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the use of any information, apparatus, meth- -
E od, or process disclosed in this: report mayf»'
§ not infringe privately owned rightS' or’’
‘B.2Assumes any liabilities with' respectf"-
_-.to the use of, or for damages resulting from

the use of any information, apparatus, meth-

od, or process disclosed in this report

As used in the above,
behalf of the Commission” includes any em-

gployee or contractor of the Commission tor_
‘the extent that such employee or contractor .
prepares, handles or distributes or provides’

access to, any information pursuant to his
employment or. contract with the Commis-

'sion. ,
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RADIOLOGICAL SCIENCES DEPARTMENT

QUARTERLY PROGPESS REPORT
RESEARCH AND DEVELOPMENT ACTIVITIES
OCTORER - DECEMEER, 1954

I. INTRODUCTION

This twenty-firat quartarly report of the research and development
activities of the Radiological Sclences Department, Hanford Atomic
Products Operation, as bafere, includes some items charged to voatrol
but included for general interest. Such are ldentified as “"nrot charged to
research.”

The previous refort of this series was numbered:
HW-33437 October 10, 1954

II. PERSONNEL

Biology Section Biophysics Section
. Net Net
9/30 | 12/31 | Increase 9/30 | 12/31 | Increase

Supervisors 8 8 0 ¢ S -1 —
Scientific and

Technical 27 28 -] 32 3l -1
Non- ‘

Technical 20 17 -3 ¢ 8 -1
Clerical 8 8 0 3 2 -1
Total 63 89 -4 17 4) -4
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I, LABORATORY FACILITIES

Facilities for particle inhalation experiments on small animals
were rompleled. Approval was received and design started on facilities
for extension cf this work to larger animals,

IV. RESEARCH AND DEVELOPMENT PROGRESS - BIOLOGY
(H. A. Kornberg - Manager)

A. Aquatic Biology (R. F. Foster)
Blological Clains
Inactive.

Absorption of Tritium quuaué Organisms (R. F. Foster)

No :esults,

Radioblological-Ecologicel Survey of the Columbia River (4. .. Davis,
C. C. Palmiter, D. G. Watson)

The activity density of most river organisms declined from muazi-
mum levels reached in Septembel. Average values at the end of the
quarter fur Hanford were: 2 x 1073 uc/g uf minnows (shiners), and
axi10-3 uc/g of caddis larvae., The activity density of plunkton increased
to 3 x 10°2 uc/g which s normal with diminishing river flow. Radicactivity
levels were generally the same as those for the same period in 1033,

An upstream movemaent of whitefish coincident with spawning and
appreciable angling by sportsmen was agein apparent since radioactive
specirens were abundant at Priest Rapids, upriver {from the reactors.
Table | summarizes the activity densities observed in whitefish during
the nuarter.
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TABLE I
" ACTIVITY DENSITIES OF WHITEFISH FLESH

Collection SAito' Average uc/y Maximum pc/g
-‘ ‘3
Priest Rapids 2x10 1x10
lmmedhtély below reactors -4 -3
(No public fighing) €§x10 3x10
Ringold 2x10°¢ (2 specimens oaly)

The activity density of whitefish is almost identical viith that lound
last year. ‘

A total of 157 salmon nasts was observed within the Hanford
reservation, compared to 292 in the parent year of 1850, The reduction
was anticipated since this year's full run of chinook salmoa over floane-
ville Dam was the smallest on record, :

Midge larvae living in the silt accumulating behind McNary Dam
reached a maximum activity density of 9 x 1074 puc/ g in Seplember. This
level diminished to 2 x 10~ uc/g in December which was similar to that
observed in 1853, : ‘

Effect of Reactor Effiuent on Aquatic Organisms (Not charged to
research) (P. A. Olson, R. F. Foster)

Routine monitoring of reactor area effluent water was resumed
on November 4 with the asubjection of chinook salmon eggs (Puget Soud
strain) to the fcllowing effluent concentrations: 0%, 1%, 2%, 3%, 5%, and
10%. Temperatures were adjusted to match the corresponding theoretical
temperatures which would result in the river at \he indicated tempera-
tures. The mortality of eggs in the 10% strength effluent was 25% - about
twice that of the controls. Significant effects are not yet apparent in the
weaker concentrations.



A test was also stirted witk chinook salmon eggs to detsrmine the
toxicity of dicaromate, a corrosion inhibii~r added to the process water,
The eggs wore incubated in the foliowing conditions: dichromate {ree
wate: from above all reactors, Columiia River water with nominal dichro-
mate content from reactors upr;ver from the laboratory, and 0.02, 0.04,
0.08, 0.1, 0.2, and 0.8 ppm of sodium dichromate., All of the egg lots
hatched without abnormal mortality, Previous experience suggests that
significant mortalities may be expected in the fry stage, however.

