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ABSTRACT

Methods for quantitative analyses of effluent samples from direct cycle
air-cooled nuclear reactors are presented. Methbds have been developed
for analyses of beryllium and uranium at 10'9 gram levels in various
collection media, and the level of berylllum and uranium present in the
unexposed media has been determined. Separation and decontamination

schemes have been developed for the detection of the following radionuclides:

M°99‘ Sr89'90, Ru103. 106’ C'136,137’ 33140, Y91. CdllS and Np239

Collection media investigated included several filter papers, canisters of
activated carbon, and gummed paper,
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A STUDY OF TECHNIQUES FOR REACTOR EFFLUENT ANALYSIS

A, INTRODUCTION

The following report is the final report of the rediochemioal and analytical
development work which was performed by personnel of Tracerlsb, Incorporated
during the period June 15 = December 15, 1960, in support of Contract AP 29(601)-2852,
and satisfies the requirements of Part II, paragraph A.2 of the above contraot,
This contract, which is under the technical direction of the Air Foroe Special
Weapons Center, provides for the development of methods and techniques for the
quantitative analysis of reactor effluent for beryllium, uranium and selected
fission products,

The basic problem involved the establishment of techniques capable of
defining the chemical and physical nature of effluent released by direot
oycle ceramic core reactor fuel elementa, Inasmuch as beryllium snd uranium
may be released in sensibis quantities and are significantly toxio, the
refinement of procedures capable of detscting these elements on the 10-° gram
level with 10 percent acouracy was required, Also, to detect the release
of any significant quantity of the fission product inventory, a separation
and deoontamination scheme was required for the detection of any three of
the following radionuclides: Mo®®, Sr89» 90, Rul03s 108, (g138» 137 pyado,
Y93, (4328 and Np*29, Three percent statistical accurecy was required,

As required in the contract, the level of beryllium and uranivm present
in the sample colleotion media was detemined, Also, the beryllium, uranium
and long=lived radionuclide content of the ground level atmosphere at the
Nevada Test Site was determined, A method was required for the corresction of
background data obtained from radiochemical analysis of exposed filters for the
incorporated background from the air, dust and filters,

As an aid to determining the various aspects of the reactor operations
and in separating true effluent uranium from background uranium, the ocontract
required the investigation of mass speotrometric analytical techniques for
determining the isotopic composition of emitted uranivm,

Also required as a reaotor diagnostic tocl was a feasibility investigation
of applying particle study techniques for determining the relationships between

emitted particle size and physical properties to particle radiochemical
oomposition,




The following discussion emphasizes broad radiochemical and analytical
problems encountered during the developmental work and also covers the
general scheme of approasch to the specific projects outlined sbove and their
interrelationships.

The body of this report disgusses the specific techniques developed by
Tracerlab personnel during the contract period. It also includes the results
of the many background determinations performed at the Richmond and Waltham
laboratories,

The finalized procedures for the dissolution of the various collection
media, separation and destermination of beryllium, uranium, the radionuoclides,
and particles, as well as counting techniques where applicable, are inoluded
in the appendix,

B. DISCUSSION

In support of Contract AP 29(601)=2852, Rodney Melgard, Project Leader and
Leon Leventhal, Manager, Technical Services, of the Reactor Monitoring Center
met with Lt. Col, I, J, Russell of the Air Research and Development Command on
June 23, 1960, at AFSWC Headquarters, Kirtland Air Force Base, The purpose
of this meeting was to discuss in detail the work atatement of the contract and
review pertinent information available to Lt., Col, Russell to assist in per=
formance of the contract, As a result of this meeting the timing and direotion
of effort were determined,

Discussion on the limits of detection and error limits indicated that
wranium could be detected readily within the limits specified but that berylliwm
would be more diffioult,

At this meeting it was also decided that an exposed background blank for
uranium and beryllium would be necessary before actval implementation of the
program,

On June 30, 1960, Mr. Leventhal met with Dr. David Bandel, Assistant
Technical Director for Tracverlab's Eastern Division Laboratories in Walthanm,
Massachusetts, They discussed in detail, the techniques of emission spootrographie
deteotion and determination of beryllium, It was agreed that TIW would supply
Waltham with ashed filters for quantitative beryllium analysis by this method,.

Dr. Bandel will furnish the results and a procedure for this analysis,
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On invitation from AFFWC, Rodney Melgard visited the Nevada Test Site
on September 26 « 27, 1960, The purpose of this trip was to viaw the on-site
mondtoring equinment and nonradioactive tracer studies being carried out
by Convair, Fort Worth, personncl., In addition, lr. Melgard met with
1t, Robert Jacobs of AFSWC and disousscd progress of the contract, This
visit assisted in obtaining a hetter knowledge of the problems assoclated with
the actual depoaitions which might bo found on the filtering media,

Filters were received from R, L, Seale, Chief of Nuclear Design and
Operations, of Convair, Fart Worth, Texas on August 9, 1960, These included
nine 11068 Hi-volume fiberglacas £ilters, five pleated filters, ten Millipore
membrane £ilters, six activated charcoal filters and six carbon cartridges.
Also received were ten 1106R filters, four pleated filters, six Millipore
membrane £ilters and ten sheets of stioky paper from Lt. Col. R, B. Heft,
of MoClellan Air Force Base, Sacramento, California.

Information was requested from the Mine Safety Applianoe Company, the
Staplex Company and the Millipore Filter Corporation regarding ocomposition
of these filters, dissolution techniques, beryllium and uranium blanks, total
weight and ash content, No pertinent data was obteined from any of thiese
sources although various procedures were obtained outlining sample collection
procedures for gross alpha, beta and gamma determinations. However, a quote
from a letter received from R, B, Fvans, Product Line Manager, of the Mine
Saf ety Appliance Company, is intoerosting in view of the anticipated future
use of their filters for eifluent sampling. The quote is as followst

I think it would be impractical to use any of the Ultra-Aire

Spage Filters as sampling filters because of the potentially high

blanks which could vary preatly from filter to £ilter, The rubber

base adhesive and the corrugated asbestos board, as well as the filter

medium itself, cannot properly be controlled for use in oritical
sampling techniques,

The pleated hi-volume filters are manufactured in Pittsburgh = - - =
from glass microfibers and natural esparto glass and are processed
using unfiltered Pittsburgh drinking water. Again, they are not
manufactured as analytical grade f£ilters,
Six 11068 (fiberglass) £ilters, each of which had been exposed at the
Nevada Test Site for approximately £ive hours, were received for determination
of blank uranium and beryllium. In addition, radionuclide blanks were deter=

mined. Detallod resulis are tabulated later in the report.

-3-
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Several factors governed the direction of development of techniques for
detecting the variocus pertinent components of the reactor effluent. The
dominating problem concerned the level of natural uranium and beryllium
backeground found in all sample collection media and also in the chemical reagents
ugsed in subsequent isolation of the deaired components, This concern necessitated
the use of a carrier~free dissolution technique utilizing a minimum of highly
purified reagents, Subsequent aliquotting of the carrier-free solution for the
detection of beryllium and uranium kept these determinations isolated from the
major portion of carriers, tracers, and chemical reagents and glassware which
would be likely t6 add unknown amounts of natural contaminants,

Another consideration affeoting the development of dissolution methods
for the proposed sample collection media was the inclusion of rutheniun,
molybdenum and cesium in the fission product assay. These elements tend to
volatilise i€ heated above 500° G, Thus, an upper limit of 4S0° O was estab-
lished for procedures enveloping ashing techniquss for the destruction of the
carbonaceous material in the filter matrix,

The dry ashing procedure was teated on each type of filter under study.
It was felt that a minimum inclusion of organics in the carrier-free solution
would lessen the possibility of interference in subsequent determinations
and that the dry ashing procedure afforded s simple technique without danger
of increasing the beryllium and uranium blanks,

In many instances this technique was not useful, Speocifics are discussed
below.

The investigations and finalised procedures are written such that they
will prove satisfactory under the most disadvantsgeous analytical gonditions
that could be realistically anticipated. These anticipated disadvantageous
conditions involve inclusion of one or more of the volatile radiomuclides, and
uranium or beryllium in the separation and destermination scheme, and the
possibility of a large amount of background dust being collected on the sampling
media,

The following seotion of this report sumarisas the various uillyb:l.cl.'l.
investigations performed at Tracerlab, Incorporated and includes pertinent
discussion and data from the two Quarterly Progress Reports issued previously.2

i th:rly Progress Report for June 1S-August 31, 1960, Contract AF 29(601)-2852,
Quarterly Progress Report for August 3l-November 30, 1960, Contract AF 29(601)=2852,
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C.

EXPERIMENTAL RESULTS

1. PFilter Dissolution Investigations

a, Pleated Filters

The pleated filters are TA Type "S" filters, mnufactured by the
Staplex Company, Air Sampler Division, The filter is constructed from
& pleated cellulose paper and is recommended for collection of partiou=
late matter of ten microns or over in size,

Trial wet dissolutions of the pleated filters in nitric acid,
hydrochloric acid or aqua regea failed to effeot dissolution. Even
treating a small amount of filter with large amounts of acids merely
resulted in the swelling of the filter and did not appear to attack
the atructure of the filter. Purther work onm wet dissolution of this
type filter was dropped in favor of investigating dry ashing techniques,

The conditions of dry ashing were diotated‘by_ the volatility of
cesium, ruthenium amd molytderum. Cesium and molybdenum are imown
to be stable up to LS00 O, but ruthenium remained to be investigated,
Drying RuCl, carrier at 100° C indicated that the ruthenium compound
present was Rully+3H,0, Ashing this residue at 4SO° C for LB hours
resulted in a weight loss of 52 percent. However, further ashing
produced no additional weight loss. The conversion of the RuCly*3H,0
to Ruy0y stolchiometrically fits this situation and is assumed to be
the case here, Further work using ruthenium metal instead of the tri-
chlorids resulted in no apparent weight loss.

With the optimum dry ashing temperature established, the dry
ashing of the pleated filter proceeded. It was ashed at [j25° =-
450° © for 4B hours in a muffle furnace, No more shrinkage was
observed after the first 2l hours. A perfect minlature replica 1,5
inches in diameter was produced, The ash was then given three fuming
nitrio treatments without cbservable reaction, (Perchloris acid was
not used in experimentation since it would volatilise any Ru present
and could not be used in actusl samples.) The ash was then transferred
to a teflon beaker and treated with HNO,~HF mixtures., Solution was

I N B
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aeffected with diffioulty. The solubtion was tranaferred to a volumetris
flask and diluted to the mark for use in further experimentation,

Subsequent dry ashing of the pleated filters did not produce
consistent results, The shrinkage of the filter was noted in only
one out of four cases. It 1s assumed that this effeot 1s due to
variations in the quantity of the adhesive binder present,

It was cbserved that at about 250° C the filters would proceed
to ash at red heat for a few minutes until all the volatiles were
expendeds The red heat charring oocurred even when the filter was
placed in a cold oven and the temperature was raised by 50° O over a
period of two hours,

Although the dry ash method reduced the wolght of the filter
from about eight grams to about four grams the auto=-induced high
temperature charring renders the procedure useless when any of the
volatile elements cesium, ruthenium or molybdenum are to be analysed,

An HF-4HNO, dissolution of the pleated filter was then investigated
and used successfully on four filteis. Repeated HNOy=HF digestions are
used to completely diasolve the filter., The HF is evaporated and the
solution diluted to volume in a 250 ml flask using 3 N HNO; and Hy0,
The finalized procedure is appended,

b, Carbon Filters

The activated charcoal and carbon filters were found to ba insoluble
in the ordinary reagents employed on paper filters, Due to this fact
ard the large amount of carbon present (59 grams per charcoal filter,
2 grams per carbon trap) the dry ash procedure was used to destroy the
carbonaceous material. The dry ashing was extremely slow at L450° O,
80 the temperature was increased to 500° C. Ashing was then oompleted
in 18 hours,

Subsequent to the dry ashing the residue was transferred to a
teflon beaker and treated with repeated portions of HNO;-HF. A small
amount of residue remained which eventually was leached several times
and removed by centrifugation before transferring to a volumstric flask
and diluting to volumae,

R i R vl £



The. prosedure discussed above gave rise to a variety of analytical
problems, The dry ash often took as long as forty=eight hours and in
no case gave & clean ash. A large amount of siliceous=like material
usually remained semi-fused to the beaker in which the carbon had been
ashed, This residue dissolved with difficulty and often had to be
leached and discarded,

Adr was injected over the sample during the ashing in an attempt
to inorease the combustion rate. However, as in the case of the
pleated £ilter, auto-combustion took place at red heat and even an
extremely slow stream of air tended to disturb the light ash present,

Due to the shortoomings of the dry ashing technique, an attempt
was made to destroy the carbonaceous material with atomio oxygen.
Point heating in the pyrex combustion tube caused the tube to break
before any chaervable ashing had taken place. A vyvor combustion
tube was sonstruoted and substituted for the pyrex tube, This type
of combustion tube withstood the point heating effeot without damage,
However, the surface of the carbon particles quickly formed a proteotive
ash which seemed to inhibit further reduction of the particles, After
about one-half hour no further ashing of the filter was cbserved and
the destruction of ths £ilter was negligible,

An 20id leach of the carbon was investigated next, OConcentrated
nitrio and hydrochloric acide and 6 N HNO; and 6 N HOL were tried,
The 6 N HOl appeared to be the best leach madia, The concentrated
acids ledched & large amount of the siliceous material commented on
earlier and caused difficulty in obtaining a clear solution, An HF
treatment of the leachate is required to insure complete dissolution
of the leachad radionuclides,

Te finalized procedure is appended,

6. Piberglass Filters (MSA 1106B)

The 1106B filter is manufactured by the Mine Safety Appliance
Company, Pitteburgh, Fa. It 4is constructed of glass microfibers amd
natural esparto glass and contains ebout 7 percent organic binder
material. Filter disks 4" in diameter were used in the investigations
disoussed below,

-7-
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Nitric ard hydrochloric acids falled to affect this filter
and dry ashing at 450° C resulted in no obscrvable change in the
filter structure, However, treatment of the filter in HNO5-HF
mixtures readily renders the filter soluble. Three treatmenta were
fourd to be necessary for complete dissolution. The f£irst few attempta
to dilute the resulting solutdon to 100 mls for sample aliquotting
resulted in obtaining a cloudy solution, Subsequent experimentation
varied the dissolution techniques it was found that inoluding several
aqua regia treatments after the initial HNO;<HF treatments ylelded a
olear, colorless solution upon subsequent dilution to volume,

Chemical analysis of these filters indicated than an average of
16 mg of inert barium is present in the f£ilter matrix necessitating
correction of the chemical yield.

