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ABSTRACT 

Some physical and chemlcal properties of fallout resulttng from the hlgh-exploslve deto- 

natlons of nuclear weapons containing plutonlum were determined. They included: 

(1) The total maes of fallout collected per unlt area. 

(2) The amount of plutonium and uranlum collected per unlt area. 

(3) The mass dlstrlbutlon of plutonium and uranium by partlcle slze. 

(4) The relatlonshlps among mass, plutonium content, and denslty of fallout samples. 

(5) The solublllty of plutonlum under condltlons assoclated wlth the radlologlcal re- 

covery of contaminated facllltles. 

The partlculate fallout samples from the Double Tracks, Clean Slate I, and Clean 

Slate I1 events (DT, CS I, and CS II) were collected on 4-foot-square, petrolatum-coated, 

alumlnum sheets placed upon the ground. They were distributed in a pattern downwind of 

the detonatlon point at distances ranging from 100 to 10,000 feet. After removal from the 

collector panels by a xylene rinse, the partlculate was separated by centrlfugatlon. The 

followlng data were then obtalned: (1) combined gamma and X-ray actlvlty a s  measured 

in a well-type NaI crystal counter, (2) total sample weight, (3) mass versus particle size, 

and (4) actlvlty versus particle slze. The plutonlum content of each sample was computed 

from the counting data. (Am2", a concomitant of reactor-generated plutonium, yields a 

60-kev gamma ray, and Puzss yields a 1'7-kev X-ray.) 

At  the U. S. Naval Radlologlcal Defense Laboratory (NRDL) the plutonium content of 

samples was measured in two ways. One was by comparing the gamma count rates with 

callbratlon standards made from a sample of the plutonium used to fabrlcate the Roller 

Coaster (RC) devlces. The second was by comparing gamma and X-ray spectra of sam- 

ples wlth those of known RC plutonium standards. The plutonium content of a few sam- 

ples was determined by resolving and comparing photopeaks of flselon products, induced 

by neutron Irradiation, wlth those induced in standards. Another method was radlocheml- 

cal analysls done by Project 5.2/5.3 contractors. Comparisons of the averaged plutonium 

results obtalned by each method agreed within f 20 percent. 

The amount of material collected ranged from 0.2 to 6.6 g/m2 for DT, 0.2 to 28 g/m2 

In some cases, an unknown amount of desert for CS I, and 0.3 to 2,560 g/m2 for CS II. 
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soil was blown onto the collectors, maklng precise measurements of tbe amout  of 

deposited on each collector Imposslble. 

The amount of plutonium depoalted ranged from 0.5 to 1,116 pg/m2 for DT, 2.5 to 

2,042 pg/m2 for CS I, and 3 to 4.670 pe/m2 for CS U. 

The ratio of uranlum to plutonlum in unsleved fallout samples was close to that of the 

orlglnal ratlo of the weights of the metal used to fahrlcate the RC devlces. The ratlo for 

dlfferent partlcle shes in sieved samples was not constant, lndlcatlng fractlonatton of 

plutonium and uranium with partlcle slze. 

Of the plutonium in unsleved samples, 1 to 27 percent was assoclated wlth very flne 

partlcles having a denslty greater than 4.30; thls fractloa represented less than 5 percent 

of the sample welght. 

A fallout sample from the 5,000-foot arc from each of the flrst three events was wet- 

sieved. Fifty percent of the gamma activlty was assoclated wlth partlcles less than 8% 

for DT, 195p for CS I, and 39~1 for CS IL In fact, 98 percent of the gamma actlvlty was 

associated wlth partloles less than Sop In the CS II sample. There was a general, but 

not always consistent, decrease in the particle s h e  of samples collected at Increasing 

downwlnd distances. 

Leaching and ion exchange studies showed that the plutonlum in the fallout was not 

dlssolved by water alone or water solutlons of sodium hydroxlde and O m s .  About 10 

percent was dissolved by 0.1 N hydrochloric acld, however. 

and allowed to stand wlth a water slurry of montmorlllonite clay, about 6 percent of the 

actlvlty became associated wlth the clay. 

When fallout wae mixed 

1 
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CHAPTER 1 

INTRODUCTION 

1.1 OBJECTIVES 

The objectives of Project 2.6a were to determine the physical and chemical 

nature of the fallout resulting from the high-explosive detonations of nuclear 

weapons containing plutonium. The primary measurements were: 

(1) The total mass of fallout deposited per  unit area. 

(2) The amount of plutonium and uranium deposited per unit area. 

(3) The mass distribution of plutonium and uranium by particle size. 

(4) The relationships among mass, plutonium content, and density of fallout 

samples. 

( 5 )  The solubility of plutonium in the fallout under conditions associated with 

the radiological recovery of contaminated facilities. 

The objectives and requirements of the project may also be identified in part  

with the objectives shown for Project 2.6 in Reference 1. 

1.2 BACKGROUND 

NRDL' has the task of providing the Pacific Missile Range with plans for 

decontaminating and reclaiming facilities that have been contaminated with plu- 

tonium as  the result of accidents involving missiles bearing nuclear warheads. 

There have been no comprehensive studies of the reclamation of a large area 

contaminated with plutonium fallout, although the decontamination of surfaces 

with relatively small areas was performed by Program 57, Operation Plumbbob. 

The reclamation of the Thor pad at Johnston Island in August 1962 was a crash 

program, and no study of recovery parameters was conducted. In fact, some 

Appendix A is  a glossary of abbreviations. 
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delay was encountered during this operation because varIoue decontamination 

methods and procedures were found ineffective and better ones were sought and 

tried. A detailed description of the radiological recovery operatlon of the Thor 

pad at Johnston Island is to be found in Reference 2. 

The development of a simulant for plutonium fallout would allow engineering- 

scale recovery experlments to be conducted safely on simulated or  real launch 

complexes to provide information that would decrease the time and cost of re- 

claiming installations following future accidents. 

To this end, a thorough knowledge of the material to be simulated is manda- 

tory. Consequently, acquisition of theae data was imperative when it is realized 

that Operation Roller Coaster was only the second such research operation in 

which plutonium was to be released under controlled conditions. 

This project embraced a system of collection and analysis designed to yield 

information on the physical and chemical properties of the debris. The proper 

delineation of these properties required a large sample. For this reason a 

collector with a large area (&foot square) with a retentive surface was designed. 

In contrast to the analytical techniques used a t  Project 57, and the radiochemi- 

cal products employed by Project 5.3, Operation Roller Coaster, the activation 

analysis proposed for plutonium and uranium was a special technique, develop- 

mental in nature, which had not been attempted previously wlth fallout samples 

of thls type. 

separation and detection procedures usually used for the analysis of plutonium. 

It was intended to be simpler and less  costly than the radiochemical 

Two other nondestructive and relatively simple analytical procedures were 

used by the project. One was to determine the plutonium in a sample from the 

total count rate of the 17-kev PuZas X-ray and the 60-kev Am"' gamma ray a s  

detected by a NaI well-type crystal. The other was to isolate the activity of the 

two rays on a multichannel pulse-height analyzer and to determine plutonium 

indirectly from the activity in the 60-kev Am"' gamma ray peak. 

1.3 THEORY 

The development of radiological countermeasures systems and the measure- 
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ment of their effectiveness for plutonium contamination require information on 

fallout that is produced by the nonnuclear detonation of plutonium-bearing weap- 

ons. The data needed lie in four areas of study: (1) the chemical and physical 

characteristics of the fallout, (2) the ground distribution of fallout, (3) the expo- 

sure environment, and (4 )  the alteration of the exposure environment by counter- 

measures. The analytical data obtained by this project will contribute directly 

to Area (1). 

Past experience with the environment resulting from the destruction of plu- 

tonium-bearing devices has been very restricted, hence, generalizations of 

experimental data in each of the four areas  have been severely limited. The 

limited knowledge in this area must be coupled with empirical and theoretical 

studies to develop models of the fallout formation process, meteorologica1 dis- 

tribution process, and the exposure environment in order to develop counter- 

measure systems that can be used to reduce o r  eliminate the exposure environ- 

ment. 

means of obtaining new reliable data concerning the nature of fallout from such 

explosions, particularly data that were pertinent to radiological recovery problems. 

Fortunately the opportunity to participate in Roller Coaster afforded a 

1.4 DESCRIPTION OF OPERATION ROLLER COASTER 

Operation Roller Coaster was a research program conducted jointly by the 

AEC and the DOD in cooperation with the AEA (Reference 1). It was a research 

program to evaluate storage, handling, and transportation cri teria for plutonium- 

bearing weapons. It was conducted on a portion of the Las Vegas Bombing Range 

and Sandia Corporation’s Tonopah Test Range within the framework of the NTSO, 

even though geographically it was not within the Nevada Test Site. Program 

management was performed by Weapons Effects and Test Group, Field Command, 

DASA (Reference 4). 

The site layout is shown in Figure 1.1. 

The objectives of the operation were (Reference 1): 

(1) To obtain, by physical and biological measurements, necessary data 

17 



on the plutonium airborne particulate to permit an assessment of the acute (in- 

halation) hazard. 

(2) T o  measure the distribution of plutonium on the ground to permit de- 

tailed accountability of the amount involved in the field of measurement. 

(3) To evaluate the total effectiveness of the structures, including varying 

thicknesses of earth cover, for reducing the radiological hazard from a real 

accident. 

(4) To obtain those data of special importance in forecasting the hazard 

arising from a real accident (cloud models). 

The operation consisted of four events: Project 2.6a participated in only the 

flrst three. 

The Double Tracks event was an experiment to investigate the biological 

hazard of scattered plutonium. The Clean Slate events comprised an experiment 

to evaluate the plutonium-scavenging effects of earth-covered storage structures 

and the hazard reduction resulting therefrom. 

The DT device was elevated 1 foot above a steel-faced concrete surface and 

was one-point detonated (side). It contained plutonium and depleted uranium 

(depletalloy). 

The Clean Slate I event represented an accident occurring under open storage 

conditions. 

The center device was identical to the DT device, while the eight surrounding 

devices contained only depletalloy. They were detonated in sequence similar to 

that expected if actual propagation by concussion from the explosion of the center 

device had occurred. 

It consisted of nine devices supported 1 foot above a concrete pad. 

The Clean Slate I1 event represented the accidental detonation of 19  devices 

occurring in a D A M  storage igloo covered with 2 feet of earth. Again, only one 

device contained plutonium. 

The Clean Slate 111 event, in which Project 2.6a did not participate, was simi- 

l a r  to Clean Slate I1 except that the igloo was covered with 8 feet of earth. 

The projects and offices pertaining to the scientific phase of the operation a re  

shown in Figure 1.2. 
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CHAPTER 2 

PROCEDURE 

2.1 PLANNING 

Project 2.6a planned to participate in three events, Double Tracks, Clean 

Slate I, and Clean Slate 11. The primary purpose of the field phase of this proj- 

ect was to collect samples with sufficient quantities of particulate fallout for 

analytical study. The planned placement of the large-area fallout collectors was 

based upon fallout patterns predicted from data in References 5 and 6. Collector 

stations were to be so located that approximately half the statlons (with two col- 

lectors) were within the expected l,000-pg/m2 contour (1,250 feet downwind), 

while the other half with four collectors were located between 1,250 and 5,000 

feet. They were arranged to cover a 45-degree included angle that was sym- 

metrical about the expected downwind centerline. The collectors were easily 

portable so that the array could be moved quickly in case of late wind shifts. 

Pre-field-phase information had indicated that zero time for the events would 

occur during the middle morning hours, so no provisions were made by the proj- 

ect for night operations. Furthermore, the number of personnel and the amount 

of equipment taken to TTR were based upon a 2-week interval between shots a s  

specified in Reference 7. 

Project 2.6a planned to be a s  self-sufficient in the field as possible and to 

require a minimum amount of material or personnel support from DASA or 

REECO. Construction and space requirements were also minimal. No demands 

were made of the support organization except for stenographic assistance, two 

3/a-ton Army trucks, minor carpentry work, and two packers during rollup. 

In the interest of economy and flexibility, sample-collector supports in the 

array were eliminated. Laboratory space was not needed because the counting 
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trailer and its adjacent open-air sample processing facillty were outfitted and 

prefabricated at NRDL and required only to be connected to electrical power to 

become operative. Project personnel at TTR at any one time consisted of one 

project officer, two laboratory technicians experienced in field operations, and 

three Sea Bees. Six months before the field phase began, arrangements for the 

military personnel were made with the Commanders of the Navy Construction 

Battalions and the Disaster Control School. 

Laboratory work at the site and at NRDL had been planned to include only one 

fallout sample from each of three downwind distances for each of three shots, 

making a total of nine samples. The fallout samples were counted in a well-type 

NaI crystal that detected the 17-kev Pu2" X-ray and the 60-kev AmUi gamma ray. 

Gamma counting offers a fast, nondestructive method of measuring plutonium in 

fallout. It is not possible to determine the plutonium content of soil or of fallout 

samples by alpha counting. Detecting the presence of plutonium with a gamma 

probe ', even when the ground is wet or  covered with oil, was done successfully 

at Johnston Island in 1962 (Reference 2) and was the previous experience that led 

to the use of this procedure. 

The original plans explained in Appendix B called for measuring the gamma 

activity in  neutron-irradiated DT fallout samples after the short-lived activities 

induced in the natural elements of the soil had decayed. 

participation in CS I and in CS I1 (with higher uranium-to-plutonlum ratios) and 

the discovery that a fairly high uranium content existed naturally in Nevada soil 

required the development of the more sophisticated neutron-activation analysis 

that was actually used. 

Subsequent plans for 

The relationships of mass and activity to particle density and particle-size 

distribution, a s  well a s  the susceptibility of plutonium to leaching, a re  important 

' The Eberline Instrument Company (EIC) PG-1 probe is a thin NaI crystal 
detector that can be connected to the body of a PAC ISA alpha survey meter in  
place of its alpha probe. This allows the 17-kev Puzs' X-ray and the 60-kev 
Am'" gamma ray to be detected. 
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characteristics of fallout to be consldered when preparing a simulant for pluto- 

nium fallout and when planning radiological recovery after a one-polnt accident. 

2.2 WEATHER DATA AT SHOT TIME 

Table 2.1 presents pertinent weather data at shot time (Reference 3). 

2.3 FACILITIES 

2.3.1 Facllities at TTR. The Project 2.6a sample processing and analytical 

facility at TTR was located near the main camp within the Rad-Safe exclusion 

area. The 2.6a facllity consisted of an open-air shelter and a trailer (see Fig- 

ure 2.1). 

A prefabricated tent attached to the counting trailer was designed to shelter 

personnel and samples from wind, rain, and sun but to allow ample ventfiation 

for personnel who were removing fallout from the collectors with xylene. Per- 

sonnel working with xylene were required to wear a standard, all-service, full- 

vision face piece, MSA gas mask (EA 77705) equipped with an ED 3045 canister 

to prevent their inhaling xylene vapors (see Figure 2.2). 

The samples were gamma-counted and weighed in the trailer. All other 

sample processing and preparation was performed in the canvas shelter. 

2.3.2 Facilities at NRDL. Only sealed containers of fallout were handled at 

NRDL where the gamma counter and 400-channel pulse-height analyzer were 

located, hence no facilities other than those of a standard laboratory were re- 

quired. 

2.3.3 Facilities at Camp Parks. A laboratory was set up to process the 

Roller Coaster fallout samples at Camp Parks, 40 miles east of San Francisco. 

It contained a glove box, enclosing an analytical balance, and the equipment for 

wet sieving, dry sieving, and density separations. 

2.4 INSTRUMENTATION 

2.4.1 Large Area (Aluminum) Particulate Fallout Collectors. The large area 
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fallout collectors were designed to insure the collection of a sufficient amount of 

fallout material and to increase the probability of obtaining a representative sam- 

ple (see Figure 2.2). 

The basic collector was developed and used successfully at the Small Boy event 

of Operation Sun Beam. It consisted of a 4- by &foot sheet of aluminum foil, 

0.003-inch thick, surfaced with a thin coat of petrolatum and mounted on a l/”-inch- 

thick masonite panel. Before being shipped to the TTR, a thin film of petrolatum 

was applied to the aluminum collector faces to act a s  an easily removable adhe- 

sive for fallout. The petrolatum was applied at NRDL’s Camp Parks Field Fa- 

cility by spraying a 25-percent xylene solution of petrolatum onto the aluminum 

surface with a commercial OeVilbiss) paint spray gun. 

Except for the period of exposure in the fallout array,  the collectors were 

stored, transported, and handled in pairs, with the petrolatum-covered faces 

mated to prevent contamination of the collecting surfaces by extraneous materials. 

2.4.2 Sample Preparation at TTR. An Eberline PAC 3G alpha survey instru- 

ment was borrowed from Project 2.5 for monitoring the aluminum collectors 

during recovery and during sample processing. This instrument was calibrated 

using a large-area (120 em2) PuZ3’ source with the activity evenly distributed 

over the surface. (This is in contrast to the usual practice of using a l-inch- 

diameter source.) The source strength was 1.280 f 30 alpha dpm emitted upward 

(2 n)  from the surface of the source. The instrument was adjusted to read 640 f 

15 counts/min on the “1 X” scale when held ‘4 inch above the surface of the oblong 

calibration source. The “ l o x  and 100 X ”  scales were similarly calibrated. This 

calibration resulted in an instrument that read 25 to 30 percent low when checked 

with a 1-inch-diameter Puzs3 source. 

The teflon-covered wash rack in Figure 2.3 supported each aluminum collector 

a s  it was monitored and washed free of fallout with xylene. 

ditioned trailer were a Mettler B5 analytical macrobalance and a Mettler K5 

high-speed balance. The first separation of fallout from xylene was done in a 

Size 2 International centrifuge (Figure 2.4). 

Inside the air-con- 

It was equipped with a head that 
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accepted four 500-ml centrifuge bottles. A smaller Baker-Adam8 clinical cen- 

trifuge was equipped to handle four 40-ml centrifuge tubes. 

2.4.3 NaI Crystal Counter (Well-Type). A t  TTR the counter consisted of a 

3- by 3-inch cylindrical NaI (Tl) crystal with a llh-lnch diameter by 2'4-inch 

deep well lined with 0.032-inch-thick aluminum. The crystal and its optically- 

connected EM1 phototube and TMC transistorized preampllfier were enclosed in 

a 4-inch-thick lead shleld. The pulses were recorded by a Systron 1091-3 scaler 

operated from a Model 12 John Fluke power supply. 

At NRDL the gamma counting system was eesentlally the same a s  described 

above, except a different TMC preamp and Fluke power supply were used. The 

scaler was replaced with a Berkeley Digital Scanner, Model 1556s. All counting 

was done with 10  grams or  less of material contained in a 40-ml centrifuge tube, 

which, in turn, was protected by a 100-ml Lusteroid tube a s  shown in Figure 2.5. 

2.4.4 400-Channel Pulse-Height Analyzer. The gamma and X-ray spectra 

obtained, using the same detector system, were analyzed by connecting it to a 

TMC 400-channel pulse-height analyzer. The data were recovered in digital 

form as  well a s  being displayed on a Mosely X-Y plotter (see Figure 2.6). 

2.4.5 Particle-Size Analyses. Sieves with mesh openings lower than 44p 

(325 mesh) were 3 inches in diameter and made of stainless steel by the W. S. 

Tyler Company (see Figure 2.7). 

Three-inch-diameter BMC Micro Mesh Sieves with mesh openings of 40, 

30, 20. and l o p  (see Figure 2.8) (manufactured by Buckbee Mears Company, 

St Paul 1. Minnesota) were used to increase the range of wet-sieve particle- 

size analyses. 

A Schallfix l2O-cps sonic vibrator. distributed by the United Specialties 

Company, Chicago, Illinois, was used to increase the efficiency and speed of 

wet-sieving the small particles through a 325-mesh (44p) sieve (see Figure 2.8). 

An Autosonic Model P A  1001, 100-watt output, 27 kc/sec, ultrasonic genera- 

tor, manufactured by Powertron Ultrasonics Corporation, Garden City, Long 
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Island. New York, was used with the BMC microsieves (see Figure 2.8) to reduce 

the time required to wet-sieve particles less than 44p. 

A Ro-Tap sieve shaker, manufactured by the W. S. Tyler Company, was used 

in conjunction with 3-inch-diameter Tyler sieves for dry-sieve particle-size 

analysis larger than 325 mesh ( 4 4 ~ )  (see Figure 2.7). The Ro-Tap was enclosed 

in a dust-proof box to reduce noise and the dispersal of plutonium-laden aerosol. 

2.4.6 Neutron-Activation Analyses. The neutron-activation analyses were 

performed by Activation Analysls Service, GA. Their equipment consisted of a 

Mark I TRIGA reactor and a 3- by 3-inch NaI (well-type) crystal detector con- 

nected to a TMC 400-channel pulse-height analyzer. 

2.4.7 Photomicrographic Equipment. Photomicrographs of sieve fractions 

of Sample DT D-050 were taken to visually verify the effectiveness of wet sieving 

to separate discrete particle sizes. A Bausch and Lamb microscope, a Silge and 

Kuhn Orthophot, and 2%- by 3Y4-inch Kodak Panatomic-X film were used. 

2.4.8 Density Separation. Fallout was mixed with Clerici solution, which is 

a homogeneous solution of thallium formate and thallium malonate With a density 

of 4.30/27* C. The tube containing the above suspension was centrifuged to sepa- 

rate the fallout into two density ranges. The tube was frozen with liquid nitrogen 

and split into two parts, with the lower part  containing the more dense fallout 

particles. 

After thawing, the particles in each density range were recovered on an HA 

millipore membrane (0.45-p pore size) (see Figure 2.9). 

2.5 FIELD OPERATIONS AT TTR 

After arriving at TTR the only modification in the operations plan was neces- 

sitated by the revised event schedule that called for all events to occur at night. 

Although not a serious problem, it did require the hurried acquisition of lanterns 

and warm clothing, and necessitated several full-scale dry runs at night to expose 

and recover the sample collectors. 
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The field phase was compressed from the 75 days planned In Reference 7 to 

an actual tlme of about 60 days. Scheduled time between events was reduced 

from the planned 2 weeks to 1 week. Project 2.6a personnel arrived at TTR on 

16 April 1963; the DT event occurred on 15 May 1963, CS I on 25 May 1963, and 

CS 11 on 31 May 1963. Personnel departed the test site on 20 June 1963. 

Project 2.6a greatly expanded its participation after arrival In the fleId. The 

temptation to gather all possible samples and to glean all possible data from this 

operation was too great for project personnel to resist. Instead of putting collec- 

tors at 36 stations for each event as had been planned, the sampling effort was 

voluntarily expanded to 57 stations at DT, 72 at CS I, and 69 at CS 11. Instead of 

processing only three samples from each event, data were obtahed from 30 sam- 

ples from DT, 22 from CS I, and 64 from CS II. Eleven samples from DT, 10 

from CS I, and 7 from CS I1 were returned to NRDL for more thorough analyses. 

2.5.1 Placement of Sample Collectors. Preshot operations were nearly iden- 

tical for each event. Between D-7 and D-2, each station was marked with a 

stake and a sign and the ground surface cleared of rocks and mesquite (see Fig- 

ure 2.10). For stations within the ground-zero grid array,  each station was 

also marked with a flasher signal (see Figure 2.11), because stations in this 

area were much harder to locate a t  night than were those beside established a rc  

roads. During this pre-event period, the collectors panels were numbered and 

loaded into transportation boxes in proper sequence (see Figures 2.12 and 2.13). 

Collectors placed at stations 100 and 200 feet from ground zero were tied down 

to stakes driven into the ground; all others were merely laid on the ground. In 

addition to the dry runs conducted by the Scientific Director and the Research 

Group Director, one full-scale dry run for collector exposure and recovery was 

conducted at night before each event with expendable or simulated collectors. 

During the time between H-4 and H-1 hours. the collector panels were ex- 

posed at each preselected station. The six Project 2.6a men a t  TTR were sepa- 

rated into two crews of three men each, with each crew being responsible for 

exposing and collecting approximately one-half of the collectors. 
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The first  scheduled shot night for DT and for CS I was cancelled after the 

collectors had been exposed for about 8 hours. Although Project 2.6a personnel 

reclaimed the collectors within 2 hours after the events had been cancelled, as 

much as 30 grams of desert sand had been deposited on each collector by the high 

winds and vehicular traffic during exposure. In addition, the collectors were ex- 

posed on shot nights for between 8 and 11 hours. These exposures of the collec- 

tors resulted in nonfallout sand being deposited on many of the collectors. There 

was no possible chance to clean or replace the collectors, consequently, the data 

on mass-of-fallout deposited may not be a s  precise a s  hoped. 

2.5.2 Recovery of Sample Collectors. After the shot, permission to enter 

the contaminated fallout area was delayed until Program 2 and the Scientific and 

the Research Group Directors. respectively, were assured that there had been 

no fission and that no unexploded HE fragments remained in the vicinity of ground 

zero. Entry was further delayed until they had received the initial gamma-scan 

and alpha survey data from Project 2.5. Permission to reenter and recover 

samples was granted about H +  2 hours, R-hour being declared then. 

Once R-hour had been declared, no delay was encountered by project person- 

nel because they were completely dressed-out and only required time to don their 

Mark 17 full-face gas masks before proceeding through the RCP into the fallout 

array. 

Rad-Safe dress-out is shown in Figure 2.14 and consisted of: 

(1) A suit of anticontamination coveralls with all openings closed. The 

pants legs were inserted into a pair of rubber boots, and surgeon’s gloves were 

taped over the sleeves at the wrists. 

(2) An outer suit of coveralls was taped over the boots and taped over the 

surgeon’s gloves. All openings were sealed with masking tape. 

(3) A Mark 17  gas mask that was tested for leakage on the wearer with 

titanium tetrachloride. 

(4) A hood to cover the head, with the neck flap tucked between the inner 

~\ . .  and outer suit of coveralls. 
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(6) Cotton gloves and canvas bootles. 

A s  soon as the data from Project 2.5 defining the limits of the fallout pattern 

were available. Program 2 relayed the results to Project 2.6a by radio. This 

reduced the time and effort neceseary for recovery by ellminatlng the necessity 

to examine uncontaminated collectors. 

Each sample collector was monitored in two places with an Eberline PAC 3G 

alpha survey meter (Flgures 2.14 and 2.16); samples exhlbithg over 100 cpm 

were recovered. 

The petrolatum-covered surfaces of each pair of aluminum collectors were 

mated, and the pair was slipped into the recovery box on the truck. Care was 

exercised to prevent losing any sample from the top collector by inverting it 

over the lower collector (see Figure 2.2) rather than over the ground. Special 

care was taken when approaching or monitoring the collector to avoid kicking 

soil onto the collector surface with the canvas booties. 

The recovery boxes were covered with polyethylene to prevent their becom- 

ing contaminated during recovery. The vertical door was dropped into position 

and covered with a flap of plastic to reduce contamination of the outside of the 

box by resuspended fallout while the recovery crew moved from one station to 

another. 

When the Rad-Safe facility was reached, the polyethylene cover was stripped 

from the recovery box and the box and its contents forklifted to Project 6.2a’s 

nearby sample processing facility. 

2.6 ANALYTICAL OPERATIONS AT TTR 

2.6.1 Preparation of Samples. The fallout was first removed from the collec- 

tor. Each sample was then counted, weighed, dry-sieved, and recombined. In 

addition to the high mass loadings expected on samples within the CS I1 throwout 

area, the downwind samples contained more material than anticipated because of 

the unexpected presence of significant amounts of nonfallout desert sand on the 

collectors; this increased the amount of time and effort required to process 

samples. 
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Each contaminated collector was removed from its recovery box and placed 

upon the teflon-covered wash rack (see Figure 2.3) and.was monitored at nine 

points with an Eberline PAC 3G alpha survey instrument. The fallout and petro- 

latum were washed into the attached teflon-lined trough by spraying the collector 

with approximately '/z liter xylene from a DeVilbiss paint gun. The collector was 

again monitored a t  the same nine points to ascertain if  all (or almost all) the ac- 

tive material had been recovered from the collector (see Appendix C). 

The xylene. petrolatum, and fallout from all collectors (usually two from 

each station) were washed through the drain into a 1-gallon glass jug. The trough 

was monitored to detect any fallout retained in the trough; if so, the trough was 

washed with a xylene spray until less  than 400 cpm (PAC 3G) remained. 

The solid fallout was separated from the liquid by centrifuging at 4,000 rpm 

(3,200 times gravity) in 500-ml centrifuge bottles for 20 minutes. All liquid was 

centrifuged before decanting. The residue (fallout) in those bottles was rinsed 

with xylene into 40-ml centrifuge tubes with a limit of 10 grams of fallout per 

tube. After the second wash with xylene, the tubes were oven-dried overnight 

at 90' C. Aliquots of the supernatant xylene from the most active sample from 

each DT a rc  and grid were evaporated to dryness and counted to determine if 

any fallout had remained suspended in the xylene. 

Samples from stations near the CS I1 bunker were covered with several inches 

of throwout from the earth cover of the bunkers. At the NRDL processing facility 

this throwout was allowed to slide off the collectors into an aluminum-lined trough, 

whence it was transferred to 1-liter, screwcapped, widemouthed bottles. The 

identifying letter " (a)" was suffixed to the sample designation number (e.g., 

CS 11-BL-10(a)), and the sample was carried through the sample processing and 

analytical sequence separately from samples similarly marked " (b)" (e.g., 

CS n-BL-lO(b)), which designated the material recovered by washing and cen- 

trifuging with xylene as described above. 

When counting, weighing, and sieving were completed, the samples from each 

event were divided into three groups: one was delivered to Project 5.la for inclu- 
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slon in the Roller Coaster sample pool with the samples from all the other proj- 

ects, one was sent to NRDL, and one was divided between Projects 2.6a and 5.la. 

Before leaving TTR, all samples were sealed in 40-ml centrifuge tubes with 

No. 5 rubber stoppers. Masking tape was then placed around the lip and the 

sealed tube slipped into a 100-ml Lusteroid tube which, In t u n ,  was sealed with 

a No. 6% stopper. 

The 1-liter bottles (a maximum of 600 grams per  bottle) containing the large 

CS I1 throwout samples were sealed in plastic bags and wrapped with packing 

material before being boxed and shipped. 

Samples to be retuned to NRDL were carefully packed to prevent tlpplng. 

This was fortunate because it was later discovered that the pouring spout aI- 

lowed a little leakage from the centrifuge tube into the Lusteroid tube if the 

tubes were inverted. No leakage from the Lusteroid was detected, however. 

A better sealing technique was developed after the operation was over. The 

sloping sides of a No. 5 rubber stopper were lightly wetted and the large end 

forced into the tube until it was below the pouring spout. Added security from 

leakage was obtained by filling the void between the upper, narrow end of the 

stopper and the glass tube with melted deKhotinsky cement or by wrapping the 

stoppered end with tightly stretched Parafilm. 

2.6.2 Sample Weighing. The entire fallout sample from each station was 

weighed. Small samples were transferred to tared weighing paper and weighed 

on the analytical balance (accurate to *0.0005 gram). Large samples were 

weighed in a tared scoop on the high-speed balance (accurate to *0.005 

gram). 

2.6.3 Gamma and X-Ray Counting. A 10-minute background count was taken 

every 2 hours, and two 1-minute counts of background and plutonium standards 

were made after every tenth sample. The average of all background and stand- 

ard counts is shown in Table 2.2. 

Each sample, or  representative fraction thereof, counted at TTR was con- 
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tained in a 40-ml glass centrifuge tube that was, in turn, enclosed in a protective, 

unbreakable Lusteroid test tube. No tube contained more than 10 grams of ma- 

terial. .. Two l-minute counts were recorded for each sample, and the mean of 

these two counts was used thereafter. 

Samples counting more than 500,000 cpm were split, and the parts were 

counted separately to eliminate coincidence corrections. Samples weighing 

more than 10 grams were split to reduce geometry corrections. The total ac- 

tivity of the sample was obtained by adding the activities of the individually 

counted fractlons. 

