T071.0 ae. 57 + 1.3€ as0 15
-3 F. mucosa 11,16 ¢.1e =+ 0.08 “ac 2
-10 K. mucosa T6.5 LR 3 0,56 140 34
" D3 2024-1 Left femur 177.1 0.18 + 0.04 207 3t
-2 Kidney 110.7 0.20 T Q.14 6o i
-3 Liver 436.8 0.62 F 0.20 16D iR
-4  Lurng a7g,8 126.0 = 7.5 122 oF
-5 H, nede 7.1059 0.05 + C.02 L7 R,

* Nat weight rather than grosa weight given.
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TABLE A.4 PLUTONTUM ANALYSIS OF BIOLOGICAL SPECIMENS DOUELE TRACKS {cent'd.)

Animal Sampling DASA Tizsue Weight, Pu-239,240 Counting Yield
Type Time No. wet - Time
grams dpmn/sample b min. APPTOX. percent
3heep D+ 90 2025-1 Left Temur 187.3 .24 =+ 0.0€ 74t 2
-2 Kidney 97 .4 0.25 F 0.11 9 7
-3 Liver 232.9 o498 ¥ Q.16 &0 5
-4 Lung 24.1 0.46 ¥ 0.16 ;4 al
-5 H. nodes 8,1933 0.0B ¥ 0.03 616 46
b 21 May 2031-  Urine 1%?)9 4 1291 + 71 50 3
2C Aug " 1669,3 12,70 F 0.70 (¥ iz
21 Aug " B23.1 1.91 ¥ 0.38 9¢ 42
22 Aug " 1212.0 1,85 ¥ 0.70 50 42
1 May Peges g901.1 936 ¥ g4 1002 g
22 May : 671.3 5588 = 1565 1
23 May v 462.2 1371+ 219 e 14
D+ 30 " 3062.C 566,2 ¥ 65.4 43 3"
" Do+ 3 2033-1 Left femur 1826 c.48 + 0.06 947 45
-2 ¥idney 111.9 .14 ¥ 0,10 60 74
-2 Liver 695.6 1.28 T 0.4B lzy 1s
-4 Lung 139.3 5,56 ¥ 0,10 Only1/2 of specimen received 2680 52
-£ H, nodes 1,267 511 ¥ eob0 MM " " 20% 87
N D+ 90 2035-1 Left femur 201.5 0.14 + 0.02 1979 50
-2 Kidney 1017 .07 ¥ 0.07 50 74
-3 Liver 631.1 0.33 ¥ 0.15 6L 80
-4 Lung 507.8 o.z% ¥ 0.15 90 88
<& H. node 13,35 0. I 0,09 119 38
" 21 May 2036-  Urine 21368 6489 + 260 60 33
22 May " 1355 779¢ F 346 120 2=
20 Aug " Loat in muffle explosion
21 " " 981.0 7.0 + Q.48 1050 g
22 Aug " 1541.2 13.77  + 0,16 2514 ur
21 May Fecesd 6T4.6 8173 + 20a7. o0 3
s B TeR.8  4278- ¥ o8l 30 T
53 " = 249.5  363.1 T 26.1 &o 65
o+ 30 " 4225.5 106.5 T 6.9 50 26
" D + %0 2037-1 left femur 196.7 0,41+ 0.11 845 1
-2 Kidney 103.3 t.1e % 0,02 1088 8%
-3 Idver 459.8 0.52 + 0.20 60 10
<& Lung 382.9 0.28 § 0.06 947 28
-5 H. node 1075827 0.1l ¥ 0.0V 152 78
Do+ 90 2045-1 Left femur 157.1 0.1 + 0.03 607 81
-2 Kidney 105,0 0.14 ¥ 0.0€ 173 66
-3 Liver 63k, 0 0.44 ¥ 0,08 948 78
-4 Lung 590,53 0.2R ¥ 0.14 60 73
-5 H., node 10,199 0,21 ¥ 0.07 1049 65
S+ 3 2047-1 Left femur 201,6 0.1% + 0,04 795 24
-2 Kidney gu.s Q.07 ¥ 0.07 62 7
-3 Liver 581.0 l.g? F 0,47 120 16
-4 Lung 63?.2 150.8B ¥ 14,6 60 15
-5 H. rode 5015 0,13 F 0.15 186 83
" 20 May 2057 Urine 2150,7 300, + 20.4 72 5
21 May Peces T4y, 1 143.8 + 18.7 300 F-4
20 Mavy " 782.0 15.3 T a.8 90 4
23 Mas ! 312.5 L B0 ¥ 0.60 300 4z
" r+ 3 2074-1 Left femur 189.0 Sample lost
-2 Eldney 124,72 2,22 + 0,67 180 86
-3 Liver 588.1 .62 ¥ 0.05 2680 83
«4 Lung 6ak.C 1€.89 ¥ 1,07 120 38
-5 H. ncdes 6.7277 0.04 ¥ 0,01 934 81
D+ 2075-1 Left femur 211.3 0,12 + 0.0F 715 1s
-2 Kidney 1054 0.14 T O.08 50 72
-3 Liver 318.1 0.42 F 0,18 39 88
B Lunz L1.5 0.31 T 0.14 60 a5
-5 ¥, nodes g.4601 0.1 ¥ 0,05 285 52
D+ 0 2002-1 Left femur 229.4 0.51 + 0.13 908 11
-2 Kidgney 135.7 0.0b T 0,08 59 19
-3 Liver 835.8 0.55 ¥ 0.1 80 7
-4 Lung 4c8 .z 3.3 % 0.33 118 83
-f  H. node 5.3124 0,20 F 0.Gx 616 51
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TABLE A.4 PLUTCNIUM ANALYSIS OF BIOLOGICAL SPECIMENS, DOUBLE TRACKS (cont'd,)
Animal Sampling DASA Tisaue Welght Pu-239,240 Countd. Yiel.
Type Time No. et 3 Remsrks . Tame. o
grams dpo/sample min. approx.
Sheep D+ 90 2085-1 Left femur 23,7 0.x3 + Q.05 52k 1
-2 Kidney 132.7 0.17 ¥ 0.10 60 39
-3 Liver &£68,0 1.38 ¥ 0.33 180 g8
-4 Lurng 519,6 0.35 * 0,09 1000 1¢
-5 H, node 9.5395 0.Db ¥ 0.03 285 3
" 21 May 2087 Urine 1070 2227 + 111 1040 3
22 May " 2418 737.2F 32.4 £0 ar
20 Aug " 2?03.2 55.98 ¥ 4,89 481 T2
21 Aug " 93.3 39,61 ¥ 0,29 12z 3
22 Aug 2324.0 10.16 ¥ 0.41 582 3z
21 May Feces 843.0 481.4 ¥91.5 g0 z
22 May v 579,0 135.8 F10.D 100 4
23 May " 66,3 1062 +85 g0 1
D+ 30 4890.2 475.2 ¥ i5.2 950
" 20 Aug 2092 Urine 1730.2 3.67 + 0.69 928 :
21 Aug " 86z.0 4,84 ¥ 0,27 176 41
22 Aug " 960.9 1.3% F 0.37 90 34
2t Aug " 1020.5 0.13 ¥ 0.0 57 34
22 May Pecen 803.9 1027 ¥ 72 230 4
23 may " 301.0 868.2 F121.5 82 17
D+ 30 " 4108.3 2164 F &2 1000 x
" 21 May 2097 Urine 11487 450.0 + 10¢.3 gR. )
22 May " 1240,0 135.2 ¥ 3.1 aRd L
23 May " T€7.9 215 F 0.64 1920 1
22 May Feces ds8.2 483 2 3 17.2 225 7o
23 May " 354.7 363.€ T ou4 129 1z
" L+3 21047 Left femur 181.4 1.06 + 0.19 799 11
-2 Kidney 92,4 U.EE T 6.953 2 £8
~3 Liver 540, 61.84 19,57 1ec 94
-4 lung k577 25.82 ¥ 0.8 #6280 16
-5 H. riode 5.5182 0.0 T C.G¢ az] 94
" 21 May 2111 Urine 2302 3520+ 338 £0 12
22 May " 1300 1493 7 148 120 5
20 Aug " 2552.4 64.8 4 2.7 90 40
21 Aug ; 773.¢ 9.73% 0.53 1262 10
22 Aug " 1307.0 18,19% Q.69 764 1c
22 May Feees 312 G63.C 542.“ 12u 2T
23 May " 373. 17€¢.3 % 7.9 oTE iz
D+ 30 byoi.2 167 3 15t ke n
v 21 May 2133 Urine 2460.0 1998+ 78 102 Lp
20 Aug " 2512, 2 15 =+ 3 127 1]
2l Aug " T60.1 1,40% 0,12 47 £3
22 Aug " 16L0.0 3.95= Q.17 1080 AL
21 May Feces 1167.¢ 2539 + 279 18¢ 3
22 May " 655.5 1011 ¥ 192 80
23 May " 273.7 689,25 15.2 g 83
I+ 30 4, ¢ 516.5 F 22.5 180 i
' 21 May 2134 Trine 1105.0 1348 + as 101 o
22 May N 1518 ¢ 2loa T 42 lzn 1l
20 Aug ' 1991.1 289.7% 10.7 111 3a
21 Aug " 117o.¢ T.09+ 0.4 7ez 15
22 Aug " 1l45.8 g,23F 0.83 ?h: 5
24 Aug " 7&5.8 5.80% 0. 581 28
21 May Feces 76U, C 28c T 149 2z -
22 May " £28.0 1709 T 184 122 r
" D Day 2143-1 Left femur 174.8 0.09 + 0,09 300 e
-2 Kidney 1cL,1 0.11 T 0,12 9u 58
_131 Liver 502.0 18.79 S 0.9% 120 33
-k Lung 3868 134 T 4.7 Uranium 128 af
-5 H. node 1,545  C.E0 7 0.23 52
-7 Trachea 119.7 57.23 7 3.72 ot ik
-B  Stomach s407.0 12R.2 3 2.€ GED 1
-8 F, nucesa .97 12,927 0.7 60 &2
10 M, mucosa 102.4 21,881 0.81 120 B
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TABLE A.+ PLUTCNIUM ANALYSIS OF BIOLOQICAL SPECIMENS, DOUBLE TRACKS (cont'd.)
Animal Sampling DASA Tisgue Welght, Pu-235,240 Remarks Counting Yield
Type Time No., Wet o T Time
grams dpo/sample min, approx fercent
Sheep 22 May 2157 Urine 2765.0 9131  +4B4 120 16
20 Aug " 4109.3 3e.9 ¥ 55.5 451 o,
21 Aug - 864.0 6. 74F 0,71 62€ -
22 Aug " 2526.9 16.58% 0.97 Tl -
ol pug " 1508.0 7.30+ 0.60 120 52
21 May Feces 7.0 3112 ¥ 103 102 58
52 May " 1123.0 2063 ¥ TR 102 44
23 May " MQI.E 218,2 ¥ 15.3 90 13
D+ 30 " 5620. 4.1 F ok 4 438 b
" I+ 3 21641 Left femur 206.4 0,35+ 0,20 [§ls] Lr.
-2 Kldney 87,2 9.07% 0.407 LD -
-3E Liver 530.5 0,B1F 9,15 12- g
=4 Lung 348.56 0.3%F 0.0 9E0 0
-5 . node 5.6159  0.06 + O.04 39¢ &
N D+ 90 2166-1 Left femur 211,3 .10 + 0.03 ~50 83
-2 ¥idney 101.7 0.06 T 0.06 €0 Be
-3 Liver €27.8 0.71 ¥ 0.18 120 £3
-4 Tung 381. 0,51 ¥ 0.25 120 s
-5 H. node B8, 0,06 ¥ 0.02 €83 s
' D Dey 2166-1 Left femur 190,8 40,57 + 3,05 asf 2
-2 Kidney 103, 0 2,70 % 0.21 240 =x]
+3 Liver 505.0 23.82 1,31 116F i
I Tunz 710.2 261 T 4.2 Uranium 1009 B4
-5 H. node 7.983 0.85 F 042 €0 o
-7 fTrachea 123.3 .21 F 0,0 aad 4z
-8 Stomach 5504.0 12l = 46 180 oy
=% P, mucoaa 9.91 0.0 + 0.06 Q0 Be
10- N. mucosa €5,7 2,17 T 0.24 TE2 1~
- ' 216¢-1 Left femur 203.9 AT4.B  469.0 1000 1
-2 Eidney 120,0 0.60 ¥ 0.25 90 34
-3 Liver 92.5 15,11 T 0,45 1165 21
-4 Lung 33.9 57.47 ¥ 1.21 Uranium Loa ?6%
-2 H. noge 10,292 0.591 0.25 60
-7 Treches 154 6 3,897 0,47 to g0
-8 3tomach 5955.0 4g.5°F 2.7 400 T
-9 F. mucosa 11,45 l.gl?-r 0,08 god 5
10 N. mucosa 121.1 11.54% ¢.72 102 €q
21 May 2172 Urine 259z 1851 + 7€ 415 g
22 May B gr2.2 2135 T Hl 415 11
2C fAug " 2070,2 19,22+ 1.00 170 33
21 Aug 680.8 .26F 0.21 722 32
22 Aug 175];,.& L00F Q.26 7HL 1d
21 May Feces 1.6 2euE T 73 162 34
22 May i 631.9 g927.1 +139.1 &0 3
23 May " 328. 718.8 F107.8 £0 1€
L+ 30 3824 2 48] F 24 1000 3
" - - ma- 2173-1 Left femur 200.6 0.30+ 0,15 Not on official inventory 7E2 18
-Z  Kidney 92.0 2.68% 0,75 140 1
-3 Liver 442 5 1.30¥ 0.23 120 €0
-4 Lung 4240 283.1 ¥ 4. Uranium 1040 45
-2 H. node 9,182 0.39% 0,14 90 T
=t Right femur not received Cn inventory tut misaing
-7 Trachea 114.5 4.bk+ 0,55 £ 7R
-8 Stomach 4560.0 1209 + &1 180 14
-9 F, muepsa 11,48 1,30+ 7D, 62 207 0
10 Y. mucosa 8a.5 207.4 F 49 7é2 14
oM 21Hz-1 Lert femur £11, 2,08+ 0.05 120 ]
-2 Kildney 91, 0.003+0.0% 60 ac
-3 Liver 567.5 1.0870.21 a0 a7
-L  Lure 468_F 0.13% 0.09 £0 a3
-t H, nodes 11.8037 0.05+ 0.0 34 70
«ld6-1 Left femur 214, 5 37.50 + 0,45 B2% =1e}
-2 Yidney 114.7 0.10 ¥ 0.07 a0 72
-3 Liver ThET 0.77 ¥ 0.21 £EO v
-4 Lung 45,0 21.09 F 0.57 ] az
-5 H. nod 9. 18 3.31 7 0.29 28 43
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TABLE A.4 FLUTONIUM ANALYSIS OF BIOLOGICAL SPECIMENS, DOUBLE TRACKS leonttd.)

Animel Sampling DASA Tissue Weight Pu-239,240 Rema - -
Type Time Nc. wetis i ' rHs .0 gf::t‘ng Yield
grams dpm/sample min. approx. PeTCERT C
Sheep 21 WMay B-3078 F Urine 2€97.0 625.%  + 32.5 298¢ A
22 May " 2430.0 612.6 * 17.B L0 12
20 Aug " 3825.1 4,19 F 0,48 184 3]
21 Aug " 1001.6 24, F & 120 “a
22 Aug N 2336.5 9.76 + 0.26 g7o LE
2l Aug " 3336.1! 1.30 + o.of1 LR kE
22 May Feces 09.3 90.85 * 3.26 gre c
23 May " 384,2 779.6 F 32.7 12 35
Burro D+ 3 3004-1 Left Fermur 1072.1 16,47 = 0,59 gt 1¢
-2 ¥idney 82y.0 1.11 # 9.30 Q 13
-4 Lung 1542.8 42,16 t 2.3 90 87
-5 K. Node 2,772 0.51 % 0.0 1055 48
3005-1 Left Femur 918.4 0.7% » 0.18 120 :
-2 Kidney 709.0 0.14 = C.02 890 7¢C
-1 Idver 1779.% 17.76 & 1,26 4] =
-6 Right Femur 940.9 0,69 & 0,17 428 S
D+ 3006-1 Lelt Femur 927.3 1,20 ¢ 0,26 97f 18
-2 Kidneys 724.% 0.44 % 0.05 978 51
-3 ldver 1525.7 g,52 £ 0.71 G &g
-4 Lung 1062.0 419,86 + 10.5% 403 3
«5 H. Nodee 16.18 0.09 T 0.02 EEM £4
L+ 7 1015-1 Left Ferur 952.% 1.62 + £.11 918 ag
-2 Kidneys 653,1 1.75 = L.1b 978 n1
-5 H, Hode 5.5946 0,24 3 0.06 31 T2
D Day 1910-1 Left Femur 989.4 15.30 + 0,83 160 ol
-2 Xidney 722.5 2,10 ¥ 0.2C 180 ge
-3 Liver 2561.0 2044 T 0.72 18¢ 7
-3 Lung 1566.0 2.2 ¥ 6.3 Uranium 28F 2b
-5 K. Node 12,6655 1.31 * .09 1030 51
-6 Right Femur 2023.0 21,91 T 1.45 102 32
-7 Trachea 339.2 19.81 + 0.73 ie0 s
-8 &tomach b5, 36 3.24 ¥ 0.17 Duplicate staomachs found 1206 a3
-8B Stomach 1688,0 4rl.6 F 1a.8 Not onh inventory 120 2t
o - Das 1020-1 Left Femur 975.7 1.90 & 0.12 Contrel?
s&t 69
D Lay 3024-5 Hilar Node 18,2350  3.79 £ 0.17 380 43
D Day 5032-1 Left Femur 1035.0 2.82 + 0.33 1zu 13
-2 Xidney 583,2 13.60 T C.31 1032 40
-1 Liver 2860.0 6,27 ¥ 0.€¢ 1040 61
-4 Lung 2252.0 1132 T 40 Uranium 50 [
-6 Right Femur 1217.0 33,50 F 1,32 102 o0
-7E Tracher 4475 £EB3.5 ¥ 3.7 41% wr
-8 Stomach 12£3.0 200.3 = .6 28F 20
-9 P, Mucosa by ud e, 4l F 0,47 10-0 :
D+ 7 3040-1 Left Femur 1266.0 1.g4 4+ 0.21 936 1
-2 Kidney 609.7 0,36 t 0,05 7€ i
-z Liver ryos.s 11,01 # 0.42 Qg 20
-4 Lung 1537.2 385.4 + 20.0 24U 10
-% H, Node 26,109 U.13 # 0,02 197 L5
D Day 5049-2 Left Femur 1002, 3 4.9 + 6.F ren o
-2 Xidney 1058.0 11,147 0.2 120c "1
-3 Liver 4304.0 87.97% 3.87 135 £,
-4 Lung 165C.0 7.75% 1.1 Oraniur 3%0 =
-5 L. Nede 13.150 1.95%% 0,11 0 B4
D Day 3050-1 Left Femur 1235,z 10 71+ 0.62 control”® 1%2 "%
-2 rxidney T44.2 f.04 3 0,18 Box 19 inventory o B
=20 Kidney ag8. ¢ 023 -~ 0.13 EBox 18 inventery 2hn 98
=3 Liver 2682, 20,13 F 0,3 10172 43
-4 lung o, 0 1047 ¥ 29 Uranium, Box 1% 101G q
—4G Lung 1743,0 8,48 = 0,25 Gontrol?, Box 18 }Q%% 4E
-5 H, Node 11 26 3.31 % 0.3€ 4 4z
.6 Right Femur a58. £ 3.71 ¥ 0.29 240 £
-7 Traches T3 118 ¥ 0.2+ 120 R
-8E Ftomach 1§, 40 1.42 % 0.74 8 B85
-10 N Muccss 162.8 .37 % 0.2l sample spllled during e90 9
cnemlstry
Toe 3747-1 Left Femur 1760.0 g,a3 & 0,84 308 5
-2 Kldney 1080.0 3.78 & U.E3 50 8L
-3 Liver 3777, 160,85 2 24,9 60 38
-4 Lung £191.0 10,29 & 1,43 0 83
-5 H. Node 10,7427 b£.87 ¥ 2.5 164 63
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{cont*d.)

TABLE A.4 PLUTONIUM ANALYSIS OF BIOLOGICAL SPECIMENS, DOURLE TRACKS
Animal Sampling DASA Tisaue Welght, Pu-239,240 RemB.TKS Counting
Type Time No, Wet 3 Time Yield
grams dpm/sample min. &FPTOX. rercent
Birre Do+ 2 3064-1 Left Pemur 1015.5 2.37 4 0.11 g1c as
-2 Kidney T52.0 0,39 + 0.05 2% 41
-3 Liver 4089.0 115.6 t 2.2 %60 17
-4 Lung 1802.6 B,52 + 1.36 &0 80
-5 K, Node 5.304 D.12 3 D,DE 1978 2o
-6 Right Femur 1314, 41,52 * 1.66 90 54
=8 Stomach Not Received On inventory but missing
D+ 3 3065-1 Left Femur 1139.0 1.60 ¢ 0,37 120 3
-1B Le{t Femur 1230.7 5.06 % .33 aps Ta
-2 Kidney 77943 0.33 % 0,06 g92h 93
-3 Liver 2i22.5 96.24 % 5.77 £0 27
-4 Lung 150?.7 327,7 + 13,1 8o &7
-5 K. Node 430 1,71 +G.18 &0 e7
L+7 3066-1 Left Femur 927.0 17.37 & 0.97 Control®? 1ze0 44
-z Kidney g24.6 1.65 £ .13 e 19
-1 liver ﬂgl.ﬁ 71,88+ 2.85 60 46
-47 Lung 287.¢ 7.1 ¢ 0.65 Lung questioned cn 180 1e
inventory
-5 H. Node B. T 0.17 + 0,07 141 8a
N3 3068-1 Left Femur 1297.9 4,72 ¢ 0,27
-2 Kidney 764.8 .10 + 0.10 b0 54
~3 Liver 3R3E.5 52.48 = 0,03 924 47
-4 Lung 1421.7 117.5 * 4.2 60 78
-5 H. Node 7.9607 0,07 & 0.04 174 7
T -3 3074-3 Liver*® 2011.2 22.68 ¥ 0.3€ 524 54
Contrel  30dZ-8 Stomach 557442 2.79 + 0,63 No. 10827 Queationed 774 1z
en inventory. Full of
hey. Control?
I«3 3101-1 {E) Lef: Femur 1152.5 1,39 * 0,6 120 52
-z Kidney 774.0 Q.60 ¢+ 0,07 975 43
=% Liver 2832 .8 75.8% # 1,59 275 &7
-4 Lung 14135.3 1332 + 101 &0 58
o+ 310{-¢ Kidney 775.1 1,25 * 0,30 60 75
L +7 31103-1 Left Femur 1042.9 299.3+ 15.1 350 k]
D Day 31.3-10 N. Mucoaz 136.¢8 G.25 + 2,00 [=T:1¢} 2
Do+ 7 3126-1 Left Femur 1114.8 1.52 ¢ 0,14 2L 25
-2 Kidney 595.9 C.h8 * €26 60 45
-3 Liver 2890.3 82,17 + 4,11 Sample spilled 1145 2
«4 lung 1625.9 39.17 ¥ 1.9 60 53
-: E. Rode 22,1924 p, 1z 2 0.C3 1031 76
o Day 3127-1 Left Fermr 1156, 3 1445 + C.68 180 5k
-2 ¥idney 79,9 1.007% £.17 207 54
=% Liver 2718,0 12£.€ + 2.0 1032 11
-5 H, Hode 6,447 0,217% U,U6 207 g4
-6 Right Femur 1670.7 13.5€ + .55 120 43
-7 Trachea 476,82 12,70 3 1,00 13¢ 23
-8 Stomach 2662, 0 2.08 7 .27 135 =13
-+ P, Mucosa F7.G3 1.29 + 0.1C 980 45
-2 312:i-1 Left Femur a35. 2 1.59 2 0.3% A0 &5
-2 Kldney F70.0 L.39 2 070 60 11
-3 Liver 1250.0 1.3h * 5,45 60 24
-4 Lung 1451.0 17.78 + 0,48 43b 26
Do+ 2115-1 Left Femur 397.1 1.08 + 0,11 236 30
-2E Kidney 506.0 228.4 + 28,8 1165 1
-7 Liver 2337,0 13,12 F 0.94 240 19
-¢ Lung 1300,¢ 11.6¢8 F 0,8t 207 27
-% H. Nzde 13.R9RE  0,0n + 0,04 131 74
D +7 11%7-1 Left Femur 934,8 0,3 + 0,77 &0 47
-2 Kidney e43. 6 2,37+ 0.24 240 52
-3 Liver 16¢1.0 15,85 & 1.02 80 50
-4 lang 1157.0 200 + 0,60 380 27
-5 H. Node t, 174y 0.C 3+ 20P0 (11 87

* Later identified as 3004-3.
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TARLE R.4 FLUTORIUM ANALYSIS OF BIOLOGICAL SPECIMENS, DOUELE TRACKS (cont'd.)

