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DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.
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RADIOLOGICAL STIFNCES DEPARTMENT
o RESEARCH AND DEVELCPMENT FROGRESS
REPORT FOR FY 195h

The following material is a progress report of work performed in Radiological
Sciences Research and Development during F.Y. 1954, The report, primarily
non-technical in nature, presents a summary of accomplishments achieved over
the twelve-month period for each of the three programs: Biology, Biophysics
and Radiological Engineering. A tabulation of manpower ard costs associated
with these activities appears in Tadble I and II appended.

RADIOLOGICAL ENGINEERING PROGRAM e

The Radiologicél Engineering Research and Development progrsm was initiated at
the beginning of fiscal year 1954. The object of the program was to study the

. scientific research snd development findings in the radiological sciences, and
tn select for radiological engineering development those phases of these findings
and {ndependently conceived ideas which may have practical application in the

- Operstion. Ewmphasis wes placed on the study of subjects which were expected
to yield improved plant and environs radiation protection; especially in areas
in which reductions of cost for constiruction or operation appeared feasible.
Engineering studies were limited to those essential for the analysis of radiation
phenomena or for creative design proposals on radiation problems.

SUMMARY OF ACCOMPLISHMENTS

DISPOSAL OF LIQUID WASTES FROM SEPARATIONS PROCESSES

Studies were undertaken to take full advantage of the unique Hanford geographical
and geological conditions and of the findings of the Biophyzics geclogy - hydrology
program with the object of allowing significant reduction in the construction and
operating costs associated with safe radicactive waste dispcsal, by maximum usage
of ground storage techniques. .
Evaluation of results of the géology-hydrology program indicated the need for
formulation of revised waste disposal criteria for separations process wastes. On
the basis of confirming evidence that ground water movement from the 200 Areas
plateau to the Columbia River would occur only over a long time period (possibly
o the order of 1,000 years, almost certainly nct less than S50 years), it was estab-
lished that waste disposal limitations for the Separations plateau could be
liveralized. Thus, a nev policy was promulgated that ground disposal of radio-
active wastes was feasible up to the point of ground water contamination to the .
level of that permissible in drinking water, by biologically important radioisotopes
vith half-lives of greater than three years.

While "cribbing” of wvaste streams of lowv activity density had been in progress
for several years, substantial econceies were effected based on extension of this
methced, elimination of {on exchange processes, curtailment of certain waste
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evaporation vrcocesses, and ground disposal of certain waste
thus clearing tankage for future high activity density was?

It is estimated that the revised vaste dispcsal policy reduced current projects under
construction by one-half million dollars and cieared underground storage tankage
having a replacement value of over four million dollars. In one case expected
orerating expenses cof about one-quarter million dolliars were eliminated. CZontinued
operating expense reductions are anticipated in certain cases. Reduced need for
construction of additional waste storage tanks may greatly exceed current expec-
tations dependent upon operating findings in the self-concentration cf the highly
radicactive wastes with disposal of condensate to ground storage.

A special unclassified summary report was prepared at the request of the Atomic
Energy Commission entitled "Ground Disposal of Radjoactive Wastes at the Hanford
Site," (HW-320L41). :

DISPOSAL OF FRCCESS WASTES TO COLUMBIA RIVER

Current and future wastes disposal facilities, practices, and policies in the 100
and 300 Areas were studied with respect to adequacy of radiation safety in the
environs, and to methods of reducing operating costs. Results of specific studies
follow.

Columb{; River Contamination as a Production Limitation

Reactor effluent analysis results from the Biophysics Section sampling
program were analyzed using statistical methods to determine the sources
of the radicisotopes present in the effluent, factors affecting their
concentration, and probable concentrations at higher power levels. Such
information was critically needed to determine whether the Columbia River
would be limiting from the radiation hazard viewpoint at "blue sky"
operating levels, and to allow design recommendations to te made with
regard to reactor cooling water quality, and methods of effiuent water
disposal. Results of significance include:

1. Fission products present appeared to have an irradiation *ime of <he
order of one day, thus indicating that the sourre probably was the
natural uranium content of the Columbia River which was detained on
the slug and tube film, rather than ruptured slugs or other non-
routine conditions. .

2. About two-thirds of the Na2“ present arose from fast neutron cap-
ture reactions by sluminum and magnesium. Thus, any water quality
changes which alter the sodium concentration would not affect the
Na2l concentraticn entering the river as significantly as would
have been previously predicted. This was of importance in evaluating
the effects of the use of caustic soda instead of lire for pH
adjustment.
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° 3. The Me5€ concentratica increased exponentially with reactor tube
outlet water temperature and als¢ appeared to be inversely propor-
o : tional tc tube water velccity. Thus, the tendency for increased
. Mn56 concentrations as power jevel is increased will°'be partially
coanterbalanced by any coincident tube water velocity increase,

R k. The Cuéh concentration increased exponentially with effluent water
temperature. The 12.8 hour half-life of this isotope makes this .

of interest in predicting concentrations at downstream water usage
points.

5. The production of 5131 vas inversely proportional to outlet tem-
o perature, flow, and sulphate ion concentration. °
€. Unfortunately the concentration of P32, the isotope of ‘greatest
biological concern in the effluent, has shown no correlation as
yet with any other factor. However, this indicated that P32 would
proygbly not increase exponentially as power levels increase.

T. The rare earth concentrations showed an apparent exponential increase
with power level.

8. The Sr91 and Sr92 concentration appeared to increase linearly with s |
pover level, °

» This study indicated the complexity of the relationships in reactor
effluent activity, and shoved the importance of irradi{ation time increase
caused by film holdup. Overall evaluations indicated that river water
at Pasco might reach twenty to forty percent of the estimated MPC of
the radioisotope mixture (assuming a required safety factor of ten for
off-site application) thaed on presently planned future production levels
and expected effluent temperatures. The P32 concentration in fish
might constitute a control problem in the future. Recommendations were
made for the river water sampling and analysis program to permit im-
provement of the evaluations made.

Inland Disposal of Reactor Effluent

To allow the proposed power level increases at the B and C reaétors, new

effluent piping is required to handle the increased flow, from 105-B to ]
the center of the river. Radiological Engineering recommended consid- :
eration of inland disposal of effluent water from the C reactor, to
allovw usage of the C effiuent system for the B reactor. It has been pro-
posed that the C effiuent be transported through a simply excavated

canal to the several square miles of natural sump north and south of
Gable Mountain, six miles to the east. It was theorized that percola-
tion ia the canal would provide an effective ground water dam on pos-
sible northern movement of 200 Areas' radioactive wastes released to ground.
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In addition, the C reactor effluent contamination would be removed
from the Columbis River. It is of interest to note that elevations
will.permit similar routing of effluent from the KW, KE, D, and Dr
reactors should this prove desirable economically, or necessary due
to rivyer contamination limits.