It was not physically possible to determine the activity of large throwout 

samples from stations near the CS I1 bunker because this would have required 

an inordinately large number of 10-gram aliquots. Instead, a sample, a s  rep- 

resentative a s  possible, was weighed and counted, and the activity of the total 

sample was calculated therefrom. 

The plutonium counting and calibration standard was prepared from a solution 

made up to contain 105 pg of PuZ3' per  cc from a 17.O-mg/cc nitric acid stock 

solution. This plutonium was not a sample of the plutonium used to fabricate the 

RC devices. One cc of solution was pipetted into a 40-ml centrifuge tube and 

evaporated to dryness a t  85' C. The tube was sealed with a rubber stopper and 

deKhotinsky cement and inserted into an unbreakable Lusteroid test tube. The 

counter response at TTR to this standard is shown in Table 2.2. 

The plutonium content of a fallout sample was easily calculated as shown: 

Pu  content of 
fallout sample activity (cprn) of standard sample (cpm) 

- Pu content of standard (105 pg) activity of fallout 

There were no corrections made for sample geometry (except to limit sample 

size to 1 0  grams) or for any possible self-absorption. 

- 

2.6.4 Dry-Sieve Analysis. The 3-inch sieves, used for all sieving operations, 

functioned properly only for samples of less than 10 grams; hence, samples 

weighing less than 10 grams were dry-sieved in their entirety. Samples weigh- 

ing more were represented by aliquots. 
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Each sample selected for sievlng was counted and weighed and poured onto 

the top (24-mesh) sieve of the nest. Samples containing mesquite branches and 

chunks of concrete or rocks were passed through a 5-mesh (4-mm) sieve to 

remove material that was awkward to handle and was obviously not fallout. This 

was the only pretreatment of any samples. The joint between each sieve maklng 

up the nest of five was sealed with maskhg tape to prevent an aerosol belng gen- 

erated durlng sieving. The nest was inserted into the Ro-Tap and sieved for 

20 minutes. 

- 

After sievlng, each fraction was brushed onto a sheet of weighing paper, 

weighed, poured Into a 40-ml centrifuge tube, and counted. The sample was 

then reconstituted in a slngle tube. 

On rainy days when the relative humidity was above the usual 10  to 20 percent, 

all samples and sieves were dried at 110. C immediately before sieving. 

2.7 ANALYTICAL PROCEDURES AT NFiDL 

2.7.1 Gamma and X-Ray Counting. Calibration standards were made up in 

40-ml centrifuge tubes to contain various known amounts of Roller Coaster plu- 

tonium, purified Pu2", and purified Am"'. (See Table 2.5 for analysis of Roller 

Coaster plutonium.) A series of samples of each of these isotopes was mixed 

with various weights of soils to provide data on self-absorption and sample 

geometry. To prepare these soil samples, predetermined volumes of dilute 

acid, that would just be absorbed by the soil without leaving a supernate, were 

added to the tubes before the soil. 

Each liquid standard was counted, the soil was added, the mixture dried at 

85' C, and the sample recounted. There was no difference between these two 

counts. It was, therefore, concluded that the water in the moist samples did 

not absorb any of the radiation, and that the distribution of the activity was not 

changed during drying by migration through capillary action. 

A s  at TTR, samples weighing over 10 grams or counting more than 500,000 

cpm were split into fractions weighing or  counting less than these maxima to 
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overcome e r r o r s  from geometry and coincidence. 

2.7.2 Pulse-Height Analyses of Gamma and X-Rays.’ The TMC 400-channel 

pulse-height analyzer was calibrated with standards (described in Section 2.7.1) 

to yield the maximum response for both the 17-kev PuZm X-ray and the 60-kev 

Amz4‘ gamma ray. The analyzer was adjusted to have the 17-kev and 60-kev 

photopeak maxima appear in Channels 48 and 126.5, respectively. 

The locations of the photopeak maxima were shifted by count rate and instru- 

ment instability. It was, therefore, necessary to briefly scan each sample to 

determine the adjustments of the photomultiplier and baseline potentiometers 

required to cause the peaks to fall within Channels 47 to 49 and within 125.5 to 

127.5. The sample was counted for a s  long a s  necessary (with a limit of 40 

minutes) to obtain an accurate count. 

There is a small contribution to the count rate of the low energy peak from 

the 19-kev Am’“ X-ray which shows up a s  a shoulder on the right side of the 

17-kev Puzsa peak a s  seen in Figures 2.16 and 2.17. It is obvious from these 

figures that the 52-kev PuZ” gamma ray does not contribute a significant amount 

of activity to the Amzai peak. 

2.7.3 Wet-Sieve Particle-Size Analyses. Four samples from each event that 

had been dry-sieved and recombined at TTR were returned to NRDL for wet- 

sieving. Each sample was transferred from its 40-ml centrifuge tube to a 325- 

mesh sieve and washed with a stream of water until the water passing through 

the sieve into the collecting beaker was clear. A Schallfix sonic vibrator was 

attached to the sieve to decrease the volume of water and the time required for 

each sample. The screen and the + 44-fi fallout retained on it were dried at 90’ 

C and the fallout recovered, weighed, counted, and dry-sieved. 

was then weighed and gamma-counted. 

Each fraction 

The water containing the -44-p material was centrifuged and the supernatant 

liquid separated, evaporated to dryness, and gamma-counted. The -44-p fallout 

material was counted, dried, and weighed. 
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The -44-p material from two samples from each event was subsequently 

sieved through a series of 40-, 30-, 20-, and 10-p micromesh sieves. Thls 

procedure was somewhat more difficult and tedloua than using the 325-mesh 

sleve because of the very slow flow rate. Vacuum was contraindicated because 

it caused clogging. Hand tapping and the Schallflx did not help. The time re- 

quired was drastically reduced by employing ultrasonic energy. The -44-p 

material was washed from its 40-1111 tube onto the top surface of the 4 0 - ~  micro- 

mesh sieve. The sieve was set into a beaker containing enough water to just 

cover the surface of the screen and to provide liquid coupling between the trans- 

ducer and the particles. The beaker was set into 3 inches of water in the ultra- 

sonorator tank. A stream of water was directed from a wash bottle into the 

sieve. A s  the water level rose in the beaker, the sieve was judiciously raised 

so that coupling was maintained, but water did not flow over the edge of the 

sieve back into the sieve. 

After about 3 minutes, the sieve was removed and placed in a clean beaker, 

and the procedure repeated twice. No material was observed to pass through 

the screen in the third beaker. The wash water and the -40- material was 

similarly and sequentially passed through the 30-, 20-, and 10- sieves. The 

water was separated from the -10-p material by centrifugation. The sieves 

and their contents were dried and the contents recovered, weighed, and counted. 

The water was  evaporated to dryness and counted. 

The photomicrographs which appear in Appendix G were taken to qualitatively 

evaluate the efficiency of wet-sieving. 

2.7.4 Solubility and Ion Exchange of Plutonium. DT Samples AH-06, AH-07, 

BK-09. and BL-09 were selected a s  sources of fallout for these stations because 

of their high speclflc activity. Each sample was dry sieved through 200-mesh 

(74-p) sieves. The + 200-mesh material from all four samples was mixed to- 

gether and 1.0000-gram aliquot6 placed into 40-ml centrifuge tubes. These 

were gamma-counted and then mixed with 10 cc of liquid and, if appropriate, 

with 10  grams of -325-mesh (-44-p) hlghly absorptive montmorillonite clay 
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(see Table 2.3). Agglomerates were easily dispersed by manual stirring. 

After standing for the designated length of time (1 day to 1 month), the sam- 

ples were gamma-counted aud separated. The fallout was easily separated from 

the supernatant liquid by centrifugation. The clay was separated from the fallout 

in the water-plus-clay sample by washing it through a 250-mesh (63-p) sieve. 

The clay was then separated from the water by centrifugation. The separated 

fallout, clay, and water were placed in an oven untll dry, and then all three 

fractions were counted and analyzed on the TMC. 

The extra 1-day water sample in Table 2.3 was sieved and centrifuged as it 

it had contained clay. This was done to determine whether the activity observed 

in the clay of the water-plus-clay sample was due to ionic transfer of the pluto- 

nium from the fallout to the clay or whether it was due to fine particles of pluto- 

nium oxide being washed through the sieve with the clay. The -200-mesh (-74-p) 

fallout material from the four sieved DT samples was combined inta 1.0000-gram 

aliquots. They were counted, mixed with liquid as shown in Table 2.4, and gen- 

erally treated as described above for the + 200-mesh material. Clay was not 

used here, however. because there was no way to separate the clay from the 

fallout. 

2.7.5 Density Separations. One-gram or half-gram aliquots of fallout sam- 

ples from each event were counted and mixed with 20 ml of Clerici solution in a 

40-ml centrifuge tube until agglomerates were dispersed, and the fallout was 

thoroughly wetted. The tube was centrifuged for 20 minutes, and the suspension 

was restirred to disperse any agglomerated material. The sample was then 

centrifuged for 1 hour and allowed to stand overnight. 

The contents of the tube were frozen by immersing the tube in liquid nitrogen. 

The tube was warmed slightly under running water and the frozen cylinder slid 

out, leaving about 1 cc of frozen solution that contained the fallout material with 

a density greater than 4.30. This retention was fortuitous and obviated handling 

and cutting the frozen liquid into two sections. 

The tube was then reimmersed in liquid nitrogen to resolidify the material 
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remaining In the bottom. The tube was then Inverted, and the inner walls rinsed 

with distilled water. The rinse water was allowed to run into che beaker contain- 

ing the major portion of tbe sample. 

After the two portions were thawed, they were filtered through Millipore fil- 

ters and the recovered density fractions were gamma-counted. 

2.8 NEUTRON-ACTIVATION ANALYSES 

Samples sent to GA for neutron-activation analysis were all counted, welghed, 

and analyzed on the 400-channel TMC first. Representatives of every type of 

eample obtained or processed by Project 2.6a were included, as shown below. 

1. TTR background soil. 

2. Sieved fractions of DT BM-09. 

3. Separated solid material from water and water-plus-clay leach samples. 

4. Purified Puzsa. 

5. Purified AmU'. 

6. 

7. 

8. 

Mixture of 4 and 5 in same proportion a s  in device plutonium (see Table 2.5). 

Mixture of 4 and 5 (as in 6) plus TTR soil. 

Evaporated solution of 99.80 weight percent U2% and 0.20 weight percent 

UZs6 as a calibration standard (see Table 2.5). 

9. 

10. Mixture of 8 and 9. 

11. Roller Coaster plutonium mixed with TTR background soil. 

12.  Roller Coaster fallout samples or aliquots of samples from each event. 

General Atomic was requested to analyze the above samples (as appropriate) 

for Amz4', PuZsa, Uz9s, and U235. The general analytical procedure was outlined 

to GA who devised the specifics and performed the analyses. CA was furnished 

with order-of-magnitude estimates of the Puzsa content derived from NRDL count- 

ing data. This effected a saving of time and money by allowing irradiation times 

to be adjusted to yield samples whose activities were within a reasonable range. 

Evaporated solution of Roller Coaster device plutonium. 

Samples received by GA were first weighed and then counted directly on the 

400-channel pulse-height analyzer to determine their Am2" content. The area 
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under the 60-kev photopeak of Am"' was compared with that of the h o w  ameri- 

cium provided by NRDL. Several standards were prepared so that a mathematical 

correction for sample geometry was not required to obtain the Amu' content of 

fallout samples. ' 
The U2" and PuZsa content of samples was obtained by first irradiating fallout 

and background soil samples and standards of U2% and PuZm in the pneumatic tube 

of TRIGA Mark I reactor for about 1 minute at a thermal neutron flux of 3.5 x 10" 

n/cm2/sec. 

The U2" content of the sample was estimated by comparing the 105-kev photo- 

peak of 2.3-day NpZSs with that of the known U2" standard. NpZs8 is the daughter 

of 23.5-minute UZsa, the activation product of U2". From the amount of U2" pres- 

ent in the sample, the Uzs6 present was calculated on the basis of the natural 

uranium present in the soil and from information supplied by NRDL on the iso- 

topic content of the depletalloy used to fabricate the devices. 

Following irradiation, the sample was allowed to decay approximately 2 weeks, 

then counted in a 3- by 3-inch well-type NaI crystal detector to determine the 

size of the 1.60-Mev La"' photopeak. From the calculated amount of UZs6 present 

and the known yield of La"' from 1-minute activations of UZs6 and Pu2'' standards, 

the 1.60-Mev photopeak was resolved to give the quantity of PuZse present in the 

sample. 

The description of the analytical procedure was furnished by Mr. H. R. Lukens, 
General Atomic. 
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Event Time a t e  Wind Wind Temperature 
Speed Shear Inversion 
at GZ 

(hots) (degrees) ( O C )  

Double 0255 15 May 11 25 2.5 a t  500 ft 
hacks  1963 

Clean 0417 25 hgy 12 almost 5 a t  600 ft 
Slate I 1963 none 

C l e a n  0347 3 1 & ~  6 40 2 a t  ym ft 
Slate 11 1963 

TABLE 2.2 RESPONSE OF GAMMA COUNTER AT TTR 
TO NON-ROLLER COASTER PLUTONIUM STANDARD 

~ ~ 

Response 
DT cs I cs I1 

105 pg PuZs (cpm per pg of PuZsa) 900 886 944 

Background (cpm) 1,020 1,060 1,050 
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TABLE 2.3 LEACHlNG TEST SCHEDULE FOR EACH 
COMBINATION OF LEACHING MEDIUM, 
TIME AND FALLOUT (+'74y Materlnl) 

mer of samp l ee  
One W One Week One Month 

10 ml vater 2 1 1 
10 ml weter + 1 1 1 
10 g clay 

10 ml of 1% 1 1 1 
&VUE solution(a) 
K J m l O f  o.mHc1 1 1 1 
10 nl l  Of 0.1 A NaoH 1 1 1 

(a) Onrus is an industrial version of Tide, mnufactured by 
Proctor and Gamble. 

TABLE 2.4 LEACHING TEST SCHEDULE FOR EACH 
COMBINATION OF LEACHING SOLUTION, 
TIME AND FALLOUT (-74- Materm) 

Liquid Mer of Semples 

One my One Week 

10 m l  water 1 
1 

10 m l  of 0.W HC1 1 
10 m l  of 0.m ASOH 1 

10 ml Of 1% o m  
solution 

1 
1 

1 
1 

40 
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TABLE 2.5 ANALYTICAL(a) AND OTHER PERTINENT DATA ON 
ROLLER COASTER URAMUM AND PLUTONIUM BAMPLES 

,238' b)  &241( ,239-240' b ) ( c )  
Isotopic Analysis of Plutonium 

(Batch Number 63-UK-lO3-RC) 
Sample sent t o  NRDL (Wt 4)  ( W t  8)  ( W t  $1 

0.0040 0.0234 > 9 9  

Chemical Analysis of Plutonium Plutonium 
Sample sent t o  NRDL (g h / g  of metal sample) 

0.9883 

Mass Spectrometric Analysis of 238 239 240 241 242 

(atomic percent) 0.00 97.35 2.42 0.13 0.00 
Plutonium sample sent t o  NRDL 

U234(b) ,235(c) ,238( b) 
I s o t o p i c  Analysis of Uranium 

( W t  $1 (Wt 4)  (Wt $1 
< 0.001 0.21 99 
0.001 0.22 99 

,235 ,238 

0.17 99.83 
0.15 99.85 

Mass Spectrometric Analysis of 
U r a n i u m  (atomic percent) 

um t o  Plutonium Double Tracks Clean Sla te  Clean Slate  
(by weight ) No. 1 No. 2 

Ratio of Fu239 t o  U 23 5 4.35 47.2 
24:l 11: 1 

100.4 
5:1 

Analytical data obtained from Reference 10. Data declaeslfied by message from 
Commander, Field Command, DASA, to Roller Coaster personnel, message No. 
0316122, dated 3 February 1963. Americium determination made on 1 May 1965. 
By alpha spectrometry. 
By gamma spectrometry. 
Unclassiff ed uranium to plutonium weight ratios originally sent by Commander, 
Field Command, DASA, to Roller Coaster personnel, message No. 2800032. 
dated 28 July 1964. These ratios, shown here, are modified somewhat from 
previous values and are quoted from a 19 January 1965 memo from H. E. Menker 
to the Roller Coaster Evaluation Team. 
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Figure 2.1 Project 2.6a analytical and sample processing 
facilities at TTR. (DASA-135-9-TTR-63) 

Figure 2.2 Large area particulate fallout collectors 
(aluminum collectors) being retrieved. (DASA-135- 
19-TTR-63) 
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Figure 2.3  Fallout and petrolatum being rinsed from aluminum 
collector with xylene spray. (DASA-135-24-TTR-63) 

Figure 2.4 Inside sample processing facility. 
(DASA- 135-1 8 -TTR-63) 

43 



, -  

Figure 2.5 Forty-ml centrifuge tube enclosed in a 100-ml Lusteroid 
test tube showing 1 0  grams of fallout. (NRDL photo) 

Figure 2.6 400-channel T M C  pulse-height analyzer. (NRDL photo) 
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Figure 2.7 Ro-Tap sieve,  shaker,  and 3-inch-diameter sieves 
used in dry-sieve particle-size analyses. (NRDL photo) 

Figure 2.8 Sonic vibrator and ultrasonorator for 
wet-sieve particle-size analyses. (NRDL photo) 
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Figure 2.9 Separating fallout into density fractions. (NRDL photo) 

Figure 2.10 Preparing station to receive fallout collectors. 
@ASA-135-13-TTR-63) 
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Figure 2.11 Station marker with blinker. 
(DASA-112-16-TTR-63) 

Figure 2.12 Loading marked fallout collectors into t rans-  
portation box aboard truck. (DASA-135-12-TTR-63) 
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Figure 2.13 Large area aluminum fallout collectors in 
transportation box on D-1. @ASA-139-21-TTR-63) 

Figure 2.14 Measuring activity on fallout collector during 
recovery with an Eberline P A C  3G alpha survey instrument. 
(DASA-13 5-2 1 -TTR- 6 3 )  
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Figure 2.15 Alpha survey points on fallout collectors. 
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CHANNEL NUMBER 

Figure 2.16 Typical gamma and X-ray spectra of purified Am'", 
purified PuZs0, and Roller Coaster fallout. 
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Figure 2.17 Gamma and X-ray spectra of 
Roller Coaster plutonium standards. 
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CHAPTER 3 

RESULTS AND DISCUSSION 

3.1 FALLOUT COLLECTOR ARRAY 

The location and station numbers of the aluminum fallout collectors exposed 

by Project 2.6a a r e  shown in Figures 3.1 through 3.3. Two 4-foot-square col- 

lectors were placed a t  each station except for the DT event where four collectors 

were placed at each station on “B”, 

were at 2,500-, 3.750-, and 5,000-feet downwind from ground zero. 

“ C”,  and “D” arcs ,  which, respectively, 

3.2 ALPHA SURVEY OF ALUMINUM COLLECTORS 

Every collector within the fallout area designated by Program 2 was monitored 

at two points. Those which exhibited at least 100 cpm alpha activity were recov- 

ered and are  so indicated in Figures 3.1 through 3.3. 

The alpha contamination isocontour lines, determined by Project 2.5 (Refer- 

ence 3), are  superimposed on the above figures and show that the locations of 

the Project 2.6a samples coincided with the fallout pattern. 

The alpha monitoring data obtained by Project 2.6a for each pair of aluminum 

collectors a re  shown in Appendix C. These data can be combined with the reduced 

plutonium analytical data to help in solving the problem of correlating alpha instru- 

ment readings, in cpm, with the magnitude of a plutonium deposit, in pg/m2. 

There is, however, no way to correlate alpha readings with the amount of de- 

posited plutonium when the deposit is a s  deep a s  2 inches (or more) a s  occurred 

on the near collectors a t  CS 11. Here, some form of gamma counting is the only 

practical procedure for estimating the amount of plutonium present, and the gam- 

ma-counting method used by Project 2.6a (see Section 2.6.3) provided a fast and 

meaningful estimate of the amount of plutonium present. 

Each collector was also monitored immediately before and after the fallout 
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was removed from it. These results a r e  tabulated in Appendix C also and show 

that very little residual plutonium remained on the aluminum surface of the col- 

lectors, usually less  than 400 cpm. 

with xylene did not decrease the residual readings. 

Wiping the surface with a Klmwipe moistened 

3.3 MASS, GAMMA ACTIVITY, AND PLUTONIUM CONTENT 
OF FALLOUT SAMPLES 

The mass of the sample collected at each station is shown in Appendix D and 

represents the weight of fallout plus that of inert desert sand blown onto the col- 

lector. It was estimated that as much a s  20 grams of this background soil may 

have been mixed with the fallout at a station: hence, mass and mass distribution 

data may not be representative of fallout, per  se. The plutonium content was 

calculated from the observed gamma activity for each sample, corrected for 

self-absorption and sample geometry. The mass-of-fallout-per-square-meter 

and the mass-of-plutonium-per-square-meter a re  also shown in Appendix D. 

The counting data taken at TTR and presented in Reference 3 were not cor- 

Furthermore, the conversion rected for self-absorption or sample geometry. 

of cpm to p g  of plutonium was made by comparing the count rate of a sample 

with the count rate of a sample of non-Roller Coaster plutonium that was not 

used in preparing the Roller Coaster devices. To obtain a better estimate of 

the plutonium present in each sample. the TTR counting data were first nor- 

malized to correspond to the operation of the counter at NRDL. This was done 

through factors obtained from data on samples and standards counted at TTR 

and at NRDL. Thus, TTR DT counting data were normalized by multiplying by 

1.09, CS I data by 1.10, and CS I1 data by 1.05. 

The effect of self-absorption and sample geometry on the gamma-counting 

rate of samples was determined from a ser ies  of standards, each a mixture of 

different amounts of background soil and RC plutonium. The counter response 

data for these standards a re  shown in Figure 3.4. The count rate of each fallout 

sample, normalized a s  explained above, was divided by the appropriate factor, 

cpm/lg of PuZs8, from Figure 3.4 to obtain its plutonium content. For samples 
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weighing less  than 1 gram, the correction factor of 900 cpm/pg was Used; for 

samples between 1 and 2 grams, 860 was used; for samples between 2 and 5 

grams, 820 was used; and for samples between 5 and 10  grams, 780 was used. 

No samples over 10  grams were ever counted. 

The lower limit of detectlon of this method was about 0.5-pg PuZae. 

The total plutonium and total mass for  the near-in CS I1 stations can be ob- 

tained by adding the values for the (a) and @) material. The (a) or nonadherlng 

material was that which slid off the collector when tipped, and the @) or adher- 

ing material is that whlch was retained by the petrolatum. 

The 30-percent-greater specific activity of the @) material for CS Ll BL-10 

and the 100-percent-greater specific activity of the (b) material for CS I1 A-030 

a s  seen in Table 3.9 may possibly be explained if it is assumed that the adhering 

(b) material, containing a greater percentage of plutonium, was more dense and 

was deposited on the collectors before the nonadhering (a) material. 

3.4 GAMMA ACTIVITY IN XYLENE 

The total activity leached by the xylene used to process the most active DT 

fallout samples was calculated from that in the evaporated residues of 100-ml 

aliquots. These data a re  tabulated in Table 3.1 and show that less  than 1 per- 

cent of the activity of a sample was found in the xylene. It did not appear nec- 

essary to continue these checks for the other two events. 

3.5 DISTRIBUTION OF MASS AND GAMMA ACTIVITY 
AMONG PARTICLE-SIZE FRACTIONS 

The percents of mass and gamma activity associated with each particle-size 

fraction for the samples that were dry-sieved at TTR a r e  shown in Appendix E. 

(The gamma counting data were not corrected by the factors given in Section 3.3.) 

Similar data for samples that were returned to NRDL and wet-sieved are  shown 

in Appendix F. The cumulative percents of mass and gamma activity associated 

with particles less than each sieve size a re  tabulated and shown graphically in 

these appendixes also. 
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The data in Appendixes E and F are  summarized in Tables 3.2 and 3.3, where- 

in the particle sizes for the 50th percentile of mass and activity a r e  shown. (The 

data on mass of fallout is subject to some question, a s  explained in Section 2.5.1.) 

The data show that, for samples from corresponding arcs  in different shots, the 

order of ascending particle size associated with the 50th percentile of activity 

among the three events was CS 11, DT, and CS I. The data also show that there 

is a decrease in active particle size with increasing downwind distance. There 

does appear, however, to be an increase in active particle size for DT out to 

Grid BM, after which it decreases. 

The distributions of mass and activity by wet and dry sieving for the same 

samples a re  almost identical. This was somewhat surprising since it is  usually 

assumed that wet sieving is much more efficient for particles below 7 4 p  in diam- 

eter. For RC fallout, however, this assumption did not hold. 

Photomicrographs of the wet-sieved fractions of DT D-050 are  shown in 

Appendix G. These were taken to determine the effectiveness of the wet-sieving 

procedure to separate particles into discrete ranges and show that separation 

was quite complete. 

The plutonium and americium contents of particle-size fractions of DT 

BM-09, as  determined by gamma spectral analyses (Appendix H)  and plutonium 

and uranium content a s  determined by neutron activation (Appendix I) a r e  given 

in Table 3.4. The Am/Pu ratio is constant, showing that no fractionation oc- 

curred, and that determining PuZ3' by measuring the 60-kev Am2" photopeak 

activity is valid. The U23B/Pu23a ratio was not constant however, indicating that 

fractionation of these two isotopes among different particle sizes did occur. 

Consequently, in any contemplated use of UZsB a s  a tracer for PuZ3', the possi- 

bility of fractionation with particle size must be recognized. 

3.6 GAMMA AND X-RAY SPECTRAL ANALYSES 

Pulse-height data for samples from each event appear in Appendix H. One 

photopeak reflects the activity of the 17-kev X-ray of Pu2", and the other arises 

from the activity of the 60-kev gamma ray of the Amz4' daughter of Pu2". Amu' 
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was present in RC plutonium on 1 May 1963 to the extent of about 0.025 percent 

(see Table 2.5). The response curve of the pulse-height analyzer to RC stand- 

ards is shown in Figure 3.5, wherein the observed activity of the 60-kev gamma 

photon of Am"' is related to the known PuzJ8 content of RC standards. (These 

were the same standards used to derive Figures 3.4 and 3.6.) This curve was 

then used to convert pulse-height data into plutonium content. A s  with the gross 

gamma method, the lower limit of detection of this method is about 0.5 fig of 

pu23a. 

The plutonium content of samples could not be derived directly from the 

activity observed in the 17-kev PuZs8 X-ray photopeak under the conditions em- 

ployed because this low energy X-ray was too greatly affected by small changes 

in the sample mass. If the 17-kev activity is to be used a s  a direct measure of 

P U ' ~ ~ ,  it will be necessary to employ a different sample container and geometry. 

Gamma spectral analyses for plutonium under the conditions used by Project 

2.6a required that analyzed standards of the device material be available or that 

the PuZa to Amz4' ratio be known so that counting standards could be prepared. 

It also required that the Amz4' and Puzsa not be fractionated either during or 

after the event. No evidence of fractionation was observed in the RC samples 

(see Table 3.4). The method, however, was faster and cheaper than neutron- 

activation o r  radiochemical analyses and provided results that were in reason- 

able agreement with the latter two methods (see Section 3.10). The total gamma 

counting method, although faster, was not quite a s  accurate a s  the spectrometric 

method because the discriminator of the gamma counter was adjusted to register 

the low energy 17-kev Pu23s X-ray. 

reject photon energies below 30 o r  40 kev, thereby counting only the 60-kev 

Amz4' gamma ray, will make the gamma counting method as accurate a s  gamma 

spectrometry. 

Raising the level of the discriminator to 

The americium contents of samples were determined from the response to 

the Amz4' 60-kev photopeak, a s  shown in Figure 3.6, and a r e  reported in Appen- 

dix H. These values a re  comparable to those determined by GA, except that the 
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GA values inexplicably averaged 30.0 * 8.6 percent higher than those obtained by 

NRDL on the same samples. 

3.7 NEUTRON-ACTIVATION ANALYSES 

The analytical results of the neutron-activation analyses of samples reported 

by GA appear in Appendix I. The results for known samples, in Table 1.1, aver- 

aged 113 f 14 percent of the known plutonium and 84 percent of the known urani- 

um content. They show uranium to plutonium ratios consistent with those in the 

initial material (see Table 3.5). 

The neutron-activation procedure requires that the contribution from the U235 

FP to the total activity in an irradiated sample be known. The uranium content 

of a sample is obtained from the 2.3-day NpZs8 which results from the neutron 

capture by U2%. 

of U2"/UZs6, the contribution of the activity from U2s6 FP to the total activity can 

then be calculated and subtracted to yield the activity due to Pu2" FP. 

From a known, calculated, or  experimentally derived ratio 

The analyses for Pu2" can be done for approximately $40 per sample and is 

nondestructive. It is entirely instrumental and eliminates e r rors  incurred by 

chemical separation. It has the advantage of not requiring that the Pu/Am ratio 

be known o r  constant. The lower limit of detection is about 0.005 pg, which is 

lower by a factor of 100 than the gamma counting methods. 

The data in Table 1.2 show that neutron activation for uranium in uncontami- 

nated background soil samples yielded results that fell within the range of 1 0  to 

20 pg/g. It is obvious from the uranium and plutonium data in Tables 1.2 and 1.3 

that the Pu239 to UZs5 ratio for any sample was less  than 5 to 1. This is the ratio 

for the source material in CS 11. 

were 24 to 1 and 11 to 1, respectively (see Table 2.5). It is  also obvious from 

the tables in Appendix I that natural uranium comprised less than 16 percent of 

the total uranium in any sample. These facts lead to the obvious conclusions 

that natural background uranium can, for all intents and purposes, be ignored 

and that less than 20 percent of the Laido observed in irradiated samples came 

from U235, either natural o r  depleted. It is interesting to note, however, that 

The ratios for DT and CS I source material 
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there was a considerable variation in the uranium content of dlfferent partlcle- 

size fractions. 

3.8 SOLUBILITY AND ION EXCHANGE OF PLUTONIUM 

The gamma counting results of solubility and ion-exchange studies a re  shown 

in Tables 3.6 and 3.7. Water, Orvus, and sodium hydroxide did not dissolve any 

appreciable amounts of plutonium from fallout, whether they were in contact for 

1 day or 1 month. The 0.1 N hydrochloric acid. however, dissolved between 2 

and 2 3  percent and the fraction dissolved was directly related to contact tlme. 

Furthermore, HC1 surprisingly appeared to be more effective in dissolving 

plutonium from + 74-p particles than from -74-p particles. 

Approximately 6 percent of the activity transferred from + 74-p fallout to 

montmorillonite clay whether time of contact was 1 day, 1 week, or  1 month. 

One might logically assume that the activity in the clay resulted from very 

small active particles that were washed through the 250-mesh (63-p) sieve with 

the clay when the clay was separated from the + 74-p fallout. The data from the 

I-week water sample that was washed and treated as if it had contained clay 

showed that only 0.6 percent of the activity appeared in the wash water. It must 

be concluded, therefore, that the activity of the clay did not result from small 

plutonium-bearing particles being washed through the sieve with the clay but by 

some other mechanism. 

It is unfortunate that no pulse-height analyses were made of the leach sam- 

ples, particularly of HC1 or clay leach samples, to ascertain if fractionation of 

Am2" and PuZ3' occurred with the transfer of gamma activity to the clay or HCl 

solution. Neutron-activation analysis for uranium and plutonium in clay after 

separation from the + 74-p portion of the composite DT leach sample (Sample 

No. 104,  Table 1.3) showed that the uraniudplutonium ratio was 28.5. 

ing this to the DT ratio of about 4.4 (Table 2 . 5 )  indicates that uranium was pref- 

erentially absorbed by the clay. 

were obtained. 

Compar- 

No other fractionation data on leach samples 
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3.9 DISTRIBUTION OF ACTIVITY BETWEEN FALLOUT PARTICLES 
WITH DENSITY LESS THAN, AND GREATER THAN, 4.30 

The relative activity in the two separated density fractions from one fallout 

sample from each event is shown in Table 3.8. 