B. Experimental Animasl Farm (L. K. Bustad)

Toulcology of ' (L. K. Bustad, L. A. George, 8. Marks, P. L.
Hackett, N. L. Dockum, E. J. Coleman)

During a regular six-month testing period of repreaentative
numbers of experimental and control animals, significant dev.ations frem
normal values were found {n certain of the blood constitucnts among the
1930 olfspring of the original 5 uc/group (Tablell).

TABLE I1

BLOOD CONSTITUENTS (MEAN VALUES) IN FOUR-YEAR-OLD EWES
(3/2/%4 TO 8/3/84 - TEST PERIOD)

1930 Offspring
8 uc/day | Control {Avg. Difference between Groups
Constituent G roup Group (st 99% confidence limit)

PB]

{ »g/100 ml) 2. 34 4.23 1.1 0.23
l.eukocytes

(cells/cu mm) | 7,710 9,220 1510 £ 450
Lymphocytes 4,280 3,410 1150 & 380

001iqgs
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Depression in values noted are considered f:iologically significant,
The moan value for protein-l\ound iodine, although considered in the lower
range of normal values, is mdlcauvo of a mrgmuly hypothyroid condition.

" A study designed to ucertaln the spacific effect of surgical thyroid-

ectomy oi certain blood constituents in order to furnish sound basis for

a comparison with values obtained aftzr thvroid ablation by ‘131 was com-
pleted. Valuea for creatinine, inorganic phusphorus, urea nitrogen and
neutrophils increased, while leukocyte and lymphocyte counts decreased.
Cholesterol was tound to be lower in the experimentul animals thap 14 the
controls until 120 days after thyroidectomy, while calcium values welu
lower after this perio'l

In order to compare the effects of acute and chronic administration
» an experiment was performed in which single doses of 5 or 15 mc
of I'"" were administered to each of eight animals, Depressiou {in lympho-
cyte count, serum protein-bound iodine values and reduced effective lin
half-life in the thyrold gland wers observed in the 15 mc level only. Patho-
logic observations suxgdst that the thyroid gland would be essentially
destroy=d by 18 mc while the gland in an animal receiving a single 5 mc
dose would still possess much functional tissue,

131
131

of 1

Whole Body X-Irradiation of Sheep (L. A. George, P. L. Hackett,
L. K. Bustad)

A pilot study was conducted to determine the response obtained in
sheep after bilateral whole body irradiation {from soft x-rays. Exposure
levels ranged from 300 to 900 r employing an x-ray unit operated at 250
KV, 30 ma. Lethargy, depression, weight loss, alopecin,' anorexia,
and inhidition of clot retraction was observed following 750 and 800 r. In
addition a severe lymphopenia was noted at all exposure levels.

No deaths occurred that were attributable to x-irradiation during
the first two months following expousure.
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Irradiation of Pig Skin {L. A, George, J. W. Healy®, L. K. Bustad)

Twelve sites on turoe pigs were exposcd to radioaciive particles
mounted between lacite discs and mica. l:xpoouru mgod from 290 to
12, 000 micrecurie-hours (principally Ru'°%) delivered in 27 hours.
Results ranged from a slight erythema at tho lowest exposure to severe
inflammation and necroasis at the high lc\nln.

C. Metabolista (R, C. Tbcmpson)

Plutonium Absorptions and Metabolism (M. H. Wuks, W. D. Oakley,
R. C. Thompson)

Porc‘uuneous absorption of plutonium (10 N HN03 solution) was
compared in rats with intact skin and with punctured skin (spring-lancet).
No aiguificant differences were noted.

Prol{mhury results suggeat that G, 1. absorption of plutonium
fed as a pH 1 Pu (1V) nitrate solution may be as much as 20 times greater
than absorption from similar pH 2 or pH 4 solutions,

Fission Product Absorption and Metabolism (M. H, Weeks, W. D,

Oakley, O. L. Hollis, B. Kawin, R. F. Palmer,
R. C. Thompson)

Percutaneous absorption of ruthenium was measured (n rats
using 2 N and . Ol N HCl solutiors. Abhsorption was approximatoly tenfold
higher from the more acid solution, with a maximum of 5% absorbed
{n & 24-hour period. Absorptio of ruthenium from “"particles" held
aguinst the akin for a period of 14 hours waz extremeuly variable, with
& Yaximum absorption of 0. 1%.

Rats maintained for 71 days on drinking water containing MPC
levels of Rulo' (0.1 pc per ml) wore recelving, at the end of the period,
radiation to kidney 50 to 70 times in excess of the permissible dose.

*Biophysicist, Radiological Engineering Section,

0011988
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Retention of ruthenium in rats is being studied following chronic
oral ingestion and acute {.p. injection. Pruoliminary results from these
experiments suggest that bone may prove %o be the critical organ in
ruthenium exposure, | |

Eighteen rats were fed "partlclei" to determine absorption of
ruthenium from the G. 1. tract, and 38 rats were fed particles to study
the duration and extent of holdup of the particles in the G. 1, tract.
Absorption results varied widely vith an average value of about , 0l%, or
approximately 1/100 of that vsbscerved when soluble ruthenium is fed.
These data were reasonably compatilile with sslubility measurements of
particles in simulated body fluids. One out of 36 rats showed substantial
retention of ruthenium in the G. I, tract beyond 72 hours after feeding,
The purpose of this test was to scope, in a provisionul way, the trouble-
some question of retention of such particles in the human case.