Animal Sampling DASH Tissue welght, Pu-239,240 Remarkn Counting
Iype Time Ko, wWet - Time Yyoead
grams dpm/sample min. approx. percent
Burre D - Day 3139-1 Left Femur 927.5 1.03 + 0,21 Control® 1250 45
-2 Kidney 652.2 1,80 ¢ 0.2¢ 126 a2
-3 Liver 2202.6 24,73 1 0,49 570 3
-4 luang 1172.0 25.07 + 0.93 Uranium 29z 3
=5 H, Node 5.1005 0,22 + D.DS 342 ar
-6 Right Femur 1045.0 0.22 + 0.0% 1z2a3 £l
=7 Traches 356.5 0,98 + 0,08 960 £
-§ Stomach 1059.0 0,12 + 0.1% 1840 £,?
-9 P, Mucosa 52.5 0.02 & Q.02 Not on official inventory 993 4
-10 N. Mucoaa 130.0 0.38 0,04 1290 49
D+ 7 31141-1 Laft Pemur 1089,8 4,10 .70 o0 iz
-2 Xidney RERE 0.B5 & 0.14 948 1o
=3 Liver 3040.3 100.1 % E,0 6L 49
-4 Iung 1664.1 1228 + 50 60 bz
=5 H, Node 15.518 0.B1 % 0,17 630 54
o+ 7 3177-1 lLeft PFemur 1001.5 3,74 & 0,31 556 4z
-2 Kidney 834,z 4,65 3 0,40 120 e
=3 Liver 2510.7 120.8 % 5.8 B 4r
-4 Lung 1637.% 4.7 8.5 6. 1z
=5 K. Node 12.5993 0,07 % 0.04 371 L
L+ 3 3178-1 Left Femur Bl5.0 3.41 = 0.20 LY 24
-2E Kidney 762,50 0,41 & 0.04 Q6T e
-3 Liver 27064 76.74 £ 0,79 Box 18 duplicate?* 224 g3
-3A Liver 2631.0 81.15 + 2.35 noon " A hich) ti
-4 lung 1432,1 6.87 % 0,65 ) R
~3 H. Nede 9,1983 0.3 t 0,087 1cd =
-6 Right Femur B79.0 1.96 & 0,24 rh 41
-9 Trachea 446, 4 0.16 £+ 9,11 [Xs] 6t
-9 P, Mucosa 202.1 0,38 + 0,16 £2 9
-10 X. Mucosa 103,12 0,35 & 0,15 0 8r
Do+ T 3199-1 Left Femur 1176.0 1.25 & 0,15 Contrcl? 145 24
-2 Kidney 775.0 0,837 & 0.11 745 18
-1 Javer 4056.0 20.37 @ 1,00 745 9
~4 Iung 16158,5 1.25 ¥ 0,29 120 3
-5 H, Nodes 18 21 0,10 # 0.0 785 59
D+ 7 1706-1 Left Femur 1327.% 1,10 % 0.35 80 35
-2 Kldney [T G,14 & C.02 B8gu 41
«1 Liver 2964.,4 lz,20 1 0.97 48D il
-4 Lung 1614.2 32.£1 + D.85 27¢ £1
=5 H. Node 7.8BQ 0.0lv T 0.04 51z 3l
Control  X-18B-8 stemaczh 5209.4 g,iu 3 0,78 Full of hay, Control” 3gh 11
L Day 3028 N. Mucoma 167.6 2.98 1 0,67 330 2
*D Day No #-1 Left Femur rd 2,08 -0 09 1906 [
-2 Kidney TUE, O g.97 T 0.18 206
-3 Liver 2081.¢ 42,05 ¥ €. 90 29 £1
-4 Lung 1215.¢ 3==3” F 18R Uranium 1£0 el
-5 H, Node g.z84 08 ¥ O.08 a9 b
-5 Right Femur 1ohs £ 2.14 + 0.10 1003 72
-7 Trachea 1792 1229 F 56 10 7
~8 Stomazh 12€1,0 1543 B8 10 64
-3 P, Mucrosa £2.76 Iam fe
850 z

-10 X, Mucosa 176,68

* Later ldentified as 3011

s+ _3 Liver ldentifiation incompiete but not 3178,
-3A Liver actually correct 3178 specimen.
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TABLE A.% PLUTGNIUM ANALYSIS OF PHYSICAL SAMPLES, DOUELE TRACKS

Location Sampler Tracerlab Stage Pu-239,240 Re‘ma.rks Counting Yield
Type No, - Time
dpm/sample min. approx. percers
F-034 Anderaen ZTTR 1 008 + 0,0 155 78
' v N 2 0.0 T 0.0, 217 4o
! " ! 3 0.58 ¥ 0.10 217 a2
! ! ! 4 0.1 Fooou 205 72
' ' " 3 0.29 ¥ 0.29 35 a9
; " T 0.8 ¥ 0,03 358 o
" ! " Sum 1,96 T
F-Oké . 2771 1 3.09 + 0,43 60 &
) ! 2 Tg.g T 1.4 16¢ TE
" " " 3 L1 F 0,40 205 79
" " ! i T1h F gl 100 4r
N " " € .11 T 0.04 €7 31
" ! N 7 Q.09 F o.06 150 a3
" N " sim reg =
F-052 i 2781 1 10,9+ 0.6 3 10
! " - 2 1.4 T1,1 g, g
" N 3 40.8 ¥ 1.1 164 33
' N N 4 18.0 % 0.9 140 51
! " " & 11,14 * 0.45 6€3 2€
" " " 7 £.%9 F 0.1 41 &€
" N Sum log  ~
F-052 N 27hT 1 504+ 1.1 250 56
N " ! 2 79.¢ +1.8 350 20
' ‘ 3 99l T 14 290 29
" ' ' A 5.t ¥ 0.5 1000 82
' ! " 3 7€3 T 22 73 a3
' ' - 7 12,1 ¥ 0.5 240 72
Sum 1061 T
F-0€4 ' 2759 1 $19.5 + 32.2 30 BY
' N 2 1288 ¥ 4% 30 B1
: " 3 4008 T 128 30 b6
" " ! 4 2266 ¥ 70 30 68
" " ' 6 1108 ¥ 4o 30 8o
' " ! 7 3§1 %140 10 &0
Sum 10,837 —
T-070 2764 1 132+ 4 120
' N 2 222 I8 10 L&
“ :' 3 257 + 10 0 72
. . ' L 102 ¥ 1.5 154
. . £ Bie I o 1000 60
T 03, 71
N ' Sum g4~ 3 25
F-O7* " 27RE 1 0.73 + 0,1 G133 3
' 2 0.1¢ T 0.03 51¢ £
! ! 3 018 0,08 159
X 4 0,24 + 0.17 120 2
i £ c.12 T 0.0b 159 68
! 7 0.1B T 0.07 153 7
Sum 1.t
--J34 2721 1 0.95 + 0,11 745 35
h " " 2 2.32 + 0.1% 583 14
" ' 3 0.08 ¥ 0.03 750 3o
. ' 4 0.30 + 0.07 50 24
g 9.27 % 0.7 390 54
- 0.0T ¥ 0.0° 102F a7
Sunm A0
1-Q4! ' 2714 1 1548« E7 20 27
' 2 1,1 T ey 500 42
" 3 50.8 ¥ 1.8 554 1
: 4 4 el 0,35 663 1
N 4 1.09 ¥ 0.12 S48 50
" v 0.1> + D.0F 12
Sum. 174 T 5 35
ez " 2711 M 2012 + 91 7
. " z L€2.¢Z 9.1 = h
' " 3 91.0 =~ 1. [ 156 &
. u 53.5 0.9 EEE Bl
. [ 273 =B 1 gs
A v 9.64 ¥ 0,40 341 60
Sum 23Ep
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TABLE A.5  FLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, DOUBLE TRACKS {cont'd)

Locetion Sampler Tracerlab Stage Pu-239,240 Remarks Countlng ¥leld
Type No. Time
cpm/sample N nin. approx. percent
H-088 Andersen 2707 1 1241 4+ 26 ap 8=
" 2 527 ¥ 10 103 e
M 3 279 7 £Q B3
. 4 154.3 T 2.¢ 202 79
' € 78,4 3 o0.€ 1600 -0
. 7 57.3 ¥ 0.5 1000 e
Sum 2337
H-O6% " 2728 1 2650  + 3252 Uranium 129 4
—_ I i 14
2 1,76 + 0.05x10 10e 1=
E 1869 ~ + 22 " 2zf a3
2 ¥ 31 z El
£ 28 iz " 2 :
7 1908 ’-ﬁchlﬁ 22¢ )
Sum 2.79 x Tt )
E-056h4 cazella 9685 1 73.0 + 1.2 T4S 31
N 2 0.26 ¥ 0.69 180 £3
" 3 0.24 ¥ 0.08 17h [
" b 0.13 F 0.04 495 4=
. 5 0.43 ¥ 0,07 300 22
Sum T4.1
E-0356 " 9653+ 1 2016 + 29 159 79
; 2 338 ¥ i zle £k
! 3 9.t ¥ 1.0 30t [
" i 16.7 T 0.5 251 2g
" 5 15.5 ¥ 0.% 30¢€ ag
Sum g4 T
E-05€ N 9687 1 1752+ 37 9 7€
! 2 228 T 4 275 41
" 3 56,3 T 5.1 o0 3t
! In 4 5T0¢c 13 e
" 5 15.7 7 0.5 280 T4
» Sum 20€€
E-058 ! 9683 1 3a3eT  + 57 30 7C
" 2 19.9 £ 1.7 35 ol
" 3 B,s5v 0.27 524 73
" L s 2.49% 0,08 1420 -3
" ) 3.19% 0.19 gl 50
" Sum 361 T
E-QtC ' 9EG0 1 243 4 £ 220 k0
N 2 26 2 ¥ 0.6 sau L
5 3 £,51% 0 12 1200 o
' L 2.78% 0,11 1000 T4
! R 1,13+ 914 393 73
" Sum 280
F-Qldl N 27EE 1 20.8 + 0.2 32¢ A5
) 2 1,16% 0 0% 723 71
' 3 0.R5% 0 09 27 s
" i 0.28% 0,05 4e” L5
' c ¢, 267 0.04 £ov fe
" sumn 32.3 7
F-050 " 2764 1 z70 + 4.3 179 4
‘ = B.677 0.18 153 61
3 b2 F13 103 Lz
‘ i C.a1T 0,18 52= 10
5 0,56 0.08 TEL ERS
s 302 -
F-O5i ! 271 1 235 + 5 8 ‘9
! o 27 T 4 226 Ll
3 108.0X 24 11z 50
! [N 14,5 < Q.4 30N ~E
! 5 0,153 ¢ 03 500 o
Sum 536 -
F-05F ) 2780 1 147 + bb 50 w2
) 2 1tz T4 e 4
! 3 34 5% 0.6 500 =0
" 4 lo 93= 0.33 509 w3
' 5 £.95% 0.24 Bel ra
Sum 1684 T

* Stages 2 and 3 both labeled Stage Z. Assigment of stage based on golor coded packaging.
** Labaled TL #8682
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TABLE A4.° PLUTONTUM ANALYSIS OF FHYSICAL SAMPLES, DOUBLE TRACKS {cont'd.)

Location sampler Tracerlab Stage Pu-239,240 Remarks Counting Yield
No. Time
dpm/nample M wmin. approx. percen:
F-0€2 taselin 2773 1 4497  + o4 30 30 -
. 2 1285 T 22 99 8¢
. 3 582 F 14 TE £1
4 3.7F 1.4 300 50
" 5 124.2F 2.4 120 T
" Sum B4BT
F-0B6E " 2762 1 2730 + 41 30 az
! 2 heog + Bo 30 T
" 3 1726 +737 5] 2
" 4 263 % 6 82 25
. 5 ] 125 70
Sum 9820
F-080 v 2755 1 0.23 4+ 0,09 a3 22
) 2 0.44 ¥ 0,04 1400 g2
" ‘::, c.l7 F 6,07 e57 17
" 0.64 ¥ 006 1000 7
N 5 1.75 ¥ o.22 155 T3
" Sum 3e -
F4-001 " 2159 1 141.3 4+ 3.0 . 120 50
' 2 12,5 T 1.2 ag 8c
" 3 1037 ¥ 31 3¢
' i 0.99 ¥ 0.09 B4 2
5 2.33 % 0.06 2514 Tl
" Sum 1104 ~
F1.-002 N 21€0 1 +25 . 91 88
N 2 ¥ 1.0 226 50
. 3 * 0.08 1690 31
! 4 ¥ 0.21 29 g}‘
£ T oo0.026 1he7
! Sum -
=003 ! 21E1 1 £1.8 + 1.5 . 189 47
2 12.9 ¥ 0.3 1016 39
3 13.2 ¥ 0.2 2514 £2
L 1,66 0,14 306 85
5 0.12% .04 340 63
Sum 89,7 ~
F-004 N 2162 1 33.8 + 0.4 - 1320 56
" 2 32.9% 1.0 183 5¢
' 3 259 ¥ 4 710 2
; & 3,33 0.39 171 41
' [ 2.11F 0.21 189 o
' 3un 331 "
F*-00% ' 21F= 3 3856 4 £E » 155 58
2 44 0% 1,0 1285 3
! 3 11 8% .t 511 12
' 4 1.268% 0.09 1354 c7
" 5 1,66 0,20 210 83
' Sum 3915 ~
oo " 21kt 1 4,85 Q.22 . 578 56
2 13.8'% 0.4 oid 47
3 3.43% 0,25 41€¢ 98
4 1.05% o.0% 133¢ 70
¢ 13T 01D 615 80
Sum I
- ez . 1448 417 252 ke
2 183 = 3 208 67
j 3 €3.2% 1.2 156 53
i 8.52F 0.6 EE 79
& 11 5% 0.t 1 71
* sum 1T1IE
e " LR, 1 0.12  + 0 03 1016 4
z 0.14 ¥ 0.07 Uof 99
3 0,84 ¥ o0.m 581 54
4 .06 ¥ 0.03 Loy 43
3 o.008 T 0,028 Bok 83
Sum 1.2 -

* Mohile unit anstruments, all at F-040.
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DOUBLE TRACKS (cont'o.)

TABLE #.3 PLYTONIUM ANALYSIS OF PHYSICAL SAMPLES,
Locaticn Sampler Tracerlab Stage Pu-233,240 Femarke courtinz Yielo
Type No. Time
dpm/sample mirn. approx, percer:
5-060 casella 9658 1 B72.3 + 31.€  Urenium Stages 1 and O astoradie- 12n 31
" z 21137 3.4 pranium graphed by Iscicpes,lrn..® 10 3L
" 3 ues. 8 ¥ 21.9 Oranium 122 B
" i o307 3T Dranium 1202 4o
v 5 1695 ¥ 66 Uranium 15¢ 23
Sum 1C,&73
5-062 ' 9657 1 4og2 + 106 Eks) a-
2 1817 £33 a° z
a 8g1 ¥ 1f 101 23
168 T 4 120 u=
5 273 T 4 208 4
Sum Teul
E-032 " 2737 1 0.003 + 0 021 1380 ]
" 2 0.00B T 0.032 o4 o
' 3 -g,02 T 0.035 TURC 2"
. i 0.1z T 0.0% Fz cz
N 5 14,89 ¥ 0.3¢ TEL 4
" Sum 15
H.050 ' 2720 1 e + 2 154 £
" 2 77.3 %08 g4l Ly
" 3 112 +1 325 33
" 4 6.4 T 0.4 8o &l
. = 5.7h X 0.40 1z ey
" sum UL
Ho05¢ ! 272" 1 1624 + 31 a1 a3
' e 301 F ° 103 51
N 3 €3.7 F 1.0 22L -2
B 4 10,39 * 0.9 3
' 5 207 ® 0.7 220 LE
" Sum 2035
H-07T4 N 2713 1 g2.&  + 1.3 2R0 £
" 2 886 T 13 ga i-
" 3 201 * 5 113 20
" i 7.8 % 1.2 251 53
' 5 72 T 1.1 22t a2
Sum 914 -
E-05E TAS-T GEa- 1804 + 3F 10 a1
£-057 ' 9£5%8 1729 + 4o -c ~a
E-0RF 9700 1458 + 32 70 L
F-QUT 2753 .22+ 0,33 2EE ~5
F-0tE 27 7450 + 350 10 az
G-054 B3 £739 + 320 20 "3
G-0%E 92 15T - e Uranium 182 4z
4-0kF 715 1.21 + 0.02 x 107 72 52
1-074 273 P2t + 29 197 ar,
T-0=r TAD T orek qaf + 18 10 co
E-NtD afE2 273 - 4 220 T
05 QETg 1F73 + zol 12D z
3-0re S P4 4 5 o
F-03r TAS II 2772 c.1n o+ 0,30 1£3 2
F-05l o77E 1027 + 33 G c
F-nt0 ' 2750 121 +0G.b 251 -
F DX " 2760 1,24 + g.02 x 1% 0 37
F-O7# P7RL 2 07 » 0.8 220 43

#First and secend Case

atage ¢ impactlicn pattern and stage ¢ repembled &
stage 2 may alsc have been conteminated or doubly

1la stages eputoradicgraphed by Isctopes,

exposes.
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TABLE ».°  PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, DOUSLE TRACKS (cont'd,)

Location %;ggler ;Iq::acerlﬂb Stage Pu-239,2%0 Remarke oz g;:::xting Yield

dpm/sample ) nin, approx. rercént
H-054 TAS II 2733 42,7 +10 30 4z
HoQHE ! arz2f 3838+ 127 Uranicm 3¢ 4l
F-072 " 2729 118¢ =+ 13 283 ~t
EO-O Film 8050 3358 + 134 to £
BO-10 " 8050 S1BE  + 207 no -
CH-7. 0 " 8051 2902 + 218 15 -~
P-032 ! do41 3.24 + 0012 x 10'1‘ 6c 39
F-0%k-2 8ol 549 + 0.2¢ x 185 60 -
FoQsh-f Boy L £.70 + 0,86 x 10° 34] k)4
N ' Sob1 1,64 + 0.09 x 10° 60 37
a-n3T ) 8043 5615 + 265 Uraniur 415 10
n-0as v 8043 9,18 + 0,25x10% Uranium 120 1~
so3- aou3 4.g2 + 0,3mx1ct Uranium 120 11
copup-2md Aoy 2.29 + 0.0 x 10° o 7t
0BT 2043 4.95 3 0.21 x 207 b0 50
—Oue-2 N Boua S.22 + 0.29 x 100 30 2z
s .42-931 3043 €.87 + 0.12x105 Uranium 120 3"
-.0m2-283 Jou3 2.84 + €15 x 107 10 3
_nch_n%Yy Bous 2.28 +0.13x10% Uranium 30 45
alr e Bo43 1.07 + C.05 x 10° 1% 5¢
coeelzd 3043 .7 40 pxoh Uraniwr 30 50
--Q 22 ' Bous 6827 + 280 €0 99
I-030 33 B0y~ 1,56 + 0,07 x 105 15 46
Soanza?3n 204~ 3,29 + 0,02 x 107 30 €5
T =47 e £.00 + 0,17 x 107 30 €0
B, e vouT 2.96 + 0.17 x 10° 30 55
C-0F0- 3T S04 7 3.54 + 0.10 x 105 30 €5
_ o aa >4~ 3.79 + 0,23 x 10° 30 iz
sl s~ 2,¢4 4+ 0,09 x 107 30 I3
RN o4 1,31 + 0,07 x 10° 15 4z
T “e 9,90 - 0,58 x 16" 33 18
o - *nnne 129 +~ 30 is] T
R 100072 as50 + 41 23 71
-1 12006 104F + 50 23 s
RS 10007 1020 + 0 2F 60 9f
s 10060 LU 23 44
- 12000 2154 4 bt 150 4
it 10000 303 + 14 150 8¢
P 10027 "0 &+ 22 40 8¢
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TARLE A.5 PLUTCNIUM AMALYSIS OF PHYSICAL SAMPLES, DOUBLE TRACKS (cont'd.)