The DT AH-06 sample was sieved into + 74-p and -74-g fractions, each of 

which contained approximately 50 percent of the activity of the sample. Twelve 

percent of the activity was associated with the more dense fraction of the + 74- 

material, while 41 percent of the activity was found in the more dense fraction 

of the -7471 material. Since the total activity of the sample was nearly evenly 

divided between the two size fractions, it was possible by simple arithmetic to 

derive that 27 percent of the activity was associated with the more dense mate- 

rial for the unsieved sample. This can be compared to 1 percent for CS I BM-06 

and 23 percent for CS II B-030. 

One might logically assume that a greater fraction of activity should be asso- 

ciated with the more dense portion of the DT and CS I samples than for the one 

from CS II. Low density desert soil over the CS II bunker could have acted as 

a scavenger for the high density plutonium oxide4, whereas the DT and CS I 

explosions were relatively free of such low density material. This assumption 

is not borne out by the data which, unfortunately, were obtained from only one 

sample from each event. 

In all cases the more dense fraction was black, contained less  than 5 percent 

of the mass of the sample and, because of its magnetic properties, was assumed 

to contain a large proportion of magnetite, density 5.2, which is present in small 

amounts in the background (Nevada) soil. 

3.10 ALIQUOTING DRY ROLLER COASTER SAMPLES 

During the analytical phase of Operation Roller Coaster, concern was ex- 

pressed by the Scientific Director, representatives of some of the Project 5.21 

5.3 contractor laboratories, the Chairman of the Referee Team, and others, 

* The density of quartz and feldspars is about 2.6 a s  compared to 11 for pluto- 
nium oxide. 
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that aliquots of a dry sample might not be representative of the sample a s  a 

whole. 

Project 2.6a separated some fallout samples (from aluminum collectors) into 

aliquots with no effort being made to obtain representatlve aliquots; these sepa- 

rations were made for  the sole purpose of dividing samples into convenient sized 

portions. 

The counting data from these aliquots a r e  shown in Appendix K and are  sum- 

marized in Table 3.9. The data indicate that the activities of the aliquots were 

similar to each other. From this it can be inferred that the aliquots were rep- 

resentative of the entire sample. 

Inspection of the analytical data in Tables 3.10.2 and 3.10.3 shows similar 

agreement among the results for aliquots that were analyzed by several methods. 

3.11 COLLATION OF ANALYTICAL DATA 

Comparisons of results of plutonium analyses performed by different methods 

a re  shown in Tables 3.10.1, 3.10.2, and 3.10.3 and are  summarized in Table 3.11. 

The following ratios between analyses of comparable or identical samples were 

calculated from all available results: 

Gamma Spectrometry Results 
Gamma Counting Results 

Neutron Activation Results 
Gamma Counting Results 

Ratio I 5 

Ratio I1 = 

Radiochemical Results 
Gamma Counting Results Ratio I11 = 

Neutron Activation Results 
Gamma Spectrometry Results Ratio IV = 

Radiochemical Results 
Gamma Spectrometry Results Ratio V = 

The averages of these ratios were calculated from all available results and 

are  shown in Table 3.11. These averages also included data from a set of sam- 

ples that were distributed specifically for the purpose of obtaining correlated 

gamma counting, gamma spectrometric, and radiochemical analytical data. 
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Intercomparisons of the data for the special samples, shown in Table 3.11, were 

very close to those for all samples. 

The following obtains for the data compiled for  all samples. Ratio I indicates 

that gamma spectrometry yielded plutonium results that averaged about 13 * 10 
percent higher than those from gross gamma counting. Ratio I1 seems to indi- 

cate that neutron activation produced results that averaged 20 * 14 percent higher 

than gamma counting. Ratio III indicates that the average results of radiochemi- 

cal analyses were identical with those from gamma counting. Neutron activation 

and gamma spectrometric methods yielded results that were quite close a s  shown 

by Ratio IV, 104 f 8 percent. The comparison that is reflected by Ratio V shows 

that gamma spectrometric results were 84 * 7 percent of the radiochemical re- 

sults. 

It is interesting to note that the gamma spectrometric determinations of pluto- 

nium by H-NSC were very close, 102 * 15 percent of the results obtained by 

gross gamma counting done by Project 2.6a for four samples. A similar com- 

parison of spectrometric results obtained by EIC for ten samples was 91 f 10 

percent. 

There is not a single sample from which a comparison between neutron activ- 

ation and radiochemical results can be obtained. However, it can be inferred 

that, from a comparison of Ratios I1 and 111 in Table 3.11, neutron-activation 

results would be 20 percent higher than radiochemical results. 

The data in this section point out the fact that all analytical methods yielded 

similar results and that, with some modifications in the calibration and correc- 

tion factors used in the nonchemical instrumental methods, these methods can 

easily duplicate the radiochemical results. 
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TABLE 3.1 GAMMA ACTIVITY IN XYLENE USED IN PROCESSING 
DOUBLE TRACK3 FALLOUT SAMPLES 

-le Mal Activity Total Activity Prsction of 
Number in Fallout in Xylene Activity of 

Fallout in 
(cpm x 10-5) (cpm x Xylene 

(pe=nt) 

AH-06 

AJ-07 

E-09 

-09 

BM-09 

A-40 

B-40 

c-060 

D-050 

17 

27 

1.8 

5.2 

9.6 

7.6 

2.4 

1.4 

3.0 

6.3 

6.2 

1.7 

4.2 

6.7 

5.7 
2.0 

1.1 

2.2 

0 . q  

0.23 

0.94 

0.79 

0.70 

0.75 

0.83 

0.78 

0.73 
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TABLE 3.2 SUMMARY OF DRY-SIEVE PARTICLE-SIZE ANALYSES 

b e n t  sample P a r t i c l e  Sine of 50th Percentile 
by Actlvlty 

m e r  
by Mass ( F  ) 

DT AE-06 95 95 
AH-07 a0 100 
AJ-07 45 215 
W-og 46 290 
a o g  70 254 
m-09 50 X)o 
A-q0 56 ll0 
SO70 62 65 
GO60 58 75 
GO70 47 4 4  
now 66 90 
no& 50 65 
no70 52 44 

CSI AH-06 
AJ-06 
BK-08 
BL-07 
EM-06 
-06 
A-030 
B-030 
GO30 
~ 0 3 0  

A-030 

cs I1 PJ-08 

F-030 

BK-10 ( 8 )  

A-030 (a) 
B-030 
c-030 
D-030 
F-030 
A-03 

52 
130 
96 
68 

440 
68 
220 
68 

444 
<44 

76 
130 

100 
94 
78 
44 

220 
1x) 
51 
48 
44 

<44 
<44 

720 
580  
3P 
340 
480 
220 
220 
230 
220 
210 
175 
l l 0  

67 
60 
43 

< 44 
145 
llo 
46 

< 44 
4 4  
< 44 
c44 

63 



TABLE 9.3 SUMMARY OF WET-SIEVE PARTICLE-SIZE ANALYSES 

Particle Size of 50th Percentile 
bv Mass ( u  1 
- 

by Actlvlty 

49 145 
48 145 
59 140 
80 ar 
66 a 
47 
U O  

320 
2m 
200 
125 
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TABLE 3.4 WEIGHT RATIOS O F  AmM' TO Puzs' AND UZs TO Puzm 
FOR PARTICLE-SIZE FRACTIONS O F  DOUBLE TRACKS 
SAMPLE BM-09 

W e n t  Station P a r t i c l e  Am241/m235 $38/,239 
limber Sire 

Fraction 
(Id (Aprll 1964) 

2.3 

4.19 

4 

4 
Im -0g +ZlO 1.87 x 10- 

In reC-09 +lo5 1.92 x 10- 
Im -09 + b 4  1.B X lo-' 38.0 

rn -Dg + 3 0  1.92 X 16.1 

DT 1w-09 + 10 1.97 x 10- 4 5.82 

DT 1w-09 - 10 1.95 x 3.02 

Averege 1.92 + 0.04 X 1 0 - 4  ll.5 + 13.9 

h2'l determined s p e c t m s e t r i c w  at NWL. 
€u239 determined by neutron activation snalysitl. 

I.?38 d c t e d n e d  by neutmn a c t i v a t i o n  Malysia. 

TABLE 3.5 WEIGHT RATIOS O F  Ups TO Puzs' IN FALLOUT SAMPLES 
AND PLUTONIUM STANDARDS (FROM NEUTRON ACTIVATION) (a) 

(b) 
GA Sample Statlon ulM,pu2u Average Nominal Ratlo in 

Number Ratio Inltlal Materlal Event Number 

211  DT B-010 5.34 

212 DT c-010 5.41 

5.40 4.35 

213 cs I BO-06 31.8 

214 cs I C-030 45.2 

38.5 47.2 

210 cs I1 B-030 86.3 

209 cs I1 C-030 90.1 

211 cs I1 F-030 82.1 

86.4 100.4 

(a) From Appendlx I. *) See footnotes for Table 2.5. 
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TABLE 3.6 GAMMA COUNTING RESULTS OF 
+ 1 4 - ~  DOUBLE TRACKS LEACH SAMPLES 

Leach Initial. Activity $ on Activity % In Activity k In 
Media Activity on 6011 Soil InLiquid Liquid In Clay clay 

On Soil After Leach After Leach After Leach 
(Cpm) ( C P )  (CPm) 

&2?% 
H2° 115,300 
5 0  + Clay 163,700 
1% O m s  142,400 
0.U H C l  158,200 
0.M Aa OH 119,500 

1 Week 

138,800 
124,100 

H20 

H2O* 50' Q ~ Y  13,300 
1% orpus 122,100 

0.UHCl 148,100 
0.U Na OH 124,gOO 

1 Month 

H2O log, mo 

1$ orpus 166,400 
H20 + Clay 156,300 

0.U HQ 162 ,m 
0.U Aa OH 134,700 

99.2 
92.4 
98.8 
93.8 
99.7 

99.1 
99.0 
93.0 
98.1 

85.9 
96.3 

100.0 

93.5 
98.9 
77.9 
99.5 

233 
248 

u5 

- 3  
a, 531 

u 3  
704 
682 

19 1 
18,190 

99 

32 
73 

323 
38,000 

134 

0.m 

0.15 10,338 6.32 
0.08 

5.4 
0.0 

0.08 

0.57 
0.50 8,548 6.23 
0.56 

0.08 
12.3 

0.03 

0.05 8,050 5.5 
0.19 

23.4 
0.10 

Sieved and processed as %O + Qay. 

66 



TABLE 3.7 GAMMA COUNTING RESULTS OF 
-74-fi DOUBLE TRACKS LEACH SAMPLES 

Leach Initial Activity $ oa Actiirity rb 
Media Activity on Soil  Soil InLiquld in 

&I 6011 After Leach Afterkach Liquid 
(cpn) (-1 (-1 

LE4 

81,810 99.8 196 0.22 
H2O 
1rborrrus 81,960 
O . U H Q  86,8X, as, 270 98.2 147 5 1.70 

as,700 as, 340 99.6 131 0.15 

O.UI14111aoE 89,790 ar,- 97.7 w 0.54 

1 Week - 
92,700 90,820 98.0 280 0 . 9  "p 

1% h s  90,5b 
0 . U E Q  90,700 86,029 94.8 2990 3.m 
0 . l lPWA &,a3 89,070 99.3 0.21 

as, 5m 98.9 228 0.25 
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TABLE 3.8 DISTRlBUTION OF GAMMA ACTIVITY BEIWEEN FALLOU!I PARTICLES WITX DENSITY LESS THAN,AND GREATER l"l,4.30 

Event Station Sample Sample Initial Activity of Fraction of Activity of Fraction of 
No. No. Weight Activity Portion With Activity i n  Portion With Activity in 

(Grams)  ( c p )  Density More Dense Density Leas Less Dense 
Greater zhan Portion Than 4.30 Portion 
4.30 ( C P )  (Percent) ( cmrm) (Percent) 

DT AH-06 +74 p (4) 0.5 
AH-06 +74 p (5) 0.5 
AH-06 174 p (6) 0.5 

AVERAGE 

DT AH-06 -74 P (1) 0.5 
AH-06 -74 1.1 (2) 0.5 
1511-06 -74 (3)  0-5 

AVERAGE 

AVERAGE OF lW0 S I Z E  FRACITONS 

cs I m-06 1 0.5 
BM-06 2 0.5 
m-06 3 0.5 

55,500 10,200 
62,000 3,200 
76,400 10,400 

159,000 1, 100 

18.4 

13.6 
5.2 

12.4 

52.6 
32.1 
3.lL 
40.9 

26.7 

0.7 
2.0 
0.5 

45,800 82.5 
60,000 96.8 
65,200 85.2 

88.2 

m , m  46.6 
30,500 67 .O 
28,100 2x1 

57.8 

73.0 

1@,gOo 100.9 
159,000 96.6 
176,100 98.1 

AVERAGE 1.1 98.5 

cs II B-030 7 1.0 14,600 2,060 14.1 12 3 700 sr .1 
30.4 13,300 71.6 

AVERAaE 22.7 77.5 

23.6 14,700 73.8 
so30 a 1.0 18,600 5,600 
B-030 10 1.0 19,800 4,700 

Note: In no case ilid the separated Clerici solution and wash water exhibit any activity over background. 



!l!ARLE 3.9 SLMAFX OF GAMMA AWFJITY I N  WWOTS OF DRY SAMPLES 

Event Sample timber of Average Specific 
Mtmber Aliquots Activity in Aliquots - + Standard Deviation 

(102 cpm/g)(l) 

DT plus 7 4 4  16 1334 5 174 (13k) 
(2 )  

leach 
samples 

DT minus 74-p 8 897 2 18 (2.0%) 

CSI AH-06 5 745 2 54 (7.2%) 

(2) 
leach 
samples 

CS 11 BLU)(a) 46 43.7 2 0-7 (1.G) 
CS XI BL-lO(b) l l  58.8 2 0.5 (0.9%) 

CS II A-OW(a) 14 88.5 _+ 1.6 (1.88) 

CS I1 A-OP(b) 7 173 2 3.7 (2.1%) 

Ammrized from Wle K . l  

(2) Mixture of AH-06, AI-07, BK-09 and BL-09 
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TABLE 3.10.1 COLLATION OF PLUTONIUM ANALYTICAL RESULTS, DOUBLE TRACKS 

Ratios (c) 
I I1 111 IV v 

Specific Plutonium Content, fig Pq/g of Sample 
Welght By Neutron By Radlo- ~ 

Sample 

Counting"' Spectrometry'2' Activation'" chemistry(" 
N u d e r  She(') 

AH-05 

AB-06 
AH-06 

AT-04 

AJ-05 

AJ-06 

AJ-01 
AJ-01 
AJ-01 

AJ-08 

BK-01 

BK-08 

BL-07 

BL-08 

BL-09 
BL-09 

BM-08 

BM-09 
BM-09 
BM-09 
BM-09 
BM-09 
BM-09 
BM-09 
BM-09 
BM-09 
BM-09 
BM-09 
BM-09 
BM-09 

-I 
0 

fi g 
12.5 

19.5 
1.000 

4.52 

4.58 

6.00 

4.50 
1.0000 
3.50 

3.05 

3.95 

3.02 

2.45 

2.25 

3.58 
1.0000 

2.40 

3.32 
+ 350 0.0461 
+ 210 0.1510 
+ 149 0.0411 
+ 105 0.1231 

+ 14 0.4617 
+44 0.8811 
-44'" 1.3421 
+ 40 0.2108 
+ 30 0.2699 
+ 20 0.3195 
+ 10 0.2229 
-10 0.2201 

23 

120 - 
2.9 

1.4 

56 

138 - - 
20.4 

1.5 

5.0 

1.6 

11.5 

185 - 
5.8 

358 
1,480 
3,190 
4.260 
1,860 

460 
128 
112 

90 
125 
135 
198 
344 

- 

- 
- 
- 
- 
- 
- 
- 
812 

- 
- 
- 
- 
- 
- 
- 
- 
513 

1.353 
3,900 
4.698 
2.099 

520 
141 
190 
115 
127 
142 
205 
361 

1.18 

1.43 
0.91 
1.22 1.44 
1.10 
1.13 1.33 
1.13 
1.15 1.16 
1.10 
1.28 
1.02 1.02 
1.05 
1.04 1.08 
1.06 1.04 

0.14 

0.15 

(0.20) 

(0.32) 

(0.11) 

1.20 

(0.14) 

1.20 

1.06 

1.38 

1.30 

1.10 

(0.64) 

1.02 

1.11 

1.18 

1.01 

1.00 

1.04 
0.99 



TABLE 3.10.1 CONTINUED 

BO-10 

A 4 6 0  

A-070 
A-010 
A-010 

A 4 8 0  

B-060 

B-070 

c-050 

C-060 
r C-060 

C-060 

C-070 

D-050 
D-050 
0-050 
D-050 
D-050 
D-050 
D-050 

D-060 

D-070 

GA 104 
(clay from 
leach) 

4 

B 
1.45 

1.05 

1.30 
0.1000 
0.93 

0.81 

2.83 

3.36 

3.52 

4.8 
4.61 
0.1000 

3.85 

1.52 
0.1000 

+ 149 0.0930 
+ 105 0.0526 
+ 74 0.0818 
+ 44 0.1818 
-44 0.4337 

2.33 

1.07 

-44 1.0 

47 

18 

774 

1,195 
- 

1.8 

16.7 

86.7 

15.8 

36.1 
40 - 
18.8 

240 

650 
132 
115 
445 
173 

61 

42.9 

95 

- 

- 120 

1.11 

1.38 

1.32 

1.38 

1.05 

1.06 

1.11 

(1.01) 

1.05 

(0.11) 

(0.43) 

1.03 
(0.67) 

1.00 

(0.37) 

1.14 

1.09"'1 

(2.42) 

(0.12) 

For footnotea 888 end of Table 3.10.3. 
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TABLE 3.10.2 COLLATION OF PLUTONIUM ANALYTICAL RESULTS, CLEAN SLATE I 

Ratios ($1 
Speclflc Plutonium Content, pg p d g  of Sample Sample Partlcle 

Number Size ''1 I i1 UI IV v Weight by Gamma by Gamma by Neutron by Radio- 
Countlng('l Spectrometry(" Activation(" chemistry('l 

AH-06 
AH-06 
AH-06 
AB-06 
AH-06 

BK-05('11 

BK-06 

BK-08 

BK-09 

BL-05 

E L 0 6  

4 E L 0 7  
N EL-07 

E L 0 7  
EL-01 
E L 0 1  
E L 4 7  
BL-01 
EL-01 

BL-08 

BL-09 

EM-05 

BM-01 

EM-09 

BO-04 

BO-06 
BO-06 
BO-06 

BO-08 
BO-08 

f l  g 

46.89 
2.00 

(AI@. 2) 10.00 
W4. 4) 1.214 
(A14. 5) 6.648 

10.38 

12.42 

21.48 

21.45 

7.05 

8.03 

11.192 
+ 710 0.2421 
+ 350 1.1801 
+ 210 1.2407 
+ 149 0.1551 
+ 105 0.3167 

+74 0.9585 
+ 44 1.8509 

6.02 

6.60 

3.00 

4.28 

6.42 

2.69 

2.7738 
2.53 
0.1000 

3.20 
3.1 

818 

92 
89 

105 

- 

1.1 

28.2 

160 

11.3 

3.4 

136 

241 
228 
156 
833 
89 

464 
84 
31 

250 

26 

86 

194 

6.9 

146 

306 
353 
390 

11 
- 

- - 
285 - 
250 
808 
945 
104 - 
538 
100 

34 

- - 
- 

- - 
- 

(0.06) 
1.46 
1.31 
1.13 

0.71 

0.82 

il.27) 

0.86 

(0.30) 

(0.19) 

1.18 (0.09) 
1.10 
1.01 
1.13 
1.11 
1.16 
1.19 
1.10 

(0.26) 

(0.30) 

1.19 

1.30 

0.96 

1.14 

1.23 
1.07 

1.00 



TABLE 3.10.2 CONTINUED 

Ratios ($1 
Specific Plutonium Content. pg Pu/g of Sample 

II i11 IV v Weight by Gamma by Gamma by Neutron by Radio- sample 

Number Slze ( 8 )  Counting(') Spectrometry(') Activation(') ohemistry(') 
&I g 

592 1.18 A 4 2 0  1.15 so1 
A-040 0.7213 116 - 96.3 0.84 

A-050 0.7331 23 - 18.3 0.79 

6.5 0.13 A-060 0.8284 8.9 

E-020 1.1462 169 

B-030 1.2478 240 279 
E-030 0.1000 

- - 
- 
- 
- - 
- - (1) 

1.16 - - - - - (1) 

E-040 1.1661 16.5 - - 1.9(1) (0.12) 
- - (71 B-050 1.7669 5 

c-020 3.6 25 (25) - (1.00) - 4 w 

C-030 - 123 - 1.27 97 

D-030 2.6894 155 140 - - - (1) D-030 0.1000 
D-030 + 350 0.0736 368 391 - 
D-030 + 210 0.1812 130 812 
D-030 + 149 0.0413 890 941 - 
D-030 + 105 0.1000 390 425 
D-030 + 74 0.2552 205 223 
D-030 + 44 0.4498 37 40 - 
D-030 -44 1.1307 17 18 

F-030 1.8269 187 
F-030 1.68 221 268 - 219 1.21 0.99 0.82 

H-030 2.2004 160 185 
H-030 0.1000 

For footnotes see end of Table 3.10.3. 

- 
0.90 

- 1.00 
1.11 - 1.06 
1.09 
1.04 - 1.08 
1.00 

- - 

- - 

- - - - 

- - 
- - - 

1.18 - - 
- 18 "' (0.11) (0.10) - - 



TABLE 3.10.3 COLLATION OF PLUTONIUM ANALYTICAL RESULTS. CLEAN SLATE I1 

Ratios ('1 specific Plutonium Content. fig Pu/g of Sample 
Sample Partlcle Weight 
Number Size I 11 nr IV v by Gamma by Gamma by Neutron by Radio- 

Countlng (') Spectrometry (*I Actlvation (') chemistry(') 

AJ-OB(a) 

BL-lO(a) 
B L l O ( a )  
BL-lO(a) 
B L l O ( a )  
BL-lO(a) 
BL-10 (a) 
BLlO(a)  
BL-lO(a) 
BL-lO(a) 

BL-10 (a) 
B L-1 0 (a) 
BL-lO(a) 

-a BL-lO(a) 

BL-1003) 
B L-1 0 03) 
BL-1003) 
B L-1 0 03) 
B L-1 0 03) 

BCr04(a) 
BO-O4(a) 

A-O3O(a) 
A-O30(a) 
A-O30(a) 
A-030(a) 
A-O3O(a) 

A-03003) 
A-03003) 
A-03003) 
A-03003) 

B-030 
B-030 
B-030 

sr 

fi g 

10.10 

10.00 
8.16 
1.0000 

(~14. 2) 10.00 

(Aliq. 20) 10.00 
(Aliq. 10) 10.00 

(Allq. 30) 10.00 
(Aliq. 40) 10.00 
(Allq. 42) 10.00 

+ 105 1.04 
+ 74 1.65 
+ 44 1.76 
-44 1.86 

113 
(Allq. 1)  10.00 

(Allq. 7) 10.00 
(Allq. 9) 10.00 

(Aliq. 5) 10.00 

9.2 
1.0000 

8.52 

(Allq. 6) 10.00 

(Aliq. 12) 10.00 

( ~ 1 4 .  2) io.on 

( ~ 1 4 .  io )  10.00 

9.8 
(~14. 1)  10.00 
(Al4. 3)  10.00 
( ~ 1 4 .  5) 10.00 

59.45 

10.00 
1.0000 

4.4 

5.1 
- 
- 
5.8 
5.7 
5.6 
5.6 
5.5 
5.7 

4.2 
3.5 
6.9 

11 

7.4 
7.4 
7.5 
7.6 
7.6 

8.4 
- 

10 
12 
11 
11 
11 

21 
22 
22 
22 

21 
- 
- 

4.1 
- 

5.5 

6.7 (6.9) 
6.5 (5.2) 
6.6 (5.1) 
6.5 (5.0) 
6.4 (5.0) 
6.6 (5.1) 

4.5 
3.8 
7.4 

- 

11 

- 
8.7 (6.7) 
8.7 (6.3) 
8.9 (6.2) 
8.9 (6.5) 

12 
- 

12 
13 (10.5) 
13 
1s 
13 
- 

27 
27 
28 

- 
- 

26 

0.93 

1.08 
1.16 
1.14 
1.18 
1.16 
1.16 
1.16 

1.07 
1.08 
1.07 
1.00 

1.18 
1.16 
1.17 
1.17 

1.43 

1.20 
1.08 
1.18 
1.18 
1.18 

1.23 
1.23 
1.27 

1.24 

1.24 

0.96 0.89 
0.93 0.80 
0.91 0.80 
0.91 0.77 
0.99 0.82 
0.96 0.85 
0.91 0.79 

0.92 
0.92 
0.93 
0.93 

1.43 

0.78 
0.79 
0.80 
0.80 

1.00 

1.00 
1.10 0.89 



TABLE 3.10.3 CONTINUED 

P 

B-040 

8-050 

B-070 

B-080 

B-090 

c-030 
c-030 
c-030 

c-040 

C-050 

-I c-070 

c-080 

c-090 

D-030 
0-030 + 44 
D-030 -44 

D-040 

D-060 

D-070 

D-080 

D-090 

F-030 
F-030 
F-030 
F-030 

F-040 

F-050 

VI 

27.9 

16.05 

5.1095 

3.79 

4.374 

15.136 
1.0000 

14.0214 

9,2329 

7.3642 

6.1352 

6.6960 

4.3312 

8.52 
4.00 
3.35 

4.0031 

2.7217 

1.5510 

1.6016 

1.5529 

9.3694 
8.3986 
8.15 
1.0000 

8.9188 

1.2090 

14  

16  

1 6  

9.7 

5.1 

26 
- - 

21 

18 

7.9 

5.1 

4.1 

26 
26 
33 

22 

23 

18 

24 

I2 

21 
19  - 
- 
8.9 

1 3  

- - 
30 29 

- 
- 

28 
29 
34 - 

(0.94) 

1.15 1.12 

1.08 
1.12 
1.03 

1.28 

1.19 

0.94 

1.00 

0.86 

0.92 
0.97 

1.00 

0.94 

0.92 

(0.82) 

(0.81) 

1.00 

0.87 

(0.67) 

(0.42) 

(0.71) 

0.74 

(0.68) 



TABLE 3.10.3 CONTINUED 

Ratios(#) 
Specific Plutonium Content, pg  PlJg of Sample 

I 11 in IV Y Welght by Gamma by Gamma by Neutron by Radlo- 
Sample 
Number Size 16) 

Countlng"l Spectrometry (') Actlvatlon la) chemlatry('l 
Ir g 

- 7.01') (0.50) F-060 1.0032 14 - 
- 2.0 ( 8 )  (0.33) F-080 2.0189 6.0 - 

F-090 0.8818 10 - - 15('] (1.50) 
H-030 2.8908 14 14 - 
H-040 3.3842 9.2 - - 1.8(81 (0.85) 

- 1.00 

H-050 2.0168 19 - 15.0 ('I (0.19) - 
H-010 2.1698 7.8 - - 4.6'" (0.59) 
H-080 3.0155 4.2 - - 3.2(8) (0.76) 

H-090 3.1440 4.8 (2.9) - 2.8 (8' (0.58) 

-a From Appendix D. 
m 

(I) From Appendix H; values In parentheses were determined by EIC o r  H-NSC (see Appendix J )  and were not used to calculate average ratlos. 
(" From Appendix L 
('I Prom Appendix J. 
(61 Radlochemlcal Results Ratio 111 = 

Gamma Spectrometry Results 
Gamma Counting Results Gamma Count& Results Gamma Countlng Results 

Neutron Adlvation Results Ratio I = Ratio I1 = 

Neutron Actlvatlon Results 
Gamma Spectrometry Results 

Ratlo IV = Ra,lo = Radlochemlcal Results 
Gamma Spectrometry Results (NRDL) 

Rntlos l n  parentheses w e r e  not used to compute average ratlos ln Table 3.11. 
(') The sample was analyzed before. or without. slevlng unless a sleve she  is specifled. 
('I Radiochemical data were not avallable on 23 November 1964. 

These radlochemlcal resul ts  are subject to reevaluatlon and were not used to compute average ratlos In Table 3.11, prlvate communlcatlon, 
H. E. Menker. H-NSC, Roller Coaster Evaluation Team. 

('I Results a r e  reported for the -44-p sleve fractlon before It was subsleved. 
(la) When two or more comparable resul ts  exlst. the ratio was calculated from the average of the values. 
('') CS 1 BK-05 has been erroneously reported prevlously a s  CS I BK-10. 

L .  

4' 
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TABLE 3.11 AVERAGE RATIOS FOR COMPARABLE PLUTONIUM ANALYSES 

Average Ratios 
Ratio for Special Set 

of of of Samples (0) 
f Standard Deviation 

Average Ratios Number Number 

Samples Number (a )  Deviation Standarlb) 
I 1.13 f 0.10 74 1.15 * 0.10 18 

I (d) 1.02 0.15 5 

I ( e )  0.91 f 0.10 10 

II 1.20 0.14 14 1.23 1 

III 1.00 * 0.11 50 0.95 f 0.05 13 

IV 1.04 f 0.08 8 . No data 

V 0.84 f 0.07 15 0.81 f 0.03 11 

la ) 
Gamma Spectrometry Results 
Gamma Counting Results Ratio I = 

Neutron Activation Results Rat'o I' = Gamma Counting Results 

Radlochemical Results 
Gamma Counting Results Ratio 111 = 

Neutron Activation Results 
Gamma Spectrometry Results Ratio IV = 

Radiochemical Results 
Gamma Spectrometry Results 

@) Includes data from special samples. 

(') DT: BL-09 and C-060. CS I: AH-06 and BO-06. 

(d) Gamma spectrometry done by H-NSC on DT: D-060; CS I: BK-08 and C-020; 

(e)  Gamma spectrometry done by EIC on 6 aliquot6 of CS I1 BL-lO(a) and 4 aliquot6 

Ratio V = 

CS II: BL-lO(a), BL-lO(b), 
A-030(a), and A-030@). 

and CS 11: A-030 and B-070. 

of CS I1 BL-lo@). 
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Figure 3 . l ( ? ~ )  Location of aluminum collectors in downwind a rc  array,  Double Tracks. 
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Figure 3.2(a) Location of aluminum collectors in downwind grid array, Clean Slate I. 
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Figure 3.2@) Location of aluminum collectors in downwhd arc array, Clean Slate I. 
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Figure 3.3(a) Location of aluminum collectors in downwind grid array, Clean Slate 11. 
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Figure 3.3@) Location of aluminum collector6 in downwind arc array, Clean Slate 11. 
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Maximum weight of Roller Coaster samples or diquots counted in 
well crystal was log. 

Figure 3.4 Response of well-type crystal counter to 
Roller Coaster plutonium-soil standards at NFtDL. 
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Flgure 3.5 Plutonium content of Roller Coaster plutonium- 
soil standards as a function of observed activity and mass. 
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Flgure 3.6 Observed activity of Amu' in Roller Coaster 
plutonium-soil standards as a function of sample mass. 
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CHAPTER 4 

CONCLUSIONS AND RECOMMENDATIONS 

The aims and objectives of the project have been fulfilled. 

The aluminum fallout collectors (16 ft') provided plentiful amounts of easily 

recoverable fallout. 

The three instrumental methods for determining plutonium in fallout samples, 

containing a large proportion of desert soil to plutonium, produced results that 

were comparable to those obtained by radiochemical analyses. The three instm- 

mental methods required no sample treatment, whereas the radiochemical method 

required tedious radiochemical separations and other procedures. 

Counting the samples in a well-type N a l  crystal was the easiest and least 

time-consuming, provided that the sample contained at least 0.5 pug of plutonium 

and also that reference standards of the source plutonium, o r  a standard of 

equivalent composition, were available. 