Ruthenium in the blood is present almcst entirely inthe plisxnl
and seems to be associated with specific protein fractions.

Tritium Absurption and Mstabolism (R. C. Thompson, J. E. Ballou)

Contrary to previous indications, there ap;ars to be no effect
of the levol of tritium irradiation on the incorporation of tritium into
tissue compounds. ‘

D. Pharmacology and Experimental Therapeutics (R. W. Wager)

Plutonium Toxicity and Therapeutics (R. W. Wuger, L. A. Temple)

Inactive.

Radioactive Particles, Metaholism and Toxicology (R. W, Wager,
L. A. Temple)

Attempts to determine the absorption and distribution from the
lung of ruthenium in Rumsoz particles intratracheally udministered to
mice were unsuccessful, Improvements in monitor/ing methods to trace
radioactivity in the living orgunism are being made to expedits this study,

0011989



.lz-

Mice were intratracheally injected with Ru‘“Oz particles plus
subthreshold amounta of dibenzanthracene to determine whether the two
substances will act synergistically in inducing pulmonary tumors. Also,
employing the sars of rabbits, studies are undorwey to allow observations
of dermal syn_crgls!n.

E. Plant Nutrition and Microblology (F. F. Hungate)
Plant Nutrition (J. H. Rediske, J. F'. Cline, A, A. Selders)

Studies by the Neubauer technique gave concentration factors for
Balt0 of 0. 32 for sandy and 0.13 f¢r silty clay soils, In nutrient solution
tests, a concentration factor of 0.1( was obtuined foi- the carrier-free
Ba“o. Addition of carrier vn 10 0,1 g Ba/ml of solution increased the
uptake, These values are in the same range as those obiained for strun-
tium and indicate that Ba“o is a fission product of potential hazard to
crops during the first year after fission,

Using the Neubauer technique & concentration factor of 0. 0013 was
obtained for Pm“l. Tcao was also tested, but its specific activity is so
low that severe toxic symptoms intervened at low activity levels,

Both the starch and sugar concentrations increased in bean plants
grown in nutrieat solutions contalning up to 10 ug Cr“/m.l. Additional
chromium reduced the starch and sugar concentrations in the plunts. No
mare mutations wer® found in barley irrigated for two years with 5% and
10v% reactor effluent tha: (hat jrrigated with well water. This is as
anticlpated, since the activily densities of the barley from all glots are
essentially the ramc.

Although {t had been anticipated, from the roduced yield, that
chromium concentrationz in tho 100% effluent plots had increased over
those found last year, spectrochemical analyses of soil failed to identify
any Increase. Sampling errors or diffusion of the chromium may
account for tids.

00119490
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RBE b;_ylcrobioioggcal Methods (H. J. ﬁilhburger. F. P. Rungate)

Tentative RBE values of 1. 8 for diploid and 2, 3 for haploid yeast
were obtained in cdmpulng tritium with p32 radiation., Several methods
of preventing adsorption of polonium to yeast cells were tried, but none
was successful, \

Genetic Effects of Internally Depositel Radioelements (F. P. flungate,
W. J. Bair)

In 8 preliminary experiment to meusure the transmutation effects
ot 835 or yeast, the cells were held in a refrigerator to inhibit growth
during internal irradiation. However, the constant stirring by a magnetic
stirrer destroyed almost all cells. Additional testa are under way using
botu lyophilized and {rozen cultures to hold the cells through a longer
portion of the 80-day half-life of S°°,

F. Minor Problems

Blological Monitoring (Not charged to research) (W. C. Hanson)

Rabbit thyroid activity densities increased five-fold over the mean
of ths previous quarter, with maximum values as great as | x 1072 pc/g
of tissue, from animals collected near the Separations Areas. A twofold

increase similarly occurred in feces activity denaities wita a maximum
value of 2 x 1074 pc/g.

Waterfow!l on the Columbi{a River contained 5 x lO" pe per gram
of edible tissumr. In coots frequenting a swamp containing radioactive
wastes, actlvity densities of 2 x 10"' pec (presumably cesium) per gram
muscle tissue were observed. Puddle ducks taken {rom the same
location containcd about one-[ifth as much activity,

0011991
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L v. RESEARCH AND DE‘VELOPMENT PROGRESS - BIOPHYSICS

" Al NonstorinLMethodq’
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l,a‘:,' o o (D W Pearce-Mmager)

- l Ana)-tical Techniques (J M. Nielsen) e C

Electrodeposxtlon ‘Methods for Plutonium (R W Perkms)