The prooedure for the fibverglass filter dissolution is appended,

d. Millipore Filters

The Millipore filter is a thin cellulosic porous membrane material
available in ten porosity grades. Type RA, pore size 1,2 miorons,
47 mm diemeter was used in these investigations.

Beveral dissolution methods appsar to be suitable for the dag=
truction of this filter. The dry ashing causes rapid ignition of the
paper with the attondant poseibility of partial or total loss of the
sample, Wrapping the Millipore filter in a'less explusive ashless
paper such as Whatman No., LO prevents this coourrence ami gives a clean
ash, '

The rapid ignition of the paper can also be prevented by treating
the paper with nitric acid prior to the ashing and is the method
inoluded in the appendix,

Although the Millipore filter is readily soluble in nitrioc acid,
the dry ashing procedure has been included to destroy the volatile
carbonaceous material which could be & potential interference in the
subsequent beryllium or ursanium determination,




An HP =[N0, trestoont has also been included in the finalized
nprocodure to fnmwe comalebe dlssolutdon of any slliceous material
present,

Of the various filters investigated for air effluent collection,
the Millipore filter is the easiest to get into solution and offers the
most consistent fiber matrix,

es Sticky Paper

Sticky paper is a cellulosic paper with one gumied surface, The
papers used in the following experiments were 13" by 13%,

Treatment of this paper in ordinary dissolution reagents suwoh as
hydrochloric or nitric acid effects dissolution of the paper base but
not the adhesive which, under actual sampling conditions, is likely to
contain the majority of the particles of intereat,

The dry ashing prooedure is effectively used on this papere
To prevent rapid combustion of the filter, the ashing temperature
should be raised o 4SO° C at 509 C intervals starting at 2000 C,
Complete ashing can be sccomplished in ~6 hours, The oven temperature
is inorcased only after smoking has stopped at any given setting. If
this process is not followed, flaming or spattering of the sample will
odour,

The dry ashing procedure leaves a light grey residue which is
waffected by HNO, or aqua regia treatments, The ash is transferred
to teflon and treated with 10 mls HF and 2 mle HNOj to effect dissolution,
This step requires an additional hour. Multiple samples may be run by
this method,

This method was successfully carried out on six sticky papers
and is included in the appendix,
£, IPC Filters

The IPC filters are composed of cotton linter fidbers attached to

& ootton skrim backing and impregnated with Kronisol, a di-butoxyethyl phthalate
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organic compound which improves the retention properties of the filters. The
paper has a density of sbout 1 grams per square foot and retains
essentially 100 percent of spherical particles 0.02 miorons or greater

in diameter.

Although this type of paper was not originally specified for
investigation by AFSWO, its widespread use as a sample collector in
work of this type and the variety and extent of experience which
Tracerlab personnel have had in dealing with it, later dictated that
it be included as a possible effluent sample collection medium,
Discouragingly large beryllium and uranium blanks on some of the other
filter paper types also led to the investigation of this paper,

Dry ashing four square feet of this paper overnight at L50° O,
reduces the paper to & olean ash,

Subsequent HF<HNO; treatments insure complete dissolution and .
Yield a clear, colorless solution upon dilution to & known volume,

The reagent blank is extremely low for this dissolution. Un=
fortunately the uranium blank in the paper is aboub 0,025 ug per
square foot which restricta the resolution of small uranium samples
from the blank uranium,

The procedure used at Tracerlab for the dissolution of IPO
paper is appendad.

2. Beryllium Analysis

8. Reagent Blank Investigations

Due to the low level of beryllium anticipated in the resgents,
blank filters and exposed filters, the most sensitive available method
for beryllium determination was used. This method employs a 3.4 v
neter Bbert spectrograph and is discussed in detail in the appended
procedure. Beryllium content of the resgents tested are tabulated .
below, ]
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TABLE 1,

BERYILIUM IN REAGENTS

Reagent pg/Liter Be
Hydrofluoric Acid (B and A Reagent Orade) 0.023
Nitric Acid (B and A Reagent Grade - < 0,005

redistilled
Nitric Acid (B and A Reagent Grade) & 0,005

be Unexposed Filter Paper Blank
Beryllium content of clean filters was determined by emission

spectroscopy as per the appended procedure,

Table two below summarises

these results,
TABLE 2, BERYLLIUM OONTENT OF UNEXPOSED ¥ ILTERS
A B ‘ ) D

Pilter Type . TR =
Chargoal 0075 0.92 750 920
Suplex(gloea;ed) 9.0 9.8 2250, 24450,
Staplex(Pleated) 14,1 13.7 3528, 3428,
11068 No. 1 0.l (est) 0.1 (est) (10, {10,
11068 No, 2 0.1 (est) 0.1 (est) (20, <10,
Millipore No. L 0.88 0.5k bk be?
Millipore No, 5  40.1 <0.1 0.8 (0.5
Stdaky Papo:' No, 3 0.09 o.1n 0.90 1.1
Sticky Paper No.l4 oO.11 0.15 1.1 1.5




Columns A and B represent the amount of beryllium per milliliter
of carrier~free solution. Colums C and D convert columns A and B
to the amount of beryllium in the total solution,

¢s Exposed Filter Blank

The beryllium blank from f£ilters exposed in a Staplex sampler
for approximately five hours at the Nevada Teat Site was determined
from a carrier-free dissolution, The filters were MSA 1106B fiberglass
filters, Speoially purified reagents were wsed with the exseption of
hydrofluoric acid which was standard Baker and Adamscn reagent grade,
Bix filters wers received and were labeled BDR (Blank Dust Run)
Nos. 1 = 6. Uranium and radionuclide blanks were also ran from the
carrier=fres solution of these filters, Results of these analyses
are tabulated later in this report,

Table three sumarizes emission spectroscopic results for beryllium
content of these filters, Five ml samples were aliguotted for these
analyses,

TABLE 3 BERYLLIUM CONTENT OF EXPOSED FILTERS
Run 1 Run 2 Fun 1 Rum 2 Average
SAMFLE N0, \g/mlx103 ug/mlxio® pg/Filter x10° yg/Pilter 210° ug/filterx10d
BDH-lA 007 °o6 70. 6h. 67 [
BDR=2A 1.0 101 980 108. 1030
BDR=3A 0.7 0.9 T4 86, 80,
BDR=JA 0.8 0.7 80. &, The
BDR=5A 0.7 0.5 68, 5k, é1,
BDR=6A 0.5 0.6 52, 86, 178
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5+ Uranium Analysis

&, Resgent Blank Investigations

The uranium content of the reagents used in the dissolution of
£ilters and the uranium analysis was determined by mass spectrometry.
The mothod used is discussed later in this report and appended,

The results of these analysés are as follows, presented in
Table Four below,

TABLE | URANIUM IN REAGENTS

Commercial Reagent Uranium Content
£ HNOy 10 8m¢/liter
HF m ] [ ]
Hs0 (diltﬂ.led) L v 0
H010, 7" 0

Distilled Reagent Uranium Content
£ HNO, S  afliter
H010, 250 0

# fn = Smidgeon = 10-° g

The fluorometrio determination of gross uranium was also investigated,
This method for uranium detemination is limited to samples of greater
than 10-® grams. This method is not as acourate as the mass spectro=
metrio determination but for 10-® grams or greater it complies with
the 10 percent requirements,

The fluortmetric method involves taking a suitable aliquot of
the sample solution, drying in a platinum dish, fusing with NaP-LiF
£lux and determining thé uranium flvoremetrically against a standard
uranium solution. Work done on thiz proocedure included flux pellet
blank studies and the determination of optimum fluxing temperatures,
time, and cooling cycles. A Jarrsll Ash Model 2600 fluordmeter was
used in theso experiments,




Determination of uranium in an unimown solution provided by AFSWC
‘Headquarters gave values of L.6 pg/liter by flworometry and LS pg/liter
by mass spectrometric determination, ‘ '

It is anticipated that the fluorometric procedure will not lend
itself directly to the determination of uranium due to the quenching
from the large amounts of ash obtained from filters containing a high
percentage of fibarglass (pleated and 1106B), However, in the case
of the Millipore filter anmd sticky paper this procedure may be readily
usable,

' The procedura is appended for reference,

b. Unexposed Filter Paper Blank

The uranium content of clean filters was determined by mass
spectrometry according to the appended procedure, Table Five below
tabulates the results of these investigations. The aliquot from the
carrier=free solution used for this analysis represented .05 of the
total solution in each case,
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TABIE 6

0., Bxposed Filter Paper Hlank

The uranium blank in filters exposed on the Nevada Teat Site
was determined by mass spectrometry of five ml aliquots from the
sample solution, The history of the filters was discussed previously
under paragraph C.2.c, Table S8ix tabulates the results of these
analyses,

URANIUM CONTENT OF EXFOSED F ILTERS

Atom Percent - ug/ml x 109 ug/Filter x 10%
SUFIE M. oy —yEE— TR Tl U
BR-1 0.7k 20,01  99.25 $ 0,00  L.2h 2.0 % b2k, +2.0 B
BDR-2 0.72 + 0,02 99,28 + 0,02 4,26 + 3.34% 426, + 3.3L4%
BDR-3 1,09 ¢ 0.05  98.91 £ 0.05  L.10 ¢ 6.05% 110, + 6.05%
BDRey  0.67°:0.02 99,13 # 0,02  L.10 ¢ L.27H 110, & L.27%
BDR=5 0.78 ¢ 0,01 99,22 ¢ 0,01 L.62 + 3.3 fo k62, ¢ 3.3 %
BDR  0.79 $ 0,01 99,21 % 0,01  L.L6 + 3.798 Wibe ¢ 3.79%

L, Radionuolide Analysis

a, Sepamtion Progedurs

In acocrdance with the work statement, a separation scheme capable
of separating U, Be, Ba, Sr, Mo, Ru, Cd, Cs, Y and Np in good yield
from a single filter was designed amd innst:lgnted.

Carrier-free aiiquots for uranium and beryllium were employed to
insure a minimm contribution of these elements from reagents. In
addition, redistilled reagents were used in the dissolution procedures,

——r
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The first separation scheme investigated is abstracted as follows:
Precipitate the barium and strontium as nitrates, carry neptunium
on yttrium fluoride, distill over the ruthenium in perchloric acid
and geparate cesium; cadmium, and molybdenum on a Dowex 1=X10 anion
resin column, This procedure was tried and some difficulty encountered,
The yileld on visual observetion appeared satisfactory.

On subsequent trials, this scheme ocontinued to present problems
80 the acheme was altered as follows: Precipitate the barium and
strontium as sulphates and distill the ruthenium as the tetraoxide
from perchlorioc acid, Evaporate the residue in the flask to wet
dryness and dissolve the carriers in 12 N HCl, Ioad the carriers
onte a Dowex 1-X10 anion exchange column and elute the Os and Y
vith continued additions of 12 N HCl, Add 1 N HOL=O.1 N HF to elute
the Np, add 3 N NHOH to elute the cadmium and add NHOH=NH,CgH30p
to elute the molybdenunm,

This procedure was used in the analysis of the BDR (Blank Dust
Run) samples obtained from the Nevada Test Site. The procedure is
detailed in the appendix,

The BDR samples desoribed in paragraph C.2.0. were analysed
for the long=lived fallout imotopes, strontium=90 and Cesium=137,
Results of these analyses are tabulated below,

TABLE 7 BACKGROUND ANALYSIS FOR 0S-137 AND SR=90

GAMPLE o DPM/F4lter
| 8r=90 0s-137
BDR=1% ho” '_., ,-hh* <7.2
BDR-2#* <1.4 £5.3
BDR"3 1059 : 907} <102
BDR"h <105 (1.2 .
BDR-5 <14 2,03 & 9.0%
BDR-6 149 ¢ 10.1% <1.0
# low Yield
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The quoted DFM values were obtained by correcting the absolute
sounting rate for counter efficiency, counter bacllcgvround, chemical
yield, precipitate thickness, and fraction of the filter used in
the analysis, No blank corrections were made, One-half of the
filter was used in each oase, the other half being used for
boryllium and uranivm analysis, The samples were counted on
Tracerlab CE=1lL low background counters, The chemical ylelds
were in the range of 65 = 75 percent with the axceptions noted
in the table, which were about 10 percent yleld, The major
portion of these samples was lost due to a pressure "back-flagh®
in the rutherdum distillation £lask.

The samples were counted on days 334 = 336, 1960, ‘and were
not corrected for decay.

Other iaotopes decontaminated and counted were C4338 , Bal40,
Mo, Rui®®, and Y°2, In each case a limited valus was obtained
indicating a negligible background of these isotopes. These
investigations also served to check the radiochemicel purity of
the carriers and reagents used in the chemical procedures. Table
8 below tabulates the results of these investigations.

TABLE 8, " RADIONUCLIDE BACKGROUND ANALYSIS

DPM/Filter ,
C4-115  Ba~llo Y~91 Mo~99  Ru=106

BDR-1# <6.0 <10 <3.8 € 6.3 <17.0

SAMPLE

EDR-24#  ¢8.0 <1.8 {70 <6.0 N. D.
BDR"3 < 1-3 < 109 {1, < 106 Ne Do
EDR-Y <3.0 L3 <11 <158 <26
HDR=5 <2.0 <12 <1l <1k <2.3
BIR-6 (1.8 <11 <11 <1.3 <12

* low Yield

Ne Do = Not Determined
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The quoted DFM values were calculated in the same manner as
those in Table 7.

It appears that no background correctionz are necessary shen
effluent sampling conditions similar to those of the EDR sample
collection are present,

b. Decontamination Procedures

The decontamination proceduras used were those already in
use at Tracerlab, They have been developed over a period of years
for use in fallout studies, reactor effluent atudies, activation
analysis, isotope applications and tracer studies, These pro=
cedures are considered adequate to give pure products in fresh or
old nuolear debris,

The procedures are appended as used in the BIR analysis,

0, Counting and Calculation

The counting and caloulation procedures vary with the type
of analysis used, the origin of the sample and the purpose for
vhioch the data is to be used, The appended procedures are con=
sidered applicable to analysis of air effluent from the Tory
reactor but may be modified as required by the Air Force Special
Weapons Center,

5. Mass Speotrometric Analysis for Isotopic Uranium

For samples below 10-8 grams, the uranium aligquot from a carrier=
free sample solution is spiked with U®33 tracer and the uraniwm
antlyzed mass spectrometrically, The yleld of the uranium is then
determined from the U®32 pagk: and the sum of the other uranium peaks
corrected acoordingly, If U®?2 4s {0 be determined in the sample, the
sample 1s split equally into two portions. One portion is spiked with
U233 and the uranium determined as outlined above. The other fraction
is run spike-frea for the determination of U233 ard the chemical yield

-19 -
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determined through the analysis of relative peak heights, This
procedure is capable of detecting uranium on the 10- gram level
within + 10 percent.