Resolving the 60-kev Amz4' gamma ray photopeak on a multichannel pulse- 

height analyzer was a similar method with similar sensitivity. It is more ex- 

pensive and time-consuming, but it is not a s  sensitive to variations in sample 

slze or to self-shielding o r  t o  absorption by the sample container. This method 

also requires a reference counting standard because of the constantly changing 

Amza'/ Pu'" ratio. 

Attempts to determine Puzse by counting its easily absorbed and degraded 17- 

kev X-ray were not successful. 

The neutron activation method is nearly as expensive and time-consuming a s  

radiochemical analysis, but it does not destroy the physical integrity of the sam- 

ple. It also allows UZsB to be determined simultaneously with only a small addi- 

tional effort. The lower limit of detection of the neutron activation method for 
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the samples analyzed on an as-is basis was 5 x lo-' pg of PuZm (compared to 

5 x lO-'pg for radiochemical methods). Unlike the gamma counting methods, 

this method was not affected by the time-variable Amz4' content. The presence 

of U236, however, could be a source of error ,  if its contribution to the gamma 

spectra of irradiated samples were not subtracted from the total observed. 

The U25B/Pu238 ratio in unsieved samples was not only constant but was also 

close to the ratio of the weights of those isotopes in the device@), indicating 

the absence of fractionation. This ratio, however, was not constant among the 

several particle-size fractions of the one DT sieved sample that was examined, 

indicating that fractionation of these two isotopes by particle size occurred. 

The Amzai/Pu238 ratio was also constant, indicating that no fractionation of 

these two isotopes occurred. 

that was short enough to eliminate the effect of the increasing ratio with time.) 

Mixing fallout with water and with an aqueous solution of Orvus and sodium 

hydroxide produced no dissolution of plutonium. Dilute hydrochloric acid dis- 

solved 1 2  percent after 1 week of contact and 23 percent after 1 month of contact. 

About 6 percent of pIutonium transferred to montmorIIIonite clay when an aque- 

ous slurry of clay and fallout was mixed and allowed to stand. The amount trans- 

ferred was the same whether the time of contact was 1 day, or 1 week, o r  1 

month. The partial solubility of plutonium in 0.1 N HCl may indicate the pres- 

ence of some plutonium compound other insoluble PuOz . No explanation is 

offered for the transfer of Pu from fallout particles to clay. It is significant, 

however, from the standpoint of decontaminating an area contaminated by the 

accidental explosion of a plutonium-containing device. A similar transfer of 

plutonium to concrete or soil could increase the effort necessary to decontaminate. 

(Samples were analyzed over a period of time 

One to 27 percent of plutonium was present in the more dense material (> 4.30) 

reflecting the high density (11.2) of PuO, . The high density material was black, 

very fine, and represented less than 5 percent of the sample weight. Thus, 

while as much a s  27 percent of thc plutonium oxide was free, or partially free, 

of soil. most fallout particles consisted of plutonium oxide particles attached to 
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larger particles of desert soil. 

The distribution of mass and activity was the same, with sieves of 325 mesh 

(44 p )  and larger, whether determined by wet- or  dry-sievlng methods. Micro- 

mesh sieves were effectively used to extend particle-size data down to 10  p from 

the usual 44-p cutoff point. 

The plutonium content of fallout on the aluminum collectors may be corre- 

lated with alpha survey data to help solve the problem of relating alpha survey 

meter readlngs to plutonium fallout levels. 

Each of the three instrumental methods developed and used by Project 2.6a. 

as well a s  radiochemical methods, for determining the plutonium content of fall- 

out samples bas certain advantages and disadvantages. Selecting which to use 

requires that factors of speed, cost, availability of equipment, experience of 

personnel, and the required lower limit of detection be weighed and evaluated. 

Almost no variation was observed in the activity of i l 4 ~ 0 t s  of samples, 

indicatlng that the plutonium was nearly uniformly distributed in the fallout. 
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APPENDIX A 

GLOSSARY 

AEA 

AEC 

cpm counts per  minute 

cs I Clean Slate 1 event 

cs I1 Clean Slate 2 event 

DASA Defense Atomic Support Agency 

depletalloy 

United Kingdom Atomic Energy Authority 

United States Atomic Energy Commission 

depleted uranium; uranium from which part of the Uzs6 has been 
removed 

DOD Department of Defense 

dPm disintegrations per  minute 

DT Double Tracks event 

EIC Eberline Instrument Company 

EM1 Electronic Measurements, Inc. 

FCWT 

FP fission product 

GA 

Field Command Weapons Effects and Tests Division 

General Atomic Division of General Dynamics Corporation, 
La Jolla (San Diego), California 

ground zero, location of detonation GZ 

HE high explosive 

H-NSC Hazelton Nuclear Science Corporation, 4062 Fabian Way, 
Palo Alto, California 

I 1  

LASL 

NRDL 

NTSO Nevada Test Site Organization 

Isotopes Incorporated, 123 Woodland Avenue, Westwood, New Jersey 

Los Alamos Scientific Laboratory, Los Alamos, New Mexico 

U. S. Naval Radiological Defense Laboratory 
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OrVUS 

RC 

RCP 

REECO 

R-hour 

T Lab 

TMC 

TTR 

industrial version of Tide. manufactured by Proctor and Gamble 

Operatlon Roller Coaster 

reentry control point 

Reynolds Electrical and Engineering Company 

time at which reentry and sample recovery commenced 

Tracerlab, 2030 Wright Avenue, Richmond 3, California 

Technical Measurements Corporation 

Tonopah Test Range 
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APPENDIX B 

FOUR-PI IONIZATION CHAMBER RESPONSE TO A HYPOTHETICAL 
NEUTRON-IRRADIATED ROLLER COASTER FALLOUT SAMPLE 

The original plan to determine the plutonium content of DT fallout samples was 

fairly simple. 

plutonium, and a mixture of background soil with plutonium were to be irradi- 

ated simultaneously in a reactor and then allowed to decay for at least 1 0  days. 

The 477 ion chamber response to the residual activity was to be a measure of 

the original plutonium, since nearly all such activity would come only from 

plutonium fission products. The lack of activity in the background soil sample 

would confirm this. The results of the calculations of the ion chamber response 

to the activity of irradiated fallout samples, shown in Figure B.l, bear out the 

valldity of the planned procedure. This flgure shows that almost all the ion 

chamber response after 10  days would be due to Puzss fission products. The 

activity of the fission products from U235 in the device material is less  than 1 

percent of the activity of the Puzs9 fission products. The planned procedure 

appeared to be a feasible method of determining plutonium in fallout samples 

known to contain plutonium and a hown low ratio of uranium. 

Samples of fallout. a sample of background soil, a sample of 

The calculations were based upon a sample containing 1,000 pg of Puzs9 and 

3.24 grams of Nevada desert soil. The plutonium value was derived from DASA, 

A i r  Force, and Navy documents in which 1,000 pg/m2 is considered to be the 

lower llmit of a hazardous deposit of plutonium. The weight of the soil was de- 

rived from an estimate of the amount of soil that would be lifted into the a i r  by 

the detonation of HE in a device. 

The chemical constitution of Nevada soil shown in Table B.l was considered 

to be sufficiently representative of the Nevada desert soil to be used for prelimi- 

nary activation calculations. There were to be no t racers  added to the device 
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material 5; if present, they might have contributed significantly to the activity 

of the irradiated sample. 

The activity in the hypothetical neutron-irradiated DT fallout sample contrib- 

uted by each isotope was calculated either from: 

A = N u @ t  (B.1) 

or from: 

A = ~ ~ + ( i - e - " t )  (B.2) 

Where: A = induced activity, disintegrations per  second 

N = number of atoms of susceptible isotope in sample 

u = cross  section of susceptible isotope, lo-'' cm2 (barns) per  neutron 

@ = neutron flux in reactor, neutrons per  cm2 per second 

t = duration of irradiation, 600 seconds was used for  all activation 
calculations 

h = decay constant of radioactive isotope produced by neutron irradi- 
ation, seconds-' 

Equation B.2 was used for calculating the induced activity of AlZ8 and Ca4' be- 

cause their half-lives a re  short compared to the irradiation time; the activity 

of the other elements was calculated from Equation B.l. The assumed abun- 

dances of PuZsB, U235, and 

in Table B.2. 

in the hypothetical DT fallout sample are  shown 

To simplify the preliminary calculations, all neutron capture or  fission was 

assumed to occur only at the end of the 600-second irradiation. In other words, 

it was assumed that no rsdioactive decay occurred during the irradiation period. 

The 477 ionization chamber which was to be used is described in Reference 9. 

The response characteristics of most of the nuclides were taken from Refer- 

ence 9. The response characteristics of A12* and Ca4' were calculated from 

decay scheme information in Reference 10 by the method described in Reference 

9. The responses for UzSs and NpzSs were calculated from decay scheme informa- 

tion in Reference 11. 

Telephone conversation between Mr. D. Palmer, Assistant to the Scientific 
Director for Field Operations and the Project 2.6a Project Officer, 17 Decem- 
ber 1962. 
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TABLE 5 1  ELEMENTS OF INTEREST AND THEIR ABUNDANCE 
IN NEVADA DESERT SOIL 

Element Percent of Critical Percent of Specific Weight 
Element in Isotope critical of Critical 
Nevada soil of Isotope in Isotope In 

(Reference 8) Element Naturally Nevada Soil 
occurring 
Element 

sodium 1.00 Na 100 1 x 

Hanganese 0.06 Mn55 100 6 x 

23 

Alumlnum 8.26 Alg 100 a 
Silicon 26.37 S I 3  3.1 a 10-3 

IrOn 0.84 Fe58 0.03 2.8 10-5 

calcium 7.69 ca 0.2  1.4 

3 Potassium 2.44 K41 6.9 1.7 x 10- 
48 

TABLE B.2 ABUNDANCE OF ISOTOPES OF HEAVY 
ELEMENTS IN A HYPOTHETICAL 
DOUBLE TRACKS FALLOUT SAMPLE 

Isotope of Percent of Gpeclflc Weight 
ELement Element of Isotope 

Associated i n  Fallout 
With Hypo- (g of isotope/ 
thetical g Of fauout) 
DT Fallcut 

0.09 3 

0.12 12 

239 Plutonium 

uranium 

uranium 235 0.00036 3.6 x 

238 
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Figure B.l Four-pi ionization chamber response to a hypothetical 
neutron-irradiated Double Tracks fallout sample. 
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APPENDIX C 

ALPHA SURVEY DATA 

All alpha survey (Tables C.l through C.3) readings of the alumlnum collectors 

were made with an EIC PAC 3G alpha survey instrument calibrated using a 

large-area, distributed plutonium source. 

During recovery two readings were taken on each collector. One was taken 

about 1 foot from the left (east) side of the collector and the other about 1 foot 

from the right (west) side. 

Nine readings were taken from symmetrically distributed points when the 

collector was on the teflon-covered wash rack before the fallout was washed off. 

These readings do not agree with those taken in the field. Nine more readings 

were taken in the same spots after the fallout had been removed with xylene. 
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TABLE c.1 DOUBLE TRACKS ALPHA SURVEY  DATA(^) 

Station Collector Alpha Readings ~ l p h a  Readings h e d i a t d y ( b )  ~lpha Readings m d i a t e l y  (b 
Number Number IXlring Recovery Prior t o  Removal of After Removal of 

L e f t  Right (PAC 3G cpm) (PAC 3C cpm) 
(PAC P CP) Fallout From Collector Fallout From Collector 

AH-05 1 2 0 K  35K 6K P K  100 P O  

2 1 5 K  3 5 K  M K  301( 100 300 

AH-06 1 = l 0 0 K  =- lOOK lOOK 8 0 0 K  2K(C) 6K' 

2 l 0 0 K  r l O O K  l 0 0 K  @OK 1 5 K ( c )  2.5K") 

AH-w 1 7 lOOK -100K M K  8 0 K  *K(C) 6K' 

2 > lCQK -1OOK 5 0 K  1 5 0 ~  500(c) 2K' 
(0 

1 Background Background 50 350 0 50 

2 7500 50 1 0 K  0 50 

AJ-05 1 570 400 m 600 50 150 

2 170 200 150 750 50 200 

AJ-06 1 4 0 K  3 5 K  1 5 K  5 5 K  200 350 

2 4 0 K  2 5 K  2 5 K  lOOK 200 350 

(d) 
m 

AJ-04 

( a )  
(b)  
(c )  

Only s ta t ions  with detectable ac t iv i ty  a re  l i s t e d .  

Of the nine counts taken on each col lector  only the maximum end minimum reading was recorded. 

The col lector  vas rubbed with a Kimwipe moistened with xylene. Reduction i n  ac t iv i ty  was barely detect&le.  

(d)Only reading came from a few black spheres reading 1 0 K  t o  mK. 



TABLE C.l CONTINUED (a) 

Collector Alpha Readings ~ l p h a  Readings h d i a t e u ( b )  Alpha ~ed ing .3  m d i a t e l y  (b Station 
Number Number h r i n g  Recovery Pr ior  t o  Removal of After Removal of 

(PAC 3G cpm) Fallout From Collector Fallout F b m  Collector 
L e f t  Mght (PAC 3G CP) (PAC 3G cpm) 

ldinimum u0ximum Maxim Minimum 

~ - 0 7 ~  1 - lOOK = lOOK 4 0 K  120K 250 2 K  

2 L lOOK * lOOK W K  lOOK 1 K  7 9 5 K  

ar-oa 1 3500 300 1 . 5 K  1OK 100 250 

2 250 250 2K 6 K  50 300 
BK-06 1 -0- -0- 

2 -0- -0- 
W 
.rl 

BK-07 1 500 100 100 1 K  100 500 

2 400 -0- -0- 100 100 500 

m-oa 1 lo00 1500 2K 6K 0 100 

2 1000 5000 250 2 K  50 300 

BK-09 1 l 0 0 K  10K 2K 2 5 K  0 50 

2 lOOK 1 0 K  1K 2 5 ~  0 50 

w- 

BK- 10 1 50 100 

2 100 50 
(a) 
( b )  

Only s ta t ions  with detectable ac t iv i ty  are l i s t e d .  
O f  the  nine counts taken on each collector, only the m a x i m  and m i n i m  reading was recorded. * 

Peppered with black spheres. 



TABLE C.l  CONTINUED 

Station Collector Alpha Readings Alpha Readings Inrmediately(b) Alpha Readings Immediately (b 
Number Number &ring Recovery Prior  t o  Removal of After Removal of 

(PAC 3G cpm) Fallout From Collector Fallout From Collector 
L e f t  Right (PAC 3G CP) (PAC 30 CP) 

M i n W  Msxinnun 

BL-O~* 1 50 700 5K 50K 

2 70 500 3.5K 60K 

BL-09 1 r lOOK - lOOK 5K 50K 50 1.5K 

2 - lOOK - lOOK 3.5K 60K 50 1 K  

m-a7 1 350 6000 

2 -0- 250 

EM-08 1 500 100 

2 100 500 

(0 m 

m-09 1 35K 8 0 K  

2 80K 50K 

Bo-12" 1 -0- -0- 

2 2500 -0- 

( a )  
(b) 

only s ta t ions  with detectable ac t iv i ty  a re  l i s t e d .  
Of the nine counts taken on each collector,only the maximum and m i n i m  reading was recorded. * 

M 
1 Black Sphere read 50K. 
One hot spot r e a d z l o O K  but nothing v is ib le .  



TABLE C.1 CONTINUED (a) 

Station Collector 
Xumber Number 

Alpha Readings Station Collector Alpha Readings 
DJring Recovery hmber Number hring Recovery 

Left  Right Left Right 
(PAC 3G cpm) (PAC 3G CP) 

A-050 1 m 20 B-060 1 250 2 . 5 ~  

2 20 20 2 4K 2 . Z  

A- 060 1 50 Lo 3 m 150 
t 2 P 2ooo 4 3.4K 1.X 

A - q 0  1 70K 7 5K B-WO 1 1% 1 2 K  

2 60K 65K 2 1 0 K  1 0 K  
W 
W 

A-080 1 250 50 3 17K llK 

2 50 20 4 

B-050 1 800 750 C-050 1 

2 450 300 2 

3 600 320 3 

1 2 K  15K 

lK lK 

2K 4K 

lK 2 . 5 ~  

4 500 5 0 0  4 2K 3.5K 

(a) only s ta t ions  with detectable ac t iv i ty  are l i s t e d .  



TABLE (2.1 CONTINUED (a) 

Station Collector Alphn Readings Alpha Readings hnedia te ly(b)  Alpha Readings Inmediately (b 
Number Nwber Lhring Recovery F'rior t o  Removal of After Removal of 

(PAC 3C cpm) Fallout F m m  Collector Fallout From Collector 
L e f t  Right (PAC 3 cpm) (PAC 3G CP) 

c-060 1 2 . 5 ~  5K 

2 1 0 K  lK 

3 2.5K w 
4 6K 5K 

C-070 1 

2 
0 
0 

3 3 

2.5K 4K 

3 2 . 5 ~  1.5K 

D-050 1 7K 6 . 5 ~  

2 8 . 5 ~  7.5K 9K 1 b K  1.5~ 2K 
3 7K 600 

4 7.5K 5.5K 
. 

( a )  
(b) 

Only s ta t ions  with detectable ac t iv i ty  are l i s t e d .  
Of the nine counts taken on each col lecto3 only the maximum and minimum reeding was recorded. 



TABLE C . l  CONTINUED (a) 

ALpha Readings M i a t e l y ( b )  ~ l p b  % d i n g s  Immediately (b Station Collector Alpha Readings 
Number Number hring Recovery Prior t o  Fiemoval of After Removal of 

Fallout From Collector Fallout From Collector (PAC 3C cpm) 
Left Right (PAC 30 cpm) (PAC 30 w) 

D-060 1 2K P 
2 2K P 
3 4K 3.5K 

3 

2K P 
1.5~ P 
1.5K 3.5K 

(a) Only stations with detectable activity are l i s ted .  

. 
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TABLE C.2 CLEAN SLATE I ALPHA SURVEY DATA(') 

Sample Collector Alpha Readings Alpha Readings Immediately Alpha Readings Immediately 
Number Number During Recovery Prior t o  Removal of A f t e r  Removal of 

(PAC 3G cpm) Fallout From Collector Fallout From Collector 
Left Right (PAC 3c CP) (PAC 3c CP) 

AH-05 Destroyed by B l a s t  

AH-Ob 1 25K 100 150 25 
350 50 100 
100 125 50 

30K 1 5 K  
30K 20K 

20K 
1 0 K  1 5 K  

bOK 120K 50K 

2 12OK lbOK 12.5K 12.5K 1 0 K  100 50 50 
of #2 Collector 1 0 K  12.5K l 5 K  25 100 100 

was covered by #1 12.5K 1 0 K  1 5 K  100 50 50 

=: AH-07 1 5 0 K  bOK 40K 3OK 35K 50 150 200 
35K 20K 22.5K 150 150 250 
25K l 5 K  l 5 K  300 200 250 

2 5OK BOK 7 K  4.5K 5.5K 75 100 50 
3.5K 5K 6 . 5 ~  150 200 100 
5K 5.5K 7-5K 100 200 150 

N 

AJ-04 1 25K 30K 8.5K 9.5K 1 . 5 ~  100 50 50 
6 K  10K 2 5K 50 75 50 
6 K  1 O K  5.5K 150 200 150 

2 50K 35K 2.5K 2.5K 2K 50 75 150 
50 50 

175 100 150 
2K 2.5K 2K 
3.5K 2K 2 . 5 ~  50 

(a) Only s ta t ions with detectable ac t iv i ty  are  l i s t ed .  



TABLE c.2 CONTINUED(~)  

Sample Collector Alpha Readings A l p h a  Readings Imdia te ly  A l p h a  Readings Inmediately 
Number Nmber D u r i n g  Recovery Prior to Removal of After R e m o v a l  of 

(PAC 3C cpm) Fallout From Collector Fallout From Collector 
k e f t  Right (PAC 3G cpm) (PAC F cpm) 

AJ-05 1 70K bOK 1 5 K  1 5 K  4 0 K  75 50 100 
35K 2 0 K  35K 200 250 300 
25K 25K 3OK 175 100 250 

2 801( l l O K  6.5K 7.5K 2OK 75 150 2 50 
6K 1OK l 5 K  200 300 350 
9K 12.5K 20K 250 300 300 

AJ-06 1 1 3 0 K  8 0 K  8.5K 9K 9.5K 150 200 250 
1 0 K  3 0 K  =.rc 150 200 200 

I- O 12.5K 1% l2.5K 200 250 8ao 

2 l 0 0 K  l 0 0 K  6K 5.5K 6K 200 150 200 
w 

AJ-07 1 

,I 2 75K gOK 9.5K 8.5K 7K 50 100 125 
75 200 

175 200 
12K l 5 K  l 5 K  
9.5K lOK 5K 250 

(a) Only stations with detectable actlvlty are llsted. 



TABLE C.2 CONTINUED (a) 

~ - ~~ 

Sample Collector Alpha Readings Alpha Readings Inmediately Alpha Readings Irmnediate 
Nmber Number During Recovery Prior to Remwsl of After RemOval of 

(PAC 30 cpm) Fallout Fmm Collector Fallout FrOm Collector 
Left. R i g h t  (PAC P cpm) (PAC P cpm) 

AJ-08 1 l . 5 K  l . 5 K  400 9 50 lK 150 50 50 
250 600 600 50 50 50 
350 600 700 50 50 50 

2 2 K  w lK 650 600 50 75 50 
800 500 600 150 100 75 
900 700 400 50 75 100 

BK-05 1 250 150 50 750 

2 250 500 I- 
O 
P 

BK-06 1 25K 1 0 K  6 K  7.5K 7 K  100 75 125 
1 0 K  5K 3.5K 100 75 150 
l2 .5K 5K 4K 100 25 25 

2 4.5K 8 K  2 K  8 K  4K 50 225 225 
l . 5 K  4K 7K 100 25 250 
7 K  1.5K 4K 175 100 200 

BK-07 1 l 0 0 K  6 0 K  45K 27.5K 6OK 150 150 200 
27.5K 37.5K 45K 125 50 100 
40K 40K 32.5K 100 150 m 

2 €OK 70K X)K 10.5K 2 0 K  150 150 100 

" 

1 0 K  10K mK 150 200 50 
2QK 1 0 K  10.5K 75 150 150 

(a) O n l y  stations Kith detectable activity are l isted.  



I- 
O en 

TABLE c.2 CONTINUED(~) 

S@e Collector Alpha Readings Alpha Readings Imedlately Alpha Readings Imedlately 
Nwriber Number During Recovery Prior t o  R e m o v a l  of A f t e r  R e m o v a l  Of 

(PAC 3G cpm) Fal lout  From Collector Fallout F m  Collector 
L e f t  Right (PAC X c p )  (PAC 3c 

~ ~ - 0 8  1 l x l K  l00K 1 b K  8 0 K  8 0 K  lK 150 350 
6 0 K  l 0 0 K  l00K 450 300 625 
l l O K  l l O K  l 0 0 K  800 lK 2K 

BK-W 1 100 7 5  7 5  
5.5K 8 K  8 . 5 ~  1 2 5  100 100 
9 K  8 K  8 - 5 K  150 50 100 

8 . 5 ~  5.5K 6.5K F 5K 

2 2oK 5K 2.5K 3K 2 . 5 ~  7 5  125 7 5  
2.5K 2.5K 5 . F  50 100 50 
4 K  3K 4K 7 5  7 5  5 0  

1, 

-5 1 200 100 0 xx) 50 0 0 0 
0 0 0 0 25 0 
0 500 0 0 50 0 

2 3K 7K 0 0 75 25 50 0 " 
0 50 50 0 25  25  
0 0 0 50 50 50 

(a) Only stations w i t h  detectable activity are listed. 



TABLE C.2 CONTINUED (a) 

Sample Collector Alpha Redinge Alpha Readings Imndiately Alpha Readings Inrmediately 
Number Number h r h g  Recovery Prior to RemOval of A f t e r  R e m o v a l  of 

(PAC 3C cpm) Fallout Fmm Collector Fallout From Collector 
Left R i g h t  (PAC 3G m) (PAC 3c m) 

B b O 6  1 65K 35K 30K l 5 K  5 0 K  50 50 50 
1 0 K  2 0 K  25K 350 50 lx 
1 0 K  20K 1 5 K  250 200 400 

, 2 3 0 K  5 0 K  7K 3K 6K 50 100 100 
5K 6~ 5K 100 0 50 
4K 4.5K 9 K  175 175 200 

B I A 7  1 

.+ 
0 

7 0 K  6 F  

m 
1 2 70K 7 5 K  45K 5 0 K  55K 200 150 125 

6 0 K  200 100 100 
45K 60K 40K 200 200 175 

50K 
5 0 K  

m-08 1 

(a) only stations Kith detectable actlvlty are listed. 



TABLE C.2 CONTINUED (a) 

Sample Collector A l p h a  Readings A l p h a  Readings Inmediately A l p h a  Re&- Inmediately 
Number Number During Recovery Prior t o  Removal of A f t e r  R e n u n x l  of 

(PAC 30 cpm) Fallout From Collector Fallout Fmm Collector 
Lert R i g h t  (PAC 30 cpm) (PAC 30 VI 

m-09 1 25K 2K 2K 3K 2.w 0 0 0 
2.5K 3K 2K 0 0 0 
2K 2 . 5 ~  1 . 5 ~  0 50 0 

2 2 K  2K i . 5 ~  1 . 5 ~  2K 0 0 25 
2K 2K 1 . 5 ~  0 50 25 
2K 2K 2K 25 25 50 

EM-05 1 4.5K 5K l5K 15K 12.5K 0 75 50 
1 0 K  12.5K 2 0 K  100 100 50 

c 2.5K 9K 0.5K 50 150 100 

2 3K 7K 3K 8.5K 2K 25 50 0 

" 

0 
-3 

I, 

1 2 . 5 ~  1% 1 0 K  0 25 25 
7.5K 12.5K 9.5K 50 50 50 

m-06 1 45K 75K 5 0 K  40K P K  150 3ao 100 
5 0 K  40K 9 0 K  200 100 100 
30K 3OK 20K 300 200 50 

2 50K l 0 0 K  50K 1EX 2 0 K  100 125 75 
4 0 K  3OK 35K 150 125 50 
30K 40K 55K 100 75 0 

(a) Only statinn6 with detectable a c t i v l t y  are listed. 



TABLE C.2 CONTINUED (a' 

Sample Collector Alpha Readings Alpha Readings Immediately Alpha Readings Inrmediately 
Number Number During Recovery Prior t o  Removal of After Removal of 

L e f t  R i g h t  (PAC 3c cpm) (PAC 30 cpm) 
(PAC 30 cpm) Fallout From Collector Fallout From Collector 

EN-07 1 9.5K 1 5 K  30K 27.5K 37.5K 75 100 100 
32.5K 25K 25K 150 100 150 
32.5K 2% 25K 200 250 250 

25K 15  50 100 
22.5K 25K 50 100 150 

75 75 25 

27.5K 30K 
2 0 K  

20K 25K 30K 

BM-08 1 7K 6K 7K 8.5K 7K 50 100 50 
7K 8~ 7-5K 100 203 100 
6K 9.5K 10K 100 200 250 

2 1 0 K  6 . 5 ~  7.5K 9K 7K 50 50 50 

2 9.5K 10K 

8 . 5 ~  6~ 1 0 K  150 250 100 
8 K  10K 12.5K 150 500 150 

BM-09 1 900 850 200 900 950 25 0 0 
900 200 7 50 25 25 0 
600 600 200 0 25 25 

2 4K 703 400 450 425 75 50 0 
150 300 200 0 0 0 
300 75 400 50 50 0 " 

(s) @nly stations with detectable activity are l i s ted .  



TABLE c.2 CONTINUED(*) 

Sample Collector Alpha Readings Alpha Readings Imdia te ly  Alpha Readings Inrmediately 
Nmber Number During Recovery Prior to R e m v a l  of After Removal of 

Left Right (PAC 3G cpm) (PAC 3G cpm) 
(PAC 3G cpm) Fallout From Collector Fallout Frau Collector 

Bo-04 1 3.5K 3.5K 7K 9.5K 7K 0 25 75 
50 125 

75 100 50 
8K 9-5K 5-5K 
5K 6 . 5 ~  4.5K 100 

2 3-5K 4.5K 8.5K 1OK 15K 150 50 50 
15K 15K 12.5K 50 100 75 
10K 12.5K 12.5K 50 50 75 

BO-6 1 7K 6K No data before vsshing. 25 75 125 
125 100 100 
25 50 125 

2 6.5K 8K 30K P K  25K 150 75 100 
27.5K h K  35K 125 50 xx) 

22.5K 20K X)K 50 75 25 

750 lK lK 50 50 50 
lK lK 950 50 100 100 

2 - - 550 900 650 
500 900 500 
900 2K l.5K 

" 

w 
0 m 

It 

w-08 1 450 - 950 850 l.5K 0 0 0 

I 50 25 0 
0 0 0 

0 50 25 

(a) Only stations with detectable activity are listed. 



TABLE C.2 CONTINUED (a) 

Sample Collector Alpha Readings Alpha Readings Inuneaiately Alpha Readlngs Imeaiately 
Number Number During Recovery Prior t o  Remaval of After Remwal of 

(PAC 3G cpm) Fallout From Collector Fallout Frcm Collector 
Left Right (PAC 3G cpm) (PAC 3G cpm) 

A-OZQ 1 10K 15K* 7.5K 10K 10K 0 0 0 
LOK 10K 15K 250 100 0 
10K 10K l2K 0 50 0 

2 l5K* 20K 5K 1OK l5K 0 25 50 
12K 10K 10K 100 100 300 
12K 10K 15K 0 50 0 

A-030 1 35K* 25K 
c-l c 
0 

174K 20K 15K 0 0 100 
15K 15K 20K 50 lK 450 
17.5K l5K 20K 0 0 0 

A-Oh0 1 550 450 650 300 450 0 0 0 
300 300 0 0 0 

300 300 400 25 25 0 
450 

2 600 750 400 250 200 0 0 0 
350 200 475 0 50 0 
125 300 250 0 50 50 

* Black metsuic sphericel particle burned through 0.003-inch aldnum f o i l .  

*: 
I'  

I 

(a) O n l y  stations with detectable activity are listed. 



TABLE C.2 CONTINUED (a) 

Sample Collector Alpha Readings Alpha Readings Im.?dIately Alpha Readings Imnedltlfely 
Number Number During Recovery Prior t o  Removal of After Remwal of 

(PAC 33 cpm) Fallout From Collector Fallout From Collector 
Left Right (PAC 3G C P )  (PAC P m) 

A-050 1 750 350 250 150 175 0 0 0 
200 175 125 0 0 0 
100 500 225 0 0 0 

2 500 500 225 150 200 0 0 0 
325 200 100 0 0 0 
225 525 250 0 0 0 

A - O a  1 300 m 75 200 100 0 0 0 
100 100 125 0 0 0 
100 100 200 0 0 0 

2 200 400 3-25 xx) 75 0 0 0 
150 75 100 0 0 0 
150 150 150 0 0 0 

B-020 1 5K 5 - 5 K  5K 5 - 5 K  3.5K 200 250 150 
5K 5K 4.5K 250 200 150 
5 K  4.5K 5K 100 100 100 

2 5 K  6.5K 3.5K 4K 5.5K 0 0 0 
5.5K 5.5K 5K 200 200 600 
4K 4.5K 5K 0 50 0 

I- 
I- 
I- 

I 

4, - 

(a) Only stations vith detectable activity are llsted. 



TABLE C.2 CONTINUED(a' 

Sample Collector Alpha Readings Alpha Resdings Immediately Alpha Reading6 Innnedlately 
Number Number During Recovery Prior to Removal of After Remval of 

(PAC 3c cpm) FaUout From Collector FaUout From Collector 
L e f t  Right (PAC 3G cpm) (PAC 3G cpm) 

B-030 1 7.5K 8.5~ 10K 13K 10K 0 0 0 
10K 10K 5K 50 250 100 
5K 7K 9K 0 250 100 

2 6K 6K 3.5K 4K 7K 250 400 100 
5.5K 9K 5-5K 450 350 200 
3.5K 5K 4.5K 100 3 50 350 

B-040 1 

I- +% 
N 

2 

B-050 1 

250 200 200 0 0 0 
200 150 200 0 0 0 
200 200 200 0 0 0 

150 150 100 ' I  5 0 0 
100 150 200 0 0 0 

. - 50 100 I25 0 0 0 

100 200 100 75 100 0 0 0 
50 100 100 0 0 0 
50 50 50 0 0 0 

2 200 200 50 50 75 0 0 0 
25 50 175 0 0 0 
75 150 100 0 0 0 

(a) Only stations with detectable activity are listed. 