Ina se:u'ch for a rapid memod for isolating plutonium from urine
in a form suitable for electrodepositxon it was {ound that Dowex 50 x 8
resin- could quantitatively remove plutonium from a"idlfmd plutonium-
spiked urine. . One gram of the resin stirred for 10 minutes wuh 50 ml of _
the ux'Lne wasbtound to remove 90% of the plutonium at. room tempwrature. :

" Yields as high as 90% were obtamed by raising the temperature of the -

system to above 90°C. Optimum acxd concentration for this process was .-
found to be 0.3 N nitric acid. Sm.cees in this field would greatlv simphfy
the tedious bio-as-\ay separation of plutonium,

Continuous Monitors for Reactor Effluent (H G. Rieck, J D.
McCormack)

A monilor for continuous moniloriﬁg of the total beta component
in reactor cooling water {rasl‘de;',igned and a prototype was fabricated. ' This
monitor employs an aluminum strip which is advanced through the mouitor .
tomponents. Samplo dishes are pressed into the strip and filled with the
reactor water sample from a pipetter which is kept supplied with fresh
reactor cfflient water. The sample is dried whil2 resting on a heater
below the pipetter and is moved under a proportional counting tube on the
next cycle fnd the counting rate racorded automatically. The monitor

was designed to cyclie & sampie in 10 minutes., Preliminary testing is
essentially complete. '

Problems in Radiochemijcal Analysis (R. W, Parkins, H. G. Rieck,
W. B. Siiker, R. J. Walker)

A gamma ray spectrometer method of detarmining the activities of
Rum3 and Rum6 in mixtures of these isotopes was suczess{ully doveloped.
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Gamma ray spectrometer traces of these isotopes show peaks at 0. 51 and
0.8Z Muv. The ratios of the heights of these peaks were found {o be

related to tht. amounts of the isutopes present, Calibrated mixtures of
i03
and

values could be read using the peak lieight ratics obtained cn any

these isotopes were used to obtain 2 curve from which the Ru
Ru 108
sample moanted ina stardard manner. This method {3 non-destructive
.of the sample and measurements were made on solid scurces needed
intact for other investigatxons. tandard deviation measurements made

on calibrated sclutions showed this method to be reliable within 3% for
100% Rums. 6% at 100% Ru103, a.nd 2-8% for mxxtures )

A procedvre was developed for the determination of Zr95 and Zx-97

in reactor effluent water which isolates the mixed isotcpes in a yleld of
about 80% and in a state of high radiochemical purity. The procedui'e

is based on the ability of thsnoyitrifludfo-acetone -benzene solutions to
extract zirconium without other contamination from aqueous solutions of
high nitric acid content. A preliminary TBP-benzene extraction is vsed
at present as a purification stép. The Zr95 and Zr97
by decay counting. -

are differentviated

Excellent decontamination was effected in the procedure for the
determination ¢f Asn_\jn reaclor cooling water by a gross cation con-
tamination removal on Dowex 50 x 8 with the arsenic present as arsenate
ion. Subscquent purification resulted from an arsenic sulfide precipitation
from the solution containing arsenic as arsenite ion. The sulfide pre-
cipitate was dissolved in mixed acids and A:s76 as the metal was pre-
cipitated and counted. No radiochemical contamination was observed.

The yield was 87% with a standard deviation of 3. 7%.

Rates of Soluison of Particulate Material (D. R. Kalkwarf)

Dissolution rate studies of particulate waste material containing
radio-ruthenjium were made in synthetic gastric and alveolar fluids at
371°C as a part of the hazard evaluation study of this material. Less than
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increasud intensity to as much as 20 r/hr. Since precise etectroc> move-
ment at the small spacings required would be difficult, a vacuum chamber
is being fabricated to surround the extrapolation chamber 80 that the air
betweon the elecirodes can be removed, thus effectively bringing them
closer together.

L. V. Spencer of the National Bureau of Standards recently pro-
posed a modification to the Bragg-Gray theory of cavity jonization which
would be extremely important, if verified, in many of the extrapolation
chamber measurements. Existing experimental evidence oa the matte:
is conflicting. A special set of electrodes was prepared to be used in
the vacuum chamber mentioned above to i:st this theory,

3. Beta Ray Dosimetry (W. C. Roesch, E. E. Donaldson)

A special extrapolation chamber for measuring the dosc rate from
particles or fine beams of radiation was built to asaist in biological experi-
wments. The chamber has several concentric collecting electrodes from
0.2 to 8,0 coi in diameter., Over the thin accelerating electrode is
stretched another thin membrane mounted on a ring which can be moved
in the plane of the membrane; a particle can ba mounted on this and
positioned accurately with respect to the chamber. Measurements of
particles being used by the Biology Jection are in progress.

The disc-shaped chamber proposed as a substitute for the CP
chamber to permit accurate measurement of beta and gamuma surface
dose rates was under adaptation to a field instrument by the Instrument
Development Unit. Tests of the ability to measure cuntact beta ray
dose rates such as those from uranium showed that \he chamber required
only a small correction factor and that by a series of measuremonts at
different distancys from a surface and extrapolation to 1ero scparation,
accurats measurements could be made.