Field tests of surfac® and subsurface vertical percolation rates

were performed in the general area proposed for the canal and lake.
Results of 14 to 23 gallons per square foot per day were lower than

was anticipated. Mathematical analysis based on an assumed lateral
permeability indicated that insufficient head would be available over
the ground water 'for continuous dispgsal of C Reactor effluent; it

was calculated that the 50 million square feet of lske area available
within the 440 foot contour would f£il11 in about six months. To provide
a firmer basis for analysis, funds were provided to enable the USGS

to install two additional test wells and to perform drawdown tests’

in the proposed lake area. The tests revealed an extremely high per-
meability for horizontal water movement. A transmissibility coefficient
of 1,430,000 gallons/day/foot was reported for the immediate vicinity
of the test wells, with a reported coéfficient of storage of 0.03 for
the same region. This calculated coefficient of storage is probably
too low as a result of the conditions of the test. There was reason

to believe that the area chosen for the test was located in an old
river channel that now forms a distinct underground canal through

which ground water drains at a significantly faster rate than the average
for the region. This canal apparently discharges into the river Jjust
dowvnstream from Hanford, which, assuming the calculated transmissibility
coefficient to be. representative of the entire cadal, would result in

a travel time of about seventeen years from the test site to the river.

A tracer test performed at the well draw-down test site while the

pumps were operating did not' give conclusive travel time data. The
rate at which dilution occurred in a spiked well indicated considerable
variation of velocity of movement. throughout the thickness of the
vater table. The velocity of the surface layer of water appeared

to be about three times the velocity at a depth in the water table

of 20 feet, while below 25 foot depth of water, no movement was:
measureable.

Re-evaluation of the calculations indicated that if the area tested

was representative of the entire proposed lake area, the lake could
contain C reactor effluent for about ten years without overflow, and
that travel time of the effluent to the river through the elevated
ground water table would be several weeks. It is postulated that

cuch gperation would causa swamps to appear in the region between

the lakes and the river from Hanford to White Bluffs. The geological-
hydrological investigations in this region must be extended consliderably
before it will be possible to make a firm recommendation for plant
application.
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Develcpment of Emrpirical Diffusion Equation for Reactor Effluent in the
Kiver :

° ®
® L

Funds wkre suppiied to Applied Mathematics to develop an expression for
the rate of diffusion of reactor effluent in the river. References-and
background information for this derivation were provided as well as
tabulated field data to be used as a basis for the derivation. An
equation was prepared containing empirical expressions that were being
evaluasted by Aprlied Mathematics personnel at year end.

Reactor Retention Basin Operation

Parallel operation of reactor effluent retention basins was proposed
to reduce costs associated with proposed plant expansion and repet itive :
basin maintenance. Evaluation of the hazard of ruptured slug debris 2
in the river indicated that release of this material in the quantity

produced during the past several years would increase the drinking

water hazard only slightly. Improved slug rupture detection iunstru-

mentation to be installed should make this proposal feasible.

Use of Reactor Effluent as Boiler Feed

At present steam usage rates in the reactor areas, and with present
reactor effluent temperatures, about 31,000 tons of coal could be

saved per year by using reactor effluent as boiler feed. Work to date
indicated that steam made from effluent water would have an activity
density lowver by a factor of h,oop over that of the feed water, and
steam condensate would therefore be less active than current F Area
raw water, and well below drinking water limits. However radiation .
problems requiring control would be introduced to the ‘Power House. "It
18 estimated that this process would pay off the necessary investment
in less than a ye2ar, A possible alternate of placing heat exchangers
in the effluent system, which is less attractive economically, but
vhich would eliminate the radiation problems, was proposed. Subsequent
to the initiaticn of this study, Project CG-558 for production increases
at all current reactor areas was authorized. The scope of this project
eliminated the use of steam for primary pumping of process water. Thus
the powerhouse generating capacity is relegated to emergency backups

plus the heating load, thus removing the economic desirability of the
proposal. .

Disposal of 300 Area Radiocactive Liquid Waste to Ground or River

Past practice based on arbitrary disposal limits made it necessary to
haul some 4O NOG gallons a month of intermediate level laboratory waste
to the 200 Area plateau for ground disposal at a cost of abtout $0.03
per’gallon, With the possibility that an occasional 50,000 gallom batch
ofe ncrmally innocuous water might have to be hauled also if found at

all conterinated. The new policy permits ground disposal if the activity
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density of each radioisotope in the waste does not exceed its particular
° permissible concentration in drinking water, The study of this stream
indicated that some of this waste need nct be hauled to the 200 Area
plateau but could be discharged to the present leaching trenches on the
riverbank by 300 Area. ]
Wastes from the Metal.Preparation facilities drain to leaching tonds
requiring meintepance near the river tank and chronic ground water
uranium contamination results. As operations coutributing to large
uranium waste losses have been recently discontinued, it may bde
desirable tp discontinue leaching of previously deposited uranium with
o current wastes. Equipment to allow auditing of this stream was spon-

sored. Further study may indicate alternate desirable dispeosal methods.

~JIMFROVEMENT OF RADIATION FROTECTION DESIGN CRITERIA o °

Studies were undertaken to develop radiation protection design criteria so
that costs associated with radiation control would not exceed those deemed
@ssential. Estinmates wvere made of the magnitude of radiation hazards result-
ing from postulated process disasters to point out possible criteria for
control and evasionary action in the event of such an incident.

Disaster Consequences Prediction
- The protable disaster consequences of release to the atmosphere of

reactor material, ranging from the contents of one tube to the contents
of a K reactor at an optimistic power level vere evaluated for various
meteorological conditions possible at this locality. For purposes

. of comparison, the deposition indicated by the "Green Run", a planned
relense of a large quantity of radioiodine several yems ago, was scaled
up to the magnitude of the disaster assumptions. A rough estimate of

personal and property damage outside the reservation frem such an
incident was made.

For cases of release of significant portionmns of the fission products
in & reactor, the results indicated that while lethal effects may be
1limited to the order of magnitude of distance indicated by the Reactor
Safeguard formula, significent damage and radintion effects requiring
control for extended pericds might occur at much greater distances.

In the case of release of contents of a single ture, it was crlculated
that because of steam pressures generated, relense of fission products
probahly would not be confined £o the effluent wnter and vlle atmosphere
systems, Thus some venting to the ifack would occur with resultant

-2

contamination of tue environs dependent on metecorologl~al conditions,
LS

An estimate of the effects of a nuclear incident in the proposed lattice
test reactor was rmade, Although ~alculated on “he basis o7 maximum
‘release, consideration of aspects such asz delnr in releass time and
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effect of buildings qn'+u:bulence and thus dilutior, would indicate °
little likelihood of damage to personnel outside of the 300 Area.

The skin dose caused by fissior products deposited on skin of clothing
could well be the limiting factor.

Hazards of Ra&ioactive Particles from Process Stacks

Infarmation on possible hazards due to small radiocactive particles was
accumulated. The rate of energy loss at distances from 2 source emitting
with a+.Fermi Distribution was estimated by numerical integration. The *
possibility of usiug a *otal body monitor was suggested and some work

done with BiophySics to assist in the use of atlaboratory model %h
possible influence of plutonium fission on the ratio of Rui03 Rulo was

noted and preliminary calculastions made. Correlations between particle
sige and activity vere studied. ® e

Fluorescent pigment was used to determine particle exposure probabilities
for severhl typical operations involving motor vehicles. The method
corsisted essentially of asssociating a known number of ZnS particles °
with normel dirt in the locaticn to be studied and determining the *
number of particles transferred to a given volume of air which would

have been breathed under a given set of operating conditions. The data
vere used in evaluating exposire risk due to radicactive particles
present in vehicles and assisted in establishing control limits fot
vehicle contamination. Techniques éeveloped may be suitable for ap-
plication in more extended studies involving particulate transfer.