TABLE C.2 CONTINUED (a’ 

- ~~ 

Sample Collector Alpha Readings Alpha Readings Immediately Alpha Readings Imedia te ly  
Number Number During Recovery Pr ior  t o  Removal of After Removal of 

(PAC 3G cpm) Fallout From Collector Fallout From Collector 
L e f t  R i g h t  (PAC 3G cpm) (PAC 3C cpm) 

c-820 1 3K 3K 150 350 400 0 25 0 
200 300 400 0 0 0 
300 400 l+OO 50 50 0 

2 2K 2K 100 350 150 25 25 0 
100 200 150 0 0 0 
0 100 150 0 0 0 

C-030 1 8K 9.5K UK 7K 7K 25 50 15 
9.5K 7.5K 9.5K 50 75 0 
1OK 7K 0.5~ 0 25 25 

2 1 0 K  9K 6K 7.5K 4K 25 25 0 

I- 
I- 
w 

6.5K 9 K  8K 50 25 50 
0.5K 9.5K 5K 50 25 25 

0-030 1 8.5K 8.5K 750 950 950 50 100 100 
lK 800 700 50 75 50 
lK 700 1K 100 75 100 

2 20K 1OK 7.5K 8K 9 K  50 100 150 
0K aK 10K 150 200 200 
15K 8K 8.5K 250 100 50 

(a) Only statione w i t h  detectable activity are l i s t ed .  



I- 
I- 
IP 

TABLE C.2 CONTINUED (a) 

Sample Collector Alpha Readiogs Alpha Readings I m d l a t e l y  Alpha Readings I m d i a t e l y  
Number Number During Recovery Prior to Removal of After Remwal of 

(PAC 3C cpm) Fallout From Collector Fallout From Collector 
Left Righe (PAC 3c cpm) (PAC 3C cpm) 

50 25 150 
50 75 7 5  

9.5K 7.5K 0K 
7K 8K 8K 

F-030 1 2OK l5K 

10K 10K 9.5K 150 xx, 100 
I 

2 10K l5K 10K l2.5K 9.5K 275 200 300 50 
15K 12.5K 20K 50 150 
15K 12.5K 17K 100 150 50 

H-030 1 8.5K 8K 8.5K 8.5K 8K xx) 350 250 
9-5K 9K 8.5K 300 l.5K 550 
9K 9K 1 0 K  250 200 300 

2 8K 8.5K 8.5K 9K 7.5K 50 450 200 
7.5K 8K 7K 350 2K 5 50 
10K l2.5K 9K 250 550 200 

11 

(a) Only stations wlth detectable activlty are l i s ted .  



TABLE C.3 CLEAN SLATE II ALPHA SURVEY DATA(=) 

- 

Sample Collector Alpha Readings Alpha Readings Inmediately Alpha Readinga Inmediately 
Number Nmber During Recovery Prior to R e m r v a l  of After RemowJ. Of 

Fallout F r m  Collector Fallout ~ m n  c o e c t o r  

55K 5 0 K  6 0 K  50K 100 100 50 
1 0 K  50K 30K 50 25 100 
2 0 K  2 0 K  30K 50 75 100 

2 47 * 5K 42.5K 30K 30.6K 30K 100 50 100 
4OK 40K 40.5K 100 150 100 
50K h . 5 K  4OK 150 150 100 

60.5K 100 150 100 
200 150 200 
200 200 200 

11 4o.M h.yc 100 0 50 
100 100 Loo 

2 75K 65K 45K 
3 0 K  35K 6% 
30K 35-5K 35*5K 100 50 150 

A J - 0 8  1 72.x 72.5K 55.X 75K 55K 200 150 150 
70.x 8 o K  75K 200 200 200 
&.5K 70K 70.5K 200 200 200 

50.5K 75.% ?OK 200 
50.X 55K 60.5K 200 200 150 

(PAC 3c cpm) 
Left R i g h t  (PAC 3c w) (PAC 30 cpm) 

AJ-04 1 45K 

65K 55K 55.5K 4 0 K  
w r 25K 20.5K 1 5 K  

AJ-07 1 67.5 70K 6% 

en 

I t  Loo 50 
150 200 rn 

2 72.5K 72.X 35.5K 75K 850% 

(a) only stations w i t h  detectable activity are listed. 



TABLE C.3 CONTINUED (a) 

Collector Alpha Ekadings Alpha Readings Immediately Alpha Readings Inunediately 
W i n g  Recovery Prior to Removal of After Removal of 

Left Right (PAC 3G cpn) (PAC 3C cpm) 

sample 
Number MMber 

(PAC 30 cpm) Fallout From Collector Fallout From Collector 

B K - 4  1 50.5K 30.5K 2 0 K  100 150 100 
6 0 K  3OK 1 0 K  50 150 100 
50K P K  40.5K 100 100 100 

67.5K 65K 

60K 40.5K 50K 50.5K 50 50 100 
100 150 50 

1 0 . 5 ~  2 5 ~  50K 100 150 150 

2 57.5K 
60K 3OK 6 0 K  

BK-08 1 553 57.5K 

c 2 6 2 . 5 ~  52.5K 
No other reading was taken. 

c m 

BK-09 1 

2 72-5K 75K 40.5K 45.5K 50K 100 100 150 
WK 60.5K 60K 100 50 150 
45K 55K 3OK 150 150 20 

BK- 10 1 loOK 97.5K 70.5K Bo& 40.5K 0 50 50 
70.5K 75K 50.5K 100 100 150 - 
75.5K 70K 75K 200 200 200 

2 91.5K 91 .5K 65K 85K 70.5K 350 450 450 
8 5 ~  70K 80 .5K 500 500 550 
80K 85.5K 85.5K 350 400 400 

(a) only stations with detectable activity are l i s ted .  



TABLE C.3 CONTINUED (a) 

Collector Alpha Readings Alpha Readings Immediately Alpha Readings Jnunediately 
Number Number a*ring Pecovery Pr ior  t o  Removal Of After Removal of 

Left  Right (PAC 3C cpm) (PAC 30 cpm) 
(PAC 30 cpm) Fallout From Collector Fallout From Collector 

BL-06 1 72.5K 9 0 K  70.5K 60K 60K 500 400 300 
6 0 K  4 0 K  3 K  500 300 500 
60.5K 25K P K  500 500 500 

2 60K 90K 50K 60K 60K 400 600 650 
5OK 40.5K 50.5K 500 500 500 
50K 30K 5 0 K  400 500 500 

BL-07 Not Recovered. BOK 8 0 K  

BL-08 1 60K 65K 15K 5.5K P.5K 100 50 100 
15.5K 5.5K 25K 100 100 50 
5.5K 5.5K 3.5X 50 150 100 

2 65K 6OK 4OK 35K P.5K 150 100 100 
20K 20K 15.5K 50 150 100 
fi 2 0 K  15. K 50 100 100 

BL-09 1 67.5K 67 * 5K 35*5K 50K 55.5K 100 250 300 
30.5K 45.5K 65K 450 550 €03 
40.5K 35.5K 6 5 ~  400 500 450 

2 6% 67.5K 35K 35.5K 55K 200 250 150 
35.5K 35-5K b . 5 K  100 300 250 
35K 3 K  30.5K 200 250 150 

+ 
k- 

, 

( a )  Only stations with detectable ac t iv i ty  are l isted.  



TABLE C.3 CONTINUED (a) 

Sample Collector Alpha Readings Alpha Readings Inmediately g p h a  Readings Inrmediately 
Number Number &ring Recovery Pr ior  t o  Removal of After Removal of 

Left Right (PAC 3 cpm) (PAC 3C cpm) 
(PAC 30 cpm) Fallout hrm! Collector Fallout From Collector 

BL-10 1 

t 2 9 5 K  95K 75K 6 0 . 5 K  3 . 5 K  300 50 100 
50.5K 3 K  30K 0 150 100 
9 . 5 K  b K  25K m 150 100 

BM-05 1 60K 67.5K 42.5K b K  40K 250 250 200 
I- 50K 65K 75.5K 100 250 250 

6 0 K  52.5K 8 o K  150 100 a30 

2 7 5K 70K 65.5K 6 0 K  65.5K 200 m 200 

w 
m 

45K 60K 7 5 K  150 50 100 
7 0 ~  6% 55.5K 100 75 100 

BM-06 1 7 2 . 5 K  75K b . 5 K  40.5K 35.5K 100 100 150 
55K 45K 5 5 K  50 150 100 
55K 5 0 K  45.5K 150 100 150 

2 7 2 . 5 K  65K 45K 4 5 . 5 K  50.5K 100 xx) 150 
5OK 150 100 150 

5 5K 5 0 ~  6 0 K  150 50 50 
4 5 . 5 K  4OK 

i (a) Only s ta t ions  with detectable a c t i v i t y  are l i s t ed .  



TABLE c.3 CONTINUED (a) 

sample Collector Alpha Readings Alpha Readings Irmmediately Alpha Readings Immediately 
Nwnber Number kr ing  Recovery Prior to  Removal of After Removd of 

(PAC 3G cpm) FaUout F m m  Collector Fallout F m m  Collector 
Left Right (PAC 3G cpm) (PAC 3C cpm) 

1 

2 

72.5K 75K 

75K 75K 

50 200 250 4OK m.5K 1 5 K  
35.5K ?OK 30K 100 50 200 - - ~ 

5jK-  35K P K  150 2OC 200 

2o.5K 3OK 35K 400 450 200 
?OK 35K 45K 250 200 200 

m-08 1 35K 60K 2O.5K 15 .5K 15.5K 100 50 50 
c 15K 1 5 K  50 50 150 
I w ZOK 5.5K 1 0 K  100 E 3  100 

2 €OK 50K 10.5K 10K 1 0 K  100 150 150 
10.5K 10.5K 1 0 K  150 150 150 

m-09 1 70K 6 2 . 5 ~  1 5 . 5 K  2 o K  15.5K 100 100 350 
2oK 1 5 . 5 ~  2 5 ~  300 200 m 
3OK 15K 1 0 K  200 250 100 

2 65K €OK l 5 . 5 K  25K 25.5K 200 250 200 
25K 25K 25.5K 250 2OO 200 
25K 25K 3OK 150 100 200 

(a) Only stations with detectable activity are l i s ted .  



TABLE C.3 CONTINUED (a) 

I- 
N 
0 

sample Collector Alpha Readings Alpha Readings Immediately Alpha Readings h e d l a t e l y  
Number Number Duing Recovery Prior  to Removal of After Removal of 

L e f t  Right (PAC 30 cpm) (PAC p cpm) 
(PAC 3G cpd  Fallout From Collector Fallout Fmm Collector 

BM- 10 1 70K 70K 20.5K 25K 20K 50 150 100 
25.5K 20.5K 20K 100 200 200 
20.5K 25K 20K 150 100 150 

2 75K 55K m.5K 25K 25K 100 150 100 
15.5K 15.5K 20K 50 150 50 
25K 25K 25 5K 250 200 250 

BM-ll 1 55K 75K 25K 3oK 25K 100 100 150 
20K 25K 25K 100 150 200 
25K 35K 25K 150 200 200 

2 7 5K 70K 20.5K WK 25K 200 200 150 
25K 25.5K 25K 150 150 xx) 
25.5K 3oK 25.5K 150 200 150 

Bo-04 1 2 0 0 K  l 0 0 K  l 0 0 K  95K 95K 50 50 50 
90K 9DK 85K 100 200 200 
85K 85K 80.5K 50 175 xx) 

2 lOOK lOOK 953 BOK 95 5K 50 50 50 
95.5K gOK 100 100 200 
p K  85.5K 50 100 100 

95K 
95K 

n 

(a)  Only stations with detectable activity are l i s ted .  



TABLE C.3 CONTINUED (a) 

Sample Collector Alpha & a d i n g B  Alpbs Resdings Inmediately Alpha Readings Immediately 
Number Piumber Daring Recovery Prior t o  Rem- of After Removal of 

(PAC 36 CP) Fallout From Collector Fallout From Collector 

BO-06 1 45K 50K 45K 5OK 35 * 5K 0 75 125 

Left Right (PAC 30 c p )  (PAC 30 c p )  

4OK 45.5K 40.W 0 0 0 
35K 4OK 45K 75 100 100 

45K b . 5 K  30K 175 17 5 100 

2 50K 55K 35.W b K  40K 25 0 25 
45.W 35.5K 35.5K 25 0 25 

BO-08 1 45K 5OK 2 0 K  35K 35K 25 0 0 

N w 1 5 K  E . 5 K  27.5K 25 0 0 
I- 25K 27.5K 32.5K 0 0 25 

2 50K 4OK 25K 22.5K 20K 0 0 25 
32.5K 32.5K 20K 75 0 25 
27.5K 25K 1 5 ~  0 0 0 

BO-10 1 50K €QK 45K 55K 50K 1K 350 700 
40K 55K 5OK 600 300 500 
35K 55K 45K 300 250 400 

2 55K 60K WK 50K 45K 1K 7 50 800 
35K 50K 5 5 K  200 250 x)O 
55K 5OK 5 5 K  200 250 P 

. 

(a)  only stations with detectable activity are l i s ted .  



TABLE C.3 CONTINUED (a) 

Sample Collector Alpha Readings Alpha Readings Innrediately Alpha Readings Immediately 
Number Number hring Recovery Prior  t o  Removal of After Removal of 

Left  Right (PAC P cpm) (PAC 3G cpm) 
(PAC P cpm) Fallout From Collector Fallout F m m  Collector 

Ea12  1 25K 20K 20K 20K 20K 50 125 50 
22.5K 20K 25K 50 50 50 
25K 22 .5K 2 0 K  100 75 50 

2 20K 22.5K 20K 20K 20K 50 100 125 
20K 2% 20K 50 100 200 
2 0 K  20K 20K 50 50 50 

A-030 1 92K 9% lOOK l 0 0 K  9 5 K  50 100 50 
9 0 K  lOOK l 0 0 K  100 0 50 
9 0 K  lOOK P K  100 100 100 

2 9 2 K  9 3  9 0 K 7  9 0 K  9 0 K  100 50 200 
90K 9 0 K  9 0 K  200 250 150 
9QK 90K l00K 100 150 200 

A - O b  1 7 0 K  70K 7 5 K  @OK 8 5 K  100 50 100 
7% BOK 7% 50 150 100 
7 0 K  8oK 8 o K  150 100 100 

2 7 0 K  6% 7OK 8 o K  BOK 100 150 100 
70K 7 5 K  7% 100 50 50 
70K 7 5 K  7 0 K  150 200 100 

t- 
N 
N 

(a )  Only s ta t ions  with detectable ac t iv i ty  a re  l i s t e d .  



TABLE C.3 CONTINUED (a) 

@le Collector Alpha Readings Alpha Readings IPrmediately Alpha Readings Immediately 
Number Number krlng Recovery Prior t o  Removal of After Removal of 

Left Right (PAC p cpm) (PAC 30 cpm) 
(PAC 30 cpm) Fallout From Collector Fallout From Collector 

A-050 1 50K 47K 50K 60K 7 5K 400 300 150 
50.5K 6 0 K  60K ax, 700 600 
60.5K 50K €OK 300 200 300 

2 45K 5OK 60K 50K 60K 500 600 400 
60K 50.5K 50.5K 350 200 300 
50K 60K 50.5K 200 250 200 

A-060 1 

1 5 K  1 5 K  2OK 2OK 25K 100 50 100 
15K 25K 2OK 150 100 100 

100 150 150 25K m.5K 2 0 K  

I 
2 15K 15K 25K 2 o K  20K 150 100 150 

ZQK 15.5K 25K 100 50 100 
fi 20.5K 20K 1 100 50 

(a) Only stations with detectable ac t iv i ty  are l l a t ed .  

. 



TABLE C.3 CONTINUED 

Sample Collector Alpha Readings Alpha Readings Inmediately Alpha Readings h e d i a t e l y  
Number Number hrlng Recovery Prior t o  Removal of After Removal of 

Left Right (PAC 3C cpm) (PAC 3G cpm) 
(PAC 3c C p m )  Fallout From Collector Fallout F r o m  Collector 

A-080 1 8K 6K 5K 5.5K 5K 100 150 50 
4.5K 5K 5K 150 50 100 
5.5K 5K 5K 100 100 150 

2 66K 66K 60K 60K 60K 0 25 25 
60K 6 5 ~  70K 50 0 25 " 

7 0 ~  60K 60K 75 0 0 

(a) only s ta t ions  with detectable ac t iv i ty  are l i s t e d .  

! 

b .  
, ,,. . . 



TABLE C.3 CONTINUED 

Sample Collector Alpha Readings Alpha Readings h e d i a t e l y  Alpha Readings Innnediately 
Number Number h r i n g  Recovery Prior  t o  Removal of After Removal of 

Left Right (PAC 3C c p )  (PAC 3G cpm) 
(PAC 3C cpm) Fallout F’rom Collector Fallout From Collector 

B-040 1 

2 

w 30K 

3Uc 30K 

B-050 1 20K 20K SOK 20K 20K 0 0 0 
r 20K 20K 20K 25 0 0 
N CJl 20K ZQK 1 5 K  0 0 0 

2 2 2 . 5 K  22 .5K 1 5 K  20K 1 5 K  0 0 25 
1 5 K  1 5 K  1 5 K  0 0 100 
20K 20K 2oK 0 0 0 

B-060 1 1 2 . 5 K  1 5 K  1 7 . 5 K  1 7 . 5 K  1 7 . 5 K  0 0 50 
1 2 . 5 K  1 5 K  1 7 . 5 K  50 50 50 
1 2 . 5 K  1 2 . 5 ~  1 5 ~  50 50 50 - 

2 1 2 . 5 K  1 5 K  1 5 K  1 5 K  1 2 . 5 K  50 50 50 
1 2 . 5 K  1 2 . 5 K  1 2 . 5 K  0 0 75 
1 5 ~  1 5 ~  l 5 K  25 125 

( a )  only s ta t ions  with detectable ac t iv i ty  are l i6 ted .  

/- 
I 

I .  



TABLE C.3 CONTINUED (a’ 

Sample Collector Alpha Readings Alpha Readings Inrmediately 
Number Number &ring Recovery Prior t o  Removal of 

(PAC 30 CP) Fallout From Collector 
LeFt Right (PAC 33 c p )  

B-070 1 8K 7.5K 6~ 5.5K 7K 
6K 6.5K 7K 
7 K  6.5K 7.5K 

2 8K 7.5K 5K 5K 6~ 
6K 5K 6K 

Alpha Readings Inrmediately 
After Xemoval of 
Fallout Fmm Collector 

(PAC 3 c p )  

0 0 0 
0 0 0 
0 0 50 

0 50 100 
0 0 0 

B-080 1 4K 4.5K 3.5K 3.5K 3.5K 50 50 50 
* 4K 3.5K 4K 50 0 25 
m 

2 5K 4K 3.75K 4K 3K 50 75 50 

4.5K 4K 4K 0 25 0 

3.5K 3.75K 4K 25 50 0 
3.75K 4.25K 4K 50 75 25 

N 

B - 0 9  1 33( 2.5~ 7 50 850 375 50 0 0 
850 800 800 0 25 0 
1.25~ 1.5~ 2.5~ 0 25 0 

2 l.5K 1.5~ Ex 2K 2K 25 0 50 
2.5~ 2K 2K 0 0 0 
2.5K 1.75K 2.5K 0 0 0 

(a)  Only stations with  detectable act ivity are l i s ted .  



TABLE c . 3  CONTINUED(~)  e 

-le Collector Alpha Readings Alpha Readings h d i a t e l y  Alpha Readings Immediately 
Number Number hr ing  Recovery Prior to  RemaVal of After Removal of 

Lept Right (PAC 3 cpm) (PAC F cpm) 
(PAC 3c c p d  Fallout From Collector Fdlout From Collector 

c - 0 3  1 P 17 * 5K XIK XIK 25K 75 100 50 
22.5K XIK 20K m 250 225 
XIK 2 2 . 5 ~  2 2 . 5 ~  150 125 125 

2 3 27.5K EQK 20K 2oK 150 17 5 150 
20K 2 2 . 5 ~  XIK 125 150 100 
XIK 2 2 . 5 ~  2 2 . 5 ~  150 200 75 

1 15K 15K 15K 100 100 50 
1 5 K  12.5K 12.SK 50 50 50 

c-Ob 

12.5K 1%. 1%. i s  100 100 r 
N 
-3 

2 17.5K 17 * 5K 1% 15K 1 2 . 5 ~  75 50 50 
15K 1OK 12.5K 50 25 100 
1 2 . 5 ~  1 5 ~  1 2 . 5 ~  25 50 100 

12-050 1 8 . 5 ~  8K 7.5K 0K 0 100 50 
8.5K 0K 9K 100 100 50 
1 0 K  8 . 5 ~  0K 125 50 25 

2 8K 7.5K 8 K  9K 6 . 5 ~  25 0 25 
7.5K lO.5K 7K 25 50 0 
8 K  8 K  7.53 25 50 25 

(a) Only stations with detectable activity are l ieted.  



TABLE C.3 CONTINUED (a) 

Sample Collector Alpha Readings Alpha Readings h e d i a t e l y  Alpha Readings Immediately 
Number Number hring Recovery Prior  t o  Removal of After Removal of 

Left  Right (PAC 3G c p )  (PAC 30 cpm) 
(PAC 3G cpm) Fallout From Collector F a l l o u t  From Collector 

G O 6 0  1 7K 6 . 5 ~  5 . 5 ~  61( 5.75K 50 50 50 
7 . 5 ~  6 . 2 5 ~  6 . 2 5 ~  0 0 50 
6 . 5 ~  5.75K 7.25K 50 50 0 

2 7 K  7K 5.75K 7 . 2 5 ~  6 . 7 5 ~  0 50 0 
6.75K 6 . 7 5 ~  5 . 7 5 ~  50 0 50 
5.75K 7.25K 6.75K 50 0 100 

c-070 1 5.5K 5K 5K 4.5K 4.75K 25 50 50 
5.5K 5.5K 5K 50 0 
4.5K 4K k.5K 0 0 50 

50 50 50 
50 
0 

50 50 
50 75 

100 c-083 1 3.75K 3 . 0 ~  P P 3.75K 50 75 
3.511 P 3.5K 50 50 50 
3.5K P 3K 50 50 100 

k- 
N 

T5K 
2 5.2511 5.5K 4K k.5K 

m 

F5K 5K zz 

3.5K 3.5K 3.2% 3.2% 3.53 50 50 100 
3K 3.2511 3.5K 25 50 75 

2 
. -  

3.75K 3.5K 3.75K so lo0 75 

( a )  Only s ta t ions  with detectable a c t i v i t y  a re  l i s t e d .  



TABLE C.3 CONTINUED (a) 

-le Collector Alpha Readings Alpha Readings Inmrediately Alpha Readings Immediately 
Number m e r  bring Recwery Prior to  Remvel of After Remvel of 

(PAC 30 CP) Fallout From Collector Fallout From Collector 
Left Right (PAC 3'3 cm) (PAC 3 cpm) 

C - W  1 2.5K 2.5K 2.5K 2.2K 2K 75 50 50 

2K 2.5K 2.75K 50 100 50 
2K 2K 2 . 2 5 ~  50 50 50 

2.5K 2.5K 1.5~ 2 . 5 ~  50 75 25 

2.25K 2K 2K 50 0 25 

2 2. gK 
2K 2.5K 2 . 5 ~  50 50 25 

PO30 1 1OK 10K 12.5K 1OK 12.5K 150 75 0 
w 10K 1 0 K  12.5K 75 150 50 

1 2 . 5 ~  ~ O K  7.5K 0 Loo 75 

1OK 12. !iK 50 100 175 
1OK 12.5K 1 0 K  200 100 100 
1 0 K  1 0 K  1OK 125 100 100 

N m 
It 2 1OK LOK 1OK 

S O 4 0  1 4.25K 5.25K 6K 6.5K 5K 0 0 0 
6K 6K 6K 0 0 0 
6 K  6K 6.5K 0 0 0 - 

0 75 0 

0 0 0 

6.53 6K 7.5K 

4.5K 5.5K 5K 

2 5.5K 6K 
7K 6K 6 . 5 ~  0 0 0 

(a) Only stations with detectable activity are l i s t e d .  



TABLE C . 3  CONTINUED (a’ 

fiample Collector Alpha Readings Alpha Rcadings h e d i a t e l y  Alpha Readj ngs I m e d i a t e l y  
Nunber N d e r  Curing Recovery Prior t o  Removal of After Removal of %.  

(PAC 3G cpm) Follout From Collector Fallout From Collector 
(PAC 3G cpm) --- Left Right (PAC 30 cpm) 

D-050 1 

2 

4K 4K 3.5K 4K 3.75K 0 0 0 
4K 3K 4K 0 0 0 
3.75K 3.5K 4.5K 0 0 0 

4K 4K 4K 3 4K 0 0 0 
3.5K 3K 4K 0 0 0 

0 - 4K 3.53( 3.5K 0 0 

D-060 1 

W 
0 

2 

3 3K 3 2.5K 2.5K 200 0 50 
2K 2.5K 3K 50 0 0 
3.5K 3.75K 4K 0 0 0 

3K 3K 3K 2.5K 3K 0 50 0 
2.5K 2K 2K 0 0 0 
2.5K 2.5K 3K 0 25 0 

D-070 1 2.5K 2.75K 2K 2K 2.5K 0 50 0 
2.5K 2K 0 0 0 

2.5K 2.5K 2K 2.5K 0 25 0 

2 2.25~ 2.5K 3K 2K 2.5K 0 0 0 
2K 2.5K 2.2% 0 0 0 - 
2.5K 2K 2.25~ 0 0 0 

(a )  Only s ta t lons  with detectable ac t iv i ty  a re  l is ted 



TABLE C.3 CONTINUED (a) 

Sample Collector Alpha Readings Alpha Readings Immediately Alpha Readings Inmediately 
Number M e r  hr ing  Recovery Prior t o  Removal  of After Removal of 

L e f t  Right (PAC 3G cp m) (PAC 3C cpm) 
(PAC 30 cpm) Fallout From Collector Fallout From Collector 

1 2K 2K 100 100 100 0 0 0 
100 125 100 0 0 0 

D-080 

150 150 150 0 0 0 

2 2K 2K 100 150 200 0 0 0 
100 700 200 0 0 0 

950 950 2K 1.5~ 2K 0 25 0 
1.5K 1K 2K 0 0 0 
1.5K 1.5~ 1.75K 0 0 0 

950 950 1.75K 1.5K 1.5K 0 0 0 
1.5K 2.5K 2K 0 0 0 

F-09 1 6.5K 6K 9.5K 7.5K 7.75K 50 0 100 
8.5K 7.753 8.3K 100 0 100 
8K 7.25K 8K 50 25 25 

2 6.5K 6 . 5 ~  6 . 5 ~  7.5K 8.5K 125 100 150 
8.5K 7.5K 8.25K 100 50 100 
6.5~ 7.25K 7.25K 150 150 100 

(a) Only stations with detectable activity are l i s ted .  



i 

TABLE C.3  CONTINUED (" 

sample Collector Alpha Readings Alpha Readings Itmediately Alpha Radings Immediately 
Number NunBer hring Recovery Prior to Removal of After Remd of 

Left Right (PAC 30 cpm) (PAC 3G cpm) 
(PAC 3G cpm) Fallout From Collector Fallout From Collector 4 

F-Ob 1 2K 2.5K 2.5~ 2K P 0 0 0 
2K 2.5~ P 0 0 0 
3K 4K 4.5K 0 75 50 

2 2K P 2K 2K 3.5K 0 0 50 
2.5K 2.5K 3.5K 0 25 0 
2.5K 2.5K P 25 0 50 

F-050 1 750 7 50 lK lK lK 50 0 0 
F lK lK 1.5~ 50 25 0 

1.5~ 1~ lK 0 5 0 

2 650 700 lK lK 1K 25 0 5 
1.5~ lK lK 75 75 75 
1.5K lK lK 100 75 50 

F-060 1 750 7 50 150 17 5 250 0 0 25 
300 350 0 0 0 

300 350 325 25 50 0 

2 650 650 -5 375 275 0 0 0 
350 47 5 550 25 50 50 . 
600 600 625 0 50 50 

(0 
N 

(a) Only stations with detectable activity are l i s ted .  



TABLE C.3 CONTINUED (a) 

Collector Alpha Readings Alpha Readings Inrmediately Alpha Readings Immediately 
Number turing Recovery Prior to  Removal of After Removal of 

L e f t  Right (PAC 3G cpm) (PAC 3G cpm) 

sample 
Number 

(PAC F cpm) Fallout Frum Collector Fallout F r o m  Collector 

F-070 1 500 550 200 200 17 5 
250 250 S8nxple spilled after 

175 n5 400 500 monitoring data was taken 

2 450 450 400 300 500 
450 425 325 
550 400 375 

F-080 1 No Reading Taken 350 250 350 0 0 0 
I- 200 225 300 0 0 0 
W W 350 325 200 0 0 O 

2 No Reading Taken 300 300 300 0 0 0 
450 400 425 0 0 0 
375 425 475 0 0 0 

F-090 1 250 m 300 550 300 0 0 0 
200 450 450 0 0 0 
300 500 350 0 0 25 

2 200 200 200 200 350 25 25 50 
400 300 350 0 0 0 
450 400 300 0 0 0 

(a)  Only stations with detectable activlty are listed. 



TABLE C.3 CONTINUED (a) 

Sample Collector Alpha Readings Alpha Readings Immediately Alpha Readings Inmediately 
Number Number &ring Recovery Prior to Removal. of  After Removal of 

Left Right (PAC 3C cpm) (PAC 312 cpn)  
(PAC 3G cpm) Fallout Frum Collector Fallout Frcoe Collector 

H-030 1 3 2 . 5 ~  2.5K 4K 3-75K 50 75 50 
3.5K 3.5K 31( 0 0 0 
3.25K 3 yc 50 50 50 

2 3.5K yc yc 4.25K 3.25K 100 100 100 
3-25K 3.25K 3.75K 50 50 100 
3.25K 3.5K 4K 100 50 100 

H - O b  1 2K 850 lK lK 4.5K 50 50 50 
lK 1.5~ lK 100 100 50 
LK lK 1.5~ 100 50 100 

2 2K 850 1.5K 1K 1.5~ 100 100 100 
1.5K lK lK 50 50 100 
5K 1.5K lK 100 100 100 

H-050 1 400 550 600 600 800 50 0 0 
800 800 700 50 0 0 
700 700 800 0 50 0 

2 500 500 600 700 700 50 50 0 
600 800 800 50 0 50 L 

700 700 800 0 1M) 50 

(a)  only stations with detectable activity are l isted.  



. .  

P 
$ 

8 
TABLE C.3 CONTINUED (a) 

.r. 1 

Collector Alpha Readings Alpha Readings k d i a t e l y  Alpha Readings Inmediately 

3 Number Number hring Wcovery Prior to Removal of After Removal of 

Left Right (PAC 3G c p )  (PAC 30 cpm) 

-le 

(PAC 3G cpm) Fallout From Collector Fallout From Collector 

600 Boo Boo 150 150 150 
700 800 600 50 50 50 

E-060 1 400 4w 

ti00 700 500 50 lo0 50 

2 450 500 500 600 700 50 50 100 
600 600 700 100 100 150 
600 500 600 50 50 100 

11-070 1 400 300 250 300 400 50 50 100 
250 300 500 100 100 50 
400 300 300 50 50 50 

E-Om 1 300 300 200 250 400 50 50 100 
400 400 500 100 50 100 
400 200 700 100 100 100 

2 300 350 500 500 600 50 50 50 
500 5 50 500 100 100 50 3 500 00 100 0 100 

H-090 1 250 250 800 630 700 50 100 100 
7 50 500 500 100 50 100 
500 500 400 50 100 100 

2 250 250 500 600 700 50 50 100 
600 500 600 100 100 100 
600 600 700 50 100 100 

(a) Only stations with detectable actlvlty are l lsted.  