Locatlon Sampler Tracerlab Stage Pu-239,24Q Remariks . Counting Tield
Type No. P Time
dpm,/sample : min. approx. percent

5tk-95 Film 10000 356+ 10 u7 g ’
3tx-96 " 10000 759 4 22 a7 74
Stk-97 " 10000 €36 4+ 17 47 91
Stk-98 " 10000 g23 4+ 12 a8 s
Stk-99 " 10000 4kl o+ 9 a8 g
Stk-100 " 10000 589.2 + 21.8 &0 75
Stk-101 " 10000 1315 + 33 80 £3
Stk-102 " 10000 1588 + 46 ] &
5tk-103 " 10000 1672 + 41 €o B3
stk-305 i 10003 e+ 3 ae 91
Stk-306 " 10003 1.39 + 0.12 371 e
Stk-307 " 10003 0,59+ 0,10 313 bk
Stx-308 " 10003 L0.9 + 2.7 60 o9
Stk-30% " 10003 473+ 3.2 &0 Te
Stk-310 " 10003 276+ 25 60 Tl
Stk-£01 " 10006 125.6 + 2.8 200 ]
Stk-602 " 1000 LB 4+ 14 79 b
Stk-603 " 10006 25 4+ 3 154 52
Stk-60k " 10006 203+ S 148 38
Stk~£05 ! 10006 8.3 + 1.9 280 53
Stk-bOt " 10006 41.8 + 0.5 g4l 65
Stk-607 " 1000€ 122.5 4 2.7 ge 71
BK-0” L. Coll, 9812 1.95 +0.00 x 10® 10 e
BK-08 oo 9812 2.32 + 0,03 x 10F 10 a1
BL-07 ' " 5811 7.68 + 0,05 x 105 63 a2
BL-08 v 9813 4.98 + 0,06 x 108 Urarium a Bl

- Sc11 For the results of plutonium analyses of solls, see Table 7.3

1r. the chapter on the dezqmlr\ation of plutonlun oy
gammz Spectrometry of Am<*-,
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CLEAN SLATEZ I

TABLE h.c  PLUTCHIUM ANALYSIS OF PHYSICAL SAMPLES,
Location Sampler Tracerlab Stage Pu-£39,240 Remarks < Counting ¥imld
Type Nao. - Time
dpm/sample min, APPToR, perient
BE-01% Anderaen 3315 1 Q.35 + Q.25 €0 95
" 2 69.6° ¥ 2.3 £~ 73
” E e Fo.7 82 99
" 14,72 F 0.0t 2639 o
il c 3.6 T 0.9 180 €2
" 7 B.05 ¥ 0.3% 2% 89
Sum 138 -
B_cp2 n 3314 1 1.29 +0,07 x 10%  Tranium 10 41
" 2 471.0 F 141 B 120 60
" 3 887.¢ T 15,1 " 1000 2z
" 4 hy.2 T 19.4 " 1000 20
b £ 300.1 % 7.5 " gl Z0
! 7 24zl ¥ L6 1070 16
Sum 1.55 x ToM
n.08: " 3313 1 1.36 + o.02 x 1o 50 1
N 2 28 07 90 as
N 5 E.36 T 035 17¢ ai
N it 3.68 ¥ 0,29 159 a8
N 3 2.80 T 0.29 120 91
N 7 0.38 *+'0,08 240 [}
" Sum 1.30 xl
B-034 ; 3304 1 4-33 + 054 €0 78
" 2 9.78 ¥ 0 by 143 50
" 3 14,51 ¥ 0,01 2689 81
" 5 11.4 T 0.5 143 98
" £ 21.€ ¥ 0.9 143 53
" 7 0.06 ¥ 0.02 56E 7
Sum £1.7
=042 " 3303 1 0.54 + 0.18 E0 86
" 2 0.95 F 0.17 120 a5
" 3 0.6 ¥ 0,04 1248 g3
" i 0.3% ¥ 0.0¢ 390 8g
! G c.32 ¥ 0,08 17% 90
" 7 15.3 * 0.6 260 58
Sum 181
SI1-D0 casella 33€5 1 0.87 + 0,20 710 10
' 2 1.98 ¥ 0.19 420 40
3 0.30 ¥ 0.15 120 fele]
i 0.18 ¥ 0,18 50 9
5 0.03 7 0.0l 260 a7
Sum ER T
=7-02 ' 3368 1 0.1€ + 0.03 1031 6F
' z 2.60 ¥ 0.30 7 &7
! 3 0.5 T 005 1031 75
1 0.83 T 0.3t 75 76
' 3 Q.05 ¥ 005 76 78
Sym e -
=1-r 3370 1 0,007 + 0 020 £0 93
2 021 ¥ 0.12 57 7
" 3 0,21 % 0.03% 993 e
' 4 023 ¥ 0.07 Gh2 72
' & 0.9t ¥ 006 12z 79
Sum T.e T
1113 3371 1 2.41 + 0,42 ho 7
z 150 ¥ o038 60 76
3 1,03 ¥ 0,15 250 55
' 4 038 Fo.15 60 B3
! 5 2,00 ¥ 0158 260 7
Sum - -
el S ' 336C 1 1,08 + 0,12 b h5
N @ 08 Foad 250 3
: 3 0,00 F oo a0 r
L 5T ¥ 0019 60 Bz
" E ool T 0.0% bo 5
Sum 2.4 =
4-04 ) 3373 1 070 + 010 390 87
i ¢ 06l ¥ 0.10 254 72
N 2 0.9 ¥ 0.06 Tio 0
' 4 3.8 ¥ 0.23 254 3
N 5 0,31 FOO 10979 75
Sum £ty T
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TABLE A.o  PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, GLEAN SLATE I (eant'd)

Location Sampler Tracerlab Stage Pu-239,240 Remarks N Egunting Yield
Ro. : rime
dpm/semple min. approx, percent
BM-0E casells 3372 1 157.5 + 2.0 208 ac
" 2 99.6 x 1.2 275 82
" E 26,1 ¥ 0.68 200 92
" 5.07% 0.1% 1074 74
" L] 3.85% 0.49 75 £E
Sum 292
BM-0B " 3369 1 4.2 + 0.9 163 53
. 2 12.8% 0.7 163 B
" a 23.6 £ 0.7 420 32
N 1.h48% 0.10 524 83
! 5 3.27% 0.28 371 E
Sum £5.3
BM-10 " 3374 1 164 + 0.4 4z0 51
" 2 7.06% 0.51 140 e
" R 3.14% 0.07 2E89 80
" 1.09% Q.07 ghz 70
" 5 32,0 ¥ 2.1 60 38
Sum 53.7
BM-12 " 3375 1 82.5 + 1.3 154 a2
" 2 120, F 2. 200 (5]
N E 29.4 ¥ 0.9 150
" 3,78+ 0.26 200 89
" 5 11.4 0.8 7€ [
Sum 2u7
A-03C i 3356 1 25.5 + 0. 74 164 ge
i 2 10.4 ¥ 0.6 140 £l
" 3 1.95% 0.27 122 €8
" i 7B8.17% 1.2 300 ag
" 5 0.36% 0.15 120 43
Sum 116
B-018 " 2700 1 0.07 +0.01 289 40
" 2 0.18 70,03 566 Bs
N 3 0. 34 F0.07 710 31
" i 0.11 +0.03 251 az
" 5 0.17 ¥0.04 3io g1
Sum c.B7
B-02¢ N 2€88 1 1410 + 111 Uranium First twc Stages 120 1%
. 2 1017 * o satoradiographed by 255 ok
" 3 2939 ¥ 182 ' Isotopes, Ipo. 980 iy
" 4 1281 ¥ 98 - 120 18
v £ 220.8 % " 480 2f
! Sum 6838
B-032 " 2687 1 1.63 + 0.21 171 34
N 2 0.23 T 0.06 200 96
" 3 0.17 * 0.17 60 96
" 4 0,01 * 0.03 60 €9
! 5 0.21 ¥ 0.12 e e
Sum 2.2
B-03¢ ' 268€ 1 0.95 + 0.0f 1031 75
' 2 0.54 0.9 240 7R
. 3 3.00 % 020 380 .o
" I .42 F 0.lc 240 T2
" 5 0.21 % 0.08 155 ke
Sum -2
BC- 07 TAS-D 3050 BE3 +025 2689 51
BC-09 " 3054 3 5F + 023 260 78
BI-NS " 3051 5.4 +o07 180 56
BI-15 N 3053 £ &1 4+ 031 243 ae
BI-17 " 3048 z.08 +0.1F 243 TE
EM-07 " 30UE 2,15 + 0.0b «ld? 7z 50
BM-09 v 3044 2297 & b4t al az
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TABLE A.& PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, CLEAN SLATE I {cont'd,)

Location Sampler Tracerlab Stage Pu-239, 240 Remarks Counting vialg
Type No. PR Tima
dpm/sample ) mtn, ApPLox. perceat
BM-11 TAS-D 3042 233 + 6 115 20
A-03E " 3077 432+ 12 79 an
A-OLE " 3087 2252 + 52 70 78
A-0EC " 3080 3.3+ 0.7 243 By
B-0P0 TAS II 3090 550.0 + 12.7 Uranium 332 14
B-02€ " 3091 1006+ 48 " 332 8
E-030 " 3095 1074 + 14 208 aa
B-C3f " 3096 501 o+ 9.0 103 az

ARC B (Balloon)

L1s, 5 Wire Swipe 5256 9.70 + 0.42 x10% ° 10 51
L 15, B oo 5296 1.07 + 0.0 x105- 20 BE
L 15, F7 " " 529 6.43 + 0,24 x105 20 26
L 17, P5 " " 5299 3.07. * 0.09 x10% 20 s
L 13, P A 5342 ’ 2.59 + 0,03 = 10* 10 91
L 20, B oo 5341 1.8 + 0.02 x 10° 10 g2

20, BM< 5341 2.85 + Q.70 x 100 10 n
L 23, Pt L 5301 1.83 3 o.c2 x 10* 10 80
BM-04 Film 8121 3614+ 185 &0 39
B¥-0= " " 1.55 + 0.0k x 1¢° 10 47
BM-0E " " 2,19 + 0.04 x 107 100 51
Mo " " 5.43 + 0.12 x 10° 10 65
BM-0F N " 1.81 +0.11 x Il(')6 30 48
BM-0G " N 2.17 + 0.05 x 10° Uranium 60 -0
BM-1C " " 1.39 + 0.17x1¢" 30 u
BM-11 " " 2.98 + 0.10x10" . 60 81
EM-12 ' ' 98U 4+ 461 70 65
Enoo3 " . 127.0 + 5.5 120 88
EC-11 : " 1.82 + 0.08x 10" 6o T8
Or-gE 2 " 8120 3.18 + 0.25 x 10* 10 65
£u-0F.3 " " 5.52 + 0.16 x 10% 10 79
Ca-08. 4 - " €.49 + 0,27 x 10° 30 30
o0 O . " 7,65 » 0.92x 10 30 25
acon, . " 4,64 « 0,15 x 16" 60 50
coonT Ba " " 6.42 + 0,54 x 1ot B0 24
fOLnT, PR ' " 4,26 + 0,28 x 103 €0 41
cLcT.3 " " 3.66 + 0,16 x 10° €0 B2
Cn o0l " " Tk + 189 €0 Bz
tn-04.2 ' " 5182 + 192 30 79
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TABLE 4.6  PLUTONIUM ANALYSIS OF FHYSICAL SAMPLES, OLEAN SLATE I {cont'd.)
Locatlen Sampler Tracerlab Stage Pu-239,240 Remarks Counting ¥ield
Type No. 2 time
dpwm/sample ) min. approx percent
B=015 Mlm 8123 333 + 27 [a] 5P
D-034 " " 1.54 + 0.15 x 10 30 55
stk-B01 - qg2l £3.87 + 2.4 60 &5
stx-802 " " 39.41 + 3.9 90 2
Stk-B03 " " 1647 + 5.3 80 34
Stx-804 " " 66+ 16 30 =7
Stk-B0% " " 505 + 12 88 55
Stk-806 " " 33 + 13 101 Bh
BM-05 AL. Coll. 9833 o5+ 0.2 x 107 1.0 83
BM-07 i » . 1.57 = 0.02 x 108 1.0 73
EN-09 " " " 6.00 + 0.15 x 1F 1.0 o
BO-0Y - * 9832 6.48 = 0.17 x 167 1.0 R7
Ba-06 W 9B32 7.90 + 0.23 x 16 1.0 7
£-020 " " 5830 .60 + 0.11 x 107 Uranium 10 1
Sell Por the results of plutonium analysis of scils, see Table
7.3 in the chapter on the determination of plutenium by
gamma spectrometry of Am 1,
4-018 Water 3181 5.57 = ©£.23 X 1* 100 1
4030 " 3183 4,71 x 10° Solubility Study*
A-OUZ " 342 3.35 x 107 Solubility Study*
5018 " 3138 57.71 + 0.73 1000 31
B-03C " 31ko 2,87 + 0.08 x 107 12 26
Boiz " 3132 1.18 + 0,02 x 1wt 1000 19
L0l " 3137 14B4 + 42 1] el
D-056 " 3136 1197 +13 €0 2z
FM=-020 * 3131 1790 + ko TL #3031 1o POIR 60 72
H-018 " £352 15.86 + 1.05 120 3G
H-042 " 2391 1206 + 42 &0 m
#Determined rom dum of several fractlons during solubllity studies.
This value may be less than total Pu deposited in water tray.
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TABLE A.7 PLUTONIUM ANALYSIS OF PHYSICAL SAMFLES, CLEAN SLA%ZE II

Location Sampler Trecerlab Stage Pu-235,240 Remz Mks Counting Yield
Type No. . Time
dpm/sanple min, Approx. . percent
F-D20 Arderser 3152 1 Logl + 210 Uranium 150 11
2 2173 ¥ 14B . 187 a
3 159.6 ¥ 1.2 . 1070 14
1 T70.9 F 70.9 ! 1070 z
£ 583.6 ¥ 39.1 v 1070 3
7 4sos ¥ 532 " .82 3
Sum 1.33x 1
F-034 " 3155 1 1568 + 43 80 51
2 7.6 * b.3 90 L
3 12,4 ¥ 0.7 100 70
4 2.50 ¥ 0.10 11kE e
€ 2.20 ¥ Q.2F 120 =l}
7 1,010 &+ O.24 Tt s
Sum 1668~
F-040 i 3151 1 1908 + 134 30 71
2 44,0 1.8 20 ut
3 25.3 +1.1 100 =]
4 E 95 ¥ 0.55 120 RE
3] 3 47T ¥ 0,31 Sample spilled 1000 11
7 1.76 E Q.30 7€ s
Sum 1989
F-OUZ : 3153 1 671  x 30 30 ==
2 83,3 ¥ 4.5 B0 ek
3 2.7 F 2.4 %] gr
4 1z 45 F 1,0F 60 4o
£ ggé £y g.gs 139 53
7 -£8 + 0.37 110 B
Sum 807 - 7
Qb " 1158 1 1039+ 45 o L
2 590 F 7 9%:4 2
3 18.4 + 0.9 100 7%
4 5.92  0.65 €0 7
6 21.5 ¥ 1‘48 1R0 20
7 2,727 0,1
Sim 1658‘ * 310 a3
FoQEz ! 3144 1 atg  + 12 984 <
2 102 ¥ b w0 a
3 23.5 T 1.0 7 7
i £.53 T 0.43 120 91
b 125 ¥1.0 B0 6l
T 54D F 0.2¢ 310 Bz
Sum 111z~
Fogee K 3145 1 217€  + kg 100 8z
2 13,1 ¥ B.Q 40 79
3 25.9 F 2.2 60 -5
L 9.84 ¥ 0.18 11A5 [33
€ 4:.75 S 0.52 €0 BT
- £.99 ¥ t 12
Sum 2371~ 3 ™
Fo0rY 314¢ 1 1434 + b6 30 50
? 17,7 3 3.0 £0 79
3 4.3 ¥ 2.0 50 68
y 13.65 ¥ 0.37 326 o5
t gzg ¥ g.h9 is0 '?
- A2 T 0. izo B
Sum i6z4 ~ g
Fonor ' 31Uk 1 670+ 3£ 50
2 60.8 ¥ 2.7 60 315;
3 17.4 % Q% 144 a1
i 178 T 00F 213
4 13.8 % ¢ ¢ 213 80
T ra To1E o 3
Sunm a11 - 3 8
FagT " EAR4] H 732 + 32 4] 1
2 176 =277 gc 55
3 4.4 I 1€ 165 37
i 607 ¥ 27 1z0 70
£ 3 4T 0,92 %) 5
7 4,78 % 0.49 100 &z
Sum 1031
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TABRLE A.7 PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, CLEAN SLATE II  (cont'd.)

Location Sampler Tracerlab Stage Pu-239,240 Femarks Counting Yield
No. - Time
Apm/sample * min. approx. percent
r-0OT8 Arderaen 3149 1 2074 + 110 30 37
! 2 205 ¥ 9 60 2=
" 3 128,2 ¥ 1.4 340 71
" 4 20.0 % 1.4 118 L2
" € 1z.68% 0.39 1088 T+
" 7 7.30+ 0.55 90 82
Sum 2457
™-13 " 3206 1 gu8  + 47 . 30 iy
" -] 11,2 ¥ 0.6 120 Th
" 3 104 F 0.4 245 B3
v 4 3.59F 0.31 133 Br
" € 1.35+ 0.14 gl g3
7 0.17% 0.06 112 BE
Sum 75
™-14 " 3207 1 87.4 + 3.4 . 120 €3
2 530  + 53 60 ER
3 9.78% 0.77 90 6E
4 12.8% 0.5 1290 o
[3 1.104 0.19 120 G
7 0.068%  0.03% 156 85
Sum 641
F-022 casella 2171 1 1573 + 58 Uranium Firsc # stages sutcradlo- 150 3
2 1488 ¥ BB ' graphed by Leotopes, Inc. 337 t
3 4324 T 285 n 25 - -
I 725.2 T 4.4 " A 1
5 1744 ¥ 91 " en 17
Sum 9854 —
F.032 " 2183 1 631.7 + 14.3 ag )
? L2 % 1.% 128 71
3 10.3 ¥ O. [1s] a8
I 0,69 ¥ C.15 386 69
5 0.66 T 0,13 156 T
Sum 690
F-018 " 2182 1 216 + 6 43 B4
H |E X 1.4 B0 g3
3 12.60 ¥ C.63 112 gs
4 2.02 ¥ ©23 Sample Spllled 1000 1z
< 0.73 % 0.13 172 Bn
Sum 2E0C -
F-DUz " 2184 1 BB8 -~ 24 60 7
2 41 4 T 1.1 15t &8
3 M|,4 T 1.6 50 8o
i 260 T 11 75 1
A 155% 0.30 73 TC
Sum
F-044 " 2195 1 785 + 15 103 30
2 28.£ ¥ 1.1 150 48
3 =pE T 1. 134 A
4 3.4F T 03 137 £3
& 2.23 % 0.30 110 o))
Sur ara -
F-05C ‘ 2182 1 43z o+ 7 340 3
2 32 F o4 103 32
3 13,5 * 1.1 Q0 3L
4 2.7 ¥ 0,20 152 7a
3 t.ol ¥ 040 15F 73
Sur L00 -
F-Q5b ' 2187 1 BgR + 15 ag Tt
z 138 T i 55 T3
3 52 € * 2.1 S50 79
N 27.6 ¥ 1,0 110 sl
3 1 TOF 0.1b 356 7
sem 920 -
F-05t " 2186 1 1130 + 30 4 gl
2 a 4 ¥ 2R £- &R
3 114 T o4 128 [
i mE T ol 3le ao
v - tq 3 0232 ele Ta
Sur 138" -

* Mobile unit at [-040,1-8., IMOB-040.
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TABELE A.7  PLUTOWIUM AMALYSIS OF FHYSICAL SAMPLES,

CLEAN SLATE II

{cont'd,)

Losation sSampler Traceriab Stage Pu-239,24¢ Remapks Counting Yield
Type No. P Time
apm/sample ain. approx. pércent
F-0ED casella 2185 1 3244 + B 75 2
2 1265 ¥ 1.9 17 o
R 121,1 ¥ 3,2 £5 7
21.2 ¥ 1.0 1E5 Lo
5 b,01 ¥ @,58 €7 Bs
Sum 599 -
F-062 N 2187 1 1146 + 4o 30 13
2 10;.3 F 1.6 sig #2
236.8 ¥ 7. ]
E 7.58 % o.ge &0 84
5 13.7 ¥ 0.9 €7 82
Sum 1511 -
F-0EE " 2192 1 1648 + 51 51 &4
-] 139 T 3.3 75 a3
3 Ba.5 ¥ 2.1 7 el
[ 8.47 ¥ 0.1 2680 53
5 185 T al9 115 66
Sum 1928
P07l " 2103 1 1982 + 53 52 82
2 391 ¥ 9 ag 68
3 120.3 ¥ 3.2 52 T
L 28,9 ¥ 1.0 1€ B2
5 27.5 ¥ 1.8 80 4
Sum 2550 -
F-CT¢ " 2194 1 1315 + 40 45 T3
2 504 ¥ 11 90 75
3 73.8 ¥ 1.5 116 B1
4 33,3 F 1.0 132 71
5 22, ¥ 1.2 100 45
sum 1949
F-080 N 2191 1 1092 + 42 50 33
2 277 ¥ 7 75 71
3 106.5 F 3.1 50 &8
& 138 F 09 60 8¢
5 15,7 ¥ 0.8 127 5€
Sum  150F
F-10. " 2190 1 2058 + 52 53 a9
2 322 ¥ 18 30 a5
3 76,2 T 1.9 103 €5
I 2786 ¥ 10 103 79
s 2 F 1.2 127 T
Sum  250€ -
-0l 2268 1 0,22 + 0.05 » 137 a5
2 0.5 T 0.16 120 59
3 0.82 T o0.12 275 a3
i 0.5z ¥ o0.48 1099 23
5 0.k T 0. ® 1000 20
Sum 2 (C -
IM-02 ' 2264 1 3B o+ 1.1 . 110 87
2 67,9 T 1.t 361 21
2 2.23 ¥ 0.29 153 85
[ 0.32 ¥ n.08 1172 74
5 0,97 ¥ 0.1t 153 70
Sum 108 -
IM-03 " 2eh3 1 3,93 + 0eq i 153 41
F .64 ¥ 009 165 91
3 20.0 ¥ O.F 180 93
4 .34 ¥ 0.09 200 &
c 2.4 ¥ o.25 153 By
Sur 28 -
.04 " 2062 1 7.33 + 0.3C 560 4k
2 6.2 ¥ o0.21 izo0 50
E 2,68 I  0.25 200 66
4y E ¥ 1% loo 58
3 0,30 ¥ olo 200 59
3ur: 51

* Mobile unit at 1-040, |.4., IMOB~048.
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TABLE AT PLUTONTUM ANALYSIS OF PHYSICAL SAMPLES, CLEAK SLATE IT (cont ‘d.}

Location Sampler Tracerlab Stage Pu-239,240 Remarks Courting ¥iels
Type ¥o, L. Time
Apm/sample min, approx. percent
IM-0% Cagella 22€E€ 1 93.€ + 2.2 ™ —y — .
2 280 T 0.8 1+5 =e
3 0.20F 0.08 124% g
4 032 % 010 112 £~
5 0.2 ¥ .08 112 -
Sum 122 -
M-0¢ " 2269 1 376 s B " qa -3
2 0.2 ¥ 0.21 120 :
3 E41F 0€r 240 E
i o.24 ¥ 0.07 300 I
5 086 F 0,13 12¢ cé
Sun 384 -
IM-07 " 2265 bl 385, + 13 - 4 23
2 19.4 7 0.8 99 53
3 1.45 ¥ 0.21 120 o
L & ¥ i 1C1 [3
5 a.55 ¥ 0.28 Lo e
Sum B2
IM-1: " =151 1 631 + 13 . 105 71
2 164 ¥ 5 43 za
3 7.6 ¥ 1.3 150 Y
a 0.35 ¥ 0.03 ]2&? s
5 5.15 % o.02 1akt 5
Sum £33 =
IM-12 " 2260 1 o0+ 12 el %?; Ef
] T4.9 F .7 o =
3 3.78 F Q.34 120 b
i 230 T 0.B3 120 pi
5 0.5 T 0.1 200 -
Sum 77 -
F-000 TAR-D o4 46,7 + 1.4 173 43
FoOLb 4O4o 6e2. 7 + 38.6 Uranium 1211 3
Foohn " gz 050 4 166 16 e
F-0£2 N 4032 uks 417 4 b
F-00Q2 v 4038 1531 4 48 51 £z
F-120 ! hous 314~ + 148 1t a-
F-08Y Tas-T Lous 1318 + 35 51 Ed
F-0OrY4 " 4oub 2192 4 Bl [ au
F-03¢ TAZ II uopa 4El3 + 418 Uranium Hae 3
Tz LQg® ) P 340 69
L : 503" SE 0 o+ L.t B i
F-054 4oz 24+ 9 3¢ =
F-0ro " 4030 330 + g " £@
w-0nt ' 4n33 370 + 9 Ar-241 from grosc o platew 132 <3
F-072 ' sa3k ¥ o+ o o a-
D2z Seq, Alr 414 1 sampler incperatle
analysls cancelled
Z.ohz " 4l4g 410.2 £ 10.3 Ne observable actiddty by 120 a4

alpha survey meter-entire
tape run as one sample.

* 4m-241 deverwirea /s alrha spectrometry cf & fross electoodeprsitisn ¢f sample allqurt: zee Chapter £,
** Mob{le unit ot I-040, i.s8., 1MOB-340.
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TABLE A.7 PLUTONIUM ANALYSIS OF FHYSICAL SAMPLES. CLEAN SEATE II  (cont'd.)

Location Sampler Tracerlab Stage Pu-239,240 Remarks Counting Yield
Type No, - Time
apm/sample * min. approx. percert
054 Seq. Alr 4180 402,5 r 10,1 No obaspvable activity by 120 BE

alpha survey meter. Entire
tape run as opne asample,

E-040 Film B113 3.56 + 0.10 x 10 10 78
E-0U2 " " 3.47 4 0.09 x 107 16 98
£-p4 " " 3.15 + 0.09 & 107 12 63
E-OH€ " " 2.91 + 0.08 x 10 Uranium 60

E-048 " " 2.73 + 0.08 x 107 10 7’
E-050 " " 2.31 + 0.09 x 10° 10 [
z-052 “ " 1.84 4 0.10 x 10° 15 31
E-054 " v 1.96 + 0.09 x 109 30 2@
2.056 A " " 1.71 + 0,06 x 10° 30 37
E-05¢ B - " 1.B1 & 0.06 x 10° 36 22
E-052 . " 1.44 + 0.08 x 10° 30 17
F-0t0 " " 1.31 + 6.07 x 10° 30 1
FooE2 o " 1.15 + 0.05 x 107 10 o€
E-0el " : 1,00 + 0.04 x 107 30 7
00 " 8.50 + 0,31 x 10° 30 )
E-02 " " B.17 + 0.26 x 10° 30 55
E-070 " ' 7.56 + 0.24 x 10° 30 50
g0z " " €.85 3+ 0.19 x 10* 30 75
E-074 ' " £.75 + 0.22 x 10* 90 18
o ' 6.03 + 0.18 x 10" 56 50
E-073 : ! 5.93 + 0.2 x 10% 30 33
E-07D " .23 + 0,19 x 1% 30 8
E-2%2 " 5.44 + 0,20 x 10* 30 n
E-0FL ' ’ 4.85 + 0.11 x 10t 30 99
E-0dk " " 4.70 @ 0,12 x ].(Jll 3 a4
E-028 ‘ " 4,46 + 0,12 x 10 60 37
E-090 ‘ : 5.33 + 0.11 2 10" 60 65
=0z ' 4.10 + 0.07 x 10" 6G Be
= _oau : " 4.1% + 0.08 x 15" 60 65
=_qar 4.49 + 0.08 » 10t 60 9c
£.go@ 4.17 + 0.08 x 10° 80 75
z-100 " " 4.4) + 0.10 x 101‘ &0 85
F-102 ' ' 4.13 = 0.0% x 1 50 70
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TABLE A.T PLUTONIUM ANALYSIS OF FHYSICAL SAMFLES,

CLEAN SLATE I1 (coni'd,)

Location Sampler Tracerlab Bu-239,240 Counting ¥ieln
Type Na, Time
dpr,/sampl= " min. approx  percent.