Costs of Redox Plant Shielding

®

An analysis of the costs of primary shields for various attenuntions

ot 4'\'\. Redox Plant showed that savings of the order of only 1/2 ‘

in the overall cost of the 202-S Building would result if a ten-fold .
increase in transmitted radiation had been allowed. A 1 % saving by

alloving 2 hundred-fold increase in radiation levels, would signifi-

cantly interfere with dperations because of chronic exposure.

MECHANICAL DEVELOPMENT ’

® ° W
. P

Development wori was performed to impro#e radiation detection and protection.

° e® o

Stack Gas Sampler System .

e ®
“Literature was reviewed to establish requirements for an adequate
stack gas sampling system. The sampling error resulting from having
a sampling velpcity of other una— the stack velocity was found to
be a funztion of partis ze

L
particles., The effec

- oW

ing 1ess H“T'Gﬁanul £aor® vopy gmall

ize, being
article inertia on sampling under various
conditions was considered. Data obtained were used to scope design

3 .n
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of sampler probes, pik. , and other details on ¢twc stack installations.
The need for better defined ciiteris for «designing particle ccllection
systems was evident from the literature study. Scope design,was initiated

oz an adequatg replacement sampling system for the Redox. stack. °

Exposure Reduction in Instrument Calibration Operations -

Increases in work load have caused noticeable increases in chrenic d
radiation exposure to Persomnel engaged in the zalibratiom of radistion
measuring instruments by use of gamma and neutron’ radiation sources.

A preliminary study 9uggested several minimum changes, and scope design
was initiated. ° o

, BIOLOGY PROGRAM

° °

° °
RBiological research continued under the three prewidusly described* general

study ¢titles: Deduction of Perfaissible Human Exposure by Biological Experi- EM
mentat?on, Effects of Frocess Effluents on Aquatic Organisms, and Effects of :
Process Effluents on Plant and Animal Life. °

Comparison of accomplishments for this -oport period with stated objectives of

a year ago discloses some change in emphasis within the several studies. This®
should nct be taken as evidence of poor planning but rather.that the program

of bilological research maintained sufficient flexibility to undertake new and
more urgent probiems as they arose. Of particular significance in this ‘respect
was the amount of effort devoted to the ruthemium . hazard problem and to several
other unexpected problems undertaken at th» request of the AEC because of ) °
specialized persovnel and facilities at this location. These latter assign-

ments were conveniently integrated into existing problem investigations on

plant sbsorpticn and translocation. 1131 toxicity, and effect of betacir-
radistion on skin. o

°

° ®

Of the aforementioned three major studies that constitute the Biology Frogram
only one, "Effects of Frocess Effluents on Aquatic Organisms”, was assigned
entirely to one organizational unit. The other two wvere assigned to the °
remaining five units. Thus study titles define broadly the assigned respon- .
sibilities of the sectionm, with problems in these general areas assigned to.
thoge units most adequately equipped to selve them. e

. * ) SUMMARY OF ACCOMPLISHMENTS

DEDUCTION OF PERMISSIBLE HUMAN EXFOSURE BY BIOLOGICAL EXPERIMENTATION e
Tritium Abscrption and Metabolisom . -
Results ohtained during Py 1NS: suggssted thal prolongsd sxposwre to tritium
oxide may cause binding of tritium to tissue components such that resultant

#See HW-30306, Radiological Sciences Department Annual Report, Research and
Developmen* - Fiscal Year 1353,

— . °




. tissue radiation may bn greater than i
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na+t predicted from 2 knovledge cf the con-
®centratior of tritium ﬂxi~e dn body wvater, In rats chronically exposed®to
tritium oxide. bound 4riti:m increased the radiation 10 per cent above that
delivered by tritium oxide. Sowe tissues, notably fat, wvere being irradiated

at a dose rate about 20 per cent greater than body water. Several ioplizhtions
important *c fundamental knowledge resulted from this work. For example, it

was observed that many tissues in the bedy are metabolically quite irert, which
is "in contrast to the poprulasr concept of the highly dyna=ic state of fissue
metabolism. Also noted was the fact that about 2C per cent of the orgarnic
hydrogen in the rat s metabolically derived from water .

e .

During the course of the investigation there was some evidence that increasing
tritium oxide concentrations cause increases in the per cent of tritium which
becomes bound to organic molecules. This rather surprising result, if verified,
would mean thaet 2s more tritium entered the body the percentage contrivution
tb body irradiation by bound tritium would increase. Counsequently time limits
for personnel exposed to concentrations of tritium above the permissible limit
may become a power function of the concentration of tritium in the stmosphere -
apparently a singular concept in permissible limit estimeitions.

L]

0f the various means by which an animal may become contaminated with tritium, the
least well understood route is via i{nhalation of tritiwe gas. Studies of tritium
pxide and tissue-bound tritium distridution end retention in rats, follewing
exposure to tritium gas, indicated that the amount of bound tritium bears the
same relation to ,body water tritium 1s is observed in animals injected directly
with tritium oxide. This Justifies the conclusion that bioassay resulis may be
given the same interpretstion regardless of whether the exmosure was to tritium
gas or tritium ox}de.

P °

Growing algae cells were shown to be s convenient tool for scoping wagnitudes
of isotopic differentiation between tritium and deuterium. Photosynthesizing
cells lost deuterium at a rate approximately 10 per cent faster than they lost
tritium. It was previously shown that amounts of both 2ritium and deuterium
that can bind to organic constituents in the cells is 50 per cent of the amount
that hydrogen can bind, and that deuterium binds somewhbat less than tritium.
Although tritium apparenzly is bound with more difficulty than either of the
other two isotopes, once bound, it is more tenaciously held. Respiring cells
not exposed to light showved no difference in the rate of loss of the two

¢ isotopes.

Fission Products Absorption and Metabolism ’

Early in FY l95h cpncentrations of raiicactive ruthentiw
coliected {u RAPC environs pracpu=u s study of the abzgor-p
of the element in the fovl, Findings were at considers A
published by other laeors.vries. and, as a resull, ths o
in the ret was investigated., Gastro-intestinal absorption ob
100 times greater than the value previously reported and util

se
utilized i{n calculation
of permissible limits. Follovwing this discovery it was deesmed

advisable that
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s check te made cn %the absorvtion of sirontius szd cesium {pn the rat. Experi-
rental data for these2 two isotcpes, however, confirmed earlier resul®s obtained
by others. ° ° ¢

© °
Fivtonium Absorption and Metabolism .