0011395
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4. Neutron Dcsimetry (W, C. Roesch, J. JePangher)

Relatively minor difficulties such as a poisoned palladium leak in
the ion source and a shorted high voltags transformer continued to delay
work with the positive ion Van de Graaff, but several periods of normal
operation were obtained. Targets of lithium fluoride, beryllium, and
tritium-zirconium were used successfully.

Data on the eﬂicierié}‘ot moderated slow neutron deiectors versus
thickness of paraffin or lucite moderator are being gathered for various
neutron energies to permit desiga of new instruments with improved fast
neutron dosimetry properties. Data are cssentially complete for 160 Kev
and 500 Kev and for neutrons {rom a polonium-boron source as taken with
e Bl"3 counter. A few checks have been made of indium foil activation;
it was found to be proportional to the BF ; counting rate. The standard
Hanford moderated BF3 counter is 5. 3 times mors aensitive (per unit
dose rate) to 180 Kev neutrons than it iy to the neutrons {rom the polonium-
boron calibration source.

The polonivm-boron neutron source of the Calibrations Unit was
calibrated againsz: the radium-beryllium standard by the water tank method.
‘The results agreed with comparisons made with the sigma pile and the
lomg counter. These methods had been subjsct to the criticism that they
were not known to be independent of the encrgy spectra of the sources;
the water tank is theoretically almost completely independent of such
‘energy differences.

B. Environmental Studies and Adequacy of Waste Disposal Systems

1. Atmospheric Contamjnation Studies

Stack Gas Pariiculates (R, H. Scott, F. E. Adley)

Study of the physical characteristics of radioactive particles
obtained {rom local ground surfaces was continued, Dimensions and
dosagoe rates were measw’ed for 29 particles, 22 of which were also

001199b
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we!ghed, The effective diametersa ranged from 175 to 1200 microus, the
dosage rates from 0.15 to 25.5 1nds/hr aid the weights from 4 to 1420
micrograms, Twenty were retained for density and terminal settling
velocity measurements. A lucite jig was developed for use iu ~adic e
autographing particle specimens to be used by the Biology Section in skin
damage experiments. Forty-three particles were mounted and radio-
aﬁtographed in this manner and 34 were found to be suitable point source
specimens,

Respirator Testing (W. E. Gill, F. E. fdley)

The study of the effectiveness of respiratory devices used against
ruthenium-cc1taminated atmospheres continued. The penetration of MSA
type H cartridges and the red (E4R5) and gray (M-1l) assault mask
cartridges by ruthenium scrubber off-gas contamination was less than
0.01%. The penetration of MSA cartridges by cell atmospheres ranges
from 2% to 8%. The two assault mask cartridges had penetrutions of
almost 1% and the MSA all-service canister showed less than 0.1%
penetration. Leakage tests conducted on assault mask cartridges
showed that at 3'' water static pressure, 3 of 1l used gray cartridges
leaked. No leakage was evident with red cartridges.

A new plastic air-supplied hood was tested as a rossible replace-
ment for air-supplied masks in certain hazardous atmospheres. Penc-
tration tests snowed a lack uf protection up to ll cfm of supplied air, the
maximum tested, with accompanying excessive air pressure rcequire-
m2ont=. These factors and other deficiencies such as poor design and
construction materials resulted in the recommendation that this device
should not be used in hazardous atmospheres.

6011997
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Incidental Studies (W. E. Gill, J. W. Baum)

To determine if the discharge of oxides of nitrogen by separations
procésses presents a health hazard requiring control, Jeveral spot
samples were collected in the stack envirans by means of a recently
developed field sampling method, Five samples collected at ground level
under adveras metecorological conditions showed an average concentration
of about 70 ppm and @ peak concentration of about 100 ppm. |

2. Experimental Meteorology

Statistical Studies of Diffusion (200 Mile Scale)
No significant work was completed during this quarter.
Diffusion Experiments (J. J. Fuquay, B. Shorr, M. F. Scoggins)

Ninetsen fluorescent pigment drum samplers wera received during
the period and filal plans and preparations for the use of fluorescent pig-
ment as a tracer in diffusion experiments were completed. A TIFA fog
generator, capable of emitiing  mixture of oil and pigment at controllable |
rates, was installed at the 183 foot luevel on the Meteorology Tower., In
order to provide continuity {rom previous experiments, the oil fog emitted ' !
by the generator was calibrated according to the fluorophoto-metric technique, '
This calibration showed good agrecment with the calibration obtained with
the Army M-2 smoke gencrator for three out of four emission rate settings
on the TIFA generator. The inconsistency on the fourth setting was not
explained,
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wmd Tunnel - Parucle Pickug (G. R. Hilst, P. W. Nickola, B. 8horr,
M. l' Scoggins, J. J. Fuquay)