6. Particle Investigation

Since most of the Tracerlab particle isoclation and investigation
methods depend on autoradiography and the sample filters were activity
free, no specific investigations were performed to isolate particles,
Rowcver, & literature search was performed and the procedures for
particle isolation and investigation were studied for adaptation to
analysing the air effluent of the Tory reactor,

Procedures for particle detection, dispersion, isolation, decon-
tamination, and determination of physical and radiochemical properties
are appended,

~ Minor revisions may be necessary if the particle collection media
has properties widely divergent from those previously encountered in
work of this nature at Tracerlab,

It is antioipated that Institute of Paper chemistry paper, MSA 1106B
f£4lters or Millipore filters will readily lend themselves to analysis
of collesoted partioulate debris,

D. OONCLUSTION

The foregoing disoussion and appended procedures satisfy all require=-
ments of Contract AP 29 (601)~2852,

1, Methods of dissolution of pleated filters, carbon traps, fiberglass
filters, Millipore filters, sticky paper and IPC filters have been _
investigated amd a dissolution procedure developed for each of the
above filters,

2, A rapid separation scheme capable of separating U, Be, Ba, Sr, Mo,
Cd, Y, Fu, Os, and Np in good yield has been successfully developed
and tested,

-20-
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3. Bxisting decontamination procedures were applied to each of the
above elements and found satisfactory.

h. The detestion and determination of beryllium and uranium on the 10-°
gram level within ten porcent error limits has been accomplished,

8, The background level of buryllium, uranium and redionuolides present
in filter papers, reagets and the environnent were determined,

6., The 1sotopic composition of uranium was determined by mass spectrometry
and the feasibility of studying particle properties as a reactor
diagnostio tool investigated,

7. The problems involved in air sampling with the various filter types
are nov more fully understood and the practiocal problems involved in
the subsequent radiochemical analysis have been enumerated,

The following recommendations are derived from an examination of the
information and data contained in this report.

¥, RECOMMENDATIONS

The unexposed filter blank studies indicate that the 1106B, and Millipore
filters and sticky paper have the lowest beryllium blank and the Millipore
filter and stiocky paper have the loweat uranium eontent. The high beryllium
blank of the charcoal and Staplex pleated filters and the high uranium blank
of the Staplex, charcoal and 1105B £ilters indicates that they should not be
used a8 a sampling medium when analyzing for low levels of these elements,

The Millipore £ilter and sticky paper remain as the optimum sampling medium
insofar as beryllium and uranium background are concerned,

The chemical difficulties involved in dealing with the charcoal and
Staplex filters and the inclusion of inert barium in the matrix of the 1106B
£4ltor also indicatethat these filters ghould not be used for sampling
beryllium and uranium,
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The beryllium and uranium content of the reagents used in the filter
dissolution is not a problem. However, the air effluent samples will have
to be corrected for the atmospheric background of beryllium and uranium,
There is no significant atmospheric background of radionuclides and these
should not require correction,

In short, it is recommended that Millipore filters and sticky paper
be used as sampling media, a dry-ash and HF-HNOy dissolution using highly
purified reagents be performed and the sample diluted to & known volume,
The beryllium and uranium should be analyzed emission speotrometrically
and mass spectrometrically respectively from aliquotg withdrawn from the
carrier=free solution, The redionuclides should be analysed according to
the appended separeation, decontamination and counting procedures,

22 -
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¥. APPENDIX

1. Filter Dissolution Procedures

a. Staplex (Pleated) Filter Dissolution

1,

2,
3

'Y
5
é.

T

Place the filter in a 600 ml teflon beaker. Add 25 ml
HF, 10 ml HNO, and evaporate to wet dryness.

Repeat step 1 three times.

Add 2 ml saturated HyBO; and 10 ml Ha0. Evaporabte to
wet dryness.

Add 10 m1 HNO; and 5 ml HOl, Evaporate to dryness,
Repeat step L twice,

Add 29 ml HNO; and 5 ml HgO to the beaker, bring to a
boil and transfer to a 250 ml volumetric flask (note a),
Oomplete the transfer with 5 ~ 10 ml portions of 3 N HNO,.

Add 100 ml 3 N HNO3, Warm the flask gently until a clear
solution is obtained, After cooling to 20° O, make up
to the mark with Hg0,

Note (a) If a smaller flask is used or if the acid ocon~
oentration 1s DL N, the sample tends to salt out,

Total time for 2 samples = 5 hours,

Total reagents in dissolution of each filter:s HNOy= 70 mls,
HOL = 15 mls, HgO = 10 mls, HF - 100 mls, H3BO; ~ 2 mls,

b. Carbon Filters

1,

2,

Remove the carbon from its container and place in a
600 ml Pyrex beaker. Add 300 mls 6 N HCl and heat to
50° G, Hold at this heat for 30 mimutes,

Decant the major portion of acid into another 600 ml
beaker, Add another portion of 6§ X HCL to the carbon
and again heat and decant the acid,

-23-
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3.

b

5

6.

T

9

Add 2 N HCL to the carbon and filter the acid through a
Whatman No. LO paper. Transfer the carbon to the filter
and wash thoroughly with 2 N HCl.

Evaporate the accuwnulated acid ocontaining the leached
agtivity to about 100 mls and transfer to a 250 ml
teflon beaker. Add 20 mls HF, 50 mls HNO, ard evaporate
to & small volume,

Repeat the HNO-HF treatments until a clear solution is
obtained, (Two treatments should suffice,)

Bvaporate the solution until a moist residue remains,
Add three ml saturated H3BO3 and ten ml 3 N HNO,,

Tranefer the sample to a 250 ml volumetrio flask using
succeasive washes of 3 N HNO,,

F4ll the flask to apprroximately 200 mls using 3 N HNOGg,
If the solution is not clear, wam the flask gently in a
hot water bith until a clear solution is obtained,

Ocol the sample to 20° O and dilute to the mark with 3 N HNO,,

Total time for two samples = 8 hours,

Total reagents in dissolution of each filters
HOL = 350 ml, HNO; = 200 mls,
H.O-SWml, ) "60“!1', Hgmg = 3 mls,

6. Piberglass Filter (11068) Dissolution,

1

]
&

3.
ke

Flace the fiberglass filter in a 50 ml teflon beaker,
Wet the filter with ly ml, HNO; (note a) add 10 mls W
and evaporate the sample to wet-dryness.

add 2 ml ENO3 and 10 ml HF and evaporate to dryness,
Repeat step 2 twica.

Add 2 ml saturated H3BOs, 5 ml 0 and evaporate to dryness.
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5.
6.
7.

8.

9e

10,

Add L ml HNO;, 2 ml HCl and evaporate to dryness,
Ropeat step 5 twice.

Rinse down the sides of the beaker with 3 ml HNO; and
evaporate t0 dryness,

Take up the sample in 10 ml HNO, and transfer to a 100 ml
volumetrioc flask. Complete the transfer using 5 - 2 ml
portions of 6 N HNOs.

Add approximately 60 ml 6 N HNO; and gently warm the flask
until a clear solution is obtained,

Cool. the sample to 20° C and make up to the mark with Hg0,

Note (a) Unless the entire filter has been wetted with HNO;,
a violent reaction will oocur with the addition of W,

Total time for two samples = 3 houra.

Total reagents per filter: HNOg = 25 mls, HF = LO mls, HO1l ~ 6 nls,
He0 = § nls, HyBOy = 2 mls,

d. Millipore Filter Disaclution

1,

2,

3.

L,

Place the filter in a 50 ml teflon beaker (note a) and
add L m) HNO;. Flace on a hot plate set abt low heat and
evaporate to wet=dryness, Add 2 ml HNOy and sgain take
the sample to wet-dryness, '

Add 2 ml HF and 1 ml HNO;. Bvaporate just to drymess and
repeat the treatment with 2 ml HF - 1 nl HNOy,

Add 2 drops saturated HyBO,, 2 ml Hy0 and evaporate to
dryness,

Take the sample up 4n 2 ml HNOy, bring to a boil and
transfer to & 50 ml quarts beaker using 3 « 1 ml portions
of HNO; to complete the transfer, Evaporate the sample to
dryness, Flace the quarts beaker in a L450° C oven for one
hour to complete the destruction of organic material,
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5

6.

After allowing the beaker to cool), add 2 ml HNOs and
1 ml HCl, Take the sample to dryness and repeat the
aqua regia treatment once,

Take the sample up in 2 ml HNO3, Bring to a boil and

transfer to a 10 ml volumetric flask uwsing 3 =~ 2 ml portiona

of 6 N HNOg to complete the tranafer, After cooling the
solution to 20° C, make up to the mark with Hg0,

Note (a) These filters have a static charge on them and are
diffioult to handle before the first addition of HNOy,

Total time for 2 samples =~ 3 hours,

Total reagents per filters HNO; - 17 mls, HF - L mls, HOL - 2 mls,
HaO = 1 mle

¢. Sticky Paper Dissolution

1.

2.

3.

'R
5.
6.

7.

Put the sticky paper in a 100 ml Pyrex beaker and place
in a oold muffle oven, BSet the thermostat at 250° O,
After the oven has reached 250° 0 continue heating at
this temperature until the sample has stopped smoking,

Raise the oven temperature to 450° O at 50° intervals
after smoking has stopped at any given sebting, Leave

the sample in the oven for 1 hour after L4S0° O has been
reached,

Add 2 ml HNO; to the sample, bring to a boil and transfer
to a 50 ml teflon beaker using 2 = 2 ml portions of HNOy
to complete the transfer, '

Add 5 nl HF and evaporate the sample to wet-dryness,
Repeat step l once,

the sample to wet=dryness,

Add 2 ml HNO; and evaporate to wet-dryness,

-26-
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8. Add 2 ml H¥),, bring the sample to a boil and transfer

to a 50 ml volumetrie flask. Complete the transfer with
5-2 ml portions of 6 N HNO;. Add 35 mls 6 N HNOs and
warm gently until a clear eolution is obtained. Cool
the sample to 20° 0 and make up the mark with Hg0,

Total time for 2 samples = 10 hours,

Total reagents per samples HNOy = 10 mls, HCl = 1 ml, HF = 10 mls, -

H‘m; - 005 ml.

£. IPC Filter Dissolution

1.

3¢

b.

5.

Place the filter in a LOO ml beaker, cover the beaker
with aluminum foil. Poke six pencil sized holes in
the foil and place the beaker in a L450° © oven. Ash
overnight,

Transfer the ash to a 250 ml teflon beaker using HNO, as
& wash,

Add 3 mls HNOy and 1 ml HF, Evaporate to wet=iryness

and repeat HNOy=HF treatments until complete dissolution
is effected,

Evaporate residue to wet dryness, add 0,5 ml HyBO,,
20 ml of 4 N HNO, and heats Transfer to a 100 ml
volumetric flask using 4 N HNOy washes. '

Cool the transferred sample to 20° O and dilute to the
mark with i N HNOge

Time (axcluding dry ash) =~ 3 hours,

Reagents usedt HNO; = 15 ml, L N HNOp = 100 nmls, HF - § wls,
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2,

Beryllium Analysis

-1

Fluorometric

1.

2,

3.

L.

5.

6e

Te

8,

Pipette a sultable aliquot of the carrier-free sample solution
into a 100 ml beaker, Add 2 mg Al carrier, 30 ml of diges~
tion mixture (80 percent HNO - 20 percent HC104) and
evaporate the samplea to A2 ml,

Transfer the sample to a 4O ml centrifuge cone and add

1 ml of mercaptoscetic acids Bring to pH 8 uging NHOH

and centrifuge the resulting precipitate, Discard the.
supernate and wash the precipitate with a solution prepared
as follows: Bring 2 ml mercoptoacetic acid to a pH of 8
using conce NH;OH and dilute to 100 mls using solution ™AY,
Prepare anlution MAY by bringing 10 ml conc, HCl to a pH of
8 with cono. NH,CH and diluting to 1000 ml with HgO¢ The
wash solution is steble one dgy,

Continue washing and centrifuging the precipitate until the
supernate is clear and the preoipitate is white,

Dissolve the precipitate in 5 ml HCl and transfer to a 25 ml
volumetric flask using 1 peroent HC10, as a wash solution,

Add 1,5 ml NaOH=DTPA=TEA (note a) and one drop quinine sul=
phate indiocstor (note b), Titrate the sample to the fluorescent
end=point with 72 percent HCl0,, using ultra-violet light.

Defluoresce the sample using 1 N NaGh. Add 5 ml piperidine
buffer (note o) and 1 ml morin (0,015 pervent w/v in LO
percent ethancl),

Dilute to the mark with Hg0, mix thoroughly and allow the
sample to react for 5 minutes.

Allow the sample to come t0 a constant temperature and read
on & Tumer Assuciates Model 110 fluorometer using 2A +
47B primary filters and 24-12 + 58 secondary filters,

Note (a) = NaOH-DTPA~" .. yolution is prepared as follows: Dissolve
165 grams of sndium hydroxide in 400 ml of water, Dismolve 2 ml
of colorless triethanolamine (TBA) and 5 grams of purified DTPA

in the alkaline solution and dilute to 500 ml, Store in a
polyethylene bottle,
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Note (b) Quinine indicator is prepared as follows: Dissolve
50 mg of quinine swlfate in 500 ml of water containing 10 ml
of 72 percent HClO4,

Note (o) Piperidine buffer is prepared as follows:t Transfer

15,0 grams of purified DTPA to a 500 ml volumetrioc flask with about.
200 ml of water, Add 75.0 ml of redistilled piperidine, stopper
the flask amd swirl under a stream of cold water until cool,

Add a solution of 20 grams of anhydrous sodium sulfite in 150 ml

of water and dilute to 500 ml, Store in a tightly stoppered
bottle with a polyethylene = lined sorew cape

-29-
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Y. Emission Spectrometric Beryllium Analysis

1.

3.

k.