APPENDIX D 

MASS, GAMMA ACTIVITY, AND PLUTONIUM CONTENT 
OF FALLOUT SAMPLES 

Each fallout sample was weighed and Its plutonlum content was determined from 

its count rate as  detected in a well-type. NaI crystal. The data reported in 

Tables D.l through D.3 have been corrected for self-absorption and sample 

geometry. 

The mass of plutonium and of fallout deposited per square meter are also 

reported. 
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TABLE D.l TOTAL W S ,  GAMMA ACTIVITY, AND PLUTONIUM 
CONTENT OF DOUBLE TRACKS FALLOUT SAMPLES 

Sample 
Number 

AB 05 
AB 06 
AB 07 

A J o 4  
AJ 05 
AJ 06 
AJ 07 
AJ 08 

BK 07 
PJc 08 
BK 09 

BL 07 
BL 08 
BL 09 

rn 08 
09 

Bo 10 

A 060 
A 070 
A 080 

B 050 
B 060 
B 070 

c 050 
c 060 
c 070 

D 050 
D 060 
D 070 

ll.800 13 

mss of Total Mass Mass of 
Pu B r  of Material 
Unit Area Ehter ia l  Per Uni t  
(s/m2) Collected Area 
(3) (grams) (g/m2) 

12.5 4.21 
6.56 788 19.5 

755 15.0 5.05 

98 

4 
ll 
112 

m.6 
21 

2 
5 
75 
1 
9 

E 3  

5 
100 

23 

6 
339 
0.5 

4 
8 
49 

9 
29 
12 

61 
24 
8 

4.52 
4.58 
6.00 
4.50 
3.05 

3.95 
3.02 
3.15 

2.45 
2.25 
3.58 

3.32 
2.40 

1.45 

1.05 
1.30 
0.81 

3.81 
2.83 
3.36 

3.52 
4.81 
3.88 

1.52 
2.33 
1.07 

1.52 
1.59 
2.02 
1.52 
1.28 

1.33 
1.18 
1.06 

0.82 
0.78 
1.21 

0.81 
1.12 

0.49 

0-35 
0.44 
0.27 

0.64 
0.48 
0.56 

0.59 
0.81 
0.65 

0.25 
0.39 
0.18 

(1) Avemge of two 1-minute counts n m l i z e d  to  the counter response 

(2) Ibe -le wna @it into two or ma iractioru and the total activity 

(3) 

at NRDL. 

van dctemlmd imm the num or  the activities of th iractiw. 
Four, instead of the usual tw, aluminum collectors were exposed 
at each station on Arcs B, C,and D. 
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TABLE D.2 TOTAL UBB. GAMMA ACTIVITY, AND PLUTONIUM 
CONTENT OF CLEAN SLATE I FALIDIJT SAMPLES . 

sample Well Crystal Ela116 of Elass of Total Maas of Elass of 
M e r  Activity FuPer Pu Per Material Material 

(1) sample unit Area collected Per Unit 
(CP) (le) (dm2)  (SramS) Area 

(g/m2) 

AH 06 
AB 07 

AJ 04 
05 

AJ 06 
AJ 07 
AJ 08 

05 
PPI 06 

07 rn 08 
BK 09 

BL 05 

BL 07 
BL 08 

09 

Et+l 05 
06 

Bp.I 07 
EM 08 

09 

Boo4 
06 

Bo 08 

A OM 
A 030 
A 040 
A 050 
A 060 

BL 06 
18,800 24 

859,300 ( * )  1100 
2.101.000, ~. 2693 

329,900 4 23 
34,500 44 

321,400 392 
69+,900(2) 847 
43,500 53 

430,900 501 
6~9,000(~)  806 
75,700 84 
14,700 17 
6,700 7.4 

1288 
xi57 

547 
a342 
942 
n7 
18 

5.7 
118 

1461 
1165 
104 

8 
370 
9 6  
507 
58 

93 
1238 
280 
14 2 
14 

132 
285 
18 

163 
271 

28 
5.7 
2.5 

$6. ss 
86.58 

53 - 72 
€9.08 
84.478 
47.56 
58.58 

10.38 
12.42 

37*G a. 
27.45 

7-05 
8.03 
11.1% 
6.0206 
6.60 

3.20 
13.611 
4.28 
6.60 
6.42 

2.69 
2.7738 
3.20 

1.1442 
1.191 
0.7213 
0.7331 
0.8284 

15.78 
29-15 

18.09 
23.26 
28.44 
16.01 
19.72 

3-50 

142:;; 
7.2 
9.24 

2.37 
2.70 
3.76 
2.03 
2.22 

1.07 
4.59 
1.44 
2.22 
2.16 

0.91 
0.93 
1.08 

0.385 
0.401 
0.243 
0.247 
0.279 

. 



. . . , . , . , .  

TABLE D.2 CONTINUED 

1.21 
1.1.4 

D 0 9  340,400(2) 4.15 140 2 . w  0.W 

F 030 292,m(2) 340 114 1.8269 0.615 

A 030 269,400(2) 328 llo 2.2od( 0.741 

(1) Average of two 1-minute counts normalis& t o  the counter response 
a t  NRDL. 
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TABLE D.3 TOTAL MASS, GAMMA ACTIVITY. PLUTQNILlM 
CONTENT OF CLEAN SLATE II FALIDUT SAMPLES 

~ 

l e  Well C r y s t a l  Mnsa of Was of TotnlMnss of k e a  of 
er A c t i v i t y  =Per FuPer Ehtcrial Egterial 

Sample U n i t A r e a  Collected Per Unit 
Arm 

( 1) 
K 3  

( C P )  h43) (vg/m2) (prams) 
W m 2 )  

BK 09 b) -762,800 9'77 
BK 10 a) 1,255,000(2)1&9 
BK 10 I b) 1,32i',000(2)1701 

a) 4,683,000(2)5717 

a) 1,kk5,000(2)1852 
b) 446,700 572 

b) 274,400 351 
a) 865,300 YO9 

.. 
b) 178;300 lsb 
a) l,OkO,000(')1054 
b)  323.700 728 

1567 
l l 6  

4671 
138 

I l l 4  
987 

1846 
le6 
587 
329 
541 
570 

1924 

118 
373 
179 
793 
280 

1220 
155 
1622 

L; 

2; 
10 6 
991 
61 

355 
ll0 
27 
149 
266 
425 

4,545 
71.20 

7,601 
85.08 

760.9 
136.11 

3,838.4 
68.85 

737.3 
127.13 
283.6 
197.21 

1,936.8 
60.8 

74.6 

4&.8 

3 r  025 * 1 

598.4 
Lu.32 

113 23 

1,281.2 
6k.8 

1,186.2 

3,249.6 
63.24 

19352.5 
70.a 

58.00 

404.6 
76.3 

39.4 
109.4 
229.3 
136.25 

1,520 
24 

2,559 
29 

256 
46 

1,292 
23 

147 
43  
95 
66 

652 
20 

1,018 
25 

201 
38 
155 
38 

431 
22 

455 
24 

399 
19 

Log4 
21 

136 
26 
104 
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TABLE D.3 CONTINUED 

2424 658.3 2i39 

321.1 lo8 
689 
202 
162 60.20 20 
13 59.2 178 
lo2 70.005 23 

4 

8 p W  before we- 

%:L 33 
24i;m 24i; 91.95 3.1 

UI.2 
68.57 

A 03(a) 1,102,000[3 1412 476 
AOWfb) 1.128.000 1& # 

1040 351 

45 
75 25 

1224 413 
395 133 
252 85 
139 47 
90 P 
37 12 
25 8 

M 116 
192 65 
135 45 
105 35 
53 18 
34 ll 
20 7 

76.- 
9 . 0  
90.75 
51-63 
41.26 
13.5951 

59.45 
27 -9 
16.05 
8.gOl3 
5.7095 
3.7914 
4.374 

15.1360 
9.2329 
7.3642 
7 . m 4  
6.7352 
6.6960 
4.3312 

Y 
P 
17 
14 
4.6 

9.4 
5.4 
3-0 
1.9 
1.3 
1.5 

5.1 
3.1 
2.5 

2.3 
2.3 
1.5 

20 

2.4 
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TABLE D.S CONTINUED 

33,650 
25,200 
32, ogo 
24, Boo 
14,060 
u,030 
12,180 

210 
88 
63 
48 
28 
3s 
19 

194 
80 
16 
14 
13 
12 
9 

41 
3l 
39 
29 
17 
13 
15 

7 1  
9 
P 
16 
9 

13 
6 

65 n 
5.4 
4.7 
4.4 
4.0 
3.0 

14 
lo 
13 
9.7 
5.7 
4.4 
5.1 

8.520 
k . 0 0 3  
2.7W 
2.1- 
1.55I-O 
1.6076 
1.5529 

9.3694 
8.m88 
1.2090 
1.0032 
0.934 
2.0194 
0.8818 

2.8909 
3.3342 
aq68 
2.783 
2.1698 
3.0755 
3.1440 

2.81 
1-35 
0.91 
0.72 
0.52 
0.9 
0.52 

3.15 
3.02 
0.41 
0.34 
0.3 
0.68 
0 . 9  

0.97 
1.14 
0.70 
0.93 
0.73 
1.03 
1.06 

(a) 

(b)  

(1) 
(2) 

lhmvout materid that slid f r a o  ii~umtnm cduector when it YBB 

Material tbat Bdhcred to  petrolatum Burisce of aluminum collector 
dter collector had been tipped vertically. 

Each value i s  ea average of tvo 1-minute counts. 
Activity of total sample was calculated from one or more aliquots. 

tippea vertically. 
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APPENDIX E 

DISTRIBUTION OF MASS AND GAMMA ACTIWTY AMONG 
DRY-SIEVED PARTICLE-SIZE FRACTIONS OF FALLOW SAMPLES 

Fallout samples were dry-sieved and each sieved fraction was weighed and 

gamma counted. The percent of the weight and gamma activity retained by each 

sieve fraction and the cumulative percent lese than the stated sieve size are tabu- 

lated and displayed graphically in Figures E.1 through E.3. 

The gamma activity data (Tables E.l through E.3) were taken a t  TTR and were 

neither normalized nor corrected by the factors in Section 3.3. 
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TABLE E.l DISTRIBUTION OF MASS AND GAMMA ACTIVlTY AMONG DRY-SIEVD 
PARTICLE-SlZE FRACTION5 OF DOUBLE TRACKS FALLOUT SAMPLES 

- 
DT Sample AH-08 

Wler Sieve k s b  Percent Cumlativc Omm Pcrcent of m t i v e  
Plash Opnw Rrtaidcd of I*Lne Rrcent of Activity Activity Percent 

(microns) (g-1 Retained ~ ~ 5 1 c s r  (cm) Retained of Activity 
Thn  Sbted Less lTnn 

st.tsd Sire Siae 

24 710 0.3651 1.86 98.10 14,655 0.W 99.05 
42 350 1.1675 6.08 92.02 148,856 9 . h  e9.u 
65 210 2.427 10.61 81.41 257.765 11.03 l2.B 
100 149 2.6089 u.35 68.06 174,Ul u.51 60.67 
150 105 2.w118 12.50 55.56 122,238 8.08 52.59 
200 74 3.3139 16.96 38.60 109,082 7.21 45.38 
325 4 4.4220 Eel 15.96 99,372 6.58 38.80 
Fan ( -  44) 3.U73 15.96 581,041 38.80 - - 
Total 19.5292 99.96 
oris. Ut.  19.5 g 

- - 
1,513,100 100.02 

DT Sample AH-07 

Wler Sieve M.88 Percent C u u h t i v e  Gama Percent of 0mulc.tin 
Mesh Openiw Retained of Mans Rrcent of Activity Activity Percent 

(microns) ( g m e )  Retained h a 6  Less ( c p )  Retained. of Activity 

Sire S a t e d  Size 
Than Stated Less T h n  

E4 710 0.2342 1.54 98.45 1,026,937 29.9 70.07 
93.76 96.711 2.82 61.25 
85.46 15.336 .45 66.80 

42 350 0.7129 4.69 
65 210 1.2623 8.30 
1cO 149 1.68n ll.06 74.40 mi263 .59 66.21 

m 74 2.4B85 16.36 46.56 651,819 19.02 33.88 
325 44 3.8975 25.63 a 9 3  1,022,496 29 .8  4.04 

150 105 1.7466 ll.48 62.92 456,182 13.31 52.93 

mn ( -  44) 3.1830 a.93 138,283 4.04 - - 
Total 15.2072 99.99 

O r b .  W t .  15.0 g 

- 
3,427,087 100.04 
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TABLE E.l CONTINUED 

DT Sample AJ-07 

Tyler Sieve 
Mesh Opning 

(microns ) 

&ss 
Retained 
(grams) 

Percent Cumulative Qanua Percent of c m i m t i v e  
of phss Percent of Activity Activity Percent 
Retained Elsse Less (cpd Retained of Activity 

D a n  Stated Less Tjmn 
Sile Stated Si$= 

710 
42 350 
65 210 
100 149 
150 105 
200 74 
325 w, 
Fan ( -  wi) 

Total 

Oris. Ut. 4.50 g 

0.0633 
O . Z l S 4  

O.Zl30 
0.2039 
0.3728 
0. sau 

4.5353 

0.2808 

2.m.30 - 

1.39 
4.83 
6.19 
4.69 
4.49 
8.22 

21.65 
48.51 

99.97 
- 

98.58 
93.75 
87-56 
&.e7 
78.38 
70.16 
48.51 

1.W 
251,139 

1,106,261 
618,613 
196,772 
12[),kll 
9,562 
256,823 

0.05 
9.49 

I r l  .81 
23.38 
7.u 
4.55 
3.57 
9.71 

lW.00 

- 

99.95 
90.46 
48.65 
25-27 
17.83 
13.28 
9.71 

DT Sample BK-09 

vier Sieve Wss Percent Clrmuletim %me& of c-tive 
Mesh Opening Retained of MISS Percent UP Activity Activity Pcrcent 

(microns) (m) Retained mss Less ( c p )  ~ e t a i n c d  of Activity 
T i m  Stated Leas T b n  
size Stated size 

1M 
150 
m 
325 
W n  

0.0466 1.48 
0.0482 1.53 
0.0885 2.82 
0.1278 4.70 
0.1892 6.03 
0.40lr9 12.90 
0.9386 20.96 

42.18 

T o t a l  3.1373 1O.e 

Orig .  Y t .  3.15 g 

99.12 
97.59 
94.77 
93.07 
84.a 
71.14 
42.18 

LO50 0.57 
53,221 28.75 
91,670 49.52 
11,634 6.28 
2.395 1.29 
3.855 2.08 
4,229 2.28 

m g . e g  
185,180 100.02 

99.45 
70.70 
21.18 
14.93 
13.61 
ll.53 
9.25 
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TABLE E.1 CONTIHUED 

M Bample BL-09 

wlu si- I4316 patcent -tire - m e a t  or -tiw 
MeEh OPninS Retained OfMass Of A c t i v i t y  A c t i v i t y  Pcrcent 

(micmns) (glarrm) Retained Eh.8 Le66 (em) Retained a? A c t i v i t y  

S lsc  stated s1.e 
Ilban stated Lens Tban 

24 I10 0 . o w  1.59 98.39 198 0.Cb 99.96 
42 350 0.1651 4.34 94-05 57,752 U.26 09.70 

210 0.2977 7.84 86.21 30580g6 54.21) 35.50 
100 149 0.3% 9.39 76.82 1~0,848 11.9 17.58 
65 

0.3721) 9.19 67-03 11M7 3.03 14.55 150 

0.9126 2L.04 29.19 =,585 2.4 
1.1082 29.19 39,051 6.# 

200 
325 
Pan ( -  a) 
Total 3.1965 99.98 562,W m . ~ )  
or%. W t .  3.58 B 

z: z lo* 0.5239 13.80 53.23 X)r* 5.38 $ 
- -  - - 

DT Samde BM-09 

24 710 0.00U 0.13 99.83 BIrs ~ 99.59 
42 350 0.0539 1.65 98.18 56,953 5.27 94.12 
65 210 0.17lO 5.24 92.94 433.239 40.l.l 54.61 
100 149 0.1617 4.95 m.99 $2,525 31.71 22.93 

203 74 0.4008 W.28 69.62 43,775 4.05 U.79 
325 4J4 0.8588 26.32 43.30 32,684 3.02 a.n 
mn ( -  4J4) 1.4127 43.30 94,749 0.n 

150 105 0.1967 6.09 81.93 76,302 1.06 15.84 

Toea1 3 e 2620 59.96 

Orig. TJt .  3.32 e 
3,080,m 99.99 
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TABLE E.l CONTINUED 
DT Sample A-TO 

Tyler S l r n  no. Pcrcant -ti= Oama Rreent of CumaUtive 
Henh Orenlfg Wtained of Woo Percent o? Activity Activity hrcent  of 

(microns) (prslu) mined I h S  ISOS (Ca) Retained Activity 
Thin Stated Less l b n  
size Stated Size 

150 105 
m 74 
325 44 
mn ( -  44) 

Total 

o r i g .  ut. 1.9 g 

DT Sample B-O?O 

0.0026 
0.om 
0.0671 
0.U7 
0.1153 
0.1679 
0.3557 
0.W6 

0.23 
0.12 
5.11 
8.61 
0.88 
14.48 
27.42 
34.27 

99.45 
- 

99.25 
9.83 
93.6 
85.05 
76.11 
61.69 
34.27 

156 0.02 
195% 0.53 

308.501 35.82 
161.~3 18.71 

158,972 18.46 
%,*l 10.01 
60,118 6.98 
81,188 9.16 

59.97 
99.44 
m.73 
44.91 
26.45 
16.44 
9.46 

710 O.&O 1.14 98.61 9.825 11.17 

325 44 0.w 32.88 30.si 1 1 0 ; ~  hi .05 15.38 
mn ( -  44) 0.m 3.m 36,- 15.38 - - 
Total 2.980 59,97 

b i g .  Ut. 3.36 g 
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TABLE E.l CONTINUED 
DT Sample C-OS0 

vier Sieve l b s  Percent cv0EAlstiYe w7m Rrccnt ci cumulative 
l4ec.h O p n i r g  Rctainad cd Muma Pcrcent of A c t i v i t y  Activity Percent of 

(microns) (grams) Retained Mas Less ( ep)  Retainad Activity 
Than stated. leas Thn 
SiK stated. si= 

& 710 0.0015 0.03 99.93 . I 3  0.07 99.91 
42 350 O.ll91 2.49 97.4 183 0 . u  99.m 
65 210 0.3780 7.92 8% 52 985 0.62 99.18 
100 149 0.4570 9.58 79.54 13,697 8.6e go. 56 

200 74 0.6123 12.83 58.07 37,165 23.39 48.12 

Pan ( -  44) 1.8161 38.08 29,n4 18.61 

150 105 0.43U 9.04 70.90 30,268 19.05 71.51 

325 44 0.9536 19.99 38.08 46,8Bl Z9.51 18.61 

- - 
T o t a l  4.76% 99.96 

or%. u t .  4.81 8 

DT Sample C-010 

Tyler Sieve )lass Percent Cumlative Gama Percent of Cumulative 
Mesh Opnlng Retained of Muss Percent of Activity Activity Rrcent af 

(microns) (pram) Retained Mas Leas ( c p )  Rctdined Activity 
m a n  st.ted Less Thn 
siae Stated s i*e  

2b 710 0.0512 1.72 98.8, Bo 0.1L W.86 _ _  . - - -  
i 2  350 0.0s 2.23 66.41 183 0.32 99.9 
65 210 0.0888 2.30 94.11 138 
100 149 0.1275 3.30 90.81 265 
150 105 0.1535 3.98 86.83 FJu 

0.24 99.30 
0.h6 98.84 _ -  98.811 

200 7h 0.3301 8.56 70.27 143 1.81 97.03 
325 44 0.7983 a.ii 57.56 14,485 25.09 ii.6 
Pen ( -  44) 2.2181 57.56 41,527 71.94 

- -. - -  
Total 3.8535 99.96 57,720 1w.w 

orig. W t .  3.88 g 
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TABLE E.l CONTINUED 

DT Sample c-050 

* 710 0.1214 8.16 91.83 9 2  0.18 99.83 
42 950 0.a- 16.76 75.07 683 0.m 99.54 _. . 65 2lo 0.lOk 7.38 bi.6 4mi 1.G 9.03 
100 149 0.0678 4.56 63.13 37.995 12-46 85.R 
150 105 0.0651 4.38 58.75 66,125 a.68 63.89 m 74 0.1053 7.08 51.67 e*,& n.77 36.12 
325 44 0.Z219 14.93 36.74 54.907 18.w 18.12 
Pan ( -  44) 0.5461 36.14 55;€!67 18.12 

Or@. W t .  1.52 g 

DT Sample D-060 

- -  
305,013 W . 0 1  

Tyler Sieve Warns P e r c e n t  hau3rtln 0.- Percent of C m u h t l v c  
Mcsh opning Rctaiced of mea paccnt  Acttvi ty A c t i v i t y  Rrcent or 

(microns) (-) Retained Mas Less ( e a )  Rctaincd A c t l v i w  
Tmn S t a t e d  Less T t m  
Sire Stated Sire 

42 
65 

1w 
153 
m 
325 

.~ 
750 0.1208 5.& ~~~~ -I 

210 O.W* 5.43 
149 0.0879 3.81 
105 O.ll57 5.02 

wi 0.6273 27.22 
74 0.2360 

24 710 0.0490 2.w 97.83 0.14 PP. 91 
4.59 
89.16 
85.35 
m.33 

42.87 - .  
70.09 

Pa" ( -  wi) 0.9678 42.87 r7;855 a4.16 - - 
T o t a l  2.3037 99.95 

Orig. U t .  2.33 g 

_ _  .~ 
99.71 
9.18 
m.es 
86.u 
61.32 
2k.16 
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TABLE E.1 CONTINUED 

DT 8ample D-070 

'&ler SI- h s s  Percent W t i v e  h n m  *rcmt cd Clmnrlstivc 
Mesh W n i n g  Retained d MESS Percent oi Activiw Activity Percent of 

.. 

(micmns) (sxws) tktained k h u ~ e s s  (cp.) Retained A c t i r i t y  
Thn ststed Less Thn 
sire stated sire 

0.29 99.71 
1.19 98.52 

& 710 0.02w 2.21 97.76 96 
42 350 0.0536 5.544 91.82 390 

1.06 R.b6 
2.62 94.811 
1.23 93.61 

65 210 0.0625 6.93 %.e9 
100 149 0.OW 5.54 79.35 
150 105 0.0662 7.34 72.01 &A 
200 74 0.0388 4.30 67.71 256 0.78 92.83 
325 0.2k67 27.36 40.35 3.968 =.lo 80.73 
Pan (- &k) 0.3638 40.35 26,483 80.73 

Total 0.9016 99.9 32,800 iw.w 

i2 

- -  - 
OrU. Wt. 1.07 g 
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TABLE E.2 DISTRIBUTION OF MASS AND DAMMA ACTIVITY AMONG DRY-SIEVED 
PARTICLE-SIZE FRACTIONS OF CLEAN SLATE I FALLOUT SAMPLES 

C6 I SamDle AH-06 

24 710 10.1250 u.97 78.22 1,507,688 50.52 49.46 
42 350 3.985 7.94 70.58 1,&5,905 35.05 14.41 
65 210 0.8359 1.83 68.18 I p , 2 l O  4.09 10.32 
100 149 0.6703 1.u 67.9 59,505 1.79 8.53 
150 105 1.7966 3-8l 63.41 37&1 1.25 7.28 
a00 74 2.0571 4.43 59.04 41,355 1.38 5.90 
325 44 6.9319 14.92 a.12 54,414 1.82 4.08 
Fan ( -  44) 23.5050 44.12 121,- 4.08 -- 
-1 46.4703 100.01 

CS 1 SamDle AJ-06 

24 710 8.232 9 . n  90.a =,a2 15.08 81.90 
42 350 15.4950 18.10 71.81 l,l*,398 63-18 a .72  
65 210 7.3500 8.73 63.11 105,163 5.30 19.42 
100 149 6.9300 8.23 54.88 86,939 4-38 15.04 
150 lo5 6.5690 1.80 47.08 48,706 2.45 12.59 
Po 74 16.3800 19.45 71.63 73.060 3.68 8.91 
325 44 1 5 , l W  17.99 9. a 92,190 4.a 4.n 
Fan ( -  44) 8 . W  9.64 81,800 4.27 

-- 
Total 84.2232 m1.01 

w g .  ut. 84.478 g 
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TABLE E.2 CONTRWED 

CS I Sample BK-08 
~ 

a4 710 0.wz 4.30 95.78 28,3* 1.00 99.00 
42 3% 2.8677 u.* 81.84 1,212,007 42.& 56.36 

2J.Q 2.8563 U.88 67-96 1,=5r¶5 43.14 U.22 
149 i .4no 7.G 60.80 226.823 7.90 5.24 

65 
100 

aM 74 2 . b 2  lj.18 5 3 3  0.81 3.07 
325 44 2.6610 12.93 26.10 27,891 0.98 2.09 
Fan (-44) 26.40 e e . o g  

2,842,102 100.00 

CS I Sample BL-07 

24 710 0.2956 R.@ 97.34 51,507 2.69 97.20 
42 550 17.55 79.81 852.76e bb.40 52.80 _. 
65 210 Lis03 li.G a. 16 667ii31 34.83 i7.m 

100 149 0.4420 3.59 8.17 1 9 9 , U  10.41 7. 56 
150 105 0.4300 3.88 60.29 27,819 1-45 6.n 

325 WI 1.8507 16.71 36.45 26.271 1.37 3.8, 
m 74 0.7% 7.U 53.16 21,109 1.10 5.01 

Phn ( -  44) 4.0381 36.45 69;733 3.a 
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TABLE E.2 CONTINUED 
CS I Sample BM-06 

Percent of Cumulative Tyler Sievc Lhss Percent Cumulative Qmma 
)(e& Opening &tab& of Mss Rrcent c# Activity Activity Percent or 

(micnms) (gruM) Retained yass Less ( c s )  Fatalned Activity 
man stated Leas mmn 
s i r e  Stated Size 

24 
b2 
65 

loo 
150 
a00 
325 
Rm 

710 
3 ,  
210 
149 
105 
74 
44 

( -  44) 