Experiments to.determine the absorption of plutormiwe {IV) at p3 £ from the gastro-
*u‘-stinal tract of rats covering the concentration range from 0.C: %o 50,000
es the presently established MPC wvere complete Average abso-? icn with
9: ver cent confidence limit was O, 0028 ¢ 0.0008 rer cent. Skeletal deposition
averaged 0.0025 & 0.0003 per cent. There was no significant effect.of concen-
<ration over the range investigated. These results were obtained Zrom chronic
feeding experiments involving 100 or more individual feedings %o each animal.
Single-doses of plutonium were fed o three pigs, and the fraction sbsorbed and
édeposited in the carcass and skeletcn determined. Absorption in the pigs did
net differ significantliy from the resulis obtained on rats. These :*ndings
provide support for an increase ir *he MPC for plutoaium in drinking water
which had been based on the assumpiion of an absorption fraction forty time=
larger than that observed in these experiments. Ac study of the excretion rate
of orslly administered plutonium {n rais showed ¢that approximately OC per cent

v g

of the amount present in the gut is excreted durimg each 2i-hour peri

Studies of the percutaneous adsorption of pluteonium from acid solutions revealed
an absorption over a five-day period of approximately two per cent of the
plutonium applied as a solution in 10 N nitric acid. Absorption froe weaker
acid solutions was considerably less; however, socme of this difference is
probably due to the fact that a portion of the plutonium applied in dilute acid
solution was lost from the contaminated area before absorption could occur.
Despite the mechanical loss of plutonium, it was surprising that the substance
apparently was absorbed from weak acid solutions through the whole skin about
20 times faster than it was absorbed through the gmsiro-intestinal tract. This
.15 probably due to the relatively high pH of the gut which keeps most of the
plutonium out of solution, making it unavailable for absorption. Like gut
sbsorption, the per cent of applied plutonium sbsorbed through the skin was
skhowvn to be independent of plutoniwe concentrstion, and further, i{ndependent

o? the area of skin contaminated.

3
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disslosed 4hat their atility to remsve plutonium V""'“*‘ ﬁffegte By Tadw
Jburdens of tlutoniw iz the range 9f from "10-9 o0 10-- graw.

® L4 ° .

"Addisiozei comparisons were made betvmen the effectiveness cof CaEDTA and
zircomiuzm citrate, alone or in combization, for their =ffectiveness in removal
£ plutoniun administered to rats. Zirconlum citfrate wzs more effective in

. o preventing the depositior of plutoniiz irn the bene, btut kad no significant

ef?ec* on soft tissue retention. CBEDTA was somewhs® less effective in pre-

o venting bone deposition, dut more effective in promoti=g the excreilion of
pilirtoniur deposit=2d in the soft tissve. Combination of the iwvc agentz consti-
tuted the post effectiive treatment tried, combining the best features of both
and resuiting in sbout a four-fold :eéuction in plutornium retenticn when given
30 minutes after the plutonium was administered. When given 30 days afier
plutcnium adminissration none of the treatments tried was effective.
resuls of experiments and observations, it was concluded that the inst
of zirconium citrate and the toxicity of zirconium were such =2s to c<on
indicate its continued use as & practicel drug. Consequently recomrmen
) were zade and adopted that zirconium citrate no longer be available fo

epergency administratiss in EAPQ's first aid stations. Because prepara

of CaEDTA have not been observed to deteriorate and since no toxic res
. ° have Tesn experimen*ally cbserved, CatDTA is being made available
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Resviratory Metabolism and Toxicity of Radioactive Particles

. The zritical hazard of vadiocactive particle inhalation wms assured ‘o0 be
of lu“g tumc. induction. To test ¢his assumption the lungs of a2 specisal
of tumor sensitive mice were spraved via tracheal injlections with pe

s piutoniwm oxide and hydroxide suspended in water. Abscesses but no ¢
tumor incidence w2s observed 100 days after the administrations. A ¢
producing chemical applied in the same manner increased the incidence of lung
tumors. These results, hovever, were obtained by injecting the particles and
not y permitting their deposition by normal respiration. The technique used
caused leocalization of 3ose which may have caused the observed abscesses instead
of cxrer pathalogy. Apparent biolegical half-lives of these pariicles in the
lurngs of mice vere found to vary frem 30 to 600 days, seemingly dependent upon
dose 2nd form of the oxide administered,

2

Skiz Irradiation °
L]
-]
The bLigh surface 3ose rates from ralinsactive particles located in HATO environs
suggested that the possibility of their causing localized skin {nlury should be
decer=ined. Particles vers apprlied %o pig skin, whish is siwilar %o human skin,
and <he approximate guantity of radiation to produceerythems 2nd sloughing was
L]

determined.

Relstive Biclogical Effectivecess O Ionizing Radiaticns

In es<i{mmations o2 MPC'

s and radisticn effects a knowledge of the re= rad ratio
0?2 <he ipcnizing particles yielded dy the isotope is reguired. The cevw technique
revizusly developed for measuring *nis ratio wvas refined shi {wproved by the
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purchése of a special measuring instrument and by modifications in procedure.
A ratio of 2.1 was obtained for tiritium.

(-]
Genetic Effects of Internally Deposited Radioelements

Maximum permissible limits for radiocclements in the body are usually based

on those concentrations required to yield 0.3 rem per week to the tissue
("critical organ") coataining the greatest concentration bf the element. Since
in current evaluations of permissible limits the louger range effects of gene
mutation in germinal and somatic tissue are not considered, it is necessary
to extend our knowledge of the possdible genetic effects resulting from in-
ternal deposition of radioelements. Much work of this type is already being
done elsevhere. Here the effort is primarily being directed toward an eval-
uation of the effects of transmutation, The work essentially measures the
additive effect caused by an unstable (radicactive) atom being part of an es-
sential molecule. When the atom transmutes by radioactive decay, it may
render the molecule biologically ineffective. . . .

Preliminary résults indicated that sulfur-35 is potentially very effective
in, inducing mutation by tramsmutation, whereas phosphorus-32 is relatively
ineffective. Differences in the conditions previously used in studies of
these two elements suggest that comparative studies be made, and these are
in progress. .

Mechanism of Radiation Effects

An investigation of the rates of destruction of vitamins was undertaken as
one means of evaluating cell damage by ionizing radiations. Results indicate
that in pure solutions of vitamins at phyéiplogical concentrations there is a
very rapid destruction of folic acid when irradiated with tritiu= beta part-
icles. As much as Q§ per cent of the folic acid was destroyed by doses which
produce barely perceptible damage in skin tissue.

The effect of irradiation on fundamental Petsbolic processes in algae cells
was studied by comparing the uptake of cl* and 532 by irradiated and un- '
irradiated algae cultures. Incorporation of 1% supplied as the carbonate
or as labeled acetate was increased as a result of irradiation, in the fatty
acid fractions gf algae and to a lesser extent in the nucleic acid fractionm.
Reduction of cl iﬁcorpqration into chlorophyll was observed. Studies with

,Péﬁ indicated an increase in phosphoprotein and nucleic acids as a resuit of
irradiation.

EFFECTS OF PROCESS- EFFLUENTS ON AQUATIC ORGANICMS

Reactor Effiuent Blological Monitoring o

This is one of the two problems carried out by the section which was charged
to protection of plant and personnel rather than research and development
funds. However description of this problem is inclnded here since this work
is closely sllied to the problems supported by research and development funds.
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This work is designed to determine the amount of reactor effluent which
can safely be discharged into the Columbis River without credting a health
hazard .to persons eating the fish and without affecting the salmon or
local game fish or their focd organisms. It ‘also provides one type o‘
continuous biological evaluation of reactor effluent hazard, and provides
assurance to responsible organizations that the salmon resource is not
affected. .