4 suitable aliquot from the carrier~free solution of the
sample filter is concentrated to one ml,

A 50\ drop is placed on each of two graphite eleotrodes
and sparked,

Standarda are prepared and ran in the same mannexr.
The intensity of the spectral lines on a photographioc
plate are compared with the standard to determine the
amount of beryllium in the sample

If the beryllium is not identified on the 2 = 50\ samples,
the sample solution is concentrated further and re-ran,

Note =~ This method employs a 3.4 meter Ebert spectrograph
with & prism replacing the diffraction grating. The
sensitivity may vary from run to run depending on the level
of contaminating elements present. If a hzjgo amount of
contaminants are present a Be = Al co-precipitation may de
necessary prior to loading the samples on the electrode,
This decontamination mathod is detailed in the method for
deternining beryllium by fluorometry,

e e

+ dhn —




3. Uranium Anslysis
a. Fluorometric Uranium Analysis

The fusion dishes are formed from satin finish 90 percent PY «
10 percent Ir alloy disks (0.015" thiok by 0,748 + 0,001" dia.) in
the special forming die (0.750" dia.)s The new dishes are cleaned
by boiling in a 1 to 1 mixture of sulfuric and nitric acids and
then are rinsed thoroughly in water and distilled water. They are
then fused twice and washed before their initial use,

The fluoride pellets from the previous run are dissarded. The
dishes are oleaned bys
1. Boiling once in aboub 0.1 N HOl,
2, Boiling twice in distilled water,
3. Fusing the dishes with the NaF-LiF flux,
L. Repeating steps 1 and 2 |
5. Rinse each dish under the distilled water tap, using
clean forceps to handle the dishes.
6, Flace dishes face down om a clean paper towel to dry,

lay out 20 dishes on the Nichrome wire screen-ring holder in
the pattern shown on the "Fluorimetric Uranium Assay Data Sheet"
(Pigure 7, Ref. 1), The dishes should be placed as flat as possible
and spaced evenly without touching each other,

The modified Fletcher burner used for fusion is as desoribed in
Ref. 1, Figure 3, The regulation of propane and compressed air are
through standard gas regulators attached to a propane tank and compressed
air supply respectively, Adjustment of the flame is by regulation of
the air supply to give a stable flame of bout 500° C, Readjustment
of the air is usually needed to maintain the preper flame sise and
temperature, This 15 easlly done after experience with the bumner
is gained,

Start up the burner amd then place the dish holder in position
and ignite the dishes to a bright red heat for 30 seconds, Allow
to cool in place,
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Pipette the 100\ sample aliquots onto the dishes according to

the "Data Sheet", First pipette the three aliquots of five samples.

(Positions 3, 4, 53 6, 7, 83 9, 10, 113 1k, 15, 165 and 17, 18,
19 respectively.)

Next the three aliquots of the standard wanium solution are
pipetted using a separate 100\ pipette. (Positions 2, 13, and 20),

Finally, using the pipette from the standard uranium solution,
100\ of standard uranium solution is added to one of easch of the
five samples, (Positions L, 7, 10, 15, and 18.)

Dishes number 1 and 12 are fused without added solution in
order to determine the blank reading due to the flux and the om=
ditions of fusion, The 100A micropipettes are oleaned in a pipette
cleaner using successive washes of detergent soap solution, dis~
tilled water chromio-sulfuric acid solution, distilled water and
arhydrous aloohol. They are then coated with "Desisote® dryfilm
prepamation or .a similar £ilm,

The standaid uranium solution used for spiking and standard
measurement is 0,050 pg Us0p por nl, This gives an aliquot of 5
smidgeons and enables all readings on the fluorcmeter to be made
on the 0,001 scale, With the multiplier photobube operating at
aboub 4OO volts, typioal readings are as followss

Sealet 0,001 Instrument standard
set on 80 dav,

Blanks 10.8 Divisions

Uranium Samples 15.0 Divisions

Standard Solutions 76.0 Divisions
Spiked Uranium Samples 68.0 Divisions

¥hen all aliquwts have been added to the dislies, place an
infrared heat lamp over the group and slowly evaporate all samples
to0 dryness,

Flace the sample-ring on a ringstand under & Fisher burner,
Manipulate the flame carefully over each dish so as to ash each
sample. This must be done very cautiously to prevent spattering of
the samples and cross=-contamination,
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Replace the holder over the ignited Fletcher burmer and ignite
the dishes to a bright red heat for 30O seconds. Allow to cools

The flux powder from which pellets are formed for fusion is
composed of 2 percent LiF - 98 percent NaF mixed intimately, This
is made up in one pound batches in order to insure uniformity in
day to day use, A satisfactory batch of flux will give a reading
of 1 smidgeon or less per O.4 gram pellet. Tae purest NoF avail~
able gives 0,27 amidgeon. (Ref, 3)

The TIN pellet-maker is custom fabricated from pyrex glass. It
is adjusted to deliver a 0,40 + 0,01 gram pellet, The pellet-maker

is gently pressed for about ten times into the flux powder container,

and a spatula is used to flatten the bottom of the pellet,

Jarrgll~Ash T=S-L fluorflux prllets may be used in lieu of the
custom pellets but each batch must be checked to insure that the
blank is low,

A flux pellet is delivered to each sample dish and the samples
are immediately fused for 3 minutes. ‘The burmer flame is maintained
at proper height and temperature during the fusion by adjustment of
the air, The flux will melt within one minute if the flame is
correctly adjusted, and the fusion is continued for three minutes
after the last of the flux has melteds At the end of the fusion,
turn off the air ard gas simultaneously, and allow the pellets to
ocol for twenty minutes,

After the cooling period the pellets are removed from the
fusion dishes and the fluorescence is read on a JarrelkAsh Fluori=-
meter. Each button may be removed by holding the dish with forceps
and tilting so that the button slides into the receptacle of the
fluorimeter. If the button does not loosen from the dish, invert
it on a plece of glased paper and tap the bottom with the foraeps.
The forceps may be used to place and withdraw each button after
the fluorescence readirg is taken, Any loose particles are removed
from the receptacle between each background reading by aspirating
with a noazle=rubber bulb,
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The JarrellAsh fluorcmeter is operated and maintained according
to the supplied manual., To prepare for a series of readings push
the receptacle slide to the front stop. The instrument reference
source is now under the ultraviolet 1ight and the meter oirouit is
switched to the 0.01 scale. The voltage is adjusted 80 as to
give a reading of 80 divisions, With this setting, all sample)
standard and spike readings will be on the 0,001l scale, Adjust the
reference, zero, and blank readings as specified and read each
sample oonsecutively, rechecking the adjustment readings between
each sample button reading. Record all necessary data on the “Assay
Data Sheet

Caloulations

Average the blank resdings(B) amd the 5.0 smidgeon uranium
standand (8)., OCaloulats the U3Oq fluorescencs equivalent of the
instrument reference standard, A ocontinuous record should be
kept of this value together with the photomultiplier operabing
voltage,

Symbols (Reference 2)
A = Average reading of unspiked sample
. 8 = g of Us0s in spike
D = Reading of spiked sample
- B = Aversge reading of bdlanks
C = Reading of 1 ug U0,
B = Aversge reading of U0y spike solution
¥ » Instrument reference standard reading
0.85 = Conversion factor for U30y to U,
104 = Aliquot factor for 100\ from one liter.

Inaf;rmnt Reference Standard (pg Us0g) = %&B : |

Blank (mug or smidgeon U0,) - _1%%?_5. . j.
4g UsOp 4n 200\ aliquot of sample = AS _-B l
P=" T

48 Uranium per 1iter of sample = (0.85 x 204) g.gA '%
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Sample No., Position
and Desoription

FLUCROMETRIC, URANIUM ASSAY

DATA SHEET
DATB RIN NO,
FUSION TIME _
COOLING TIME

INST. 9TD. BET ON
FLUOROMETER VOLTACE

(Readings below are on ,001 scale
unleas otherwise m.ai N

Reading

1 Blank

100\ of Spike (Standard Uranium Solution),

100\ sample No, 1

100\ sample No. 1 plus 100\ Spike

100\ sample No. 1

100\ sample No., 2

100\ sample No. 2 plus 100N\ Spike

100\ sample No, 2

100\ sample No, 3

100\ sample No. 3 plus 100\ Spike

100\ sample No. 3

Blank

100\ Spike

'Hsnsmmrm

100\ sample No, U

=2

100\ sample No. L4 plus 100\ Spike

16_ 100\ sample No. L

17 100\ sample No. 5

18 100\ sample No., 5 plus 100\ Spike

BElRlEREEREPRP|dlekloMlEl o |-

19 100N sample No. 5

[ d
o

20 100\ Spike
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b, Mass Spectrometric Uranium Analysis

1. Pipstte a suitable aliquot from the carrier-free sample
solution into & quartz beaker containingm~li x 10-* grams
of U-233 spike,

2, Heat the sample to dryness, allow to cool and then transfer
the sample to a 12 ml centrifuge cone with 2 ml of acid
deficient saturated ammonium nitrate reagent (note a),

3, The uranium is separated by extracting four times at
five minutes each with 2 ml volumes of pre=extracted
di-ethyl ether (note b),

i, Serub each organic phase twice with saturated ammonium
nitrate reagent and the combined ether phases are collected
in another cone.

5. The uranium is extracted from the combined ether phases
three timea at 10 minutes each with 2 ml volumas of
redistilled water,

6. Collect the water fractions in a 10 ml beaker containing
1 drop HNOy and 3 drops HCl,

7. Heat the beaker to molst dryness and treat the residue
with aqua regia until it is completely destroyed., Add
one drop of HNO; to the beaksr and evaporate to dryness,

8. Transfer the uranium to & quarta cone with 2 } HNO; and
heat to dryness urder a 250 watt infrared heat lamp,

9, Wash the uranium £rom the oone and mount on a filament
using ~5Ax 0.5 N HNO; Lor the transfer,

Note (a) The saturated ammonium nitrate is prepared by
dissolving commercial analytical grade ammonium nitrate

orystals in varm redistilled water and acidifying to 2 N HNOy
with distilled concentrated nitric acid, '

Note (b) The di-ethyl ether is pre-extracted with ui equal
volume of redistilled water for 10 minutes,
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L. Radiomuolide Analysis

a. Separation Proocedure for Bal40, Sr89» 90, Ryi03s 08, ggl3es 137,
Y93, Mo®®, 04118 and NpA3S,

1., Pipette an accurately krown amount of Ba, 8r, Cs, Od,
Mo, Ru and Y carriers into a 250 ml beaker, (Approximately
20 mg of each carrier except ¥ should be used. Use ~d0 mg
of Y carrier,) Add ~500 DPM of standardized Np*? tracer,

2, Add the aotivity solution from a carrier-free dissolution
of the sample filter, add 5 ml HNOy, 3 ml K;804 and
evaporate t0 wet dryness on a hot plate set abt low heat.
Use a speedy=vap cover during the eﬁporaticn.

3. Transfer the sample to a LO ml centrifuge cone using
L § HNO, washes., Oentrifuge for 3 minutes and decant
the supernate into a ruthenium distillation flask,

Lo Wash the BaSO, and SrS0, with L mls of 4 N HNOs, _
oentrifuge and decant the supernate into the distillation
flask. S8ave the sulphates for step 15,

S, Add 20 ml HNOy to the flask, With tho still head in
placo, boil until only a few milliliters of eolution
remain in the flask, Add three ml of HCl,

6. Prepare a O ml centrifuge cone containing 10 =l of
freshly prepared 12 N NaOH and place in an ice bath,
A system to provide air flow through the distillation
apparatus must be available, -

7. To the sample in the distillation flask add 10 mg I
carrier, 3 ml HNO3 and L ml HC10,. Conneot the still
head and start air flowing through the apparatus at about
2 bubbles per second. (Ses the rutheniunm decontamination
procedure for a more detailed study of the distillations)

8. Heat the solution in the flask gently with a miocro burner
flame %0 begin the distillation, collecting the distillate
in the 12N NaH, Continue the distillation until the dense

1 ®
et e e s o s conemin - s s
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0.

1n,

12,

13.

white fumes of HCLO, have passed over for one minute after
all the ruthenium tetraoxide has been distilled, BSave

the distillate and continue with step 8 of the Ru decon-
tamination procedure, '

Allow the distillation flask to ocvol and transfer the
contents to a LO ml centrifuge cone using 6 N HOL
washes to effeot the transfer. Add 2 drops bromine
water and stir well, Place the cone in an ice bath and
saturate the liquid with hydrogen chloride gas,

Allow the solution to come to room temperature and transfer
t0 a prepared Dowex 1-X8 100 - 200 mesh anion exchange
oolum 12 mm in diameter by 3 om long. Oollaeot the
effluent containing the Os and Y and continue adding HGL

to completely elute these elements (15 ml should suffice).
Save this fraotion for step k.

Blute the neptunium with 15 ml of 1 N HO1~0.1 N HF added
in 2 ml inorements, Wash the colum with 5 ml 1 N HOL
and colleoct this wash with the Np fraction. Oontinue with
step a of the Np decontamination procedure,

Elute the Cd with 20 ml of 3 N NH,OH added in 2 ml
inorements, Hvaporate to about 10 mls and continue with
step &, sentence two of the Od decontamination procedure,

Elute the Mo by adding 20 mles of 6 N NH OgH305 conteining

5 ml of NHyOH added in 2 ml inorements and continue with

sentence two, step ¢ of the Mo desontamination procedure.