An mtenslve program of field experiments, designed to study the
processes of particle pickup and the relative emciencies of various sur-
faces in retuninz small particles, was \mderuken. 'rho Sirst of thexe
experiments included observatians of airborne ccncentrauons and deposi-
tion of small fluorescent particles initially deposued on a circular source
area, twenty feet in dlumeter, located in a region o!'nnd and sagebru:sh
which may be considered reprosentative of much of the Hanford Area.
This source was found to be seriously aep.+ted following two déys A
strong wind (speeds 15-25 mph), indlcaung tn. t the natural surface
characterist!c of much of this area is highly erouible and that particles
deposited on this surface are susceptible to subsequent ‘ranslocation during
periodas of strong winds, (This observation is substantiated by visual
observation of flowing dust during these periods.) The iecon‘d experiment
was devoted to a study of the relative retentive efficiency of gress
covered, rock covered, furrowed, and snow-fence protuocted surfaces.
Preliminary analyses of the data obtained from this expariment indicated
that the rock-covered and the grass-covered surfaces retained particles
equally well. The furrowsed surface retained particles very boorly when
compared with the grass or rock-covered surface. The best particle
retention was observed in the immediate le¢ of the snow fence but this
result was somewhat suspent since this source was shaded from the sun
and was noticeably wetter than the Sthers.

The dc counting rate meters for the light-chopper anemometers
were received and installation was begun. Five mil copper constantan
thermocouples wero received {rom fabrication and calibrated. Teats

to determine the effect of solar radiation on these tnermocouples were
conducted.
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Diffusion - Emerl_ncL(‘&'sditfons (N(. F. Scoggins)

" Anulysu of the wind velocity data collected from the meteoro-

logical wind stations conunued on a routine basis, "

Analyns of 890 torr uta of wind direction at the various wind
station sites, using the wind direction at tiie Meteorology Tower and the
wind prcdlctor system showed a vermc;uon of 13%

" Repearch - Mlcrometeorolon (G. R. Hilst, J. J. Fuquay)

The design information for the UCLA shear stress meter was
submitted to the Instrument Development Unit for appraisal, suggested -
modification, and cost estimates. This instrument, which measures

" iho”" shearing atress exerted on the ground surface by the wind, is being

el

potdl

considered as a valuable adjunct to the portable mast.
3. Ground Waste Investigations ‘

Ground Water Studies (J. R. Raymond, P. P. Rowe)

Dilution-velocity tests continued, in whlch the dilution rate of
tracer materials in drilled wells was measured by means of electrical
conductivity appmtiu. Rates of muvement of the ground water through
the wells were thus caiculated. The rates of movement so determined
corresponded to the various geologic formations and their different per=
meabilities and indicated the currectness of the ﬁcologicu date. these as
well as orders of ragnitude of the ground water flow ratas, The tests
provide a concretv basis for estiraating travel times of potential radio-
active contaminants in the ground water from operating areas to the
Columbia River and indicate sites where control is ardequate,

Waste Disposal Field Investigations, Areal(J. R, Raymond)

Monitoring of new test sites was begun to determine the moisture-
ho.ding capacity (specific retention) of the ground. Measured volumes of
liquid containing various non-radioactive salts and radicactive {sotopes
were discharged to test sites and the ground water benvath those sites
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A nmpled and :mn)yzed dauy to determi?e the first breakthrough of water
- {evidenced by non-ndioacuve salts) and the tims lag between breakthrough
of those salts and the rndioncuve isolopes. Breakthrough of neither was
detected, indxcgung the existence of a column of effective size larger than
previously estimated, hence a greater capacity for storage ‘of water per
disposal unit and a total oxchange capacity and comequen‘ safety f;ctor
" greater thn.n formerly believed. :

Waste Dinposnl Field Investi Jilons", Area 2 (J. R. Raymond)

Contxmination of the ground water ina third test site was explored
and evaluated, Careful depth sampling during the work showed no evidence
for gross setuing of the contaminants in the ground water but rather a
strong pretererice for concentration at the ground water surface. This
whole question of vertical travel of contaminated water on ground water
needs further study as there are some agreements for its descent under
gravity. This hus never been found at Hanford.

Waste Disposal Field Invesiigguons - Reic:or Areas (J. R. Raymond,
’ po po ROWB)

Dilution-velocity tcsts ware conducted [» sites of mutual conceru
to Areas 1 and 2 and to the reactor arvas in connection with the {easibility
studies for the routine discharge to ground of lurge volumes of reactor
coolant,

General Geologic Studies (R. E. Brown, J. R. Raymond, M. W.
McConiga)

About nine square miles on the west side of the project were
intensively mapped {0 determine the sequence and structure of bedrock
formations beneath the plant areas.