£-104 Film 8113 3.79 - 0.C8 x 10 e -2
E-10% " ’ 3.27 + 0.06 x 107 &€ -
E-108 " " 3.19 + 0.06 x 19- 66 £,
E-110 " " 2.57 + 0,04 x 10" 68 -z
E-117 " " 2,98 + 0.06 x 107 44 -
E-114 " " 2,06 + 0,06 x 1 36 3
F-022-1 " 8113 3012 + 133 2c o
F-022-2 ¢ A 8132+ 221 2] "z
F-027.3 " " 9005  + 279 30 =5
F-022- " . 1.15 + 0.03 x 10" 60 ge
F-022.% " " 5077+ 240 20 fa
F-02€-2 " " 248+ 183 30 Lo
F-02f-3 " ! TEGE 4+ 31E 30 w3
F-0RF -4 " 3506 + 90 £0 =
F-C2f-= " " 724L 4+ 311 30 33
F-030-5 " ‘ 1.18 4+ 0.0z x 10" : 7
P-038-1 " " 7.82 2 0,31 x 20 30 34
F-035.2 " " 5,31 + 0,21 x l()u 30 33
F-035-3 " " 258z 4+ €£F ) ~a
F-D4z-1 " " 4.3% + C.14 x 10“ 30 0
F-O4z-2 ! ' 8.34 + 0,42 x 1t 1c L2
F-OU2-3 " 1.49 = o.ou x 20* 60 -
F-042-4 ' 3563 + 35 £ £z
F-O4E-3 3.89 + 0.09 x 10 Lo ce
FoObL. ' " 3.24+ 0.0 x 10t 30 i
G-014 " 8115 1,62 + 0,03 x 107 30 55
a-014 " " €.l - 0.24 x 107 10 €
3-0%7 . - 2.08 - P05 x 1f 10 5"
3-024 2.7 + 0,00 x 2 10 hr
G-02*+ ! 2.8 - 0,07 « 10° 1 e
3-gow " 1.62 - .04 x 10° 1 ac
G-030 ' t.Fl - 0.15 x e’ 30 o
B-040 AL Co aBuz TL08 - 0.21 x ' 10 w2
B-DE0 " " 4,30 4 0,12 « 1’3—" 1.0 ar
B-070 " 1.2€ + 0.03 » 107 1.0 e-
B-08) " " ! DINCEEE SR B A Uranium 10 23
E-090 oo . 214+ OunL s 108 1o ?..
D-040 " " aghe 1.37 + 0.0k > 19 12 e
D-050 R ' - 9% + 0.0t . tof 10 20
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TAELE 4.7  PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, CLEAN SLATE II f{econt'd,)

Locaziorn Sampler Tracerlatb Stags Pu-23%,24C Femarks Counting Yield
No. .~ Time

D-08¢ AL, Coll. 9845 2?§T/§°3f%§ x 108 el SppreR; JpeTeent
D-090 "o " 1.90 + 0,02 x 108 &0 &0

H-040 noo 9844 5.81 + 0,05 x 106 10 51

H-050 "o " 4,51 + 0,06 x 10° 10 &1

H-07C "o " 1,46 + 0,01 x 108 63 91

H-08U "o " 1,84 # 0,01 x 108 30 g

B-090 "o " 1.30 + 0,01 x 106 é0 4

fiteb N For results of plutonium analysmes

see Table 7.3 Inh Chapter 7 ob tne
determination of plutunigm by
EAMMB, Spectrometry of amsdl,

D=08G  **  MWater 4180 2,66 x 107 Exposed at location I-Ud.
&according t¢ POIR, notr D-04%
Solubility Study#

D-040 ** " 2181 3,84 + 0,05 x 107 Exposed at locaticn I-040 10 5%
accordlng to POIR, not D-040

p-04c ™" " 4182 1.80 + 0.03 x 107 " " " 1z 1T
H-020 " 4188 225.1 + 1.8 950 55
H-014 " 4284 1il.2 + 2.0 120 3¢
H-o13 " 4190 2.67 + 0.04 x 10 10 72
H-n34 " 4194 1,00 + 0,01 x 107 10 69
H-032 " 4195 7.76 * 0,16 x 104 10 n
H-gs2 " 4156 5,46 + 0,08 x 10° 10 56
H-Jar ! 4157 3.58 x 0 Solubllity Study*

1-910 " 41598 80,29 + 1,12 967 2
L-ul1. " 4135 1101 412 60 47
I-01= ! 4200 159.2 * 1,3 1000 48
L-dic " 2394 2.15 *+ 0.04 x 104 15 8y
L-z12 " 2397 .58 + 0.05 x 10* 30 26
L-237 " z308 2.88 + 0,10 » 0% 10 25
L-uvc, " 23995 6,07 + 0,25 x 104 10 18
L-0iz " g4c: 2.67 # 0.0% x 109 10 50

«Deter—iine: Irom the sum of several Cractlans during solutllity studies, This value may be less tnan
the tote:r Fu aepogilted 1r tne water tray.

++ Sample lables and shipping papers indicate location as D=040, but from Traceriab Handling Record, these samples probably
were sxpused by the moblle unit at IMOB-040
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TABLE A.E  PLUTONIDM ANALYSIS OF PHYSICAL SAMFLES, CLEAY¥ SLATE III

Location Sampler Tracerlab Btage Pu-239,240 Remarks Courting viele
No. - Time
dpm/sample - min. approx. percent
F-010 Andersen 3266 1 0.17 + 0,04 100k 3z
2 ¢.17 T 0.0f 172 Ac
3 0. ¥ 0.05 120 [
4 0.4 ¥ 0,13 120 e
& 0.10 % 006 120 e
7 012 F 0.0€ 120 g
Sum 1.1 -
F-034 " 26 1 2,23+ 0.08x10 Uranium 18¢ £
3 3205 2 4840 ¥ 9 " 1000 34
3 416 ¥ 162 " 100¢ 14
i 486 T 277 " 120 2z
6 4555 104 " 100y 2
7 127.3 ¥ 1.4 " 207 zF
Sum 4.21 x Tod !
F-058 " 3258 1 63,7 + 45 60 1
2 0.84 F 0.19 30 Ao
3 1.47 F c.4b €0 £D
L 2.32 F 0.12 100E 3
[ 0.5¢ T 018 B0 B
T 0.08 + 0.08 £Q 3
Sum €9 -
r-082 " 3261 1 280 + 12 120 I
2 161 =7 120 41
3 ar.7 ¥ 1.7 144 £z
i 58.6 T 2.1 165 2z
£ 50.0 T 24 150 33
h 17.8 ¥ 1.0 =1 el
Sum 705
Fe10F ! 3263 1 3.2 + 0.52 60 k1
2 578 % 0.50 ~ i
3 2B.7 ¥ 1.1 1090 29
q 4.3 F 0.6 fo el
6 3.81 + 0.50 =0} Te
7 0.3% E o.z2e2 495 4
Sum 46,22
J-010 " 3268 1 0,16 + 0,09 ) an
2 .07 ¥ 0.07 [e] kit
3 g,58 T 0.1% 120 4
it 022 T .08 120 a3
€ 018 ¥ 0.09 120 £
7 0.g4 ¥ 0.1Z2 £C ar
Sum 1.4 -
J-034 ! 3270 1 uo6 + 9 101 &0
2 g.0E T Q.0t 60 BE
3 4 5¢ =+ 0.5 60 53
i 0,14 * 0.0% 326 £3
6 0.17 ¥ 0.08 Q0 83
7 0.33 ¥ 007 224 a5
Sur 411 -
Ton4E " 3271 1 0.3  + 0,14 aia] L3
2 ¢ 0l T ooz 60 v}
3 o246 = Q.12 60 B8R
i ol * 0.07 120 75
€ Q.39 + 017 60 Fr
- 0.1 ¥ 0.05 101 e
Sum 1.3 -
2-058 " 3272 1 0.2 + 013 £0 Ry
2 1.67 T 0.26 110 T2
3 173 ¥ 035 £0 G
iy 0,21 T 009 90 23
£ 0.135 ¥ 0 043 204 st
b a.2” ¥ DIz 101 R
3ur 4.3 -
Aot} ' 275 1 £5 0 + 1
2 571 17 T oF,
3 L - 1.¢C 16F 5
4 18 < T 0" 110 -
3 7.94% T O fh 90 ]
N 1.68 ¥ 030 o] 33
Zum 17F -
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CLEA¥ SLATE ITI {cont'd.;

TABLF A.2  PLUTONIUM ANALYSIS OF PHYSICAL SAMFLES,
Location Sampler Tracerlat Stage Pu-239,240 Remarxs Courtirz Yielz
Type No. . Time
dpm/sample - min, APPreéx. percent
J-108 Andersen 3274 1 0.08 + 0.09 90 LD -
2 0.5 ¥ 0.04 11¢¢ i
3 1.0 ¥ 0.12 BAT L
i 048 T 0,15 0 -3
4 0.43 ¥ 0,07 100t ul
7 3.08  F 0.4z 117 13
Sum 5.9 -
L-10% " 3294 1 0.01 + 0.03 €0 58
2 G.EO ¥ 0,17 12¢ 57
3 o.42 ¥ 0.21 120 -0
u 3,12 ¥ 0.09 wC a8
3 0.38 ¥ 0.17 8] ta
7 0,25 ¥ .15 £0 bz
Sum 1.7 -
—-18 " 3203 1 g.14  + 0,05 224 8z
b4 0.17 ¥ 0.09 la} k1
3 0.18 ¥ 0.06 E7L 33
4 0,28 ¥ 0.14 63 -
E 044 ¥ o0.18 Fn 70
7 0.11 ¥ 0.0 o5t -
Sum 1.3
F-002 Casells 4881 1 ¢1l9 + 0.08 120 ]
2 0,03 ¥ 0,03 120 Bz
3 0.1¢  F 0.0 175 e
4 0.0t T 0.04 120 83
5 0.1~ T 0,06 200 £3
Sum a. 61
F-01L 4882 1 0.06 + OO 120 Qz
2 0.0t ¥ Q.04 12t 80
3 018 S o0.07 120 aa
4 102.3 ¥ 2.9 213 i
& 0.1z ¥ 0.06 120 8
Sum 103 -
F-0¢% ' 483 1 1.04 + 0,19 120 do
2 0.31 F 0.1¢ 120 T
3 2,09 T 0,09 4re 3
A 0.4F T 013 12+ -1
e 0,08 ¥ o0.08 Sl Uiy
Sum k.0 -
F-000 " hpg1 i 253 + 34 2u1 68
2 E2.2 ¥ olL.F 104 70
3 1F.1 ¥ o.c 224 B0
4 2.39 ¥ 0.40 60 78
5 0,1~ T 0,0f 120 T
Sum 324 -
F-0r0 L4Ran 1 441 + 11 [ B3
2 11,73 % 0.7€ 118 53
3 12.00 ¥ 1.1 60 50
L 1.07 % 0.29 60 b8
= 3.99 ¥ 0.3 123 b9
Sum 470
DR " [ 1 "lt + 14 108 a1
H gl.a ¥ 1.4 128 T
3 3.4 % 1.3 1z6 T
b 13,7 ¥ 1.0 127 34
e "853 ¥ O.E¥ 69 30
Sum iyge] -
RN " 4= 1 4839 + B.7 Urardum (Firet wuc ctage: Autc- 2037 10
? 1185 % 1,9 " raclographed ty L=ctcpes, 1211 2
3 275 0 T 3.6 " Inc.} 2027 138
i =75,3 ¥ 13.% ' 1211 4
= 366 5 ¥ 11.4 " 1211 £
Sum inpeh
ha atal 1 C.9 + 1.0 1311 ?F
2 Feg T 1.9 11¢ =0}
3 33.2 ¥ 1.1 103 Bt
i a,70 T 02 103 78
5 0.2 T oa.r 103 ve
Sum 171
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TABRLE A.2 PLUTONIUM ANALYSIS OF PHYSICAL SAMFLES, CLEaK SLATE IIZ
Location Sampler Tracerlab Stage Pu-235,240 Courting Yield
Type He., - T1lme
dpm/sample min. epproy. percent
F10€ tasella 48ar 1 €.22 + 0.47 12n “z
2 7.7B ¥ 0 EF 0 az
3 g8.56 F 0.50 a0 3z
4 57 ¥ 0.16 By 83
5 0.8 ¥ 9,10 are 32
Sum 26.4 -
J-014 " 4oz 1 1.40 <+ 0,14 120 al
-3 0.03 ¥ 0.03 120 g1
3 0.9 * 0.9 52 ]
4 0.4z T Ccaoay azn a
5 0.16 ¥ 0.9 50 -
Sum 2.1 -
J-02€ " 4899 1 21.32 + 1.09 &0 a3
2 Q.12 + 0.07 129 F
3 6.03 * 0.03 i20 o
4 £.03 + 0.03 120 b
g 0.0 ¥ g.04 12C e
Sum 2l.5
J-0d2 " 4600 1 3828 + T¢ 120 re
2 ul. T o1.4 10u el
3 18.3 F 0.8 103 a1
4 0.1t ¥ 0083 121 "L
= 0.32° ¥ o1 12t n3
Sum 3888
J-050 " 4213 1 612 + 13 100 [
e 4z T 057 cC 7a
3 2,3t = 0.3% 12n 48
4 145,5 T 3.9 e 2
5 g 7 oo, 28] an
Sum 7 -
J-0E0 K 490t 1 62.8 + 1.¢ 134 &f
2 1.39 ¥ 0.25 0 I
3 0.92 ¥ 0.3 21C 3f
4 23,73+ 1.7£ 1165 [
5 601 ¥ o.o2 €0 ~8
sum 88.8
J-078 " Haps 1 114 + U 120 e
g 70.E ¥ 21 126 =
3 27.9 ¥ 1.0 11¢ -
i 13.0 T 0.8 ag tq
5 7.17 T 0.5 90 53
Sum 233 -
J-062 4g1n 1 0.02 + (.03 120 5
2 13.4 T o8 20 -
3 T.TEF Q38 224 a0
4 3.12 F o0k Lo an
= 314 T 0,20 2y B
Sam 27 .4
-114% ! haoo 1 2.4+ 0,10 e
F o4 & oD% ase
K Q9,3 F 2.9 1l
] g2t + 0,09 122
3 0,41 =+ 0.1¢ &7
Sum  1Q1 -
K-00% ! uguy” 1 007 + NO N N
2 o1 ¥ 0,02 934 4=
3 Q.o ¥ 0.04 ~n =
i 0.10 ¥ 00 123 i
4 g.8f  F 0.3 =0 z
fur 0.8n -
F-0Lf 4131 1 1.40 =+~ 0,27 Te 23
£ 1.2 T 0.7 1on -
k] 0.l = 0.13 172 Tz
] 1.3¥ = 0 2¢ €f il
= 023 = 003 2nn ]
Sun 15 & -
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TABLE A.E  PLUTONIUM ANALYSIS OF FMYSICAL SAMPLES,  CLEAN SLATE ITI (cont'd,)

Location Sampler ‘fracerlah Stage Pu-239,240 Remarks « Counting Yield
Type He, - ™ Time
dpm,/sampie min. approx. Tercent
h-03% casella k932 1 1304 + 78 3 ag
z 22,1 ¥ 1.0 9¢ -]
3 O.54 ¥ 0,14 123 T1
L o.gg I o1 126 £0
5 3. + 042 B &
Sum 1330 - 5
K-048 " 4330 1 273 + & 241 “&
2 13.7 ¥ 1.8 8o L1
3 C.06 T o.04 120 ac
s 0.0 + 06,07 EQ -
5 0.38 ¥ o0.14 101 g¢
Sum 287 -
K-064 " 494z 1 72.2 + 1.€ 144 i
H 4.98 ¥ 0,€5 ac 41
3 0.k I 0.16 0C 0
4 0.13 ¥ 0.08 g go
5 .95 * o.22 116 58
Sum 78
K-072 " 4934 1 23.7 + 1,8
2 225 ¥ 08§ 134 T
3 20.5 ¥ 0.9 11 I
4 1453 ¥ 0.&1 1274 ar
5 1.72 ¥ 0.25 205 ~&
Sum
K-0o+ v 493R 1 2.68 + o0.u3 €0 T4
2 TAU8 ¥ 0,64 a €2
3 134 % 1.0 tQ 68
i L 90 i
g 519 ¥ Q.60 115 be
Sum 34,1 -
K-1"2 " Lgar 1 0.03 4+ 0.03 120 K.
2 3.81 ¥ 0.33 120 a3
3 O.El ¥ 012 120 8¢
4 245 ¥ 0.01 17 79
5 0.25 ¥ 0.13 5] 8z
Sram %.0
i-no:z " 4gor 1 0.09 + 00 120 &R
2 C.43 ¥ 0,12 120 85
3 0,045 T 0©.032 574 24
I 0.0 ¥ 0,02 a56 4€
£ 0.13 ¥ 009 60 2o
Sum .76 7
100 " haoy 1 0.0% + 008 &0 8o
2 0.0t ¥ 0.0 60 83
3 Q.05 ¥ 0.05 ag 70
4 0.05 ¥ 0,05 120 55
2 0.C53F 0.013 334 76
Sum 0,27
B-0F TAS-I H1H5 £514 + 71 Arericium 10 ke
.o0z . £15kH 371¢ +100 americium 10 76
Fo1Z0 " =Qta 2.69 + 0,31 1ps 71
Tanby ' o] gL, +LEL Americium
J-0az b 0v3 230 + 2.3 120 79
T-120 v et 0.1 + 0,07 2nk 49
b-pad =102 0.19 + 0.04 204 a4
HETAA 5100 0.32 + ¢©.32 a0 35
Moicly 5030 14,0+ o 132 82
i-le- ' 5101 3.01 + 0.38 97 £
v-lz2 ' s107 3499 &+ QA5 :le £q
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TABLE A.% PLUTONIOM ANALYSIS OF FHYSICAL SAMPLES,

CLEAN SLATE III

{cont1d,}

Location Sampler Tracerlab Pu-239,240 Remarks - Counting Yield
Type Na. . Time
dpwm /eample mir , ADErox. per-er:

£51-D~000 TAS-D 5199 10.¢ + 0.5 211 £2
CSI-E-000 " 5200 5.1 o+ 1.4 Americlum 1002 a
C5I-F-000 " 5201 T6.E + 1.2 Ameri~ium Ehis a3
08I-G~000 " 5202 173.9 + 27.8 €0 31
CSI-H-000 " 5203 398 +10 £0 -2
£8I-1-000 " s2ch 722 +31 23 T2
CSI-N-Q24 " 519 g2.6 + k.2 Amerdslum 12¢ i
CSI-N-030 b 5196 23.3 + 0.9 Americiun 120 &
CSI-¥-036 " 5197 1.1+ 0.6 Americium 120 32
F-0%E TAS-I 5062 1106+ 4D 120 ks
F-064 ) 5063 4TEE  + 114 Uranium 1000 11
K-052 " 5095 231 o+ 3 £ 4
K-0€EQ " 50a1 45 5 + 30 60 2t
¥-068 . 5064 LE€ + 4 at !
£-092 " 50G= 123.0 + 7.4 62

E-100 5083 30,3 + 1.9 90 az
C-030 Ta3-I3 5149 1574+ 70 Americium 10 nr
F-00€ ” 5051 0.3 + 0.19 57 T4
F-018 " /053 ET.6 + 20 118 3F
B-0ke " 5050 100k + €3 Americium £0 14
F-078 " jitelidy] 5388+ 248 Uraniur 1900 2
F-134 EQE T.58 + 0.41 2l "
H-042 5035 923 + 101 Amerlitun a0 14
J-gor ’ 5074 G,90 ~ O 24 o0 o
J-018 ! 5073 £ 64 + 0,52 1.8 re
J-030 " 5071 C.45 + 0.05 1088 50
J-054 " s07a 1030 =+ &2 60 b3
J-Gtf . 5070 yhz o+ 71 £C ed
I-1cp ' =0T 10.3% + 0.57 38) 2t
1-114 507 1,02 + 0.17 13z 79
®-DE° . 5oac 0.€8 + ©.39 €0 Y
F-03%¢ " e [3F-184 + 148 120 L1
K-0ul ! 50RE 781 + 21 c e
T =084 5113 321 + 33 Amerleium £ 15
Bv-Q2 Film 8leg R,a3 > 0.D% x10® Amer)zium 30 23
co-05 0 " Aiep 1.79 + 0 08 x10’ " 10 9~
C-QREA Alge 1.79 + 0 07 x107 ! 10 th
D-020 " 216¢ 145 + 0 03 xto? " 10 €2
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TABLE A.§  PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, CLEAN SLATE III (cont'd.)
Location Sampler Tracerlab Stage Pu-239,240 Remarkgs © Counting Yieln
Typs Fo. . Time
dpm/sample mir. approx - percenz

£-032 Pilm a1s7 7.93 + 0.17 =20t ameriziun 10 6
E-048 " 8157 1.0z + 0.08 x 10% 30 33
E-050 " v 4.52 + 0.20 x 0% 30 6¢
E-054 ' " 1.01 + 0,08 x 10" 30 ae
E-056A " " 7010 + 220 30 €3
E-058 " " 6651  + 180 30 58
F-062 " " 9797 + 362 30 48
E-066 " " 110+ 0.03 x 10" 30 B0
E-065 " " 1.3 +0.03 x 10 10 58
E-070 " " 1.40  + 0.08 x 10° 30 28
E-072 ' " 1.09  + 0,03 x 1t 30 7€
E-O74 : " 1.30  + 0.04 x 10% 30 =
E-078 " " 9778 + 313 30 2c
E-082 " " 7133 + 128 €0 &€
E-084 " " 6597 + 172 €0 1
£-086 " " 4908 + 133 éo 71
E-0BS " ' 36845 4+ 154 30 ac
F-0DE " 8158 819+ 24 €0 59
F-028 " " 2.33 + 0,06 x 10° 60 B2
F-034 * " 4.51 +0.12 x 10° 10 486
F-03¢ " B3 4,75 + 0.10 x20f Amerd = dum 1o 62
F-038 " " 3.25 + 0.05 x 1¢ Uranium 10 61
F-o4G " " 1.29 + 0,04 x 108 10 67
F-0u42 " " 3.20 + 0.04 x 107 Uranium 120 B
F-0ld " " £.58 + 0.14 x 107 " 60 24
F-OU4F " " 2,14 + 0,07 x 10° 30 51
F-050 " " €.88 + 0,17 xioh Uranium 30 as
Foosz “ . 3.46 + 0,0 x 10% 96 3¢
F-05L ! ! 5955 + 197 6¢ 49
705" , " 4495+ 40O 1% 8z
F-0u3 ' " 4258+ 19 30 BY
F-0&LE ! " 6670 + 354 30 B0
F-0EB " " £.57 + 0.2% %103 Uranium 30 S
F-070 ' " 5866 + 164 6c E7
F-072 ' " BU52 + 265 30 6y
o] ! " 4274 471 71 27
F-07tE " " 6B0L  + P65 3c 4z
Fog ' " S0Z1 o+ 15 60 49
F-0%0 " " 4805 + 125 60 76
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{cont'd.)