° ®

Chinook salmon eggs and young were exposed to sevéral concentrations of .
reactor effluent. A slight increase in mortality among the embryos
occurred at one per cent concentration of the effluent. Substantial
mortality occurred at five per cent. Only limited spawning of this
species occurs in Sections nf the river where éffluent concentrations

may exceed one per cent. Fingerling size chinook and sockéye salmon,
which migrate through the HAPO area from nursery areas up river, vere
found to tolerate effluent concentrations as high as 10 per cent for
several weeks., Such high concentrations- exist only in the immediate
vicinity of the effluent outfalls.

ctivity densities of river organisms were approximately the same as
last year with maximum values near shere ommwring in the vicinity of Hanford
durﬁng late "summer. Tewporary discharge of effluent via overflow flumes
at the'river's edge resulted in abnormally high activity densities in
organisms near shore immediately downstream. Bottom organisms in the
McNary Dam reservoir were found to be only % to 10 per cent as radioactive
2s shore forms near Hanford. No change in the population of river °
organisms as a result of plant operations was observed. More salmon
were observed to spawn near Priest Rapids (above the reactors) then in
previous years. Whether this indicates a significant avoidance of condi-
tions near the reactors is unknown.

Mechanism of Reactor Effluent Hazard to Aquatic Orgauisms

Reactor effluent might affect aquatic life because of its themical toxicity,
high temperature, radicactivity, or an interaction of these three factors.
Knovwledge of the importance of these factors permits better evaluation of
tue potential effect on river life ard may suggest methods of reducing

the hazard. Through studies on the mechanism of concentration of radio-
activity ir aquatic 1life more realistic’'limits on the kinds and quantities
of radioactive materials released to the river shnuld be possible and the
feasibility of eliminating retention basins appraised.

Concentrd%fons of reactor influent as low as 3 per cent were found to
retard the growth of young salmon, presumably due to the dichromate

content. EBagscirom 1ocel’selmon were not significantly affected vhen
subjected ‘to water temperstures estimated o occur im the Columbia River -

4
when all anticipated reactors {October 1953 estimate) are in simuitaneous

operation. Hovever, little or no factor of safety apparently exists. The
critical temperature period for the salmon occurs only during the spavaning
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« ° " season (October and November) and would apply only to eggs deposfted in °
gravel beds 1mme&iateiy dbvnriver from the reactors. Fingerling size
salmon were found to tolerate Columbie-R1v9~ temperatures apnreciably above
o anticipated levels.® ° . . o
Experiments in aquaria demonstrated the rapidity with which micro-
. organisms remove radiophOSphdrus from the water. Small fish feeding on
the contaminated microorganisms retained about 70 per cent of £he ingested
o radfophosphords. The results accounted for the high concentration of
radiophosphorus found.in most riven life.. - R L e
® q ®©
EFFECT OF PROCEéS EFFLUENT ON PLANT AND ANIMAL LIFE ® t,
e R o Y
. Sebarations Effldent Biological Monitoring . y .

“This is the second of the two problems charged to protection of plant and
N personnel-rather than research and development funds. Similar to reactor
efflient biological monitoring, this investigation occasionally signals °
. the need for problems supported by research and development funds,
o °* This operation'primarily-serves as a direct check upon the amount of
. radioactivity that deposits in animals common to the environs and seconde
-arily seeks to correlate results observed with stack dischargé rate,
meteorological conditions, and vegetation®contamination., which may be,
of practical ‘value in detecting extent of reactor operations, in remote
locations. For the past seven months, activity densities due to fission

products found in tissues of animals exceeded -the permissible concentration
for man. ° . . o
e .
As previously indicated, the finding of ruthenium in wildfowl in the °
. process of routine biological monitorinz resulted in an investigation of
the element's absorption and distribution in chicken. Considerably more
. ruthenium (three per cent of +4he administered dose) was absorbed through
o the gastro-intestinal tract than had-been previously ;eported elsevhere, -

R Deposition occurred principally 1n the kidney, liver, and skeleton.

. Effect of Reactor°Effluent on Growing Plants
° * e o
Since large quantities of Columbia River water below HAPO are diverted
for trop irrigation, the growth, yleld, and gdenetic effects on cersal
crope cf reactor effluent was _tudied in small outdoor plots. Although
100 per cent effluent clearly damaged growth through the etfects of the
chromate ion, the potential hazard through annuai bdujld up of this or
otaer ions ¢an be evaluated only be a study extending over several

vearsd, Likawiss, thz possibility of genebis 2fPaciz vaauliing from =

slight accumulation of radioactive elements in the’ soil can be evaluated
only after several generations of plants have been grown. .

°

-
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Absorption and Translocation of Radioelements ih Plants f ’
In order to, evaluate hazards resulting from the uptake into plants of
radioelements from contaminated soils, determinations were wade of the
uptake of Sr, ¥, Cs, I, Pu, Zr, Pm, Cé, and Ru in®plants representative
of local crops and wseds. Sr, Cs, and I13l were found to concentrate
appreciably in the plants studied, while the other isotopes tested were
less reedily absorbed and translooated.

Studies of toxicity of ‘chromium indicated that dichromate is relatively

toxic to plants and cannot be overlooked in evaluating hazards from pile
effluents.

[
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Toxicity of 1131 in Animals . )

This long-term experiment was designed to establish a realistic baqis for
exposure limits of I 131 4n sheep and a1 other farm animals. During the

past year all of the original experimental .ewes now over 8ix years old

were sacrificed., The majority of the ewes fed 5,ic of It3l daily since”

April, 1950, showd only winor thyroid damage, and some.of the ewes

appeared normal in every respect. New groups were established at 0.5 uc/day

in order to determine vithin narrov limits tbe threshold quantity of hronically

‘administered 1131 that will produce no detectable damage.

In evaluating the hazard of consuming milk from animals contaminated with
1131, it wvas determined that up to one-fourth of the daily dose of .iodine
fed the ewe may be excreted in the milk.in one day. The I13l was associated
principally with the protein fraction of milk. The skim milk fraction

had 95 to 97 per cent of the!I 131 concentration and the butterfat extracted
showed no appreciable I13l conternt.

In order to determine the thyroid wtake pattern and- test the theoretical
values that are applied in calculations of the hazard to animals. following
a single contamination event, a series of experiments were performed. Hay
was sprayed with a radioactive iodine solution and offered to sheep. The
animals showed-a peak thyroid concentration on the 12th day with a six to
seven day effective half-life and a 40 to 50 per cent uptake. These data
on the toxicity of I13l in sheep were of considerable value to the AEC 1in

" establishing factusl bases for assessing whether radioactive fall-out
from weapon tests damaged range sheep as claimed by Nevada ranchers.

To ewtend the findings in sheep to other animals, pilot studies were
initiated on pigs at levels of 0.15, 0.5, 5 and 15 juc of I1131/aay.

Beta Irradiation of Sheep Skin

Since many range sheep in Utah were noted to carry large sores on their
back follovwing the atomic weapon tests last spring, the question arose

as to vhether these sores vere caused by fall-out. Although it wus
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considered improbable that these sores were caused by radiation, a
literature search indicated that the dose required to cause a radiation
burn in sheep skin was not known. As a consequence the AEC requested
three laboratories (Los Alamos, Oak Ridge, and Hanford) to find the dose-
effect relationship for beta particles. In experiments conducted here

it was found that no functional damage occurred with an acute dose of
2000 rads. Some damage was detectable at L4000 rads and definite damage
with partial temporary wool loss and concurrent hyperpigmentation took
place at 8000 rads. Doses greater thah 15,000 rads caused permanent

loss of wool. s ..