U, Make the solution from step 10 basic using 6 N NaOH,

Centrifuge the Y((H); and décant the supernate containing
the Cs into a clean LO ml centrifuge tube, Wash the
Y(CH); with 5 mls of 0.1 N NaCH, centrifuge and add the
vash to the Cs sample, Dissolve the Y(OH); in 1S ml

of 2 N HNOy and continue with step 18, Add enough HOl ¢o
the Cs solution to make it about 6 N in HOl and continue
with step b of the Os decontamination procedure,
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'15. Add 10 ml of fresh 1 M NayCOs to the barium and strontium
sulphates and boil until the volume is reduced to five ml,
Centrifuge und discard the supernate,

16, Add 1 ml of 6 N Hi0y to the residus, sdd 3 ml of Hy0 and
" slurry well. Oentrifuge and decant the dissolved ocarbonates
into a clean centrifuge cone. Retreat the residue as in
step 15 above until the sulphates are completely converted
to oarbonates combining all the dissolved carbonates in
one centrifuge cone,

17. Add 25 =~ 30 ml of yellow fuming HNOy to the combined
carbonates and cool in an dce bath for 10 minutes,
Centrifuge, decant, and discard the supernate, Continue
with step b of the barium decontamination procedure,

18, Add 10 mg Zr carrier, 10 mg Sr oarrier and 10 mg Eu
carrier to the Y sample, Transfer to a 50 ml lusteroid
centrifuge cone using water washes. Add 2 ml nr, stir
well and leb stand S minutes,

19, Centrifuge and discard the supernate, Wash the fluworide
with 5 ml Hy0, centrifuge and discard the supernate,

20, Add 3 ml sat'd HaBOs to the precipitate, stir well and add
3 nl HNOy, S8tir to obtain a clear solution. Add 20 w!
HaOu Stir well and make basic with 6 N NaGH,

21, Centrifuge, discard the supemats wash the hydroxide with
15 nl He0, centrifuge and disoard the supemate,

22, Dissolve the final hydroxide in & minimum of 6 N HOL and
oontinue with the Separation of Y from éther Rare Earths,




b,

Decontamination Procedures
Barium

1,

(a)

(b)

(e)

(a)

To the Ba carrier (about 20 mg) in a volume of 5 to

6 ml (in a 40 ml heavy-wall centrifuge cone), add

the activity, stir thoroughly and let stand for ten
minutes. Add 20 ml of yellow fuming HNO; to
precipitate Ba(NO;); {note a). The solution is stirred
while cooling in an ice bath for five minutes. Centri-
fuge, decant, and discard the supesrnate. l
Dissolve the precipitate completely in 2 ml of water
(note b). Re-precipitate Ba(NO;); by adding 10 ml

of fuming HNOg and cooling in an ice bath for 20
minutes with occasional stirring. Centrifugé the
solution, decant, and discard the supernate, Dis-
solve the precipitate in 7 ml of water.

Add 5 mg of Fe'tt carrier and precipitate Fe(OH)s
by the addition of 2 ml of 6N NH,OH while stirring
(note c). Centrifuge and filter by gravity into a
clean 40 ml centrifuge cone. Wash the precipiiate
by slurrying in 5 ml of HyO containing 2 drops of
NH,OH, Centrifuge and remove the wash supernate
with a transfer pipette, Combine this wash super-
nate with the supernate above and save, Discard the
Fe(OH)s scavenge precipitate.

Neutralizse the combined supernates by the dropwise
addition of 6N HNOQ,, testing the acidity with short
range pH paper. Add } ml of 6M HAc and 2 ml of
6M NH Ac, Heat the solution nearly to boiling and
add 1 ml of 1, 5M Na;CrQ,, dropwise with stirring.
Continue stirring the solution for one minute, then
centrifuge, Save the supernate for step (e) of the
strontium decontamination procedure. Wash the yellow

BaCrQ; with 10 ml of hot water, Centrifuge and discard

the supernate. The remaining steps in the procedure,
including the final counting, must be finished within two
hours to prevent error due to La-140 daughter con-
tamination in the Ba precipitate,

-l -
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(e) Dissolve the BaCrOQ, in 2 ml of 6N HC] (note d). Add
15 ml of HC1 ether reagent, note final PPT 'n time,
and stir for two minutes to coagulate the BaCl; and
let stand for five minutes in an ice bath, Centrifuge
the solution, decant, then discard the supernate.

(f) Dissolve the precipitate in a few drops of water
(note b), and re-precipitate the BaCly HyO by the
addition of 15 ml of HCl ether reagent and stir the
solution for two minutes. Allow the solution to cool
in an ice bath for five minutes, Centrifuge, decant,
and discard the supernate.

(g) Have ready a Whatman No, 42 paper disc which has
been previously prepared by washing it with three
3 ml portions of water and threc 3 ml portions of
ethanol, Dry in an oven at 90°-1)0° for 15 minutes,
cool in a desiccator for ten minutes, and weigh after
one minute on balance. Repﬁ.t this procedure until
constant weight (£ 0. 1 mg) has been obtained.

(h) Dissolve the BaCl, in 10 ml of water, Heat the
solution nearly to boiling and add 5 drops of 1, 5M H,S0y,
Continue heating for three minutes to coagulate the
precipitate, then filter onto the prepared filter paper,
Wash and dry the precipitate according to the filter
paper treatment in step g. Weight as BaS8Q,;, mount,
and count immediately (note e).

NOTES

At least 3 volumes of fuming nitric acid should be added to insure
quantitative precipitation of Ba(NOy);. ,

It may be neceuaiy to add several additional drops of water to effect
complete solution. :

The adc'tion of several drops of 1 per cent aerosol solution sometimes
prevents excess creepage.

A precipitate of white BaCl; may appear ﬁut will dluolﬁ with the addition
of 0. 5 ml of water,

The counting error due to growth of the La-140 dlughgg'r will become
appreciable (approximately 3 per cent) after two hours from the BaCrO;
precipitation, .
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2,

Strontium

(a)

(b)

(e)

(4)

(o)

To the Sr carrier (about 20 mg) in'a volume of 5 to

6 ml (in a 40 ml heavy-wall centrifuge cone), add the
activity and 20 mg of Ba carrier, stir thoroughly,

and let stand for ten minutes. Add 20 ml of yellow
fuming HNOj to precipitate Ba(NO,)z and Sr(NOy)z
(note a)., Cool the solution in an ice bath for 30
minutes with occasional stirring. Centrifuge at

low speed for five minutes, decant, and discard the
supernate,

Dissolve the total precipitate with a minimum volume
of water (about 2-3 ml) and repeat precipitation: of
the nitrates with fuming HNO; (note a), Centrifuge

as above, decant and discard the supernate, Dissolve
the precipitate in 7 ml of water,

Add 5 mg of Fe'tt carrier and precipitate Fe (OH)s
by the addition of 2 ml of 6N NH(OH while stirring
(note b), Centrifuge and decant the supernate through
a Whatman No, 42 filter paper into a clean 40 ml
centrifuge cone. Wash the precipitate by slurrying
with 5 ml of H30 containing 2 drops of NH,OH, Centri-
fuge, remove the wash solution, and combine with the
supernate above. Discard the Fe (OH); scavenge
precipitate, ,

Neutralize the combined supernates by the dropwise
addition of 6N HNOy, testing the acidity with pH paper.
Add 1 ml of 6M HAc and 2 ml of 6M NH,Ac. Heat the
solution nearly to boiling and add 1 ml of 1. 5M NasCrQ,
dropwise with stirring. Continue stirring the solution
for one minute, then centrifuge. Decant the supernate
into a clean 40 ml centrifuge cone, Discard the
BaCrQy precipitate.

Heat the solution nearly to boiling and add 1 ‘ml of
Ba(NOy); solution (10 mg Ba/ml) dropwise with stir-
ring. Continue stirring the solution one minute, then
centrifuge. Decant the supernate through a Whatman
No. 42 filter paper into a clean tube.
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() Add 2 ml of NH,OH, heat nearly to boiling, and add :
5 ml of a saturated ammonium oxalate solution slowly '
with stirring. Continue stirring for two minutes,
Centrifuge, decant and discard the supernate., The_
remaining steps in the procedure, including the final
counting, should be finished within ours
minimise the error due to Y~90 daughter in the Sr

Precipitate,
(g) Dissolve the 8rC3Qy precipitate with 4 ml of 6N HNO,,

Add 15 ml of fuming HNOj (note c) stir well in an ice
bath for 20 minutes with occasional stirring, Centri-
fuge, decant and discard the supernate,

(h) Dissolve the Sr (NOs)s precipitate in 10 ml of water,
Heat nearly to boiling and add 2 ml of 1M Na;COy
solution slowly with stirring, Heat gently for several
minutes and allow to cool in an ice bath for 10 minutes.

(1) Have ready a Whatman No, 42 filter disc which has
bsen praviously prepared by washing it with three
3 ml portions of HyO and then with three 5 ml portions
of ethanol. Dry in an oven at 90°~100°C for 10 '
minutes, cool in & desiccator for 10 minutes and
weigh, Repeat this procedure until a constant weight
(£ 0.1 mg) has been obtained.

(J) Filter the 8rCOj onto the prepared filter paper.

Wash, dry, and weigh the precipitate according to
the filter paper treatment in step i, Weigh as 8rCO,,
mount, and count. '

NOTES

At least thres volumes of fuming HNO; should be added to insure the
quantitative precipitation of the nitrates,

The addition of several drops of a 1 per cent aerosol solution will help
prevent creepage,

Record the Sr(NOy); precipitation as the final precipitation time,
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Molybdenum

(a)

Add the solution containing the molybdenum activity to
the molybdenum carrier (approximately 20 mg) and

" add sufficient HC] to make the solution 6N in HCI,

(b)

(c)

(@

(e)

Add 2 drops of bromine water and stir. Add one mg
of Cs carrier and } mg of W carrier, stir thoroughly
and let stand 10 minutes.

Pour the solution through a Dowex-1-X10 short resin

'column (note a), Wash with 10 ml of 6N HCl, then

with 10 ml of 0. 1N HCI and finally with 10 ml of

3N NH,OH.

Elute the molybdenum off the column with 15 ml of
6N NH,C3H3O; containing 5 ml of NH,OH. Ma.ka the
olua.te just acid with HNO;, Add 3 mg.of Fe ’ 5 mg

of Zr*4, 1 mg of Te' carrier, and 1 drop of IM ‘NaNO;,

8tir thorcughly, Make the solution at least pH 10 with
NH,OH,

Stir thoroughly, centrifuge 2 minutes and filter through
a Whatman No. 42 fiiter paper into a clean 40 ml
centrifuge cone. Discard the filter paper and precipitate.
Acidify the filtrate with HNOj to about pH 0 as indicated
by ohort‘ range pH paper. Add 7 drops of bromine water
and 1 ml of saturated oxalic acid (note b), Stir and

cool in an ice bath, Add 10 ml of filtered cupronireagent
(2 per cent a~benmoin oxime in ethanol), Record final
precipitation time, 8tir very thoroughly again and
centrifuge at high speed for 8 minutes. Decant care-
fully and discard the supernate. Wash the precipitate
with 20 ml of 1N HNO,, Centruugo. decant and discard
the supernate.

Slurry the washed precipitate in 20 ml of IN HNO; and
filter through a 9 cm Whatman No, 42 filter paper

very carefully in a Fisher Filtrator funnel under a

slight vacuum (note c), Air dry by pulling air through
filter paper and precipitate with the'va.cmgm. Carefully
fold and place the {ilter paper containing the pneipihtc

~ in a coors No. 00 porcelain crucible. Tiit the cover

“45~




b,

€.

on the crucible and ignite in a muffle furnace for
one hour at 525°C (note d), Record time taken out
of furnace,

(£) Carefully grind the MoQOy thoroughly in abeolute
ethanol using a glass rod. Filter through the stain-
less steel filter towar onto & 2, 3 cm Whatman No.
42 filter disc previously prepared and tared, Wash
with absolute sthanol, Dry in an oven at 90-100°C
for 10 minutes, let cool 10 minutes in a desiccator
and make a one minute timed weighing, Repeat
drying, desiccating and weighing until agreement
is within 0,1 mg. Mount, but do not count until 18
hours after furnace removal time (note e),

NOTES
The resin column is a short tubulated test tube of 12 mm 1. D. and

. 83 mm long filled to a depth of about 1-1/4 inches with Dowex A. G,

1-X10, 50-100 mesh anion exchange resin, A glass wool plug is
placed at the bottom and on top to contain the resin, The resin is
p&c-conc::uoned by washing with 10 ml of concentrated HCl, Discard
this was :

The oxalate ion complexes any niobium present, thus preventing its
co-precipitation with molybdenum,

If too high & vacuum is pulled, the filter paper may tear and molyhdonmﬁ
will be lost,

The furnace -houl% be calibrated and the temperature should not exceed
approximately 5258°C, as molybdenum can be volatilised by excessively
high temperatures,

After 18 hours the daughter Tc? will be in equilibrium with Mo and
the sample may be counted, ' :
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4.

Ruthenium

(a)

(b)

(e)

(a)

To the solution containing the ruthenium activity in
a volume of no more than 5 ml (in the ruthenium
distillation apparatus), add Ru carrier in the
desired amount, Add 25 ml of HNO,;, With the
still head in place, boil until only a few ml of
solution remain in the flask and add 3 ml of HCl,
Have prepared a 40 ml centrifuge cone containing
10 ml of freshly prepared 12N NaOH in an ice bath.
A system to provide a positive air flow through

the apparatus during distillation must be utilized
(note a). To the sample in the distillation flask, "~
add 10 mgs of I” carrier, then add 3 ml of HNO;
and 4 ml of HC1O., The ground glass connection
should be wet with the HC10O, to aid in sealing the
apparatus. Connect the still head and start the"
air flowing through the system (about two bubbles
per second). Heat the solution in the flask gently
with a micro burner flame to begin the distillation.

.The distillation is continued until the dense white

fumes of HC10, have passed over for one minute
after all the Ru has been distilled (note b),

Caution: Considerable frothing may occur prior

to the appearance of HC1O4. A sponge, or damp
cloth, should be kept on hand to cool the flask in
case the frothing becomes too violent.

Let the distillate stand for 15 minutes, centrifuge
and discard any residue. Adjust the pH of the
distillate to 8, using dilute HCl or NaOH:as needed,
Add 3 ml of ethanol and stir well, Heat the solution
until the precipitate coagulates (do not boil), centrifuge
and discard the supernate,

Dissolve the precipitate with 3 ml of HC1 by allowing
to stand a minimum period of three hours (note c).
Check for complete dissolution of the pracipitate

by centrifuging. Transfer to a 125 ml flask and
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a,

b,

“(a)

)

dilute with 10 ml of water, Add powdered
magnesium metal (note d) in small portions,
swirling after each addition. Add the magnesium
at a rate which will maintain a constant evolution
of hydxrogen until an excess of the powder has been

added (when the HC) has been depleted the magnesium

will cease to react and is then in excess). Boil the
mixture until the Ru coagulates (note e). Cool the
solution, and add 5 ml of HCl cautiously, Add 1
drop of 1 per cent aerosol solution, and boil the
solution for two 'minutes. Tranafer the material

to & 40 ml cone and centrifuge. Decant and discard
the supernate. Wash the Ru metal two times with
water, centrifuging, decanting, and discarding the
wash water each time. ,
Have ready a weighed Whatman No, 42 filter paper
disc which has been treated with three 5 ml portions
each of water anc ethanol. Dry the paper for ten
minutes at 90-100°C, cool ten minutes in a
desiccator, and weigh, Repeat this procedure

until a constant weight has been obtained,

Slurry with water and filter the precipitate through
the filtration apparatus nnto the weighed filter

- paper. Use the washing procedure and weighing

procedure employed in preparing the filter paper,

(note £).- Weight as Ru metal (gravimetric factor

1.0). Mount and count,

NOTES

If a steady compressed air system is not available, a positive-air
flow may be obtained by displacing air in a bottle connected to the
distillation apparatus by siphoning water from a higher second bottle.