TABLE A.¢ FLUTONIUM ANALYSIS OF PHYSICAL SAMPLES,  CLEAK SLATE III
Location Sampler Tragerlab Stage Pu-239,24C Remarke . Counting ¥ield
Type Ng, . Time
dpm/sample ) mirn. BRPProx. perier:
F-082 Flilm 8158 4493 + 315 1€ uz
F-0BY ! " 3832 + 136 3c &3
¥ 086 ” o 284k + 78 €0 €3
5028 " Blsg 1.23 + 0,06 x 107 30 €0
3-030 " " 9.88 + 0.30 x 107 30 57
G-032 " " 2.80 + 0,05 x 106 10 g3
5-034 " ' 3.30 +0.02 x 106 10 gz
5-03¢ " . 3.33 » 0.0e x 1af 10 ge
32039 " " 2.82 - 0,09 x 100 10 s
5-0lD " " 1.20 + 0.03 x 1ef 10 ar
G-Du2 " " 7.61 + 0,24 x 105 30 =3
G-Oll g 4,63 + 0.24 x 107 30 £x
G-Obr ! " 2.52 + 0.14 x 107 75 23
G-l ' " 1.3 + 0.00 x 167 39 42
5050 ‘ “ 1.0l + 0.04'x 1o7 39 £z
5-013 ” . 5.1 + 0,18 x 1o* 15 ao
5-0F ‘ " 4989 + 115 30 81
=07 - " 5333 + 237 30 &8
3-072 " " 3866 + 15% 30 Bo
>-07H " " 5374 + 114 3c 62
-ovy b 3414+ 130 30 4€
e 02E " aiee 271.0 + 10.4 Qur 33
t.032 : 149+ 2,04 x 106 20 71
-+034 " =93 + 0.0F x108 Anerieium 12 69
03 " 2.15¢ ~,05 x 1t 10 58
aerTy ‘ " 1,09 + 0.03 x 1cb 1c 62
n-oug " 7,68 + 0.24 x 107 10 &9
v ' - 440 + €16 x 205 20 an
n-MbrE " 1.83 » 0.04 x 107 30 30
a-oL- ! ‘ 172+ 0,06 x 207 £o 28
--orh ' 3T+ 22k -1 39
R 385 4 pu4 1< 0
~-072 2535 + 29 30 20
J-037 a1 1.27 + 0 0% x10f Americium 12 62
L -03° Sep 5,05 + 0,08 «af ArE TEC Lum 31 g7
Sl For rec. 1t or rlatriom aralyses of scdle, ase Table 7.3 1ln the chapter
~» -ne determira~iir of pluTorilm by gamms Spectrometry of Ar<td
.71 watapr Jeie : oL Tt [
E- - 188~ 10” Soluzllity Study*
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TABLE A.5 PLUTGNITM ANALYSIS OF PHYSICAL SAMPLES, CLEAN SLATE IIT (cont'd.)
Lecation Sampler Tracerlab Stage Pu-239,240 Remurks Counting Yiel1d

TYpe No, . T1me

dpm/BRmpie min. approx. percent

B-108 Water 5229 2811 + T2 100 30
D-012 " S246 233.7 + 3.0 g50 21
D-0B4 ” el 6312, =+ 120 10 gc
DMob-074 " 5253 27.60+ 0.41 - 1000 50
DMob-0T4 - 5254 1,34+ 0.03 x 0% . 20 23
DMob-0T4 " 5255 123 0.02 x 10* - 1 Bo
THob-050 " 5260 5.79+ 0.13 x 10 10 Er
IMob-050 " 5261 5.07+ 0.06 x 1o¥ &0 e
IMob =050 - 5262 7.3+ 0.10 x 1c* 1z 5
L-006 " 5237 1609 + 32 1c 8l
1-054 " sedo 4674 4+ 51 [A4] 70
1-78 " sl 106 x 10° Solubility Study®
L-102 " 5234 1.50 + 0.04 x 10! £7 o

#pDetermined from the sum of several fractions during Bolubility studles.

less than the total Pu depcsited in the water tray.

»* Sampie boriles and shipping papers labeled with two locations Lo¢ation assigned to DMob—074 instasd of IMob~05¢ based
on Tracerlab Sample Handling Recard
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UNIVs OF ROCHESTER AEP ATYN PROF.RIBERT r.wlLSON
US WEATHER BUREAU USAEC ATTN R.WaTITUS
GEN.DYN.CORP.NUC.DESTGN & OPER.DIV.ATTN W.T.PRICE
GEN2DYN+CORP4NRED+NAR FACILITY ATTN DReNaH.GODBOLD
GENLDYN,CORP ,MREDsMAR FACTLITY ATTM MR.RGY HENRY
SANTA BARBARA LAB. EGG.ATTN DR..i.CoCOUCHMAN

ATOMIC ENERGY COMMISSION ACTIVITIES

DIR.OF MILITARY APPLICATION USAEC

USAEC ATTN DIV.OF OPERATIONAL SAFETY

USAEC ATTN CIVe OF BIOLOGY AND MEDICINE

USAEC ATYN DEv. OF RADIATION PROTECTION STANDARDS
USAEC NEVADA OPERATIONS OFFICE

USAEC SAN FRARCISCO OPERATIONS UFFICE

USAEC ALBUQLERQUE

USAEC ALBUQUERQUE s ATTN.F o RoMATHEWS sDIV.OPERLSAFETY
AS5T,T0 THE SEC.OF DEFENSE ATOMIC ENERGY

CHICAGD OPERATIONS OFFICEWDIV.HEALTH & SAFETY
HEALTH AMD SAFETY LABJUSAECsATIN DR,JsHJHARLEY
THDUSTRIAL HYGIENE & SAFETY ANL ATTN DR.JLSEDLET
GE COLHANFORD ATOMEC PRODAATTN DReJ=M.NIELSEN
RADIOACTIVITY SECTION MBS ATTN L.A+CURRIE
PRES.SANDIA CORP
PRES+SANDIA CORPLATTN
PRES.SANDLIA CORPLATTN
PRES.SANDIA CORPLATTN
PRES.SANDIA CORPLATTN
PRES.SANDIA CORPL.ATTN
SANDIA CORP,L1VERMORE
DIRJLAWRENCE RADIATION LAB,

DIR.LOS ALAMDS SCIENTIFIC LAR,

DIRSLOS ALAMOS SCIENTIFIC LADSATTN UR.M F.MILLIGAN
DIV.OF TECH. INFOHMATION EXTENSION

U /(/

DRaJelle SHREVE» 5414
DReBaF s MURPHEY + 5410
MR oHaWo CHURCH 54 14
BRsTaBa COOK 5400

MR oL oC o GUYNES 3415
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TABLE A.4 PLUTONIUM ANALYSYS OF BIOLOGICAL SFECIMENS, DOUBLE TRACKS (cont'd.)
Animal Sampling DASA Timsue Welght, Pu-239,240 Counting Yield
Type Time No., Wet Time
gTRMS dpa,/sanple min, approx. gercent
Sheerp 22 May z157 Trine 2765.0 G131 +48L 120 1a
20 Aug " 4105.3 342.9 T 55.6 481 0.t
22 Aug " 8640 E.7T4F 0,71 [#13 "
22 Aug " 2526,9 16,565 0.97 P -
24 Aug " lguOE.O 7.30% o.6C 120 52
21 May Feces 7.0 3ll2 T 10 192 58
2¢ May " 1128.0 206 T 102 P
23 May " 491.E 218,2 ¥ 15.3 Q0 13
D+ 30 " 5620, 4141 ¥ 2h 438 Pt
" I+ 3 2164-1 Left femur 206.4 Q.35+ 0.20 £D 4e
-2 Kidney a7.2 .07+ 0.07 £0 -
=3E Liver 530.5 0.81F 0,36 127 4o
T 3L8.6 0.34F 0.0 acn 70
-5 K. node 5.6159 0,05 + 0.0 38€ &
Do+ 90 2166-1 Left femur 211.3 0.10 + 0.03 T80 g2
-2 Kidney 1017 0,06 T .06 Eo an
-3 Liver 627. 0.71 ¥ 0,18 120 3
-4 rtung 381.8 0.5 ¥ 0,25 120 &
-5 H. node 8 0,06 ¥ 0.02 €aa 5%
' T Day 2168-1 Left remur 190.8 40,67 + 3.05 Qs 2
-¢ Kidney 193.0 2,70 ¥ 0.21 240 ax
-3 Liver 599.0 23.82 ¥ 1.3 11&F 4
-4 Lung 710.1 251 ¥ 4.2 Uranium 1090 44
-£ H. node 7.983 0.85 F 0,42 [t 78
-7 Trachea 123.5 0,21 ¥ 0,04 Qo4 42
-8 Stomach 5508, 0 1214 ¥ 46 160 -
-9 P. mucoma 9,91 C,09 + 0.06 90 o
10- N, mucosa 65,7 2,17 ¥ 0.24 762 1
“ 2169-1 Left femur 203.9 5748 +69.0 1000 p
-2 Kidney 120.0 0.60 ¥ 0,25 9c 34
-3 Liver 92,5 15,11 F 02&L 1165 21
-4 Lung 33.2 57.47 ¥ 1.21 Uranium 400 "65
-5 H. node 10.292 0.79¢ 0.25 €0 €
-7 Trachea 154,6 3.89% 0.47 €0 a2
-8  Stomach 5859.0 6,5°F 2.7 Lel le
-9 F, mucoea 11.45 l.ggi 0.08 99 5
10 N. mucosa 121.1 11.54% 0.7¢ 102 6a
21 May 2172 Urine 2595 1891 + 76 415 9
20 May N 952.2 2135 ¥ 81 (313 11
22 AuR ' 2Q70.2 1§.22+ 1,00 1Bo 33
C1 wug 680, 8 3.26% 0,22 Tep 32
22 Aus 17EE 4 g.ooi 3.25 764 18
a1 Mey Feces ngre g248 T F 79 160 K
Zi Mav " £31,9 927.1 +132,1 60 2
27 Mar ' 328 718.5 ¥107.3 [32) 1t
oo 30 38242 481 T 24 1000 3
.= 2173-1 Left femur 200.6 0.30+ Q.15 Not on official inventory TE2 18
-2 Kidney 92,0 2.68% 0.75 140 1
-2 Liver Lo 1.37F .23 120 &0
-L Lunz szl o 283.1 T 4 .= Uranium lo4o LB
-5 E. nede 9.182 0.39% 0,14 an 7
-t Right femur not Tecelved Or inventory but missing
-* Trachea i14,5 4. 64+ 0,50 &0 7R
-¥  Stomach 45FD.0 1203 - €1 180 14
-1 I, mucosa 11, 1.30+D.EC 207 7
10 1, mucosa 8o0.5 207.4 F 4.9 Te2 14
M 21%z-1 Left femur 211.5 0.08+ 0.05 120 B0
-2 Kldney g1, 0.00340.05 60 9€
-3 Liver 5€7.5 1,08+70,21 g0 BT
-L Lung Bog. ¢ 0,137 0.09 £0 82
+5 H. nodee 11.8037 0,65+ 0.01 234 T
218¢.]1 Left femur 21f .5 3IT.50 + 0,4¢ 525 G9
-2 Fldney 1147 0.10 ¥ 0.07 32 Te
-3 Liver 5,7 0,77 ¥ 0.21 £0 T
-5k Lurg 465.0 21,89 ¥ 0,57 a= #2
-E H. rod. 9.318 3.31 ¥ 0.25 28 43
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TABLE A.4 PLUTONIIM ANALYSIS OF BIOLOGICAL SPECIMENS, DOUSLE TRACKS ({econt'd.)
Animal Sampling DASA Tissue Welght, Pu-239,240 Remgris ¢ founting vieid
Type Time No. Wet N Time _
grams Apm/sample min. approx percent
Sheep 21 May B-3078 F Urine ofg7.0 625.% + 3E.0 s8¢ a
27 May " 2430.0 612.6 % 17.8 400 19
20 Aug : 3825.1 .19 * .48 180 51
21 Aug " icci. @ 24, + 5 12¢ a3
22 Aug " 2336.5 9.76 x 0.20 70 b
24 Aug " 3536.4 1.30 * 0,081 EEN LE
22 May Feces 09.3 90.65 * 3.26 ave s
23 May " 3@h.2 779.€  * 32.7 126 ¢
Burro D+ 3 1004-1 left Femur 1092.1 16.47 + 0.59 ger i
-2 Kidney 829.0 1,11 % 0.30 N Lo
-4 Lung 1542.8 42,10 T 2. 9C 87
-5 H. Node 28,972 0.51 0.0 1088 48
3005-1 Left Femur 918.4 0,79 # C.18 120 £
-2 Kidney 709.C C.l4 & 0,02 EEIS 70
-3 liver 1779.3 17.76 & 1.26 34 59
_§ RAignht Pemur 540,89 0.65 + 0.17 28
D+ 7 5006-1 Left Femur 927.3 1.20 & 0.26 978 18
-2 Kidneys q24.9 0.44 ¢ 0.05 978 nL
-1 Liver %3293 4 B.gz + 071 oo as
-4 Iung . 15. + 10.¢ L0010 or
Zs H. Nodes 1871z 0.09 ¥ 0.02 59+ £3
D+ 3015-1 Left Femur 952.% 1,62 & 0.11 978 4F
-¢ Kidneys 6?3.‘. 1.75 & 0,36 g7e I
-5 H. Node 9.5946 0,28 t 0.06 313 7
D Dey 1015-1 Left Femur 980,14 1%.30 + 0.83 183 el
-2 Kidney 722.8 2,10 ¥ 0.20 180 ae
-3 Liver 2561.0 20,44 ¥ 0,72 182 TF
-% Tung 1566.0 2.2 T 6.3 Tranium 28€ 24
-5 H. Node 12.6655 1.31 * 0.09 1033 51
-t Right Femur 1023.0 21.91 ¥ 1.45 102 gé
-7 Traches 330.2 19,81 ¥ 0.73 120 2
-& Stomach 63.3 9.24 ¥ C.17 Duplicate stomachs founa 1206 83
-8B Stomach 1688.6  hel.c ¥ 19.8 Not on inventcry 122 27
D - Lay 1020-1 Left Ferur 973.7 1,50 & .12 Control? 56
] L3
D Day 3024-5 Hilar Node 18,2360  3.79 x 0.17 GRT ar
D Day 3032-1 Left Femur 1ogs.c 2.52 + 0.3 120 71
-2 Kidney £33.2 13,60 ¥ 0.31 1032 42
-3 Liver 2860.0 66,27 ¥ 0.66 TR £1
-2 lang 2252.0 1132 T 4 Yraniur 952 ¢
-6 Right Femur 1217.0 33.80 F 1.32 102 v0
=7E Trachea W47, 3 263.5 T 3.7 415 -
-¢ Stomach 12€3.0 200,3 % 5.0 2p¢ 25
-5 P. Mucosa ub b8 58,84 T 0.47 1040 g2
D+ 1000-1 Left Femur 1266.3 1.24 & 0,32 936 41
-2 Kidney 609.17 0,10 t 9,06 Y38 4=
-3 Liver 27I5.: 11,01 & N,42 378 20
-4 Lung 1537.e 3854 + 2C.0 240 1z
-% H, Rode 26,139 0.13 * 0,0% 1y1e 4c
D Dey 2049-1 Left Femur 1003.3 4,2 + 6,5 1F0 a-
-2 Kldney 1058.0 11.14% €.2¢ 120% 71
-3 Liver 304 . C a-,g93% 3,87 138 a5
-3 Lung 1£50.0 7.75% 1.1 Tranium EED) £
_& .. Noae i3.180 1,95%F 0,11 FRU 4
D Day 1050-1 Left Pemur 1036.2 10.71+ 0.£8 Contrel® 102 '*%
_* Kidney Ta4.0 0.64 % 0,16 Fox 1% inventory 30 5
-2C Kidney 998.2 0 83+ 0.13 Box 18 irnventory 200 ¥
-2 Liver 2B58.7 26,13 = 0.34 1010 33
i Lung 1409,0 1047 ¥ 29 Uranium, Box 18 1010 3
-4C Lung 17530 A48 F 0,28 Contrclt, Boa 18 1999 ur
-5 H. Node 11.2€ 3.31 T 0.3t B a2
~E Right Femur 950.58 3.71 7 0.29 240 g4
-7 Trachea 57,3 118 ¥ Q.24 120 hR
_BE 3tomach 18,40 1.¢27% 0.2 90 85
-0 W Mucasa 162,° 0,37 £ 0.21 sample apilled during B30 E
sherlstry
D+ 7 3057-1 Lef: Femur 1360,0 9,47 & 0,8+ so8 H
-2 Kidney 1040,0 U.7B £ 0.8% E. BT
-1 Liver 3777.7 16L,5 & 14.9 6u 38
-4 Lung 2192.0 16,29 3+ 1,48 90 g?
-5 H. Node 10,7427 6,87 % 0.45 164 62
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PLUTONIIM ANALYSIS OF BIOLOGICAL SPECIMENS,

DCUBRLE TRACKS

(contd.)

TABLE A.4
Animal Sampling DAEA Tiaaue Weight, Pu-239,240 Remarks Counting
Type Time No. Wet X T1ime Yield
grams dpm/sample mir, apprex,
Burre D+ 3 30641 Left Femur 1015.5 2.37 £ 2,11 978 4z
-2 Kldney 752.0 C.39 ¢ 0.05 975 “
-3 liver 4089,0 115,6 * 2.2 360 1%
-4 Lung 1802.6 8.52 + 1.36 §0 ge
-5 H, Node 5.304 0,12 % 0,02 1573 29
-£ Right Femur 1314, 41,52 + 1.66 90 53
-8 Stomach Not Recelved m inventoery bu- miessing
o+ 3 3065-1 Left Pemur 1139.0 1.60 + 0,37 lzc 31
-1B left Famur 1230.7 5,06 + 0,33 208 T3
-2 Kidney 779.% 0,35 £ 0,06 92k an
-3 Liver 2122.5 9€.24 + 5.77 £0 o7
-4 Lung 150?.7 327.7 + 131 &0 a7
-5 H. Keode .430 1.71 + 0,18 60 E”
L+~ 5065-1 Left Femur g27.0 17.37 + 0.97 Control? 129t 42
-2 Kidney 824.¢ 1.65 ¢ 2.13 FEE 39
-3 Liver i#gl.o 71,884+ 2,85 Gu b
4% Lung 287.0 7.13 ¢ D.65 Lung queetioned on 186 18
inventory
-5 H, Ncde B-T4 0.17 %+ 0.07 141 &a
D+ 3 30£8-1 Left Feour 1097.9 ‘4,72 + 0,27
2 Kidney 764 .8 0,10 % 0.10 50 54
-3 Liver la3z.s 52.48 1 0.63 924 4o
-4 Lung 1421,3 117.5 t 4.2 £0 L]
-5 H, Node 7.9607 0,07 ¥ 0,04 174 79
L+13 3074-3 Liver® 2011.2 22.68 % 0.6 G4 X
Consrol  3082-3 Stomasn 5574.¢ 2.79 + 0,63 No. 30827 Questloned 774 32
on inventory, Full ef
hay. Control?
oo+ 3 3101-1 (E) Left Femur 1152.5 1.39 £ 0,26 120 52
~2 Kidney 774.0 0.60 + 9,07 975 43
-3 Liver 7832,8 75.83 + 1,539 973 47
-4 Lung 1415.3 1332 ¢ 100 60 5B
D+ 1102-2 Kidney 770.1 1.25 + 0,30 &0 15
Do+ 31103-1 Left Femur 1042,9 299.3+ 15.1 gse 3
L Day 3113-10 N, Muccsa 134,38 0,25 # 0,05 980 2
D~+7 31126-1 Left Femur 1114.8 1.52 & 5.14 936 25
-2 Kidney 535.5 058 + U2t 60 45
-1 Liver 28450.3 az.17 + L1 Sample spilled 1165 2
-4 lung 1525.6 33,17 ¥ 1,96 60 53
-t H. Node e2.1924 9,11 ¥ 0,0% 1031 7t
o Day 3127-1 Lert Femur 1166.3 14,45 + 0,68 180 56
-2 Kidney 168.% 1,00 % 0.19 207 11
-7 liver 2718,0 1266 + &£.3 icaz 11
-5 H. Mede 5447 0.2_1_1 0,00 207 a%
-£ Right Femur 1E70.7 13,56 + 0.93 1z0 a3
-7 Tracnes 476.0 12,70 % 1,00 138 29
-2 Stomach 1b52,0 2.09 ¥ 2.27 13¢ 68
- P, Muzcsa 57,93 1.20 F 0.12 98C 45
o= 111:-1 Left Femur 335.1 1,59 + 0,756 [Js] 65
-¢ Kidney T70.¢ 1.3% +# 0,71 60 7
-3 Liver 1850,0 Bl.do o+ 5,45 [-}] 24
-4 Lung 14%1.0 17.78 + 0,28 936 2€
oo+ 7 11715-1 Left Pemur §997.1 1,08 + 0.11 936 0
-2E Kldney A0k, 0 228 4 + 22.8 1165 1
-+ Liver °307.,0 13,1¢ ¥ 0 34 240 1a
-4 Iung 137G,2 17,68 Fu,8E 207 27
-h K. Houe 15,5988 3,00+ d.02 141 14
Do+ 7137-2 Left Femur G458 Q.8 + 1,33 [46] 4z
-2 Kianey =43, 6 2.37 + 0,24 200 52
-7 Liver 1641,% 15.88 + 1.02 80 60
-4 Lung 1157.= 22,03 # 0.¢0 930 21
-5 H, Hoae 0174k 3, 0723 D020 566 Ly

* Later wlentifled as 3004-3
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TABLE A.d PLUTONIUM ANALYSIS (OF BIOLOGICAL SPECIMENS, DCUELE THACKS {cont'd.)
Animal Sampling DASA Tissue Welght, Fu-239,2u0 RenarTKs Courting
Type Time No. wWet Time Taead
grams dpmn/semple min, approx. percent
Burro D - Day 3139=1 Laft Femur 9z27.5% 1.03 # 0,22 Control? 1240 s
-2 Kidney ghe.2 1.B0 ¢ 0.24 120 &0
-3 Iiver 22bz.6 24,73 % 0,49 E70 3
-2 Lung 1172.0 25.07 + 0.93 TUranium z7e £
=% H, Node 5.1005 ¢@,22 % 0,05 34 4"
-6 Right Femur 1045.0 0.22 1t 0.03 1290 £l
=7 Trachea 394,5 0.98 & 0,09 930 B
-8 Stomach 1059.0 0.73  0.1%5 1840 [
-9 PF. Mucoma 2.3 0,03 ¢ 0,02 Not on official lnventery 9eF al
-10 N, Mucosa 130.0 0,38 1 0.04 1290 a9
D+7 3141-1 Laft Femur 10849.8 4,10 %70 6C 4z
=2 Kdney 962.6 0,85 = 0.14 48 1r
-3 ILiver 3040.3 100,1 e 8,0 3 45
-3 lung igeu, 1 1228 + 50 60 62
-5 H., Node 13,518 0.81 + 0.17 €30 L3
D+ 7 3177~1 Left Femur 1001,% 3.74 % 0,21 95€ 4z
-2 Kidney 834.2 4.65 £ 0,40 120 1
-3 Iiver 2510.7 120.8 2 5.8 60 4n
-4 Lung 1637.9 4.7 * 8.5 [:1s his
-5 K. Node 12.5993 0,07 % 0.04 371 1z
C+3 3178-1 Left Femur 815.0 3.41 & 0,20 ast 2
-2E Kidney 762.0 0.41 ¢ 0.04 ans Ct
-3 Liver 2708.4 To, T4 £ 0,77 Box l& duplicate** agzs 23
~3A Liver 2£31.0 81.15 + 2.35 o g e 122 £1
-4 Iung 1412,1 6.83 % 0,64 rs o
-5 H. Noie 9.1983 0.3  D,08E 1t £s
-6 Right Femur 879.0 1.96 t 0,24 3¢ 41
-7 Trachen 446, 4 0,16 + 0.11 [He) te
-9 P. Mucoae 202.1 0.38 + 0,16 tQ 81
-10 N, Mucosa 103,3 0.36 & 0.15 eC 8t
D+ 7 3199-1 Left Pemur 1170.0 1.25 & 0,15 Cortrol? 785 24
-2 Kldney 775.0 0,637 & 0,11 145 18
-3 Liver 4096.0 20.37 £ 1,00 745 ]
-4 Iung 1616.5 1.26 * G.29 120 g4
-5 H. Nodes 18 21 a,1¢  + 5.02 745 5%
D+ 1 3200-1 Left Femur 1127.3 1.13 ¢ 5.35 8Z 1€
-2 Kidney 6314 ,4 0,14 % 0,02 agu 41
-3 Liver 29644 12.2C + S.77 gBU z1
wit Lung 16514.2 32.€1 + 0.8% 27:C 51
-5 H, Node 7.88%9 c.0ld F 0,04 g1z 3l
Centrol  X-18B-8 Stomach 5209.4 8.30 * ©.75 Full of hay, 3B 12
D Day 3028 N, Muccsa 1676 2,78 2 0.67 980 z
*D Day %o #-1 left Femur 8763 2.0°% + 0,09 120t 2
-2 Ktdney TU4F O 9,47 ¥ 0.18 208 -
-3 Liver 2481.0 42,69 ¥ 0.50 et k1
-4 Lung 1215.0 3IeE7 T 185 Uranium 160 cF
-5 H, Node 8,284 0708 ¥ .03 £ Za
-t Right Femur 1046, 6 Z.14 + 0,10 100. 7e
-7 Traches 317%.3 1029 % o 1l TE
-8 Stomach 12pl.0 1547 4 88 3o b
-3 P, Mucosa 52 Tt 395.7+ 10.7 138 Fr
-12 N. Muco=s 176,.€ 184,9411.1 89u <

* Later ldentified as 3011
4% _3 Liver identificalion incamplete but not 3178.