2.4467 
5.7& 
1.3619 
0.ml2 
0.2157 
0.4252 
0.9540 
2.p42 

18.09 
42.30 
10.06 
1.44 
1.59 
3.14 
7.05 

16.28 

CS I Sample BO-06 

81.86 

23.33 
16.28 

18.31 
53.37 
19.63 
2. Pl 
0.70 
0.n 
1.10 
4.09 

81.79 
28.42 
8.79 
6.66 
5.96 
5.19 
4.09 

~~~~ 

Tyler Sieve Hass Percent Cvnuhtive &mu Rrcent of Cumulative 
Mesh Opening Remined Of Lhss Rrcent aP Activity Activity Percent of 

(microns) (glams) Retained Lhss Leas (cp) Retained Activity 
m n  Stated Less TInn 
Size Stated size 

24 710 0.0227 0.83 99.19 5,415 0.86 99.16 
L2 350 0.0724 2.65 96.51, 39,033 6.30 92.86 

100 149 0.267‘3 10.54 69.86 184.240 29.95 14.22 
65 210 0.4409 16.14 03.40 307,513 48.61 44.17 

150 io5 0.1687 6.17 63.69 47;993 i.66 6.62 
m 74 0.2936 10.75 52.* 12,324 1.95 4.67 

Pan ( -  44) 0.9254 33.88 23,994 3.80 
325 44 0.5206 19.06 33.88 5,529 0.67‘ 3.03 

- -  
Tota l  2.7316 100.00 

b i g .  wt. 2.7738 

- -  
63i,Bli 100.03 
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TABLE E.2 CONTINUED 

.. c6 I sample A-030 

Tyler Sieve Was Percent Cumulative oanrm Percent of Cumulative 
Mesh O p n i r e  Retained of Was Percent of Activity Activity Percent of 

(microns) (g-) Retained wss =as (cpn) Retained Activ iw 
Thln stated ln.6 Ttan 
size  stated sile 

24 I10 0.0339 
42 350 O . & l  
65 a0 0.2843 
100 149 0.2092 
150 105 0.0632 
am 74 0.0298 
325 44 0.0%~ 
mn ( -  44) o.1W 

Total 1.1106 

GTig. W t .  1.1931 g 

- 

3.05 
a.98 
q.63 
18.84 
5.42 
2.69 
4.52 
11.50 

93.99 

- 

96.95 
74.n 
49.31 
30.53 
25.U 
22.42 
17.50 

8,696 1.38 
116,340 18.50 
'2l3,515 33.95 
188,927 30.04 

9.93 
15,427 2.45 
1,035 1.12 
36,480 2.62 

628,860 99.99 
- -  

98.61 
80.U 
46.16 
16.12 
6.19 
3.14 
2.62 

CS I Sample B-030 

Tyler Sieve Me6 PFrcent Cumulative Qamn Percent of Cumulative 
Mesh Opning Retained Of Mss M c e n t  o f  Activity Activity Rrcent of 

(microns) (grams) Retained mas ICES (cpn) Rctalned Activity 
m a n  stated J E S S  Tban 
sine Stated Size 

2k 710 0.0303 2.45 99.16 1,077 0.46 99.58 
L2 350 0.1402 11.33 87.83 43,316 18.43 81.15 
65 210 0.1151 14.P 13.63 9,065 40.03 41.12 
100 149 0.0842 6.81 66.02 50,580 21.53 19.59 
150 105 0.05P b.m 62.62 14,836 6.31 13.28 
io0 71 0.10m 9.78 52.84 8,819 3.15 9.53 
325 W, O.m& 16.65 36.19 10,421 4.43 5.10 
Fun ( -  44) 0.4477 36.19 ll, 902 5.10 

- - 
TOta? 1.2371 101.61 

orig. Yt. 1.2678 g 

235,096 100.04 

154 



TABLE E.2 CONTINUED 
CS I Sample C-030 

Tyler Sieve lhss Percent Cmvlmtive osln Rrcent of Cmmrlative 
Heah Opening Retained of Mass Percent of A c t i v i t y  Activity Fercent of 

(microne) (grame) Retained h a s  LZSS (cm) Retained Activity 
Than stated Less T k n  
Sire Stated Sire 

710 0.0458 1.35 9a.a  335 
42 350 0.0965 2.86 95.78 30, in  
65 210 0.2356 6.97 88.81 114,799 

100 149 0.1483 4.38 84.43 81.284 

CS I Bmple D-OS0 

2.& 81.45 L E U 2  _ , ~ ~ ~  
7 . h  10,037 

21.14 53.06 9,449 
53.06 17,318 - - 
99.99 99.99 

Tyler Sieve Masn Rrcent Cumulative Percent of Cumulative 
Mesh Cpning Rctained cb Mass Rrcent of A c t i v i g  Activity Percent of 

(microns) (grwu) Retained Was Iran ( c p )  Retained Activity 
zlw Stated Irss Tmn 
Sire Stated Sire 

24 7u) 0.0699 2.65 97.94 796 O.P.3 w.77 ,,. ._ .~ . ~. 
42 350 0.07ii 2.95 3 . i 9  m;%l 7.69 92.04 
65 210 0.2007 7.62 86.77 105,602 40.01 52.03 

150 105 0.0956 3.63 78.02 29,385 11.13 15.70 
100 149 0.1350 5.12 81.65 66,514 25.23 26.83 

aw 74 0.1862 7.07 70.95 10,690 4.05 11.65 
325 44 0.4- 15.96 54.99 12;l69 4.59 7.06 
Fnn ( -  44) 1.4484 S.99 i8,& 7.06 

-- 
Tote 1 2.6339 99.99 

Or%. Ut. 2.6894 g 

-- 
263.959 1VV.01 
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TABLE E.2 COWTINUED 
CS I Sample PO90 

Dler Sieve mss pcfcent cumuhtive (i.nna Furcat of Cumulative 
&st, Opming Retained of Llarrs F’ereent of A c t i v i W  A c t i v i t y  Percent oi 

(microns) (gmms) k t s i n e d  MESS u s s  (cpn) Retained A c t i v l t y  
nnn stated Less m n  
Size Stated Size 

a4 
42 
65 
100 
150 
aM 
325 
Pan 

Total 

orig. Y t .  1.8269 

0.1023 
0.1201 
0.2lO7 
0.1655 
0.1095 
0.1723 
0.2986 0 . 5 6 7 0  
1.7660 

B 

5.79 
6.80 
u.93 
10.50 
6.20 
9.76 
16.91 
32.1l 
100.00 

9.21 
67.41 
75.48 
a.98 
58-70 
49.02 
32.U 

0.13 99.B 
0.54 98.95 
26.84 72.u 
39.17 32.* 
15.23 17.71 
7.45 10.26 
3.76 6.50 
6.50 - 

100.02 

C6 1 Sample H-050 

Tyler Sieve Ihss Percent cumuhtive eanm Percent Of Cumulative 
Mesh Opning Rctalned CU Wss Percmt  of ActlvltJr Activity Pncent cb 

(microns) (grams) ktained Ihss u s s  (em) Retained A c t i v i t y  
Timn stated Less fin 
size stated Size 

767 0.30 99-73 
1.647 0 . a  W.09 

24 7m 0.0066 0.32 99.67 
42 350 0.1724 6.22 97.45 -_ 
65 2 l O  0.3b 10.17 iG.26 17;s 6.50 92.59 
103 149 0.3512 16.50 50.78 76,752 28.99 63.60 
150 105 0.2lW 9.86 48.92 82,930 31.33 32.27 
200 74 0.1836 8.62 kO.30 41,425 15.65 16.62 
325 k4 0.2821 13.25 27.05 17.W 6.76 9.86 

- 
Tota l  2.U@ 99.9 

oris. w t .  2.2004 K 
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TABLE E.3 DISTRIBUTION OF MASS AND GAMMA ACTIVITY AMONG DRY-SIEVED 
PARTICLE-SIZE FRACTIONS OF CLEAN SLATE II FALLOUT SAMPLES 

CS lI Sample AJ-O8(a) 

Tyler Sieve Mass Percent Cumulative O a m  Percent of Cumulative 
Mesh Opening Retained of Mnss Percent of Activity Activity Percent of 

(microns) (prams) Retained b s s  Less ( e p )  Retained Activi ty  
Tian S t a t e d  Less Than 

S i z e  Stated Sire 

100.00 
02.58 

24 710 0.V13 2.69 97.31 Bkg Blrg 
L2 750 0.90117 8.99 08.32 2.895 7.42 -. 
6 210 1 . i 4 g  11.3; 76.k ;; Si6 4.18 88.40 

100 lh9 1.549 15.39 61.58 4,007 'lo.31 78.09 
150 105 0.9932 9.84 51.74 3tW3 8.48 €9.61 
200 74 2.2081 21.93 29.81 6,039 15.54 54.07 
325 4k 1.6749 16.& U.17 8.268 21.m 32.80 
Fan ( -  wi) 1.3255 13.17 Ei752 32.83 - - - 
T o t a l  10.0668 103.00 38,873 100.00 

Oris. U t .  10.1051 g a l iquot  of to ta l  sample 

CS I1 Samole BK-lO(a) 

Tyler Sieve Ma88 Percent Cumulative Gam Percent of Cutdative 
We6h O e e n i n g  Retained of Ig36 Percent of A c t i v i t y  Activity Percent of 

(microns) (prams) Retained Mass kss  ( c p d  Retained Activity 
m a n  Stated Less Tlnn 
Size Stated Size 

24 710 0.1418 2.13 97.65 Blrs % 98.99 
42  3 p  0.1832 2.76 94.93 Bkg Bkg 98.99 
65 210 0.4260 6.42 88.51 608 2.12 96.87 
100 149 0.2267 3.41 85.10 466 1.63 95.21, 
15'2 105 1.99 28.75 56.35 5 I 222 18.23 77.01 
200 7'r 1.3887 20.75 35.60 4,747 15.57 61.411 
325 &4 1.j485 20.31 15.29 7,682 26.82 34.62 
1-7 ( -  Lb) 1.0152 15.29 9,914 34.62 

- - 
28.639 98.9 

W K .  u t .  6.6699 g a l i q u o t  of t o t a l  sample. 
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TABLE E.3 CONTINUED 

CS U Samole BL-lOLa) 
~ 

Tyler Sieve b s s  Percent Cumulative Cmmm Percent of Cumulative 
Mesh Opening Retained of b s s  Percent of Activity Activity Rrcent of 

(miemns) (grams) Remined bssLess (om) Rctained Activity 
Than stated Leas Thur 
size Stated Si2e 

710 
350 
210 
149 
105 
74 
44 

( -  a) 

0.0073 
0.03911 
0.3702 
0.2216 

1.7286 
1.4542 
1.9824 

1.9561 

0.06 
0.48 

2.71 
4.53 

23.96 
2l.18 
22.72 
24.29 

B.sl 
99.39 
911.86 
92.15 
68.19 
47.01 
*.s 

Bke 
ll2 
573 
152 

4,232 
L, 551 

18,’&2 
8,461 

eks 
0.31 
1.58 
0.LP 

u. 66 
12.54 
23.31 
50.25 

100.07 
99.76 
98.18 
97.76 
86.10 
73.56 
50.25 

CS I1 Sample BM-05la) 

lyler Sieve b s s  Percent Cllmulstive Gam Percent of Cumulative 
Mesh opning Retained of Mass Percent of Activity Activity Rrcent of 

(microns) (grams) Retained Hlss Less (em) Retsined Activity 
Than Stated Less Than 
s i ze  S t a t e d  size 

- 
24 
42 
65 
100 
150 
200 
325 
mn 

Tote l  

710 0.0121 0.03 99.97 0.05 59.96 
99.91 
59.85 

Z19 0.05 
282 

99.83 
239 0.06 

350 0.0293 0.07 99.93 
210 0.0783 0.18 99.72 
149 0.1003 0.27 99.49 1M) 0.02 _. 
105 0.5m5 1.15 96.36 574 0.13 99.76 
7‘4 0.9691 2.26 96.04 1,288 0.29 99.41 
4li 2.8406 6.61 89.43 14,533 3.28 96.13 

( -  44) 38.4030 89.43 b25,857 96.13 

or@. ut.  63.005 g al iquot  of tota l  sample. 
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TABLE E.3 CONTINUED 

CS Il8nmple BO-M(a) 

Tyler Sieve lka6 Percent Curmlative Ganma Percent of Cumulative 
Mesh Opniw Retained of l k a a  Percent of Activity Activity Percent of 

(microns) (grams) Retained Unasa Less (ca) Retained Activity 
lhan Stated Less Tlmn 
Size Sbted  Size 

24 710 0.0243 0.26 99.75 129 0.16 99.87 
42 350 1.5600 16.93 82.82 9,333 11.87 ea.00 
65 210 3.1455 34.14 48.68 ~2,628 28.79 59.31 
100 149 0.8631 9-37 39.31 6,112 7.78 51.43 
150 105 2.0560 22.32 16.99 18,057 =.m 28.46 

6'956 9.46 10.15 
8.85 19.61 200 74 O.aO3 6.95 10.04 

325 44 0.4763 5.17 4.87 7,435 
Fan ( -  44) 0.4483 4.87 7,953 10.15 

- - 
Total  9.2128 100.01 

O r i g .  U t .  9.1934 g aliquotof or ig iml  sample. 

- - 
78,630 1W.03 

CS Il Sample A-030fa) 

Tyler Sieve mas Percent Cumulative Gamw Percent of Cumulatiw 
Mesh Owning Retained of' U n ~ 8  Pcrcent of Activity Activity Rrcent of 

(microns) (grams) Retained ~ h s s  k s s  (cm) Retained Activity 
Than Stated Leas Thsn 
Size Stated s i ze  

24 710 0.0090 0.10 99.86 127 0.17 99.86 
42 350 0.0292 0.34 99.52 93 0.12 99.74 
65 210 0.8836 10.37 89.15 6.675 9.09 93.65 
100 149 1.8522 21.74 67.41 l3;858 11.71 
150 105 2.5024 29.37 38.N 17,629 24.02 47.75 
230 74 1.8285 21.44 16.60 13,3a 18.21 29.54 
325 44 1.1986 14.07 2.53 15,296 20.84 6.70 
Fan ( -  44) 0.2160 2.53 6,387 8.70 

- - 
T o t a l  8.5195 99.96 

O r i g .  U t .  8.5223 g aliquot or o r i ~ i n e l  sample 
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TABLE E.3 CONTINUED 

CS U Sample E-OS0 
.. 

Tylsr Sieve lhss Fucent ClEnulAtive - Percent of Cumulative 
Hesh Opning Retained of Mas Rrcent of Activity Activity Percent d 

(microns) (grams) Retained *as Lesa (CS) Retained Activity 
Thn  Stated Less 'Fmn 
she stated sire 

100.01 
99.07 

Blrs 
0 . a  

z4 710 0.0249 0 . a  99.96 Blrs 
42 350 0.0405 0.07 99.89 w5 _. ~ _ _  
65 210 0.0548 0.09 &.& 337 0.04 99.93 
100 149 0.3152 0.54 99.26 1,557 0.20 99.73 
150 105 1.7l.01 2.91 96.35 13,381 1.69 %.* 
aM 74 13.- 22.45 73.90 90,548 11.44 86.63 
325 44 ~ 1 . 1 ~  46.26 n.t& 40.42 46.18 

CS U Sample C-030 

Tyler Sieve Mas &cent Cumulative - Percent of Cumulative 
Mesh W i w  Ret.incd ct h a s  Rrcent of Activity Activity Percent of 

(microns) (grsms) Retained b a s  Lens (cpn) Retained Activity 
Less Thsn Tmn Stated 

s ize  Stated size 

24 710 0.0128 0.08 99.90 484 0.22 99.81 

65 210 0.0208 0.14 99.61 60 0.03 99.69 
100 149 0.0480 0.32 99.29 lll 0.05 99.8, 
150 105 0.1259 0.84 98.45 460 0.21 99.43 
200 74 1.5358 10.22 88.23 59674 2.58 96.85 

42 350 0.0234 0.15 99.75 197 0.09 99.72 

325 44 6.8292 45.46 42.7 84,675 38.45 58.40 
mn ( -  U) 6.4255 42.77 128,637 58.40 

- - 
T & s l  15.0214 99.98 

Orig. U t .  15.l360 g 

- - 
220,268 100.03 
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TABLE E.3 CONTINUED 

CS II Samule D-090 

Percent Cumulative Oarna R r c m t  of Cumulative Tyler Sieve h s a  
McBh Opening Retained of Mas R m n t  of Activity Activlty Percent of 

Retained Activity (microns) (grams) Retained Hlss Less (cm) 
Tinn Sbated t s s  T b "  
Size Stated s i ze  

24 710 0.0108 . -~ 
42 350 0.0176 
65 210 0.0375 

149 0.0314 
lO5 0.1032 

100 

0.l3 
0.21 
0.44 
0.37 
1.21 
4.9 
42.62 
50.11 

99.69 
- 

99.86 
99.65 
99.21 
99.81 
97.63 
92.73 
50.11 

197 
Bkg 
549 
769 

1,043 
1,113 
45.u7 
118,252 

0 . 1 2  
Bkg 
0.33 
0.46 
0.62 
0.66 
27.05 
70.75 

99.67 
99.67 
99.54 
9 . 0 8  
98.47 
57.80 
70.75 

167,140 99.99 

CS n Sample F-030 

Tyler Sieve Mnsa Rrcent C d t i v e  Gamm Rrcent of Cumulative 
Mesh Openirx Retained of Mnhsa Percent of Activitv Activitv Percent of 

- _  - 100.03 24 710 0.0 Bkg 99.99 
42 350 0.0342 0.36 99.63 302 0.25 99.78 
65 210 O.O*l 1.M) 98.63 651 0.53 99.25 
100 149 O.Ll58 1.23 97.40 5,003 4.08 95.17 
150 105 0.4453 4.74 92.66 18,251 14.89 Bo.28 
ax, 74 0.2521 e.68 89.98 5,739 4.68 75.60 
325 44 2.3686 25.20 64.78 20,800 16.96 58.64 
mn ( -  44) 6.0885 64.78 71,893 58.64 

- - 
122,639 100.03 
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TABLE E.3 CONTMUED 

CS Il Sample €I-030 

Tyler Sieve Me6 Percent Cumlntive Oamrm Rrcent of Cumulative 
Mesh opnlng M i n e d  of Wiss Percent of Activity Activity Rrcent of 

(microns) (prams) Retained Wins Keas (-1 Retained Activity 
than stated Kea6 Ttnn 
Siae Stated s ire  

2b 710 0.0699 2.43 97.56 260 0.a 59.17 
42 350 0.0760 2.8 94.92 276 0.89 98.28 

97.15 l'u 97.15 
65 210 0.1556 5.41 89.51 351 
100 149 0.0553 1.92 87.59 sxs sxs 
150 105 0.2592 9.01 76.56 9e3 3.15 94.00 

9 . 0 2  200 74 0.2452 8.53 70.05 L e 9  3.98 
325 44 0.5059 17.59 52.46 3,935 u.63 n.39 
Fan ( -  4h) 1.5088 52.46 24,101 77.39 - -  
Total 2.8759 99.59 

orig.  Wt. 2.8938 g 

- - 
31.142 100.01 
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Figure E.1 (A) Sample AH-06. 
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Figure E.l (B) Sample AH-07. 

Figure E.l Distribution of mass and gamma actlvlty among dry- 
sieved particle-size fractions of Double Tracks fallout samples. 
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PARTICLE SIZE IN MICRONS ~TYLER SIEVE DESIGNATION1 

Figure E.l (C) Sample AJ-07. 

FIgurc E.l @) Sample BK-OS. 

Figure E.l Continued. 
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Figure E. l  (E) Sample BL-09. 
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Figure E.l (F) Sample BM-09. 

Figure E . l  Continued. 
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Flgure E.l(G) Sample A-'70. 
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Figure E.1 (H) Sample B-70. 

Flgure E.l Continued. 
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Figure E.l (I) Sample C-60. 
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Figure E. l  (J) Sample C-70. 

Figure E.1 Continued. 
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Figure E.l (K) Sample D-50. 
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Figure E.1 (L) Sample D-60. 

Figure E . l  Contlnued. 
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Figure E.l (M) Sample D-70. 

Flgure E.l Conthued. 
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Figure E.2 (A) Sample AH-06. 
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Figure E.2 (B) Sample AJ-06. 

Figure E.2 Distribution of mass and gamma activity among dry- 
sieved particle-size fractions of Clean Slate I fallout samples. 
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Figure E.2 (C) Sample BK-08. 
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Figure E.2 (D) Sample BL-07. 

Figure E.2 Continued. 
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Figure E.2 (E) Sample BM-06. 
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Figure E.2 (F) Sample BO-06. 

Figure E.2 Continued. 
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Figure E.2 (G) Sample A-30. 
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Figure E.2 (H) Sample B-30. 

Figure E.2 Continued. 
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Figure E.2 (I) Sample C-30. 

PARTICLE SIZE IN  MICRONS [ T I L E R  SIEVE DESIGNATION) 

Figure E.2 (J) Sample D-30. 

Figure E.2 Continued. 
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Figure E.2 (K) Sample F-30. 
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Figure E.2 (L) Sample H-30. 

Flgure E.2 Continued. 
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Figure E.9 (A) Sample AJ-OE(a). 
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Figure E.3 (B) Sample BK-10(a). 

Figure E.3 Distribution of mass and gamma activity among dry- 
sieved partlcle-size fractions of Clean Slate II fallout samples. 
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Figure E.3 (C) Sample BL-lO(a). 
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Figure E.3  @) Sample BM-O5(a). 

Flgure E.3 Continued. 
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Figure E.3 (E) Sample BO-O4(a). 
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Figure E.3 (F) Sample A-30(a). 

Figure E.3 Continued. 
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Figure E.3 (G) Sample B-30. 

Figure E.3 Continued. 
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Figure E.3 (J) Sample F-30. 

Figure E.3 Continued. 
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Flgure E.3 (I() Sample H-30. 

Figure E.9 Continued. 

181 



APPENDIX F 

DISTRIBUTION OF MASS AND GAMMA ACTNITY AMONG 
WET-SIEVED PARTICLE-SIZE FRACTIONS OF FALLOUT SAMPLES 

Fallout samples were wet-sleved and each sieved fractlon was weighed and gam- 

ma counted at NFLDL. The percent of the weight and gamma actlvlty retained by 

each sieve fraction and the cumulatlve percent less than the stated sieve she are 

tabulated (Tables F.1 through F.3) and dlsplayed graphically (Flgures F. 1 through 

F.3). 
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1 
TABLE F.l  DISTRIBUTION OF MASS AND GAMMA ACTIVITY AMONG WET-SIEVED 

PARTICLE-SIZE FRACTIONS OF DOUBLE TRACKS FALLOUT BAMPLES 

DT Sample AJ-07 

Tyler Sieve Weight Percent cumulative G- And Percent Cumulative 
Mesh opening Retained Of Mass Percent Of Mass X-ray Activity Percent Of 

(Microns) (Grams) Retained k s s  !Ihn Activity Retained Activity Less 
Stated Size Than Stated Size 

1 ;,' 

5 
99.92 1 24 7m 0.0458 1.27 98.74 1, r50 0 .c6 

42 350 0.40% u.31 m.31 194,- 9.14 90.78 , 
I 

65 220 0.1712 4.76 82.61 w,gw 28.50 62.28 

I- 100 149 0.0461 1.28 81.33 2371- ll.17 51.u 
m aD 

150 105 0.1392 3.89 n.u 355,100 16.67 34.44 

(a) 0.1 CI was calculated to be the mMirrrm particle diameter not precipitated by centrifugation. 

(b) 1.0ooo g aliquot given to Roject 5.1% 

Original wight at Tm( 
before s l e w  was 4.50. 



TABLE F.l CONTINUED 

DT Sample BM-09 

Qler Sieve Weight Percent Cumulative Gama And Percent , .,. 3 .  
Mesh Opening Retained Of Mass Percent Of Mass X-ray  Activity Percent OP .%,?i, 

Activity Retained Activity Less , V i '  

.t$ 
$+ 

65 210 0.0510 1.78 96.42 434,600 31.86 64.16 +: 

. q  

cmulntive 

(Microns) (Grams) Retained Less Than 
Stated Size Than Stated Size c:, 

.i : 

24 710 0.0042 0.15 99.81 117 0.01 99.55 ,f 
42 350 0.0461 1.61 98.20 53,600 3.93 96.02 

.* :.,! 
I .. 

100 149 0.0471 1.64 9.78 1&, 600 13.24 50.F2 

150 105 0.1237 4.3 90.47 x)5,900 15 -09 35-83 

I- 200 74 0.4617 16.u 74.36 190,700 13.9 21.85 
m 

325 44 0.Wl 3 .% 43.40 102,300 7.50 14.35 
le 

40 0.2108 7.36 36.04 16,940 1.24 13.u 

30 0.2699 9.42 26.62 PI 210 2.21 10.9 

20 0.395 ll.15 15.47 3b955 2.85 8.05 

10 0.2229 7.78 7.69 40,010 2.93 5.12 .. 
I ,  - 

L ,  
4.99 0.13 68, IAJ 

. 1,750 0.13 
TOTAL 2.9644 99.46 1 9  363,802 99.96 

(a) 0.1 p vas calculated to be the maxjmum particle diameter not precipitated by centrifugation. 
original weight at rn 
before sieving was 



TABLE F.l CONTINUED 

DT Sample A-070 

Tyler Sieve Weight Percent ClmlUJntive Gama And Percent clrmulative 
Mesh Opening Retained Of Mass Percent Of Mass X-ray Activlty Percent Of 

(Mlcrons) (Crams) Retained Less Than Activlty Retained Activity Less 
Stated Size !lMn s t a t e d  size 

24 

42 

65 
100 

c 150 
m a 

200 

325 

P8Il 

Water 

rn 

0 .0012 

o .ou9 

0.0551 

0.0898 

0.0941 

0 -1587 

0.346 

0.4648 

- 
1.1802 (b) 

0.11 

1.01 

4.67 

7.61 

7 .m 
13 * 45 

25.80 

39.38 

- 
100.00 

0.01 

0.34 

16.81 

28.76 

17.17 

12.29 

9.46 

15 .Oh 

0.10 - 
99.98 

99.m 

9-63 

82.82 , 

54.06 

36-89 

24.60 

15.14 

0.10 

r 
.d . .  
; 

(a) 0 . 1 ~  vas calculated to be the maximm particle diameter not precipitated by centrifugation. 

(b) 0.1oOO 

originsl weight at l T R  
before sieving vas 1-30 . 

g aliquot g m o  Project 5.18. 



TABLE F . l  CONTINUED 

DT Sample D-050 

Tyler Sieve Weight Percent cumulative G m r e  And Percent clrmulative 
Mesh opening Retained Of Mass Percent Of Mas8 X-ray Activity Percent Of  

(Microns) ( G r a m s )  Retained Less Than Activity Retained Activity Less 
Stated Size Than Stated Size 

24 7 10 

42 3543 

65 210 

100 149 

1543 105 

200 74 

325 wc 
40 

3 

a 
10 

I- 
m m 

0.1143 

0.2240 

0 - 0 9 3  

0.0573 

0.0526 

o .0818 
0.1818 

0.0630 

0.0726 

o .0838 

0.0703 

9.53 93.45 

18.67 71-76 

7.75 64.03 

4.78 59.25 

4.38 54.81 

6.82 48.05 

5 2 5  zr .65 

6.05 =.€a 

15.15 32-90 

6.98 14.62 

5.86 8.76 

177 0.06 

2 3  0.08 

4,696 1.62 

33,340 11.53 

62,540 u .63  

85,060 29.41 

741790 25.86 

1,820 0.63 

31 1.19 

4,- 1.61 

31 470 1.19 

99.92 

99.84 

9.n 
86.69 

65.06 

35.65 

9.79 

9.16 

7.m 

6-36 

5.17 

(-10) 0.1051 8.76 14,500 5 -01 0.16 

4 5 0 -  0.16 
289,194 99.98 

, .. + 
i .: I 

. 
c .  

{a) 0.1 

(b) 

wn8 calculated to be the maximum particle diameter that wns not precipitated by centrifugation. 
original weight at m 
before sieving vas 1.52. 
0.1OOO g aliquot delivered to h J e c t  5.1~ 



TABLE F.2 DISTRIBUTION O F  MASS AND GAMMA ACTlVlTY AMONG WET-SIEVED 
PARTICLE-SIZE FRACTIONS OF CLEAN SLATE 1 FALLOUT SAMPLES 

CS I Sample BL-07 

CwNlntive Tyler Sieve Weight Percent Cmuhtive Gamn And Percent 
Mesh Retained Of Mass Percent Of Mass X-ray Activity Percent Of 

( M I C ~ O ~ S )  ( G r a m )  Retained Less Than Activity Retained Activity Less 
Than Stated  Size Stated S i z e  

24 710 0.2421 2.41 97.25 49,970 2.38 ¶ .60 

42 350 1.7807 17.75 79-50 852,100 40.63 56.57 

65 210 1.24q 12.01 67 49 716,300 34.15 22.82 

100 149 0.1551 1.55 6 - 9 4  124,600 5.94 16.88 

150 105 0.3le 3.16 62.78 132,900 6.34 10.54 

I- 200 74 0.9585 9.55 53-23 72,560 3.46 7.08 z 
325 44 1.8509 18.45 34-76 48,650 2.32 4.76 

40 0.4217 4.22 3.56 10,320 0.49 4 . q  

30 0.5559 5.54 25.02 15,630 0.74 3.53 

lo 0.7658 7.63 u . 6 1  24,640 1.17 1.37 

20 0.5804 5 -78 19.24 20,930 0.99 2.54 

(-lo) 1.1647 u . 6 1  

Water (dJ.l)(a) - 
TOPAL 10.0332 (b) 99.66 

(a) 0.1 p was ca lcu la ted  t o  b e  the maximran p a r t i c l e  dismeter t h a t  vas not precipitated by c e n t r i f w a t i o n .  
original weight at TrR 
before sieving was u. 
0.1000 g aliquot dcllvered to Project 5.la. (b) 

._ 

L !.<. 
? #  ' 

. '  

.& 



TABLE F.2 CONTINUED 

CS I Sample B-030 

Tyler Sieve Weight Percent emulative Gamna And Percent clnmrlative 
Mesh Opening Retained Of Mass Percent OT Mass X-ray Act iv i ty  Percent CX 

(Microns) (Crams) Retained Less Than A c t i v i t y  Retained A c t i v i t y  Less 
Than Stated  Size Stated Size 

710 0.0224 2 . u  97.88 222 0.08 99-91 24 

42 350 0.1203 11.34 86.54 47,550 17.45 82.16 

65 210 0.1539 14.51 72.03 101,4P 37.22 45.24 

100 149 0.077 5 7 . 3  64.72 59,157 22.71 23.53 

150 105 0.0453 4.27 60.45 19,080 7 .Oo 16-53 
CI 

0 
m 

200 74 0.0865 8.15 52-30 13j 570 4.9 u.55 
325 44 0.1636 15.43 36-81 13,880 5 -09 6.16 

(a) 0.1 w was ca lcu la ted  t o  be the maxhm p a r t i c l e  diameter that Y(LB not prec ip i ta ted  by centrifugation. 

(b) 0.1Mx) g a l iquot  del ivered t o  R o j e c t  5.la. 

Or ig ind ,H ight  at m 
before sieving w a s l . .  

1. 
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TABLE F.2 CONTINUED 

CS I Sample D-030 
I 

Cumulative 
Percent Of 

Tyler Sieve WeiEht Percent C ~ t l v e  Gemma And Percent 
Mesh Opening Retained W Mass Percent Of Mass X-ray Activity 

(Microns) (Crams) Retained Less Than A c t i v i t y  Retained Activity Less 
Stated S i z e  Than Stated Size 

~~ ~~ 

24 7 10 0.0381 1.75 

42 350 0.0736 3.34 

65 210 0.1812 8.21 

100 149 0.0413 1.81 

150 105 0.1066 4.83 

w 200 74 0.2552 11.57 

44 0.4498 20.39 
m 
u) 

325 

~~~ 

98.21 322 

94.81 24,480 

86.66 l.l9,100 

84.79 32,732 

79.96 319543 

68.39 47 3 233 

48.00 15,40 

~~ ~ 

0.10 100.40 

8.29 92.1.1 

40.37 51.74 

U.09 b.65 

12.72 27.93 

16.01 11.92 

5.10 6.02 

40 0.0835 3.78 44.22 2,450 0.83 5.99 

3 0.1775 8.05 36-17 3,200 1.08 4.91 

20 0.1889 8.57 2( .a 3,240 1.09 3.82 

10 0.2598 11.78 15.82 3,860 1.31 1.9 

( -10 ) 0.3197 14.49 1.33 5,660 1.92 0.05 

Water (-O.l)(a) 0.0294 1.33 147 0.05 

TOTAL 2.335db) 99.96 295,034 99.96 

(a) 0.1  CI was calculated to be the maximum p a r t i c l e  diameter that w a ~  not prec ip i ta ted  by centrifutyition. 

(b) 0.1oOO g a l iquot  derivered to Project 5.18. 

Original weight at TpR 
before sieving was 2.6894. 



T BLE F.2 CONTINUED 

CS 1 Sample H-030 

Tyler Sieve Weight Percent emulative Gam18 And Percent clrmulative 
Mesh Opening Retained Of Mass Percent Of Mass X-ray Activity Percent OP 

(Microne) (Crams) Retained Less Than Activity Retained Activity Less 
Stated Size Than Stated Size 

0.0339 1.66 98.33 5sr 0.19 99.79 24 

42 

65 

100 

150 

200 

325 

PtUl 

Water 

TOTAL 

r 
(D 
0 

7 10 

350 

210 

L49 

105 

74 

44 

(-44) 

(-0.1) (4 

0.1236 6.06 92.27 1,608 0.52 99.w 

0.3525 17 * 29 74.93 l9,OSO 6.12 93 * 15 

0 . 3 3 5  16.56 58.42 89, w 28.69 64.46 

0.2085 10.23 48.19 98,742 31.76 32-70 

0.179 8.48 39.71 50,310 16.18 16.52 

0.2617 12.84 26.m 23,600 7.59 8.93 

0.5478 6.Q 27,320 8-79 0.14 

. .. 
(a) 0.1 w vas calculated to be the maximum particle diameter that MS not precipitated by centrifugation. 

Original weight at l T R  , 

before sieving y a s  2 . w .  
(b) 0.1ooO g aliquot dellvered to Project 5.la. 



TABLE F.3 DISTRIBUTION OF MASS AND GAMMA ACTIVITY AMONG WET-SIEVED 
PARTICLE-SIZE FRACTIONS OF CLEAN SLATE II FALLOUT SAMPLES 

CS II Sample BL-lO(a) 

Tyler Sieve Weight Percent cumulative Gamma And Percent CUmdAtive 
Mesh Opening Retained Of Mass Percent M Mass X-ray Activity Percent M 

(Microns) (Grams) Retained Less Than A c t i v i t y  Retained Activity less 
Stated Size Than s t a t e d  size 

24 710 0.0032 0.05 99.93 47 0.11 100.02 

42 350 0.0233 0.35 99.58 209 0.50 99.52 

65 2u) 0.2581 3.84 95.74 503 1.22 98.30 

150 105 1.0404 15.48 77.9 3,804 9.25 & .78 

c 200 74 1.6514 24.58 53.36 4,927 11.98 75.80 s 
325 44 1.7628 26.23 W -13 10,388 25.26 50.54 

30 0.2374 3.53 a. 35 3, ?6a 8.17 3.86 

20 0.855 4.09 17.26 4,660 u.33 26.53 

100 149 0.1561 2.32 93.42 524 1.27 97 -03 

40 0.1512 2.25 24.88 1,865 4.51 46.03 

lo 0.810 4.03 13 - 23 3,5a 8.56 17.97 

(-10) 0 . 8 8 9  13-23 6,860 16.68 1.U 

Water ( -0 .l) (8) - 460 1.U 

TOTAL4 6.7196 99.98 k 1 8  99.95 

(a) 0.1 p y a m  calculated to be the maximtrm p a r t i c l e  dismeter that  vas not precipitated by centrifugation. 
~ r i g i n a l  wight at m 
before sieving vas s, (Only an aliquot vas Sieved.) 

*' 5: 

c 

, 



TABLE F.3 CONTINUED 

CS I1 Sample A-O30(a) 

Cmulative Tyler Sieve Weight Percent Cumulstive Grrnrma And Percent 
Mesh Opening Retained Of Mass Percent Of Mass X - r e y  Activity Percent Of 

(Microns) (Grams) Retained Less man Activity Retained A c t i v i t y  Less 
Stated S i z e  Than Stated S ize  

24 

42 

65 

100 
I- 
0 
N 150 

200 

325 

Pan 

Water 

TOTAL 

7 10 0.0160 

350 0.0246 

210 0.7025 

149 1.6497 

105 2.0388 

74 2.1332 

4.4 1.1418 

(-44) 0.6007 

8.973 

0.19 

0.29 

8.45 

19.86 

24.54 

25.68 

13-74 

7 -23 

- 
99.* 

0.13 

0.13 

7.61 

17-69 

21.39 

U.17 

23.24 

10.60 

0.84 

100 .oo 

59.87 

99.74 

92-13 

74.24 

52-85 

3.68 
Ll.44 

0.84 

(a) 0.1 c1 YBS calculated t o  b e  the maximum p a r t i c l e  diameter t h a t  was not prec ip i ta ted  by centrifugation.  
original weight a t  rn 
before  sieving was 137.2 . (Only an  aliquot was s i eved . )  
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TABLE F.3 CONTINUED 

CS U Sample D-030 

Tyler Sieve Weight Percent cumnrlative Gam8 And Percent crrmulative 
Mesh @en- Retained M Mass Percent Of Mass X-ray Activity Percent M 

(Microns) (Crams) Retained Less Than Activity Retained Activity Less 
Stated Size Than Stated Size 

24 710 0 . o m  0.23 99.75 351 0.18 99.98 

42 350 0.0168 0.35 99-40 102 0.05 99.93 
??.' 