BIOPHYSICS PROGRAM

°

Biophysics research and development continued in the three general areas of
"Environmental Studies and Adequacy of Waste Disposal Systems,” "Instrumentation
for Radistion Detection and Measurement” and "Monitoring Methods." No signifi-
cant change occurred in the scope of these major program divisions except that
increased attention was given to the problems of ground disposal of liquid
waste and to those of radioactive particulates emitted from process stacks.

v . A Lo e B oo e 2

Organizationally, the Geology-Bydrology and Soil Scisuce functicons were com
bined intoc an Earth Sciences Unit to facilitate integration of those inves-
tigations having to do with ground disposal of radioactive wastes. This
change also permitted closer cooperation with the new Radiological Engineering
Section in "advance engineering” of research findings in this area for application -
by the Engineering Department to new process facilities, with substantial econ-
omies to the plant operationm. s

In improved research facilities the completion of the positive ion Van DeGraaff
laboratory and installation of the accelerator represented a significant step
toward the ultimate solution of wany neutron dosimetry problems encountered

in the operationms.

SUMMARY OF ACCOMPLISHMENTS

MONTITORING METHODS

Analytical Techniques

As a part of the general problem of the improvement of analytical pro-
cedures for the Bio-Assay Laboratory, efforts were directed toward the
electroplating of plutonium on still smaller areas so that increased
gsensitivity of the analysis and decreased time requirements might result.
Conditions for obtaining high yields on an area as small as 2 sq. mm.

vere obtained Improvements in other parts of the Bio-Assay procedure,
4ian of tha t234oue svaravation and ashing, will be required

LN

to realize the 1anroved yvields of the technique
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A rapid precedure for removing plutonium from acidified urine by ion
exchange was found. The use of this procedure, when perfected, in con-
Jartion with that mentioned in the preceding parsgraph may result in
significant improvements in this important determivatiou.

It was demonstrated that the use of high volume air sampling equipment
tcgether with silver nitrate impregnated fiber glass filters permits the
determination of lower concentrations of I13l in shorter collection
intervals; cumbersome caustic scrubber systems are presently in use for
the field collection of I3l from plant gases. While the oxides of
nitrogen would interfere with this new method of iodine monitoring in
the case of gases in or near the stacks, considerably more significant
sampling of the atmosphere both on and off-site should be obtainable
with the new equipment. Additionally it is possible that the necessity
for certain time consuming laboratory procedures may be minimized.

Since the greatly modified system of reactor coolant disposal being
installed inm the K Areas would demand rigid scheduling of the manual
operations 2t basin sampling and since the adequacy of sampling of present
basins is guestionable, attention was directed toward s continuous monitor
of the total beta component in those waters. In the equipment developed,
the samples are collected in dimples on & moving aluminum strip, evaporated
to dryness, counted by & proportional flow counter tube, and the results
recorded. The equipment is completely automatic.

A diffusion cloud chamber was constructed for use in determining the
tritium in underground water as a part of the study of movement of under-
ground water streams. The large chamber capacity makes this counting
method more desirable than internal Geiger counting since little or no
electrolytic enrichment of the tritium in the water is required. As a

result, savings in equipment, time and money should be reslized in this
operation.

As a matter of plant interest, the permeability of HT through vinylite,
neoprene, and lucite was measured by counting techniques to provide
design d=ta for hood and container comstruction. Tritium sources for

surface monitor calibration were prepered by edsorbing HT gas on zirconium
metal heated to 600°C.

New or improved procedures were developed for the determination of re55'59,
As76, and Cr5l in reactor effluent water, sbl25 4n process solutions, and
8r90 in milk. These procedures were developed for use in radiochemical
laboratories and research units for hazard evaluation and other special
applicationms.

LI L LR

concerned, it is of {mportance to distinguish between the background
contributions of naturally occurring radioactive materials and the radio-
activity of contazinants resulting from plant operations. Radium and

In the ranges of low activity with which radiological monitoring i{s most
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therium are particularly significant in this respect. Radon and thoron
are gaseous daughter products of these elements.

The counting of radon was utilized in & method developed to determine
radium in soil, vegetation, and water sagples. The winimum detection
1limit of the improved method is 5 x 10-1% grams Ra per gram of soil which
is presently considered to be adequate. Similarly, thorium is determined
by thoron counting. The thoron counter was improved and a method
developed which resulted in average recoveries of 95.3 * 6.3% from spiked
soil samples and a satisfactory detection limit of 1 x 10-6 grems Th per
gram of soil. .

The accounting of liquid wastes disposed to the ground, or elsewhere, has
been difficult at HAPO due to the lack of suitable samplers for waste
lines carrying a variable flow. Testing of laboratory multi-weir propor-
tional samplers was completed and the design of field scale samplers for
wvaste systems, notably at the Purex tank farms, was completed.

There are many correction factors which must be applied to the rav data
obtained from the radicactivity “count” of an analytical sampls to get
the true activity density of the material. The many nwld=s o7 interest
each have specific physical characteristics so that special correction
factors must be developed for the individual isotope. During the year
self-scatter and self-absorption measurements were completed on several
more nuclides of interest to establish proper counter corrections for
them. The correction factors obtained will be applicable to all counter
wvork and will be particularly helpful in the anmalysis of 107 Basin waters.

A gas filled proportional counter chamber with beryllium windov was
fabricated in order to develop analytical procedures involving soft x-rays
from the K-capture isotopes Fe55 and Cr’l. These and other isotopes with

a similar property are of considerable importance in 107 Basin water and
their determination has been exceedingly difficult.

Solution rate studies of radio-rrthenium particulate material in 0.1 M HCI
were made to give an indication of the fate of particles which wmight enter the
gastro-intestinal tract. Solution rate studies of UO3 particles in dis-
tilled water and synthetic pleural fluid were completed to test procedures

and to obtain information for use by the Biology Section in studies on

the fate of plutonium particles {n the lung.

Gamma Ray Dosimetry

Determination of the energy sensitivity of the Hanford film badge to T
gamma rays was completed for application to routine personnel monitoring L
problems, A method was deveioped for determining the gamma ray exposure =
of Hanford film badges i{n the event of exposures that would produce film =
blackening too dark to be read oo a densitometer, The procedurs involves .
exposure of the developed film %o slow neutrons snd measurement of the




induced radioactivity of the silver in the emulsion.

A scin®illiation counter system was arranged to permit measurement of gamma
ray eunitting materials within the body for application to problems invoiving
inhalstion or ingestion of radisactive material. A total body wmonitor,

such as this, with adequate sensitivity would be a very useful' tool in the
personnel monitoring progrss.

Beta Ray Dosimetry

Technigues for using the electron Van de Graaff accelerator for electron
exposure ard calitration work were further developed. These include
methods for beam extraction with minimum x-ray production., for control
of a very wide range of beam currents, for monitoring the ewergent beam
current. and for determining the dose rate produced by the electroms.
Extrapolation chambers were designed snd tuilt for measuring electron

dose rates and determining effective eleciron energies by absorption
‘methods.

The mathematical methods of neutron age theory were developed and extensive
calculations carried out for application to beta ray dose problems. A

vide variety of problems was successfully investigated and the results
applied to experimemtal work and to investigstion of exposure incidents.

It was shown that very thin snthracene scintillators used with photo-
multiplier tube: made instruments which were equally sensitive to beta
and gaema ray dose rates and had proper response to sources disvlaced
from the instrument axis. I% is expected that this system will be
employed im survey instrumentation.

It wvas found that tritium inm ordinary air could be counted in a geiger
counter at 10 cm Hg pressure with an efficiency of 25%. Application of
the finding may be possible in the greatly needed improved triti{um instru-
mentation.