—3A Liver actually correct 3178 dpecimen.
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TABLE A.5 PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, DOUELE TRACKS

Location Sampler Tracerlab Stage Pu-239,240 Re‘mnrks counting vield
Type Ne. - Time
dpm/sample min. approx., percer:
F-034 Anderser. 2778 1 .08 =+ 0.0! 155 5
i " N 2 0.0 ¥ 0.0 21° 4g
" ' 3 0.58 ¥ 0.10 21" 2z
' N ' & Q.11 ¥ o.04 2086 72
! " " £ 0.29 ¥ 0.29 35 99
! " " T 0.88 Y 0.09 300 80
" " " Sum 1.96 ~
F-0UE " 2771 1 3.00 + 0.43 €0 BY
N " " 2 Tg.Q 1.4 15€ 7€
" " ! 3 1Y T 040 205 T4
b " " 4 714 -] 1440 45
’ " M [ 0.1l Fom &5~ R
) N " 7 0.09 ¥ 0,05 15% g3
" “ " Stm 799 T
F-0R2 N 2781 1 19.9 + 0.6 a6 10
" " " 2 Wy ¥ 3e 98
' " " 3 40,8 ¥ 1.1 164 6F
" M b 4 18,0 ¥ 0,49 1480 21
" " ‘ € 11,18 ¥ 0.hg €e3 2€
v " k 7 6.49 ¥ 0.19 941 56
' " Sum - B
F-05E " 2767 1 50,4 4+ 1.1 250 56
" " 4 79.6 ¥ 1.8 350 20
" . K 99.6 I 1,k 27% 6t
B . b 56.6 T 0.5 1000 a2
' ' N £ TEZ F 22 T3 g2
" i 7 12.1 ¥ o5 240 72
Sum 101 -
F-0Or4 v 2759 1 919.9 + 32.2 30 84
' v " 2 1264 ¥ 4s 30 81
" " ' 3 002 T 128 30
‘ ' ' n 2266 F 70 30 &8
" " & 1108+ 4o 30 8c
' ' " T B?l ¥ 19 103 60
Sum 10,417 -~
F-070 N 2754 1 132+ & 120 99
. " 2 222 ¥ ° 3¢ g7
‘ : 3 257 ¥ 10 30 75
; " [ 12 +1°¢ 150
: : ; Bho %1ib 1000 &
T 0 1. 71
- ' Stm gab T 3 55
F-QT 275¢ 1 0.73 + 0.11 s6e €
' N 2 Q.1t ¥ 0,03 512 €
) N " 3 0.1%8 ~ 0.08 i5a 5
" - I 0.24 + 0.17 120 sg
' v £ 0.12 ¥ 0.0€ 159 68
! ) ' T 0.18 ¥ 0,07 153 77
Sun 1.6
n-03h ' 2721 1 0.9€ + 0,11 74
: " 2 2,32 * 0.15 583 535?
3 0.05 % 0,03 750 30
4 C.30 ¥ 0 07 5Bq e
. 5 0.2 F 0.0t kor G
' - 00T 0.0 1026 B
" Sum 4,0
=04 b 274 1 1548 4+ €7 20 27
" " ; 2 1411 T 2.4 500 ha
: . ‘ 3 50,39 T 1.8 v ie
! ; 4 460 T @.30 5E 18
‘ ‘ ‘ l.og ¥ 0,10 54 50
' ‘ N 0,18 7 0.00 12
um 174e 5 35
s=0c2 2711 1 2019+ 91 -
" ' z 26T 5.1 gg g;
) ) 3 91.0 + 1€ 156
" " L £3 £ ¥ 0.9 275 a1
v " £ 27.3 ¥ 0.8 164 a5
! " ' 7 9.04 T 0,40 941 60
sum 23€2
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TABLE A.3 PLUTONIUM ANALYSIS OF PHYSICAL SAMFPLES, DCUBLE TRACKS {cont'd)

Location Sampler Tracerlat Stage Pu-239,240 Remaris Counting field
Type No. Time
dpm/sample ot min. approx. per.er®
H-058 Andersen 2707 1 1241 = 2€ Bo ol
" 2 527 ¥ 10 103 &
. 3 219 37 e :
154.3 ¥ 2.0 208 T
" € 78.L ¥ 0.6 1000 70
N 7 57,3 ¥ 0.5 1009 7z
N Sum s~
H-064 " 2728 1 2659 ¥+ 322 Uranium 120 1L
2 1.7b & 0.05x10 " 102 S
1?1 ;869 + 22 " 22¢ A
+ 31 Eh e
6 98 i ' % :
7 1008 T 46 ot £
Sum 2,79 x T
E-O58 Canella 9685 1 73.06 + 1.2 Ths 31
N ? D.26 T 0.09 180 3
" 3 0.2 ¥ 0.06 174 E
- i 0.13 % 0.04 4ge L=
. 5 0.43 ¥ 0.07 300 ap
" Sum 4.1 "
E-05E N 9653 * 1 2016 + 29 159 T
N 2 338 T4 215 1
" 3 69.4 ¥ 1.0 306 L
" 4 16,7 ¥ 0.5 251 fg
" 5 15.5 T 0.4 307 ga
Sum 2hse T
E-056 N 9687 1 1782 4 37 a3 T
" 2 228 T 4 o7E 41
. 3 56,17 5.1 54 at
X 4 4.5 F 0.6 313 4+
! 5 15.7 ~ 0.5 280 T4
" Sum 2066
E-058 " a&fg 1 3327+ 57 0 7€
" 2 19.8 £ 1,7 EL th
' 3 B,55% 0.27 S2b 73
" Las 2.05% 0.08 1820 -3
" 5 3,197 0.19 54 59
" Sum 3361 T
F-0€C ' QG0 1 o1+ 6 lzc 3&
" 2 6.2 ¥ 0.5 H24 4e
‘ 3 f.51% 0.12 1500 -=
: 4 2,75% 0.11 1000 T4
" 5 1.13F 94 393 T3
" Sum 280
F-Oltl " 276€ 1 29.8 + 0.9 32t 3]
N 2 1.16F 0 03 ik 71
" 3 0.5 0 9 4z- e
' I 0,227 0.05 427 45
" 5 0.2+ 0.04 A7 P
" sum 32.3 7
F-050 ' 2169 1 7o+ 403 140 £l
; 2 B.67F O.18 683 1
! 3 ez _¥13 1C3 L2
' L .w1T 0,18 e2C 12
" 5 0.5F+ 0.08 TEL 3
" 3um 02 -
F-0c4 " 27(1 1 236+ 5 a2 L
" 2 27 * 4 o2t 44
' 3 108.9T 24 115 RO
" 4 14,8 T 0.4 3oe T
5 0,197 0.07 500 T
Sum €35 -
F-05F N 2780 1 1470 - i 50 k3
N 2 162 F 4 I te
. 3 /.5 T 0.5 500 £
) 3 10,977 0.37 £00 i3
‘ 5 atF 0,24 S24 L3
Sum 1684 7

= Stagen 2 and 3 both labelad Stage 2. Assigment of stege based on caler coded packaging-
s+ Laheled TL #8689.
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TABLE A.5 PLUTONTUM ANALYSIS OF PHYSICAL SAMPLES, DCUBLE TRACKS (cont 'd.)

Location Sampler Tracerlatb Stage Pu-239,240 Hemarke Counting Yiela
Type Ko, Time
dpm/sample ot min. approx. percent
F-0E2 casella 2773 1 bugy + 94 30 50 .
" z 1245 I 22 99 Bz
. 2 532 F 14 7F =1
" 8.7% 1.4 300 50
! 5 124.2F 2.4 1g0 5"
" Sum G4B7 ©
F-063 N 2762 1 2730 + 41 30 92
. 2 4600 ¥ B0 30 e
) 3 1726 +737 88 52
. i 26335 6 BE e
" 5 ol + 9 125 70
Sum 9820
F-080 N 2755 1 0.27 + 0.09 373 -
N 2 0.44 ¥ 0,04 koo &2
N 2 0.17 ¥ 0.07 he7 1
" 0.65 ¥ 0.0b 1000 i
" 5 1.7% ¥ o0.22 158 73
" Sum 3.2 =
FM-001 ! 2159 1 11,5  + 3,0 - 120 56
' 2 12,5 F¥i.2 g‘ gs
. 3 1637 T 31 ] 3€
" I 0.99 ¥ 0,09 a7y 5@
) 5 2.33 ¥ 0.06 2514 71
" Sum 1198 ~
Fif-002 " 2160 1 1:2° 425 * 91 a8
" 2 - 22¢ 8¢
" 3 .50 = .02 1650 31
! 4 3.2z ¥ 0,21 29 gﬁ
5 2,255 & 0,026 1hor
' sum 1403
F¥-003 ' 21€1 1 £1.B + 1.5 . 189 47
z 12,9F% 0.3 101€ 39
3 13.2 ¥ 0.2 2514 &2
4 1.66F 0.14 306 ag
5 0.12% 0,04 340 63
Sum 89.7
Fh-004 N 2162 1 33.8 + 0.4 . 1320 5€
N 2 32.9F 1.0 18g 5
) 3 25 T 4 710 2
' i 3.33% o0.39 171 41
! s 2,11 0.21 189 76
Sum 331
F1"-00F ' 216F 1 3856+ 66 . 15€ 58
! 2 L. 0% 1.0 128¢ 31
X 3 11.8 ¥ 0.6 911 iz
' i 1.26% 0.09 1354 7
5 1.68% 0.20 210 3
" sum 3915~
00 p1er 1 4.B5+ 0,22 » 578 £
N 2 13,87 0.k e 7
' 3 .43F 0.28 u16 9B
' I 1,055 0,08 1330 70
5 1.34% o.10 615 B0
Sum 24 <
3-08 ' 9eE2 : L TR 252 T
' 2 18 ¥ 3 268 67
! 3 3.2 7 1.2 156 53
i 8 e2% 0 6GE 75 79
" 5 11.,5F% 0.F 164 71
" Zum 1716 ™
EULH " 9EER 1 0.12  +0.03 1016 4y
' 2 0.14  F 0.0, 496 99
3 0,84 T 0.09 81 B
4 0.06 ¥ 0.03 95 E}
" £ 0.004 T 0.02° Bob 83
" Sum 1.2 -

* Muobile unit instruments, all at F-060.
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TABLE A5 PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, DCUBLE TRACKS (cont'd.)

Location Samplet Tracerlab Stage Fu-235,240 fiemarks Counting Yield
Type No. - Tinme
dpm/sample . min. approx. percer:
G-0€ED Casella 9658 1 82.3 + 33.6 Uranium Stages 1 and Z Autoradio- 120 k)
' 2 241.3F 3.4 Uranium grephes by Isoc-opes,lns.# 170 3L
N 3 4658 F 1.9  Uraniun 122 b-
) I o3weT  E 37 Uranium 1902 4o
" 5 1gas ¥ &€ Urar.iur 15¢ i
sum 10,373
G-062 " 9657 1 Log2 + 106 30 -
2 1817 ¥ 33 a b
3 Bgl ¥ 1F 101 i)
5 1B ¥ 4 1z¢ 4
5 er3 * 4 20° "y
Sum 724
¥-D3z " 2737 1 O.ggg + 0,021 1380 £q
" 2 0. F 0.032 1404 -
" 3 -0.02 ¥ 0,035 1450 3~
: i 0.12 ¥ 00 FE™ =
5 14,89 ¥ 0.3v TEL 4%
! Sum 15
H-050 " 2720 L 142 + 2 154 ]
" 2 717.3 Fo# EI uy
) 3 110 +1 325 33
g I 6.4 ¥ 0.4 180 a5
£ 5,74 T Q.40 1EF "3
" Sum 341 -
K-05E N 27e” 1 1624 + 31 91 23
" ¢ 300 ¥ 5 105 £
! 3 £9.7 ¥ 1.0 2zr vz
5 10.39 * O.54 373 30
5 2a.” £ .7 Fisle vE
' sum 2035
H-0Th ' 2713 1 gz. £ + 1.3 280 e
' ? 43¢ *13 ag 4
. 3 201 T 5 19 a0
4 7.2 ¥ 1.2 261 &3
' 3 TRz o+ 1.1 zet gz
" Sum 1 -
E-Q5€ TAS-D Al 1994 + 3t 10 &
E-052 €30 1729 + Lo "0 ke
E-05F a700 145E + 32 70 ag
F-DUS 2753 T.az o+ 0,33 133 T
F-0r2 2770 7450 + 350 10 92
G-254 ! QEER €739 + 320 20 73
3-051 aF o1 157 + 83 Trariur 150 4z
4-08° 2m1s 1,21 = 0.05 x 10% 2 9
4-074 ladchl ZE5U 2 19% gar,
FoQF mae T o el 23 L 18 R
£06 0 gr=n 272 - 4 220 1
3-05 " Elan| 1873 + 25k 120 2
3-0r2 ' 9t 53 v + b 151 e!
.03 TAT 11 Eand 710+ 0.3 163 £3
F-05k : - 1RET + 33 247 z;
F-0(D0 ' 2750 1.2 - 0.4 251 o
P Of% ' 7720 1.24 + 0,02 x 1% o 3”
F-278 ! 2VRM 207 +0.2% 2ec 43

aPirat and second Casella stages autoradicgraphed by Isctcpes, Inc, Tney report tnat siage 1 resembled B
stage 4 impactlon pattern ard stage 2 resembled & stage 3 pattern. A PACKBglng mixup 1c suspectea, arnd
stage £ may Aleo have been contaminated or aoubly expesel.
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TABLE 4.5  PLUTCNIUM ANALYSIS OF PHYSICAL SAMPLES,

DCUBLE TRACKS (cont'd.)

Lacation sampler Tragerlat Pu-239,240 Remarys Counting ¥ield
Type No. Time
dpe/gemple min, approx. percén:

F-05k TAS II 2733 427 + 1.0 30 42
B 1Y " 272t 3838 + 127 Uranium 30 41
H-072 " 27249 118¢ + 13 283 -5
2o-O3 Film 8eso 3358 + 134 ) €
FO-10 " 8BS0 5186 + 207 60 e
=00, 2 " 8051 2902 + 218 17 e
F.037 " S0k 1 224 +012x 10h (s} 32
F-OBU -4 Goul 5.49 + 0.26 x 105 €0 -
Fo0Sl-F 8ou1 6.70 + 0.46 x 10F to 38
.00 " gl 1.64 + 0.09 x 105 (4] 33
v-nar foug 6615 + 265 Uranium 415 piy
A-09 ' apk3 9.15 + o.zsxgt Uranium 120 1~
c-03° Bou3 4.92 + 0.35x10" Uranium 120 1
-ohp-zo? Bo43 2.29 + 0.0€ x 107 50 7€
- QLY-FTC 8043 4,95 + 0.21 x 107 €0 90
~-O4-270 8043 5.22 + 0,29 x 10° a0 22
a-3bd-22l Rols 6.87 + 0.12x107 Uranium 120 37
025283 sou3 2,84 + 0,15 £ 107 0 5
D523 ' eamy 2.24 +0.13x100 Yranium 30 45
4-08r-20E 5043 1.07 + 6.05 x 107 15 56
LD 3ok 3 a.7" 30.31x10% Urantun 30 50
! 4043 6827 + 280 60 aa
Bos- 1.50 + 0.07 x 10° 15 46
s 3.29 + 0,09 x 10° 30 £5
2047 6,00 + 0,15 x 105 30 £0
AR LT aou 2,96 + 0,17 x 10% 30 55
F-060-313 il 3.54 + 0,10 x 105 30 65
R oqy- 3.79 + 0.23 x 107 30 us
Y- 2RL-AAE Bou~ 2.64 + 0,09 x 10° 30 45
Ra Ao 1,31 + 0,07 x 107 15 z
T-mr-el “ou- 9.90 + 2,58 x 10"* 3c 12
-t 10000 129 + 30 80 72
10000 350 + 41 23 71
Teeon 10000 1046 + 50 23 57
Sto-ne, 10000 10.50 + 0.25 60 95
10000 98f & = 23 Ly
LI 10000 215k + &F 150 45
LY 10000 308 + 14 150 8e
TreT 10000 "on + 21 40 8¢
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TABLE A.5 PLUTONTUM ANALYSIS OF PHYSICAL SAMPLES, DOUBLE TRACKE {cont'd.)

Location Sampler Tracerlab Stage Pu-239,240 Remarks . Sounting Yield
Type Mo . L~ Time
dpm/sanple ) min. Bpprox. rercent

Stk-95 Film 10000 356 + 10 47 91 ’
5tk-96 " 10000 759 o+ 22 47 T
Stx-97 " 10000 638 + 17 47 21
Stk-98 " 10000 523+ 12 88 ~8
Stk-99 " 10000 Uk + 9 ag g
5tk-100 " 10060 s8q.2 + 21.8 60 7E
Stk-101 " 10000 1315  + 33 80 53
Str-102 " 10000 1544+ 46 4o g7
Stk-103 " 10000 1672 + W1 €0 a3
Stk-305 ! 10003 156+ 3 8e 2
5tk-306 " 16003 1.39 + 0,12 a7 78
Stk-307 " 10003 0.59+ 0,10 313 £l
Stk-308 " 10003 40,9 + 2.7 60 aa
Stk-300 " 16003 47 3+ 3.2 e -
3T%-310 ' 10003 7.6+ 2 & 50 71
Stk-501 " 10008 1256 + 2 8 200 &0
3rk-602 " 1000¢ Wy o+ 14 79 41
stu-€03 10006 25 & 3 154 52
Stic-504 " 10006 203 ¢+ 5 143 &6
Stk-605 " 10006 8,3+ 1.9 260 63
Stk-EOE 10006 41,8 + 0.5 G4l £E
Stk-507 " 1000t 122,65 + 2.7 8¢ 71
BK-0" a1. coll, g8le 1.05 + 0.0 x 10° 1 83
B~ 08 . 9812 2.32 + 0.03 x 10° 10 &z
BL-O7 I 9511 7.68 + 0,05 x 107 €c a3
BL-0F A 9811 4.98 + 0.06 x 10f Uranian 9 Bl

- Scil For %he results of plutonlum analyses of solls, see Table 7.7

1n the chapter on the determinatzZon of plutonium by
garma spectrometry cf Are<-
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TABLE A.5  PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, CLEAIN SLATE I

Location Sampler Tracerlab Stage Pu-23%,240 Remarks ? Counting Yield
No. M Time
dpm/Bample min, approx. percent
B-~01£€ Andereer 3315 M 0.35 + 0.25% 60 95
i z €9.8" ¥ 2.3 £ 72
" 3 1%.€ ¥ 0.7 88 94
" I 14,72 F o001 2689 90
" G 30.£€ 3 0.9 180 &2
' 7 8.05 ¥ 0.34 243 89
Sum 135
B-022 " 3314 1 1.29 40,02 x 10 Uranium 120 41
N 2 471,00 F 14,1 v 1z0 £0
N 3 887.9 ¥ 15.1 M 1002 22
N 4 Thr.2 ¥ 16.4 " 1000 2¢
" £ 300.1 E 7.5 " 980 20
" v U2 .4 ¥ 4.6 1070 1€
Sum 1.8 x Tok
L2’ ‘ 13 1 136 + 0.02 x 1a 60 51
! 33 Fl 12.% =+ 0.7 90 s
v 3 636 ¥ 0.35 175
" 5 3.68 T 0,29 159 az
' 3 2.89 ¥ 0.29 120 91
" T 0.38 ¥'0,08 250 9
" sum 1 mch
H-034 . 2304 1 4.33 £ 0.5 60 78
N 2 9.7 T 0.65 143 £0
‘ 3 14.51 * 0.01 2689 81
h I 114 0.5 153 g8
" 3 21.£ ¥ 0.9 143 £3
" T ¢.06 ¥ 0.02 56 TG
Sum 1.7~
=080 ' 3303 1 0.54 + 0,18 50 86
" z 0.85 ¥ 0.17 120 a5
' 3 o6l FO.04 1248 92
4 0.34 ¥ 0.06 g0 Bg
N £ 0.32 ¥ Q.08 175 90
" 7 15,3 ¥ 0.6 260
Sum 18.1
£i-21 Casella 3362 1 0,87 + 0,20 710 10
2 192 ¥ 019 4z0 4a
3 0.30 % 0.15 120 99
' i 0.12 ¥ 0.1% 60 5
' £ 0.03 ¥ 0.01 260
Sum 3.4~
Ef-0? ' 3368 1 0.1€ + 0.03 1031 6
' 2 2,69 ¥ 0,30 b7 €7
" El 0.€5 ¥ 0.05 1031 75
L 0.83 0 36 75 TE
' 5 0.05 % 0.05 7€ 78
Sym 4.4
=1-3 ' 3370 1 0.007 + 0.020 &0 93
' 2 0.21 * Q.12 57 4
' 3 02l ¥ 0.03 993 75
' i 0.23 ¥ 0,03 942 72
< 0.9 T 0.00 122 79
Sum HE
=r..7 ' 3371 1 241 + 042 60 78
' z 1.50 ¥ 0.32 2] TE
" 3 1.03 F 0.15 250 5
' i 0.3% ¥ 0,15 60 3
N 4 2.00 ¥ 018 260 73
Sum .37
II-1? 3RAF 1 1 08 + 0,13 g4z 65
: 2 G.BT T 0.14 250 3
3 00 ¥ 000 60 £
4 0.5 ¥ 0,19 60 82
5 ool ¥ 0.05 60 65
Sum 2.° -
i ' 3373 1 070 + 010 390 57
' 2 064 FOID 254 72
' El aur Foof 710 90
N 4 3 M2 T 0,23 254 8E
" 5 091 ¥ 0.0 1979 5
Sum '] -
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PABLE A.5  PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, CLEAN SLATE I {cont'd}

Location Sampler Tracerlab stage Pu-239,240 Remarks - Counting Yield
No. -t Time
dpn/sample min. APProx. percent
BM-06 casella 3372 1 157.5 + €.0 208 Be
" 2 93.6 ¥ 1.2 275 g
" 2 26.1 * 0.68 200 92
" 5,077 C.14 1074 Yy
" 5 3.85: O 49 75 Er
Sum 292
BM-08 " 3369 1 24,2 + 0.9 1€3 )
v 2 12.8€ ¥ 0.7 1£3 g2
" 3 23.6 3 0.7 420 32
u I 1.44% 0.10 524 83
" s 3.27% 0.28 171 7
Sum €5.3
BM-10 v 3137l 1 10.4 + 0.4 420 51
" z 7.06% 0,51 140 o
" 3 3.14% 0.07 2682 20
" [ 1.09% 0.07 Qe (™
! 5 3z.0F 2.1 60 38
Sum 53.7
BM-12 " 3Ts 1 g2.5 + 1.3 1Rh oz
" 2 120, + 2. 200 53
N 3 29.4 ¥ 0.9 180 Bl
v r 3.78% 0.26 200 Ra
" £ 11.4 7 0.8 Tt [
Sum 247
A-030 " 335F 1 ES.E + O T4 164 A2
" 2 164 F 0.€ 140 (31
v 3 1.95% 0.27 122 £R
" 4 78.1 F 1.2 ace Ba
" 5 0.36% 0.15 120 43
Sum 116
EB-018 " 2700 1 .07 +0.01 229 40
" 2 ¢.18 F0.03 SéE &e
a 3 Q.34 0,07 710 31
" i 0.11 +0.03 251 9z
" & 0.17 ¥0.04 3o 81
Sum o BT
F-02% " 2685 1 1410 + 21l Uranilum First Lwo EZLAgec 1z 1R
" o 1017 - 44 " avtoradlograpned by 225 24
" 3 2939 ¥ 182 " Isotopes, Inc. 980 4
N 4 1251 * S8 " 120 13
N £ 220.8 ¥ " 980 BF
" Sum 6835 7
B-032 " 2687 1 1,63 + 0.21 171 &
" 2 0.23 ¥ 0.0¢ 200 af
" 3 0.17 Fol” 60 gf
" 4 0.01 * 0.03 60 €q
" < 0.21 Tol2 7 ~
Sum 2.2
B-03R " ZBRE 1 .95 + 0,06 1031 Ts
N 2 0.54 ¥ 0.09 2ho 78
“ 3 309 T 0.20 350 70
b 4 1.4 + 0 1b 240 T2
M P o2l T 15¢ o
Sum 6.7
EC-07 TAS-T 3050 .63 +0.25 2F89 51
PC-09 ) 3054 3.5 4+ 0.23 2b0 7B
EI-0% ' 3051 154 + 0.7 180 e
I-15 " 3053 €.=4 + 0.32 243 ar
FI-17 " 3048 2.04 + 0,18 243 T
. )
BM-0” 304t 2 1% + 0.06 x10° Tz 50
BM-0C " 3040 22y + 4t al ]
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TABLE A.€ PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, CLEAN SLATE I {cont'd.)