The extremely dark coloring due to Ru will leave the distillation flask
and appear in the NaOH,

48

it At A & < A




Ce

d.

f.

It has been found that the subsequent reduction of Ru to the metal
proceeds faster and more smoothly when the oxides are allowed
to dissolve slowly at room temperature. However, if the long
waliting pericd cannot be arranged, the solution may be heated
gently to dissolve the oxides,

The magnesium must be residue free after dissolution with HCL
Test the magnesium by dissolving a gram in HCl,

if coagulation does not occur, or if the solution remains dark
(indicating incomplete reduction), add HCl until the excess
magnesium dissolves, then add 1 ml excess. Repeat the magnesium
reduction, N

After cooling in a desiccator, weigh the Ru precipitats without
delay., Ru is somewhat hygroscopic.
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5. Cadmium
(a) Add the solution containing the cadmium aot:lvity to the cadmium
carrier (approximately 30 mg) in a LO ml glass cenbrifuge
tube, Adjust the volume to 10 ml with water. Adjust the
solution to pH=7 with 6 N NH,OH. Precipitate 0dS with Hy8 gas.

(b). Centrifuge and discard the supernate. Wash the Cd3 with 5 ml
of water containing 2 drops of saturated NHeNO; rugant.
Oentrifuge and discard the wash.

(o) Dissolve the precipitate with 1 ml of oorme. HBr and boil,
mo.smonmo,nnbm (Notou). Cool and add 10 m)
of cona. HBr,

(4) Elute the solubion through a shorb colum of Dowex ADL-X10
(50100 mesh) resin (Note b), Wash the column witha 10 ml
-gotie. HErj and 10 ml of HyO, Disocard the washes,

(e) Place a clean 4O ml oentrifuge tuba under the column and elute
the oadmium from the column with 20 ml of 6 J N CH.

(£) To the eludte from Step e add § ml of NHOH and S ng of Fo'o
carrier, 8tir and oenbtrifuge for two minubes. Decant the
supernate into a olean LO ml centrifuge tube and elubte through |
a short oolum of Dowex AGS0=-X02 resin (50-100 mash) (Note o), !
Disoard the Po(0i); precipitate,

(s) ‘Mash the colunn with 1 20 nl of 6 N NH,OH) 1o-1u:.gmom :
and 15 ml of HgO. Discard the washess

() ‘While Step g is in progress prepare 2,3 om Whatman No. k2
£4iter disos by washing with distilled water and then ith
sbaolute ethanol, Dry at 90 = 100° C for 10 minutes, cool
in a desiccator for 10 minutes and make a 1 minube timed
weighing. Repeat drying, desicocating, and wdgh:l.ng ‘0 conatant
weight (40.1 ng).

(1) Flace a olean 40 m) centrifuge tube under the column and elute
' the cadmium from the column with 20 ml of 1 M HBEr,

(3) %o the eluate from Step 1 add 2 ml of 3 J MI,L and adfust
the pH to 8 with the dropwise addition of 6 N NH(OH, Add

’ 'S
e ¢ s e A
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(x)

(1)

3 al of 1.5 ¥ (NHg)aHPO, and digest 15 minutes on a 80° C
hot water bath. Maintain the pi of the molution at 8 vith the
addition of 6 N NH,OH or 6 N HOL throughout the digestion,

Filter the precipitate through the stainless steel filter tower
onto the prepared paper disc, Wash with 5 ml portions of
water, Allow the precipitate to air dry by suotion. Dry in
an oven at 90 = 1009C for 10 minutes, oocol in a desiccator

10 mimutes and make a one minute timed weighing. Repeat
drying, desiccating and weighing until agreement is within

+ 0.1 mg,

Mount and allow 16 hours after final preocipitation for the
Inl® daughter to grow into equilibrium bafore counting, |

NOTES

&. If Hy8 is nob completely removed CAS will form in Step o,

bs The anion resin column is a short tubulated test tube of
12 mm I, D, and 85 mm long £illed to & depth of about 1 inch
with Dowex AGL~X10 (50~100 mesh) anion exchange resin,

- A glass wool plug is placed at the bottom and on top to
contain the resin, The resin is pre=-conditioned by washing
with 10 ml of cono, HBr, Discard this wash,

0. The shart ostion resin column is the same as in Note b
exept the resin used is Dowex AG50-X12, 50 = 100 mesh
oation resin. The resin is pre-conditicned dy washing
with 10 ml of 6 ! KH OH, Discard this vash,




6o

Cesium

(a)

(v)

(o)

(a)
(e)

(£)

(2)

To the Cs carrier (about 20 mg) in a volume less than 8 ml

(in a 4O ml heavy-wall centrifuge cone) add the activity and
gtir thoroughly. Add enough HCl to make the solution approx-
imately 6 N in HCl,

Add 1 mi of a 0,12 M silicotungstic acid solution and stir
thoroughly, Digest the solution in a hot water bath for five
minutes with occasional stirring. Allow the solution to cool
for several minutes, centrifuge, decant and discard the super=-
nate. Wash the precipitate with 5 ml of 6 N HC), centrifuge,
decant and discard the wash solution,

Add 1,5 ml of 6 N NaOR to the cesium silicotungstate precipitate
and heat gently with stirring until a olear solution results.
Add 10 ml of 6 N HC1l and heat gently for five minutes (a canary
yellow precipitate of silicotungstic aoid shonld be present).
Cool the mixtures and allow to stand for five minutes, Centri-
fuge and decant the supernate into a olean LO ml glass centrifuge
tube, Wash the precipitate with 5 ml of é N HCl, centrifuge
and combine with the supernate, Disocard the precipitate.

Repeat Steps b and o,

Prepare a Whatman No, L2 filter paper disc by washing it

three times with 5 ml portions of ethanol, Dry in an oven at
$00 = 100° C for ten minutes, cool ten minutes in a desicoator,
and weigh, Repeat this procedure wntil constant weight (+ 0,1 mg)
has been obtained.

To the f£inal solution, add 1 ml of 10 percent chloroplatinic
acid (HyPtCly) solution and stir thoroughly, Allow to stand
for several minutes, Centrifuge and discard the supernate,
Wash with two 5 ml portions of 6 N HOl, centrifuging and dis~
carding the supernate each time. Wash with two 5 ml portions

of absolute ethanol, cemtrifuging and discarding the: supernate
each time. (Note a),.

Slurry the precipitate in absolute ethanol and transfer into

a previously tared porcelain orucible, Evaporate off the ethanol
under a heat lamp, Dry the oruoible at 90° = 100° C for 10
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(h)

(1)

()

minutes, cool and weigh. Repeat this procedure until constant
weight is obtained (+ 0.1 mg)e

Weigh into the crusible enough dry, inert cesium chloro=
platinate to give a final precipitate thickness of 15 mg/om®
(this amount can be caloulated from the area of the precipitation
apparatus vsed in the f£inal mounting)e

Slurry the mixture with absolubte sthanol and mix thoroughly.
Filter quantitatively by repeated ethanol rinses of the

" oruoible through the previously prepared filter paper diso,

Wash down any precipitate adhering to the sides of the tower.

~ Allow the paper disc and precipitate to dry with suction before

removing the tower,

Dry in an oven and weigh as in Step e» The final praq:l.pitato

4s weighed as CsgPtClys The sample is mounted and counted,
NOTES

a, If the sample is to be counted on a gamma .counter, skip
steps g and h and procead with step 4, '
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7.

Separation of Y from other Rare Earths
a., Resin Processing

Place about one pound of Dowex 50W=XL (minus 40O mesh)
analytical grade resin in a 2 liter beaker and add water t0 a

height of four inches sbove the settled resin., Add 250 g divasio

ammoniun citrate, stir well with an electric stirrer and adjust
the pH to six with pH paper using 6 N NH,OH., Stir for one hour
with the eleotrio stirrer,

Let stand 30 minutes, siphon off the fines and discard
them., Again add water to a height of four inches above the

‘resin, stir and let stand 30 minutes, Biphon off the fines

as before, Repesat this process several more times until the
supernate is quite clear,

Cover the graded resin with water and store for use,

b. Preparation of the Eluting Agent

Prepare about 2 liters of 0.5 M A-hydroxyiscbutyric
aoidd (AHIB) for each duplicate run, Dissolve 52 g AHIP in
water, add one gram phenol and dilute to one liter.

About 1400 ml of 0,5 M AHIB at pH 3.10 and about 600 ml

| at pH L.20 13 used for eash duplicate run. Make the pH

adjustments with a Beckman Model G pH meter which has been
oalibrated with a BKH Standaxd pH L4.00 vuffer solution,

6. Preparation and Conditioning of the Rare Earth Columns

1. Decontamination = Previously used R, . columns are
decontaminated by flushing several times with a boiling
mixture of Versene and Aloonox in water followed by
several rinses with boiling distilled water,

2., Pilling Columns with Processed Resin = Fill colum
half full with vater. Take a small ball of pyrex
wool (v1/2% diam.) which has been fluffed out to dis~
ordient the fibers amd push plug to bottom of colum
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3.

working air bubbles out as it goss down. Run a little water
out of the stopcocks and check for air bubbles., Mark the
oolurn at & height 65 om above the plug and add a water slurry
of the resin while the water drips out of the stopcook,

Don't allow the resin to go dry. Add resin till the settled
resin 1s at the mark taking care to have a level surface and
no resin particles on the glass walls above,

Conditioning the Resin Colums - The ocolwms are conditioned
with 0.5 M AHIB at pH 3,10, About two column volumes of this
elutriant are allowed to paas through the columns under
pressure (6,50 inches Hg) at room temperature, The colums
nay be corditioned overnight if necessary, After the columms
have been conditioned, wipe the stopscoock tips dry and coat
with Desicote,

d, loading of Rare Earth Samples onto Resin Colum
1s The R, B, mixture (in 6 X HC1l) is boiled down to a volume of

3

k.

caloulated 1/2 ml. A few additionsd drops of 6 R HOL s
added during boiling to prevent the R,E, from hydrolysing,

Let the R, E, solution cool to room temperature and then
load onto the top of the resin column in small inorements

by transfer pipette, taking ocare that the tip of the pipette
toushes only a space about 1/8 inch above the resin bed,

At no time should the level of liquid in the column touch
the top of the resin bed, A loose fitting cork around the
transfer pipette which will f£it into the burette top aids in
steadying the pipette during loading, |

Wash the container L times with 1/2 ml portions of 0.5 M AHIB,
pH 3,10, each wash being added onto the resin colum in
small inocrements,

The insides of the colum above the resin bed is then washed
down with several mls of 0.5 M AHIB, pH 3,10, These washes
should be allowed to trickle down the insides of the column

a8 slowly as poasible so as not to disturdb the top of the
Tesin bed,




@

£,

5.

F111 the column to the very brim with 0.5 M AHIB (fH 3.10)
and conneast to the reservoir containing the elutriant.
Wire all connections. All air bubbles must be removed,

Start of Elution

1.

3

b

5.

With all olamps, stopoocks, etc., shubt off open pressure
valve letting pressure to reducing valve. Adjust reducing
valve slovly allowing pressure to build up to about 6.5 in,
Hg with a smell air leakage through the water bubbler,

Open in turn the remaining clamps and stopcooks, Check
for air buboles in liquid lines, Double check to see
that the clamps are released and that the pH L.2 sol'n.

is able to flow into pH 3.1 sol'n. Start the magnetic
stirrer,

Record time and date as "On Column Time,"

The temperature of the system is kept at room temperatui‘e
(25 to 30° 0. ),

The pressure is adjusted to obtain a flow rate of 26 =~ 29 ml/hr,

Collecting Fraoctions

1,

3.

The efflusnt is caught in 16 x 150 mm rimmed test tubes
oontaining 2 ml of saturated oxalic aoid,

Set the tubes on a tumtable timed for 30 minute 1ntor_nh.
Check to make sure that the turntable controls are set to
turn in the desired direction and the timer aswitch is ®on®,

Check back later to see it is actually turning in the right
direction. '

Continue 0odlecting until the Y band which elutes first is
eluted,

Record Keeping

I
2.

Resin - type, mesh, lot nwmber
Resin bed -~ length and diameter

=68 =




3
b,
5.
6.

T

Elutrient =~ brand, concentration, volumes made up
Conditioning = length of time, volume through each, pressure.
On Column Time

Pressure = frequent observations of pressure and time

and date.

Elution Data,

h. Sslscting Fractions

1.

2.

locating Peaks = A series of tubes containing a R. E.
£raction will show a gradual inorease in precipitate up to
maximun, followed by a sharp decrease. The tube containing
this maximum of precipitate is called the peak and its
appearance is logged as final precipitation time,

The first and last tubes of a fraotion are safeguarded
against tailling of a previous fraction and early break-
through of a subsequent fraction. The idea 4s to obtain
enough precipitate for fairly good yields and yet provide
margins on each side of a peak, If the shape of the elution
peak is flat as judged by amounts of preoipitate more tubes
may be discarded on either side,

i, Mounting the Y Sample

1.

2.

3.
k.