65 210 o.o* 0.51 93.89 527 0.W 99.66 # 

100 149 0.00% 0.21 98.68 393 0.21 99.45 - 
150 105 0.0715 1.50 97.18 1,650 0.86 99.24 

A ,  .:. 
(D >*., r. 

. .  I- 200 74 0.924 8.03 eS-15 2,072 1.06 98.38 

8. 325 44 0.- aO.98 68.17 86,128 44.m 97-32 r4 

40 0.395 6-94 61.23 91 246 4.83 52.35 . 

P 0.6glo 14.51 46.72 25,150 13.13 34.39 

a3 0.5h6 11.50 3 5 . n  19,810 m.37 24.02 
* .  - 

10 0.5423 u.39 23 * 83 15,710 8.m 15.82 'i 

14.41 1.41 .. 27 8 610 

1.41 2,700 - 
191,509 99.95 

(a) 0.1 )r 118s calculated to be the maximrnn particle di8meter that 118s not precipitated by centrifugation. 
O r i g M  weight at m 
before sieving m 8.a. 



TABLE F.3 CONTINUED 

C S  11 Samole H-030 

51er  Sieve Weight Percent clmulative Gamai And Percent cumilattve 
Mesh Cvning  Retained OP Mess Percent W Mess X - r a y  Activity Percent Of 

(Microns) (Grams) Retained Less Than A c t i v i t y  Retained Act iv i ty  Less 
s t a t e d  size Than Stated Size 

24 7 10 0.0540 2.12 97.97 105 0.29 99.69 

42 350 0.0575 2.26 95 -71 2p 0.63 99.06 

65 210 0.1297 5-09 9 - 6 2  332 0.95 98.11 

100 149 0.043 1.71 88.91 136 0 . 9  97.73 

150 105 0 . ~ 7 2  4.60 84-31 611 1.74 95.99 

200 74 0.33 12.3 72.00 3,560 10.14 85.85 

325 44 0.4751 18.65 53.25 6,61i 18.85 e .oo 
PBn (-44) 1 * 3561 53.25 23,- 66.13 0.e 

$- z 

- - p6 0.Sr Water (dJ.l)(=) 

l v rAL 2.5476 3.00.09 35109 99.98 

(a) 0.1 v vlls ca lcu la ted  to be the maxlmun psrticle diameter that was not prec ip i ta ted  by c e n t r t w t f m .  

%8. 
Original weight at 
before sieving was - 

. .. 



PARTICLE SIZE IN MICRONS (TYLER SIEVE DESIGNATIONI 

Figure F.l (A) Sample AJ-07. 

1600 800 600 400 200 100 80 6 0  40 20 
PARTICLE SIZE IN MICRONS (TYLER SIEVE DESIGNATIONI 

Figure F.l (B) Sample BM-09. 

Figure F.l Distrlbution of mass and gamma actlvlty among wet- 
sieved particle-size fractions of Double Tracks fallout samples. 
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Figure F.l (C) Sample D-060. 

Figure F.l (D) Sample A-070. 

Figure F.l Continued. 
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PARTICLE SIZE IN MICRONS (TYLER SIEVE DESIGNATIONI 

Figure F.2 (A) Sample BL-07. 

IO0 

Y WET SIEVE DATA 2 80 

=E 0--- t +  
s: 
O”60 
,“z 
5 2  x -  
VI 

:!40 

z m  
W Y  ”J  
E ”  

20 
4 a 

0 
1000 800 600 400 200 100 80 60 40 20 

PARTICLE SIZE IN MICRONS [TYLER SIEVE DESIGNATIONI 

Figure F.2 (B) Sample B-030. 

Figure F.2 Distribution of mass and gamma activity among wet- 
sieved particle-size fractions of Clean Slate I fallout samples. 
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b-- WEIGHT 

Z W  100 BO 60 40 20 1000 800 600 4 W  
PARTICLE SIZE IN MICRONS (TYLER SIEVE DESIGNATION] 

Figure F.2 (C) Sample D-030. 

WET SIEVE DATA 

200 100 80 60 4 0  20 1000 BOO 600 400 
PARTICLE SIZE IN MICRONS (TYLER SIEVE DESIGNATION1 

Figure F.2 (D) Sample 5030. 

Figure F.2 Contlnued. 
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PARTICLE SIZE IN MICRONS (TYLER SIEVE DESIGNATION] 

Figure F.3 (A) Sample BL-lO(a). 
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l e  
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u u  
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PARTICLE SIZE I N  MICRONS [TYLER SIEVE DESIGNATION1 

Figure F.3 (B) Sample A-030(a). 

Figure F.3 Distribution of mass and gamma activity among wet- 
sieved particle-size fractions of Clean Slate I1 fallout samples. 
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Figure F.3 (C) Sample 0-030. 
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Figure F.3 ('D) Sample H-30. 

Figure F.3 Continued. 
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APPENDIX G 

PHOTOMICROGRAPHS OF DOUBLE TRACKS 
WET-SIEVED FALLOUT SAMPLE D-050 

Sample DT D-050 was obtained from 1,250 feet downwind. Photomicrographs 

were taken to ascertain the efficiency of wet-sieving to separate fallout into dis- 

crete particle-size fractlons. The photomicrographs in Figure 12.1 indicate that 

separation was successful. 
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Figure G.l (b) Photomicrograph M' D-050 +42 mesh (wet sieved) 
(350 to 701~) 

Flgure G.l Photomicrographs of Double Tracks wet-sieved fallout sample D-050. 
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Figure G.l (d) Photomicrograph DT-050 +lo0 mesh (wet sieved) 
(149 t o  2 0 8 ~ )  

Figure G.l Continued. 
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Figure C.1 (f) Photomicrograph DT I?-050 +ZOO mesh (wet sieved) 
(7k t o  105~) 

Figure G.l Continued. 
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Figure 0.1 (g) Photomicrograph IXP E-050 +325 mesh'(wet .lev+), 
; -,a .. (44 to 7 w  . :  

Figure G . l  (h) Photomicrograph DT D-050 +h p (we t  sieved) 
(40 to 44 

Figure G . l  Continued. 
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Figure 0.1 Continued. 
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. 
F l p  0.1 (1) Photomicrograph M! S O 5 0  -10 p (wet sievcd) 

- -  

Figure G.l Continued. 
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APPENDIX H 

RESULTS OF GAMMA AND X-RAY PULSE-HEIGHT ANALYSES 
FOR has, AND Ama' BY NRDL AND GA 

The actlvities in the 17-kev Pds, photopeak and In the 60-kev Amu' photopeak 

found at NFtDL a re  tabulated. 

The amount of F d a  and Amw in each sample was determined from the 60- 

kev peak based upon the count rate of the sample of the source material with 

known Pu2" content. The 60-kev peak was only slightly affected by the mass of 

the sample for samples weighing less  than 10 grams. The activity observed in 

the 17-kev peak was so seriously affected by sample mass that determining 

PuZs directly from this X-ray was not feasible. 

Comparative Amu' results (by gamma spectrometry) from GA a re  Included 

and they averaged 30.0 f 8.6 percent higher than NRDL results. AlIquots of the 

same Amu' solution were used as reference counting standards by both NRDL 
and GA (Tables H. 1 through H.3). 
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TABLE H . l  SUMMARY OF GAhlhW AND X-RAY PULSE-HEIGHT ANALYSES, DOUBLE TRACKS 

Am241 iu-'pg/Sample Sample Particle Weight Activity in lktirity in Pup39 
GA 

KO. Size -1~26-85 - l e 8 6 - ~  &-le NRDL 
(15'-kev Peak) (60-kev Peak) I1RD& 

(P I  (9) (cp) (-1 

AT-07 'Ibtal 3.50 3n,= 1,&5,900 3052 69. Yj 

m-09 Total 3.32 w,- 1,021,500 1702 38.91 
(before 
sieviag) 

62.4 1.382 IIM-09 +3W 0.04.61 13,700 39, 800 
m-09 -0 0.1510 e9900 372,800 569.9 
m-cg +I@ 0.0471 34,900 141, ZOO =. 3 4.905 
m-cg +lo5 0.1237 42,700 164,800 259.6 5.737 7.98 
m-09 + 74 0.4617 4,&900 151,400 239.9 5.383 
m-cg +44 0.8811 18,200 b 5 0 0  130.4 2.958 3.83 
m-09 Pan 1. 3427 41,800 1n,m 255.8 5.769 

m-09 +b O.uo8 4,400 15,400 24.2 0.5386 
0.7602 0.9 
1.03 

=-09 +30 0.- 7 , h  21,600 
m-09 +20 0-395 l0,gOo 29,100 
m-09 + 10 0.22s 11,700 28,900 45.6 1.016 1.23 
m-og - 10 0 . B 4  m. 300 50,500 79.6 1.n4 
A-070 Total 0.93 175,b 7@3,500 1237 q . 8 4  
c-060 Total 4.71 v,po 146,600 246.2 5.726 
now Total 1.42 56,200 254,100 4U.8 9.327 

D-050 +io5 0.526 13,100 47,m 73.6 l.@l 
D-050 +74 0.0818 71, =6,000 355.4 7.814 

0.1818 15,500 59,700 94.0 2.091 

12.98 17-59 

N 
0 
(0 

(before 
SUb-Sievlng) 

34.2 
46.1 

(before 
sieving) 

D-050 +149 0.0573 7,900 24,900 39.0 0.8651 

D-OW 0 - 433 14,500 52,900 83.13 1.819 



TABLE H.2 SUMMARY OF GAMMA AND X-RAY PULSE-HEIGHT ANALYSES, CLEAN SLATE I 

sample Particle 
No. Size 

(Ld 

AH-06 (al iq)  
AH-06 'I 

AH-06 " $ 
BL-07 %tal 

BL-W V l l O  
BL-07 +350 
BL-07 +210 

+149 
+lo5 

BL-al 
BL-07 
BL-q + 7 4  
BL-q +44 

(before 
sieving) 

E 
0 

Bo-06 (eJ.iq) 

E-030 Total 

PO30 Tutal 

D-03 +350 
D-op +a0 
P o p  +149 
D-03 +lo5 
nop + 7 4  
P o p  + w c  
PO30 Pan 
F-030 Total 
A - 0 3  lbtal 

( b t i O l %  
sieving) 

Weight Activity In 
channels 26-85 
(17-kev Peak) 

I d  (-1 

4.65 61,800 
10.00 121,700 
7.274 80, 

10.692 *,600 

0.436 5,100 
0.1812 e, 40l-J 
0.0413 6, 400 
0.106 8,500 
0.2552 9,900 
0.4498 3,100 
1.1307 31 500 
1.6813 65,400 
2.10 54, - 

18,400 28.8 
931 500 147.2 
24,900 38.9 

45.3 
56.8 

28, - 
36,000 u, 500 18.2 
13,000 20.9 
w7,m 450.0 
239,- 392.8 

12.58 
29.4 
19.03 

67.10 

1.353 
32.74 
26.55 
3.532 
3.779 
2.148 
1.&2 

0.9235 

7.273 

8.m 

0.6396 
3.273 
0.8632 
1.005 
1.266 
o.*o 
0.4745 
9.736 
8 . 9 ~  



TABLE H.3 SUMMARY O F  GAMMA AND X-RAY PULSE-HEIGHT ANALYSES, CLEAN SLATE II 
' :+ !$. 

3 
4 

-le Particle Aliquot YeIgM Activity in Activity in P u p s  Am241 io-2fig/sample ,y  
no. Size no. [hannels 26-85 Qvrnnels 86-2w Irg/8ample NRDL 

Iwa GA (17-kev Peak) (60-kev Peak) 

(I4 ( 8 )  

AT-08(a) W t d  

B L - l O ( a )  Totd 
(before 
sieving) 

BL-~o(~) +io5 
BL-lO(a) + 7 4  
B L - ~ o ( ~ )  + 44 
B L l O ( a )  Wn 

2 
10 
a 
P 
40 
42 

1 
5 
7 
9 

2 
6 

10 
12 

10.10 

8.16 

1.04 
1.65 
1.76 
1.86 

10.00 
10.00 
10.00 
10.00 
10.00 
10.00 

10.00 
10.00 
10.00 
10.00 

9.19 

8.52 
10.00 
10.00 
10.00 
10.00 

41.9 

45.0 

4.69 
6-29 
12.97 
21.41 

67.1 
65.4 
65.8 
65.2 
64.0 
66.2 

w.1 
w.2 
88.9 
88.7 

14.8 

105.8 
133.7 
134.0 
133.0 
134.1 

1.048 

1.007 

0.1063 
0.1437 
0.2&5 
0.4852 

1.475 
1 . 4 3  
1.446 
1.435 

1.456 
1.408 

1.915 
1 * 917 
1.955 
1.951 

2.381 

2.358 

2.926 

2.942 
2.947 

2.949 



TABLE H.3  CONTINUED 

Sample Particle Aliquot Weight Activity in Activitv In FU2B nl.  .. 
NO. Size No. Cbnnels- 26-85 chnnuel~~&-mj Am'*' lO-'pg/Sarnple 

(17-kev Peak) (60-kev Peak) llRa NRDL GA 

1 10.00 6,6V 145 9 2  270.3 5.945 
3 10.00 28,010 146,134 q0.6 5.952 
5 10.00 27,262 150,342 278.4 6.123 

8.52 -26,591 13% 423 243.1 5.417 

4.00 13,926 681769 u6.4 2.651 
3.35 16, J+27 61,604 u 3 . 1  2.572 



APPENDIX I 

RESULTS OF NEUTRON-ACTIVATION ANALYSES 

The results of the neutron-activation analyses for PuzSs, U2=, and U2" reported 

by General Atomic are tabulated In Tables 1.1 through 1.3. The results of the 

analyses of known samples were 113 f 14 percent of the known plutonium content. 
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TABLE 1.1 RESULTS O F  NEVTRON-ACTIVATION ANALYSES OF K N O W  STANDARDS 

total) 

61 f 2.1 1.22 N.R. N.R. 
203 II  AR Pu+Am 50 p g  purlfled Pu'" None 

+ 0.0125 p g  AmU' .. 
? .  

15.2 f 0.4 1 . 0 9 1 0 . 0 3 ~ 1 O - ~ p ~ g  0.0072 1.29 202 111 AR Pu 50 p g  purlfled Pu'" 10 grams 6.47 f 0.30 64.7 
+ Am +0.0125pgAmU' 
I sou + 10 grama Sol1 t 

N.R. N.R. N.D. None 204 IV Am 0.0125 pg 

205 Pu 10 ug RC Pu 

C 5 . 8  x 10-1 purlfled Am"' 

N.D. N.R. None 9.87 f 0.29 0.99 
CI 
4 (c 0.46 pg total) 

? 5 

..$ 

None 10.2 f 0.6 1.02 8.34 0.40 1 . 6 1 * 0 . 0 8 X l 0 - ~ ~ g  0.002 

None N.R. N.R. 8.45 0.14 1.69*0.03X10-2pg 0.002 

206 PU + dep U f 10 p g  RC Pu 

207 Dep U: 10.7 pg dep U f 

+ 10.7 p g  dep U Z 
'6 P 8  (Wl) (total) 

rs(total) nom) 
4 
I., .. . ., . 

1 _ 1  

1.03 8.24 0.62 100 pg RC Pu 10 grams 10.3 f 0.5 103 +sou t 
208 No. 6 Std 

215 UCRL Pu-105 105 p g  Pu 
(Not RC I 

None 1.21 N.D. 121 f 4 

(< 5.5 pg 
t o w  

* Error eatlmate from counting statlstlcs only ( s i  s.D.). 
t CS 1 background soil from Statlon AJ-06. 
t 0.20 percent Pi 99.8 percent ~ 2 % .  

* .  
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TABLE 12 RESULTS OF NEUTRON-ACTIVATION ANALYSES OF BACKQROUND SOILS 

General 

Numhcr 

Atomlc Event Area Particle s i z e  UnI 
Number 

16 DT AJ-06 

No number CS I AH-06 

16.5 * 1.5 
13.8 f 0.2 Not determlned 

1.12 f 0.11 x 10-1 

14 C6 1 AJ-06 14.0 * 0.4 1.01 * 0.3 X 10-1 

15 cs I1 BL-09 21.8 t 1.5 1.57 * 0.11 X 10-1 

17 -325 mesh Montmorlllonlte Clay 8.76 * 0.23 6.30 f 0.17 X lo-' 

20 DT AJ-06 210 to 360 18.0 f 1.6 1.07 i 0.38 X IO-' 

22 DT AJ-OB 105 to 149 38.7 * 1.6 1.46 t 0.37 x IO-' 

24 DT AJ-OB 44 to E8 23.8 f 1.8 1.18 0.38 x 10-1 

28 DT AJ-06 10 to 20 31.1 f 1.3 i.a3 i 0.m x 10-l 

26 DT AJ-06 30 to 40 28.5 i 1.6 1.28 t 0.38 X lo-' 

30 m AJ-06 -10 26.4 f 0.8 1.23 * 0.36 X lo-' 

* Error estlmrrte Is *I S.D. (from Counnlrg statistlcs only). 



TABLE 1.3 RESULTS OF NEUTRON-ACTIVATION ANALYSES OF ROLLER COASTER FALLOUT SAMPLES 

General orlglnal Weight 
St3tlon Ysnlcle 
Number Slze ALumlc Even1 U elght of Sent to P"'n + t UZS' t U"&* t 1 

Number Sample GA 

P P d P  P d P  P d P  
3 DT 

5 DT 

I DT 

9 DT 

11 DT 

12 DT 

211 DT 

212 DT 

213 cs I 
214 cs I 
210 cs n 
209 cs I1 

217 cs I1 

BM-09 t210 NA 

BM-09 + I O 5  NA 

BM-09 t 7 4  NA 

EM-09 +30 NA 

BM-09 + I O  NA 

BM-09 -10 NA 

B-010 3.36 

G O 1 0  3.88 

BO-06 2.1738 

G O 3 0  3.3994 

8-030 59.450 

C-030 15.1360 

F-030 9.3694 

102 DT t leach Materlal wasbed 
t74p through 74-11 
materlal) mesh sieve when 
1-week thle sample was 
water treated a8 U it 
leach had been mlxed 

wltb clay 

104 DT leach Montmorlllonlte 
(1-week clay after sepa- 
water and ratlon from 
clay) + 14- fallout 

g 

0.15ia 

0.1237 

0.8871 

0.2699 

0.2229 

0.2204 

2.98 

3.85 

2.5316 

3.3782 

10.0 

14.0214 

8.15 - 0.01 

-1 

4.58 t 0.15 X 10' 

2.48 f 0.08 x 10' 

1.06 f 0.01 X IO' 

1.04 f 0.01 X 10' 

21.4 f 0.3 

21.0 * 0.3 

168 f 5 

124 f 4 

213 f 4 

358 f 13 

123f  6 

25.6 f 2.6 

4 2 5  f 16 

123 f 4 

26.2 i 0.8 

29.0 i 0.9 

21.8 i 0.7 

148 t 8 
(0.015 @g total) 

10.4 t 0.7 

6.39 * 0.06 X 10' 

2.00 t 0.02 x 10) 

1.08 t 0.02 x 101 

1.40 0.02 x 10' 

1.24 f 0.02 X 10' 

6.57 * 0.09 X I O *  

1.35 f 0.02 X lo' 
5.55 0.06 X 10' 

2.26 * 0.02 X 10' 

2.63 0.0s X 10' 

1.79 0.01 X 10' 

1.55 t 0.02 X 10' 
(15 pg total) 

12.5 f 0.2 

4.09 i 0.04, 

2.56 0.05 

2.24 i 0.06 

1.39 i 0.04 

0.35 i 0.04 

27.1 i 0.4 

11.2 0.2 

4.68 t 0.06 

5.34 t 0.06 

4.04 0.05 

12.9 f 0.2 
(0.13 pg total) 

2.. 

.. 

296 f 4 0.66 i 0.04 

* E r r o r  estlmate Is f 1 S.D. (from Countlng statlatlca only). 
t Reported by GA. 
# DT BM-09; 7 4 y  to 88-P fractlon: it contahed 620 Pg Pu pe r  gram of aample before Ieachhg (from Table H.1).  
1 d"//d* is near 0.2 for  all samples: th~s reflects the fact that nearly a11 the uranlum came from the devices 

(backgrad was only about 1 0  Ng Urn per gram of SOU). 



APPENDIX J 

RESULTS OF RADIOCHEMICAL ANALYSES OF FALLOUT SAMPLES 

some fallout samples, or aliquots of samples, from the large-area (aluminum) 

collectors were analyzed by the Project 5.2/5.3 r a d l d e m l c a l  analytical contrac- 

tors, and the results a re  compiled In Tables J.l through J.3. They are compared 

with other plutonium data In Section 3.11. The Pu'" content of some samples was 

determined by gamma spectrometry by EIC and H-NSC; these I W E d t S  are also in- 

cluded. 

The plutonium data hereIn are reported only for that portion of the sample that 

was delivered to the contractor. The origlnal weight or total weight of the depos- 

ited fallout at each station is listed In Appendix D. 
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TABLE J.1 RESULTS OF RADIOCHEMICAL ANALYSES OF 
DOUBLE TRACKS FALLOUT SAMPLES 

~ 

Plutonium "(5) Uranium Semple T-Lab Weight ,239 
Number Number ( g )  (rrg)(l) contractor (pg) Contractor 

AH-05 9814 12-50 212 T Lab 
AH-06 9815 Loo00 89.2 T Lab 

AJ-04 9813 4.52 2.6\:{ I I 
AJ-05 9813 4.58 lo.? - I 1  0.426(6) T Lab 
AT-06 9813 6.00 56.3(<J I I 
AJ-07 9815 Loo00 goo T Lab 
PJ-08 9813 3.05 8.4(2) I I 

BK-07 9812 3.95 7.3 A-NSC 
BK-08 9812 3.02 16.0 B-NSC 

BL-07 

BGO9 

IM-08 

Bs-lo 

A-060 
A-070 
A-080 

B-060 

BL-08 

C -0 50 
c-060 
c-060 

D-050 
D-060 
D-070 

9811 2.45 
9811 2.25 
9815 1 . m o  

9810 2. Lo 

9Bo9 1.45 

9808 1.05 
9815 0.1oOo 
9808 0.81 

9807 2.83 

9806 3-52 
9815 0.1m - 4.61 

9815 0.1m 
None 2.33 
9805 1.07 

a.1 
3.8 

204 

2) 
5.7 

H-NSC 
B-NSC 5503 H-FPJC 
T Iab 

EIC 

EIC 

EIC 
T Lab 
EIC 

EIC 

T- Lab 
T Iab 
T Iab  

T Lab 
II-NSC 
EIC 

71) "e veight of plutonium was  calculated by multiplying the d reported 
by each Project 5.215.3 analyt ical  contractor by 6.89 x 10-rpg/ap 
(~~239,240). 

( 2 )  These r e su l t s  ere subject t o  re-evaluation; private communication, 

(3) Results not availeble as of 23 November l a .  
(4) Derived Prom a c t i v i t y  of 60-kev Am241 gemma rey by €I-NSC. 
(5) Natural uranium content not subtracted. 
(6) Tne va l id i ty  of these r e su l t s  is uncertain because the samples were 

subjected t o  error-producing chemical end pW6ical pretreatment 
before being analyzed f o r  uranium. 

H. E. Menker, Roller Coaster Evaluation Team, F e b r u a r y 1 9 6  
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TABLE 5.2 RESULTS OF WIOCHEMICAL ANALYSES OF 
CLEAN SLATE I FALLOUT SAMPLES 

m-06 9829 

R K - O ~ ( ~ )  9835 
X(-06 9835 
m-08 9835 
m-09 9835 
B M 5  
BL-06 
BM7 9829 
BL-08 9831 
BL-09 9831 

EN-05 9833 
EN-07 9833 
m-09 9833 

B3-& 9832 
B3-06 9829 
m-08 9832 

A-020 9830 
A-m 9830 
A-050 9830 
A-060 9830 

B-040 9817 

c-020 9834 

F-030 None 

a-030 9829 

10.38 ll.7 
12.42 289(4) 
21.48 4330 
n.45 7.05 ‘7 2(2) 
8.03 2101212) O . , W O  10.5 

6.61 52.5 
6.02 367 

3.00 307 
4.28 lo82 
6.30 41.3 

3.1 54.4 

EIC 

T Lab 
T Lab 
H-NSC 
T Lab 
I 1  
I 1  
EIC 
I I[:] 0.5*[2{ T Lab 
I 1  0.928 T Lsb 

H-I?SC 

H-WC 

H-NSC 
E I C  
H-NSC 

H-16C 14,400 R-KSC 

1.1462 592 
0.72l3 69.5 
0.7331 13.4 
0.8284 5.4 

3.60 88.3(4) 

1.68 368 

0.1000 1.d2) 

H-iSC 11,y If-NSC 
I 1  0.466 6, T Lab 
11 
I 1  

E I C  

€I-NSC 

T Iab 

E I C  

(1) The weight of plutonium was calculated by mUltip’Jying the d reported 
by each Project 5.2/5.3 analyt ical  contractor by 6.89 x lO-rpg/dm 
(~i1239,2’+0). 

X. E. Menker, Roller Coaster h l u a t l o n  Team, February 1965. 
(2) These resu l t s  are subject t o  re-evaluation; private cammlcation, 

3) Results not available a s  of 23 No 
4) Derived from ac t iv i ty  of 60-kev 
(5) Natural uranium content not subtracted. 
(6) The validity of theae results i s  uncertain because the  samples were 

subjected t o  error-prcducirg chemical and physical pretreatment 
before b e i x  analyzed f o r  uranium. 
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TABLE 5.3 RESULTS OF RMIOCHEMICAL ANALYSEB OF 
CLEAN SLATE II FALLOUT SAMPLES 

-10 a) 
BL-10 a) 
BL-10 I a )  

BL-lO(a) 

BL-lO(a) 

BO-&(a) 

A-O30(e) 

B-030 
B-040 
B-050 
BO70 
B-080 
B-090 

C-030 
C-C40 
C-050 
C-070 
c-om 
C-0% 

D-040 
D-050 
D-070 
D-080 
0-09 

F-030 

F-050 
F-Ob0 

F-Ofb 
F-080 
F-09 

2 
10 
x) 

30 
40 
42 

1 
5 
7 
9 

2 

None 10.00 94.4 
None 10.00 51.6 
None 10.00 50.6 
None 10.00 53.0 
None 10.00 52.9 
None 10.00 51.5 

None 10.00 67.8 
None 10.00 

68.7 g/i\ None 10.00 71.0 
None 10.00 71.0 65 

9842 1.00 4.9 

9842 Loo00 12 

None 10.00 

9842 
9843 
9843 
9843 
9843 
9 a 3  

9842 
9792 
9792 
9792 
9792 
9792 

9845 
9845 
9845 
9 8 4 5  
984 5 

9842 

9846 
gslr6 
9846 

Loo00 23.3 
27.9 L88 
16.05 298 
5.71 86.7 
3.79 36.8 
4.37 21.6 

1.m 24.2 
9.2329 198 
7.3&2 125 
6.7352 48.8 

4.3312 16.6 

4.0031 94.3 
2.7217 9 . 4  

Loo00 18.0 

2.029 Lo\;{ 
0.8818 2.3 

T-Lab 
T-Lab 
T-Lab 
T-Lab 
T-Lab 
T-Lab 

T-Lab 
T-Lab 
T-Lab 
T-Lab 

T-Lab 

T-Lab 

T-Lab 
H-IWC 
H-N8C 

R-RSC 303 H-NSC 
H-NSC 

T-Lab 
T-Lab 
T-Lab 
T-Lab 
T - h b  
T - h b  

8-IWC 
H-NSC 
I 1  0.143") T-Lab 
H-NSC 
H-NSC 

T - h b  
T-Lab 
T - h b  
T-lab 
T - h b  
T-hb 

86.8(3) H-NSC 
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TABLE J.3 CONTINUED . 

Smple Allwot T-Lab We1 h t  m239 Fu89(llg) pl~to- “(5) Uranium 
Number Number b b e r  (gy (pg)(l) by Gaum1.5 rdUm (W) Contrac- 

Spctrcunetry Contractor t o r  
~~ ~ 

9864 3.38 26.2 H-NSC 
9864 2.08 31.0 H-WC 
9844 2.17 10.0 H-NSC 

H-NSC 
9844 3.08 9.9 H-NSC 

reported by 

H-Oh0 
H-050 
H-070 
H-080 
H-090 9844 3.14 9.0 

11)  he weight of plutonium was calculated by &tip  

[3) F r o m  60-kev Ama1 photopeak; H-NSC. 
(4) The va l ic i ty  of these requests I s  uncertain became the sample was subjected 

t o  error-p‘oducing chemical and physical pretreatments before being analyzed 
f o r  uranium. 

an a n a w i c a l  m t r a c t o r  by 6.89 x 10-6 M / d p  
2) From 60-Kev Am photopeak; EIC. 

5) Natural uranium b a c k g d  not subtracted. 
6) These resul ts  are  subject t o  re-evaluation; private ccmmunlcstion, B. E. 

Menker, Roller Coaster Evaluation Rm, FebruarylB65. 
I 
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APPENDIX K 

GAMMA ACTIVITY OF ALlgUoTS OF DRY SAMPLES 

Seven samples, at least one from each event, were divided into weighed aliquots 

of 10 grams or less. Each allquot was gamma counted and the results as well as  

the averages and standard deviations are tabulated in Table K1. 
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TABLE Ed1 GAMMA ACTIVITY OF ALEQUOTS OF DRY SAMPLES 

~ Event Station Aliquot Aliquot S p c l f i c  
Number Number Weight Activity 

(8 )  ( C P l P  ) 

+74-p Leach Sample (1) 

8 

, 

Average 

-74-v Leach Sample ( 1) 

, 

Average 

cs I 

A v e r q e  

cs 11 

AH-06 

B G l O ( a )  

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
14 
15 
16 

1 
2 
3 
4 
5 

1 
2 
3 
4 
5 
6 

1.00 

t 

11 

I 

I 

1.00 
I 

11 

*t 

lo.m 

10.00 

1 

t 

t 



TABLE ILl CONTINUED 

Event station W q L O t  n31qzJt Specific 
m e r  Number Weight A c t i v i t y  

(g) ( c d g  1 

7 
8 
9 
10 
ll 
12 
13 
14 
15 
16 
17 
18 
19 
rn 
21 
22 
23 
24 
25 
26 
27 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 
43 
44 
45 
46 

28 

10.00 " 
I 

" 
" 
I 

I 

t 

It 

t 

I, 

I 

" 
n 

n 

t 

I, 

" 

" 

t 

" 

t 

7 .a3 
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TABLE IL1 CONTINUED 

. .  
Event s ta t ion  Auquot Wmot specific 

Number Number WeUm A C t i v l t Y  
(I31 ( d d  

cs I1 

Average 

cs 11 

Average 

csII 

Average 

BLlO(b) 

A-030 (a) 

A-030 (b) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

1 
2 
3 
4 
5 
6 
7 
8 
9 
lo 
ll 
12 
13 
14 

1 
2 
3 
4 
5 
6 
7 

10.00 " 
W 

n 
I 

" 
" 
n 

10.00 

I 

,I 

n 

W 

" 

I, 

8.97 
8.16 

10.00 

8.37 

1) of DT smples AH-06, m-07, ~x-09  and BL-09. 
2) From Table 3.6. 
3) b a n  Table 3.7. 

(a) Thrwout material that slid fnm aluminum collector when it w a s  

( b )  Material that  adhered t o  the petrolatum surface of t he  aluminum 
tipped vertically.  

collector af ter  it had been t i p p d  vertically. 
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