Careful instrumental leveling in the White Bluffs® section of the
Ringold formation clearly indicated deformation subsequent to deposition
and consequantly, considering the more recent age of that formation as
now determined, a shorter period since deformation and a somewhat
greater earthquaks potential than previously believed.

potzZo0l
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Laboratory Studies (D, W, Rhodes, J. R. McHenry, K. R: Holtzinger)

Equilibrium adsorption of P by soll from 0. 5% Hilco Triple
Strength Cleaner solutions (a sodium phosphate decontaminating agent)
was irregular vnd depeudent on the pH. The adsorption of Pu was anly

- 12% from | M NaNO, solution at pH 7.5, Equilibrium adsorption curves

for other fission product_ciuons varied, Cs was readily removed {rom
LOM NaNO3 solutions when the pH was aboye 7.0, but decreased below
that pH. ‘Sr adsorption from similar solutions dropped sharply as thy

pH was lowered, 'fro;n 95% at pH 11. 3 to 73% at pH 9.7 to none at pH 6.0

- and less, Routine disposal of decontamination solutions to ground is

clurly inadvisable,

- Adsorption of Sr by soll from a synthetic "low-acid" process
waste solution was low, breaktarough occurring in less than one column
volume. The presence of phosphate in the solution, however, increased
the adsorption of Sr markedly, Removal {s due in part to the { srmation
of phosphate precipitates when the phosphate concentration is >2 g/liter
anu tho Sr concentration is about 5 x 1078 g/liter. Sr removal is probakly
primarily due to adsorption, however, when the Sr concentration is
<5 x 10°7 g/liter. Soil column adsorption studies, conducted with a
“scavenged" plant waste disclosed that a decontamination factor for Sr

>300 was ob'ained for two column volumes containing <l pc/ml of Sr and
at pH >9.

C. Intrumentation for Radiation Detection and Measurement

Survey Instrumentation (D. A, Campbell, R. A. Harvey, M. O. Rankin
W. G. Spear, L. D, Test, L. V. Zuerner)

One channel of the cormbined beta-gamma and alpha hand and foot
counter was assombled with a sample probe and was tested with good
results, The instrument will indicate whether contamiration is or is not
present and, if the former, on which surface it {s located by the use of
appropriate lighta,

0012002
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A do;:rway monitor to detect particle contamination on the clothing
of personnel was designed, assembled, tusted, and installed in an area
badgehouse. Fhotomultiplier tubes with a thin anthracene scintillator
were used for the detectors. To obtain wide angle sensitivity, the
scintillator was applied to a lucite hemisphere in turn attached to the
photocathode of the photamultiplier tube, The sensitivity to radiation
parallel to the photocathode was increased by the latter arrangement by
a factor of four, while the sensitivity perpendicular tno the photocat'rode
was unchanged. |

An improved model of the TP portable high level beta-gamma
survey instrument was designed using three ranges (0 to 5 r/hr, 0 to 50
r/hr, and 0 to 500 r/hr).

A portable G-M instrument was designed incorporating all recent
feasible sugqestions. The instrument will uillize a thin wall 30 mg/cmz
in a rugged probe with outside range calibration potentiometers and with
a flyback high voltage power supply. ‘

Biological Instrumentation (D. A. Campbell, L. D, Test)

A counter was designed for the Biology Section for counting and
locating radioactive particles and aerosols in the bodies of mice. The
system will allow both gross body measurements and collimated measure-
ments {ur location of the isotope. The problem cf positional error will
be alleviated partially through the use of an array of three detectors
(Nal crystals on 6292 photomultipliers) located 120 degrecs apart around
the sample. A lead shield was desiyned to surround both sample and
Uetectors, and further background reduction was accomplished by the use
of a pulse height analyzer set to pass oaly those pulses in the character-
lstic photo-peak of Rums. Fabrication was started.

Laboratory Instrumentation (D. A. Campbell, M. O, Rankin)

An automatic sample changer was designed which will hold fifty
samples in an interclinngeable rack. In use, a sample from the rack will

—
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be transported into the pig, counted for a predetermined time, and returned
to the rack. An automatic camera will record the count, sgmple number,
and iime and date of counting. Fabrication was started, )

A high speed dacade scaler was developed which employs three
EIT decade counting tubes and an electrically reset Sodeco register. The
latter counts once for each one thousand counts at the scaler mput and
is limited to twenty counts per second therefore the maximum counting
rate of the scaler is twenty thousand counts per secord.

Special Purpose Instrumentation (G. E. Driver)

" The development part of the Control Station for the Radio Tele-
metering System was completed and models were assembled and placed
under continuous test. Somc installation cost estimates were obtained in
order to provide a basis for estimating the cost of the completéd system.

The river bed temperature measuring probe was recalibrated and
subsequently placed in a salmon nest in the Columbig River.

River Studies {R. E, Rostenbach)

The Columbia River survey involving ten traverses of the river
between plant area and McNary Dam was started; that phase of it to
establish present backgmunds and to predict certain hydraulic and
pPhysical characteristics of the river water in areas of special interest
was completed. Radlioactivity levels and surface water velocity were
determined; river depth was dctermined’by means of the Fathometer
and certain temperature determinations were made Ly the use of the
Thermarine, In general, previous observations were confirmed in that
the radioactive materials tended to cling near the plant shore.