Neutron Dosimetry

The positive ion Van de Graaff laboratory was completed snd the accelerator
installed. Several changes in the system were made to secure more efficient
operation. Measurements were completed vhich will permit correlation of

neutron experiments made with the accelerator with those using radiosctive
sources.

Studies of methods of fast neutron energy measurement ve

re made to select
the ¢ne hest suiled for use with the positive ion accelarator. Methods
emploving measurement of neutron flight times were selected. Instruments

for making such measurements were procured or were being developed.
P r
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Measuremeris were snergy sensitivity and fading of auclear
track emulsions for neut from= 8 plsnt process material. These serve
as a basis for the neutron =soane]l monitorirg orogram in tkat area,

Au approxicmate mothod of messuring fast neuwiron surface dose =ates with
ordinary survey instruments wus developed for spplication <o this same
material to determine permissidble vorking times for operaters handling it.

EXVIRONMENTAL STUDIES AND ADEQUACY OF WASTE DISPOSAL SYSTEMS

Atmospheric Contamiration Studies

A study of particles emitted from the Redox process stack wus pursued
intensively; particle size and activity, fission product content and, in
a preliminary way, solubility in body fluids ware investigated. An
automat’c filter sampler was specially deveoloped for this problem; it
permitted essentially constant monitoring of gas streams and proved to
be of value eisewhere in plant studies correlating particle emission with
plant processes. Ruthenium oxide particles were demonstrated <o be present
in mist droplets from & plant scrubber. Silica gel was found %o have high
collection efficiences for ruthenium compoumds. .
Studies were made of individual radjoactive particles fourd oz ground
surfaces in the Henford area. A =microscope atitachment was developed
which facilitated isolation a=>d manipulation of radiocactive pariicles.
Assistance was given to the Biology Sectiorn in developing spparatus and
techniques for animal studies iavolving perticle inhalaticn. Subjects
considered were chamber design, serosol generation, and air sz=pling
techniques for the determinaticn of particle size and concentration.

The protection afforded by filter respirstors against rutheniwm contam-
inated atmospheres was invesiigated. Ruthenium tetraoxide resdily
penetrated fiber filter media but was removed effectively by silica gel.
The latter observation may be of consideradle plant interest,

Air samples wvere collected daily st Hanford and Portland snd periodically
in the Pacific test area during the spring nuclear tests in the Pacific.
Specimens vere counted and exsmined by electrom microscope to

determine the frequency of sphericasl particles such as those previously
demonstrated in the air r¢t Nevsds nuclear tests. The applization of

such & technique would aid in ¢the frequently difficult differentiation
between plant and off-plant £31l-out materials.

The use of airfoils onm laborazory hoods was investigated in s preliminary
way to evaluste the degree o0f improved conirol and possible reduction of
airflov; decreases in perscmmel hazard froe radicactive sudsiances in a
hood and reduced ventilationm costs could result. The dats showed that
the ma jor improvement in comirol is froe a Z0il on the hood virdow and
that relatively less benefit is obtained from side and bottom foils.




Experimental Meteorology

Theoretical traiectories of hypothetiral ermtion clouds; such as would

4

i pothetical ermition cloud
- be expected in a reactor disaster, were analyzed for use in a predictor
for the trajectory of a single sruption clowd utilizing only the immediate
HAPC Meteorology Station chservaiicns taken mear the 4ime of the incident.
The results indicated that such a single sta*tion analysis would not
produce reliable long range trajectories, but rather, that the immediate
and subsequent synoptic patterms over at lezst the entire Northwest

must be considered before a relisble trajectory at 5000 £t. sltitude
could be forecast.

Research and development in the continuing problem of atmospheric dif-
fusion was directed toward the stable atmospheric condition; field test
data yielded an operational method for estimating bath the short and

long pericd concentrations of contaminants to be expected at large
distances from the emitting source. Techniques were developed for dis-
persing fluorescent pigments for use in experiments to descride the
behavior of atmospheric contaminants out to greater distances than is
possible using the oil fog procedure. The oil fog technique for studying
diffasion during unstable conditions was greatly improved.

A 42 foot portable mast supporting meteorlogical and dust-sampling
instruments for investigating the relationship between the pickup of
particulate matter from the earth's surface and meteorologicsl conditiouns
vas completed and field tested. Considerable progress was made in
anemometry problems associated with the mast equipment. Field experi-
wments were initiated on the study of particle redistributiom using
naturally occurring sand and dust to yield the background information
preliminary to the use of art{fically-genersted tracer materials.

Results from these investigations will be used to study the spread of
contamination after deposition oa the desert floor.

A netvork of eleven weteorological field stations was operated throughout
the plant environs, including the Wahluke Slope, to obimin basic information
from vhich hazard to surrounding communities can be appraised. The wind
predictor technique developed from these data for predicting the low
altitude trajectory of contamination during s plant or civil emergency

from & minimum or meteorological data was shown to have an overall 68

per cent correctness of predictions. The reliability of the forecasts
increased considerably as the wind speeds increased. The wind information
obtained from the network was slso used in certain plant design and locatiom
problems. Plans were completed for radiotelemetering i=medieste meteoro-
logicnl and radiological data from surrounding areas to 2 ceatral locationm;
such a system would obviate the need for predicting the existent conditions
at one station from data observed at another and would be invaluable in
emergency 8s well as meeting the need for more complete observiational data
not nowv reliably cbtained from remote stations. A wind clizatology for the
RAPO area was esstentially completed
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The preblem cf reasuring the turbulent characteristics of the lower atmos-
phere was studied from several different approaches, A wind-component
meter was designed for use in both particle pickup and diffusion problems
as well as for vasic micrometeorological imvestigations.

The relationship between dilution and flow rate in the stack wms clarified,
permitting extension of the original Hanford vaizes of least Jilution %o

& stack emitting at any flow rate.

Fundamental aspects of an improved atmospheric pollution and stack dis-

scharge control program were studied in view of the present state of know-

ledge concerning stack parameters, meteorology, and maximum permissible
concentration requirements. Results of this study were used to guide

certain experimental and theoretical investigations toward immediate ===
application to plant atmospheric pollution problems.

An analysis was completed of meteorological data obtained froo the Meteor-
ology Tower during 1951, 1952, and 1953 providing a climatology of the
annual frequency of various wind speed, wind direction, and atmospheric
stability ccobinations. Results of this analysis were used to estimate
annual average air concentrations and the probability of radiocactive
particle inhalation at various locations as related to sand filter
problems in the separations plants.

A proposal was prepared for a wind tunnel to provide a facility for cal-
ibrating wind instruments used by Experimental and Synoptic Meteorology
and for estimating the first order effects of building design and stack
location on atmospheric diffusion.

Ground Waste Investigations

The determination of patterms of distribution of natural sodium, calcium
and nitrate ions in the ground water beneath the project indicated mwajor
sources of the ground water and probable directions of movement, verifying
the data obtained from other sources. Use of the iteration process and
improvement equation and the spplication of calculated and determined

s0il permeabilities resulted in estimates of travel time, from contamina-
tion Areas 1 and 2 to the Columbia River, vhich confirmed the magnitude

of previous estimates. Well drawdown (pump) tests in cooperation with

the U.S. Geological Survey and tracer tests in selected locations provided
specific rates of travel of the ground water at those places.