Location Sempler Tracerlad Stage Pu-239,240 Remarks Counting Yield
Type No. p Tigs,
Apm/sample ' min, spptox. perceat
BM-11 TAS-D 3042 233 +6 11% 19
A-03€ " 3077 432+ 12 7% 4
A-DbE " 3087 2252  + 52 70 74
A-050 " 3080 .3+ 0.7 243 g
B-020 TAS II 3090 £50.0 + 12.7 Uranium 332 14
B-02F " 3091 1006  + 48 " 332 g
B-030 “ 3095 1074+ 14 208 ag
B-036 " 3006 501 + 9.0 103 82

ARC B (Balloon}

L 15, PS Wire Swipe 5296 9.70 + 0.42 x10° - 10 51
L 15, PE " v 52096 1.07 +0.02 xIGG' 20 86
L 15, F7 " " 529€ €.43 + 0.24 x10% 20 2€
L 17, B5 "o 5209 3.07 * 0.09 x10° 20 i
L 19, P+ " " 5342 2.59 + 0.03 x 1ot 1c 91
L 20, P¢ " " 5341 4+.89 + 0,02 x 104 1o ]
20, P1Z 5341 2.65 ¥ 0.0 x 108 10 B7
L 23 P o 5301 1.83 % 0.02 x 1% 10 o
BM-04 Film 8121 3IC14 4 185 60 39
EM-0E " " 1.55 + 0.04 x 10° 10 47
BM-0t " " 2.19 + 0.04 x 107 100 51
aM-c " " 5.43 » 0.12 x 10° 10 €5
BM-0? " " 1.81 + 0.12 x 10° 10 48
BN-09 " " 2.17 + 0.05 x 107 Uranium 60 24
BM-10 ' . 3.39 + 0.17x10% 30 4
BM-11 " " 2.98 + o.10x10" 60 a1
BM-12 ‘ 984G+ 4B 70 65
ED-03 ‘ " 127.0 + 5.5 120 &8
25-11 : " 1,82 + 0.08x 10 60 78
[ar B " #120 8.18 + 0.25 x 10* 19 65
008 3R " ’ 5.FZ + 0,16 x 108 10 %
comng b . £.49 + 0.27 x 107 30 30
C0-07 2 ' " 7.€5 - 0.92x lt)J"l 30 25
jaloSte ' ' L.64 + 015 x 10* 60 50
"0-07. 24 " " €.42 + 0.54 x 10’ 60 24
e 2z : 426 + 0,28 x 10" 60 1
~roam o " ! 3.66 +~ 0,16 x 10* &0 8z
T0-05.1 ' 7542 + 189 60 a8z
~ALDG, f ' " 5182 + 192 30 79
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PLUTCHIUM ANALYSIS OF PHYSICAL SAMPLES., CLEAN SLATE I (cont'd.)

TABLE 4.6
Locatlon %ﬁler }'ll‘z?uerlub Stage Pu-239,240 Remarks . g?mlztmg vield
dpm/sample ) win. approx.
B-016 Piim 8123 333 o+ 27 €0 52
pe034 n " 1.56 + 0.15 x 1c% 30 &c
stk-801 " 9924 63.87 + 2,40 &0 35
Stk-802 " " 39.41 + 3.54 90 s
stk-B03 " » 164.7 + 5.3 6C 54
Stk-804 " " 368+ 16 30 57
stx-805 " " 505 + 12 85 54
Stk-806 " " 331 + 13 101 b
BM-05 Al. Coll. 5833 4.5 + g,12 x 107 1.0 23
BM-07 " " n 1.57 + 0.02 x 108 1.0 73
BM-29 " " " 6,00 + 0.15 x 10° 1.6 g5
BO-04 " " 9832 6.48 + 0.17 % 107 1,0 87
B0-06 " n 9832 7.90 + 0,22 x 10° 1.0 77
£-020 " " ofi30 B.60 + 0.11 x 107 Uraniur 10 €1
seil For the results of plutonium analyeis of solls, see Table
7.3 in the chapter on the determination of plutonlum by
gamma spectrometry of Am24l,
A-018 water 314 5.57 + c.23 x 10 100 10
4-030 " 3143 471 x 165 Solubility Study*
a-042 " 3142 3.35 x 104 Solubllity Study*
B-018 " 3138 57.71 + .75 1000 3.
B-030 " 340 2,87 + 0,08 z 10° 1® 2
B-0k2 " 3150 1.18 + g.02 x mL’ X000 1%
Dokl " 3137 1484 + bz 50 &7
D-05% " 313¢ 1157 + 13 &0 32
FM-020 " 3131 1790 + Uy TL #3031 1o POLK 60 ]
H-018 " 2392 15.86 - 1,05 120 39
H-OH4Z " 2351 1206 + 42 60 by

sDetermined frum sum of several fractiong during solubility studles.
Thig value mey beé less than total Pu depomited in water tray.
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TABLE A.7 PLUTCNIUM ANALYSIS OF PHYSICAL SAMPLES, CLEAN SLATE II

Location Sampler Tracerlab Stage Pu-239,240 Rema s Counting Yield
No. . Time
dpm/sanple min, approx.. percent
P-020 Arnderaen 3152 1 4ggh + 210 Uranium 150 11
2 2173 ¥ 14E ) 180 8
3 159.6 ¥ 3.2 ) 1070 14
4 770.9 T 70.9 ) 1070 ?
€ 583.6 ¥ 39.1 ! e 3
ki 4Eos ¥ SSE " 8o a
Sum 1.33x 1
-034 v 31585 1 1568 + 43 fo 51
F-03 2 77.6 ¥ 4.3 a0 4t
3 12.& ¥ 0.7 100 70
4 2.50 ¥ 0.10 11¢t€ ke
6 5,20 F 0,26 120 B0
T 1,01 + 0.24 TE 73
Sum 1664 ~
F-Q40 " 3151 1 1308 + 134 30 ko)
2 .o *1.8 50 4
3 25.3 +1.1 100 [24]
& £€.95 T 0.55 120 R
& 3.47 ¥ 0.31 Sampla spilled 1000 11
7 1 76 ¥ 0.30 75 =
Sum 1989~
P-o42 " 21853 1 €71 + 30 30 £z
z 83.3 + 4.5 &0 és
3 3.7 o+ 2.4 £0 9t
4 12.45 ¥ 1,06 0 ac
£ 5.31 ¥ 0.43 139 £3
T 3.9 ¥ 0.37 11c 78
Gum 807
F-0ux " 316k 1 1033 . 45 o -
2 53 I7 52 %
t3a 8.4 ¥ 0.9 100 T4
5.92 * 0.65 &0 75
4] 21.5 * 1.138 180 20
T 2,727 0,1 10 8
Sum 1658 3 3
r0FE " 3144 1 962+ 12 g8y 55
’ 2 102 ¥ € 60 i
3 23.5 ¥ 1.0 g7 ~
4 £.53 ¥ 0.43 120 2
£ 12,87 1.0 &0 a4
T 540 + 0.2¢E 310 gz
Sum illz
F-n5a " 3145 1 2176 + 59 100 82
2 18,1 % 76.0 40 79
3 25.9 % 2.2 60 85
4 g.84 % pd 1166 65
£ L 7R Y o.82 60
T £.99 ¥ C &¢ 123 75
Sum 237
F-Dry " 314F 1 1h3y + 66 20 50
z 117.7 = 3.0 &0 79
3 4 3 T 2,0 g0 68
i 13.65 ¥ 0.37 326 95
t £.83 F o0.bg 120 T
- 3,42 ¥ 0.5 120 Fy
sum 1624
F-07C " 3102 1 570 4+ 3€ &0 5
2 60.8 ¥ 2.7 ] 84
3 P R 144 81
4 7.5 & .f 213 a
€ 3.2 * 0.5 213 o
7 3.9 + 1% 50 a€
Sum B11 -
F-3+ ! 3150 1 T3E 4 3Z 30 7
2 176 377 E0 o5
3 484 ¥ 1.f 165 7
L £0.7 T g7 120 70
- g 45 F Doz £o 57
~ 473 F 0.49 100 62
ur 1031 -
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TABLE A7 PLOTCNIUM ANALYSIS OF PHYSICAL SAMPLES,

CLEAN SLATE II

(cont'd.)

Loeation Sampler Tracerlab Stage Pu-235,240 Remarks Counting Yield
Type No. - Time
dpm/sanple N min. BpPDPION. percert
F-078 Anderaen 3149 1 2074 + 110 30 2"
! 2 gon ¥ 9 &0 Br
" 3 128,.2% 1.4 340 -1
" 4 20.0 % 1.4 11& ‘2
" ] 12.66% 0.39 1028 Te
" T T.30+ 0.55 a0 H
Sutn 2457
IM-13 N 3206 1 guB  + 47 . 1o TL
" 2 1.2 0.6 120 ~u
' 3 16,4 F 0.4 245 82
b 4 3.59% (.31 139 h-
" 4] 1,35« 0.14 2LF ig
T 0.17% 0.06 119 &2
Sum 975 ~
™-14 " 3207 1 7.8 + 3.4 . 1zC £2
2 530 + B3 ale} T
3 9.78F LT bl L
4 12.8 ¥ 0.6 120 £z
& 1.10¥ 0.19 1z ~e
T 0.068% 0,039 1t ar
Sum 641 -
F-022 casells 2T 1 15?3 + =8 Uranium FArst 2 stages autcradio- 32
2 1488 ¥ 28 " graphed py Isotopes, Inc. £
3 4324 F 285 "
i 725.2 ¥ 4.b " L2
8 1744 ¥ §1 " 1A
Sum obs4 —
F-03g " 2183 1 £31.7 + 14,3 90 6h
2 Lez ¥ 1.3 128 71
R 10,3 = @B 0 aa
0689 F 0,15 3s€ 69
5 0.66 % ©.13 156 70
Sum g0 -
F-038 " 2182 1 21€ + € 43 B
2 34,6 ¥ 1.4 60 a3
k} 12.60 T 0.63 112 88
4 2,02+ 023 Sample Spillea 1000 12
5 .73 F D.13 172 <]
Sum 2Eh -
F-O4E N 184 1 858 + 20 60 72
2 41,4 ¥ 11 15t bl
5 3,4 T 1,6 50 820
I 0 11 75 1
5 1.55 = 0.30 T n
Sum
F-Ohl ' 21498 1 78c + 15 105 8o
2 28. ¥ 1.1 150 45
k] 5O.f ¥ 1,k 134 Th
L 3,46 F 0.3 137 £y
5 z.23 T 0,30 110 t9
Sum 870 -
F-0R0 N 21k0 1 435 - 7 340 34
2 142 ¥ 4 103 3z
3 13.8 ¥ 1.1 ] 3
4 2,97 * Q.28 158 =
e £.0b T 040 15t T3
Sumr EQ0
F-0%4 £182 1 695 + 15 ag 75
z 134 ¥ h £e 79
2 BBE T gl £0 79
4 27 + 1.0 10 T4
c 1.70% O 14 35+ T3
sSum 220 -
F-05t " 218¢ L 1130 + 30 (12 =7
? oF 2.8 i~ =2
3 114 ) 1292 F2
P 10,4 + 24 310 90
5 t En % 032 2ic I3
~um 135°F -

* Mobile unit at 1-040, La_ , IMOB-040.

204



TAELE A.7  PLUTONIUM ANALYSIS OF PHYSICAL SAMFLES, CLEAN SLATE IT (cont'd.)
Location Sampler Tracerlab Stage Pu-239,240 Remayks Counting vimld
Type No. . Time
drm/sample min. approx. periert
F-0E0 casella 2185 1 324 + 8 75 £
2 16,5 ¥ 1.9 172 do
3 121.1 ¥ 32 55 Ty
5 21,2 ¥ 1,0 165 4o
5 £.01 ¥ 0.58 7 Be
Sum 599
F-062 " 2187 1 114€ + 40 30 BE
2 107.2 ¥ 1,6 310 43
3 2368 = 7.3 43 75
4 7.58F  0.68 €0 84
5 13.7 ¥ 0.3 £7 Bz
Sum 1511
F-DEE " 2192 1 1648 + 58 51 64
2 1639 T 3.3 e 93
3 B9.5 ¥ 2.1 7 &1
i B.47 T 0.4 2t80 23
5 18. ¥ 0.9 115 ot
Sum 1928 -
F-074 " 2193 1 1982 + 53 53 2
2 391 T 9 90 [
3 120.3 ¥ 3.2 55 ”
4 2809 ¥ 1.0 11€ Bz
2 7.5 0+ 1.8 £0 L4
Sum 2550 -
Fa078 ' 2104 1 1315 + 4O 46 73
2 £04 F 11 90 s
3 73.8 T 1,5 116 81
4 33.3 ¥ 1.0 132 71
5 245 ¥ 1,2 100 45
Sum 1949 -
F-0d0 " 2191 1 1092 + 42 60 33
2 277 ¥ 7 5 T
3 106.5 ¥ 3.1 50 68
4 13,4 ¥ 0.3 60 BE
) 157 ¥ o 127 5t
Sum 150% -
F-10+ " 2190 1 2088 + 52 53 83
2 322 T 18 30 85
3 7€.2 ¥ 1.9 103 &5
i 7.2 ¥ 1.0 103 73
5 2l a ¥ 1,2 127 37
Sum  E50E -
™-01 " 2262 1 0.22 + 0.05 * 137 a5
2 0.F7 ¥ 0 1f 120 55
3 o.82 ¥ 012 275 83
4 0.F2 ¥ Q.08 1000 23
= 047 T 0,09 1000 20
Zunm 2 F -
%-0z " 2264 1 3E.2 o+ 1.1 - 110 ar
z [ S = N 361 21
3 2,23 ¥ 0,29 153 55
i 0.3 ¥ 0,08 112 78
5 ear ¥ 0,f 153 70
Sum [Reid -
-03 ! 2203 1 393 + 0,29 . 153 H
2 1.t4 ¥ Q.00 1€5 93
3 20,0 ¥ 0.k 180 99
4 0. gh F 009 200 68
5 .49 = 0 2t 153 By
Sum 28 -
IM-24 " 22F2 X 7.93 + 0.30 . 560 b4
2 c.i2 ¥ o021 t20 50
3 2,8 T o025 200 &f
4 4o s T 1.6 100 5B
4 03 I o¢lo 200 59
Sur 5l -

* Mohile unit at 1-040, i.e., [MOB-040.
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TABLE A.7T PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, CLEAR SLATE II (cont'd.)

Loeation Sampler Tracerlab Stage Pu-239,240 Remarks . Courtinz Yiell
Type No. - Time
dpm/sample min, BpProx. percer?t
IM-05 Cagella 2268 1 g3€ + 2.2 . — - -
2 2.0 ¥ 0.8 1€ 5
2 0.20F 0.08 1245 it
0.3 F 0.10 11z -
s 0.27 ¥ 0.08 11z ”
Sum 122
IM-0F " 2269 1 36 o+ 8 - 20 oz
2 g.£2 ¥ ¢.21 e €3
3 EULT 0.67 210 £
i 0.2 F 0oy e il
s .4 T 0,13 12 -
Sun 384
h-c " 2265 . 385 413 . 4 £
z 135 T 0.8 20 :
3 1453 0.21 120 <
b 17¢ T 100 €
5 0.5 T .28 EQ
Sum 582 -
I¥-1. ' 22f1 1 631 + 12 bl 10K Tl
2 164 ¥ 5 43 £q
4 03s* o 2
5 139; o.gg 1242 %3
Sun 233 -
M-12 ' 2250 3 f50 o+ 12 - 105 g
2 e ¥ o127 1 o
3 3,78 T 0.3 1?-0 22
4 2,30 043 120
2 Q.45 ¥ 0.10 200 £t
Sum 771 -
F-000 TAS-D Bou] LET 4+ 1.4 73 43
Fo0il " 40bg 622.7 + 38.6  Uranium 1211 3
a0 - 3042 3050 + 160 1f o
F-07 % ' 4039 a5+ 17 5T e
F-072 " 4038 1531 + 4B 51 FL
For20 ' oz W™+ 14D 1€ £
Ropes ThE-T soue 1R+ 35 51 A
F-0t b ' 4ohh 2199+ B4 to 8l
F-Q3- TRD IT 4020 4543 + 418 Uraniun 1A 4
o ! L 151 + 1.7 340 Lo
F-O47 ' o3 560 %  1.F T ny
F-0nd ' 403 ool -~ o 30 o
e ' 4030 92c + O e 1y
F-nrr ' 4033 370 + a am-241 from grose o plazex 13z =1
F-77€ N 4034 3%+ a9 €0 5
z-0l2 seq, Air Ljaf 1 Zarpler l-cperanie
analvelg cancelled
D-0L2 ' 4l4c 410,72 + 10.3 o ouservatle getivity by 120 Sit

alpha survey meter-entire
t4ape Iun &5 Ohe sarple,

* Am-2L_ ceterwinec t altha :pedtrometry ¢f a4 grosc electroaepecition of samric zllcust: cee Chafpter f

*~ Mobite unit at I-040, 1.0, IMDBE-040.
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TABLE A.7  FLUTOHIUM ANALYSIS OF PHYSICAL SAMFPLES, CLEAN SLATE II  (cont'd,)
Location Sampler Tracerlab Pu-239,240 Remarks Counting Yield
Type No. - Time
apm/sample : =min. ApPProx. percent
D-CF4 Seq. Alr 4150 402.5 + 10.1 No cheervable activity by 120 g:
alrhs survey meter, Entire
tape run as one sample.

E-040 Fllm B113 3.56 4 01N x 105 10 7e
E-042 " " 347 + 0.05 x 107 10 98
E-Ok " " 3.15 + 0.09 x 107 12 &3
E-O4B " " 2.91 + 0.08 x 10 Uranium &0 58
E-0ud " " 2.73 + 0.08 x 105 10 78
E-050 " " 2.31 *+ 0.09 x 100 10 iy
E-0F2 " " 1.84 + 0,10 x 10° 15 3L
E-054 " " 1.96 + 0.0% x 10° 30 28
£-056 & " v 1.71 + 0,06 x 10° 30 3"
E-O5 B " " 1.81 + 0,06 x 107 30 22
£-053 " - 144 + 0.08 x 107 30 17
p-0E0 " " 1.31 + 0,07 x 10° 30 1=
E-0€2 " " 1,15 + 0,05 x 167 30 26
E-OF4 " ' 1.00 + C.04 x 107 30 37
E-0Fr " 8.50 + 0.31 x 16° 30 35
£-0FR ' " 8,17 + 0,26 x 16" 30 55
E-070 " " 7.56 + 0.24 x 10" 30 50
=-072 * " £.89 + 0.19 x 1::“ 30 I
E-O7h " " 6.75 + 0,22 x 10" g0 18
F-07" " 6.03 + 0,18 x 10* 30 58
E-077 : 5.93 + 0.24 x 10* 30 33
E-071 " ' 5,23 + 0.19 x 10# 30 38
E-0%? " " 5.44 + 0,20 x 10° 36 u
=.0%% . " 4.85 + 0.11 x 19" 30 99
Fo0M ' " .70 + 0.12 x 10" 30 B
2672 " " 4.86 + 012 x 19 &0 37
Z-090 " i 533+ 0,11 x 10t 60 65
2072 . " 4.10 + 0.0" x 20" 60 &0
T.pou v ' 414 + 0.08 x 10“ 60 65
=_gas " 4,05 + 0,08 ¥ 10¢ 60 50
097 ' 4,17 + 0.CB x J.t'Jll 50 75
100 " 441 + 0,10 x 10“ 60 55
o102 " 4,13 + 0,08 x 10" &0 70
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11 (cont'd.)

TABLE A.7  PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES,  CLEAN SLATE
looation Sampier Tracerlab Pu-239,240 Remares Courtin viels

Type No. mme

d}:m/a&mple_ " rin. approx, revcers

E-104 Film 8113 3.75 + 2.0% x 12 er -
E-10€ " ! 3 27 + C.06 x 1c* 33 h
B-108 " - 3,19 = 0.06 x 10% 3 £s
E~110 " " 2.57 + 0.04 x 10% 6¢ e
E-112 " " 2.98 % 0.06 x 10° € -2
E-114 " " 2.06 + 0,05 x 12" 30 €=
F-022-1 " Bl1g 3oe + 133 20 -z
F-022-2 " " 2192 4+ 221 50 ~z
F-022-3 g00%  + 270 10 ce
F-022-4 " " 1.15 + 0,03 x 10" eo e
F-D22-5 " " 5077+ 240 20 60
F-026-2 " " E248  + 183 30 40
F-026-3 ! ' 7696  + 316 3c €3
FP-02E-4 3806 + 30 [2e] ma
F-026-¢ " " 744+ 311 30 2
P-030-5 " : 1.18 4 0.02 x 10 32 70
F-0353-1 " b 7.8 4+ 0,31 x 10t 3C 34
F-033-2 " . 5.31 = 0.21 x 10" 30 a3
F-038-3 " " 592 o+ EE €0 ~a
F-042-1 " 4.3% + 0,14 x 16" 30 50
F-u2-2 " 8.3% + 0.8z x 10" 1 43
F-42-2 " " 1.49 + 0,04 x 10" €0 -
F-O4z-4 " - 3563 + 98 e o
F-0HE-3 " " 3.89 « C.00 x 1 €0 £n
F-O4E-4 " ' 3,244 0.09 x 10* 20 T
3-01€ : 113 1.02 + €03 x 10° 30 5E
5-012 : " c.E. 4 0.24 x 107 12 3t
7020 " . 208 -0 osx 10° mr =
5-024 " 2.87 + 0,08 x 10[ 1 bz
jeSterag " ' 2 86+ 0,07 & 107 1o Be
3-02¢ 1.62 - C.04 x 10F 12 g2
G-03¢ {51 = 0.15 » 1‘::5 3. S
L-04n 41, Coll, o9Rk3 .08 & 0.21 x 10" 1.0 =
B-050 A " .52 « 0,12 x 10 1.0 -
B-070 - " 1,26 4 003 x 207 1.0 g-
B-08C ST L M b Urar Lum 10 a3
B-0ac o ’ 314 + 0,04 £ 100 10 ot
L-040 ' " QBUG 137+ 008 £ 17 1. £
p-o%e ) ' r.a0 4 00w o 10 0
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TAELE A.5  PLUTONIUN ANALYSLS OF PEYSICAL SAMPLE3,  CLEAN SLATE IT {cont'c.)
Locatior 3anpler Tracerlab Stage PuL-239,240 Femarks Counting Yielco
Type Ko, PR Time
£-08u Al. Coll, 9845 a???/3‘3?3§ x 10f Tan. approx. pereent
D-09¢ o " 1.50 + 0.21 x 10f 60 ac
H-040 "o 9844 3.81 + 0,05 x 108 10 a1
E-050 "o " 4,51 + 0.06 x 10° 10 87
H-27C nor " 1.46 + 0,01 x 105 6e 91
H-DEC oo " 1.44 * 0.0 x 10° 0 g5
H-090 "o " 1,30 + 0,01 x 306 60 I
Soll For results of plutonlium analyses

gee Table 7.3 1ln Cnapter 7 on the

determipation of plutonlglby

gamma spectrometry of Am .
D-D4. **  Water 4180 2.66 x 1o0° Exposed Bt location I-D40

eccording to POIR, not D-Q4C

Solubility Study#
D-s4s N 4181 3,24 *+ 0,05 x 10° Expomed at location I-04C b 57

according to POIR, pet D-040
D-340 ™7 " 218z 1,80 + 0,03 x 305 " " " 1z 1%
H-010 " s1gd 225.1 + 1.8 950 56
H-0l4 " 4189 111.2 + 2.0 120 3G
H-115 " 4150 2.67 + 0,04 x 104 lo 7%
H-0t4 " 4154 1.00 * 0,01 x 10% 10 69
H-337 " 4195 7.76 + 0.16 x 10 10 31
H-042 " 4156 5.46 + 0.08 x 107 10 56
H-0ax " 4157 3,56 x 107 36lubllity Studyw
I-0v " 4138 80,29 + 1.12 aé7 22
L-014 " 4133 1101 + 12 ] 47
1-t12 ' 4200 159.2 + 1.3 1000 48
L-0or " 2394 2,15 + 0,04 x 10* 10 83
Ll " 2397 2.58 + 0.05 x 10° 30 26
Lim.7: " 2398 .88 + 0,10 x 10° 10 25
La.d2 ' 2399 5.07 * 0.2% x 10° 1c 18
L-34r " 2400 Z.67 + 0.07 x 10% 10 50

#De-armined [rar the sun of several Practlonc zuring solubility studies.
“re sotal Fo deposited in the water tray.