Temperature determinations made in December at McNary Dam
by the use of the Thermarine confirmed the observations made in Novem-
ber. There is no significant difference in the water temperature between
the surface and near the bottom at ten locations across the reservoir;
the same was true well upstream {rom the head of the lake.

GOzt
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VI. SUMMARY AND STATUS OF THE RESEARCH PROURAMS

As presented in the 21 issues f this report to date, the reseacch
and development activities are a conglomerate of apparently unrelated
work accountability abstracts from a wide viriety of scientific disciplines,

Essentially all the work is doce in close support of the solution of
existing or foreseen radiatior problems at tav Hanford Works, Charac-
teristically each practical problem is attacked simuitaneously in each
component of appropriate scientific discipline. To detail the quantitative
connections would involve some discussion of production amounts inappro-
priate for the wide circulation that this report nas. However, it is now
felt that the report series would seem to have more purpose and direction

if some examples of the irtegration of the study elements were occasionally
given. Such examples follow. 3 o

_\ Emission of highly active fQ‘q;letxium particulate matter from
separations plants has caused vecirection of program in all except one of

the research units, Obhviously, all the biological work on ruthenium parti-
culates is in support of this phase. The findings are valuable and disturbing,

3

[ woue]
<D
e
[
oo
(M)

PEER



-28-

as for example in show:ing the need {or revision of Handbook 82 limits by
a factor of about 100. - In addition, bicphysics work in- 'udes plrticlo size
and nature characterization, tests of respirator emcuncy. dotcctlon of
.ruthenium in the bodies of man and animals, survey equipmant for roads,
vehic’ss and ¢ .it gates, determines of Rn1°3/Ru‘“ ratios to asubluh
particle age, solubility of particles in simulated body fluids, dosimetry
of particles in skin contacts, stack gas monitors specific for ruthenium,
atmospheric transport of large particles, pickup and redistribution of
particles on the ground, methods of collecting or trapping such particles,
and the hehavior of ruthenium in soil os ground water, At the present
time, the predominint features of the particle problem appear to be well
covered by the short term studies. Some phases can only be answered
definitively by long term work that has been started.

The increased incidencs of ix;ternnl deposition of radioelements in
persounnel as the plant azes. is another typical problem requiring timely
redirection of the studies to have the best available measurement techniques,
preferably by external monitoring. This avenue will be noticed in physics,

methods snd instrument development reports, and will become increasingly
prominent,

The use to which earth sciences results are put is generally
obscured in the work abstracts. The technical data are developed further
by the Radiological Engineering Scction and made avaiiable for engineering
application at the earliest opportunity. Generally in the last year the
results have favored more generous disposal of wastes, with savings
of several million dollars. Moxre recontly, soine adverse findings have
led to late changec in plans, It is obvious that th~ future operati.g plans
call for more rapid development of the giound wuter data in order to
maximize savings if additional storage tanks are uot indicated or assure
wise expenditures if they are needed,.
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In the process of ¢stablishing more rational bases for permissible
limits of specific nuclides substantial progress has been made, The
handling of tritium is essentially fully scoped, with important findings
on R.B.E. and on long term retention in some tisnues, both of which
amplify the hazard by factors of two over the eleraentary calculations.

All the data on plutonium uptake through the gut in this laboratory
indicate that the permissible limit can be safely raised by a factor of 10
(actually 40 from the data). The opposite andLn( for ruthenium isotopes
has been mentioned already. We are following the general policy of 1 coping
the uptake parameters in small animals, usually the rat, and testing the
results in a large animal such as the pig. Where there is agreement
between those two sets orf data, more confidence is given for human
application.

The uptake of Psz is receiving particular attention. There is a
discrepancy between the internationally accepted value and that derived
from NBS Handbook 52 principles which involves a useful factor of 4.
Since the local interest arises from consumption of fish flesh a direet
i test of such uptake is being made. In addition, the influence of bone
growth may be critical in this case since children can be exposed. This
factor is also being examined.

The principal atmospheric contaminant at this site has been 1131.
The effect of this agent on grazing sheep has been determined with
sufficient accuracy for control purposes. Needed also are similar data
for an animsl not a ruminant; the pig is being used. Also the uptake by
man, eating fresh garden produce and drinking milk from cows on an 1131
contaminated range sets a limit quite close to that appropriate for shuep.
In all these cas~s, the vegetation limit is such that acceptance of the 1131

limit for human breathing as in Handbook 52 could lead to disastrous
overcxposure.
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Gut irradiation is another phase of interest here ‘which has not yet
been considered in the Bandbook. Much renudns to be douo in the -
eaubushment of reausuc limits in many pracﬁeal hazard smuuons. .
Simple ubuhuons, as in the ha.ndbookn are snt approprnte. _'.l'ho ‘holo
problem of sound management, q! radiation control will be mznmed [
~ such limits are accepted in definitive legislation, without allovancu for
~ actual exposure circumstances.

e

H. M. Purker, Director, '
HMP:ag . RADIOLOGICAL SCIENCES DEPARTMENT
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