Se

6.
Te

Transfer the Y00, quantitatively to LO ml centrifuge cone,
centrifuging and discarding supernate,

Wash 3 times with water, 2 times with ethanol and f£ilter
through a stainless steel filter tower ombo Whatman No, 42
filter paper. Use quantitative transferral technique,

Ignite for one hour at 800° O,

Cool orucible, moisten the oxide with methanol and grind to
& fine powder, Pilter onto a tared No, L2 Whatman paper
quantitatively,

Dry in oven at 90 = 100° O for 10 minutes,

Cool in disiccator 10 minutes and take timed one mimite weighing,

Repeat drying and weighing to constant weight (% 0.1 mg)e
Mount (brass planchet, pliofilm cover) and counb,
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AIR PRESSURE REGULATEN

Five gallon surge tanks .
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Neptuniunm

(a)

(v)

(o)

(@)

(o)

(z)

Add 3 mg of Fe™ to the acid solution containing the neptunium
activity, Precipitate Fe(CH); by addition of exseas NH(CH

and digest for a few minutes on & hot water bath. Centrifuge
and wash the precipitate with 5 mls. 0.1 N NH(H. Oentrifuge
and discard the wash. |

Dissolve the Fe((H), with 3 drops HNOy and trensfer to a 50 ml
Justeroid tube with water washes, Make the total volume about
10 ml, Add 20 mg NalSO; and heat the solution on a 75° water
bath for 10 minutes, Add 5 mg La*3 and stir well, Add 10
dropa HF and conbinue to heat for a few minutes, Cool,
centrifuge and discard the supernate. Wash the LaFy with one
ml 1 N HOl-1 N HP. Centrifuge and discard the wash solution,

Sluxry the LaF; in one ml saturated HyBOy and heat a few
minutes on a hot water bath, 8tir and add one ml HO), Stir
and add one ml Ha0. Continue to head for a few mimutes unbil
s olear solution is obtained, Transfer to a 4O ml glase cone
with water washes,

Make the solution ammoniacal with NH, CH to precipitate la(CH)s.
Digest the hydroxide for five minutes on a 75° water bath,
Centrifuge and discard the supernate. Wash the 1a(0H)y with
five nl 0.1 N NH,OH, Centrifuge and discard the wash solution,

Dissolve the La(CH); 4n one ml HOl. (Note A) Add 28 mg
NH,I. Cool in an ice bath and saturate with HCl gas. Allow
the solution to come to room temperature and transfer to a
prepared Dowex AG 1=X8 (100-200 mesh) column of one inch
length, IHlute through 15 ml HCL containing 50 mg NH I in

S al portions, Wash through 5 ml HOl, Elute the Neptwnium
into a L0 ml glass contrifuge cone with ten two ml portioms
of 1 N HO1-0.1 X ¥,

To the eluate fiom step e add 5 mg. Fo'3, Make the solution
basic with exsess NH,OH. Digest for S minmutes on an 85° C,
water bath, OCentrifuge and discard the supernate, Wash the
Po{0R); with S ml waber vontaining 2 drops NH OH, Oentrifuge
and discard the wash,

-w-
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(2)

(n)

(1)

(3)

{x)

(1)

Dissolve the Fe(OH); in 5 ml 1.5 HOL, Add one ml saturated
NHgOH+HCL and heat the solution 10 minutes on an 85° C water
bath. Add another ml saturated MigCH*HCL., Oool and add 5 ml

benzene-O.l4 M TTA, Stir the solution 3 minutes with a mechanical

stirrer, Centrifuge for one minute to separate the layers,
Withdraw the TIR phase with a transfer pipette and transfer
to a clean, dry 4O ml glass centrifuge cone. Repeat the TTA
extraction twice more and combine the bengene~TTA phasese

Wach the benzene phase with 5 mls of 1.5 N HOL by stirring for
two minutes with a mechanical stirrer, (Note B) Centrifuge
and withdraw the aqueous layer, Repeat once and discard the
washes,

Back extract the neptunium from the TTA-bensene with 5 ml
8 N HNO;. Stir for one to two mimites, OCentrifuge and
transfer the HNO; phase to a 50 ml beaker containing 2 mls
HC104, Repeat the back extraction twice,

Evaporate the solution just to dryness, Do not bake. Add
one ml HOl aml evaporate to dryness., OContinue with steps
two through four of the Heavy Element Eleoctroplating Prooedure,

At the end of the plating period, turn off the stirring motor
ard with the current still on £ill the cell with water. Remove
the cell from the plating apparatus and immediately pour the
solution into the 50 ml beaker previously wsed for evaporation
in steps nine and ten. (Note 0) Rinse the cell three times
with 5 mls of water and combine the waches with the plating
supemate,

Dismantle the plating cell and remcve the platinum disc,
Rinse the disc with ethanol and ignite to red heat, Cool
and mount for quick yleld count,

NOTES

. If instructions say "Repeat flouride®, dilute sample to
ten mls with water amd repeat steps two through four,

Do not add more la*?*
b, Use 1.5N HCL standardized by titration,.
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1.

3

L.

5e

6.

7.

BLECTROPLATING PROCEDURE

Eviporate the solution containing the heavy element tracer and
activity to approximately 1 ml. Add 1 ml HNOy and 1 ml HCl.
Evaporate to wet dryness. Repeat the HNO,-HOl treatment twice,
(Repetition of HQ-HNO; treatment is not necessary for the plabing
of uranium)

Fick up the sample in 1 ml HClL and take to dryness. ‘Do not bakes
Rotate the beaker to insure complete drynesa, Add 2 ml HCl, boil
to 1 ml and transfer to a prepared electroplating cell. Rinse the
bealer with two 1/2 ml HOL washes and one 1/2 ml water wash.

Transfer each wash to the plating oell, The platinum disc and anode

mist be freed of any grease film by rinsing several times with
scetone and aloohol, Writs the sample idenbtification on the back
of the diso. Ignite to red heat in a Fisher burner flame, The
electroplating cell must be clean and free of any foreign material,
Chack for leakage before use, Kesp the plating solution at minimum
volume during this transfer and also during the following titration.
Add 1 drop methyl red indicator. Add NH,OH dropwise until the
indicator shows the solution to be basic (yellow), Add 2N HO)
dropwise until the volution is jusb acid, Add 1 drop in exvess,
Flace the sample on a Sargent~Sloman electroplater. Adjust the
anode to approximately 1/4 inch above the platinum dise, Plate
for 10 minutes at a atarting ourrent of 2.5 amps and about 5 volts.
The ocurrent may fluctvate during the plating period. Check
oscasionally and adjust the current.to maintain 2,5 amps throughout
the plating period.

At the end of the electroplating period, add 1 ml NHOH., 8tir for
15 seconds. Turn off the current and stirrer and remove the anode
from the plating solution.

Inmediately transfer the plating solution into the beaker used for
evaporation, Rinse the inside of the plating cell 3 times with
water washes., Combine the washes with the plating solution,
Dismantle the plating cell ami. remove the platinum dise. Rinse
with aloohol and ignite the disc to red heat. OCool and cheok the
yield on an alpha counter, Flace the sample in a lined and labeled
tin box and submit for counting analysis.




5. Farticle Analywis

Various methods of analywing particles are available, In generzl,
the specific method used depends upon the history of the sample, specifio
aotivity of the particles and what data is required from the particle
investigation,

The following is a discussion of the prosedures which are most
likely to be appliocable to analysing particles from the Tory reactor,

a. Stir-off of the Aotivity from Filter Papers

Take a section of the filter paper of such sise as to contain
aboud 10" fissions and oub into pleces of about 1/L* square. FPlace
the pieces in a L0 ml centrifuge tube. Add 10 ml of n-amyl acetate
to the tube and stir for 1/2 to 1 minute, at moderate speed, with
& mechanical stirrer uwasing a perforated glass tube as a stirring
rod, Allow the fibers to settle for a few seconds and decant the
amyl acetate through a double layer of 320 mesh wire oloth into a
socond O ml centrifuge tube,

be Freparation of Collodion Filme

Add 20 = 25 ml of Oollodion Flexible, U, 8. Ps, to the amyl
acetate axd stir well with & glass rodj do not mix air bubbles
into the mixture as their presense will interfere with any mioro-
sooplo examination which may be made, Flace a few drops of silicone
oil on & light glass plate and wipe well with a non-linting paper
tissue, Tis coats the glass with a thin £ilm of silioone to
prevent adherence of the collodion £4lm,

Pour a portion of the collodian-amyl acetate mixture onto
the glass plate so that it covers an area of about 25 sq. inches,
Dry for a few minutes under a 250 watt infrared heat lamp, (The
heat lamp should be at least two feet distance to avoid formation
of bubbles in the collodion.) Continue adding the collodion in
inoremsnts to inorease the thiockness of the £inal completed f£ilm but
keop the area to about 25 sq, inches,
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Thoroughly dry the film under the lampj four or five hours
may be required, Remove the lamp and allow the £ilm to stand for
several hours, HRemove the £ila from the glass plate using a
ragor blade to 1ift the edge of the film, Staple the £ilm in a
manila envelope to keep it held taut,

Go Radicautography of the Collodion Film

Dril1l a 1/4" hole in a plece of 1/8" shest lead., Flace the
sheet lead over the end of a Tracerlab Lab Monitor Ceiger tube
shield so that the 1/4" hole is ocentrally lonated,

Take readings of the activity levels in the collodion £ilm
letting the lead sheet collimator rest on the £ilm, Take readings
as counte per minute and multiply by three to obtain the approximate
activity level in terns of OPM/om®. '

The fullowing activity levels and exposure times have been
found to give satisfactory radiocautographs when Kodak Flue Brand
Medioal X-ray Film is vsed.

Aog;;i/::. ;.cvel E:pom'ﬂno
1000 L8
3000 -~ 5000 16
12000 5
20p00 3

Staple an 8% x 10" Kodak Medical X-ray film over the collodion
films mounted in the manila folder and punch a code for later
rematohing. Flace the assembly in a Kodak X-ray Exposure Holder,
weight lightly to get good contact between the collodion casts and
£41m and expose for the proper time,

Remove the film and develop according to the following
schedule,.

Develop == 6 min. at 20° O
= 5 min, at 23° 0
= }=1/2 min at 25° O
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Stop Bath ~ 30 seconds
Fixer ~ 15 minutes
Wash = One hour
Allow the {ilm to air dry.

d., Punch=out of Particles

Fxamine the radiosutograph and circle the larger, round,
black spots, If a single spot is not found the activity is not
likely to be a single particle,

Rematch the radioautograph and collodion films. Staple
securely in position. Punch out the marked spots, A punch with
& 3/16" diameter Hole is placed over the marked spot and then
tapped with a hammer, The collodion oirole is separated and the
punch outs examined under a nicroscope to insure that the spot
wvas caused by a large particle rather than an aggregation of mimte
particles,

e« Particle Dispersal Method Modification

I the filter paper is of low activity, the following out=
lined method may be used to isolate partiocles,

The filter paper is stapled to an xray £ilm and exposed for
& length of time determined by the activity of the paper, The
£4lm 48 developed and rematched with the paper. The spots on the
£41m are punched out, using a 3/16" diameter punch and placed on
& microscope slide, A drop of ethyl acetate-collodion solution 4is
sdded to the punch-outs and the fibers are dispersed over a one 8q.
inch ares using & pair of neadles, The alides are then oven dried,
The slides are exposed with x-ray £ilm, using an alumimnm jig to
match the £ilm and slide. The films are dcvelobed, rematched, the
dark spot located under a mioroscope and the area under the spob
scanned for the particle. The size amd color of the particle are
recorded ard the particle transferred to a cover glass containing
a drop of ethyl acetate which serves to wash avay any adhering
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collodion. The cover glass is then counted in a Tracerlad

§0-16 24y £low oounter or 100 chamnel gamma analyser and the specific
aotivity caloulated relative to the volume of the particle according
to the following equation

(Npo'f: c)» gﬁL

£f. Radiochemical Analysis of Selected Partiocles

After isolating, determination of physical properties amd
specifio activity determinations, the particles may be radio=
chemioally analysed either singly or in groups by dissolving in
hydrofluorie-nitric acids, adding the suitable carriers and tracers
and performing the appropriate separation, decontamination, and
counting for the isotopes of interest as desoribed in other seotions
of the appendix,

.
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6.

Counting Procedures

a, Barium-1L0

Direct count on a MEW (methane end window) counter to 2 percent
socuracy immediately. If count rate is below 65 opm, count the sample
on a CE~1l low background counter, Sample must be counted within three
hours of the final precipitation time,

b, Strontium 89 - 90

Direct count Sr sample on & MEW counter to 2 peroent ascuracy
within thres hours after the final precipitation time, Direst count
the milked Y-90 daughter ssmple then decay daily until dead, If
count rates are less than 100 opm count samples on OB-1ll low background
gounters,

6., Cesium 136 = 137

For 0s33¢ (12,9 day half=life) decay twice daily on a P20
ocounter until the sample has decayed to 3 perosnt of its initlal
activity. Also count on the gamma spectrometer,

d. Ruthenium 103 = 106

Take an abssrhtion curve from 0 to 1.6 gram 1 on® aluminum on the
MEW counter,

6. Molybdemm=99

Direat count on a MEW counter to within 1 percent sscuracy,
Decay thres times a weok for five half=lives (2.75 day half~life,).

£, Cadmium=115

Direct count on a MBEM counter after 16 hours from £inal preoipitation

time has elapsed. This allows the In 18 daughter to reach equilinriuw,
Decay for a purity check,

Direct count on a MEW counter, then decay twice a week for four weeks,

NPT

Y Y]




h, Neptunium=-239

Direct count through a L.75 mg/em?® aluminum absorber then decay
twice daily on a MEW ocounter until four points have been taken.
Change counting frequency to three times a week and decay until the
sample is counting only 3 percent of its initial activity or until

the counting rate starts to inorease, Alpha count for yield deter-
minetion,




TDR-62-146

DISTRIBUTION

No, Cys
HEADQUARTERS USAF
1 Hq USAF (AFRDR), Wash 25, DC '

MAJOR AIR COMMANDS

AFSC, Andrews AFB, Wash 25, DC

1 (sCl)
1 (sCT)
1 AUL, Maxwell AFB, Ala
AFSC ORGANIZATIONS
1 FTD (Library), Wright-Patterson AFB, Ohile
2 ASD (Aeronautical Systems Division), (ASRSMX-3), Wright-

Patterson AFB, Ohio
KIRTLAND AFB ORGANIZATIONS

AFSWC, Kirtland AFB, NM :
1 (SWEH) i

23 (swor)
3 (SWRB) 1
OTHER DOD ACTIVITIES .
: 1
1 Chief, Defense Atomic Support Agency (Document Library), i
Wash 25, DC B |
1 Director, Advanced Research Projects Agency, Department of ‘
Defense, The FPentagon, Wash 25, DC 1

10 ASTIA (TIPDR), Arlington Hall Sta, Arlington 12, Va

. AEC ACTIVITIES

US Atomic Energy Commission, Wash 25, DC
(Division of Reactor Developmnent, PLUTO Branch)

1

1 (Assistant Director for Nuclear Safety)

2 (Document Librarian)

1 Sandia Corporation, (Technical Library, Mrs. Allen),

* e et ——_— ) 1o 3 e oo e
o

| ' Sandia Base, NM

69



TDR-62-146

DISTRIBUTION (cont'd)

No, Cys

2 University of California Lawrence Radiation Laboratory (Technical
Information Division, ATTN: Mr. Clovis Craig), P O Box 808,
Livermore, Calif