This value may be iess than

+* Sampie lzhles and shipping papers inlicate location as D~040, but from Tracerlab Handling Record. these samples probably
ware exposed by the mobiie unit a1 IMOR-040
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TABLE A,8 FLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, C_EAX SLATE III

Location Sampler Tracerlab Stage Fu-239,240 Remarks Counting Yield
TYpe No, " Time
dpm/sample . min. mpprox. percent

F-010 Andersen 3I2EE 1 0.17  + 0.04 100t e
2 ¢.17 T 0.0 - ke
3 0. 005 120 g
i 0.48 T 013 129 TE
[ 0.10 * 0.06 1290 75
T p.l2 T o.0 120 RE
Sum 1.1

4

F-034 ) 3265 1 2,23  + 0,0Bx10 Urenium 180 £
2 4BUD T 97 N 1000 34
3 Sh4ip ¥ 162 1000 14
g LBy T 277 . 120 33
[ 455 T 104 1000 2z
7 127.3 F 1.4 " 203" 25
Sum 4,21 x TOb

F-055 " 3258 1 €3.7  + 4.5 €0 1”
2 0.8 ¥ 0.19 9¢ az
3 1.47 ¥ 0.44 &0 “r
4 2,31 Fo0,12 1008 4a
& 0.56 ¥ 0.18 60 3
T a. T 0.08 £0 £3
Sum £9

F-0B2 " 3261 1 280 + 12 120 [
2 161 7 120 41
3 T ¥ 1.7 i L=
L 58.6 F 2.1 1+= =g
3 go O T 2 [ 150 33
7 i7.8 T 1.0 fig, £k
Sum TOR -

F-10t " 32€3 1 3.25 + 0.5 &C £
2 578 T 0.50 g7 Tu
k! 28,1 ¥ 1.1 1050 20
4 u.gh ¥ .61 ) c
6 3,81 T 0.50 60 75
7 0.34 + 0.22 428 u7
Sum ug. 22

J-c1¢ 32£8 1 D1t + 0.09 EQ 95
2 0.07 * 0.07 60 79
3 0.58 % c.lg 120 6l
4 0,22 ¥ 0.0 122 83
£ 0.18 * 0.09 120 &3
- c.24 ¥ 0.12 €0 o
Sum 1.4

J-034 ' 3270 1 4DE o+ 9 101 €0
4 0,06 T Cof 60 ar
3 4.50 + O.54 £0 83
L ¢ 14 * 0.0% 2k £3
€ 0.17 ¥ 0.0% 90 83
7 0.33 % 0.07 z2l 85
sum 411

-4t " 1271 1 0.348 + 0,14 a0 Fa
2 oo = 002 5] 8o
3 o.24 T 0.12 &0 Be
it 0.i% ¥ 00 120 7E
¢ 0,38 ¥ 0.17 o} EF
- 0149 + 0,09 101 £r
Sur 13 -

J-pRA " 3272 1 0.25 + 013 £0 BL
2 1,67 T 02¢ 119 3
3 1.7 ¥ 0.3F e 75
i 0.21 I 0o0s 20 B3
€ 0,135 F 0 043 204 RE
- 0.2° T 0.l2 102 £q
Sur 4= -

fto i} " 375 1 E5. 0 . 17
2 571 ) i 9z,
E) 24 ¢ T 10 165 32
4 TR + 07 1lqQ L
- 7.Q4 T 0.4k 90 ]
? TLES ¥ 0.30 4y a3
eyr 17E -
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TABLE A.3 PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, CLEAN SLATE XII  (cont'd,)

Locetion Sampler Tracerlab Stage Pu-239,240 Remarks Counting ¥ield
Type ¥o. o Time
dpm/pample - min, BpRrox rercen:
1-10f Andersen 3274 M 0.0 + 0,09 o1} un N
2 a.5:8 T 0.04 11bF ~E
3 1,06 ¥ 0,12 ey uk
4 0,44 ¥ 0.1% Qg "3
= Q.€3 F 0.07 2100€ ad
ol 3.08 T 0.4z 17 gr
Sum 5.9 -
1-10£ " 3204 1 0.01 + 0.03 €0 58
2 G.Eo F Q.17 12¢ 57
3 o442 F 0.2 120 T3
I 9.12 ¥ 0.09 4] [
£ 0,38 T 0,17 0 £
k4 0,25 T Q.15 £ 7
Sum 1.7 -
1-115 " 3293 1 0.1~  + 0.0% ok az
5 0.17  + 0.0% Q0 31
3 0.1 ¥ 0.0 £ 23
m o.28 ¥ 0.14 €n “E
£ 0.4 ¥ DR 39 0
T 0.11 + 0.0 2cr i
Sum 1.3 -
F-002 Casella 4881 1 0.19 + 0.08 120 o
2 .03 + 0.03 1z0 gz
k] C.1£ ¥ 0.05 17¢ &g
4 c.of T 0.0k 120 ag
= .17 ¥ 0.0t 200 3
Sum Q.1
F-014 4842 1 Q. oF + Q. 0h 120 [z
2 0,06 ¥ 0.04 12¢ =1}
2 0.18 I .o~ 120 83
4 102.3 + 2.9 213 3
Bl c.12 ¥ 0.0f 120 ae
3un 103 -
F-02t ' 48h3 1 .04+ 0.19 120 80
El 0.31 ¥ 0.1f 120 7
3 2,09 ¥ 0.09 gz5= e
4 O.Uf ¥ 0.13 12t 1
3 c.o% ¥ Q.08 8o 44
sun 4.C -
o0 4391 1 253 + 3.4 241 68
2 52. * 1.% 103 70
3 1.1 T 0.F 2zl 8o
4 2 30 = 040 [fs] 7h
< Q.17 = C.of 120 7
Sum 324 -
Fugrn ' 4990 1 441 + 11 £0 82
2 1.3 F o7t 115 53
3 2.0 F 1.1 [ =0
4 1. o.2g A0 th
= 3.99 =~ 0.32 12= bg
Sun 470 -
07w 4327 1 T + 14 1co% 81
z 9r,9  * I.f 122 7
3 =304 ¥ 1.3 128 76
i 19 3 F l.C 127 50
= T.53 X Q. 0] 90
Sum Eads] -
Ton-0 N 423~ 1 BT My Yrardum (First =ve s ages Auto- 2097 10
° 5 = 1.9 " rediographed oy Isotopes, 1211 2
3 .0 T 3.t " Inec,) 2037 18
i 20D I13s y 1211 4
£ BT oilld v 1211 £
Sum Ll -
Tona- ' 480 1 30.6 PO 134 7€
2 Re,g T 1,9 11t 64
3 332 F 1.1 103 ac
4 270 F 0 €2 103 78
L mz F 0. 103 7t
A 171 -
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TABLE A.% PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, CLEAN SLATE III f{eent'd.)

Location Sampler Tracerlab Stage Pu-239,240 Remarks Countirg tlel?
Type No. e Time
dpm/sample min. approx. perient
F-10f Casella 48a¢ ] £.22  + Q.47 120 Tz -
2 .78z 0.6 £2 az
3 3.95 % 050 120 22
4 2B ¥ 0.1€ £l =g
3 0.8B9 * 0.10 G55 a3
Sur 25.4
J-014 " 4902 1 1.40 <+ 0.14 12c EM
2 003 % 003 120 A
3 a.08 + .09 tc A
4 0.42 T 0,07 3z¢ A
s Q.16 ¥ 0.09 40 ~
Sum 2.1 -
J-028 " 4899 1 21.32 + 1,09 £C az
2 0.12 + 0.07 120 C
3 0.03 ¥ 0.03 12 Sl
1 .03 * 003 120 -2
5 0.0 F 0.04 120 -
Sum 21.5
J042 " 4aco 1 3828 + TE 120 L E
2 41.0 F ol.b 100 ol
3 12,3 F 0.8 103 31
4 0.1€5 ¥ 0.083 101 cL
5 c.32 ¥ 0.1 1zt ko
sum  388% -
J-052 " 4913 1 6l2 + 13 100 £
2 4.4z ¥ 0.57 EC -G
3 2.36 ¥ 0.35 120 L=
4 5.5 + 3.9 2z [Z
5 0,19 ¥ 0.11 €0 ]
Sum T4 -
J-0£9 " 4agt 1 €2.8 + 1.6 13 w0
2 1.39 * 0.8h g0 i
3 c.q2 ¥ 0,38 £10 3
4 23,73 * L.76 116= fe
5 -0.M o Lo e
Sum 8a.¢8 -
3078 ! 4g0o= i 114 + 4 120 "2
2 7a. € ¥ .l 125 4z
3 27.9 ¥ 1,0 11 -
4 13,0 ¥ 0.8 a0 3
z T.17 T O.ts 90 £a
Sum 232 -
J-0n8 ! 4410 1 0.02 + 0 M lac I
2 13.4 ¥ o8 ac e
3 cLrEF 0438 224 ad
U 312 ¥ 0.4l e N
= 2,14 F 0,20 27 ol
Sum 27.4 -
=114 ' 4900 1 0.1+ 010 -r “u
z o4 ¥ 0,0% Qzo -
3 99.3 ¥ z2.° Wil -
4 9.2n X 009 122 “1
3 C.4l 0.1t 60 a5
Sun 100 -
F-00:- " 4ay 1 (L3 g + 0.07 D -
bed 0.1r ¥ 0.07 234 a°
3 0,01 % 0.04 £0 2
4 0.10 ¥ 0.9¢ 123 T
= a5 F Q.3 [ 2"
our ooy T
E-n1t " 433, 1 1.40 &+ 0,7 ~e
2 -] * 0.7 =iy
2 0.7 ¥ 0,13 iTe
4 1.3¢ ¥ o.e( 0
H 022 I 003 200 #a
3ur 15 ¢
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TAELE A.°  PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, CLEAF ZLATE III {cont'd,)

Locatlon Sampler Tracerlab Stege Pu-239,240 Remarke « Countir. rierd
Type No, [ Time
dpm/sample min. EPPTOY ¢
K-C3z Casells 4932 1 1304 78 =1 I
2 2.1 ¥ 1.0 a0 "2
3 0.54 ¥ 0.14 123 -1
b 0.22 ¥ o.11 12€ £a
= 3.08 ¥ 04z ge o
Sum 1330 -
¥-04c ! 4530 1 273 + 4 241 T4
2 13.7 ¥ 1.8 8o A
3 0,06 T o.04 127 el
4 6.07 ¥ 0.0 0 -
5 0.38 ¥ o0.14 102 e
Sum 287 -
H-Ofh " 4942 3 T2.2 o+ 1€ 144 R4
2 498 T 0.65 ag [
3 0.4 ¥ 0 1f [ -r
i 0.13 I 0,08 29 e
5 0.55 = 0,21 118 b
Sum TG -
K072 " 4334 1 23.7 + 1.8
2 22,5 ¥ 08 134 T
3 20.5 + 0.9 11¢ "t
4 .53 ¥ o1l 1274 us
5 1.72 + 0.2% 20% 3
Sum -
0 21 " 4338 1 2.68 4+ 0.43 £o L
2 TR T 0.64 Q0 e
3 13.4 T 1,0 e} 68
i 4.3 ¥ 0,90 a0 S
5 £,12 ¥ o.,to 1= U
Sum CUT U
K-l e " 4537 1 0.03 + o0.03 120 T4
2 3.81 F 0.33 120 53
3 0.1 ¥ 90,12 120 8¢
[ o.bs F 0.01 el g
5 0.25 ¥ 013 &0 8z
Sum 50 ~
L -00c ' yare 1 .00 + 0,08 120 ae
2 o.43 ¥ 0.1z 120 8c
3 0.045 ¥ 0.032 574 24
i .ot ¥ 0.2 955 4¢
< c.13 F ¢.ca 60 80
3um 0.7¢ ~
By ' 4gsi 1 0.0F + 0ot [2ls] 30
£ 0.0t ¥ o.of &0 23
2 Q.05 ¥ 0.0% a0 0
4 0.0f ¥ oQ.ns 120 55
3 U.053 F 0.013 934 Ve
aur o2
s TE7=T £1Ac LSE + 71 Americium 10 e
L0 BjE- kYala +10k Americium 10 i~
w-12¢C 5Ot 2 2,89 + 0,31 125 Tl
e 1V oL QEE: +187 Americiur
e e ' 073 3.0 + 23 1zc g
R Q¥ Q41 + 0.0 204 42
-goy F102 0.17 4+ o,04 Bl £
01 ' 5100 03 + 032 20 s
£-022 fale skl e + 0ot 132 d2
S-1n £101 3.01 + 038 97 £
-rEn r1o7 3,99 4+ 0.4f ac *q
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PLUTONIUM ANALYSIS OF PHYSICAL SAMPLES, CLEAN SLATE III f{cont'd,)

TABLE A8
Location Samplier Tracerlat Stage Pu-233,240 Remarks Countinz ¥leld

Type No, Time

dpm/sample mir. AFProx. percert

C5I-D=000 TAS-L 5195 10.0 + 0.8 211 €1
CSI-E-D00 " 5200 56.1 + 1.4 Americium 1002 a
£51-F-000 i 5201 TEE o+ 1.2 Americium gt a3
CS1-G-000 " 5202 173.9 + 27.8 £ 22
CI-H-000 " 5203 23958 + 10 £ S
o5I-I-000 v 5204 T2r + 31 23 Tz
CSI-N-024 " 5195 92,6 + k.2 Amerdciur iab e
C5I-N-030 “ 518& 25,3 + 0.9 Americium 120 a7
CSI-N-03€ ' 5197 11.1 + O.€ Amerjeium 122 g
F-05¢ TAS-I 50652 110.6 + 4.0 120 w4
F-0bd " 5063 4766 + 114 Uranium 1000 11
K-052 N 5095 231 + 3 Be 4=
K-0€0 ' K001 46,5 + 3.0 s} 2!
K-0€8 " 5004 165 4+ 4 8¢ 1
®-0G2 509z 123.0 + 7.4 £) L]
=100 " 5089 30.3 + 1.9 00 %z
[-030 TAS-IT 5149 154+ 70 Americium 10 -r
F-00F ' 5051 ¢ 30 4+ 0,19 joxs T4
F-01% 5053 57.6 <« 2.0 e 3
F-olz 5054 100y + 63 Ameri-lur €o 1k
F-078 " 50RO 5388+ F4B Urarium 1000 3
F-114 50€1 7.58 + 0.4 211 €
H-D42 N a03c 923 + 101 Anericium [ads) p
J-00t ! 0Ty 0.90 + 02k 90 £4
J-o1%2 ' 503 £.64 + 0,52 1.8 te
J-030 ' ROT1 0.45 + 005 1022 50
J05 5073 1030 + €2 60 43
J-0FF " 5070 4.2 o+ T to ra
J-102 " 5072 10.34 + 0,5 361 o
J-114 " Q2 1.02 + 017 13z b
¥-p2H ! 504Gz 0.F% + 0 32 to -y
K-03€ 5097 Bzez o+ 1% 12¢ 4
K-0hi " sgat Tar + 21 ] —z
L-0%4 5113 320 0+ 33 Ameri iur 5] 1t
EM-08 Film BlE3 g.a3t C.00 x10t Americium 30 23
£0-05.0 - atsg 1.79 + 0.068 ¢’ n 9=
C-02Ea " 812 17R .00 Y0 1 12 th
-030 : a1es 1.45 + ¢ 03 x107 " 10 L2
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{cont *d.)

TABLE A.5  PLUTONIUM AMALYSIS OF PHYSICAL SAMPLES, CLEAK SLATE III
Location Sampler Tracerlat Stage Pu-239,240 Remarxa < Counting Yield
Type Ho. N Time
dpm,/sanple min, approx.” percen:

E-032 Film 8157 7.93 + 0.17 x10f Americium 10 £s
E-O4B “ 8157 1.02 + 0.08 x 10°% 30 33
E-050 " " 4.52 + 0.20 x 204 30 6¢
E-054 " " 1.01 + o.o8 x 10 30 L%
E-D56A " " 703 + 220 30 £3
E-05¢ " " 6651 + 180 3 cg
E-0f2 " " 9797 + 382 30 48
E-0fE " . 110 + 0.08 x 2" 30 Bo
z-068 " " 1.13  + 0.03 x 1c* 30 6t
E-070 " v 1,80+ g.04 x o 10 2¢
E-072 " " 1.09 «0.03 x 1c* 0 7€
E-074 " " 1.30  +oc.04 x 10° 10 e
E-O78 ' ' 9778 + 313 30 20
E-082 " 7133 + 128 60 £¢
E-QR4 ' ! 6597 + 172 €0 ax
E-ORf " " 4508 + 133 60 71
£-032 " I/US  + 154 30 8¢
F-Q0t " B1sB Blg + 24 £0 &9
F-028 " " 2.39 + 0,06 x 107 60 a2
F-034 " " 451 +0.12 x 10° 10 46
Fv030 ' 81ra 4.75 + 0.10 x10f Americiur 1c €2
F-037 ' " 3.25 + 0.05 x 10" Uranium 10 61
F-obo ‘ v 1.29 + 0.04 x 108 10 67
P-4z " 3.20 + 0.0k x o= Uranium 120 =k
T-DuY " " 6.58 + 0.14 x 105 " 60 24
F-0u¢ . . 2.14 + 0,07 x 10° 30 51
F-050 " " 6.86 + 0.17 x10" Urenium 30 85
Fogss " 3.4€ + 0.08 x 1c* a0 30
F-05+ " ' 5955 + 197 60 ug
F-057 ' " 8495+ 40O 15 Bz
P-0r - ' ' 4258+ 1by 30 Ri
| A 66T + 354 30 60
F-0r 3 6.57 + 0.22 x103 Uranlum 30 B
F-0T0 ‘ ‘ S866 + 164 €0 €7
F-oTe " 652 + 265 30 B4
F-074 ' v b2ty 4+ 171 71 e
F-07tF ' " BBO4  + 265 30 42
I . 5021 - 16€ g0 49
FoQo ' 4305 + 125 60 TE
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CLEAN SLATE III

{cont'd.)

TABLE A,Z PLUTGNIUM ANALYSIS OF PHYSICAL SAMPLES,
Locatlon Sampler Tracerlab Stage Pu-239,240 Remarike Counting Yield
Type ko. Time
dpm/gsample min. approx. percent
F-082 Film 8158 5493+ 315 1e ue :
F-084 " " 3832 + 138 30 es
F-08E " " 284+ 78 €0 131
0-028 " 8159 1.23 + 0,06 x 10° 30 0
6-03C " " 9.88 + ©.30 x 105 3n 5=
G-032 " v 2.80 4+ 0.05x 106 10 ag
G-034 ' " 2.30 4 0.02 x 1CP"3 My 8C
0-03¢ “ « 2.23 4 o0.08 x 10° 10 68
G- " " 2.82 + 0.09 = 10° 10 £e
1-040 " " 1.20 + 0,03 x 10° 10 g0
Ge042 " " 7.61 + 0.24 x 107 30 53
Gooi : " 4,63 + 0.24 x 107 20 ‘=
3-o4t ‘ " 2.52 + 0.14 x 107 75 23
304 " 1.43 + 0,09 x 107 33 4z
G-050 " 1.01 + 0,04 x 107 30 t2
3-0c2 g " 5.15 + 2,18 x 10° 1= 0
G-05z " 4383 + 115 30 81
3-067 ' " 5339 + 235 30 68
G-o72 ' " 3869 + 150 3 fe
3-0h " 4374 + 114 30 €2
1o ‘ " 314 + 130 30 ut
n-02c 8160 271.0 + 10 8 onT 33
o032 " 1.49¢ 0,08 » 10 36 P!
r-034 " 293 + 0,06 xm6 fmericium 10 L]
f-0ae " 2,15+ 3.05 x 107 15 55
A-0UQ ' " 1.09 + 0.03 » 10% 10 £2
-4 ‘ " 7.68 + 0,20 % 10% 10 69
-l " 440 - 0.1€ x 107 30 40
T ' 1.63 + 0.04 x 100 30 a0
--ouF . 1,79 + 2.05 w107 to es
~-0rd " 3T4T + 12U Tl 39
HeOte " 3818 + phb 1< S0
H-07¢ " 2€35  + 29 30 29
S-037 811 1.27 + 003 x10f preri. fun 13 52
-037 “1tp 5.05 + 7.0B x10% amerd ~1um 31 87
H Foz pecolts ¢f rlusornlum analyses of =ci.s, see Table 7.3 1r
ar -ne aetermiraticn ~f plutonlum by gamma spectrometry of An-TL,
B-_1. Warer F O L “ 7 [

Soluriliry study=
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PLUTONIUM ANALYSIS OF FHYSICAL SAMPLES, CLEAN SLATE III {(cont'd,}

TABLE A.&

Location Ts;xpnfler a‘:?cerlab Stage Pu-239,240 Rutparh E?::tins vield
apm/sample man, approx. percen-

B-108 Water 5229 2611 + T2 100 30

D-012 " 5246 233.7T + 3.0 50 21

B-084 " 5244 6312. =+ 120 1c ae

DMob-074 " 5253 27.60+ 0.41 . 1000 50

DMob=0T4 " 5254 1.34+ 0.03 x 10 . 30 o3

DMob-074 " 5255 1.13 0,02 x 10" " 10 £c

IMob-050 " 5260 5.79+ 0.13 x 10% 10 -

IMob-050 " 5251 5.07+ 0.06 x 10% fe il

Ibob -05C " 5262 7.35: 0.10 x 10% i T

1005 " 5237 1609 + 32 10 ar

1054 " 5240 46TH + 51 4 70

1-07E " 5242 106 x 100 Selubility Study*

L-10% " 523k 1.50 # 0.00 x 16" £0 £

#Determined from the sum of several fractions during aolubllity atudies,

less than the total Pu deposited in the water tray,

** Bample botties and shipping papers labeled with two 1 1 I

on Tracariah Sample Handling Racord.
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