Non-radiocactive calcium ions were found to be valuable as tracers or in-
dicators of contamination of the ground water by radioisotopes in the
threes areas of contamination, Nitrate ioms, introduced into the ground
wvater at one site, have moved 2200 feet in nine years, or an average of
only 20 feet per month; inm another site, no appreciable movement has
occurred in seven years.
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At the Works Laboratory Area the rate of movement of contaminants in the
ground water at the site of contamination was determined to be about 900
feet in three years. The combined effect of the McNary Dam pool and the
spring rise of the Columbia River on the ground water table was followed
in this and nearby sites.

The adsorption of Cs and Sr on Hanford soils was found to be adversely
affected by increasing the concentration of NaNO, in the solution, up
to 4LO%., The adsorption of cesium was higher for high-clay soils and the
replacement of cslcium ions was roughly equivalent to the cesium removed
from solution by a calcium-saturated soil in equilibrium with a cesium
solution. These observations experimentally proved ionic exchange to
be the most significant of the various possible mechanisms acting to
o remove ions from ground disposed aqueous solutions and furthermore,
omphesized the grect irmrortance of control 11“2 carefully the admission
of concentrated salt solutions to underground areas where radiocactive
ions have already been fixed.

Adsorption of Pu on acils from 0.2k M oxalic acid szolutions exceeded
99% at pH 1 to 2, but was less then 156 at pH 3.5 to 5. This behavior
suggests that Pu forms a complex ion not readily adsorbed by the soil
wvhen the pH value is changed. Significant removal of Pu, previocusly
adsorbed on soil, was also obtained by the use of ammonium acetate with
the amount removed increasing as the ‘acetate concentration increased.

In addition, adsorption of Pu from calcium acetate solutions decreased
with increasing calcium acetate concentration while adsorption from
calcium nitrate solutions did not change greatly as the calcium nitrate
concentration increased in comparable experiments. Further support was
thus given to the concept of complex ion formation by Pu and further
cautions regarding multiple disposal of different wastes to the same
site.

INSTRUMENTATION FOR RADIATION DETECTION AND MEASUREMENT

° Survey Instrumentation

A new scintillation type alpha survey probe for use with conventional
poprpies was developed and field tested; gains in sensitivity and decreased
maintenance cost are expected to result from its use as a replacement for
certain present monitoring equipment.

A -study of the adverse effects of ionization within the electrostatic

shield surrounding the sensitive elements of a C.P. circuit showed that

such effects could be virtually eliminated by coating certain inner shield
° surfaces with graphite.

In preparation for developing a combined alpha and beta gamma hand and
shoe counter, an experimental hand probe was developed and tested. Alpha
scintillations from a zinc sulfide scresn were sensed by six type 931-A
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photomultipliers and beta- gamma radistion was counted by G.M. counters.
Savings in first cost of the one instrument versus the two replaced and

of space and counting time, and most.importantly provision for the counting
of alpha contamination on shoes would be realized by the use of this
equipment. . ©
A scintillation type survey instrument for monitoring ground contamina-
tion from a wmoving vehicle was developed. It was used for measuring
ground deposition of ruthenium and iodine. Considerable savings in
surseying manpover may be reulized by its use.

A low cost, repairable, electronicslly operated, inductive high voltage
supply for portable survey imstruments was developed. It was used ex-
tensively to replace defective mechanical vibrators in portable G.M. .
counter survey iustruments. A transistor high voitage supply was developed
and tested, but not used in any conventional instrument because of the

high initial cost. :

Laboiatory Instrumentation

Development of a low cost multiple channel gemma ray spectrometer was
nearly cowmpleted. The instrument perwmiils the detection and semi-
quantitative determination of gamma-ray emitters in a complex mixture
thus gaving time and skilled manpover in both emergency and routine
studies of contaminants. As part of this problem, a low cost scale of
100, using type E1T decade counting tubes was tested and found to be
satisfactory for general counting work.

Development of & very low background counter for measuring small amounts
of tritium in water was undertaken; application will be to the study of
rate of movement of underground water of value to the waste disposal
problem. Background reduction by rejecting coincidences with a liquid
scintillation counter is the distimguishing feature of the instrument.

Biological Instrumentation

Hog thyroid monitoring equipment for Biology with a high ratio of sen-
sitivity to background was completed and put into routine service.

Special Purpose Instrumentation .

A stack monitor was designed in which scintillation counters will be used

to determine RulO3, RulCO apg 1131 separately. These are the radio-

irotopes cf outstanding current interest in stack gases. This is accom-
plished by multiple channel analysis of energies of beta and gamma radiations
from the Rul03-106 and 1331 collected on a moving filter tape and in

caustic scrubber sclution. Some components of the monitor have been

fabricated.
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Studies of the age characteristics of geiger counters continued with
emphasis on the details of breakdown of counters and on application of
the previously discovered age indexes to routine use of the counters.

A scintillation type instrument for monitoring gamma radiation intensity
in test wells was completed. It was subsequently modified ig%o an ex-
.perimental fixed channel energy analyzer for identifying Cs . The
detection of radicisotopes underground will be facilitated by its use.

Design of a radic-telemetering system for recording pertinent wind and
radiation data from 20 outlying Wind Stations at 8 central recording
station was nearly completed and the design and assembly of electronic
data analysis equipment for the wind component meter was commenced.

Planning, testing of available equipment, and preliminary design of a
reliable sample changer for handling vnettended large numbers of radio-
active samples in the counting room wes« started. Application of such
equipment would obviate the need for ccunting room personnel on late
shifts.




SUMMARY OF OPERATING COSTS

RESEARCH AND DEVELOPMENT

Biophysics

Direct Labor

Direct Materials

Service and Indirect Charges

Sub-Total (Biophysics)

Biology
Direct Labor

Direct Material
Service and Indirect Charges

Sub-Total (Biology)

ﬁégineerigg

Direct Labor

Direct Material

Service and Indirect Charges

Sub-Total (Engineering)

Total Research and Development

Direct Labor
Direct Material
Service and Indirect Charges

Total (R & D)

Budget FY 1954

284 187
34 23k

238 718

$

290 L1k

$

557 139

377 006
53 905

721 325

16 689
L3k

20 413

$

37 536

°

Actual Expenditures

FY 1954

267 634

37 246

2h1 837

$ 546 TI7

265 182

57 597

337 480

$ 690 259

21 206
L sL3
10 702
$ 36 451

58l 022

99 386

_590 019

$ 1273 ko7




MANPOWER (DIRECT MAN-YEARS)+
RESEARCH AND DEVELOPMENT

. Budget FY 1954 Actual FY 1954
? Biophysics °
- Non-Exempt 11.0 11.85
Exenpt . _38.7 ‘ _35.22
: - Sub-Total 49.7 47.07
Biology |
- ‘Non-Exempt o 33.3 . 29.19
- Exerpt B9 32.21
Sub-Total ‘ 67.2 ' 61.40
Engineering )
Non-Exempt .3 .28
Exempt ° | a5 2.39
Sub-Total 2.8 ° 2.67
r Total R & D Manpower -
. Non-Exempt~ Lh, 6 L1.32
: Exempt 5.1 ' £9.82

TOTAL DIRECT MAN-YEARS 119.7 C111.1b

#Includes vacation, holiday, absence and premium time but excludes pro-rata

portion of section and department general supervision.