1 Director, Los Alamos Scientific Laboratory (Helen Redman,
Report Library), P. O. Box 1663, Los Alamos, NM
Argonne National Leboratory (Tech Library), Argonne, Ill
Oak Ridge National Laboratory {(Tech Library), Oak Ridge, Tenn
US Atomic Energy Comraission, Oak Ridge Operations Office,
P. O. Box E, Oak Ridge, Tenn

OTHER
1 OTS, Department of Commerce, Wash 25, DC
1 Official Record Copy (SWRB, Lt Clifford)

70




.gsag%n% gsagguwaﬁﬂwﬂrﬂﬂ

TP WOTITLI) .mn«nuunlmauao,.aw S WIPIN WOTIISTTOD .mmmanunum W “reh “our™d

¢ ‘ ¢ vmanl “.ﬂumﬂ.!n € L '] Hnmaaﬂ .odﬂm.w.u:u

Sﬁa%ﬁ%aﬂu% Q«E.%u@.ﬁ%aégﬂp

-3 U290 V] SISO WNCAIRIIORNY PUe TOTIW -0 GadQ AT SITIGIS IO PREIFWITOIIP PO WOT8

-zedag “POUTRINNSIP UIoq SVQ wTTam pIsodxaom aq3 -xodag “POUII3IIP BAIQ 999 VTP pesodzamn 3

WOTISSTIOD VIISY UL *A BT 1esaxd wnymeim pas HnTTTATIq JO TR3T 903 pus DOTIIITTOV VIISY GT *A [T Fo9saxd mnpuedn poe WNT{[AZaq Jo [T Iq3 we

prefran Lfaapod “AT fUTpeT TOT3IITIOD INOTIRA UT STMIT WBd 0T PINBTIR ASUpoy AL “RTPST TNTINITTOD STOTXA TT STMIT TP ¢ OT

FTT® ‘puomnoTy 39 GNTURIN pa% ERYTTATIQ Jo sesirwe Joy pxlo FTIW0 “PoouoTE 3% TATUWIM QU WNTTTAIeq Jo sasireus JoF pedo

€eour ‘quTXevexy °ITT | ~ToAYD URIq Jawy SPOUIAN  ~PIIuessxd aIe sx07dw feouy ‘qETIacRay, “YIT| -T9s9D We9Q 249q SPOUIF “pPIRSIT LW 310308

2582 -3X IVITHTW PITOOI-ITR ITALD JIWITP WOXT SITes <2< -4 -32 JESTINH PITO0I-ITE ITL2 4IIITP WOIT gITAwT

-(T09)62 AV.3°8MU0D *II ITIMTIIe JO 89sATE0Y ATIRIIIUWD I0F SPOTIAN ~(T09)62 A¥ PeXIY °II JOINIIII JO SIWATExR ATIRITIOEND 0T SPOWI
gt 39efoxg osdY I gt 399foag Jsav I

mroe 9 | soday pTFTIRIIM w9 oday PRIITesEIIW

$72ATEUs TEITRSYIOTPRE *§ “garaE} ‘-snTIT TIWT ‘d¢l 29 39a “rodey | SrEirEoR TEITENROTPE S ~gaTqw3 <°SuITY T9WT ‘d GL ‘29 ¢ “3xoday

SITIT STV & TeuTs “SISXTWY INIYIEIS SOTLIVEY HOd SHIRIH SINTIT SPTIRL °y TeUrd “SISKTWIV INSCLISE SHIOVEM DI SEIDIN

STSATEUR-~SUOITINY £ ~E0EL JO XIS V  *9qT~29-HEL-JAsSAY ‘o -3dy STIATSUR-—SWOITIH °€ ~EEd 3 OIS ¥ *9tT-29-HGL-omSIY “oX 94y

TOTITATIN0IA] 2 O3RN M ‘Iswd OTIRERIEeIad g 09TXaM a3y ‘9swr

STSATeue--unyTITAIE *T JY preTXT ‘Iajme) swodwen TeToAds R LTV spsfpeme--enT AT ~{ 4V PIRTIATH ‘x93usy swodeap TeTdads 23304 ITY

STl WOTINTTOD  * e ¢ 6% ‘oar™e VTP TOTIIITTCD .mmﬂﬂuﬂm.ﬂmo ek ‘ot

T s o DT S B T

TPRI 20 W I3 w03 pedoras -0 Jo ™ g w3 padoTaa

~3p T39q 2AVY SIWIIT UOTIFUATHRIUOISD PUs WOTIS -ap Uo9q TG SSEWIOS UOTHVITREIUOISIP I8 WOTIE

~-xedeg PIUTALFIIP UIIQ U WP pesodzaan aqy -Tedag *PIUTIRISISD Uaaq Uq STpl pescdrsun aus

TOTRIITTOP YISSY BT A ﬂﬂvgaﬂgggﬁﬂugag WOTRIITIOD VIISY QT °A uasasd TNTUeM Puav WNT{TAIq Jo TI4AT Jq3 pUe

pIFToH LIUpPOH *AT fBTROW TOTIOSTTOT SNOTIRA UT STRAST WRlP 6-=1 poaBTw AsrpoE Y “d.ﬂ ‘grned TOTIORTTON STOTIRA T STSAST waI? &=01

ITTSD ‘puowpdTy 7% INTURIN pus ENTTTAINq JOo SIwkreaw JoF Tadl IeTEY) TeSmn re ERMTDU GEW WOCETO TSR v SR4.)[eUs 207 pado

€eouy ‘qaEyaavsiy TIT | ~T3A9P URqQ 4% SPOUIN pogussasd axe sa0lIv ‘U ‘QUTIRORAL CTTL| ~ o @aF WReR el by - wrGuaesend IR SI030R

2652 -3X JRITONW PIATOOD-ITY ITIAD IBITP WOXF SITdwes 2502 ~32 DIITINM PITOCI=ITR 3TUD IIXTP TOXF saTEms

-(109)62 I¥ 39ex3ucy °IL INTIIS JO s93hTeme aaTIWTINNnD 107 SPOTIH -{mW9)62 IV I9eW0] *II IDINTZIR JO SIATens IaTyRyTIuwnh a0y spoman
QT 393foad DAY T gt 39foxd Isqv °I

nToRy) °9 sxodoy PITFTSSUIIW) mnToRIy g day PITITSIROU

S7SATEUB TBOTHIUIOTPEN °3 ~2aTqes ‘-gnrry Tour ‘d¢g)  f29 voq “40dsy | srsfreuv [ROTRRUIOTDRY °G -sapqey S-ORTIT ToUT “d gl ‘29 day ‘axodsy

SI3TTT ITOTTRI "% Tea3d °SISATVNY DELIIT SOIOVEN H04 SImdIN AT IR Tenfd C“SISATUNY JEHYILIN HOIOWEE W04 SIOIK

STSATOUs--guoaTony °C ~HDST 40 KOOIS V  °ONT-29-HAL-OMSIV *of 8y STSATeau--Su0ITIE € -EEZ &) KISV SohT-29-NaL-OMsdV ‘of -3y

UDTETTWeINCII °2 0OTXH may “aseg WOTISTTARIWOIRT "2 0ITXA Mgl ‘asmd

sysATene--unrTATag °T 4V POeTIXTH ‘r93m9) suodsay Teyodds 3304 ITY SreLTeme-—TYTEIE T AV DIUTHTY ‘WmR) swoduey TRTONdg Idxed ITY




Toded poummd poe ‘TOQIBY DILBATIOV JO BIIISTHR

sxadad paEmS pue ‘UOQIED PIFBATIVR JO SIIISTUR

O

~zaded pommmg pue ‘O0QLBS PIGBATIOR JO SISTUED

O

«zadod pomamd pae ‘UOGTIRD PIFRBIITN JO SIS TUER




dﬂlg“n.mow (=t ‘& ¢ iﬂﬂ“ﬁiﬂﬂ Lt .au”mu.
i Lt 3 5 - ’ SpR
L) L) [ 4 [ ]
o667 TGeM | Jeeptivn 2 nmﬁ..%ﬁ. e Towpiiien
M«Mﬂuﬂﬁiﬂ.ﬁua&«% ﬁo«ﬁﬂﬂﬂhduw.ﬂ. %uﬂvﬁueﬂhﬁ%
éggagsgaaﬂ«l égﬂig%gsﬁd
-Iodsg ggii%nﬂ. -xodag .‘gﬁxii%uﬂ
WOTIIITIOD VIISY U °A Jeesaxy IRTUTIN PA® WOTTTATG JO THAST T3 I TWOTINTIOD VIISY UL A Joasard INTIER PIB UNfITAIIq Jo [HAsT I3 pUR
PrafTaN AeUpcH AT “e7pew UOTISITIOS SNOTIMA UF STMIT uniB o 0T .PIeSTIN Loupod AT ‘uTpon TOTRIRTIOD STOTIRA UT STMAT MRXF ¢ 0T
JITe ‘poomoTd 49 GATURIA pUe ENTYTAIq Jo sssiywaw xoF pado FTTR) “Puowm Ry 2% EnpUeMm U WAriTdIeq Jo sIsArwIs 03 pado
feuy ‘qeTXecRXY, *ITT ] ~TRAD WG AN SPUMAN POl aTs sI03aw feouy ‘QUTIAOEY, “ITI] -TReap Ueaq aaw] sPOmas “poyzssanl saw 3100
2%ge ~9X IUITIM PITOCI-ITE ITAKD IJSXTP WOIF sITTwes | 252 -3 DeITIUM PITOCT-ITE ITII JDAITP WAXF SITIEw
-(T09)62 3V 538xIm) “II 0TI JO sasATIIR SAPIRFITRD I07 FPOTIM ~(T09)62 4V PO 1T AmITIIe JO sasdyvue saTyeLTymwnd 103 SPOWAN
oyt I9efosy oSy ¢ gyt 3eloag Jsdv
eIy 30day PRTITESSoI wapTem odag RTFTeSRTIN
g7eATed8 TEOTESGIOTPEY * o3Tqw3 ¢ *SATTE TOUF “dGL  “FY 29 “xodey | STRA[W TRIRNROIPW - serqes ¢ ~surrT TouT ‘4 5L ‘gg aeq ‘emdey
SINATIS ITITIINL * 0T “STSUTVAY IREIZEE WOSOVEN HOd SInbIN BINTTF IPRIRG ° Tward  SISCTWIV IRETILAIE EOIOVEN $04 SHRIN
TEATeTE-~SUOITIY ~ ~HOSZ £0 XONIS V gy T~2g-Eai-ONSIV "of 39y STRATETe~-SU0ITIY BT 40 IONIS ¥ *9NT-29-HILOMSIY oK 3
TOTOUTIRSRONA] coTXl may ‘anwd TOTICATRAOINT * ooTXHl sal ‘eswd
STeATume-~TNTTTATE Jv PTATIE ‘xeamen suodeep TUTAdg 0I0L IV ssirene~—-sayriad T 49 TORTAIR ‘I9queg sunduaey TYEOadg 93107 ITY
TIPSR UOTINTT) .mmvanﬂ-mﬂnﬂ awuuﬂ“ ST TOTRRTTD .mnwn:i..mﬂﬂ wk ‘oyT™
[ - [ 4 [ 4 .
o™ e, A
Hﬁﬁi%ﬁa% I W3 pedoTsa éuﬁﬁaﬁuﬂm Sﬁﬁo ¥ 07 PdoTea
-3¢ US9Q AW SIGIGIS UOTIVUTEIROIID T WOTIE &ugﬁg%dﬂnaﬂpﬂ
Tedag %ﬂviu‘i%uﬂ& -yedag gﬂoﬂidﬂo‘%oﬂ
TVOTIIITIOD VIISY T e WwATAEI PIe AT JO 3L I P WoTIoeTIoN VIIEY UL kot 7mesea! woTEem pow WRTTTATQ JO TIRIT W3 pUe
PaeSTaN ASupod AT “3Tpes GOTIETTOD SWOTIRA UT ST9aRT Wil o OT PIEETIN KIapoy AT Suypes DOTYISTIOD SOOTIRA UY STIASY WweId . oT
FTTR0 “PUOUOTRI 3% EnpEem poe ENITAmRq Jo sRArwre 103 pado FETR) “‘PeoRe T M poe EAFITARq o seeATwie oy pedo
feour ‘qursouxy TTT | -TRSSP USIQ Y SEMM PP 31 Sa30 €iouy fquramseIy CIIT| —TPARD UR9Q MW SPOWRM “PRTISATT 9TF BIOYIE
25ge -a1 XeITOW PITOOI-ZTV ITIED VTR VOXZ wITdiEs 252 -3 ISITIAT PITOC-ITE ITIAI 33IITP WIF savdims
-(109)62 av 3°vXIWOD ‘IT eI Fe Jo SesiTeue aTiwuend I0r SPouiaN ~(T09)62 AV 3vwxP0) °II ORISR Jo GoeATwae saTIe3TIawud JOF FPOUIN
gt A0efoxg osdv ° gy 39efoxd I8V ©
e 3xodeg PeTITISVIAN wmpusy C 30043y PITFIESUTIN
S1eATVIe TRIPESYIOTYeY ~gaTqE] ¢*SULTT TIUT ‘¢ ‘29 39a ‘3a0dey | sTRATeEe TROTERIPOTYeI soTqed € *TuylT TOUT ‘d gL ‘@9 deq “xodwy
SI93TT3 SOV TR  “STISKTWNYV IRENTIAR H0EIVEM 504 SHIRIH STNATIT ST * TeUri “SISKTVRY IRENLEA BOLOUIH $0J SIIIN
A TTP~~FUOITION B, 20 XIS QY T-29-uGL-ORGAV “ON *3dg STRATETR--SOOITIR -ENET 40 MBS ¥ “9RT-29-HIL-OSSIV of 34w
O TRUTURIROI OITXH & “Isug WO TR FRRIOINT ov.ﬂulinmnum
stsfTere--unTTTATE *T AV TIUTIXTY “Xeque) suoduoy TUTReds 3001 ITV SpeLTwTe--mn YT TAIIg AV PIeT3ATN ‘Taey swduep HISWds AI0g ITY




*zoded pewmm® TUR ‘UOQIVD PIRATION JO SIIITABD

cxpded paam puw ‘ROQIND PIELATION JO FLISTUBD

O

czoded pewmnd pre SUOqIEd PIIRATION JO SISETURD

O

craded pusm® pUe ‘UOGIED PARWATIIN JO LINITUWD




W T

o o permmtnan

UNCLASSIFIED

UNCLASSIFIED




